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Variation diagrams supporting the stratiform,
magmatic origin

of the Jotun Eruptive Nappes

BY
Brynjulf Dietrichson

With 6 text-figures

In the author's paper (1955, p. 30—55) the stratiform charakter of
the Jotun eruptive nappes >vaB BuZZeBte6. It is admitted that addi
tional evidence is desirable before making a definite statement in this
case, which is supposed to be of great importance for solving the "High
Mountain Problem of Norway", tkat is, an interpretation of the
layering of the crystalline complexes which are gneissic and mylonitic
at the base, with masses of eugranitic, plutonic rocks at higher levels.

In v. Bubnoffs "Geologic der Erde" (Bd. 11—2—1930, edition in
collaboration with V. M. Goldschmidt) a synopsis of about 70 pages
is given of tne Caledonides of Norway. Excerpt from p. 33 :

"Das Problem dieser Lagerungsumkehr ist nicht nur auf das
Icale6oniBcne (-edirZe deBcnranl(t; es besitzt grundlegende Bedeutung
kur die (leoloZie eineB Faltengebirges übernaupt, un6 die nier erzielten
LrZedniBB6 konnen fiir unsere gesamte tektonische Auffassung mass-
Zeben6 wer6en."

Inc inter6epen6ence ot tectonicB an6petroioZy >vaB ernpnaBi2e6
by I^. Dalv (1925, p. 306): "feitner volcaniBln, nor plutonizrn can
de un6erBtoo6 until xve un6erBtan6 tne korrnation ot rnountain cnainB."

Inc BtaternentB ok tneBe late rnaBterB are a ckaUenZe to ZeoioZi^
ok tniB country. Inc niountain ckain exten6inZ kor more tkan 1500 KniB
rnarlcB tne topoZrapnv ok inoBt ok "lne eartn-BneliB krom 20—
30 WnB 6eep rnav de reZar6e6 a8elevate6, anck are no>v a8eruptive
nappes expoBe6 kor inveBtiZation dv eroBion, an6B>vept clear dv ZlacierB.
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1. klainh BneiBBic rock» ok variouB origin in and W ("bazai gneiBB": granitic and
quart2-dioritic, turtner paragneiBB). Btrucwrs wkoil^ or in part daledonian. (^0 tke
8^ ok 18 toliation partis abBent.)

Bergen—Jotun rocks of the lower Eruptive Nappes:
2. Areas in which eclogite occurs : Sunnfjord and the Bergen Arcs, sparsely in Sogn.
3. Areas in which anorthosite ("labradorfels") occurs: Sunnfjord and the Bergen Arcs,

Sogn and the near foreland of East-Jotunheimen.
4. Mangerite in Sogn and the Western area. Mainly gneissic. ("Jotunite" in Sogn,

"Mangerite-syenite" in Sunnfjord.)
5. Mainly acidic plutonic rocks, often gneissic. Hardangervidda and Hallingskarvet

(D 33) Bergsdalen migmatic nappes: B 33 vest, C 33 øst.
6. Gabbro: B 34 vest and diverse smaller localities.
7. Trondhjemite: D 31 vest, F 30 vest, and diverse connected localities
8. Valdres Sparagmite with cgl. Synorogenic Caledonian flysch.

9. vunite, ultradaBic rocks.
10. Troctolite, Olivine gabbro, Jotun Norite. (Medium grained, eugranitic on higher

levels in High Jotunheimen.)
11. Leucocratic Mangerites, Monzonites, Hypersthen syenites, granites. (Gneissic and

inylonitic in tke koreiand and at tke baBe.)

«.oclcB ot Oevonian in and ot Bediinentar> darnbro-Ordovician and krecambrian
VaBement, rnainh to tks 8L are not Bpecined in tkiB index inap.

IndekBicart over Vergen — sotunneiinornradet.

1. Hovedsakelig gneissbergarter ay forskjellig opprinnelse iNW og W'( «basalgneiss : grani
tisk og kvartsdioritisk, ennvidere paragneiss») . Strukturene fullstendig eller delvis
Kaledonske (SE for Jostedal mangler delvis forskifring) .

Vergen — lotunbergarter tilnsrende de undre Fotuneruptivdekker.

heimens forland.
4. Mangerit i Sogn og det vestlige område. Hovedsaklig forgneiset. s«/otttnit» i Sogn,

«Mangerit-syenit» i Sunnfjord.)
5. Hovedsaklig sure dypbergarter, ofte forgneisset. Hardangervidda og Hallingskarvet

(D 33), Bergsdalens migmatiserte dekker (B 33 vest, C 33 øst).
6. Gabbro: B 34 vest og diverse mindre lokaliteter.
7. Trondhjemit: D 31 vest, F3O vest, og diverse dermed forbundne lokaliteter.
8. Valdressparagmit med konglomerat, Synorogen kaledonsk flysch.

Det øvre Jotuneruptivdekkes bergarter.
9. Dunit, ultrabasit.

10. Troctolit, olivingabbro, jotun-norit.
11. Leukokrat mangerit, monzonit, hypersthensyenit, granit (forgneisset og mylonitisert i

forlandet og i bunnlagene) .
Devonfeltene i NWog underlaget ay sedimentær kambrosilur og avprekambrium, vesent
lig i SE, er ikke spesifisert på dette indekskart.
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The index map fig. 1 is a portion of "Berggrunnskart over Norge"
(scale 1 : 1 mill.) by O. Holtedahl and J. Dons (1953), reprinted with
out colours at half scale. The dreies of latitude and the meridians
(Oslo = 0) limiting the topographic sheets of Norw. Geogr. Survey
are drawn. Along the margin are noted the designations of the
quadrangles in letters (vest and øst) and in figures (for lat.). White
figures show the locations of the analyzed specimens. Not all the
topographic maps marked are avaiiadle, and 80 far only few corres
ponding geological maps at the scale 1 : 100.000 have been published.

In the original map the designation "A" stands for "anorthosite".
It iB, however, to be pointed out that "A" in fig. 1 stands for the
characteristic leueocratic to white "labradorfels" in the older Nor
wegian terminology. In the Bergen—Jotunheim area tkiB is a meta
morphic rock, the original coarBe ZrainB deinZ preBerve6 as rekcB,
Commonly containing over 85 % normative plaZioclaBe witk An
60—62.* In fig. 1 has the designation A on F 29 vest (analysis no. 4)
tkerekore deen removed. The rock on this locality is mainly "anorth
ositegabbro", chemically almost identical with analysis no. 3 in the
vicinity and with many Jotun Norites of the High-Jotunheimen (East
of 3° W Oslo) which kave plagioclase up to An53 and medium-grained
eugranitic texture. — These rocks might be termed "anorthosites" in
modem sense (the term being inaccurate), but not "labradorfels".

Ivloreover tke autkor KaB in an arZuinentative paper (1957 p. 8—
41) reportecl tke pBeu6o-conZioineratic: ckaracter ok a cornpoBite rocic
laver, v/kick Ka6deen interpreteck a8a true conZlornerate an6clairne6
to prove tke BtratiZrapkical corleBpon6ence ok tke adove "anortkoBite-
Zaddro-cornplex" an6tke "ladra6orkelB" ok tke lower eruptive
nappe.

Ike preBentation on tke NL-part ot KZ. l KaB conBequentlv deen
alteret Bince tke ecktion ot tke oriZnial inap ok 1953. In accor6ance
witk tke autkor'B ZeoloZical Burvev rnap (1. c. 1957, KZ. 1, p. 15) tke
extention ok tke dale6onian klvBck, tke Valc!reB BparaZmite on T 30
SBt, i8now conBi6eradlv Binaller tkan Bko>vn on tke rnap ok 1953.
?reviouBiv unicnoxvn an 6verv intereBtinZ outcropB ot eroBional
rernnantB ot ladra6olkeiB kave aiBo deen inarl(e6 "^" on tkiB qua6ranZle
ok KZ. 1. Ikev un6erlv tke Val6reB BparaZrnite an66oudtleBB deiong
to tke lovver eruptive nappe. "^" in nZ. 1 i8i6entical witk Bvindol no. 5
Katcke6 an66eBiZnate6 "L" on tke Burvev rnap ok 1957, >M/e

* A striking feature of these rocks is absence of P2P2O5 in chemical analyses.
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no. 4, hatched and designated "H" on this /«a/) ("Mangerite, anorthosite
gabbro in Heidal. Mangerite gneiss in Kvam "F 29 øst, F 30 øst-"
and in the Espedalen gneiss complex "F 30 vest-), is now ranked with
the upper Jotun Eruptive Nappe, as the author's field investigations
during tke summer of 1957 on F 30 vest confirm the strong indications
Btate6 adove.

The conclusion that the "anorthosite complex" (socalled by T.
Gjelsvik, 1946) of Heidal, belongs to the upper Jotun eruptive nappe
is important, because it leads to a satisfactory solution of the High
Mountain Problem. It may be added that Gjelsvik (1. c. p. —5)
pointed out that no real anorthosite occurs in the complex, which
mainly contains "anorthosite-gabbro", but also ample acidic and
mangeritic rocks. Gjelsvik admitted therefore that a designation
"Mangerite Complex" might have been equally right. T. Strand (1951,
p. 16) for this reason — and because of the predominating gneissic
texture, alteret the designation to "Rudihø Crystalline Complex".

In tne Baine paper Btran6 a6vocate6 tne tneorv vvnicn ne nack a6
vanceck in 1940 (1. c. p. 272). It involveB tne interpretation ok tne
coinplex 28 an autocktonous daBernent ok tne Val6reB BparaZrnite a8
weli a3ok tne daindro-ordovician Becluence. tkiB
eruptive nappe preBurnadlv loBe an6waB expoBe6 to 6enu6ation in
?recaindriarn, an6"na6carrie6 on itB daclc" tne Be6irnentarv laverB,
tke wnoie torininZ "a larZe an6kar-traveiieci nappe" (Btran6 1. c. 1951,
p. 26) 6urinB tne dale^onian OroZenv.

Inc conceptionB acivance6 in tne autnorB paper ok 1955, an6in a
unpudliBne6 lecture at tne "I>l0r6i8l(e ZeoloZiBice vinterniste 1956"
(>^dBtract I^dsi d6. 36, p. 73) were in oppoBition to Btran6'B i6eaB a8
to tne riBe an6tne d!ale6onian inoveinent ok Inc eruptive
nappeB in tne Hei6al asra. 8o aiBo >vaB tne autnor'B paper, (1957).

Inc prezentation ok tne variation 6iaZraniB in tne preBent paper
repreBentB tne next Btep alonZ tne patn towar6B a Bolution ok tne HiZn

krodiern ok Norvvav in liZnt ok lno6ern petroio^ical reBultB.
"lke attention i8nere particuiariv 6rawn to tke recent inveßtiZa

tionß ok tke Btratikie6 I^opolitkß, i. e. tke claßßical worl( ok I^.
an 6XV. Oeer (1939). 1. Lartk (1952, p. 196—197) inentionß 3
Kvpotkeßeß kor tke Zeneßiß ok tke lavere6Btructureß, dut conclu6eß tkat
none ot tkern i8Batißkactorv anci writeß: "It Beernß tkat a prorn^inZ
tiel6 ok reßearck i8kere open kor expioration." k^. 5. surner anci F.
VerkooZen (1951, p. 235) point out: "Bince even not tke moßt entku
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siastic devotee of the hypothesis of plutonic emplacement by solid
diffusion could doubt the strictly igneous (magmatic) origin of gabbro
peridotite lopoliths, the petrogenesis of such rocks has important
droack implicationß. In tnem is seen a picture of the kind and degree
of lithologic variation that tends to develop within large masses
of basic magma under plutonic conditions in a relative!^ undisturbed
tectonic environment."

Turner and Verhoogen (1951) distinguish between bytownite
anorthosite layers in Btratise6 Zaddlo-lopoiitnB (i. e. LuBnnvel6,
Stillwater, 1. c. p. 225 f. t.) and "large independent intruBionB of
andesine- and labradorite anorthosites in Precambrian terranes" (1. c.
p. 254 f. k.). Inev take as examples for the latter the Adirondack
massif and less extensively the Precambrian area of Southern Norway,
referring to the account of T. Barth (1933) stating that the "intrusive
body of anorthosite and congenetic rocks (The Egersund-area in the
WSW) are the youngest" in tniB Precambrian area. More recent in
veBtiZationB i. e. by P. Michot,* which demonstrated the existence of
primary layered and subsequently folded structures of the anorthosite
bodies, confirm the comagmatic connection to acid complexes farther
to the ENE inkerre6 by C. F. Kolderup and T. Barth. These complexes
possibly reach much farther than formerly suggested. The dating of
the anoltnoBite do6ieB as the vounZ6Bt, may then reker to their "mis
en place", analoZoUB to what nere will be demonstrated for the Jotun
eruptive nappes.

to tne maBBik Lowen an6Lalle 6erive anortnoBite

an6pvroxene-c^uart^ Bvenite krom tlie Barne parent maZma.
V. (50i68cnmi6t (1916, p. 58) pointe6 out tlie cloBe petrogra

pliic Bimilaritv detween tne roc1(8 ot tlie LZerBUn6-area an6tlie LerZen-
roc1(8. LaBe6 mainlv on niB claBBic Btu6ieB ok ttie latter (1912—

1922) lic recoZni?e6 — a8otner petroioZiBtB nave 6one—
a maZmatic anortnoBite- manZerite- cnarnocl(ite-Btem.

It 18 remarlcadle, tnat tne term "(^liarnockite", 1il(e tne term
"^nortnoBite", to6av i8Bomewnat inaccuratelv applieck, an6tliuB not
onlv UBe6 kor rocl(8 ot Btrictlv maZmatic oriZin a8waB oriZinallv in
ten6e6 dv Bir IliomaB ttollan6, wtio introckuceck tlie term (1900).
kloreover i8intereBtinZ to recaii tnat Bir in tne 1900 paper

* In P. Michot: "Phénoménes géologiques dans la catazone profonde." Geol. Rund
schau Bd. 46, 1957 p. 147—173, is found in Chapt. 111 p. 158—173 6eßcriotionß from the
Egersund-area ("Rogaland méridional, Norvége") based on Michots studies 1936 — 1956.
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(p. 134) emphasized the similitary between his charnockite series and
the rocks of the Egersund- area, which he knew from the petrological
pioneer work of J. H. L. Vogt and from C. F. Kolderup's report on
tne area.

The lower Jotun eruptive nappes.
A comparison of the variation diagram of the upper Jotun eruptive

nappe, fig. 3, with those of the lower Jotun eruptive nappes, fig. 2, the
latter also containing analyses from the Adirondack massif and the
Egersund-area, reveals that the "real anorthosite" the labradorfels of
the lower Jotun eruptive nappes comes close to similar rocks from
distant massifs. By contrast the diagram of the upper Jotun eruptive
nappe displays a cognate, but distinctly different trend.

While the "labradorfels"-analyses now available are 80 abundant
that not all of them were used in the diagrams, the analyses of mange
ritic and acidic rocks are scanty. IriiB is probably due to the fact that
the almost white, seemingly uniform monomineralic labradorfels is not
an ordinary rock, and is thus eaBilv recoZni^eadle in the nel6, while
the adjacent acidic rocks in most localities are difficult to determine,
håving varied mineral-associations and being of gneissic, often
mylonitic appearance. Their remarkably higher content of alkali
felspars accompanied by an H2O-content attained by contact with the
sedimentary cover during orogenic conditions, is probably responsible
for a partially liquid state of these layers at a temperature (say 800 ° C)
at which the "dry" anorthosite layers are almost completely crystalline.
During the orogenic movements, squeezing, not only of the anorthosite
layers in the sense of Bowen' 8 nvpotneBiB, dut aiBo of the aci6ic laverB
i8 niZkiv prodadle. The denavior of the basic and acickic rnaBB6B (of
high alkali-content) in the temperature interval indicated must be
different, the latter, due to their lower melting points, maintaining
a rnucn niZner internal mobility, and a total mobility as weli, tacili
tated dv lubrication by molten alkali silicates along the xone ok
movement, where gneissification and mylonitization of the rocks are
conspicuous.

Me autnor'B inveBtiZationB ok colleBpon6inZ rocl(8 krom tne upper
eruptive nappe pudliBne6 (1953—55—57) an 6Btill ZoinZ on,

verikv tne conceptionB advance<s nere a8to tne Zeneration an6irnpor
tance ok Bilicate ineltB alonZ tlie xoneB ot inovement (tnruBt-xoneB).
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V. Qol6Bcnmi6t coliect. 1916 p. 32. Bp. Z. 2.828.

Analyst: Olaf Røer, Norsk kemisk Bureau, Oslo (calculate6 N2O tree for diagram).

111. Labrador-Norite (very co2rBe-Br2ine6). S of Sulseter (924 m. a.5.1.) N. Fron. F 30 0.
Chr. Oftedahl collect., 1944, pp. 193—201.
Analyst: B. Bruun (NGU chem. lab.).

Ol ore 2,5 H tem: 35.6

Plagioclase Or r4 Ab36 . 2 An g2. 4=4 = 2 sal: 64.4
which latter is plotted as 111 a in the diagram.

IV. Labradorfels-mylonite, Xenolithe in the Syenite sheet of the upper Jotun eruptive
nappe, above Valdressparagmite and below the Jotun norite sheet. — 1350 m. a.s.l.
on track 2 kms N of Gjendesheim, E 30 øst.

CIPW norm and mode in good accordance. Pyroxene En 61 Fs 39 = 33,1

,5/e I

Chemical <I5om! »08ition! ot loclcB of Lo' 'er Jotun EiTuptive Nappe in Sogn and in the
Bt-sc»tunneiimen (' ariation disigram ] 'i8- 2)

lII A IV L
calc. dalc. Ol;

VII L
I!onBti' I II 111 IV VII Calc. VIII
tuent Ab36,2 Ab 37

H2O tree
An62,4 An62

8,02
TiO2
A12O 3
Fe2O 3
seo

51.11
0.01

29.00

51.8
0.1

25.3

51.89
0.25

19.50

52.4

30.4

51.54
0.19

24.49

52.0

30.4

52.5
0.1

28.3

56.40
3.41

14.93

57.51
1.31

16.69

58.5
1.3

16.9

69.64
1.64

12.42
0.67 0.5 1.01 2.48 0.4 2.46 1.05 1.0 0.55
0.64 3.6 7.60 1.17 1.4 4.41 2.10 2.1 2.28

MnO 0.07 0.03 0.01

MgO 1.46 4.0 8.25 1.09 0.6 3.88 5.34 5.4 1 88

cao 12.73 11.2 8.15 12.9 10.73 13.1 11.9 6.22 6.01 6.1 1.95

Na2O
K2O
p2p2o5
H2O-
H2O+

3.82 3.1 2.76 4.1 3.51 4.2 4.3 3.71 3.95 4.1 2.25
0.31 0.4 0.15 0.2 3.49 0.2 0.4 4.22 4.35 4.4 5.61
0.00 0.0 0.00 0.08 0.06 0.23 0.2 0.25

> 0.21 > 0.48
0.06
1.13

0.05

2r02
0.25

1.45 ! 0.53

100.00 100.0 100.04 100.0 99.99 99.9 99.9 100.00 100.00 100.0 100.00

Ex ot I.

(Boli6, black c:ilcleB, connecte6 >vitk tull lineB.)

I. Labradorfels (Anorthosite) L;arBtonnljell (1319 m. a.8.1.) 32 veBt.
Johanne Hødal collect: (1945;) 6eBcr. p. 166 an6 volume 2NHivBiB.
Analyst: Calculated from vol . anal. p. 188 1. c. 3 tem: 8,0.

klå.gioclase: An63 = 2 sal: 92.0
11. Labradorfels. S-end Espedals'vann, ca. 750 m. 2.8.1., ? 30 V.
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collect 1954 Bp.B. 2,87.
I>lQ^ cnem. lab. No. 980—1957.

«HlpW-norm: 0.2, 110.2, klt 2.5, Bum 2.9
XVo 4.6

Fo 2.2 S tem: 9.7
Ne 4.2
Or 20.5, Ab 24.6, An 40.9 86.0 S sal: 90.2

99.9

(20 % Or, 66 %Or Ab 37 An62)

The determination of the alkalis was repeated by NGU chem. lab., and it is assumed
that the labradorfels-mylonite were invaded by alkalisilicates from the embedding
syenite sheet. When 20 % Or and 4 % Ne is subtracted, the remaining 60 % plagioclase
of composition Ot1 Ab 37An62 represents the labradorfels-composition noticeable
common in the lower Jotun eruptive nappe of Sogn — Jotunheimen, and is plottet
as IV2 in the diagram.

V. Labradorfels-mylonite, schistose, near no. II (1.5 km SE Solåtjern) F 30 V.
V. M. Goldschmidt collect. 1916, p. 32.
Analyst: Olaf kser, as no. II (calculated H2O-free for diagram). I! sal: 94,5 % Or3
Ab 39 An 58 .

VI. Pyroxene-Mangerite, Tveite (S of Stalheim — NE of Uppheimsvatn, 330 m. 2.8.1.)
C 32 vest.
Johanne Hødal collect. (1945) Descr. p. 172 and volume analysis.
Analyst: Calculated from vol.anal. p. 186 1. c. I! fem: 29.0

2 821: 71.0

VII. Kl2nserite ("Ylnrtx-lotunite") kveite, (8 ot Bt2ineim — NL ot 330
m 2.8.1.) d! 32 veBt.
sonanne tte»6al collect. (1945) OeBcr. an6vol.anai. p. 170.
>^nalvBt: calculate6 trom vol.anai. p. 187 I.c 2 tem: 26.3

X821: 73.7

VIII. <3r2nite ("dnarnockite") U2UBBtsl, ot I_sppkeimBV2tn, 330 m. 2.8.1. <I 32 v«Bt.
lok2nne HS62I collect. (1945) VeBcr. 2n6 vol.anai. p. 178.

d2lcui2te6 from v01.2N2i. p. 187 l.c. I! tem: 11.8
88.2

An independent occurence of the anorthosites (labradorfelses) in
relation to their common association of mangerites-charnockites can
not be argued for the lower Jotun eruptive nappe in Sogn. Johanne
Hødal (1945, p. 129 274 C 32 vest) nere verinez the coinaZrnatic
origin recognized for the Bergen-Jotun rocks by V. M. Ool6Bcnlni6t.
The puzzling Btructul-e8 of a large (some 20 km 2) anoltnoßite-inaßßik
and itß boundary, is excellently described by Mrs. Hødal (1. c. p. 142,
fig. 4): "The anorthosite, then, lies in a bowl surrounded by inter



14

mediate and acid rocks, chiefly mangerites" The "structures show
that the anorthosite must have sunk in relation to the surrounding
mangerites". The structural and petrological conditions in and around
the massif may readely be explained by presuming an earlier "mis en
place" of the (gneissic) mangerites, gliding down the slope into the
Jotunheim syncline from a corresponding anticline to the NW. By
continuous rising of the anticline the anorthosite nappe eventually
followed, maintaining a considerable amount of heat in its large, not
completely crystallized masses, capable of melting down and squeezing
away the acidic rock masses of much lower melting points.

>^ 6iBCUBBion ot poBBidls Zeneration ok krictionai neat along tne
20ne8 ok rnoveinentB in tniB caBS, wili de poBtpone6 until recentiv
collecte6 material krom tne NaBt lotunneiinen naB deen Btu6ie6 in

cketaii. in tne latter tne autnor KaB odBerve6 a reverBe6 laverinZ
ok a daBic an6an acickic 6iviBion ot tne upper lotun eruptive nappe.

Inc two eruptive nappeB in tne toreianck ok tne LaBt-^otun
neiinen v/ere 6iBtinZuiBne6 in Bpace and tinie dv 1. Btran6 in 1938.
>^8 a criterion ne pointed out tne 6epoBition ok tne <lale6onian svBcn,
tne Val6reB BparaZrnite, <surinZ an intervai ok prokounck eroBion.

Inc concept ok ?nn eruptive nappeB waB tnuB not talgen into
CoNBi6elation dv V. Ool6Bcnini6t, >vno (1916, 1. c. p. 24) inarlce6
"ladra6orkeiB" a 8 a8lotun norite in a 3-pnaBe 6iaZrarn illuBtratinZ
tne conZenstic oriZin ok all LerZen-^otun roclcz.

Bno>vn on tne in6ex inap nZ. 1 an6enipnaBi^e6 adove, tke real
anoltNoBiteB (ladla6olkeiBeB) an6 tne real (euZranitic
tvpeB) are reBtricte6 to tne outcropB ok tne lovver an6tne upper
eruptive nappe reBpectivelv.

>Vnile tne ladla6orkeißeß in BoZn, a86ernonßtrate(i dv I. Hs6al
(1945), 6oudtleßß are accornpaineck in tne nel6 dv tkeir coinmon aßßocia
tion witn inanZeliteß-cnarnockiteß, tne ladra6olkeißeß in tke
lotunkeimen, accorckinZ to tke autkor'B inveßtiZationß, apparentlv
occur in6epen6entlv, reßtinZ directlv on tke Beciiinentarv daßernent, tke
droack "tkrußt deinZ okten 6evelope6 a8"Fleenckißtß" containinZ
ininor rernnantß ok ladra6orkeiß (i. e. Z. expoße6 in tke kaukar >Vater
po>ver tunnel 1^ 30 veßt). Ike autkor explainß tkiß kact dv preßurninZ
tkat tke rißinZ laverß ok inanZerite-ckarnockite dv traverßinZ tke tkiclc
Be6iinentarv cover to tke >f>V partlv >vere ÜBe6 up in tke "Zraniti-a
tion", vvkile reinaininZ inaBB6B Me6up an6dri6Ze6 tke
Bvncline. 'lke later a6vancinZ ladla6ortelß-6ivißioN ok tke lovver nappe
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in tne Laßt-sotunneiinen alßo BeeiNß partis "arreßte6" in tne Bvncline,
wnile Burpluß, otten lieaviiv alteret Bneetß ok tne ladra6olkeiß ackvanceci
into tne torelan6 to tne BL.

The distance along tne direction of tne mountain chain, NE—SW,
of more tnan 100 kms between the outcrops of chemically identical
labradorfelses ok the large massifs in Sogn, and the less extensive
occurences in the East Jotunheimen may be interpreted by inferring
a connection buried below a cover of Valdres Sparagmite in turn
overridden by the upper Jotun eruptive nappe.* The author's dis
covery of a labradorfels xenolith (Analysis IV, Tab. I) embedded in
the syenitic sheet basing the upper Jotun Eruptive nappe at Gjendes
heim, and presumably tåken from "Klippen" overtopping the flysch,
support this interpretation.

<2onnecte6 to tne conceptionB 6e6uce6 adove, tne autnor (rnereiv
a8a preiirninarv cornniunication) a6vanceB a nvpotneBiB a8to tne
Zeneration ok tne BMoroZenic Iron6njeiniteB an6reiateck roc1(8 (Inc
()p6alite-I'ron6njeinite-Bte!n ot (sol6Bcnini(it, 1916, p. 60 t. k.). lniB 18
da,Be6 on tne adove aBBuinption tnat interrne6iate to cnarnoo^itic
rnaBB6B trorn tne lovver eruptive nappe accuinuiateck on tne
dottoin ot tne lotunneini Bvncline, an 6tnen viel6e6 niaterial kor
palinZeneBiB ot new rnaZinaB. Ot petroioZical arZurnentB i8nere rnen
tione6 oniv tne invariadie occurrence ok okten recurrentiv oliZo
claBe-crvBtaiB in tne Iron6njeiniteB, wnicn niiZnt in6icate an inter
inittent a66ition ok da to tne inaZrna. IniB i8conBiBtent witn tne cloBe
laterai aBBociation ok Iron6njeinite outclopB witn tne anortnoBite
niaBBitB, conBpicuouB on tne inapB an6einpnaBixed dv Beveral autriorB.
Inc llon6njeiniteB ot BoBn-^otunneiinen were intru6e6 6urinZ tne
oroZenv raiBinZ tne upper lotun Nruptive nappe. Inc a6vance6 nvpo
tneBiB inav nave a inucn wi6er iinportance in tne KsV/-dale6onicleB,
an6inav poBBidlv nave Zenerai application.

In fig. 2 the variation diagram for the lower Jotun eruptive nappe
of Sogn—East-Jotunheimen is drawn with/w// lines; analyses are found
in Tab. I with adjoining explanations.

>Vnen trvinZ to coindine tne latter analvßeß witn analvßeß trorn tne
LerZen tlie autnor 80on verine6 alrnoßt torZotten verdal Btate
inentß ok V. lvl. Ool6Bcnini6t, wno recoZnixe6 tne anortnoßite-l(in6le6
ok tne LerZen a8" Boinexvnat ckisserent" krom tne anortnoßite

* This interpretation is verified by I. Th. Rosenqvisfs recent investigations N.G.T.
b.d37, 1957, p. 413.
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C. F. Kolderup (1903) eit. V. M. Goldschmidt (1916, p. 32). N.-H. Kolderup (1921, p. 30).
Analyst: Lillejord.

3. Mangerite-syenite ("Soda-syenite") Tunes, Sørfjord, Bergen area, B 33 vest.
C. F. Kolderup (1903, p. 114) eit. N.-H. Kolderup (1921, p. 54).
Analyst: Lillejord.

4. Andesinfels. Fosse. Alværstrømmen N of Bergen, B 33 vest.
C. F. Kolderup (1903) eit. N.-H. Kolderup (1921. p. 30).
Analyst: I^illejor6.

5. Mangerite-syenite, Atle-øen, Sunnfjord, A 30 øst.
N.-H. Kolderup, 1921, p. 40.
Analyst: Alfred Vindenes, Bergens Museum chem. lab.

6. Mangerite-syenite, quartz-bearing. Grane, Atleøen, Sunnfjord, A 30 øst.
N.-H. Kolderup, 1921, p. 35.

Vin6eneB.

Table II

lemical G >mpoBitio>N8ol rocl es of the bergen Are: and th< Western area
(Variatiion diagn im in Fig. 2 — brok sl lineB)

5 7
<lonBti- Calcul. Calcul.
tuent

H2O lree H2O free

SiO 2
TiO2
A12O 3
Fe2O3
FeO

46.97 52.80 56.31 57.34 57.4 64.80 66.2 68.69

1.48 0. 0.73 0.40 0.5 0.75 0.2 0.31

9.99 28.57 20.35 24.90 19.3 15.74 18.7 17.12
0.9? 0.19 2.78 1.10 2.6 1.53 0.8 0.88

10.54 0.43 3.49 0.94 3.1 2.65 1.0 0.41

MnO 0.00 Bp. 0.2 0.00 0.1

MgO 11.54 0.27 1.49 0.25 0.3 1.11 1.3 0.39
Lao

CaO 14.46 12.17 3.76 7.99 5.8 2.26 2.3
0.40
1.91

Na2O
K2O
p2p 2o 5
H 2O^

3.17 4.82 6.01 5.37 6.2 4.55 9.5 7.03

0.28 0.56 4.12 1.23 4.3 5.24 0.2 3.82
0.20 0.50 BP. 0.4 0.41 0.05 F BP.

Glødetap
! 0.33

0.13
0.56

H2O + 0.67
0.54 0.03 0.22 0.028. 0.71 0.24 0.40

100.31 100.05 100.08 100.25 100.1 100.06 100.3 101.52

ot 11.

(Openi circles, connected with brokei lineB.)

1 . Eklogit, Landsvik on HolIsenøy, A 33 øst.
'5).C. F. Kolderup (1903) eit

Analyst: Lillejord.
. V. kl. Qol6Bckmi6t (1916, p.

2. Labradorfels, thin-schistc>BL, Røsseland on Noi3ens>, A 33 68t.
-r^ rr . i J . . f-a f\*\*+\ _!j. i / > m *-* ti 1 _ ¦Ji /< Al /¦ „ -yy
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7. Albitfels, Langedalsnipen, Holmedal, Sunnfjord, A 30 øst.
N.-H. Kolderup, 1921, p. 30.
Analyst: Alfr. Vindenes.

8. Hypersthene granite, Prestunseter, Osterøy, B 33 vest.
C. F. Kolderup (1903, p. 118) eit. V. M. Goldschmidt (1916, p. 48).
Analyst: P. Schei.

865108 of Sogn. A coNBpicuoUB keaturs BeeniB to be niZner contentB of
Na2O in tne rocks of the Western area, as far as appeal from the
scanty material.

The variation diagram of the Western area is therefore drawn in
fig. 2 with broken lines; the analyses are found in Tab. II with adjoining
explanations.

Like the plottet analyses of anorthosites from the Adirondack
massif and from the Egersund area in fig. 2, the variation diagram of
the Western area is mainly drawn for comparison with the Sogn
Jotunheim rocks.

For tniB reason the Na20-rich analyses, no. 4 and no. 7, are included
in table II though not appearing in the diagram. In the author's
opinion there might de tåken into consideration a possible generation
of these albite-rich rocks by some kind of metamorphic differentia
tion during transportation and remelting from plutonic material. Ana
logues processes are indicated by the rocks represented by the ana
lyses a, p, y and § of Table 111 deiovv. Moreover it i8 pointe6 out, tkat
the granite analysis, No. 8, of Table II is aiBo noticeadi^ Na2o-licn,
and the localit? (Prestunseter) is the only one Icno>vn >vnere a 6^ke of
a Bergen-Jotun-rock intersects schists of the Cambro-Silurian base
ment (jfr. V. M. Goldschnidt, 1916 p. 48—49, C. F. Kolderup, 1903
p. 117).

The upper Jotun Eruptive Nappe.
The construetion of tne variation diagrams is based on 14 chemical

analyses of rocks, which on stratigraphical, tectonical, petrographical
and petrological grounds briefly pointed out above, in the author's
opinion belong to the upper Jotun eruptive nappe. Seven of tneße were,
at the author's request, carried out at Norges geologiske undersøkel
ser kjemiske laboratorium (NGU chem. lab.) by the chief chemist
Civil engineer Brynjolf Bruun and his adle aßßißtantß. I^our analvßeß of
fine grained, noritic rocks, displaying neo-volcanic features were also

2 — NGU
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Fig. 2
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rna6e at tne I^(3l^ ladoratorv. Inev are talcen krom "Bole injectionß"
ok tne xoneß ok inovernent, an6preßuinadlv repreßent plutonic roclcß
rernelte6 dv krictionai neatinZ. Inc 6 conßtiwentß ok tne analvß6B
talcen into OoNßi6eration in tne 6iaZrarn an6plotte6aZainßt Bi(>2 are
inariceck xvitn Boli6 circleß kor tne "Bole injectionß" an 6xvitn open
circleß kor tne otner roclcz.

6 of tne author's 11 analyses here appiieck have been published
recently (1. c. in the explanation below) 5 analvBeB have not deen
pudliBne6 dekore, and in tneBe caBeB the <^I?>V norm and Boine briek
remarks have been added in the explanation. In the analysis of No. 2
and ok No. 7, inoreover, of the "sole in)ectioNB" a and p, the content
of H2O +110° exceeds IX, and tnev therefore have been calculated
as water free in the diagram. The other specimens on which analyses
were performed have maintained the "dry" character of the primary
Bergen-Jotun-rocks, the CIPW-norm for the latter being in fairly good
accordance with the mode.

The localities of the analysed samples found may de on the index
map, fig. 1, by the quadrangle designations (i. e. E 30 øst) and figures,
white on dark background and black on light background.

Explanation offig. 2. Variation diagrams of rocks of the lower Eruptive nappes:
(1) The lower Jotun Eruptive nappe of Sogn and the East Jotunheimen (based on analyses

in Table I with adjoining explanation) marked with solid black circles connected by
full lines.

(2) The nappe of the Bergen Arcs and the Western area (based on analyses in Table II
with explanation,) marked with open circles connected by broken lines.
In fig. 2 is plotted switn greek cross in circlej average of 4 analyses of anorthosite
(Marcy type,) from core of Adirondack massif after Turner and Verhoogen (1951,
p. 255). The constituents FeO, MgO and K2O in tniB average are near 1 % and re-
presented by one lower circle. Also plotted (with St. Andrew's cross in circle) are the
constituents of one analysis from Ånasira, Egersund area, Southern Norway. T. F. W.
Lartk has kindly perrnitted the UBe of tniB ana!>BLB. IkiB is one of the two analyses
represented by average in the Table of Turner and Verhoogen (1. c. p. 255).

Variasjonsdiagram for bergarter fra de undre eruptivdekker.

(1) Det undre Jotuneruptivdekke i Sogn og Øst-Jotunheimen (basert på analyser i tab. Imed
«explanation») , merket med sorte fylte sirkler og helt opptrukne linjer.

(2) Eruptivdekket iBergensbuene og det vestre område (basert på analyser i Tab. IImed «ex-
planation») merket med åpne sirkler og stiplede forbindelseslinjer.
I fig. 2 er dessuten merket med kors i sirkel gjennomsnitt av 4 anortositanalyser fra
Adirondack-massivet (FeO,MgO, og K2O, alle, nær 1 %,er representert ved ett merke) .
Med kryss i sirkel er merket en analyse fra Egersundfeltet (Ånasira) — (stilt til dis-
posisjon av professor T. Barth).
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collect. Ko. 72, 1956. Bp.tz. 3M.
ckem. lab. 1081. 1957.

CIPW norm: Mt 1.2, Ab 0.5, An 4.0, Ol 91.8 (Fo 82Fa 18).
Mode: Ol 92 (Fo 88Fa12) (+ Plagioclase 4 % not visible) 96 % Wt. Picotite, black,

non-magnetic 4 % determ. with integration-table. Usual content of 8 %
Cr2O 3 corresponds to 0.3 % 2032O3 for the rock as determined by NGU
chem. lab.

1. Olivine-Zabdro (troctoiite) BiklcilB6alBkornet, 1544 m. a.8.1. L 30 08t.
coliect. 204, 1954. Bp. 3. 3.18.

ckem. lab. 433, 1955.
CIPW norm: Ap 0.16, 11. 1.0, Mt 5.3 sum 6.5

Di: Wo 15.4, + hy 15.4 30.8
Hy (En = 4.3 Fs) 3.0

Ol(Fo80Fa20) 24.9 S fem: 65.2
Or 1.0, Ab 12.5, An 21.3 S sal: 34.8

Or3Ab36An61 100.00

Table 1

(^nemi« 1 Composi>tic>nB ol i ocliB of ti ie upper lotun Lru> »tive 54ap
(Var, iation 6ja< ram Fig. 3)

2 7
<I!onBti' calc.

H2O lree

calc.
tuent

H2O fr«

Bio2
TiO2
A12O 3
Fe2O 3
reO

38.08
0.06
2.91

44.96
0.72

10.23

46.43
0.98

17.11

47.0
1.0

17.4

48.15
0.83

18.03

49.17
0.83

19.08

52.76
0.52

15.40

53.90
0.65

17.42

54.91
0.43

16.73

55.9
0.4

17.0
1.27 5.18 2.72 2.8 3.77 2.46 4.55 2.89 3.96 4.0

15.75 8.95 6.65 6.8 7.61 7.20 6.59 5.72 5,13 5.2
MnO 0.20 0.24 0.10 0.1 0.14 0.11 0.14 0.12 0.13 0.1

MgO 40.07 15.07 10.07 10.3 6.34 6.21 6.10 4.92 4.76 4.8
cao 0.90 12.17 11.70 11.9 10.95 10.76 7.69 8.36 6,78 6.8

Na2O
K2O
H2O^
H2O +
p2p2o 5

0.09
0.03
0.07

1.35
0.17
0.14

2.34
0.25
0.08

2.4
0.3

3.17
0.36
0.11

2.60
0.69

0.26

3.36
2.02
0.18

3.83
1.86
0.07

2.97
2.53
0.15

3.0
2.6

0.30 0.69 1.48 0.41 0.28 0.20 1.39
0.16 0.06 0 01 0 14 0 38 0 29 0 38 0 18 02

99.89 99.89 99.92 100.0 100.01 99.75 99.88 100.32 100.05 100.0
0.30

incl. in

CO2 0.38
100.26

(^cc>2
0.29

tr. 2032O3
A12O3

f OO3.40 2.80Bp.Z: 3.18 3.06 < higher 3.04 n.6. 2.89 < highei

Explai >ation ot adle 111.

0. Dunite,Leirunj isdalen, kaulikamli ,er, 1400  2.8.1. L 30 681.
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Ol: (Fo 80Fa20) 19.6 2 fem: 41.5
Or 1.5, Ab 21.0, An 35.9 ~Z sal: 58.4

(Or2Ab 36An 62) 99.9
Mode: ca. 85 % green hornblende, 12 % plagioclase (oligoclase?) and zoisite. 3 %

Bpnene (titanite).
The metamorpkiBm BeemB to have keen accomplished on the primary rock with

normative composition only by excess of H2O and high stress, presumably at deeper levels
before the "mis en place". The neighbouring rocks, represented by analyses no. 3 and
no. 4, of similar primary composition have maintained the "dry" character, with para
geneses (autometamorphic?) containing garnets, especially abun6ant in no. 4.

a P
10 11 12 13 Const. calc. calc.

H2O troe H2O lree

55.84 58.43 61.93 69.33 72.80 73.22 SiO2
TiO 2
A12O 3
Fe 2O3
FeO

46.5 51.2 53.66 53.98

0.96 1.00 0.78 0.38 tr. 0.27 3.2 1.4 1.29 0.40

16.93 17.17 17.41 14.34 14.55 13.02 16.4 16.0 14.38 19.78

3.08 5.22 1.16 1.56 0.18 1.85 3.5 3.0 2.30 2.93

4.87 3.59 3.74 2.12 1.04 1.21 10.6 8.5 7.49 4.57

0.15 0.08 0.18 0.08 tr. 0.05 MnO 0.2 0.2 0.13 0.11

3.91 1.29 0.73 0.44 0.47 0.15 MgO 6.1 6.7 8.08 3.94

6.45 2.52 2.14 1.34 0.82 0.67 cao 9.9 8.6 7.94 7.24

4.35
2.92
0.07

4.66
5.39
0.07

5.07
6.16
0.08

4.01
5.42
0.04

3.54
5.48
0.20

3.63
5.64
0.02

Na2O
K2O
H2O-^H 2O-^
H2O +
p2p 2o 5

2.6
0.7

3.1
1.2

3.40
0.81
0.15

4.84
1.20
0.19

0.18 0.33 0.37 0.48 0.40 0.32 0.28 0.13

0.41 0.55 0.32 0.10 0.15 0.01 0.5 0.2 0.26 0.44

100.12 100.30 100.07 99.64 99.63 100.06
BaO

100.2 100.1 100.17 99.75

0.21 0.17
0.19

0.08
0.08 0.06

0.01
Co2

0.02 0.01 S

2.69
0.31 99.88 99.82 100.15

2.84 2.76 2.70 n.6. 2.636 n.6. n.6. 3.00 2.97

Mode: Grain size 1—1,5I —1,5 :mm, mak«38 mode 6eterminati«n uncertain.

Tabular plagioclasiie An 65—-

15 % Moi

10 %.
N,komd.pvroxene 1 20 /^, Olivine 25 X-

Sparsely: Pleonaste + One 7 %, Bie•tite 3 X-
2. Hornblende gneiss, HeidalIBlnuen 1743 m. 2.8.1. ? 30 VLBt.

coilect. No. 42, 1 945. Bp. A, 3.06.

Analyst: NGU chem. lab.. 1954.
un 4.3ClPWnorm:lll.4, Mt 2..9 8^

Di: Wo 8.8 + hiv 8.8 17.6
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Attention is drawn to the striking similarity between no. 2 and the average of 5 ana
lyses from the Birtavarre District (1 "green beds", 4 2mpkidoliteB) recentiv publiBke6 by
F. M. Vokes (1957, p. 59). The Bimii2ritv is conBpicuouB not onlv as to the normative
composition, but also as to the metamorphism. The localities are ne2l 1000 kms apart, but
both are connected with the Jotunheim Lyngen syncline, the most conspicuous of the first
order synclines in the Caledonides of Norway according to the interpretation of Thorolf
Vogt (1922 1946). The current investigations of the Lyngen sheeted igneous complex
may de expected to unveil interesting analogies between tniB and the upper Jotun Eruptive
nappe. A preliminary note by W. A. Elders (1957), also seems to support these prospects.

3. Jotun Norite, Langvasshø, 1350—1400 m a.s.l. E 30 øst.
Author's collect. no 77, 1953. Sp.g. 3.04.
Analyst: NGU chem. lab. 1954.

vi: XVo 8.0 kv 8.0 16.0

Ol (Fo67Fa33) 12.3 S fem: 35.3
Or 2.0. Ab 28.5, An 34.2 S sal: 64.7

(Or3Ab44An53) 100.0
4. Fotun ("^nortnoBlte 82ddro") B.u6ins, 1162 m. 2.8.1. ? 29 veBt.

OjeiBvilc coilect. ?übliBke6 >lQl' b6. 26—1947, p. I I Bp.Z. n. 6.
3 lem: 33.6

Or6'B Ab35'3 An57'8 = 2 Sal: 66.4

100.0

lore (3jelBvik, min. InBt., 0810.

5. >iorite, >VeBt-Blope Vreikv2MN2Bi 1550 m. 2.8.1., >1W "lvin, L 30 veBt.
V. kl. (30l68(:nmi6t coliect. 1916, p. 38. Bp.s. 2.878.

Kl2x vittlick, IteitlelbsrZ.

6 sotun Tunnel icol6e62ien 1 180 m. 2.8.1., 5 KmB >lW ot l>lo. 5L 30 veBt.
coUect. 2pr. 1957 Bp.Z. 2.89.

Analyst: NGU chem. lab. 1957.
ci?W norm:^po.s, 110.8, K1t3.0 Bum 4.3

Di: Wo 6.2 -s- kv 6.2 12.4

Ol Fo70Fa30 1.5 2 fem 29.8
Or 1.0, Ab 34.5, An 24.7 2 sal 70.2

(Or15. 6 Ab49. 3 An 35.j) 100.0
l^ineBl2ineci, BtreBBed, dut treBk, unmetamorpkic rock. (^ont2in pertkite, tr2NB>
itionei t>pe det>veen "6ropletB" 2n6 "Bpin<sle" pertkite, not "meBopertite".

7. Kl2nselite, tr2NBitionel to >iorite, W ot Litikorn (1608 m) L 31 08t.
V. kl. (-ol6Bckmi6t collect. PubliBke6 1916, p. 40. Bp. 3. 2.804.

Kl2x vittrick, lleicielberZ.
8. Kl2Ntzerite, tl2NBitionel to norite, >lautB2l<iBtin6, 225? m, 30 e»Bt.

coilect. ?übliBke6 1955, p. 32 Bp.g. 2.84.
Nai_s ckem. I2b. 1954. I! lem: 25.6

X82I: 74.3

cikXV norm: 0.3. 111.2. ktt 3.9 Bum 5.4

Hy(En = 2Fs) 1.6

Hy (Mg = 2.2 Fe) 11.6
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9. HvperBtkene Bvenite. Val6reBll? kigkvva^, 1040 m. 2.8.1. L 30 SBt.
collect. ?übliBke6 1955, pp. 34—37 Bp.tz. 2.76. DenBe, kaving apparent!?

been almoBt completelx remelteci.
3 lem 1 2. 1, I! 821 87,9.
Analyst: NGU chem. lab. 1953.

10. HvpelBtnene Bvenite,Buletin6 (1781 m. a.8.1.) kileljelll) 31 SBt.
l^jerull collect. (?übl. krom localit? 1879. p. 207) Bp.s. 2.703

V. kl. (!ol<iBmcki6t publiBke6 tke 2nalvBiB 1916, p. 43.
0. I^ser, 08ic>, on rec>ueBt V.kl.Q. 1916.

Buletin6 naB lotun norite in tne Buininit an6a Bkeet ok nvperBtnene-B?enite ca. 150 M8
tnick below 1500 in. a.8.1.

(I^. 0. Ljsrlvklce, 1905 p. 514.)
CIPW norm: B. Dietrichson 1955, p. 36, where also the mineral calculation by V. M.

Goldschmidt i8 quoted — showing fairly good accordance with the
norm.
II lem: 10—11.3. 5 zai: 90—88.7.

11. (iranite, ?0882N8eter ca. 1000 m. a.8.1. NemBe6al L 32 SBt.
c. Nusse coilect. ?übliBne6 1939, p. 62—63.

KMver ckem. lab., 08ic».

12. Viotite Qranite, B^-Bi6e BvnBkorn (1453 m. a.8.1.) L 30 e»Bt.
V. kl. <3ol6Bckmi6t coiiect. pubi. 1916, p. 52. Bp.s. 2.636.

kl. Dittrick, Iteickeibers, 1912.

13. Oranite, <3rsnBennknipa (1368 m. a.8.1.) L 32 e»Bt.
c:. Vusse coiiect. ?übliBke6 1939. p. 62—63.

Analyses of 4 fine-grained or dense norite rocks from "sole injections" at the base of
the moving zones of the gabbroic division, highest in the upper Jotun eruptive nappe,

« Diabase-porphyrite, Espedalen, 725 m. a.s.l. F3O vest.
coliect. ?übl. 1953, p. 54.

(kkoto p. 48 an6?kotomicrosl2pkB. ?I. 111 Kz. 1 an62 Bnow intact, tinesraine^ kitzk-

Analyst: NGU chem. lab. B. Bruun 1953.
(dalculateck H2O-lree for the diagram.)

ft Korite, Knesraine6. I^in6kov6a 1150 m. a.8.1. L 29 SBt.
XV. WerenBlcjol6 collect. 1941. Bp.g. 3.00.

publ., 1957 p. 32—33:
(?kotomicrosl2pk. ci?W-norm 3 lem 38.8 I! 821 61.3.)

NQI.I ckem. wb. 1955.

(d!2iculate6 I^O lree lor tke 6iasram.)

v BpeBB2ltite, I^2uts2l6Btin6 2257 m. a.8.1. L 30 SBt.
Xutkor'B collect. ?übl. 1956, p. 40—^1.
(l»koto p. 33, pkotomicrograpk p. 39) cipW-norm 3 lem 42, zai 57.9.

I>l(Il1 ckem. lab. 1954.

8 Djab2Be, Ur2noB Qkcier 1800 m. 2.8.1. 1) 30 SBt. (?oot ol klt..Basa 2041 m.)
collect. 1957. OenBe, slaBBv rock. Bp.z. 2.69.

temperature plagioclase An60. Descr. (p. 52—54) and CIPW-norm 2 fem 40,5
S sal 59.5.)
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In fig. 4 is reproduced the variation diagram for 66 analyses of
Tahitian lavaB tåken from Turner & Verhoogen (1951, p. 129 after H.
Williams). To the right of this diagram are plottet the constituents of
analysis no. 10, Table 111, hypersthene-syenite from Suletind, the upper
Jotun eruptive nappe (jfr. explanation p. 23). This (and adjacent ana
1v868) fit remarkably well at the right hand side of the diagram for the
Tahitian lavas.—The expianation odviouBiv is the ten6encv to con
verge towards a composition characterized by "the low-temperature
through" as shown by Bowen in the phase diagram for the system
NaAlSiO4—KAISi4 —KAlSiO4 SiO2 . In fig. 5 tniB pnaBe diagram is repro
duced according to fig. 19 (p. 148) and fig. 37 (p. 275) in the textbook
of Turner & Verhoogen (1951). Besides Dalys average compositions
for granites (1), BveniteB (2) granodiorites and diorites (3), are plottet
in fig. 5 the compositions of no. 9, no. 10, and no. 12 from Table 111,
falling well inside the border ok the low temperature through ABCD.
Birnilar converZinZ ten6encv on the lekt, basic partB of the variation
diagrams for tne Tahitian lavas and tne plutonic rocks of tne upper
Jotun eruptive nappe, are evident for all constituents except for CaO.

Explanation of fig. 3. Variation diagram of the rocks of the upper Jotun Eruptive
nappe, High Jontunheimen with foreland (based on analyses in Table 111 with adjoining
explanation). The 6 constituents of the analyses tåken into consideration in the diagram,
for 14 analyses are plotted with open circles and connected by full lines. 4 anal^BeB are
plotted with solid circles, and connected by broken lines to the neighbouring open circle
representing the same constituent. The 4 analyses are from "sole injections" presumably
remelted from corresponding plutonic rocks.

5 ot tke autkor'B 11 anal^BeB UBed in KZ. 3, kave not deen publiBked betore.

Variasjonsdiagram for bergarter i det øvre Jotuneruptivdekke, høy-Jotunheimen med
forland (basert på analyser i Tab. 111 med tilhørende «explanation») .

De 6 konstituenter som tas med for opptegning av variasjonsdiagrammet, er for 14 ana-
lyser merket med åpne sirkler og forbundet. 4 analyser er merket med sorte, fylte sirkler og
tilknyttet diagrammets nærmeste merke for tilsvarende konstituent. De representerer «sole
injections», antatte oppsmeltningsbergarter. 5 avforfatterens 11 analyser som er brukt i fig. 3,
er ikke publisert tidligere.

-norm: 0.8, II 0.6, klt 3.0 sum 4.4

Di: Wo 1.6 + hy 1.6
Hy (Mg: Fe = 2)

3.2
12.6

OIFo74Fa26 0.9

3 lem 21.1

0r 7.0, 43.0. 28.9 Ssal 78.9

(Or 8. 9Ab54. 8An36. 3) 100.0
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Explanation offig. 4. Variation diagram for 66 analyses of Thaitian lavas, reproduced
from Turner and Verhoogen (1951, p. 129) after H. Williams.

At the right hand end of the diagram are adjoined the constituents af analysis No. 10
of Table 111 and fig. 3.

Variasjonsdiagram for 66 analyser av lavaer fra Tahiti. Til høyre i diagrammet er inn
tegnet verdien for de 6 tilsvarende konstituenter i analyse nr. 10 i tab. 111 og fig. 3.

While CaO in the lava diagram lies at 16 % plotted against 40 % SiO2 ,
the colleBpon6inZ interpoiateck amount for the plutonic rock zerie» is
5 % CaO (0,9 % CaO against 38.1 % SiO2

A still Uliexplaine6 ten6enc^ of ladra6olleiB CoinpoBitloli to con
verge towards Or Ab37An62 (with 53, 7 % SiO2) is remarkable. Among
diverse factors regulating the petrological equilibrium may be men
tioned the composition and original temperature of the presumable
continental-basaltic parent magma, the magma chambers dimensions,
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Fig. 5

Explanation offig. 5. Bowen's phase diagram for the system NaAlSiO4 KAISiO4
— SiO2 with Daly's average compositions for (I) granites, (2) syenites, (3) granodiorites
and 6ioriteB in reiation to the low-ternperature tkrouZK ABCD. The corleBpon6inB com
positions of the analyses No. 9, No. 10 and No. 12 of Table 111 and fig. 3 are calculate6
and plottet.

Fig. 5 is drawn after Turner and Verhoogen (1951) fig. 19 (p. 148) and fig. 37 (p. 275).

N. L. Bowens fasediagram for systemet NaAlSiO4 — KAISiO4 — SiO2 med inntegnet
Datfs gjennomsnitts-sammensetning for (1) granit, 2 (syenit) og 3 granodiorit i forhold til
"lavtemperatur trauet" ABCD. De tilsvarende verdier for analyse nr. 9, nr. 10 og nr. 12
i tab. 111 og fig. 3 er inntegnet.

Fig. 5 er tegnet etter Turner Verhoogen (1951) fig. 19 (p. 148) og fig. 37 (p. 275) .

isolation and depths in the Laltk-Zkeii ; and corresponding heat
capacity and rate of cooling, and not least a period of undisturbed
conditions sufficient for obtaining an optimal rate of differentiation.
Regional evidence shows that most real anorthosites are of younger
Precambrian age.
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8o wrote V. Ivl. Ool6Bcnrni6t (1916, p. 136):
"Ferner ist es sehr merkwurdig, dass die sicher bekannten Gebiete

von Anorthosit-Charnockit-Gesteinen anscheinend stets ein sehr hohes
geologisches Alter besitzen (Urgebirge oder Altpalåozoicum). — Man
konnte, um einen bildlichen Ausdruck anzuwenden, fast sagen, die
Gesteine dieser Art seien friihzeitig ausgestorben." This statement
today must be restricted to the series containing real anorthosite
(I2.dla6olkeiB).

to tne upper sotun eruptive nappe it naB been pointe6 out
adove, tnat itB laverB, correzponckinZ to tne real anortnoBiteB ok tne
lovver eruptive nappe, are repreBente6 dv tne noriteB xvitn
plagioclaBe up to 53/^ >^n.* IneBe roc1(8 rna^ okten 6iBpla^ a Boine
>vliat leucocratic appearance, tnouZn alwavB containinZ conBicleladle
arnountB ot kernic rnineraiB. cnaracteriBtic teature never lacl(inZ in
tkin BectionB ok tneBe roc1(8, reZionaiiv repeate6 in analoZueB BerieB
trorn all partB ot tne xvorl6, i 8tne roun6e6 BeeniinZlv reBorde6
boun6arieB ok tne keinic ininerai aZZreZateB an6tne apatite.—^ clear
irnpreBBion ot "arreBte6" roclc conBtituentB 6urinZ BinlcinZ in "too
eariv" cnille6 inaBBeB i8reinaricadie. >^ 6atinZ ok tne 6it?erentiation ot
tne rocic BerieB repreBente6 in tne upper sotun eruptive nappe (lad.
111)—poBBidlv to 016 kaieoxoic,—muBt de regar6e6 a8prernature.
more exact 6atinZ on BtratiZrapnical Zroun6B ot tne "rniB en piace" i8
expecte6.

In tne autnor'B opinion tne liiKerent BerieB ot Eruptive roc1(8,
repreBente6 dv tne two eruptive nappeB, rnav de reZar6e6 a 8an
exarnpie >vnicn 1inl(8 tne real anortnoBite occ:urenceB to tne tvpical
Zaddroic lopolitnB.
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kinancial Bupport krom ">lanBenkon6et til krernrne av nor8l( viten-
Bicap" an6trorn ">sorZeB alrnenvitenBl(apeliBe tolB^ninZBra6" rna6e it
poBBidle tor tne autlior to Zet tniB paper readv tor print akter niB
leave krom "I>lolZeB ZeoioZiz^e un6erBol(eiBe" 1. Isaren 1957.
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verBitv ok 08io, na8—6urinZ Beveral vear3—Kin6lv Ziven tne autnor
vaiuadie a6viceB,—now aiBo a8to tne lanZuage, vvkicn Knaiiv waB

* The troctolites (No. 1 and No. 2, Tab. III) of the upper Jotun Eruptive nappe
show however 30 50°/0 plagioclase with An60—62 .
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Fig. 6

Explanation offig. 6. The mountain ridge Saga (the saw) 2041 m. a.5.1., overtopping
the Melkedal- and Uranos-Glaciers, the West Jotunheimen (D 30 øst) seen from SSW.
Shows layering in Jotun Norite. The analysis 8 (Tab. 111, fig. 3) of specimen tåken in
outcrop at foot of Saga. Falketind (falcon peak) 2067 m. a.s.l. (D 30 øst), 7 KmB. SSW of
Saga, was — as the first peak in the Jotunheimen — cllmbe6 by Chr. Loeclc and B. M.
Keilhau in 1820, "the explorers of the Jotunheimen". The latter was professor in Geology
at the University in Christiania (Oslo) 1834 1858). Author's photo 1957.

Fjellryggen Saga (Sagi) (2041 m o h.) sett fra Uranosbreen mot N. Prøve 8 (D3O øst) .
Tab. 111fig. 3 er tatt i blotning vedfoten (ca. 1800 m. o. h.) av Saga. Viser lagdeling i/oiunnorit,i/oiun
norit, fot. forf. april 1957.

carefully corrected by Mr. P. H. Reitan, B. A. formerly of University
of Chicago, p. t. at NGU.

The author wishes to express his sincere thanks for the support
and assistance mentioned, and also to all persons connected to the
institutions which promoted and encouraged his work.

Sammendrag

Variasjonsdiagrammer ay Jotuneruptivdekkenes bergartsserier be
krefter deres primært magmatiske lagdeling, fremkommet ved mere og
mindre komplett, gravitativ dijferentiasjon.

De her publiserte diagrammer med tekst er ment som et skritt videre
på vei mot løsningen av det norske høyfjellsproblem etter de linjer
som indikeres i forfatterens refererte publikasjoner (1953, — —57),
samt i utrykt foredrag på det nordiske geologiske vintermøte i Oslo
1956.

Det gjennom mannsaldre uløste problem besto især i den «om
vendte» lagning av eruptivmassene, særlig tydelig i Jotunheimen, men
erkjent langs hele den Kaledonske fjellkjede i Norge fra Stavanger til
Vestfinnmarken, ved forgneisede, mylonitiserte bunnlag, som tydelig
hadde beveget seg fra NW mot SE utover i forlandet på underlag av
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lcaindro-Bilurißlie Bedirnenter; oZ n^vereliZZende eruptivpaldcer av
Bainrne Berie med norrnallcolninZ sußranitißlc tekßtur.

Sitater fra vårt århundredes ledende geologer (s. 1) fremhever
den vidtrekkende betydning løsningen av det norske høyfjellsproblem
kan få for forståelse av fjellkjededannelse i sin alminnelighet med til
hørende eruptiv og vulkansk virksomhet. Disse uttalelser oppfattes
som en utfordring til geologisk forskning i Norge, hvor naturforhol
dene vel ligger bedre til rette enn i noe annet noenlunde lett tilgjengelig
land.

Den i videste forstand bevegende kraft ved fordelingen av berg
artmassene og deres komponenter såvel i smeltet som i mere eller
mindre konsolidert (krystallisert) tilstand, tilskrives den justerende
virkning av gravitasjonen på jordskorpens stabilitetsforhold og krets
løp i stort som i smått. N. L. Bowens sats «Gravity never takes a holi
day» innebærer således at tyngdekraften utpekes som «Deus ex
inacnina» også i jordklodens periodisk gjentatte overmektige drama,
fjellkjedefoldningen. Termen «overskyvning» erstattet den første
brukte betegnelse «overskytning»* i overensstemmelse med svensk
«overskjutning» anvendt av A. E. Tornebohn under hans banebry
tende interpretasjon av de skandinaviske Kaledoniders berggrunn.
Den siste betegnelse medførte ikke noen forestilling om at de enorme
bergartsflaks laterale forflytning på ca. 100 km var foranlediget av
«skyvning» bakfra. En enkel beregning basert på bergarters fasthets
konstanter og friksjon viser umuligheten av en slik antagelse. At ho
vedmassene har skjøvet unna relativt mindre flak som da ble breksiert
er en i den grad iøynefallende sekundærvirkning at forestillingen om
skyvning har festnet seg. Man så ikke skogen for bar trær.

LetvckninZen av et eKektivt Binorerni66el lanZB deveZeiBeBBonene kor
6e tortlMecke nove6inaBBer er Bterlct krernnevet av nXrvZ3ren6e korlat
ter i overenBBteinineiBe rne6 k. vaiv'B (1925 — 295 tk) prinBipielle
detralctninZ. Ln retcice nve lokaliteter av Zla^ZanZer, pBeo6utacnvlit
(Karalit6liBert Born «6en rneBt Zatekuiie berZart» av en av Btordritan
niaB le6en6e, nålevende ZeoioZer) lconBtaterteB i sotuneruptivdel(l(eneB
deveZelBeBBoner. ve interpretereB Born raBl(t Btorline6e Bililcat-inaBBer
80in var BlN6rerni6let, intruckert i relativt ko/t/e drel(Bierte 6eler av 6e
kreinZli6en6e inaBBerB un6erlaZ. ve deveZe6e rnaBBer Kol6t lenZe en 8a
nov temperatur, at 6e oppBinelte6e Bililcatel 80in 6annet BinOrerni6let
tilclc tid til a danne tinl(lVBtallinBl(e derZarter. ViBBe die imidlertid i

* 8e N. «.euzck. nr. 47, 1908. 8. 17.
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Btor utstrekning atter opplcnuBt under den kortBatte deveZelBe, oZ die
okte inetainoltoBert, BXlliZ ved tilZanZen pk H2O kra underlaget 80ln
de die preget mot under veldiZ trvl(lc kra de overliZZende delcicinaBBer.

Glidning nedover en skrånende flate, selv med liten gradient, kunne
holdes igang ved de enorme massers levende kraft og varmekapasitet,
inntil den gradvise avkjøling førte til fullstendig størkning.

Den vesentlige forskjell i smeltepunkt og viskositet mellom de
basiske (med Bi(>2 < 50 X) og de surere bergarter (Bio2 55—70%)
godtgjøres å ha spilt en vesentlig rolle for Jotuneruptivdekkenes be
vegelse.

Ved deres hevning i en antiklinal av tilsvarende dimensjoner som
den komplementære dype Jotunheim-synklinal, gled en avdeling av
leukokrate sure lagpakker først ut fra antiklinalen, fylte synkli
nalen, hvoretter mulig overskytende masser gled utover forlandet.
Dette forhold verifiseres ved kartlegningen. Smøremiddel av relativt
lettsmeltelige alkalisilikater, må ha spilt en avgjørende rolle for ad-
BlcilleiBen fra underliggende basiske lagpakker som er fattige på alka
lier. Under fortsatt hevning gled så de basiske masser ut.*

Forholdet med to-deling påvises for begge Jotuneruptivdekker.
Variasjonsdiagrammene demonstrerer den beslektede, men uttalt noe
forskjellige grad av differentiasjon mellom de respektive bergarts-
Berier. For det undre dekke er virkelig anorthosit, «labradorfels»,
karakteristisk, inneholdende 60— % anortit (An60-62) i plagioklasen;
men ikke P2P2O5 , mens den tilsvarende lagpakke i det øvre Jotunerup
tivdekke representeres av Jotunnorit med opptil 53 % anortit (An53
og mere av mørke mineraler og apatit, «arrestert» under nedsynkning
i massene, som størknet på et relativt tidligere tidspunkt enn kor labra
dorfelsserien.

>Vy BNlliZ intereBBe er paviBninZen av at <!en leulcolcrate, Bure av6e
linZ av 6et un6re sotuneruptiv6el(l(e i j3Bt-^otunnsiinen i Bin lielnet die
tildalcenolckt i sotunneiinBvnlilinalen, etter torBt a lia koranle6iZet ut-
Btralct ZranitiBerinZ av de rnelctiZe Be6iinentpaldcer >l>V kor denne.

Tn del av ladladorkeiBpal(lien dle oZBa iZjen. "lilBarnnien dannet
inaBBene dro over den dvpe Bvnlclinal, 8a overBl(vtende ladradolteiB
iN2BBer nådde BN-over i SBt->sotunnei!nenB tolland. Den BvdveBtre del

av det undre er el(Bponert kor underBe»lceiBe i BoZn

* På basaltisk underlag, med sammensetning etterhånden modifisert av overliggende
gabbroide dekke til s. k. "sole injections", som mange steder har avgrenet større og
mindre gabbroide ganger og apofyser i dekkene (f. eks. "doleritter").
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på kartblad C 32 vest, Vossestrand, utmerket gjennomført av Johanne
Hødal (1945). Av stor generel betydning er at de leukokrate masser i
bunnen av synklinalen kan antas å ha gitt materiale for dannelse av
Trondhjemitmagma og beslektede eruptiver som kom til intruBjon
samtidig med at det øvre Jotuneruptivdekke ble hevet og rykket frem.
I et langt mellomliggende tidsrom var da det undre Jotuneruptivdekke
redusert ved erosjon og den kaledoniske flysch, Valdressparagmitten,
avsatt. Den dannet i stor utstrekning (men ikke overalt) underlaget for
det øvre Jotuneruptivdekke.* Nye undersøkelser viser at også Valdres
sparagmitten var utsatt for erosjon etter fremrykkingen av det øvre
Jotuneruptivdekkes leukokrate avdeling, idet rullesteiner fra det sist
nevnte er representert i Valdressparagmittens konglomerater.

I^iZ. 1 er nskkeikart Born viBer pa kville Bra6teiZer 6e korBlcjelliZe
analvBeprsver er tatt. — De er rnerket rne6 Barnrne tall oZ doliBtaver
80Ni i variaBjoNB6iaZrarnniene KZ. 2 oZ nZ. 3. "lil 6iBBe er torlclarinZ kor
liver analvBe i lad. I, II oZ 111.

I^iZ. 4 er variaB^onB6iaZrarn kor 66 analvBer av laliiti-lavaer, oZ Zir
tv6eliZ in6ilcaBjon om at 6isserentiaBjon av lavaer oZ 6vpderZarter
toreZar etter 6e Barnrne lover, riineliZviz i deZZe tilkelle kra et daBaltiBlc
BtarnrnaBlna. — I^iZ. 5 er et 3-iaBe-6iaZrarn etter Ks. 1.. Lo^ven, Born
viBte at 6e Bure derZarterB BarnmenBetninZ lconverZerer mot et deZren-
Bet ornra6e livor temperaturen er relativt lav. ViBBe 6isserentiaBjoNB
produkter no!6er BeZ lenZer klvten6e un6er avlcjslinZ.

Ln6eliZ er i KZ. 6 viBt leitkotoglati kra VeBt-sotunlieiinen, nvor lag
6elinZen i 6et ovre er BVnliZ pa lang lei, BannBvnliZ
viB tor6i laZ av korBlcjelliZ BarninenBetninB nar deveZet BeZ i korliolck til
liveran6re un6er Zli6ning mot BL.

l^iZ. 6 er av HellrvZZen BaZa, Born 8tilcl(el opp av
— I/ranoBdreen (I) 30 SBt). Ln av nadotoppene, I^all(etin6, tiar torin
Born BannBvnliZviB B^vl6eB opptol^ninZ av nar6e rnotBtan6B6vl(tiBe
eruptivlaZpaldcer. Den er lcient Born 6en ksrBt deBteZne topp i lotun
neirnen ve6«lotunneiinenB op6aZere» dkr. Loeclc oZ L. Ivl. K^eilnau
i 1820. LeZZe dle Benere prokeBBorer ve6I_lniverBitetet i dnriBtiania,
X^eiiliau, «QeoloBienB rv6ninZBinann i KorZe», i ZeoloZi (1834—1959).
vet er ilclce utenlceliZ at K^eilnau tant Bte»tte kor Bin «tranBinuta-
BionBteori» ve6a erinckre utBil(ten til 6e laZ6elte IcrvBtaUinBl(e rnaBBer

* Ivan Th. Rosenquist: «Montmorillonit fra Fortun i Sogn», nettopp utkommet
NGT Bd. 37, 1957, verifiserer p. 413 denne oppfatning av ljeiidvsninZen.
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%/ot§

80N1 8668 lra x^eiikau kaBtnol6t til Bin 656 6enne teori, 80N1
korldarte alt kva vi na baller eruptivderZarter (oZBa lavaer) Born om
cianne6e laZdelte Be6iinenter.

Born Bitert (8. 9) KnneB 6er krern6eleB prominente ZeoloZer 80in
Kol6er en 6sr apen lor en liZnen6e (tranBkollniBtiBlc) teori til korklarinZ
av laZ6elte KrvBtallinBl(e niaBBer i Bin alininneliZliet. kor lotunkeiinen
oZ kor BainmenlienBen6e 6eler av 6en nor8l(e kjelllcjecke lcan 6enne opp-
katninZ il(l(e opprettnol6eB.
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