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THE GEQLOGY OF THE AREA AROUND SUNDET, S@R~-TRONDELAG

Abgtrgct
An area of Lower Ordovician sedimentary, volcanie
and intrusive rocks around the farm Sundet in B¢r Trondelag
has been mapped and this work makes it possible to extend

~ the sucoeasions and structures previously recognised in

neighbouring areas by Vogt (1945), Carstens (1952) and
Chadwiok and Co. (19637). The "Jaren Beds" of Vogt are
shown to be Houin Group. The structure of the area is
determined by two major fold directions. The degrco.ot
metanorphism is chlorite~biotite.

introquetion

Excellent work on the Stdren (Bymark of Carstens)
and Houin Groups in the Lower lFalaeogoic has been done in
the low grade metamorphosed area south of Trondheim hetween
Gaudalen and Orkladalen by Carstens, W., (& Carstena, H.)
Th.yogt, and Chadwick and Co. The preaent study which was
gsarried out in order to correlate these three mapped areas,
consisted of an investigation of an area of some 25 8q. miles
(70 8q. dms.) around Sundet. An extension of this work
into the neighbaring areas mapped was carried out in order
t0 make this ocorrelation,

The mapping done by the present author was not as

detailed as that of Chadwick and Co., but over 700 outcrops
wére examined in a period of 6 weeks in the dry summer of
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1963, The exposure was not good, with valley alluvium,
forest, and hill bog covering much of the geology, and few
lithological or structural contacts were seens This put

the mapping AamexkyxiXuzxyprsze of intricate minor structures
out of the question, but the mapping of large structures
was 8till possible, and as the trends and lithologles were
reasonebly constant the present author considers his general
gonclusions to be Juatifiled.

The area was mapped on kodatrace overlaye on aerial
photographs kindly supplied by Orkla Grube Akliebolag. A
mosaie wae constructed from these to show roads, rivers and
lakes at a acale of approximately 1:15,000. This mosaic
has inageuracles due to photographic aberration at the edges
of the photographs, and human error, dut is accurate anough

for the work in hand.

Regional Correlation

For the purposes of regional correlation, previous
work neighbouring the area mm mapped must be summarised.
Vogt (45) mapped a part of the Ilglonda-iiorg district
as 8 basis for the stratigraphy of wider areas, and proposed
the following succeseion (Table 1) for the North Weat of
the Hflonda-liorg area. This adjoins the east of the area

around Sundet.
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TABLE I

Clandeilian| Lower _AbSen® . ——

15 Hflonda Andesite

Houin ‘4. Helonda Limestone (fossiliferous)

'3, Hflonda Shale

Clanuirnian !
2. Gaustadbakk Breccia + Almaas MNudstone

|
| Series|y venne Conglomerate

EBroak

Stfren|3. Upper Stfren Greenstone & Houe Slate
2. J8ren Beds

1. Lower Stgren Greenstone

Skiddavien

(Areniglan) | g0 00

j/Carstens (1951) in Lekkenfeltets Geologi recognised thres
major groupings: Houin gruppen ]
Bymark gruppen |
Rgros gruppen

Blake (1962), from graptolites found in the Bogo
Shales of the Fgeldheim Beds in thé lower licuins, showed
this horizon {0 be equivalent to the phyllograptus densus
gone (3b) of the Middle Arenigian,.

The present author has recognised the succeasion
glven an Table iI. in which the succession noted by Chadwiock
and Co. also is summariseds The stratigraphy remeins fairly
constant over the area and can be extended eastward into
the ground described by Vogt. Table II shows the :uggested

correlation boetween the two nress. A less detailed correl-
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ation between the area described and thet dealt with by

Chadwick and Co,

Carter

also is shown,

TABLE II
Vogs

| Chadwick end Co.

Upper Arenaceocus
(sandstones & g

‘Ebrphyritos
(intrusive &/or
extrusive)

Shalee and
~ Limestones
Lower Arenaceous

limestones &
sandstones

grits
conglomerates
Conglomerate &
Sandstones

TUFPFS

LAVAS
(undifferentiat
ed lavas

e —————

' Liméstone

Shalgd S L. a4
|Gaustadd Ereccia

& Almaas ludstone

I
!
Hflonde indesites Ilntrusive Porphyrites

Venna Conglomerate

|
iNyplassen Beds
(shales & sandstones)

-

Fjeldheim Beds
shales
limestones
sandstonesa

Fjeldheim Conglomerate

(Not mentioned)

Storen Series

;
l
i

STOREN GROUF

(sedimentaries, vol-
canlca, pyroclastios)

"The tadble shown is constructed on a structural and

lithologifial baasis rather than a stratigraphic basis. The

porphyrites are not considered by all workers to be inter-

stratigied in the Houln Group,

No fossile were found in

the area and therefore no correlations were possible from

palaeontological evidence.

Success S
The lowest beds in the Sundet Area belong to the
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Stgren Group, which are a group of basic volcanics commonly
termed greenstones, and also possibly including asome sedi-
mentaries, The boundary with the overlying Stgren Group is
marked by a thick conglomeratic sequence; various authors
appear to have fixed the actual boundary at different levels
in this sequence. The present author regards the exact
fixing of this boundary as 1mﬁraoticab1q a8 no foseils are
found and most conglomeratec are, by thelr nature, dla-
chronous. lever-the-less, the difference is very noticeable
between the basic volcanics of the Stfren Greenstone and

the sedimentary rocks sabove.

The sedigentary Houin Group includes thick conglom-
erates, grits, tuffs, sandstones, shales, and limestones.
iny one broad lithological unlt may extend along the ctrike
over the whole area., liowever, individuel buands of'any rock
type may disappear along the.strike, probably due in most
cases to facles changes. The stratigraphical position and
nsture of the Forphyrites is much in dispute, but structurally
they 1ié near the top of that part of the Sfgren Group

represented in the area.
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STYREN GROUY

The Stdéren Group ocrops out in three parts of the
area. The Stdren Creenstones are typically basaltic and
are epldote rich.

A% Snoton in the North West a2 small inlie of lavas
appears to be overlain by green shalee which are followed
by conglomeratic Houin sandstones with no marked uncon-
formity.

in the horth isast at Krokstad Saetar another large
inlier of lavas occurs. The north western boundary is not
seen, but the eastern boundary is well marked, with a dis—-
tance of only some 20 m. between outcrops of definite lava
and typical conglomerate respectively. TheAnlier reaches
a maximum width of approximately 1 km. in this area. A
distinetive tuff layer in the greensiones oeccurs near 1o
the south eastern boundary.

These Stfren greenstone inliers are of great aid in
determining the structure and stratigraphy of the northern
part of the area.

Taking Carstens (1952 . Karte over Lfkikenfeltets)
Stgren~Houin boundary to be correst through the lake
Suorksgoen, the Stfren would sppear to include a sedimentary
sequence at the top. A diagram indicating the stratigraphy

of the Stfren of the western shore of Suorksgoen 1= given

below.
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Houin Conglomerate
4 R e - . % S 0
laninated .
b= Stdren Conglomoratc (gresnstone Breoccis
rocks ; of Carstens)

e, -—.*-—-u,\--

distinctive tuff banad |
LAVAS Skgrea

|

The lavas are spidote rich basie lavas and include
masasive and pillow varictieo. The pillows have an epidote
rich shell just inside the surface; thie shell occuples the
core of smaller pillows. JDue to the sagging into earlier
piliows of later more plastic ones, the characteristic
"'¥_.ing gives excellent younging evidence and show the Stdren
of this area to be inverted. The pillows l1lie in an appar-
ently amorphous or cryovtocrystalline quartz matrix which,
due to its red nature, has been termed Jasper.

The distinotive tuff has large idiomorphie orystals
of felspar and quarts in a fine grained matrix mainly of
white mica, which ia probably secondary alteration after
fine grained felspar., Chlorite has developed in cracks
and round the edges of the diomorphic erystals. The band is
variable; having only scatiered ldiomorphic corystals mfximx
in some outocrops, but bein: predominantly composed of these
crystals in other outerops. It is constant along the strike
for over 1 kms and ies very similar to the tuff band described
near Krokstad Saetar.

The laminated fine grained beds are probably pre-
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dominantly sedimentary but could in pﬁrt be laminated lava
flows; heavy alteration makes thia difficult to decide.
The conglomerate differs from the lower Houin conglomerates
only in thet the gasper shows very ragged edges in places.
These edges probably result from the original poeition of
tue Jasper as the matrix in between the'pillow loavase, It
mnay be that these conglomerates and laminated rocks above
the tuff band in thls srea should be included in the houin
sroup. The junction between the lava, submarine flows, and
the sediments is well warked but there 1s no clear distine-
ticn between tne conglomerate in this z2rez and the con-
glomerates which have been mapped by the preszent and previous
suthors elsewhere.

The major Stgdren inlier mapped by Vogt which crope
out Just to the rast of the area mapped by the present author
wes examined whilst ffaversing over Vogt's Upper Greenstone-
Jiren Deds~Lower Greenstone succession through klegstad.
Ine sedimentary J8ren beds were sugsested by Vogt to be
normally intercalated in the Greenstones unless major thrust-
ing were to be inferred, Tue author here suggests that
these are in fact normal lower louin Croup rocks lying in
a2 syncline between the itgren Greenstone outcrops. The mep
produced by the zuthor shows how these intercalzuted beds
are & branch of the larger Houin outcrop to the southwest.
The porphyrites, which Vogt regarded primerily as normelly

interbedded lava flows in the nouin Group, unfortunately
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wedge out along the strike in this syncline 1 ¥m. southwest
of Vogt's map area. Vogt would undoubtedly recognise the
true liouin age of his J8ren Beds had these porphyrites con-
tinued along the strike to leéstad in his map aresa (see
fig. 1 and map).

IHE HOUIN GROUZ

The llouin Group is represented in the area mapped
by four main seguences of strata which for convenience may
be termed the Lower Arenaceous sequence, the Limestone and
hale Ssquenoce, the Porphyrites, and the Upper Arenaceous.
Thnese namesa are atrictly for local use in the area under
consideration and are not being put forward as alternatives
for the many names that have already been given for the
rocks of the Lower Houin in the surrounding areas.

&

ovig rea ous o ence

This sequence is made up of conglomerates, grits,
sandstones and tuffuceous material with very local develop-
ments of limestone and shale, The sequence thins from
cireca 600 m. by Langgoen to circa 300 m. in the Jarengrenda,

The conglomerates rarely have a true framework of
pebbles but more usually pebbles are scattered in greater
or leeser quantities in en unsorted matrix. Poor sorting

is general in this lowest sequence and in one outcrop grain

gize can vary from cobbles to grits and even shales,
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Overall it cen be sald that the beds are coarser downwards.
The pebbles ere usually of Jasper (in the local sense of

the word - amorphous quartz stained red), and green probably
volcanic rocke sscribed by Chedwick & Co. to the Etdren
Greenetone luvas. The Jasper ranges up to blocks almost

a metre in diameter in the conglomerate exposed 1ln road
cuttings along the north edge of Svorksgoen, and is often
less well rounded than the well rounded rock) pebbles. There
is some mystery as te the origin of these Jasper blocks and
pebbles, the exposed greenstones not having Jasper either
in very gzreat guantities or large aggregates.

The beds sometimes show good sedimentary structures.
¥alae bedding for exauple 13 well shown in an outcrop on
tanxsaxtkeraxxiarexgtxfurngeen the hill just west of Sundet.
An outerop on the southern shore of iorsgoen shows 2 sharply
defined layer of pebbles lying on fine sandatones, but
grading upwards grasdually througi grits with scuttered pebbles
into sandetones, over a vertical distonce of 2 m. What appear
to be turbidite units 30 ¢ms thick with grit bases and shaly
tops = occur in the villey north of Sgomoen and exsmples of
load easting oocur neardy. All these structures provide
~ excellent younging data.

A large area of the Lower Arenaceous sequence occurs
to the north of the major porphyrite outcrop.

hrxinxgexazazxtaxkexnaxtiixafx ke xnagaeipexpkxxkin

AXARTARYXARIRLRR



A large outcrop of the lower Arenaceous sequence is
brought up by the Northern limb of the syncline which runs
from Boverdalshaugen in the west to Klegstad in the North
.ast. The large area of this outcrop, an area containing
ieklorli and liorsgoen, is due to the many fold axea which
rgpeatedly bring it to the surface. Thé rocks are essentially
similar to the rocks of the Jouthern limb of the syncline
kx but lime nodules ocour and even zarble beda outcrop.

The conglomerates are of less importance and a grit with
pale green grains scattered in the matrix is very common.

The rocks in the fault block to the south of Lorsgoen
are all conglomaratic, eteep dipping and of great thickness
unless they have sufflered intense parallel folding. They
include very few sand and shale horiuons, and the age of
the rocks of this bloek cannot be deteriined as the top and
bottom are unseen. They are however lithologically very
gimilar to the conglouerates of the Lower .renaceous and
are therefore considered here.

The exposures elong tie road by Blokkan and Lstenstad
in the J8rengrends are of a very hard, pebble free, occasionally
gritty, grey-green sandstonec, This also occurs in the hills
to the southeast. The continuation of these beds to the
north east at Reastad shows a nmore typical slightly schistose
conglomerate, containing snlso some lime nodules.

In the above descriptions such names as "sandstone"

have been used in the lithological rather than the mineral-
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cgical sense of the name, the name being used to denote
grain size and method of deposition. The grains ineclude

o wide range of minerals and rock fragments, but quartz

end alkali felspar g€rains predominate. Heavy mineralas also
are common sedimentary constituenta. In faoct some of these
rocks could be water-lain tuffs, As many conglomerates
occur in this srea mnd are ususlly local developments, it
would be incorrect to attach any of the proposed names for
the various conglomerates of the Lower Hovin in surrounding

areas to the conglomerates cropping out in this area.

Limestone and Shale Sequence

It ips convenlent to take together the limesatones and
shales which lie above the Lower Arenaceous Seguence; as
their outerops suggest they are local developments witnin
the same general horizon. ihe sequence varies in thickness
from over 300 m. in the J8rengrenda to nil in the far west.

limestones develop locelly at or near the top and
vottom of the sequence and can continue along the strike
in places for quite considerable distances. The limestones
can be white grey or black, always recrystallised, and
coarse or fine depending on the smount of recrystallisation.
It is thereforxre usually difficult to ascertain their original
form of deposition, slthough recognisable reef brecclas
sometimes occour for instance between Konstaalﬁkken and

Blokkan. The limestones also often contain "ruckled banda™

of arenaceous materials which are usually about 1-3 mm,.
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thiok. The bands are sedimentary features and illustrate
well the plastic deformations of the limesatones.

The shales are predominantly grey and sometimes
green, and rarely show any good ocleavage. Inclusions of
flecks of an irom mineral said by Vogt to be pyrhotite often
gocur. Occasional sandy bands indicate the bedding, and

the ashales also sometimes contain lime nodules.

The Porphyrite

It is convenient to deal with the Porphyrites here
s they oecour, strueturally, above the limestone shale se-
quence and below the Upper Arenaceous Sequence. The sheet
varies from a maximum of cireca 300 m. around Konstadlokken
t0 nil near Klegstad.

The two pioneer workers in this area, Garstens,(c.wz),
and Th. Vogt, clearly disagreed as toc the stratigraphical
relationships of the porphyrites. The former regarded them
as intrusive and probably discordant in most cases, the
latter regarded them as laias normally inserbedded in the
Hovin Group. Vogt even subdivided the porphyrites strati-
graphically into Almaas and Berg types, but he acknowledged
8 discordant intrusive relationship for a minority of the
outorops. Chadwick and Co. oonsidered them to be mainly
concordant intrusions. The present author considers the
problem not solved and notesi-

(a) the porphyrites contain no phenocrysts in the

bottom 2-3 cms. in outcrops at Boverdalshaugen and Konstadlgkken,



(b) the phenocrysts are dragged out along the base
of the porphyrite in the possible flow direction, near
ronstadlgdkken.

(¢) in places the limestone underlying the porphyrite
appearﬁ t0o have been unduly heated so that it veins into
the surrounding shales; good examples are noted at the tip
of Ramsberget.

(d) hslf a kilometer morth of Gdsbakken a wedge of
limeatone sbout 2 matres thick, is inocluded within the
porphyrite. From the basal contact, branching veins of
coarser grained calcite cut through the ruckled arenaceous
bands and finer grained limestone - suggesting infilling
of oracks produhed during contact imfx meimmorphism by 0&063
riech liquids.

(e) there is a distinet lack of any typical lava
flow features or indication of separate flows in the por-
phyrites.

All the above data suggests an intrusive origin for
the porphyrites but there are two lines of evidence for an
;;truaive origin for the porphyrites.

1. In the area mapped there is not the great amount
of thermal metamorphism that would be expected from the
emplacement of a aill which is 300 m. thiock at its greatest.

2. There is often a prominant pyroclastic layer found
Just underneath the porphyrite. This layer is found in

outorops near the farms kngan end Konstadlgdkken and the
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lake Blokkefg and elsewhére. The layer contains blocks of
the underlying limestone, and typically twisted bombs of
porphyrite, in an indefinite matrix whioh is often calcareous.
Thqse bogbs can scaresly have been formed underground, dis-
playing as they do the indications of flight.

Uﬁrortunately the area mapped the top of the porphyrite
is never seen in contact with the overlyihg sandstones.,
However, the main masses of porphyrite are fairly consistant
concordant sheets of indefinite origin,_lying between the
limestone Bhale Bequence and the Upper Arenaceous. ‘
UPPER ARENACEQUS -« this sequence forms & continueum outorep
from Restad extending south west along the strike until they
are out off by the majJor fault south of orsgoen, The bede

" are squivalent to the Restadgr8tBs sandstones of Vogts J8rem

Beds. A green-white outerop surface is given by the beds

‘ which are better sorted than the beds of the Lower Arensceous

Sequence, they form fine grits, sandstones, and some shaly
bands, The sequence is about 150 m. thick with the top not seen.

Intrugive rocke

Definite discordant intrusions of porphyrite occur in

the Hovin and Stdren Groups. Outcrops occcurie

1. South of Langkgos in the Stgren group by & luke sida.

2. South of Langkgoet in the Hovin conglomerates,

3. Near the Stdren~-Hovin "boundary" on the west shore of
Svofkagoen in the Howin conglomerste, Iliere is contains pebbles

from the conglomerate whioh it intrudes,



In none of these instunces was baking of the country rock \

9

obvious, but the rocks Into which they were intruded, being
coarse arenaceous, would be unlikely to show the effects

of great heat transfer. These dykes could have been feeders

for the shects above,
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STRUCTURES

The structures are apparently determined by two
fold axial trends. Chadwick and Co. found F{ cleavage
to be affected by F, fold axes, In the area under dis-
cussion the 74 structures trend East-West in the western
part of the area, and 8outheast-Northwest in the northern
part of the area. Fe structures trend S.S5.E.~N.N.¥W. and
were considered by Chadwick and Co., to be probably res-
poneible for the change in trend of the Fq structures.
Although termed P, and P, in the Pjeldheim-G8sbakhen area
by Chadwick and Co, the actual chronological order of the
structures could not be proved in the area mapped by the
present writer. There were no actual inatances found of
small scale Fp struoctures affeoting F¢ struotures - few
minor structures being observed in elther case. Large
scale mapping suggests the Fz did.in .fact follow Py and
did cause the major change in trend of the Fq{ structures.

Cleavage is poorly developed locally but is diffi-
ocult to distinguish from bedding. In the sandstones
rodding parallel to the Py minor fold axes is developed,

‘'minor 74 folding is in fact rarely seen but proves the

major structures where it can be seen. Tension cracks
occur in the lower Arenaceous of the western part of the
area and have an average strike of 20°N, and daip 80-90° to
the West, with a pole plunging 10° towards 110°N. They
are, theréfore, probabdly resulting from the Fq folding -
the pole being roughly parallel to the ¥y fold axes and
rodding. Alse tension cracks, quartz filled, occur lying

' in the plane of Fq schistosity in chlorite schisis in the

quarry at the road Jjunction near Rektorli. Many of the
gshear planes have a similar orientation, they often shear

11 structures, and are probably related to 22.
Because of the lack of good minor structurzl evid-

ences; save for bedding orientation, a detailed structural
analysis is impossible and only general trends and major



structures may be outlined. Indeed the structural geology
of the area has been worked out prinecipally using the
orientation of bedding planes and stratigraphiec evidence.
The minor structural evidence that is available however con-
firme the general analysis made., The use of stratigraphy
in the determination of structure involves cirocular logie,
but this is defensible on the grounds that the stratigraphy
used correlates very well with the successlons worked out
by previous workers in surrounding areas.

The bedding planes, when plotted on a J| stereo-
grem show a broad scatter of points - indicating a wide range
'pf bedding orientation, Orientation is better seen on a
trend map which shows the folding to be similar with the
axial planes dipping steeply to the south or southeast. The
F2 folding is slso seen to be similar with the axial plane
dipping steeply to the west, -

The outerops of the Stgren greenstones to the south -
west of Sverksjoen and to the southeast of the Jgrengrenda
appear to lie on the fores of antielines which may once have
been continuous. Both climbs are overturned and éip inwerds
very steeply, usually 80°., The Fq fold axial planes indeed
appear to swing past the vertical over the antiocline -~ so that
gsouth and east of this the axiasl planes dip steeply to the
north and northwest. 1

The nature of the F2 "syncline" cutting across the
F1 antiocline desoribed above, is difficudt to examine. F,
structures in general appear to plunge 10-20° towards this
syncline from evidence in the erea under discuseion and from
Vogt's mapping. The Fp ayncline which causes Hovin Sepies
to be folded down across the probably previously continuous
anticline with the Stdren Series core, could then be inter-
preted as & broad warp at right angles to the main trend.
However, evidence from the limbs of this synocline around
Konstadlgthen in shales and limestones suggest a tightly



folded ayncline, As this tightly folded syncline could be
the centre of a2 broad warp, the two are not incompatible.
Also the western limb of thie 'syncline' has been cut out
by a fault in the area mapped dy Chadwick & Co. The eastern
limb aprears to have reorientated Fq structures - which around
Gdsbakken run parallel to the Fo structure.

The interference of these two fold phases (whioch
may or may not in fact be contemporaneous) produces an
extraordinary structure to the north of Sjomeren. This ie
spparently a synformal anticline, i.e. the rocks young out-
wards but dip in towards the axis. Both north and east limbs
are overturned and are due, respectively to Fylnd F, synclines.
The overturned nature of the northern mlimb is determined
from the arrangement and dip of the bede, the ecastern limb
is seen to be overturned from such sedimentary struotures
as load casting and graded beds.

The only obvious major faulting is that produced
by two parallel faults striking W.N.W.-E.B.B. located just
gouth of Morsjoen, cutting across the probable Junction of
the FPgand F, oynclines. The rocks within the fault blook
are lithologically very similar to the conglomerates of the
lower Arenaceous Serdies, and 1f they are equivalent to these
it suggests that the centre bdlock ie upthrown. The faults
appear to die out rapidly in both directions and may in fact
form some sort of wedge. Both faults are well nmarked by
cliffs - sometimes very high, rows eof bluffs, troughs and
boggy ground. Heasonable exposure'on both sides of the faults
shows different beds finishing abruptly against the faults,.
There was no exposure of the actual fault planes but the
consistency of strike of the fault lines across hilly ground
shows them to be nearly vertical.

Stercoscopie photogeological interpretation was of
little akd save in eonfirming general structural trends.



Metamorphigm. The metamorphlc grade rises ffom chlorite
faclies in the south to Biotite in the north. However the
small nature of such a rise and the small number of smaples
geotioned (18) do not permit the recognition of isograds.
Amphibole growth is well shown along plames of parting in
the rocks near the rosd Junction south of Rektorli - the
parting appears to be parallel to the bedding.

Many of the rocks are epidote rich, the sandstones
especially being very often rich in secondary gplidote - indic~
ating an originally ozleareous nature. The epidote appears
to be concentrated in the coarser sand.bands and this EppEERs
saxsrxzangEniratrixinctinxeansnrxxxn emphasises bedding and
15 well illustrated in road cuts beside Blokkelj. The
epidote erystals are idiomorphic. C owwe  dic

The porphyrites have generally been much altered
with the olivines and plagioclases usually not in their _
original state, the plagioclasce is often completely replaced
by sericite., Samples from near Trotland show calcite
occupying cavities in very mueh altered porphydyte.
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