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INTER-OFFICE MEMORANDUM

-)

Dae: December 14th 1971

To: J.B. Gammon

cc: B. Sturt, A.M. Clarke, R. Jahnsen

From: F. Nixon

Subject:

Comments to Prof. B.A. Sturt's report on observatinns on

work concerning the basic rocks of the Iveland-Evie area.


Age relationships and metamorphism of the basic rocks.

I am in agreement with Sturt that most of the basic rocks
that we are dealing with have undergone metamorphism, and
Sturt would seem to be correct in his comments. regarding
this matter. In some places, however, intrusive relation-
ships can still be seen as is exemplified by the enclosed
photographs.

Structural observations

Again I must say that I am in agreement with Sturt's comments,
and his conclusion that a detailed structural examination of
certain critical localities would be of value in establishing
the detailed relationship of the bodies of massive gabbroic
rocks in the deformational metamorphic sequence.

It is hoped that Sturt and members of his faculty can initiate
studies on these matters in 1972.
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REPORT TO Dr.J.B.GAMMON

Observations on work concerning the basic rocks of the

Iveland-Evje area - By Prof.B.A.Sturt

In connection with my limmited studies of the drill-cores

and thin-sections, principally from the K4eltevann prospect,

supplemented by the reading of the relevant reports prepared by

geologists working for the company it is possible to make the

following preliminary comments

(A) Age relationshi s and metamor hism of the basic rocks

In the report by Wiik (dated Feb.1968) it is considered

that the basic rocks are of three types representing an age

sequence of emplacement viz:

I - Pre-orogenic amphibolite

II - Syn-orogenic amphibolite

III - metagabbroic amphibolite "formed through auto-

metamorphism or more restricted,later metamorphism

of the outer zones of late- to post-orogenic gabbros

intruding the type II amphibolite".

These 'types' are distinguished by Wiik according to a

number of lines of reasoning which would appear to the writer to

have variable validity;

(a) The type-I amphibolites are recorded as occurring in

the banded gneisses as layers, and that xenoliths of both rock

types are ound within the gabbros. This would appear to be a
7

reliable criterion.

The type-II amphibolites are distinguished from type-I

on the basis of intrusive relationships and the xenoliths mentioned

above, and this would appear reasonable.

The type-III or intrusives of the late gabbro type,

however, present to the writer a somewhat different problem.

I-SV hz



These are described as "bodies of more or less unmetamorphosed

gabbro". The first point at issue here pertains to the interpretatior

of the metamorphic relationships of these rocks. A variety of

evidence is preeented, by Wiik in his report,in support of the

thesis that these rocks were intruded subsequent to the regional

metamorphism in the area.In his discussion Wiik lays principal

weight on the preservation of basic plagioclase within the

variably uralitized gabbroic rocks. The writer has examined a

considerable number of the thin-sections described by Wiik,and

whilst agreeing with the essential points of his petrographic

descriptions, is unable to accept that the petrography of these

rocks represents any safe basis for the conclusion that the

gabbros represent intrusions post-dating the amphibolite facies

regional metamorphism :

(1) The preservation of basic plagioclase is in itself a poor

indication of a post-metamorphic emplacement for the gabbroes.

To take as examples the Caledonian qabbroic intrusives of

Connemara(W.Ireland) and in West Finnmark, it is possible to

demonstrate that plutons which have obviously undergone the

maximum conditions of almandine amphibolite facies metamorphism

still contain well preserved relict igneous textures and mineralogy.

The degree of preservation depends to great extent on the amount

of post-emplacement internal strains which have been imposed upon

the rocks. In many such rocks a primary mineralogy of olivene-

pyroxene-anorthitic plagioclase is well-preseved with good cumulate

and ophitic textures. The massive varieties are variably converted

into amphibolite but often little or no alteration of the plagio-

clase has taken place. Indeed it is only in the mote deformed

varieties that any substantial recrystallisation of plagioclase

with concomittant compositional change is to be observed.Statements

in Wiik's report e.g. " As in 23D9 the An-content of the



nligicclase is too nigh for tne rrcks to havb unin-nonn rs;;;Lonal

metdmorohism of the ndinn degren Lli3 thst affrecting the neighnouring

gnniss and 3mehjoolite" use Lidble to be mi3lbenling Es thnv re

hdned ugsn fd1s2 i 2ne re;:sons for tSis dse gomnrcs but

hai). iown to thre( in oint3, -ki the extent to which ba;ic


intrusion «levelops d metdrmirphic foloric ann pardgdnesos woull

donar to be ds tolTows:

'ehe desroa of Jeformdtion to izhich the rookn h.ye hees

subj cted nrior to or iurino tho regicnal net irnornhism. This is

nirticulorly imnortmnt d gdhbro in the mes3ivo 3tdte tonds to

nossecs stoble griin-boun!dry fihrics which wilJ si sist thn

rocrystallisition orocesn.en th2 other hant neforme rockh ghich,

dthough c)1 the nIme comnosition, x"D:tihove uniergone comnink

interndl strsins wiLl hnie unstdble srain bounldry configuritions

with hich surfoce enersy highly susceptible to the eftects


of recrystallization.

The svi1nhiLity of wdt-r for the ureiitiz tion of nvroxene.

The oosition flf o)ston emnIdcement re3tive to the

defermationl/metdmarnhin sndionce of events in m ro

an insnection ol ig.7 in 5±±k s report ahown thn \flryinc

legrce of urolitizdtion thst hds hoen ungergone by nyrokono in the

(uhhroic rocks af tho Ivn) ,ni-vje area. nn insseotion of ;

number of thin-sections of these rocks (rangomly helected)ledd the

writer to the conclusion thst 4jik was mistaken in dscribins d

possible autometamorohin origin to amohibole in hiotite.It ih

ilimoei oossthle in m !ny nr .c.hA thin-sectionr tca see tfdt hornhlenie

mil hiotite are uniouhtsH oro kicts of resiorid metdmorchinm. In

certain examoles it nas he jamonstrted th3t nornhlende n; biotite

invel.op a1.on shedr-zoncn Jefinfrig a foliaticn, nU fresichtly

such foliation is obsnrvoi to hbve rieveloced “t; thn expenne of

diresiy formel hornblen le thit hs;; reolacei or ndr ) llv renidced

pyrakene.rilonc such ;hor-sanoi Jiaglociase feldsn-r n s often
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recrystallized into polygonal aggregates as the result of

annealing recrystallization. Further the feldspars within the

more massive facies of the gabbros are invariably clouded and

the multiple twins less distinct than would be expected in

unmetamorphosed ectuivalents.In some examples small incomplete

coronas of sphene have been observed around titanomagnetite/ilmenite

which is a sure sigm of the metamorphism.

It is concluded by Wiik and by Nixon(presumably on the

basis of Wiik's report) that these gabbroic rocks have possible

intrusive relationships with the surrounding amphibolites.However,

no details of the criteria used in forming this conclusion are

given in either of the texts, and it is thus impossible for the

writer without seeing the critical localities in the field to

pass meaningful comment on this matter.In view of the comments

made previously in relation to an apparently erroneous interptet-

ation of the age-relationships of the gabbroic rocks with the

timing of the regional amphibolite facies metamorphism, it may

well be that this point is also somewhat suspect.

Studies of the core-samples from the Kjeltevann prospect

enable the writer to make the following preliminary observations:

The cores are mainly passing through a massive variably

amphibolitized gabbroic body, and there are strong indications

that this body was originally layered(at least in part).

The gabbro has undergone amphibolite facies metamorphism,

though the original mineralogy and textures are variably preserved.

There are also a number of zones where the massive gabbro passes

gradually over into a coarse gneissic rock within which the

pyroxene has been strongly uralitized. In other cases the degree

of deformation and recrystallisation have been stronger and the

rock becomes a hornblende-biotite-plagioclase schist. In other

words the various stages in the conversion of gabbro to amphib-

olite can be observed in the core samples.



(j) v1tremefin rocks Jre nbserved with •nm

intrative nentucts intn the cmcnihnlitiafli

nHrtIJal r'y maCJt-eein tiae Ot SMP.11 Dn

bro, thin

trr nr fn in thickness. In othnr cesen tne renk nt the

contet i more highly defermed snd schistosn, honce ebusnrinq

eny iriqinni. intrusive contact feutures. TIre httret)Lnic rocks

h.v2 bnen cenbilerbb1y rcbirystalliced Jurinq metHrv )nibm tc

nre nmin ntly JJ)bninnleneering )ssembI n , though in thin-

sectInn highly corrniee fests of cIvene c2a ncn winunlly be

ons rvcd.

B. truntarbl orservatiens (Besel on renorts by ?..Iixon 19.38,1970)

The structurJ. investicietions reported ny bixon

epltJir te ftve been the result of J cdreful bhi well ex-ecutel

study which loes much to shcu light on the comnlex structurel

9Jtfern in the redion. There are, however, i ninbr of luestions

thJt cbn be uoned concernind the rebtiondl -Jbl lockl stiplificence

of certsin nf the nbservstions;

(1) Th- consijerable nidnificanne h eeN )1 sed-

unnn thr intnreret tion •f stenneograpnic nInts of noles to

tc'LbtIon n1 bles in inir-vellinq the verious stylns of folds

und theIr nnssible ,ederelationships. The interurotbtion of the

nrenence of isoclinel folas in the western limb nt tho mein

'aynclinorium' is enourently besed orimurily on the intennretation

ot number of stereogrsphic p.cts. 2his is e nliantly Jengerous


gme es the sterflocir2msmainiv iniic.:,tethe nresence of s

rlIrlv aniformlv inclined regionel folietten )rei io not in

themdelves indicate the nresence of the nresumel rinr, nf isoc-




linll toll structures.

It woulb s)near (from the reedind ot the reports)

thst brneuse th- lIabbro csnunies the nentre nt wide

nynnlinorium it hs Dflen intennret: .nshiving

irt.n thP centre of the syncliorium. ,n AternetIve vird souli



in fact be that the presence of the gabbroic rocks controlled the

form of the developing structure. Here a knowledge oQ the

detaileJ time relationships of gabbro emplacement in relation

to the seluence of deformational and metamorphic events is of

obvious signifiwance.

As Nixon rightly points out information has not yet

been provided to distinguish the age relationships of the fold

structures. This in the writers opinion is of significance as

both Nixon and Wiik conclude that much of the mineralisation

is fairly late in the structural/metamorphic seguence,and

Nixon also alludes to a possible relationship of the mineralisatiol

with folding on a NE-SW trend(see also report by Huntings).

Border relationshins of the gabbroic rocks  - Too little

attention has apparently been placed on the structural features

in the border zones margining the bodies with massive gabbroic

character. This is naturally of some moment as such studies

may have considerable importance in the interpretation of

possible age-relationships within the complex.

Lineations  - No distinction has been made in any of the

reports of the character of the various lineations that have

been recorded. Many of the lineations recorded in such an area

are liable to be mineral alignment lineations. These structures

have a considerable importance because here it can be checked

either in hand-specimen or in thin-section if the mineralization

is syn-, pre- or post-tectonic in relation to any particular

i defined phase of deformation. It is of the writers opinion that

such information could well be of value in relation to possible

,patterns of ore-enrichment,

In conclusion it has not been possible with the writers

limited experience of the area to make more than these brief

comments on the geological work so far carried out in the



Evje-Iveland area.The writer is of the opinion that a detailed

structural examination of certain critical localities would

be of value in establishing the detailed relationships of the

\ bodies of massive gabbroic rocks in the deformational metamorphic,
1

sequence. The exact interpretation of these relationships is

of obvious importance in relation to the possible location of

sulfide minerals in the district,


