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regelbundet med ca 0,5°-1,7° lutning in under fjallberggrunden, i god Gverensstammelse med forhallan-
dena i t.ex. norra Jamtland och mellersta Norrbotten.

Kartbladet 22G NV &r helt beldget inom fjillberggrunden, och den féljande beskrivningen avhandlar
endast denna. Fér upplysningar om Vilhelminabladens urbergsdel hanvisas i forsta hand till kartbladet
22G SO.

FJALLBERGGRUNDEN

Den kaledoniska fjallkedjan ar geologiskt sett resultatet av en bergskedjebildning for ca 520-400 miljoner
ar sedan. lapetus, det hav som i senprekambrisk tid grénsade till kontinenten Baltica, bérjade da pressas
ihop. Havsbottenskorpan pressades ner i subduktionszoner och genom storstilade 6verskjutningar kom
omfattande bergartskomplex att skjutas upp éver den baltoskandiska urbergsskolden, vars vastra randzon
samtidigt kraftigt deformerades. Sadana 6verskjutna enheter bendmnes skollor och kan ha transporterats
flera hundratals kilometer at &ster eller sydost. De &Gversta skollorna har i regel de langsta transport-
avstanden, medan de undre enheterna &r mer lokala och ofta innehaller bergarter som med stor sanno-
likhet tillhort det baltoskandiska urbergsunderlaget.

Ur topografisk synpunkt &r den nuvarande fjéllkedjan betydligt yngre och i huvudsak relaterad till den
tertidra uppsprickning fér ca 65 miljoner &r sedan, som ledde till bildandet av den nuvarande Atlanten.

TEKTONISK INDELNING

Fjallberggrunden vilar i regel pa en tunn zon av rotfasta (autoktona) bergarter, men uppbygges internt av
ett stort antal tektoniskt éverskjutna (alloktona) enheter. Dessa kan indelas i den undre, mellersta, 6vre
och 6versta skollberggrunden. Inom kartbladet 22G NV &r endast den undre och den mellersta alloktonen
representerade, genom Blaikskollan resp. Stalonskollan. Eventuellt kan zonen med autoktona sediment-
bergarter passera 6ver Malgonéset, i kartans syddstligaste hérn, men blottningar saknas. En 6versikt Gver
de strukturella huvudenheterna inom kartbladen Ai 84-87 lamnas i diagrammet pa bladets framsida.

BERGARTERNAS ALDER

Utifran patraffade fossil samt genom geologiska bedémningar och jamférelser med angréansande omra-
den kan man bestamma eller uppskatta bergarternas &lder. En sammanstallning av samtliga kénda fossil-
lokaler inom kartbladen 22G idmnas i en tabell pa kartans framsida. De vanligaste fossilgrupperna repre-
senteras av trilobiter (frimst i orstenarna), graptoliter (i skiffrarna), gastropoder och brachiopoder.

| den undre skollberggrunden, som ibland innehéller medrivna rester av det prekambriska underlaget,
dominerar senprekambriska — underkambriska kvartsiter, alunskiffrar med inlagrade eller 6verlagrande
kalkstenar samt skiffrar och gravackor, vilka nar upp i ordovicium.

Den mellersta skollberggrunden bestdr huvudsakligen av meta-arkoser, troligen av senprekambrisk
alder, men innehaller &ven medrivna rester av det prekambriska underlaget.

METAMORFOS

| samband med bergskedjeveckningen och éverskjutningarna utsattes bergarterna fér ékat tryck och na-
got forhojd temperatur vilket ledde till att de omvandlades genom den process som kallas metamorfos
(omkristallisation och mineralnybildning). Den undre skollberggrunden karakteriseras dock av ringa eller lag
metamorfos (anchi-zon), vilken bast kan méitas genom graden av kristallinitet hos mineralet illit. Mellersta
skollberggrunden féreligger i gronskifferfacies (delvis lagre amfibolitfacies) men har i regel utsatts for
retrograd metamorfos, relaterad till Gverskjutningarna.

BERGARTER

Beroende pa utgangsmaterialet och som féljid av variationer i deformation och metamorfos féreligger
inom kartbladsomradet féljande huvudbergarter:

Kvartsit utgér huvuddelen av den post-illitiska lagerfoliden i den undre skollberggrunden. Bergarten ar
lokalt mycket ren (>98% kvarts) men i regel ndgot féltspatférande. Till skillnad fran arkoserna utgérs dock
faltspaten nistan enbart av plagioklas som vid vittring ger sm4, vita flackar. Vissa horisonter, frémst i den
undre delen, &r grovre, ibland konglomeratiska.

Alunskiffer ar en lerskiffer med hég halt av organiskt material (bitumen), vilket gor den svart och sotan-
de. Den har i regel ocksa ett relativt hogt innehéll av svavel samt, framférallt i den évre delen, férhojda
halter av vissa tungmetaller sdsom uran, vanadin, molybden och nickel och av brénnbara kolvateférening-
ar (kerogener). Sitt namn har den fitt av att den tidigare nyttjades for framstéllning av alun
(KAI(SO,4),°12H,0 ), som anvénds inom pappers-, lader- och ldkemedelsindustrin.

Kalkstenarna i omradet upptrader dels som linsformade s.k. orstenar (kambriska), dels som tunna kalk-
stenslager (6verkambriska, ordoviciska). De bestdr huvudsakligen av kalcit men innehaller ocksa en del
dolomit och ar ofta fossilférande. Fargen &r i regel gra pa vittrad yta men invandigt vanligen mérkare.

Gravacka ar en faltspathaltig sandsten med upprepade, lerhaltiga skikt. De nagra cm - nagra dm tjocka
lagren har normalt en grévre bas och en finkornigare topp, vilket méjliggér upp-ned-bestémningar. Mate-
rialet har transporterats med slamstrdmmar och avsatts pa nagot djupare vatten an kvartsiterna och alun-
skiffrarna.

Meta-arkos betecknar en nagot omvandlad féltspatrik sandsten, som dominerar inom Stalonskollan. Pa
grund av metamorfosen har de ursprungligen ljusa - réda sandstenarna antagit en gré-gronaktig férgton.
Ljusa, mera kvartsitiska led samt konglomerat och gruskonglomeratiska inlagringar ingar. | &ldre tid
anviande man beteckningen ‘sparagmit’ for dessa senprekambriska sandstenar.

Mylonit &r en hard, flintig, titbandad bergart som bildats genom nedkrossning och rekristallisation i ut-
praglade rérelsezoner. De grénskifferliknande myloniterna i Stalonskollans undre del tros ha uppkommit ur
gabbroida-intermedidra urbergsbergarter fran underlaget.

DESCRIPTION

General geology

The distribution of bedrock within the map sheets 22G Vilhelmina (Ai 84-87) is illustrated by the structu-
ral inset map (front page). The maps cover an area of Precambrian basement in the east, overlain to the
west by the nappe complexes of the Caledonides. At the boundary, a thin zone of autochthonous, un-
deformed sedimentary cover rocks of late Precambrian - Cambrian age is generally present. The top of the
eroded and peneplained Precambrian basement is dipping at a very low angle (0.5°-1.7°) towards the
WNW.

The geological units distinguished on the maps are principally lithological or lithostratigraphic in cha-
racter. The tectonostratigraphic units in the Caledonides are separated by major and minor thrusts, as
demonstrated by the main map and the cross section. Only Caledonian rocks belonging to the Lower and
Middle Allochthons are present within map sheet 22G NW, described below. The northwesternmost tip of
Malgoniset (Se) is probably underlain by sedimentary rocks of the autochthonous cover sequence,
although not exposed (for information, see map sheet 22G NE).

CALEDONIDES

The Caledonian rocks in Scandinavia are allochthonous and have been thrust east- or southeastwards onto
the Baltoscandian platform. Regionally, the Caledonides are divided in ascending tectonostratigraphic
order into the Lower, Middle, Upper (Seve and Ké&li Nappes) and Uppermost Allochthons (Kulling 1972,
Gee et al. 1985). The lowermost units, up to and including the Seve units, are interpreted as part of the
imbricated and shortened margin of Baltoscandia.

Within the area, rocks of the Lower and Middle Allochthons are dominated by clastic cover sequences
of Late Proterozoic — Ordovician age, derived from the continent Baltica, but also contain slices of Pre-
cambrian basement rocks. Most units have a complex tectonic and metamorphic history. The Middle
Allochthon was already affected by a Late Cambrian - Early Ordovician event, which produced amphibo-
lite- and greenschist-grade metamorphic mineral assemblages, and was transported further east in the
Silurian — Early Devonian when deformation and metamorphism in the Lower Allochthon occurred.

LOWER ALLOCHTHON

The Lower Allochthon is represented by the Blaik Nappe Complex (Kulling 1942, 1972) which can be divi-
ded into several thrust systems. A probable imbricate fan at the present erosional margin has a westward
transition towards a duplex in the Hornsjé-Lévnas—Granliden area, here named the Lévnas Duplex, and
the Njakafjall Duplex (Gayer and Greiling 1989) in the extreme northwest of the map sheet, both duplexes
being exposed beneath the Middle Allochthon.

Crystalline basement rocks form the basal part of at least two of the thrust units southwest of Mal-
gomaj (5-6, d—e). The Precambrian rocks are dominated by coarse, porphyritic granites, similar to the Rev-
sund Granite of the Autochthon (22G NE) but generally with a green—greyish colour and some cataclas-
tic deformation.

The sedimentary succession of the Lower Allochthon is comparable with the Jamtland Supergroup in
the type area further south (Gee et al. 1974, 1978, 1990, Kumpulainen 1982). The Gardsjon Formation
(Sjoutalven Group) and the Fjallbranna and Norraker Formations (Tasjon Group) are represented within the
map sheet. A complete list of fossil localities within the 22G Vilhelmina map sheets is shown in a Table
(front page).

The Gardsjén Formation is dominated by massive, often white to light grey-coloured quartzites, com-
posed mainly of quartz (>90%), with minor amounts of feldspar, detrital mica, clay minerals and chlorite.
The grain size varies between coarse and very fine-grained. A characteristic unit of conglomeratic and
coarse-grained quartzite occurs at or near the base of the Gérdsjén Formation. It is about 10 m thick and
composed of generally well-rounded pebbles of milky or bluish quartz and white feldspar, up to 1.5 cm in
diameter. Within the quartzite, irregular layers of silt- and mudstone and grey and greenish shale occur,
some of them more than 10 m thick (not distinguished on the map). A few minor intercalations of the
characteristic ‘multicoloured’ red and green shale are, however, delineated (see legend). Towards the top
of the Gérdsjon Formation, psammites show graded bedding and a general fining upwards. The last few
metres beneath the overlying Fjillbrinna Formation are characterized by an alternation of fine sandstone
and siltstone; patches and thin layers of dark grey, impure carbonates and marls often occur at this level.

The Fjillbranna Formation was defined in a type section at Ronnbergsbacken (Gee et al. 1974,
1990), near Fjllbranna farm (22G 1c). The formation contains black mudstones and alum shales with fine-
grained, mainly submicroscopic clay minerals and variable contents of quartz, carbonate, sulphides (most-
ly pyrite) and organic matter. Andersson et al. (1985) give a stratigraphic age range of the Swedish alum
shales from Middle to Late Cambrian and locally earliest Ordovician (Tremadoc). Trilobites are found main-
ly in stinkstone lenses. Laterally consistent cm to dm thick layers of grey to black, fossiliferous limestone
also occur, especially towards the top of the formation. They are, however, generally too small to be shown
in the scale of 1:50.000. Ceratopyge limestone occurrences (Tremadocian) within the uppermost part of
the Fjallbranna Formation at Strémnds and V. Strémnés have been slightly overemphasized in the map and
designated with a T (see legend). At V. Strémnds the limestone is associated with a ca 0.5 m thick layer
of barite.

The Norraker Formation rests with an erosional contact or a hiatus on the underlying Fjallbrénna
Formation (Armands 1972, Gee et al. 1974). The best information on the transitional zone has been
achieved from drilling and natural exposures in the Tasjon area (21F, 22F). Here, the basal (Granas) mem-
ber of the Norraker Formation is composed of a sandy-silty and/or calcareous member with high contents
of glauconite and apatite. This ‘uranium layer’ is probably of Arenigian — lower Llanvirian age, with a fos-
sil association referred to as the ‘Lycophoria’. A stratigraphically equivalent or mainly overlying sequence
of dark to grey graptolite-bearing shales generally forms the lower part of the formation (Téyen shale), at
least within the map sheet 22G SW. These basal members of the Norrdker Formation have a restricted
thickness (10-15 metres), are poorly exposed and have not been delineated on the 22G NW map sheet,
even if Didymograptus sp., indicating this level, has been identified at Stromnés (7c).

Upwards, the marls, mudstones and shales show cm- to dm-thick interlayers of greywacke beds and the
major part of the Norraker Formation is formed by a thick greywacke/shale unit. In adjacent map sheets
the total thickness amounts to several hundred metres, in a few cases with quite coarse greywackes.
Graded bedding is common and turbidite deposition is inferred (Gee 1972). Pseudoclimacograptus sp. in

the Kroksjobicken section (1a) indicate that the greywacke unit ranges into the Middle Ordovician. In the
present area, most of the greywacke layers are finegrained and only rarely exceed dm-thicknesses.
However, at one locality (Granhjden), coarse, faintly bedded greywackes are exposed with cm-sized grains
of quartz and rock fragments.

Structurally, the Lower Allochthon is exposed in parts of two major regional antiforms trending NNE-
SSW, which were caused by the stacking of the Njakafjall Duplex (Gayer and Greiling 1989, Bierlein 1990)
in the west and the Lévnas Duplex in the east. Whereas the exposed part of the Lévnas Duplex is bound-
ed on three sides by the overlying Middle Allochthon, its southeastern boundary is arbitrarily taken here as
the base of the horse at Granliden. Although it can be assumed that the duplex structure is extending east-
wards as far as the present eastern Caledonian margin (e.g. Bierlein and Greiling 1993), there is no proof
since the putative roof thrust is eroded. Therefore, the structure cannot, at present, be distinguished from
that of an imbricate stack, as proposed earlier (Gee 1972, Gee et al. 1978). Consequently, the structure
is called a duplex only where there is a clear relationship with a preserved roof thrust.

The structural and metamorphic evolution involved a single pre-thrusting deformation phase which pro-
duced small-scale isoclinal or drag folds and a penetrative foliation in incompetent rocks, synchronous with
illite recrystallization (Greiling 1985). Subsequent shearing and thrusting relates to nappe transport and
stacking of horses in the Lower Allochthon, and also led to folding (doming) of overlying units in the Midd-
le Allochthon. Not all of the horses and particularly not their bounding thrust surfaces could be mapped
out in detail. However, mapping was aided by the use of electromagnetic anomaly maps, reliably showing
the extent of the alum shales. Stretching lineations and branch line geometry suggest a tectonic transport
direction towards the ESE (ca 110°) which is consistent for all the horses in the Lower Allochthon (Gayer
and Greiling 1989).

Illite crystallinity data define a ‘metamorphic’ grade between lower anchizone and epizone (Greiling
1985, Warr et al. in press).

MIDDLE ALLOCHTHON

The Middle Allochthon of the area (22F-G, 23F-G) comprises two major units, the Stalon Nappe, and the
overlying Sarv Nappe. The most important distinction between the two is the absence (Stalon) or presen-
ce (Sarv) of Caledonian igneous (dyke) rocks (e.g. Gee et al. 1985). Only the Stalon Nappe is represented
on the present map sheet, overlying the Lower Allochthon in the northwestern part.

The Stalon Nappe (Kulling 1942) can be divided lithologically into crystalline, pre-Caledonian base-
ment rocks, generally greenish mylonites, and metasedimentary, mainly psammitic and conglomeratic
rocks. The different lithological units are separated by shear zones and undisturbed primary basement/co-
ver relationships are not preserved (Greiling 1985).

Basement rocks comprise both granitoid and meta-gabbroic varieties. The granitoid rocks at Mérttjar-
nen are highly sheared and show a ‘gradational’ contact towards conglomerates rich in crystalline, grani-
toid pebbles. It is probably the closest case of a primary (basement/cover) contact exposed in the area.
The meta-gabbroic rocks contain ‘augen’ of plagioclase and aggregates of chlorite, replacing earlier py-
roxene phenocrysts. They show all transitions towards highly-sheared, successively more fine-grained,
greenish mylonites. This observation and the results of chemical analyses from mylonites (Greiling 1985,
1992) point to the fact that the greenish mylonites were probably derived mainly from crystalline pre-
Caledonian rocks. The metasedimentary rocks consist of a sequence of polymict conglomerates and
coarse meta-arkoses with subordinate pelitic interlayers. Lithological similarities suggest a correlation with
the Risback Group (Kulling 1942, Gayer and Greiling 1989).

Al rock units of the Middle Allochthon share a similar Caledonian structural and metamorphic evolu-
tion (Greiling 1989). In pelitic rocks, mineral assemblages representing an early peak of metamorphism are
characterized by coexisting almandine garnet, biotite and muscovite and are indicative of the transition
between greenschist and amphibolite facies metamorphism with minimum P-T conditions of about 4 kb
and 500°C. Subsequent mylonitization is associated with the retrogression of garnet and brown biotite
into coexisting muscovite, chlorite, green biotite and rare stilpnomelane in pelitic rocks, indicating lower
greenschist facies metamorphic conditions. Less deformed domains still retain higher-grade assemblages
that remained apparently unaffected by retrogression.

Early Caledonian deformation in the Middle Allochthon is documented by recumbent isoclinal folds
with a penetrative schistosity, deformed by generally open folds attributed to a second structural phase.
These latter folds are associated with an axial planar crenulation cleavage that may be penetrative in in-
competent rocks. Subsequent deformation led to intense shearing and development of a penetrative my-
lonitic fabric in some structural units. In other units, penetrative deformation was restricted to their mar-
gins or to distinct internal shear zones, elsewhere only with a weak overprinting by a fracture cleavage.
Associated with the planar mylonitic fabric is a strong lineation enclosing both relic mineral grains and new-
ly formed minerals, indicating a tectonic transport direction towards the SE-SSE (ca 140 °) apparently re-
lated to the early nappe transport of the Middle Allochthon. Later fault-bend folding occurred when the
Middle Allochthon was transported as the roof of the Lower Allochthon.

Cross section

The section is drawn assuming a sole thrust with a constant dip of 1.5° (cf. Gee et al. 1978, 1990, Bier-
lein and Greiling 1993, Zachrisson and Greiling 1993) from the eastern Caledonian margin towards the
WNW. It trends at a low angle to the tectonic transport direction of the Lower Allochthon (110°) and of
the Middle Allochthon (140°). Previous sections across the Njakafjéll Duplex further west have been
published by Gayer and Greiling (1989) and by Zachrisson and Greiling (1993).
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