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The monotonous spamgmites (arkosic sandstones) of the Rondane mount
ain group are described petrographically and tectonically. The sparagmites are 
of Eo-Cambrian age and have been deformed by overthrust movements during 
the Caledonian orogeny. Quartz and feldspar have partly recrystallized. Micro
cline is characteristically poor in soda, showing a composition similar to that 
of adularia, thus indicating a very low-temperature regional metamorphism. 

The sparagmites show marked lineation on the schistosity planes, and 
ail quartz conglomerates are deformed in one direction. Linear structures and 
iold axes both coincide with the c!irection of tectonic transport. 

Introduction. 

"Rondane" is the name of a mountain group covering an ap
proximately circular area with a diameter of 30 km. The central 
massif with the highest peaks occupies an area less than 15 km in 
diameter. 

The Rondane area is petrographically very monotonous; it con
sists of feldspathic sandstone, called sparagmite in Scandinavia. 

In the last century various geologists have described and discussed 
the rocks and the stratigraphy of the Rondane area, and the discussion 
was summed up by Øyen ( 1898, pp. 249-262), who also gave the 
first microscopical description of ,the rocks. Subsequently the Rondane 
sparagmites have not been investigated, until the field work for the 
present study was commenced. 

"Sparagmite" is a designation which was proposed by Esmark 
( 1829, p. 2 1) for the "feldspar-rich greywackes" of the Østerdalen
Gudbrandsdalen region (the ri vers on Fig. l). Later all sediments, 
more or less true sparagmites, have been included in the Sparagmite 
formation, the age of which is late pre-Cambrian or very early 
Cambrian. 

During the Caledonian orogeny the rocks were faintly metamor
phosed (green schists fåcies of Eskola) and were subject to thrusting 
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l 
Fig. l. Geological sketch map of Southern Norway, with the Rondane area 

(map of Hg. 4) marked by square. Formations: 1- p.re-Cambrian, H-V
Rocks of the Caledonian orogenic zone, Il- The phylhite f.orma:tion, Hl- The 

Trondheim fo�mation, IV- Thrust igneous rocks, V- Gneisses of root zone, 
VI- Sediments and igneous rocks of the Oslo region. Dotted: The spara,gmite 

formation; most ly dark sparagmite in the southern part and light sparagmite 
'in the northern part of the area. 

and folding. Because of its monotony the Rondane area of.fers 
favourable conditions for studying certain fea,tures of deform ed rocks: 
Lineation, deformed ·conglomerates, and metasomatism connected with 
the thrusting. 

l!his paper is No. 3 in a series of publications on the physio
graphy and the biology of the Rondane area. The limno:Iogy and the 
geomorphology of the area has already been described by K. M. Strøm 
(1944, 1945). 

Acknowledgements. The author is indebted to the Nansen Fund 
for finandal support during the field work and to Professor Tom. 
F. W. Barth for valuable criticism. 
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Fig. 2. Western part of Rondane (max. alt. 2020 m) , a fretted upland, dissected 
by cirques and cirque valleys, se en from Digerronden. Ph o to: S. Bø. 

Petrographical Description. 

Macroscopical Features. 

The various types of sparagmHes collected in Rondane differ 
considerably in appeara.nce. There is, however, one normal type 
which shades into a number of varieties of minor importance. 

The normal type carries about 20--30 per cent of reddish tinged 
feldspar grains a few millimeters across. They are embedded, to
gether with some rounded quartz grains of the same size, in a light 
greyish groundmass of microscopica.l quartz grains. A greenish Iuster 
is frequent, especially on the pl1anes of schistosity. 

Some thin beds in RDndholet consi.st of a white, fine-grained sand
stone. Transitions to quartz conglomerat.es are not rare; they carry 
quartz pebbles with a diameter of 0.5-1.0 cm. The typical quartz 
conglomerates are found in a number of horizons throughout the 
formation. The horizons are less than l O m in thickness, mostly 
2-4 m. The quartz pebbles are strongly to extremely deformed 
(see Fig. 9). Their original diameter was 3-10 cm. 
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Fig. 3. V.iew to the South from Digerronden. To the left Rondeslottet (2183 m) 
wi-th its vertical wall of a large cirque. To the right lake Rondvatn. 

Ph o to: S. l:3ø. 

The pelitic sediments are conspicuously present, though they 
only make up about l per cent of the total thickness of t<he sediments. 
Thin horizons of dark slaty sandstone or fairly pure slate are frequent. 
Many localities in Rondane give the impr,ession that slaty horizons, 
thickness 2-3 cm, regularly alternate with sparagmite beds, 2-3 m 

thick. These slates were transformed by the metamorphism to dark, 
muscovite-rich schists. 

Other than thin pelitic zones between the psamitic sparagmi•te 
beds more extensive zones of pelitic rocks exist at various places 
in Rondane. The width of the zones ranges from 50 to 300 m. These 
zones are regarded as remnants of the dark sparagmite division. 

AJ:! sparagmites are schistose. The most massive sparagmite has 
benches, 0.5-1.0 m thick. More frequently the thickness is 0.2-0.3 m. 
But probably the most ordinary appearance of the sparagmite is that 
of a flaggstone with plates, 2 to l O cm in thickness. 
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Microscopical Features. 

The minerals of the sparagmites are: Quartz, microcline, musea
vite, chlorite, iron ore, and in rare cases oligoclase and grains of 
zircon, etc. 

Quartz is always more or less deformed within the Rondane area. 
Generally speaking, the deformation increases towards northwest. The 
deformation of the clastic quartz grains is shown by gradual squeezing 
out to a mesh of small grains ("Mortelgehige") , followed by an in
creasing re-crystallization of quartz grains. The mechanism of de
formation is demonstrated by the photomicrographs of Fig. 6. 

Feldspar is always potassic, usually a non-perthitic microcline. 
In many cases no microcline cross-hatching occurs in the grains, but 
this may be due to the made of development of the twinning. 

A section of the sparagmite from Atnasjø contains small feldspar 
grains, some showing microcline twinning, some not. On the Universal 
stage the latter grains proved to have no visible twinning, even when 
seen approximately parallel to (001 ) , the most favourable orientation 
to show up any twinning. The orientation of the indicatrix varied be
tween tric!inic, like an ordinary untwinned microcline, and monoclinic 
symmetry, but the extinction angle ( 12°) on (0 10) of the latter 
exceeds that of ordinary orthoclase. Intermediate orientation between 
that ot the microcline and the monoclinic symmetry of the orthoclase 

was also found. Thus these feldspars are not orthoclases, but on the 
other hand are not ordinary microclines, and I interpret them as being 
sub-microscopically twinned according to the albite and the pericline 

tvvin Jaws. It the two (or four) sets of lamellae ballance each other 
optically, a monoclinic symmetry should be expected, - if they do 
not, a more or less pronounced tricJi.nic symmetry is observed in thin 

sections.1 
The deformation of the clastic microcline grains of the sparag

mite is not as simple as that of the quartz grains. No felåspar in
dividual has been crushed to a mesh; the sections show that feldspar 
exists, nearly independent of the quartz crushing. On the other 
hand the large microcline ta'blets of many sparagmites are certainly 
secondary, because they ihave idiomorphic outline and Iie in a quartz
sericite groundmass, which flows around the crystals. But in addition 

' This interpretation is correct, according to recently published X-ray in

vestigations by Laves (Journ. Geo!., 58, l 950, p. 550). 
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Fig. 6. 
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to these secondary clear crystals, dusty individuals, full of inclusions 

are encountered. The latter feldspar are obviously of primary origin. 
The usual opinion about ·the deformation of the feldspar is that 

this mineral is more resistant than tthe quartz. This may be caused 
by the feldspar showing a higher shearing strength or a higher power 

of recrystallization than the quartz. Both causes may also operate 
together. Thus the deformation may occur chiefly in the quartz, the 
major constituent of the rock. The observations of Kv ale (l 948, p. 3 1) 
on deformed quartz and granite pebbles also point in the same 
direction. 

Muscovite is the most important new mineral to be formed by 

the metamorphism. In thin sections t1he muscovite blades appear in 
sub-parallel hands, slightly wavy. The typical sparagmite carries 
same muscovite, and it is abundant in the schistose varieties and 
phyllites. A slaty, dark rock, occurring in the western wall of Rand
halsen, was peculiar in consisting exclusively of equal amounts of 

muscovite and iron ore. 
Chlorite is typical for the petitic sediments. It occurs always in 

intimate mixture wHh muscovite. Thus the metamorphism has never 
been so high •that these two minerals could form clearly separated 
individuals. 

Accessory minerals are iron ore and, rarely, other heavy minerals. 

Chemical composition. 

In a study of the regional metamorphism of the sparagmite for
mation Barth (l 938, p. 58) has summarized the chemical composition 
of sparagmites. Five of his analyses and modes are presented in 

Fig. 6. Photomicrographs of spara,gmites. Crossed nicols, l 5 X, on! y f 30 X. 
a. Undeformed sparagmite. 
b. Slightly deformed type with granulation and re-crystallization of quartz 

grains. 

c. The quartz is crushed and has re- crystaUized to ev,en .. sized grains. 
d. Like c, but with more intense movement: Parallel muscov.ite blades and 

sub-parallel microcline grains. 
e. Schistose sparagmite with a large quartz grain in a quartz-sericite matrix. 

Note the granulation of the quartz grain in its end. 

f. The pecipheral part of a quartz pebble (0,5 cm in size) which is inhomo
geneously deformed. The central part (outside photo) has a pronounced 

undulating extinction; the lower left part of the photo shows a beginning 
tendency to the formation of separate individuals, while this separation is 

complete in the upper, right part. 
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T a b l e  I. 

Chemical and Mineralogical Composition (Mod es) of Sparagmites 

Outside the Rondane Area. From Barth (1938, p. 58) . 

2 3 4 5 

Si O, .. . . . . .. . . . . .. . . . ... . .. . 80.89 83.47 89.16 72.17 
Ti O, . . . . . . . . ... . . . . ... . .. . . . 0.40 0.33 0.11 0.48 
AI, O, · · · · · · · · · · · · · · · · · · · · · · · ·  7.57 8.17 5.21 13.74 
Fe,O, . . . . . . ... . . . . . . ..... . . . . 2.90 1.61 1.25 2.76 
FeO ... .. . . . . ... . . ...... . .. . 1.30 0.81 0.43 0.38 
Mn O . . . . . . . .. . .. . .... . . . . . . .  tr . tr. tr. 
Mg O · · · · · · · · · · · · · · · · · · · · · · · ·  0.04 0.03 tr. 1.04 
Ca O . . .. . . . . . . . . . . . .. . . . . .. . 0.04 0.10 0.04 0.31 
Na,O . .. . . .. . ... . . . . . . ... . . . .  0.55 0.63 1.12 1.02 1.33 
K,O · · · · · · · · · · · · · · · · · · · · · · · ·  4.01 4.75 3.78 2.62 5.98 
H,O . . .. . ... . . . . . . . . . . . . . . . .  1.11 0.70 0.26 1.47 
P,O. · · · · · · · · · · · · · · · · · · · · · · · ·  tr. tr. 0.05 

Sum 99.63 100.12 100.10 99.71 

Quartz . . . . . . . .. . ..... . . . .. . 70 60 73 62 39 
Microdine . . ... . . ........ 30 34 22 27 32 
Oligodase . . ..... . .. . . .. . . . .  + + 4 
Oh lori te . . .. . . . . . . .. . . . . .. 6 
Muscovite · · · · · · · · · · · · · · · · · ·  3 8 18 
Iron ore . . ... . . . . . . . . ... . . + 1 2 6 

l. Red sparagmite, Gråhøgda, Engerdal. 
2. Grey sparagmite, Borveg�gen, Engerdal. 
3. Dark schistose sparagmite, S of Geitberget, N. Fron. 
4. Light schistose sparagmite, Øvre Fryvollsder, N. Fron. 
5. Light schistose sparagmite, W of Knappen, Atnabru. 

Tab le I; these figures are considered representative for an ave rage 
composiNon. A number of analyses from the Øvre Rendal quadrang,le 

have als o >be en published ( Oftedahl, 1943 p. 24) . New analyses of 
Rondane sparagmites, mostly alkali determinations, are presented in 
Table Il. 

By means of an integrating stage it is possible to determine the 
amount of muscovite fair ly well, whereas the quarz :feldspar ratio is 
more uncertain. Accordingly the modes of the sparagmites of Table Il 
(Nos. 2-8) have been calculated from the alkali determination on the 

basis of volumetric modes. 

A common feature of all sparagmites is a rather high percentage 
of muscovi te ( often more than 1 O per cent) . This muscovite is formed 
partly from potash feldspar and partly from a very fine-grained clay
Jike matrix which, in unmetamorphic sparagmi·tes, surrounds the 
clastic grains. 
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T a b l e  Il. 

Clzemical and Modal Composition of Rondane Sparagmites. 

Given in W eight per cent. Analyst: Fredrikke Dons. 
� 

SiOll . ... . . . . . . . . . . 

Ti02 . . . . . . . . . . . . . . 

AI20a . . . . . . . . . . .. . 
Fe20a ... . .. . . . . . .. 

FeO ............... 
MnO . . . . . . . . . . • . . .  

Mg O ... . .. . .. . . . . . 
Ca O . . . . . .. . . . . . . . 
Na20 .............. 
K20 . . .. . ... . . .  · · · · 

HliO+ • •  o o • • • • • • • • •  

H20-............. 

Quartz ............. 
Microcline ......... 
Oligoclase . . . .. . ... 

Muscovite .......... 
Chlorite ............ 
Epidote .......... 
lron ore ........... 

l 

63.3 4 

0.86 

17.90 
4.29 

0. 4 7  

0 0 6 

233 

03 9 
0.21 

8.67 

1.34 

0.0 5 

99.82 

24.7 

39.0 
-

23.1 
7.9 
1.6 

3.7 

2 3 

0.07 0.21 

6.80 2.81 

55.1 79.8 
29 .5 1 4 .1 

- -

15 . 2 6.1 
- -

l 
- -

0.2 + 

4 5 6 7 8 9 

0 .12 0.20 0.29 1.55 1.9 3 0.55 

4.33 3.59 4.84 2.49 6.6 2 1 0.3 2 

l 
69.0 76.5 6 7 . 8 72.1 36.4 28.1 

15.5 20.8 2 8.8 16 l 17.9 71.9 
- - - 11.8 1 5 .2 -

15. 2 2.7 3.4 - 30.4 -

- - - - -

- - - - -

0.3 + + + O.l -

lO 

0.07 

2.10 

86.9 

13.1 
-

-

-

-

-

Mol. per cent Ab in Kf l 5 l 2 l 14 l 4 l 8 l lO l - l - l 7.6 l 4.5 

l. Slaty sparagmHe, Rondhalsbekken, at Rondvatn. 
2. Sparagmi,te at Atnasjøen, opposite Sørnesset. 

3. Sparagmite, hLghway at Hyrna, N of Atnasjøen. 
4. Spamgmite, top of Rondeslottet. 

5. Spamgmite, top of Høgronden. 
6. Sparagmite, at Døråtjern, N of Vassberget. 
7. Sparagmite, western side of Gråhø. 
8. Augengneis-sparagmite in Stygghø, 1.3 km NNW of Døriilseter. 

9. Pegmatite vein in spamgmite, Rondeslottet. Lumps rich in feldspar 
were picked out. 

10. Pegmatite vein in sparagmite, Gråfjell, Ytre Rendal. 

The slaty sparagmHe (No. l, Ta ble Il) differs from the mono
tonous quartz-microcline-muscovite sparagmites in containing more 
than usual amounts of microcHne and muscovite and some chlorite 
and epidote. The rocks of the dark sparagmite zones have a com

position between that of No. l and that of No. 2. 

Norsk Geo!. Tidsskr. 28. 14 
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Metasomatism. 
The small amounts of Nap are noteworthy, see Table li. This 

means that the microcline is poor in soda; it may be compared with 

the ordinary adUtlarias, which often contain as much as l O Ab, accord
ing to the usual handbooks. 

The pi'istine composition of the clastic microcline grains would 
seem to have been 20-30 Alb, the secondary composition must have 
been induced during the Caledonian orogeny. 

The metamorphism ,was accompanied by an invasion of ihydro
thermal solutions, depositing pegmatites consisting of microcline, 
quartz and hematite. This microcline is also poor in soda (Nos. 9 and 
10, Table H). The pegmatites are obviously related to the quartz 
and feldspar deposited in the pelitic zones, partly giving them an 
appearance like augengneises. In fact, both field evidence and che
mica1 composition suggest a syn-kinematic, low temperature potash 
metasomatism in the sparagmites. 

In the border zone to the Trondheim region increased metaso
matism has transformed the sparagmite to augengneis. Here oligo
clase is also present (No. 8, Table Il). 

Barth ( 1938, p. 55) found albite in ordinary schistose sparag
mites; but only No. 7 of the analyzed sparagmites contains albite. 

Tectonics. 

During the Caledonian orogeny the Rondane sparagmites were 

thmst towards the Sou�heast. The thrusting was accompanied by a 
metamorphism and a deformation of the rocks. In the fo:!lowing the 
tectonic problems of the deformation are described and discussed. 

Schistosity. 

As mentioned, the sparagmites of Rondane are more or less 
flaggy. The very marked cleavage planes have a thin coating of 
sericite. In general the slightly wavy sericHe bands are parallel to the 
cleavage plane, and this is also the case with the small elongated 
grain of quartz and feldspar, as well as the axes of deformed pebbles 
of quartz conglomerates ( flow cleavage). 

Examination of thin sections .confi!"ms the impression of the 
existence of only ane s plane. A few petrofabric quartz diagrams show 
faint girdies with axes parallel to the direction of the thrusting. 
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Thus the deformation of the rock seems to be of a simple type: 
shearing in one s plane. 

The plane of schistosity is mostly parallel to the plane of bedding, 
because it is paralle.l to the primary features obser

_
ved: The conglo

merate zones and minor traces from ·the sedimentation, such as the 
boundary between psammitic and pelitic material, reddish hands rich 
in iron ore, etc. 

Fold ing. 

In a limited number of places distinct folding has been observed. 
The folding occurred during a late phase of the thrus'ting, for the 
plane of schistosity shows folding, whereas no younger structures 
have been observed (Fig. 7 a-c). 

Tlhe most marked folding is seen in the steep mountain sides at 
the southern ·end of Lake Rondvatn, around Rondhalsbekken and 
Rondholbekken. The !argest folds are 10 m high, and they have the 

form of "step folds". Intense small-scale folding als o occurs. The 
folding is visible only in walls vertical to .the fold axis which coincides 
with the lineation. In other sections a pencil structure parallel to the 
fold axis appears. 

In the southern part of Vassberget (Løyftet) I have found two 
horizons, less than 5 m in thickness, in whkh massive sparag.mite has 
been strongly falded together with 1layers of phyllite. In a similar 
way remnants of phyllite, kneeded into sparagmite, have been observed 
in a number of loca:lities, e. g. the northeastern slopes of Blåkollen. 

This late Caledonian folding is obvious1ly associated with phyllite 
zones, thicker than those scattered throughout the sparagmite beds: 
these zones have initiated a more intense and complicated movement 
than elsewhere. 

The sparagmites of Rondane show traces of another period of 

folding, identified with early Caledonian time. 
In a number of localities the plane parallel beds of sparagmite 

show dark or vioJ.et stripes which are curved in a peculiar way, see 
Figs. 7 d and 8. These stripes are only a few millimeters in thickness 
and consist of clayey layers, often containing much iron ore which 
weathers to a violet color. Thus the stripes must represent primary 

layers, an:d their present shape indicates that the sparagmite has been 

subject to plastic folding. 



212 CHRISTOFFER OFTEDAHL 

o,5m 

p 
---=== 

- lli--= 
, IOcm , o,;m 

Fig. 7. Falding in Rondane, as shown by the plane of schistosity and by dark 
stripes rich in hematite. Sections vertical to the fold axis (equal to Lineation, a) 
and se en towa,rds the North west. a-c: Late, large-scale falding. From walls 
at the southern end ,of Rondvatn. d: Early falding, seen within the sparagmite 

heds in s,ections parallel to ac. Canyon of Jutulhogget, 
southern end of Rondvatn. 

The plastic folding occurred in the first phase of the thrust mave
ment, when the rock was burried to a considerable depth. Then a 
secondary plane of schistosity formed, which, however, mostly fol

lowed the primary bedding. 
As seen from the drawings, the fold structures do not show any 

definite fold axis, a fact, possihly due to the total overfolding and 
subsequent flattening of the folds. 

The described folding is exposed most nicely in the canyon of 
Jutulhogget, W of Rondvassbu, and in cuts of the high road at Hyrsa, 

N of Lake Atnasjø. 
L/neahon 

Fig. 8. Early falding. a: From Skarsnebbet, 3 km. West of Dørålseter. Length 
1.5 m. b: At Hyrsa bridge, highway North of Atnasjø. Length l m. 

Drawn by Prof. Tom. Barth and published with his permission. 
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Fig. 9. Deformed quartz conglomerate. Gradient of deformation ca. JO. 
From Rondhalsen, 5 km. West of Rondvatn. 

Deformation of conglomerates. 
In Rondane a numrber of conglomerate horizons occur. The quartz 

pebbles of the conglomerate have been deformed by the t.hrusting 

(Fig. 9). It is obv.ious that the degr,ee of deformation increases to
wards the boundary of the Trondheim region. Thus the pebbles of 
central Rondane have the shape of long tri-axial ellipsoids, whereas 
in Smiubæljin the ellipsoids are long plates, with a length of 30-100 
cm, a width of 3-6 cm, and a thickness mostly less than 0.5 cm. 

The deformed pebbles are oriented with their long and medium 
axes in the plane of s�histosity and with the long axes paraJ:Iel to the 
direction of main tectonic transport (and the lineation) . In a number 
of localities the long axes evidently make a little angle with the plane of 
schistosity, 5-10°. Then the axes always pl unge through the pl ane 
towards NW. 

In an eanlier publication (Oftedahl, 1948) the deformation of 
quartz conglomerates in Rondane and the area SE of Rondane has 
be en discussed. The three principal diameters of deform ed pebbles 
from a number of localities have been measured, and the measurements 
have been treated statistically. From the field observations the de-
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E 

t=l t=S 

.j 

Fig. 10. Deformations of spheres (quartz pebbles) with varying amounts of 
shear (t), drawn ,in ac sections. Above: With t = l the square ABCD is trans
formed into the parallelogram EFGH (OK being plane of relative movement) 
and a circle with the radius OK ,is transformed into an ellipse with semi-axes 

OS and OL. Below: Deformation with amounts of shear t = 2, 3 and 5. 
From Oftedahl (1948, p. 480). 

formation was considered to represent same sort of flow on the plane 

of schistosity, and the main element of the movement was supposed 
to be shearing motion ("laminare Glei tung") , see Fig. 10. However, 
the pebble ratios do not tit sufficiently well with that supposition, and 
corrections for same sidewards movement (lengthening in b) and for 
nonspheroidal primary pebble-shape were introduced. These corrcc

tions explain the measured pebble ratios. 

By means of the pebble ratios the deformation may be deter
mined numerically. A new conception was then introduced for the 
deformation: "The gradient of deformation". Jf o ne plane of schisto
sity is moved a distance x in relation to a plane at the distance y, 



PETROLOGY AND GEOLOGY OF THE RONDANE AREA 215 

then the gradient of deformation is �. provided the movement is 
y 

homogeneous within the considered rock element. If the element is 

infinitesimal, the gradient is 
d x , defining a property for eve ry point 
dy 

in the rock. 
The gradients of deformation of the Rondane conglomerates were 

found to have the foHowing approximate val u es: 
Høgronden and occurrences E of it: 1-2. 
Top of Rondslottet: 2-3. 
Col between Rondholet and Storbotn: 6-10. 
Rondhalsen: l O. 
The large increase in gradient towards the overlying Trondheim 

schists is noteworthy. 

Uneation. 

All through the sparagmite formation where the rock is visibly de
formed, rhere is a marked lineation on the planes of schistosity. Even 
in areas where the sparagmite seems to be absolutely undeformed, 
a lineation is seen on the bedding pl anes ( e. g. Rendalssølen). 

This Iineation has a surprisingly constant direction over the whole 
formation, about WNW-ESE; deviations rare ly exceed 5°. The 
same direction is found in the highest nappe of igneous rocks south of 
Sognefjord, and even in the gneisses of the root zone further west. 
This direction (the tectonic axis a) is vertical to the axis of the or o
geni c zone, and it is generally believed to be the main direction of 
transport during the thrust movements. Therefore, it is rather amazing 
to read that such a case does not exist: "That the lineation is perpen
dicular to the direction of movement is one of the fundamental tenets 
of structural petrology" (Billings, 194 7, p. 34 7). 

Quite recently Ernst Cloos ( 1946) has treated the problem of 
lineation comprehensively, and states that lineation may be parallel 
to the a or the b axes, and warns against dogmatism: "In as much 
as lineation can be parallel or perpendicular to a fold axis, the simple 
assumption, lineation equals b, is rather objectionable and confusing" 
(p. 3). Furthermore he states p. 4: "The re seems to be no region 
entirely free from downdip lineation of some kind, and, assuming such 
lineation is perpendicular to the movement, we might have to accept 
movements parallel to the general strike as the cause." 
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The Rondane area pmves that both lineation and fold axis may 
be par alle! to the axis a; certainly this case is found not on! y in 
Rondane, and therefore some re-definition is necessary for the tectonic 
axes. 

Cloos ( 1946, p. 6) describes the multitude of definitions of 
tectonic axes, and prefers to use Sander's original tenminology. 
However, Sander (1930, p. 57, 119) has two definitions; so he 
needs interpretation. Cloos ( 1946, p. 6) used Sander's second 
definition (p. 119) in this way: "b is the fold axes frequently par all el 
with lineation; a is perpendicular to b in the movement plane, and c is 
perpendicular to a b." But the first Sander definition (p. 57) gives 
a hetter foundation, I think: 

a Transportrichtung "Fallen". 
b "B-Achsen, Scherungsachsen, Faltenachsen, "Streichen". 
c Vertikale auf ab, Belastungsdruck; 

The following interpretation is proposed: 

a Direction of transport (frequently lineat<ion). 
b perpendicular to a in the movement plane (most often fold 

axis, often parallel to lineation). 
c vertical to ab. 

The coordinate system is defined if one of the a and b axes are 
def1ined, and these axes may be defined by lineation, by fold axes 
(B ax·es) or by direction of movement. I consider it a fact that both 
lineation and fold axis tmay be either parallel to the b axis (as most 
authors think) or vertical to it, as found in the Rondane area. There
fore, the direction of movement is the feature which should be used 
for the definition of the axes. This direction can be checked by re
gional geologic evidence. 

Lineation parallel to a is well-known from various parts of 
the Caledonides, see Vogt (1927, pp. 470-471), and later Vogt 
( 1949) considers the lineation ( stretching, lines of flow age) in a to 
be a general feature of the Caledonides. He thinks that this is clue 
to the fact that the ex:posed Caledonian rocks represent deeper sec
Hons than exposed in the Alps, where the Iineation sometimes may 
be parallel to b. But it should be emphasized that even in the Alps 
lineation parallel to a is the usual case, according to Albert Heim 
( see Kvale, 1948, p. 192). 
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Fig. l l. Abovc: Undeformed sandstone consisting of spheroidal, equidimentional 
grains. Below: The same rock after deformation by shearing motion (laminar 

flow) with a gradient of deformation equal to 3. 

Another problem of the lineation is its genesis. Cloos ( 1946, 
p. 35) describes "flowage in a" as be ing the c ause of lineation in a, 
but he does not discuss the mechanics of the deformation. This is 
tried in the following, in accordance with the views set forth for the 
conglomerates (Oftedahl, 1948). 

The lineation ,js determined in two ways: the orientation of the 
oblong sericite flakes; and the "friction striae" caused by the de
fonmed grains of quartz and feldspar. In the Jatter case a hypothesis 
of the mechanical deformation is offered. 

From field observations I concluded that the quartz conglomerates 
of the sparagmites were deformed by flowage in a on one s plane, 
and this flowage was assumed to have shearing motion as its main 
element of movement. It should be emphasized that shearing motion 
is considered to be the predominant deformation type by a number 
of authors ( e. g. Sander and Schmidt). The conglomerate deformation 
could be explai,ned by this assumption (with minor corrections for 
elongation in b, and for a not strictly spherical shape of the primary 
pebbles). The same assumption may be u sed for explaining the 
lineation. 

In Fig. 1 O the shape of deforrned pebbles is shown as a function 
of the gradient of deformation (t). In a similar way a sandstone 
should be deformed as shown by Fig. 11. 

The actual features of the Jineation in sparagmites support this 
vicw. On the cleavage plane of a flaggy sparagmite the quartz grains 
stand up like small ridges, and occasiona,!ly one may feel that the 
hand is gliding on the surface more easily in the movement direction 
than against it. However, in thin sections the cleformed quartz grains 
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do not show any such regular micro-structure like the macro-structure 
of the conglomerates. This is caused by the clayey groundmass. 

It is difficult, if not impossible, to estimate the gradients present 
in a thin section, but the conglomerates give some clear ideas of the 
values, because these gradients represent some intermediate values for 
layers with a thickness equal to the diameter of the primary pebbles 
(5-10 cm), and thus the deformation of the pebbles may be con
sidered quasi-homogeneous. 

But the deformation is subject to great variations on a milli
meter s,cale. The gradient is obviously high in the pelitic zones, now 
developed as muscovite bands, and may be low, but irregulariy so, 
in the quartz-feldspar bands. The pelitic matter no doubt serves as 
a lubricant for the small quartz grains, softening the deformation, 
and permitting the grains to rotate to make the long axis parallel 
to a ( external rota ti on of Sander, 1930, p. 15). As a res ult the quartz 
grains are deformed in a quasi-plastic way ( see Fig. 6 f) in to shapes, 
approaching those of the conglomerates. 

The above explanation of the processes causing the Hneation, 
should be valid for all rocks which behave in a quasi-homogeneous 

way during deformation, if the deformation results in a marked flow
age, e. g. for sandstones, limestones, and shales of low-grade meta
morphism. Lineation in a in such rocks exist in various parts of the 
world, according to Co os ( 1946). It is possible that the several 
authors have meant that the Iineation (or elongation of pebbles, fossils 
etc.) was produced just in the way outlined above. I have discussed 
the procedure at some length, because I think that the earlier expla
nations have not been clear, or, at !east, have not been expressed in 
terms which are mathematically defined ( Oftedahl, 1948, p p. 480 
-481). 

Joints. 

joints are seen everywhere in the Rondane area. Mostly they are 
vertical or nearly so. Nearly always two joint directions exist; they 
are vertical to each other. 

No systematic relations between the joint directions and the 
Iineation have been found. In some places (e. g. on Skjærallen) the 
vertical joints are vertical to and parallel to the Iineation, - cross 
joints and longitudinal joints, respectively. In other places the joints 
form some angle with the lineation. 
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The joints play an important role in the weathering of the spa
ragmite mountains. The flaggy oleavage, combined with two verticaf 
joint systems, convert whole mountains into piles of loose stones. 
Therefore the Rondane mountain group has been .so ·intensely eroded 
by cirque glaciers, forming large cirques and cirque valleys ( see illu
strations by Strøm, 1945). 

Stratigraphy. 

The sparagmites of Western Rondane are dipping northwards 
15-30°. Thus the sediments seem to have an unusual thickness, 
5-10 000 m. But from what is known of the sparagmite formation, 
the mentioned thickness is obviously not primary, indicating that an 
imbricate structure is present. The questions are: How thick are the 
tectonicæl units, and which are their stratigraphica.J position? 

In the following the stratigraphy of the Sparagmite formation is 

considered, and then the results are applied to the Rondane area. 

Stratigraphy of the Sparagmite Formation. 

In two localities rather complete sections through the various 
divisions of the sparagmite formation are exposed. At Lake Mjøsa a 
detailed stratigraphy was worked out in the last century, but the 
section was not connected with the pre-Cambrian. Later Weren
skiold ( 1911) found some underlying horizons in Snødøla, with a 
basal .conglomerate on the pre-Cambrian. Werenskiold suggested the 
following parallelization: 

Mj ø s a : 

Cambrian slate 
Quartz sandstone 

Ekre slate 
TiHite 

Moelv sparagmite (light) 
Biri limestone 
Biri conglomerate 

Brøttum sparagmite (dark) 

The important formations 

S n ø d ø l a : 

Upper light sp. 

Limes tone ( dolomite) 

Dark sp. (with slate) 
Lower light sp. 

Basal conglomerate with slate 
Pre-Cambrian granite 

are written in italics. 
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Fig. 12. Above: Schematic section a!ong river Vulua. L.s.p -light sparagmite, 
D.sp.- dark spamgmite, L- Limestone, S- phylli1:ic sparagmite. 

Length 3.5 km. Below: Section along the western side of the southern end 
of Rondvatn. Length l km. 

In the region of light sparagmite east of Rondane the erosion 
has tota!ly removed the sparagmites in some small areas, exposing 
the underJy,ing pre-Cambrian granite. A marked thrust plane evidently 
exists between the light sparagmHe and the pre-Cambrian, and belovv 

this thrust plane remnants of a sedimentary series, deposited on the 
pre-Cambrian, has been found (P. Holmsen, 1943, pp. 22-31): 

Thrust plane 
Phyllite 
Quartz sandstone with conglomerates 
Basal tililite with slate 
Pre-Cambrian 

Holmsen supposed that the basal tillite corresponds to the tillite 

of the section at Mjøsa and this supposition has not been opposed. 

The basal conglomerate of the Snødøla section resembles a glacial 

conglomerate, and I consider it a basal tillite. T1he conglomerate is 

thus no basal conglomerate of the whole sparagmite formation, but is 
parallel with a division high up in the Mjøsa series. This interpretation 
suggests a thrust plane in the Snødøla series, dividing the series into 
a lower autochthonous part and an upper allochthonous part. In 
my opinion a thrust plane is situated between the lower light sparag

mite and the dark sparagmite ( Oftedahl, 1949, p. 167). The autoch
thonous series thus corresponds to the "Holmsen series'·, the al

lochthonous series to the Mj øsa series. 
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SE 

Fig. 13. Section from Gamalseter to Dørålseter. Length 17 km. 
Li ned: Li·ght sparagmite beds. With dots: Dark sparagmite zones. 

Stratigraphy of the Rondane Area. 

In order to correlate the Snødøla secNon with the Rondane 
sparagmites, we shall consider two sections South of Rondane. 

Fig. 12 (above) shows a section along the little river Vulua, 
south of Atnasjøen. The succession light-dark-light sparagmite is the 
ordinary one, but these layers are overlain by da:rk sparagmite and by 

light sparagmite further west. The light sparagmite continues north
wards to Iltlmanndalen, and is exposed in Jutulhogget (see Fig. 12, 
below). It is overlain in Rondhalsbekken by a dark sparagmite, tran
sitional into phyllites, representing remnants of the dark spara:gmite 
division. 

At Gamalseter and around the lake Myldingstjern similar rem
nants of folded dark sparagmite are found. The general strike suggests 
that there is a zone of dark sparagmite along the vai)Jey of Ulmann
dalen from Rondvatn to Myldingstjern. Botanical evidence for the 
eX'istence of soft rocks (phyllite) in Illmanndalen has als o been found.1 

Some other Ioca,Jities with traces of the dark sparagmite formation 
have been found in Blåkollen, and along Atna at Dørålseter a schistose 
rock, rich in muscovite, is exposed; it differs from the sparagmite of 
the neighbourhood, and belongs to a dark sparagmite horizon. A 
similar rock is found in Løyftet, possibly belong,ing to the same zone. 

Thus the dark sparagmite division, wedging out to the north, 
gives some idea of the thickness of the sparagmite units composing 
the imbricate structure. But the units are too thick to correspond to 
the primary thickness of the sediments. The light sparagmite, e. g. 
between Gamalseter and Dørålseter, is 3000 m thick, if the average 
di p is l 0°, which is a minimum value. In this unit the primary thick-

1 I am indebted to cand. real. EiHf Dahl for communicating me his un
published results. 
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ness is repeated at !east two times, divided by a mylonite zone to be 
mentioned later. 

The relations of the areas east and southeast of Rondane suggest 
that the light sparagmite of the Rondane area is corresponding to the 
light sparagmite division of the Snødøla section. 

The Overthrust Movement. 

During the Caledonian orogeny the sparagmite layers were thrust 
towards ESE by horizonta'l compression. The main elements of the 
layers were a minor horizon of dark sparagmite overlain by a major 
horizon of light sparagmite, the latter not exceeding l OOOm in thickness. 
The sparagmites moved under a cover of Cambro-Silurian sediments 
for some hundred kilometers. During the later stages of this mave
ment the stabilizing influence of the overlying rocks was lost (due to 
erosion), and the layers were divided in to small "nappes" along 
thmst faults. These "nappes" (he re called tectonic unHs) were thrust 
over each other forming an imbricate structure. The dark sparagmite 
with its pelitic zones formed the thrust along which the late movement 
occourred. 

Four tectonic units may be distinguished in the Rondane area 
( see the small map of Fig. 4). The units I, Ill and IV are well-defined; 
their thickness approximates the primary thickness of the light sparag
mite division. Unit li is more complex; geographically it is not well
defined in the western part, and the primary layers are repeated at 
!east twice, as shown by a unusual type of mylonite occurring in the 
southern mountain side of Digerronden and Midtronden. 

The mylonite zone forms a terrace in the wall, seen far away. 
It is formed by a layer of flaggy sparagmite, 2-4 m thick, weathering 
out more readily than the adjacent layers. The fine-grained rock of 
the layer is white with stripes of an intense red color. The thickness 
of the stripes rarely exceed 2 cm, and they may occupy up to 30 % 
of the rock. Occasionally the outline is diffuse, and the color fades 
from red to white. These red str,ipes consist of secondary feldspar, 
belonging to the low temperature pegmatites to be described later. 
The pegmatites are deposited especially in phylitic zones but since 
no traces of phyllite are seen, I conclude that pronounced movement 
in this zone has squeezed out and expelled the phyllite, simultaneously 
squeezing out the pegmatite into red hands and stripes. 
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SW of the Rondane area the tectonic features are more com
plicated. Higher nappes, thrust from WNW, occur together with 
marked falding (fold axis WNW-ESE). The falding is probably 
later than the thrust movement, but Strand ( 1945, pp. 22-25) found 
the two deformations simultaneous, from studies in the Bygdin con
glomerate. The f.olding fades out just SW of Rondane, and is seen 
in the Rondane area only in association with the dark sparagmite 
horizons; it is described as the late folding, p. 211. This falding in 
Rondane, however, does ·not permit any conclusions as to the age 
relations of the thrust movement. 

The Pegmatite Veins. 

In Rondane a special type of pegmatite veins is very common. 
The veins consist of quartz, microcline, and hematite, and they occur 
as irregular lenses, especial,ly deposited in the phJillitic zones, but also 
form ed on cleavage pl anes of pure sand y sparagmite (Fig. 14). 
Similar pegmatite veins have been encountered in various parts of the 
sparagmite formation and seem to be characteristic for the thrust 
sparagmite. 

The veins were first described by P. Holmsen ( 1943, p p. 35-36) 
from the map sheet Tynset in Østerdarlen. According to Holmsen they 
consist of undulating quartz, non-perthitic microcline, and hematite. 
He concluded that the minerals were deposited from aqueous solutions 
by leaching of the sparagmite, which carries the same minerals 

Within the map sheet Øvre Rendal (S of Tynset) I found (Ofte
dahl, 1943, p. 26) the veins to be both post-tectonic (cutting the 
schistosity) and syn-tectonic ( squeezed out to stri p es on the cleavage 
plane). 

Quartz-filled fissures are frequently seen in the sparagmites. 
Some of them carry a few, scattered feldspar grains. Veins with 30---50 
per cent feldspar are also observed, and, more rarely, the quartz veins 
may contain no feldspar, but l 0-20 per cent hematite. Generally 
speaking there is a continuous transition from the typical pegmatite 
veins to the hydrothermal quartz veins. 

The existence of post-tectonic veins is beautifully shown by 
quartz and hematite crystals, size 2 and l cm, respectively, found at 
Atnasjøen and in Sollia, S of Rondane. But these veins are poor in 
feldspar and obviously represent very low temperature deposits. 
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Fig. 14. A pegmatite vein squeezed out on ·the plane of schistosity. The light 
bands consist of feldspar. From Rondslottet. 

The pegmatite veins show a: marked tendency towards selective 
crystallization: the y preferably occur in the phyllitic zones. Especially 
in western Rondane the pegmatite invasion is so pronounced that nearly 
every thin phyllitic layer contains pegmatite lenses or small feldspar 
"eyes". The se layers often look like augen-gneiss, and the field ob
servations suggest that there is a gradual transition from deposition 
of irregular pegmatite 'lenses to ordinary augen-gneiss formation, as 
found towards the boundary of the Trondheim region. These augen
gneisses seem to be but slightly deformed, indicating a ·late period of 
formation by low-temperature hydrotherrmal solutions. The same 
genesis is proposed for the augen-gneisses of the Koppang area and 
of Sålekinna. 

The selective crystallization of the pegmati tes is hard ly of che
mi·cal, but of mechanica'l o ri gin: The formation is facilitated in sla ty 
zones, where the solutions can percolate most easily. This view is 
in accordance with the present experience that the augen-�neisses 
above the migmatic front occur in the zones of great thrust movements. 

The feldspar of the pegmatites is interesting on account of its 
composition. 

The ordinary microcline of granite pegmatites in Norway contain 
from 20 to 30 molecular per cent albite in solid solution at the time 
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of crystallization; during the cooling, part of the albite was precipitated 
as perthitic albite strings. The potash feldspar formed at the lower
most temperature is adularia, containing usually a few per cent Ab, 
always less than 15 per cent. 

As seen from Table Il the composition of the feldspar of Rondane 
pegmatites approaches that of adularias, suggesting that these peg
matites were formed at nearly the same temperature as the adularias. 
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