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rXe ere the star* a M.

and .oeaiblj oarbonatlaatlon, the laet only or

feliepathlEa Ion,
" Treaolitio akarn la alao related to the

* T,Z27 llalted " *
wall rook alteration.

The original nature o* the rooka haa been determined In
general, and they repreaent metamorphlo equlralente of GAVELI1l'S
(1955) traneltlon eequenoce from the Skellefte voloanle aerlea to
the overlying Phjlllte aerlea

(hlorltlo rooka at Sturemalmen are formed from lire-
atonea by regional metamorphlo prooeaama aaaooiated with the
period of folding oloelng with the formation of the Revaund

granltna. The different quarto aohlata were alao formed during

thla period and the orea Introduced ellghtly afterwarda.

Structural geology la of great Importance in thla area.

The Rlvlidmyran orea are located along the axial plane of the

Rlvlldenflltet antloline, the plaetio llmeatonea and graphite

pfcfllltea having flowed into a mono of weakneae in the axial
and the orea occurring at competent-incompetent rook

The Sture ore haa been loocallred by a drag fold In
A large ahear aone through thla drag fold

plane,
eontaote.

e 11B""ton" horlaon.
apparently alao aooounta for the etruoture of the ore.

[eee 1 /...
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Heok dlagrsa of Erletlneberg - Hlhrllden Iree (OAVXLIX 1942).

Hfcrlldaarrsn - SturreelBea mrom.
Hirllden.

KBrklldon.

Irletlneberg.

[ PV N B



ofe (1)
Ahe A-,

aleo Pig

Year.
1953
1954
1955
1956
1957

for publ
the area

However,

is a complex ore with mainly copper,

A.

INTRODUCTION.

Thin we** AlMnsnnn the orebodlen of RirlldenfRltet.

RiTlldnnflltet 11** In th* well known Skelleft* dlstrlet
of Northern Sweden and refer* to the ore* containing the ore*
P*iremalmen (the Sture ore),

B-, 0- and D- ore* and (3)

. 1.

(2)

RErlldnyran,
the Rdvllden ore,
itself la no longer worked eo that only the Sture and Rfirlldnyran
ore* are described in the following text.

called

Rdvllden

See Appendix 1 and

The following table gives an idea of the production and
eetal content ?f the Sture ore-body (for the year* 1953 -

ifig

Ton*.
16,151
62,024

111,879
171,315
184,771

546,140

Ah x/t.

.C>\OQOOI>U'

1
1
1
0.
0
1

AALG6L1
54

26
33
33
34

33

5s
1.

R R R R

1.

£
15

.42
.47
.40
.48

43

3
2
2
2
3
2

.81
.04
.31
.37
.61

.47

*

.62
.26
.28
.28
.27

o o o oo o

.28

at

22,
21.

22

23.
24.

23.

1997) .

3
1
.0
2
4
0

Similar data for the Rlvlidnyran ore* are not available

ication,

becauae,

ae the author found when he vieited
the ore* were being prepared for mining operation¥*.
thee* ore have their own oharaoterletioe.

C. and D ore* are oonpact ephalerite-rleh ore¥*
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1>0fle Of miiI OOM«quoM¥* Du Biuts'u work on the reglouml

afipf#iote cf the Irletlnehepg dietriot, (DU HIBT1, 1953)e¢ had
getrslin'e refereaae# to the ore# la hie desorlptloa of the

fro OMihr<#» la the Tlaterbotten eountj. (OATHII mad edllibo
1-955)¢ Short refereaoe aaa also heea aade hy Oevelln ko
llvllfayraa la dleeueelag the relatlouehlpe of ore depoeltlea
*HI etruotore la the SteUefte dletrlot (OAf1LII 19*2). Of
tile greater l“ertaaoe hare heea eereral reporte hy Prof.
Oarella for the Bolldea ooapany ahioh contain *eh unpubliehed
data and which were very kindly paeeed on to thie author for

awe.



1. BIOLOGICAL m m

la order to maderotend the looel geology It le, me with
aoet geological prohleae, eeeentlal to oonelder the go.oral
aepeeta of the regional geology. Hlrlldeaflltet merely ooa-
atltmtee a miner leocallty In a large aetallogenio province,
mamely the ealphlde mineral>satIon provlnci of the Sksllefte
district. Thee a hrlef euamary of the regional geology, and
partloulaxly of the Baellefte district will follow.

la Bwedea the Pre-Ceahrlan division Into three dif-
ferent orogealo eyelee la aeeepted hy aocet geologists. They
are, beglnalag with the oldesti the Svlonlan or Sveoeofenalaa
oyole, the Oothlan oyele, and the Karelian eyole. following
these eyelee le a series of unfolded rooks, plutonle, volesole
and sedimentary, which are referred to as sub-Jesalaa sad
Jetalna. (OdIJEH, MAOHD880* 1944, MAOHDSSOI, OB*ILO1D,
LD1DQTI8T 1957).

Oavelln (1955) assumes the rooks of the Tisterbotten
ecunty to be equivalent to those formed during Sveooofennlan,
Karelian, eub-Jetnlan and Jotnlan times. The following
ohroaologloal tgble of the Pre-Cambrian of Tisterbotten le
sited from Gavella's deeerlptloa of this county (OATXLIV 1955),
as well as from an earlier publication (OATXLIK and OBIF 1946).

Bapaklvl granite, diabase. 9ub-Jotnlan and Jotnlan
eruptlvee.

Adah granite series. Ksrellan granites and

Sersele granite series. gabbros (Sulphide ore

formation In the B.W. part
of Tisterbotten e.g. Adak,
LlnskBld.)

Tareforeeeriee. Sedimente of Karellpn s.dlaente and

varying types from conglomerate Voloanlos.

to shale. Intercalated baele
veleaalee.

HAg I.
levegnd grylte p & P x  *#%e " later phase of folding with
poet erogenlo Sveoeefennlan thrust faulting and palingen-
granites and gabbros. esis. Sulphide ore formation.

iBollden, 0. Hogkulla eto.)
[eee 4 [/ .».
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ui the JfeBjea* *

p* . A 4if- Early arogaale graaltee aad
ferentlate* aerlee gramlta-gahkro, ga“bree. Dominantly gentle

Apllte ea4 greeaeteae lykee. folding. Weak sulphide Ier»
vaaloa with the poeelhllity
of ore hawing ooneentratel.

Pi 1*YiM«S*-serfe]j A dif

ferantlated weleaaic series,

llperitle, keratophyrio, daoltle,

aadeeltle aad basaltic lawas with

eaberdinate tuffs. Dominant walcaaiem in the
ireidsJaur district;

P« p% ** A t.rgk dominant eedlaeat foxmation

eitdlaenta.y series in general of within the Skellefte district.

fine grained sodlmeate containing

graphite. Sandy, greywaeke and

conglomeratic sediments alec

developed. Intercalated basic

effuelwee.

Pt woJo*nitj e rlesi

A differentiated suite of llpar- Toloanism within the Skellefte
itle, karatophyrlo, daoltle, district.

aadeeltle and basaltic lavas and

tuffs. Intercalated sediments.

She above classification is hot aooepted by Eamtcky whs
has suggested certain modifications. (IAUTHIY 1957). Zaahsky
aontenas that the Targfere formation is younger than the Eevemad
granite, and it should, in its lower parts, underlie the Phylllte
aeries, furthermore, the same author is of the opinion that the
hdat granite la eeatemporaaeous with the levaand granite, with
the Uvlioatlen that the Adak-Linskfild ores were formed under the

oonditione that gave rise to the large sulphide ore belt ef
the Skellefte district.

The present Invest** on earn throw no light an the above
controversy, loth the abevo authors agree to the feet that the
Bin period ef sulphide mineralisation la the Skellefte ilLstrl

eewered in eemjnnetlon with the fermatlen of the Bevsuad granite

/... 5 [eee
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ead gneleeee. Thin faet, afclnh ha# been ¢HMtabllahad (Sea
OATXLIV 1955) together with the nature of the Stellefte
Toloealo eerie# and the orerljlag Phjlllte earlea, are the
ooneequeat featuree of the regional etratlgraphy affecting
leérlldenfiltet.

Quaternary depoelte have oovered the bedrock to euoh aa
extent at thle loeallty, that expoeuree are exceptional and one
la compelled to aeeuae rook typea almllar to thoee found la
other area# In the aforementioned atratlgraphle unite. Thua
from other areae the following faote may be learnt (OAVZIDI,
OBIP 1946; GRIP 1946; OATELIM 1955).

The key to the early Sveeoofennlan rooke of the
Skellefte dletrlot la the graphite phylllte. Theee rooke
Invariably contain pyrrhotlte which makee them a particularly
useful marker horleon that can be folic »d by geophyeloal
methode, e.g. eleotrloal and aagnetle methode. Graphite
phyllltoe are taken ae the boundary eeparatlng the Skellefte
voloanlo eerlea from the Phylllte eerlee.

The Skellefte voloanlo eerlee eonprlee meta-llparltte,
Beta-keratophyrlo, meta-andeeltlo and meta-bwealtlo lavaa and
tuffa. (Stratlgraphioally from the bottom to the top). DI1f-
ferencea exlet at different loealltlee but at the Vlndelagranacle-
Krlatineberg area (In which RIvlidenftltet la eltuated) the
eerlee le dominantly mold or Intermediate. 1In oontradletlnotlou
to acme other areaeoln the Skellefte dletrlot, the voloanlo rook#
of the Vlndelegraneele-Irletlneberg area have their emphaele on

potaaelum Instead of sodium (OAVELI1 1955) e

Sedlmente may be present In thle voloanlo eerlee. The
changeover from the volcanic series to the overlying Phylllte
series Is transitional rather than abrupt. Limestones here
their moat significant development in thle transitional rook

sequence*

The Phylllte series Is characterised by politic and
pee— itle sedlmente. Graphite pelltee are widely distributed.
These rooks are Interpreted ae eapropel-rloh sedlmente essentially
similar to the carbonaceous alum shales of Scandinavia (QAEBRO-
8ILORIAI). Apart from the oarbom, the chemical oompoeltlon e

in general granitic, and the rooke are thus only to a limited

/... 6 [oee
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extent tree elajr eediaente. Sedimente elmllmr to the graphite
phjllitee. het without oerho*, eleo ooour. Traaeltlone to
feleputhle eendetoeee, mrkoeee end greyweokee ere reoorded.
Oonglomeretee ere llkewlee ooeeelonelly enoountered. True
querteltee ere rare, end in general the eedlmente ehow e poor
degree of dlfferentletlon. They ere, eooordlng to OAVFLII
(1955) ¢ typloel exemple of PettiJohne "greyweoke eeree

Pinelly the work of Du HIXTS (1913) on the Krletineberg
region hee e direct beering on the more looel geology of S&r”*
lidenfiltet. Appendix % ehowe the looetlon of the Sture end
Sftwlldayren oree in reletlon to the general geologye® Outerope
ere notebly leoking* The geology oonniete in the mein of e
modifli. roloenlo complex, orlglnelly of eodio querte porphyry
end elbite porphyry (e eodio rhoylite with elbite phenooryete).
Deeltle rooke eleo ooour et Hornberget. Theee rooke ere over-
leid by the phyllitee end eubeequently folded. The J5rn granite
to the eeet ie Inter then the roloenlo eeriee end wee either
folded together with the voloenioe, or wee intruded elenl-
teneouely with the folding. 1leoolinel folding with fold exee
pitching towerde the went domlnete. The thiekneee of the
roloenlo eeriee ie eetineted et eonewhet leee then 2 km.

Theee ere eohlete differing in neture to the eericito
querte-eohlete, which eppeer in the eouthern pert of the region.
Theee oontein much blotlte, oordierite or endelueite in reletlon
to the eerieite querte eohlete. Chlorite tende to be ebeent or
of minor inportenee. Thle elteretlon ie eeeocoieted with the
formetion of the Hereund granite, end e dietinot metemorphio
eonlng in reletlon to thle granite hee been eetebllehed.



Plan of the RErlidenflltet entlollne showing the positions of
the ores. The diagram Is based on geophysical maps of the area.
Scale 1 : 10,000.
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Plan of the HKrlldenflltet antlellne ehowlng the position# of
the ore#. The diagram 1# baaed on geophyelcal mape of the area.
Scale 1 i 10,000.



0. M1 BMUCT?*~ flIBQLOOY.
1. AOTCTg.

The rtrmeteral geology flnde ite eeln interpretetlon In
the geophyeloel anpe of the eree. Such were kindly pleoced mt
the enther'e dlepoeel hy Dr. Sture Werner of the Swedish
Oeologleel Surrey. The Information from the nepe has been eom-
plemented by undergronnd and borehole data.

Appendix % an" Mg. 1 Illustrate the broad structural
trends. Mere it oan be seen that the 1 nrlldnyran and Sture ores
are looated In the anticlinal part of the Skellefte Volcanic
*$rlos, very eloee to the oontaot of the orerlying Phyllits
series. The whole of the roloanlo series is in the shape of a
huge antieline which plunges flatly towards the west. A
division of the major anticline into three smaller antlolInee le
evident. The mineralisation of the area le clearly related to
these smaller antiolinae, the Havlidnyran and Sture ores having”®

been looated in the Sorthemmoet one, which plunges at about 25

looking closer at the latter antieline, whleh will be
referred to as the Hivlldenflltet antieline, several points are
worthy of mention In the paramount control they have influenced

on the ore deposition.

The Blvlldmyran ores are looated along a thin atrip of
graphite phyllitio rooks and limestones which occupy the central
axial eons of the FftvlidenfUltet anticline. The presence of this
strip has been deduced from geophysical measurements and has also
been confirmed by underground observation as well as by borehole
data. See appendix II..

the Mtiel plene one hee e - - - Of reek, with lew
.omnten.. In oco”-rl.on rtth the hrlttl. eltered Tolo.nl. rook,

u* ourte rick ..«l*nte, th. srephlte phjrllilt..

th. InoowpetOM]j of th... rooks «¢ hu toon-Kor It In ter—
The lime# tone, end gmphlle phylllt.. ooonpj

/oo. 1/



of tenelle otrooo, which moot probably had resulted in am
opening hawing *od## developed along the axial ereet and part of
the plane of theanticline| thoy have flowed, or have
been aoueesed into, a sone of stress minima in the ovexall
teetonle pattern.

fig. 2 has been compiled directly from the eleotro-
Mgmstlo survey of the HSvlldenfSltet anticline and hows the

genei«l location of the ores and the graphite phylllte sons

along the axial plane, as well as the general location of the

graphite phylllte herlIson.

The sons of tension may appear to be unusually large
when viewing fig. 2, as this teneional opening in anticlines la
generally confined only to the outer horlsone of the competent
reek complex. One must remember that this effect is somewhat
exaggerated in this horlsental plan view, this being due to flat
plunge of the fold axle (25*#). In relation to the huge anti-
cline displayed in Du Riots'
phenomena* 1la in fact,

map (Appendix I) one sees that this
confined to the outermost layers of the
volcanic series from other parte of the world one has examples
of ere having been located at the anticlinal parts of folds

where tension has caused openings to form.

Tension in the anticline may be of two types. fbe to
th. ,o.pr...lon on th. flank, of th. fold. . lo.wth.nln. In th.
aireotlon of the Mini plan, night tak. plae., and thn. holn,
nMor t.n.lon, op.nln.. In the dlff.ront Mmh.ro of th. rtr.tl-
nrnphg, or nt llthologloal oontMt. would form at the or..t of
th. fold*. 1... aaodl. reef, would rom.lt. Th. oth.r tfp. 1.
dM to tonolon In the or.it. In the antlolln. which omm . than

nrwak open. Thla effeet would ho found In highly ocmp.t.nt
peek typ... Thl. letter type of MohMinm 1. fMourod for th.
IftvlidenfUt anticline.

This gone of accumulation of incompetent rookn has been

particularly favourable for the deposition of ore. It is clear

t. h. wily rplM d Bewwr. w . Mth thl.
dominant fraturo nt dhtlldmyrun ha. - opanlUM that
oslMod at th. oontMt. rt th. 1MMp.t. .t Mw tw . “d






following description of the indlYlduel oree.

II. M IMDIYIIXJA1l ORZ9.

(e) IfeUtiHMi

She A ore oonelete of e nembor of jaell neeeiTo eulphlde

leeeee oeeurrlng In e larger nlnorellsod mono. See Appendix II.

The ore le of e metaeometlo type In that It hee replaced the

llmoetone, thle ooourrlng, however, at structurally controlled

sites where ore solutions have boon able to enter the limestone.
Pig, 3 h** been constructed to show the nature of the A

ere. It Is particularly instructive in showing how there Is a

definite tendency for the ore lenses to occur at the aarglns

of quartette fragments, and the quartette wall rook of the lime-

stone. The effect is better appreciated if one can remember that

generally trenolitlc akam forms from limestones, while the -ail
rook alteration of the quartsltee is usually manifested by a
small aureole of chlorite schist or chlorite rich rooks.

Blotits may be formed In the latter ease. Many ohthrttlo
boundaries are thus expected to give way to quartette within

a short distance from the ore.

The B-D ore is a narrow ore somewhat simple in its
IMM-11lk., M1 M..1T. Mlphll. etormoter. In oc«l»Tl«l» wit¥
th. nor. cowplM r.pl«»«t 1 ud Stur. or... Th. 90 . lww.1l

of the pres, i.e. it plunges at about 25 to the west.

i*. c ore la essentially of the earns character. It teals

Its full extrei

. th. UmtlM .f th. fell M1. I* oMrMt.rl.tl.
takes plsee i»

10 /...
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f«r this area eo tkat theee momi#f} are expeote* to follow the
1-1 #chlfito##lty of ths area.

There i# little laformatlon about the Blelldmyran ore#,
het the xml# trend# #hew that the oree hare baoa localleed la a

definite men#, generally at the oontaet of competent and im-
eoepetent roeka.

over the A ore,
oree,

Carbonate reek# hare hed a great Influence
and eren email trace# are found in the other

or tremolltlo ekarn 1l# found, which aleo InCloatea that

limeatone had been yreeent in theee are # Thie aleo exenpllfie#

the mobility of thie rook.
(b) The Sture Ore.

The flture ore preeente a more intricate problem.
oan gain an idea ef it# broad beharlour,

.tree-r. il bljhlj confu.lug. H.r.
iim

One
ihile the detailed

«>e o'
.ten. h.r..on 1. ef Ispcrtane. end thie eocount, for the
ooBplixlty ef the er e tMheriour end ehepe. Begeler well

d»p.d hoenderl.e, end the reletlonehlp ef e«ll

te eeeh ether, eennet he r e n d ,1lth In detell. On the ether

bend, while eeneld.rln* the breeder eonee ef nln.rell.etle.
ene de e find e etrueturel Influence en the ore.

A elnplified end gen elleed hleek dlegre. ef the Stwre

ere een he eeen In Appendix XII. »e¢ de”n«t feetur. le the

thlehenlng ef the llneetene which requlr.e en .xp-'enetien.

Md derived from lie..to... hy e.te««etlo elteretlen.

Another feetur. reeelrlng en expleuetlon le the entl-




ISTlidenfHtet entlelln# is found in the mono in which the R«w-

lidnymn oree are located. Unfortunately thie ear be founded

only on the nape of the geophyaloal eurreye, no outcrop# being
preeamt to allow well founded field criteria.

the actual shape of the Sture ore is difficult to put

into words One can refer to two major features*

(') the "centre" of the masei e sulphide aoceuwlation.

(The "centre of gravity").
(2) The anticline which has been referred to above.
Thee, two features comply fairly well with the lineation

of the area and thus follow the plunge of the fold axis,
2,0#. East of the "centre"

sense.

i.e.
the ore dies out into two nineraliaed

The northernmost will be spoken of as the 9tell" of tha

Min ore-body and it follows tne contact of the limestones and

the metaquart it # obediently. Again one sees the ~ srte“ *

Vest of the ore's '"centre" one encounters highly complex

eral trend still conforming to the fold axis.




of 70*§.
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tre eelmtiwn*. The melm feature, however, i.e. the antlellae,

ealA the eeatre* have he m eontr”lle* hy eome important etroetare

which eoufona with the regional trends. *ven here, however, it
appears a# though there ie a splitting up of the massive sulphide

ore concentration, on the 240 m level.

Is order to account for the thickening of the limestone
herlM. *hlak bu In tun loo.ll..a tb. Stun on,

use.

n. dlff.nntint MTO.nt o» th. I 1llrt .r F bnlf of tb.
m.Tll(.bf.1lt.t totlolln. 1. -ob «kb.t B . ... to f
unwmrd. In nl.tlon to the .hepe of th. rotlolln.) whil. the

for tb. for— tlon of . dng fol* U th. ln.o.p.t.nt rook. ««h

this. See Appendices II end It.

piling the block diagram.










plaa* (flee Appendix IT). The poeelbllltles for the formatl a
of the shear pi*me are either that the shear has developed as a
direct ocaaae of the drag fold, the difference between these two
being little after a certain stage la reached In the drag fold;
or else that a larger shear sons found In the Rarlldenfaltet
anticline Itself outs aoroes the Jture limestone. (See Pig. 2).
The latter possibility seems the more favourable In accountlag
for the shear sons of the Store ore. The features which have
localised the ore oan thus be dlagramatleally explained In the
principle sketch opposite. (Pig. 5.) I am Indebted to Dr.
Broteen for having pointed out the feasibility of the existence
of this fault from the geophysical survey maps.

The existence of the shear sons In the direction In-
dicated above reveaZ e Itself again and again by small apophyeal
protrusions of the massive ore w*th essentially the same direction
as the above dleeueeed sons. See Appendix III where some suslx
apophysles ooour on the F aide of the ore.

The explanation of the ore given above Is Intended to
show the general controlling principles only. In actual prac-
tice the ore Is more complex, the complexity occurring in the
area west of the "centre". This is illustrated in Pig. 6 which
Is a map of the SI face of the HW - SB drive shown on the west
aide of the ore's centre in Appendix IV. Here the quarts veins
as well as the H ore lenee suggest a differential movement as
shown in Pig. 6. That is, the H side has moved down with

respect to the southerl side.

This is completely contradictory to the principle dia-
gram in Pig. 5. That such detailed data oppose the general
picture shows the complexity of the structure. This latter
contradicting structure finds its osuse in the graphite phylllte
Isnae wMch lies immediately to the SW of the Sture ore. It la
recognisable on the geophysical maps (e.g. Pig. 2) and has been
found underground (See 90 and 140 m level mine plans, appendices
IT and IV). This granite phylllte lenee may represent part of
the enveloping anticline of RMvlidenfEltet which has been
folded Into the sediments. The major anticline is not to be
expected to have a simple form as that shown. One has drag
effects on either limb, and it may also be en-echelon. The
structure cannot be considered In greater detail because of

/. »« 14 [eee
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Llseetone Ineluslons in e ehaloopyrite rloh ore with ohlorlte
240 m level Bturewelwent '"Tell" Region of ore.

The position of theee frsyiente suggests e dreg fold bed

existed In the repleeed rook prior to the inveelon of the
sulphides.
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tke limit*# lafexiBtloa mm € on geopfcyeioal tot* only. Tho Intor-
pcrotatlons glvom her* time 11* In the reals of working bypothemee.

Che HEtell" of the Sture ore poeelbly ehowe, however, that
differential movement# in toe direction Indleated above In Pig. 5
have been In exleteaee. See Pig. 7.

Xxtremely Important pro-ore fraoturee are thoee whleh have
given rlee te the ore breeola or hard ore mineralisation found
eaat ef the Store ore# "oentre". Per an explanation of "hard ore"
eee page 66. These fractures and shears follow definite systems,
the most Important belwi thewnaln eohletoalty of the area. Inter-
esting breaks mah» t*11 angles with this direction and result
In a network of sulphide Impregnated veins, which, when the ore
Is abundant and the metasomatism effective, forms impressive ore

breccias with well rounded netaquartsttlo Inclusions.

The eehletoeity of the area strikes essentially B-I and
dips approximately at 70*8. Ore br»oola mineralisation also re-
veals systems dipping at 75*8 and vertically. Strike# of 170 -
75W and *70 - 571 have also been found as the main directions
In the hard ore. The strikes can readily -e divided into three
directions while the relationships for the dips are not so clear.

Considering the Sture ore as a whole it Is seen that the
ere has been localised by limestones which duo to their in”
competency In the hard aetaquartsitee have undergone a considerable
thtekenlag sensed by a drag fold during the formation of toe *Iv-
lldenfhltet anticline. A shear sone through this area has also

played an Important part in the forming of the ore.

Post ore faults with small displacements are found In the
Kfcvlldmyran ores on the 90 m level (See Appendix II). Otherwise

*o major poet ore faults are found In the area.

/... 15 A ..
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I. OKmilL.

The eeoeeeeful eetabllehaent of ¢ Byeteaatio local atratl-
eraphy at earlUonflltot la act entirely feasible. This la largely
due ta the highly unrecognisable nature of the primary rooks and to
the unreliable position of the llneetonee (In detail) which have
been teetoaloally affected and now can ooou y positlone which are
structurally controlled rather than true etratlgraphlo positions.
In general the llneetonee oooupy positions of stress minima In the
overall teotonlo pattern. The positions of the llneetonee are,
however, more or leee In order. I.e. they lie In the transitional

rook sequence below the graphite phylllte (See page 5 )e

The graphite phylllte Is the main lead In correlating the
Hivildenfiltet rooks with the regional stratigraphy. The R&v-
lldenfftltet rooks are In the mmtu equivalent to Oavelln's (1955)
transitional sequence from the Skellefte voloanlo series to the
overlying Phylllte series. According to Oavelln the ohangeover
Is transitional rather than abrupt. This latter statement Is
confirmed by the appearance of rooks at RfcvlldenfEltet which nay
be given a sedimentary origin, and rooks representing modified
sold to intermediate voloanlo rooks, Interbedded with each other
and occurring below the graphite phylllte.

The limestones In themselves suggest a rook of sedimentary
origin. Other rooks, undoubtedly of sedimentary origin, lie In
olose proximity to the limestone and Indicate that sedimentary
processes have been operative in this muooeeelon.

ia metaquartsltee whloh lie between the graphite
phylllte and the Sture ore (about 72 m to the I of the Sturs ore's
most well developed portion) caused by more blotlte rloh bands
(coarsening of grain else also given by the blotlte) In a eerlolte-
quarts—-sehlst, are suggestive of a banded pelltio and peamltle

sediment.

Ivldsnse suggesting sedimentary rooks, Is the ooourrened
ef a probable oonglomeratle roek type whloh ooours just I of the
fltnre ore; It has been observed oi the 1*0 and 2*0 m levels at
this position (on the 1*0 m level It ooours some 15 m I ef the
etnre ere near the central or massive part of the ore.) A com-

glomerate Is alee possibly present on the 190 m level some 5 » H



of tlM «stlell»al pert #f the atere-ore.

The i»nflnmeretee appear to have heen eeattered pehble
eenfl nmerate wlehemt any rieh eeneentratlen of the pehhlee or
reek frajpenta The pehhlee are now 1 - 1.5 oa In 4iaaex»erf
drawn eat In the direction of the fold axle. 1In aono caeee the
eengleneratle nature la well preeerved while In ©there the
pehhlee are teetenleally affected and highly netanorphoeed, and
thne alnoet unrecognisable. The pehhlee now ecaalat of % fine
grained graneblaetle aggregate of quarto with very anall, widely
dletrlhated, flakea ef earloite and/or chlorite, 1llotite nay
alee oceear. Between the pehhlee the "matrix" ahows a higher
eertelte, chlorite or hlotlte content (or a nlxturo of theao)

In a graneblaetle quarto noeal*. A bright green chlorite baa
heen observed in theee oongloneratea. Aeeeeeorlee are: ephene,

ealelte, alhltlo plagioolaae, epldote and eulphldee.

Thm" rooka of eedlnentary origin are procent In thla area,
juet what percentage of the eeiicito quarto eehlite ere made up
of eedlnentary rooka, and what percentage le made up of voloenle

rooks eennot he said.

That voleanlo rooks have been among the original rook
typos Is confirmed by blaetoporphyritic quarts eyes (often
opalescent) appearing occasionally In the sorlolte-quarts-sohists.
Under the miorosoope these quarts grains often show a wavy ex-
tinction indicating etrain. The gralne are frequently resorhed
by the surrounding eerlelte quarts matrix, so that thla matrix le
often developed In these grains, filling small cracks and eating
their way Into the larger quarts grain. These quarts eyes are
rellot quarts phenoerysts of presumably fairly sold lavas as
demertbed by Du Riots (op. olt.) e.g. quarts porphyries. The
altered phenoceryete are thus in varying stages of breakdown and
It Is only the larger and more fortuous grains that have with-

stood alteration. (Piste I)*

rarg+ Ffeldspar grains in the ..:.:.ite-quarts-echiete can
he a point of discussion as to their node of origin. It can be
argued that such feldspar grains are of netamorphio or netaso-
mtle origin. However, In the 3 reaches of the nine on the 90 n
level a spotted hlotlte (and chlorite) quarts schist with varying
feldspar content is present. This rook shows a somewhat complex



elnerslogy due te alteration. Of groat*at latjroat*

are the relatively largleh fellepar grains (plagloelaee) up to

ahout 2 am la else. Thee# grains are somewhat re-orbed at their

MtyglM and where they have been fractured, are Intruded by the

nereal bletlte and chlorite quarts groundmaee of the rook, a#
well ee hy oalolte which has been Introduced Into the rock.

Judging by the stout shape of the grains,
eogifled eahedral outline,

which now have a
these could represent relict feldspar
grains ef a lava. See Plate II*

those feldspars that are undoubtedly of secondary . “*n
et klvlldsaftltet are comonly untwinned, though eometlmee the
different grains may penetrate each other. They also have a

tendency to develop a crude senary structure making universal
stage determinations difficult.

The feldspars occurring In the
8 part of the mine, however,

are characteristically twinned and
ahow the following twin laws and anothlte contentst

Twin Law. A RAfl*
Karlsbad 40
Ala 20
Alblte 35
lianebaoh 35

vheee feldspars often show excellent eaueeeurltlsatlon.
Bpldote is developed as Inclusions In the feldspar grains. They
also show numerous inclusions of quarts derived from the breakdown
of the plagloolaeee rather than representing polkloblaetlc feld-
spar grains. Gavelln, In dlecueeir

he Bjurtraek ores, says
that the first trace of alteratlo

t the plagloolaeee was the
appearance of numerous inclusions of quarts in the original

phenooryst. GAY1LIf 19394

OtharwlM th... rook. -ho. «rl .Mo oo.po.ltlon

ta. 10 1h. influk of o.loit. Whloh follow, th. .ohl.to.lt7, 1.

saase of the formation ef an extremely fins grained greenish
Mphlbsls mineral (tremollte - aotinoliteT).

It Is thus concluded that these rooks are quite possibly
modified equivalents of lavas proxlmatlng a daoitlo composition.

/ooo 16 /ooo
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Aaothar Mra wt<r«*Ai rook type for this area waa the
appearance of a true leptito l*w*iatoly M of «he liuaetoae in

the 1 part ef the Stuve ore. (*oo» 16, 140 m level). The rook

le mlmeet entirely of xenoblaetic quarts and feldepar (albltle
plasloelaeei mlerocellme T) in a fine grained equlgranular uocaaie.

Ihe feldepar eonetitutee abou 20)4 of the rook and the average

grain diameter ie 0.06 an. Blotlte, ohlorlte,
(aeteeemetll).

ephene, flourlte
and eulplLldee make up the aooeeeory ninerale.

Regarding the original nature of the rooks as a whole,
very little can be established apart from the above detaile.

Generalisations have to be made, and theee,
regional etratigraphy,

based on the

and the data obeerved underground, give
a picture of a rook eequenee of interbedded eedlmente and lavae,
i.e. Oavelin's transitional sequence with limeetonee. Finally
irrespective whether the rooke were either eedinentary (apart
from the graphite phyllitee and limeetonee) or volcanic they
must have had a fairly einilar chemical oompoeition to give rise
to the dominant rook type of the area - the serielte quarts

aohista. Theee rooks were then rich in silica and contained

leeeer and variable amounts AlgOy *2°' I,a20f with Minor
quantities of FeO, £0gO” HgO.

The ohlorite-besring rooks, as we shall see later, are
dependent on more complex processes for their foruation.

With these facts in mind it is time to turn to the common

rooks and the limestone and ekarn rooks.

II. T? 1001 TYPW*
The quarts-rleh wall rooks have the looal name of

Beuartslt.es" and depending on their serioite, chlorite,
M.tlt. oo=t.=t (.,

or
o- «h. »p.) "e » .

1Q /
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le effertlre fer pearlleal reeecae, ee the ehlorlte- (end blot 0-
>H Bohloto are darker than the eerlolte-%aarta-eohlete.

Qaarta ehleh la developed a# a fine grained equlgramlar

Heeale, memally doalaatea and eharaeterlaee theee rooks. The
grata else la variable bat is generally of the order 0.04-0.06
hi la dlMMter. Plae flakes of eerlolte, ehleh tend to have
alallar orleatatloa, are fairly evenly spread In this aocaalo shea
the aacaat of eerlolte la small. With Increasing eerlolte con-
tent, a segregation of eerlolte into planes Is evident. These
planes conform to the general eehletoelty of the area, (Bee page

je It Is not uaooanon to observe two different sajor prefer
eerlolte orientations of two different ages. The poet crystalline
a-serfsees correspond to the fracture cleavage surfaces aleng
ehleh movement had taken place during the tight folding of the
BSvlldohfiltet anticline formation. See Plate III. The variation
la the amount of eerlolte in these rooks Is brought out In Table 1.

fiaia 1i.

Blasral eosmosltlon of eerlolte quarts schists
given In volume percent.

Hpeelmea fo. 21 207 227 249 301

Quarts. 34.6 74.4 40.9 76.8 64.0
lerlelte. 99.6 24.2 92.9 20.2 34.3
O*iene. 2.0 0.1 1.9 0.3 0.2
Plagloolaee. 0.8 - - 0.3
Chlorite. 1.3 - 4.3 tr
Tourmalins. - - tr 0.1 tr
Epldote nine. 0.1 - tr tr 0.1
Apatite. - - tr * tr
*Pfclogoplte” . 0.3 -— *
Oalelte. - tr 0.2 L | tr
Hetlte. - - - Cel 1.3
Sulphides. 1.2 1.2 0.6 2.2

OUT1lt. 1. s— rtilj 1" — 11 ™ 7 a*e-

w Mc >~ * oel’rl*e
"tu, * * tIMMat Of .hlorlt. «1.1t.),

/ooo ™ /ooo



7X491 1
145 2 lloole.

Blsrloporpigrrltlo

Quarts ttrala la a

larlolta Quarts
Sohlste

7LA91 XI
145 2 Igaola,

Beeorbed Plagloolaaa
Fhendoeryet In a Ble-
tlte Quarts Sehlst*

7X491 XXX
zZ8 1 Heals,

Differing Berlelte

Orientations, pre-

sumally parj- and

poet-eryetalllne, la

a Herleite-Quarts
Behlet,



IS le ehereeterletleallj' developed ee fibrous flakes though
larger Eenohleetlo grelae have been found. Blotlte eey ooour,
though generally only In subordinate eneunte.

Hlnemle that ooour la ewll but pereletent eaouate are
Bphene and nlnerale of the epldote group. Ineung the latter
selelte and ellno-solete are the most frequent.

inether mineral that probably belongs to the epldote
group displaying a strong tendency to develop Idloblastlo grains
has been observed In trace amounts. Unfortunately It Is alouys
clouded with Inclusions and alteration products so that optical
determinations have been unsuccessful. It Is biaxial positive
with a Mall 2T. The relief Is noderate and birefringence
generally low. This mineral le unusual In that It Is Invariably
developed with twins. The twinning plans le parallel to the
elongation of the grain dividing It In two halves. The oross
eeetlon of these prisms Is usually rhombic, ths twinning plans
passing diagonally from corner to corner. From powder
diffraction data many different phases were recorded but sons

of the lines suggested an epldote structure.

Sphene may ooour as small anhsdral grains wldsly sprssd
in the rook, but It also has a tendency to concentrate Into
aggregates and porphyroblaata. The formation of sphene le
apparently late In the rook's history; It Is often related with
the sulphide introduction Into the rook; It often follows the
structure of the rook Implicitly, for example, where It Is
interleaved with eerlolte flakes of differing orientation. 1In
other eases It completely disrespects the banding in the eerlolte
BMad forces Its way Into this banding whloh le evidently due to
Its late crystallisation. Leuooxene nay be developed, generally

as fine aggregates It le a rare constituent.

Touxmallne Is an Important, though rarely encountered
constituent of the eerlolte quarts schists. It is noted as
Brtrenely fine grains (0.05 mm) widely dispersed In some of
these rooks. 1In some oases It le so fine grained that the only
due one ha. to It. presence 1. the typical triangular oros-
aeetlon cf the grains. It le sometime, found as largw n.edle-
llke grain, with distinct pleochrolem. Two varieties have been
Identifiedi

[oe» 21
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«S
i34 % 0,003 Tmint yellow 1,618 2 0,003 Colourleee
1,643 2 0%003 Bluleh green 1,621 2 0,003 Colourleee

Other eeoeeeory mlnerale ere rutlie (exoeptlonelly rere'/
oslolte, sulphides.

Serlolte le net the only mica In thee* rooke. Larger,
tending to polkloblaatle grains of snsooTlte are found occasionally.
Another mloa with a pale yellow (faint) pleoohrolem hae been noted.
It Is an extremely rare constituent, usually wioh coarser than the
other oonstltuente of the rook. OAVSLIH (1939), when discussing
the wall rook minerals in the Mmlfcnle district has deaorlbed a
muscovite which replaces blotlte, tnd thus contains a certain
amount of Iron, whioh has a slight yellow tint in the higheet
coloured orientation (2V«36.5 - J8°). The Rhvlidenfaltst yellow
mloa on the other hand has a very small optic angle (almost
uniaxial), and la found in rooks completely void of biotite.

The mineral might be a Phlogopite ? Ite occurrence la as larger
porphyroblastlo trains with poor crystal outlines. Inclusions of

quarts are not uncommon.

Feldspar grains are to be found though only in very small
amounts. They are generally porphyroblaetie. However, In acne
omses small grains the same else as the janular quarts
grains are encountered. The feldepare are typically soned, with
flamy and undulate extinction making the determinations with a
universal etage only approximate. Polyi.ynthetlo twinning Is
unusual so that moot of the det.rmlnatlone are based on 1 avages
A list of more reliable feldspar determinations is presented In
Table 2. These determlnatlone, however, include feldspars found
Im ohlcrlte-quarts-eohiete. In general the oompoeitlon of the

feldspars Is An 30 - 40)1.

These feldspar grains pose the problem as to which were
formed in conjunction with the ore terming proeeeeee and whioh
are modified grains of the primary rook. Ho answer oen be given.
Im errtalm omses (see later) one can undo ubtedly relate feld-
spmthlsmtlon to mineralisation and under such conditions one
eamn venture an opinion as to the origin of the grains, while is

other eases one has no Idea at all. Certainly both types are

possible* [ooe 22 [eee
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TJalTereal stage ieteralnatlon of aeeondary feldspars
based on twin law or oleavage.

Specimen Ho. Rook type. Twinning law. Anorthlte
content
20. Serlelte-quarts-eohlet Albite- 304
Carlbad.
22. Ghlorlte-quarte-eohlet - 35#
106. Serlelte-quarts-eohlet Alblte-Ala. 354
201. OhlorIte-quarts-eohlet - 35#
203. Chlorlte-quarts-echlet - 35#
311. Chlorlte-quarts-eohlet Alblte. O#

HBlorooline le somotlmes formed together with sulphide
minerals that have entered the rook along suitable fraoture

planes, or more conmonly, along eohletoelty planes.

A ohemloal analysis of a eerlolte-quarts-eohlet Is given
in Table 3. The analysis has been calculated in accordance with
the method of Barth (BARTH 1948, 19551 BSKOLA 1954). The *pl-
norm has been given and this requires an amount of water In exoess
of that given in the analysis. An approximate mode has been
derived, and even in this a certain amount of extra water had

to be Incorporated. This extra water has to be Included to form

minerals that are hydrated.

In none of these rooks has an ollvene or pyroxene been
found. This Is hardly poeelble In the low grade of metamorphism
encountered at Rlvlldenflltet. Similarly, no anhydrous aluminium
sllleatss have been observed. It is cautioned, however, that
serdlerlte may be present. This mineral has not been observed In
these reeks under the nlorosoope, but could be a certain small
percentage of the minerals Interpreted as feldspars. Feldspar
and serdlerlte as dispersed grains oan be confused In suoh rooks.
Consequently the enthor has tried to make unlvereal stage deter-
nlsiatloaa on all eultable grains eisaalatlng feldspars, and although
the determinations were not perfect, there was nothing to suggest

Ske preeenee of eordlerlts.

Sines the analysis represents 4.65 n of borehole core it

serves admirably to illustrate a more averaged" composition of
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tke then en e¢nalyele of s oeleotH hoei
opoolmom. Om tko other hand there 1l# ¢ greater possibility of
hmrlmg mere elmerele preeemt which makes It mere difficult to
arrive at the made. Seeomdly, In oenslderlng such altered reek#
as theee eas sheald set expect perfect equilibrium to have been
attained. That one cannot form strictly etolohlosutrlo mineral
assemblages la thns not so surprising. Eg** eam replace 11**
In the Ideal maeeevlte formula and such substitution Is highly
probable la the eerlelte. The amount of serlolte eould
aeeerdlndly be insTsased and less water used than has been dene
In the asm above. In other words less chlorite would appear.
Substitution of this type has not been considered. Serlolte

Is also likely to use up seme of the alkalies of the feldspars
If pert of the chlorite Is to be used In the formation of serl-
olte. y substitutes for OH so that one can reduce the EgO
deficiency. It Is Interesting to record that dnui (1941) 1In
calculating the modal composition of eerleltle schists from ¢he
lollden deposit found peer agreement In one of the analyses|
there was a deficit In the amount of AlgO” and HgO In proportion
to the alkalies.

[«». 84 Zeee
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Oetlea pereeat ef # Mrlelte-quapte-eehlet.
I.E. 6y>e0°.190 m level. 3.45 - 8.12 m.
analyst! H. Olefeen.

Cation #
81 81.81
41 T.BI Oatlone. HgO
£a**? i.r7 0 67.3
H 2.49 Or 12.7
2 9% 18 2.4
CB 0.42 Enel 6.7 3.4 Pyr is a nixture ef
Ha 0.4# Se 1.2 0.1 pyrite Fe82 on¥*
1 2.94 ukll 2.9 1.0 pyrrhetite Pe8,
8a T>» OHlg 2.9 1.2 o#
ft 0.14 TS 0.4 - Pe8 0.9
*r Opr 0.3 (0.3)
Tr 8ph 0.1 (0.1)
t 0.0 Pyr 1.3 (2.0)3
0 01 mt 1.9
£ (0.44) II 0.3 1 x OorreepoaAlne
01 tr Ap 0.1 eulpbar.
m,0. © 13) 100.1 3.7
@ 22)
Os 0.19 Catlone. v
la 0.12 Quarts 70.8
8 (2.42) Orthoelsae 1.2
Berioits. 16.1 2.3
Cat 7100.00 Intlgerlte. 4.0 1*6
0 182.74 mite. 2.4
0s 8pbene. 0.9
V. Solelle. 0.6 0.1
8 Selenite. 0.4
Oha.eopyrite 0.3 (0.3)
© 190.04 Sphalerite. 0.1 (0.1)
Pyrite ¢ Pyrr-
hetlte. 1*7 (2.0)
Magnetite. 1.9
Apatite. 0.1
100.1 4.0
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Xta eo*T*wpo®ll*s Mttosta *f wstsr Inoorporsted la the 1lAaal
BIMm M I formal## fH#r ocaoolto, ma#IgorIt#, #ad #i#irioit# taooovlte)

are ehowa la the table. It 1# clear that this mount 1# larger
then that #f the aaalyeie. I.e. HgO* pine f.

jf we were te apply eocae of the oheeloal criteria, rtiich
ga#9% euggeete way be need to eetablleh an originally eedlnentary
origin ef a aeteeorphlo rook one eeee that ecae of hie criteria,

at leaet two, are fulfilled by the above analyele, i.e.

Bv n ~ IBMO oonbiaed with EgO Oao"

nrj 810, .emt«rt (Mgr «r..t.r thu 80#, or -on ttmn 50#

Q la the aura".) MA801 195*. The merlolte-quarta-eohlet con-

tained 82*4 wt % 810g.

Though thie data nay euggeet a rook of eedlaentary origin,
«hl<* 1. k, M) MU .

urprl.U* m the eequ.nee at Mrllj.nfElt.t,
1.

ahmlt k* torn, la mind that quart, porphyria, haw a high 810,
autast, a.,, th. gqw”* a parphyry E of 1lUurlldan
SATILII (1859) ha. 79.84 wt # 810,.

AIM «« of th. oUru orl.tl.
future,

of the oontral Sw.dl.h Pre-Oukrlu 1. a .troug type of
Mtwoutlw, Mgne.la motuoMtlu ky Ulch th.

” -

that the EM time erg regloa 1. oharMteM ed ky a .troag

Mtaaoutl. alteration of the woloulo eeulex which — e
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feiaiag ¢t the ErtHenfaltet eatlollne. I.e. they were well
ypepepei ty teetenle egenelee for alteration, and If neeeeeary,
Inflmz of materiel. Ihle metemorphlam hee effectively deetroyed
the primary feldepere with the foreetlon of eerlelte which Im-
pllee an Introduction of Oh Into the rooke. A reeryetalllsatlon

hee alee ooourred.
m OHLOM« QPAfiTX 80HIZ2TS.

Ihle group of rooke le eeeentlelly very elnller to the
eerlelte-quarta-eohlate. The only Important difference being
that chlorite doninatee over seriolte. le are lamedlately oem-
frented with the problem ae to the origin of the ohlorlte. An
we aaw before, two poeelbllltlee exlet and to dletlnguleh
between theee two le no eaey matter.

At certain apophyeal portlone of the ore, and often
aeeoolated with the Intrualon of ehaloopyrlte-rloh fraotlone
Into the Mteelve eerlolte-quarts-eohlete, one haa an unqueetlon-

able Introduction of ohlorlte Into the wall rock.

Deoltle rooke may aleo give rlee to a certain amount of
ohlorlte when metamorphoeed under oondltlone of fairly low grade.
When chlorite le uniformly dietrlbuted throughout the rook It nay
be derived from the original component# of the rook. Thue one
oan eetabllah two extreme# There are certainly many Intermediate
ocaaee and It ha# not been po.alble to obtain a quantitative Idea
ua to the dominance of the one or the other eource of the ohlorlte.

Qumrta le developed Identically with that found In the
eerlelte-quarta-eehlfite, i.e. a fine grained equigraaular moealo.
Ohlorlte 1. developed a. flbroue flake, widely dietrlbuted In the
reek, the flakee ehowlng elmllar orientation or two major
orientation, a. de.oribed before. With lner.a.ing ohlorlte oon-
tent the ohlorlte develop, into band, (.onetime, aa.oolat.d with
eulphldee, and 1. In euoh oca.ee, meet likely of ..ta.om.tlo
erlgln) and one «y then have all tran.ition. to pur. ohlorlte
eehlete. Table 4 llluetratee the variation In ohlorlte oontent

in acme ef theee rooki.,



IMHULi .
HImoral aomposltlon of ohlorlte quarts eohlete

gives Is volume perfeat.

Speelnen He. 22 105 141 147 239
Quarts. 39.7 38.4 68.2 41.6 69.1
Ohlerito. 35.1 58 6 31.3 57.2 30.3
Sphene. 1.0 2.8 0.5 0.9 ou
Blotlte. - - - tr 0.1
Sarlelte. 1.3 tr tr tr 0.2
Bpldete Mine. 0.5 0.1 tr 0.2 tr
Plagloolaaa. 21.9 - tr *

Oalelte. .2 - . m
Sulphides. 0.3 - A 0#1
Hutlie. tr - -

Apatite. - tr tP

The ohlorlte la far too fine grained to permit optical
determination. However, a maeelre ohlorlte eohlet haa hoem
analpeed and here It le evident that the ohlorlte le a nagnealmm

variety with an almoet negligible amount of iron. 3ee table 6.

Teldapar grain#, again ahowlng typical soned etruoturee,
are developed ae rare porphyroblaete. In one ohlorlte quarts
eohlet (See table ¢, Ho. 22) feldepar le preeent In unueually
largo aaounte. Thle rook derlvee Ite feldepar from metaeomatie
proeeeeee. The oompoeltlon of feldepare In the ohlorite-quarts-
aohiete le the earm#f ae for the prevloue rook group| from thle

group, however, alblte hae been reocorded.

Serlolte oan occur ae fine flakee eometlmee. Tale le also
found ae a minor oonetltuent. Blotlte le a rare constituent In
theee reeks- The aeoceeeorlee are epldote group minerals, ephene,

apatite, ealelte, leueoxene, rutlle and sulphides.

IT.a irfflHhiPlIF QPAM* SCHISTS.

Che blotlte leogrmd le ueefal In metemorphle petrology,
this being particularly so when eonparlng the same or equlvaleat
rMlc type# undergoing neieeerphiam. At Mvlldenflltet, howevarr
there bw #p#ipamtly beem mafflelant K aeeoceiated with the are

farming eslntleae, far the partial, and In oome aaeaa



##*vr*r#lffa ef 1 rite te tlotlte. 1la the pertinent ewlphlde
eree the# the matrix ef the ore can be entirely of blotlte. The
ere forming prooeeaee have a direct Influence on the dletrlbmtlon
ef bletlte, elmoe the melamorphlo grade la euoh ae to allow Ite
formation, fhle type of blotlte le epeolally re|htei to the oree,
gemerel”y within the adjacent well rooks and the ore itself.

In actual fast blotltti-bearlng quarts-sohlete are the
previously described meta-quartsites, the main dlffsrenoco being

the significant appearance of blotlte.

Bletlte may be formed as small flakes spread In the equl-
grazmlar quarts nosale. It may often be found together with
serlolte or chlorite. Larger xenoblaetlo grains, often poike-
blaetlo, are not unusual In the node of formation of the blotlte.
The blotlte is a brown mrlety with pleoohrol* varying from
colourless to dark brown.

The association biotlte-ehlorlte, often along distinct
bands, shows an intimate Intergrowth of these two mineral#
Beoh Intergrowths are suggestive of the formation of blotlte
from chlorite either from the Introduction of E by the ore
solutions or else from reactions euoh as:

serlolte ¢ ohlorlte blotlte
E-feldspar ¢ ohlorlte Pblotlte

Thus blotlte in euoh rooks might not only be dependent on
the ore solutions for its formation but could also be formed
from the original mineralsIn the rook, the energy of the reaction
being supplied by tee ore bearing eolation.

Once again two poles are possible as to the origin of the
mineral, one with little exchange of elements in the rook, the

other by metasomatism.

Th. g» . U» «rl«- Wh.th.r bietlt. ~ fo™«* *rln« th.

yARX g, di*
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eeeeete, the mpp#mr#mo# of tolotito la oleoce Tioinitj of tko
ere bodioa (See alee M © 63 )e

Oen»l4erlag the BMeta-quertsltee me a group they are eeea to
to reeks la *hl*h quartpi uhloh is granoblaetleally derelopet aai
flae grained, deelaatee. Two doelaaat types can he distinguished,
the serieite-quarta-sehlsts and the ehlorite-quarts-schists. Of
these two types the former le by far the meet important quan-
titatively. There is also a third group of quartettes| it Is
e group and merely a variant of the previous types. The
quartettes of this group are the blotlte bearing quarts sohiets
which together with the ohlorlte-quarts sohlete may be formed
either by metasomatism in association with the ore forming
solutions, or also as metanorphlo derlvante of sedimsnte,

and tuffs.

lavas,

IIC CHLOBIT1 SCHISTS*

Thess rooks, when typically developed, are almost mono-
mlnerallo, comprised of virtually only fine grained chlorite.
BSoroeoopioally it is a dark green uniform rook sometimes com
talnlng more talo-rieh eohlier and bands. In general tale is
subordinate to chlorite. Three purer chlorite sohiets have

their mineral composition displayed in Table 5#

Mineral oompesltion of chlorite schists

given in volume percent.

Speeimen Mo. 1*3. 208. 2%7
Chlorite. 96.9 94.1 93.8
Ephene. 1.9 2.2 1.5
Mpldote Mine. 0.7 0.1 tr
Oalolte. 0.5 tr tr
Tale. 1.3 tr
Sulphides. . 2.2 4x7

A look at the maps ox
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often found in these rooks though In easll emounte. They ere
BEnde aeniuhet more oonylez by the feet that one oon hare all
gradatlois from llmeetone, to limeetones with bands, streaks
end lenses of ohlorite, to ehlorite eohiete with sohlier and
lenses of limestone, to chlorite eohiete. This will be die-
orussed mere fully in conjunction with ohloritisation on page
(O'. OQu%rtsltlo rooks can also as twwneforaed into ohlorite
schists though this is generally a local feature close to the

massive sulphide ores.

Miorosooploally the rooks are mainly of ohlorite. The
ohlorite grains are imrerlably with similar optical orientation
ao that the whole elide extinguishes at the same time. Later e-
eurfaoces are thus easily recognisable, and in the case of shear

planes, the relative movement is discernible.

A consistent accessory ie ephene. It has a habit of form-
ing porphyroblastio grains which seldom attain good idioblaetle
outlines, and are often poikioblaetio. Although it can occur as
widely dispersed, almost uniformly distributed grains, it is
also found in does association with the sulphides which have
invaded the rook. In some of the larger porphyroblaste two
minerals have been found together. There ie a nucleus to the
ephene grains in such oases of a mineral with sxtrsme relief
and birefringence. This mineral has a brownish colour and the

relidf la higher than t:it of ephene. The mineral ie possibly

rutlie.

th. .pilot, group 1. olio repreeeBted In thee. rook. »» 7

ooeur in oztroMlp mull lumtltlo. end oho. oortnln
ondonoloo I0., «. found fr.qu.ntl, tog.th.r with th. mlphldo.
Aloh HUT. .nt.rwd th. rook, the tin. fmtor hwtww.n th. two

minerals being small.

fh. mn.r .1l thought to telong to the opldot. group, uhloh
mom ozoollont winning (wo PM* 2° ) 1., . "r*1"-
chur.ot.rl.tlo nlnoml of the ohlorite oohlet Purug”ulo.
1. frmuentl# ldle»lu»tlo end mrp oomonl, he. e hora.r of
M Oth.r opldot. mn.r .1 uhwt It (wl.lt. or ollno.ol.lt.).

OATn.II (1939-) do.orlh.. . nlnoml which he oon.ldw. tu
Mobublr orthlt., or un elt.retlon production of orthlto, which
An the ohlorite rook, of th. BJufor. or... It too 1.

[/e0.31 [eeoe



eerreealH ky a ooleerleea elaepal dleplajlng the properties ef
BMeleite. This mlmeral is, however, aot the eeee as that foam# at
BftvliieBfCltet* The eptieal eharaeterletlee do mot allow orthite.

The ehlorite eehiete intimately aeeoolated with the ores,
however, i.e. the varieties that are derived from altered quart-
sites, am* also in the ohloritio matrix of the ore, contain a
motamiet mineral surrounded ty a oolourleee epidote mineral
herder (eoielte T) which oould be an alteration production ef
orthite. saiw* (1997) in deeeriblng the skarn minerals £
eentral Sweden mentioned an orthitio mineral, which judging
from the data and photogra”“e presented. Is similar to this

metemlet mineral.

The role of tale has been discussed before. Tremollte is
found in the ohlorlte eohlete and one can have gradations to pure
skarn rooks. Tale la often present In such oases. Tremollte has
also been noted to be directly related to the sulphides which
have entered the rook. Carbonates, quarts, and sulphides are

among the aooeeeorlce.

An analysis of a ohlorlte eehiet sons (6 a of borehole
©ore) is presented in Table 6. lore again It has boon difficult
to calculate the mode In strictly stoichiometric proportions due
to a deficiency in HgO. Extra water has thus been Included Into
the mode so that all the magnesium has been used to form ohlorlte
y ¢ tale. Once again one can point out that anhydrous minerals
suoh i—> pyroxene and ollvene are not poeelble in the low faeles
assemblage at iSvlldenfEltet. Cordlerite has not been found In
these rooks so that It is unnecesoary to form it in the mode.

Pith thia in mind it is seen that the ohlorlte belongs to
the antlgorlte - ameelte group. leocent studies of theee minerals
show that one can consider the intermediate Mg and Al chlorites

in terms of these two end members (HZLSO01l and ROT, 1958). The
composition of the ohlorlte as derived from the norm is then
Sherldam e (after T*30iR, 1956). However with inoreaaing

hydration tale in the mode would be converted into the antigoritle
end member of the series thus lowering the Altlg ratio of the
ohlorlte. This implies that it would push the ohlorlte com-
position to the ollnoohlore or penninlte varieties.

Optleal observations were unsuccessful in determining the
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eoepeeltlen ef these ehlorltee Aue to their extremely flee
greleed antore, lefreetlre ladex determination#, end
partlealarly blrsfrlagemee determinations are only slightly
hotter than gue*aest. (One grain lies on top of the other In
the thin sections; the rooks are often monominerallo and one
then has no mineral to define the thlokneee of the elide).
These gaeeeee have shown the chlorite to hare an aaeetlo and
ellnoehlorltle sompoeltlon.

The analyele of a ohlorltlo rook from the Irletlneherg
mine la Ineluded for oompeirleon In Tahl. 54 The eeeentlal
difference between the two analyeee Is the higher water content
of the Irletlneherg sample and a higher content of alkali metale
combined with a eonewhat lower quarte content. The amonnts
A1203 ¢ Pe203 and MgO ¢ FeO ¢ MnO are eae -iially oomparable.

Three different ehlorltee from different levels in the

w have been studied by I-ray methods. All of these gave
Identical photograns with a Debye-Seherer camera using copper
radiation. One of the specimens, no. 247, was subjected to a
more thorough analysis with a Oulnler earners with a camera
radlue of 39.94 «m, using copper radiation and 101 as Internal
standard. Tula latter powder photogram was thus able to re-
veal the 14 d-value and gave mure accurate values for the
larger d values. The results are given In Table 7 together
with values of olinoohlorite according to the X-ray determina-
tion tables of Mikheev and IXibinina (1939).

flie above data point towards a chlorite with negligible
Te content belonging to the series Ameelte-Antlgorite, with a

composition of olinoohlorite or close to it.
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Cv lews 100.00

119.7)
48.06

1.29

171.&8

Cx*1<

100.1

Aseelte
Antlgorlte

Tale
Tremellte
lolelte.
Blotlte.
Alkite.
Dolomite.

Sphene.
Apatite.

Ohaleopyplte.

Sphalerite.
Pyrlte »
Pyrrhotlte.

This e<HEEipie.

Ohlorltle reek free Krletlmeberg mine.

,Jjreeat-of s ehlorlte eehlst
1.642 0°.38.79 - 44.79 m.

Oatlom

RFokRw® o0 ©LO

(tx)
(tr)

@ 8)

33.3

ofson.

S102
Al2°3

£*203
2e0

Ego
Oao
ghgo
* Q0
BaoO
T102
EnO

»2°5
CO2

Cl
ty T
HgO

In

AMAITWJ i

Al B2
39.1 30.32
17.0 17.67
.6 1.69
4.3 2.49
29.2 33.41
.2 tr
0.03 0.40
0.04 0.92
tr

0.47 0.50
0.06 0.30

tr

0.06 0.17
0.04 -
0.42 0.00
tr tr
0.19 0.08
7.69 11.44
0.011 0.00
0.09 0.15
1.6 0.94

990.98 101.86

After Du lleti 1993

hi
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4 values of 3 ehli *1ltee oocapared with oorreepondlee veluee of W!
oh] irlte eeoorAli to Mikheev and Dablnlne.

dJVO-GBLftKX11l*r *o. 1(* it.10~ WO .247* 5 le.24;i
I a i a X a I
13,676 14,034 W
7,040 7.21 4.5 7.09 4.5¢ 0% 45 7,012 M
(5,250)
4.74 4.5 4.74 4.5 4.74 4.5 4,724 M
4,604 M
(3,922) 4.16 1 4.16 1
3.57 5 3.55
3.54 5 3,543 1
(3,129) 3.12 1
2.84 3 2.63 3 2.81 2
(2,712)
2.58 2 2.56 2 2.58 3 2,586 *
2.55 4.5 2.53 4 2.53 3 2,542 M
2.44 4 2.44 3.5 2.43 3 2,441 ]
2.38 2.5 2.37 2.5 2.37 2.5 2,381 7.1.
2.26 2.5 2.26 2.5 2.24 2 2,261 7.1.D
:2,215)
[2,064) 2.07 1 2.06 1
(2.00 4) (2.09 4) (1.99 4) 2,003 W
1.88 2 18 2
1.82 2 1.82 2
1,731) 1
1,706)
1.66 0.5
1.5 3.5 1.57 3.5 1.55 2
1.53 4 1.53 4 1.53 2.5 1,539 6
1.49 2 1.50 1.5 1.50 1 1,503
1.46 1
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Amlwm *1 3 ileelter eej t serreeyeelAieqg raises ef
eMerit* emmpAISh t# H esd SsMsias.

auBO-omoizxr¥* ‘ *s.247"
A X A R

1,319 4 1.38 9 1.32 1%*9 1,322 7.9.

1,283 4 1.290 1 1.29 1

1,291 t
11,218 7 1,22 2

1,191 *

1,181 3

1,131 4

1,094 4

1,040 9

1,030 9

1,013 3
11,001 3

0,987 4

1. Vmimm. Qf eMlae-shlsrlte seeerAlmg te Mttssr

(1939)
2. Betye - Sefesrer esasrs.
3. Oslaler eeaere.

£ i 1l j are ehlerltee Area HrllAesfEltete

IIBs

CM 1llmesternes emf skmrm reeks sre here eosellerel as
ir, 2 es, mmm gresp as they ere gsastlselly related, the latter
Hps a earlast Aerlved free the foreer.

%a She dlesseeloa ee the etrsetaral geelegy it eaa ssse

e .« tM 11 *M. Mrt. ™, wr. M > *"-%*"  l*n«— « Mo

I r-"~"“r s r - % = - = -

me latter am the graphite Utrmse. aei lleeet”.
eWsS the erlglml disgsnltlee ef these llasstsmss,

I 00) ee shell ilessM the fmmtUh sf shlsrits reeks
It ess already he aeetleeed t-xe that it 1*
/>4 39 /eee
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not kaewn whether Mg wee aa original oonetltnent of llmeatoma
later to he flxei In the chlorite or Aether mom# of the Mg
warm intredaoced daring the main period of folding.

A. Vlretaa Ao hae logged meet of Ae boreholee at
tihrlldenfaltet la of the opinion that dolomite and oalolte
oooar In approximately equal proportlone at Sturemalmen
while at BftTlldmyran dolomite le preeumably rare, (pereomal
oramaaloatlon) ¢ Table 8 Aowa analyeee of MgO and 0OaO of lime-
etonea from the Sturemalmen area. The ratlovOaOiMgO hae been
oaloulated In each 'ae on a moleoular baala. The valmee are
given In wt* and Ae valuee given A parentheele are the
moleoular propor.lone of Ae four moleoulee 0OaO, MgO, OOg,
S10g oaloulated to 100%. 1In virtually each ocaee there le an
exoeaa of 0OaO ¢ MgO In relation to the molecular amount of
COg. The error in each oaee can be eeen by comparing the
moleoular value of COg In parentheele with the eam 0aO + MgO
( which can eimply be obtained by adding the two amoumte given
In parentheele in the fourth column, i.e. 0aOsMgO). Theee
amounte have been arrived at after eubtreeting equivalent
amounte of 0aO and MgO to combine wish S10g to form tremolite.

In a few oaeee the noleeuler amount COg le greater
Oa0 ¢ MgO indicating yet other uarbonatee. 1In euld

ocaeee S10g la left aa '"free ellloa".

In epite of theee emtll errore (one would require a
complete analyeie to arrive at more exact valuee of 0aO anl
MgO combined with COg) the valuee ehould be fairly oloee to
the true valuee. One can eee that oalolte dominate# over
dolomite. The ratio# vary from pure dolomite (0a0 i MgO - 1)
te more oalcltt rich varietiee of llmeetone (0a0 i MgO - 2.3).
The ratio# are highly variable indicating poor equilibrium
condition#, which le rather typical for wall rook alteration.
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Approxlmt* Beleerier rstiu of 0a0il#0 of mom* star* or* 1l- «to—

Sample Vo. Cao HEgo Slog ” o Ca0O 1 HgO
BJ.6Q1l 0%
39.60-41.40 a 24.8 16.7 17.6 21.8 1.6*1.0
(¢6.9) (29.2) (17.8) (30.1) (22.4*14.1)
41.40-49.47 a 26.9 19.7 8.0 34.9 1.1*1.0
(29.4) (29.9) (7.1) (41.6) (23 6*21.9)
49.47-47.69 a 22.6 16.7 22.3 21.0 1.781.0
(24.2) (24.9) (22.3) (28.7) (18.6*11.0)
56.10-61.eom 28.2 16.8 11.8 27.2 1.9%1.0
(#9.0) (24.0) (11.3) (35.6) (26.2*17.0)
fitBa $24-2!
12.10-19.79 a 27.9 12.6 9.4 33.6 2.1%1.0
(28.8) (18.1) (9.0) (44.1) (26.9*12.9)
19.79-19.98 a 26.4 14.4 6.1 37.0 1.3il1.0
(26.6) (20.2) (9.7)x (47.9) (26.6*20.2)
19.98-24.90 a 29.1 10.7 9.8 34.7 1.7%1.0
(26.9) (19.9) (9.8)x (47.4) (26.9*19.9)
24.90-28.92 a 29.2 14.9 8.2 34.3 1.3%1.0
(26.1) (20.8) (7.9) (49.2) (29.6%19.6)
(6.0)x
28.92-33.99 a 22.7 19.1 7.9 28.7 1.3%1.0
(29.9) (24.0) (8.4) (41.7) (23.8*18.7)
B-H. 609 @2
1.28-9.09 m 33.1 1.2 6.4 32.7 2.3%1.0
(34.4) (16.2) (6.2) (43.3) (32.8*14.3)
9.09-8.09 a 29.2 19.4 8.2 31.7 1.1*1.0
(29.1) (26.9) (7.6) (40.3) (23.2*22.1)
8.09-12.07 a 24.0 19.9 12.2 29.9 1.0*1.0
(23.8) (27.9) (11.3) (37.3) (21.0*20.4)
12.07-19.49 a 28.2 13.2 10.9 26.9 £.1*1.0
(31.2) (20.3) (11.3) (37.3) (27.4*13.2)
« Approxl— t* vmlm* of "free quarts". Thl* 1* S102 that

b* ineerporated In other elllcat** If they are present
will form free quarts If It cannot combine with other

aoleoulee In the ab— no* of each.
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I» the Hore teotonloally unaffected area the llmeetene
la etlll, however, eheared, hut contain# few band# and eohlier
of chlorite and talc. In the more Intensely folded areas the
rook is even mere sheared and richer in chlorite, until chlorate
dominates, and one has a massive chlorltlo rook with lameetone
fragments and eohlier. 1limestone and chlorite can thus be so
intimately mixed that a spotted chlorite schist may result in
which limestone inclusions of approximately 3 cm in else lie
in a ohloritie matrix. It was interesting to observe that in
this latter rook, the matrix was of talc and chlorite, which
was extremely fine grained, while the chlorite which lay in
contact with the calcits grains had a tendency to be mmeh
ooamser and often developed as a coarse grained rim arenmd

the oalolte grains.

This mixing of chlorite and tale and limestone is
such a common feature that one cannot help avoiding the
thought that the chlorite schists were derived from the
limestone”.

The limestones in themselves are dominantly of car-
bonates which form an equigranular noitaie like texture. An
elongation, though only slight, in the main or local direction
of sohletoeity can be detected. Chlorite and tale may occur
in varying amount# as diecurred above.

Sphene again in present in one r ok it had grown as
borders around dark opaque centres in the form of small eyes.
The central parts are white under reflected light and have an
amorphous nature. It is thought they might be of leuocoxene.

Skarn rooks are developed at both HEvlitimj'Tan and at
the SVire orebody. The skarn mineral developed in tremolite-
actlnolite.

One such smphlbole gave the following oheraeterlstlee

with sodium light¥*
v H 1.613 *,0.001.
X H 1.626 .001.

v - 1.637 2 01001.
According to TrSger'w tables this corresponds tc a grammatlts

(T1SCER 1956) .
/ooo 39 /o.o
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In gewrel, ths ekern needles formed so greenleh grains
aaoreseoploalljr, but ere oolourleee under the uioroeeope. One
hue treaoitions of liaeetonee with eeettered ekeru needles te
BMueeiTS treaolltie rooks often hsring sulphides ussooiutsd with
then The Individual emphlhole needles have frequently been
fracturedt the fractures being moet oonewnly healed by oaloite
and ore minerals.

In the ohlorlte-llmeetone rooks tremollte develops la
the silicate layers possibly from reactions like*
Chlorite + ocaloite ¢ quarts— “tremollte ¢ COg.

Tale oaloite ¢ quarts— “-trenolite ¢ COg.

large amount of limestone and the highly acid nature
of the wall rook are particularly suitable to reaction 'with the
formation of anphibole skarn under suitable P.T. conditions,
looking at the nine plans one sees that wi ;h this type of
reaction skarr does in fact form. In general however, the
metamorphlo grade has been rather low in that trenollte is
the only skarn mineral to fora. One doer not have minerals
suoh as cunmingtonite, garnet, oordierlte and anthophylllte,
suoh as have been formed at the Adak mine and which have bean
described by OAYZLI* (1948 and 1952).

gometlmee limestones have invaded the aeta”“quartsltee
during the Min period of folding. That a relocation of lime-
stone hat taken place le almost certain, and in conjunction
with this, the plastic limestones have entered the massive
quartsites and formed banded rooks, ».g. we do know that a
tremendous thickening of limestone has occurred at the Sture ore,
Banded rooks of similar nature might well have formed by a
primry banding of psamitio and oaloareoue sediments. These
banded rocks also give riee t" tremollte skarn which is often
eo fine grained that it cannot be definitely identified.

Oavelln had recorded the presence of soned llmeetone
inclusions in the Sture ore and had collected a specimen of one
which wae given to the author. See Plate IV. Th, eoning of
theee inclusions is due to the followimgi

() differences in composition (dolomite and calc te),

(b) differences in grain else and texture,
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(°) oeneentPBtion ef extreeelj fine Inclusions in ths
ospSonstes inte senss which are poorly dsfinsd wndsr
ths Bieroscops, but well dsfinsd to the naked eye.
These bends of inclusions conform with the general
outline of the limestone inclusion but age quite
independent of the grain boundaries continuing
from one carbonate grain into the next. This

latter phenomenon speaks well of pulsating
solutions entering a cavity at different times,
and being of slightly differing nature.

The cause of the eoning thus would seem to be from
cruetifloation, crystallisation proceeding inward to the centre
of the inclusion. The limit of each pronounced zone has a
tendency to have a fine grained border separating it from the
next. These fine grained eonee represent mixtures of the
carbonates of the already crystallised sons and carbonates of
the new eone. Re-solution and -precipitation of the already
crystallised sons nay explain this.

Uuf. PHTTLLITES ilP» GMAPHT 1V WOqgra.

These rooks have their most pronounced development at
R&vlidmyran where a huge wedge of graphitic rooks appears la
the quartsitee. In hand specimens these rooks are typically
schistose often being easily cleaved along planes of eehletoelty.
Often a primary e-surface can be observed under the microscope,
ae well as in the hand specimen.

The graphite phyllitee reveal a fine grained rook under
the microscope essentially of equigranular quarts, and flakes
of eeriolte (or chlorite) with graphite which is scattered
throughout the rock as extremely small grains, i.e. they
resemble eeriolte quarts schists simply clouded by finely
disseminated graphite. The graphite can also be concentrated
along definite bands. Sulphides are typ-oally present in
Tarying amounts usually as fine streaks or even discontinuous
broader velnlete. The sulphides are mainly of pyrrhotlte and
yprlte. Accessory minerals are ephene, epidots minerals,
(including the twinned variety) talc, and ealolte. Highly
altered feldspar grains have been rarely found, and meet
likely altered plagleelaee grains. Another variety of feld-
mfmr has been found bet la evidently related te the sulphide
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Hlaerellietloa| It le eloroollae.

A grain #f ephene 1lm one ocaee eam of Interest In that
it had groan around a (detrltalT) rutlle grain. See plate ?e
Sphene also has a tendency to have Its wedge shaped grains
oriented with the longer vie of the wedges parallel to the
eehietosity.

Another variety of graphite rook consisting nalnly of
chlorite and graphite le pres? it in the Ravlidnyran erea. Sale,
ealelte, sphene and sulphide* were the main acoessorles found.
These rooks night represent netaeomatleed equivalents of the
type of graphite phylllte described above.

ZI1g. QUARTS YIIWS.

Quqgrts veins of varying types ere found in the whole
area. Broadly one nay divide then into two main types; the
barren quarts veins containing laggely quarta and, less
commonly, with other silicates such as chlorite, talc, and
amphodellte; the nlneralleed quarts veins generally with
subordinate ohaloopyrlte and pyrrhotlte, and on the 240 m
level, with sphalerite, galena and terrurldea, and eeveral
ellloates.

The age relationships of the wveins are not clearly
established. Some of the barren types are pre-ore which le
revealed by the fact that they have been Involved In the folding,
and also on the 240 a lewvel, veins of quarts (with vugs contain-
ing quarts crystals) cut aoroee the eochistcslty, and are in
turn traversed by the mineralisation of the ore breooia which
proceeds right across them. Some quarts veins are intimately
associated with the ore and are derived from the unoocaeolldaiea
fractions of the ore which were equeeeed out of the main ore.
fhese are the copper bearing veina with ohaloopyrlte and
pyrrhotlte. Finally a huge quarts vein on the 240 m level
appears to be late- or poet-ore in age.

The eiliocate bearing quarts veins are of interest in
that the mineral amphodellte has been observed in same ef

This mineral has been found in veins in the hanging wall
of gturemalnen, and alee in smaller veinlets near theA orebedy
at Ravlidnyran. It was beet studied at Sturenalnen where it

seeerred in large amounts. Amphodellte is easily characterised
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its re* rielet ooleer to the naked eye. Under the microscope
It resembles serieite bat generally has a brown'!'eh colour
associated with it. It was found together with ephene, oaloite,
tale of oeuree, quarts. Spheno had obrlouely oryetallleed
before the quarts; quarts has forced the ephene grains apart
that formerly fitted together (Bee Plate VI). Velnlwte of
quarts ealelte are seen to out across the amphodellte grains.
The order of eryetalllsation Is thus* Sphene, amphodellte,
quarts and ealelte.

OAVELI* (1942) has given a detailed discussion on the
parageneeie and origin of this mineral in the Skellefte dis-
trict. It is an alteration produce of anorthitle plagioolase.
It has been found in two differing parageneeee, one with veins
of quarts oaloite and subordinate trenolite, the other in line
silicate rich bands in the supra-orystal rooks of the leptlte
series. The composition is surprisingly similar to the ideal
formula of muscovite, the essential difference being a lower

water content in amphodellte.

The formation of amphodellte from anorthlte implies
that 0OaO is replaced by K20 and HgO. This stage of alteration
Qavelln has related to the closing stages of hydrothermal
mineralisation, which is contemporaneous with the sulphide
formation in the Skellefte district. The anorthlte may be a
reaction ekarn mineral or also derived from the sulphide bear-

ing solutions. The colour remains an unsolved problem.

At Ilvlidenfiltet, amphodellte is alee ..and in the line
silicate parageneeie. The reek as observed in this area was a
neta-quartsite with quarts, oaloite, wemolite and amphodellte.
Bphonc la an acoeeeory. feldspar is rare and the variety
identified on the universal stage gave an anorthlte content of
70 - 80*. This rook occurred some 11 a away from the quarts
Tain described above. One then wonders if amphodellte has not
been mobilised and enriched in these quarts veins from the
adjaeent wall rooks? (Javelin's examples show, however, that in
1 T *f the amphodellte specimens he has examined, amphodellte
is a mineral that has often formed in situ from previous feld-
epmr grains. The Rivlidenflltet amphodellte shews a rather
arbltary distribution. The small veinleta at Bavlldmyram
nigmst a secretion origin for both quarts and amphodellte.
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PLATE IT.

Cruetlfled Llaeetone
Inclusion in the Store
Ore.

PLATE V.
145. 1 1liool.

Sphene Grain with an In*

olueion of Rutile at the
Apex of the Grain.

Graphite Phyliite.

PLATE VI.
18. 1 Nieol.

Sphene (blsok) and ampho-

dellte (grey) which have

crystallised earlier than

quarts (light grey).

Quarts velnlete often con-
tain caloite.
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The ability of quarts veins to mobilise wall rook
material was also displayed In Boom 0 on the 190 m level at
the Sture ore-body. Here, within the ore, a quarts vein was
noted to contain a dark grey to blackish carbonate. Under the
aloroseope thr arbonate was found to be normal calotte and the
dark colour due to numerous exceptionally fine Inclusions,
presumably of graphite. Carbon in the form of graphite is
found In the graphite phylllte horlaone and would time be
derived from there.

The galena bearing late- or post-ore quarts vain of
the 2*0 m level shows an Interesting nine, ai assemblage.
Quarts and cordlerito dominate among the silicates. Chlorite
is generally fcund associated with the sulphide minerals often
as poirly radiating aggregates. C%lclte occurs as Independent
grains, and uJau aa an&U irreguleu- veinlete at quarts-oordierlte
contacts. The quarts is often riddle * with extremely fine
grained Inclusions, sows af which are needle like. Among the
ore minerals the following have been identifiedi galena,
sphalerite, pyrrhotite, ohaloopyrrite, boulangerlte, eltalte

and heeeite.

The most Interesting feature of the vein Is th' oor-
dierlte. It shows complex twinning, the different sets of
twins whioh are parallel to (110) and (13%) as VENKATBSH
(1954) has desorlbed. See Plate VTI. Pseudo-hexagonal out-
lines are often developed. The optic angle la surprising in
that 2¥x Is only 20 - 20°. X-Ray data does not check too well
with the data published. The beat check was with an artificial
magneeian cordlerlte described by RICHARDSON and RIGBY (1949)e

As a final note on veins, it is of Interest to record
that thin pencil like -.elnlete with baryte have been found on

the 240 n level.
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Feature! aeavelatad with the sulphide Invasion ere beet
eonsliered amder the following sub-titlest

I. Oarbonetleetloa.

II* Ohlorltlsatlon and blotlostIon.

Ill. Peldspathlmotion

Iv. issoolatlon of other ellloates with the ore formation.

BMany of these features sen be studied only under the
microscope wherers others have been complemented by underground
ofserrations, those rooks where alteration oan be studied beat
are the Immediate wall rooks of the pyrltlo reInlets of the ore
breoola. Transitions from ore to unaltered wall rook oan often

be :"served In one and the same thin section.

A common form of wall rock alteration described from
other sulphide ores Is eerloltlsatlon. See GAYXLIM 1939¢ OMAH
1941 (particularly well developed at Bollden) SCHWABTI 1955.
Looking at Du Hlets* 1953 map of the Kristinaberg region It
becomes evident that eerloltlsatlon is to be reckoned as a
regional phenomenon rather than a loocal manifestation of sul-
phide introduction. As a result. In the discussion of wall
rook alteration at Hlvlldenfiltet one oannot relate a sons of
serlolts formation to the Individual ore-bodlea. What one oan
study, however. Is the alteration of the eerlolte quarts eohlete
amd limestones, by the ore forming solutions, which is important,
as It gives an Idea of the composition of the or 3 solutions.

I. Carbonatlsatlon.

this type of carbonatlsatlon la not a usual form of wall
reck alteration, in that one does not have a large aureole of
aarbemate rooks that have developed around the sulphide ores
whloh have metaecaatleed the surrounding rooks. What Is meant
hare is a mobilisation of the limestone, largely mechanical,
which I penetrated t . adjacent wall rooks V » were strongly
sheered. Om a microeeople eeale, however, It h, been observed
that wmll sulphide bearing velalete that have out across the
metm-quartsites, have had earbonatee with them, and preei[ﬂeated
them as eelelte together with the sulphides. Smaller maorow epic
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Stmre Ore. leee 4. Shwwlag the eetwe of the or# and the
laflsenee of 3taestone on the loeellsetlon of the ore Plea of
the * fee#f of I sone of nlnerellsetlon ve»t of the ore "eentre"

1. llmeetone with pyrlte impragnation#.

2. Pprltle ore with protmeio&B Into the wall whleh.
locally contain quart* and oalelte.

3. Serlelte quart* eehlet with rare opal teeant quart
"ejroe" (Altered quarts porphyryT)

4. Ohaleepyrlte with treaolltlo ahara.

5. Irregular sone with Intone# treeollte fometloa often

as radiating aggregates. Ohaloopyrlte Is enrlohed
here. Sphalerite and chlorite also present.

6. Fyrltle ore In donlnantly carbonate natrlx.
Ohaloopyrlte enrlohed Irregularly at base.

7. Folded limestone.
BMassITs trenollte ekarn rock.

9. Pyrltlo ore.
10. Ghalwopyrlto enrichment.
11. Fyrltle ore In dominantly carbonate matrix with

trsmollte and ohaloopyrlte Irregularly and locally
enrlohed at margins.

12. Limestone.



Oeaerallsa* eketeh of the antlollne on the 140 m level et
Titer— letn Chlorite tende to develop from the wall reek
alteration of the meta-quartaltee while treaolltle ekarn

taada te foxm the eaae alteration of \hc limeetenee.
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relalete geaerallj with galfhr. *iDepsllsstlon *ad eerbeeetee
rw,aal tha aamj feature.

Xu gemeral thme, tire earboaltlsatlon one oheervee at
lawlldeuflltet la the wall reek# adjacent te the oree, (I.e.
handed and mixed llneetone and quartaltle reeke often with
treeellte having developed) ahould not, In the authorle
opinion, he eonfueed with Inpertant earhonltlsatlen aaecelated
with mineralisation, ae It le mainly a teotonle feature.

II. gftlerltleatlent

In the dleeueelen of ohlorltlsatlon here only the
ohlorltlsatlon related te the sulphide Invasion will he
considered. The name of ehlorlte rooks at REvlldenfaltet
are thought to be fomed from two eloeely linked, hat
sufficiently different, processes* (I) Their fomatlon fren
limestone; a preeeee supposedly preceding the ore fomstlon and
most likely related to the neteaorphlen and folding of the whole
area, and (2) ohlorltlsatlon related to the sulphide invasion,
gee the genetloal dleeueelon on page 80 where this Is more
fully treated. The latter type has a slightly differing
ohmraoter to the former type In that alkali notals are usually
also associated (feldspar and blotlte). This form of alteration
63 the quartsites at least. Is only of a looal character and
does not continue for any greater distance from the sulphide
ores. In the limestones it often gives rise to a narrow herder
of massive trenollte ekarm rook. (See Pigs. 8 and 9.)

looal ohlorltlsatlon of this nature le particularly
netieeahle In those regions where apophyeal portions ef the
ore project into the quartsltee and are generally rich In

reeks In the forr. ef msmereue velnletu, glrlhg rise again te
ehlorltlsatlen of this rook.

fhe ore hreoola exemplifies this prlnelple. lere the
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tke ere hreeela. Similar phemomena In other parte of the
Skellefte lletrlot have lei Oavelln to euggeet that ehaleo-
pyrlte and pjrrhetlte rloh oree give rlee to the origin of
altered reeke rleh la Iron ami magneelem while the pure
pyrltle oree ooour together with the aerloite quarteltee.
O1TILII 1939.

Sdmam In dleeueeing the ohlorlte bearing eehiete at
the famous Bollien deposit states, "It (the ohlorltlsatlon)
Is always of a loocal nature and It is evident that It occurred
In eloee relation to the mineralisation” (ODEAR 1941).

Before proceeding further with ohlorltlsatlon, bio-
tlsatlon should be mentioned. Often the significance of
blotlte Is marred visually by the dominance of ohlorlte.
Blotlte Is frequently associated with this type of wall rook
alteration. It is particularly well developed in the massive
orestal part of the Sture orebody, i.e. in the massive sulphide
ore l*edtately above the contact of ore and quartelte in the
anticlinal part of the ore. It Is also frequently found in the
"tail" part of this ore. Potassium has evidently been present
in sufficient amounts to allow blotlte to form Instead of
ohlorlte.

Tn its earliest stages chlorite and blotlte formation
are noted to ooour in the quarteltlo rooks along their e-sur-
faocea. Chlorltio bands are thus developed and these are
invariably associated with sulphides. That the ohlorlte is
a late metaeomatio product is revealed by the way It resorbs
the surrounding rook minerals, quarts, and feldspar more
effectively when it is present.

Dttalls of this alteration are seen in the ore breoola.
v o .Ij.cnt w.11 rook. T . £.1rlj nor*! looking guort.lt..

too, frogM”~1T oont.lo Motlt. togoth.r with ohlorlte. 1In
r rn : r - ™. A J/zrrr, ; r~CrcCr
_ trU on Influx of pot.Mlu, together with $0 1. roqulrol).

I. th. KM ..to 0-tl.oh port, of the rook., who" ohlorlt.
hlotlt. or. onrloh.a, £f.K.pw 1. often .noountorol. It

1. polklelleetlo eontelnlng .hoot 35# *n.

”

fka ore bands of the ore breocola may sh7w abrupt or
LN ] 47 LN
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traeeltlonal boundaries with the qua taltee. A general feature

la the eocareenlng of the quarts grain else. Quqgrte la also
formed with the ere.

The ore Itself may shew chlorite or blotlte to dominate.
These two minerals are Intimately aeeoolated. Blotlte has
often been seem to have grown around the sulphide grains. Tale
may also be present. Plagloolaee le often developed with good
alblte twins. The oompoeltlon le generally An. Epldote
minerals are nearly always found In these ore types and the
altered wall rooks. The trends In the altered wall rooks
are Identical with the trends In the actual ore.

Bloroseoplo Investigation of the other ohlorltlo ores
confirm the above features found In the hard ore region.
Blotlte, howerer, le leee Important and frequently absent.
Talo le usually present though in small amounts. Sphene and
epldote are always present though only as subordinate con-
stituents. feldspar, oaloite and treaolite have been found in
these ores and their wall rook and on one oooaelon a Be rich
eoapolite was found. The assemblages are mixed and varied
indicating differing environs and differing oonditlon of

formation - i.e. a poor equilibrium.

Than this type of alteration as observed at Sturemalmen
shows that the ore forming solutions have Introduced varying
emounts of MgO, AlgO,, PsO, Ha20, I20 and OH into the surrounding
rooks. The quartsltee have been altered to ohlorite and blotlte
bearing eehiete while at the limestone contacts a thin border
of tremolltlo skarn reveals the fixation of MgO, Al20J5, S102,
end OH (these are essentially similar to the elements whloh
ara Hated above, showing one Sad the same process). The
alkali motels *ho# a preference of being incorporated In the
ohlorltlo milieu where blotlte can then be formed.

That such an alteration does not proceed far in the
quartsltee la not so eurprl.lng in that it requires great
Lnmte *~ MgO, ieO, Al20, and OH. C. VI1AlIAHO (1957) ha.
nade a detailed study of the wall rook alteration of the
rhyollte porphyrry wall rock along a vertical fiseure at

the Broken Hill. Range in Nevada. Her. di.tinot sonlng has
produced :..::.ite-talc-chlorite. Chemical analyses showed
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Showing loeallsatlon of feldepethioation to the boundary of

eoepetent and Incompetent rook.
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* ettrlohesat ot VgO and ¢ oorrelponding lepovwiab-
wat e# BlOgi AlgOj, IgO, and WmgO. Chlorite should he the
flaal equ llhri.ua phaeie hut ilnoe mixture with the other
alnerala were eheerwed this was taken to indicate that
equilibrium was never attained.

HI# FeldepathlaatIon.

Feldepathlsatloi in the country rook la of two types
and these are difficult to distinguish. During the regional
metamorphism and eerioite-quarts-eohiet formation, porphyro-
hlaetio feldspars may certainly have developed. Another stag#
of feldspar formation is related to the ore forming prooeeeee
as well and the evidence for this follows below. This latter
stage of feldspar formation is not easy to define in its dis-
tribution largely due to the fact that it is quantitatively
email.

However, critical examination has revealed that
feldepathisatlon oloeely related with the sulphide mineralisa-
tion has existed, as is clear from the aeeooiatlon of alh&tlo
rich plagioolaee often aeeocolated with the ohloritlsation¥*
described above. On a mloroaooplo eocale, in the adjacent
wall rooks where ehlorlte and sulphides have entered the
rook, the mineral mloroollne has been found. This mineral,
observed as fresh grains, often surrounded by sulphides, has

been identified on the universal stage.

A rather good example of the conditions governing
feldepathisatlon la provided by fig. 10. Here a quartsitlo
rook tapers ovt into the chlorltlo schist. Related to the
shape of the original netaquartelte is a eons of feldepathlo
spotting in the chlorite schist. The meta-quartsite Is a
typical chlorite-quarts-eohiet made up almost entirely of
granoblaatlc quarts and maall flakes of chlorite which are
evenly dispersed throughout the rook and which make up a
very email fraction. Serioite and ephene are aooeeeorlee.

The ohlorite schist is almost entirely of fine
graim#* chlorite flakes of similar orientation. Calolte,
ephene, and epidote minerals make up the aooceeeorlee. The
feldepathleei schist then, is merely the latter with rounded

feldspar aggregates frequently showing interpenetrated types,
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tat mot repreeeatlmg Interpenetrmtlon twine In the eejoplty 01
emeee exemlne*. the feldspar le highly modified being altered
an* replaced by eerlelte, talc and ohlorlte. Quarts is eeme-
41mss found as granoblaetle aggregates. The composition of the
feldspar le shown below.

the queetlen arises as ¢' whether the feldepathlsed
chlorite eel lets Is a transit! *al stage In the ohlorltlaatlon
of the eerlelte quarts eehletei a detailed front of metaso-
matism? this, If so, should always be found associated with
the ohlorltlaatlon of the meta-quartaitee, which Is not a
general rule or feature. Secondly, these quartsltlo fragments
as we see them now are tectonic manifestations rather than
results of metasomatism. They represent blocks, fragments or
lenses that hare been mechanically forced into the ohlorlte
schists and/or larger bankn that have been drawn out.

It seems more probable thus that feldepathislng
solutions have entered Into the ohlorlte rook at a site that
was controlled by openings due to the relative competency of
ohlorlte schists and the brittle quartsitee. This exsnple le
described from an occurrence in the hanging wall rooks of the
Sture orebody. Spotted ohlorlte schists of a similar nature
have also been found In the A ore area. The anarthlte content
of these plagloolaeee from both these localities have given
variable results with the universal stage e.g.

Based on cleavages 36 - 60# A*.

Interpenetration twinst-

Twln axis of pairs. law. An content.
1-2 Alblte Carlsbad 35#
2-3 Carlsbad 35#
i-3 p.rlolln. A.U.. (1lug>~*

Hefraotlve index determlDntlons Indicate an An content

of 35i.

Other microscopic features have testified to the
existence of thie feldepathlsatlon. 1In eerloite-quarts-eehiete
feldspars have been developed along, and in the eerlelte bands.
These are shear planes, and In detail, would be where solutions
esnl« enter the reck. They would not flow through the grano-

blaetle quarts bands. When sulphides and ohlorlte appear
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tegether with the feldeper them e meteeometle origin of the fald-
epmr mleo eeeee highly feeelble.

Indleyuteble evidence of feldepethlsetlon le eupplled by
e quertilte lying in the anticlinal part of the Sture ore-body,
where velmlete ef feldeper cut diagonally aoroee the eohietoeity
of the reek. Im thie eame locality one hae obaereed the
ohlorltisatloa of the quarteltes adjacent to the aaeelre ore;
ehaloopyrlte rloh quarts velnlete which have been equeeaed out
of the ore; and now even further away from the ore - feldepar
velnlete. (30* im)

Teldeper formation aa a whole then le complex aa we
have differing orlglne for thle mineral. What can be eetabllehed
laf however, that there hae been a email though noticeable
formation of feldepar In conjunction with eulphide formation.
In general the feldepar le a soned, often altered, plagloolaae
and having an average composition of 30 - 40* An. Simple
albltio twinning la not uncommon. Mloroollne hae alao been
obeerved. The limita of thle prooeee appear to be oloee to
the altered rooka of the eulphide ores and In come oaeee there
la etrong evidence to euggeet that they (the feldepare) are
very late in the paragenee of the different rook typea found,
poeelbly due to a equeeslng out of a reeldual solution from a

eemi-ooneolldated ore.
Iv. Aeaoolatlon of other Sllloatee with Ore Formation.

Amphlbolea are often found in the orea where lineetone
hae been preaent. It le generally a tremolitio variety and
thue Indicates that MgO, AlgO0”, SiOg and OH were introduced
into the rook. IgO, of oouree, la more uncertain, aa one
knows nothing of the original composition of the limestones.

Frequently the epidote group minerals have been found
aeeoolated with sulphide minerals, generally together with them,
me hae been described In the preceedlng pages on the differing
rook types. In the ore breccia, and In the chloritio ores,
reference hae been made to the appearance of epidote minerals
together with chlorite and/or blotlte. A more definite relation-
ship of thle feature Is given by the C ore. Here an altered
rlM— lying in the ore was found to consist almost entirely

of solelte - a solelte fele in other words. Under the
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Bleroceoope the rook rereeled the following oonetltuente;
solelte, chlorite, moeoovlte (2V - 40*), tremolitlc ekmm,
oelolte, e highly altered feldepar and eulphidee. Zo.\eite
and Maeoc.ite had a polkloblaetlo form.

Here then, la an example of a prerioue rook of unknown
composition, ohangid to soieite and mueoorite by the action of
the ore eolutione. Zoieite,a»weloped ae euoh, ir a ekarn
mineral, its mode of formation being elmllar to tremolite.

Sphene ie found together with the eulpnidee in the
more unaltered rocka. Thie aaeooiatlon of ephene and sulphides
in the differing rook types might possibly be interpreted as a
physical, rather than a genetloal relationship. Sphene grains
are often porphyroblastio, and as they tend to form late in
the parageneeie, they have often forced the other minerals away,
and in so doing have formed openings which were the looi of
the sulphide bearing solutions. The time relatione of the
aooeeeory minerals are difficult toestablish and the con-

clusions one draws are possibly far reaching.

Concluding the wall rook alteration and the features
associated with the sulphide invasion several points can be
established but their relation in time ie more difficult to
determine. Chloritization ie pre- and para- ore in age, and
very closely related to the main period of folding. The
presence of blotlto and feldspars indicate that a small but
certain amount of alkali (la, Ha) metals were also brought
along with the mineralising solutions. CaO and COg have been
the Mjor constituents that were removed. Unfortunately this
description ie only on a qualitative basis. However, for a
strongly founded quantitative study the most important require-
ment is an area with good soning and clear out wall rook
alteration. At Rkvlldenfé&ltet certain trends may only be
brought out and left on a qualitative bails.
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» m or r rmroilTit.

X. 9>» nrailLOQi.

In diaeusslnc the deeeriptive mineralogy there le very
little point In giving the mineral oharaeterletlee In each of
the ere hodlee ae thle will only give rlee to a repetition of
data. Therefore, the mineralogy of all the eree le treated ae
one. The featuree peculiar to each ore body follow on page 65.

In general thle mineral le rarely encountered. It
appeare to be more frequent in the Havlldnyran oree than In the
Sture ere where it le very rarely encountered. The mineral
oooure ae euhedral gralne eo that paragenetlo relatlonehlpe are
difficult to eetablleh. The data eetabllehed ehowe that It le
both earlier and later than pyrlte. 1In the Sture .*,
araenopyrlte waa noted to contain rounded Inoluelone pf pyrlte
elmllar to thoee found In the centripetal replacement of pyrlte
by later nlherale. 1In the A ore romanta of a mineral which
might be araenopyrlte have been found In pyrlte. (Theee
gralne are eo email that they do not allow a definite deter-
mination of the mineral). In the B ore, however, It waa
eetabllehed that araenopyrlte waa In fact later than pyrlte and

corroded it.

The other sulphideM are later than araenopyrlte ae le
shown by the way theee later eulphldee fill oraeke In the
araenopyrlte gralne, where it baa been subjected to etrace and
fractured, e.g. the 0 ar>. In the B ore oluatera of fine
grained areenopyrlte lie ie a ephalerlte matrix. (Plato Till).

It can thue be eetabll. bed that areenopyrlte le one of
the flrat ilnerale to oryetalllee, poeelbly being ell#tly
later than pyrlte.

PYBI

Pyrlte le widely epread and oooure In all the ere-
bodlee, though it le of greater importance In the A ore and
Sture ore. In the eine rich B-D and 0 oree pyrltle haute are
eemetlmea developed, and often diffuse, being well eo. ded
~ “he ephalerlte. Thle mineral le also one ef the first to
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P7 " Pyrlte

«ml H Oslene

opr B Chaloopyrite. -
°p - Sphalerite.

0 B daague.

Pig. 11 x 55. Replacement of pyrlte by ephalerlte,
ohaloopyrlte and galena.

Pig, 12 x 55. Carle# texture of pyrlte.
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grains.

Tig. 14 « 280.

Chaloopjrrlte attacking pyrlte, the pyrlte forming oharaoterlstto

rounded grains undsr these oondltlons*



- 83 -

fon and thai 1# highly corroded. Its manner of occurrence la
highly variable. When found virtually fretfro* other ore
mlnermlm It le generally cryetalllne dleplaylng cubic forma.
The ore breeela of Sturemalmen provldee a good example of thle
feature. Pyrlte ooourm ae Independent eoatterwd grelne,
Invariably euhedi.il, with a grain elee whloh varlea 0.0H x 0.07
cm2 to 0.005 x 0.005 cm2. Under alallar condltlone pyrlte may
occur ae maeelve rather Irregular oluateva of gralne, the
individual gralne etlll pertaining to their cubic habit.

When aeeociated with other eulphidee pyrlte le
typically corroded giving rlee to Irregularly a)taped gralne
which are extremely common. Inoluelone of a eingle eulphlde
mineral, or eometlmee of a mixture of two or more eulphidee are
quite a ueual feature, e.g. centripetal replacement by ohaloo-
pyrite and pyrrhotlte. Theee inoluelone are ueually rounded to
eubrounded in ehape (Figa. 11 and 12).

Typical buret bomb texturee are obaerved, and with more
intenee oorroaion by the later eulphidee, the pyrlte may (net
occur ae email (0.01 - 0.1 mm) rounded, leolated rennante,
eocattered throughout the eurrounding eulphidee. (Figa. l.« and
14).

Replacement In the early etagee le confined to the
individual grain oontaota. In fractured gralne the metaaome
le found along fraoturee. Where euch pathwaya, or ohannelwaye
are not eo eaey to locate, one can obeerve that the metaaome
farcee Ite way along definite oryetallographio direction# In
the pyrlte grain. In the more completely altered pyrlte gralne
all that remaine le a boxlike framework. (Plate IX).

Some pyrltlo individuale in the A ore reveal a rather
peculiar feature. Theee individuale have a definite soned
atruoture. The eigee are noted to have a higher relief than
the central parte of the individual. It appear# alao that the
peripheral parte are ooareer grained than the central parte. A
white grained mineral with an extremely etrong anleotroplem ham
been found in both eonee. The anieotropi* le etrong and
euggeete that the mineral might be areenopyrite or elee
marcaelte. The ooareer peripheral parte ehow a hardneee that
le comparable to that of the white mineral while the finer

/... 54 [e..
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snlnad som la definitely softer. See Plate X and fig. 13 above
****x of th* dlff*rlng ahapee of the sonee that have been obeerved
in theee indlvldnale. Ho explanation la offered. It le
Buggeeted, however, that thle feature might be related to
supergene prooeeeee of some type.

Anlsotroplo effeote, sometimes rather strong, wvarying
from a bmfflsh yellow colour to a bluish buff colour are
frequently encountered. Recent studies by R.1l. Stanton have
shown that pyrite le generally anlsotroplo. The octahedral

ere, however, isotropic. He also showed that there wits
no apparent relation between the anlaotroplam the temperature
of deposition. It le an Interesting fact that the anleotroplam
oould b* obliterated by haroh polishing methods, and also that
one can render the pyrite isotropic or anlsotroplo by simply
varying the polishing method. R.L. STARTOR 1937.

OA7ELIH (1939) was able to classify pyrites (broadly)
according to the faot that the pyrite of the Zn ores were con-
siderably more anisotropic than the pyrite of the copper ores.
Ho ouch olasslfloatlon Is tenable at Rivlldenfaltet.

Pyrite le one of the first minerals to form and is
clearly corroded by sphalerite and chaloopyrlte. Galena and
the antimony sulphides are distinctly later. Pyrrhotlte Is
approximately of the same age,

PYBRHOTITE.

Thle mineral is a fairly com&on constituent of all
the ores. 1Its paragenetlc position le fairly similar to that
of pyrite though it can be seen to replace It. Plate XI. How-
ever, relatione such as those displayed in Plate XI are unusual.
Pyrrhotlte le frequently found with a ooaree grained granular
texture. Sometimes the texture le similar to that of the
quartmltee, i.e. an equlgranular mosalo. Thle often Indloatee
a reorystalllnation; the recryetallised parts have a grain
else about one quarter that of the neighbouring grains whloh
esoaped reeryetalllsatlon.

Pyrrhotlte le oloeely related to sphalerite. Thle le
rather a relation of time than an enrichment if pyrrhotlte In
sphalerite ores. 1In faot pyrrhotlte le quantitatively a more

eoceaom aeeoolate of ehalcopyrite. 1In all those epeolmeae
/eee 55 /»»»
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BExeeined only once could it be eetabllehed that ephalerlte was

later than pyrrhotlte. The Intergrowthe of theee two alnerale
are ae suoh that they can only be regarded ae mutual.

Another raaaon for thla oloee relatlonehlp la genetleal.
At higher teuperature ephalerlte la able to dlaaolve a certain
aeiOua” pyrrhotlte whioh la dependent op the temperature
preeeuxe. with lowering temperature and Increaelng order In
the ephalerlte lattice a certain amount of pyrrhotlte la driven
out of the oryatal etruoturr, hacauae it can no longer be
accommodated, and eegregatee ae independent gralna. Theme
produote of exeolutlon are fine elongate needlea, broader
e*eveet globulee and bleba, often ehowlng etmllar orientation
guided by the ephalerlte etruoture. Plate XII.

Pyrrhotlte la replaced fairly effectively by ohaloe-
pyrlte. With advanced replacement email wormlike bodlea of
pyrrhotlte In ohaloopyrlte are all that remain.

In the larger pyrrhotlte gralna where preaeure ham
aoted, tranalation lammelae are developed. Theee are Identical
to thoee deaorlbed by GAVSLIIT (1939).

Under mupergene oondltlona pyrrhotlte la the flret
mineral to deoompoee and la eeen to form marcaalte (See
plate XIII.)

SPHALBHITh.

Sphalerite la encountered In all the orea but ham Ite
moat Important development In the B-D and C orea. It la not a
true ephalerlte, and due to a certain amount of iron eulphlde
mixing la really a marmetlte, The amount of iron In one
mpeolmen of ephalerlte wee 8.5 wt £, (BIZOUAHD 1958). It
wam originally Intended to uee Kullerudle (KULLMUD 1953)
method of Iron content of ephalerlte ae a geological thermometer,
but one variant of thla method, i.e. ueing the unit cell
lengthe am a measure of the Iron content proved to be unaatim-
faotory. (See Blsouard op.olt. )

Above we saw that pyrrhotlte la exsolved from
ephalerlte developing charaoterletlo forms. (Plate XI.) As
regards the exeolutlon of ohaloopyrlte however no general

tendency has been observed. One may observe ohaloopyrlte
/.%* 56 [/«.»
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cralaa In sphalerite which show e certain alignment. Closer
examination thews that if one follows the tr*>nde of these grains
thsj sooner or later give rise to larger ohaloopyrlte masses

and thus represent replacement notion. Under high power magnifi-
cation minute reinlets of ohaloopyrlte in sphalerite oan
occasionally he observed. These too could be mistaken for ex-
solution products. However the veinlets enlarge where they
intersect each other, and secondly, little islands or fragments
of the sphalerite have been found in these veinlets where they

swell out,

]
On the 240 m level however a mineralised quarts vein

(ore pegmatite) gave evidence of ohaloopyrlte having exsolved
from sphalerite. This however, Is more of a curiosity than a
general feature of the whole area. SUGIH and TUl1Ul (1952)
were able to show experimentally that lattice shaped and
globular ohaloopyrlte diffuse into the sphalerite lattice at a
temperature of 350® C and a heating time of 10 hours. This
Illustrates that solid solution between these two minerals is
possible, a fact that had been established by H.W. BETJOBH in

1934.

It seems thus, that exsolution of ohaloopyrlte from
sphalerite is not common at Rivlidenflltet, although it is
suoh a well known phenomenon, often found in other parts of
the Skellefte field.

Sphalerite is seen to attack pyrlte more severely than
does pyrrhotlte. Genetically it la later than arsenopyrlte,

pyrlte and in some oases pyrrhotlte.

CHALCOPYIITS,

Ohaloopyrlte is one of the late minerals in the paru-
genesls. Ohaloopyrlte is later than pyrlte, pyrrhotlte and
sphalerite, and is noted to attack the first two more effectively

txmm does sphalerite.

This mineral reveals some interesting exeolutlon
structures. Taller!te is nearly always found as exsolved in
ohaloopyrlte, though in extremely small amounts. The shape of
the grains is highly variable, from almost prismatic to lease

shaped grains. Whore these grains are concentrated one cam
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¢ definite orientation and alignment of the tt-
aolred mllerlte aooordlng to orjetallographlo dlreotlona in
the ohaloopurlte. (See Pig. 16). According to EDSARDS
mllerlte Included In ohaloepjrite la oomrerted to pjxrhotlte
and ohaloepjrite if heated above 325*0. Thie temperature la
the te”erature at which ohaloopyrrhotlte beoomee unotable m"
tranaferna to vallerite.

Oubanlte la also exaolved from ohaloepjrite In the
ohaloepjrite from the whole area. It generall]j oooura aa
falrlj rare long lathe. The Sture ore revealed much oubanlte
In a copper rioh ore from the 240 m level. See platea XXT and
XT. Ohaloopyrrhotlte tranaforma to oubanlte at 235*%0. EDWARDS
1954 (after BOBOHEHT) .

Another example of exeolutlon in ohaloepjrite la
afforded by ephalerite which le exaolved In the ehape ef
atare; the ephalerite laaaeelae are generally parallel to the
crystal facea (100), (001) or (111]) and other peculiar ahapea.
See platea XV and XVI. EDWARDS etatee that eolation of
ephalerite in ohaloepjrite develope at higher temperature than
does ohaloopyrlte In ephalerite, and unmixing oooura at about
550*0. Higher temperaturea have aleo been Indicated by SUGAH
and TA8HIRO who found no change of similar ephalerite stars
after leaving them for 24 hours at 400*0. However, at 425*0
for 24 houra they began to diffuse Into the ohaloopyrlte, and
at 450*0 for the same time, the change was significant. They
showed also that massive sphalerite diffuses Into the surround-
ing ohaloopyrlte at 530*0 for 6 hours and forme a solid solution
In the oontaot sons. When such a solid solution was annealed at
350*0 and 400*0 for 24 hours sphalerite was made to appear again.
8UOAXI and TASHIRO 1957. It would thus seem that one Is able te
reduce the exeolutlon temperature by Increasing the time at this
l@w#y temperature, There is a lower limit to this as wall,
however, as one oannot oauee the diffusion to proceed without

sufficient energy, no matter how long the time.

Pelysynthetic twinning le encountered fairly often In
ohaloopyrlte and this may be complex as le shown in Plate XVII.

In a banded ephalerite and pyrlte ore an interesting

feature was noted and this was that the ohaloopyrlte tended te
[««» 58 [/.##
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ooaflat iteelf to tho pyritle bamdm. It did ottook, or jeieee<
tho ephelerlte bead to ooao dogree, but aiorooeopioal imreetigu-
tioa ohoood that this umo only oonflaod to the mrginal ooao,

farrlts-ore with Pyrlto-ore with
oaaleomvite. ~ ehaloopyrlte.
I <

S~A>V\g leVt
1 *e>oLt<lcv

Ohaloopyrlte invaded none in ephalerite band.

Thle fact, that ohaloopyrlte and pyrlto tend to ooour
together le revealed In fig. 21.

Ohaloopyrlte attaoke pyrlto more effectively than do
the oiher sulphide®. Although euoh vigorous replaeeaent takes
place, perfectly euhedral grains ean still be found, end this
is due to the strong crystallisation power of pyrlto.

Boas unusual ooourrenoces of “haloopyrlte are else
encountered - unusual in that it is olosely related with galena.
Obpper rich ores are generally differentiated from the sine rich
ores which contain galena. This 'umeual association le
particularly well brought out in the A ore, and le explained 6p
the fact that ohaloopyrlte le a late stage reaction product
associated with the galena stage of mineralisation. Tetrahed-
rlte fellows galenr* explicitly. A reaction between tetrahedrlte
and re.want pyrrhotite results in the formation of gudmadlte
and at the same time the ohaloopyrlte forms by the oopper re-

leased.

fheoe reactions in nature have given rise to oemplex
latergrewths. Thus ohaloopyrlte, gudanndlte, pyrrhotite,
galsM and a little tetrahedrlte may ooour together. * see
parageaetie relations have also been recorded from ether
parts of the Bkellefte district, e g Bee OATXLIV 1936.
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Oeleas 1# one of the last Minerals to form. Along with
It oooer eereral antimony and sliver mlnerole whloh ore very
Intimately aeoocelated with this stage of mineralisation.

The galena which Is most free of other minerals Is
found la the Stare orebody, where only ooocaelonally, dose vne
enoceunter the latter suite of minerals.

Galena Is Intimately associated with the sine ores.
This trend Is shown In fig. 21. OAVBLI* has shown rezy ol arly
how this relationship holds in the Rawliden mine which oooure
to the south of Rirlldenfiltet. This work was based on a large
number of analyses and confirms some of the visual trends that
had been assumed before. OAVELIH 1943. A similar recent
statistical study by R.1. 8TAOTOR shows similar relations.
8TABTOH 1958.

Galena corrodes all the previously mentioned minerals
when It occurs in sufficient amount > A eowmon site of
deposition, in the complex ores, is at the pyrite grain con-

tacts.
TBTRAHZPRITI1,

This mineral always tends to ooour together with galena.
Myrmekltio Intergrewthe between these two minerals are rare and
have been observed only In the A ore. It would seem that such
Intergrowths are due to the simultaneous deposition of thews two
minerals. Plate XVIII. Such intergrewthe have been observed
In chaloopyrlte, pyrrhotite, sphalerite and alee in the gangue.
In general, however, tetrahedrlte oooure as email rare grains
tucked away In the corners of larger galena masses. On other
occasion It oooure with other sulphides in complex iuter-
growths as have been described above. Tetrahedrlte Is probably
one of the chief carriers of silver, pyrargyrtlte also being

Important as regards silver.

GUmUBDITB.

Oudaundlte is not altogether a rare mineral In these
depeelte though It occurs In very small amounts. It has been
fswad la all the ore bodies although It Is not so frequently

encountered In the Sture ore.
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17. % 375.

Ondauadlta formed from boulengerlte end an iron bearing
Belphlde. 1lote galena which hae formed ae a reealt of thle

reaction.
9+n . TE. » @5.

Galena later than boulengerlte which it oorrodee.

JUE 19, » 171a

game phenomena ae fig. 17. 1In thle ocaee there le almoet a
perfect rim of galena around the gudwndlte grain formed ae a

reaction product.



This mineral la also late in the ore genesis( and Is
again mssoolated with the galena stage of mineralisation, i
fractured grain in the C ore was seen to be earlier than
galena, indicating that the galena stage on mineralisation con-
tinued after the introduction of the antimony minerals.

The mineral is characterised by its hardness, whitish
colour with a pinkish tint, its strong anieotronism and its
faint but distinct reflection pleoohroian. It also commonly
contains inclusions of pyrrhotits. (Plate III). Twinning has
been found in a few oases only.

Oudmundite paragenesls and origin 4*0 been discussed
in other ores from the Skellefte district by OAYELIB 1936 and
OBEAH 1941. 1In the Rirlidenfiltet ores it is also noted to
develop from a reaction of the late antimony sulphides and an
earlier iron rich miner'll. Pyrrhotite appears to be the most
favourable. Tetrahedrlte is most commonly responsible for the
formation of gudmundlte due to its relative abundance in the

antimony suite.

The author has drilled holes in purs tetrahedrlte
crystals and filled these with powdered pyrrhotite and then
heated them in order to elmilate the above reaction in the
solid pyrrhotite phase. Cubes of tetrahedrlte and pyrrhotite
were Olamped together and also heated. Copper apparently moves
very quickly ae ohalocpyritlo and ohaloopyrrhotitio looking
minerals are obtained at relatively low temperatures and short
heating times (e.g. 1 hour at 390°C, 72 hours at 2*0 0).
Extremely fine specks of a whitish mineral which showed etmoag
anleotroplem were formed in the ohaloopyrrhotlte in one case.
Unfortunately the quantity of this white mineral that formed
was so small that no identification, other than optical under
high magnification, oould be done. This might possibly be
gudmundlte, although to draw any conclusive results from
this identification is not possible.

Time. Temperature. Products, .
93.01%re. *605c % 201 Mineral elmllatlng oubanite >
whitish material.

That not only tetrahedrlte la responsible for the

formation of gudmundlte la revealed by figu. 17, 16 and 19.
/... 61 [eo. o



l1*t« that after the antleeny has been need up In the gudaundlte,
¢ reeetlon rim of galena ferma, the lead having been released
from the altexvd boulangerlte. Oudmandlte hae aleo formea as

a reactlen product of beurnonlte and pyrrhotlte. It le of
Interest to note that the texture le apparently dependent en
the reajtemts. A ramification texture le developed (with
beurnonlte) f and thle hae only been observed when gudaundlte
forms from thle mineral. Plate XX. The same feature le
reeerded by OATELTV 1936 and 1939. OAfBLIH however, suggeste
that gudaundlte forms from the breakdown of beurnonlte when It
Is replaesd by galena. An Iron bearing mineral Is still re-
quired, and to differentiate In thle oaee whether the galena

le replacing the beurnonlte or le a reaction product oaueed

by the breakdown of beurnonlte (the antimony being Incorporated
In gudaundlte, the remaining Cu and Fb and 3b and S forming
tetrahedrlte and galena) le not possible.

Beulangerlte has been found In all the ores though It
in rare In the Store orebody. It hae been found In all the
Rlvlldmyran ores In fairly Important amounts In the galena
phase of minerallastIon. Amounts as high as 6 volume * have
been recorded In polished sections taken from the B-D ore,.
That thle mineral le boulangerlte Is certain, because It has
been Identified by diffraction X-ray photograms and them com-
pared with photogram done on a standard sample from Cleveland
Mine, Stevens Co., Washington. Thle mineral Is also related
to the galena phase of mineralisation but was deposited before
the olose of the galena phase of mineralisation as galena Is

seen to corrode it.
BOUBWOMTE .

Beurnonlte Is a rare mineral. This mineral has been
observed in relatively large quantities in a polieh.d section
of a ealclte vein that GAVElI* had collected from the 60 m
level at Ravlidmyran and given to the author for investigation.
This vein was also rich in boulangerlte. It has been found en
one other eoocaelon In the sine rioh B-D ore. Here it gave rise

to the gudaundlte ramification texture described above.

In the caloite vein beurnonlte occurs Intimately Inter-
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ereea with gwlaaw. Bculeaeeplte way occur well mod ocae he
dletlagttlehed hy helas eoftep then bournenlte end hevlng e
etronger enleotroplae. Tetrehedrlte la likewise found with
houmonlte and galeae. Twinning has been obeepwed In beupaealte
and eocaaleted of extpeaely fine polyeynthetlo twin lamellae.
Again this mlaepal la aaaoolated with the galena stage of
mineralisation.

PTBABOSBITI.

Pypapgeplte had been obeepred In several Instances In
the 0 erebody also in the Stupe orebody while it is less
common In the B-D ores. It has not been found In the A ore.

This mineral ooours in such small grains that no positive
determination can be made. However since areenlo Is not a
common element of these ores it Is probably quite safe te rule

out proustits.

Pyrargerite is often observed intergrown with tetra-
hedrlte . It is sometimes seen in more complex intergrowths,
e.g. galena, tetrahedrlte, pyrargyrlte, chaloopyrite and
pyrrhotlte. Finally, it has been observed as voinlets filling

minute oraoks in galena, and as discontinuous voinlets in galena.

Frem fig. 20 it can be seen that pyrargyrlte la later
than both galena and tetrahedrlte. This mineral along with
tetrahedrlte is a quantitatively small constituent but a

elneral of economic importance in that it is silver bearing.

Is

Bieaath has been found in all the ores. It has a
found most frequently in the A ore. Here it ooours as ..parate
rounded to eubrounded grains in tetiahedrlte-galena intergrowths.
In general it appears to follow the tetrahedrlte and is thus
also related to the galena phaee of mineralisation. It may
also appear with other sulphides which are complexly intergrown,
e.g. galena, tetrahedrlte, chaloopyrite and gudmundite. It has

alse been found as minute rounded blebs in galena.

GOLD.
A grain of a bright yellow mineral with exceedingly high
reflection power was encountered in a grain of galena in a

specimen from the Sture ore It was harder than galena and
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HMefter thea sphalerite. The mineral was isotropic and is thus
probably geld.

T IML Bf *

Oooaeionally, brl”it white, extremely small, generally
rounded grains oan be observed under high power me -nlfloation
in galena. These grains too have a high reflecting power, are
isotreplo, and de not display the tarnish oonmonly seen in
blssnth. They are eo small that positive determination le not
possible. They are thought to be native silver (eleotrum?).

PT8CRASITI.

Thle mineral waa observed in a polished eeotlon of a
oalclte vein taken at the 60 a level nt Rtvlldmyran by Gavelln.
$t oooure in galena as exceptionally small grains with a pure

white colour, being distinctly anisotropic.
ALTAITT.

Altalte has been identified in the galena rich quarts
vein en the 240 m level. It oooure ae small bright white 1leo-
troplo grains which are harder than galena. It might occur
together with heeeite and/or boulangerlte.

BE3BIT1.

Heeeite hae been obeerved in the same quarte vein
deeeribed above. It le faintly brownieh grey in colour, with
s weak but obeervable reflection pleoshrolsm, and le etrongly
dmleetroplo. It le eofter than galena and altalte, and
frequently ehowe twinning. It may be found together with
altalte and boulangerlte ae deeeribed above; these mineral!

sterely occurring next to each other rather than having been
Intergrown.
MTIL1.

Thle mineral la rarely obeerved but has been noted la
seme ef the polished sections fro* the a ore. Its -ode of
occurrence was as irregularly shaped .rains -ften with a had

polish.

HASciaifl.

]Jtare«.1lto «*e on. of too flrot onportono iaDornlo to

foiB, fonln, eewnly fro. Pfrrhotlto. Pinto IIII. It
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tania to occur a# loag elongate lenaee and more Irregular bodiee
la the pyrrhetlte. in allgnaent of theee leneee in the eane
dlreetlon hne alao been found.

CTUt-nn"Tfl

Thle la a auporgono mineral derived from ohalcopyrlte In
the malm. It oeoure aa velnlete brecolatlng other aulphldee and
frequently aa ehalla or eeatlnge around other sulphide gralna.
In the breakdown of ohaleopyrlte Into okalooelte, geothlte (or
a alallar Fe mineral) la frequently found In the eane velnlete.

la regards the supergene minerals the above two sulphides
are the only two that have been mentioned. Other supergene
minerals are geothlte, malachite, elder!'te, emlthaonlte and
several clay minerals which have not been Identified.

Fig. 21 has been constructed te see If there is any
correlation between the amounts of the sulphides occurring In
seme differing ere specimens. Is was pointed out before far
better statistical data on another Skellofte district ere Is
te be found in Gavelln'e description of Ravllden. (GAVELII
194i ).

la fig. 21 the volume percentages of the various
sulphldae have been recalculated to 100% sulphides. After
this all the peroentagee for one mineral have been normalised.
I.e. they have been divided by sons number ee that, In this
ease, the quotient for the highest percentage for any one
mineral occurring In the different samples has the value two.

y&e specimens are plotted along the abscissa according
te decreasing sphalerite content. Along the ordinate the
asrmallsed values are plotted. The object of using nezmnllsed
values Is that the curve so produced shows the variation of
one mineral In one specimen te the next irrespective of the
quantitative values. Ey plotting such values or curves for
cash mlnsral one can then compare the various curves of the
different minerals considered and see if there le any
sorrslatloa, I.e. if one mineral follows another.

Considering the graph then, the specimens (or ores)
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A I1Xt* tdv’m, O0B* le "Phelerlte ore with
laer emewmte ef write, eheloepyrlte and pjrrhetite, end a
*kkkkk AFne #A#re thee# latter mlnerale reeeh — .me

sphalerite le ealmpertemt.

Oaleaa reeehee Ite warlam percentage in the ephalerlte

or*x* le 9f *e Ispertanoce when ephalerlte le a minor oen-
etltment.

Ia eoee the elae peer oree there la a striking
oePreletlea between pyrlte and ehaloopyrltee

Thle diagram has many weakneeeee. The mein weakness
lice la the fact that It la compiled from eo little data. It
alao deee net bring oat the correlation between chaloopyrlte
and pyrrhotlte. However, It does serve adequately to bring out
those features that one already knows from observation. The
main feature le that there ia a definite segregation of the ore
Into line rloh types which contain the galena phase of mineralisa-
tion (which usually contains antimony sulphides and silver and
also bismuth), and the pyrltlc oree with varying amounts
chaloopyrlte and pyrrhotlte. Another ore type is the copper
rich ere largely ef chaloopyrlte, pyrrhotlte and varying pyrlte.

II. f1HAUAOmMTSTICS OF THI INDIVIDUAL OHM.

Ha. THE 3TUBI (RE

The knowledge of this ore le better than that of the
Havlldmyran ores as it has been proapeoted and worked to a
greater extent than the others.

The Sture ore le essentially a pyrltlo ore with a certain
amount of copper and elno. See Page 1. The precious metals won
from the ore are gold and silver which are present In email
amounts. Due to the varied and complex nature of the ore It la
necessary to consider separately the various entitles constitut-
ing the ore. For this reason the ore has been divided into the
fellewlng types which are those that have been feund most
suitable and practical for underground mapping. A small, but
nevertheless Interesting group, which has been added te these
ere types is the group of copper rloh fractions, or segregations.

(1) Dominantly massive pyrltle ores. 1In this group are

Imeluded those pyrltle oree with appreciable visible quantities
/cco M /oo.
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* iltssSloB! usually 6eveloped a# pyrlt# and
ephelerlts WulAefl . \ filetlagulahad on the nine plane) and
theee without e? wlta very little elno nlnerallmatlon. The
latter eften earry ehaleepyxiti.

(11) Ore hreeela ("hard ore" on nape). Hard ore le a dlreit
tranalatlen ef the flwedleh word "hlrdnaln” a laynan'e tern
originally need at 1* 1u nine (Central Sweden) to describe

*kal**PfTlte eeneentratlone in neta-quartsltee. Thle term has
El"H-tuently been adopted into nine terminology for even other
typee of ere in neta-quarteltee and nlob-eohlete. At the Sture
ore "hard ere" refers to what le essentially an ore breeola
occurring in the neta”-quartettee. The ore nlneralleatlon le
largely ef pyrlte and looser oopyrite. See plate HI.

(i11) Copper rich fractional they are usually small and
leected at the marginal portions of the massive pyrltic orebody.
They nay also appear as email apophyeal protrusions.

1. FTBITIC OHM.

The distribution of the two different ore typee le
rather haphazard. The elno bearing pyrltic ore does not
represent any separate independent ore which was Introduced
earlier or latex in relation to the pyrlt)e ore without elno;
the whole ore coincides with one ore forming period and not
with different well defined periods as at Bolider in particular,
end even at Irletineberg which has a late sphalerite ore phase.
See drWAH 1949 and DU BUT*. 1953. Ae a general trend, but bj no

rlgiu, le the occurrence of more sine ore on tl.s southern
and western regions of the Sture ore. On the 2*0 n level fie
"tall" ef the ore, i.e. the eastern part develops into a fairly
rich ere ef copper, but unfortunately, le rather narrow (* 2# Cu
and about 20* S, with sine).

There the ores are massively developed, they generally
show a marked banding. Thle nay be due to ohloi .to and tale
aahller, or to pronounced sphalerite banding. 1In all eaeee the

tends tv follow the contacts of the Individual lenses
or follows the local sohietoalty. In theee pyrlte ores small
eehller ef copper rleh nlnemllsatlen (ochaleopyrite) are alee

found.
The sphalerite banding le interesting. It nay vary
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“roe HeVeral HE. ta aararé&l oma In thleknaee. Where Inelaalasa
(l1lmaatomit a# deecribed on page 39. Plate IT) eoour these
sphalerite bands wind their way smoothly ereund then and centlane
ea before. The sphalerite bands and lenses may take on enrlene
shapes (loeally folded, areuate, plneh out and swell, eonvex
ewelllnge ate.,) and are net oontlnuowe. See Plate mi . In
eoeparlaen to the pyrltle bands the sphelerlte bands appear to
hare been more pleatlo or mobile as is revealed by the above
shapes. 1In feat this cannot be explained by rythmle
precipitation or selective replaoenent.

llmeetme, ohlorlte and telo, blotlte and tramonta-
netlnollte skarn are found In the matrix of the ore. The ekmrn
la relatively unimportant as compared with the other types| lime-
stone Is shown In Appendix V. The ohlorltlo ore types In general
are confined to the area where the waeelve ore lies In contact
with quarteltee. A general tendency noted In the pyrltle ores Is
that mine mineralisation becomes noticeable In the limestone
rooks while the ohlorltlo ores ere dominantly pyrltle with nlnsr
ehaleopyrlte end sphalerite.

Pig. 22 Is a section taken through the ere te demonstrate
the behaviour of the ore and the nature of the wall reeks In the
dominantly limestone regions of the ore. In general the eentaeto
with the wall rook are abrupt. However, the ore Is also seen te
breoolate the limestone resulting In a more transitional type of
contact. This has been observed at other localities as well.
Here one sees the importance of structure. In detail, as regards
ore deposition. The surrounding rooks are dominantly of carbonate,
but in eplte of this, the ore la confined to definite aonae; the
ore even follows fractures in the limestone. The more massive
ores have probably been looallmed. by definite aonae of more

Intense shearing and/or fracturing.

Te Illustrate the Importance of 3'acetone In localising
the ore, fig 8 serves well. Here the ores follow the limestone
horleone obediently end no ore Is found In the skarn rooks or
the altered quarts porphyry. Here again the oentaete are sharp.
These contacts are, In most sees, bordered by a thin and
persistent band of massive tremelltlo skarn (10 - 20 om thick)
which frequently contains pyrrhotlte and ehaleopyrlte alaerslima-
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Or# eentaet# mffy also be of # different nature te theee
Tkkkdk Kkkkkk infreqaeatly deee one ebjerre velnlete of
*ekrx* ebaleepyrite aad pyrrhotite whleh oat eereee the eem-
taot ef the aaeelre ere and the enveloping wall reek* These
p*»f*e*8* waeeaselidated copper rich fractions of the iiasslwve
®r* **ille* have been egueeeed out* 1 general enrlohment of eepper
mineralisation im evident at the marginal parts of the ere*

Th* nineralegy ef the pyrltlo ores in rsther eenplez.
Pyrlto is a major constituent in both variant# ef this ere. 1In
general it le developed as fairly small grains 0.15 x 0.15 am 2
ts 0.6 x 0.6 am2e¢ Larger grain# up to 5 mm have been found.
When the pyrlte oceours in a gangue matrix it has e relatively
well developed eahedral oharaoter. With the appearance ef
ether sulphide# the alteration beeomee apparent, and severe,
and thus reveals the usual features of occurring so small
rounded grains In other sulphide#, carles textures, out by
numerous velnlete of other sulphides, eto. Sphalerite and
ohaleopyrite give rise to the moot effective corrosion of
pyrlte.

Areenopyrlte le an unusual constituent of these ores,
being sparingly and widely scattered. The grain else le elmller
te pyrlte but it is invariably euhedrally developed irrespective

of the surrounding minerals.

The copper bearing pyrltlo ores have ohaleopyrite as the
next moot Important mineral. Cubanlte and vallerlte may be ex-
solved. As a rule the ohaleopyrite occurs In between the pyrlte
grains, i.e. it has replaced the gangue. The ores are, however,
mads complex by the appearance of pyrrhotite, sphalerite and
occasionally galena. Intricate Intergrowths may thus be found.

The sine bearing pyrltlo ores can be similar to the
eepper bearing types In that sphalerite dominates after pyrlte.
Ohaleopyrite sad pyrrhotite may be present in subordinate amounts,
while galena, though making up a miner constituent, le frequently
aeeeoiated with sphalerite. The sphalerite invariably reveals
blebs, lathe and broader staves, of exeelved pyrrhotite ef the
n — elee that are reeerded in the Bavlldmyran ores.

In the banded sine ores the sphalerite bands eontalm

Tarying amounts ef pyrlte sometimes well corroded. The pyrltlo
/m e 69 .<<O



*kkkx HEJT virtually only of pyrlte and fan”no. Otherwlae,
*kk da# to pyrlte rloh Iwnde In a nor# or loae
nnlfaxn sphalerite end gangua natrlx (2 - 5 na In alee). Pare
sphalerite bends with a little gangue and exselred pyrrhotlte
as the only Inparitiee axe also feend. The Individual ore
types are thus nanerous.

Although galena tend# to follow the sphalerite phase
of nlneraliaation. Its oenocentratlon in the sine ores Is
erratic. This phase of nlneraliaation la Important aa net only
is lead present ( but also one has a strict aeeceiation of Sb and
Ag minerals.

Ihere is a dletlnot difference between the galena phase
of ninerallsstien of the Sture ore and the Hlvlidnyran ores. The
latter are decidedly richer in antimony minerals (e.g. Tetra-
hedrite, boulangerlte, gudnundlto) which are ooocaslonally inters
grewn in approximately equal amounts in the galena phase.

The important Ag mineral at Sturenalnen is Fyrargyrlte.
Minute intergrowthe of galena, tetrahedrlte, pyrargyrite, ehal-
eopyrite bismuth occur in some galena grains. Bl also follows
the galena phase rigidly. Native Ag (electrua?) is probably
pveeent la the galena as rare minute apeoks. Blaeith is also
dsvelopsd in the same manner.
it.

The ere breeds la of a totally different ohsraoter to
that described above. The ore is made up ef numerous sulphide
velalete, generally only several eme thick, following a definite
system of fractures in the brittle meta-quartsltes. The result-

ing ors le thus a type of breccia.

Ths velnlete oan be noted to give the following
oharaotsrlstloe. The pyrltlo velnlete have extremely sharp
contacts with the meta-quartsitos. The amount of alteration
is negliglMe to the naked gre. The contacts between the cul-
phide velnlete end the meta-quartsltes tend to be fairly straight
and continuous, One also has s transition from the above type
of velnlete into a wider mineralised or sulphide Impregnated
soass up te about 30 on in thickness, and then into aasslve
urea. This larger mineralised sons still has sharp contests

with the quartettes end le variable from disseminated types te
/»». T0 /»»»
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types, tk# mtrlx kelag essentially of blotite and
ohlsrite. this Is not s ease of vein filling bat rather s
sheared sons in the quartaltes, netasosatlaed and replaced by
the ore and the oonetltuente of its transporting medium. The
flmsl trmneitlen Is then,to massive pyrltlo ores which eefimr la
d similar matrix and represent an Inteneifleatlen of the latter
example. I.e. s larger shear eons In the meta-quartsites.

A greater part of the ore east of the ore "centre", and
eeetlome of tb: more massive parts of the "tall" of the ore,
are of this nature. However, a dlatluot differentiation between
this type and that localised by limestone becomes Impossible at
times In the massive parts of the ore. It Is felt though, that
the structural faeter has had the greatest Influence on the
deposition of the erea in general at Sturenalnen. (The same
applies to Rlvlidnyran), i.e. eones of shear, (even In the lime-
stones) and opening at the contact of the limestones and com-
petent quartsite.

The copper rich wvelnlete of the ore breoola (chaloopyrlte
and pyrrhotlte bearing) show a rather irregular contact with the
meta-quarteltee, in oonparleen with the pyrltlo wvelnlete. These
are thus far more reactive with the wall rook which is evidenced
by the local chior!tlsation of the adjacent rooks.

The mineralogy of the ore breoola is relatively simple,
consisting mainly of pyrlte. In the more copper rloh velnlete,
ohaloepyrlte and pyrrhotlte dominate. Pyrlte may vary in else,
often being coarse, several sms In else. An average else le
0.2 - 0.5 mm. The pyrlte grains are euhedral when they ooour
alone and attacked rather severely when ohaloopyrlte appears.
Beautiful breeoV tlon textures of pyrlte by ohaloopyrlte have
teen recorded from these ores.

Araenopyrlte has beau noted in these ores but la rare.
gp” leplte Is generally not a common constituent of these ores.
A thin continuous band of sphalerite, however, lies in the
foetwall aide (K. aide) of the "tail" of the Sture ore which
in its eastern limits le essentially a pyrltlo ore. Close to
this bead thin velnlete rloh la sphalerite have been observed
in the ore breoola. The sphalerite attacks the pyrlte and la
reiatlvsly free frea exsolved pyrrhotlte. Ae a rule sphalerite
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la yraaant wfcea the ere aecaamee a mere aaaalve nature. Galeae
hae met heem eheerrei in the hard ere, thregh It may he preeeat.

Vyrite eahee nay alee eeeur in the meta-taartaltee
ahjaeemt te the mineralised relInlets. It Is then widely
disseminated.

A nine plan shewing a section through the ere hreeela,
with analyses, which gives a fairly geed Idea ef the metal een-
tent, and ef the etruetural pattern. Is shown In fig. 23.

Oonecmlng the ehaleopyrlte mineralisation several
feetares are werthy of nenion. Sphalerite exeolation stars here
been found which Indicate relatively high temperature. Ouhanlto
and vhllerlto are also exselved from this mineral. 1In this re-
gard one specimen free the deepest level of this nine (at the
time of this Investigation) 2*0 n level had ehaleepyrlto that
was extremely rich In oubanlte. Cuban!te was ee rloh that It
was almost developed as Independent grains of approximately the
mane else as the ehaleopyrlte grains. This could Indicate s
higher formation temperature of the ehaleopyrlte In depth
which would then be able to take a lot more oubanlte into
solid solution. Such a feature, however, can only be proved

en a statistical basis.

The distribution of the lard ore can be seen beat on
the block diagram of the Sture ore (Appendix III). It should
be remembered that the limits of this ere are assay limits
rather than true geological boundaries.

111. COPPER BIO" S-IMOATIQM.

As was pointed out In the beginning these ores do not

genesis.
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**lere th*y 11# la contact with #ueh« At this stage sows of
**### Teateres eaa he better Illustrated with diagrams.

Pig. 8 shows some o theee features well. Chaloopyrlte
and pyrrhotlte are enriched along the marginal portions of these
sulphide lapses sad at the same time an intense sons of
tremollte is developed.

The 140 a lerelshows the same feature combined with an
Intense ohlorltlaation (a quartsitlo milieu) e.g. on this level.
In the region west of the ore "centre" the northermmost lense
has a small offshoot from ths main ore which projects Into
serlelte-quarts-sehists. This apophysy is firstly rioh In
ohaloepyrlts and pyrrhotIts. Secondly e loeal sons of
ohlorltlaation around the copper ore is obvious*

The footwall oontaot on the 190 a level again Illustrates
this feature. Here the maaelva ore contacts eerlolte-quarts-
eehiete. A ohloritlo sons some 1 a wide with chaloopyrlte
Impregnations is present. Many other examples onn be cited.

The mineralogy of these ores is also illuminating. The
two major minerals have been repeatedly mentioned above.
Pyrrhotite Is frequently corroded by chaloopyrlte giving rise to
s*sll irregular bodies of pyrrhotite* Cuban!te and vallerite
usually accompany the chaloopyrlte though In sparse amounts.
Sphalerite and galena have also been found in theee ores,
sphalerite usually being attacked by the genetically later
mineral to crystallise, chaloopyrlte. The grain else of the
Individual minerals may vary between wide limits. Usually
visibly large pure ehalcopyrlte grains, are contaminated by
other minerals when viewed under the mieroeeope. Pyrite end

areenopyrite may also appear in these ores.

Of interest is the sometimes unusual association of

galena with these ores. It generally has Its home in the

Hpb.l.rlt« or... 3ph.l.rlt. .daltt.dlj ..oocapul.. <»... theush
in eub.rtlB.t. Mount.. Ib. unu«ml oeeurr.no. of Mien. 1In
tn... or.. 1. thought to 11. in th. oxplMntlon thnt It hn.

.1.0 ... , ... 4 out with th. unoon.olld.t.d oh.loopjrrit..

0.1m . 1. on. of th. 1«t mln.r.1. to orp.tril.. In th. Stur.

.r. BMMM. .1. M« thn. would UK) ho unoon.olld.tod When th.

ohuHwrlt. hU not £t orp.tUll«d. Md thn. h. foro.d out
[/oee T3 [eee



with ehaloojyrlte. fbm faot that thle feature la not ao common]y

fnmmd llee In It# email oonoentratlon la the ere, and Ite
eperadle dletrlhntlom.

Im. TB» A On.

Data on thle ore hae been obtained from underground bore-
holee, and from the etopee that were being prepared. Oonelderlag
the whole ere It ean be aeon that It la In faot a mlneralleed
eone eoneletlng of numeroua amalllah fairly naeelve eulphlde
leneee lying mainly In a llmeetone which ehowe varying degreee
of Impregnation by the eulphldee. The ore la eeeentlally a
pyrltlo ore with a email content of copper and mine. The elne
mineralisation In particular, appeara to be hl”il} erratic. 1In
general the maaalve leneee pinch out and give way to dleeemlnn-
tlone on etrlke. The matrix of the ore la mainly llmeetone and
tremolltlc ekam, while chlorite and talc are alec encountered.
Often a ohlorltio border la found at the naeelve ere oontaeta,
particularly when the wall rook la a quartelto.

The moat Intereating feature with thle ore la the manner
In which the naeelve orea are In general, located at the llme-
atone-quartalte oontaeta. QuBrteltlo fragmenta «ird leneee often
lie In the llmeetone, probably ae a reeult of the folding, the
llaeetonea having been forced Into a none of tenalon In the
Ravlldnyran anticline, by virtue of their ability to flow under
atreea. A look at fig. 3 ehowe how the naeelve ore 1lie very
often juet at th.ee a tee where quarteltee are preeent, and In
contact with the llmeetone. Openlnge made by the difference In
competence of the two rocke have formed patha of egreaa for the
ore forming eolutlone which have eubeequently netaeomatleally
-eplr.od the llmeetone. The tectonic control of the orea 1la
thaa of the greateet Importance ae regarde thle ore.

The pyrltlo ore typee oonalat mainly of pyrlte in a
suncue matrix. In virtually all the caeee the orea ha o a more
oTleee well developed euhedral pyrlte gralne In varying el.ee
and concentration.. A obmr.ot.rl.tlo feature 1. that the
eralne tend to be Independent of one another. Grain elaea vary
areetlyi from etent 0.12 — to several mac in diameter. An ~

alee 1. of tge order 0.012 x 0.012 W to 0.15 * 0.15 mm.

Vhen other eulphldee occur they have a tendency to lie
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4* 4h# gmmgm# ae fairly Independent grains or else fill the open
*kkkkk kkkkkk* *k*e Write grains. These ealphldee are generally
ehsleopyrlte, sphalerite, pyrrhotlte and galena, the letter
alaeral not being frequent. Where thee* sulphides Increase la
quantity and are In exoees of pyrlte, the pyrlte grains nay be
severely oorroded, Pyrlte then nay have rounded inoluslone
of one or acre of the genetically later sulphides, or else Is
traversed by snail velnlets of these sulphides. With »i*i*g of
Bore and aore of the oonponent sulphides the ore beoones highly
oonplex and Intricately nixed.

Pyrlte Is often eoned In this ore type (p
Areenopyrite is rare appearing as euhedral grains of approxl-
nately the sane else as the pyrlte gralne.

The copper rich fraotlone of the ore are doainated by
ohaloopyrlte (exsolved oubanlte and vallerlte often included)
and pyrrhotlte. Ohaloopyrlte grains can be relatively large,
3-4 m'e in dlaaeter. Closer exaalnatlon of such grains re-
veal that they not infrequently have ineluelone of other
nlnerale, e.g. pyrrhotlte and/or ephalerlte. Suoh inoluslone
nay be as snail as 0.005 an to 0.02 an in disaster. Pyrlte nay
be present while areenopyrite and galena are rarely observed.

Sphalerltlo variants of the A ore can vary froa alnoet
pure sphalerite (with no aeeceiated pyrrhotlte) plus gangue, to
acre oonplex types oontaalnated with other sulphides. 1In the
latter ease the aost laportant nineral giving rise to suoh a
dilution la pyrlte. Pyrlte, as usual, resists corrosion fairly
effeeqirely. Only occasionally does one find really oonplex
aeeocolstlone between sphalerite and pyrlte.

Other julphldee also give rise to the complexity of
these sphalerltlo ore types, e.g. pyrrhotlte, ohaloopyrlte,
galena and areenopyrite. Pyrrhotlte la aost commonly developed
ae exsolved blebs and lathe and even larger aggregates Heplaee-
aent ef sphalerite by ohaloopyrlte happene when the latter 1Is
sufficiently dominant. Galena is not of great Importance
quantitatively and shows preference to be formed at pyrlte-

ephalerlte contacts.

Pyrrhotltie variants ef the A ore generally have

pyrrhotlte and sphalerite as their aaln constituents. Pyrlte,
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Is aoMtlass latsrmlzsL. Osrtala aaouats of galena
and ohaloepjrlte are also Included thus giving fairly complex
mineral paragenesee.

An regards the whole some it is of interest to record
that the galena phase of mineralisation is extremely eporedlo in
its distribution. Tetrahedrlte and galena ar« iften intergrown
in approximately equal amounts; such intergrowths have been
recorded as inclusions in both pyrrhotlte and ohalcopyrlte
which is mther unusual as the galena mineralisation is
invarla>'y related with sphalerite i.e., this areoolation with
sphalerite, which le rigid in the other ores at Rlvlldenfiltet,
is not so important in the A ore.

Antimony mlnerale oharaoteriee the galena phaee of
mineralisation. Tetrahedrlte le the meet important of theee.
Boulangerits is present and gudmundite has also been found.
Bismuth has been recorded, x'requently and almoet only, as
extremely small grains in galena-tetrahedrlte Intergrowths.

Other minerals which have be'u recorded but which are
relatively unimportant are rutlie and maroaslte. The latter
has developed as a result of supergene processes.

He. THE B-D ORE.

This ore .ms been studied in the B-'.re stops which was
situated at a level of 51 m below surface. It can also be
studied in the underground development tunnels on the 90 m
lexel. A great deal of data (all the data on the D ore) has
been obtained from borehole cores. Originally these two ores
were considered as separate entities but due to their structural
relations, as well as the fact that their alneralogy is almost
the same, it le Just as well to treat them nere as one and the

same.

The B-D ore le an exceptionally pure sphalerite ore
.1th occasional pyrlt. 1»»a. -hloh a« daflnlt.ly of minor
Inportanoo* Thaaa p,rlta ocani. ar. .11 with aphal.rlt.
ant in pleee. one hna gho.t like remanta, or feint .trunk., of
nor. .11 d.T.lop.1 prrlt. W4 . in nrlon. tW. of r.pl.oa-
mnt. Ih. oontaet. with th. wril rook tend to b. aharp. At
th... .ontaat. Telnl.t. of pp.rhotlto. ohnloopprlt. and quart.

hn.b..n owrrod to pro,..t Into th. *jmo.nt wall reek.,
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rre, however, eeell and do not extend very far free
the *** hedj. 1 general Inpreaalon la that they are #ere eeaean
ae the haaglngnell aide ef the ere body, k.e. the aentham aide.

Imelnelome ef the aarroamdlmg wall reek (graphite
1HAllte) are to he feead In the ere, and ahow aavere eigne ef
defainatlea in that they ean be Intrleatily folded (alorefelded).

Uneralogleally the oree eonalet aalaly ef ephalerlte
ahleh In eeee eaaee la almoet entirely free froa laparltlea.
BMare eamaenly eae baa -xaelved pyrrhotlte In the form el aaall
lathe and blebe Whleh are widely and evenly dlepereed throaghoat
the ephalerlte. The grain elee of eueh pyrrhotlte gralae la of
the order 0.008 mm x 0.15 mm to 0.03 @ x 0.4 am. aaall lathe
are aa email ae 0.002 M x 0.04 am. Pyrrhotlte la net only
confined to thla mode ef oeeurreaoce, bet earmm alee be feemd aa
larger grmlae In varleaa etagee ef replacement. Pyrrhotlte
maaaoca 0.36 x 0.6 * 2 are feead bat even larger gralae and baade
here beam ebeerved.

pyrlte, whleh la generally enrlehed late baada, teada te
develop eehedral gralne whleh la general realat eorroalon by
gpe ether ealphldea fairly well. The aeea grata else la 0.1 x
0.1 wm te 1.3 am x 1.3 am. ireenepyrlte any alao be feaad
together with the pyrlte. Theee two alaerala earm be rather
4M>i'ieately mixed. Areenopyrlte la nearly alwaya feaad ae
eiibeiral gralae when woonrrlng In mlnerala other than pyrlte.
It nay be widely aea tered in the ore and la noted In relatively
larger gralne, I.e. 0.04 an x 0.04 an and 0.24 ® * 0.09 am.
ireenepyrlte elnetere of theelae 0.2 am x 0.15 am containing
amri indlvldnale ef the else 0.003 am x 0.003 am te 0.007 am
x 0.007 M, naaally In a ephalerlte matrix ere eometlmre feamd
la the ore.

Chaleopyrlte la of almor Importance aa It has been
ebeerve « on rare oeeeeloae only. It may oeecr aa ana
Teemdrf gralne la the ephalerlte, 0.072 B % 0.046 mm te 0.18
_ , 0.07 mm .a elee. Chalecopyrlte la alee fonnd under dIf-
ferent conditio- - -— d.eorlbod above (v .Inl.t. )~ 1t 1.
then the dominant m lairal with Inolrelo— of areecaopyrlte
(eehedral). ephalerlte, pyrrhotlte given le inereeelmg

me latter two alaerala are as a mle — 11
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eerreie*. TBllerlte hmm k##in exeelred from this ehsloepyrlte.

Ths most latsrsstlag fssturs of this ors Is the galens
Btegs of slnerellsstloB. It sppeere to be fairly Irregularly
dlstrlbmtoA but is consistently rloh In antimony nlSerale.
These are bonlangerlte, tetrnhedrlte #sometimes myrmekltioally
Imtsrgrsvm with galena) and gudmsmdlie. The Individual gralm
elsee vary traatly; from small speeks several alorem 1lm dlm-
meter to grmlme 1 B 1m dlmaeter, and possibly larger. These
minerals earm oesar as small Independent grains to W galeae or
else as highly eomplez Intergrowths with galena; all vheee anti-
mony minerals sen be developed together as oeaplea aggregates
In the sphalerite. Bonmonlte has been noted on one eeeaelen
In this ere.

bonlangerlte and tetrshodrlto dominate among the anti-
mony mlnovals. One polished seotlon 1.H. 504 h# 40.80 m, gave
as high as 6.7)1 by volume bou?angerlte. Oalena eenstitnteg 1. #
and tetrnhedrlte 0.6i.

As regards this ore no silver minerals have been found
In Important quantities. Pyrargyrlte has boon reocerded trm
one epeelmen only. Silver must lie in some other mineral slams
this ore Is Important as regprde this element. Tetrnhedrlte eam
taka a eertaln amount of Ag -nto its crystal structure, so that
one is led to the conclusion that tetrshodrlto Is the Important
Ag mineral. A eertaln amount of silver any even occur In the

galena, and possibly even In the bonlangerlte.

giaaath is also associated with the galena stags sf
BInerrilMtlen la thl» ere. Plaalljr, — reeelte bee keea feui

as a supergene alteration product of pyrrhotlte.

lid XBI O OM~*

fhls ore has been examined on the 90 a level and from
borehole sores. The mineralogy 1l# essentially similar ts the
. it is nevertheless uharaeterised by an extremely
fins grained massive nature. An Inclusion of wnllrook In tUs
ere was found to be highly modified and consist virtually only

of aelalte and tale. The 0 ere is a sphalerite ere with a

fairly high Ag content.
I'M fi»» «relak« — "» « of tb» .r. H .«trl-

wt .4 . «ru«biM — rwtrill-tt-
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It eeeeet t# let this "eyl#feltlmmtl«e" peeletly
fniiMw ## %>m 4irf#fetlf#fe Wtlek kee keen ekereeterlrlle fer
lerlltoefldtet em ¢ elwle. Jmtglag from the herehelee this
aflseitisetise is met meeeeeerlly mpplieslle te the emtlse ere-
hetj. 1la fast monsl sphalerite ere pertieae are leeateA la
the herehelee. These faete will heeeae elearer emee alaiag ef
the ere-hety eeaawoeee.

Hewwrer, a dlreet r, wit of thle aplealtlsatiea la
the highly eocaplex latergrowth ef the minerale. Thle eocaplez
ore is predoeiaaatly of epWlerlte intrleately mixed with
galesa aad pgrrrhotlte. Oraia eleee are saei.. Sphalerite eam
appear as aeall 0.012 as x 0.008 am gralis la a galena matrix.
Oaleaa oa ihe ether head oen oeeur ae email 0.004 B x 0.004 amn.
te larger gralae In sphalerite.

latimeay alaerals are eharaeterlstlo end repreaeated ty
tetrahedrlte and gedaeadite. Gudanndlto grains are of the else
ardor 0.024 am x 0.024 am. Boulaagerite has keen okeerwed hat

is unooaaoa la this ore,

Pyrlto mnA areeaopyrlte are fouad ooocasleaally. Jprite
eaa he fairly aaal. In the aylonltle ore types, e.g. 0.008 ae
to 0.012 am2. Areenopyrlte, though rare, appears as eaheSral
gralaa. It Is of Interest to reowd that elongate sreenopyrlte
gralae are oriented with their long exes parallel to the lime¥*,

tloa ef the mylealte ore.

Pyrrhotlte le laeerlahly proeocat aad Is developed ae
extremely mmll roaadod hlehe in hoth ephalerlte and galeae.

la important mineral of thle ore Is pyrargyrlte. It

le frequently eheerved though In small emoants.

la she asms! types of ore, I.e. net ayloaltleed,
sphalerite has exeolved pyrrhotlte laths and staves la it.
Ohaleopyrl-e, and this applies te the whole ore, Is anee— on.
Oadakndlte is formed together with galena, indicating a sea-
I R f -tw-v. «>1» ' furti,rmOr*
to th. fr..ra*. f t.trtii.drit.. ku ton to
M...1l»tol Tito to. .ton. to™ » e* toa.rtoli.tln.

V.lto.t. nd .lentontln. la to. or. wn ton
.ni..wrlt. nd wrrtotlt. U ton. to .tol ..”.totomto.
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Ireenopyrite end galena have been oheerved to i miner eon-
etltaente under ameh oondltlone. Thle (a# with the B Ore)

Buggeeta an enrleheeat of ohaleopjrlte together with pyrrhetlte
at and outside of the aaeelre sphalerite ore.

Tahle 9 hae been oonetrueted to show the ulneralegleal
relationshlpe of the different ores and euaearisee the above.

TABU 9.
Minersil frequencies of the different Ores.

A-Ore. B-D Ore. O-Ore. Sture Ore.
ArssaopyTite. X X X *
Pyrlte. XXXX XX X XXXX
Pyrrhetlts. XX XXX XXX XX
Bphalerlts. XXX XXXX XXXX XXX
Ohaleopjrlte. XXX X X XXX
Oalsna. XX XXX XXX XX
letrahedrlts. X XX XX X
Oudanndlts. X XX XX
BoulangerlIts. X XX X
Bournonlte.
Pyrart. 'rlte. X XX XX
Baroaelts. X X X X
Bleotrun. # * *
Sissmth. z X z X
iferj eoseon.
XXX Bathsr oosaon.
XX Oosswn.
X Uneoieon.
Bare.

[o. 60 /o oo



- 80
PI80U38IOM.

After hmvlimg AeeerlWd the generel end detailed geole*
ef the larildea field eertain unaaewered probleaa hare arleea
ead la the follewlac theee will he dieeueaed. In aaajr eaeee
ae definite solution to the probleaa can be given beeauee ear

preeeat kaewledge of certain geological processes Is still la-
eaffleleat.

The aaln problems at RaviidenfAltet arei-
(1) The Influence of structure on deposition, whloh hte been
dieeueaed In the chapter on "The Struetural Geology"*, and where
the competent-Incompetent relationship of the quartsltee ae
oppoeed to the llaeetonee and graphite phyllltee was shown to
have a deciding Influenee on the location of the ores. A large
drag fold pitching flatly to the * seems to be responsible for
the location of the Store ore-body.
(2) the problem of the huge aass of ohlorltie rooks at
Stureaalaen whloh Is apparently not related to the sulphide
invasion whloh Itself only gives rise to loocal ohlorltleatlon.

13) thenav e of the ore forming solution shioh Includes a
dleeueelon of wall rook alteration and the nature of the ore

Itself.

The latter two problems then will be discussed under
the headings of "The chlorite problem" and "The nature of the

ore forming solution".
yhs Qilorlto Problem.

Sturemalmen reveals large masses of ohlorltie rooks
Intimately associated with carbonate rooks and skarn mineralisa-
tion. The author considers Viat there are two major periods of
ohlorltie formation; one durinj the more regional metamorphism
wham the large areas ol serlolte and ohlorlte quarts sohlsts
were formed In the Krli tlneberg region, and when the llgeetonee
at Sturemalmen were trmsformed Into ohlorlte rooks of
essentially the greeneohlet facies; and a second period of
ohlorlte formation closely related with the sulphide lnva»lon,
frequently with blotIts, indicating higher facie* conditions
and, of course, the Introduction of [.

The first question one might ask is. Why are the
/,,. 61/...



eMeri*e eefclete relate* to the eelphlde oreeT The eymeetry
efthe ehlerlte reeke la relstlea te the oretedy deee not

*ee*ee* * dlreet epeelal reletlonehlp. We eleo heae erldenee
of the ealeteeee of ehlerlte reoko prior to the ore foremtlem me

m*w~rated ty ekern toInlets with eelphldee having formed In
the ehlerlte eehlete, the ere preeannhly having keen Introdeeed
together with e certain amount of 0eCO,, Feldepathlsetlea
Intimately aaeceieted with the ore forming preeeeeee, has teen
cbeei'ved In ohlorlte eehlete that must have existed before the
Introdmetlon of the .sulphides. (Page *e ).

Prom ether ore bodies In the Skellefte district we
learn that the ores generally only give rlee to local
ohlorlt.Ination of the wall rooks, e.g. the chlorltle recks
displayed In the.map published by DO lira (1953) of the
Krlstinaborg nine shows that these retire are found only
adjacent to, and la, the sulphide ores. Illustrating thee local
ohlorltlsatIon. The sons of massive ohlorltlo rocks at Kristine-
berg, Is by no means comparable to the large area of ehlerlte
schists at RXvlldenfaltet. See also page #i# .

It seems most likely then, that the ohlorltlo recks at
Sturenalnen are not all related to the sulphide Invasion. The
theme followed In this paper is that they were derived frn the
alteration of limestones shown by the frequent and oosmon
association of the limestones.

However, we have to consider an alternative explanation,
namely, what were the possibilities of having had fairly basis
rocks, e.g. basic lavas end tuffs in the eueceeelon which weelId
them have given rise to the large ureas of ehlerlte schist. Ho
such evidence is attainable at Hgvlldenfbltet to suggest this,
while there is evidence to suggest their formation from lime-
stone (page 38). Ho definite data can be arrived at Ir. the
literature on the regional geology concerning the presence of
basis cffuslves In the Krletlneberg region. In the Tlndele-
gmacle - Krletlneberg region the Skellefte Volcanic series la
dominated by said or Intermediate efftaslvee, OAT1LIH 1955.

Alee at vmdolagraneele which lies about 8 km to the west of
Hvlildom filtet, there has Veen a strong development of talc at

certain leenlltlee. B. of Tlndelegraneelo there has been the
[/oo» 8f [eee



levelejeeBt of anoh Berpeatlae. Thom# two latter type# are,
howarar, ooaflaed to the phylllta aarlea, OAVZLIV 1955. DD
11*111 aap of the Krletlneberg region give# no Inileatlon of
haaia affualvaa (See Appendix I). The hornblende daeltee from
Hernberget are the moat baalo type# deaorlbed by the latter
author, amd theae would require large amounta of magneala for
the formation of a ehlorlte eohlet. Aococordlng to Du Blots theae
rooks are strongly ehlorltlaed and contain 7.38 wtjC and 4.22
wt# IgOi

The ehlorlte aehleta then are of particular Interest at
riBwlldenfUltet, and appear to have formed In oonjunotlom with
the main period ef folding and preceded the ore solutions.

As regards a more detailed knowledge of their formation
nothing can be aald with cartelsty as there are no expmsurea
available In this area to study the more unaltered nature of
the limestones. Were they rich In dolomite so that magnesia
metasomatism played very little part7 DU BIBTZ (1953) speaks
of a reiioval of la and Oa and an addition of K, Mg, S and We
for the Kriatlneberg region in general. See page 11.

The alteration of dolomite or dolomltlo limestone to
ohlorlte schist (I.e. if It contained MgO In sufficient quan-
tities) would imply a removal of Ca and COg end an Introduction
of HgO, Al, 81 and Pe. Bone of the Ca might be fixed In the now
existing carbonate rocks. Where these latter elements asms from
oannot oe said with certainty. A certain amount of them could
quite assuredly have occurred In the primary stratlgraphle
column if the limestones were of a hetrogeneoue nature. Mg
would be incorporated in the ehlorlte while the Oa would be
enriched in the carbonate phase, the main exchange of the
system thus being essentially the lose of Co2 balanced by an
introduction of HgO which would be added during the main period
of folding. The analyses of the limestones in the Sture ore
which are shown In table 8 are not reliable in dl.cussing the
possibility of the enrichment of Ca In the carbonate phase, as
these have been greatly Influenced by the sulphide Invasion
which results In the Introduction of elements into the wall reeks

The entire ...... . thus proceed without large scale

metasomatism.



It 1# unlikely that megneela aetaecaatlaa aasoolatei
with the fara“tlen of the kerwand graaltee In the 8 of the
Kr'.etlneherg region would be effective aa far I aa Btureealwen
(See Appendix I). Oordlerlte la found In the quartalt# aocalng

aJewnd the Heveund granite eaee and thla ooeurrenee la aocme 2
km 8 of Stureaalmam.

It would aeen to he more likely that the large amounti
of Mg required for the relatively vaat ameunta of ehlorlte
aohlat ooceurrlng locally at Sturenalnen were derived from an
ladlgenoue eouroe and were not Introduced. We do not have
exanplee of large eeale nagneela netaaocaatlan at thla or
eorreependlng dletanocee from the Heveund granite naaa.

Another queetlon whloh arleee la whether the chlorite
aa It la ohaerved now waa formed dlreotly from thla prooeee of
llmeetone (dolomite)tranefornatlon, or, whether It waa formed
from rone prevloue ekam mineral (e.g. amphlbolee, Indloatlng
a higher netanorphlc grade) by the hydrothermal alteration
eaueed by the Introduction of the eulphldee?

Returning to DO RIKTZ' map of the Irletineberg region
again one ae ¢ that Rivlldenfiltet Ilea In rook typee
oharaoterlaed aa "Seriolte quarta eehlete often with ohlorlte"
whloh would Indicate rooka of the greeneohlet faolee. I.e. the
reactions

eerlolte ¢ ohlorlte N blotlte
haa not yet etarted. Blotltlo rooka do In fact ooour In a aona
related to the Heveund granite one 2 to 3 km #outh of Sture-
malmen. Theae rooka are labelled aa -oordlerlte blotlte eerl-
olte quarto eehlete- and the blotlte laograd probably Ilea In

the I of thla eone.

The formtlon of ohlorlte In preference to amphlbolee
would thus be more eultable for Sturemalmen.

Superimpoaed on thla tag. of ehlorltlaatlon la a later
nhmae related to the ore deposition which complicates the
maneala. The oharacterlatloa of thla type are dlaoua.ed above,
/amrne At). The time difference between theae two processed la
,£EE hly email, the Introduction of the orece following eleacly

mtxmr She regional metamorphlem.
It la realised that these views are strletly hypo-
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thetloel #m# te the lepeeelhilitj ef ohtmlmlmg eomeiee trltfet

te prere of Alaprere them (e.g. the original oeapoeltlea of the
earhonet# reeke).

Bemever, a deal ef Aedaoced laformatlom ohtalned free
ether parte ef the Skellefte field and the oheorratlone at
BMivlideaftltet de point toward# two separate hut oloeely re-
lated perloda ef ehlerltlsatlon. The meghaalem of the aetual
proeeee le more uncertain and only one poeelbllity la given
here though othere may exlet.

The Nature ef * TTf1W

Sturemalmen provide# the heat area for a dleoueelon ef
the nature of the ore forming eolutlon, hut the other ore#
will alee be mentioned la thle regard.

The flret point le the faot that the Stare and A ore#
are dominantly replacement oree In a carbonate milieu, while
the £-D and O-oree are dominantly displacement area an defined
by Qevelin. OAf1LII 1939.

What this has meant le that the B-D and O-oree have heen
Intruded under hl”i preeeure and have forced the walls ef their
initial openings apart and oame to rent. The oontaete of th*»
ere and the wall rooks are sharp, and wt*)1 rook fragments are
also found In the ore, I.e. the observed oharaeter of the oree
is similar to that displayed by Intrusive igneous rooks. The
general Intrusive oharaeter ef these oree suggests that they

were Intruded In rather e ooneentrated state.

The sture ere on the other hand, Is highly complex la
Its nature. Undoubtedly the ohemloal nature of the limestones,
IMS led to its formation, but, even here, we find that the
structural element has been a dominant feature In Its emplaee-

ment.

An example of this le the tall" of the ore which Is
located at the limestone quartslte contact. 1In thle name
reglen ere enlutlone have also forced their way along fMurom

fractures In the quartsltee to give the ore breocela an the
8 side of the "tall", While immediately to the 1 ef thle
3 tnnaa exist **e*x * certain regions of the limestones

themselves, the ore has heen seen te breeelate the rock.
/ooo W/ooo
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Itea eae might etete that Btpueture, eren In detail,
hae a domimamt Influence, and therefore that dieplaeenent eme
aleo initially a main feature hut due to the reactive nature ef
the carbonate rooka, replacement hae eubeequently become dominant,

name appllee to the A ere, where the structural
faotor eamn etlll be eetabllahed. Tig. 3.

Aa we have eeen before, the ore hae been Introduced
along definite ehear senee at Bturemalmen (LJo Tig. 22). The
drag fold Iteelf meat have led to a great deal of ahearlng and
left many openings for the development of the massive parte of o
the ore.

It le not surprising then that highly modified remnants
of the adjacent wall rooks (or rooks of a shear sons) are
represented by ehlorlte, blotIt0O, tale or trenolite rich bands
(streaks, lenses, sohlier) In the ore. Banding thus caused by
original shear sons slivers, and lenses, have sometimes been
folded and moved together with the ore before complete
crystallisation, and locally take on textures eimllatlng flow
structures in igneous rooks. The whole mass was then in a

eemlconsolldated state*

That so ;h movement has taken place can be confirmed by
m pyrlte ore breccia found W of the ore '"centre". Plate XXXXI.
Beoryetalllsed sphalerite ore from the same region also suggests
movement of an ore which has crystallised in part. Whether this
movement le a major tectonic phenomenon associated with the
region, or whether it is caused by the inherent pressure of the
ore bearing solutions as they moved into their site of deposition
remains unsolved.

Sphalerite banding is often developed in the tree as
explained before. Such banding cannot be due to rythmic pre-
cipitation filling veins or openings.

The banding of these ores le irregular. They are
irregular in their distribution, they are discontinuous, locally
independent lenaee sohlier and enrichments of sphalerite. Bush
irregularity can hardly be accounted for by rythmic k'eelpltatleu.

folded structures in such banded ore types (e.g. Plate

XXTI) and which have also been observed in stopes olese te the
/o__ %€/oo¢



PLA1lE XXIT

Locally folded Pyritic Ore
Bands In Massive Sture Oie.

PLATE XXIII
1l Nicol. X45

Pvrive Ore Breccia. Pyrite
White High Relief.



Bom *A*r# mnrmmnt after part of the ore had erjetelllsed haa
**%** eetahllahad (aoco ahove) eowld alee he explalaed hy yreeeare

Mtlas dm a eeml-eoneolldated aaaa or a aaoe whloh haa oryetalllae#
to a greater part.

She fueetlon whether the ephalerlte ore heads are dee to
a eeleetiwe replacemeat or dee to a eegregetlon of the sphalerite
amd galena phase from a larger dominantly pyrltle sulphide ore
eelmtlon reamlne open.

'fhe author feels, however, that these sphalerite and
galena neh bands might be formed from a segregation meJ&amlam.
On a more regional basis, and as a no 'e or less established trend
for the Skellefte orei, is a tendency of the sulphides to divide
themselves Into *n ores with Fb, 8b, ig poor In tin, and on the
other aide Ou rloh ores eoor in the previous list of elements,
fhe pyrltle ores ooatai< ooth Is or Ou mineralisation. This has
been proved by etetletleal analyses In the H&vlldea Mine (See
OATXLII 1943) and the same trends also established In the
laltnae district, OAVZLIM 1939. The neohanlam Is not knern
but thu segregation established.

One asks then why should not this feature whloh operates
on a large scale (e.g. the 1-D and 0 ores nr. t surely represent
good examples of a segregated, sphalerite crea from a previous
ore source) also operate on a detailed noale In a pyrltle ore,
the In phase and Fb phase segregating Into bands? Such a
aegregatlon might account for banding described on page 58

Pith these ores one is not able to think In the ideal
way of fairly dilute solutions bringing first a p.vrlte stage of
mineralisation followed by a sphalerite stage, a ohaleopyrite
stage and a galena stage.

These ores were introduced as a complex ore of all who
different sulphides almost at ones as is evidenced by the
irregular and erratic distribution of the different sulphides

when one considers the changes In mlnexalogy over a section of

the ore*
It should be realised In this respect that the ehalee-
at Bturemalmsa are mot a

of the ordor of ery.trili».tlen of to. mo .
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°°Ma] order lei- Pyrite (end erseaopyrite) — »
pynrtio fclte ~ ephalerlte — B> oheloopyrlte — * geleae.

® tle ®r7«tellleelloa order eea hcrdly explore the
eeeeoletloa ophelerlte — galena, when oonelderlng a meehauiem
the segregation Into In end Ou rloh ores. It does however
explain the enrichment of oheloopyrlte at the ore margins which
has teen found together with galene 'w * v ), the cause of the
enrlebmunto thus being a type of filter press action on a semi-
oryetallleed oru. Ih» fast that sphalerite and pyrrhotlie eam
also occur Is these enrichments is that there is ar overlap la
the duration of crystallisation of each of the Aides.

is yet. however, we know too little eeout the future
of sulphlle bearing eolations, or other feasible means of
transporting the e.lemerts of sulphide ores, and how and why
the ore precipitated as sulphides, always has a definite almost
unlveftaal order of crystallisation. Laboratory Information
will certainly help to solve many of these problems. Until,
then, these unsolved problems will have to be left open to
discussion. However, it seems unlikely that a universal
hypothssla or theory will be found for hydrothermal sulphide
ores. Bach district has Its own oharaoterlstloe and due
reepeet mast be given to each ore type and parageneele.

A further Indication the understanding of the
Ravlldenfaltet ores Is given by the study of wall reek altera-
tion a study of the matrix of the ore itself. A definite
order of oryetaUl eatlon of the sulphides can be established
and coincident with this Is the formation of ellieatee. The
sulphides apart from pyrite are extremely late In their time
of crystallisation. This can be seen In the microscopic
study of the ores where the sulphides breoolate the previous
silicate grains, e.g. quarts and feldspar in the ores them-
sslvssand in general occupy positions filling the interstices
of the silicate grains. The order of crystallisation of the
phylloellloatee In relation to the sulphides Is hard to
establish bat they appear to be contemporaneous, end la sens
eases (blotite end ohlorite) even later than the sulphide.

It wee outlined in e prevlore section (page 44 ) that

the following features could be aeeoolated with the sulphide
/ooo §§/ooo
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vt Oarboaltlsatloni apparentlj of no greoter leportsnoe

1* lapooalblo to e<HMtablleh the elgnlfloance of thle la a
llaeetoae allleu,) but certainly eocae low temperature sulphide
Telaleta e.g. In, Fb, 8, ig are found In elne» aeeoolatloa
with oarbeaatee.

Ohlcrltlaatlon and blotltlsatlon* of great importance.

Other aineralei freaolltlo ekarn Is frequently formed
In limestone rooks.

Inldote minerals hare formed by the same pro-
cesses but ore quantitatively of minor importance. Other
.ulnerel'i that have been Identified in the ores and wall rooks
on rare occasions of tourmalins, flourIts, and apatite which
indicate the presence of I, 7 and P which are related to these

processes.

At StursMlaen e gat.ural Idea of the distribution of
these differing alterations has been established and as a
general rule one may say that where the ore oooure in a
quartsltlo milieu ohlorlte and blotlte are generally developed.
Feldspar and epldote minerals are also formed. These minerals
occur in the wall rooks and the process becomes Intensified la

tbs ore.

This feature Is Illustrated by the occurrence of blo-
tlte and ohlorlte in the "hard ore" regions, this beoomss
Intensified In the tall of the ore and the underside sf the
antlollnal parte of the ore.

Where the ore contacts limestone tremolitlo skarn may

be developed although tale and ohlorlte have also been found.

The significance of these features le that an Intro-
duction of Mg Fe, HgO, A* and I has occurred In the quartettes
while 81 Al HgO have been Introduced late the carbonate rocks.

The two features seem to balance each other | a deeillfloi
tion of thequartsltes ocours when the quarts tee are ehlerlt eed
and bl timed Slllea must, however, be added to the llmestoaes
for trsmcJIt. fermation. Mg for the ohlorlte mould time also
pertly bs derived from the llmeetomee themselves which *r* re-

plaeed by the sulphides and skarn minerals. F. sf source Is
fmm# VALY
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E He the ore (pjrrite la abundanoce) while I eleo —
to be laherent to the ore Jeiglni by the rut euwate of blotltlo
ead ohlorltlo ore# la the "herd ore", antlollael and "tell"
reuhe# of the ore.

A 1llkewlee found both la the ehlorltle alteratloa pro-
daat# and In the treeellte group, le an enrichment ooapared
with eerlelte quart# eohlet and llmeetonee reepeotlrely. The
sue eppllee to HgO.

hy aueh reaeonlng It can be eeen that eome of the
oleaeat# of the ore eolation can be derived locally and nee¥*
not aeoeaearlly be oharaoterletlo of \he eo:*tlon. loeal
raadjuetaent# oan ao”ouaii for atu of the eloaKnte fouad In
skheee uacolatione.

Conoeralng the whole ore whloh 1# oharaoterlatloally a
replacement ore, southing hu to be pushed out to allow for
the sulphides, and In the main this would be 0aO, O0#*, and IgO.

Mg apparently remains a long time In solution as Is evidence#
by the common aseooiatlon of ehlorlte with the late stage
ohaloopyrlte mineralisation whloh Is squeesed out from a
partly crystallised ore. CaO and C02 would thus appear to

be the main eluents driven off.

It Is realised that these points laok any quantitative
backing, but the general disposition of the ere and wall rook
suggest the above trends. Aleo, our present knowledge of ore
beerlng solutions Is so sull that it would be to no avail to
suggest any uncertain hypotheses on ths ore forming solution

and this would only oonfuee geological thought.

It is interesting to record that blotlte and trenolltle
rooks are stable under conditions of th» ore deposition. This
Implies a higher metamorphlo grade than the surrounding eerl-
olte quarts eehiete (whloh frequently contain chlorite) and
whloh were forud in conjunction with the Reveund granite.

The sulphide ores are thus slightly Jater than the regional
metamorphlu which 1 e a with the formation of the levsund
granite, and therefore there Is good reason to relate these

ores to the emplacement of these late or poet erogenic

granites.
/o.m 90 /...
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