
SED
6, 321–338, 2014

Maskevarri Ráhppát
in Finnmark

R. Sutinen et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Solid Earth Discuss., 6, 321–338, 2014
www.solid-earth-discuss.net/6/321/2014/
doi:10.5194/sed-6-321-2014
© Author(s) 2014. CC Attribution 3.0 License.

O
pen A

ccess

Solid Earth
Discussions

This discussion paper is/has been under review for the journal Solid Earth (SE).
Please refer to the corresponding final paper in SE if available.

Maskevarri Ráhppát in Finnmark, North
Norway – is it an earthquake induced
landform complex?
R. Sutinen, I. Aro, P. Närhi, M. Piekkari, and M. Middleton

Geological Survey of Finland, P.O. Box 77, 96101 Rovaniemi, Finland

Received: 30 November 2013 – Accepted: 16 December 2013 – Published: 22 January 2014

Correspondence to: R. Sutinen (raimo.sutinen@gtk.fi)

Published by Copernicus Publications on behalf of the European Geosciences Union.

321

http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-print.pdf
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


SED
6, 321–338, 2014

Maskevarri Ráhppát
in Finnmark

R. Sutinen et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Abstract

The Sami word ráhppát means rough bouldery/stony terrain with sharp-relief topog-
raphy in Finnmark, North Norway. Ráhppáts are common features in the region of
the Younger Dryas landforms, yet their origin has remained obscure. The timing of
the Younger Dryas is concomitant with the maximum neotectonic fault instability in5

Fennoscandia, hence earthquake activity was one of the contributing factors for the
Younger Dryas morphologies. Ráhppát on the Maskevarri fell, classified as a part of
Tromsø-Lyngen sub-stage of the Younger Dryas, was studied by means of geomorphol-
ogy and measurements of electrical-sedimentary anisotropy. Ráhppát was found to be
built up of a network of stony ridges and mounds on fell terraces bordered with arch-10

shaped and sinusoidal ridges. These bordering ridges exhibit sedimentary (azimuthal
soil electrical conductivity) anisotropy parallel-to-ridge trends and were interconnected
to meltwater gullies suggesting generation through short-lived conduit infills. We did
not find electrical-sedimentary evidence to support the concept of englacial thrusting
and/or compression, often described for Younger Dryas moraines. Maskevarri Ráhppát15

is typified by ∼ 500 ponds and small lakes on three different terrace elevations de-
scending in an up-ice direction. These escarpments may have generated trough late
glacial earthquake(s) contributing to subglacial deformation of Maskevarri Ráhppát.

1 Introduction

In maps and orthophotos (Norkart Geoservice AS and Geovekst), the name Ráhppát20

is often found given to landforms (classified as moraines or marginal moraines) consti-
tuting the Gaissa and the main (Tromsø-Lyngen) sub-stages of the Younger Dryas
(YD) events (Sollid et al., 1973; Sollid and Sørbel, 1988; Olsen et al., 1996; sub-
stage positions in Fig. 1). After the maximum extent of the Fennoscandian Ice Sheet
(FIS) at about 25 kyrBP (Svendsen et al., 1999), deglaciation was cyclic due to the25

global climatic changes (Björk, 2007; Peteet, 2009). Two warming periods ∼ 14,7 and
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11,5 kyrBP in the northern Atlantic region (Renssen and Isarin, 2001; Grachev and
Severinghaus, 2005) significantly changed the mass-balance of FIS and eventually
contributed to the rebound of the crust (Stewart et al., 2000; see Alpine rebound in Nor-
ton and Hampel, 2010). Due to lithospheric plate stresses and glacio-isostatic rebound,
high-magnitude (Mw ≈ 7–8.2) postglacial fault deformations are common features in5

the northern Fennoscandian plate (Arvidsson, 1996; Wu et al., 1999; Olesen et al.,
2004; Lagerbäck and Sundh, 2008; Lund et al., 2009; Kukkonen et al., 2010; Fig. 1).
According to the subsidence-rebound model by Stewart et al. (2000) the occurrence of
PGFs includes bending of the crust that causes stress at the edge of the receding ice
sheets, hence the ice-marginal terrains had been subjected to seismic impacts. The10

model predictions by Wu et al. (1999) suggest that the onset of fault activity started
15 000 BP, and the maximum fault instability reached 13 000–10 000 BP in Fennoscan-
dia. With regard to the northern Fennoscandian fault zones (Roberts et al., 1997) there
is good reason to suspect that these (fault) lines have reactivated within the recession
of the FIS and eventually triggered high-magnitude intra-plate seismic events in the15

region (Mw > 7; Arvidsson, 1996; Wu et al., 1999; Olesen et al., 2004). Mass-flows
of the offshore sediments in the Norwegian fjords provide evidence of at least three
separate large-magnitude earthquakes during the period ∼ 13,5–10 kyrBP (Bøe et al.,
2004; Olesen et al., 2004). Therefore, on the basis of coincidental time-stratigraphy,
one may argue that earthquakes may have also played an important role in subglacial20

deformation. The morphological and electrical-sedimentary studies on ráhppáts, form-
ing extensive landform complexes in Finnmark, North Norway, may bring new insight
into paleo-seismicity.

Maskevarri Ráhppát (Fig. 1) was selected on the basis that it has been (i) classi-
fied as a part of Tromsø-Lyngen sub-stage in Finnmark in Sollid et al. (1973), (ii) de-25

scribed as ice marginal moraine in the geomorphology map produced by the Nordkalott
Project (1986), and (iii) classified as ablation hummocky moraine in the general scale
(1 : 500000) Quaternary map by Olsen et al. (1996). We studied whether topographic
position, elevation, geomorphology and electrical-sedimentary anisotropy of ridges in
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Maskevarri Ráhppát support the concepts presented for the YD moraines: (i) compres-
sive shearing similarly to present-day polar and periglacial climate (Sollid et al., 1973;
Sollid and Sørbel, 1988), (ii) englacial thrusting by polythermal glaciers such as in Sval-
bard (Graham and Midgley, 2000), or (iii) deformation of former supraglacial debris by
readvancing ice in a similar way as those in a temperate glacial regime in SW Nor-5

way and Iceland (Lukas, 2005). The alternative hypothesis was that (iv) the Ráhppát
is associated with late glacial fault instability and subglacial deformation caused by
earthquake(s).

2 Morpho-sedimentary analysis

Orthophotos (Norkart Geoservice AS and Geovekst) and satellite images (Landsat10

TM images GoogleEarth; virtual globe www.norgei3D.no) as well as maps of geomor-
phology and ice flow indicators produced by the Nordkalott Project (1986) and the
Geological Survey of Norway (Olsen et al., 1996) were used to interpret the landform
complex associated with the terrain demarcated by the Tromsø-Lyngen sub-stage of
the Younger Dryas in Finnmark, North Norway (Solid et al., 1973; Nordkalott Project,15

1986; Sollid and Sørbel, 1988; Olsen et al., 1996).
The Ráhppát on Maskevarri fell, centered at 70◦09′ N and 27◦56′ E and 5–10 km

north of the Finnish–Norwegian border, is a field (five kilometers long and three kilo-
meters wide) of rough (stony/bouldery) ridges and hummocks separated by a number
of ponds and lakes and bordered by arc-formed/sinusoidal ridges, extending diago-20

nally to the Maskejohka river valley (58–74 ma.s.l.; Fig. 2). Ráhppát is located on the
SW slope at elevations from 285–240 ma.s.l., whereas the top of the Maskevarri fell
reaches 308 ma.s.l. The region is represented by the lowermost nappes in the Caledo-
nian mountain chain in Finnmark, so called Gaissa Nappe Complex, and the bedrock
is composed of Neoproterozoic qartzites, sandstones and dolomites (Roberts et al.,25

1997). We also paid attention to the network of mounds and ridges, morphologically
similar to Maskevarri Ráhppát, on Boaltunoaivi fell of Varanger Halvøya (Peninsula).
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Boaltunoaivi is located between the Porsanger and Gaissa lines (Sollid et al., 1973;
Olsen et al., 1996; location in Fig. 1).

In the field we utilized in situ azimuthal electrical conductivity (σa) measurements
to determine sedimentary anisotropy of the sinusoidal ridges bordering the main sec-
tion of the Ráhppát field on the Maskevarri fell (Fig. 3). The flow paths of pore water5

predominantly follow preferred anisotropic (hydraulic) structures (Taylor and Fleming,
1988; Friedman, 2005). We targeted σa-anisotropy surveys on an unsaturated (vadose)
zone of the ridges, and within this zone the sediments are considered to be a three-
phase, solid-air-water system. Minerals of Neoproterozoic quartzites (Roberts et al.,
1997) constituting the solid phase were considered non-conducting and σa = 0 applies10

to air in the pore spaces, hence the dominant conductive phase was the pore-water so-
lution conductivity (Friedman, 2005). Non-spherical particles in glaciogenic sediments
typically are preferentially aligned, hence e.g. tills are anisotropic in nature and their σa
depends on the direction in which it is measured (Friedman, 2005). The σa-anisotropy
of glaciofluvial materials, sediment mass flow deposits or tills parallels with the depo-15

sitional fabric derived either from active-ice movement, mass or meltwater flow (Suti-
nen et al., 2009b). In addition, structurally complex landforms, such as Rogen moraine
and/or glacially streamlined flutings, possessing time-statigraphical information about
the glacial episodes, can be revealed with σa-anisotropy surveys (Sutinen et al., 2010a,
b). Therefore, the measurements of azimuthal electrical conductivity assist better the20

understanding of the genesis of the Ráhppát complex in Finnmark.
We measured azimuthal electrical conductivity inductively with EM31 ja EM38 de-

vices (Geonics Ltd., Mississauga, Canada) at three sites on the main sinusoidal ridges
bordering the main section of the Ráhppát field on the Maskevarri fell (locations in
Fig. 3). The sites on the ridge were selected on the basis that the anticipated pseu-25

doreplication, estimated to be of the order of< 100 m, should be avoided by using lat-
eral offsets> 100 m (Sutinen et al., 2009b, 2010a). At each site, the azimuthal σa was
obtained using 10◦ lateral increments. For each increment a sum of hundred samples
were stored in an Allegro CX logger (Juniper Systems Inc, Logan, UT USA). The skin
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depth information was roughly as follows: EM38V (vertical coil configuration) 0–1.5 m,
EM31H (horizontal coil configuration) 0–3 m and EM31V 0–6 m, respectively. The mea-
sured data were visualized as polar plots (Grapher 4.0, Golden Software).

3 Results and discussion

3.1 Electrical-sedimentary anisotropy5

The azimuthal σa-data indicated that the sediments in the cores of the ridges were
oriented more or less parallel-to-ridges. The EM31V-data, referring to a depth-range
of 0–6 m, indicated west-northwest maximum anisotropy (Fig. 3). In a similar man-
ner, the EM31H-data, referring roughly to a depth-range of 0–3 m, clearly showed the
west-northwest sedimentary anisotropic pattern. These observations indicate that the10

cores of the border ridges are depositional, and a north-westward sediment (mass)
flow heading diagonally towards the Maskejohka valley (Figs. 2–4). In addition, the
bordering ridges are interconnected to meltwater gullies in the valley suggesting gen-
eration through short-lived conduit infills (Sutinen et al., 2009b). Therefore, the az-
imuthal EM-data support other mechanisms for the Ráhppát than those proposed for15

the YD moraines, such as compressive shearing (Sollid et al., 1973; Sollid and Sørbel,
1988), englacial thrusting (Graham and Midgley, 2000) or the concept by Lukas (2005),
according to which former supraglacial debris had been subglacially deformed under
readvancing ice margin. In the case of the transverse-to-ridge sedimentary origin, the
sedimentary anisotropy should be, according to streamlined features towards north-20

east, i.e. from a sector of 200–245◦. No such orientation was found. In the case of the
ridges here, the maximum sedimentary anisotropy matched the ridge-crestline trends
similarly to sinusoidal moraine ridges in Finnish Lapland (Sutinen et al., 2009a). The
polar plots of maximum EM38V-anisotropy (0–1.5 m) showed to be north/northeast in
a sector 180–200◦, eventually due to post-depositional slope reworking as particularly25

seen in the foreground of the Fig. 4b.
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Since the Ráhppát field is oriented diagonally with respect to glacial lineations on
the Maskevarri fell (Fig. 2), it clearly post-dates the glacial lineations and no surface
evidence of active ice remoulding features can be found (cf. Rogen moraine in Sutinen
et al., 2010a). The position of Ráhppát on the SW slope of the Maskevarri fell does
not fit into the concept of polar ice-marginal moraines, generated through englacial5

thrusting or compression (Sollid and Sørbel, 1988). The orientation of the YD main
stage ice margin (Sollid et al., 1973) should have been roughly W–E, according to
up-ice drumlin orientation from the southwest (Nordkalott Project, 1986; Olsen et al.,
1996; Fig. 1). The mainland ice flow streamlining (Nordkalott Project, 1986; Olsen et al.,
1996) continued as the Tanafjord and Varangerfjord ice streams (Olsen et al., 1996;10

Ottesen et al., 2008).

3.2 Morphology and paleoseismicity

Ráhppát is typified by ∼ 500 small lakes, ponds and puddles (Figs. 2–4) that are ar-
ranged at three different elevation levels (terraces) on the SW-slope of the Maskevarri
fell. The data indicate that the terraces are separated with escarpments ranging from15

285–280 ma.s.l. in the upper part of the Maskevarri fell, to 270–260 m in the mid-level
and< 260 ma.s.l. at the lower part of the field. The differences between the water levels
of the lakes on the adjacent terraces may be of the order of 5–10 m (Fig. 4). The sinu-
soidal “bordering ridges” with 5–10 m in height form the junction between the terraces.
We suggest that the “hanging” ponds indicate disruption of bedrock, the escarpments20

being created through earthquakes (see Lagerbäck and Sundh, 2008). If these ponds
were part of the formation of the main YD sub-stage (Tromsø-Lyngen), they should be
much more abundant all over Finnmark than they are.

Surface roughness (stones/boulders) of the Maskevarri Ráhppát is ubiquitous (Figs.
3 and 5). Stones and boulders, up to 30 m3 in size, can be found both on the top and25

bottom of the ridges and mounds. In the southern section of the Maskevarri Ráhppát
the boulder fields appears to be lag formed (Fig. 5c), yet only the gullies near the
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Maskejohka valley are truly meltwater (erosion) forms. The lags and gullies indicate
wet base conditions at the time of Ráhppát formation.

Morphologically similar to Maskevarri Ráhppát, a network of moraine ridges and
mounds (2.2km×1.6 km in size) is present at Boaltunoaivi fell (centered at 70◦17′ N
and 29◦01′ E). The field is on the SE slope of the Boaltunoaivi fell ranges from 3155

to 240 ma.s.l. in elevation (location in Fig. 1). The geographical position of this field
between the Porsanger and Gaissa lines, 80 km apart, (Sollid et al., 1973; Olsen et al.,
1996) suggests that morphologically similar chaotic landforms may have been cre-
ated during different times within the deglaciation of the FIS. This time lag between
the Porsanger sub-stage and the main sub-stage, about two thousand years, is coin-10

cidental with the increased fault instability in northern Fennoscandia (Wu et al., 1999;
Lund et al., 2009). Therefore, Maskevarri Ráhppát and Boaltunoaivi field, similar in
geomorphology, may have similar genesis, yet different time-stratigraphic position.

Late Weichselian ice-sheet mass-balance fluctuations, due to the fast melting rate
and retreat of the FIS margin (Svendsen et al., 1999), eventually released isostatic15

crustal rebound and triggered large scale seismic events (Mw > 7; Arvidsson, 1996;
Wu et al., 1999; Olesen et al., 2004). Limited information, however, is available on the
subglacial deformations associated with the paleoseismicity (Sutinen et al., 2009a, b).
In the Norwegian fjords at least three separate large-magnitude YD-earthquakes have
resulted in mass-flows of the offshore sediments concurrently with glacial events within20

northern and northwestern Norway (Olsen et al., 1996; Vorren and Plassen, 2002; Bøe
et al., 2004; Olesen et al., 2004). Paleoseismicity may have played an important role in
subglacial deformation (Sutinen et al., 2009a, b), yet the seismic origin of the ráhppát
terraces needs to be verified in further studies. The morphological evidence through
the airborne LiDAR would be particularly important in the future (Sutinen et al., 2013,25

2014). The nearest known postglacial fault Stuorragurra (Mw ≈ 7.4–7.7; Dehls et al.,
2000) in Finnmark, Norway, is about 130 km southwest of Ráhppát on Maskevarri fell,
yet new information about local seismic structures can be revealed whenever LiDAR
data are available.
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4 Conclusions

The geomorphology of Maskevarri Ráhppát with ∼ 500 small lakes, ponds and pud-
dles on three terraces differ from the onshore and offshore YD-moraines in the Nor-
wegian fjords often exhibiting glacial tectonic overridden Allerød deposits as well as
pushing features on their proximal sides, hence showing a glacial readvance during5

the main YD phase. Even though positioned on the line of the main (Tromsø-Lyngen)
sub-stage the Maskevarri Ráhppát has no remoulding features to support the ice read-
vance during the cold reversal. The electrical-sedimentary anisotropy in the core of the
bordering ridges, parallel-to-ridge trends and towards west-northwest, is more or less
orthogonal with respect to northeastward ice flow towards the Tana fjord. Therefore,10

the mechanisms such as compressive shearing, englacial thrusting or deformation of
former supraglacial debris by readvancing ice, as proposed for the genesis of the YD
moraines, do not apply to Maskevarri Ráhppát. The time lag between the Porsanger
sub-stage and the main sub-stage, about two thousand years, is coincidental with the
increased neotectonic instability in northern Fennoscandia. Therefore, Maskevarri Ráh-15

ppát and Boaltunoaivi fields, similar in geomorphology, appear to have similar genesis,
yet different time-stratigraphic position. Earthquakes induced by the glacio-isostatic re-
bound potentially deformed subglacial bed and created ráhppát landforms.

Acknowledgements. The present paper was a part of the project “Forest Soils and Global
Change” at the Geological Survey of Finland focusing e.g. on vadose zone sedimentary20

anisotropy. Editorial help by Paula Haavikko and Päivi Heikkilä are highly appreciated.

References

Andersen, B. G., Mangerud, J., Sørensen, R., Reite, A., Sveian, H., Thoresen, M., and
Bergström, B.: Younger Dryas ice-marginal deposits in Norway, Quatern. Int., 28, 147–169,
1995.25

Arvidsson, R.: Fennoscandian earthquakes: whole crustal rupturing related to postglacial re-
bound, Science, 274, 744–746, 1996.

329

http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-print.pdf
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


SED
6, 321–338, 2014

Maskevarri Ráhppát
in Finnmark

R. Sutinen et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Benn, D. G. and Lukas, S.: Younger Dryas glacial landsystems in North West Scotland: an
assessment of modern analogues and palaeoclimatic implications, Quaternary Sci. Rev.,
25, 2390–2408, 2006.

Bennett, M. R. and Glasser, N. F.: Glacial Geology: Ice Sheets and Landforms, 2nd edn., John
Wiley & Sons Ltd., Singapore, 2009.5

Björck, S.: Younger Dryas Oscillation, Global Evidence, Encyclopedia of Quaternary Science,
1985–1993, 2007.

Björck, S., Walker, M. J. C., Cwynar, L. C., Johnsen, S., Knudsen, K.-L., Lowe, J. J., Wohl-
farth, B. and INTIMATE members: An event stratigraphy for the last termination in the
North Atlantic region based on the Greenland ice-core record: a proposal by the INTIMATE10

group, J. Quatern. Sci., 13, 283–292, 1998.
Bøe, R., Longva, O., Lepland, A., Blikra, L. H., Sønstegaard, E., Haflidason, H., Bryn, P., and

Lien, R.: Postglacial mass movements and their causes in flords and lakes in western Nor-
way, Norw, J. Geol., 84, 35–55, 2004.

Dehls, J. F., Olesen, O., Olsen, L., and Blikra, L. H.: Neotectonic faulting in northern Norway,15

the Stuoragurra and Nordmannvikdalen faults, Quaternary Sci. Rev., 19, 1447–1460, 2000.
Fjeldskaar, W., Lindholm, C., Dehls, J. F., and Fjeldskaar, I.: Postglacial uplift, neotectonics and

seismicity in Fennoscandia, Quaternary Sci. Rev., 19, 1413–1422, 2000.
Friedman, S. P.: Soil properties influencing apparent electrical conductivity; a review, Comput.

Electron. Agr., 46, 45–70, 2005.20

Friedrich, M., Kromer, B., Spurk, M., Hofman, J., and Kaiser, K. F.: Paleo-environment and
radiocarbon calibration as derived from Lateglacial/Early Holocene tree-ring chronologies,
Quatern. Int., 61, 27–39, 1999.

Grachev, A. M. and Severinghaus, J. P.: A revised +10±4 ◦C magnitude of the abrupt change in
Greenland temperature at the Younger Dryas termination using published GISP2 gas isotope25

data and air thermal diffusion constants, Quaternary Sci. Rev., 24, 513–519. 2005.
Graham, D. J. and Midgley, N. G.: Moraine mound formation by englacial thrusting: the Younger

Dryas moraines of Cwm Idwal, North Wales, in: Deformation of Glacial Materials, Spec.
Publ., 176, edited by: Maltman, A. J., Hubbard, B., and Hambrey, M. J., Geological Society,
London, 321–336, 2000.30

Johnston, A. C.: Suppression of earthquakes by large continental ice sheets, Nature, 330, 467–
469, 1987.

330

http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-print.pdf
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


SED
6, 321–338, 2014

Maskevarri Ráhppát
in Finnmark

R. Sutinen et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Kujansuu, R.: Nuorista siirroksista Lapissa, summary: recent faults in Lapland, Geologi, 16,
30–36, 1964.

Kukkonen, I., Olesen, O., Ask, M. V. S., and PFDP Working Group: Postglacial Faults in
Fennoscandia: targets for scientific drilling, GFF 132, 71–81, 2010.

Lagerbäck, R.: Late Quaternary faulting and paleoseismicity in northern Fennoscandia with5

particular reference to the Landsjärv area, northern Sweden, Geol. För. i Stockholm Förh,
112, 333–354, 1990.

Lagerbäck, R. and Sundh, M.: Early Hololocene Faulting and Paleoseismicity in Northern Swe-
den, Sver. geol. unders., C836, 80 pp., 2008.

Lucas, S.: A test of the englacial thrusting hypothesis of “hummocky” moraine formation: case10

studies from the northwest Highlands, Scotland, Boreas, 34, 287–307, 2005.
Lund, B., Schmidt, P., and Hieronymus, C.: Stress Evolution and Fault Stability During the

Weichselian Glacial Cycle, SKBF/KBS Technical Report 09–15, Swedish Nuclear Fuel and
Waste Management Co., Stockholm, 106 pp., 2009.

Lundqvist, J.: The younger Dryas ice-marginal zone in Sweden, Quatern. Int., 28, 171–176,15

1995.
Lundqvist, J. and Lagerbäck, R.: The Pärve fault: a late-glacial fault in the Precambrian of

Swedish Lapland. Geol. För. i Stockholm Förh, 98, 45–51, 1976.
Nordkalott Project: Geological Map, Northern Fennoscandia, 1.1 mill, Geological Surveys of

Finland, Norway and Sweden, 1986.20

Norton, K. P. and Hampel, A.: Postglacial rebound promotes glacial re-advances – a case study
from the European Alps, Terra Nova, 22, 297–302, 2010.

Olesen, O., Blikra, L. H., Braathen, A., Dehls, J. F., Olsen, L., Rise, L., Roberts, D., Riis, F.,
Faleide, J. I., and Anda, E.: Neotectonic deformation in Norway and its implications, a review,
Norw. J. Geol., 84, 3–34, 2004.25

Olsen, L., Riiber, A., and Sørensen, K.: Finnmark County, Map of Quaternary Geology, scale
1 : 500000 with description, Geological Survey of Norway, 1996.

Ottesen, D., Stokes, C. R., Rise, L., and Olsen, L.: Ice-sheet dynamics and ice streaming along
the coastal parts of the northern Norway, Quaternary Sci. Rev., 27, 922–940, 2008.

Peteet, D. M.: Younger Dryas, in: Encyclopedia of Paleoclimatolgy and Ancient Environments,30

edited by: Gornitz, V., Encyclopedia of Earth Sciences Series, Springer, 993–996, 2009.

331

http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-print.pdf
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


SED
6, 321–338, 2014

Maskevarri Ráhppát
in Finnmark

R. Sutinen et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Renssen, H. and Isarin, R. F. B.: The two major warming phases of the last deglaciation at
∼ 14.7 and ∼ 11.5 ka cal BP in Europe: climatic reconstructions and AGCM experiments,
Global Planet. Change, 30, 117–153, 2001.

Roberts, D., Olesen, O., and Karpuz, M. R.: Seismo- and neotectonics in Finnmark, Kola Penin-
sula and the southern Barents Sea, Part 1. Geological and neotectonic framework, Tectono-5

physics, 270, 1–13, 1997.
Sollid, J. L. and Sorbel, L.: Influence of temperature conditions in formation of end moraines

Fennoscandia and Svalbard, Boreas, 17, 553–558, 1988.
Sollid, J. L., Andersen, S., Hamre, N., Kjeldsen, O., Salviksen, O., Sturød, S., Tveitå, T., and

Wilhelmsen, A.: Deglaciation of Finmark, North Norway, Norsk Geogr. Tidsskr., 27, 233–325,10

1973.
Stewart, I. S., Sauber, J., and Rose, J.: Glacio-seismotectonics, ice sheets, crustal deformation

and seismicity, Quaternary Sci. Rev., 19, 1367–1389, 2000.
Sutinen, R., Piekkari, M., and Middleton, M.: Glacial geomorphology in Utsjoki, Finnish Lap-

land proposes Younger Dryas fault-instability, Global Planet. Change, 69, 16–28, 2009a.15

Sutinen, R., Middleton, M., Liwata, P., Piekkari, M., and Hyvönen, E.: Sediment anisotropy
coincides with moraine ridge trend in south-central Finnish Lapland, Boreas, 38, 638–646,
2009b.

Sutinen, R., Jakonen, M., Piekkari, M., Haavikko, P., Närhi, P., and Middleton, M.: Electrical-
sedimentary anisotropy of Rogen moraine, Lake Rogen area, Sweden, Sed. Geol., 232,20

181–189, 2010a.
Sutinen, R., Hyvönen, E., Närhi, P., Haavikko, P., Piekkari, M., and Middleton, M.: Sedimentary

anisotropy diverges from flute trends in south-east Finnish Lapland, Sed. Geol., 232, 190–
197, 2010b.

Sutinen, R., Hyvönen, E., and Kukkonen, I.: LiDAR detection of paleolandslides in the vicinity of25

the Suasselkä postglacial fault, Finnish Lapland, Int. J. Appl. Earth Obs., 27, 91–99, 2013.
Sutinen, R., Hyvönen, E., Middleton, M., and Ruskeeniemi, T.: Airborne LiDAR detection of

postglacial faults and Pulju moraine in Palojärvi, Finnish Lapland, Global Planet. Change, in
press, 2014.

Svendsen, J. I., Astakhov, V. I., Bolshiyanov, D.Yu., Demidov, I., Dowdeswell, J. A., Gataullin, V.,30

Hjort, C., Hubberten, H. W., Larsen, E., Mangerud, J., Melles, M., Möller, P., Saarnisto, M.,
and Siegert, M. J.: Maximum extent of the Eurasian ice sheets in the Barents and Kara Sea
region during the Weichselian, Boreas, 28, 234–242, 1999.

332

http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-print.pdf
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


SED
6, 321–338, 2014

Maskevarri Ráhppát
in Finnmark

R. Sutinen et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Tanner, V.: Studier over kvartärsystemet i Fennoskandias nordliga delar IV, Bulletin de la com-
mission Géologique de Finlande, 88, 594 pp., 1930.

Taylor, R. W. and Fleming, A. H.: Characterizing jointed systems by azhimuthal resistivity sur-
veys, Ground Water, 26, 464–474, 1988.

Tarasov, L. and Peltier, W. R.: Arctic fresh water forcing of the Youger Dryas cold reversal,5

Nature, 435, 662–665, 2005.
Vorren, T. and Plassen, L.: Deglaciation and palaeoclimate of the Andflord-Vågsfjord area,

North Norway, Boreas, 31, 97–125, 2002.
Wu, P., Johnston, P., and Lambeck, K.: Postglacial rebound and fault instability in Fennoscandia,

Geophys. J. Int., 139, 657–670, 1999.10

333

http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-print.pdf
http://www.solid-earth-discuss.net/6/321/2014/sed-6-321-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


SED
6, 321–338, 2014

Maskevarri Ráhppát
in Finnmark

R. Sutinen et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

1414Sutinen R., Aro, I., Närhi, P., Piekkari, M., Middleton, M. Maskeverri Ráhppát…  14 

 488 

 489 

 490 

Fig. 1. Location map showing major ice-marginal moraines in Finnmark, North Norway (after
Sollid et al., 1973; Olsen et al., 1996). Maskevarri Ráhppát study site and morphologically
similar moraine field on Boaltunoaivi fell indicated. The Tromsø-Lyngen moraines were formed
∼ 12.5–12 kyrBP and the Skarpnes event, possibly correlative to the Porsanger sub-stage,
∼ 14.3–14.1 kyrBP (Sollid et al., 1973; Vorren and Plassen, 2002). Locations of the northern
Fennoscandian postglacial fault lines according to Tanner (1930), Kujansuu (1964), Lundqvist
and Lagerbäck (1976), Lagerbäck (1979, 2008), Dehls et al. (2000) and Sutinen et al. (2009).
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Fig. 2. A 3-D image of the Maskevarri Ráhppát, Finnmark, North Norway (Norkart Geoservice
AS and Geovekst). The streamlining towards Tanafjord shown by black arrow.
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Fig. 3. Locations of the electrical-sedimentary measuring sites (1–3) on Maskevarri Ráhppát,
Finnmark, North Norway (Norkart Geoservice AS and Geovekst) and device-specific azimuthal
electrical conductivity presented for Geonics EM31V (0–6 m), EM31H (0–3 m), and EM38V (0–
1.5 m) coil configurations. Numbers A–D refer to photographs shown in Fig. 4 and 5a–c to air
photos shown in Fig. 5.
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Fig. 4. (A) The south-western border ridge (70◦08′54′′ N and 27◦54′52′′) on Maskevarri Ráhppát, Finnmark, North Norway. Note the elevation difference
between the hummocky field (right) and gentle undulating tundra (left) is about 12 m. (B) The north-eastern border ridge (70◦09′37′′ N and 27◦56′25′′) on
Ráhppát. Note the elevation difference between the hummocky fields on both sides of the ridge is about 10 m. (C) An example of hummocky moraine terrain
on middle part of the Ráhppát (70◦09′14′′ N and 27◦55′32′′) ranging in elevation from 260 to 270 ma.s.l. (D) An example of hummocky moraine terrain on
upper terrace of the Ráhppát (70◦09′41′′ N and 27◦57′09′′) ranging in elevation from 280 to 285 ma.s.l. Note the leafless birch trees/bushes due to damages
of autumnal moth (Epirrita autumnata). Photos by R. Sutinen, 2009.
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Fig. 5. Air photos (Norkart Geoservice AS and Geovekst) showing examples of surface stoni-
ness of the Maskevarri Ráhppát, Finnmark, North Norway, Locations indicated in Fig. 3.
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