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ABSTRACT


The original basaltic, basaltic andesite and dacitic eruptives of

the Gjersvik area provide evidence of having undergone a period of

ocean floor rnetarrorphism prior to tectonic deformation. This involved

chemical alteration producing rocks of spilitic affinity showing a

greenschist facies rnetamorphic assernblage. The area then underwent

three maior episodes of tectonic deformation. The first phase of tectonic

deforrnation is believed to have been the rnost intense and responsible for

most of the pervasive textural modification and the lower greenschist

facies rnetamorphic mineral assemblage now observed. The mineralisation

in the Giersvik area is believed to have crystalised as a consequence

of metasomatic activity of hydrothermal solutions discharged onto the

sea floor.These solutions then precipitated metal sulphides in structural

traps in the sea floor, or as thin exhalite bands away from these traps.

The emission of the mireralising solutions immediately post dates

extrusion of rhyo dacitic pyroclastics and is considered to be linked with

the intrusion of acidic feeder dykes.

The eruptive rocks are believed to have developed within an

ensimatic island arc environment of tholeiitic affinity, as suggested by

major and trace element compositions of both basic and acidic rocks.

Stilpnomelane and biotite are believed to have crystalised as a

consequence of metasomatic action by hydrothermal solutions during the

late stages of mineralisation and then later mimetically recrystalised

during regional metamorphism.
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prar,1 the yCCmC.JO poLtn:Tal uf Lille[±fl

apprcx a' 5 km narth cf G svik, r,crd NomY

cleciraar.agnetic"Turam"»ver the Lillufjell prea.puelrevealcd /surN.ary


ignifleant near ft2rfaceconductors. These anomalH. :iercfaIrther

invertTgatd by blasting nine trench!...,which ter rwmpled by

1

The m cf the c,jtabl.:d

connection, if any, betieon the din ntr.a:cd r tion

of the hi1le:-11 area, and the maF..sL.*nulph. f


the 'Gjera:vikOrcbody'.

Detn:led geolezical ineppintof areh nm irrned »in 2t a

scah, of 1:5000, toge:hcr sectioraocf • real eut:ings


aroLinhlthe outcrop of the 'ci'ersvikOrebry at a

A strip of ground approximately 1-1.5 km wle, exter.dng north-

wards approximately 4 km from the northern shore of Limingen Lake

towards the Lillefiell area was mapped. Complete coverage was not

possible in some areas due *Lo the structural and lithological

complexity of the area, which require systematic detailed observations

to determine their nature.



The Caledon:an .;:bcchextends over T,02,tcf

Northern, Criur:,1and South-tern Norway and the meta=phosed

L=er Paleozoic rocks ohich lie -ithin it, contain a serlis of

stratiform pyritic mascive sulphide deposits distributed along

its length (Fig. 2.1). The Gjersvih deposit lies in the Crong

Stekenjokk region of Nord Trondelag and is one of a series of

deposits associated with the erupti-.-esuites in this region.

The allochtonous vcicanics, instrusives and clastics in the

Grong-Stekcnjckk area can be divided into several major stroctural

and stratigraphic units5 (Fig. 2.2). The 'Gjersvik Orebody' lies

within the eruptive "greenstenes" 0f the Gorsvik Nappe in a si ilar

structural and probably Ttratigraphic positior :o the currently•

mined Skorovass orebods 40 km to the south.

No fcssil remains of chronographic significance ha7e so far

been recorded in the Gjersvik Nappe, and thus no precise dating of

the sequence has been possible. Halls et. al. (1976)5 attempted

a correlation with similar sequences in the Stekenjokk area and it

seems likely that the Gjersvik Nappe sequence is approximately

Lower to Middle Ordivician in age.

The essentially tholeiitic to "calc-alkaline" eruptive rocks

have been interpreted as part of an ensimatic island arc, which then

underwent rapid uplift and erosion prior to allochtonous transporta-

tion during the climax of the Caledonian orogeny. Halls et. al.5

referred to this period of regional tectonic uplift as the 'Gjersvik

Disturbance', which gave rise to the polymict conglomerates exposed to the

east of the eruptive sequence. Similar periods of regional uplift have

-2-
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CHAFT!T 3 LITH01.001CLLUNITY,

In general terms the area can be considered as a series

of barjr to interm diate lavas, with occasional aolcijr pyrociartlus, which

have becn intraded by a series of acidic, gabbro/dulorite and porphyritic

andesite dykes. This erputive sequence is tl2enunconfornably everlain

by a series ef calcareous polymict conglomerates and phyllites.

The area har been modifHed by intence plastic and brittle

deformation (Ch ), and by low grade greenschist facies netanorphsm.

The chemi;:try,perology and mineralogv of the volcanic rocks is the

subject of n mere detailed study whLch accompanies this report- As such

the sectiow; belov.will concentrate on the field relations of the mapped

1:4.110]olca

The arca is cut by a trending fault e.g.

Y10 760, X765 009, is effectively downthrom-,to the t...est.

Thh; fault dlvides the area into two dstinct regon. The region to

the east -ars te have a noticeably mflresub-volcanie character as


regards the acidic rocks, whereas some of the acidic rocks of the

westerly region huve extrusive affinitic:;(Ch 3.7). Thus the easterly

region is intx,r1.retedas being stratigraphically low= in the volcanic

sequence.

3.1 BASIC AND 2NTER:.:En:ATEVOLCAN'ICS (CREENSTONFS)

The basic and more mafic intermediate volcanic rocks account

for <7W.1 of the total rock volume in the mnpped area. They

also prov-de the mr.,:cJtinstructive insite in4o the tetonic and

metam.)rphi his:ory of the area.
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111
111
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intense tectonic defor.:-,aH0n L '11) I L r"l l0

re:•Lr: of these rccko it d:tlfeuU t3 3rect a


mfH: ingful volcano - stratigraphy. It seem probable, due

to reutiticn b bo)thDi and D2 foldil (Ch 4.1, (.3) that


in the area to the west er th• main N.N.E.-r).S.. fr.:,ture

less than 250 m of the oririnal volcan,icpile are exposed

at surface. It is not possible to matiinvididual flow unitc,


due to the reasons given above, though it is possible in sonle

expouures to define probable contaets between the vesicular

top of one f1o. unit and the massive base of the overlying

un: . Unfortn elv the inability to trace soch cen'acts c

any a;cjofciablcL.istancecomplicate3 the use of facing criteria

hvoch feacures, dua to the effrcts of ennu seale

fold nr.

The bri ten show pillow s uoture sh, bhow vary.ng

deiy- icn and flatten1 . 3.1- i. The

pii1c tary in sine fron 9 cm x 8 CD to 6 r x 2 ro

(YI(:7f5, X767.015). They often rhox chilled chloritc marginy


with occasichally preserved flattened tricuspate cherty inter-

pillow infilling, 3.1-1b). sometfmes containing magnetite!


A prohable pillow breccia was recognined at YI0 995, X764 660,

underlyins_an acidic pyroclastic horizon (seech 3.3). A highly

flatteneu lapilli crystal tuf` was recognieed at Y10 195,

X766 4:E. flattened chloritic lapilli approx.atey 5 rr- in


maximun dimension.

The lavas are very often vesicular in both recogni ble

p111cwed and u seiuenceo. Thc vesiclenvary in

illirict reC:," x]...tely 1.5 cc in ro


bec,nfin

-7-



B.

Fig 3.1-1.A.Flattened pilTow structures developed in basic lavas

B.Flattened tri-cuspate, chert + magnetite,

g
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1
1



of secondury minerals, notably quartz, epidotc, forroan

calcite and occasionally chlorite, either singulnrly cr in

combination. Pyrite is a common accessory mineral in amygdr.les

in the vicinit of mineralised horizons.

Thus it is apparent that the majority, if not all of the basic

and mafic intermediate lavas were extrdded in a submarine

environment. The presence of large amygdales suggest the

lavas were extruded at shallow depths, probably between 100

and 500m8, 12

47rek

	,

Fig.3.1-2. Typical epidote(yellow-green) - chlorite(green) - aIite -

quartz(colourless), secondary magnetite(opaque) assem'lage

of meta hasalts in the Gersvik area.

•

PPL

-0-
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The extrusive "greenstones" are generally dLIrkgrecn, fine

grained (approximately rarely visibly porphyriLic,


equigranular, holoeryntaline meta-basalts or meta-basaltic

andesites. The essentially chlorite-epidote-albite-quartz-

calcite assemblage is the result of retrograde lower greenschist

facies metamerphism (see belcw). Nagnetite, probably


titaniferous, is a common fine grained'anhedral accessory

mineral, with less abundant pyrite apatite and sphene (probably

from the breakdown of iron titanium oxides) as anhedra or euhedra

approximately 10/m in size. The presence of larger pyrite and

magnetitie eu cdra 0.5-2mm in size, in the vicinity of

mineralised horizons are almost certainly introduced by secondary

processes, probably metasomatic.

The relative proportions of the essential rincrals varies

co siderably, with some lavas being very chloritic xdth only

minor amounts of epidote, whereas others are very epidote rich

with lesser chlorite. Similarly the quartz content is very

variable, though this partially reflects secondary processes,

which are discussed below. It is possible to recognise a

noticeably calcareous unit which is rich in ferroan calcite

and probably reflects a stratigraphic unit. This unit lies

10-20m structurally beneath the level of the "Gjersvik Orebody"

on the Gjersvik road section. A similar probably stratigraphic

unit containing abundant accessory magnetite can be recognised

lying structurally beneath the more calcarecus unit in the Gjersvik

road section (see 1:200 sections). Unfortunately contacts are

now often indistinct and these units can only be consistently

defined where exposure is very good e.c. road cuttings.

-1 -
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The mineral assemblage described above is a typical low to

intermediate pressure notamorphie assemblage produced from

regional metamorphism (. basaltic and basaltic andesite

composition rocks under conditions of the grecnschist facies11.

Evidence for å period of retrograde, probably greenschist facies

metamorphism, prior to the first phase of tectonic deformation

is seen in these basic rocks. Epidote concentrations in the

form of irregular "knots", usually in the centre of recognisable

flattened pillows can be seen to be flattened consistently with

the pillow margins, and are often cut by the penetrative S
1

shistosity. This probably reflects a period of ocean floor

metamorohism10, occurring soon after the depos tion of the

volcanic pile, while still in an area of very high heat flow

and water saturated, allowing extenzive chemical mobility w'nch

gave rise to allochemical metamorphism. This sclective

mobilisation is partially reflected in'the variable content

of the main mineral phases, e.g. the variable quartz, epidote

and carbonate content of many of the basic lavas. Cann (1969)2,

described the differential mineralogy between the chilled margins

of pillows and their cores seen on the deep ocean floor. During

conditions of ocean floor metamorphism of the greenschist facies

the palagonitic glassy pillow margins develop a dominantly

chloritic assemblage - "hyalospilite", while the more crystaline

core develops an albite-epidote-quartz assemblage with lesser

chlorite - "orthospilite". This may explain some of the local

mineralogical variations seen in the Gjersv k lavas, even when

they show no conspicious pillow structures. The reactions

producing the above mineral assemblage involve a volume reduction

of approximatel5 10%2. This probably gives rise to the abundance

of fine quartz, carbonatc, epidote (t chlorite, pyrite) veinlets,

—11—
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to the max rinel st. ;'(,cs,due 10 preuro

alcng gra*, b.,:ndaricY. Theso cepTention.: tend to be

more abundunt in the vicinity of fold closures in these

more basic rocks. The tectonic segregations can be seen

to be folded during D2, indicating they worc formed during

r D1.

Stilpnomelane (and/or biotite) is a common porF.byroblastic

mincral phase in both basic and acidic rocks in this region.

Its occurrence will be discussed in some detail in Section

of this report and as such will not be described bere.

3.2 AC1D TO Ef(UPTIVFS

The more Loldlc rocks cf the Cjers7ik area can he rc'cogniscd

in the field their light grey leucocratic acearanoe, together


with recogni: le free quartv.. Thcse more acidic rocks of choitic

or rhyod iLia composition6 (locally referred to an keratophyre)

can be suhdivided into of intrusive and of extrusive


characuer.

EXTPU:',IVE Tnc:.ST1C POCK

It wa,.spcssible to recognise rocks of probable pyroclastic crigin

e.g. Y10 543, X764 COO. Due to the intense deformation and

mineralogcal reccnctitution of these rocks it wcs nct possible

to conclusively denonstrate this affinity.

The pyroclastic texturcs snow well on weathered surfaces,

Fig. 3.2-1(a). The ang,lar or len:;oid'fragments', vary in

size from 1-5cm in maxirum dimension and consist of very fine grained

(approxi 5-10cT) coiic i1or, ne*:holceryst " cd:irtz

and albite, yilh lesser epidote and sone chlorite. •agnet e and

—13—
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Fig. 3.2-1. Fragmentary pyrochstic textures in acidic rocks ner outcrop
of the G'ersvik Orebody:
On weathered surface.
On polished face.



pyrite, up 22 by vulume. preoni

as very fino ïihlti (2-3,*) Liu,:r;11tOani I

within the 'fragments'. Apatite and sphene are less ahundunt

ek2hedra1acees-scries. The 'fragmont ary now enclo:ed by n

r.or ix of ::ubhedral grnnu ar 5, with crrcoincalcite


and some epfdate, grain size apprOximatelv 250r, which has

probably replaced an original ashy matrix.

The observed quartz-albite-epidote-minor chlorite mineral

assemblage is probably a retrograde lower greenschist metamorphic

erbilage,(asdc-scrYaadinCh 3.2. De:Tite the inter..:.e

defo=z n,asd p-obr.blvallochL a l=ge

quar j albite (,,,ro.:=bly

feldr ), together with no recognasuble p(,ta:;h indicates

a dacitic or rhyo-da ic compositIon6.

intru:-Lvo arP spilt into tw0 dirtinca rogicn:-t:•ur.ded

by the rjo:- trending `ault. Tu the wost of the


fault the acidic intr.,sivesoccur in dykes or sills 1-2m wide

Fig. 3.2.-2. Usually iz is not poscible to trace ind vidual

bodies continuously over more than 50-100-, aninly due to felding,

shearing and bc,idina-..J7eproduced during tectcnism. As in the

pyroclactic material, the essentiol mineralogy is a retrcgrade

lower greenschist metamorphic assemblage of quartz-albitc-epidoto-

chlor te with a grain size of 10-30um. Some relict plagloclaGe

feldopar (0.A1430- olipoclase - andesine) 0.5 - 1.5 mm in

size are often preerved, though they uro crten er tot,

c As in zhe bar
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Fig. 3.2-2. A. Folded rneta rhyo dacite dyke - sill transition.
B. Flattened rneta rhyo dacite sill, with underlying feeder dyke.
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rP(dl IiL . po!,,hyrablast±.C.. - bm Y 10

X75. 30. t.ooccurrtnce is not ah ext(h: as 1:1

features (scs Sectinn B). rt:agneiteand pyrite cocuFL»very

fine g.s:hod (20 - andhednil accessenies in the


groubdmacs, and also as largcr eshedral perih.yrch)lan;s0.5 -

mm in size near mineralised horimons, whish is also seen in the

pyroclastic material. Tetrahedral crystals of arsenopyrite

2-3 mm in size were observed in the more i_aa-phyriticrhy.)-dacite,

20 m structurally beneath the outcrop of the 'Gjersvik Orebody'

Apatite and sphere occur ns very fine grained euhedral

aseeshories.

To the eas of the main fracturc the relat:Ye veume ef ac.dc

matsrial Tuch greater (up

and poseibly sills up to 5 m wide. howeser the mineralagy is

signif:cant_y different; the relie fi;:ph• fe1drjon

ihif,nocr:,h•tsare generaliy larger, yr;::.:. 0.5 - 1.5 mm ahd


more abufdant than in the acidic rackc ta the Wect. Large

irregular TJartz grahts are alsc..,a-esent akpear ts h


undergsnK Lrehs3uresclution aleng their heuhtiariesand are

probahhy sriginal phenccrystz. Plotite perFhyrtblasts are

nearly al•ays present to a grcater er 1esc*r duTree, ac cppcsed

to stilpnomelane to the Wrest. It forms large plately cryotals

0.5 - 1.0 mm in size often partlany com.;.1telyur pseadamcrrhed

by chlcrite alohg 001. Specilaen 152,Yl: 285, X.-3.-h5005.,


contains a large am.cuntof a fine sercitic s.:neralwith a cery

sma11 angle, probably flragcnite. Tha ahe•e 	

appcarr to reprcaent a sIightly higher gh[sh.ms;amcaThis m:nnral

amsesblagt than is fsand -o 10estef n franurs.
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Fig 3.2-3. A. Sausuritised plagioclase feldspar porphyritic rneta rhyo-




dacite - West of main fracture (see text).
B. Coarser grained more porphyritic meta dacite - East of

main fracture (see text).



It seerisrea2c te suppce that intrusive

dyb( octed as fcrderE fer yxtru;Hr• pryoci;,:

and are thus sub-volcanic. The area to the East of the fracture

appears to re:Cresenta deeper level in the volcanic pilc dcc tc

its apparently higher grade fl-tamorphicmineral ac2emblag, n1,5e

porphyritic texture and the larger proportion of acidie dykes

sugges—ng the area is closer to the magc2:source. This crude

indication of volcano-stratigraphic level is useful in deterrjEing

structural 'facing'.

3.3 Intrunive BccrioFc)cks

Dyke art3/or of Tediu1H-c uxtir:edcafjc 'grcc.n

reict

the Gjerscik volcanics. The dyken/siiIs ore typIcrilly1-3

occacicnally sho'2Inga preserve.dchl --4n 1 - 3 cm

Therc is no vidence cf thc:= the

country rocks, which if onigincIiy prenent, has sint.cbeen cb=retl

by mecanorphic reconstitution.

The original plagioclase feld:par phonccrysts show reiativey

little breakdcwn to albite and ep d concl the


retrograde chlor e-epidote-albite + cinor quartz greenschist

rneta:7:2rpcasser:blagcseen in th but are ofter


partially saus:.1ritised.Plagieclase phororrystc 0.2 - 0.5 r=

in size, lying in the Andesinr,cornpostion range (An32) are

intcrgrown in an ophitic manncr with chi'crte maccer, presunobly

pseudcncrnhs after crigir-Jalfem,

often intimaely c12cc_ ,d PL.hchl

dicpyrced edo


of thc rock by

—1H

jnrcrilc. Epidot,

	

sCe r5 a » 11



t

V`:

. 3. 3-1 . p; 	 cl .ergrow: ep:dcde - ch1ohte masses (lower firs:

a-d seco• d order iTorfere ce colo_rs) aTd corroded relic

plag.oclase feldspar p e ocr-s-s (si-ow; g sa.p1e w_ s)

fter ircr,--titaritt exides)

nortb.

759) . In this area c.uch of

cb:c To nybr-ti ...... .

cf

thc: colcbity

.tn c 112 LO
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in the greenschist facies. '

The chronology of the intrusive rocks is difficult to

establish. They have all deformed during the three major

phases of deformation recognised in the area (D1 -3). In

some expcsures (e.g. Yil 060, X765 360) the acidic dykes

appear to cut the basic dykes, suggesting the basic dykes

pre-date the more acidic ones. Unfortunately it is not possible

to prove this conclusively.

	

3.4 Intor7r[PdiaieIntrusive Rocks- 


Isolated dyk /sills of feldspar porphyritic fine-medium grained,

mesmoratlo, intermediate "andesite" occur within the 0,1ersvik

volcanics (e.g. Yll 015, X764 920). These dyles/sills are

1-1»dm wide with no apparent chilled margins or visibly altered

country rosk. It is difficult to trace these bodies over nore

than approximately 30 - 50 m and it is not possible to unequivocably

establish their poEition within the chronology of the intrusive

rocks. However, their compcsition would suggest their emplacement

was intermediate between the doleritic and dacitie lithologies

described above.

	

3.5 Sedimentary Rocks

The rocks expcsed to the east of the eruptive suite described

above are a clastic sedlmentary sequence. These sediments

comprise the lower portion of the Limingen group5 of phyllites,

Eraded wackestones and polymict conglomerates, probably flysch

5
type depositn forTed during the"Ojnrsvik Disturbance".



Thea-uptive/s-idient/is not exi,oseda outcrop,

often forns a dis.tinctbr 1 in slvp. I therc

change in flora across it. The strong penetrat e shiso:jTy

which cuts SI.and several shear zoner within the er_rti,,.rch)st

to the contact, together with large concentraticnr of veinn

and pods of tectonic quartz and ferroan calcite in the sediTitits

in the vicinity of the contact, suggest it is 1-rgely tectonic.

It seens likely that the contact dips at a moderate angle to the

west, the clast asserblage described below and cb."..rvedf'LIR

relations suggesting the sediments ::tratigraphicallyoverly 'he

eruptives. Thc contact hhs been folded doring fl?,hs it c;inbe

seen to mimic the folding of the S1 shistositv in the adi:senL

erputives e.g. Y10 900, X764 400. I;eginal CV ise of the

continuation of the Lim 'Tinen group5, and th,:.clast

as=blage described below, sugget it to be lat-rafly rel

to hc ejr. erputives. Thus th ma".untof nscsnt oh

tb= robabl'' great.

lnncd e v adjacent to the contact is tely 50 - 60m

stroTturally, Of very coarse to fine sand grade calcareous gradtbi

wackestcne. :ndividual graded units ane tyl"ically0.3 - 0.7m

thick. Firer grained pciilic bedn often occur bc.tweenthc g eC

horlzcns. To the scuth-ea:Ttof the graded 1"en a

unit of fire grained, very calcareoun uppor:n a

species ritt ard abundant calcareous fl_ora. This unit is

probably 150 - 250 m thick structurai:y. Forther to the east

the :;ndi::;e beccme cor-rlomeratie.

—22—
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The conglonerates vary widely in thcir nr:if zrs:

relative prcportionr of the c I:jtnnLn <I I o.1


terms they form very poorly sr,rtyd,sub-an[tilarto sub-

rounded, highly flattened, pclymict conglornaltes with a

maxinuT grain Si70 between 0.5 af1 10.0 cm. Large ;-•hble

or quartzite ferroan calcite - limestone, trondhemte,

meta dacite, and occasionally 'greenstone' are the majer

clasticoGnstItuents Fig. 3.5-1. The matrix is doninantly

fine grained, : chlorite, sericite, quartz and

lessereh 1 pyrite. Fuchsite was observed in the

natrix in one expascre.

The volc=i0 'greenstche' te and cohocate elay

together ih the very ch: ittt ratrix, wc.uc sr‘tt

indicate a local e r1v erigf tor tL:›sent

a source for the Ebundast maturc qlrirtzite

is ffic- to ezvi• ithin an tr=ture :iland arz


envir=ent. Thua one must assurr,a source wichin the

shield arca to the East for a large proprrtion of the

sediTent. Thus the prct:enanceof the sedi tt is

cbviously toctt"txand a greater or lesscr rtIch of the

observed clart kli:Temay uriginato fron other than

these two rtre ob urces.
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Fig 3.5-1. Typ:cal clast assemblage of deformed polymict conglormerates
ir: the G'ersvik area.

q - criarzLe

c - f,mmnah ca1c1te-'11mesiohe'

- orahpd.crite, trehd'r'»erhlte

v - c±.1(m.tic, 'orn,nstore'



CHALTLR 4 STRUCTURE

The area has.undergone three major recognisable phaiies of

deformation (D1 — D3) Fig. 4-1, often with associated brittle

fracturing in the more competent lithologies. The structurt is

more easily elucidated in the sedimentary rocks exposed to the

east of the eruptive sequence. The presence of original stratigraphy

and sediment:r.y structur,i, within the sediments together with their

being relatL y incorpet cot and thus defe minc more homugenously than the


cruptive rock„ allows a more cosidlete insight into the history of

aticn . th 4n the area on a mcre local scalc, than ih p sible in

thc erupti7c rcikh.

	

The vcry e d,iicrma on ±:ring both D1 and D2

ofilrby heterugrneous, which is reflected in tho variable

attitcde:: of fsld axes axia: pli.nei;. The dc7slopment of a

hetercigenec.i.isly strained fc is probably primarily due to

the differentiab abscrption of strain by lithologies of diferent

conpetence. In the eruptive rocks, observations of the mechinical

behavicur cf the varicus lithologies after deformation sugg,ist a

classification on the basis of competence:

	

Dolcrite dacite > basic volcanics > sulphides, e.g. Fic.4-2

Thuc the relative propertion cf the more competent lithologic preint

in a particubar area wil affect th ai-isunt of strain abscrbe-, by

less competent lithology (usually hcsic greenstones). In absolute terms

the basic greenstones are very rooks and thus they tend to


deforT alnng planes cf wealanoso wihin the rock when they are

subic. ted tii large strsins, nn1 1-by strain rates, givinc ris

h, tcregyinem:A tcbajnrs shearihc c.g. Vard(
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The style of folding and netamorphic reconstitut.ion

occurring during the first phase of tectonic deformation

suggest that It was largely responsible for the major

textural reconstitution of the rocks in producing the

early penetrative shistosity. Intense flattening and

tectonic segregations by pressure solution perpendicular to

the maximum principle stress (u 1) also occurred during this


first phase of defornation.

Reversals in the direction of gradLng within the clastic

beds, e.g. Yll 530, X76L 560 indicate the presence of probably

parasitic, issclinai, F1 folds with a wavelength of 15-30 m.

Shistosity is approximately parallel to bedding also reflecting

the isoclina] style. The orientation of D1 structures is not

easily detersUned due to their being bbscured by subsequent

defcrmation. However, limited infornacion sw-gests that the

D1 structurcs in the sediments now plunge between 100 and 20

to the North, with the axial plane shistosity (S1) modificd by

D2 and D3 fold structures Fig. 4.2-1. The intense flattening

dus::ngD1 hos resulted in the orientation of highly flattened

clasts paralleltc S Pressure solution between clasts and


redistribution of quartz and ferroan calcite in pressure shadows

Fig. 4.1-1 and tecton c segregations Fig. 4.1-2, where the calcite

is often spothic, also occurred during D1. These features have

been folded during subsequent deformation Fig. 4.1-2. An

interescing feature of these rocks is the occasional preferential

nobilisatien of quartz against calcite b pressure solution. It is

often possible to see carbonate clasts penetratin:,quartz clasts,

with quartz bcing preferentially deposited in pressu shadows

Fig. 3.5-1, though the reverse is more common.

—2E•
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Fic.4.1-1. A. Diational fractiring in trondh'emite chst and reclistrinut:on

ofgcartz ferroan calcite in press,..re s'n.dows.
B. D1ation31 freCtilTr.; rotHtion of c,91-bonate chst D1'
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In the eruptv- rockn, thk gcncrtI of t't r.iabl‘•

Il

su-atigrapy it• ry diffh:ult LL avc..strtintht,

location and form of D folds. r.incrisoclinal D foldi
1 1

cah be sees producing repetition of Lhe inLI'LI:Hvc dacitic

and doleritic dykes, with easily ccognissbic axri plane

shistosity (51) Sig. 4.1-3 now refoldbd into D2 structures.

These D1 folds generally plunge between 10 and 20° north to

north-east or south to south-east, though precbe measuremc:nts

are difficult to obtain. The prescnce of the massive sulphide

mineralisation of the Gj nwik Orobedy e.g. Y10 550, X764 010

and its prcbahle stratigraphic custinuaticn as pyritic and

sideritic exhalites to the north (i5.5) e.g. Yll 017, X704 755

together with rccogrisrshlepyrorila:YH,_. :iated h


these hii:ono and the pJ::.itionaf sab-vo1caric, dacite dykes

imgediately to the ncrth of the pvrc)Hnotic , c;t.ructurally

overlying the Gjersvik orebody armi omlie mesL ef the pyruclastics

at Yll 017, X764 755, suggest the major structure in this southern

area is a large D1 isoclinal synforvialanticline. This structure

with probably an originally flat lying,axial plane, has a

length of at least 500 m and an ar.,plitudeof lar ragnitude.

It has a closre truncated by the major fault in


the area Y10 700-900, X764 250-500 Fig. 4.1-4 and has been

folded by subse:juentdeformation (Gh 4.2), probably from an

originally antiformal closure to the synforma] style now seen,

Fig. 4.1-4.

The inferred tectonie contact bet*.rU the eru ive and the

sedirnLentaryrocks, is fcld d congr=s ith S1 into F2

cle:c'ures Yll 920, X7r.:890 rn.iin thu:
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u'ithregional f.vdenc.: ,:uggeststhat large scale thrustIng

of a:lochty •-•r from the West along

dipping thrw:t planes occurred during D1. Due to allochtonuous

tr=sportatien the truc orientation of the strehh system is

unknown. J1owever,the flat lying axial planc and large sub-

horizontal shcar stresh indicates the maximum principle stress

(u
1) to have been sub-horizontal, probably trending


approximatc>lyeast-west, with the least principle stress (0-3)

sub-vertical i.e. overburden pressure.

4.2 FH 


ci d. ion is very easily recognised in

ihe field at folding ei .he peneirative Si shin'ooity, veinlets

and flotten pethles p.oddied (1,.11r-D and by repetition of

iara sive dyli velcanc s;e^i=e. As Di folding

ity is di,d ly

pmmallei t• kdd . tho dihedrol angle bedding and


shistosity i arproxn tely zero, except arounJ fold clocures.

Thus, rodnced from the folding of Si chistos

will mimic thoce formed by the refolding of beddr.g. The very

tight folds prhduced during D1 deform as compete..tnasm.esduring

subsequent deformation and thus the crientation of D2 folds is

strongly in iu. by the crientaticn of the D1 folds in the


ir,mediatevicinity. The heterogeneous style of D1 affects the

directional stability of the F2 fold axes (R=ay13, p.p. 540).

This is refiertindin the opread of orientations of F2 fold axes

seco e.g. 4C-Er 'n in Fig.4.2-1.
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in orientation, though in the area south of Lillefjell

Varde they plunge 10-20° north to north-east or south to

south-west. Part of this variation is due to the distinctly

periclinal naturE of the D2 fold structures Fig. 4.2-5, 4.2-6.

from Fig. 4.2-5 and obscrvations in the field, the D2 periclinal

folds have ar aspect ratio in plan view of approximately 6-9:1.

The area arcund the major F1 closure at Y10 700-900, X764 250-500

appears te have acted as a rigid block during D2, undergoing body

rotation only, resulting in the discordant trend of S1 seen in

Fig. 4.2-5.

Several unfolded post1 fractures are seen to cut the area e.g.

Y10 650, X764 850 - Y10 875, X765 315. They vary widely in

orientation, the•gh very generally they trend north east - south

west, cbably a noderate to steep dip, thoagh this was


nisveraccuratey measured due to poor exposure. In some cases

Lraoures are axial planar to 32 folds e.g. Y10 500,

5 290 - flO.795, X765 500 and it seems liholy movement has

c• the axial plane of the D2 fold structure (S2 )


Fig. 4.2-3. Elsewhere this is not the case and the fracture

a7e a distjnotly rotaticnal cbaracter about a

cenal uxls uhere there is apparently little movement and the

fra oturo ;'1ara has no apparent correlation with S2. Th s is

substanlinted by the variation in the orientation of F2 fold

3XeS and F- adH ent to the fault Y10 650, X764 850 - Y10 875,
2 -

3765 315 tc,the ncrth and south, Fig. .2-7 which indicates a

rotation of aH,roxi;nately40°. in the area Vil 100, 3765 140

id c evLdence displacent across the

1..heaxis ci rotatinr rotahly lier n thit regiun.

—LO--



MAJOR POST STRUCTURES ELUCIDATEO BY TRACE Dr$1  SCHISTOSITY
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In the secimeni, -cciartho 52 foldu are charactorised bv

thelr tight str:ciH»dipping axial plan,: Fig. 4.2-7.


Locally it is possihie to see refolded F1 isoclines e.g. Fig. 4-1,

though usHally tle structure is elucidated fron.the folding of

S1. The plot of n pcles to S1 lie approximately nn a great

circle, indicatIng a roughly cylindrical form fer F2 in the

sediments, with a fold axis plunging approximately 35° to 2500 ,

Fig. Actu.11plunges of measured fold axes tend to vary

about this valuo, generally in the range 10-30° to 230 - 270°.

The axial planc: lso show some variation in orientation, though

( 411 scale F2 crenulatians are also

seen in the r 1i,yulti interbands, uith wave1engths of

2-5 or and ao; roximatelv 1 cm. Again these have

stec di - and thc srlentation of their fold

axes c f th :? folds, Fig. 4.2-1.

TL(: ceably d: nt

eithor oidu :ault. 'I(the east of the

fault the sty1( dofcsi.et:Lonis verv s nilar to t.hatseen in

the adjacent tsrJr.

fairly

plunge to thc

foldoa consisO,A.:

stronE,ponetral*, forlty dsvo ard in the eruptives clese

E'2 strjCt!.: large scale,

ndrIcaa a:ruc-,urc h a modcre

ve contaco is

vith :n tids asca, as sans:oneH3above. A
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East of main fracture ( see text )

lower hemisphere, equal area projection.
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Fig.4.2-6. Periclinal F2 Foldihg imrnediotely

North of the 'Gjersvik Orebody"

Lower hemisphere equal orea projection
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Illustration of rotation* about F2

East -West fracture (Y10 650,X754 850 to
Y10 875,X765 315)
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Fig 4.2-E.Schematic diagram showing nature nf fracts,:res related toD2 folds:

A. Fractures develnped along axial plane of D,) fnlds

8. Rotational fractures develnped in responseln cnuples induced by

D2 folding



These rotationa: faults p-obably develeped as a result of

rotational shear stresse:..induced by refolding (with an

appreci(,blecomponent of flexural slip) of D1 structures,

with a dihodral anglu between limbs greater than zero, during

D
13

(see Pamsay p.p. `J41-547).
2

The orientation of the principle stressew during D2 is difficult

tc ascertain due to the low directional stability of D2 structures.

1n general it vapuldappear that the maximum principle stress (0-1)

was horizontal, trending north west - south cast, with the least

princip stress (0E-3) approximately vertical. The dominant


riechanisrnof folding is difficult to assess from structures

preserved in these rocks. Components of flexural slip, sirnple

shear ar angential Icnyi dinal strain can all be seen, though

the relat im;;ortar»of individual rnechanisTns

4.3 D,

i ue cf folding is seen in the sedimLntary rocks F.g. 4-1,

ive of D3 folding is not so evident in the

ptivl.,. te.

3
folds in.the sedil sYinL_are distinguished from D2 structures

by their flat lying uxic4lplanes, which trend approximately north-

th a dip of 10-20° west. The orientation o` 33 fold ax,ts ._

is strohHy Influenoed by carlier structures, generally plunve

1c)-20 scath s to rostu south west and sho-4an angtlar disccrdan,.


of 20-:“.J°it..F2 fold axes Fig. 4.3-1. The idunge_ o` small scale

crenlh 2 fold axis Fig. 4.3-: and (7,:tc:nhavt

•



F2 FOLD AXES PLUNCE

F-3 FOLD AXES -

52 SHISTOSITY POLES
53 SHISTOSITY

POST SI CRENULATIONS - PLUNGE

S3 52




a• •

sg•

•

GAG

A C
C C

C1
EI•

•

•

Fig.4.3-1.0rientation of F2 & F3 ‘Structures

from the Sed rnents.

Lower hernisphere, equal area projection.



forming small scale features and are thus not a major

influence on the overall structure.

In the eruptive rocks no unequivocable D3 folds were observed
- //

and the cause of this is discussed in the next section.

It would appear that the maximum principke stress(0-1) was

approximately vertical, with the minimum principle stress

(0-3) trending approximately N.N.W.–E.S.E. As CC is the

overburden pressure it would suggest that the area had become

deeply buried, or that the high horizontal compressive stresses

present during D1 and D2 were relaxed.

4.4 BHITTLE FRACTUP.ING

Apart from the small scale fracturing associated with D2 folding

and the tectonic sedimentary/eruptive contact discussed above,

the major brittle fracture is the approximately N.N.W.–S.S.E.

trending fault at e.g. Yll 010 X764 035 to Yll 385, X765 500.

This fault dips steeply to the west and separates higher

metamorphic grade rocks to the east from lower grade rocks to

the west, suggesting a downthrow to the west and thus a normal

sense of movement. The amount of throw appears to be variable,

as exhalites are seen in the road section to the east of the

fracture e.g. Y10 465, X764 095, indicating near stratigraphic

continuity across the fault at this point. Thus a clockwise

rotational component of movement is also present. From the

variation in metamorphic grade observed across the fault, it

would appear the maximum displacement is of the order of several

hundred metres, thougb this is a very crude estimate.



This fault is not visibly deformed indicating it is D3' or

post D3 in age. The normal sense of displacement indicates U
1

to have been approximately vertical, with C5 trending

approximately W.N.W.—E.S.E. This orientation of principle

stresses is consistent with that indicated by D3 structures

in the sedimentary rocks (Ch.4.3). Thus it appears that the

temperature, pressure and stress conditions at the depth at

which D3 deformation of the presently exposed structural level

occurred, were such as to allow plastic deformation in the less

competent sedimentary rocks, but the more competent eruptive

rocks deformed in a brittle manner. Thus precluding the

fornation of D3 folds in the eruptive rocks.

Wjnor sets of conjugate, undeformed, slickensided fractures,

with a normal sense of displacement and little or no rotation,

consistent with the D3' stress system are seen around the outcrop

oS the "G:ersvik erebody" Fig. 4.4-1. Similar sets or conjugate

fraetures infilled by ferroan calcite occur locally in the

redirents Fig. 4.4-1. The presence of these fractures is

believed to s.,:pportthe interpretation made above.



CHAPT!P 5 MINERAIIFATION

The 'Gjersvik Orebody' underwent development work during the


early part of the 20t.hCentury, primarily for the recovery of sulphur.

It was abandoned scon after due to being uneconcmic. It is now possible

to view the massive sulphide mineralisation of the 'Gjersvik Orebody'

in its regional context with regard to related mineralisation in the

area.

5.1 rASSIvE.SULPHIFF ‘'.INERALISATION- THE 'GJERSVIK OREBODY'

The present outcrop of the 'Gjersvik Orebody' has an irregular

pseudo rectangular pattern (see accompanying map), mainly due to

pest depositional foldinc. The horizon itself is generally 1-3 m

thick, the dc: nant mineralogy being pyrite, pyrrhotite, magnetite

and chalcopyrite, ‘d.thodd grains of sphalerite and a carbonate

p1us chert gangtle.

Two distinct facies are seen within the massive sulphides

(e.g. Y10 050, X754 010):

A pyritic facies, consisting of >95% compact pyrite,

with some flne grained chalcopyrite (grain s-izec.

50/m), with a carbonate plus some chlorite gangue,

Fig. 5.1-1(a).

2, A pyr te, pyrrhotite, magnetite facies, consisting of

50-60% cn:hedral-sabhedralpyrite 0.4-1.2 mm in size, in

a matiix of 25-30/aanhedral moncclinic pyrrhotite, and

5-15T :anctite perphyreblasts 0.01 - 0.a rumin size with

2-3% anhedia,l,intergrabular chalcopyrite, grain size

0.01 - 0.2 - is preaominantly carbonate


(c. 10Y),
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The origin of these-distinct facies is not clear, but their

nature and location suggests they are probably .primaryvariations

reflecting varying composition of the mineralising fluids and

variable conditions in the environment of precipitation.

nre silicecus facies occur in the lateral extensions of the

mineralised horizon e.g. Y10 295 X764 100, which are often

noticeably banded, Fig. 5.1-2. The bands consist of:

Anhedral pyrite 0.05 - 0.3 mm in size, with some large

euhedra up to 1 mm in size, some anhedral chalcopyrite

0.01 - 0.1 mm in size, odd fine grains of magnetite

0.05 - 0.1 mm in size and predominantly carbonate plus

chart gangue.

Pyrite, magnetite bands; up to 50% magnetite as large

anhedra 0.5 - 1 mm in size and also as finer anhedra 0.05 -

0.1 mm in size, some chalcopyrite and sphalerite 0.01 -

0.1 mm in size and carbonate plus chert gangue.

Fine grained recrystalised chert with carbonate, fine grained

sericite and odd pyrite euhedra.

These bands have been tectonically modified, but probably

represent criginal stratification. Another facies recognised

consists of recrystalised granular quartz with large pyrite

Edhedra up to 4 mm in size and a fine grained sericitic matrix,

e.g. Y10 37f., X764 150.

A pyrite cemenied, dacite breccia is seen immediately beneath

th“ horizon in some exposures e.g. Y10 412, X763 902,

Fig. 5.1-3. Tha fnapaLL cf acidic materidl are highly siliceus


frorric.C.h - 15cm , generally sb-angidar thddrh

-52-



Fig.5.1-2. Banded pyrite, chert facies of Gjersvik Orebody horizon.
Banding is probably original, though tectonically modified.
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Fic44-1 Geometrical Relationships between

F3 Fractures and Folds.

Lower hemisphere, equal area projection
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Fig.5.1-3. Angular pyhte cernented acidic breccia developed probably
directly beneath the level of the massive sulphide mineralisation.
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the 'Turnm anomaly map of the 'crebody'aren, F

The relatively incompeient pyrrhotitic mnssive sulphides may

begin to deform before the more competent wall rock, thus

initiating embryonie felds in these arens, which then develop

into isoclinal fold closures with progressive defcrmation e.g.

Y10 550, X764 010. The massive pyrite facies tend to deform

catalclastically and probably form relatively competent bodies

which become disrupted and boudinaged to form the irregular

lenses and pods observed e.g. Y10 550, X764 010 (see 1:200

sectien).

Id2SF-.."313 !CN:LISATION

0isseminsd0d lphide :dineralisationcccurs associated with large

numhers sS dacitic dykes in the Lillerjell area. The acidic dykes

in thls area e feldspar norphynt is , and often contain hdotite

:gpests they ar rch,l:y cf sub-volcanic


afflnitv (neefh 3.2). Nc pyroclastic acidic material was

recogn in t thus supporting this interpretad'on. The

aridic j es cst basic stilpncmelane "greenc les", often san-

taining 0agnstitie and occasionally showing recognisable p 1low

strucdsres.

The pedd.ntiaJlyeconcsic nineraiisation cccurs mainis in the

asdic dyke though the adjacent hasic "greensdenes" contain

are pr(ue

flatt( Ti:rreguiar accumn dions 1 - 30 mm in maxioLdmdimension

and di:osns d,ddartsin cIcaidlIf assc ded

e,

E cr sulphides but ddrrS.nantlypyrite. The sulphide

vusniet s approxlm rd.y1 - 5 mr wide, dinse n ed

te cocurs ss 1 edral -r- e1 - 0.3 m^,
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in size usuaily associat d with pyrite or pyrrhotite, and less

commonly an discrete grains and tends to be more concentrated

in the acid c rocks where the iron sulphide is dominantly

pyrrhotite, Fig. 5.2-1. This is probably due to less available

iron within the acidic rocks caus:ng the iron sulphide to

crystalise as ferrimagnetic monoclinic pyrrhotite.

Trenches, approx mately 1 m wide, blasted within this mineralisation

revealed a maximum grade of 0.1% Cu over a 5 m section which is

sub-econemic for this type of deposit under the present economic

cunstraints.

5.3 PEf:-TrIlEt.:EEiIAE1TIVE1=PALISATI0N

were recognised in the area to the east of the

'jjersvik e.g. Y10 465, X7C,r:095 and to the north west

e.g. Yll 017, X764 755. They for:.relatively th::nhorirons

5 - 15 cr:,th.ek, mth sharp contacr aw.inst adjacent lithclogies.

Three san anien of exhalites can be recognised:

1. Pyritic exhalites - consisting of bands of pyrite euhedra

up to 3 cm in size in a dominantly recrystalised chert

manix with minor carbonate and chlorite, Fig. 5.3-1.

Magnetite occurs associated with the pyrite and in m[:gnetite

rich bands, sphalerYte is occasionally present. This banding

proLr,hlyreflects the ep odic nature of emission of hydrothermal

flnida onto the fleafloor. In many expcsures this banding is

not vis ibJy developed and pyrite, if.agnetiteassemblage

for. ac -longate 'rcds' vithir.banin greenstones.

" t14.(

amd	; 0r1-1baucinof lensctd ' it'


'ely 0.5 - 1 17,in 1(nglh.
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Fig.5.2-I. Typical pyrite(py), chalcopyrite(cpy), assemblage of
disserninated mineralisation in the Li11efie11 area.
In veinlets with calcite + quartz cangue.
In flattened Wsserninations within acidic dyke.



3. Sideritic exhalites, dominantly siderite ‘,ithlesser

recrystalised chert, Fig. 5.3-2, which form relatively

extensive horizons 5 — 30 cm thick, continuous over up to

100 — 150 m.-

The pyritic facies obviously reflects reducing conditions in the

environment of precipitation. The pyritic 'pods' occur within

basic lavas, suggesting this may reflect infiltration of the top

of the lava pile by the hydrothermal solutions, or irregular

'niches' of reducing conditions in the lavas exposed on the sea

floor. The magnetite facies form a continuum with the pyritic

facies and represent more oxidising conditions in the area of

deposition. The sideritic facies must have formed in an

environment of high CO2 fugacity, precipitating iron as the

carbonate, probably reflecting shallow open marine conditions.

The sderitic facies innediately overlies stratigraphically,

extrusive pyrcelastic apid c flows e.g. Yll 017, X764 755,

Fig. 5.3 — 2 . Thus one may reasonably assume this re resents


the stratigraphic continuation of the 'Ojersvik Crebody'. Large

amounts of siderite are remobilised during deformation and infill

small fractures within the acidic material, Fig. 5.3-2 . It


is also mobilised into late cross—cutting fractures (probably D3

in age), where it forms linear zones of limonitic weathering

e.g. Y10 840, X765 350.

Reticular networks of hydrothermal silica and pyrite are often

seen in the basic lavas in the proximity of some exhalites e.g.

Y10 830, X764 83' r 'cO ctdjacentto the massive sul;1,ide

e.F. YiC 570, . ve.=

are ;tos:ty

pre t(c!_rinLcand fio: afsofiat(.dwith th

—62—
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Fig.5. 3-1. Banded pyritic exhalite . Bands of pyrite and pyr-ite +

magnetite euhedra in dorninantly calcite + quartz gangue.
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Fig.5.3-2. Highly leucocratic band of cherty sideritic exhalite lying

structurally beneath acidic pyroclastics containing iron

oxides mobilised frorn the siderit'c horizon.
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Fig.5. 3-3. ReticL:lar network of n.:gose weathering, hdrc rrn1 silica
veins, developed in basic lavas near o,.:*.crop of Gjersvik Orebody.
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Il
5.4 PELATIM,WPS BE74,TENINDIVIDUAL STY= OF LINERALISATION

The evidence cited above suggests the massive sulphide mineralisation

of the'Cjersvik Orebody probably formed from 'hydrothermal'

solutions rich ittbase metals being discharged onto the sea floor

and being contained by a trap, most likely a depression within the

sea floor, thus confining the influence of the solutions to a

relatively localised area. Reducing conditions prevailed, probably

within the trap as a whole, thus giving the sulphide assemblage

seen. The exhalites are probably formed from the same 'hydrothermal'

solutions as the massive sulphides but as a thin dispersed 'blanket'

deposit cbleto the lack of a containing trap for the dense solutions.

The unconfined solutions then crystalise under oxidising conditions

in most caries,giving rise to the oxide and carbonate assemblages

observed . The banded nature and variable composition of these

extruslve bcdies, suggest they are formed by accumulation over a

short cf time from many pulses of 'hydrothermal' solution

he din=fhated sulphide, probably sub-volcah.c mineralisation cf

the Lillefjell area is interpreted as representing the upward path,

taken by the mineralising fluids towards their point (or area)

of dincbarge ontc the sea floor. There is no evidence to suggest

that the r.hcralising fluids responsible for the forration of the

tjr-5J. C.relody'and peripheral mineralisat on emanated from

the Li]]eYeli area, tbough this is a possibility.

The c the mineralising solutions is not clear frum field

rehttich:',thcugh sceveralicportant feat.iresof the r.nerzilisaticn

N:st b,-b Le in any =deL postula'ed:

-00-



1, The exhalit,ve mineral sation is intimately a ociated

with and prcbubly immediately post dates, extr.:sion of

rhyo-dacitie pyroclastics.

Disseminated sulphide mineralisation associated with large

numbers of dacitic dykes probably represents the upward

path taken by the mineralising fluids.

Pre tectonic deformation, 'hydrothermal' veinlets of quartz

and pyrite in the vicinity of exhalitive mineralisation also

suggests the mineralising solutions emanated from within the

lava pile.

The primary scurces of hot metaliferous solutions liable to

produce the features described above may be envisaged:

Late stage hydrous volatile differentiates released from

an inferred magma chamher at depth, migrating up aleng lines

of structural weakness previously explciLed by the acidic

feeder dykes.

Mot circulating sea water within the volcanic pile, induced

on a regicnal scule by the heat e;nitted from the inferred

niagma chamber at depth, leaching base metals frc- the mafic

volcanic pile at depth. The base metal enriched solutions

are then conoentrated and circulated on a mcre 1oca1 scale

by convective systems set up by the intrusion of acidic

dykes and the f1cf4. cf EgIgma along them. The metascmr:tic

solutions migrating up'irds in thee areas uf relatively

bigh heat flow discharge onto th r. ficor as


denne metalifery.:, scli;tlnn

-67-
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A combination of bese two solac'ocmay be the true origin of

the min calisin fiuids. Hc ver, it seMS likely that

stilpnomelane forms as a result of iron metasomatism (see

Secticn P) and me-taliferoussedi=ts form±ng near the id-

Pidge, and the oceanic island arc environment ef the

East PacJfic Rise are interpreted as resulting from hot circulat-

ing sea water within the volcanic pile, leaching base metals at

depth, which are ultimately erAittedonto the sea floor as dense

metaliferous brines.1, Thus the second alternative is

favourud as the dominant source of the mineralising solutions,

thou{h nc factual ecidence subt;tantiatingthis interpretation can

he offered.
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CHAPTER 6 N L SIONS

It seems likely that the disserninated sulphide mineralisation

of the Lillefjell area represents the sub-volcanic equivalent of the

exhalitive massive sulphide mineralisation of the'Gjersvik Orebody'
.1

Whether there is a direct connection between the two areas of mineralisa-

tion is difficult to ascertain, though it is possible. It is possible to

trace the maJor D1 synformal anticline in the Cijersvik area northwards

towards the Lillefjell area. Combinations of D2 and D3 faulting in the

area immediately south of Lillefjell Varde and D1 thrusting, D2 and D3

faulting north of Lillefiell Varde destroys structural and stratigraphic

continuity between the Gjersvik and Lillefiell areas.

The open D2 periclinal synform containing the Giersvik Orebody,

plunges to the south at an angle greater than the slope of the hillside.

Thus there is no immediate sub-outcrop cor4inuation of the 'Giersvik

Orebody' outside the irregular rectangular pattern defined by the

extremities of the outcropping mineralisation. There is probably a

limited southerly continuation of the lower limb under the Liminoen lake.

There is an intimate relationship between rhyo dacitic pyroclastics and the

massive sulphide mineralisation, which probably immediately post date

extrusion of the pyroclastics. This association is also seen to the north

of the Gjersvik Orebody where the association is between rhyo dacitic

pyroclastics and sideritic exhalites. Thus a continuation of the

rriineralised horizon is seen on the northern limb of the major D1 synformal

anticline in the form of relatively thi n exhalite horizons.
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SECTION B 
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A CHEMICAL AND MINERALOGICAL STUDY OF THE


ERUPTIVE ROCKS IN THE ERSV R I N

I.

I.



INTRODUCTION

Representative samples of the eruptive rocks from the Giersvik
and Lillefjell areas were selected for detailed chernical, petrographic
and mineralogical study.

A total of 76 samples were analysed for 20 elements using the
Direct reading , plasma source , spectrophotometer and the atomic
absorption spectrophotometer. Thirty —two thin sections were
examined using the polarising microscope and e further nine polished
thin sections were used for the analysis of selected minerals using
the electron microprobe.
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CHAPTER 7 CHEMISTRY AND PETROGRAPHY OF THE G ERSVIK
ERUPTIVES 


7.1 BASIC ERUPTIV S

The essential chlorite - epidote - albite - quartz mineral

assemblage of the basic rocks has been described in Ch.3.1.

The content of libth maior and minor mlineral phases is very

variable and thus it is difficult to give representative modal

compositions. Very fine grained albite and quartz 50-200tm in

size generally constitutes 60 - 70 of the rock by volume, ususally

as 55 - 65 % albite, 5 - 10 % quartz. Albite (almost pure, Ab>95%)

probably results from the breakdown of original plagioclase

feldspar, involving loss of calcium from the structure of the

plagioclase which is unstable under greenschist facies metarnorphic

conditions. It seems likely that many of these rocks were originally

of tholeiitic affinity (see below) and thus original quartz may be

preserved. Quartz is also produced during many retrograde

metamorphic reactions 17, which probably results in the modal

quartz content observed. The chlorite and epidote contents are

highly variable, in both absolute and relative terms. The formation

of highly chloritic 'hyalospilites' and epidote rich 'orthospilites'
2

has been described in Ch.3.1. This usually results in a chemical

variation, Table 7.1-1, with the orthospilites being noticeably

enriched in calcium (HM159), whereas actual hyalospilites are

usually more siliceous and slightly enriched in iron and magnesium..

Although now totally recrystalised, chlorite is assumed to replace

original ferro-magnesium phases, though it was never observed

pseudomorphing an original phase. Thus the original identity of

this phase is unknown but may reasonably be supposed to be a

pyroxene. The more calcium rich rocks usually contain epidote as

an essential component, though often ferroan calcite is the calcium

phase. This obviously reflects differing physico-chemical

conditions during metamorphism, probably varying fCO2, 1021

and/or f H20 and redistribution of calcium liberated from the

breakdown of plagioclase feldspar.

The grain boundaries , particularly those between quartz and albite

are irregular and grains sometimes appear to penetrate adiacent

grains, suggesting a certain ammount of pressure solution along
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Fig.7.1-1. A. Folded quartz, epidote veinlet in pyroclastic dacite, with
chlorite aligned along axial plane schistosity (S1).

B. Quartz, pyrite, epidote infilled vesicle in chloritic basic
lavas, deformed by D .
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I.

grain boundaries. Also, veinlets produced during alteration to

greenschist facies, can be seen to be folded during D Fig.7.1-1,
1 '

suggesting the greenschist facies metamorphic mineral assemblage

was forrned prior to regional tectonic deformation and underwent

refabrication during this episode. Thus it seerns likely that the

greenschist facieis metamorphic rnineral assemblage probably

developed during the period of ocean floor metamorphism 16(0.F.M.)

andwas then tectonically rnodified during D1.

Representative analyses of the basic rocks are shown in Table 7.1-1.

The accuracy of the analytical method employed is poor for maior

elements and this many of the toials are significantly removed frorn

100%, even if one assumes up to 13
H20 and <1% P205' CO2

and S. However the prescence of hydrated and carbonate phases

may be ipected in abnormally high concentrations of dominantly

CO2, H20, &S. As such absolute values must be used with sorne

caution in any interpretation made.

Silica contents of these basic rocks are generally in the range

48 - 53 % i.e. basalts
3, with some ip to approximately 60 %

suggesting they are basaltic andesites. However many such rocks

occur near mineralised horizons and are also slightly depleted in

iron, suggesting they are silicified basalts. This silicification of

the wall rocks occurs immediately adiacent to mineralised horizons

(e.g.HM33 - 80% Si02, 10% Fe0 ), with the more mobile iron

causing iron enriched horizons 4 - 30m away from the mineralised

horizon (e.g. HM34 - 46%5i02, 21% Fe0 ). Less marked

enrichments in Mg, Ti and Mn also occur coupled with iron

enrichment. Thus it is difficult to assess the relative impartance of

individual secondary processes in producing the compositions

observed, particularly in the vicinity of mineralised horizons.

These basic rocks are noticeably enriched in sodium and depleted in

calcium compared with 'typical' baslt analyses3 Table 7.1-1 and

this confirms the spilitic affinity 3'15'16'22
of these rocks

suggested by petrographic study (Ch.3..1 ). The plot of Na2 0 +

K20 against (K20 / Na20 + K20 ) x 100, Fig.7.1-2 shows that
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HM7 HM26 HM33 HM34 13M91 HM92 HM159 MH6

.a0~

MH11 MH14 HM60 12




5102 50.70 49.80 75.90 46.20 58.30 62.20 49.80 56.90 58.10 54.10 54.30 50.42




Ti02 .91 .98 .14 .99 .54 .96 .80 1.07 .86 .92 .32 1.00




A1203 11.72 12.16 5.40 13.81 11.41 11.06 12.61 13.13 12.05 12.08 11.21 13.7




Fe0 12.22 14.58 10.03 20.80 13.02 8.44 9.24 12.39 12.21 14.91 11.05 12.77




Mn0 .19 .26 .07 .20 .21 .14 .29 .37 .27 .19 .30 .30




Mg0 4.11 4.39 3.20 5•.94 3.79 2.53 3.71 3.52 3.74 3.66 4.94 5.10




Ca0 4.99 2,74 .10 .11 .54 2.67 8.36 5.14 4.61 2.23 9.65
a

8.36




Na20 4.89 2.49 .01 .03 1.61 4.60 2.03 3.26 1.68 2.81 1.99 1.70




K20 .14 .13 .14 .59 .83 .11 .01 .52 .28 .10 .01 .40




Total 89.87 87.55 94,99 88.68 90.24 92.71 86.13 96.29 93.80 90.90 93.68 98.79

i










'i
co Fe0:Mg0 2.97 3.32 3.1 3 3.50 3.44 3. 34 2.49 3.52 3.27 4.05 2.24 2.431

Table 7.1-1. Representative analyses of meta basalts and meta basaltic andesites frorn Glersvik and Lillefiell areas.

HM7 -Stilpnomelane, biotite basalt.
HM26 -Highly pyritic basaly from near outcrop of Giersvik Orebody.
Hm33 -Highly silicified, pyritic basalt from irnrnediately adiacent to Giersvik Orebody.

HM34 -Highly chloritic , pyritic basalt from near outcrop of Giersvik Orebody.
HM91 -Highly chloritic, siliceous 'hyalospilite' with pyrite.
HM92 -Silicified basaltic andesite? , with pydte and magnetite.
F1M159-Epidote, calcite rich 'orthospilite'.
MH6 -Stilpnomelane, pyritic basalt.
MH11 -Stilpnomelane, minor chalcopyrite and pyrhhotite bearing basalt.
MH14 -Stilpnomelane, chalcopyrite ,pyrhhotite silicified basalt.
1-1M60 -Chloritic basalt with some pyrite.

312 -Representative modern island arc tholelite (p550,no.4)
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most of the Giersvik eruptives lie outside the 'igneous spectrurn'
10

defined by Hughes This also suggests the rocks have

undergone post crystalisation alteration involving sodium

enrichment. The basic rocks tend to plot near the region of tholeiitic

basalts in this diagram, suggesting an original tholeiitic affinity.

The lack of rarearth element analyses precludes the use of

incompatable element 'fingerprinting' for these rocks. Trace
13element data has been accumulated by Lutro from rocks in the

Gjersvik area and suggests an island arc tholeiite affinity for the

basic rocks of the Gjersvik Nappe as suggested above. The plot

of Ti02 against Fe0/Mg0, Fig.7.1-3, for the basic rocks lie

between the typical trends shown by modern island arc tholeiltes

and calc alkaline suites
18. None of the data suggests ocean

floor , continental or high alumina affinities for the basic rocks.

Thus it seems likely that the original basaltic lavas developed

from tholeiitic or possibly more calc alkaline magmas in an island

arc environment.

7.2 ACIDIC ERUPTIVES

The maior petrographic featires of the acidic rocks are described

in Ch. 3.2. The distinction between extrusive pyroclstic and

intrusive acidic material is difficult to make from thin section

examination due to the usually complete textural reconstitution

which has occurred during metamorphism. Some ghost fragmentary

textures are preserved and the macroscopically defined pyroclastics

are often very fine grained, which, if this reflects original grain

size, suggests they have cooled very rapidly. Chemically the

extrusive material shows no marked difference from the intrusive

material , Table 7.2-1 and thus it appears the most confident

method of distinguishing intrusive from extrusive acidic material

is from macroscopic textures observed in the field.

Representative analyses of the acidic rocks are given in Table 7.2-1.
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Fig 7.1-3. Trend of rneta basalts and meta basaltic andesites from
Giersvik and LillefJell areas relative tn modern island arc
suites (after Myashiro,1974)
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HM9 HM75 HMI02 HM105 HMI10 mvusn MH3 MH5 MHIO HM61 11
SIO2 84.20 81.90 81.90 72.70 74.60 85.70 84.20 77.60 79.90 75.90




67.23
TI02 .28 .25 .07 .41 .25 .24 .29 .25 .30 .33




.34
A1203 9.01 9.12 9.22 8.89 9.93 9.68 7.86 10.10 7.43 9.39




15.12
Fe0 3.81 4.41 4.69 5.91 3.93 3.92 3.51 4.51 4.81 5.56




3.5
Mn0 .06 .15 .04 .14 .04 .ns .10 .10 .05 .05




.09
Mg0 .78 .78 .85 2.09 .80 .62 .48 .60 .46 .87

c•
2.02

Ca0 1.57 .59 .50 .38 .21 1.23 1.90 2.11 .73 .80




4.25
Na20 4.89 4.56 4.09 4.18 4.40 4.97 5.26 5.30 5.20 4.83




3.55
1(20 .98 .61 .54 .36 2.35 .08 .26 .25 .04 .29




2.20

Total 105.67 102.47 101.91 95.11 96.50 106.50 103.95 100.83 98.93 98.01




98.30

Fe0:Mg0 4.89 5.65 5.49 2.83 4.94 6.30 7.29 7.55 10.36 6.38




1.59

Table 7.2-1. Representative analyses of acidic rocks from Gjersvik and Lillefjell areas.
HM9 -Silicified?, stilpnomelane rhyo-dacite pyroclastic .
HM75 -Silicified?, stilpnomelane rhyo dacite pyroclastic - Gjersvik Orebody areaHM102 -Pyrite, arsenopyrite rhyo dacite pyroclastic? - Gjersvik Orebody area.HM105 -Dacitic pyroclast1c - Gjersvik Orebody area (hanging wall).
TIM110 -Biotite, feldspar porphyritic intrusive dacite - East of main fracture, Gjersvik area.HM150 -Stilpnomelane, intrusive dacite Gjersvik area.
MH3 -Silicified, stilpnomelane pyrrhotite, chalcopyrite intrusive rhyo dacite? - Lillefiell area.MH5 -Pyritic intrusive rhyo dacite - area.
MIT10 - Pyritic , pyrrhotite , chalcopyrite rhyo dacite - Lillefjell area
HM61 -Biotite, pyrrhotite, chalc yrite dacite - Lillefjell area.

11 -Modern island arc dacite (p554,no.4)



3The silica analyses indicate dacitic, rhyo dacitic or rhyolitic

compositions for these rocks. As in the basic rocks secondary

silica may be introduced during mineralisation thus producing

the apparently rhyolitic cornpositions of some of these rocks. The

acidic rocks are enriched in Na20 and impoverished in Ca0 and
3K20 relative to rItodern island arc dacites and rhyo dacites

Table 7.2-1, consistent with the basic rocks. This confirrns

the spilitic affinity suggested by previous observations.
16Myashiro et. al. suggested that spilitic suites produced during

ocean floor metamorphism ) result from metasomatic

replacement by circulating sea water within the volcanic pile.

This is considered to be the most likely process from which the

spilitic chemistry of these rocks resulted. Most of the acidic

rocks lie outside the igneous spectrum 	 Fig.7.1-2, also


suggesting secondary sodium enrichment.

The acidic rocks to the East of the major N.N.E. - S.S.W.

trending fault (e.g. Y10 760, X765 000 ) which are interpreted

as being deeper in the volcanic pile than those to the West of

the fracture, show an apparent substantial enrichment in K20,

though the other major element chemistry is not significantly

different. It is not clear whether this represents a primary

enrichment, less intense mobilisation of potassium during O.F.M.

or selective enrichment due to crystalisation of biotite at this

level during 0.F.M.. The similarity of tte compositions of

these rocks with unaltered dacites and rhyo dacites Table 7.2-1

and the fact that these rocks lie within the 'igneous spectrum'
10

Fig.7.1-2, suggests that these rocks have undergone relatively

little potassium leaching during 0.F.M.. In the Lillefjell area

which probably represents a similar structural level , the acidic

rocks show very low K20 contents (Table 7.2-1, Appendix 1 ).

This would suggest that potassium has been leached from these rocks

probably by hydrotherrnal - metasomatic solutions during mineralisation

( Ch.8.5 ).
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CHAPTER 8 THE OCCURENCE OF STILPNOMCIANE AND BIOTITE

yNTHE ERSVIK REGION

Stilpnomelane occurs in two forms: a ferrous iron rich variety

ferrostilpnomelane and a ferric iron rich varietyr ferristilpnomelane
1.

The use of the term stilpriomelane refers to the mineral group as a whole

when a distinction between the two forms is unnecessary.

8.1 FIELD OCCURRENCE

Stilpnomelane occurs in both acidic and basic rocks, though it

is more widespread and usually more abundant in the basic rocks.

It forms large, light green, dark green or brown irregular brittle

platey crystals 0.5 - 1.5 mm in maximum dimension, showing no

obvious relationships with existing fabrics in the rock. Magnetite

is commonly associated with stilpnomelane and also biotite when

it occurs and very stilpnomelane rich hrizons are often also

strongly magnetic. The stilpnomelane bearing rocks tend to occur

in areas with large numbers of acidic dykes and stilpnomelane

concentrations can often be seen to decrease away from a

particular intrusive body e.g. Y10 780, X765 400. This correlation

with acidic dykes is very noticeable and is a major consideration

when defining the genesis of the stilpnomelane. The occurence of

stilpnomelane in a particular area is often patchy on varying

scales from centimetres to ten's of metres. This may be

reflected by completely stilpnomelane free areas within otherwise

stilpnomelane rich lavas, or just by areas which are relatively

irnpoverished in cornparison with the surrounding rocks. This

local patchy development of stilpnomelane is not as common in

the acidic rocks, Stilpnomelane bearing acidic rocks usually

occur in areas where the basic rocks are fairly stilpnomelane rich.

Though not all acidic dykes/sills within stilpnomelanebearing

basic rocks contain stilpnomelane.

In the region around the outcrop of the 'Gjersvik Orebody'

(see Ch.5.I ) Y10 000-11 000, X764 000 - 764 500 stilpnomelane



1s only present in isolated exposures well away from the

mineralised horizon. In these areas pydte is a common

accessory mineral where it fonns large euhedra up to 3mm in

size. It occurs in the main body of the rock, associated with

quartz,in veinlets and occasionaly infilling vesicles. The

pyrite content o; the eruptives tends to decrease away from tle

mineralised horizon, but is still noticeable to a distance of

150m structurally. In the Lillefjell area stilpnomelane ( and to

a lesser extent biotite ) occurs in mineralised rocks containing

abundant pydte, pyrrhotite and chalcopyrite, though it does not

usually occur in very heavily mineralised areas.

Biotite occurs mainly in acidic rockS, but also in basic rocks to

the East of the main N.N.E. - S.S.W. fracture in the Gjersvik

area and to a limited extent in the Lillefjell area. It occurs as

large green platey crystals 0.3 - 1 mm in maximum dimension

dispersed throughout the rock. It is often difficult to distinguish

biotite from stilpnomelane in hand specimen but/is distinctive in /ir

thin section. Biotite bearing lithologies are not usually as rich

in biotite as stilpnomelane in stilpnomelane bearing lithologies.

As stated above magnetite is commonly associated with the biotite

in these rocks. In the Lillefjell area , recogniseable biotite

bearing lithologies occur 100 - 200m to the east of the stilpnornelane

bearing lithologies. Unfortunately the area was not studied in sufficient

detail to ascertain the cause of this. The prescence of biotite

has been interpreted as representing higher metamorphic grade

in the rocks ( Ch.3.2 ) and it is probably unstable at the higher

structural level where stilpnomelane occurs. Chlorite can be

seen pseudomorphing biotite at Y10 850, X764 050 (HM 7) thus

supporting this interpretation.
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8,2 RELATIONSHIPS BETWEEN FERRO AND FERRI-STILPNOMELANE

In the field it is sornetimes possible to see samples with a core

of light green ferrostilpnomelane surrounded by dark green

ferristilpnomelane, Fig.8.2-1. This would suggest that ferri-

stilpnomelane forms from supergene oxidation of ferrostilpnomelane

and this interpretation is supported by other workers 1 , 7 ,19

In thin section the transition between green pleochroic ferro-

stilpnomelane and brown pleochroic ferristilpnomelane usually

occurs over less than lOmm. In some samples (e.g. YH7OB ) a

transition zone occurs between the two end .members Fig.8.2-2.

This transition zone has an intermediate cornposition ( see

Ch.8.4 ) and a dark irregular form. Ferristilpnomelane often

occurs in what are otherwise unweathered rocks, suggesting

that ferrcstilpnomelane is very unstable in the supergene

environrnent and readily oxidises to ferristilpnomela ne.

8.3 TEXTURALAND CRYSTALOGRA ITIC FEATURES

Stilpnomelane occurs as lath like crystals c.O. 3 - 1.5 mm in

length and 0.01 - 0.05 mm wide, Fig.8.3-1, occasionally

showing a platey habit when cut parallel to 001. The crystals

do not show well - developed crystalographic faces, but are

somewhat irregular, obviously influenced by adjacent grains.

Stilpnomelane also occurs in fine vein.lets up to 2mm wide. The

veirdets consist predominantly of stilpnomelane and epidote

with minor quartz and chlorite, Fig.8.3-2. These veinlets can

be seen to cut pure epidote veinlets in sorne exposures and

thus post - date them. The stilpnomelane crystals tend to grow

with their long axes perpendicular to the veinlet walls, though

towards the centre of wider veinlets the orientation becomes more

random. The stilpnomelane laths in the body of the rock tend to

show no preferred orientation and cut all existing textures and

fabrics. This suggests that the growth of stilpnomelane post dated

the formation of the tectnnic fabrics and has strong crystallo-

blastic tendancies, Fig.8.3-3. Stilpnomelane comrnonly forms

radiating crystal aggregrates , Fig.8.3-4. This radiating form
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FigE.2-1. Core of green ferrostilpnomelane sbrrounded by weathered
ferristilpnornelane developed in meta basalt from the
Lillefjell area.
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Fig.e .2-2. Transition from green ferrostilpnomelane (top) to a transitional
phase (middle), to brown ferristilpnomelane (hottorn).
(specimen YH7OB).
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Fig.8.3-1. A. Needles of green ferrostilpnomelane in intrusive meta dacite.
(specimen HM150).

B. Brown ferristilpnomelane in typical meta basalt from the
Giersvik area. (specimen HM122).
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Fig.F.3-2. Veinlets of brown ferristilpnornelane and epidote cutting
basic lavas - LilIefjell area (specimenY1-118B).

I n hand specimen.
In thin section.
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Fig.P. 3-3. Needles of stilpnomelane cutting pre existing textures and
fabrics

In meta basalt (specirnen HM37).
In meta dacite (specimen HM39).
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F g.2.3-4. Radiating crystal accumulations of (ferri) stilpnornelane

developed in meta dacite from the Gersvik area.



consists of two or more crystals, sometimes cutting at a

common point or sometimes displaying multiple intersections.

The acute angle between the two extreme crystals of the

aggregate rarely exceeds 600 and is commonly less. The

reason for thls is not known but it is frequently observed in

stilpnomelane bearing rocks.

Biotite forms as large platey crystals 0.5 - 1.5 mm in size

occasionally with a pseudo - hexagonal mOrphology, but

usually it displays a more 'ragged' morphology, Fig.8.3-5.

A light brown - dark brown pleochroic variety, Fig.8.3-5 a.

occurs in the probably slightly higher metamorphic grade rocks,

wherees a light brown - dark green pleochroic variety often showing

partial or complete alteration to chlorite along 001 occurs in the

slightly lower grade rocks, Fig.8.3-5 b. As with stilpnornelane,

the biotite when elongate shows no preferred orientation and

cuts all existing textures and fabrics within the rock, Fig.8. 3-6,

8.3-5 b. This again suggests that biotite was the last phase to

crystalise in these biotite bearing rocks.

Magnetite porphyroblasts are comrnonly associated with both

biotite and stilpnomelane, Fig.8. 3-5, though in stilpnornelane

bearing rocks the magnetite tends to be finer grained. This

generation of magnetite is rnuch larger and more euhedral than

the very fine grained, anhedral accessory magnetite found in

the groundmass of many of these rocks and appears to be linked

with the formation of both stilpnomelane and biotite where it

occurs. Biotite and stilpnomelane have only been seen to coexist

in one locality (Y10 850, X764 050, HM7 ) and here the biotite

is pseudomorphed by chlorite, No cross - cutting textures were

observed between these two phases and they appear to have

formed concurrently and to have existed in equilibrium.
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Fig.8. 3-5. A. Irregular crystals of light brown - dark brown pleochroic
biotite in porphyritic meta dacite from the Lillefiell area.
Note the presence of secondary magnetite (opaque).

B. Light brown - dark green pleochroic biotite from the C'ersvik
area (again with magnetite porphyroblasts).
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Fig.8. 3-6. Elongate brown pleochroic crystals of biotite cutting all
pre existing textures within intrusive meta dacite

Lilleflell area (specimen HM61)
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8,4 E ST F STIL NOMELANE AND

BEARING ROM

No obvious systernatic chemical enrichment or depletion in

absolute terms, is seen in analyses of stilpnomelane or blotite
bearing rocks 7.1-1, 7.2-1, Appendix 1 ) which

distinguishes them from similar non - stilpnomelane or biotite

bearing lithologies.The biotite bearing rocks in the Gjersvik

area do show a very marked enrichment inK20 (see Ch.7.2)

containing 1.7 - 2.3 % 1(20, compared with e.g. 0.5% K20 in
non - biotite bearing lithologies. However in the Lillefjell
area biotite bearing rocks show no such enrichment, containing

a maximum of 0.3% K20 (HM61). Stilpnomelane bearing basic rocks
show a higher Fe0:Mg0 ratio compared with purely chloritic

basic rocks. The stilpnomelane bearing rocks generally have
an Fe0:Mg0 ratio of 2.9 - 3.5 whereas the chloritic rocks have
Fe0:Mg0 ratios of c, 2.2 - 2.7. Lithologies rich in pyrite

and/or magnetite also show Fe0:Mg0 ratios in the same range
as the stilpnomelane bearing rocks, e.g. pyrite bearing basic

rocks from the area of the 'Gjersvik Orebody'. The iron

enrichment with respect to magnesiurn is thus not a unique
feature of stilpnomelane bearing rocks, but does appear to be
coupled with the crystalisation of an iron rich phase. The acidic
rocks do not show any obvious correlation between Fe0:N4g0

ratios and the crystalisation of stilpnomelane or biotite. However

all the acidic rocks have very high Fe0:Mg0 ratios cornpared
3with modern island arc dacites and rhyo dacites Table 7.2-1.

The prescence of relatively high Fe0:Mg0 ratios in the basic
rocks containing secondary stilpnomelane (or biotite) and/or

magnetite and/or pyrite seems to suggest ironenrichment in areas
where these minerals occur. The irregular distribution of these

enriched horizons and their strong correlation with acidic dykes
( see Ch.8.1 ) would suggest that this iron enrichment is not a
primary feature and is more likely to be linked to a secondary
introduction of iron or alternatively removal of magnesium, though
the former seems more likely. Chemical enrichment is obviously



li
not the only factor governing the formation of stilpnomelane

and ultimately other physico - chemical parameters must

govern the nucleation and crystalisation of stilpnomelane and

biotite, pyrite and magnetite. These parameters are not obvious

from the present studies, though the nature of the phases which

apparently nucleipte in prefence to stilpnomelane 1.e. magnetite

and pydte, would suggest that the relative fugacities of 02 and

S are probaly the major controls.

8.5 CHEMISTRY OF STILPNOMELANE AND BIOTITE

Electron microprobe analyses of stilpnomelanes, biotites and

chlorites were obtained using a Cambridge Geoscan Sinstniment

coupled to an energy dispersive analysis system. Standards

similar in composition to the minerals analysed were used for

calibration, with regular checks for current drift of the electron

bearn during operation. The complete set of analyses are given

in Appendix 2. Total iron is calculated as Fe0 except in analyses

of ferristilpnornelanes where it. is calculated as Fe203. H20

cannot be analysed with the electron microprobe and to a first

approximation the H20 content can be assumed to equal

100% - Total Oxide analysis.

Representative analyses of stilpnomelanes and biotites are

given in Tables 8.5-1 a and b respectively. It can be seen

from Table 8.5-1 a , that the transition from ferro to ferri-

stilpnomelane does not only involve oxidation of the ferrous

iron to the ferric state. Most of the potasslum is lost from the

lattice and there is an apparrent increase in hydration, though

there is no apparrent decrease in total iron. Otherwise the chemistry

does not change within the limits of statistical and analytical

error. The loss of potassium ions, presumably frorn inter-layer

sites, is probably due to the increased positive charge caused

by oxidation of Fe2+ to Fe3+ in octahedral sites causing an excess

positive charge in the octahedral sheet and an overall charge

inbalance.

—97—



N1110-M010-MWION•11•110•11fliONIMO

Ferro

SiO2 44.19

T102 tr

A1203 6.50

Fe08 25.21

	

0b -Fe
2 3

Mn0 1.27

Mg0 6.57

i Ca0 tr

	

o) Na2 0 .25
i 


1(20 6.18

Total 90.32

Fe0/Mg0 3.84

YH7OB

Trans.


47.34


tr

6.43

24.82

Ferri

44.96

tr

6.45

-

29.49

1.35

6.24

.14

.27

.47

8°. 37

4.10

HM45A

Ferro


45.48

tr

6.45

25.41

HM7

Ferro

48.29

tr

7.52

23.78

-

101

Ferri


46.40


tr

6.01

-

24.74


4.69


6.44


.33


.26


.31


89.18


3.84

Si
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- - - -
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1.64 1.65 1.78 1.66
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.40
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90.19

3.74

.99

6.72

.23

3.00

2.71

93.24

3.54

Table 8.5-1.a. Representative analyses of stilpnomelane.

HM45a, YH7Ob in meta basalt from Lillefjell area.

HM7 in stilpnomelane + chlorite after original biotite meta basalt from the Gjersvik area.

101 in exhalite from Skorovass area.

a total iron as Fe0

b total iron as Fe203

tr trace
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Mn0
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Ca0
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Total

Fe0/Mg0

HM61
Biotite
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2.13


15.68


26.31


.26
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tr

tr

9.83


94,95


1.67

HM113
Biotite

36.52
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Al 1.76 1. 75.°
Al 1.48 , 1.16
Ti .2l

	

8 .18;
Fe 3.86(7.51 3.04 7.01
Mn .04 ) .04
Mg 1.87/

	

, 2.59
Ca
Na --)\, 1.98 •114 2.17
K 1.98) 2.11)
0 24.00 24.00

Table 8.5-1.b). Representative analyses of biotite and chlorite after biotite.

HM61 Biotite in mineralised meta rhyo dacite Lillefjell area.

HM113 Biotite in meta basalt east of main fracture C)ersvik area

HM7 Chlorite pseudomorphing biotite in stilpnornelane meta basalt Gjersvik area.

a total iron as Fe0

tr trace
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Both ferro and ferri-stilpnomelane show fairly constant

compositions with slight variations in major elements probably

reflecting varying chemical conditions in the environtient of

crystalisation. Potassium is somewhat variable in ferro-

stilpnomelane and this is probably partly due to partial

oxidation to ferristilpnomelane in some samples. The Fe0:Mg0

ratios show quite a wide variation and this is presumably due

to coupled substitution of Fe2+,Fe3+,Mg2+,M4+(+Mn) in

octahedral sites. The ferristilpnomelane in specimen 101 contains

up to 5.10% MnO, predominantly substituting for iron in the

octahedral sites. This specimen is taken from an exhalite

horizon in the Skorovass area which also contains nearly pure

spessartine garnet. The Mn0 content of the ferristilpnornelanes

in specimen 101 is substantially greater than any published

analyses encountered by the author.

The range of major element compositions can be seen in the KFM

diagram, Fig.8.5-1 and the AFM diagram, Fig.8.5-2. From the

KFM diagram it can be seen that the stilpnornelane analyses

show relatively constant Fe0:Mg0 ratios but vary considerably

in their 1(20 content. As suggested above this variation in 1(20
content of ferrostilpnomelanes may be partially primary, but

probably also reflects partial oxidation to fen-istilpnomelane.

The prescence of biotite from the Lillefjell area plotting at the high

1(20 end of this trend in stilpnomelane compositions, suggests

that the biotite has forrned under the same chernical conditions

as the stilpnomelane. The biotites analysed from the Gjersvik

area (HM113) show a significant variation in composition,

Table 8.5-1 b. They contain significantly less iron and more

magnesium, thus giving much lower FeOrMg0 ratios, and are

slightly richer in K20. Chlorite after biotite in HM7 plots very

close to specimen HM113 in the AFM diagrarn. This suggests

that the cornposition of the original biotite in HM7 was similar

to that of the biotite further to the north in the Gjersvik area.

The textural evidence presented in Chapter 8.3 shows no

significant variation between the two areas. However there

-100-
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Fe0 Mg0

—Ferrostilpnomelane(16 analyses)
Recogniseable transitional ferro to ferri-stilpnomelane(2 analyses)

o- Ferristilpnomelane(12 analyses)
- Biotite - Gjersvik area(9 analyses)

Chlorite after biotite - Gjersvik area(2 analyses)
A- Biotite - LiilefjeIl area

Fig 8 5-1 KFM diagram showing individual analyses of stilpnomelane
bintite and chlorite frnm Gjersvik, Lillefjell and Skorovass
areas
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Fe0 Mg0

- FerrostilpnnmPlane
o- Ferristilpnornelane
A- Biotite -Lillefell area

-Biotite - Giersvik area
-Chlorite after Biotite - G:ersvik area

Fig 8 . 5-2 .AFM d agram shnwing mean cnrripnsitions of stilpnnmelRne,
bintite and chlorite of individual specimens
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is an obvious chemical variation between the analysed biotites

in the two areas, though the explanation for this is not clear.

The formation of biotite in the Lillefjell area appears to be

linked to the secondary processes giving rise to the formation

of stilpnomelane (see Ch.8.3). The textural evidence would

seem to suggegt that biotite in the Gjersvik area forrned in the

same manner as that in the Lillefjell area. This would suggest that

the chemical variation is due to differing vhernical conditions

in the Gjersvik area during this secondary alteration. Alternat-

ively the biotite in the Gjersvik area is of a different generation

to that in the Lillefjell area (probably primary ) which has

undergone recrystalisation during secondary alteration to

produce the consistent textural features observed,

8.6 GENESIS OF STILPNOMELANE AND BIOTTTE

The strong correlation with acidic dykes, the iron enrichment

shown by stilpnomelane bearing lithologies and the patchy

development of stilpnomelane within these rocks suggests that

stilpnomelane has formed in response to a secondary process in

some way related to the intrusion of acidic dykes and is not due

to a prirnary chemical enrichment; The above observations would

seem to suggest introduction of iron, with probably other elernents

by solutions moving out from the acidic dykes and pervasively

altering the'wall rocks'. Two sources of such solutions may be

envisaged:

1.Late stage hydrous differentiates released from the inferred

main magma chamber at depth, passing up along the lines of

the acidic dykes as hydrothermal solutions which then

pervade the wall rocks at the higher structural level

2.Iron rich hydrothermal metasomatic solutions which are

induced to circulate within the volcanic pile by the heat

released by the cooling acidic intrusives, pervasively

altering the rocks through which they pass at the higher

structural level.
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It has been suggested
14that stilpnornelane crystalises under

low hydrostatic pressures. This supports the interpretation of

formation from pervading solutions but gives no indication as

to whether they are magmatic hydrothermal or metasomatic

hydrothennal in origin. The fact that the solutions are dominantly

iroarich with NInor silica and the generally low energy pervasive

action of the hydrothermal solutions, suggest that they are

hot circulating, metal enriched,sea water and this interpretation

is made here.If one accepts a hydrothennal rnetasornatic origin

for both the stilpnomelane (and biotite in the Lillefjell area) and

and the sulphide mineralisation of the Gjersvik and Lillefjell

areas (Ch.5.4) it would seem likely that the two processes are

related. It seems likely that pyrite and stilpnomelane would form

under the same physico - chemical conditions and that

crystalisation of the two phases was not concurrent. This leads

the author to suppose that pyrite and stilpnomelane formed from

different generations of hydrothermal rnetasomatic solutions. The

most likely explanation being that stilpnomelane ( and biotite

in the Lillefjell area ) forrned from late stage, cooler and less

iron (and generally base metal ) enriched solutions. It is

difficult to find textural evidence to support this hypothesis as

it is unlikely that the stilpnomelane would cut pyrite and it seems

likely that the stilpnomelane has recrystalised during later

deformation (see below ).

Textural evidence ( "..;h.8.3) suggests that both stilpnomelane

and biotite crystalised after the last phase of texturally

reconstructive tectonic deformation. In the light of it's interpreted

hydrothermal metasomatic origin this could mean one of two

things:

1.The original metasomatic chemical enrichment caused an


unknown mineral phase to crystallise', which during the

last phase of regional metamorphism underwent mineralogical

change or metamorphic reaction with other mineral phases to

produce stilpnomelane and/or biotite.

2.Stilpnomelane recrystalised during the last phase of

deforrnation with the textures produced mimetic after the

1
1



original random orlentation of stilpnomelane forrned during
metasomatism.

BrownI noted the mimetic recrystalisation of stilpnomelane in
rocks from Western Otago, New Zealand. This together with
the evidence presented above suggests that rnimetic recrystalisation
of stilpnornelane and biotite is the most likely explanation for
the textures observed and is the interpretation favoured here.
Stilpnornelane and biotite pseudornorphs of original phases was
never observed, though this is thought•to reflect total
recrystalisation of these phases. The cause of of the chemical
variation of the biotites in the Gjersvik area and it's influence
on the interpretation of genesis remains unresolved due to a
lack of convincing evidence to support either of the two
interpretations proposed in Chapter 8.5.
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CHAFTER 9 ONCLUSI NS AND FURTHER WQRK

The chemistry and petrography of the eruptive rocks in the

Gjersvik region shows them to be of basltic, basaltic andesite and

dacitic or rhyo dacitic composition. It has been shown that these rocks most

likely developed in an island arc environment of probably tholeiitic

affinity. The rocks have undergone considerable secondary chemical

involving introduction of base metals , pai-ticularly iron, during metasornatism

by hydrothermal solutions. Also loss of calcium and potassiurn, with

introduction of sodiurn during ocean floor metarnorphism, producing rocks

of spilitic affinity.

Stilpnomelane appears to have formed during late stage iron

metasomatism and then recrystalised during the late stages of regional

metarnorphism as mimetic crystals showing no correlation with tectonic

fabrics. Biotite in the Lillefjell area appears to have formed from the

same hydrothermal metasomatic solutions as the stilpnomelane, though

it is not known whether it originally crystallised as biotite, or as

stilpnornelane which subsequently altered to biotite during prograde

regional metamorphism. The origin of biotite in the Gjersvik area is not

clear and further work is required to resolve the question of genesis.

Many of the interpretations made here are somewhat tentative

and further data from other areas is required to substantiate and further

refine them. Total mineralogical reconstitution during metamorphism

limits the interpretations which can be made on the basis of petrographic

study. Further chemical study, in particular of incompatable elements.,

would allow a greater understanding of the magmatic affinity and

deformational history of these rocks.
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APPENDIX I: Whole rock analyses

APPENDD; 2: Electron microprobe analyses
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APPENDIX 1

Meta basalt analyses- Gjersvikand Lillefjellareas




6102 TiO2 A1203 Fe0 Mn0 Mg0 Ca0 Na20 K20 Total

11117 50.7 .91 11.72 12.22 .49 4.11 4.99 4.89 .14 89.86

11m26 49.8 .98 12.16 14.58 .26 4.39 2.74 2.49 .13 87.52

11r28 46.5 1.03 14.31 11.99 .22 6.23 2.90 3.86 .32 87.37

11113382.0 .14 5.40 10.03 .07 3.20 4 610 .01 .14 101.09

Hm34 46.2 .99 13.81 20.80 .20 5.94 .11 .03 .59 88.68

HV69 52.4 1.23 11.95 11.14 .18 3.18 4.92 2.49 .03 87.53

m79 55.1 .89 12.07 13.74 .22 4.83 1.03 2.35 .15 90.37

HL91 58.3 .54 11.41 13.02 .21 3.79 .54 1.61 .83 90.24

H192 62.2 .96 11.06 8.44 .14 2.53 2.67 4.60 .11 92.71

1-Y92 67.3 1.03 12.21 8.92 .15 2.74 2.13 5.32 .16 99.95

Hy98 58.1 .89 12.28 8.89 .22 4.00 3.61 4.07 .11 92.27

HM98




.83 11.34 8.21 .20 3.71 3.04 4.02 .16 89.60

HY157 82.5 .34 7.65 6.88 .16 1.95 .36 2.67 .14 102.66

Hm159 49.8 .80 12.61 9.24 .29 3.71 8.36 2.03 .01 86.85

11112748.7 1.00 11.70 12.29 .24 4.68 4.87 4.22 .01 87.71

1112 48.8 1.36 12.64 13.11 .35 3.73 6.02 1.96 .37 88.34

mH4 48.9 1.88 11.47 13.26 .38 4.12 5.17 2.52 .41 88.11

M116 56.9 1.07 13.13 12.39 .37 3.52 5.14 3.26 .52 96.29

M117 60.1 .82 12.07 10.38 .31 4.06 4.42 2.78 .01 94.97

MH7




.83 12.50 10.29 .31 4.15 4.38 2.93 .05 95.54

HM48 53.2 .49 12.52 10.25 .26 3.60 5.30 3.42 .03 89.06

HY51 57.1 .88 13.00 11.14 .30 3.94 4.70 1.65 .10 92.81

11m51




.91 12.98 11.09 .18 3.90 5.81 3.15 .22 95.35

1H9 49.4 .91 14.35 11.13 .31 4.24 7.00 3.07 .01 90.43

rp11 58.1 .86 12.05 12.21 .27 3.74 4.61 1.68 .28 93.80

Fr52 54.7 .88 12.33 12.60 .32 4.08 4.74 1.91 .33 91.87

2:H13 rO.21 .92 12.05 10.58 .18 3.68 5.77 3.01 .15 86.54



Appendix1 - Meta basalt analyses cont.




Si02 T102 A1203 Fe0 rn0 Mg0 Ca0 Na20 K20 Total

11M56 50.9 .83 11.63 10.58 .17 3.57 5.52 2.74 .19 86.14

MH14 54.1 .92 12.08 14.81 .19 3.66 2.23 2.81 .10 90.90




fl






MH15 48.1 .49 12.36 12.66 .30 5.99 5.81 2.66 .01 88.37

111460 54.3 .32 11.21 11.05 .30 4.94 9.65 1.89 .01 93.68

MH16 76.7 .85 10.74 11.37 .20 2.98 2.57 2.51 .08 108.98

EF17 53.7 .88 12.16 10.56 .20 4.46 4.02 3.26 .04 89.29

HM42 57.7 .97 13.15 11.15 .19 4.00 4.41 3.34 .10 95.02

M1i20 53.7 .90 12.28 13.30 .18 3.94 1.83 3.00 .11 89.24

SpecimenMH2 onwards- Lillefjellarea

Meta dacite and rhyo dacite analyses- Gjersvik




and Lillefjellareas





1fl.9 84.2 .29 8.71 4.04 .06 .80 1.70 4.87 .98 105.65

HM9




.28 9.01 3.81 .06 .78 1.57 4.89 .87 105.47

Fr18 82.5 .20 7.44 3.86 .06 1.29 .50 L1.68 1.17 101.71

HP24 80.2 .29 9.31 5.07 .03 .79 1.13 5.72 .13 102.67

HN68 82.9 .20 8.33 3.29 .11 .96 .70 5.14 .42 102.05

H275 81.9 .29 10.70 5.29 .18 .90 .76 4.97 .73 105.73

HM75




.25 9.12 4.41 .15 .78 .59 4.56 .61 102.47

HY80 65.4 .67 10.84 9.37 .13 2.90 2.35 3.10 .11 94.87

HY83 66.7 .39 10.19 7.28 .11 1.21 1.11 4.28 .15 91.42

HY94 85.7 .27 8.63 3.34 .02 .38 .31 5.72 .03 104.40

HM102 81.9 .07 9.22 4.69 .04 .85 .50 4.09 .54 101.91

HY104 79.9 .05 10.47 4.51 .15 2.36 .12 3.72 .56 101.83

F1105 72.7 .41 8.89 5.91 .14 2.09 .38 4.18 .36 95.15

HY108 78.4 .21 11.93 3.78 .05 .71 .12 4.92 1.69 101.80

- P110 74.6 .25 9.93 3. 93 .04 .80 .21 4.40 2.35 96.50

H134 84.9 .27 10.10 4.17 .02 .33 1.23 5.90 .08 107.09
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Arpendix 1 - Meta dacite and rhyo dacite analysescont.




3102 T102 Al203 Fe0 Mn0 Mg0 Ca0 Na20 K20 Total

HM134 84.9 .25 8.84 3.72 .01 .30 1.06 5.54 .07 104.79

Hm15085.7 .24 9.68 3.92 .05 .62 1.23 4.97 .08 106.50

11m15185.3 .23 11.3444.51 .08 1.08 1.10 4.49 1.84109.96

11115894.5? .21 8.91 2.56 .01 .36 .39 5.86 .10 112.91

mH1 88.5 .28 8.30 5.22 .06 .38 .43 5.27 .05 108.59

M113 84.2 .29 7.86 3.51 .10 .48 41.90 5.26 .26 103.96

mH5 77.6 .25 10.10 4.51 .10 .60 2.11 5.30 .26 100.83

HY46 80.4 .21 9.96 3.89 .10 .58 1.43 5.22 .30102.18

M118 85.7 .27 8.87 5.09 .05 .35 .51 6.36 .14 107.34

11m5064.0 .23 9.08 3.75 .05 .36 .44 5.69 .14103.74

mH10 82.5 .30 7.43 4.81 .05 .46 .73 5.20 .04101.53

mFlo 79.9 .29 11.03 4.99 .05 .51 .86 5.36 .10103.10

1-53 87.4 .26 9.71 4.27 .05 .49 .59 5.47 .04107.29

rE12 81.4 .32 7.65 4.60 .07 .70 1.03 4.77 .07100.61

PX54 82.5 .25 10.14 4.90 .07 .75 .91 4.50 .03 104.05

M111887.4 .24 8.13 3.71 .07 .50 1.26 5.16 .10 106.56

1111980.8 .28 7.79 3.54 .02 .41 .48 5.37 .17 98.87

FY61 75.9 .33 9.39 5.56 .05 .87 .80 4.83 .29 98.01

r112173.3 .55 9.49 6.41 .08 1.70 1.13 5.22 .04 97.91

SpecimenMH1 onwards- Lillefjellarea

( SpecimensHM80, HM83 are possiblysilicifiedbasalts)
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APPENDIX 2
Electronmicroprobeanalyees of stilrnomelanes(St),Blotltee (81),and Chlorites (01)1W7-St HM149-St HM45A-St

Ferro Ferro Ferro Ferro Ferro Ferro Ferro Ferro Ferro Ferro Ferro Ferro Ferro FerroS102 49.82 46.75 52.01 46.07 48.48 44.89 45.83 44.44 45.26 45.68 47.02 44.84 45.65 44.94T102 .10 .04 .11 .14 .15 .13 .29 .03 .11 .10 .09 .05 .04 .00A12 03 8.49 6.54 9.60 6.53 6.40 7.10 6.37 6.80 6.19 6.64 6.47 6.27 6.31 6.43Fe0a 21.56 25.99 20.24 24.35 23.24 24.06 24.28 26.12 25.15 24.78 26.39 24.99 25.04 24.84L'n0 .92 1.05 .85 1.67 1.63 1.39 1.59 1.41 1.05 1.16 1.28 1.24 1.12 1.14Mg0 6.10 7.33 5.70 7.62 7.32 8.14 7.59 6.85 7.13 6.37 6.97 6.42 7.02 6.45Ca0 .26 .19 .19 .49 .30 .21 .47 .04 .11 .07 .10 .10 .20 .15Na20 3.00 .73 3.09 .83 .37 .53 .55 .55 .33 .77 .17 .31 .26 .471(20 2.30 3.11 2.24 2.69 2.68 2.40 2.90 3.58 5.65 4.73 2.44 6.43 3.87 2.22

Total 92,56 91.73 94.04 90.44 90.64 88.91 89.95 89.82 91.04 90.34 91.06 90.79 89.51 86.68

a - Total iron as Fe0



NINI--Minfliffl  - --1111 ENSIS-1=1ffinaall 

SiO2

Ferri

48.53

Appendix 2 - Microprobeanalysescont.

101-St YH18B-St(veinlets)

Ferri Ferri Ferri Ferri Ferri Ferri Ferri Ferri

45.80 45.68 45.60 48.03 46.34 46.78 46.73 47.10

Ferro

45.16

Ferro

42.49

YH70B-St

Ferro Ferri

44.92 44.43

Ferri

45.01

Ferri


45.43

TiO2 .08 .13 .19 .00 .00 .00 .00 .08 ..o4 .05 .04 .05 .09 .00 .07

Al203 5.87 6.14 6.03 6.00 5.55 5.45 5.75 5.43 5.89 6.52 6.63 6.35 6:40 6.50 6.44

Fe0 a







26.15 24.68 24.80




Fe203b 26.62 26.15 23.16 23.01 27.01 27.05 28.15 26.26 28.15




28.80 28.66 27.99

Mn0 3.92 4.78 4.94 5.10 .65 .70 .80 .96 .96 1.32 1.29 1.20 1.33 1.37 1.35

Wg0 6.59 6.49 6.38 6.31 8.92 7.87 8.18 8.55 8.34 6.24 6.74 6.72 6.07 6.25 6.41

Ca0 .24 .38 .42 .28 .93 .14 .10 .93 .07 .08 .11 .08 .15 .14 .12

Na20 .30 .15 .34 .24 .15 .21 .24 .43 .07 .26 .13 ...36 .23 .26 .26

K20 .39 .28 .39 .17 .23 .46 .69 .38 .30 5.30 7.91 5.34 .57 .52 .32

Total 88.87 87.56 87.57 86.74 88.79 85.53 87.91 87.13 88.11 91.07 90.01 89.81 85.21 85.85 85.62

a-Total iron as Fe0

b-Total iron as Fo203
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Appendix 2 - Microprobe analyses cont.




YI-170B-St


Trans. Trans.

HM7-C1




HM61-B1




HM113-B1




SiO2 49.67 45.01 25.15 25.41 34.68 34.78 34.19 36.06 36.60 36.02 36.57 36.52 36.74 36.35 36.69

T102 .09 .04 .06 .12 2.12 2.08 2.19 1.56 1.27 1.37 1.42 1.42 1.49 1.31 1.41

Al203 6.37 6.48 18.73 18.28 15.95 15.34 15.76 14.15 14.91 14.10 14.35 14.43 t4.35 14.45 14.60

Fe0a 24.76 24.93 28.83 28.23 26.72 25.79 26.48 21.35 20.66 21,26 21.34 21.01 20.83 21.32 21.64

knO 1.35 1.31 .46 .43 .21 .30 .28 .30 .26 .29 .30 .30 .35 .33 .32

Vg0 6.15 6.89 13.83 14.22 7.34 7.08 7.09 10.15 10.03 10.21 9.93 10.14 10.09 10.01 10.29

Ca0 .04 .05 .05 .02 .13 .08 .02 .00 .00 .09 .00 .00 .00 .00 .02

Na20 .23 .16 .37 .25 .28 .00 .10 .23 .07 .15. .01 .04 .09 .21 .23

K20 1.22 3.84 .00 .00 8.59 9.12 8.78 9.72 9.79 9.56 9.89 „9.70 9.63 9.88 9.94

Total 89.90 88.68 87.50 86.96 96.01 94.61 94.93 93.93 93.96 93.58 94.34 93.66 94.34 93.95 95.22

a - Total 1ron as Fe0


