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Contributions to the geology of Hardangervidda
(West-Norway) i)

I. An explosion-breccia occurrence in Hjølmodalen

By Sverre Svinndal and Henri Barkey.

Abstract.
An occurrence of a breccia, wkick is tkouZlit to have keen formed by a fluidization

process, is described. The breccia is supposed to be genetically related to similar breccias
encountered in other parts of the Precambrian of southern Norway. A short comparison
.8 made with the pieviouBiv 6eBclibe6 (3al6noz breccia.

The occurrence of the breccia is situated in Hjølmodalen, about 2 km to
che south of the village Øvre Eidfjord (see Fig. 1 for the location).

The breccia is outcropping over a distance of about 110 m along a fresh
road-cut of a road under construction, leading from the valley up to the
mountain plateau of SW Norway (Hardangervidda).

The dimensions of the outcrop are estimated to be about 130 m x 50 m, with
the elonZate6 6ilecrion along a major fauk system. The border contacts of the
breccia are very irregular and many minor offshoots rabiate into the country
rocks, which are mainly gneisses and granite-gneisses of Precambrian age. Some
rninor arnpniboliric ban6B occur.

A geological Becrion of the breccia along the road is given in Fig. 1. From
rni3 section and Figs. 2 and 3, it is clearly seen that blocks and fragments are
in all Bt2ZeB of 6ecacnnienr from the walls and from eack otner. The zepararinZ
medium consists of veins of "intrusive tuff" which also have perforated and
dissected the blocks and fragments themselves.

H. Cloos (1941) propose6 the term /^M^e for this kind of "intrusive tuff",

x ) The authors are enZ2Ze6 in engineering ZeoioZical xvorlc in the NW part of
Hardangervidda in connection with a designed electric power project "by the
Norwegian state hydroelectric power organisation. (NVE. STATSKRAFTVERKENE).
The engineering geological investigations started in 1962 and the tecnnical reBultB are
presented in a series of internal reports to NVE. Statskraftverkene, for whom the
investigations were carrie6 out. In a series of short papers the authors intens now to
present and 6eBcribe sorne ZeoloZical keatureB wkick rniZkt contribute to a betler know-
ledge of the geology ok this part of Hardangervidda.
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Fig. 2. Rock fragments in an incomplete stage of detacment. Note the larger fragments
with preserved orientation of the foliation.

formed from the country rocks to 6isrinZui3k it from the tuffs normally depo
sited over the surface as volcanic ask. According to Cloos's extensive description
of the Tertiary tuff pipes of Swabia, the tuffisite conßi3t3 of al llcin6B of country
rock debris down to dust size and in addition solidified droplets (lapilli)
of lava.

No 6ereccable volcanic material has keen observed by the authors in the
breccia described here.

The most typical feature of the breccia is the cataclastic texture (Fig. 4).
doZnare crvBral3 and klaZmenrs of the country rock are embedded in a sub
microscopic granulated groundmass, in which epidote minerals and a brownish
biotite are quite abundant, in part, these minerals are newly crystallized. In
addition, patches ok opaque ore minerals and some scattered graphitic material
occur. Often, these minerals occur even along the finest fissures and cracks.

()ualt2, kel6Bpar (rx>rk rilaZiocl23e an 6microline), biorire xvirk 32Zeniric
incluBion3, rnuBcovite, calbon2te, cklorire, Bericice, 82U83urite 2nci 2cceBBor^
miner2ls (^ircon, 2p2tite, ilmenice xvitk leucoxene rimB) 2re lniner2is wkick 2re
alBo ck2l2cceri3tic ok rke Znei33o3e councrv roclc.

ok tke coZN2te crvBt2lB 2nc^ klaZmentB ok tke councrv roclc 2re 2NZular
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Fig. 3. kl2ZlnentB in a complete stage of detachment from each other.

to sub-angular, sometimes with pronounced abrasion kolberg. Rounded to sub
rounded forms occur, but are not abundant.

Sometimes rounded microscopic inclusions ot quartzitic rocks (Fig. 5) are
encountered, while in the cross-section some larger fragments of mica-schists
are present. These rock types are not found in the immediate vicinity of the
breccia outcrop, bur they are not uncommon in the gneissose rock series of
this part of Hardangervidda.

Some foliation measurements on fragments and biocid indicate that tran
sition from parallel (to the foliation of the country rock) to completely random
orienracionB exi3c. No verrical Zra6inZ of the fragments is obsefved. Fragments
of country rock appeal even in very small fissures.

The rocks adjacent ro the breccia are not visibly tectonized, most otten the
contacts being conspicuously clean and sharp (Fig. 6). Only where the ramifying
veins in the surrounding gneissose rocks I)ecorne abundant does a kind of
"transition" exist. The observed foliation in some rock fragments and blocks,
being parallel to the foliation of the country rock, is in striking contrast to the
chaotic jumble that would have resulted from the explosive process usually
enviB2Ze6. Volcanic explosions and their effects are familiar enough, but here
we are dealing with phenomena that cannot be 80 eaBil^ explained.
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Fig. 4. Cataclastic texture in the tuff
isite. dlosBeci nicols. x 10 magnification.

Fig. 5. Microscopic inclusions of
rounded quartzitic rocks. drossel nicols.

x 40 magnification.

In the authors' opinion, fluidization or a gas-solid streaming process, such
as that enviB2Ze6 by Cloos (1941) and Reynolds (1954), could adequately
explain all the intrusion and comminution phenomena encountered in the
breccia outcrop in Hjølmodalen.

In a discussion after a paper presented by Coe (1966), Dr. Doris Reynolds
poinre6 out rkar in Beveral recenr Kapers the term "explosion-breccia" had
r>een used as though explosion and fluidization were one and the same process.

With the term "explosion-breccia" the authors just want to stress that an
explosion must have been the generating force that resulted in "opening" the
rocks for the fluidizing process. Any explosive energy that may have been
libel2re6 at grear 6eprnß will be unabie to bring arx)ur the B^ikr c>ucburst of
ll2Znientß rk2r one ornerves in <^u2ll^ r>l2BrinZ. It will, however, give rise to
blast waves, which will shatter the adjoining rocks, and ro heat, which will
increase bork the pressure and the temperature of the gas present. As soon
28 cl2clcß have been Zenel2red (or old kl2crureß Bukkicienrlv re-opene6), rißinZ
Btle2Mß of niZK pISBBUIe expandinZ gas wili force rneir way to the Burkace
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Fig. 6. Sharp contact between the tuffisite and the adjacent gneissose rocks
Roadcut Hjølmodalen.

through passage ways which they can widen by abrasion: the streams of gas
are thus arming themselves with dust and fragments that will add to their
erosive capabilities. Once a crack is wide enough, the dust-laden gas that
streamß tkrouKk ic will quickly increase the size of the opening by liberating
bigger fragments. Thus all fragments, large and small, will be constantly worn
down by abrasion.

Such a process would account for the lack of pyrometamorphism along the
margins of the fragments and blocks. The degree of metasomatic alteration of
the fragments is BcronZl^ dependant upon the gas temperature and chemical
composition.

Nowadays, klui^i^arion is a commonly accepted process to explain the
peculiar features observed in kimberlites and kimberlitic rocks. This explains
perhaps the close genetic relationship between kimberlites and the present
type of autoclastic breccia, as observed by so many authors.

For Bimilar blecclaß encounrereci in oiner P2ltß of the precamblian, of
southern Norway, Ramberg and Barth (1966) 288unie a genetic relationship
to the Fen volcanism. According to isotope-ratio determinations they postulate
an Eocambrian age for this regional volcanic activity. In this connection the
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authors want to stress Davidson's (1964) conclußion, rk2t it is not necessary
to assume that the kimberlitic composition of kimberlites was inrro6uce6 in a
molten state. Consequently, radiometric age determinations on minerals from
the kimberlitic fragments do not neceßß2lily repreßenr the real age of the
kimberlite emplacement.

The autoclastic breccia in Hjølmodalen is very similar in appearance to
some parts of the previously described Gardnos breccia (Broch 1945).

The junior author has had the opportunity to study a detailed section of
tne (^216n08 breccia in a water supply tunnel (Nes hydro-electric power plant),
which had been driven through the breccia pipe. A report on these investiga
tionB wili 2ppe2r in 2 separate paper. Peculiar to the Gardnos breccia is the
rather high concenr — as compared to cne breccia in Hjølmodalen — of
graphitic material which gives the tuffisite its black colour. Some chemical
analyses of carbon content for bork the Gardnos breccia and the breccia in
li)sijlrno62ien are given beio^v. The 82inp1e from slMnio62len repreBentB a
very kine-Zr2ine6 621K rukkiBire, 82inp1e (-5 from the Gardnos breccia represents
a very fine-grained black tuffisite tåken in tke central part of the breccia
pipe and sample G2 i8 2 fine-grained black tuffisite tåken cloBer to the -wNll
cont2cr.

The analyses were carried out by A. Flårønning at the chemical department
of NGU.

Fairly pronounced metasomatic alteration phenomena along fissures and the
margins of fragments were observed in the Gardnos breccia, especially in the
central part of the pipe, whereas such features 2re not perceptible in the breccia
of lil)^llNoci2ien. The 2lter2tion pkenornen2 and the Zl2pkicS'conrent of the
tuffisite in the Gardnos breccia seems to diminish towards the contact with

the adjacent rocks (mainly gneissose Precambrian rocks). Especially close to
the XV2II cont2cc, the (-216n08 brecci2 is difficult to distinguish from the breccia

Sample no. c %

558 A E3O tuffisite

Hjølmodalen, explosition-breccia 0.12 %

J 21 <^3 tuttisite
1.52 %(3al6noz dieccia, (tverrziaZ T2venstre)

J 21 <32 ruliisite
1.02 %Gardnos breccia, (tverrslag T2høyre)
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in Hjølmodalen. A genetic relationship between these two breccia occurrences
seems to be very likely. In the authors opinion, a systematic mapping of the
Precambrian area in this part of Norway will certainly reveal more of these
peculiar breccias.
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