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GEOLOGICAL NOTES ON THE DICTYONEMA 

LOCALITY AND THE UPPER GULDAL DISTRICT IN 

THE TRONDHEIM AREA 

BY 

THOROLF VOGT 

W!TH l PLATE AND 5 FIGURES IN THE TEXT 

A b s  t r a  c t. A description is given of the Dictyonema locality from the meta

morphic series of the upper Guida! district. It is further given a synopsis of the 

geology of this area, principally based on old unpublished observations by J. H. L. 

Vogt. The stratigraphy of the metamorphic series, and the position of the Dictyonema 

horizon, is discussed, the "Drøia series" being described, representing the lower 

part of t he Gula series of Kierulf. As to the general tectonics, a central synclinal 

system of t he Trondheim area is suggested. Mention is made of andalusite bearing 

mica schists, representing a mineral facies different from the cyanite bearing facies 

further to the northwest, the latter being formed under higher pressure. The 

influence of carbonaceous matter on grain size and porphyroblast formation in 

metamorphic argi!laceous sediments is considered. 

The locality of Dictyonema jlabellijorme (Eichw.) at Nordaune
voll represents an isolated fossil find on the eastern side of the 
Trondheim area, at about 62° 54' N and Oc 44' E Oslo. It is of 
considerable interest as to the stratigraphy of the region, being the 
only cambro-silurian fossil find within a range of about 60-70 km. 
It represents further the oldest fossil hor i zon known from the 
Trondheim area. 

The graptolites were discovered in jul y I 888 by j. H. L. Vogt 
(!889) and mentioned by him on a discourse the 16th of November 
the same year. Once more, in August 1889, he paid a short visit 
at the place. Later C. W. Carstens ( 1920) visited the locality several 
times during the years I 9 13 to 19 19, and communicates remarks 
on the geology and descriptions of some rocks (vide p. 43, 60 and 
101), a general proflle (PI. 18, Fig. 3), and also a photograph (PI. l 

Fig. l ). 

Many points, however, being obscure, the fossils also neither 
being described, I paid a visit at Nordaunevoll in the first part of 
September 1937. The fossil collection was handed to Dr. Leif Størmer, 
who kindly has described them ( 1940, see the preceding pa per). At 
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present I shall give notes on my observations from the locality 
itself, and rernarks on the geology of the district, the latter principally 
based on the unpublished geological map and diary of J. H. L. Vogt. 

I have the pleasure to forward my thanks to Director Dr. Carl 
Bugge, who placed a copy of the geological manuscript map Holtålen 
at my disposal, and to professor dr. V. M. Goldschmidt, who furnished 
me with informations, and rock specimens from the Geological 
Museum of Oslo. 

Description of the Nordaunevoll Locality. 

Nordaunevoll, a summer outfarm above the wood limit, at my 
visit uninhabited, is situated in the eastern part of the topographical 
sheet Holtålen. The rock ground of the valley being heavily covered 
with morainic drift, outcrops are rather scanty. The graptolite-bearing 
black shale is exposed in a bro ok gull y about 50 0 m to SE of Nord
aunevoll, near the outfall of the brook in the river Hulta (Holta). 
The name of this brook, not given on the topographical map, is 
Blåhenbekken ( = Blåheinbekken), from blå ( = blue, and also black 
in old norse), and hein ( = hone, whetstone), indicating an old-time 
local use, now, I think, forgotten, of the black shale as whetstone. 
The rock splits into fairly suitable pieces for this use, too, viz. after 
the bedding plane and an inclined tectonic cleavage. The river name 
Heina, in the neighborhood, may possibly have a similar origin. 

As will be seen from the sketch map fig. 2 and the profile 
fig. 3, the black shale is forming an almost vertical bed between two 
amphibolites, which the present author, like Carstens, interpret as 
intrusive sheets. The greatest visible thickness of the bed was about 
12 m whereas the length of the exposure was estimated to about 
100 m. The strike is O 25 o N, and the di p about 80 o to SSE. The 
shale, as well as the amphibolite to the south, is transversed by a 
tectonic cleavage, which dips about 80 ° to NNW. The shale splits 
to thin laminae especially after the bedding but also after the jointing, 
and makes an almost unmetamorphic impression at the first glance. 

The Dictyonema was found profusely in an 0 .3 m thick layer, 
near the southern boundary of the black shale (in the profile from 
1.6 to 1.9 m from a brown schist to the south). In this zone almost 
every piece picked up was fossiliferous, whereas no specimen was 
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Fig. 2. Sketch of the Dictyonema locality at Blåhenbekken, near Nordaunevoll. 

BS = Black shale. D-D = The Dictyonema horizon. A = Intrusive amphibolites. 

collected outside. It may be mentioned that j. H. L. Vogt, in his 
dia ry, notes the thickness of the fossiliferous zone just to 0.3 m. 

The following small profile was studied closer and measured 
(vide fig. 3): 

l .  Porphyritic amphibolite. The medium to rather finegrained 
groundmass consists of much plagioclase and ordinary green horn
blende, a little bright brown biotite, and small grains of titanite, 
whereas no chlorite was observed. Almost all clinozoisite was confined 
to the phenocrysts. The groundmass plagioclase had the following 
composition: 

Sectionj_x y'n=+20°�+ 14° 310Jo An�270Jo An 
Section j_ x x'M = + go 270Jo An. 

The phenocrysts of plagioclase were partly quite undecomposed, 
and partly filled with clinozoisite and some sericite. An undecomposed 
phenocryst had the following composition: 

Section j_ x x'M = + 25 o about 52% An. 

2. Very finegrained amphibolite. This rock is composed of a 
very finegrained mixture of plagioclase and bright green hornblende 
with clinozoisite, iron ore, and titanite. No chlorite was observed. 
These two rocks, and especially the last, have crystallized from their 
magmas during rather rapid cooling. They are now metamorphosed 
to the transition between the amphibolite facies and the epidote
amphibolite facies. 

3. Brown biotite schist with muscovite porphyroblasts. (Pl. Fig. 3.) 
This rock is a fine grained, rather massiv, dark to blackish brown schist, 
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Fig. 3. Profile at the Dictyonema locality at Blåhenbekken, cp. fig. l. 
l = Porphyritic amphibolite. 2 = Very flnegrained amphibolite. 3 = Brown biotite 

schist. 4 = Black muscovite porphyroblast feis. 5 = White sericite shale. 

6 = Black shale, D = The Dictyonema horizon. B = Blåhenbekken. 

cons1stmg of dark brown biotite, quartz, clinozoisite, and finely dis
persed carbonaceous matter. In this groundmass are scattered a few 
porphyroblasts of muscovite. 

4. Black muscovite porphyroblast feis. (Pl. Fig. 5 and 6. ) This 
rock, black and wholly massiv, for a great part consisting of close lying 
grains of a mineral (muscovite) with black cleavage plan es, has a peculiar 
resemblance to a somewhat recrystallized black stinkstone. The very 
finegrained groundmass is more or less filled with finely dispersed 
carbonaceous matter, consisting otherwise of quartz, sericite, and iron 
ore. The muscovite porphyroblasts, up to 112- 1 mm across, and 
lying in all directions, are generally filled with carbonaceous matter 
except for the clear margin. Sometimes the carbonaceous matter is 
arranged in a chiastolite like manner. The optical character is 
negative, 2 V= about 40°, and '{Na = 1.601. 

5. White sericite shale. This shining white shale, cons1stmg 
principally of sericite and quartz, is devoid of carbonaceous matter. 
Probably it is derived from a black shale through some gas reaction, 
which has removed the carbon. 

6. Black shale. (Pl. Fig. 1.) A very fineclastic shale, blackening, 
and with black streak. The thin sections are almost black from 
carbonaceous matter, and only with traces of new formed minerals. 
Sericite is present in very fine flakes, the thin sections being some
what brighter, between crossed nicolls, in diagonal than in parallel 
position. Narrow veins, corresponding to the tectonic cleavage, are 
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filled with muscovite without carbonaceous substance. The graptolite 
bearing and the surrounding non-fossiliferous shale are identical from 
the look and under the microscope. 

7. Black actinolite porphyroblast shale. (Pl. Fig. 2.) Outside 
the profile, and further to the north in the series, appear a black 
shale similar to that mentioned above, but with rather great por
phyroblasts of actinolite. Like the preceding shale, it splits easily 
after the bedding plane, and also after the tectonic cleavage. The 
shale is dark grey to black, with dark grey to black streak, and 
only just blackening. The groundmass, not being quite as finegrained 
as in the preceding rock, and also with lesser carbonaceous matter, 
is seen to contain distinct although very small sericite flakes, and 
quartz. The actinolite porphyroblasts, of size up to about 1 x 20 mm, 
are filled with carbonaceous matter except for a very narrow clear 
margin, the color of the mineral, therefore, being from look black. 
Where crystal faces are seen the columns are bounded by 100 and 
I l  O, and flattened after 100. Under the microscope the mineral is 
colorless, optical negative with great 2 V and with dispersion of the 
o p tie axes p< 'J. In section _L�. c y •=: 14 °. On cleavage laminae 
the refraction were: 

oc'Na = 1.624 
y' Na �� 1.636. 

8. Amphibolite. On the north side of the brook, outside the 
profile, a small outcrop of amphibolite was seen. This rather coarse 
gra i ned rock is consisting of bright green horn blende, which forms 
the bulk, plagioclase, a little bright brown biotite, and iron ore. No 
clinozoisite or chlorite was observed. 

Some hundred meters to SW from the Blåhenbekken locality, 
a black shale is exposed in the river bed of Hulta. To all appearance 
it is the same bed as that described above, forming also the direct 
continuation. As will be seen from the fig. 4, the black shale is 
bounded, also here, of amphibolites. The black shale is of the same 
character as in the preceding locality. No fossils were found, only 
a short time, however, could be used in search. 

Interbedded in the black shale appears a bed, about l m thick, 
of a wholly massiv, bright brown biotite schist, with a peculiar 
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Fig. 4. Sketch of the outcrop of the black shale at Hulla immediately to the west 

of the outlet of Blåhenbekken. BS = Black shale. BBS = Brown biotite schist. 
A = Intrusive amphibolite. 

yellowish red coat of weathering. The rock (cp. Pl. Fig. 4) contains 
a very bright brownish coloured biotite, the flakes being placed 
without markedly parallel arrangement, quartz, plagioclase, clinozoisite, 
a little almost colourless hornblende, titanite and pyrrhotite. In this 
matrix occur irregular porphyroblasts of calcite. Possibly this bed 
is identical with the biotite schist, bed 3, in the Blåhenbekken profile. 

Black shales seems, moreover, to be rather abundant in the 
neighborhood. They are mentioned, thus, in the diaries of j. H. L. 
Vogt, from the region between the Dictyonema locality and Haltsjøen 
(H on the geological map fig. 1), from the northeastern side of Halt
sjøen, and also from the northeastern side of the mountain Haltsjø
høgda (NW of Haltsjøen). Discovery of fossils in these shales might 
be anticipated. 

Notes on the Geology of the Upper Guldal District. 

The geological map fig. l is compiled from the following sources: 
The greater part of the map represents the manuscript map of 
j. H. L. Vogt of the eastern part of the sheet Holtålen. Statements 
on this sheet indicating strike and fall are principally entered from 
the diaries of j. H. L. Vogt from 1888 and 89, as als o the occurrence 
of the staurolite bearing mica schists and of some of the limestones. 
The occurrence of the andalusite bearing rock from the Hesjedal is 
marked down from personal communication of V. M. Goldschmidt 
to the present author. The boundaries to the NE of the lake 
Øiungen (Ø on the map) are due to K. M. Hauan (cf. G. Holmsen 
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1915), who travelled in the district in the 1870 years. In the south
eastern corner the summary map of G. Aasgaard ( 1927) is u sed. 
The detailed geological mapping, now in work on the base of air 
photographs in scale l : JO 000 on account of Røros Kobberverk A/S, 
is principally covering the area to the south of the present map. 
Only on the southern margin some details from these maps are 
entered. The geological work in the Røros area is performed by 
the present author, assisted by several young geologists. To the east 
the map is completed with a narrow stripe of the sheets Stuesjø and 
Essandsjø, from the geological maps in scale l : 300 000 published 
in the paper of Hans Reusch (1896). To the north a part of the 
published geological map Selbu (Homan 189 1) is included. The Selbu 
millstone horizon on this sheet, representing a staurolite and almandite, 
often also cyanite bearing mica schist, is marked down from personal 
communication to the present author of the late postmaster Paul 
Birch, the best connaisseur of the old millstone industry of Selbu, 
now long in disuse. 

The gabbro intrusions will be mentioned at first. The large 
gabbro area to the north of Haltsjøen (H), which may be called the 
Fon gen gabbro area after the highest mountain Fongen ( 1459 m 

above s. !.), is, as it seems, principally consisting of olivine gabbro, 
at !east in the central parts. Tornebohm (1896), thus records coarse 

grained olivine gabbro from the mountains Melshogna and Hyllingen, 
and Carstens ( 1920 p. 1 02) describes olivine gabbro from Fongen. 
This rock, from a thin section in our collection, also appears to the 
east (NE) of Nordaunevoll, consisting here of basic plagioclase, olivine, 
diallage, hypersthene, and magmatic hornblende, forming a rather 
coarsegrained, quite unmetamorphic olivine gabbro. Tornebohm (1896) 
further records partly olivine bearing rocks from the area to the NE 
of Øiungen (Ø). The other gabbro rocks on the map apparently 
all are metamorphosed, principally to amphibolites and epidote 
amphibolites, partly, however, also to greenstones. 

The present author studied the metamorphic gabbro rocks along 
the path on the north side of Hulta, between the Dictyonema locality 
(D) and the western boundary of the intrusion zone near Haltdals
voll. In this profile extremely little sediments were seen, the rock 
ground, however, being much covered with morainic drift. The rocks 
were consisting of amphibolites without clinozoisite, amphibolites with 
some clinozoisite, epidote amphibolites, and occasionally, epidote 
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amphibolites with chlorite. They were coarse grained to medium 

and rather fine grained, the more fine grained rocks often in por

phyritic development. Sometimes a more femic amphibolite are 
veined by a salic amphibolite, the former rock with scattered and 
the latter with close lying phenocrysts of plagioclase. In the field 
the rocks have the appearance of being injections, an impression 
confirmed by the microscopic examination. No trace of effusive 
structures have been observed. In his diaries, j. H. L. Vogt also 
often mentions amphibolites cutting the sediment beds. 

On the southern margin of the map, and further to the south, 
as far as we have worked, the amphibolites occur as lenses and 
sheets of intrusive origin. The present author also studied the 
amphibolites at Gudå in the Meråk valley, in the same amphibolite 
zone further to the north, and outside the map, only finding intrusive 

amphibolites (epidote amphibolites). 
As to the regional distribution of the other intrusive rocks on 

the map, it may be pointed out that granitic rocks, at !east principally 
Trondheimites, are prevailing to the west of the Fangen intrusion 
zone, whereas, gabbroide rocks, principally epidote amphibolites etc. 

are prevailing to the east. In the Røros area the last feature is 

very marked. Amphibolites and partly greenstones are occurring 
here abundant in various folded injection zones to the east of the 
Fangen zone. Granitic material are, on the other side, not found 
at all befare in the eastern part of the Fangen zone itself, or in 

zones immediate to the east of the latter. 
Passing now to the sediments, the degree of metamorphism is 

generally increasing towards northwest, corresponding to the map of 
metamorphism of the Trondheim area by V. M. Goldschmidt (1915). 
Attention is called to the fact, that certain old local names, though 
partly used in a stratigraphical sense, originally are petrological 
names, used as field names on various types of schists, different in 
regard to metamorphism and composition. 

The prevailing schists to the east of the Fangen zone are, in 
the diaries of j. H. L. Vogt, called Røros schists or schists like the 
latter. The Røros schists from the present area, e. g. from Lille
skarven and Sørensfjell in the SE corner of the map, are described, 
in the diaries, as shining and uneven, evidently muscovite rich schists, 

aften with garnet or needles of hornblende ("Garben" schists), or 
both minerals, and mostly with small lenses of quartz. Th. Kjerulf 
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(187 1) u sed the epithet Røros schist proper to muscovite rich "Garben" 
schists in the Røros area. To the east of the Fongen zone, also 
sandstones occur, e. g. on hill 1052 m to the south of Meinatjern, 
as described by C. W. Carstens (1920). The Stuedal schist, a name 
given by Hans Reusch (1896), represents a muscovite bearing biotite 
porphyroblast schist, occurring outside and to the east of the 
present map. 

The prevailing schists near to the west of the Fongen zone, 
was named Drøia schists in the diaries of j. H. L. Vogt, from the 
river Drøia, marked on the map. The typical Drøia schist is 
described as a dark brown, uneven and often rusty biotite schist, 
garnet bearing, and often with quartz lenses containing cyanite. 

Two key zones are occurring in these Drøia schists. The one 
is the Volljjell limestone, including, in the opinion of the present 
author, all limestones marked down in the western area of the map, 
perhaps except the small limestone at the Rauhammer pyrite deposit, 
i. e. the eastern limestone near to the north of Hul ta. This latter 
limestone may represent an inverted part of the Vollfjell bed, or it 
may betong to a somewhat lower zone. The thickness of the Voll
fjell limestone is recorded to be about 25-30 m near Tveråseter, 

i. e. in the western limestone near to the north of Hulta, thinning 
down to only l m towards the north. Further to the north, at 
Ustensjøen, Th. Kjerulf (1875) denotes, from the observations of 
K. M. Hauan, the thickness to aga in a bo ut l 00 feet. In the Voll fjell 
itself the thickness is about 25 m, the zone consisting here of l to 
6 m thick beds of rather pure limestone, with thin layers of schist 
between the beds. In the profile fig. 5, the folds on the Vollfjell 
and the Grønfjell are drawn from several field sketches in the diaries, 
whereas the connection to the west is indicated by the anticline in 
the Guida!. 

The other traceable zone in the Drøia schist is the Selbu mill

stone horizon, representing a staurolite porphyroblast schist with 
garnet, biotite etc., sometimes also containing cyanite, compare the 
petrological description of C. W. Carstens ( 1928). This zone has 
been worked for millstone from the locality to the south of Nea to 
the beds at the northern margin of the map, and about 13 km further 
to the north. To the south of this millstone horizon proper, garnet 
bearing staurolite schist are mentioned by j. H. L. Vogt, in his diaries, 
partly also with figures of staurolite twins, from the following localities 
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Fig. 5. Profile across Vollfjell (V) and Grønfjell (G) to Haltsjøen, cp. the map p. 173. 
VL-VL = The Vollfjell Iimestone. SH-S H = The Staurolite bearing horizon in the 

mi ca se hist, from the pro file a!ong Gula. RL = The Rensjø limestone. A+ S = 

Amphibolite and sediments, not separated. D- D = The Dictyonema shale. AH = The 

Andalusite bearing horizon in the mica schist. The beds marked with dotted lines 

below the Staurolite bearing horizon, between the Jatter and the Vollfjell limestone, 

and above the Jatter, represen t the Drøia schists. 

in the Guida!: 1/z to l km to the NW of the trondheimite boundary 
at Eidet, at Ramlo, and at the Drøia bridge. At Ramlo, cyanite, 
furthermore, was present in the staurolite mica schist itself, whereas 
the former mineral was found only in quartz lenses at the Drøia 

bridge locality. These three localities are placed in the profile fig. 5. 
In the opinion of the present author, the identity of the staurolite 
bearing millstone horizon in Selbu and the staurolite bearing schist 

in Guida! can hardly be doubted. This staurolite bearing horizon 
clearly also represents a lower zone than the Vollfjell limestone. 

As it appears from the profile fig. 5, the Drøia schists with the 

mentioned two key horizons, are resting on the injection zone of 
the amphibolites and the Fongen gabbro. The Rensjø limestone, to 
the northwest of Rensjøen (R on the map), in this injection zone, 

is very different from the Vollfjell limestone, being impure and mixed 
with quartz and mica, furthermore alternating intimately in thin 
layers with schists. The coat of weathering is characteristic yellow, 
forming a conspicuous feature of distinction from the Vollfjell lime
stone. It also differs from the limestone at the Rauhammer pyrite 
deposit, which is similar to the Vollfjell limestone. The thickness 
of the Rensjø limestone zone is about 75 m near the Limsteintjern.1 
In railway cuts in the Guida!, not far to the southeast from the 
Store Rena, numerous only about l cm thick layers of limestone 

with yellow coat of weathering is occurring in the mica schist. In 

1 The name on this small tarn, about 850 m above s. l. is derived from the old 

norse name on limestone (limstein), still living in some norwegian dialects, 

especially, however, in topographical names. 
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his diary, j. H. L. Vogt assumes this limestone rich zone to be a 
continuation of the Rensjø limestone. Traces of similar limestone 

are also mentioned from the Storhøgd and the Storvoll mines, on 
the west side of the Guida!. As to the stratigraphical position of 
the Rensjø limestone, it seems at !east to belong to a lower horizon 

than the Vollfjell limestone. 
At the outlet of the lake Rensjøen, and just to the west of this 

out let, j. H. L. Vogt observed some small conglomerate beds, l to 
2 m thick, with deformed pebbles, the latter mostly consisting of 
quartz (quartzite), one pebble of granite, however, being also observed. 
The stratigraphical position of this conglomerate may be near to 
that of the Rensjø limestone, but wether above or below must be 

Ieft undecided. 
Turning now to the Dictyonema shale, the observations do not 

at present admit of a quite positiv solution of the stratigraphical 
position of the latter. The following features may, however, be 

emphasised. 
Reference is first made to the relation between the jointing and 

the bedding appearing in the profile fig. 3 from Blåhenbekken. This 

jointing implies, as well known, under ordinary uncomplicated folding 

conditions, an anticline to the northwest and a syncline to the south
east of the pro file. l f so, the be d s  at Blåhen bekken are occurring 

in normal position, whereas the beds at Hulta are inverted. Out
crops of the black shale being not known, however, to the northwest 
of the Blåhenbekken-Hulta bed, the size of the presumed anticline 
is also unknown. The anticline may be inconsiderable or large-sized. 

Another feature of interest is the occurrence of a key horizon, 
viz. an andalusite porphyroblast schist, to the southeast of the 
Dictyonema shale, as marked on the map p. 173. After having found 
erratics of an andalusite bearing mica schist in the valley between 
Nordaune and Høgvoll, and near Høgvoll, j. H. L. Vogt detected the 
outcrop of this rock near the northern termination of the Haltsjø, 
on the east side of the lake. The rock is described, in the diary, 
as an andalusite and garnet bearing mica schist with great crystals 
of andalusite, occurring with various mica schists. 

Three specimens of this interesting rock are at hand from the 
Haltsjø environments, all from erratics found to the northwest of 
the outcrop, in the general direction of the ice flow. One from the 
Haltdal (the valley between Nordaune and Høgvoll), collected by 
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f. H. L. Vogt and kept in the Geological Museum of Oslo, another 
collected by C. W. Carstens between N ordaunevoll and the Blåhen
bekken locality, and a third from Blåhenbekken itself, collected by 
the present author. The latter specimen represents a striking and 
beautiful rock, with large unaltered porphyroblasts of andalusite (up 
to 8 x 8 x 18 mm in size), and smaller porphyroblasts of staurolite 
and garnet in a biotite and muscovite rich groundmass. The other 
two specimens contain smaller porphyroblasts of andalusite, more or 
less paramorphosed to cyanite. 

Similar rocks are known also further to the southwest. At Vår
hus in the Hesjedal, V. M. Goldschmidt, after personal communication 
to the present author, found an andalusite porphyroblast schist, the 
large andalusite crystals being partly paramorphosed to cyanite. In 
his pa per on the Stavanger area, Goldschmidt ( 1921 p. 45) als o 
touches on this rock. This occurrence is marked on the map to 
the right of the name Hesja. 

Further specimens of andalusite mica schist were collected from 
the Harsjøfjell in old time (the labels being written with the hand 
of Th. Kjerulf), and kept in the Geological Museum of Oslo. The 
andalusite porphyroblasts of this rock are also partly paramorphosed 
to cyanite. This locality is situated roughly in the continuation of 
the Vårhus beds, and about 15 km to SSW from the latter. 

The occurrences of andalusite porphyroblast schist at Haltsjø, 
Vårhus and Harsjøfjell, being also the only known finds of andalusite 
from the Caledonian range of Norway, presumably belong to a bo ut 
the same stratigraphical horizon. The occurrences near the south
eastern and the northwestern boundary of the amphibolite zone, at 
Haltsjø and at Vårhus, points to a repetition of the bed through 
fold ing. 

These andalusite porphyroblast schists are chemically near related 
to the staurolite and cyanite bearing schists and the millstone horizon 
mentioned above, all representing sediments extremely poor in CaO 
and rich in Al203• In fact, these rocks represent two different 

mineral facies, separated through the equation: Andalusite� Cyanite. 

The extensive paramorphism 1 of andalusite to cyanite indicate 
that the andalusite bearing mineral facies first formed, generally 

t A simultaneous formation of the andalusite, and the cyanite bundles in this 

mineral may not be excluded, this alternative making, however, in principle 

no differance as to the existence of the two different mineral facies. 
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became unstable at a later point of time, in the development of the 
metamorphism. The occurrence of the andalusite bearing rocks near 
magma injections, also pointed out by V. M. Goldschmidt ( 1920 p. 45), 
may indicate a relative high temperature for the formation of this 
equilibrium, whereas the cyanite certainly belongs to an equilibrium 
formed under comparatively high pressure. The transition from the 
one mineral facies to the other supposedly is due to changes in the 
PT-relations as indicated. 

As to the stratigraphical position of the andalusite porphyroblast 
horizon, it may be contemporaneous with the staurolite bearing 
millstone bed, or belong to a lower horizon, whereas a position 
higher up in the series seems less probable. The Dictyonema shale 
supposedly belongs to a horizon below the Selbu millstone bed (and, 
may be, also the andalusite porphyroblast schist). 

The present preliminary review of the geology of the upper 
Guida! district is then conveying to the following stratigraphical series: 

6. Mica schists, upper bed. 
5. The Vollfjell Iimestone. 
4. Mica schist. 
3. The staurolite bearing Selbu millstone horizon. 
2. Various sediments. 
l. The black Dictyonema shale, Iower bed. 

The appellation Drøia series is used on the series 3 to 6. As 
a matter of fact, ]. H. L. Vogt used the designation Drøia schists, 
though Iaying stress on the petrological properties of the sediments, 
on all schists in the Drøia series. Now, however, it may be re
commended to use the international petrological names on the different 
rocks in question, and keep the local names for stratigraphical use, 
without referance to the metamorphic habit the sediments may possess. 

Unplaced in this series is the andalusite bearing mica schist, 
supposedly contemporaneous with or older than the Selbu millstone 
horizon; further the Ren sjø limes tone and the conglomerates near 
this bed, both, however, supposed to be older than at !east the 
Vollfjell Iimestone. 

The series below the Dictyonema bed will not be discussed at 
present, it is, however, assumed that at !east a part of what has been 
termed the Røros schists is lying below this horizon. 
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The Synclinal Character of the Central Part 
of the Trondheim Area. 

185 

The Jeft part of the profile fig. 5 evident1y forms the eastern 
flank of a large syncline, a feature more pronounced when taking 
into account the further continuation of the profile towards north
west. This profi1e confirms, in fact, the old conception of Th. Kjerulf 
of this part of the Trondheim area. One may compare our fig. 5 
with especially the general profile of Kjerulf ( 1875 p. 38 and 40) 
through the Guida!. The two synclines of Kjerulf, between Eidet 
and Drøia, and between Drøia and Holtaelv, obviously are corre
sponding to our two synclines at Grønfjell and Vollfjell. Only 
further to the northwest, outside our profile fig. 5, the beds generally 
seem to dip steeper towards NW than marked down by Kjerulf. 
The Drøia series, then, is corresponding to the Jower part of the 
Gula series of Th. Kjerulf. In a similar way, the present observations 
confirm the view of C. Bugge ( 19 10) concerning the eastern part of 
the Trondheim area. 

A discussion of the general tectonics of the Trondheim area 
will not be entered upon a present. It may, however, be mentioned, 
that the assumption by the present author of a synclinal character 
of the central Trondheim area, discrepant with the view of C. W. 

Carstens ( 1920), do not interfere with his, as it seems, well established 
interpretation of the tectonics further to the NW, viz. in the Støren
Hovin area. One should only expect an anticline, to the east of 
the Støren effusive greenstone, of smaller size than assumed by 
Carstens. The existence of such a smaller anticline was to some 
degree confirmed, on an excursion with A. C. Waters some years 
ago, through the find of a thin bed of effusive greenstone material 
between Bones and Refset in the Guida!, near to the west of the 
en trance of Buda!. This occurrence, though not be ing conclusi ve, 
is at !east in accordance with the suggestion mentioned above. 

The effusive greenstones, forming such enormous thick masses 
on the northwestern side of the Trondheim area, between Rennebu-
Meldalen and Snåsa, seem generally, after the experience of the 
present author, to dwindle rapidly towards the southeast. This means 
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that one practically is losing the effusive greenstone as a key horizon 
in the southeastern areas. In the opinion of the author it is necessary 
to pay attention to this fact in attempting to disentangle the structure 
of the central parts of the Trondheim area. 

The Fongen Injection Zone. 

The Fongen gabbro area, the southern part of which is marked 
on the map to the north of Haltsjøen, is forming the central part 
of an extended injection zone. To the north of this large gabbro 
body, more or less separated amphibolite injections can be followed, 
on the old geological maps Selbu (Homan 1891), Stjørdalen (Kjerulf 
1882), and especially Meraker (Kjerulf 1883), over the mountains 
Volokleppen, Storfjell, Sonlifjell, Mannfjell, and Fonnfjell to Gudå 
in the Meråk valley, and from here over the !akes Fundsjøen and 
Færen to Hermansnasen. Further to the north the amphibolite 
injections are proceeding, after the geological map of G. Holmsen 
( 1919), to Hy li fjell and Fagerlifjell in Verdal, and farthest north to 
Skjækerhatten, at 64 o l' N. 

To the south of the area of the present map, the amphibolite 
injection zone can be followed, from the general map of G. Holmsen 
(l 915) and our own unpublished observations, over Gruvehøgda (at 
the Harsjø mine) to Langen and the Vingelen mine, at 62 o 26' N. 
Possibly this zone proceeds also further to the south and southwest, 
to the geological map Folda! (W. Marlow l 935). The horn blende 
schists of Marlow at the Folda! mines represent, from observations 
by the present author, intrusive amphibolites of the same types as 
further to the north. Whether they represent the present zone of 
injection is, however, undecided. 

As to the question of the existence of effusive rocks in this 
southeastern part of the Trondheim area, the occurrence of basic 
la vas has been suggested by C. Bugge ( 1910 p. 23) at Fredrik IV 
(Vang-røfta) mine on the topographical sheet Røros, in or near the 
present amphibolite zone. The pillow-like jointings at this locality, 
being from the description observed in tectonic strongly deformed 
chlorite schists, are, however, not very suitable as to a definite 
ascertainment of the rocks in question as effusives. 

The only traces of effusive material from these southeastern 
areas found by the present author, is the occurrence of well preserved 
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grains of effusive basic rocks in slightly metamorphosed felspar 
bearing sandstones near the Kongens mine in the Røros area. These 
sands, may, however, have been transported a Iong way. The strati
graphical position of these beds is not decided, provisionally they 
are, however, reckoned to horizons below the injection zone discussed 
at present. 

Black shales and graphite, possibly representing or being con
nected with the Dictyonema shale, are observed in several localities 
in or near the Fongen injection zone. G. Holmsen ( 1915 p. 21) 
mentions an occurrence of graphite, once mined, at Langen on the 
sheet Røros, whereas]. C. Hørbye (1861 p. 221) indicates graphite 
to the east of Melshogna, not seen by himself. Hans Reusch ( 1896 
p. 34) mentions black alumen shale to the west of the Lillefjell mine 
on the sheet Essandsjø, compare also the paper by C. W. Carstens 
(1920 p. 60). Further to the north, G. Holmsen (1919) describes 
black alumen shales, as key horizons on both sides of the amphi
bolite zone; it is tempting to correlate these shales with the shales 
near N ordaunevoll. 

Black shales, partly developed as alumen shales, play, at all, 
no insignificant role in the central Trondheim area. In the environ
ments of the southern part of Buda! they occur in extension, after 
Th. Kjerulf ( 1871 ). Also further to the west, e. g. in the Soknedal, 
in the suggested anticline to the east of the Støren effusive green
stone, black shales are occurring, after C. Bugge ( 191 0), also be ing 
observed by the present author. It seems at present reasonable that 
at !east some of these extremely carbonaceous shales, perhaps partly 
contemporaneous with the Dictyonema shale, may be placed rather 
far down in the stratigraphical series. 

The Metarnorphism of the Black Shales. 

It i;; an interesting fact that apparently almost non-crystallized 
shales, viz. the Dictyonema bearing bed 6 at Blåhenbekken, is occur
ring in an area of rather strong metamorphism. These shales are 

interbedded with biotite and clinozoisite bearing mica schist. It can 
not be doubted that these sediments all have been exposed to about 
the same temperature and pressure conditions. 

As to the size of the grains in the groundmass of these 
sediments, it may be referred to the photographs PI. Fig. 1 ( x 45 !), 
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2, 3, and 4, the former containing carbonaceous matter in profusion, 
the latter being without carbonaceous matter at all, and the other 
representing intermediate stages. It seems obvious that the grain 
size of the groundmass in a general way is growing with decreasing 
content of carbonaceous matter. 

It is reasonable to assume that the contact planes between the 
growing crystals in the groundmass were more or less covered with 
carbonaceous matter, which impeded the reactions between the solid 
phases. Reference may also be made to an earlier discussion by the 
present author ( 1927 p. 198, 483-484) of this question. 

This interpretation being, in the opinion of the author, acceptable 
as to the general increasing of the grain sizes and the congregation 
crystallization of the groundmass, it is obvious that it does not 
suffice as to the porphyroblasts. As regards the formation of the 
porphyroblasts, it is evident that diffusion in solid phase must play 
a very prominent role. Regarding the diffusion in solid phase, 
and solid phase reactions on the whole, it may be be referred to 
the interesting recent treatment of this topic from a chemical point 

of view by J. A. Hedvall ( 1938). 
One may ask, what is the effect of the carbonaceus matter in 

respect to the formation of the porphyroblasts. It is called attention 
to one observation, illustrated by the photogra phs PL Fig. 5 and 6, 

representing two parts of one and same thin section. The amount 
of muscovite, as porphyroblasts, may be of the same order in both 
instances, the muscovite crystals being, however, much larger and 
fewer in the part of the rock containing carbonaceous matter in 
greatest quantity. This indicates that the centres of crystallization 
were fewer, the richer the rock was in carbonaceous matter, whereas 
the diffusion velocity may have been fair! y unaffected. It may also 
be referred to the large but scattered porphyroblasts of actinolite in 
the carbonaceous shale from Blåhenbekken, compare Pl. Fig. 2. A1so 
the well known occurrences of large andalusite (chiastolite) porphyro
blasts in certain extremely carbon rich and fine grained argillaceous 
sediments demonstrates, indeed, the fewness of crystallization centres 
in these rocks. 

l t seems, therefore, that fin el y dispersed carbonaceous matter 
in great quantity, more or less is impeding also the formation of 
crystallization centres in rocks. The assumption of such a partly 
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"killing" of the crystal germs by carbonaceous matter, do at !east 
account for the present observations. 

One further observation as to the formation of the porphyro
blasts may be pointed out. The muscovite as well as the actinolite 
porphyroblasts are mostly filled with carbonaceous matter, except 
for the margin principally of the cleavage planes, these being clear 
and unclouded, and in addition surrounded by a very narrow rim 
of clear quartz without carbonaceous matter. In this way at !east 
the planes with the strongest and densest point groups are kept 
clear from the carbonaceous matter, compare here the recent discussion 
of the porphyroblast problem by Pentti Eskola ( 1939). As to the 
muscovite porphyroblasts, they sometimes exhibit sand-glass structures 
(vide Pl. Fig. 5), indicating that the carbon particles are "pushed 

away" from the cleavage planes, being allowed, however, to enter 
into the crystal parallel to the latter. The present porphyroblasts 
of actinolite and muscovite are similar to the well known porphyro
blasts of andalusite (chiastolite), chloritoid etc. 

As to the preservation of the fossils at the Blåhenbekken locality, 
two different circumstances are considered of importance. First, the 
carbonaceous matter, which impeded the congregation crystallization 

of the rock and kept it fine grained. Next, the insignificant stress, 
indicated by the arrangement in all directions of the mica, compare 
Pl. Fig. 4 and especially and Pl. Fig. 5 and 6. The graptolites are 
somewhat deformed, as observed by Leif Størmer, the rocks have, 
however, escaped the strong partial movements along the bedding 
planes, and the formation of crystallization schistosity, with mica or 
graphite on the bedding planes. This may again be ascribed the 
position immediate to the large Fangen gabbro massiv, which has 
protected the rocks from the larger stresses. 

Norsk geol. tid�skr. 20. 13 
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Explanation to the plate. 

All photographs are laken with one nicol. Anker Iversen phot. 

Fig. l. Black Dictyonema bearing shale, bed no. 6 from Blåhenbekken. With 

carbonaceous matter in profusion, quartz, and extremely small flakes of 

sericite. The white vein to the left represents a tectonic jointing filled 

with muscovite. x 45. 
• 2. Black actinolite porphyroblast shale, bed no. 7 from Blåhenbekken. The 

white knife-formed line represents the rim of an actinolite porphyroblast, 

filled with carbonaceous matter. Not separated from this margin on the 

photograph, appear a very narrow rim of clear quartz grains. The groundmass 

contains quartz and small flakes of sericite. x 25. 
• 3. Biotite schist, bed no. 3 from Blåhenbekken. Representing the groundmass 

of the rock, with biotite, quartz, clinozoisite, etc. and some finely dispersed 

carbonaceous matter. x 25. 
" 4. Biotite schist from a thin bed in black shale at Hulta, near Blåhenbekken. 

With biotite, quartz, albite, clinozoisite, a little of an almost colourles horn

blende mineral, pyrrhotite (black), etc. and a porphyroblast of calcite. With

out carbonaceous matter. x 25. 
• 5. Muscovite porphyroblast feis, bed no. 4 from Blåhenbekken. Muscovite por

phyroblasts filled with carbonacous matter, are lying in all directions. Remark 

the sand-glass structure of the muscovite porphyroblast in the middle part 

to the right. Outside the clear margin of muscovite, a very narrow rim of 

clear quartz grains mostly is appearing. x 25 ' 

• 6. Muscovite porphyroblast feis, bed no. 4 from Blåhenbekken, from the same 

thin section as Fig. 5. With less carbonaceous matter and smaller muscovite 

porphyroblasts. < 25. 
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