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A2STRACT

Part A of the thosis is basod on an exploration

programme in an area of meta-sodiments and meta-volcanics,

of which the former was moro extensive and was charactertsed

by tho so called calcareous phyllito group; asories of

motamorphosed silicoous marls,with a ubiguitous segregate

banded tcxture of alternate quartz and phvIlosilicate bands.

The volcanics were believed to be shallow sea extrusives

and wore ofton associated with a bituminous phyllite.

Tho uppormost calcareous phyllite unit often contained

a very coarso chlorite schist which by its texture appeared

to represent thin gabbroic intrusions, parallel to beddinc.

Some of the lower calcareous phvIlite units aprJeared to

pyroclastics and a further stadv of these was projectad.

The arca wds reccrnised no be dominated by major naope

units,part of the Calcdonian series. Structdral interpro:ation

was thus very important and thrce deformation phases were

roco2niscd in the allocthons: the first rosponsibIe for t rnt

isoclinal folds and tb3 formation of the nal:pos, tLQ sccond

represented by large open folds with wavelengths of sevoral

los of kilometres. The third phaso of deformation has

caused only minor, low angle, kink folding.

Mineralisation was represented by a small, probably a

cupreous pyrite body, seemigly associated with a chloritic

schist and a bituninoas phyllito; and thore was evidenco of

possiblv hydro.c.hormal1,J[Jse-metalanrichment in some of the

volcanics.

Part B is concorncd with the studv of tho ,geochentstrv

of the potrograpnically napped units in order to illumina:e

origins, espocially of the volcanic un-Lts and som.,-2of -

calcarcoas units which werc considerod pyroelastic.

These rocks were found io be similar in nature to the

"true" volcanics, and ar0 shown to represent a differontiated

series of sodic spilites, which fits verv well into the model



proposed of an immeturc ensimatic island arc environmenL,

proposed by previous authors,during the Caledonian orogenic

cvent.

Some of the volcanics wcre found to be potasi-,onriched

and soda depleted and thesc wero considered to represent,

in all probability, a non-spilitiscd lntrusive.
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1:INTRODuCTIO

The author spent a period of 10 weeks during the


summer of 1979 employed as an exploration geologist with

Grong Gruber A/S, operators of Joma mine in Nord Trøndelag,

Norway; and was engaged in mapping the strike extension to

a sequence of meta-sediments and volcanics in which some

Cu,Zn sulphide showings had been found, assessing the potential

mineralised zones within the area of study.

7.map of the region is shown overleaf, indicating the mapping

area
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The presentmappingareais situatedon theEcrwegian-Swedish

Stateboundaryon theeasternborderof theB/rgefjellmassif.

Zachrissonhasconstructeda schematicsectionZ-W fromB/rgefjell

massif,shownin diagram8 , wherehe considersthenappecomplexes

to wedgeoutwestagainsttheB/rgefjellmassifas wellasto formthe

largeopenfoldsalsoshown.•HeconsiderstheSeverocksto have

totallywedgedoutbeforetheUrgefjellmassif.

Zachrisson(19b9)andSj/strand(1973)generallyagreeon the

tectonicsuccessionto be expectedin thearea,andby extrapolating

theirnappecontacts,we mightexpectthesuccessionindicatedin

diacram7 .

Brenna(19t6)mappedtheGaetietakkearea,but concentratedon

thelithologiesalongtheNorway/Swedenborder. Becauseof thishe

failedto recognisethepresenceof themeta-volcanicrocksandalso

didnotrecocnisemanyof themajorstructuralfeaturesof thearea.

He did,however,indicatcthepresenceof mineralisedzones. (See

latertext).
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Photograph 1: Augen Gneiss in outcrop.
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Photocraph 2: S1obbd speci= of Augen gneiss

clearly showing the feldspar Augens.



and quartz, feldsparschists. Large feldsparclastsare very often

present. Evidencefor beddingor at leastgeochemical/petrological

bandingis presentand indicatedmultipledeformationepisodes.

Close to the thrustcontactwith the Lower nappe group, the

sedimentsconsistof a bandedquartz, feldsparschist,sometimes

alternatingwith amphibole,biotite and muscovitebands.

b The Lower nan e rou

The two units of this lower group are i) the quartzmica schist

and ii) the quartziteunit. From structuralevidence,the mica schist

appearsto be structurallylower than the quartzitein this area.

Freviousauthors(includingKollung (1978))have identified

these rocks ns the Hartkj/Slenschistsand Daergafjellquartzite

respectivelyand considerthe latter to be the oldest,believincit

to be EoCambrian. This could still possiblybe the case if an over-

turnedrecumbentstructureis considered.

23



ti

C
1

 J

.,

S
B

S
IN

IIN
N

N
IM

ela
—

eal
—

—
—

—
—

—
U

N
D

ea
la

N
E

E
—

ella
—



.rti/S

•

Photograph 3: Well crenulated Hartkjølen schist
(s2 parallel to pencil)
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Photograph 4: Gencral appearance of feldspdt_hic
psa=nito in outcrop-
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Photograph 5: Genoral appearance of grey-greon

quartz-rich calc. phyllite at outcroH
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Photo:Ju interbanded acid/basic
tuff units of the meta-volcanic
group.Carbonatc-rich basics sLow
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6:Morehism

:•etamorphism has occurred as at lcast, two separatc

recognisahle events in the mapped sequences (excluding

the basement units whicH are outside the scope of this

report).

The first phaso of metamorphism is peculiar only

to the meta-volcanic suite and the volcanogenic bands

of the calcarecus phyllitc. This is a rcsult of spi1itsLn LOn

which occerred either contemporaneously with formation

or else vcry soon after the igneous event leading to

their formation (this is discussed in depth in the

Special Project 'n Section B).

spilitisation, w}ich may be considered a

episoCie, elved the alL icsathca of


plagleolase and the dcsruction of pyroxene by addieion

of 011-,with the formation of prograde actinolites,and

possibly hornblende,togctLer with chloritc, cpidote and

SiJhOflo.This would suggest reeouilibrat on in the quartz-

albitc-e:)idote-biotet- sub-facies of greenschist grade

as indicated by the ACF diagraml4b The field of the

rocks in this group is irciicated on the diagram which

correlatcs the whole rock geochemistry (sce Section B)

c obsc-ved roto

Tha second phase of metamorp.lism is related to the

131defo=tion phase wL ch rosulted in the nappe complexes

formed curing the Calcdonian oroe-
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DIACPAM 14a: Quartz-albite-chloritc-muscovite sub-facios.
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This phase of cwisined deformation and =t=orphism

has also resulled in the segregations of dnartz,calcite

and phyllosilicates common to all the phyllites,parallel io sl-

The assemblage found in the phyllites is character

istic-dly quartz, muscovite, chlorite, plagioclase, calci:e

togother with small amounts of epidote , possibly dolo

and sphene. Actinolite was also seen in isolated occurrences.

This is a typical grcenschist assemblage, but of a

slightly lower grade, evidently less hydrous with no

amphiboles present,except in rare cases where actinolitc

was noted.

It probably corresponds to the quartz-albite-chioritc-

muscovite sub-facics with the ficld of interest marked

on the ACF ropresent-,tion of this facies,in diagraml4a.

This sccond phase can be sein in the meta-volcanics

as a retrograde alteration, wherethe amphiboles show a

liseudomorphing by chlorite and epidote (see example in

photograph 25 ), which indicates the lowering of grade

to the less hydrous facies.
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Thrust


T2

Photograph 8: Overthrust ridge of calcareous
phyllite, incised by cross-cutting
stream which exploits late stage
tensional feature, feldspathic
psammite group is conspicuous.

Location A sce 1:5000 shect.
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Photograph 9: Smoll ridge of calcareous
phyllite,overthrusting mica-
schists.

Location B on 1:5000 sheet
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Photograph 10: Slight toctonic discontinuitv
betwoon bit=fnous pLyllito
and calcarcous phyllite in a
pinchod in,o7orturnod fold (soc bcloY)

tpx¢:

c.)

c

threchbn

of r‘oto

,\\ e

 


OCcd Lk,3
(se2 Qr.Cau.re



0-M
-M

-M
M

01-



- 10

13



Fold axis

/s

x SOTTpcles


f1 pl

DIAGRAM 9 Plot of sO (bedding) and fl pluiT3s in
the quartzite uiis aroJnd the fl closurc
on the SW shore of Henriksvatn.



Osi

F2 pl

DIAGRAM 10 Contour plot of sl and f2 in the Lower
nappe groap.(For sl contojrs at 0,4,8,12,16 20%,

for f2 contoars at 0,5,1C,15,20, 25%)
"Trpolesplotted (111dato.)
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Pbotograph 12: Minor El closure in more micacco.is
unit shown by differential w.?atherin2

Pliotoraph 13: Minor fl closure s2en in acid

volcanic band.
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Photograph 14: Weathering of carbonates picks ot
minor fl closfle in basic volcanics
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DIAGRA• 11: Plot of sl and f2 plunge
in Lower nappe group
inaicatin; one lamL o`

a major fold c1osure.



Photogra2h 15: Strong s2 cicavag(2,cross-cuttinj
the sl cle:Ivage which is itseif

shown b the nuartz-rich segregT1te
bands.

Photoja)h 16: s 9 ci 1 ing 2xLstir-..j
sl.
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Photograph 17 : Majoc parasitic E2 fold in
group
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0 0

x sl Trpolas
s2 trpoles

0 f2 1)1-

DIAGRAM 123: Plot of sl, s2 and f2
feldspathic psammite unit
indicating fold style
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Fold axis

7axis

sl 11"?c)ies

s2 po:es

f2 pl.

DIAGRAN 12b: Plot of sl,s2 and f2 plun;cs
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in all the calcarcous phyllito

units.



(")

4

_

	

"
'

'14,n:.;.,;:::•••"
1

•
''sta

	

.
.

,

	

'
,:-...:1•2:2'1".""

r
•

"
11""'"A

l.t

•;‘.}.;!.."+
r

m
4;^‘C

ksr,
åke

G
)

fl




(.0

r.n

r(")

04
)




(I)




--
1




1."
.;)




0




fl
(r 

n
n

fl;
s.,

4cr:

r-4

)
rrs





sib,”a

4(
.1.?";.;:" S

fiffrii,,4 24,.;.
"n rirW

.
i;gibh...-itaff. ".44,....,4...e.s.,..

.,.......
,

4f,
-

,,,z trgrien."»----"151;4---4.,•4";

&
•.:4;+

,,,:t-?tm
,4:-

rt,

94:

^
-

f
'

•
7,4,51:::.*:•:"..

1.1

t(n

cr. 
-,

''t

•,,r.,,,‘.,
.

:
,_

.

";ri
,L

14
4‘1/4,4„

ci,t;•s".•  
 

Ir,
4,;

11.

IIIM
M

O
M

M
IM

O
IE

N
IM

M
O

N
N

—
O

ffi—



111:- int• • y Y••

•••—•

•••k''

••-• ,Factil"- i'!"2 •_ - Iff.; ,
zvadk

r'2"1"9, :W"T "A.7L."‘

-s%

LF___.;#iår--•
-

s't

dac,

-

-

fr,72,11544-r- ,
It4Ø--S\-'4,k- Latif

:ftit

' 17•'
•

Pbotoyaphs 2•.) :17-1J f2 pl in.j2s



	

i:,:;7:-- -• -,:k5r..-,:t...'- -‘---: ., ,t2;_irt:::\fii,M4%fr);

k.- ; --- ",
-- - ,4-• •-.. , 1, '-i% i

	

ser '''' , -;

. ' ..';..- -.% - • r i :407,‹
. . ,

/ .. .1",,s,. ...s --< ) '

	

.riA t:,,,4- '
;,' 'nn ..<yg, ?‘

å

	

\-/). ••• .1, . i 2...).., .
.

I
..k. ...::: `).: ..4

.4,--,- , • ;iakfli' ' **'
4Z.
1:*

S4;" :rkft.fr /e „
' 4 ,

.-14t-

'

.

Z,t
\

rr'S-"

-‘4,

. ``:.••••4
•

-

4r
<

4it seHe
41/41/4

„

".
4 4. 4.V

t r,
'111-;•".

«•11, •

'•`7,tr
1.1

pho--.0g:apbs22 ;1nd23:
.D3 c-lED=tion.



8 DISCUSSION OF MIL\TRALISED

SHOWINGS (SKJERPS)
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DTAGRAM 17: Ease nint:t1 -ollysos for Iirench samples

(in kU/g or PMm) 
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9:Conclusions 


The mapping arca is characterised by tectonically

distinct units containing meta-sediments and volcanics

which are themselves tectonically distinct from the

hasement sequences.

A stratigraphy has been compiled and is shown in

Enclosure I.

The basement shows strong evidence of multiple

deformations which pre-date all the cover sequences and

is considered to be Pre-Cambrian.

Overlying the basement are aseries of 3 nappes a) Iouer

b) Middle and c) Upper nappe groups. The uppor 2 nappes are

equivalent to the Lower Kbli and Gelvernokko nappes respoctivelv

which have bcen mapped by previous authors; the Lower nappc

being of uncertain stratigraphic position.

In the cover sequences are preserved 3 deformation phases,

the first, Dl , corresponding to isoclinal folding and

formation of the nappcs. The isoclinal folding is represented

in the main by the major schistositv sub-parallel to bedding,

but fold closures were found.

D2 occurred after nappe formation and has resultod in

large open folds of 40 km wavelength, and locally as the

crenulation s2 and some parasitic fold closures.

D3 is represented only by minor "kink"folding.

The Lawer nappe is characterised by feldspathic cuartzites,

psammites and mica schists of reouted Eo-Cambrian age. The

Middlc nappe group is dominated by the segregate-banded calcareou



pbyllite and its intercalated volcanogcnic units and

overlying bituminous phyllitcs and mota-volcanics. nallv

the Upper nappe appeared to be dominated bv chlorite schists

and bituminous phyllites although this group was only

mapped suporficially. Theso two upper naDpes are considercd

to be from Ordivician to Silurian in age although no fossil

evidenco has over been found.

Mineralisation in tho aroa was confined to a small

showing in the Upper nappo group and some baso motal enrichment

to some of tho volcanic units of the Middlo grouo.

It is suggested therefore that further exploration in

the area should be centered on tLese units.

The fin.,1map is s:.own together with an E-W section as

Er.closres I :1nd II respcctivcly.
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LAKE

Trench 1 section

0.9m 0.6m 0.5m

HR1 -1 HR1-2 \ HR1-3 I

Trench 2 section

HR2 -1

0.5:n
HR2 -2

HR2-4

HR2 -3

DIAGRAM 19: Trench sam le locations
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Weatheringof this lithologymakes it difficultto ascertainif

any feldsparis present,but it appcarsthat this rock is dominantly

quartzand sericite. Lithologyis eitherlaminatedhydrothermalchert

horizonor highlyalteredkeratophyre: Weatheringdestroysmost of

the textualevidence.

This horizonlies structurallyabove HR 3s-1 and HR 3s-2, and

approximately8 metres to the NE.

HR 3n-2


Tectonicsegregationsof quartzwithin this lithologycontain

galenaconcentrationsalong the contactwith the host rock. Some

sphaleritemay be presentthough it is dominantlygalena.



ARPE ::DIN II

LITHOLOGICAL COMPARISON WITI FROM

ADJOINING AREA
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RH 120

Quartz, feldspar, muscovite coarse schist/grit

Large twinned perthitic and cross-hatched twinned

microcline clasts with sericitic coronas (sec sketch

and photograph.

Feldspars often sausscritised with quartz,scricite

peppered throughout feldspar.

Clasts set in fine quartz sericite/muscovite ground-

mass.

Segregate,alternate bands of mainly quartz with

biotite,muscovite rich bands,leads to macro-schistosity.

20 feldspar- albite+microcline

50/ auartz

phyllosilicates (20 muscovite/sericite,10

Scricitic alteration

quartz

Muscovite
Large microcline segregation

•



RU 126

Quartz, feldspar, muscovite, chlorite coarse schist

Represents same horizon s RU 123 (120 mapped in adjoining

arca) and thus 126 used to correlate stratigraphv with

previous authors (Kollung 1978).

Contains more chlorite than 120, with very little muscovite

30 feldspar

6GA quartz

phyllosilicates

Iarge .
micrecline

4

Hirb

tfilil
I AL.  

Seicite
corona"
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1: AIM OF

SPECIAL PROJECT

The aim of the project was to extend the understanding

of the lithologies which had been gained by petrology

It was decided that a study of the whole rock

geochemistry of the rocks would be made, based on the

suite of specimens shown in the sample location map

overleaf.

Preparation and analysis of the specimens is shown

in AppendixIV and the uncorrected results are shown in

Appendix V ,together with calculated oxides.



2:nIscussloxOF CFOCUEOISTRYOf THE CALCAREOUSbUYLLITE

CROUP

Tke calcareousphyllitehas heen mapped and divided into

the four majar units; i) Grey-caart:rich calcareousphyllitc,

ii) Feldsonthicpsammitc, Carbonatcrich calcareous

nbv l and iv) Crey-grecnquartz rich calcareousphyllite.


These lithologicaldifferencesare quite apparentin geochemical

profilesconstructedacrossthe group.

The most strikingdifforenceis sheamihy the nlot of soda

and potash,which is shcv,min diagran20. There is a hroadly

consistenttrace fer nuch of the grouo,hut there are some very

stronglyanbmalousresultsfor samoleskH 12S, 12Sa and PH 12Sc


ot the feldsoathicns=mite unit and samolesPE24, OB1SA and

RH71 of the uhTer chloriticgrit hand; and also samnlePR 12 + 10

which sas placed,Aithinthe meta-volcanicgroup.

1n these samplesthere is strongenrichmentof soda with

depletionof potash.

lot of iron oxide againstsilica indicatesfurther,this

strengdifferencebetweenthese sedimentsand the calcareous

Liy1lite raun as a-ho1c. (-sce3iagrar21). These anomalous

sedimentsolottedwithinthe zones of the mota-volcanicrocrs

the chloriterich sedimentsolottingidth the basic volcanicsahd

the feldspar-quart:ricb sedimentsnlottingwith the acid

volcanies.

Fhe matureof tgese sedinentsis so differentto these

se .ntsis so differentto the calcarocusnhvilitegronn as


a whole,that the will he consideredwith and comoaredto the

meta-volcanicgrouo (sce laterdiscussion).
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Silicacontent 1 the grour show-the expeetedtrend

(diacran22), The lowestunit is evidentivverv silicarich

vhich correspondsto the high nercentaceof ounrt: in the rock.

Silicadrons in the carbonate-richfnciesand this dren con-

tinnes consistentlyaerossthe grenn, eurresnondingto the

increasoof rhyllosilicatesin the rock.

The nrofileof calciumacrossthe groun is shown in

diagram23.

This showsa very lov value for the grey quartz-richfacies,

and this is due to the gencrallylow carbonatecontentof the

rock ,hereasthere is a sharn increaseof calciumcontent in the

carbonntorIch facies,to be exnectedwith the high earheante

centent. SamplePB14 has an anomolonslylov talue and is noss-

ibi c:tne1 of some of the carennte eontent.

(diagrat24 follovsenlcitesa,aa)atheticallynna

thus it nulybe supnosedthat some of the carbonateis dolomitic.

Alamininm,ru1idiun,and notassiumaro oiottedon n cem-

bined nrofile in diagrnm25. The lat= tvo grouns shov a sym-

patheticenrichmentof these three elements,vhilstthe unner

tvo units have generallyconstantvalues for the three elemeats.

This ,,,y2,natbeticenrichmentin the lowc'rtvo units was

thonchtto he due to the nresenceof microclinein these lower

units as largeclastsof microcl1nefeldsnaricerescen in

sliden.11126/andit suggestedthat there is a changeof


sedimenttyre keteeenthe feldsnnthic-.:snmmiteand the nnner

units from n a)crolinefeldsnarto an alb ite foldsnar,

since nu diny,ani 'otassiumare dom1nantcations. To thls ond
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Al2031K20 and Rb in calc. phyllite



it was decidedto emply X-ray diffractionto ascertainthe

feldsparspresentin a) The grey quartrrichcalcareous

phylliteb) The feldspathicpsammiteand c) The overlying

carbonaterich calcareousphyllite.

SamplesDB6 and DB3 from the lowestgroup),RH 126

(fromthe feldspathicpsammite),RU 128 and RH 12SC (from

the interclatedchloriteschistsand quartz-feldspargrits)

and finallyRH 132 from the overlyingcalcareousphyllite.

Smear mountswere preparedfrom sortedsamplesof these

rocks (seeAppendixVI for samplepreparation)aud then were

scanned;the resultingtraces shown in Anpendix\III R11126

clearlyshowedthe strongpresenceof microclineof most

probablyintermediatecompositionfrom the valuesof d

spacingas wellas a plagioclase,most likelyalbite,quartz

and a small amountof carbonate.

FR1132howevershowedthe presenceonly of a, orobably

albitic,plagioclasefeldspartogotherwith quartz , some


chlorite(probablychnochlore)and muscovite/sercite.

RH 128 and 128c which from the upper part of the feldspathic

psammiteunit also show only albiteplagioclasetogetherwith

quartzin 128 and togotherwith chloriteand calcitein 128 c.

The tracesfor DB 6 and DB3 were then analysed.

The sortedsampleDB 6 gave a trace for only quartz,so

it seemedsortinghad removedthe feldspar.

The unsortedsampleDBS gave a good trace indicating

the presenceof only an albiticplagioclasefeldspar. This

showedthat the clevatedvalue for potassium,rubiduimand

aluminiumwas not due tn the presenceof microcline.



On further examination the trace showed a strong trace

for chlorite and muscovi te, the peaks for the latter nineral

indi cating a large nuscovi te/sercite content Muscovi te is

able to take rubidium into the lattice, suhstituting for pot-

as s iun

The group then is seen to represent a series of

meta-sediments characterised by variable contents of

duartz, albite, carbonates, phyllosilicates and in

one restricted horizon, rnicrocline.

Lithological differences w•re picked up by the

whole rock geochemistry and the vory different nature

of some of the units was inclicated.

The resu.lts of the study compiled, together with

tbe petrological studies is shown

in table form in diagram26 .



0

GREY-GREEN QTZ-RICH HIGH Ca,Mg HIGH CALCITE

CALCAREOUS PHYLLITE LOWER Al,K,Rb LESS MUSCOVITE

CARBONATE-RICH HIGH Ca,Mg HIGH CALCITE

CALCAREOUS PHYLLITE LOWER Al,K,Rb LESS MUSCOVITE

FELDSPATHIC HIGH K HIGH MICROCLINE

PSAMMITE LOW Ca VERY LITTLE CALCITE

GREY QTZ-RICH HIGH Al,K,Rb HIGH MUSCOVITE

CALCAREOUS PHYLLITE
LOW Ca,Mg VERY LITTLE CALCITE

DIAGRAM 26: Mineralo ic features
indicated h cochemistr .
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3:MISChiSSFON Of aLTA-MLCANIC AND

CALL:\RICUil PHYLLITI:

7ho sgecimens (tndsections avallahle of this roei;greun

(the latter renresented h• slides RH 121 and dii1317 have a

strongly igneous character.

ciens such as fH 131 and RH 1) showed nossihly

extrusive origin idiilstother snecimens showed strong evidence

of clastic handing (hZil137 and RH 40) indicating volcs,:aoclastie

origin.

Similarly, the selected rocks froT the feldsnathic nsammite

and chlor:te grit horigohs had tynical "igneons Mneral 2:“=-

M;:geS”, all these t:snesshc.e:agclastie textures her.:ever.

Pal17) auj a shoeed evidenee of nessihlo


graaing frma a coarse foldsnathic grit at the hase of units to

a finor auartg-foldsgar sediaftnttchards the too.

In secticn snochaons from hoth the voican:c sulte and the

rochs fro:::the calcarcous nhyllite groun shoe7d remarkahle

similarities. dineacid volcanie RU 151 shm:aidlarge alhite


nhenocrysts in a fine quartg/plagioclase (nostle alhite) ground-

massyeitn suall acicular chlorites elongated gairallelto the

visaal fahric of the rook. The acialrcck fro-sathe calcareous

nhyllite grang 12) shoeed cuilI 'gralu....ofalhite glagioclasc


and hiotite (eith rleochroic hal('es):,Hthlarge nolycrystailine

.ivart:ien:os ana elohgatei tiemelves offLtiset 1 i

HesegolysynthLtie nart- logscs --1 isssina,

co::laoossi*: regresctithy:rothkoraoalchort er Plse

siiica "shards" elongated duging deformation. ln either case the



rook is vcry elearlyclastic in origin Nut 1eert3111sei. la

secticn the hdsic volcanicrock representedhv 11H124 is


ammarenthy large,often alteredalhite oorphvrehlasts,often

8h,flt throlth4y acicularepideteand hy the largeTasses of

chlorito,eften after hornhl•nde(soen'..lotooranh25L The

alhite showseempletesericitisationin parts and there are

sor:every eorrodedaugites (pre4a1lyirea rich) which indier-to

the strongalterdtion. The rock has suhsequentlysufferedstrong

pervasivesilicification,heing shot through.:Mthflre m,cre-

crystallinedtairt.t.Finallycarhonateis scen to infil1ovoid


cavitiesin the rock,hossiblyrenresentingcorrodedprimary

mineralser vesiclesalthouiliastrong fakricnreservedhy

alignedrelicthorn4lenderherthssuggeststhe roek m3y have

heen a '=Jed taff.

The hasic calcarecusnhyllitereek renre“cntedin section

hyRu 12Se has a vcry irregular,alteredtexture. ft con-




tains stronglyld:ohlasticey1Jotesand irregularchlorites

tcyether larye,evidentlysausseritizedulagioclaseuith

cress cuttinyepidetesand eoroniechlorites. Plagieelase

also anoearsto he nresent in the groundmasstogetherwith

ferremanesians,mostly eormrisingenidoteend chlorite.

Theue sectiensthen give clear indieationsof a volcanie

orig:n to the roeks,eitherds extrushreflowsnossihlyor as

volcano-clasticsodinents.

Thc.n.,0rochsv iii no, he cohHiered with resi,eetto their

:,,eciehenLctry,ohtalocd from the nlasna sneetroneterresultsuith

the ars.ef unifylagscce'icuustiv aad netrelogytate a class-

ificationof theserocks.



Photograph 23: 2s2,1donor2h o chlorite after
wyAphibolc,pres=i:ig Le
cbaractristic c.hobT:c 5,22tion
of am2hibolas and the charactoristic
cloavage.



Geochemicaldata is shown in the Appendix,major oxide per-

centages for these rocks calculatedand shown

in diagram27 .

A plot of titaniumoxide againstsilica (diagrar28) shows

relationshipsof the rocks to a superimposedclassificationbased

on work by 15‘aaollard(1968)in the cascaderange, North America,

a suiteof roeks from a quaternaryplate margin. As can be

seen the correlationof the rocks in this area is good,with the

basic "tuffs"and hasic calcareousphylliterocks plottingin the

hasalticandesiteto basalt range mainly and the acid "tuffs"and

acid calcareousphylliterocks having an affinityto the dacite -

rhyoliterange.

There is a noteablebimodal spreadof rocks which is not duc

to sample selectivity as characteristicrocks of all volcanic

typcs were taken.

The "spread"for the calcarcousphyllitegroup as a whole

is shownon the diagramto indicatethe lackof correlationof

these to the volcanicgroup.

A nlot of total alkalisagainstsilicais shown in

diagra:n29and again plottedon the diagramare the average

values for rock types found in the cascadesregionof North

America.

The volcanicsand the "volcanic"calcareousnh )11iterocks

lie quite close to normal igenousvalucs for total nlkalis/

silicacontent,the hasic rocks showingenrichmentto a more

"alkali"compositionexcept for FIR1-1 which apnearsmore

"tholeiitic".The acid rocks anpear in the "tholeiitic"

domain. The rest of the calcareousphyllitegroup plots

farlycentral on the diagram,c‘uitedistinctfrom the two






IiIAORAM 27: Oxide Hercentages calculated for samn1es_




Al203




SAMPLE1 5102 Ca0 K20 Na20 Mg0 Fe0 T102

134 74.45 .328 12.1




.C49 6.826 .452 1.794 .432

38 71.89 .684 13.8




.056 5.823 1.613 2.773 .286

138 74.24 .643 16.2




.389 7.104 1.400 3.854 .191

128 81.94 .828 13.35




.043 5.912 .477 3.174 .16111

128a 77.45 .263 13.95




.107 6.15 1.165 2.569 .205

125 68.46 .243 18.45




1.667 5.583 1.13 2.98 .227

137 74.45 1.470 15.5




.452 6.353 .307 1.688 .128

39 74.45 .114 14.6




1.123 5.136 .804 1.593 .114

11R 2-3 78.52 1.635 11.2




.851 3.565 .997 2.48 .118

1' 74.45 1.005 14.6




.537 5.998 1.149 2.922 .209

162 2-1 68.09 3.169 12.35




.810 1.704 6.719 5.281 .281

11122-2 60.55 .229 14.3




3.031 .152 1.819 19.13 .629

:IR2-4 63.54 .281 14.2




3.178 .172 1.507 17.22 .551





PASIC POCKS BELOW) HAVE NO ALLOWANCES FOR CO2 LOSS

128c 48.35 3.865 18.35 -1 .096 4.717 6.993 8.870 .703

124 52.85 5.456 18.6




.113 5.115 6.568 9.101 .698

40 49.64 5.014 16.6




.103 3.899 11.365 10.68 .819

74 47.07 7.495 17.75




.116 3.906 8.662 9.332 1.934

18a 47.92 8.801 14.15




.154 3.643 6.721 7.933 r 1.286

19+10 49.64 11.667 18.05




.490 3.245 5.927 5.441 1.369

KR 1-1 47.50 7.623 14.5




.006 2.439 6.756 12.548 2.291

24 46.43 7.382 16.35




.6” 2.605 9.74 10.202 2.20

- 1

TOTAL%

96.451

96.925

104.021

105.71

101.853

98.74

100.348

98.02

99.37

100.87

99.20

99.87

100.65

91.94


93.05


98.12


96.27


90.61


95.83


93.66


1 95.60
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data:

B= basalt

BA= basltic
andesite

A= andesite

D= dacite

R= rhyolite

40 50 60 70 80 90 100

Si 02 %

Calc phyllite rocks ( Ee acidic )

+ Acid ' tuffs'

å Basi c ' tuffs'

x Trench 2 samples

Calc phylli te sedirnents

DIAGRAM 28:

Plot of Tio

against silica
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ereups ef acid and haslo rock..

Again the basic rock types corre ,ond roughly to basaltic

alkalis composItion (slightly enriched as said before) hi1st the


aeid rocks anpiear to be equivalent to slightly alkall depleted

This :n ication of -ate lencous species is farther

shown la)a plot of titan um oxide against iron to inagnos ium ratio.

According to work done by 'Iyashiro (1074), tholeiitic rocks are

characterised by first an increase of Trn,content with Increas:ng

herl: ratio and then a decrease, 1ij Ist in a typical calcareous


alkalinc series the TiO, coatent decreases with increasine FoO:

D. \Iyashire defined avera 2 trends for tholeiite and caleareeu

alkal:ne suites and these to:cether with the values for the sam-

plea collectod are nresented in diagram 30 .

kbere is strong correlation of tho auld rocks with the

calearecu- likaline trend and the basic roeks the tholelitic


trend. As Myasliiro noints out, most tholciite series ja immature

island arcs are basaltic to andesitic in comnosition ',hilst the

calcareous-alkaline series is mainl  andositie to dacitic in the

52TE' env i ronnent.

He also points out that large amounts of andesit c rocks

are onl nresent .,here there is a development of continental-

tyre crust at a clate margin.

As can he seen on a plot of calcium against silica diagram,

thrc is a 'nodal distrihution uf data into basic and leid

:nterTcd:ate f  ic .osit n.


Mlformation from the -loc of alkalis and silica

eram 29: ndll be considered furrher, as tiio volcanie suite of
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mapped in this area has been shownto containkeratonhyresin

neighbouringSwedenby variousauthors,and it is indeedthe

interpolatedlateralequivalentsof the "meta-volcanicgroun"

mapped by the presentauthor that containsthe Stekenjokk

quartz-keratophyreformation(Juve1975).

If a Markerdiagram is plottedwith a superimposed

"igneousspectrum"as defined in Hughes (1972)from two vol-

canic suitesfrom Cascadcs,U.S.A.,plutonicrocks from Oslo,

YoungerGranitesof Nigeriaand the San Juan provinces,both

the acid and hasic rock speciesare seen to lic mostly to the

loft of the igncous"envelope". (Alsoplottedare Trench 2

samplebut these are consideredlater on). (Diagram 31).

The significanceof their lying to the left of the env-

elope is as Hughes (1972)says, indicativeof alteration. The

rocks are soda enriched(conscquentlydepletionin poti.sh)and

in most cascs show very littlenotashpresentat all. This

immediatelysuggestsspiliticalterationhas occurredand the

fact that keratophyreshave been previouslymapped in this

uvit would add historicalargumentto this.

Hughes (1972)definesa zone of "average"spilitefrom

between5-20 along the bottom scale and between3 and 4.5%

total alkolioxides. He indicatesthat keratophyrescan not be

so generalised,indeedpotash rich keratophyrescan he found

(variousauthors). From the graph it is annarentthat the basic

rocks correlatereasonablywell with Hughes'sspiliteswhilst

the acid rocks show some affinityto his soda rich described

keratophyres.

ue;
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A triangnlarnlot of sodi , Hme 1!Ld notash shons

t•e trongnotashdenIctionin hoth the hasic and acid rocks,

the morc hasic ro.:1;sshominga higher calciumcohtentthat the

achd .hichis to he exnected.(Diagrarn 32)

The mechanismsof sniliticalterationare uulte midely

disruted,hut it is evidcntthat there are hasicallytm.ogenetic

nronedls for spildtes. e are a) derived fro- crystallisation

of neits and b) derived frcni adjustmentsiiinaterials


alreadycooledand consoltLlJtCd.No discussionhill he made of

these tmo conflictingtheorieshut needled.sto it is difficult


to cofltcive of a singlemodel to account for the diversityof

snilitic:Fsemnlages.

it used to he assn d that sniliti:ation•asa suhmarine

nrocess cven this has heen hrought :n to Janithe Vallance

(11)71)nho suggestssoac nom sniliticassenh s mac have been


cruntedsuhaerially.

aTdt ls =arent is the nced fer high m r dad carhon

diox:decontentsto the systemto nerriltion exchangeresulting

in these "snilitised-assemTlages.

Gencrally t'aeprocess of spilitisation is reprosented

Ly the albiLisation of plagioclase,whica in tbe case of

a bc:salt would :ave tja composition of labradorfte or

Lytownite. Spilitisation,as said earlier,involves

hydrolvsation and ion axchance, and “as been acknowl,,d;ird

by rost authors to occur at, or close to, the sea floor-

sca watcr interface. In this environmcnt we would expect

alkaline conditons wherc Ca2+,Na+ and K+ ions are more

soluble than the aluminium,iron and magnesium species.



Na20

Values plotted as:

Oxide % +( Na20+ K2O+La0%)x100%

+ Acid ' tuffs'

å Basic 'tuffs'

x Trench 2 samples

++

DIAGRAM 32: Triangular ploL of  
Alkalis and Lime  
for meta-volcanics
and vo1cangacnic
calc.ph llite units
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Albitisation of plagioclase was quantified by Turner

(1948) in this reaction:

+ .4+
NaCaAl3Si5016+ Na + Si = 2NaA1Si308 Ca2+ + Al3+

labradorite albite

thus the anorthitc in the plagioclase is converted to

albite.

This is not the complete answer as Shteinberg(1964)

notes that a rock altered in this way of average basaltic

composition, would be subject to a 6.7 wt% gain of silica

and a 5.6 wt% loss of A1203, which from analyses of spilitos

we know not to bc the case.

Indeed the pyroxenes of the basalts are involved in

tho process and a likely spilitisation reaction is shown

by Narebski(1974), wLereby labradorite and pyroxene in the

approximate ratio of 1:1 are altered in the presence of

soda and carbon dioxide bearing solutions, to albite,

opidote,chlorite ,sphene and calcite.

This scems to tie in well with the assemblages seen

in the basic tuffs of the meta-volcanics and the volcanouonic

membors of the calcarcous phyllite group.

In thin sect ons of these rocks there is abundant chlorite,

epidote, albit2, calcite and in section RU 124, smmll sphencs

are seen dispersed in large chlorite masses



In conclusion, it appears that the meta-volcan c suite

of rocks represents a spilitic suite of keratopes and

basic spilites, highly enriched in soda and sympathetically

depleted in potash. It is apparent that there are no

rocks of intermediate composition, which if the plate margin

defined by the Caledoninn Front is assumed, fits well into

the ensimatic island arc model suggested in Halls et al.

(1977) on comparitive data from Mivashiro (1974), who

attributes the lack of intermediate rocks to an i=ature

consuming plate margin on oceanic crust.

What is also apparent from the studies is the presence

of spilitic and keratophyric tuffs, intercalated in the

calcarceL:s phyllite units, which does much to explain

the pres,ince of su1phide showings of copper and z nc in

adjacent areas within the calcarccus phyllite group.



DISGUSSDN OF T11h1iCH2

Puringthe investigationof the meta-volcanicsuite it

became apparentthat rocks 2-4 and 2-2 from trench 2 were mis-

fits and did not fit into the sare hatternas the shilitesand

keratophyres;:indilottedwell outsidethe natrerndescrihed

by the meta-volcanicsuite.

This was firstapparentin the Fe0 againstsilicaplot,

where samples2-2 and 2-1 plottedwell outsidethe areas defined

by the hasic volcanics,calcarcousphyllitegrouh and the

acid volcanics. This tics in with the sampledescription(see

sectionon trenching)where over 10• of free pyritewas no1cd.

TiO, againstsilicaplot again showed 2-2 and 2-1 to plot

wel1 cutsidothe two groupsdefinedhv the volcanics,and niet

within the -andesitic"range.

These roeks 2-2 and 2-1 tcre taken from the secendrust

zone mappedat skjerp2 and occurredstructurallyhencqth2-1

and structurallyabove 2-3.

Hocks 2-1 and 2-3 show slightgeochemicaldiscrepencies

with the reta-volcanicrocksbut evidently have more affinityto

these than the types 2-2 and 2-1.

In haud specimen(thinsectionsnot available)rock 2-1

was a quart: rich chlorite,carbonateschistwith a 1argecon-

tent of fine quartz,hut visuallyappearedto he a silicifed

basic tuff. LIongatelensesof euart:up to 2 Gm 1dng iudi.Jate


possibleintercalatedchert laminationsor silica "shards".

The hand shecimenof 2-3 was slahhedand is shown in

hhotogru 26, It is a quartiidchloriteschistoserock wdth



Photograph 26: Slabbed specimen of HR 2-3.
(Actual size)

I 2/



abundantpyritegrainsconstitutingabout i of the roek. The

generalappearaneeis of a banded acid tuff rich in pyrite.

strikeextensionto this horizonwas mapped and sample WI 139

was taken from this horizon. In this sample,what apnearedto

be primarylaminationsof chertwereseen, this is shown by the

slabbedspecimenin photograph27.

The plot of alkalisshown in diagrannplaces the samples

2-4 and 2-2 well outsidethe range expectedfor the igneous

spectrum,but in the reversesense to the spilitesand herato-

phyres. Sanples2-1 and 2-5 also show this sense of "shift",

sample2-3 plottingwithin the "andesite"range of alkali con-

tent.

It is apparentthat these rocksshow varyingdegreesof

enrichmentof notassiumat the expenseof sodium. This is

furthershownby the triangularplot of lime,potash and soda

(seediagran13.

Evidenceis showm for the visual classificationof sample

2-1 as a silieifiedbasic tuff and sample2-3 as a keratophyric

tuff by the closenessof the plot to the spilitesand keratophyres

respective1y.

Samples2-4 and 2-2 show very strongpotash enrichnent

whereasthe borderinghori:onsof 2-1 ind 2-3 show this notash

enriehmentfromthe more "normal"spiliteand keratophyrcless

strongly.

This is unusualin a suite of volcanierocks Eoted fnr soda

enriehment.

A thin sectionof 2-2 wms availabIeas UR 2-2b nnd a close



..e-
P:notograph 27: Slabbed specimen offRIT 139, showinc7

possible primary chert laminations.

(Actuat si ze)



studyof this rock was necessaryto clucidatethe assenblagd

and any rtssiblealterationof the ninerals.

Ule rock is predominantlyquartzandsericite,with large

idioblasticgrainsof pvrite. Defornationof the rock nust

have been severeas nuch of the quart:shows stronglyundulo

sweepingextinction,it is apparentthat the quart: crystals

have a well disturbedcrystallattice.

I.5stof the pyrIte cubesnre idiohlastic,probablyannealed

after defornationalthoughsone shdhwcataclastictextureswhere

cubes have abradedone anotherduringdeformation.

Serciteor muscoviteoccurs generallyas two types. Higre

is a coarsertype of sub-idionorphiccrystalwhich usually

occurswith the quartz and pyrite,and is probablymuscovites.s.

The other type is fine grainedand occurs in 0.5 ma bands which

separategcnerallyquart: "nuscovite"and pyrite rich segre.czatis.


These fine grainedsercitebands containsnall pyrite grains.

Mso apparcd:tis the "zIteration"nineralwhich is shown

ih the phdt3graphs28 and 29 . As gan be seen in the photo-

graphsthis "alteration"appearsto pseudonorpha sub-idionorphic

grain. On closerexaminationis apparentthat this alteration

consistsof very fine quart: and anotherunidentifiednineral.

It was impossibleto recognisethe mineral in thin seetion,

apart fron its 10w birefrigenceand low relief,refractive

indexapparentivIdwerthan 3uartz.

The idio:dorphiepseudd:zorphis sd estiveof 3n altered

fcidsparbowgver.

Since a rrdbe slide of firesnecinenwas a ailable,an

electronnicroprobescan aas sin cestedto elucidatethe cornosition



of the nalo_ral.The slidewas carhon coatedand the nincral

wes analysed.

The readoutfrom the microproheis shown in diagram 33 .

It was analysedon the assumptionof 52 oxygens,i.o.

a feldspar,sinceon an initialscan the peaTs for aluninium,

siliconand potassiumwere quito high and a potash feldspar

wes considercd.

The analysiswas possihlydouhtfuldue to the low tetal

oxide cuntent, the presenceof fine sericiteand quartz


as well confusedthe analysis.

However,the recordedvalues of oxide percentages


resembleanalysesfor ortheclase(Deer;Howie and Zussmn)

It was concluded,therefore,that the minoralwas pro-

hahiv afinu grainedpotash feldsparwTth intergrowthsof

sericiticand quarte alterationproducts.

The horizon represented by samples 2-2 and

2-4 is the pyrite rich quartz,sericite scbist shown

on diagram . It reprosents something of an enigma


as a potash cnriched rock within a group of soda

onricbed spilites and kerabophyres. It resembles

most closely the kerotophyres mappcd in the area

but chemical differences are clearly shown in

comparison seediagram2).

Potash is gonerally low in spilites ( Carmichael,

Tdrner and Verhoogen 1974), but: potash spilites are

known (Fiala 1974), and are considered to have a

primary magrnatic origin and examples of potash
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enr,e.ed rocks have even been notod within soda rich

spilitic suitcs.

his possibly explains the horizon, and it may

represent a potash enriched intrusive body whicL post-

dates the spi1itic suite into which it was introduced,

accompaniod by high 1120 content,which lead to the slight

alteration and potash onrichment to the bordering horizons

2-3 znd 2-1.

Alternatively the rock may represent a highly

altered spilitc where all the soda has been removed and

replaced by potash, and indeed indications of pervasive

alteration has hoen shown.

This alteration must have been very soecific and

perhaps tho high content of free pyrite has something

to do with this, although the potash enricT.ment of

the bordering horizons could bo argued to represent

this secondary alteration phenomenon as well as the

noted zinc enrichment in the samples.

It seems difficult to accept such a specific

secondary potash enrichment and the present author

suygests that the horizon represents a ptash rich

intruded body which has subseguently suffered some

sericitisat on to the potash foldspars present.



BASE METALS IN THE MAPPED UNITS

Bast metal element contents are plotted for the

sample profile across the calcareous phyllite group in

diagram 34. The profile includes all rock units in the

group.

What is apparent is the gcnerally constant background

values of base metals in the sediments, with notable

exceptions found in the feldspathic psammite unit and also

in the chlorite rich horizon represented by sample RH 72.

As discassed earlier the feldspathic psammite unit

contains intercalated volcanogenic sediments , and this

enrichment of base metals is perhaps indicative of the

presence of metalliferous brines associated with the volcanism.

The author suggests that any mineralisa-ion which is

to be found in this group is likely to be related to

the volcanogenic units of the group.

The basic volcanics are typified by generally enhanced

values of Cu and Zn (see Appendix V), and this is most

likely due to the substitution of these elements in the

ferromagnesium minerals, whilst the acid volcanics have

base metal contents very similar to the sediments.

Einally it is noted that the bituminous phyllite

units are slightly Cu enhanced, due probably to the

localised reducing conditions created by the formation

of the hydrocarbons and iron sulphides.
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Base metals in the trench samples is dealt with

in the report.



PREPARATION OF GEOC=ICAL

SAMPLES AND A'rZALYSIS

KETHOD

iv



Preparation of Sameles For 1(diele Pack Analst

Selected samples were cieared by ashing, und

weathernd material was removed ar far as W:15

possible, too heavily wealhered sn adea were

diseorded. Primary crushing uas dune hs jna

crusher with the apertive set at

For each sample I split, croshed ahl thun

sei\ed it through a bross snive with o mesh

npertive of 3.35mm (Y). nversi/e material


sas then returned to the jas crusher and

processed for a further time, heing snivel again


riftpr this crushing in the snme sei  n. Hsersi/n

Jterial after this scorel erg;-dirsa sag thpp

put nside as "ste": aa it uaa roF idered that

ei\ed maturini accuratels renre hted tHe

Lzeln, the samples all heIng fainls finn graihed

• Ichs than 2mm diameter) hemnap-nreas rocka, with

no fractionation at thi s grain si/e being expected.

ihe sample passing through the 5.Y5 hFive was

collected and passed to the secandary grihding

stage, a Tema agate nill hning sulected.

I coned and quartered the sanplem sor-fully, to

presnnt size/densits fractionotion, until a

spitnble size (Half filt of thu fena mitl) wns

retained for milling.

I milled the saplea rcr 5 tind the

urrH urt was then nassed tc a - (sin, all

the -223 mesh fraet:es hni catlee Iel a a


rnprnsentative



Each piece of equipment was thoroughl> cleaned

inturn, the fine material removed cacefully by

a paintbrush and added to the retained product.

Samples were collected in individual snmple

bags and were ready for the analytica1 stage.

Pre Analvsis Preparation 


For the method of attack chosen, 250mq of each

sample was required.

The samples were weighed on a slip of glazed

paper on an open pan balance calibrated to

lmg intervals. A vibratinq spatula was employed


enabling 250mq to be precisely weighed directly

onto the balance. Each of the 25omg sdmples


was weighed in a random order and placed into

clean plastic beakers, numbered from 1 to 100

inclusive together with randomly introduced

stsndard samples, blank snmples and duplicates.

B duplicates, 4 standards of 71 standnrd,

standards of 73 standard and 4 blank sanples

were included with 80 samples to be analysed.

I had 55 samples to be analysed and 25 samples

belonging to Steven Hide were included in the

batch.

Samples then passed to tne digestion procens.
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APPENDIX VI

PREPARATION OF XRD SAMPLES



PREPARATION OF XRD SAMPLES

5 samples were selected- DB6,126,128,128c and 132.

It was decided after discussion that a concentrated

sample would be necded, with concentration of the feldspar

grains and hopefully liberation of the phyl1osilicates, which

would confuse the feldspar traces.

The separation technique bolow was selected;

It was decided that the +200 mosh sample frou the

whole rock analyses would be used as i)the sample is sorted

and ii)the sample mav be examined by binocular microscope.

The samples were poured over clean computer paper and

the fine polar phyllosilicates were retarded on the paper.

the product was suitably concentrated after 2 pourings.

The sample was then crushed to -300 mesh and mixed with

alcohol,applied to a smear mount and allowed to dry.

The samplcs wore then run, the traces shown in Appel:dixVII.
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XRD TRACES
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