
Spessartite and Pseudotachylyte intruded on the
Thrusting-zone of the upper Jotun Eruptive Nappe

near Nautgardstind, East-Jotunheimen.
By

Brynjulf Dietrichson

With 19 text-figures.

As a supplement to my paper treatinZ PBeu6otacn^lyteB on the
thrusting zones SE of Jotunheimen (1953) I now give some preli
minary results from investigation of samples collected in the summer
1954 near the summit of Nautgardstind (2257 m alt.).

The well known forms of this most important mountain in East-
Jotunheimen, NW-part of HuackranZio L3oft, Bio6alen* appeal on
fig. 1, as tne^ are recoZnixeabie in most of the niglant to the S
and SE.

From the localit^ wnere the BainpleB wsre collecte6 and pnot.
fig. 2 was tåken, namely 100 m lower and some hundred metres
NNE of the Buinniit, the contiZuration is more ruZZed. This is due
to the great cirque extending to the north, with almost vertical walls
300 ms high in the south, tne east and the west, forming a cul-de-sac
1 X l !/2 kms. This is «Store Nautgarden», which means «the big
encloBure for cattie». The Buininit is reZar6e6 as a former nunatak
(Werenskiold 1945, p. 26) see fig. 3. The massive rock is broken
into blocks, but these were not carrie6 away by the Ziacier, 28 on
the somewhat lower summits (below 2000 m alt.) in Jotunheimen.

"lne Barnple 92 Bnown in tiZ. 4 i8novvever tåken in Bltu
rock troin tke narro^v e6Ze ot tne precipice (kiZ. 2), an680 are tne

* A synopsis of the results from the northern halves of this and the neighbouring
quadrangle F3OV, Vinstra, bearing on fundamental mountain problems is plgnneci
to come in Norsk Geol. Tidskr. Bd. 35, 1955.



Fig. 1. Nautgardstind, (2257 m) view towards the NW from Besstrand-Rundhø
(1391) 9 kms distant. The river Russa occupies the valley; Store Hindnubben

(2167 in) lisB to tne lj^kt. pkow.
Nautgardstind sett mot nord-vest fra Besstrand ßundhø i avstand 9 km.

Fig. 2. Nautgardstind, view towards the SSW from the edge of the precipice 100 mB
lower and about 250 rnB from the «ununit. Laveres mangerite (Hypersthene
monzonite) of Upper Jotun eruptive nappe — falling westward. Authors photo.
Toppen av Nautgardstind sett mot syd-sydvest fra kanten av Store Nautgarden

ca. 100 m lavere i ca. 250 m avstand.
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samples No. 91, the main, lightcoloured rock of Nautgardstind, and
No. 93, a 20 cm dyke in tniß rock. Both are represented on fig. 4
by the light wall-rock and the dense grey, forkshaped dyke respec
tively.

The pnotomicroprapn fig. 5 of No. 91 shows protoclastic bent
plagioclase determinable as An32, with mortar structure. Perthite
drops with higher refraction than the enclosing feldspar are visible
in an adjacent, smaller fragment of supposed (not twinned) alkali
feldspar. These were also observed in the larger, albite-twinned
plagioclase-crystals (0,2 0,5 mm). The dominant rhombic pyroxene
of about the same size has rounded (resorbed?) outlines, while the
monoclinic, faint green-coloured diallage has sharper faces. Small
prismatic apatite crystals show resorbed outlines. Some ore complete
tne picture. The wallrock in sample No. 92 is more fine-grained
(pnotoinicroZrarin fig. 11) than in No. 91. For comparison is added
pnotoinicroZrapn fig. 6 of sample No. 114, Hindnubbene 6 kms
NE of Nautgardstind, 1500 m alt. This locality is discussed later.
Fig. 6 shows a slightly more basic rock with An34 in a lot of dent
plagioclase-crystals .

IVliBB Lrna <InriBtenBen, lab. Nr. 337 Oec. 1954:

Sp.gr. 2,84 and H2O-determination by Mr. R. Larssen.

C. /. P. W.norm:
Si02 55,84
Ti02 0,96 DL

Na2° 4'354 '35 81 % Me-: Or565A
K2OK20 2,92

H2OH 20 — 0,07 Ors is assumed to be present in the plagioclase of this rock
H2OH 20 + 0,18 and in the other rocks calculated.
C02 n.d
P205 0.41 Ln

100.12

A12O3 16,93 Ap. 11. Mt. Or. Ab. An. >Vo. Hy. Hy Q

3 *!'!!! 0,8 1,2 3,0 17,0 39,0 17,7 5,0 5,0 10,6 0,6
reO 4,07 . . _
MnO 0,15 5,0 73,7 10,0 10,6 0F
MgO 3,91
CaO 6,45 19 % Or

— - 2,1Fs



Fig. 3. View towards the N from the edge of the precipice 250 ms NNE from
the summit of Nautgardstind. Authors photo.

Utsikt nordover fra kanten av Store Nautgarden, ca. 100 m lavere enn toppen av
Nautgardstind.

Fig. 4. Sample No. 92. From edge of precipice (2160 m), 100 ms lower and 250 ms
NNE of the summit of Nautgardstind. Light wall rock mangerite (hypersthene
monzonite) mainrock of Nautgardstind. Dense, grey forkshaped dyke of pyroxene
lamprophyre (spessartite). Thinsection No. 92 — pkotoinicroZrapk fig. 11 was

cut to tke lett. HOvvall pkoto.

Prøve nr. 92 fra kanten av Store Nautgarden 100 m lavere enn toppen av Naut
gardstind. Lys hovedbergart gjennomset av tett, grå — upresset spessartit.

3 — ngu
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The coinpo^tion is thus monzonitic and very near the
«Mangerit, Obergangstypus zum Jotun-Norit, westlich des Bitihorns,
Jotunheimen» Analysis I on request of V. M. Goldschmidt (1916,
p. 40).

Our rock ni2^ likewiBe de terrned ni2nZerite, 2itnouZn tne
inicropertnite 18 leBB 6oinin2nt, 2n6 18 ne2rer tne lotun norite tti2N
(3o!6Bcnini6tB' inanZerits.

How near our rock on the ottier side is reiateck to the lipper-
BtkeneBxoniteB of the Lei-Zen-lotuii-iciii^l-e^, appearB from the two
further analyses given below on p. 36. The manZerits nia^ tkuB be
leZar6e6 as belonging to an intermediate gravimetrically differien
/iateci /a^e^ in the magma-basin, between the Jotun norite and
the hypersthenesyenite. The analyses are carried out on samples
collected in the Jotunheimen on a NE SW line about 60 kms.
apart. The reciprocal relationship between these two indicates as
6oeB the relationship between the analyses of No. 91 and of Gold
schmidfs mangerite from West-Jotunheimen (op. eit.) — in a l^l^^

SSW line 30 kms apart — a wide extension of the primary layers
and of the daBin. As is weli kno>vn the charnockitic (anortnoBitic:)
rocks characteristically form very large bodies (J. S. Shand, 1949,
p. 279).

How far the layers in the summit of Nautgardstind, visible on
fig. 2, falling from the E to the W, ina^ Batel^ de interpretecl as the
result of primary gravimetric differentiation, will require a series of
samples for analyses — a useful task for climbers. The presumed
layers seems roughly parallel to the westwards slope of the mountain
(fig. 1). The semistiff nappe has during the thrusting towards SE
developed concordance with the general configuration of the base
ment. As mentioned later (p. 29) tniB formed NW SE running
ridges and valleys.

The composition of this rock sample No. 127, analysis on p. 36
is thus as for a hypersthenesyenite, extraordinary rich in apatite and
ore minerals. Megascopically and in thin-section the sample No. 127
shows however a picture quite different from the abyssic rock namely
a dense, irongrey, tough rock with 3— mm black veinletB. Relics of
flesh-coloured alkali feldspar and traces of pyrite are visible with
the lens.

?notolnicloZr2pnB ot tne tnin-Bection (X 160, in pi2ne poiarixed
liZkt 2n6 witn croBBe6 nicoiB reBpectivel^) are tne tiZB. 7 2nd 8.



Fig. 5. Photomicrograph of sample No. 91 (2160) mainrock of Nautgardstind
(Mangerite) X 48, croBBed nicols. Protoclastic bent plagioclase (A1130) Perthite,

rhombic and monoclinic pyroxene. Authors photo.
Mikrofoto av hovedbergarten i Nautgardstind (prøve nr. 91). Protoklastisk struktur

i plagioklas, Anzo fX 48 + n).

Fig. 6. Photomicrograph of sample No. 114 (1500 m) Jotun norite Slope from
Hindnubbene 6 kms NE of Nautgardstind. Xenolith in lamprophyre, X 48, crossed
nicols. Abundant bent plaZioci2Be (^Ng4) /^ntipertnite, rhombic and monoclinic

pyroxene. The locality is shown in fig. 13. Authors photo.
Mikrofoto av nr. 114 av xenolit i lamprofyr, hellingen av Hindrubbene 6 km NE
for Nautgardstind — Jotun-norit med An%\ i protoklastisk bøyde ploziokloskorn

(X 48 + n).
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Analysis of No. 127 E300 1953, Mylonite, Valdresfly-veien
(-highway), Brurskardlia near Gjendesheim, Jotunheimen 19/8 1953
1040 m alt., 5 kms SE of Nautgardstind by Brynjolf Bruun, N.G.U.
chem. lab. No. 214, Dec. 1953.

Sp.gr. 2,76 and H^O-determination by R. Larssen.

CaO 2.52 36% Or

™af til 64 % PlaB- Or5 Ab^B An nK2O 5,39
H2OH 20 — 0,07
H2OH20 + 0,33 —- 9
P205 0.55 Fs?2«5 0.55

100,30

Analysis of sample of hypersthene-syenite, collected by I'/!,
Kjerulf on Suletind (1781 m alt.) Filefjell, quadrangle D3lO —
West-Jotunheimen, 60 kms from No. 127, carrieci out by O. Røer on
the request of V. M. Goldschmidt (1916, p. 43).

Sp.gr. 2,703, determined by Endre Verner.

SiO2 61,93 Q. L P. W.norm:
0,78 Di

17.41

cao 2.14 6.8
Lao 0,21
Na20 5,07 371/2 % Or
K 0 6,16 621/2 % plag: Or5 Ab83 An
P2P 20 5 0.32
~n nno Considering that BaO goes into Or, ane should probably quote:L-U2 U,Uo
H2OH 20 — 105° 0,08 62 % Mg: Or5 Ab8484 Ann

En _ j

SiO2 58,43 C. I. P. W.norm:

TiO2 1,00 A 1L M 0 Ab A H c q
A1203 17,17 y V

Fe203 5,22 ii 16 5,4 32,0 42,0 9,0 4,0 0,5 4,4
FeO 3,59 « .. ¦ '
MnO 0,08 M i? 22l
MgO 1,29

FoO l'l 6 Ap- 11. klt. or. Ab- An- Wc>. Hy ' Hy" ()
FeO 3,74 0,8 1,2 1,2 36,0 45,5 6,4 0,8 0,8 5,2 2,1
MnO 0,18 ' '
MgO OJ3 3'23 '2 87'9 1.6 _?£ 2,1

H2OH 20 + 105° 0,37
S 0,02

100,38
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They show the black veinlet with much hornblende (plagioclase
hornblende lamprophyre spessartite?) and the adjacent dense, but
somewhat coarser mylonitic wallrock with abundant microlites and
some feldspar-relics with many perthite-drops evidently of much
higher refraction. They probably consist of more An-rich plagioclase,
similar to those in No. 91 — fig. 5, and in No. 93 and No. 92
(figs. 99— —11) but appearing more abundant in No. 127. The
development of the rocks represented by the samples No. 91—92—
93 on one side and the sample No. 127 on the other seems, as will
be demonstrated below, due to closely related processes during the
tectonization. —

The Becon6 analysis or p. 36 is quoted from V. M. Goldschmidt
(1916, p. 43) whose description of the rock I am not able to improve
upon. On p. 44 l.c. (Fol6Bcnmi6t has the toliowinZ mineral caicuia
tion for the rock, in fairly good accordance with the C. I. P. W.norm,
though I have reckoned BaO in Ane,4e ,4- In realty the Celsian goes
into Or:

Inc 3 analvBeB nitnerto quote6 BeeminZlv repreBent laverB ot
BiiZntlv increaBinZ aci6itv, BUppoBinZ tnat no eonBi6eradle HuantitieB
ot alkalieB nave miZrated trom tne mvionitixateck laver repreBente6
dv Bample I^lo. 127. In tne vicinitv ot tke locaiitv (8. LrurBkar6
knapp, Bee VietrickBon 1950, p. 115), vvnere tne alkaiiricn laverB
6urinZ tne tnruBtinZ eame in contact >vitn pnvlliteB or otner U2O
ricn BcniBtB, (Inc tlvBcn ot tke Val6reBBparazmite) tne pro6uction
ot «icnor» on tke tnruBtinZ xoneB i8maniteBte6 in Borne «pezmatite»
6vkeB an6veinB.

Inc laverB repreBente6 dv Bample 127 an6tke Bample ot
KvperBtkene-Bvenite krom Buletin6, evi6entlv deionZ primariiv to
kikker laverB in tke upper eruptive nappe tnan our laver in
I^s2utZar6Btin6 (l^o. 91), an6tkev were tkruBte6 tor^var6 in tke 5N
6irection. Ike preBent 6iBtance det^veen tke «trontier» ot tke laverB
ot Kautgar6Btin6 (l>lo. 91) an6tke trontier ok tke laverB repreBente6
dv 127 in 1040 m alt. (<Hen6eBneim) i85 KmB. Bimilarlv ot
tke KvperBtkene-Bvenite in Buletin6 (1781 m alt.) mav de eBtimate6
to adout tke Barne 6iBtance.

Apat. lim. Magn. Ort. Alb. An. lDelz. OiopB. li^p. Qtz. Pyr. Calc.
0,78 1,48 1,68 36,49 43,09 6,03 0,58 1,5—2,0 5,5 2,38 0,04 0,19

3.94 86.19 7,34
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lde acivancement ot tne nappeB i8naturalis mucn 6epen6ent
on tne contiZuration ot tne daBement an6itB mecnanical an6cnemical
cnaracter. lne mineral compoBition cnanZeB witk ?, 1 variationB,
bm verv important tor tke metamorpm'Bm on tne tnruBt-xoneB i8
tne extent to vvkicn tne primariiv «6rv» cnarnockitic (V. Ooick-
Bcnmi6t 1922, p. 9) lotun eruptive nappeB >vere expoBe6 to H2O —
intwence (ctr. I. In. 1952, p. 91). waB odviouBiv
adun6ant wnere tne tnruBt-pwne 6evelope6 on a Bedimentarv,
BcniBtoBe baBement, an 6Zreat maBBeB ot anortnoBite-nolite were
tranBtorme6 into «BauBBurite-ZaddroB». Inc nevviv torme6 oN
dearinZ mineral controiie^ tne turtker tne movement BervinZ 28
ludrication me6ium.

The upper Jotun eruptive nappe in the foreland met with a
ruZZe6 relief of NW-SE running ridges, remnants of the lower,
anoltnoBitic laverB of the /on^e^ Jotun eruptive nappe. Letween the
ridges the advancing upper nappe contacted sedimentary layers,
first of the flysch (the Valdressparagmite) deposited during the
very long period of erosion (cfr. T. Strand 1941, p. 274, and 1951,
p. 27) following and contemporanous with the overfolding from
NE towards SW (Dietrichson 1950, p. 140, map fig. 1), and 1953,
p. 66). The regonial, general character of these movements (lateral
compression) was quite recently pointed out by Th. Vogt (1954,
A, B, C). Secondly, farther towards SE in the foreland the upper
Jotun eruptive nappe aiBo contacte6 partB of the Cambro-Ordovician
sedimentary basement. A host of varied metamorphic, tectonized
rocks were produced on the outer parts of the thrust-zones. Through
the ages BeoloZiBtB have trie6 to force these rocks to tell: «Inre
lange Geschichte von besseren Tågen». (Friedrich Lecl(e). The
key to the inner part of our mountainchain and the problem seems
however to be represented by the rock described in the following
section.

The F^e^, cien^e i/^^e^oc/^ of Nautgardstind.

lne intruBion ok tniB roclc BeemB evi6entlv to de 6ue to tne Barne

movementB 28 i8tne mvionitixation ot l>so. 127 near (,jen6eBneim,
witn itB diack veinletB, apparentiv Bimilar to No. 93, ckr. tne pnoto
microZrapnB tiZB. 7^B.

?ilßt Bnall de conßi6ere6 tne analvßiß ot >10. 93 (p. 40):
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Fig. 7. Photomicrograph of sample No. 127 (1040 m). Hypersthene-syenite
mylonite, Valdresfly highway near Gjendesheim. X 160, planepolarized light,
light. Wallrock with feldspar relics to the lett. police perthite drops, An-rich
with high refraction. Black: magnetite. To the right hornblende-rich black veinlet

(spessartite?). Authors photo.

Mikrofoto av prøve nr. 127. Hypersthen-syenit-mylonit (til venstre) med sort, tett
åre av hornblenderik bergart, som antas å ha samme opprinnelse som spessartiten i

Nautsgardstind. Bemerk pertit-dråper i mylonitten fX 1 60 =|= lys).

?jtz. 8. ?kotomicroBlapk, 82me 28 tiZ. 7. X 160, dut croBBo6 nicoiB.
Authors photo.

Mikrofoto — samme som fig. 7 + n. Opak. magnetitrand langs grensen.

Trøger (1935) quotes for No. 318 (p. 140). Spessartite as the
theoretical example of hornblende-plagioclase-lamprophyre:

ca. 45 plagioclase A1125-45 Our rock has norm: 52,2 An4 i
» 40 hornblende —»— 37,6 Hy-f Di

± diopside
» 10 orthoclase —»— 4,5 Or

± quartz —»— 1,2 Q
» 5 ore, apatite —»— 4,sAp+Tl+Mt.
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by Lrna dnriBtenBen, <3. 1^. cnein. lad. 338, OeB. 1954.
F/?.F^. 2,97 an6I^O^eterinination dv ll^. I^arBBen:

C. I. P. W. norm:
Bio2 53,66
7102 1,29 Di

14.38

Our rock may thus be termed pyroxene-plagioclase-lamprophyre
in accordance with the augite-plag.-lamprophyre mentioned by
Trøger as Spessartite.*)

Presenting the photomicrographs fig. 9 and fig. 10 of sample
No. 93 (X 160 respectively planepolarized light and 01-08806 nicols)
it should be pointed out: That the small pyroxenes —0,05
mm) are mainly rhombic. Scattered grains (0,1 0,2 mm) uppermost
in the figs. consist of alteret hypersthene rimmed with some biotite,
are obviously relics. The interstices are filled mainly with clear,
unaltered plagioclase, a few albite and pericline (?) twinned grains
(fig. 10) are also visible. Spherical nuclei 0,01—0,005 mm are
visible in the plagioclase-grains. The light ones are supposed to
consist of considerably more An-rich plagioclase than the enclosing
grains. They have much higher refraction than the latter. The — in
the pnotoinicroZrapn — black nuclei display the typical interference
colours of the diopsidic pyroxenes in the Bergen Jotun-rocks.—
Microperthites of two types are well known as a typical feature of
the andesinebearing Bergen Jotun-rocks (Goldschmidt 1916, "l"at.
111, fig. 5 & 6 p. 48, see also p. 36) also antiperthites. The «drop-

*) The analysis of No. 93 is further almost identical with the spessartite
analysis of R. A. Daly (1933 p. 28).

Fe203 2,30 Ap. 11. Mt. Or. Ab. An. Wo. Hy. Hy. Q.

FeO 7,49 03 18 2,4 4,5 30,5 21,7 6,8 6,8 24,0 1,2
MnO 0,13 .. -—^^
MgO 8,08 4,5 56,7 13,6 24,0 1,2
CaO 7,94
Na20 3,40 7'67 '6

K2OK20 0,81 ,5 % Qr
H2OH 2 0 — 0,15
H2OH 20 + 0,28 98,5 % plag: Or5 Ab36 An39
C02 n.d.
P2P205 0,26 En

— — 2,7
100,17 Fs



Fig. 9. Photomicrograph of sample
No. 93, Spessartite, 20 cm dyke in
mangerite (No. 91) Nautgardstind.
X 160, Planepolarized light.

uppermost. Pyroxenegrains 0,02
0,05 mm hypersthene dominant.Pla
tziocl2Be, (A1139) and Bome ortkociaze
tiliinZ the interBticeB. VropletB of more
limerick plagioclase and of diopsidic
pyroxene 0,01 0,005 mm embedded
in the plagioclase. Ore grains 0,01 mm
evenly distributed. • Authors photo.
Mikrofoto av prøve nr. 93 — 20 cm
bred spessartit-gang i Nautgardstinds
hovedbergart. Større korn (0,2 mm)
av omvandlet hypersthen øverst.

og (oven) monoklin pyroxen. Grunn-
masse: plagioklas An^ med dråper av sterkere lysbrytende, antagelig mer kalkrik

plagioklas, samt også dråper av diopsidisk podyxen (-\- 160 — lys).

Fig. 10 Same as fig. 9. x 160 but crossed nicols. Attention is drawn to the
albite- and pericline (?) twinned plagioclasegrain to the right and somewhat lower
than centre of photomicrograph. It may be ilientitiecl on fig. 9, embedding droplets
of more limelicn pl2ZioclaBe as weli as of diopsidic pyroxene. Authors photo.
Samme som fig. 9 men + n. Bemerk det tvillingstripete plagioklaskorn, med
altbitlameller og antagelig periklinlameller. Kornet kan identifiseres på fig. 9,

med dråper av mer kalkrik plagioklas og diopsidisk pyroxen.

Fig. I. Photomicrograph of sample No. 92, X 80, Planopolarized light. To the
right spessartite with droplets of limerick plagioclase embedded in the feldspar
interstices. To the lett borderzone with the mangerite, with two larger hypersthene
grains and feldspars mainly squeezed from the spessartite with Borne droplets (one
between the larver hypersthenes) of lime-rich plagioclase. Authors photo.
Mikrofoto av prøve No. 92 som er vist i fig. 4. Spessartite til høyre, grensesonen
mot hovedbergarten til venstre. — Den består tilsynelatende av utpresset plagioklas

tilsvarende fyllmassen i BpesB3ltiten (x 80 lys).
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perthites», (lat. 111, fig. 5) may noxv be interpreted as due to exsolution
(Bowen and Tuttle, 1950 p. 582) of high- and lowtemperature
plagioclases below about 700°C, decreasing displaycd when
An>An4o- In our spessartite the drops occur on a small dut visible
scale. Ore grains, size about 0,01 mm, are evenly distributed in
the rock.

In fig. 11 is presented a pnotornicroZrapn of sample No. 92
(shown in fig. 4, where the slide is cut to the left) exhibiting the
border between the mangerite and the spessartite. (X 80, plane
polarized light). The grain-size of the feldspar in the «mangerite»
(0,1 0,2 mm) i8 considerable smaller than in sample No. 91 (fig. 5).
Anorthite-rich drops (0,01 0,02 mm) are viBidle in the «manZerite»
and in the spessartite. The hypersthene grains in tniB border zone
have, however, the common grain-size of the mangerite proper (fig.
5) 0,2—0,5 mm and they are here not so altered as in the spessartite
proper (fig. 9 & 10), poBBiblv in6icatinZ tnat the home of the biZZer
nvperBtneneZrainB is the rnanZerite or reiated loxver laverB of Jotun
norite. Thus the light rock to tne left in fig. 11 consists mainly of
feldspar material squeezed out identical with the feldspar filling the
interstices in the spessartite (to the right in fig. 11). This rock displays
the same appearance and grain-size with the small, rounded (corroded)
pyroxene grains —0,05 mm) a8 in the figs. 9 & 10.

Inc coininon dekinition tor lainplopnvreB i8a8tollo>vB (KoBen
buBcn, 1907, p. 653):

«Ich adoptiere die GiimbeFsche Bezeichnung Lamprophyr fur
eine vorwiegend dem gefalteten Gebirge angehorigen Gangesteins
formation die bei wechselnder, teils den verschiedenen Syenit —
teilB den Oiorit-, Essexit- uncl Theralit-typen entsprechender, teils
hiervon abweichender mineralogischer Zusammensetzung duren
makroskopisch feinkornige dichte, oder porphyrische Struktur, durch
im frischen Zustande graue bis schwarze karde und grosse Neigung
zur Verwitterung unter reichlicher Entwicklung von Karbonaten
charakterisiert ist.»

d!O2 i8not nained dv lroZer in niß exarnple on Bpeßßartite
coinpoßition c^uoted adove, dut in one ot tne 3 analvßeß in tne tadleß
ot WaßninZton (1917, p. 1048) i8c^uoted 0,84 (N2(krom
Wincnell, klin. Keß. Oregon p. 141, 1914). N. 1.. Lowen 1928,
p. 258) Ziveß tne Zeneral cnaracterß ot «I^ampropnvreß and related
kocl«» and mentionß (1.c.) tne Conclußion ok and LeZer



43

(1923) «tnat tneße roclcß ars to de 2ccounted kor dv tlie loc2l
2ccuinui2tion ot earlv crvßtaiß, vvnicn kave tnen rernelted or rediß-
Bolved and given a li^uid ok larnpropnvrie colnpoßition».

And now we are approaching the aim of this preliminary
paper: to Mint out the dose relation between the somewhat «ill
defined group of lamprophyres» (Bowen l.c. p. 258) and the likewise
hitherto illdefined group of mylonites including the pseudotachy
/^te^ (tnat is the Cryptomylonites and the Hyalomylonites in the
term of Scott and Drever (1953)) and further to emphasize these two
rock-groups' importance, the first as the base, which during the
advaricernerit ot the nappe Zraduaii^ aBBirnilate6, tnan trettet and
embedded substances from the adjacent complexes. The resulting
rnvloniteB Berve6 as a lubrication medium for the semistiff, eruptive
nappe (nere the upper, laveres Jotun nappe). Not forgetting the
gradually development one could possibly distinguish between:

1. Inc upwar6B tranBportation ot tne nappe ludricate6 dv tne
reiativeiv pure, not, larnpropnvric nieit.

2. I"ne torwar6B BiippinZ on a Zentiv 6ippinZ baBenient
lubricate6 dv rnvloniteB ot varie6 coinpoBition.

3. 'lne torelan6 a6vanceinent wnere tne rnovernentB were
kacilitate6 dv BauBBuriti^ation rnainiv 6ue to tne exceBB ot H2O
turniBNe6 troin tne Be6inientarv daBernent in a alrea6v outline^

adove (p. 29).
A characteristic feature of the lamprophyres seems to be their

capacity of incorporating different material from the wallrocks they
penetrated. The CO2 named as characteristic in the definition of
Rosenbusch and stated to occur in the spessartite from the Coast
Range (Oregon) dotn <^uote6 adove, rnav probably originate from
sedimentary layers. The hypersthene relic grains in our spessartite
and the source of the recrystallized smaller pyroxene grains in it are
probably from the Jotun norite and mangerite layers penetrated.
The origin of the «glorified form of pseudotachylyte» the enstatite
granophyre of tne Vredefort Region (Hall and Molengraaff 1925,
p. 112), or — as this much discussed rock is termed dv Willemse
(1938, p. 117) — the basic granophyre, according to the latter is
expiained dv «an original alkali lanipropnvric magma vvnicn naß
aßßiniilated mainiv quartxite and Zranite» (from old Bedimentarv
laverß and old Vredetort Zranite forming the circular boss, neaved
14,000 metres upwards through tne sedimentary covering. (Hall
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an6Klolengraatt 1925, p. 153)). I return w tne daßic granopkvre
delow, more explicit c^uoting >Villemße'B conclußionß.

Another region most interesting for correlation with the Jotun
heimen is The Outer Hebrides (Jehu and Craig 1923—25—26).
Similar rocks — also lamprophyres (1923, p. 636) intersect the
extensive mylonite zones.

The spessartite dykes of Nautgardstind (No. 92 93) obviously
repreBent apopnvBiB oniv from m«c-/l F^eaie^ ma^e^ of the same rock
which now occur about 6 km NE of Nautgardstind. The direction
of the south Norwegian Caledonian mountain range — the front
of movement from the NW — is about SW—NE.

The locality at 1500 m alt. investigated by the writer in 1954
is on the slope at the foot of Hindnubbene a range of summits
continuing from Nautgardstind towards the NE. They are distin
guished over the vaste leveiled area ot Hindflyen. This is about
3 kms. broad gently rising from 1440 to 1700 m alt. from NE
towards SW (fig. 12). It is covereck witn tawB and outwaBke6
moraines, fig. 12 in the foreground showing a 40—50 m 6eep vaiiev
cut by a river through the front of the moraine running SW—NE.
IniB high levei, like Beveral otner «flyer» (norn.) in the Jotunheim
Region, is supposed to be due to erosion along the thrusting plane,
where fine-grained, broken mylonites and related rocks are exposed.

The locality was previously mentioned when comparing photo
microZrapn fig. 6 ok sample No. 114 with fig. 5, which exhibits the
main rock of Nautgardstind. Fig. 13 BNOWB the small outcrop (at
1500 m alt.) surrounded by talus. Sample No. 114 was tåken from
tne light rock to the right ok the outcrop, vvnicn has vertical
border against the dark, dense, crackeck rock, repreßenting the
main rock along the slope and in the 1616 m summit. No. 114
is a Jotun non/e with An34 (opt.determ.) in the plagioclase, closely
related to tne mainrock No. 91 ot Nautgardstind, termed mangerite
by the writer, who wishes to keep the classical investigations of
V. M Goldschmidt ok the Bergen—Jotun-rocks fresh in mmd. No.
114 represents probably a big xenolith, tåken by tne lamprophyre,
the dense dark rock to the left in fig. 13, for not far from the dig
xenolith was tåken sample No. 116 from a Bmaller, light xenoiitn
enclosed into the lamprophyre and intersected by a 2 cm. dvke of
the latter. Fig. 14 i8 a pnotomicroZrapk (X 80, planepolarized
light) showing the light rock, proving to be a mangerite, to the lett.
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Fig. 12. View towards the N to Hindnubbene (Stornubben, 2167 m to the lett,
1616 m summit to the right) Highlevel Hindflyen 1440 1700 m alt., cut by river

Btor-Itm6e in tke ioreZroun6. pkoto.

Utsikt nordover mot Hindrubbene — fra kanten av Hindflyen i ca 1450 m o h. -—
Morenemassene gjennomskåret av Stor-Hinde.

Fig. 13. Outcrop of lamprophyre (spessartite) with xenolith of Jotun-norite (right)
— shown in ph.micr. fig. 6 — and smaller xenolith of typical Jotun-perthite
bearing mangerite by hammer to the left. The mangerite i8 shown in ph.micr. fig. 14.
Blotning av lamprofyr med xenolit av Jotunnorit (fig. 6) til høyre og av manges/l
(fig. 14) ved hammeren — til venstre. Hellingen av Hindnubbene i 1500 m o h

med talus og morenemasser.
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Fig. 15. Photomicrograph of sample
No. 115. Planepolarized light X 160.
Locality shown in fig. 13. Pseudo
tachlyte-veinlets in lamprophyre (spes-

Samme som fig 15 men -\- n.

Fig. 14. Photomicrograph sample No. 116. X 80. Planepolarized light. Mangerite
xenolith (left) in lamprophyre (right). Locality shown in fig. 13. — 1500 m alt.

at tne toot c»t Itin6nubbene. /^utnorB pnoto.
Mikrofoto av prøve nr. 116. Mangerit xenolit i lamprofyr fra blotningen i hel

lingen av Hindrubbene vist i fig 13. Lamprofyr til høyre i foto (X 80 dp lys).

Nere the t^pical micro-pel-tkitez of the latk-t^pe (Bee Qol6Bckiiii6t
1916 "lak. 111 fig. 6, p. 48) the «Jotun-perthites» are beautifully
developed. C. F. Kolderup (1903) who first 6eßcride6 the manZerite
(after Manger near Bergen), emphasized tkiß microperthite as
critelion for the rock. According to verbal communication witk
P. Michot, who has recently Btu6ie6 the anorttioßitic: region of Eger
sund (Norway, Publications 1939 and later) tniß pertkite-t^pe is
supposed to be restricted to the katazone. Similar microperthites
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were stated bv the author in 1949 to occur near the summit of
Ruven (1400 m alt.) a mountain about 80 km. NE of Egersund in
in the great pre Cambrian basement of south-western Norway. How
far tke origin of tniß ckaracterißtic mineral is due to exsolution
analogous to the formation of the «drop-perthites» but restricted to
deeper levels is a question of considerable interest. This type of
microperthites is common in the quartzites and other clastic rocks of
early Cambrian age in the uncovered sedimentary basement to the SE
of Jotunheimen. When more completely investigated, it may be used
for i6entikyinZ the prirnar^ eruptive laverß as weli as relative age of
the sedimentary layers — and vise versa. (Dietrichson 1950 pp.
89— and photomicrographs from several new localities to be
publißne6 in the near tuture).

lo tne riZnt in kiZ. 14 tne 6enBe lainpropnvre (Zrain-zixe adout
0,01 inni) i8Bno>vn.

(Ikaracteliztic kor tne preBume6 prirnarv larnpropnvric, baBic
Zranopnvre in tne Vre6etort reZion are tne niZniv kretteci xenolitnB
ok c^uartxite an 6Zranite 6erive6 trorn tke wallloclcB. (Hall an6
ivloienZlaakt 1925, p. 59). I arn ZoinZ to point out in 6etail in
tne paper announce<s adove, coioBB2i-drecciaB are corninon alonZ tne
tnlUBt-xone ot tne upper lotun-eruptive nappe, lde tineZraine6
rnvlonitez repreBent tne otner extrerne ot tne breccation 6evelope6
6urinZ tne proZreBB ok tne tnruBtinZ. XVnile tne Boli6 kractionB were
partlv rernelte6 an 6incorporated in tne larnpropnvric daBe, tne
vvnole BtreBBe6 maBB Berve6 a8a lubrication inediurn kor tne Bio^vlv
coolinZ, aclvancinz nappeB.

It 18 BUZZeBte6 tnat xve, in tne 6eeplv ero6e6 region ok tne
vveZian <^ale6oni6eB, kave tne ckance ok 6einonBtratinZ tniB proc:eBB,
one ot Bupreine iniportance kor inountain-rnoveinentz in Zeneral. —

Then turning to the pseudotachylytes I present the photo
micrographs fig. 15 and fig. 16 (X 160 respectively planepolarized
light and croßßeci nicols) of sample No. 115: Lamprophyre as in
fig. 14 from the same locality, is intruded by black, anastomosing
veinlets of pseudotachylyte, commonly 0,5— 1 mm thick. Similar
veinlets are visible in most of the samples of fine-grained rocks,
stated under my somewhat exciting ascent up the SW slope of Hind
nubb (1616 m alt.), which is shown in fig. 12 and fig. 17. The
latter was tåken from the locality fig. 13. As may be made out of
fig. 17, the talus at the foot of the peak consists of small material,
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28 18 tke 10086 material on tke Biope: It 18 BmaU an6Bkarpe6Ze6,
almoßt like B^BB, BiippinZ on tke rock, ludric2teck dv meltinZ-w2ter
krom BM2II Zwcier remn2ntß 2dove. It mav ds mentione6, tkat 6ue
to tke retreat ot tke Zlacierß in lotunkeimen, tkiß rock 18 prodadiv
uncoverecl kor tke kirßt time kor man — an6kor tke ZeoloZißt.

For a more minute investigation of the Hindnubb 1616 m —
especially the xenoliths and their border zone and also leucokratic
dykes appearing in the lamprophyre — it will de necessary to camp
at the foot of the peaks, though a certain risk of wandering oxen in
the Veo valley.

The pBeu6otack)?l^te expOBe6 in tke basic lampropk^re is
opaque, tke light inclusions excepted. (fig. 15 & 16). The pseudo
tachylytes on the thrusting zones SE ok Jotunheimen commonly
display grey and brown colours and are semitransparent in plane
polarized light. I therefore have added two photomicrographs of a
thin section prepared for C. Bugge from sample collected by kim
and kept dv N.G.U. That is the tkin section He XII No. 5 named
«Grønsten, 1581 m høyden N f. Sandåni, Hemsedal» (West-Jotun
keimen) described by C. Bugge (1939, p. 46) with the radial microlite
aggregates (figs. 18 & 19). The almost identical appearance of a
photomicrograph of pseudotachylyte from The Outer Hebrides (Jehu
and Craig, Vol. 53, Pl. 111, fig. 6; and turtker ot S. J. BkanciB'
pseudotachylyte Type 3, 1916, p. 206, Pl. XIX, fig. 4) i8 kere pointe6
out. The white veinlet, transparent in plane-polarized light (fig. 18)
— black — isotropic under croBBe6 nicols (fig. 19) intersecting the
microlite-2ZZreZateB, BeemB to have eBC2pe6 Bugge's 2ttention, as
well 28 the colourless, glassy rims, bordering inclusions in his thin
sections from Hemsedal. Similar glassy rims are demonstrated by
Scott and Drever (1953 Pl. V, fig. 2) and by Doris L. Reynolds
(1954, p. 596 and Pl. 2 A, p. 597, see later). One can thus hardly
deny the original glassy character of the microlites — and of the
veinlet in figs. 18 & 19.

I k2ve dekore (1953, pp. 60—68) pointe6 out tke NemBe62i
reZion 28 an extenBive area, vvkere tectonicaiiv remeiteci roc^B are
6evelope6 on a Zreat Bc2ie. >Ve now muBt 266 tke
reZion, an 6lilcewiBe an interme6iate area deionZinz to tke tkruBt
xone ot tke upper lotun eruptive nappe. It i 8lilce >lautzar6Btin6
Bituated in c^ua6ranZle (Bjo6alen) to tke N ok tke Zreat VinBter
vann (lalce), vvkere X. 0. LMlvkke (1905, p. 478) reporteci drecciate6



Fig. 17. View of 1616 m.-Hindnubb towards the NE from the locality shown in
tiZ. 13. (1.500 in. alt.) pnoto.

Utsikt mot NØ mot 1616 m-Hindnubb — lengst mot nordost av disse, Veo
dalen i bakgrunnen til høyre. Fra lokalitet i 1500 m o h., vist i fig. 13.

Fig. 18. Photomicrograph. Planepolarized light X 160. Sample collected C. Bugge
(1939 p. 46). «Greenstone 1581 m. summit N. of Sandåni, Hemsedal,» West Jotun
komen. Aggregate of ra^iatins latNB of pl2Ziocl2Be, intelBecw6 by transparent

pseudotachylyte-veinlet. Authors photo.
Microfoto av C. Bugges tynnslip 1581 m topp N for Sandåni, Hemsedal (1939).
Pseydotachylit-åre av gjennomsiktig glass i radialstillede plagioklas ml^^o/ltte/'

Fig. 19. Same as fig. 18, but crossed nicols. Authors photo.
Samme som fig. 18, men + n. Viser pseudolachylit-årenes isotrope karakter.

4 — ngu

(X 1 60, 4= lys).
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and mylonitic rocks in Malmkollen and in Kvernhø (1682 m alt.).
From tne latter locality he collected samples in 1898, and much
later V. M. Goldschmidt notice6 «glassy diabase» in a thin section
(Dietrichson 1953, p. 59).

It may thus be emphasized, that the pseudotachylytes and
related mylonites and probably lamprophyres are abundantly displayed
in the Jotunheim region. Though running a certain risk as a heretic,
I support Erich Kaiser (1927) in considering these rocks as most
important for our magmatic as well as for our tectonic conceptions
(quoted Dietrichson 1953, p. 64).

In a recent publication Doris L. Reynolds (1954) has attempted
a new explanation of the origin of pseudotachylytes and related rocks
in the Vredefort region. These rocks occasioned Kaisers expression
mentioned above. R. A. Daly (1953, p. 249) wrote of «the rise
of the almost incredible, magma-invaded Vredefortdome».

In a inoBt exnauBtinZ an6penetratinZ petroZrapnical treatnient
ot tne inucn 6iBoUBBe6 daBic Zranopn^re in tne Vredekort reZion,
>VilleinBe (1938, p. 11?) ainonZ niB concluBionB BtateBi

«The basic granophyre cannot be regarded as a normal
differentiation product of the magma with which it may possibly
be connected. An explanation is outlined by which this rocktype is
referred to an original alkali-lamprophyre magma which has assi
milated mainly quartzite and granite. The special conditions
favouring the formation of this abnormal and M comparatively
homogenous rock are fully in accordance with the complicated
tectonic history of the region.

ItB cloBe relation to tne PBeu6otacn^l^teB i 8 alBo tåken into
conBi6elation».

>^8 to tne pBeu6otacnylMB ot tne Vreckekort reZion >VilleiNBe
alBo conc:lucleB:

«Inc reBult ot rontZen-ra^ anal^BeB ot tne PBeu6otacn^l^teB
6o not bear out tne BuppoBition tnat tne roclc naB oriZinated tnrouZn
tuBion.»

And further:

«It is suggested that the pseudotachylyte did not arise through
solidification from a melt, but where coarsely crystallised through
recrystallisation in the solid state. Otherwise in the ultramicroscopic
varieties it may only represent very finely pulverised rock material» .
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I^lB interpretation ot «tne MoBt pu^^linZ ot roekB» (^. NolmeB,
1916, p. 221) BeemB to kave deen adopted dv petloioZiBtB in 'leltiarv
and in older mountain ranZeB 28 well. >Vnen MdZinZ krom tne
rontZen-rav analvBeB, one muBt kave in mmd ttiat tne preBenee ok
incluBionB ok all dimenBionB in a BudmicroBcopic: daBe 18 a
known, invariadle teaMre ok tke PBeu6otacnvlvwB.

Scott and Drever (1953) and the writer (1953) have now
contemporaneously and independently described similar rocks
formed by fusion on thrusts in the Himalayas and in the Jotun
heimen respectively, and offered explanations partly along the same
lines i.e. as to glass originated from biotite.

inentione6 adove, OoriB I^. R.evnol6B (1954, p. 596)
advoc:ateB tnat «tne partial tuBion ot tne dvtownite inav de ta^en
a8a lniniinuin teinpei-ature ot adout 1355°(2,» wnicn i8adout tne
Baine tne xvriter toun6 prodadie tor tne Boli6uB teinperature ot a
Biinilar plaZioclaBe tound in a reineited anortnozite-norite on tne
tnruBtinZ XON6B BL, ot sotunneiinen, naineiv 1330°d!. (OietricnBon
1953, p. 57).

Inc aiin ot VoriB I^. I^evnol6B' paper (1954) i8nowever to
launcn a dran6 nexv expianation dearinZ on tne prodiein ot intruBive
ZraniteB, an6nere tne daBic Zranopnvre ot tne Vredstort region i8
UBe6 a8one ot tne inoBt convincinZ pieceB ot evi6ence.

(saBeouB outdreakB are BUppoBe6 to «klui6i?ate» tke tine-Zrained
material (like tne iZnimdriteB in tne Vallev ok I^en InouBan6 8molce8)
vvnicn were tnen dlaBteci into craclcB and kractureB ttiere torminZ kor
example tne daBic Zranopnvre 6vlceB («a xvidtn ot 30 m not deinZ
rare», Hall and 1925, p. 56) and tne related pBeudo
tacnvlvte veinB (down to micrcwcopical veinletB).

no riBe in temperature due to reaction ot tne ZaBBeB a8in
volcanic outdreakB or reaetionB a8dv pneumatolvtic depoBitB BeemB
expected, tliev odviouBlv muBt nave oriZinated trom exceedinZlv not
and extended reBervoirB. Inc tneorv a8a wnole mav de tåken a8

a remarkable example ot modem, tranBtolmiBtic Bcience and 18
liardlv conBiBtent witn tne teatureB ok tne mvloniteB and related

rockB on tne tnruBt-planeB ot, kor example tne lotunneimen, 28 I
nope appearB krom tne evidence in tniB paper.

0810, lanuarv 1955.
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Sammendrag:

Spesartit og pseudotachylit fra øvre Jotuneruptivdekkes bevegelses
sone i Øst-Jotunheimen.

Under den programmessige kartlegning for N.G.U. sommeren
1954 på NW-delen av gradteig E3OO Sjodalen, samlet jeg prøver
på Nautgardstind og Hindnubbene. En upresset gang (fig. 4) var
så interessant at jeg fikk utført komplett analyse av denne (nr. 93)
og hovedbergarten i Nautgardstind (nr. 91). Videre publiseres ana
lyse av mylonit fra ny fjellskjæring på Valdresflyveien (nr. 127 fra
1953) som har hypersthen-syenitsammensetning. Den sammenholdes
med Goldschmidts (1916) analyse av tilsvarende bergart fra Sule
tind, likesom hele fremstillingen bygger på Goldschmidts grunn
leggende undersøkelser særlig av de av Bergen-Jotunstammens berg
arter som er representert i dette område, og som vi nå nenk^rer til
det øvre Jotuneruptiv-dekke. Ytterligere belyser vel 6 feltfotos og
12 mikrofotos forholdene bedre enn beskrivelser i denne preliminære
meddelelse. Gangene i Nautgardstind antas å være perifere apofyser
fra større masser som nå er representert i hellingen av Hindnubbene
mot Hindflyen og i 1616 m Hindnubben lengst i NE, nærmest
Veodalen. Her trenges mer detaljerte undersøkelser. At tort. kom
over så representative lokaliteter skyldes sammentreffende heldige
omstendigheter: snedekning og uvær er det alminnelige i denne
høyden, talus og morenemasser dekker også det faste fjell vidt og
bredt. De mest motstandsdyktige bergartene står i toppene og i de
få blotninZene.

Den tette ZanZderZart er lamprotvr, normere betegnet
Den tilk^jrer LerZen-lotunßtammen. >^t den er intrudert Bom Bmelte
maßße under det Ovre lotuneruptivdekkeß deveZelße er tvdeliZ, likeßa
at denne Bmeltemaßße nar aßßimilert detteß dvpderZarter oZ t^rer
BtOrre og mindre druddßtvkker oz xenolittsr av dißße. Om den i Bin
keiket repreßenterer deler av dette, oppßmeltet under deveZelßen,
eller om den veßentliZßte del er primNre Bmeltemaßßer tilk^rt tra
maZmadaßßenZet kan det ikke taß Btandpunkt til, men at dißße nar
VXrt «overopptietet» (ca. 1500°<^?) er BannßvnliZ, BamtidiZ Bom neie
eruptivdekket nar koldt en temperatur pa Kanßkje ca. 600 °d! Bom
Bank lanZßomt 82mmenliZnet med lamprokvrmaßßeneß temperatur.
(ijennomvevninZen med pßeudotac:kvlitß2nZel oZ 2rer k2n Bom jeZ
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tidligere har fremholdt forklares ved et temmelig sterkt opphetet
miljø. Det fremholdes at lamprofyrmassene har virket som smøre
middel under eraptivdekkets oppskyvning, at de dannet basis for
mylonitmasser som hadde den samme funksjon under dettes glid
ning nedover et underlag med liten gradient, men at mylonitmassene
snart og etterhvert forandret sammensetning utover i forlandet, av
hengig av P T forholdene og foreliggende substans i bevegelses
planet. H2O tilførslen spiller en dominerende rolle.

Lagdelingen i det øvre Jotuneruptivdekke indikeres temmelig
tydelig ved de fremlagte analyser og tynnslip, fra hypersthen-syenit
øverst gjennom den monzonitiske mangerit i Nautgardstind og den
typiske inanZerit og lotun-norit representert i xenolitter i lamprofyr,
samt direkte ved lagningen i Nautgardstinds nordvegg, hvor der
ville være ønskelig å få tatt en prøveserie. Fallet av lagningen i
Nautgardstind forklares ved at dekket har beveget seg i halvstiv til
stand på et underlag med NW SE løpende rygger og mellom
liggende daler, det nevnes kort at dette relieff skyldes overfoldningen
fra NE mot SW, som tidligere fremholdt av forf., samt at dette vik
tige forhold for forståelsen av vår fjellkjedes tektonik nå fremholdes
av Th. Vogt som et regionalt, generelt trekk i den kaledonske fjell
kjede fra Norge til de Britiske Øer.

viBer den protoklaBiBke Btruktur av dekket ved
bjsvde plaZioklaBkrvBtaller, tiiBxnelatende iner utbredt i de nier
daBiBke, lavere laZ enn i de kOvereliZZende. Videre viBer de deZvn
nende drapepertkit-dannelBer, 80in antaB a BkvldeB avdlandinZ un
der avkMinZen av vlaZioklaBeneB k^v- oZ lavteniperaturrnoditika-
Bjoner. Ved detaljert deardeidelBe kan der venteB nM lvB over
ternperaturtorkoidene ved BpeBBartittenB intruBjon. Bpindelpertittene
— de vanlige «lotunpertitter» der^reB ogBa, med antvdning om at
ds BkvldeB analoge proBeBBer under kavere trykk — dereB detvdning
80ln «anorganiBk 1edek088i1» i KlaBtiBke dergaNer nevneB.

Xorreleringen mellein VredetortteltetB daBiBke granotvr og
BpeBBartitten, degge ledBaget av pBeudotackvlit dokurnentereB. vet
paviBeB at vi i pBeudotackvlittene ikl. nvere underB^kelBer ker og kra
andre kjeilkjeder kar med virkelig glaBBdannelBe og nvkrvBtalliB2-
Bjon tra oppBineltede inaBBer a g^re. ver taB avBtand tra VoriB I^.

«tluidiBeringB» -teori pa grunnlag av de trernlagte data i
I^autgardBtind-oinradet.



54

Acknowledgement.

The provisional character of many of the results in this paper
and my preceding paper in N.G.U.'s yearbook, treating the Pseudo
tachylyte SE of the Jotunheimen, is not only due to a wish to rush
into print.

Råtner i8 it in harmony with the unsettled nature of our times
when tne author's prospects for further work in the central partB
of «ur niountain-cnain are in jeopardy.

For the p2Bt tkree e^arB l Bnoul6 like to tnanic S. Føyn, Director
of the Norwegian Geological Survey for fair treatment.

I am also much odlize6 to Dr. T. Strand, also of the Nor
wegian Geological Survey, for almost daily collaboration during
the preparation of collections from our area of coininon intereBt
in tne Caledonides of Northern Gudbrandsdalen. If his krien6l)s
ackvice has deen conBl6ere6 un6ul^ conBervative in the autnor'B
inin6, it has oni^ Berve6 as a stimulans to kurtner etkort.

P. Padget M. Se. correcte6 tne LnZliBn of tne inanuBcript in
the same caretui xva^ as in the Summary of my preceding paper
(N.G.U. No. 184, 1953). During the work he also pointed out
certain sections requiring a more explicit treatment. The author
wishes to express his sincere thanks for his helpfulness.

References.

Abbreviations: N.G.U.: Norges geologiske undersøkelses skrifter.
N.G.T.: Norsk Geologisk Tidsskrift.

Bjørlykke, K. O.: Det centrale Norges fjeldbygning. N.G.U. No. 39. 1905.
Bowen, N. L.: The Evolution of the Igneous Rocks, Princeton 1928.

— and Tuttle, O. F. (se Tuttle): High-Temperature Albite and Contigous
Feldspars. 1950.

Bugge, C: Hemsedal og Gol, N.G.U. No. 153. 1939.
Daly, R. A.: Igneous Rocks and the Depths of the Lartk. 1933.
Dietrichson, B.: Det kaledonske Knuteområde i Gudbrandsdalen. N.G.T. Bd. 8,

p. 65—143. 1950.
— Pseudotachylit fra de kaledonske skyvesoner i Jotunheimens forgårder,

Gudbrandsdalen, og deres dannelsesesbetingelser. N.G.U. No. 184, p. 23 70.
1953.

Goldschmidt, V. M.: Geologisch-Petrographische Studien im Hochgebirge des siid-
lichen Norwegens. IV. Übersicht der Eruptiv gesteine im Kaledonischen



55

t?ebl>Fe 2wiBcken Btav2NZer un 6I'ron6keiin. Vi6.«lc.BeiBlc. Bkr. I.
Naturv. ici. No. 2. 1916.

— Flammerisen der Eruptivgesteine, Vi.sk.selsk. skr. I. Mat. Naturv. Kl.
No. 10. 1922.

Hall, A. L. & H/o/ens^aa//, G. A.: The Vredefort Mountain Land in the southern
Transvaal and the northern Orange kreeBtate. Verk. d. Koninkl. Akademie
von Wetenschappen te Amsterdam 24 Bd. n. 3. 1925.

//o/me^, DlBcuBBion to prot. 8. I. Bkan6: On tke ?Beu6otackvl^te ot karijz.
<). lourn. Vol. IXXII, p. 220. 1916.

Jehu, T. J. and Craig, R. M.: Geology of the outer Hebrides. Pt. I—lI—II—
Trans. Roy. Soc. Edinburg. Pt. I—II. Vol. 53. 1925 Pt. 111. Vol. 54.
1926.

t7. /^..- LerZenB arboll No. 12. 1903.
Michot, P.: La serie rubonnée norito-granitique du massif anorthositique d'Eger

sund (Norvége). Soc. Géol. de Belgique. Procés-verbaux des Soances.
T. XLII. Juin-Juillet, 1939, and later papers of this series).

Reynolds, Ot?n's L.: Fluidization as a geological process, and its bearing on the
problem of intrusive granites. Am. Journ. Se. Vol. 252, Pp. 57 76, Oct.
1954.

/^..' ?bBVBioBl2pni II — 1. 1917.
Kosengvlst, I. Th.: The metamorphic Facies and the Feldspar Minerals. Univ.

i Bergen, Årbok, Naturv. rekke No. 4. 1952.
Scott, J. S. and Drever, H. /.: Frictional Fusion Along a Himalayan Thrust. Proc.

Roy. Soc. Edinburgh. Bect. B. — Vol. LXV. — Part II (No. 10). 1953.
F/lani/, F. /..- Ike ?Beu6ot2ck^l^te ot ?arijB. (). lourn. Vol. IXXII. 1916.

— Eruptive Rocks. 1949.
Strand, T.: Oversikt over fjellbygningen i Nordre Gudbrandsdalen. Paper read

Norw. geol. Soc. 10/10—1940. N.G.T. Bd. 20, pp. 271—274. 1941.
— The Sel and Vågå Map Areas, N.G.U. No. 178. 1951. (Geology and

Petrology of a Part of the Caledonides of central Boutkern Norway.)
ff^. Boexielle petroZrapkie 6er 13ruptivZe8teine. 1935.

Tuttle, O. F., and Bowen, N. L.: High-Temperature Albite and Contiguous
Feldspars. Papers from the Geophysical Lab. Carnegie Inst. of Washing
ton No. 1133. 1950.

Vogt, Th.: A Lateral Crustal Movement in the Caledonids of Norway. Det Konge
lige Norske Videnskabers Selskab (Trondheim) Forh. Bd. 26 for 1953. No.
23. 1954 A.

— The lateral compression in Norway and the Great Glen Fault in Scot
land I. Kgl. N. Vid. Selsk. Forh. Bd. 27 for 1954 No. 9. 1954 B.
Kgl. N. Vid. Selsk. Forh. Bd. 27 for 1954 No. 10. 1954 C.

Werenskiold, W.: Heidal og Sjodalen. «Stangfiskeren». 1945.
IN//emse, /..' 0n tke 016 (Zranite ot tke Vre6etort Il,eBion an6Borne ot itB

KocliB. lranz. ot <3eol. Burv. Boutk Vol. XI. p. 43—119. 1938.


