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Prel-hin= rern- s

During su--er 1932 (june - septerber) I manped an aren
of about BO kr2 in the Susendal rerion, south of
::ordland.The rain purpose was to find out the stratigrathy
and structure of the so-called Hattfjelldal nappe, which forif.s
the highest unit of Kbli rocks between Rdssvatnet and the
BOrgefjell windcw. Thus, the overlying Helgeland nappe has
not been studied in detnil.

In addition to this wcrk, I inspectei other localitles
in the Hattfjelidal nappe and further Kjli localities on bc:h
::crweginnand Swedish side, which lej to an idea of the str-ti-
grphical and structural develotrent of the ::attfjellJYL:Jus- n-
dal nren. This idea has only nrelininnry chnrncter and :i:ht
be subject to changes after the rock sartles hnve teen inve_t
gated in detnil and after next year's fielj work.

As the lithology of the ranned aren w3s establishe
field werir..,tne trncing of structures nnd the internre:ncu
of structural elerents wns supported by air thoto inves:::r _ .

enclosed cross section: could only be establisned by sce
internretntional work in ajdition to the field datn.

Quarternary deposits were considered only, where they cover
the grounu rock over larre, uninterrurted areas.

Strntirrnnhv

2.1 Stratirrnthical order

The order of descrintion of the stratirraphic units is
base on the major tectonic units, which are a) the underlying
Kbli rocks (Leipikvatnet or Jtikke nanpe?), b) the Hattfjelldal
nanne and c) the Helgeland nanne. The bulk of different sedi-
ments within the Kattfjelidnl napne rakes it desirable to cut
ther in the correct strntigrnhical order. As no rncro-fossils
have been found (ricro-fossils will be looked for), this can
only be done by renns of sedirentolory.

:eterrinations of top and bottor sides of conrlocerates
or resnective rocks are not directly useful for findinr out



the sf the whole secuence becn.useof its intensive
isocIin•l follinr. The way-up direction chanzes so rapidly,
thnt one cnn never be sure, if the determined ton side of
a conglomeratic layer belongs to the same side of an isociini
fold, as the next bed boundary does.

However, the Kattfjelldal nappe stratigraphy is compcsed
of two major stratigraphical units, which are clearly separated
from each other. I will preliminarily call them the "pyllitic/
quartzitic series" and the "carbonatic seres". This devsion
ani a number of obvious sedimentary bed contacts led to a
stratigraphic order of the whole sequence.

The remaining questicn - where are bottom a.nitcc of z
ordered secuence? - could at least be answered by
toiogicJ thinkih,7nbout. A very clear up-and-dowh evd
given by the grcded dolomite conglomerate (14), which nas teen
cinssifted as a submarine canyon decosit (see This is

overlain by turbidity current debesits,bec=ing =rbi
in the upwcrd direction. This fcct indicates a bacin
with siHultheous stebhihs-bck of the steeper slope envtr.n.-
ments,into which the csnycn must be cut. These slone selizb•
cre not excssed. 2ut by trcjecticg the tendency of ci.--

ning into the further cast, we have to lock for a less deer
carine fscies that has to underlie the canyon deposits.
can ensily be found with the sediments of the phyllitic/cusrtdiO,c
series (2-12), which are internreted as shelf envirenment.
Thus, the wsy-up direction of the sequence is indicateu.

Following down the sequence, we find,as lowermost sedimentnry
unit in the 'ciattfjelldalnapce,the same calcareous psammitic
phyllite that covers lsrge areas of the underlying KbII ntee.
The resultih5 str,-,:tigraphicalorder is sunarized in the colle'ct've
stratigrophicrilcoin (pas-e5).

2.2 7nierivir.rKbli rocks

1 CrJc-.reou:bs=itic thyllize

- nosition:

The r.a,jorpsrt of the Kbli rocks underlying the ::attfjeld-
d:-.1nr:Epewizhin the rnabbedarea is covered by a thick seriec
of cnlcareous rsnmmitic phyllites, dipcing generally witn angles
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2tr fro: dien tc jtorvcrdnOgd:..,then r:

direction fror Lillevcrdbb:zdato Sandski:rbegen.

- descrinticn:_ _ _ - _
The generol feature of the sedlient is a tnig

of bluich-grey, ohyllitic/chloritic layers nnd ;rey or wnite

calcitic/quartzitic layers. The latber npbear as norzonbol

lobinae or lenses, often interrupted ty thy''Yo

of on clder foliotion. The zrain sice var,es frob ocarce

to silty size wibbout a general tendenoy.

Cross-bedding-like features are co--on, but could in .30-e

C r7Ssbe recognized as pretended by tectonios, i.e. narticul

crenuticn ciavse nnd sheared folds.

sw:e tr.ter: _

tnieghess cf up to scbe bebers.

bar:ed cre, near the briize over 7svcsseya

there n bed exn:sc, wnio:

iuencu,

in Pnntdalen, furtnerbcre abovib

of tLL d.rjed-1and at sore niaces near the ub'...er


contnct in the Ivarrul-:ervollen rezicn, cd:nrb-z-frvt

rioher Is traced cver sobe ndndred etrro.


hr.iverincr or no calcibe conbents.

- ocourence in 'cl

"geycndthe ::attfjelldn1thrust, t e sabe tv

oppears

c) nressed un and thinned between ibtricate cgs 7, of

Kvnlnsk-,r7kslen,and

b) bet7ieenKvalnskareiv and :.:dllebekgen(i, of

where it contnins isclated dolonite rebbies (1a) and zr des into

the calc-,reousnnyllite (5) without a enarn boun -ry.

- (1n) "conzloneratic beds":

The centr-1 part of tne area covered by tne0';:do':.reovs

nsa :yilite (1) contains subrcunded to

of dolonibe an- cut:rtzite,obviously of vein-, and ::3Jt21

also of sedirentary origin, up to a size of L cb, blz nor c

ohly of sone 	 tc r:bout
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1J in the sediment._e_
tne wori. tebbles are exclusively isolhte,d,even wnere z
occur concentrated in certain beds. The mhtrLx does not differ
from the tebble-free sedit.ent.The distance between the isoLhtei
pebbles differs from many m or even tens of m to ccchsionhlly
a few cm. The richer beds occur mainly in the southern tart of
the matted areh (Storbekken, Sandskarbekken), some hlso on tot
of Storvardhdndh. They seem to attenuate laterally.

L. ';'hrkey'smaps of the Norwegian K011 hrea (1976, '
and the new =13 map "osjben" (1:25CCC.0,19O1) show thls
bed of "dolomite conglomerate" as a continuous lhyer all ever
this areh. I couli not confirm the connection between the
thin occurrence in Crjedalen and the few beds on ten fler-
fjellet, and furtner on to Pant•alen. There --
but not hs tnLck as the mentioned mats show 4t.

AS the "connlomerate could be traced unLnterr'.:p.
thuther-. IZ Jtlfts cn Storvardhbgdh Lnto so__ t.Lnnar
bels witn lol 2 pebbles, between which onlj --„uhrteitLe

reb bies occhr. :orthwardnghinst Srjedhlen,
fotindin ane bt2j of some mezers of thickness. Tn
and in Fhntd-le, these beds are gettLng mcre numereoe, snur,
conthining bozn quartzite and dolomite tebbles.

The snlitting-up of several beds in the nerth and tre thiok
outcrot”inn in the south cculd be a repetition by iszclinhi
folding,which nffected the whole series.

- greenish vhrihtions:

In Fantjnlen occur chloritized, trobably qb-rzz- and
end calcite-free beds in this rock series, which chn be called
a chlorite phyllite. Cne 1CC m thick bed is situated km

cf the mouth 0f Fhntdalselva, and another one aptehrs 2 km
further ehst, tldnging beneath the swamps in the midile Pant-
dhiselv velley. The continuation up to Sommeb'fjellezcould not
be traced.

In the region of TOmmerhaugen and Klembernhn, z_e chi ,-
reous thylllze grades into a greenish, strongly
rock, which is chloritized and partly epidotized.
neer Klet.berghn,it is rich in pyrite. I subrese botn zne
forming of the green minerals and of tne pyrite to be due to
the imbrichted thrust thtzern,caused by the thrustinn of t;:e
Helgelhnd nnEte.



- csnc'usiens d corr.inb»ons:
The whole series provides the same annearo.nceas the

"conglomer.tic calcareous psa--ite" (C. Lutro, 1979) in the
Gjersvik area, south of the BOrgefjell window, which belongs
to the Limingen Eroup and there is called "Litlfjelltanzgen
formaYon". The sedimentary structures are not as well nreser-
ved as in the Gjersvik area, but I hope to find out their com-
parability. Lutro sugEests shallow water environment, trbnnnly
river deposits,

Foslie (1923,1924) called the same series in the Grbm,7.
district, to which the Gjersvik area counts, "flysch formn:»bn'
a term indicoting some deener marine environment.

Going with both internretations, the nebble-contoini
beds could be designated as "tebbly mudston.s" ()Ken.ck
1975,S. 383,citing Stanley, 1969 and others), which are fround
nenr river mouths and can be transnorted by mass-fisw movement
into (continental?) slote and submarine fan environments.

Thus, the depositional envirohnent has to,be onc sn the
from on alluvial to o sdbmarine fan.'he bLod. bert

ond the cross bedding suggest low water detth, but the t..1r-thd4t-
exclude shollow water, so that shelf environment seems te be
most nrobable one. The carbonatic tebbles, which canhst cc f--
trhnshorted, derive obviously from a carbonatic sburce areo
neor to the depositional area - a continental enyironmen:
(:ielg.elandnaphe?) or, more to be extected, an isiond nro, from
which the Gjersvik napne could be a remnant (Lutro, 1979).

(2) Somnerfjell conzlonerate

- -ositi.n:


In the napted area,this unit occurs only in the top region
of So--erfjellet, and can be traced 1 k-_L,in direction, and
0.5 kn in direction. It is situated directly beneath the

Kattfjelldal thrust.

of the manted area it attears again in the some
tectonic nosition with a larger extension, runnim.,msrtnward
fron StortjOnn. On L. Barkeyls nat, it correstonds to tme ehsterm
tart of the eastern conglomeratic layer at Stortjdnr..sheet
Kattfjelldal).



on:

This conglomerate is monomict, containing only Colo:bite
pebbles. Unsorted, coarser layers sometimes show clast-sunnorted
texture, which may derive from tectonic deformation. The clasts
range in size up to about 20 cm.

Better sorted, finer grained layers show mud-supborted
texture, the clasts generally not exceeding 4 cm.

The shace of the clasts is well rounded to subangular,
whic'hclassifies the sediment to be immature, under considera-
tion of the carbonatic material.

Grnded bedding is rare and poorly developed of
layering chaotic.

Thd matcix i. partly calcitic, partly comndsed of caloa-
reous nhyllite, which can grade into chlorite te. dnicrmte

phyilite also forms intercalated layers without cLasts.
Calcitic material can be found as boudins within the calcareous
nhyllitic matrix between the dolomite clasts, indicating zones
of stronE tectosicti deformation.

similar r—hs:
At 3ngbakLen annears a very thin layer cf a sietflarrack

in the same tectonic nosition. The clasts are calcitC_cand mcre
isolated, whereas c2lcitic boudins are very cc-mcn. The matrix
is calcareous phyllite.

conclusiono:

I consider the rock to be an olisthostrome, a'theurn a
typical olisthostrome would be nolymict and contain bigger
clasts - excent when there is no other material available.
If the material is nrovided by rivers as suggested under
Iconclusionsl (page 8), it can scarcely be coarser than the
observed grain size - provided, that the source conglomerate
was not comnletely lithified. The well rounded end.rounded
pebbles are resedimented twice at least. The chaotically dis-
tributed matrix material and the lack of any beddinE suEgests
mud-flow transnort r2ther than mass-flow movement, which wculd
result in the formation of nebbly mudsbones (see 2.51, (L.)).

Tectonically, the formation of this olisthostrome can be
exEl2ined by basin deenening or slone steenening durinr the
early stares of unlift or thrusting of the Ysattfjeildalnanpe.
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(o b c d) rocks of unknownstratigranhicnosition
SI of CTievntnet

South of Orjevatnetoccur phyllites,partlyquartz-rich,
graphitephyllites,quartzitesand differenttypes of green-
stones,which has not been taken under considerationyet.
They resemblethe later describedrocks of the phyllitic/
quartziticseries of the Hattfjelldalnappelexcept.thequartz
phyllite,which here resemblesthe calc. psam, phyllite(1),
from which it can only be distinguishedby the lack of calcite.

2. Hattf'elldalnanne

2. 1 Calcnreousnsammiticthylliteseries (3 4 )

- position:

Within the Hattfjelldalnappe,calcareousphyllites•ith
and withoutpebblymudstonesform the probablelowermoststra-
tigraphicalunit. They appearin the core of a fold (nrobably
an anticline)running:=-3SW approximatelyalong the bottom
of Susendalenand dippingsoftly towardsthe SSW. Thus, they
form many outcropson the river banks and in the road cuts of
the Susendalroad. They vanish about 200 m south of the mouth
of Kvalpskarelven,cut by some faults,crossingthe river valley.

They split up into severalarms, which will representthe
same horizon,repeatedby a sequenceof minor folds.

BetweenKvalpskarelvand Möllebekken,the units(5and (5)
seem to grade into calcareousphyllitesbelongingto the carbo-
natic series.But tectonicsin this area are very complicated
and badly exposed,so that no conclusionsshouldbe made at
the moment.

- descriztion:
The whole sequenceis bluish-greyincolour,which points

to some chloriteportioniu the rocks.They often apzearas a
fine laminatedphyllite,with carbonateonly in a few, silty
laminae.::earthe mouth of Kvalpskarelva,some pyritecontents
has been observed.

BetweenKvalpskarelvand Mbllebekken,the sedimenthas



rzre rs=itic resebliz.r the 0312.

(1) of the underlying harre•

The unit (3) contains isolated pebbles,up to a few cn

in dianeter, of subrounded to well rounded dolomite and, rarely,

well rounded quartzite. The distances between the pebbles vary
from dr,Isto tens of meters.

Calcite-free layers of both (3) and (5) occur frequently.

The unit (4), in previous works called "dclor4t-ktrgld.c=r

(2trand, T., 1953), is nuch richer in dolorite pebbles than is (3).

The distances between tLe pebbles are in the order of cn or

I only found dolonite pebbles there, which re5ch a size of 1C an.
The natrix is rich in calcite, grarhite and silty cuartz;

rhyllite with a chlorite portion forns thin 15:rin5ewhich tc.fe

rise to a slsty cleavTge, conrser thrn in (5) and (3).

rree-ish vnrirtions:

surpose, that sone of the greenstones, describej under

(6),gre ecuiv-lent to the crlcareous rhyllite. 1n one cf thn

chUsrite rhyllito 1-yers in Pantdalen I found

concluggns nd ccrrel-tions:

All csnditions are siven to 0311 the rnbr'P -
units "rebbly nudstones" P.eineck c Singh, as they tre

found in the underlying KCli rocks, too. Ecth uhits, (1+)n

and (3-5) night renresent the sane stratigraphica1 unit, tn

of thn attfjellial narre deriving from an nrea furthnr wast.
This sugtestion has yet to be procved by icroscorical inv+saz-

gation.

2.2 Phyllitic nnd cuartzitic series

zenera1 renarks:

A tyrical fenture of this rock series is the rarid chsnre

of facies in both srace and tine. The 1ithostrati,r1c order
given in the legend to the nap only shows the main tendency

of sedinentary developrent. The phyllitic rocks, and in the
first rl-ce anong then the grnphite rhyliite, occur in nany

stratigrarhic positions, and are also found as scueezed-ur

lubricants in thrust zones,
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The indivijual units cf this series are not tresent at

all claces beneath the carbonatic series. Thus, the quartzite

is lacking on the western side of Susna, north of Y.011ebekken.

In the northern cart of the Hattf elldal nappe, outside of

the mapped area, nearly the whole series seerds to be absont.

The racid change of facies appears also wichin some of

the described units, so that only the normal features can be

described here. Furtheflore, the different types of phyllite

change gradually, and thebed boundaries on the mac cannot te

a correct representation of reality.

(6 7) Chloritized chvllitic and cuartzitic rocre.s of

t:-he area

- cosifidn: 


Chloritized sediments occur all over the western slo no

of So-merfjellet, and there are concentrated to its lower part

mhe terrain falls approximately along with the bed surf-, 0

which cr:uses the broad outcrocping on the mac. The entir

thichness of these sediments will not exceed an amount of

some tens of meters. The boundary between (6) and (7) cn tce

mac had to be genera ized.

- describtion:

The chloritic Phyllites (6) are light to dark, greenien-

grey phyllites, never calcareous, but often quartsose with a

fine slaty cleavage. Imcregnition with ircn-hydroxide is comao-,

resulting in a brown weathering colour. Beds of nearly (?)

chlorite-free variations occur. The rocks contain veins,

which are rich in sulphides and probably magnetite, beside

cuartz, known as the :i_kkeljord deposits. I observed them t

in solid rock, only running bed parallel, but loose blocks

suggest, that they also are bound to + E-1; running gacs or

faults t cutting the bedding clanes.

The rock tyce (7) provides all stages between a quartzitic

chlorite shist with a coarser slaty cleava;:re than it has (j),

greenish-grey in colour, and a chloritic quartzite, which

varies in colour, but allways containing a layered or diffusively

distributed cortion of chlorite + other mica minerals. Cre

containing gacs occur,as explainej above.
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occu=nce in other blaces:


Grdenish auartzite occurs beneath the Heljeland thrust

at Grublandselva. It also was observed between the carbonatic
and the volcanic series at Sagbekken.

conclusions and correlations:


The chloritic sedizents of the ::ikkeljordregion lie

in the same stratigraphical position, as the phyllites do in

other places. As some of the greenish rocks rebresent anctent

calcareous phyllites (see p. 11), will the bulk of them rebre—

sent rocks of the phyllitiz and quartzitic series.
Chloritization and sulchidization has been facilitzted

by a well develoced system of gaps and faulbs, caused by

nabre ixbrication and conjugation. The whole mounbnin slce
at could be a minor thrust rlane, the thrustez


unit beeing eroded. This sug2estion is supbcrted by the fact,

that at Grublandselva, where phyllitic and quarzzitic

undarlid the Felgeland thrust, chloritization increases as .7511
Furtherxore, exactly south of the :..ikkel»erdareh, there

is a xinor thrust zone within a block of lcwer tectonic level,

wni ch falle nearly parallel with the terrain,bs well,

which could be the continuation of the surbesed thru7t at

keljord. There, the present thrust line would be cever
the glbcibl derosits on the bottom.of Susendalen.

8 Q) Phyllite and cuart7 chellite




As phyllites occur throughout the whole phyllitic1buart7it'c

series, they are not restricted to certain areas. 2he bulk of
them lies stratigraphically above the calcareous rhyllizes

(3-5) in Susendalen, but they atrear in Pantdalen, 1:.rjedalen

and on the western side of the marred area as well. The zain

beds in Susendalen vanish south of :;ervollen,where the whole

series is cut by faults, which cross the river valley, and then

occurs again as very thin phyllitic layers near the Haz

thrust of Ivarrud.

-descnictiob._ _ - _
The unweathered chyllite (8) has a tycical sericitic lustre,

possesses a very fine slaty cleavage, which sometimes is foided,
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r*J'ng rise to a crenulation cleavage. 2he quartz-rich varia-
tions (9) may have quartzitic laminae of light colour ur to
a thickness of some -m (31 of the Pantdaiselv mouth), or
lrminae of a dark, fine-grained, quartz containing mineral-
mixture, which yet has to be defined microsconically.

Ihe weathered variations are soft, brown, slaty rocf,s,
in which remnants of sericitic planes may occur.

In'some places I found intercalations of quartzitic
layers. In the river bed of Kvalnskarelva at 48C m, at a
waterfall, some of those dm-thick quartzites graie into ohyli
possibly representing turbidites.

Ho further conclusions.

(1C 11) gurrtzite shist an, cuartzite

- rositon:

quartzitic sediments occur interrartedly along a baw
from the urner,western slope of So-merfjellet, crossihn the
lower Irjedal, the river dusna at Klembergan and further so-ta,
then turning northward with several outcrops at the easzorn
sides of Kvalrskarrkslen and Skinnfjellet. They nearl';dn-
aprear further north in the Kattfjeildal napre.

Pure quartzites (11) form larger beds only on the eastern
side of this bow, in the west mostly local quartzite bodies
are found within phyllitic or quartzite shist beds.

- descrintion of (1C)j

The term "quartzite shist" is here used as a descrintve term
for different tynes of alternating beds of quartzite and, more
or less, phyllitic rocks, when quartzite dominates oa the whole.
These beds are varying in thickness, grain-size distribution
and are most badly exnosed, so that a detailed description
is not possible at the moment. If sedimentary structures are
present, they mostlyconsist of parallel lamination. ene outcrob
between Tbmzerhaugen and ::ervollenshows graded quartzitic
layers, alternating with nhyllites. Cne coarse-sand-slzed quartzite
body, probably transnorted by slumrihg, caused synaeresis in the
underlying clay (phyllites).
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descriution of (11):

These are quartzites with different bank thickness,
often paraliel laminated, consisting of sand-sized quartz
grains, mica (partly chlorite) and ore (pyrite + others?).
Even within these banked sediments occur occasionally separate
quartzite bodies, which are lacking any structural orientaticn
(f. ex, on top of Skjerphaugen).

No further conclusions.

12 1 Grachita ch llite)

nosition:

Graphite chyllite appears in the stratigrabhical order

mostly under the quartzitic beds, but in sorne cases above theh.,
as well. It seers to replace stratigrachically some of the
phyllitic beds on the eastern side of the rr.ain anticline.
Furthermcre, it often acted as lubricant for thrusting of the
::attfjelldal nacce, and can carticularly ba found in this
position in Pantdalen and 'Cirjedalen.

This can be applied to the calcareous grachite phyllite
(13) on toc of So--erfjellet. This rock type can seld= be
found in its orisinal stratigraphical position. It then forms
small lenses within carbonatic or phyllitic layers, or is a

transitional sedirr.ent between phyllites and carbonates with a
grachite cortion.

descriction:___ __
The grachite chyllite (12) is a fine slaty chyllite,

consisting of fine-grained mica, graphite and quartz grains,
plus a varying arnount of pyrite. Crenulation cleavagecanco=only
be seen, The calcareous variation (13) can possess a varying
portion of calcite and more or less loose its slaty cleavage.
Colours are dark grey or nearly black.

further conclusions.
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2.3 Onrbenatic series

general renarks:

The nap distinguishes dolomite and two different types
of linestone. The latter are kept apart by their colour, that
derives from the presence or absence of graphite contents. They
could be classified by their structure as well: The light tybe
normally having no preserved sedimentary structures, the dark
one being distinctly bedded. However, this devision does not
exactly go along with the colour. The different types are
grading into another, the devision by colour being easier
mabbable. In the region of Ivarrud, even this had to be simbli-
fied.

Phyllitic, calcareous phyllitic, quartzitic and ccriglome-
ratic beds are intercnlated with the limestones.

14) Graded dolonite conp:lonerate

position:

This rock type wns only found north of :;ervolien,ihere
it is underlyinE dolonites and linestones of the carbenatic
series. The lower boundary is cut by a fault. Exbosures alcnE
the Susendal road.

description:_ _ _ _ _
The sedinent is conposed of graded congloneratic beds.

The graded units have a thickness of about 50 cm, starting
with congloneratic grain sizes (2-3 cm) and ending in coarse
sand. The pebbles are subangular to subrounded, dolonitic, and
show partly imbricated pattern. The whole sediment is Erain-
supported, the pores being filled up with phyllitic material.
There is superimposed gradeftbedding within the sand- and
grit-sized parts, the thickness of these units lies in the
order of 5 cm.

Going upward, coarse-Erained beds vanish. Finally, the
sedinent is followed by dolonite alcng the road cut, but further
east by banded lirestone (16).
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conclusions:

After alker (1975), this conglomerate tyze is tyzical
for the turbidite association (graded-stratified model) and
there dezosited in the lower parts or at the exit of submarine
canyons. Therefore;inner submarine fan or canyon environzent
is sugEested.

(15) Hattfielldal conrdomerate/breccia

position:


In the zapzed,area it forms the core of a minor syncline
north of Ivarrud. Limestone (17) is intercalated. Hoad cuts
provide exposures.

Furthermore, small outcrops has been found on the
sloze of Somzerfjellet, where the boundary of dolcmi.tizczion
is runninE through it.

The largest area covered by this rock is situated a
Stortjvann,and to the north of it, outside of the mazned crea

of Tnkerelven).

descriztion:_ _ _ _
The typical appearance is a mud-supported breccia. The

pebbles, uz to 0.5 m in size, consist of angular to subrcunded
dolomite or limestone (zartly,(16) could be recognized),
rarer quartzite, quartz shist and graphite phyllite. All cf
them can be found in the carbonatic serivs tsalf. Saze beds
with smaller (about 5 cm) pebbles, rounded to subrounded,
exist, and even fine-grained, clast-supported breccias has been
found at StortjOnn.

The matrix is an irregular mixture of different phyllites
(+ chloritic or calcitic) and calcite or dolomite, respectively.
No regular sedimentary structures occur.

Cne boundary of the breccias usually is sharp, the other
is unsharp because of (overlying?) sediment mixed with the
matrix of the breccia.

Frequently observed clast-suzzorting in the sediments is
thought to be due to tectonical deformation. Pressure scLution
-featuresbetween neighbouring clasts can be seen, as weil.
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conluszr.s:

The observations point to a slow nud-flow tranw:ort of
the sediment. Both pebbles and matrix seen to belong to tne
carbonatic series, in which the breccias are situated themselves.
It can be called an lolisthostrome' (Gdrler & eutter, 1967),
or more correctly: an intraformational olisthostrome. The sourze
sediment was young and poorly lithified, which could be the
reason for the lack of bigger clasts, which ought to be ex-
pected in olisthostromes.

(16) :ark lir.estone

nosition: 


The dark liroestone variation is co--on all over t e wester:
side of Gusendalen. Tyriical cross-sections can be seen
skarelva, Ytter-:jupdalbek_ken and Grublandselva. 2his rock
type is rare in the east. It there shows transitional chanree
to the li,T.ht liestone variation (17).

:..ylonized and recrystallized lirnestones

cormonly in thrust zones, acting as lubricant.

A4.s^ri -flo-•

The tycical features are mediurn to dark grey colour,

often bluish, alternating layers of occasionally graded,
layers of calcite (+ quartz) and thin

layers. The thickness of the single rhythmic units is tetween
about 1 and 10 cm, but is thought to be deminished by tectonical
deformation.

Within this unit occur phyllitic, graphitic and zuartzitic
beds, and some of the Hattfjelldal conglomerate, as well.
Pyrite is a common postsedimentary mineral.

conclusions:

Grading, grain-size distribution and rhythmic layering
sugzest clastic transport and deposition out of suszensizns.
This fact, and the association with the submarine fan conzlome-
rate (1L.) makes it reasonable to consider this unit as Zeihg
turbidity current deposits of disthal character.
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(171 b limetsne

nosition:


The light limestone variation is less common than the
dark one. Its main occurrence is the region north of Ivarrud.
Other localities are particularly found along the eastern siåe
of the Hattfjelldal nappe. Transitional changes to dark lime-
stone (16)aregiven.

- descrittion:_ _ _
This rock is a fine grained limestone with normally no

sedimentary structures. Irregularly distributed dark, graphite
containing areas are common. At one locality, SY of Sommerfell
top, a light coloured (graphite-free) variation of the bahded
limestone (16) occurs,

In the contact zone of the gabbroic intrusisn , of Ivarrud,
the rocks are altered by contact metamorphism anå annear ts
be bed-'01.

conclusions:

The distribution of the limestones (16) and (17) susests
a lateral facies recresentation.

13) :olomite

kieneralremarks:

As the limestones cah be dolomitized partly, the boundaries
were mapped by means of reaction with Hcl, dolomite being
inferred when there was no distinct or quick reaction on un-
weathered surfaces. The irregular and co:dplicateddistribution
of dolomites had to be mapped generalized.

nositian:

Dolomite is a throughout common sedinent in the carbonatic:
series, only lacking on the western side of Susendalen, north
of Kvalpskarelva. It is intercalated with both limesbone tyås.

cic?scribtion:

The dolsmites are nostly white, but may be lighb to dark

grey, as well. -jueto their graphite contents, diffusively spotbed
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v3riatians exist. They are unlayered, but in some cases banked.
The boundaries to the limestones can be sharp (tectonic?) or
transitional (diagenetic dolomitization?),

o further conclusions.

2. 4 Volcanic (?) series and other ma:amaticrocks

Between Sagbekken and Sandskarfjellet, a sequence of
greenstones, brittle phyllites, spotted and banded snists,
interbedded with some quartzitic rocks is exposed. Those
greenstones are not bound to tectonic zones as most of the
others (:-.ikkeljordarea) do. Their metamorphic grade is obviously
higher than the one of the other series. The contaats to tne
carbonatic rocks are badly exnesed and may be tectonic. In
one case at 449.7/7255.o,I found a sedimentary interbedding
of limestones and the fine—bnnded greenstones, which might te
tuffites.

suobose this series to be of volcanic origin, but this
cannot be prooved yet. Its assumed stratiEraphical pasition
on tob of the carbonatic series is not sure, as well. A more
detailed mauning and sampling in this region and furtner soutn,
where the Hattfjelldal nabbe attenuates, will be necessary.

Rocks of doubtless intrusive character within the Kattfjell—
dal nanpe can be found as follows:

Sills of some drtor m of thickness, cutting the c3rbo—
natic series near the Helgeland thrust zone. They are fine—
grained, dark grey rocks, often pyritized. They seem to be
equivalent to boudins, occurring in the same zone.

Two limbs of a porphyroblastic, basic rock of

Ivarrud, probably a sill of originally-gabbroic composition.

A foliated, diaphtoritic, porphyroblastic neta—
granodiorite (?) intrusion in the carbanatic series at Sagbekken.

At Ytter—Djupdalbekken, near the Kelgeland thrust, some
of the sills (a) occur together with an amphibolitic material,
nrobably emnlaced tectonically, deriving from the Kelgeland
nanbe.
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nobbe

The rocks of the Helgeland nappe have not been object of
special consideration. Generally, they are of nediun-crade neta-
morrhism, but dhowing diarhthoresis near the thrust zones.
There, rocks are mylonized, partly recrystallized and often
strongly foliated.

Obvious nagmatic rocks are almost restricted to different
types of quartz diorite, both fine- andcoarse-grained. Beside
that, a ninor area S1 of Hvalpskarakslen is covered by a medium-
grained, probably gabbroic rock, which is cut by fine-grained
basic veins. Basic veins cut the quartz diorites, as well.
Between Sagbekken and Sandskarelva, a pegnatite of grnnitic
composition aprears.

The remaining rocks of the Belgeland narpe.sverlying Mhs
marred part of the Hattfjelldal narre, are different ty2es of
Mica shists, banded gneisses and anchibOlite. An interestinc
fenture micht be serrentinite bodies with chrysotiLe and tolk
prrowt:ot the boundaries. They occur abundantly in the tot
region of jandsksrfjellet, each ssme meters in Tne bi2T

one is situnted less hich at 443.6/7256.5.

mnc'o-ics

,1 The Hnttfelldni thrust

The thrust contact between the Hattfjelldal narre and the
underlying Kbli unit (Leirikvatnet or Stikke nar2e?) is folded
and faulted. As it follows the isoclinal folds of the Kbli rocks,
its thrusting must be an early event in the defornational history
of the Kbli rocks.

Some features of the thrust ar listed here:

Sandskarbekken (at 680 m):
strongly deformed, probably recrystallized limestsne (16),

alternsting with calcareous phyllite, urward followed by rocks
of the volccnic series,

Sagbekken (at 600 m):

calcareous phyllite with pebbles of white, coarse crystalline
linestone, which are mostly rolled out tectonically, forning
boudins. Followed by some neters of chloritic quartz shist, rich
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in nyrite, and finullj Lyllitic variation of the derk lime-

stone unit (16).

(rsad cut, SCC of Ivarrud):
Fhyllitic lensos of varying thickness separate the two

nappes.

Crjedalen, N1 side:

Thick layers of graphite phyllite form the thrust plene

of the dolomites of the Kattfjelldal napre.

So-rerfjell top:

So—rerfjell conglomerate, forming the thrust contact,

where the rebbles are partly boudinized. Further east, the

thrust zone is a calcareous graphitie rock, folded arsund

thrust-narallel fold azes. The shear zones cutting the fsT.:s

are your„:er.

Pantdalselvn:

Fartly recrystallized limestone mylonite, ners

nhylUte 33 lubricant.

2he Sescrieed contnct features susirest,tha

thrust movement took place here, may be some few

but not attainine:a nhnne transnort in the order of thht of the

Kelseled thrust.

.2 The Kel-eland tnr,:st

The thrust contect between the Kdli and KeTgeThnd rschs

is unfolded, but imbricated, and at some places fedlted. Eet.:;eer.
Sandskarfjellet and Kvalnskerakslen, a dip of about 25°

could be measured on air photos.

The underlying hattfjelldal rocks are strone7lydefsrmed,

mostly boudinized limestdnes, partly mylonitic and recrystallized.

Boudins in all sizes ur to some meters are common, they consist

of deformed sill material. Limestones also occur teing scueezed

un between harder rocks.

The Inter part of the zone are stronsly fsliated or

mylonized veriations of the thrusted rocks, showins snehring

and dienhthoresis.
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fnult

The observed fault pattern postdates the Kattfjelldal
thrust and isoclinal folding, partly the Kelgeland thrust,
as well. It is presuned to have developed simultaneously with
and after thrusting.

The faults derive from two major events:
Irbrication of the nappe pile. The imbrication fault3

in the Kbli rocks, running in direction down from Rbssvatnet,
turn into direction within the napped area. This is Pro-




bably due to the Bbrgefjell massif, which is underlying the Kbli
rocks here in relatively low depth, and resisting to the thrust
novement, This may be the reason for the more intense imbricn-
tion in this aren, as well.

Conjug?.tionbattern, developed by horizontal bressure
affecting the.rock pile and causing diagonal faults with lateri
end vertical novenent.

Yoldinr --d foLitinn

The nain fold phase forned isoclinal folds with nn axial
b]±ne folintion. Stratirrabhic boundaries run apbroximately
parallel with the foliation. :;herethey turn round, a crenul-
tion cleavage cnn be ob2erved, which prooves the existence of
an earlier folintion, about parallel with the bedding. The
isoclinal folds exist in all orders of size, frnm k to cn.

A second phase of folding is widely bending the isoclinal
folds, This can be observed in the southern part of the mapbed
area, is nearly lacking between Crjedalen and Pantinlen, but
appenring again further north, near Unkerelvdalen.

Folds, which are distinctly bound to thrusting of the
Helgeland napbe, provide an increasing deformation towards
the thrust olnne. Fold axes of varying direction occur. As
apbroaching the thrust plane, fold axes are getting more and
nore parallel with the shenr direction of the nylnnites.

It is not bossible yet to sny, if these two foli tyr.ed
represent one or two phases of foldinz. They may grade int2 one
another without a rerarkable break. A crenulation cleavage
bound to these folds has not been found.
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Sulii iz:ition

As the whole area is strongly sulphidized, I an going to
explain briefly my opinion about the origin of sulphidization.
The most frequent mineral is pyrite; its occurrence seems to
be due to three different reasons:

As many of the graphite containing sediments -
graphite shist (12, 13), dark limestone (16), pebbly nudstone
(4), partly.dclomite (18) - are rich in pyrite, it is supposed
to be of sedimentary origin, H2S provided by rotting of organic
material in euxinic environments. Later concentration and
mineral growth took place during metamorphism. ixanples:
Graphite phyllite in road cut at 453.8/7259.5;dark limestone

inancient, overgrown quarries at 452/7260.5.

Basic sills cutting the limestones and dolamites near
the Helgeland thrust, often contain pyrite + other sulthides,
where they are probably due to reduction of the iron (and other
metals) by volcr,nicgases:Concentration and mineral :,:rowth
by later metnnorphism. Exanples: Sills in dark limestone at
Kvalgskarelvn at 451.5/7259.7;sill in dolonite at 448.85/7255.5.

Pyrite and other sulphides can be found in all rocks,
bound to the closer environment of fracture zones and auartz
veins, due to hydrothermal activity. ThusInreas of intense
fracturing are fnvoured in getting metallized. Exambles:
rikkeljord aren, netallized chlorite-quartz rocks in an inten-
sively conjugated fracture zone, possibly in ccmbination with
a minor thrusting (see p. 13, conclusions) at 454.9-455.4/
7261.4-7262.5;metallization (pyrite, pyrrhotite and prob. others)
in tectonically deforned dolomite (18) and fine-banded green-
stone (23) in connection to the Helgeland thrust at 448.8-
449.2/7255.0-7255.8.
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E. .mnry-;nd::onclusiohs

The rocks of the Hattfjelldal nappe can be devided into
five grouns:

A: Calcareous psammitic phyllite series:
As this series forms the higher parts of the underlyinj

nappel as well, there cannot be a remarkable jump in stratisra-
phy between the two nappes. The depositional environment is
sunnosed to be shelf environment with intercalated nass-flow
deposits (pebbly mudstones), getting in fron a higher tonosrapnio
level (shore, delta?). Increasing mass-flow movement at the
top of the secluenceis probably caused by increasing tectonic
activity.

2: Phyllite series:
The variety of euxinic/non-euxinic sediments and of the

denosited srain-size and the rapid lateral chanses in facies
susTests the develonment of a thresh•ld/basin pattern.

0: ';‘ntoitic series:

As sedimentary structures in tne quartzites are rare, a
determination of the depositional environment has not been
able until now. Soze slunping,causing synaeresis, and probable
graded bedding sugsest a partly rapid sedizentation. As pure
quartz bodies only annear as local incasts, a delta-like envi-
ronnent might be supposed. All corresnonding sediments have been
found.

D: Carbonatic series:
Here, a lateral facies representation of two linestone

types is given, one of them being considered as turbidity currenz
deposits, the other - with reservations - as shallow water
limestone.

A graded conglomerat, being determined as a submarine
fan conglonerate, indicates the way-up direction of the sedinents,
which is going along with basin-deenening. By apnlying this ten-
dency to the whole facies distribution, the here annlied way-up
direction of the whole Hattfjelldal secuence can be presumed.

Furthermore, olisthostrones are interbedded in the linestche
series, which is partly dolomitized.

For the whole series, a flysch-environment is supposed,
nossibly bound to the early stages of nappe transnort.
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E: "Volcanic"series:
This is a seriesof greenstones,whose volcanicorigin

has still to be prooved.Th'eassumedpositionon top of series
D is unsure,as well.

Nowhere,low—grademetamorphismis exceeded,most of the
area only shows chloritezone. Biotiteoccursoccasionally,
most frequentlyin the rocks of series E.

The tectonicaldeformationis dominatedby isoclinal
foldingand by intensivenappe imbrication,going along with
conjugatedstructures.The order of tectoniceventsis oresu:ted
as follows:

s1—foliationabout parallelto bedding
Hattfjelldalthrust,local folding(fo) at thrustplane
1 1—folds,isoclinal,with axial plane foliations2'

givingrise to crenulationcleavase
f2—foldsin the suuthernand northerntarts

or 3)—folds,.increasingtowardsthe Helselandthrust,f(2 

tnrustingof Helgelandnan;c,i:..brictionand c
gation faults

furtherfaulting

Letallization(pyriteand other sulphides)is bound to:
sedimentarysulphidizationin euxinicenvironment,

concentratedby metarnorphism;
volcanicveins;
hydrothermalactivityin fracturedzones near thrust

planes.
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PRELIMINARYLEGENDTOGEOLOGICALMAP
SUSENDAL by WDallmann,1982

this legend wilt be revised after microscopcal determirtion of the rock samples

Ouarternarydeposits_ _ _ alluvia I deoasils_ TECTONICS

HELGELAND NAPPE

not in straligraphic order

Wit serpentinite

bastc igneous rocks

coarse grained graniticrocks

light hmestone

fault , field controlled

air photo lineation

Helgeland thrust

Hottfjelldal thrust

minor thrust oruplift

dohne

dark limestone Interbedded
and quartzitib layers 1

HattfielldaC congiomerate /breccia

gruded dclomitri bonglomera'e

PHYLLITiC / QUARTZITIC SERIES
(equiv Limingen group?

[21_1graphitic Irmestonecalc graph phylh te

-41 11 111 

quartz dionte & mica gnesss

folded together

quartz diontic rocks

strrke and dip

vertical dsp

27 banded gneisses & amphibolite graphilic prylfte rn dr`f stratigr posstrons_
26 mica gneisses & shrsts quartzite

mylonites & phyllondes
also in Koh

10 quartnte shIst & banded quartzr te

UPPER KOLI [HATTFJELLDAL]
NAPPE

1NTRUSIVE ROCKS

bosic /acd Intrusion.;

basic silis near Helgeland thrust,
summar,zed

VOLCANIC /SEDIMENTARTY SERIES,
EA S TERN SANDSKAREIELL

(equiv Gjersvrk group

quartz (becring) phyl'Ite

phyllite

quortz chlorite shist ana cribr,te
quartzite (prob equiv to 9-11)

chlorrte shist or
( prob. equit la 8.9)

COICareCus phy

tr. te '.tquar -
tz te pebb es

uc, n dorcente(!-quar -
tz tyrnebbles

22

21

23 greenstone, light, fine banded

quartzlhc rock s

phyllite

greenstone, drff types, mosty dark

banded &spotted shists

rw

CARBONAT:C SERIES (Hatffjeltdal group)

limestone mylonites,boudmerired

rjrA do I ormte

MIDDLE KOLI NAPPE
( Limingen group

Sommerfier, conglomerate ;Part, hreccro:'

ahforitzed andAbr eptiotzea cr0  -

1 w:th Lsolated dodbrn, e ond quartzste
pebbles

calcareous phyllite mostij, quartz bea-
ring

with unknown strahgra7hic pcsItion

quartzste phyI:Ite, party
nch n quartz

graphitic phyllite greenstone,
diff var
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