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ls Freliminary remarks

During sumzer 1982 (june - september) I mapred an area
of about 80 kz in the Susendal region, south of Hattfjellaal,
Nordland. The main purpose was to find out the stratigraphy
and structure of the so-called Hattfjelldal napre, which forms
the highest unit of K&61li rocks between Rossvatnet and the
Borgefjell window. Thus, the overlying Helgeland nappe has
not been studied in detail,

In addition to this work, I inspvected other localities
in the Hattfjelldal napve and further Koli localities on bothn
Horwegian and Swedish side, which led to an idea of the strati-
graphical and structural development of the Hattfjelldal/Susen-
dal area, This idea has only prelizinary character and might
be subject to changes after the rock samples have been investi-
gated in detail and after next year's field work.,

As tne lithology of the mapved area was estaplished by
field work, the tracing of structures and the interczretation
of structural elements was supported dy air photo investigation,
The enclosed cross sections could only be established by sorne
interpretational work in addition to the field data.

Quarternary deposits were considered only, where they cover
the ground rock over large, uninterruvted areas.

2e Stratigravhy

2.1 Stratigravhical order

The order of description of the stratigrapnic units is
basedon the major tectonic units, which are a) the underlying
Koli rocks (Leipikvatnet or Stikike narre?), b) the Hattfjelldal
nappe and c¢) the Helgeland nappe. The bulk of differeat sedi-
ments within the Kattfjelldal navppe zakes it desirable to put
them in the correct stratigraphical order, As no z=cro-fossils
have been found (micro=-fossils will e looked for), this can
only be done by means of sedimentolozv,

Determinations of topr and bottor sides of conzlewerates
or respective rocks are not directly useful for findins out

ey
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the way-up of the whole sequence because of its intensive
isoclinal folding. The way-up direction changes so rapidly,
that one can never be sure, if the determined top side of

a conglomeratic layer belongs to the same side of an. isgclinal
fold, as the next bed boundary does.

However, the Hattfjelldal 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 series'", This devisien
and a number of obvious sedimentary bed contacts led to =a
stratigraphic order of the whole sequence,

The remaining question = where are bottom and tor of this
ordered sequence? - could at least be answered by some sedimen-
tological thinking about. A very clear up-and-down evidence 1is
given by the graded dolomite conglorerate (14), which has been
classified as & submarine canyon deposit (see 2.33). This is
overlain by turbidity current deposits, becoming more distnol
in the upward direction. This fact irdicates a basin deepening
with simultareous stepping=-back of the steeper slove environ-
ments, into which the canyon must be cut, These slope sediments
are not exposed. 3ut by projecting the tendency of baci.. e
ning into the further vast, we have to lock for a less deep
marine facies that has to underlie the canyon deposits, This
can easily be found witn the sediments of the phyllitic/quartzitic
series (8-12), which are interpreted as spelf enviroarent.

Thus, the way-up direction of the sequence is indicated,
Following down the sequence, we find,as lowermost sedimentary

unit in the Hattf jelldal nappe,the same calcareous psammitic

payllite that covers large areas of the underlying Koli navnpe,

The resulting stratigraphical order is surmarized in the collective
stratigrapnical column (page 5).

2e2 Underlying X6li rocks

1) Calcareous msarmitic nhyllite
X DY

- position;

The major part of the K©li rocks underlying the Hattf jell-
dal nzpve witain the mavped area is covered by a thick series
of calcareous psammitic phyllites, dipoing generally with arngles



Schematic stratigraphical column for
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cetween 207 and 457 against the Hattf jelldal nappe. They
strike =3 from Fantdalen to 3torvardndsda, thern turn into
Z=3. direction from Lillevardh&gda to Sandskzrbexken,

-~ description:

The general feature of the sediment is a thirn alternation
of bluish-grey, phyllitic/chloritic layers and grey or white
calcitic/quartzitic layers. The latter apvear as horizontal
laminae or lenses, often interrupted by rhyllitic remnants
of ar older foliation. The grain size varies from coarse sandy
to silty size without a general tendency.

Cross-pedding-like features are common, but could in seom
cases be recognized as pretended by tectonies, i.2. zart 1
crenulation cleavawe and sheared folds,

In Urjedalen, some guartzitic intercalations could ze found,
wnich have a thickness of up to some meters, Cutsidz of

'3

t
mapped area, near the bridge over Zlsvasselva (2' of Hattfielldel),

+

pere is a calcitic/quartzitic bed exposed, wrhics nresents -

itic secuence (2-C=I-ZI),

At many places in Pantdalen, furthermore ato

of the farm Urjedal and at some places rnear the unper tarust
ontact in the Ivarrud-lervollen region, quartz=-f

ricker beds could be traced over some hundred metars. Trev zlsa

have ninor or no calcite contents,

Beyond thne Hattfjelldal thrust, the same tyne of sedinernt

- occurence in Hattflelldal narge:
appears
a) vressed up and thirned between imoricatei zlocxs
Kvalnskarakslen, and

t of

L

b) between Kvalpskarelv and lSllecekken (Z' of 3xinnfiellez),
where it contains isolated dolomite pebdles (la) and grades into
the calcareous phyllite (5) without a sharp boundary.

- £1_) "conglomeratic beds":

The central part of the area covered by the caleczrasus
psam. thyllite (1) contazins subrounded to well rounzez pedbdlas
of dolomite and guartzite, obviously of vein- »d 2o 2
also of sedimentary orizin, up to a size of ]L =, dut nmormally
only of some mm to atout 4 cm.



It is not a2 conglormerate in the sedimentological sense of
tne word, The pebbles are exclusively isolated, even where they
occur concentrated in certain beds., The matrix does not differ
from the pebble-free sediment, The distance between the isolate
pebbles differs from many m or even tens of & to occasionally
a few cmes The richer beds occur mainly in the southern part of
the mapped area (Storbekken, Sandskarbekken), some also on ton
of Storvardndgdz, They seem to attenuate laterally,

L., Barkey's maps of the Norwegian Koli area (1976, unpubl,)
and the new 1GU's map "Mosjden" (1:250000, 1981) show this
bed of "dolomite conglomerate" as a continuous layer all over

.
-,

this area. I could not confirm the connection between the
thin occurrence in (Urjedalen and the few beds on top of sommer

fjellet, and furtrer on to Pantdalen., There prodvatly is ons,

but not as thicx as the mentioned mavps show it.

As the '"conglomerate could be traced uninterrugtedly in tne
southern rart, it splits np con StorvardnBgda into some “ninner
beds with dolomite pebbles, betweer which ornly cquartzitice
rebbles occur, lorthward against {rjedalen, pettles were only
found in one bed of some meters of thickness, Cn Somrert jellet

nd in Fantdalern, these beds are getting more numeresus zzain,
containing both quartzite and dolomite pebbles,

The splitting=-up of several beds in the north and the thicx
outcropping in the south could be a repetition by isaclinal

folding,wnich affected tne whole series,

- greenish_variations:

In Pantdalen occur chloritized, probably quartz- and
and calcite-free beds in this rock series, which can ne e=zlled
a chlorite phyllite, Ore 100 m thick bed is situated 3.5 k=
' of the mouth of Pantdalselva, and another ore aprears 2 km
further east, »lunging beneath the swarps in the middle Pante=
dalselv valley, The continuation up to Somrerf jellet coula not
be traced,

In tne region of Tdmmerhaugen zni Klemberzan, the calca-
reous phyllite grades into a greenish, strongly weztrers
rock, which is caloritized and partly epidotized, At =z nlace
rear Klembergan, it is rich in pyrite., I succose both tne
forming of the green minerals and of the ryrite to bte due to

the imbricated thrust vattern, caused ey the thrusting of tne
Helgeland nzuppe,



- conclusions and correlations:

The whole series provides the same appearance s the
"conglomeratic calcareous psammite™ (C. Lutro, 1979) in thne
Gjersvik area, south of the Borgefjell window, which belongs
to the Limingen group and there is called "Litlf jelltangen
formation". The sedimentary structures are not as well preser=-
ved as in the Gjersvik area, but I hope to find out their COnm=
parability. Lutro suggests shallow water environzent, probably
river deposits.

Foslie (1923,1924) called the sace series in tze Grong
district, to which the Gjersvilk area counts, "flysch formation",
a terw indicating some deeper marine environment,

Going with both interpretations, the pvebole-containing
beds could be designated as "pebbly mudstones! (Ieinecxk % Singh
1975, S. 388, citing Stanley, 1969 and others), wnich are foun

near river mouths and can be transtorted by mass=flow xmoverment

-~
[

into (contirental?) slove and subrarine fan environrments.
Thus, the depositional environment has to te one on *he
way from an alluvial to a sudbmarine fan, The high s=and oc
and the cross bedding suzgest low water dertn, but trne tu
exclude shallow water, so that shelf environrent seers to5 te tne
most probable one, The cartonatic petdles, which cannct te far
transported, derive obviously from a carbonatic source zraa
near to the depositional area = a continental environrent
(Helgeland nappe?) or, more to be exgected, an island =src, fronm
)

which tne GJersvik napve could be a remrant (Lutro, 1379

(2) Sommerfijell conclomerate

- positipn:

In the mapped area, this unit occurs only in the top region
of Sommerfjellet, and can be traced 1 km in i=3 Girection, and
Ce5 km in -7 direction. It is situated directly tersath the
Hattf jelldal thrust,

Lorth of the rapped ares it arrears again in Lne sare

- [T .

tectonic position with a larger extension, runninz norizwars
from Stortjdnn. On L. Zarkey's maz, it correszonis t2 tne eastern
part of the eastern conglomeratic layer at Sior:fijnn {shaset

Hattf jelldal),
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- descristion:

Tris conglomerate is monomict, containing only dolomite
pedobles., Unsorted, coarser layers soretimes show clast-supported
texture, which may derive from tectonic deformation, The clasts
range in size up to about 20 cm,

Better sorted, finer grained layers show mud-supported
texture, the clasts generally not exceeding 4 ¢cnm,

The shape of the clasts is well rounded to subangular,
which classifies the sediment to be immature, under considera-
tion of the carbonatic material,

Graded bedding is rare arnd poorly developed, the mode of
layering chaotic,

Tuae matrix is partly caleitic, partly corposed of calcz-
reous phyllite, wnich can grade into chlorite pnyllite., Chlorits
panyllite also forms intercalated layers without clzsts,

Calcitic material can be found as boudins within tiae calcareous
phyllitic matrix between the dolomite clasts, indicating zones

a5

of strorng tectoniczl deformation,

- sizilar rogcus:
At Sagbekken appears a very tain layer of a sirnilar rock
in the sarme tectonic position. The clasis are calcitic and more
isolated, whereas calcitic boudins are very cormon, The metrix

is calcareous phyllite,

- conclusions:

I consider the rock to be an olisthostrome, altihous:h a
typical olisthostrome would be polymict and contain bigger
clasts - except when there is no other material availadle.
If the material is provided by rivers as suggested under
'conclusions' (page 8), it can scarcely be coarser than the
observed grain size - provided, that the source conglozerate
was not cecmpletely lithified, The well rounded andfrounded
pebbles are resedimented twice at least, The chaoticzlly dis-
tributed matrix materizl and the lack of any beddirg suzgests
mud-flow transport rather than mass-flow nmoverent, which would
result in the formation of vebbly zudstones {see 2,321, (4)).

Tectonically, the formation of this olisthosirorme can be
explained by basin deepening or slope steepening during the
early stages of uplift or thrusting of tre Hattfjelldzl nappe.
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(8,2,c,3) rocks of urknown stratigrarhic vposition

S' of Crjevatret

South of Urjevatnet occur phyllites, partly quartz=-rich,
graphite phyllites, quartzites and different types of green-
stones, which has not been taken under consideration yet,

They resemble the later described rocks of the phyllitic/
quartzitic series of the Hattfjelldal nappe, except the quartz
phyllite, which here resembles tne calc. psame. phyllite (1),
from which it can only be distinguished by the lack of calcite.

23 Hattfijelldal ravne

2.31 Calcoreous psammitic prnyllite series (3,4,5)

- position:

Within the Hattf jelldal nagpre, calcareous phyllitss wicsh
and witrhout pecscly mudstones forrm the probable lowermost stra-
tigraphical unit, They apvear in the core of a fold (zrosazly
an anticline) running NIZI-3SW approximately along the voizor
of Susendalen and dipping softly towards the SSi, Thus, they
form many outcrops on the river banks and in the rozad cuts of
tne Susendal road. They vanish about 2C0 m south of the moutn
of Kvalpskarelven, cut by some faults, crossing the river valley,

They split up into several arzs, which will represent the
same horizon, repeated by a sequence of minor folis,

Between Kvalpskarelv and Molletexken, the units(3 and (3)
seem to grade into calcareous phyllites belonging to the carszo-
natic series. But tectonics in this area are very complicatesd
and badly exposed, so that no conclusions should be rade at
the moment.

~ description:
The whole sequence is bluish-grey incolour, which poirnts
to some cnhlorite portion in the rocks. They often apvesr as a
fine lamirated phyllite, with cartonate only in a few, silty
laminae, Jear the mouth of Kvalpskarelva, sore pyrite contents

has been observed,
Between Kvalpskarelv and lolleterken, the sedirent nas
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& more psanzitic composition, resembling the calc. psam. nhyllize
(1} of tke underlying nappe.

The unit (3) contains isolated pebbles,up to a few cm
in diameter, of subrounded to well rounded dolomite and, rarely,
well rounded quartzite, The distances between the pebbles vary
from dm's to tens of meters,

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

The unit (4), in previous works called "dolomit‘=kcnglozer .t"
(Strand, T., 1953), 1s much richer jn dolozite pedbbles than is (3).
The distances betwegn tte pebbles amre in the order of ¢z or dm,

I only found dolomite pebbles there, which reach a size of 10 e,
The matrix is rich in cezlcite, graphite and silty quartz;
phyllite with a chlorite portion forms thin larminae which give
rise to a slaty cleavage, coarser than in (3) and (5).

I suppose, that some of the greenstones, descrived under
(6), sre equivalent to the calcareous phyllite, In one cf the
cnlorite phyllite leyers in Pantdalen I found dolomits rpebiles,

- copclusions and corrglations:
urits "pebbly mudstones" (Reineck % Singh, 1975), as trhey a
fournd in tre underlying Koli rocxs, too. Both units, (i+1a)
and (3~5) might represent the same stratigraphical unit, thess
of the Hatif jelldal napre deriving from an area further west,
This suggestion has yet to be prooved by microscozical investi-

gatione.

2,32 Phyllitic and ouartzitic series

A typical feature of this rock series is the rapid change
of facies in both space and time., The lithostratigravhic crier
given in the legend to the map only shows the main tendercy
of sedimentary development, The phyllitic rocxs, and in tre
first vlace among them the graphite zhyllite, occur in rmany
stratigraphic positions, and are also found as squeezed-us

lubricants in thrust zones.
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The individual units of this series are not present at
all places beneath the carvonatic series. Thus, the quartzite
is lackirng on the western side of Susna, north of Mdllebekken,
In thne northern part of the Hattf jelldal nappe, outside of
the mapped area, nearly the whole series seems to be absent.

The rapid change of facies appears also within some of
the described units, so that only the normal features can be
described here. Furthermore, the different types of phyllite
change gradually, and thebed boundaries on the map cannot be
a correct representation of reality.

(6, 7) Chloritized ohyllitic and ocuartzitic rocks of
the Mikkelijord area

- position:

Chloritized sediments occur all over the western slope
of Sommerfjellet, and there are concentrated to its lower part.
The terrain falls approxirmately along with the bed surfaces,
which causes tre broad outcronping on the map. The entire
thickness of those sediments will not exceed an amount of
some tens of meters., The boundary between (§) and (7) on the
map had to be generalized,

- description:

The chloritic Phyllites (6) are light to dark, greenish-
grey phyllites, never calcareous, but often quartzose with a
fine slaty cleavage, Impregnition with iron-hydroxide is common,
resulting in a brown weathering colour, Beds of nearly (%)
cnlorite-free variations occur. The rocks contain veins,
which are rich in sulphides and probably magnetite, beside
quartz, known as the MNikkel jord deposits. I observed them,
in solid rock, only running bed parallel, but loose blocks
suggest, thnat tney also are bound to * E= running gaps or
faults, cutting the bedding planes.

The rock type (7) provides all stages between a guartzitic
chlorite snist with a coarser slaty cleavage than it has (&),
greenish=-grey in colour, and a chloritic quartzite, which
varies ir colour, but allways containing a layered or diffusively
distriouted portion of chlorite * other mica minerals. Ore
containing gavs occur, as explained above.
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- occurregnce_in other nlaces:
Greenish quartzite occurs beneath the Helgeland thrust
at Grublandselva., It also was observed between the carbonatic

and the volcanic series at Sagbekken,

- conclusions and correlations:
The chloritic sediments of the Mikkeljord region lie
in the same stratigraphical position, as the phyllites do in
other places, As some of the greenish rocks represent ancient
calcareous phyllites (see p., 11), will the bulk of them regpre-
sent rocks of the phyllitic and quartzitic series,
Chloritization and sulphidization has been facilitated
by a well developed system of gaps and faults, caused oy
nappe imbrication and conjugation. The whole mountain sliore
at FMixikeljord could be a minor thrust plane, tne tarusted
unit beeing eroded. This sugcestion is supported by the fact,
tnat at Grublandselva, where phyllitic and quartzitic rocks
underlie the Helgeland thrust, chloritization increases =zs well,
Furthermore, exactly south of tne likkeljord arez, there
is a minor thrust zone witnin a block of lower tectonic level,
which falls nearly parallel with the terrain,as well, and
wnich could be the continuation of the supposed thrust z%t [ ilk-
kel jord. Trere, the presernt tarust line would be covsred Gty
tne glacial deposits on the bottom of Susendalen,

(8, 9) Phyllite and cuartz ohvllite

- position:

As ohyllites occur throughout the whole pnyllitic/guartzitic
series, they are not restricted to certain areas., The bulk of
them lies stratigraphically above the calcareous phyllites
(3=~5) in Susendalen, but they appear in Pantdalen, (rjedalen
and on tne western side of the mapped area as well., The main
beds in Susendalen vanish south of Servollen, wrere tie whole
series is cut by faults, which cross the river vallsy, and thnen
occurs again as very thnin pnyllitic layers near the Hazitfjelldzl

~

thrust =5t of Ivarrud,

-.descriztion:
The unweathered vhyllite (8) has a typical sericitic lustre,
possesses a very fine slaty cleavasge, which soretirzes is foldea,
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giving rise to a c¢renulation cleavage, The guartz-rich variz=-
tions (9) may have quartzitic laminae of light colour up to

a thickness of some mm (5' of the Pantdalselv mouth), or
larpinae of a dark, fine-grained, quartz containing mineral-
mixture, which yet has to be defined microscovically.

The weathered variations are soft, brown, slaty rocks,
in which remnants of sericitic planes may occur.

In' some places I found intercalations of quartzitic
layers, In the river bed of Kvalpskarelva at 480 m, at a
waterfall, sorme of those dm=thick quartzites grade into phyllite,
possibly representing turbidites.

No further conclusions,

(1C, 11) Quartzite snist and cuartzite

- Dosition:

Quartzitic sediments occur interruptedly along a bow
from the upper,vestern slope of Sorrzerf jellet, crossinz the
lower Crjedal, the river 3usna at Klerbergan and furtrer soutn,
then turning northward with several outcrops at tne eastern
sides of Kvalpskarakslen and Skinnf jellet, They nearly dis=-
appear further north in the Hattfjelldal 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,

The term "quartzite shist"™ is here used as a descrintive term
for different types 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 exposed, so that a detailed descrigtion
is not possidble at the morent, If sedizentary structures are
present, they mostlyconsist of parallel lamination, Cne outcron
between Tommerhaugen and lervollen srnows graded cuartzitic
layers, alternating with phyllites, Cne coarse-sand-sized quartzite
body, probably transported by slurping, caused synaeresis in the
underlying clay (phyllites),
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These are quartzites with different bank thickness,
often parallel laminated, consisting of sand~-sized quartz
grains, mica (partly chlorite) and ore (pyrite + others?),

Even within these banked sediments occur occasionally separated

quartzite bodiles, whick are lacking any structural orientaticn
(f, ex. on top of Skjerphaugen).

No further conclusions,

(12, 13) Graphité ohyllite)

- position:

Graphite phyllite appears in the stratigrapriczl order
mostly under the quartzitic beds, but in some cases zbove them,
as well, It seems to revlace stratigraphically some of the
phyllitic beds on the eastern side of the main anticline,
Furthermore, it often acted as lubricant for thrusting of the
Hattf jelldal navpe, and can particularly be found in tais
position in Pantdalen and {rjedalen.

This can be applied to the calcareous graphite phyllite
(13) on top of Sommerfjellet. This rock type can seldom be
fournd in its original stratigraphical position., It then forrms
small lenses within carbonatic or phyllitic layers, or is a
transitional sediment between phyllites and carbonates with =z
graprite portion.

~ description:
The graphite phyllite (12) is a fine slaty phyllite,
consisting of fire-grained mica, graphite and quartz grains,

plus a varying amount of pyrite, Crenulation cleavage can commonly

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,

ilo further conclusions,



2.35 Carbonatic series

A - - e o e

The map distinguishes dolomite and two different types
of limestone, 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 type
normally having no preserved sedimentary structures, the dark
one being distinctly bedded, However, this devision does not
exactly go albng with the colour. The different types are
grading into another, the devision by colour being easier
mappable. In the region of Ivarrud, even this had to be simpli-
fied,

Phyllitic, calcareous phyllitic, quartzitic and conglore-~
ratic beds are intercalated with the limestones.

(14) Graded dolomite conglomerate

- position:

This rocx type was only found north of Nervollen, where
it is underlying dolomites and limestones of the carbonatic
series., The lower boundary is cut by a fault, Exposures alon
the Susendal road,

=
<

- description:

The sediment is composed of graded conglomeratic beds.
The graded units have a thickness of about 50 cm, starting
with conglomeratic grain sizes (2-3 ¢m) and ending in coarse
sand. The pebbles are subangular to subrounded, dolomitic, and
show partly imbricated pattern., The whole sediment is grain-
supported, the pores being filled up with phyllitic raterial.
There is superimposed graded bedding within the sand= and
grit-sized parts, the thickness of these units lies in the
order of 5 cm,

Going upward, coarse-grained beds vanish, Finally, the
sediment is followed by dolomite aloxng the road cut, obut further
east by banded limestone (15),
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- conclusions:

After R. Jalker (1975), this conglomerate type is typical
for the turbidite association (graded-stratified model) and
there deposited in the lower parts or at the exit of subrarine
canyons, Therefor$ inner submarine fan or canyon environment

is suggested,

(15) Hattfjelldal conglomerate/breccia

- positign:

In the mapped, area it forms the core of a minor syncline
north of Ivarrud. Limestone (1?7) is intercalated. 20ad cuts
provide exposures,

Furthermore, small outcrops has been found on tne 3,!
slope of Sommerfjellet, where the boundary of dolomitizaztion
is running through it,

The largest area covered by this rock is situated at
Stortjorn, and to the north of it, outside of the martei zrea
(N of Unxkerelven),

- description:

The typical appearance is a mud-supported breccia, The
pebbles, up to C.5 m in size, consist of angular to susrounded
dolomite or limestone (partly,(16) could be recognized),
rarer quartzite, quartz shist and graphite phyllite, All of
them can te found in the carbonatic series itz21l, Sore bteds
with smaller (about 5 cm) pebbles, rounded to subrounded;
exist, and even fine-grained, clast-supported breccizs nas bveen
found at Stortjdnn. V

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

One boundary of the breccias usually is sharp, the otker
is unsharp because of (overlying?) sediment mixed with the
matrix of the breccia,

Frequently observed clast-suprorting in the sedirzents is
thought to be due to tectonical deformation. Pressure sclution
features between neighbouring clasts car be séen, as well.
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- corlusions:

The observations point to a slow mud-flow transport of
the sediment, Both pebbles and matrix seem to belong to tne
carbonatic series, in which the breccias are situated thnemselves.
It can be called an 'olisthostrome' (Gdrler & Reutter, 1567),
or more correctly: an intraformational olisthostrome. The source
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) Dark limestone

- position:

The dark limestone variation is common all over the western
side of Susendalen, Typical cross-sections can te seen at Rvalo-
skarelva, Ytter-Djupdalbekken and Grublandselva, This rocx
type is rare in the east. It there shows transitioral changes
to the light limestone variation (17).

w

Fylonized and recrystallized limestones (rmarbles) apnear

commonly in thrust zones, acting as lubricant.

- description:

The tyrical features are medium to dark grey colcur,
often bluish, alternating layers of occasionally graded, arenitic
layers of calcite (# quartz) and thin phyllitic/cz.-siltose
layers. The thickness of the single rhythmic units is bvetween
about 1 and 10 cm, but is thought to be derinished by tectonical
deformation.

Within this unit occur phyllitic, graphitic and quartzitic
beds, and some of the Hattfjelldal conglomerate, as well,
Pyrite 1s a common postsedimentary mineral,

- conclusions:

Grading, grain-size distribution and rhythcic layering
suggest clastic transport and deposition out of suspernsions.
This fact, and the association with thne submarine fan congloze=
rate (14) makes it reasorable to consider this unit as beirng

turbidity current deposits of disthal character,
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(17) Lignt limestone

- position:
The lignt 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 side

of the Hattfjelldal nappe, Transitional changes to dark lime=-
stone (16) are given,

- descrivotion:

- e = e G

This rock is a fine grained limestone with norcally no
sedimentary structures, Irregularly distributed dark, graphite
containing areas are common, At one locality, S4' of Sommerfjell
top, a light coloured (graphite-free) variation of the banded
limestone (16) occurs,

In the contact zone of the gabbroic intrusion 5' of Ivarrud,

the rocks are altered by contact metamorphism and aptear to
be bedded,

- ¢conclusions:

The distribution of the limestones (16) and (17) suggests
a lateral facles representation.

(18) Dolomite

As the limestones cah be dolomitized partly, the boundaries
were mapped by means of reaction with HC1l, dolomite being
inferred when there was no distinct or quick reaction on un-
weathered surfaces, The irregular and conplicated distribution
of dolomites had to be mapped generalized,

- position:

Dolomite is a throughout common sediment in the caroonatic:.
series, only lacking on the western side of Susendalen, north
of Kvalpskarelva, It is intercalated with both lirmestone tyres,

~ description:
The dolorites are mostly_white, but may be light to dark
grey, as well, Due to their graphite contents, diffusively spotted
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variatiors exist, They are unlayered, but in some cases banked,
The boundaries to the limestones can be sharp (tectonic?) or
transitional (diagenetic dolomitization?),

No further conclusions,

2¢34 Volcanic (?) series and other magmatic rocks

Between Sagbeklten and Sandskarf jellet, a sequence of
greenstones, brittle phyllites, spotted and banded shists,
interbedded with some quartzitic rocks is exposed, Those
greenstones are not bound to tectonic zones as most of the
others (lMikkeljord area) do, Their metamorphic grade is obviously
higher than the one of the other series. The contacts to the
carbonatic rocks are badly exposed and zay be tectonic. In

one case at 449.7/7255.0, I found a sedimentary interbedding
of limestones and the fine

~banded greenstones, which might be
tuffites,

I suvpose this series to be of volcanic origin,
carnot be prooved yet, Its

but this
assumed stratigraphical position
on top of the carbonatic series is not sure, as well,

detailed mapring and saxpling in this region and further soutn,
where the Hattfjelldal napve attenuates, will be necessary,

A more

Rocks of doubtless intrusive character within the nattf jell-
dal nappe can be found as follows: )

a) 3ills of some dm or m of thickness, cutting the ¢
natic series near the Helgeland thrust zone, They are fine-
grained, dark grey rocks, often pyritized, They seen to be
equivalent to boudins, occurring in the same zone,

b) Two limbs of a porphyroblastic, basic rock NV of
Ivarrud, probably a sill of-originally‘gabbroic composition,

c) A foliated, diaphtoritic, porphyroblastic nmeta-
granodiorite (

aroo=

?) intrusion in the carboratic series at Sagbekken,

At Ytter~Djupdalbekken, near the Felgeland thrust, some
of the sills (a) occur together with an amphibolitic material,
probably emplaced tectonically,
nappe,

deriving from the Helgeland
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2elt Helgelsnd naone

The rocks of the Helgeland nappe have not been object of
special consideration. Generally, they are of medium=grade meta=-
morphism, but éhowing diaphthoresis near the thrust zones,
There, rocks are mylonized, partly recrystallized and often
strongly foliated,

Obvious magmatic rocks are almost restricted to different
types of quartz diorite, both fine- andcoarse-grained, Beside
that, a minor area S' of Kvalpskarakslen is covered by a rmediuzme
grained, probably gabbroic rock, which is cut by fire-grained
basic veins, Basic veins cut the quartz diorités, as well,
Between Sagbekken and Sandskarelva, a pegnatite of granitic
composition apvears.

The remaining rocks of the Helgeland nappe,cverlying thne
mapved part of the Hattfjelldal nappe, are different tyres of
mica shists, banded gneisses and amphibolite. An interestirg
feature might be serpentirite bodies with chrysotile and talk
growtl: at the boundaries., They occur abundantly in the tozo
region of Sandskarfjellet, each sore meters in size., The diggest
ore is situated less high at 448.5/7256.5.

3. Tectonics

3¢l The Hattfijelldal thrust

The tarust contact between the Hattfjelldal rarpe ard the
underlying Koli unit (Leirpikvatnet or Stikke nappe?) is folded
and faulted. As it follows the isoclinal folds of the K&li rocks,

its thrusting must be an early event in the deformational history
of the Koli rocks, ' B

Some features of the thrust ar liéted here:

Sandskarbekken (at 680 n):

strongly deformed, probably recrystazllized lirestore (18),
alternating with calcareous phyllite, upward followed by rocis
of the volcenic series,

Sagbekken (at 600 m):

calcareous phyllite with pebbdbles of white, coarse crystalline
limestone, which are mostly rolled out tectonically, forming
baudins. Followed by some meters of caloritic quartz shist, rich
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in pyrite, ana finally a payllitic variation of the darkx lime-
stone unit (15).

“r

Teniugen (rcad cut, 8CC m WY of Ivarrud):
Phyllitic lenses of varying thickness separate the two
nappes.

Orjedalen, N' side:
Thick layers of graphite phyliite form the thrust plane
of the dolomites of the Hattf jelldal nappe.

Sommerf jell top:

Sommerfjell conglomerate, forming the thrust corntact,
where the pebbles are partly boudinized., Furtiaer east, the
thrust zone 1s a calcareous graphitic rock, folded arcund
tnrust-parallel fold axes, The shear zones cutting tne folds
are younger.

Pantdalselva:
Partly recrystallized lirmestone mylonite, partily grarnnite
pnyllite as lubricant.

Tre described contact features suggest, taat only mirnor
thrust movement took place here, ray be some few xilcmeters,
but not attaining a napve transport in the order of that of the
Helgelapd thrust,

3,2 The Helzeland thrust

The thrust contact between the KO6li and Helgeland rocks
is unfolded, but imbricated, and at some places faulted, Between
Sandskarf jellet and Kvalpskarakslen, a dip of about 25° ;i
could be measured on air photos,

The underlying Hattfjelldal rocks are strongly deformed,
nostly boudinized limestones, partly mylonitic and recrystallized.
Boudins in all sizes up to some meters are common, they consist
of deformed sill material. Limestones also occur being squeezed
up between harder rocks.,

The upper part of the zone are strongly foliated or
mylonized variations of the thrusted rocxs, showing srearing
and diaphtroresis, 7
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3,3 The fault vattern

The observed fault pattern postdates the Eattfjelldal
thrust and isoclinal folding, partly the Helgeland thrust,
as well, It is presumed to have developed simultaneously with
and after thrusting,

The faults derive from two major events:

a) Imbrication of the nappe pile, The imbrication faults
in the K6li rocks, running in N-S direction down from XCssvatnet,
turn into NE-SW direction within the mapved area. This is pro-
bably due to the Bbrgefjell massif, which is underlying the K&ii
rocks here in relatively low depth, and resisting to the thrust
movement, This may be the reason for the more intense imbrica-
tion in this area, as well,

b) Conjugation pattern, developed by horizontal zressure

affecting the rock pile and causing diagonal faults with lateral
and vertical moverent,

Ss4 Tolding and foliation

The main fold phase formed isoclinal folds with an axial
rlene foliation, Stratigravhic boundaries run arzroxicately
parallel with the foliation, \Where they turn round, a crehula-
tion cleavage can be oboerved, which prooves the existence of
an earlier foliation, about parallel with the bedding. The
isoclinal folds exist in all orders of size, from k= to crm.

A second phase of folding is widely bending tne isoclinal
folds, This can be observed in the southern part of the mapped
area, is nearly lacking between Urjedalen and Pantdalen, but
appearing again further north, near Unkerelvdalen, ;

Folds, which are distinctly bound to thrusting of the
Helgeland nappe, provide an increasing deformation towards
the thrust plane, Fold axes of varying direction occur. As
approaching the thrust plane, fold axes are getting more and
more parallel with the shear direction of the rylonites,

It is not possible yet to say, if these two foli tyrnes
represent one or two phases of folding. They may srzde into one
another without a remarcable break. A crenulation cleavage
bound to these folds has not been fourd.
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4. Sulphidization

As the whole area is strongly sulphidized, I am 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:

a) As many of the graphite containing sedirments -
graphite shist (12, 13), dark limestone (16}, peboly mudstone
(4), partly dolomite (18) - are rich in pyrite, it is supposed
to be of sedimentary origin, HZS provided by rotting of organic
material in euxinic environments, Later concentration and
mineral growth took place during metamorphism, Examples:
Graphite phyllite in road cut at 453.8/7259,5; dark limestone
in ancient, overgrown quarries at 452/7260,5.

b) Basic sills cutting the limestones and dolomites near
the Helgeland thrust, often contain pyrite * other sulphides,
where they are probably due to reduction of the iron (and other
metals) by volcanic gases. Concentration and mineral growtn
by later metamorphism. Examples: Sills in dark limestone at
Kvalpskarelva at 451.5/7259.7; sill in dolomite at 448.85/7255.5.

¢) Pyrite and other sulphides can be found in all rocks,
bound to the closer environment of fracture zores and quartz
veins, due to hydrothermal activity. Thus,areas of intense
fracturing are favoured in getting metallized, Zxanples:
Fikkeljord area, metallized chlorite-guartz 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 deformed dolomite (18) and fine-banded green-
stone (23) in connection to the Helgeland thrust at 443,8-
449,2/725540=725548. .
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5+ Summary and Conclusions

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

A: Calcareous psammitic phyllite series:

As this series forms the higher parts of the underlying
nappe, as well, there cannot be a remarkable Jump in stratigra-
phy between the two nappes. The depositional environment is
supposed to be shelf environment with intercalated mass=flow
deposits (pebbly mudstones), getting in from a higher topograpnic
level (shore, delta?). Increasing rass-flow movement at the
top of the sequence is probably caused by increasing tectoric
activity,

B: Phyllite series:

The variety of euxinic/non-euxinic sediments and of thre
deposited grain-size and the rapid lateral changes in facies
suggests the development of a threshold/basin pattern.

C: Quartzitic series:

As sedimentary structures in tre quartzites are rare, a
determination of the depositional environment has not been
able until now. Some slumping, causing synaeresis, and probable
graded bedding suggest a partly rapid sedimentation, As pure
auartz bodies only apvear as local incasts, a delta=~lixe envi-

ronment might be supposed, All corresponding sediments have bhean
found,

D: Carbonatic series:

Here, a lateral facies representation of two limestone
tyves is given, one of them being considered as turbidity current
deposits, the other - with reservations - as snallow water
limestone,

A graded conglomerat, being determired as a'submarine
fan conglomerate, indicates the way-up direction of the sediments,
which is going along with basin=-deepening, By applying this tene
dency to the whole facies distribution, the here applied way=-uxz
direction of the whole Hattfjelldal secuence can be presuned,

Furthermore, olisthostromes are interbedded in the limestore
series, which is partly dolomitized.

For tne whole series, a flysch-environment is supposed,
possibly bound to the early stages of nappe transport.,
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5! "Wolcanic" series:

This is a series of greenstones, whose volcanic origin

has still to be prooved, The assumed position on top of series
D is unsure, as well,

Nowhere, low-grade metamorphism is exceeded, most of the
area only shows chlorite zone, Biotite occurs occasionally,
most frequently in the rocks of series E.

The tectonical deformation is dominated by isoclinal
folding and by intensive nappe imbrication, going along with
conjugated structures, The order of tectonlc events is presured
as follows:
1) s,~foliation about parallel to bedding
2) Hattfjelldal thrust, local folding (f ) at thrust olan
3) fl-folas, isoclinal, with axial plane follatlon S5
giving rise to crenulation cleavage
4) fa-folds in the southern and northern rarts
5) f(2 or 3)-folds, increasing towards the felgeland thrust,
tarusting of Helgeland naprc, intrication and ok ju
gation faults
6) further faulting

‘-

Fetallization (pyrite and other sulphides) is bound to

a) sedirentary sulphidization in euxinic environrent,
concentrated by metamorphism;

b) volcanic veins;

c) hydrothermal activity in fractured zores near tarust
planes.
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