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INTRODUCTION
I.

The area mapped during the summer of 1960 lies 8K B.S.B. of the
MiningTown of LAken, LSkken being 51K S.W. of Trondheim,in the
centralpart of Noyway. In the centre of this area is the Lake
Svartvatnetand the region coveredby the accompanyinggeologicalmap
is here called the SvartvatnetArea.

The purposeof the mappingwas to work out the detailedstructure
and stratigraphyof the Hovin Series, a predominentlysedimenterygroup
of rooks which here form a westward-pointingV-shapedoutcropbounded on
the north and south by the Stdren Series. To the north of the northern
Stdren outcropis anotherRovin outcropwhich forma a narroweast-west
trough of sedimentsagain bounded by the Ståren Series. This trough
has been mapped by Brien Chadwick. Previouslyto this summer the Hovin
Series in this area was practicallyunknowngeologically,and it was
hoped that we would be able to link it up with the 114londs-Horgdistrict
by T.Vogt,whose resultswere publishedin 1945 (Norsk geologisk
Tidaskrift25, pp. 449-527). Seven weeks were spent in the field during
which time some 25 squareKilomatreswere mapped.

In the field the mappingwas carriedout on a scale of 1:10,000
approx. No officialmapa of this scale exist for thie area, and so a
aap had to be drawn from a mosaic of aerial photographaof thia scale
very kindly providedby the Orkla Grube Mining Compapyof Liarken. The
resultingmap was somewhatinaocuratebecauseof the distortionwithin
the aerial photographsand the laok of apy strict groundcontrol; also
the positionof True North on the map was not constant. The magnetic
variationin the area is apparentlyunknown,so all the dip and strike
measurementsare measuredin reapect to sagneticnorth only. The
geologicalmap accompanyingthis report has been largelyre-drawn,still
using the aerial photographsbut using as a base the map "Kart Over
StatsskoferTil Svorka-TrivjaFra GravrokTil Grutaeter",a copy of which
was again kindly providedby the Mining Companyat LAken. With the
improvedground controlthe final map should be rather more aocurate.

Brian Chadwickand myself stayed at the farm at Fieldheimwhilst
in the field thanksto the kind hospitalityof Mr. C. Smith and the
Skjevdalfamily. I also wish to take this opportunityof thanking
Mr. Per. Sandvick,of the Orkla Grube MiningCompany,who gave us every

possibleassistanceduring our atay in Norway. Furtherhelp and
hospitalitywas given us by Mr. Thams, of Storbuan,and Mr. B. Sagvold,
the geologistat the Likken Mine.

Within the generalSvartvatnetArea there are a number of small
farma, some of which are now deserted. Theee provide the only sites
of settlementexcept for around the banks of Frilsj,den,where reoently
many houses have been built as week-endretreats. Hay is the chief
crop on the farms, whilat lumber is the chief naturalresourceof the area.

The weather whilat in the field was surprisinglygood,withplenty
of bot sunshineas well as the more normal damperweather. Wet weather
did not hold up the mapping becausestayingat the farm meant that
clotheacould be dried over-night. Flies were a nuisanceduring the
month of July, but the onset of coolørnights saw a much reduced
activityontheir part. Numerousadderswere seen whilat in the field
providingconsiderableexoitementat times. No elks were seen,
unfortunately,though varioussigns indicatedtheir presencein the area.

The relief within the area varies from lesa than 300m. above sea
level,west of FrilsSen,to over 700m. on Grefstadfjeldetsouth-eastot
Fribjøen. The general topographysuggestsa "groovedpeneplain",with
interruptedeaat-westridges risingup to 100m. above lowlandtroughs.
The troughsform the sites of the variouslakes in the area. These
includePreatiatuvatnet,Storbuvatnet,Svartvatnet,FrilsjSenand Rauaatj.
The main rivers of the area flow northwards,cutting acrose the east-west
grain of the country,the Bogo and the Rauaaa Rivers flowingnorthwards
into Prestfluvatnet,whichitselfdrains eastwards,via Storbuvatnet,
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into thc 1?ivpr rivje, Ji.ch forms part of tnc ca. tiJrn bounry cf the
arc“, muppcd. 1'r12.5jrion ftrains tc tLe eat.tr.y.is sorveU by strp?.r.s

northv.ards of the t;reenstono hilis of ftefstudfjcldei
to thL, south.

h. L11s re e:cept dn te hirher roun, on
refBtadfjeljut, v.hilit much of the lowc:r crcc, otArx thrn thosy

occupind by J n ks , ari covere'd by rra:r;bc,- cn ujt honz. BechusC.of
the veettion ccsr th,:? percent&re outcro is as loL as ,
the outcrops thE_t do ususll• coirin cnly sr.s11 areas.
a sufficient :.umbr.r of smLli outcraif. throu-hout th(: aret tc
ennblo onc to et f y-enerb1 picturs of cven i tLe

relatiorBhips of the •ifferent rock tpes are oftn obscured.
hilis ri1. ji tredd thcvide ;,[any pocyl o posure, unu.er thcir oots, fnd
nenr-verticri dloses .eIrc usnsily only mo-;-coverc. lutcrops ef.n be
found on the top. of :f the bills, nnif the nulwrou: str,:fLn:J an0
rivors fregbently provide some Jood cyposurd:.. vven rncny or thf r>cat
bops are not or outerop, as mnny smcla.Jdoss-covereu rock tnounds
oceur within thc peat.
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SYNOPSIS07 GEOLOGY

A greatvarietyof rooktypeswerefoundin tbøarea. The
oorrolationof theserooktypesprovidesa najorproblem,becauseof the
obaervederistenoeof nunerousfaultsandthe probabilityof nanyothers
not vialble,andalso,of oourse,the laokof extensive•xposures.

Thewholeregionhasbeenaffeotedby theCaledonlanOrogeny,though
heretherocksabowfew signsof netanorphism,contrastingstronglywith
aroasfurtherwest. Struoturallytheareanappedappearsto bo a down-
faultedtrough,withnunerous"minor"faultscrossingthistrough. The
dip andstrikeof thabeddingand oleavagewithinthe trougharogenerally
romark•blyconstant,and variousevidencesuggeststhatthe strataareat
loastpartlyinverted. Thisbasicallydipi. struoturehaa,however,
blecomemuchnorecomplioatedbeoauseof thelaterfaulting.

The oldestrocksshownon thenap arethoseof theSt4renSeries
(the"EynarkGroup"of Kiaer). ThisSeriesconsistaverylargelyof
effusivegreenstonss• spiliticlavaa- witha few thinassociated
sedisnts,probabZytuffsoriginaUy,nowsohistose,and alsojasper.
An intrusionof gabbrowas seenwithinthe St‘rensuoceasion. Ths
Stken Serieswas considoredto bø Skiddavian(LowerOrdovician)in age
by Vogt.

ThsHovinSeriseis knownto be youngerthantheStdrenSeries,and
was consideredby Vogtto be notoldarthanLlanvirnianin age. The
presentworksuggests,howeverthathøretheHovinsare,in part,
Skiddavianin age(Phyllograptusdensussons)andpossibly,in part,
evenolder. ThisfurthersuggeststhattheSt‘ronSeriesberemay be
ratherold thanwas previouslysupposed. Thesenew ageshavebeen
suggestedby thefindingof • graptoliticshalewithinthssuccession,
of MiddleSkiddavianago. Thisis a partioularlyinportantdisoovery,
reaultingin saaral new fossillocalitiesbeingfoundwhiohcanall be
aocuratelydated. A fulldosoriptionof the greatvarietyof graptolites
foundwillbe addedto thisreportat a laterdate.

Rocktypeswithinthe Hovinsuocossioninolude,besidesthe
graptolitioebale,variousothershales,alltatones,sandstones,grits,
lineatones,a possibleradiolarianquartsite,andvariousconglomerates,
aggloneratesandbreocias. Possilswerefoundin soesof thelineatones
but it is doubtfulif theyare deterninable.No horisonscouldbø
natchedwiththosenappedby Vogtin theHAonda-Horgana.

Usides thesesedinentaryrookstheHovinSeris alsoincludes
possiblytwo typesof intrusiveigneousrocks,and considerableigneous
activityin the areaduringthistineis shownby thehighlytuffaosous
natureof nanyof tho sedimentaryrocks.

The onlyyoungerrooksin theareaare the Pleistocenedeposits.
Theseconsistnainlyof gravels,a north-southbeltof whichoccurbetwoon
Prostubuvatnetand Storbuvatnet.Otherwisethemaineffectof tbe
PleistocøneGlaciationwasof erosion,and it le undoubtedZyverylargely
responsibletor thapresenttopographyof ths arsa.
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TeE ST 111:SER ES

The Stdren Serieswas so named by Kjerult in 1875

efter the type locelity st Stdren to the Sest of the erea

mapped, The Series is gefierallyconelderedto be of Lower

Ordovicianage, The rooks of this Seriee ere principally

voloanic, coneistingof thiok efruelvegreenstones,
with

some aseoelatedtuffs. It is thoughtthat these rocks are

contemporaneouswith Dimilervolcanio rocke of Lower

Ordoviolanage in Oreut Britain, euch as the Ballentrae

Volcaniceof SouthernSootland, However, if the Hovin

Series is younger than the Stéren eeries, the latter are

poesiblyet least es ol es earliest Skiddevien.

In this eres the Steree Series form the eorthern and

South Weetern bordereof
Weetwardpointing triangula

r


prolongetlonof the Hovin Series, On both sides the Stdren-

Hovin contaot espeare to be a fault, the Stdren Series

forming s fault soarp feeture, This 1s pnrtloulerly

prominentNorth of Frilejsenwhere they nre ve2ticiecliffs

up to 70m. high, with aaree elopes at thelr bsees. This

feeturemust heve been accentuatedby Pleistoeeneioe aCtion,

The Stdren greenstoneeere oesaltielaves of epilitio

type, with pillow _aveevery common, ineicatingsubmerin
e

extrueion. In the aree mapped these pillow leves, ulthough

reeognisable,are considerablyequashed end eeforred,and

ainmot be used as "waj-up" criterie, Here they can be beet

eeen neer the Geobro intrusionSouth Eset of Prilejoen.

Sesilyrecogniøeblepillows
cen elso be scen along the new

road-cuttingWeet of Storbuen. In rost of the greenstone

out-orope,in fnet, there sre indicationsof pillow structuree.

Undeformedand very exteesive pillow levas can however,be

seen to the South of the aree mupped, on Orefetadfjeldet,

and here can be used for "way-up", Thex eleo give a bedding-

pleAnmeasurement,the lavaa dippine75 North, striking

096", end ore right way up, The plllowshere vary oonsiderebly

in eize, as can b seen in the accompenyingphotograph

though ere generallylers then lm, in diameter.

The greenetonelaves are typioel apilitee,a cording

to Vogt, with soundeetceloite,efidwith chlorite,albite,

quarts end sphene,with or without epidote: actinoliteor

green hornblendemey elso occur. In this aree epidote is

very oommon, expeciallyes velne; veins of ohlorite,oeloite

snd quarte ere also common, Brian Chadwickhas eone some

thin-sectionwork on some of the greenetones,getting

results similar to those of Vogt,

In appeareeeethe greenstonesvary very considerably,

even within the eame outcrop. The pillows,whenidentifiable,

may or may not show vesiculerinteriors; their outer margins

are inveriablyvery rioh in ohlorite,oftee with a yellowish

epidote zone juat inaide. All these features ean be seen in

exposuresWest of Storbuen, Swaller"p1llows"also ocour
,

only 100m. or eo in diameter,derk green in eolour, due to

ehlorite,and crossedby numerous thln, yellOWlehepi
dote

veine. These mell pillows give the exposuresa conglom-

eratic appearance,as in the greenstoneescerpmentNorth

Ser'tof Frilejoen.
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ln other parter the greinstonesere more massive, and
maj be an almost anitorm dark green in oolour,or, more
oommonly,pele green with derk to very derk green chlorltlo
epeoks, up to 2mm, ln dlemeter,giving the rook a porphyritio
appeeranoe. In this case the pele green ground-mase1e
extremelyfine-grained,almost glassy, kottled pale, dark
green anc,grey-greengreenstonesare also common. In all
cases the greenetonesare much velned end jointed,these being
very irregular. Generally the greenstonesere very fine-grained,
the individualmineral graine being indietinguishableunder a
hand lens, althoughooareervarletles,dolerltlo,aleo 000ur,
as near the Gaubro intrusionSouth East of FrilejOen.

Beside the greenstonelevas there ere aleo some interoalated
sedlmentary"tuffe" whloh sre now representedby phyllites.
The best exposuresof theae are on the western shore of
Hilejoen,where the phyllltesare,darkgreen, grey green or
blue-green1n colour and also redieh purple, presumablydue
to hematite, Again Lese phyllitesare much velned. Where the
phYlates are redlish1n colour the greenstoneleves ln the
violnity ere often elso tlnged with red• The phyllitesappear
to grede into the massive greenstonesby graduallylooeing
their sohistoalty,

6:

Beda of jasper are said to be gulte comon within the

Ståren Succession,but only one localltyof jesper in eltu was
found; this was in the greenatonerldge North of Prilejoen,
where a large meas of jesper le exposed, The jasper here le
much veined with eeldote,glving the rook a brecelatedeppeftranoe•
and also containedpyrite oubes up to 5mm, ln diemeter.

In the 14kken dletrlot the greenstoneshave been intruded
by numerousma eee ou Gabbro, Ono of these lles to the Soutb-
Eaet of Frilsjoenwith part of its Northernboundery just comping
within the ares wa ped, In the few exposureeseen the Gabbro
ehows signe of having suffered considereblyelteration,though
lts texture 18 stlll preserved, The Gabbro here le Doerse-grained,
with elenderwell ahaped orystele,up to lcm, 1n length,of

fik	
feldeper end ø terro-megnesiammlneral(s),with no preferred

orlentation. Its ectual oontectwith the greenetonecountry-
rook wee not found as the greenstoneshere appeare to grade
lnto the Gabbro, the Oabbro becomIng finer-grainedand the
greenstonecoareer-grelnedln the vloinity of the aotuel contaet.

As has already been steted,the StÅren Series is faulted
egainst the Hovin Series, The vertical displacementsof these
faults must be in the order of several hundred feet, No where in
the tield muld the aotual oontsotsbe seen, but the evidence
for the feulte etems conclusiveas 1-

The greenatonesnear the "fault" øre much breoclated
aridveined, with many elicken-sidedjolnt surfeoes,
suggeetingthe possibleaotion of dislooetion
metemorphler. These featuree can be eeen in the
gr enstone ollffs North of Frilsjoen,

The gr enstone outorope out aorose the strite of the
flOvinSerles end show en overleppingreletionehlpto
theyoungerrooke,

At the base of the greenstonefault soaresthere ara
invariablynarrow ehallowdepreseions,grase covered
and eften a etream site, This can be lnterprettedes
a sone of weakness producedelong the treoe of the fault,



The StÅren Serlee oan be seen to be older than the
Hovin Series in spite of the feulted contacts,as pebbles
of greenstonesand jasper are quite oommon in many of the
Hovin conglomerates, The greater degree of metamorphlem
sufferedby the St4ren Seriee could a so be said to suggest
this, althoughthe greenetonesere likejy to be more uneteble
under surfaceconditlonsthen the normal iledimenteryrooks,
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OV SER ES

In oontrestwith the older Ståren Series the rooks
of this seriee are predominentlysedimentery,although
voloaniomaterial forma a very importentconetituentof
most of theee sedimente. The very varied rook essemblage
within this series shows thet the sedimentaryenvironment
must have been rather odd! For exspme olsesical
greptolitioehalee ocour within a euccessionof maesive,
highly tuffeabue,bolder oonglomeratesand agglomerates,
with grits and thin bedded sandstonesand shales. Thin
bande or leneee of a pure orystallinemerble elso ocour
withln the tuffeaouseuccession, "Ode outoropeof an
impure foseiliferouslimestone,dark blue oeloartous
mudetone and a bleok graphitioguartsite,poesiblewith
rediolarle,also ocour, Later intrusionsof igneousrooks
add to the varietyof the rook types found,

Oorrelationwithin thie Series ie renderedvery
diffloultby laok of adegusteexpoeureeend the preseneeof

numeroue faulte. Therefore it hes been deoldedhere to
divide the Hovin outorop into three partes—

A. Weet of the Bogo River.

B, Between the Bogo and Rauaaa Rivere,

0, Between the Reuees and TrivjaRivers,

An attemptwill be made later to oorreletetheee arese,
In each She strate dip northware et s ste-p apgle, generally
about 70u, strikingbetween 100u North end 110" North (magnetie),

ø-



A. s OF THE GO RIVER

In thia area thlek conglomeratesand grits become
fine greined southwardeand eventuallypass into grey shales.
Greded-beddedtuff• show thet some of the bede (all?)
young to the South and ere inverted, It ie hoped that
this can be proved palseontologioally,with the graptolitio
shale.

The gcneral successionhere, from South to North ie:-

9, Grey Shaleswith pyrrhotitespecks,

8, Banded Grits and Shaleswith more maseive
grite at beee,

7. Massive Oonglomeratesand AgglomeratioGrits,


6. GraptoliticShale,

5, Thin Impure Limestones,Soely Mudatonee and
a "S.ely Breccia".

	

4. AgglomeretioGrits,

	

3, Pale Grey, Marble,

2. Blue-blaokPyritous Slate,

1, Meseive Oonglomerateewith marble fregmente.

Beoause of faultingthis succeseionis probablynot in correot
etratigraphicalorder,

1, assive n rat - Thie divielonie only exposed
neer he mouth of the River Bogo, being out out by the green-
stone fault further weetward, One outoropoccuplee a hill
just to the South of the greenstoneescarpment,while emaller
outoropeoecur s few metres Ehat of the Bogo, on westward
facing elopes,

The fragmentsmaking up the conglomereteare sub-angular
and very in sise up to one foot in diameter. Some layere are
very rich tn limestonefragmeute,which, on expottedsurfaces,
ahow solutionweethering. This limeetonele finely crystalline
and is a distinotivepale grey in colour,with irregular
pale blue markings. In placee the limeetoneor marble appeare
congbmeratic. Limestonesof this type occur at various
looalitieswithin the area mapped, and at differentstrat-
graphloallevele. Other rock fragnents could not be identified
beoeuse of the weetherednature of the expoeure% The general
matrix appearedfeldepatio,

The most southernof the outorope to the e st of the
Bo;:oRiver is ordifferent rock type, Here is a dark
brownieh,massive rook, fine grained,with tabularfeldepar
phenoorysts; this is probably a lava. On the top of this
outorop le a uadly weathereddark grey shale, non-pyritous,
which is largely hidden. The contactbetween the two rock
typee is obsouredby vegetation, This "lave" appears practioally
identioelto that seen in outcro'sfurther to the South Eaet,
to be desoribedlater,



B u Black P rito s S ote - This is the loweet rook

actually exposed in the bed of the Bogo River, Further

outoropeoccur sporedioallywestward, along the general

strike,but are not found to the esst, No contectswith

other sedimentswere seen, ao the thicknessof this
division oan only be roughlyguessed st; it would appear

that the slete is less than 50m, thick,

The elate is blue-blackin colour ond containemuch

pyrite. It is herder snd more flinty then the greptolitio

shale to the South and seeme "baked", When droppedthe

slate gives a ringing sound and "clatters",similarto the

Welsh slates, The slate is very fine-grainedand possesees

a good elaty cleavage, There are no signa of possible

bedding, though it seems quite probablethat the oleavage

and bedding plains are almost identioal,comparingthe

cleavageorientationwith that of the bedding in the
graptoliticshales just to the South. Some cleavageplains

are coveredwith a very thin film of pyrite and joint

eurfacesare usuSay filled with this mineral, which also

forms veins, This gives the weatheredexpoeuresa rusty

appearanoe,

No fossilawere found in the slatea,in spite of hopee

to the contrary,probablybecause of the slaty nature of

thm rook, two definite further exposureswere found,


just e few metres to the West, along the strike,

P e Gre Warb - Å single issolatedexpoeureof a

very pale, bluish grey marble WaS found just to the West

of the Boge River and to the south of the Pyritous Slate

outorop, A small sunken streamcrossesthis morble and
forms a narrow shellowcrevice,with solutionhollows,

almost hidden by vegetation, This marble or limestoneis

identicalto that forming the limestonefragmentsin the

conglomeratesto the North, Vo fossilswere found here,

4. ra Or - This division is based on two

outoropsone o which forma s smoll hammock just to the
South of the marble outorop. The rock here is s grey-green

massive grit, with amall angulorwhite feldsoar orystels

visible in the metrix, The other outcrop, of similarrock

type, is on the Bogo River, where it is in contact (probably

faulted against)7,with the followingdivision, Theee

last two division3heve a total thickness,elong the Bogo
River, of ebout 40m.

5, r e Gro f I re kimeot es e o - This rock

group was eeen at only one locality,where it overliesthe

northern~ost outorop of greptoliticshale exposed in the

Bogn Rivor; here it helps form a bluff some 7m, high,

These rocke appear to be faulted up againstthe greptolitio

shsles to the south, and occupy a fault aone, about 2m.

thick, to the North of whlch the agglomeraticgrit just

desoribellis visible, Includedin the sone are impersistent

bands of7%pure dark blue-grey limestone,finely oonglomeratic;

also bands of dark grey mudstone, some gritty bande and

bands of a dark, slightlygreenish-greyrockt possibly basaltic,

wIth small phenobrystspossiblyof feldspar about 2m, in

dlameter, This last rock hae an irregularparting, epparently

parralle2to the fault plainswhich here dip northwardaat

about 80', The most distinctiverock, however, is e black,
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shaly rook with abundantlight-ooloured,sharply angularfra-
gmente up to 2am, in diameter1n a black shaly matrik.
These fragmentSmakIng up to 50% of the total rook. The
larger fragmentsoonsistmainly of pale, blue-grey"gx1ts"
and an almoet white thyolitiorook, This"ehelybrecoia"
ocours es thin, impersistentbands end lenses; it is
possiblya fault breeoia• Withln theee rooks a cast of
strophomenoidbraoh1opodwas found•

6. ru. a - Rather anexpectedly,several
fossil looa tiee were found in the ares mapped, none having
previourlybeen reoorded, Most of these reeultedfrom the
disooveryof this shale. The best expoeuresof the shale
were found along the Bogo River (1) øh the East bank of the
Bogo River (11) Forty yards down stream,on the Weet bank ,
both outorops ocouning just below the rapids to the Vorth
of the Bogo bridge, A further outorop ocoure in a stream
bed about 150 tn,up a tributarywhich flows eastward into
the Bogo joining it just to the North of the other two
outorope, Graptoliteewere found at two other outorope
beeidesthese three, While similer shales probablyof the
same ege, outorop in a few other localities,though no
graptoliteswere found in them. Enst of the River Bogp the
only graptolitioehelesfound were in a single outorop on
the Weet bank of the Trivja River, The shales are dark
grey or black in tolour end exposuresware usuallyrusty
beoause of the presenoeof pyrite, ae veine, ocoasionaly,
but more normally ee ooeting joint surfeoes; also as fossil
impressionson aome bedding plains. The pyrite is not
irregularlydietriuutedthroughoutthe shales. A brtdf
desoriptiononly of eachouterop will be given here, as a
more detalledreport, with descriptionsof fossils found,
will be given later.

The outorop lediedSn most detail 1s that on the east
bank of the Bogo River justbelow the r apids. Here the
shales are separatedfrom the grits forming tne rep4uo J a
gress benk 10m, widet the northern boundary is also grass
covered, As in the otizeroutorops,the shalea here dip
northwardest ebout 65w, The lowestbeet exposed show two
bande of an 1mpure dark blue, finely conglomeraticlimestone,
possibj with shellyfragments,esch 12ome thick, seperated
by e blaok, unfossilaherous ahale lese than lome thick•

top of these limestonebande some 5m, of derk grey,
alightly pyritoussheles are exposed, partly repeatedby a
Wertioalfault, Some bands of the shales are highly
foesiBferouewith an abundent and veried aseemblageof well
preeervedgreptolites, Inertiouletebreolopode ere aleo
quite oommon, as are fragmentsof orusteoes. No trilobites
were found.

Generelly the ehaleshave a well developedehaly
oleavage,which is dietortedin places,presumablyby faulting.
Some thin, dark bluepelltybands and thin, grey, fritty
layers occur within the shely succession,giving sedimentery
bandlng. Theee bande are generelly less fossiliferous,with
the grits appeoringtuffeoeoue. The true thioknessof the
shales is diffioultto estimetebecause of the emall exposure
end the faultinge

The graptolitesin the shales include speciesof
Diohogralcbs,Isograptus,Didymograptus(extensustype),
Tetragraptus,Phyllograptueend the diplograptide,Glossograptus
and Glyptograptue. Thle assemblegesuggestse ki(RdleSkiddavian
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age - Phyllogreptuedensue zone,

Forty metree downstreemon the Weat benk of the Hogo,
there le anotheroutorop of similarshales, the northern
contactof which having been elready described,

SOme 7m. thickneesof ehale is exposed here within which
are a few thin bands of a more silty shale and also of a
blue-grey osloareousmudetone. The shalee are not highly
pyritue,they differ from those of the lest outcrop in
poseessingeome bande which have very regular paper-thin
cleavegm, The graptolitesare generallynot so well
preserved,being more £lattenedeLd preservedin barbonaceous
matter lneteadof pyrite.

Graptoliteeare partioulerlyebundentin the top 4m.,
where they are aesociatedwith crustaceenremains. The
assemblegediffersfrom thet of the laat outorop in a few
respects and diplogreptide,espeolally
Glyptograptusare more common, Horizontaldidymograptide
are again common, er nre seeciesof Isograptueand Gloseo-
greptue; no speoimensof Phyllograptueor Tetragreptuewere
found here, aer any Speehkepeds.

The only other locality at which more then one graptolite
was found lies 150m, eastwardof the last outcrop, in the
bed of a small, northwardflowingtributaryof the Bego.
The lowest bed found was a derk blue, finely conglomeratic,
limestone,on tope of which were der blue-greyahales,
richer in pyrite than before and more "slaty". After
much chippingtwo fossiliferousbande were fJund, with
greptolites,well preserved,in pyrite. Large extensiform
didymogreptidesome diplogreptids(clyptograptue?)and a
Phyllogreptusspecisswerefound here• About 70m, esetwarde
along the etrike,another erall outorop of dark blue-grey
ehale wea found in snother streambed, but no graptolites
were found here. However lt seems re sonableto inolude the
shales here within this divialon.

In none of the outcropeso far describedh-e the southern
boundary of the shaleebeen seen, About 500m. downstream,
the river which flowe westwardout from Fellsjoenis joined
by e small tributeryfrom the North, 60m, up which is an
outorop or dark grey shale, in the stream bad. This shale
oan be seen reeting on e pale, bluish-green,badly weathered
and broken grit, which belongs to the next division. The
contactbetween the two rooke is very sharp but is conformable:
there does not appear to be a fault pleta here. This contact
oan be e xplained if the bede here are inve.ted,88 they are
further south, with the grlt repreeentinga sudden ohange in
dedimentaryconditions,such es en outburst of volcanio
ntivity. Bear this contact the shales are not pyritous,but

become so e few metres upstream. A thickneasof 25m, of shale
is exposed. The northern contect ia coveredby vegetation
forming the north bank of the stream which here flows from
the East before sur.!denlyflowing southwardto join its parent
river. Above this North bank ie an r:ast-Westridge of tuffy
grits, possiblyrepresentinga fault scarp. In the shale

single graptolltewas found, e diplogreptid,poorly preserved
iftpyrite,

One Km, to the North-North-Easta similerexposureoccurs
in a stream flowing southwardfrom the greenstoneescarpment.

/ /
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10m, downstreamfrom the outoropof Steren greenstonee dark
grey shale appears in the streambed, 5m, thick, below whioh
la a thin band of badly weethered,pale "grit", As before,
the conteot,though very sherp, eppears conformeble,though
the beael few centimetreee,pear somewhatbroken up. The
ahale is elightly ;yritousand very alm1lerin all respeote
to the greptoliticshales aireadydescribed,except that
no greptoliteswere found heres, Between the greenstone
outorop and the shale outorop the stream is strewawith
greenatoneboulders,hiding the poeitionof the greenstone

touth-Weet250m, e small outorop of derk blue-grey
shalee,purltoue in parts, ocoure in a southward-feoing
bank, The axpoeureis very eorappyand bedly weelWed,
The ahales appear alightlybaked end alaty, One/DWIy
preserveddiplogreptidwea found here. Just to the north,
on the oppositebank, ther? are eome rm1,11exposuresalso
of dark, blue-grey pyritous shele,with aome silty banda.
This shale oan be seen in oontaotwith an intrusivegebbrole
igneouerock, the ehalebeing baked at the oontaat, No
greptoliteswere foand here, nor in stmilar exposureson a
ridge just to the Weet, One further small outerop of
blue-greyshalee was found, ebout 200m, to the South Weet
again in a etream bed, no fossile found.

Althoughall these occurancesof greptolitic,and
poseiblygraptolitioshates have similardipe and strikee,
they do not ocour along a conatant strike positionon the
map. Their relativedispleoementto one anothermust be
due to taulting,

7. 8 ø s r a Or ø - This
division sucolsedsthe Oraptol tio hale with a marked change
in rock type, It pasees southwardinto the succeeding
divielonof Banded Grite end Shalee,the boundarybetween
which being taken where the bendedrooks form more than 50% of
the rook total. Numerous large and amall outoropeof the
oonglomeraticdiviaion occur along, and to the West of, the

II>	
River Bogo, and also just to the &st of the Bogo River, North

of the Bogo bridge,

Onlyeaong the Bogo River in the Rest an( at the western
end of Frilejoen oan a reasonableestimatebe made of the
thicknessof this divisions elong the Bogo River it ie
about 150m, thick, end in the extreme Weet 80m, thick,
This does not take into account the probabilityof a repekative
eucceselondue to strikefaulting.

As well as along the Bogo River goottoutoropsoocur
on the topee and aidee of hille and ridges and on many small
mounde along the general strike,

The rooke includedhereare all highly tuffaceous,and
they vary considørablyfrom place to place, In colour t:e
grita are verioue shades of green an( blue, usuellyfairly
pale, Weetheredsurteoesshow a lerge peroentage(greater
than 50%) of white teldepar grains,usually angular,in both
the grite and in the g ritty matrix and included pebbleeof
the conglomeratee. This indicatedin the field,whatwas
seen leter in thin-sectiona,the richly feldepathicnature of
these rocka,

/ 1,
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A thin sectionof a represew.ativegrit showed that
the rock le made up approximatelyof 50% albite orystale
almost unaltered,showingalbite twinning. Theee orystals
are variable in slze and shape and have angular and sub-
angularoutlinee. Sheletaloryetalsof colourless
amphibole(tremolite?),subangularzireons and aubangular
leucoxenewere also seen, The ground maes ie quite fine
grained, though egain veriable in size and consistslargely
of feldepar,with pyroxene end amphibole. This highly
tuffeoeousgrit is here called an "agglomereticgrit", to
distinguishlt from other tuffe and grits.

The gri s here occur as separatebands as well as making
up the matrixof the cenglomerates„ In places, as et one
locelIty in the extreme West, the "grit" is even mure obviously
tuffeceous,with hornblendelatha, up to 5mm, long, visible,
as well as feldeper erystale. A elide of this rook showed
thet albite orystalsere egain dominant,but aleo important
are brownish green lathe of hornblende,showing secondery
growth, and, possibly,hyperstheneremnants. The groundmase
is again feldepathic.

The conglomereteeconeist dominantlyof aneuler,
subangularand rounded rock fradmente,poorly aorted,ranging
in size up to 30 cm, in demetere: Theee fragmentsare
tuffeceousand richly feld pathic,as is the gritty matrix,
The larger the fregments,generelly,the better rounded they
are. On surfacesclearedof vegetetlonthe fregmentemaklng
up the conglomerateare whiterthanthe mctrix, suggeeting
that they are even richer in feldepar. A very fine exposure
of this conglomerate1400m.due north of the Bogo bridge, on
the east eide of hill, shows most of the features desoribed,
Here the sedimentary"packlng"and the graded-beddingof the
gritty matrix suggestcthat these beds ere inverted,younging
to the South, and this le alao indicatedin other outcrope
in this area, Aleo in the outcrop just mentioneda few
foreign pebblesoan be seen, includinganall fregmentsof
greenstoneand jasper. The conglomerateis sometimesfine-
grained,with pebbles •ometimesleas than icm, in diameter,
though it ie commonlymuch ooareer. Althoughthe conglomerate
occure in oands, no identicalbands could be definitely
treced from outorop to outorop along the strikepasseen in
the sane outcrop the conglomeratebanda could be seen to
vary conelderablyin thickness. Also amall faulte about 1ecee
displecementor less could be Been in some outcrope,
ceesing a veriable displecementof the bands.

A eifferenttype of conglomerateoccurs about 1Km. Xo the
North of the esetern end of Frilajoea. Here the conglomerate
forms s low southwardfacing slope just south of the greenstone
escarpment, It oonsietstypicallyof angularfragments in a
dark matrix. The matrix is a dark blulah grey in colour and
appeare shaly. About 50% of the rock is composedof engular
fragmentswhich show very little sign of any rounding. The
rock shows more cheracteristicsof n breocia then e conglomerate,
At the jouth West corner of the localityof this breccia it
cen be seen apperentlygrading into the more normal conglomerate.
Here there is a poorly sorted tuffaceouaconglomerate,with
large irregulershely patches, up to 15cm, long, with emll
subangularfragmentsaround thelr edges, A thin sectionof this
"brecole"showed thet most of the fragmentsdo show very elight
eigne of "rounding". The matrix ie sandy,with much opaque
material, probablyeither iron oride or graphite,giving it ite
dark grey colour„ The grainemaking up the matrix are lrregular
and much altered. They were, quite possibly,feldepathio
originally,
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Th1s anuauslrock type may possiblyrepreeenta submerine

brecois,or soree, with the engulerfregmentesettlingin

s allty aludge; a voloanic explosioncould cause a aimiler

effect, and this rock mey represent an explosionbreccia.

Althoughit is conelderedhere, it in not all thet certain

thst this is its oorreotposition,es it all depends upon

the interpretetionof the faulting in the area,

G S e s - This divisiongrades up from


the conglomeretes,the boundary between the two being where

the bended grits aLd ahales comprieemore than 50% of

the roce:totel, The conglomerateeincludedwithln this

division are finer-grainedon the whole, and beoome less

importentto the South. In the Weet thie division ie about

100m, thick whilst in the Kest it is at leeet four times as

thick as this, probeblybeosueeof faulting. It oceure

to the South of the previouedivision and to the North of

Frilsjoen- Bogo Bridge road,

The grita are pale green and pale greenish-grøyin

colour, the finer-grainedsands and siltstonesbeing darker

sed more bluish, with the ehelee being a very dark blue-

grey in colour. Often within esch bend there ie a oomplete

gradationfrom greet grit to dark sandstone, The bande

Wiry considerablyin thicknees. Near the Bogo Bridge they

are often less then 1om, thlok end the exposure coneistsof

numerous similerbande, on top of one another,rether

simIlerto verved-olaydeposits. A ve:ticalfault, with e


throw of at leeet 3m, oan be seen here. Also, here and

elsewhere,grit bands over 30cm, thick occur. On weathered

surfacesthe highly feldepathionsturs of the coarser

constitants 1s shown by the predomSnanceof white greins,

Graded bedding is very common end, when eLen,alwityashowed

thet the bands young to the South, and, as they dip

northwards,they must be overturned. Graded beddingcan be

very well seen in the Bogo River by the Bogo Bridge, just

to the '.;:astof the bridgeon either side of the road, and

én the North eide of the road just West of the bridge. May

other outoropeocour further West, and, in fact, almost

every outaropwithln this divisionshows or suggeets graded-

beddingyounging to the South,

In an exposure along the Bogo river, 150m, downstream

from the Bogo Bridge the banding ie nore irregulardue to

sedimentetionrather than tectonics. Here the shales occur

as lenses and discontinuouslayers within the grits; thie

is also shown further weetwerds. At this outoropanother

prominentfault csn be seen, with a throw of somemetree,

probablydownthrownto the South.

The most southerlyoutcrop of the divielon elong the

Bogo River is 50m, upstreamfrom the Bogo Bridge, The last

outorop here 18 of s ooarse conglomeraticgrit with tregments

up to 3cm, in dismeter,subangularane highly feldspiathlo,

A thin eectionof s banded grit from an outc1-3pfurther

Rest ahowedthst the feldspargrains meke up most of the

grit though they are ueuellymuch altered, This will be

describedin more detail leter,

Grøv Shaløs- Althoughthere is no proof that this is

ao,it, seems likely thet these grey shales grade up from

the precedingdiv1sion. A few outoropeoccur along the Bogo
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River South of the bridge, but they can best be conridered
when deallhgwith the ares Sest of the Bogo River, A few

outorops ocour just Weet of the Bogo River, the most westerley
outcrop being found midway elong the North shore of Frilejesn.
The shale here is grey in oolour,with emall brown specks,
probablyefter »yrrhotite. The shale is very tine-grained
though more ailtybands do occur, giving the bedding-plene
orientationwhich, in the last outorop, is parallelto the
cleavage. This is not usually the ease, however.further
to the South-Weet,

•

•



B, GO RIVER T R U AA RIV

The rocks exposed in this arenare simi1irto thoee of
the lest three divisionsfound West of the River Bogo, with
the importantaddition of a white marble, The Grey Shales
nre better developedand include conglomeratiopatches, No

outcrops were.foundbetweenPrestbuvatnetand the Storbuan
road, The exposuresin the Rausaa River, near the road

bridge, will be describedunder Area C.

The auccessionhere, as elsewhere,dips northward,and
graded-beddingin the banded .edsshows that theee are again
inverted, The SvartnatnetDe)ression,50m, or more wide, from
just South of Blomli in the East to 800m. Nest of the Bogo
Bridge, includingSvertvatnet,forme a zone with no outoropa,
Eset of the Bogo River and Weat of Rauatj the shaly division
is found only to the South of this depression,with the other
divisionronly being found to the North.

The successionin this srea is:-

4. Orey Shales and ArenaceousShales,

Banded Grits and Shales,

2, TuffaoeousConglomerhtesand Agglomerate
Grits,

1, Pale Grey karble

Gre War - Two localitiesof thia rock type

were found in the area, both elong the northward-faoingrook
cliff, South of the Storbuenroad and opposite Prestbuvertnet.

Å very smmll exposurewas found at the Sstern end of dis
oliff, while the other localitywas found 9.)0m,weetward,
80m, south of the road, This limestoneor marble is a very
pnle t;rey,almont white, in colour, nnd finely orystalline,
It is identionlto the marble found just Vorth of the
graptoliticshales to the est of the Bogo River, Vo
fossilsor signs of any fossils were found. The limestone
con be seen in contactwith the tuffaceousconglomeratesto
the South in the more western outorop. Near the oonteotthe
msrble becomes increasinglyconglomeratic,while the
tuffaceousconglomeratesnear the oontact containmany
limestonefrEgmentsof ell sizes, even feet in ditmeter„ The
contaetitself is very irregularin outline, as r the
conglomeraticpatcheswithin the msrble,

aceo s Con omerate 8 d A merate Gr 8.- This

divisionir praoticallyidentical,in most respects,to that
West of the Bogo River, Outeropsoccur South of the
Storbuanroad, formingthe steep slope ani cliff face here.
The thickneesof the division is estimatedat 200m., although
faultinghas probablyobscurtedthe true thlckness. These
roo.aldo differ near the merble outerops,where limeetone
fragnente are important,end also in the occurrenceof o
dark brown "basaltio"rock, possiblya lava, 300m. from the
eastern end of the ridge. This last rock 19 similarto that
found just to the South iast of the mouth of the Bogo River,
Otherwise,as betore, thle division conslatsof highly
tuffeeeousand richly feldspathicconglomerateand eittlomeratio
grits,
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3. a de er tsedSeee - Banded gritsed shalee are
exposed to the eorth Eest of the Storeuen- Svertwatnetroad
junotion,where they can be seen to be very similerto the
banded rooke on the Bogo River North of the Bogo Bridge, The
banding in theee rocks _s generallyslightlywrinkled,and
is frequentlydisplacedalong num-rousminor faults,of lem.
of so throw, roughly perpendicularto the bedding plenes. The
bande show rether poorly developedgreeed-beddingwhich
auggestethat, es elsewhere,theee bede young to the South,
slthoughthey dip northwerds, A few similaroutcropsacour
further east, just to the South of the TuffaceousConglomerate
outcrop,

South of the outcrope just consideredthere is a belt,
200m. or so wide, stretohingfrom the Reusea River in the
East to the Storbuen-Svertvetnetroad junctionin the West,
with almostno exposures. South of this belt there are the
porphyryridges of Svertvesseesenand Presteeteraesen,
The porphyryhere, as will be fully describedlater, intrudee
the banded grite and shales. These bede are partioulsrly
well exposedon the South side of Svartvessasen.

The banded grits and shales in these southernoutorops
show ell the feetures of the similer divisionfurtherWeet,
with very well developedgraded-bedding,and also sedimentery
slump structureein a few pleoes, The shnles are bluish-grey
in eolour, with the grita a gae bluish-green,so the bande,
which heve an average thicknessof lom, show oolour es well
as grain-alzegradations, A thin-sectionof a graded-bedded
grit band ocourringhere showed en ebundanceof much atared
feldeper,with some quartz and quartzitegraine. The graina,
up to lmm, in sizejarepoorly sorted and subengular; oeleite
is very abundantwIth the grits, though whether of secondary
or primery origin opuld not be aseertaireeeThe southern-most
outorops seem to be rather finer-grsined, The grits show no
signe of eny metamorphiemother than compaction.

A vere fine exposureof these banded roc a occura on
the Vorth side of the Svertvatnetroad, perellelto Svertvetnet
iteelf, Probab-lythe beet exnosure,however, is on the South

lde of the road, at the North Westernend of Svertvatnet,
where recent querrying shows theee beds to perfection. Here a
conglometiateband 2m, thick, oan be seen with the banded beds
on either side, It contains irregulnr,subangulerfragments,
very veriable in size, up to 10cm, in dianeter, in a blue-
grey, finely-eandedsandy matrix which shoes contortedturbulent
depositionalstructures. The fregments cowpriselene than 255
of the rock whole, ene, unlike the conglomerc.tespreviously
described,are not tuffaceous,consistingof s veried group of
rocks, inclueinggreenstonesand plutonicigneousrocks.

This very distinotiveconglomerntecen be traced eastwarde
on the Lorth side of the road, fron where it can be ellowed
elong the rorth side of the Porphyry intrusionof Svartvassessen,
In places it oontainswhite merble fregmentsidenticelto
the marble found 350m, to the North. However, it could not be
traced east of Svartvesseasen,and no exposuresof eny sort
were found Vorth of Prestseteraseenfor a distanceof 800m.
On the South side of the porphyryintrusiOnof Preateotersasen,
and in contectwith it, more banded grits ehd shelee oan be
seen, They appear finer-grainedhere, end more shely, the ehales
heving a pale, reddleh-brownweetheredappearance: gradod-
bedding is not so well developee. A deflnite cleavagecan be
seen to differ very elightlyfrom the bedding plenes, No similer
bede were found east of Presteetereseen,
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4, tereyShales - The rocks within thie division include

fine and coaree ocnglomerates,tuffaoeousgrits and banded

feldspothicsaneetones,as well as grey ehales and shaly

sandstones. The shaly cleavageof these rocks, more often

thsn not, ie differentfrom the bedding plene orientation.

This cleavagecommonly shows erall "ruoks", indioating

movement after the productionof the oleavage. The eeneral

elp end atriee of the cleavageis similertc:,that of the

beddingfureherNorte, dipping at about 70 Vorth etriking

between 100 and 120w,

The area coveredby the Grey Shales is much larger then

that coveredby any other division, As hee been alreey
mentioned,itoccure West of the River Bogo and extends

eastwardof Rausetj end the Reuaaa River, A Eorth-Sodhline

through the Bogo bridge passes sorose a horizontalthiokness

of 800m, until the greenstonefeult in the South is reached,

In the East the most northerlyoutorop lies 100m, Vorth of

Reueatj and Southwardfrom here, to the greenstoneridge,

there is a eorizontelthicenessof 1,eem. Faulting and

tight foldingwithin thie belt, and the presence of the
elety cleavage,ehows that this cennot be true thickness,

The Grey Shales ere in marked contrestto the divisionsto

the borthewhichshow praoticallyno signe of any tight

folding. It might well be that thie belt representethe

oore of a synoline,the inverted 1mb of whioh outcrope to

the North whilet the right-we-uplimb has been cut out by

the greenstonefault,

kPny sflslloutoropsocour between the River Rauase and

the River Roeo, even in boggy areae where they are found ee

low moss-coveredmounds. No outoropswere found onthe

Northwerdesoing elope,overlookingthe SvartvatnetValley,

all the outcrope being found South of here, There is another

large area of no expoeure in the marehy ground at Holeted,

where the Rauesa River end its tributariesflow northwards,

off the greenetonehills of Breahammeren.

Outorope of Grey Shele 000ur at various places along

the Boeo eiver, South of the Bogo Bridge, and North or the

greenstonehille, The rooks exposed here are grey end blue-

grey sheles,usuelly with<mallelongetebrown speoks,2mm,

or so in length,on their oleavegeplanes. These speoks,

when fresh, were seen to be formed of pyrrhotite. Pale

eilty bands ocour within the shales and give the bedding

plene orientation. In sorm pleoes this differe from the

eleavage, whilet et othere it appeers coinoldent. I.few

gritty banda, greenieh grey to pale blue in oolour and

uncleaved,aleo occur within the shale succession,sometimee

being oweseed by guerts veine.

In outoropsto the East of the Bogo eiver, the ehelee

appear to become coareerwgrained,with their cleavageoften

differinggreetly from their bedding. Greenish-grey miceoeoue

siltstonesend blue-grey shely sandstonesere more common then

-he true grey shales. Theee rooes weather to 8 cheraoteristic

redeish-brownoolour, and on close inspectioncan be eeen to

be richly feldepathioand highly tuffaoeous, Coaree grit

bands are also quite oommon, b eing foune et namerous
outorops Eaet of the Bogo River, Uenally theee bande are

guite thin, eometimeelese then 2cm, thick, Å thin-eection

of a typioalband wee made, taken from the Bogo River due

south of Svertvetnet. In this the coerse grit band is in sharp



contactwith a normel grey, specked shale, the contectbeing
etronglyobliaug to the cleevageof the ahale, L.ndthe grit
grains being flattened parallelto the cleavage planes.
The graine of this grit, up to 3mm, in dlameter,were all
much altered,and showed varying degrees of angularity,
Sone of the gnJins showed baely alteredfeldapar crystals,
whilet otliersuggeeted,by their "ghoet" texture a
porphyritic lave origin, Secondarycolourlessemphibole,
probubly tremolite,occura as quite large crystale,cutting
acrose the original textura,and calcite, quite coaraly-
crystalined,is very common between grainP and also as grains,
ho quartz graine were eeen, and their sbaencesuggeetsa
voleanic origin for the grains. In eome of the outcropa
minor and major faults can be seen,

A much coarserconglomerateis found in the aouth Weet,
close to the greenstonefault end North and Enst of the
Bogo River, The most easterlyof these outcropeforme a
promlnenthillock,with other outoropeforming discontinuous
ridges to the Weet-Vorth-weet,as far as the Bogo River,
Grey Shales and shely eandstonesoccur both to the North
and South of thie conglorw;rete,end grade into it,
conglomerateis dark green in colour and is maseir with
few signs of any beeding. The includedrock fragments
are very variable in colour end oompositionnnd they range
in size from coarse grite to boulder conglomerates,all
richly feldepathic. The rock fragmentsehow verying
degreesof angularity,many peing well rounded. They
very considerablyin oomposition,vein quarts pebblesbeing
cormon,with pebblesof quertsite,various igneouerocks,
includinggreenstones,jvsper and very irregularpale grey
marble fragmente. The latter show typical solutionweathering
identicalto that of the marble elready described, In
placee pyrite cubee, up to 0,5cm, in dimeteroccur in the
gritty bands, which, in placee,doshow bedding, Thie
conglomerstedoee not ehow aLy cleuvege,
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C. R U A RIVER TO TRIVJ RIVER

Thie eres is compllented by verious phorphyry
intruSionsiwhich stend out se ridges anm, 9E1 before,
numeroun feults. The succession in the southern half
of this area cen be worked out reasonebly well, but, in
the North, various inoleted exposuree of different rock
types cannot be fitted in any succession. Thst faulting
is egain very important cm be seen in the only three
outcrope found on the West bank of the Trivje River, /n
theee, four prominentfeults were found, end the rock
types expoued, working upetream, were, fIrstly, en intrusive
perphyry and a greptolitie shale; eeeondly, an intrusive
prophyry s grey shale and a porphyry again; and, in the
third outcrop, e massive limestona end a bleck quertzite,
Of these, only the porphyry end the grey shelee were found
in other cuterope Weet of this River.

Graded-bedding in thinly-bedded sandstones in the
sourthern pert of the area again show younging to the South
and there ie no evidence to suggest that this ie not so
to the North. However, bechuse of the faults, it oannot
be sesumed that the rocks in the North are older then
those in the South.

Beoause of theee compliestions thie orea cennot be
trested in the same way as the two previoun ones. Forth
of an East-West line, 700m, Gouth of Stortuvartnet, eaOh
rock type will be cousidered by iteelf$ without trying tO
put it in the succession, although ita relationships with
the other rocks will be discuseed. South of this lina a

succession can be worked out, and the rocks here wi') be
described in stratagrdphical order.

The northern part of the area will be denit with
firet. The reck types foun( here included n purple-banded
ehele, a grey tuffy shele and a graptolitic ahale; e
blue-grey fossiliferous limestone, s dark blue muddy
limestone end a pale greenish-grey messive lirestone; a
bleek graphitic quartzite and v group of tuffeceoun rocks,

Limestenes- The mostt interesting of the lirestones is
the oni thet is fossiliferous. A single outcrop of this
limestone occure nenr the enstern end of the steep northward-
facing elope of the Granin Ridge, overlooking Storbuvetnet.
There is enother exposure 200m, to the 77est, on the shore of
Storbuvatnet, though here it is poreibly s slumned block.
This rock is an impure, blue-grey limestone, with a definite
purting plene arY1many irregulsr onlcite veins. Though there
sre meny signs of foseils, none could be properly identified$
as they are largely fregmentary, and also thet limestone
has been recrystallised. No eimilPr limestones heve been
found at any other locality, and its relative age nnd position
is uncertain.

Inmediately above the limestone, on the shore of
Strobuvatnet, there is a eingle exposure of a dark blue
limestone. Thie limestone is meeeive, granular, with no
signa of any fossils, (:146is crossed by thin calcite veinS,
A very enall eutorep, 250m, eastwards slong the ridge, shows
a rather similar rock type.

It is poesible that the two limestones just dencribed
r,,present differenbe feeies of the Pele Grey karble found
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further West, though it s ems more probablethat they

representa differentlimestoneeltogether,

The other lirestoneto be describedhere wns found in

o single outeropon the West bank of the Trivje River,

opposite a small island 900m. North-North-Westof Blomli.

Here a sall bluff shows the limpestoneis pnle greenish«grey

in oolour,massive3withvague indicationeof foseile;

again its relative age and position is unknown. /t is

very differentfrom thc other limestonesin the sren,

,Sheles- Along the Granin Ridee South er Storbuvetnet

are numerous exposureeof a porphyryintruaion. Thie

porphyry containsmeny irregulsrshnly petchen,and other

shales occur both on the North and ctuth eide of the

porphyry. The ehales enclosed in the porphyry are derk

grey in colour,and apparentlynlightlybaKed,thoughstill

retaini:Igsome of their shnly cleevege, Just-tothe south

of the intrusionthe shale are paler in colour, oontaining

dark bronn epnck.s,after pyrrhotite,on their eleevage

planes. NO signe of bedding, however,were found, Theee

latter sholes a,)peartuffaceoun,espeolullyon weathered

surfaces,which are pale milky-greyor reddish-brownin

oolour. They nre best exposed nt th eestern end of the

ridge, where, in some of the outorope,slight "rucking"of

the cleavagecen be neen, Here the isolntedoutcrope

occur smong isolated porphyryouterops.

On the North aide of the Granin Ridge n dark grey

shale was found. This shnle hes thin,irr-guler,deep

purplebands, distinguishingit from the other shalesfound.

It would appear to unr-erliete limestonesfound here•

On the South side of the old StorbuenRond, 150m• from

the westernend of the Grnnin Ridge, Pn outeropof snother

shale was found, though it coula not definitelybe deoided

if it is here in situ, This shale is blue-greyln colour

snd includespaler sandstonebends, which show jraded

bedding. Thls rook Jrs a prominentp$rtingwhieh cute the

bedCing.

At the eastern end of the 3ra.in Ridge, on the Trivja

River, yet another sLale wee fou {, apperentlyfsulted up

:43a1nstthe porphyryto the North, the sides nf the porphyry

showingsliekensidesand the shale being very much broken

up near the contact. Thle shale is derk grey in colour,

with pyrrhotitespeckson some of the cleavnge plenes,whleh

may also sho manganese staining, kost of the joint plenee

are slightlyrusty. No fossilswere found here whilst in

the fleld, out recently,on further examinationof the shale

some graptolitefregmentsrede their appeerance,including

part of e diplograptidand perte of elenderuniseriel

stripes of leptograptidtype. As yet this shnle cannot be

proved to be of the same horison as the graptoliticehele

on the Bogo Aiver,Weet of the Bogo Bridge, though it seeme

most likely thnt this is so,

e c r te - A single outcrop of this unusual

rock waS foun on the est breskof the Trivja River, 3094%

upetreamfrom the shale with graptolites, Here a emell

bluff shows it to be feulted up against the pale greenieh-

grey limestone,alreadydescribed,to the North. At the

fault the parting planeswithin the guartsiteare contortedand

/
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there 9re irregularquortz veins end slickensidedsurfacee
here alzo. This evidence,plus the evidenceof eey gradetion
between tho two vere differentrock tepes, provese the
existeeceoi'this fault, even thoueh the actual fault pltne
ie coveredwith vegetationand loose rock fragments. This
eaartziteis bleck in colour eed q ite soft. Å thin-
aeotionshowed It to censist02 flne-grained,granular
quertz crystalswith about 10% or less dieseminetedgraphite,
eivihg the rook ite oleck colour end its sefteess in the
haed specimen. email sphericulaggrogetesof quertz oryetals
0,5mm, or less in diemeter,often with a minute regular
graphlticmesh in the oentre,-erevery abundantthroughout
the thin-eect.onond these reee)eicalbodies may poseibly
represent'redlolaria.

- A rook answerehgthis desoription
wea tound in a single outcrop, apperentlyin åltu, 80m.
South Went of the outcrop of the shale with graptolites.
This rock connisteof reddishapurplebands, up to
thick, of sendetones,grite end agglomeratesdipping85-
Borth nnd striking 120 • The bands ere bedly sorted,with

ongularfregmenteof variouu colours sflarock typee, up to
2cm„ in diameter. A few fregmentsof granstonescould be
recognieed. Thin rock is unieue in this arca though it Peeme


similerto the GeustadbakkBrecola of Vbgt, which oocurs
just above the basal coeglomerateof the Movine in the
reSlondaaren furtherEast.

T fface e G o South of the emeternpart or the
Granen Lidge, some One south of Gtorbuvstnet,occure
ridge m-eleup lergelyof tuffuceousroeks, The North side
of this ridge coneiets of a vertice1 baro rock fece, up
to 9m. high, ruhning in sn eeste'estdIrection,whilst the
souehern eide coeeisteof e much lower rock cliff, with a
narrow, shallowtrough eeparatingit from enotherporphyry
ridge to the South. Thc turfacaousrocke here inolude ahales,
grite and agglomeratee,pele gruy and greenish-greyln
colour,massive grits ahd egglomeeatesbeink;the most common.
Only on weetheredsurfaces,however, cen the rock be eeen
to be aggleueratie,with engulerfregmentevisible, themselves
tuffeceoueand up to 3cue in diameter. Fresh eurfacee
appeer apparentlystructureleee. Feldsper is very abundant
aed hornblendelethe arc bere common in perts. The 3outh
:astern part or this ridge is formed of porphyrywhich can
be seen in contactwith grej tuffeoeousshelee of the
TuffeceoueGroup, This contect1s very irrogular. West
of Ihis riege, on a lower continuetionor it, a few isol4ated
exposureawere _ound of a grey i,dbluish-greytuffaceoue
ehaiLonthe soutewardfacihe alope. These shalee al;peer
ideeticalto tha shales eithin the tuffaceousgroup. The
whole group is very similerto thet found just 3outh of the
fliilsjoen-Storbuaniioad3cputhof the eastern pert of
Prestbuvetnet.

The rocks in the So-thernpart of this ',:taterneeotor,
unlike those furtherNorth, can be correlatedreasonablywell,
and contacts between the various rook types are st least
exposed in part. Even here,though,eorreletionis not esay
ae, for inetance,bended sandatonesoccur only in the weetern
pert end limestoneoonglomerateaseem to occur quite haphasardly

throughoutthe eres. The succeessionhere ist 

2, Grey Shales (and Shaly Sandatones?)

2 2
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1, es ve k;onlomere e This conelomereteis highly
tuffeceouenne very similerto the tuffeceouscenglomerates
end grite of the weetern Areen, knny outeropeof this
conglomereteoccur in the aree, perticulerlyjust weet of
the tivja River, florthof Blomli,where is hee/horizontel
thickness perpendicularto the etrike of mome 600m. No
outerope of thin conglomeretewere found nlong the Reueea
River, though eome were found in the scrublend130m. Saet
of the river, due nrt of Prestsetereesen,end et varioue
localitieefuether .Mest.The conelom•reteir very vnriable,
being coaree-greinedin placee,with bouleers30 cm, in
diameten,whilet eleewhereit mieht be qeite fine-greined,
with fragrentsless then 2mm, in diemeter. There is not,
generelly,eo much grittymetrix prenent en furth-r lest and
non-tuffaeouspebbles ere more cormon, though the teplotal
tuffecenusconglomersteAtill predomineteo, The metrix
is, ne before, trregulerene agglomeratEc. The fregments
show ell degreeeof engulerityfrom sherply engularto well
rounded, even in thm eare expoeure. Greenstonesnnriother
volosnic rooks are often quite cormon in the conglomerates,
en ie jesper,se well es the typioni tuffeceourrock fragments.
Limeetonefregmente,perticulerlythe distinotivepn]e grey
marbleewithits ir-egularweethering,erevery common in
perts,'nein outorope650m, rorth-North-Sestoe the eaueaa
bridge, where oertaineands, 1m, or so thick, of pele blue-grey
limestnneonmglomerateoutorop. The finer-grnined
conglomeratesere derk green in colour when fresh, with well
rounded fragmentsof jesper, pele quertzite,greenstone,88
well as other unreoognieeblerocks. These flner-greined
oonglomereteefrequentieshow banding, es 500m, North-Forth-
west of Blomi, showingthat the conglomeretesdip steeply
northward. The grittymatrix of the coerse tuffeceoue
conglomeretesrelealse sometimesbanded, Eiving a simllar
bedding-planeorientation,

The top of a southwardfacing slope,200m,North Seet
•f Blonli, showe n typioel tuffeceoueconglorerate,fine-
grained, parts of which ere oanded,with the bends hnving
been displacedalong numerous smell irregularfeulte of about
1om, throw, Half-waydown this bank the cenglorernte
beoomes finer grained ane includen s thin shaly leyer near
ite southernboundery, A few retres further West, elong the
strike, large bouldere 15cm, or po in diemeter, ceLbe seen
within the conglomerate, Bere slso it becomesfiner-grained

to the South, and the bnse of the ceng]nmeretecar be eeen
neer the bottom of the Denk, where it gredes into n limeetone
conglomerate,pale grey in c lourleryetellinein pert, about
2m, tnick,whichnasses nouthwnrdInto grey shnles,these being
found at the very base of the slope. Grinoldcesicles end
some possibleHeutilold crose-sectionewere found in the
limentoneconglorerete,

Banded sandstoneeoccur, Apperentlywithin the conglomerate,
They ere flner-grainedthen the hended nendatonesnne grite
under the Bogo Bridge, Ane do not eppeer so felespethio, They
heve a restricteddistribution,only Deing found e:estof the
Rausee River and Weet of the north-southvelley due North
of Blomli. Good exposuresoccur 120m, eue rorth of Blomli and
for 250m, eeet of here along the strike. The sandstones
ocour here in bands, 2om, or so thick: they are generally
fine-greined,though gritty end agglomeraticbende also occur,
In oolour they brownlsh or greyleh-greenend show graded-




bedding younging to the South ehowingthat they are inverted.
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On e aouthward-feeinghilleide,250m. North of the old
aoad eest of elomli, the senestenebeede nre thicker

and less obviouslybanded. Here the sendetonesere grey
in colour and egain show graded-beddingyouging to the South.
Grey ehely bands and limestoneconglomeratebands ocour
arenest the sendstone,as well es more gritty bands. The
livestoneconelomerateshere are unfossiliferousene ocour
as bande about 30om„ thiok; they are agein pele grey in

oolour end aimiler to limestuneconglomeretebande found
further South and eest. These banded sandetonesnre all,
presurably,within the massive conglomeratesuccession.

Between the hilltop to th, eorth eed the nle Blomii
fioedto the Southeethere is e marsey oelt 150m. wire, with

no outorops. Just efluthof this belt an isoleteeexpoeure

of e Pale grey cresta3linelimestonewes foune. This limestone
or merble is ideeticalto the marbles foune further fieet,in
most respects,8nd also has conglomereticleyers. But here
there are, in eedition,vegue eu,geetionsof fosnile and in

fact this limnatoneis A]so quite simil$rto tieetfound on
the South osek of Storbuvatnet, Just to the South of thie
outorop Are outerops of pele grey limestone conglomerates,
further outcropeoccurring elong the strike, both to the
Bast and eest, just eorth of the old Blomli Reed from the
River eauess to Blomil iteelf, To the South the lirestone

conglomeretespase onnformablyinto the succeedingGrey
Shales.

2, Orey Shales- Thene shales occur to the South of the
limestoneconglomeretes,which enparentlyfnrm the top of
the messive conglomereteeivision, They .re foune continuousie
erom the Trivje hiver in the East to the Reuess Aiver in
the Weet in s belt some 150m, eide, to the South nf which
is the evartvatnetDepreeston, The sheles ere very well
exposed in the Aauaaa River, which hes out s shallowgorge
through the shelee, Here they sre bluish-greyor grey in
colour,with abuneentbrown speces efter pyrrhotiteOn
their bedeing plenes. That the parting ie true bedding is
ahown by silty bends, ane elso by the occurrenceof thin
pele grey lieestonecenglomerstebands, bo fonsilswere
foune in the shelea.

aouth of the evartvetnetDepressionerey eeney aresceous
shalen appear. They ere identicelto the shely eseetones
Went oi'the eauaaa River, with rucked oleavege plenes,not
parallelto the beeding, and with conglomeratennd gritty
eende, Good exposuresoccur around eausstj„ eurther expoeures
were exemined, just east of the Reueee River nnd elthough
the mapping wes not continuedfurther eestwaresthan this,
the shely seedstonesappeer to extend st least es fer eastward
ne the northwerdfSlowingtributerystreemwhich joine the
Trivja River 2e0m, South eest of Blemli. In outoropeneer

the greenstonehiles in the South to the epet of the Reueee
River, banded tuffeoeousgrits end senestoneeoecur within

the division. Theee ere quite tightlyfoleed with s good
clesvage,and with meny amell faults displecin the bande.
These bande ere very eimilerto the beneed sanestonesfound

below the Bogo eridge,

This group of grey arrenaceoucehalee Could not be ehown
to pase downwardsinto the grey shales of the eorth end they

may, poesibly, heve been brought togetherby a fault, the
piene of which folloes the SvertvetnetDepreseion,



US IGNEONSROCAS

Igneousrooksof poesibkytwovarietiøshaveboenintrudedinto
thssedinentsof theHovinSeriesin thaSvartyatnetArea forninga
nunherot dyks-likeintrusions. One varietyappears"doleritio",the
other"andesitic"in thehandspeoinsn. However,underthenicrosoope,
thegroundamsnineralsin bothoasøs,as wellas the feldsparphenoory•ta,
havebeencompletekyaltsrød,and it oannotbe shownwhatwas theoriginal
compositionof theseintrusions,or evenwhetheror not thetwo
"varieties"are of rooktype. Differøncesin thohandspeolnen

may wellbe due to • differentstateof netanorphisnand weathering
aufferødby thø intrusions,althoughI personallythinkthatthiptwo
varistierreallyare different. The "doløritio"varistywas onlyfound
westof theBogo Riyerandnorthof the GraptoliticShale. Onky
isolatedexposuresworefoundand it couldnotbe seenwhetherthe
"dolerits"oocuraas a singleeheetlikeintrusion,or as a sørleaof
suohintrusions. The "andesitic"igneousrocks,on theotherhand,forn
• numberof intrusioneonkyto thesastot theBogoRiver. Thislatter
verist7is obaracteriaticalkyporphyriticandprobabkycorrospondsto the
HaflondaPorphyritesnappedby T.Vogtin theBlilonda-Hergariaa.

"DOLERITI"


Thia rookwea idontifiedin thefieldas a gabbrobooauseof its
darkcolourandcoarseeven-grainedtexturein thelandspecinen.
However,as therookoocursas a dyke-likeintrusion(or intrusions),it
nay be betterdescribedas a dolørite.

A thin-seotionshowedthatthisrockhaa aufferødconsidørable
altøration,thoughit atillretainsitsoriginaltøxture. Welleohaped
orystalsof feldsparand augite,oocurin a sparssfine-grainedohloritio
andspidotic"groundnasø".Thsfeldsparorystaleabout5. in length
andlessthanhalfas wide,althoughverylargekysaussuritised,still
showalbite-twinning. Tbø foldsparrønnantsarsnowalblioin
compositions,thoughtheoriginalfeldsparwas probablynuchnorebasio.
The augitsocowe as alnostoolourlesowell-shapedcrystals,less
abundantthanthoseof feldspar,whioh,underorossed-nicols,showslight
soning. Thesephenocrystsare usualkytwinnødandhavea noderatia
birefringence,with• 2V of 500 and an extinctionangleZ^C of 39°.
Thøsevalueswereobtainedusinga universal-stagenicroscope. Pale
greenanphibola aotinolite4- cocursas an alterationproduotafter
theaugite,forningalterationriesaroundthe augitecrystals.
Løucoxene,afterilmenite,oeoureand secondaryepidoteand chloriteare
veryabundant. Snallanountsof interatitialquarts,probabkyprinary

suggestthattherockney originalkyhavebeena quarts-
dolorite. No ophitiotexturowas seen.

The "dolørite"canbe seento be intrusiveat twoloseities,one juat
westof theBogoRlyer,the othor600m.northof theeasternpartof
Prilj‘en. At thefirstof theselooalitiesthesouthernboundaryof the
"dolerite"la in ooutactwithblue-blackslates,thøslateappearing
sonewhat"baked"and the "dolerite"finer-grsinadat the contaot. åt the
otherlooalitythø doløriteis in contaotwitha slatyrook,which

høre apparentkybølongsto theGraptoliticShaleDivision. The slatø
againappearsbakødat the contaot,withitsshakypartingsonewhat
contorted. Thecontaotcutsthe cleavageof the slatehavinga alailar
generalstrikebut dippingat a shalloweranglø. Onkythenorthern
boundaryof the doleritewas seenhøre.

"PORPHYRITH"


At leaateight"porphyrite"intrusionsoccureastof theBogoRiver
andweatof ths RiverTrivjawhøretheyfornproninenteast-westridges.
Thslargestof theseintrusionsfornstheGraninRidgesouthof
storbuvatalit.3(7)..aouthof thiaridgeis anothørintrusion,whilst
betweenthe two,on the TrivjaRiver,is anotheranallerintrusion
(intrusions).To the southfurther"porphyrite"intrusioneoconr,one
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200a.northof Blomi,snotherjustto tbøw
estof thisintrusion,whilst

stillfurtherwest,justnorthof the Svar
tvatnetDepression,andthros

otherintrusions,two forningtboridgeso
f Proatsetermasenand

Svartvassassen,andtba otbera low ridgejustwestof Svartvatmet.

Thoseintrusionsappoarto havoalnostver
ticalsiåøs,forningdyks-like

bodies,thoughwhithertheywereintrudoda
s dykesafterthefoldingof

thesedimentser as sillaboforetba foldingtookplaceis n
otknown.

All thesesoparateintrusionsappearto be
formedof the samegeneral

roaktype,whichis obaracteristioallystr
ikinglyperphyritio,withwoll-

shapodphanoorystaup to Bmm.in lengthof foldsparandpyroxermin

darkgroenishor brownishfina-grainedgro
undnass. On weathered

surfaoesthe feldsparphsnoorystastandoa
tas whitelatheon a dark

baokground. Tbephoneorystsmsy be veryabundant,form
ingup to 50% of

thsrooktotal,or may be entinly absent. Whenabundanttbsysonetimes

showsuggeetionsof flowstruetures,as in outeropson tbønorthsideof

the OraninRtågo. la partsof tbø intrusions,partioularZyProstsetera
asen,

thewholerook ia ooarse-grainedandbas a
granitiotexture. Besidesthe

massivoporpbyritioandnon-porphyritioro
oksocourringin tbøintrusione,

theroaro alaoshalypatohøswhiohoppeart
o gradsintethemorenormal

phorphyry. Thasoshalypatobesare darkgreyin oolou
randvery

irrogularin form,withtheirshIlypartin
gusuallybeingsub-parallelto

themarginaof tbe intrusions. Theypoasiblyrepresentinolusionsof

oountryrookwithtbø "porphyrite".

Neartbøfaultroontactsof the"porphyrit
roithewestbankof theRiver

Trivjatbe rookismoregrøønin oolourwi
thbright-greenalteredfeldspar

pbenoorysts. Tbisgreateralterationis p
robablydue to a dialooation

metamorphianproducedbytha faultahere.

Å thin-øeotionof the"porphyrite"takenfromtbe latrusionn
orth-west

of Blomdshowedthatit hasbeennuohalte
red,althoughtheoriginal

toxturois prnertsd. Ths tabularfeldsparphsnoarysts,up to 5w
m.long,

are almostoompleteaysausauritisod,thoug
htheystillshow"gbosts"of

albitatwinlanellse. Theymakieup to 50%of therockas soonin the

thinessootion.Thelessabundantpyroxen
ephonoorystsars alsowell-

shapedandof sinilaralsoto thoseof ths
feldspar. In ordinarylight

thswproxeneis •lnoøtoolourless. It showsbrishtinterferenoecolours

underoroesnicola,witha 2V of 46° andan extinotionanglsZ^Cof 40°,

showingthatit is an augite. Thephenocrystsareusuallytwinnød,

sometimesshowinglamellar-typetwinning.
Inthe oentrosof the

phenocrystetheangiteis surprisinglyfre
sh,theugh aroundthemarginsit

hasbee altersdto groonobloriteor palagroenam
phibole,forming

alterationrins. Veinsof chloriteandepidotecoemonlytraversethe

orystals. Smallorystalsof leuoonne afterilsenit
ealsooocur. The

groundmassis verymuchaltered,nowbeing
an aggrøgatelargelyoonsisting

of epidote,ohloriteand serioite. Nonoof the phenoorystsshowawf

signsof soning. Therelativeabundanoeof foldsparsugges
tsthatthe

rooknay originallyhavwbeonandesitioin
composition.

In tbø two thin-notiens examinad,the"porplyrite"snd "dolorite"

differapparentlyonlyin theproportiono
f finø-grainødgroundmassand

tha alightdiffennoasin theoptioalprop
ertissof thepyroxenes.

Bpidotevelesand quartaand caloitevoins
canusuallybe seon

orossingtbø porphyriteexposuresandat twolocalitiestblokørvelna

werefoundcontainingslenderprismatioor
ystals,2cm.or so in length,of

a palsbrownmineraiRnaquartsos.matrix.
Thlanineralwas foundto be

olinosoisite. One of thesoveinswas fou
ndat theweaternendof

Frestseteraasenwhilsttheotherocoursat
tbawestarnendof the

intrusionnorthot Blomi,wherea thinvOinof porphyry10on.thickoute

theoountryrook.
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The contactsof thei)orphyrite,whenexposed,werereento be chilled,
sometimeshavinga glassymargin5. wide,as seennorthof Blomi. Near
the contactthe'porphyritenimusuallynon-porphyriticfor a few

centimetres,whilethe oountryrocksappear"baked"for a centimetreor so.
Theboundariesof the intrusionsarenot conoordantwiththebeddingof
the countryrocks,andat numerouslocalitiesclouldbe seento be
definitelyintrusive,not onlyouttingthebeddingbut alsogivingoff
smallvsinletspenetratingthecountryrookfor a shortdistanoe.

Onlythenorthernboundaryof the GraninaPorphyrite.is exposed,where
it is in contactwithgreyshales,the contactbeingveryirregular. In
the othørintrusionsonlythe southerncontactis usuallywellexposed.
The intrusivenatureof theporphyriteoanbe seennorthof the Svartvatnet
Depressionwhereit is in contactwithbandedsandstonesand sheles. These
bandedrooks,whichare inverted,youngingto the south,havetheirbedding
outby the southernboundaryof theperphyrite. Thlecouldbe seenin
numerousexposures,andexamplesare shownin the aocompanyingsketches.
Thenortherncontactsof theSvartvassaasenandPrestseteraasenintrusions
are exposedat a few localities. In bothoasesthe'iporphyriteis in
contactwithbakedgreyshale.
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Tho Svartvatnet Area is bounded on the north and south by the
Greenstons Paults, as already described, the Hovin Serias being down-
faulted in between. In both the north and south outorops, as far as
could be dstermined, the Storen groenstones dip northwards at about 70°
and ths Hovin sedisents gnerally have a similar dip.

North ot the Svartvatnet Depression the Hovin Series dips northwards
at bstwon 45° and 80°, ard strikes 070° to 120°, a variation ot 500
apparently due to a alight "wrinkling" of the bodding. Tho evidenoe
of gradedubedding showe that most of the bods, if not all, aro inverted,
younging to the south and to the north of this Deprossion the beds appear
to form part of laverted limb of a larg. fold. Just to the north and
•ast of Priljiden tight miner-folds oan be soon in the Bandod Orits and
Shales Division expossd here with a will developed cleavage, apparontly
parallel to the general bedding. Also in this area the rocks are
orossed by innumerabls irrogular quarts veins, suggsating a more
intensin teotonio aotivity hore, Tho vory local devolonent of these
minor folds suggests taulting as a possible onao, though no direot
evidenee orany faulting was found høre.

Numerousfaults were found orossing the Hovin outorops. The
major faults appear to be strike-faults, with assoolated minor dtp-faults.
Soms ot the faults whioh han already boon denribed, oould be non in
the field, three boing seen along ths Trivja River and thrse others
along the Bego River. Othar faults have been drawn on the aoompanying
geologioal mapwhieh, although not aotualty vtaibla in the fiald, have
their prnenee indloated by other evidene, such as tho displaoement of
beds along normal to their strikes. Undoubtedly numerous other faulta
also exiat, and only the apparently more obvieus were pat oa the map.
The broken linn of the faults on the map shows that the positions of
these faulta could not be aoouratety determined.

A major fault follon the Svartvatnet Depression, as indiosteil by
the differønoes between the ohnaoters of the rook types on sither side
of the Deprossion and also the Deprnaten itself. North of this fault
the bods ahow •lmeet no evidenn of miner folding, while to the seuth
minor folds and "ruoked" oleavnges abound, though the rook types themselves
are not diaalmilar

West of the River Bogo most ot the faults shown offoot the
Graptolitio Shale Diviston, as this Division provides a good marker
horison. To tha east this horison waa not found and faults are not so
obvious, most of those drawn here having little evidenee for their
oxistonoe other than the laok ot any other eetdonos to suggest a reason
for the present distribution of the rook types. Thus a fault is pined
betesen the Nanive Conglomerate Division and the Grahltio Quartsite on
the Trivja River. Dip-faults east of the Bogo River, as to the weet,
explain tho relative displaeennt of tho rook types normal to their
strikes, although again no dirsot evidenoe for their oxistenoe waa found.
A numberof low-tying north-south belts oocur in the arsa• and it seorm
likely that aeme of tho faults have been partly rospensible for these.

Crossing the Bego River oeugh of the Bogo Bridge fault has boen
drawn whioh again follows a line of marshy ground. This is a major dip-
fault which has resulted inthe rocks to the east being ahifted nortbrards
relative to those in the west. In none of the faults shown however,
could the aotual displanments of ths beds be dotermined.



Southof theSvartvatnetDeprossionthebedspossessa slaty
cleavagewhiohis not normallyparallelto thebedding. In many
outoropsthebeddingoouldbe seento be strongIyobliqueto the
oleavage,whiohdipsfrom60° to 80°northandstrikes095°to 120°,
verysimilarto thebeddingorientationof the bedsto thenorth.
Conglomeraticpatobesin the southernpartof the areagivebedding-
plan.measurementsvery similarto thoseof thecleavage. Thia
cleavageshowialight"ruoking",indioatinga "brittle"morementlater
tbanthatJoiningthe cleavage. The readingsof the cleavageandbedding
obtainedwereplottedon a stsretgram,but inaufficientdatamadeapy
conolusionsfromtheresultingdistributionimposaible.

It is auggeatedberetbatthesecleavedbedsmay representthe
oentreof a synolinethe invertedlimbof whiohliesto the north,the
right-way-uplimbbeingout-outby the southernGreenstoneFault. The
positionof the poasibleaxisof thisfoldoouldnotbe determined.
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CAL ONS

1. W the S va t Are

As has alreadybeenmentioned,• majordiffioultywithinthe
Svartvmtnetarsais thsworkingout of therelationahipsbetweentherook
typeswithintheHovinSeries. Thisis duemainlyto thelaokof
xposuresandthe prøsenceof faults. Alsothegeneralabsenceof
foasilsmeansthattheoorrolationhas to be basedlargelyon lithology.
The acoompanyingtable,whiohoutlinesthe conolusionsreaohed,is based
on theassumptionsthatthebedsare all invertedandthatthesuocesaion
is in oorreotstratigraphicalorder,fromnorthto aouth. It is by no
meansoertainthatthesetwo assumptionsare valid,as strike-faulting,
whichhas definitelytakenplacs,may haveresultødin therepetitionof
rooktypes,and possiblylsoclinalfoldingwey havecauseda similar
ffeot. Thebandedbedsallshowgraded-bedding,suggestingyoungingto
the south,thoughthismgy notbe trusthroughoutthearea.

In thetablathe numberedbedsare thosethatoocurthroughoutthe
areaoonoerned,whilstthoseunderlinedoanbe usedtor correlation
purpoees. The rookeof the StArenSeriesare auffiolentlydistinctive
not to be mistakenfor theHovinSeries. The rockswithintheHovin
Series,however,oannoteasilybe correlated.

Weatof theBogoRlverthe loweatHovinrookexposedis apparently
theMassiveConglomerate.Thisis verysimilarto the conglameratic
divisionhigherup thesuooession,andmay,in faot,be a repetitionof
thishigherdivdsionproduoedby faulting. Thesucoadingslatomay
alsorepresenta moremetemorphosedequivalentof the graptoliticshale

repeatedandthe interveningagglomeraticgritsare identical
to thoseon topof thegraptolitioshale. The thindivisionof a
varietyof rooktypesnorthat thegraptolitioshaleon theBogoRiver
was onZyfoundat one outorop,whereit appearsto ocoupya faultsone.
The GraptoliticShaleis veryusetulfor oorrelationwestof the River
Bogo,but theonZypeasibleequivalentfurthereastia a singleoutorop
onthe westbankof theTrivjaRiver.

The lassiveConglemerateandAgglcmeratoGritsabovetheGraptolitio
Shaleis theonZydivisionthatcan definitelybe foundthroughoutthe
SvartvatnetArea. The suoopedingBandedGritsand Shalesare foundeast
of theBegoRiverbut noteastof the RanaaaRiver,thoughheretheymay
be representedby theBandedSandatones. HoweveralongtheTrivjaRiver
no BandedSandstoneDivisionoocurs. The greyShaleheresucceeds
conformablytheNassiveConglomeratea,witha thinlimestomeconglomerate
bandbetweenthetwo. Identioallimestoneoonglomeratesappearwithin
theBandedSandstoneswhicharefoundwestof the TrivjaRiverand also
oocuras bandawithintheGreyShale

The GreyShalesof theeasternareawerenot definitelyfoundwestof
theRausaaRiver. The highestdivision,of ArenacteousShales,however,
waø foundin boththetwoeasternareas,thisdivisionbeingreadily
remognisableby possessing• cleavagewhichis not normallyparallelto
thebedding. The souther~asternexposuresof thesobedsmey posaibly
be thefoldedcounter-partsof theBandedSandstoneDivisionto thenorth-
west. No limestoneconglomeratebandsocourwithintheArenaceousShales.

ThePaleGreylarblewhichoccursin all threedivisionscannotbe
usedfor correlationpurposesas it cocursas restrictedlensesat
differentatratigraphicallevels.

Restof theReuessRiverandnorthof the Massiv,ConglornerateDivision
variousdistinctiverocktypesoocurwhichoannotbe relatedwitheach
otheror elthanyotherrockswithintheSvartvatnetArea,thoughthe
graptolitioshaleheremaywellcorrespondto the GraptoliticShaleon
theBogoRiverand it is possiblethatthe fossiliferouslimestoneis a
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differentfaciesof thelinestonecongloneratefoundto thesouth.
However,noneof theserocktypesoanbe put in any definite
stretigraphicalorder.

2. Outaidethe SvartvatnatArea

The valueof thenapworkcarriedout wouldobviouslyhavebeen
increasedif the rocktypesfoundcouldbe correlatedwithknownrock
typesoutaidethe SvartvatnetArea. Howeverthiahas notbeenproved
possible.

The rooksof theStSrenSeriesare the onlyrooksmappedthatoan
definitelybe oorrelatedwith•imilarrocksin otherareas,theyoanbe
tracedthroughouttheTrondjeimregionprovidinga markar-horixonat the
baseof theyoungerOrdorvioianrocksof theHovinSeries,in whichSeries
thesedinentsof theSvartvatnetAreaareconsideredto belong. This
Serieshasbeennappedby T.Vogtin theReilonda-Horgareasone10 Kn. to
theeast. Tha successionin thisarea is givenin the accompanyingtable,
withthe suocessionin the SvartvetnetAreaalongsidefor comparison.
As oanbe seentheSvartvatnetsedimentscannotbe fittedintoVogt's
succession. In an arsa justnorthot Fieldhein,BrianChadwlckmapped
a seriesof wedimentslyingon topof theStSrenGreenstones,presunably
belongingto theHovinSeries. The sedimantshøreconsistof greenish
sandstonesand shales,withconglomeratee,restingon a massiveboulder-
conglonerateconsiatingblmostentirelyof greenstoneand jaaperfragments,
of all degreles of angularity,restingon theStSrenSeries. The contact
betweentheStSrensand theHovinshereis a sedimentaryone,not
struoturalone. Thesesedimentspreaumablyforathebasalbedsof the
RovinSerieain thisarsa,withthewassiveboulder-conglomeratebeing
the lateralequivalentof theVennaConglomeratein theHorgareaand the
StokkvolaConglomeratefoundelsewherein theTrondheimregion. The
Rovinsnappedby Chadwickcouldnotbe matchedwithany ot the sediments
of theSvartvatnetAreaandpresumablytheHovinsnorthof Fieldheinare
olderin age thanthoseto the south.

The lowestreliablefossiliferoushorisonfoundby Vogt in theHorg
Areawas theHSlondaLimestonswhichhe considersto be of Upper
LlanvirnianandLowerLlandeilianage,whilsthigharup in his succession
theDicranograptusShaleis of Caradocianage. In theSvartvatnetArea
thegraptolitioShaleDivisionia of MiddleSkiddavianage,and so is
olderthanthe HiSlondaLimestone,yet mnetbe youngerthantheV•nnan
Conglonerate.The wholeof the Svartvatnetsedisentsnuatpresumablyfit
in somewherebetweentheRSlondaLimestonsandtheVennanConglomerate.
Purtherworkis neededin theareato fix thepositionaccurately.

The MiddleSkiddavianageof theSvartvatnetGraptoliticShale
suggeststhattheVennanConglomerateis at leastas oldas early
Skiddavian,placingtheStSrenGreenstonesas earliestSkiddavianwr
evenTrenadocianin age. Thiais a somewhatolderage thanhas
previouslybeenauggestedfor theStSrenSeries.

The porphyriteintrusionsof the SvartvatnetAreaprobablyoorrespond
to thoseof thsHIlonda-Horgarea,wheretheyare consideredby Vogtto be
of sinilarage to theBSIondaLimeatone. Thissupportstheauggestion
thatthe Svartvatnetsedimentsare olderthantheHSlondaLimestone,as
theporphryintrusionsaredefinitelyyoungerthantheBandedGritøand
ShalssDivision.

3
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The oldestrocksexposedin the areabelongto the StSrenSeriee. Thsee

rocksincludespiliticpillowlavas,with associatedjaaparand tuffe,su
ggeating

a submarineformation.
In otherareasthe ts5renSeriesis followedunconformablyby theHovin

Series,thebasalbed of whichis usuallya massiveconglomeratecomposedvery

largelyof greenstonefragments,obviouslylocallyderived. This suggestethat

beforethe HovinSerieswas depositedthe regionwas uplifted;1ndsubjectedto

sub-arealdenudation.
In the SvartvatnetArea the variedrock types,all probablymarine,indicat

e

a varyingsedimentaryenvironment, 4z.iettranquilconditions,with slow

sedimentation,are representedby the pyritousslatesand graptoliticshales,

whilat,in contrast,themaasiveconglomeratessuggest very rapiddepoeition.

The highlytuffaceousnatureof theseconglomeratesindicatesthe closeproximity

of volcaniceruptions,whichwere poesiblysub-areal. Ihe bandedtuffaceous

gritsAnd shaleamay representrepeatederuptions,or, possibly,successive

turbiditycurrenta. The otherHovinrockein the area,the variouslimestones

and shales,are all apparentlymarine,and thereie no evidenceof any breakin

deposition.
Afterthe Hovinsedimenteexposedin the areawere deposited,the next event

to take placewas probablythe intrusionof the igneousporphyries. Laterin

time,duringthe CaledonianOrogeny,the areawas subjectedto folding,with the

developpentof a cleavagein certainbede. The "rucks"in the cleavageswere

obviouslyformedat a slightlylaterdate. Most of the faultingin the area is

definitelylaterthanthe folding,thoughhow much latercannotbe determinød.

The PleistoceneGlaciationis the only othergeologicaleventwhichcan be

recognisedat presentin the area,and ie very largelyresponsiblefor the preeent

topographyof the area,thoughthishas been modifiedby subsequentdenudation.
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