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Abstract

Several ultramafic outcrops daeated along a specific tectostratigraphic unitn the

Trondheim Nappe Complex, Cent&tandinavian Caledonides. Tieativetiming and
kinematics of these rocks are investigated by the use of strugtetralgraphiand
mineralogicdata from its host rocks. The metasedimentary host rocks are part of the Sel and
Heidal Groups of the Rgros and Remsklepp Nappe Gomipl the Upper and Middle
Allochthon.The investigated area is located-olldal and Dovre municipaliis,145 km

south of Trondhien, in Hedmark County, in theouthern Trondheim Region Caledonides

A geologicalmapcompiling data fronpetrogragic andfield observations shoa wide range
of mainly metasedimentampcks hosting the ultramafic rocks. The most domimast rocks
are garnemica schists and quartz mylonites, but the various amount of mica and quartz
generatsseverakimilar rock types, sth as quartzites and metapsammigder mica and
quartz, gamets and chlorite are tmeost abundant minerals.

The dominant fabric in the area is the main foliation, with a gentle, general dip toward
southwest, referred to as S1 and a result of a DX¥mdafmn event. Porphyroblasts of garnet
and amphibole anaterpreted to b&rom this phaseMylonites with amphibolite facies

mineral assemblagare prominent at the contadkthethrust nappesndicating they formed
during peak metamorphisnust bebre or duringhe D2 eventThe metasedimentary rocks
further awayfrom the thrust nappeshow greenschist facies assemblage without any obvious
kinematic indicatorsindicatingless strainPresence of chlorite indicatestrograde
metamorphism fronthe D3 event The ultramafic rocks are altered through serpentinization,
with soapstone at some local sit€ke serpentinites contain various amounts of chromite and
magnetiteandlocally large amounts of tald hey have a sharp contact with the host rocks

ard no sign of contact metamorphism or pantielting is observed, indicating the ultramafic
rocks were tectonically placed on top of the Heidal Groupetate Precambriaror early

Palaeozoicbefore sedimentation of the Sel Group.
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1 Introduction and aim of thesis
This thesisstartedas a cooperation with the NGGéological Survey of Norwayorges

Geologiske Undersgkelse) in Trondheimith the intention tanvestigate a series of
ultramatfc rocks in the Folldal aredhe study area is locatedkolldal and Dovre
municipalities,145 km south of Trondlm, in Hedmark County, in theouthern Trondheim
Regionof the Central Scandinavid@aledonidegfigure 1) The area of main intesg
Raudhamanis situated 17 km to the east of the village of Dovre, irRibedane National
Park There is a walking distance of about 3 km from therto the ultramafic outcrops at

Raudhamran.

Themain objective othis mastertiesis is to examinthe tectonestratigraphic setting for the
ultramaficbodies ando explore their structurarchitecurdoy mappingstructures irthefield
and analysing the mineralogical and miteatural changes durindeformation in the

surrounding rock units.

According toNilsson et. al(1997) dismembered parts of oceanic crastd ultramafic

mantle fragmentsf the prehistoridapetus Ocean were thrustepl andeastwardsbetween
and together wittwo sedimentary units, tieelGroupand Heidal Grouygfigure 2, during

the formation of the Caledonidéghis is the setting that Wbe explained below (see chapter
1.1).

The study involved fieldwork and laboratory kavith petrographic studieShe frst chapter
givesan overview of the regional geology before closing inhenlocal geology and previous
work. The results are presented wéthevised geological map, petrogiac dataandthin
section overview Interpretations of the resulisebased on petrographic studies of selected
ultramafic rocksand petrographic, mineralogical and miteatural studie®f the hosting
metasedimentary and mylonitghear zone rocks of the studied nappe units, in ¢oder

discuss the tectoametamorphic evolution.

The aim was to examine the origin and evolution of the ultramafic rocks, as part of an
ongoing project by NGU, called GEARS (GEologisk Arv i indre Skandinavia). The GEARS
project was established to map andlesgdifferent geological localities for evaluation of the
geological heritage valugdhe Folldal area is one of three core areas for the GEARS project,

also including the Fulufjell area and the Siljan meteoritic crater in Sweden. The rationale for
1



studyirg the ultramafic rocks is their geological setting forming a series of isolated bodies in
various metasedimentary units. On a regional scale the bodies form variable sized reddish
coloured knolls, crags and small pinnacles and for people farming, huntrgkangin

these area#t is one of the most frequent questions asked: what kind of rock is this and how
was t formed? For geologisit is moreover a question of how the ultramafic bodies got
there.This thesis will shetight on some of these quesi®forming a base for subsequent
dissemination to the public both in the form of animations, tourist guiding, posters and
folders. The master thesis was initially intended to focus on the knolls and crags of the Folldal
and Grimsdalen areas, but due thia but pervasive quaternary cover, the study area was
moved further west and into higher altitudes to the area of Hornsjghge and Haverdalen.
Raudhamran is a relatively larger body of utramafic rock situated close to the main hiking
path between the calsinf Grimsdalhytta and Hgvringen and being observed by many hikers
and hunters every summer. The area was examined briefly in 2017 rande detail in 2018
Several bodies of ultramafic rocks were found and mapped andftbsse displayed

outcrops othe best location for mapping, with contact relationships to the metasedimentary
host rocks. Additionallythe best exposedltramafic outcrops was Randhamran arisl 4

related smallebodies. 8ear zones, faults and folding in the wall rock are far betigosed

here than in the Folldal and Grimsdalen areas.

1.1 Regional geology
The Scandinavian Caledonides are remnants of an old mountain range exposed over large

parts of Norway and western Swed&he Caledonian orogeny was initiateg the ollision
betweerntwo continentsl.aurentia and BalticéRobertsand Gee, 1985Before the cliision,

in the late preCambrianthe two continents were sepaiitey the lapetus Oceaan

equivalent to the present day Atlantic Oc€8orfu et al., 2014)The orogeny is

characterized by various nappes, conventionally divided intcaltaghthonous units or
nappecomplexes (figure )l the Lower, Middle, Upper and Uppeaost AllochthongRoberts

and Gee, 1985) ower and Middle Allochthon araferred to comprise sedimgry rocks

derived from BalticaUpper Allochthon consisiof oceanic crust with diverse arc and basin
associations, and the Uppermost Allochthon is the most exotic part, believed to have affinities
with Laurentia (Roberts, 230).

Parts of Baltica and Laurentia wesgentuallytranslated eastward over the Precambrian

crystalline rocks of the Fennoscandian shield togethershiglets obceaniccrust (ophiolites)
2



and arc terraneslerived from the lapetus OceéRoberts, 2003)The Scandian phase in
Silurian times was the main thrustiagent of the Caledonian oroge@wart (1974)

describes the peaketamorphism to be after the first folding phase (=F1), where the rocks
were carried to depth, and before the second folding phase (=F2) when the rocks were thrust
towards the surfac®&emains of oceanic crust and ophiolitic rocks from the lapetus Ocean ar
present all along the coast from Karmgy in the southwest to Lyngka mottheasfSlagstad

et al., 2014)mostly within the Upper and Uppermost allochthonous nappe @ptsolites

are representdabth as complete sequences, fragmantdormainly asgabbro and

ultramafic rocksalongthrust boundariesf the initial lapetus Ocean and island arc sequences
(Slagstad et al., 2014)

Dewey & Bird(1971)explains the origin obphiolitesto be from either beneath or behind
subduction zones or from obduction zonEsey givea reasomwhy this studyis the right
approach to reach the aiwhen they point out that the metamorphic relationships within and
around ophiolite complexes probably reflpobcesses involved in both genesis and

emplacement.

1.1.1 South central Norway
The Caledonian nappes in South Central Norway coofsgstveral dferent terranes and

lithological units of various origifCorfu et al., 2014)The Koli Nappe &ad the SeveNappe

are terns used for large parts of Upper Allochthon &tiddle Allochthon respectively

(figure 1) (Geeet. al, 2008) but they areedefined several timeZwart (1974)describe the
Seve Nappe Compleasamajor unit of metasedimentary and mejaeous rocks of

unknown agelt is metamorphosed in the amphibolite facies and stretches from ngotrésn

of Sweden to central partd Sweden and Norwaye describeKoli as a sequence above
Seve consisting of sedimentary and volcanic rocks metamorphosed in the greensabsst faci
This thesiswill refer to the Seve Nappe as tlygper part of the Middle Allochthon and the

Koli Nappe as the lowest part of Upper Allochthbmthe Koéli Nappe three foldsets are
distinguishedy Zwart (1974)The first se(F1)is characterizety isoclinal folds with

varying attitude of axial planes and fold axis du to later folding. The sesair{éf2) refolds

the F1 folds and often causes a crenulation cleaf=t@) but also largefolds up to several
hundreds of metres. The axial planes have a general dip towards west, although there are
considerable local variations. The third set (=F3) forms open folds, folding the S2 crenulation



cleavage. These folds have steep to vertical axial plane directed N/NW, sybarallel to
the Caledonian tren&eve rocks show similar features as Kdli according to Zwart (1974).
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Figure 1: Map of the Scandinavian Caledonides with the central part of the Trondheim region marked with red
square, and Seve and Kélo within the square (reworked from Gee, Fossen, Henriksen, & Higgins, 2008).



The Trondheimegionof the Central Scandinavian Caledonigekrgely dominated by a
major slab of the Upper AllochthdRamsay & Sturt, 1998put also significanparts of the
Middle Allochthon. Nilsen and Wolff (1989) have compiled the different tectonostratigraphic
modelsand namegroposed for the area through the yegrs 1:250 000 map. In this

context, the study area of this work is located at the border of the Rgros Nappe Complex
(Koli Nappe) andhe Remsklepp Nappe Complex (Seve Nappe).

According to Nilser(1988) the history of the relevant area in the Trondheim region was
former sedloor (parts of Koli Nappe) obducted onto metasedimentary rocks (Seve Nappe)
with a following uplift and erosiobefore extensive sedimentation took place. This, in short

explains the geological setting before the Caledonian folding and metamorphism commenced.

1.1.2 The Folldal area
In the area between Folldal and Rgresesal ultramafic intrusions (pods and lenses) be

traced in a certain tectorstratigraphic level along strike of the metamorphicpeamcks
(figure 2) These intrusionare interpreted to be a part of the Vagamo Ophiolite, which
stretches from Otta in the southwest to Feragen in the nor{ilason et al.1997) This
ophioliticterrane s b el i e v e & thrustedloraowracks bfehe suprdicrustal Heidal
Group, uplifted and deeply eroded before the deposition of the sedignanthvolcanic Sel
Gr o {Nlgson et al., 1997Yesulting in an uncoonfmity between the two groupBoth of
these groups and the contact between them can be deestidiedarea neaFolldal (figure
3).

The Stgren Nappe, Gula Nappe and Meraker Najmpeinate the northern part dfet
Trondheim Nappe ComplgRilsen, 1988)the southern part is described below.
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Figure 2: Geological map of the Ragros-Gudbrandsdalen area, with locations of ophiolitic fragments (Nilsson et al.,

1997). Folldal is framed in central parts of the map.

TheHeidal Group isa separate undf the Hummelfjellet Nappe in the Remsklepp Nappe

Complex, located in the upper part bétmiddle allochtho(Sturt et al., 1995)it consists of

metasedimentary and volcanic rocks thrust over the Precambrian Baltica bedrock during the

Caledonian orogeny in the Early Ordovici@turt et al., 1995)The Sel Group is considered

the lower part of the upper allochthon and is part of the Essandsjg Nappe in the Rgros Nappe

Complex (Nilsen & Wolff, 1989). This nappe complex appears to have been thrusted E/SE

together with the Heidal group and the ophioliemnants in between, as one (Biturt et

al., 1995) Both groups consist mainly of metadimentar rocks like mica schists, phyllites,

metapsammites and pagneisses. The Heidal group also has a large part of guarteocks

believed to be derived from the Baltica bedr@8turt et al., 1995)Metamorphic minerals

show an increase in temperature and pressure from east to west, i.e. increase from lower to

upper/uppermost allochthddallmeyer, 1990and therefore, the Sel Gro(greenschist

facieg and the Heidal grou@mphibolite faciesare distinguishedy theirdifferent

metamorphic grade3his opposite directed temperatuamd pressurécrease mentioned by



Dallmeyer (1990)has been interpreted and explainedhi®/nappes in the arbaving an
inverted positior(Nilsen,1988)

1.2 Previous work
Ultramafic rocks of the Scandinavi@aledonidesre present in two main tectono

stratigraphic associations the Precambrian Basal Gneiss Region in SW Norway and in the
area of the metamorphosed Upper/Middle Allochthon boun@vgle & Stigh, 1985)
According to the specified characterstimentioned by Qvale & Stigh (1985, p.696)

A Al ptiynpeéramafic rock, in the Upper/Middle Allochthon boundary is tiaegory that

fits best for the Folldal aredheorigin of the ultramafic rocktherehave been debated for
several decadeandthe rocksare usually altereohto serpentinites and occasionally to
soapston€Wolff, 1967). The ultramafic rockare consideredsahe lowesipart of the
Vagamaophiolite, which extends from Vaga in the SW to the Rgros tract in th@NNdSon

et al., 1997)This belt of ultramafic bodies can be traaddng the SE margin of the

Trondheim Region and is also interpreted by Qvale & Stigh (1985) to be a tectonically

dismembered part of an ophiolite.

Geochemical, geochronological and isotopic data available from the northern and western part
of theTrondhém region ophiolites and associated rocks suggest that they formed in a
suprasubductiozone setting close to a continental or microcontinental mégjagstad et

al., 2014) This applies to the ophiolites of Byrka, Lokken, Vassfjellet and Lekahd@

relatively close ophlitic segments ofouthern and eastern Trondhemgion on the contrary,

are considered to have formed a part of the ocean floor of an extended seaway that developed
between the Gula microcontimeand the passive margin of Balti®dilsson & Roberts,

2014)

Partsof thearea have been mappeddgyeralgeologistsand compiled into two different
maps that overlaps in the area, the Lillehammer (figyre 3B) by Siedlecka et. al. (1987)
and the Rgros & Sveg méjgure 3A) by Nilsen & Wolff (1989), both in 1:250 000.



Figure 3: Geological maps linked together from the investigated area. A) Nilsen & Wolff (1989), B) Siedlecka et.
al. (1987). Subhorizontal line in the middle of the map divides the two maps.

1.3 Litho- and tectono-stratigraphic subdivision of Folldal area
Different names have beesedon similar lithological sequences at different areas in the

region.Sturt et al (1997proposedh revised stratigraphy (figury for the OttaRgrosarea
which constitutes the essential parts of the investigated&reatta nappe is regarded as the
southern end of the major Trondheim Nappe Com@I&iC) (Ramsay & Sturt, 1998and
the divsion for the TNC is included ithis studyin order to get an understanding of the

geological setting in #¢nFolldal area

1.3.1 Heidal Group
Ramsay & Stur{1998 gives a thorough description of the Heidal Grolipe lower and

middle partis dominated by metpasammie- and quartzites with local intercalatioofs
polymict metaconglomerate. The middle part shoan increase inrhe contehmanifested
in growth of calciurarich hornblende. The upper paftthe Heidl Group is characterized by

graphitic mica schistinterbanded with white quartzgendatop sequence dominated by
8



black schistThe metamorphic grade of thieidal Gouprocks is overall, medium grade
(amphibolite &cies)

Sulamo Group

Sel Group Fundsje Formation

Otta Nappe

Asli Formation
&

Singsds Formation

Unconfo

Heidal Group

Figure 4: Revised stratigraphy of the Otta-Raros tract (Sturt et al,1997)

The Singsas Brmationis the upper part of the Heidal Group asdonsidered equivalents

the enigmatic Gula Complewhich is dominated by two lithologies: Staurolgarnet
kyanite-biotite schiss and gneissg&ngvik et al., 2014)

1.3.2 Sel Group

The Sel Groups a phyllitedominated sequence with local developments of conglomerate,
turbidites and sandstond®amsay & Sturt, 1998)t comprises the Fundsjg Formation on the

top, Asli Formatiorin the middle and thephiolitic remntants called the Vagamo Ophiolite.

Themetamorphic grades lower than in the Heidal Group rocks, largghgenschistdcies

(Ramsay & Sturt, 1998Ramsay & Stur(1998) have outlinethe existence of a major

tectonethermal hiatus with the Heidal Group ptating the unconformytat the base of the
SelGroupSt urt et. al. (1995) have identified

wh

the unconformity between the Heidal Graum d s er penti ne congl omer at

conglomerate is a local part of the lower Sel Group.
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The Vagamo Ophiolite was thredtoverthe already folded and metamorphosed rock of the
Heidal Group in early Ordovician timéSturt et al., 1997)before it was uplifted and deeply
eroded prior to the deposition of the Sel Gr@Njsson et al., 1997Nilsson et al. (1997)
consider ultramafic/mafic lensedéong thethrustboundary of the Sel and Heidal Groups to
have a common origin and represent the lower part of a once continuous ophesitéThe
Vagamo Ophiolite)Serpentinite conglomerate, derived from the ultramafic part of the
Vagamo Ophiolite, occurs in the lower part of the Sel Gidlilsson et al., 1997)

Mapping of the Folldal areéBjerkgad & Bjarlykke, 1994)shows clearly that the Fundsjg
Formation volcanites are an integral part of the Sel Group and are not separated from either
the structurally underlying or overlying rocks by thrust plafstart et al., 1997)

The Folldal Trondhjemite intrudes the Heid@roupandthe Sel Groupn the Folldal area,

andis dated to LUPb zircon age of 488 +2 Ma. The first deformation phase in the area has
affected the intrusion; this gives ammum tectonic age of the Ser@pwith its intercalated
ultramafic rockgBjerkgard& Bjarlykke, 1994).

TheAsli Formation(like Singsad=ormatior), is characterized by porphyroblastic staiteol
West of this schist is a garaetuscovite schist, characterized by porphyroblastic garnet
(Engvik et al., 2014)Asli and Singsés correlates with the Gula Groughe Folldal area
(Bjerkgard& Bjgrlykke, 1994).

1.3.3 Sulamo Group
Above the Folldal Volcanics, stratigraphic abdlie Sel Group sithe black phyllité grey

sardstone sequence of the Sulamo Gr@iwlff, 1967) Wolff (1967) describe the extension
of the Suldmo Group, but focus on the northern part of the group because the southern

extension i s 0 éFhasmae thaiaformeh adout this group poor.
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2 Methods of study

The methodsised in this thesis include literature studies and reading of articles and
geological maps prior to fieldworkn order to establish the righterequisites and overview
of the area of interest.

The fieldwork was done during 10 daysSHEptember 2013f regional survey and 5 dag$
August 2018 focused on the Raudhamran. &eanpass witltlinometer and levelGPS,
camera, magnet penamagnifier, hammer and measuring tape wesslder petrogralpic
and structural mapping.

The orientation ofoliation and lineation was measurapplying the righthand rulepn the
host rock and other relevant rockrftations close to the ultramafic rockhekey minerab
and minerabs®ciation from hand speciems werenvestigated on site with magnifier and
magnetRepresentativeasnples were collected from selected locatifmngpetrographic and
thin-section studies. Several photesre taken from each locality. GR®ints were
registered for all structural msurements antand samples. Some locations wieaeked

with GPS for marking of larger areas of similar lithologiso a Tough book including all the
existing geological information displayed in ArcGIS was provided by NGig¢bedrocks in
the Folldal area are generally poorly exposedtdugacial sedimentavhich in some cases

made the fieldwork challenging.

Five samples from the area Raudhamran, were selected for making thin sections. These
represent the host roskrrounding the ultramafic lenseShe samples were cut into cubes
(~1.5*2.0*3.0 cm), before they were prepared and polished by the employees in the

laboratory at th®epartment of Geoscience, UiT.

Microscopy of the thin sections wdsne using the microscope Leica DM4500P. Both
transmitted light and reflected (ftre opaque sulphides) light warsed together with plane
and crossegbolarized light to determineinerals and microtextures of the rocks sampled. All
thin sections conta various amounts of silicates and small amounts of sulphides.
Representative photegere taken of each thisection Abbreviations used for mineral names
aretakenfrom Kretz (1983)
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3 Results

This chapter presents the resultalbbbservations frornthe fieldvork carried out in the

Raudhamran area

3.1 Tectonostratigraphy and structural overview
The datacollected diring thefieldwork arecombined and summarizedarrevisedyeological

map including a interpretedtross sectioifigure 6).

Lenses oVarious sized ultraafic rocks have been mapped in the studied(figure 6),

some with soapstone at the mardiigure 5.

Figure 5: Two representative lenses of ultramafic rock, with some hundred meters apart, located west to
northwest of Raudhamran.

Metasedimentary rocks such as quartzites and gselhist, garnemicaschist and augen

gneiss in addition to amphibolite, dominate the area surrounding the Raudhamran outcrop and
other ultramafic rockéfigure 6) Augen gneisss located in beteen metesandstone rocks.

Thetwo latterunits areseparated the map bya major thrust fault inside the Essandsjg

Nappe The highly strained mylonitic rocks insitlee Hummelfjell Nappe, marked the

map areplacedfarther westowards Raudhamrarit separates thRgros Nappe Complex in

the west anthe Remsklepp Nappe Complex in the edste lattershows internally, strong
deformation, tight to isoclinal folds, and mylonitic rocks with lenses of disintegrated host

rocks.
12
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Figure 6: Geological map from the field study. The location of the cross section A-B (bottom of page) is marked on the map by a line and is vertically exaggerated. The
Raudhamran ultramafic pod with related cabin is used as a geographic reference point.
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Local bending of the foliation can be seen along strike of the thrusts (figurdal&ugh, the

main foliation of the host rock in the area generally dip gently to the west. However, both
strike and dip angle vary within the area. Differences are usually not of any significant
character (within 10% of the main measurements), but thegspmnd to the observed folds

in the field. Observed changes in strike and dip directions of the main foliation are mainly due
to presence of different macro scale limbs of open folds. Open to asymmetrie aratro
mesaoscale kink folding of the main foli@in have been observed, and such folds tret®l N

and plunge gently south, indicating a shortening frorE W

3.1.1 Metapsammites
Various types of metasammites and quartich schistconstitutethe main parof the

Remsklepp Nappe Complex. These rocks extrrigide the mapped ardarthernorth and
eastvardinto the Rondane massif. Quartz dominatesdhacks, with variableamounts of
mica feldsparand carbonate®orphyroclasts of red #eldsparare foundocally, and the
amount increases closedontacts with the augen gneissése main texture is the distinct
foliation, but possible, relict crodsedding have been observed some places, indicating a
primary sedimentary structure (figure 7Aarge open folds locallipld the foliation of the
metgpsammits, but also micro folds ancrenulations are foundigure 7B). Thefold axis
trends N-S and plunges gently, whereas the axial surface in getastrikes NS and dips
gentlytoward W.SW. The fold axis lineations of mestale folds are observedme places

(figure 8).The mineralogy of the lineations are hard to determine tatslweeathered surface

and massive appearance.

Figure 7: Metapsammites with A) very high quartz content and relics of primary sedimentary cross-bedding
marked with red lines and, B) meta-psammite with higher content of mica and small-scale folds/crenulations.

14



Figure 8: Meso-scale lineations of the fold axis in metapsammites, marked with walking poles.

3.1.2 Augen gneisses
Lenses of augen gneiss are found betweem#tapsammits. Such lenses atamited by

thrust faults with a general dip towardS8V. Large, red crystals #&f-feldspar (up to 80 cm
in dimensiongcontributes to the distinct appeararicat is characteriie for augen gneiss
(figure 8A). The matrix of the gneiss is firgrained,and tiny foliatedMinerals in the matrix
are mainly feldspar and quartz, with some amount of white,rpbiotite and hornblende
Close to the fault where shortening strain likelys higherthe red feldspar gstals are
fragmentedand alignednto mm size and smallgrains along with the interstitidflaky

matrix minerals(figure 8B).
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Figure 9: A) Augen gneiss with large red K-feldspar crystals, and B) augen gneiss with fragmented K-feldspar
crystals close to the fault.

3.1.3 Amphibolites, garben schists, quartzites and mica schists
A separate unit of various amphibolites, garben schists;psatamites and mieschists are

foundto thesouth and wesif theultramafic rocks in Raudhamran. The ms&limentary
(schistose) rocks are present stratigraphically almiiee mafic rocks (amphibolitef)at are
likely remnants of ophiolitesn some pa#d, the schists are easily weathered foliated quartz
and micarich schiswith an oerall high content of carbonatéis fine-grained witha
characteristicuctilelaminationthat is locally folded by open foldfigure 9. Theirinternal
boundaries are difficult to locathie to the limited degree of outcrop.
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Figure 10: Fine-grained, schistose rock with high content of carbonate. Fine lamina characteristic for this unit.

3.1.4 Ultramafic rocks
The ultramaficdocks are massiv@ndhave a characteristic yellowish/brownish weathering

surface, idlicatingweathering of olivineThe pristine minerals, olivine and pyroxene, are
altered at least in neasurface outcrops. Alteration reaction has formed serpentiriteite
anddispersecdtuhedral grains afhromite.ln general, the ultramafic roclksemagnetic,
indicating the presence of magnetitéhich is a common mineral after serpentinizat®ome
of the relatively small bodies and some of the rims of large bodies have been metamorphosed
into soapstoneomposed of varying amounts of taldhereis no clear observatioof primary
magmatidayering in anyof the ulramafic bodies examined. Interrfaldingis observed
(figure 11A), but it is not clear whether the folding is a relict pgitmmagmati flow structure
or secondary folding at a stagd@re the ultramafic rock was solid stateable to plastically
deform. Characteristicracks and veins are a dominant featurg@articular for the least
metamorphosed parts of the bodiggure 10)
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Figure 11: Overview of parts of the ultramafic rock at Raudhamran, showing the typical irregular vein and crack
system. Hammer for scale.

A fresh cut showtheinternal massivaextureand norroxidated dark greemock colour of a
typical ultramafc rock at Raudhamran (figudelB). The rocks are not geochemically

analysed, but observed to consikat leastserpentingbrucite, chromite and magnetite.

Figure 12: Field observations of ultramafic rocks. A) hint of a ductile deformed section. B) a look into a fresh cut
section with the thin, characteristic weathering skin.

3.2 Petrographical and micro-textural descriptions
In this sectionthe five representative samples of the host rocks toltita@nafic rocks in

Raudhamramvill be described with respect to mineralogy and mienxtural observations.
The sample localities are highlighted in the geological rfigpré 6. The samples and the
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related thinsectionswill be described in the order wiat is interpreted to be fmolowest
metamorphic grades and less deformed rocks to those that are most highly deXunecof
the thinsections are oriented arftetmineral assemblagasedescribed separately and linked
to the main deformation structures applyiNgkler (1979) There are no replacement

textures, coronas, compositional zoning or ot®iousdisequilibrium texturefound.

3.2.1 Amphibolite, garben schist, mica schist, quartzite unit
Thesamples 29, 240 and 245 are described from tb@ttion. Thewretaken from the

schistose uniffigure 6), close to thailtramafic rocks in RaudhamraRour lithologies are
observed in this uniemphbolite, garben schist, quartzite and mschist but anly the two
latterwere sampled for thisection studies

Sample 239:Quartzite
The sampld rockis locatedseveral hundretheters north ofhethrustfault that separates

Remsklepp Nappend Rgros Nappe Complekhis is afine-grained, leucocratic rock
composed almost entirely of qua(t290%) and show conchoidal fractur&dhe remaining
10% is mainlydarkmica and garnefThis massive quartzite has a penetrative foliafidmck

veins (>10 cm) of massive quartz are found some places (figure 12).

Figure 13: Quartzite with inclusions of quartz veins.

Thin section description: Thisthin section$ dominated by a matrix édliated quartz
(>900)(figure 13A&B) . Quartz gains ardine-grained elongatecandwith well-developed

triple-point junctions and ~120° interfacial anglgarnet porphyroblasi@p to 1mm in size)
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encloses and surroutite quartzgrains Fracturedyarnetqfigure 13@&D) are widely
dispersed and the second most alamhdnineral in the rock-5%). Thegarnetporphyroblasts
have axenamorphig sigmoidal shapendicating a dextranotionwhen viewed in section
parallel to foliation(figure 13C&D). Theyaresurrounded by muscovite3%)and biotite
(~1%)which define the main fabriaf the rock, and whichends around the garn8oth
micas aremainly found as thin bands along foliatiddulphide(~1%) minerals possibly
pyrrhotite are found as very small crystalghey are xenomorphic to idiomorptaadmainly
elongatedSome elongatesulphidecrystalsincluded in the garnets, are also rotated along

with the sigmoidal shaped garrfégure 13Q.
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Figure 14: Photos of thin-sections from quartzites with a well-developed foliation (A). Rotated sigmoidal garnet
with a dextral motion (C). The other pictures show the relationship of the mineral assemblage in the sample. PPL
left and XPL right. Green arrow showing direction of motion
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Sample 240:Garnet-mica schist
The ampleis takenfrom the gorge SW of Raudhamraabin It is afine-grained andhaly

rockwith foliated white mica @& the most abundant mineral in the réfafgure 14) Lensesand
veinsof quartzare foundin some placesThere are few, butaltge garnets angresencef a
green minerain the shadowof some garnetsnostlikely chlorite Amphiboleis seen aslark,

greenishcolored flaky minerals, finely distributed in the schist

Figure 15: Garnet-mica schist, representative for this part of the unit. With visible large garnets.

Thin section description: The rock consists afniform layers withquartzrich and micarich
domains parallel to themain foliation orschistosityof the rock(figure 15A&B). Fine-grained,
flaky intergrowths oimuscovitedominate the rock~50%) The quartgyrains ardine- to
mediumgrained and theecond most abundant mineral (~3589th minerals make up the
foliation, which is locally and internally folded lypen folds antébendaround the garnets
(~10%) Garnets are subidiomorphigth mainlyirregularinclusioncracks although some
appear to b perpendicular to the main foliatiohheinternalcracks of the garnets are filled
with biotite (figure 15 C&D).Pressure shadows filled with chlorite are commonly observed in
relations with garnet (figure 15 C&DSulphide(<1%) formsmall, elongatedrgins aligned
with foliation. In some garnetthe sulphidesirealignedparallelwith the orientation of the
mainfoliation (figure 15C).
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Figure 16: Thin-sections of garnet-mica schist with biotite and sulphide (opaque). Note garnet with a pressure
shadow of chlorite (best seen in picture C). B illustrates the quartz-rich and mica-rich domains, D show a close up
on the mica-part. PPL left and XPL right.
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Sample 245:Garnet-mica schist
The sample is taken approximateht8 meters fronthe ultramaficoutcrop Micas dominate

the rock, with quartz as the second most abundant misenale parts are almost completely
massivewhereas others are weakly and irregularly foliated defitenses and ductile sheets
alongthe mainfoliation (figure 16). The rock is firgrained with flaky chlorite in the
foliation andgarnetporphyroblastwvisible. Some parts of the irregular foliation have been

folded byopen folds with tight foldsvith subsidiary, smallescale tight folds on the limbs
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Figure 17: Samples of garnet-mica schist. A) Weathered surface from the sample location. B) Hand specimen thin
section, with garnets highlighted.

Thin section description The rock consists mainly of very firgrainedwhite mica(>50%).
Biotite (~2%) exiss$ as thin flaky alignedbands along fiation. The micarich foliation have
been variously foldedy bothopen folds andnore asymmetric, tightrenulationgfigure

17F). Chlorite (~5%)is seen as short elongated bands in the main foliation, parallel to.biotite
The second most abundamineral(~30%) is finegrained, layereduartzthatshow noclear
evidence of foldingn thethin sectionClose to the more rigid quarare a few larger gins

of sulphide that still have preservia: original cubic shap@igure 17A& C). Small sulphide

and biotitegrainsare found as inclusions in garn@arnes are largefgure 17A) andexist as
xenomorphido subidiomorphicrystalswith small nclusions of mica and quartz in an

irregular vein system
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Figure 18: Thin-section of garnet-mica-schist with about 30% quartz and large garnets (C & D). Crenulation can
be observed in the mica (F). Note the subidiomorphic garnet with very few internal fractures (E).

3.2.2 Quartzite schist/mylonite
The two samplebelow are taken fromheunit with quartzite schists east of the ultramafic

lens at Raudhamran (figure. @herock is foliated andharacterized by high amountfofe-
grainedquartzthathasundergone relativelyigh degree ofleformationand recrystallization
Traces olensshaped porphyrdasts of garnet and amphibobre observedfigure 19A&B),
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indicating the rock is a mylonifeundcloseto the thrust fault where shortening strhas
been largest

Sample 244:Quartz mylonite (1)
The sample is collected just south of the Raudhamran outtiaggpeas mylonitic in

character as the matrix is fine grained, banded and &sétix content, mainly quartmake
up more than 50% of the rodk.is afine-grainedrock with numerous folds with variable
sizes, likely also parasitic foldgure 18. Thin lenses and veins ofigrtz and emphibole

unitsarefound disperseth the rok. These lenses contasmall garnets and white mica
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Figure 19: Highly deformed, fine-grained, mylonitic rock, containing mainly quartz (>50%).

Thin section description: Fine-grainedalignedquartz dominatethe foliation ofthe rock
(>50%).Largecrystals of quartz are seassmallerparts of alargelens(figure 19B). Small

crystals of quartz are found as inclusions in porphyroblasts of garnet and amphibole. A major
part of the rock is mica (~25% muscovite and ~3% biotite)nd aghe dominant mylonitic
foliation altemating withaligned quartzChlorite (~10%) is observed as a mineral located in
pressure shadowns afmphilole and garnet (figure 19 a&. Amphibole(~10%)is present

as largeporphyroblast®verprintingboth thefoliation andthe other mineralsThe garnets
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(~1%) areup tolmmin size subidiomorphiand grow acrossiuscovite in the foliationThe

crystals are fractured with irregulariented cracks.

Sulphide(<1%) minerals aréound as elongated grains in the main foliation and as inclusions

in garngé. Some are dispersed arouasroundedgrains.
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Figure 20: Thin-sections of quartz-mylonite with a foliation made up of quartz, mica, chlorite, amphibole and

garnet as the dominating minerals (A and B). Large crystals of garnet, chlorite and amphibole are prominent in
part C and D. PPL left and XPL right.

Sample 243:Quartz mylonite (2)
Anothersamge of quartzmylonite (figure 20)s takenfrom thesouthsideof Raudhamran

cabin close to the ultramafic rock appeas mylonitic, with more than 50% matriaf mainly
quartz The rest of the matrix is fingrained withwhite mica,carbonate and chlorite.
Foliationparallel quartz vensare abundanSmall amounts omphiboleareobserved
dispersed as single crystal$e rock is highly folded witkmall isoclinal folds having axial
surfaces parallel to the main mylonitic foliation, whereas langenfolds (figure 20A) refold

the main foliation
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Figure 21: Quartz mylonite. A) open folds. B) close up on the mylonite from same location as photo A.

Thin section description: Quartz dominates the rock (~60%galternating finegrained and
mediumgrainedmylonitic layers(figure 21A&B). A large part of the rock is mica (~20%
muscovite and ~3% biotitedlefininga fine-grained foliation togethawith quartz. Some
places the mica is clearly folded wiight to isoclinalfolds (figure 2D). Sulphide crystals
are arranged parallel to the layers and folded together withitadayers(figure 21C&D).

Smallquartzcrystalswith triple-junctionsarefound as inclusions in porphyroblasts of garnet
and amphiboleGarnets aréarge(up to 1mm) andgubidiomorphido idiomorphig but less
commonin thin section(~2%)(figure21E&F). Only one largeamphibolecrystal isfound,

with main axisperpendicular to main foliation. It ®irrounded by chlorite and biotite.

Carbonat€~5%) exist as largeelongatedrystals(upto 1mm) with no apparent oriented
grain distribution surrounded bynd with inclusions ofjuartz and mica
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Figure 22: Micro-photographs of quartz-mylonite (A and B) giving an overview of the constituents in the rock. Red
line marking isometric kink folds, probably F2 (D). Note how sulphide is aligned with the folds in photos C and E.
PPL left and XPL right.

28



4 Discussion
The esultspresented in chagt 3 will beused as a frame to interpret the tectono

metamorphic evolution of the Heidal/Sel Groggtrographic, mineral and mictextural
observationseveal a complex and polyphasistory of the Caledaan bedrocks in the study
area Understanding of the tectommoetamorphic history of the mesedimentary host rocks

may contribute tainderstandhe tectonic frameworkf the ultramaficrocks

4.1 Discussion of tectono-stratigraphy and macro-scale

structures of the Folldal area
The geological map (figure 6) summarthe interpreted tectorstratigraphy with macro

scale structures in the Folldal area. Three mylonitic thrust zones are detected; two of them are
located on both sides of the augen gneisses with metapsammites stratigraphically found above
and beneathilsen & Wolff (1989) interpret these two units to a part of the Remsklepp

Nappe Complex in the Middle AllochthoAt the boundary of the metasedimentary host

rocks is the last thrust zone, marked by quartz mylonites and with traces ofektsar

believed © be derived from the close laying augen gneisses. The stratigraphically higher
metasedimentary rocks cut the augen gneisses (see figure 6), causing the interaction to be
visible as red feldspatic remnants in the rocks at the boundary. These metasegiroeksgar

are interpreted to be the Sel and Heidal Groups, of the local nappe name Otta (Sturt et. al.,
1997). The ultramafic remnants of the Vagamo Ophiolite are placed betveesro former
mentioned groups, and together they are believed translatechehgivaced on top of the
Remsklepp Nappe Complex. According to Nilsen & Wolff this last thrust zone, called the
Essandsjg Nappe thrust zone, also marks the boundary of the Middle and Upper Allochthon
of the Scandinavian Caledonides.

4.2 Discussion of petrography and origin of the host rocks
All rock samples ugkfor thin section are interpreted to be afeglimentary origin, containing

mainly mia and quartz in varying amounts, with garnet and chlorite as the most abundant
secondaryonstituentsThe metamorphic grade varié®m greenschist facies to amphibolite
facies.The original depositional environment for thedimentary rocksiight be a vast area
where the different minerals prefiersettle under special conditions. E.g. a marine delta that

creates a huge distribution area where the heaviest minerals settle first.

The ultramafic rocks originated from ophiolites where thesugections with layered gabbro

anddifferent intrusive ad extrusive rocks are erodestthatonly the bottom layer is left.
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However, as seen in the geological map (figure 6) there are lenses of amphibolite dispersed in
the area, which may beaficremnants of the stratigraphic level above the ultramafic rocks

The amphibolites seem to follow the trend in close relation with the augen gneisses, and
neither the ultramafic or the amphibolitic rocks are observed east of the augen gneisses. This
suggests that both the interpreted ophiolitic rocks are part of e Is@ppe located in the

Upper Allochthon.

The lower Sel Group is said to locally contain conglomerates with inclusions of pebbles and
cobbles, derived from the Heidal Gro{&turt et al., 1997)Iinternal fabrics in these inclusions
swggestpolyphase deformation of the Heidal rocks prior to uplift, erosion and deposition of
the rocks of the Sel GroyBge et al1993) According to Sturt et all@95) the Sel Group

also includes continental, fateltaic and marine sediments, which indisatdarge area of
deposition for the original sedimenthis, of course, has the potential to generate a vast
range of grain sizand rock and mineral combithans, and explains thr@metimesliffuse
differences in the host rocks.

4.3 Discussion of mineralogical, micro-textural/structural and

metamorphic data
The presence of garnet and@ribole porphyroblasts, heavilglded and sheared mylonitic

rocks, and minalogical alterations and replacements (e.g. of amphibidtechlorite, etc.)
suggest both polyphasdectonic and prograde versus retrage metamorphic evolution of
the rocks. Inclusions of small quartz grains in garnet porphyroblasts demonstragesribat
grew on top of prexisting finegraned quartz, whereas tineain foliation of the rock grew at

different metamorphic conditior{S8rouw & Passchier, 2005)

An attempt to use garnet porphyroblasts as kinematic indidattive mylonites was done
combiningthecommon, sigmoidal garnet shaged the presence of asymmetricistra

shadove (figure 19. Strain shadows of newly grown meral phases or fragmented grains are
formed near some garnets (described in Bos, 2000). The abundance of garnet and associated
biotite and white micgsndicate a medium gradaetamorphism. The xenomorplabape of

garnets indicate rapid growtbonditiors that are likely to occur in a ductile shear zone with

potentially, large amounts of fluids circulating through the r@elksch et. al.2011)

Mica tends to be less fistant to shortening strain than quartz, and traces of deformation will
stand out more clearly in migchists Although crystallization of quartz with tripjenction

indicate that the quarizch schists are metamorphosed and fully recrystalliZeouw &
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Passchier, 2005)soclinal folds in micaschists are obseed in some thin sections (figure

21), and since they have their axsalrfaces sulgrallel to the main foliationS1) they are
interpreted athe olcest generation of micffolds (F1). These folds are observed to be
refolded by youngegpen to asymmetric kinfolds (F2-folds), with axial surfaces (S2)

oblique to the main f@tion. Smaltscale crenulation folds and oblique cleavages/kink bands
were ony observed in one thin section 2é@ure 21) but at several locations in the field.
Carbonatsappea unaffected byhe F2 folding phase, anthereforeare younger than the

folds (figure 21B&D)

The metamorphic grade in the studied rocks seem to have changed during the Caledonian
folding events. This is supported by changing mineral assemblages of inclusions in garnet
porphyroblasts versus mineral growth in the matrix, andlteyation/replacement of e.g.
amphibole by chlorite and biotite by white micas. The dominant mineral assemblage of
inclusions (preS1) in garnet porphyroblasts are biotite + quartz + chlorite. Whereas the main
minerals of the host rock foliation are noosite, quartz, garnet and amphibole, indicating
prograde metamorphism from low grade (greenschist facies) conditions at the beginning of
the garnet growth to medium grade (amphibolite facies) wheméahe foliation formed.
Presence of small amphibole dnidtite grains in the mylonitic foliationgigure 21C) with
surrounding chlorite, and garnets with chlorite in pressure shadows, and localggboisic
growth of chlaite across the main foliatipindicate greenschist fas mineral replacement
anda retrograde metamorphism palstting the main foliatiofiorming event. This retrograde
metamorphism may be due to uplift of the crust, and/or increased fluid content in the thrust
system, which usually accompanies regional scale folding and thrustimgit€d a

common metamorphic mineral, usually indicative ofdgrmde metamorphism. The close
relationship with biotite indicate a breakdown of biotite to chidi@rker, 1998)The

observed kink folding (F2) ahicas in the main foliatiomay have taken place at this stage

No newgrowth ofminerals or fabrics are seen in the fold hingeslong the FZold axial
surfacesindicatingthe metamorphic conditions remained more or less constant during this

late eventAlthough garnets have inclusions of feistingquartz and the associated

retrograde metamorphism, the constant metamorphic conditions during the F2 event suggests

that gainets have grown prior to this
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The studied ultramafic rocks seem to have been subjected to the same preigoadade
tectonemetamorphic events as the swmding host rockaccording to observations, and

these events may have caused serpentinization (alteration)

Fluid flow through ashear zones readily leads to the retrogression of the prirgaepus
ultramaficassemblage to give serpentinifBgure 23). Talc is stable at 310 °C to 670f the
fluid is very H2Grich (Barker, 199§. The presence of talc in soapstone, at the periphery of

the ultramafic rocks places it at the same metamorphic setting asettitioned host rosk

2MgySi0; + 3H:O = Mg:Shos(OH): + Mg(OH); (1)
forsterite serpentine brucite

and

3MgSi0; + 2HO = Mg:Sih0s(OH)s + Si0; (2)
enstatite serpentine silica

Figure 23: fiMetamorphic reactions where olivine (1) and pyroxene (2) are serpentinized. From Barker (1998) 0

The presence of magnetitecaused by oxidation during the process of serpentinization
(Barker, 1998)which explain the magnetism of the ultrafic rocks.The irregular vein and
crack systemat the surface of the ultramafic rocks are due to the common expaisien

rocks during serpentinization.

Pyrrhotite is a common trace mineral in sammeks,especially mafic igneous rocksll Ahin
sections show some amount of a very small sulphide mineral. Some crystals are still close to
the original cubic shape. However, most minerals are deformed to rounded or elongated
grains. The elongated crystals are layered with the main foliation or bemidmtpe blds

(figure 21Q. Since only a few undeformeeyhedrakulphide minerals are preseryéd

supports the ultramafic bodies were subjected to thrusting and mylonitization at high

shortening strain in a similar manner as the host rocks.

4.4 Tectono-metamorphic evolution and structural implications
The structural data discussed above suggestmplex and polyphasectonemetamorphic

evolution of the studied Caledonian rocks hosthmultramafic lenses in the Folldal area.

A low-angle foliationwith a general dip to the \8W, is the dominant fabric in the area. This

foliation is referred to as S1, and is a result detormation eventhat may have involvethe
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rocks being carried to depth (D1) befarestal shortening and thrusting of napfie2).
Porphyroblasts, like garnet may have started to grow dure®1event,and they grew

across the fingrainedS1-fabric. The main foliation (SRis seen in the most highly deformed
rocks as a mylonitic foliation and may have formed in nearby dwsttéar zoneduring

thrusting Internal, isoclinal fold¢F1/F2), sigmoidal garnet porphyroblasts, shear bands and
transposed fabrics are all observed in the mylonitic rocks, and indicate strong ductile shearing
(thrusting) at medium grade (amphiboliteiéa) metamorphic condition¥hese structures in

the Folldal nappes are interpreted to reflect the main Scandian thrustindeeert al.,

2008)

The D3deformation events represented by openacre andmesascale folds, smallescale
crenulations and mineral lineatio¢al F3 structures)and characterized by growth of lew
grade metamorphic minerals such as muscovite and chlorite in the host rock amdhtzl
ultramafic rocks, implying retrograde metamorphidine majority of retrograde
metamorphism require hydration or carbonatibereforethe presence of a fluid phaise
essentiafor this type ofmetamorphisnto take placéBarker, 1998)The mylonite zones and
the different folding phases described in this thesis correspatidghe regional implications
made by Zwart (1974), mentioned in sections 1.1 and 1.1.1. He refers to the Seve and Kol
Nappes further east of the Folldal and Dovre area but he calls the structures Caledonian

trends. It is therefore nearby to assume thearfs data can be correlated further west as well.

The sharp contact between the ultramafic rocks and thesedimentary host rocks, indicate
that a tectonic process emplaced the ultramafiks at the current location. Considering the
tectonetherma hiatus mentioned in section 1.3.2., the ultramafic rocks must have been
emplaced as the lower part of an oceanic crust, which has been uplifted and deeply eroded.
Only the most resistant ultramafic parts wieffé on top of the Heidal Group when the
sedments of the Sel Group were depositBde rheology of the ultramafic rocks are very
different from the host rocks and they will behave as relatively hard bodies in a more easily
deformed host rock. They will be torn into pieces rather than deformectpllstin that

case, they will appeans beads on a string, stretched out and away from its original place of

formation.

With the intrusive Folldal Trondhjemite yielding an age of ~488, and the tettenmal
hiatus before deposition of the Sel Grodyg Heidal Group rocks might be as old as of late

pre-Cambrian or early Cambrian age. According to Nilsen & Wolff (1989), both Remsklepp
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and Rgros Nappe Complex are assumed to be from late Proterozoic /Cambrian to Ordovician
time. The augen gneisses dated 600 Ma it does not help to determine the timing of all the

events, it rather illustrates the complexity of the area.

4.5 Regional comparison and implications
The present study describes and analyses the ultramafic lenses in metasedimentary host rocks

that are part of the Sel and Heidal Groups of the Rgros and Remsklepp Nappe Complexes, in
the Upper and Middle Allochthon (Nilsson et. al., 1997). The Sel andaH8idups were
previously thought to differ in metamorphic grade, i.e. greenschist facies rocks characterizing
the Sel Group whereas amphibolite facies rocks characterized the Heidal Group (Ramsay &
Sturt, 1998)Considering these assertions, @aoeld infer that both groups are represented in

the study area. My study show that both amphibolite and greenschist facies metamorphic
conditions affected the Sel and Heidal Groups, durindPRand D3events, respectively.
Presence of amphibo#nd garnets in theost deformed samples, and replacement by

chlorite support this statement. If both groups of rock are present in the study afféa, this

well with the article fronSturt et al(1997) which stées that the ultramafic rocks the

Vagamo Ophiolite lie aling a tectonic contact in bestweerstiesroup and Heidal Group.

I n the Foll dal area, Bjerkg-rd & BjRBrlykke (
typically a rhythmical variation inwartz and mica content as well as grain sizej @ %n

scale, from nearly purguartzitesto micaschisdb . Thi s description of t|
the Remsklepp Nappe, in the uppermost part of the Middle Allochthon, corresponds to the

findings in thisthesis. Bjerkgard & Bjarlykke (1994) also mention garnet and amphibole
porphyroblastto be common, and the existence of primary sedimentary structures are found

other places in the Singsas unit, e.g. the Rgros Alleaf.these features are observedthie t

studyarea which is located close to a thrust conthett can be traced all the way to Rgros

along strike witin the correspondinBemskleppand Ragros Nappe Complex

However, a direct link of the two map sheets that cover the study area canraddésae
figure 24). These maps includede the Rgros & Sveg (R&S) mg@ilsen & Wolff, 1989)
and the Lillehammer (Ljnapmade by Siedlecka et al (198As seen in the map (figure
24A), there are large differences in the interpretation of the overlappeafpr the maps,

where the map sheet bound&yocated.
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Roros & Sveg in the north and Lillehammer in the south.

Raros & Sveg

Serpentinitt = kieberstein
“ Kalkspatholdig fylit, granatglimmerskifer, garbenskifer og gneis

EEEEE  oroes

4 Feltspatiorende kvartsitt, kvartsskifer og helleskifer,
stedvis kalkspatholdig og stedvis med diabasganger
. % | Meta-arkose, leltspatholdig kvarisitt og helleskifer

Lillehammer
hornblenditt)

- I oy
i o 1 desitt

¥ at, 3
B Arkose, gronnlig, glimmerrik, bandet, tynne lag av finkarnet konglomerat
Amfibolitt

_ Konglomerat, gragront med boller av ulike bergarter og / eller sandstein;
oyegnels lengst | nordvest
| 38 | Kvartsitt, lys gra, finkornet med feltspat og karbonatferende lag

Subhorizontal line in the middle of the map divides two different maps

*‘ Dip angle and direction of foliation

AL A K Thrust zone for
Essandsje Nappe

Thrust zone for
Hummelfjell Nappe

A A A

—H3

= J'Sﬁae'ﬁ}be- ge
.

N

=
T =B
T =

\ I Amphibolite, mica schist,
garben schist, quartzite

‘:‘ Ultramafic rocks

® Lenses of amphibolite

Quartzite schist

Middle Allochthon
Remsklepp Nappe Complex

Metasandstone, feldspar
rich quartzite

:] Augen gneiss

Figure 24: Section of geological maps. A) Section of Rgros & Sveg and Lillehammer divided by subhorizontal line
in the middle of the map, the latter map south of line. B) Revised geological map based on field studies for this

thesis.

The augen gneisses (#ddmber of the unit in the mg®&S) and(#37(L)) follow more or

less the same tremid both maps. Bt the Lillehammer maphowsa lers of amphibolite

(#35L)) locatedbetween the augen gneisses and the metasedimentary rocks to the west

whereasthe Rgros & Sveg map states that it is feldspatic quartzite, epanigt and with

local suits of diabase (#88&S)). The augen gneisses have been radiometric dated to c. 1600
Ma (Nilsen & Wolff, 1989).The rocks formerly described as the host safithe ultramafic

rocksin this thesisare in R&S called phyllite, garnatic-schist, garbenschist and gneiss,

while in the L map they areeferred to as garn@icaschist, metasandstone, amphibolite,

conglomerate, metandesite and soapstor@edlecka et. a[1987)have divided the different

lithologiesinto more units and the nsion of the augen gneisses and the amphibolite

deviates from that of the R&Smap. The differences of lithology in the units of the two maps

might be due to the diffuse changes and transitions in mineraloggdg pointed out in this

thesis The thrust zones fits well, although the grid locatbthe unitsand the thrust faults
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seem to be a bit afét There are no 1:50 000 maps and no detailed suithearea

availableso far.

The revised geological mdfpgure 6)for this thesis is a result aiapping severah a limited
area, which might clear up m@ of the differences argive a new understanding of the
already established interpretatioiibe Otta Nappéoundary truncatethe amphibolié seen

in the L- map. This thesibas shown the presence of antyatite lenses, rather than extensive
units of anphibolite. t indicates that the map by Siedlecka et(E887)is more accurate in
this area than the map by Nilsen & Wd}f©89) Traces of mylonitic augen gneisses are
observed subparallel to the Essandsjg@ thrust zone, whickstadbat both mapsdatethe

Essandsjg thrust zoneottar east.

A strike-slip fault might be located just south of Raudhan{fayure 6) It could explain the
location of the ultramafic bodserelative to each other and the contours of such a fault is
visible in aerial phtws. Siedlecka (1981) has made an unpublished observational map from
the area where different fault are marked, and it might correlate with adtgkault as

pointed outFaults of similar type and strike direction is typical floe region (Bjerkgaret.

al., 2002)

Next step for further sentific research would be radiometric datinglo# ultramafic rocks,
in addition to geochemical investigations of both the ultramafic rocks and the host rocks.
Moredetailedfield mapping than for tlis thesis and of wha®iedlecka(1981)had available

is requiredo improve the understanding of the region.

Presently, there is ongoing research from the University in Oslo, led by Johannes Jacob,
where they investigate ultramafic rocks along strike fromgBe to Rgros. Although the
research from Qg is not done before this thesssout, it would be interesting to compare the

two at a later stage.

46 The GEARS-project

The assessment form used for evaluating geological sites is enclosed at the end as appendix 3.
It is worked out in coperation between the NGU and 8w/edish counterpart, equivalent to

the NGU. Because of thfact, the form is only available in Norwegiigwedish language.

The form suggestan approach of mappiraefore,documentatiomuring andevaluationafter
fieldwork. As this part was a secondary assignment, the idea was to make the assessment

based on the results of the figlidy, withoutconsdering it too much before or after
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fieldwork. Although, the preparation and the actual fieldwork of this GEAR@ct does not

deviate much from an ordinary geological fistddy.

4.6.1 Evaluation
The Raudhamran outcrop, with its distinct ultramafic rocks istitgect of this evaluation.

Its location within a national park contributes to keep it protected from any destructive human
interventionsDuring the interwar yeays man prospected for chromite at Raudhamran and in
thatcontext raised a cabin theta.close vicinity, there is evidence of extraction of soapstone
vesselsFor scientific research, it is interesting because grgsene close to the contact
between Upper and Middle Allochthon in the Caledonides. Despite a great prevalence of
sedimentovers in the region, some sites are good for study of this bourderistorical

value of this site has some potentiat.cording to the guest book insjdbis cabin is often

used by hikerszven though it is passed by a marked tourist trail and alelventers

frequents the area during autumn, the damage potengistinsated to beninimal.

There are several similar outcrdpsind spread around in most parts of the Scandinavian
CaledonidesMany of them shows a history of different kinds of minifbe

Tollevshaugkyrkja outcrop located in Grimsdalen, is one set closer to the road, thus better
suited also for tourism.fe scenic view can clearly lsempared to that of Raudhamyan

which might be thdiggest advantagef RaudhamrarSome outcrops probs/ have better
visibility to the mentioned allochthonous boundary, since a large amount of this type of
ultramafic rock are located along strike at the same tegtvatigraphic levelBased on these
criteriathe uniqueness is not remarkabits.almostmonumental size and shape, along with
the distinct colour, gets the curiosity going amongst people passing by, and an information

board could be appropriate to place beside the cabin.

As concluding remarks, the Raudhamran ultramafic outcrop is a loaalg b visit, with
local history documented inside the cabin related to it. But there are better locations more
suitablefor tourism, dissemination, etc. Besides the mentioned information board, no further

steps are recommendedregardto the GEARSproject.
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5 Conclusion

1 The host rocks are part of the Sel and Heidal Groups, in the Rgros Nappe
Complex, Upper Allochthon at the boundary of the Middle Allochthoithe rocks
are subjected to polyphase progradeetrograde tectono-metamorphic events.

1 The first phase of deformation (D1)observed in the host rocksnvolved a deep
burial of the Otta Nappe, creating isoclinal fold§~1) and initiating growth of
porphyroblasts. The second deformation event (D2) was the eastward thrust of
the nappe in a ductile sheazone. Itcaused the refolding of Fifolds, evolving of
porphyroblasts, crenulation cleavagegF2) and mylonites close to the shear
zones. The main foliation (S1) possibly originate from both D1 and D2. The third
phase of deformation (D3) was due to tectaie uplift, which madethe macro- to
meso-scale folds(F3), mineral lineations and initiated the process of retrograde
metamorphism.

1 The ultramafic rocks must have gone through a disfragmentation from their
original ophiolitic setting upon tectonic emplacement on to the
sedimentary/meta-sedimentary rocks of the Heidal Group. The unconformity
between the Sel and Heidal Groups, the sharp contact and the metamorphic
similarities between the ultramafic rocks and the host rocks suggests
simultaneous translation during the Caledonian thrusting events. This infers that
the ultramafic rocks have gone through the same phases of Caledonian

deformation processes as its host rocks.
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Appendix 1T Petrographic reports

Sample 239:Quartzite
Rock name:Quartzite

TheQuartz(>90%)is fine-grained and foliated.

Garnet (~5%) are small (up to Imnmyenomorphiavith up to 50% inclusions of the
groundmass mineral quarteregularoriented veins are filled with biotite. Sigmoidal shape

with inclusions of sulphide (figure XXxxXXin some garnets.

Muscovite(<3%) exist as thin elongated bands between quartz layers and bends around

garnet.

Chlorite (<0,5%) exist only asinglefine-grained elongatedrystalsbetween quartz layers

and near muscovite or bitg. There ar@ery smél amounts inthe rock

Biotite (<1%) behave as muscovitgith elongated bands between quartz layers and bends

around garnet.

Sulphide(<1%), opaque in thin sectipnccurbetween quartz layers. Sulphide mineral act as
both cubic and elongated gramgated with garnet. s foundas inclusions in garnehd

along with the foliation.

Sample 240: Garnetmica schist

Mineral assemblage:garnetbiotite-muscovitechlorite-quartz
Rock name:Garnetmica schist

Muscovite(~50%) is the dominant mineral in thern section and occur as very figeained
coherent layers in elongat bands. Ibends around garnet where these octendencies of

undulose extinction under cross polarized lights

Different layers oklongatedQuartz(<35%) of varying size (fewnicronsi almost 1mm).
Mostly coherent layers but individual grains are observed in muscovite layers as elongated
grains. Clusters of quartz are found in shadow of garnet and in the layers bending around

garnet.
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Garnets(<10 %) in thin section are relaély large (few mm) and subidiomorphithe main

cracks show tendencies of being aligned perpendicular to main folfagare XXXxxx).

Chlorite (~2%) is mainly seen in the shadow of garnets (figure X), but few thin bands

between muscovite and quarte t

Biotite (~2%) are found as elongated bands in layers of quartz and muscastendill in

veins in garnet.

Sulphide(<1%) act as small, elongated grains aligned with foliation. In some garnets, the

sulphides have similar shape and an orientatamallel to foliation.

Sample 245:Garnet-mica schist
Mineral assemblage:MuscoviteChlorite-QuartzGarnet

Rock name:Garnetmica schist

Mica (~50%) is seen as thin penetrative bands along foliation, softly bending around garnets.
It is in close contaawith all minerals in the sectio®ossibld_epidolite(a lithium rich mica)

(figure 3) appear as grey/yellow with diffuse texture. The interference colors and other optical
features suggest Lepidolite, but more laboratory investigations (e.g. SEM (Scalaatign
Microscopy)) need to be carried out to be certain. It is the most abundant type of mica in the

sample

Quartz(~30%) is the second most abundant mineral the thin se@losters of smaljuartz
rather than elongated grains, although larger eltatgrains can be observed in foliation.

Small, angular fragments are found as inclusions in garnet (figure X).

Garnet(~5%) exist as s. Partly irregular fracture system. The main orientation of the most

markedly fractures appear to be perpendiculardarhin foliation.
Chlorite ~-5%)is seen as short elongated bands in the main foliation, parallel to.biotite

Sulphide(~2%), most likely pyrrhotite, are found as small, opaque grains aligned with
foliation and randomly placed insidarret, and as lgrer subidiomorphigrains (possibly

pyrite) in a specific horizon/layer of the sample (figure XX).

Biotite (~2%) is seen as thin bands in relation with muscovite, as small inclusionsi@ gar

and at the rim of garnets.
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Muscovite(~2%)is the same as Hite above

Sample 244:Quartz mylonite
Mineral assemblage:Biotite-chlorite-quartzA Amphibole

Rock name:Quartz mylonite

Quartz(~50%) is dominating the thin section with medium grains to the left (figure X) and
fine grains to the right, polygonal shape and sharp boundaries. Quartz to the left in section act
as a monomineralic layer (figure 1). Fine quartz found as inclusionsphilate and

chlorite. Slightly undulose foliation.

Muscovite(~25%) dominantly found as thick layers, but as elongated bands between quartz

and as inclusions in amphibole too.

Chlorite (<10%) is found at the boundaries of amphibole and garnet, streiahatbng the

main foliation.

Amphiboleg(<10%) is seen as medium sized grains elongated along main foliation. With
different colours in thin section and only some show the specific 60°/120° cleavage, because
the crystals are cut in different directionfatere to main axis. Amphibole are in close contact
with biotite and quartz along the edge#ghe crystabnd as small inclusionit.hasovergrown

all other textures and minerals.

Biotite (~3%) found as small inclusions and at the edges of larger grfaamsphibole and
garnet. The larger grains are elongated irafiin and some havepmlygonal shape.

Garnets(<1%) are small, subidiomorphand deformed, closely surrounded by or in contact
with quartz, biotite, chlorite and amphibole. It has grownaognof muscovite in foliation.

Crystals are fractured with irregulariented cracks.

Sulphide(<1%) is found as elongated grains in the main foliation and as inclusions in garnet,

but some are also located rm@andomly as circular grains.

Sample 243:Quartz mylonite
Mineral assemblage:Carbonategarnetbiotite-chlorite-quartz

Rock name:Quartz mylonite
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Quartz(~60%). Size vary from fine grained quartz up to about 0,5mimtwiple junctions.
Quartz isfound as inclusions in larger grains, e.g. carbonate.

Muscovite(~20%)is dominating the left side of the thin section (see figure X) but is also
found in thin bands all over the specimen. Figure X show heavily folded muscovite with kink
folds.

Chlorite (>5%). Hongated grains in the quartz matrix, in close contact with small amounts of
biotite and muscovite.

Carbonate(~5%) exist as large grains (up to 1mm) surrounded by quartz and mica. It shows
deformation with inclusionef mica and quartz. @insare elongated with no apparent

uniform direction of grain distribution. Cleavarganore or less perpendicular to foliation.
Carbonate appear unaffected by F2.

Biotite (~3%)) is seen in the whole section as small, elongated grains up to 0,1mm. Especially
seenat the edges of carbonate and chlariiestals (figure XXXxXX. It has also grown over
carbonate

Garnets (~2%pre smb (<1mm), xenomorphic to subidiomorphiand few in thin section.
Deformed with irregular veins of tiny amounts of biotite and inclisiof quartz. Garnets lay
in a matrix of quartz and in close relationship with grains of biotite and chlorite.

Amphiboleg(<1%), only one large grain found, perpendicular to main foliation, surrounded by

chlorite and biotite.

Sulphide(~1%) crystals apgar original to the sediment as it bends with the folded mica.
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Appendix 2 - Symbols for rock-forming minerals

KRETZ: SYMBOLS FOR ROCK-FORMING MINERALS

Tabile |. Mincral Symbols

Alm

Cst
Cls
Cbz

Cep
Chl
cid
Chn
Chr
Cel
ctl

Ccfs
Chu
Czo
Crd
Crn

Crs
Cum
Dsp

Di
Dol

Eck
Ed

acaite
actinolite
aegirine-augite
akermanite
albite
allanite
almandine
analcite
anatase
andalusite
andradite
anhydrite
ankerite
annite
anorthite
antigorite
anthophyllite
apatite
apophyllite
aragonite
arfvedsonite
arsenopyritce
augite
axinite
barite

beryl

blotite
boelmice
bornite
brookite
brucite
bustamite

Ca clinoamphibole
Ca clinopyroxene
calcite
cancrinite
carneglieite
cassiterite
celestite
chabazite
chalcocite
chalcopyrite
chlorite
chloritoid
chondrodite
chronite
chrysocolla
chrysotile
clinoenstattce
clinoferrosilite
clinohumite
clinozoisite
cordierite
corundum
covellite
cristoballite
cusm lngtonite
diaspore
diginite
diopside
dolomite
dravite
eckermannite
edenite

Elb
En
Ep
Fst
Fa
Fac
Fed
Fa
Fts
Fl
Fo
Cn
Grt
Ged
Gh
GChs
Gle
Gln
Gt
Gr
Grs
Gru
Gp
Hi
Hs

Lpd

Mel

Mte
Mot
Mul

elbaite
enstatite (ortho)
epidote

fassite
fayalite
ferroactinolite
ferroedenite
ferrosilite (ortho)
ferrotschermakite
fluorite
forsterite
galena

garnet

gedrite
gehlenite
gibbsite
glauconite
glaucophane
geothite
graphite
grossularite
grunerite
gypsua

halite
hastingsite
hatiyne
hedenbergite
hematite
hercynite
heulandite
hornblende
humite

illite

{imenite
jadeite
johannsenite
kaersutite
kalsilite
kaolinite
kataphorite

K feldspar
kornerupine
kyanite
laumontite
lawsonite
lepidolite
leucite
limonice
lizardite
loellingite
maghemite
magnesiokatophorite
magnesioriebeckite
magnesite
magnetite
margarite
melilite
microcline
molybdenite
monazite
monticellice
wontsorillonite
wullite
muscovite

Ner

Nrb
Nsn
()

Omp

Or
Opx

Prg
Pct

Per
Prv

Pge

natrolite
nepheline
norbergite
nosean
olivine
omphac ite
orthoamphibole
orthoclase
orthopyroxene
paragonite
pargasite
pectolite
pentlandite
periclase
perovskite
phlogopite
pigeonite
plagioclase
prehnite
protoenstatite
pumpellyite
pyrite
pyrope
pyrophyliite
pyrrhotite
quarcz
riebeckite
rhodochrosite
rhodonite
rutile
sanidine
sapphirine
scapolite
schorl
serpentine
siderite
sillimanite
sodalite
spessartine
sphalerite
sphene
spinel
spodumenc
staurclice
stilbite
stilpnomelane
strontianite
talc
thompsonite
titanite
topaz
tourmaline
tremolite
tridymite
troilite
tscher-akltc
ulvospinel
vermiculite
vesuvianite
witherite
wollastonite
wustite
zircon
zolsite
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Appendix 3T The GEARS-project, assessment form

1. Kartl eggi ng (fBr

1.1 Velge perspektiv

1 Earth System
1 Prosessbaserbeskrivelse Geosystemtjenester
! Omradebeskrivelse

1.2 Studere publisert informasjon

9 Litteratur
T Kart

1.3 Studere tilgjengelig informasjon som kan supplere

publisert informasjon

LiDAR, hvilke strukturer vi ikke kjenner til kan ses pa nye LiDARata?

Geofysikk, hva kan sees av anomalier?

Intervju med fagfolk som har jobbet i omradet

Intervju med lokalkjente (ikke ngdvendigvis med geologisk kompetanse): hva er
spektakuleert, hva lurer folk pa?

1 Klargjgre 3D modell hvis det finnes tilgjengelige data

= =4 -4 =

1.4 Konklusjon fgr dokumentasjon (feltarbeid)

1 Valg av perspektiv

1 Rammeverk: Hvilke viktige hendelser eller miljg karakteriserer omradet som skal
vurderes?

{ Tidslinje (berggrunn): Hva kjennetegner omradet som skal undersgkes, hvilke typer
lokaliteter kan vi forvente a finne?

1 Kvartzer/ geomorfologi: Hva slags landskapsmiljg finner vi, hvilke spor kan vi forvente a
finne?

{1 Bruttoliste over steder som kan tenkes a vise/representere variasjonen i omradets
geologiske historie (berggrunn)

1 Bruttoliste over steder som kan tenkes &ise/representere landskapsmangfold og spor
etter istiden (kvartaergeologi)
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2. Dokument asj] on

Fylle ut skjema /database med fglgende tema

2.1 Hva forventer vi & se og hva ser vi?

Fritekst

(1

Sammenstilling (sammanfattning) av de geologiska huvuddragen utifran bergarter, jordarter,
stratigrafi, mineral, fossil, strukturer, relationer, geomorfologiska element och terrangformer

samt geopaleomiljo.

Verdistatus (vardestatus):
Eksisterende (befintlig) kunskap om verdi (varde) /signifikans med begrunnelse. Angi om det
finns kadnda typsektioner, utpekade varden eller uppmérksammade element och kvaliteter

Tidligere undersgkelser/referanser

Kunnskaps middels godt Meget godt Sveert god
grunnlag
Dokumentation och | Dokumentation, | Artiklar Artiklar publicerade
rapporter hargjorts | abstracts och publicerade i internationella
om omradet rapporter har nationellaveten | vetenskapliga
gjorts om omradet| skapliga tidskrifter| tidskrifter
Vernestatus

1 Hvilken type vern;

9 Er geologieventuelt en del av grunnlaget for vern?
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2.2 Type geologisk lokalitet (mest aktuelt for berggrunn)

Fagomrade Forklaring

Stratigrafi hendelser sekverser, typesnitt, stratigrafiske grenser

Geomofologi Landforner og landskapgrotter, karstandskap fluvial, kyst, glasial
periglasal

Sedimentologi Lgse avleiringer, deres avsetningsmiljg, klassifikasjon og omdanning til
bergarter

Pakontologi Makro- og mikrofossikr, utvikling

Mineralogi Forekomster av mineraler, mangfold og prosesser

Pakomiljg Indikatorer pa fortidens klima, paleoforvitring, fossiler, sedimentasjon,
paleogkologi

Hydrogeologi kilder, vannfarer, hydrologisk karst og speleothemer

Struktur (tektonisk) | Folder, forkastningeiskjeersonerplastisk og sprdeformasjon, faflytning,
skyveretning, tektonisk setting

Magmatisk vulkanske og plutoniske bergarigranger, magmatiske presse,
magmatiskpetrolog

Metamorfose Metamorphic indicators eller prosesser, metampdtrologi

Geobiosfeere Geologisom kilde tilvariasjon for gkosystemespesielle livsforhold og
biodiversitet knyttet til geologi

Geokonolog Steder for geokronologiske dateringer, alder, tidslinje?

Submarin Omrader pa havbunn eller submatikystmilja, f.eks. dyner, korallrev,
hydrotermale skorsteiner, submaserskred

Gedare Bevis fomyere tidsmassebevegelser f.eks. skrgédrdskjelv, vulkanske
utbrudd, tsunami

Georessurs Historisk eller moderne betydning saidivare(mineraler,bergarte

Gedultur Historisk eller moderne bergkunst, og historiske eller moderne
steinbygninger eller bygninger med knytting til geojaggosteder av
(religigs) andakt

Vitenskapelig historisk Omrader av betydning for den historiske utviklingergaelogisom
vitenskap

Tillegg: Hvilket punkt (eller punkter) i tidslinjen vil dette stedet representere
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2.3 Type geologisk miljg (mest aktuelt for
kvarteergeologi, ikke uttgammende liste)

Notera typ av
geologisk miljo
Hall, hallomrade Kanal Lerflata blockstrand tjarn
Tidvattenom | Salténg Klippkust Flod, alv
Bergsplata rade
Vik Sanddyner |O eller vattenomslutna |Draneringsdike
Tékt, grop klippor
Skarning Bukt Sandstrand |Hav mosse
Flodmynning| Klapperstran | Sj6 Moranform
grotta d
tunnel Sandflata Klapperfalt |Damning dalgéng
Rasbrant Delta morén As Fjord
Etc.

Alternativ (N): Naturtype landform i henhold til Natur i Norge (NIN)
1 Avsetningsformer knyttet til breer/glacierer
(Dgdisgrop, dagdisterreng, drumliner, endeg sidemorener, eskeflyttblokk,
iskjernemoreng
1 Avsetningsformer knyttet til rennende vann
(Delta, elvebanke, elveslette, elvevifte leirslette levé
91 Breformer:
Botnbre, dalbre, dalsidebre, kalvende bre, platabre, regenerert bre, sammensatt bre
1 Erosjonsformer knyttet til breer
(Botn, bruddform, dalende, dalklype, fjorddal, hengende dal, marint bassefaym,
rundsva, skuringsstripe, tind, Adal)
1 Elvelgpsformer
(Blind dal, forgreinet elvelgp kroksjg meander, underjordisk elvelgp bekkeklgaft
1 Erosgonsformer knyttet til rennende vann
(Erosjonskant gjel jettegryte jordpyramide ravine (bresjg eller leire) spylerenndal)
1 Landformer knyttet til frostprosesser
(Forvitringsblokkmark/ forvitringsgrusmark, pingo, steinbre, strukturmark
9 Landformer knyttet til jordas indre krefter
(Glintrand, havbunnsskorstein, kalkrygg, mudderdiapir, muddervulkan, sprekkedal,
utstramningsgrop vulkarmed flere)
1 Kjemiske opplgsningsformer Doline, dryppstein kalkgrotte karstoverflate kalktuff
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1 Landformer knyttet til kystpro sesser Kystgrotte kystklippe rauk, strandlinje, strandvall

1 Landformer knyttet til massebevegelse pa land
(Flytjordsvalk, fjellskredu, flomrasvifte, jordskred, leirskred (grop) protalus, sngrasvoll,
talus)

1 Landformer knyttet til marine strgam- og skredprosesser

Landformer knytet til vindprosesser

1 Andre (F. eks. Landformer knyttet til forvitringsprosesser (Etseflate, strandfl ate)
mfl.)

=

Berggrunn: Robusthet/Rehologi-> Mineral sammensetning og deformasjonsgrae>
Metamorfosegrad, mineralvekst-> sprg/duktil setting-> fold og forkastning, skjeersone.

2.4 Typologi
Typologi Forklaring
Punkt Sma3, isolerte omradegForslag: ikke stgrre enn 1 ha.)
Kronologiske sekvenser og/eller omrader sbar utstrekning
Seksgpn som en linje
Ared Store omrader soninneholder kun en typavinteresse
Et utsiktpunkt omfatter to ulike elementer: et stort areal me
geologisk interesse og et punkt hvor det omradet kan sees
Utsiktpunkt fra.
Starre omradesomomfatter flere punkter, seksjoner,
Komplst areal arealerog/eller utsiktpunkter.
Starre omrader med spesifikke geologiske eller
Land&ap geomorfologiske egenskaper.
Kronologiske sekvenser eller omrader som har utstrekning
2D profil i z retning dimensjoner
3D kropp Et volumomrade i 3 dimensjoner
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2.5 Formidlingspotensial

Potensielt bruk

1 Vitenskap

1 Undervisning

1 Reiseliv/ibesgksneering
1 Samling (Samlande)

1 Rekreasjon

Kan stedet tenkes & veere egnet for undervisning og/eller
reiseliv (ikke ekskluderende)

UNDERVISNING BESOKSMAL FORVALTNING
Mangfald | Skonhet/ |Andra varden |Foreteelsernas mojlighet till Verdisatt
visuella | inom eller néra| poularisering och tolkning lokalitet
Tydlighet kvaliteter | omradet
Manga Platsen | Biologi Intuitivt begripliga
Visar olika,
foreteelser | tydliga
klart foreteelser
Manga Omradet |Historia Stora
Visar kopplade,
processer tydliga
klart foreteelser
Visar Foreteels | Arkeologi Sallsynta
relationer erna
och geo
logiska
samman
hang klart
Visar Objekt Kultur Distinkta
fenomen som
kan anvandag
for flera olika
nivaer i
undervisning
Museum, Rekord: Det aldsta, forsta, bast
Naturum,
besodkscentrum
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Andra
sevardheter

Spektakulara

1 Samlet vurdering av formidlingspotensial: Svak z Moderat -
Sterk
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2.6 Tilstand:

Sikkerhet. Angi flere ved behov:

Sakerhetsfaktorer for besok

Ange hur och vad

Sd

Finns récken, staket, trappor|
... 1 tillrécklig grad?

Ar skarning sakrad for ras?

Passeras riskabla omraden
eller partier pa vag till det
geologiskt intressanta
omradet?

Sd: Sveert darlig/ farlig D: Darlig: M: Middels: G:god: IR: Ikke relevant, IU: Ikke undersgkt

Kommentar sikkerhet

Bruksbegrensninger (Anvandningsbegransningar) og logistikk.
Angi flere ved behov:

Begransande faktorer for
tillganglighet och besdk

Ange huroch vad

SD

SV

M

ST

IR

I

Parkeringsmdjlighet

Parkeringskapacitet

Avstand fran parkeringsplats

Information p& plats

Information pa
turistbyrd/besokscentrum/Nat
urum

Sd: Sveert darlig/ SV Svak M Moderat, ST: Sterk IR: Ikke relevant, |U: Ikke undersgkt

Kommentar bruksbegrensninger
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Foreliggande hot/trusler. Skadande verksamhet. Ange flera vid

behov:

Naturliga processer

Méansklig verksamhet

Hinder

Saknade faktorer

Overvéaxning,
beskogning

Mineralutvinning,
muddring,
sprangning,
schaktning, gréavning

Motstaende
intressen inom
omréadet hindrar
beslut

Platsdokumentation
saknas

Férandring av nat.
processer:
vattenytehojn/sankn,
alvlopp byter fara,
uttorkning, ...

Igenfylining,
schaktmassor,

tippning

Markagarkonflikt]
: tilltrade
begransat,
provtagning
begransad

Foérmedling av geologiskt
varde saknas (for
vetenskap, undervisning
eller turism)

Pagaende nat.
processer: erosion,
deposition, vittring,

Expansion/utveckling
av infrastruktur: vag,
jarnvéag, bebyggelse
anlaggningar, ...

Befintligt
naturskydd
begransar
anvandning av

Foérmedling av kopplingar
till andra varden saknas
(biologi, kultur, historia,
arkeoloqi, ...)

ras, skred, ... plats

Alvkonstruktioner, Lovhinder: Krav |Sparade sektioner i tékter
Forsamring/nedbrytni| kanaler pa tillstands eller skarningar saknas
ng av blottning, ansotkan for
skarning, landform tilltrade eller
eller landskap anvandning

Kustskyddskonstrukti Skotsel/underhall saknas
Havsytestigning oner

Oversvamning

Forandring av fluvialg
processer: damning,
reglering, omledning,

Resursbrist

Militdra dvningar

Rekreation, friluftsliv,
camping, golf, ...

Volymings prov
tagning av stuffer,
material eller bor¢
karnor, 6vesamling
av fossil, mineral,
bergart, mineralisering
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Plats foremal for
andra mal och
strategier

Hég befolkningstathe
i relation till platsens
sarbarhet
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