alp
P

Bergvesenet

Postboks 3021, 7002 Trondheim

" Bergvesenet rapport nr

BV 3955

Intern Journal nr

Internt arkiv nr

Rapportarkivet

Rapport lokalisering

Trondheim

Gradetring

Kommer fra ..arkiv

Ekstern rapport nr

Ovarsendt fra

Fortrolig pga

Fortrolig fra dato:

Tittel
Del I: Geological study about the Knaben Molybdene District.
Del II: Result of microscopical examination If samples with polarizing light.
Forfatter Dato Bedrift
de Geoffroy, J. [ Feh. 1949 )
|
Kommune Fylke Bergdistrikt 1: 50 000 kanblag 1: 250 000 kartblad
Kvinesdal Vest-Agder Vestlandske 14123
Fagomrade - Dokument type Forekomster
Geologi
Rastofftype Emneord
Malm/metall Mo
Sammendrag




February I949. J.de GEOFFkROY

Ecole Nationale Superieure
de Geologie.

GEOLOGICAL STUDY ABOUT THE KNABEN-MCLYBLAEN DISTRICT

— ——— S - S —— T —— - T ——————— o ———

(VESTAGDER) NORWAY.




INTHODUCTION.

The present study is concerning two sectors of the mining distric~
of Knaben-gruvor (South Norway ).
This distiict consists of,like the whole southern part of Norway,
anciint precambrian grounds belonging to the old scandiniavian

ield.

t consists essentially of gnelss and granites with their usual
Satellites:aplites,pegmatites,and quartz veins.
The outcrops are numerous ahd excellent, through the combined effect
of the ancient quaternary glaciers with the present fluvial denuda-
tion.
There are numerous erratic gtones with polished and striated wawing
rocks on khe surface of the battered table-plain,whose altitude
decreases gradually towards the South from 700 to4OOm.
The fluvial denudation has cut inside right and deep valleys,whose
dominating direction is Northe South.
Many lakes and marshes are taking the hollows of this table-plain.

Generally the weathering of rocks is feeble,it is not going dee-
ber as a few centimeters.,
The small fissures are often filled by epadote,
The water of the lakes is strongly dyed in red brown with the small
particules resulting from the decay of ferromagnesian minerals.
The way of the running water is often marked by ferrugineous coates

The surveyed areas are:

I°) An area directed North-South from Knaben-gruvor
to bjornvann at 7km Southwards.

2°). An area directed North-@outh alongside the Sir-
dalvatn,from Tonstadt to Oftedal at ISkm South-
wards and situated at IS5km West from the first.
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a geolozical map at I/iUUU scale of the roof a“ the actual working
( Knaben-iHomenvenn) has besn already done,jnst as®systematie proepection
of molybdenite zlonsside = [Horth-South diresction the irook of Enzben znd
the Littleadilen.

iy own work consisted in recognizing the mineralization Westwarde
and South-Eastwards of the ,lra“é: prospected region.

The gnsiss,whose dip L5%yr 20° Eastwarde is easily wisible on the
right bank of K urenuraoa,aqs been chanced into granite alongeide &
streak NL-SW from Jkm. at leadet in width.

The aastern Jom:cry line is marked about through the clif'i which
is bordering the right bank of Ensbenbrook &nd efter bendstoward Su.

The sastern boundary ling is located off the prospectisd srea.

fhe grnediss has & wvarled sppearsnce:

1) eye-gneiss with big numerous pink feldepare and a few
biotita.

¢) gray dark gneiss with tiny straight and perallel beds
mach more rich ir wica than ths nruiﬁd,"t

>) gpeissose granite pink with litlle intricated beds,

often very like zranite

The grenites are of zsleczlin 15‘* godicopotassiec with ortkose
and albite Teldepars watiher & porphyric 1) with big pink ¢
or white feldspars,or a tlny crathed pink t:.u.
Anyway the dark minsrels are searce and the grenitss &re often
turning into -a]itﬂs.
They are & ccompagnied ,as ususl ,with numeroue white or pink pegmetitic
veins with quarizose masses and big crystuls of biotits ,which are often
turning into guarts vesins.llany mellky quartz veins compa:t or hollow
can be Tollowed fregently on 5 to i0m length. They eut the greanits or

thafzneiss.

The aplitic formations ars importsni:vhits or croy oink timp®proi-
nad uplite ghaping into very irragulsrly ramifisd vefpu turning often
intio nurta veins. 'his formstion follows the granitic formation undern-
earth with about the s=me dip (20 or 30° EBastwards).

the undsrzround worke reachin: to the mark 547m at the firet ls-
vel have proved that the aplitic formation is growing 1in thicknsss with
the dsepth.

J9e aplite ia often formed,gn the surface,in the shape of small
velns, masses of big erystals of guartz and felspars in; grephic associs=
tion .

Locslly ,some dark green amphibolitie veins are found through gre-
nites or gnaies

Un the bOUHL ling of granit g gre
dual but nsarly _«ct.horc 0z tpn ,the gnsiss tske ghranitic appesrance
gnd lose Tthelr bedding. uoqailmaﬁ the rock is arofced by derk at.ml—it
or folded stripes very rich in ferromsgnssian minerals.is we shall se=

later ,thie appearance is more fra,unnilJ found in the ares Tonstadt-
Q0ftedal .

28 end gneiss the transition i= gra-



Mineralization.
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It is connected with the granitization of the gneiss and with the
usual satellites of granites saplites pegmatites and quartz veins,
1t consists chiefly of sulphides :molybderite,pyrite,chalcopyrite. These
later minerals have no economic value,becausc they are too scattlered
and,during the treatment of molybden ore,these sulphides are striked out
by solution in CyRNa.
The average bercentage of molybdenite in the worked parts nﬁéhe rock
is not vexy high ,from O, 7 to 0,3 %.
I will now point out & iew marks through which by overground investi,
gations molybdenite can be more easily detected.
I)Great number of quartz veins crossing granite or aplité or ra-
rely greiss in the vicinity of granites,and usually connected
with pegmatitic veins,is a very interesting indication.

As often as I have found the molybdenite,it was in the shape of big crys®

tals in the hollows of quartz veins,or as material filling small fissures
into granites and rarely gneiss allways in proximity of quartz veins.

However,all the quartz veins are not mineralized ybut I think it is
necessary to point out on the map all the outcrops where I have: found
a great quantity of quartz veins ,even though I did not find & visible
mineralization into,because these outcrops deserve more investigations
than I would do.

Often it is very interesting to inspect the quartzose alluvions
mwhich are accumulated by the rumning water in hollows of the ice=pol-
ished flags.Indeed I have found many crystals of molybdepite,chiefly
oo the points J24 ,J32,J33.Everytime the molybden ore was contained in
proximity in little fissures of the rock.

2).The presence of other sulphides as pyrite or chalecopyrite
is alse a interesting indieation.
Indeed I have often fourd these sulphides ychielly in quartz veins, be-
side the molybdenite,for instance on the points 2J40,J46,347,350,351,356
.in many cases pyrite and chalcopyrite lie without molybdenite ,for
Iastance on the points :916,J24,J43;However, in such cases,it proves that
the mineralization exists infthe vieinity and,if the investigations are
Jushed deeper,it is possible to find,the molybdenite.

3).The surficial ferrugineous coales on the rocks are pometimes
interesting for the prospection,but very hazardous .
I note the outcrop J40,where little impregnations of molybdenite with
byrite are connected with some plentiflul red-brown ferrugineous coates
This faet is likely owned to the surficial oxidation of the pytite in
the rock.But very often this red brown colour is owned to running water
wkthout connexion with the mineralization.

I have seen neither molybdite,nor magnetite which is found in 1ittle
masses about the Sirdalvatn.



ilie chalecopyrite is sometimes altered into green hydro-carbonate
walachite,

The mineralized pegmatitic veins are rare.They contain only; molybde-
nite without other sulphides,for instance the points J3,J.,J4¢.

4s to conclusion,the outerops which are interesting and deserve
deeper investigations are those where the.quartzose and pegmatitic for-
mztions are plentiful ,where pyrite and cholecopyrilie sre found even
alene,and accessorely where ferrugineous coales exists on the rock.

surficial distribution of molybdenite.

The investigations which have operated this last war and my own
work show that numerous mineralized points are scettered irregularly
alongside the Knabernbrook and the Littleadalen from North to South.
Ihese points are very rich in molybdenite between the Knaben mine and
the Homenvann on the roof of the present underground works.
The area situated between the Littleadalen and the Borknomkmnattan
offers the same features,
On the contrary on the South of Kaldalen and chiefly on the gneiss,
wherté the quartzose amd pégmatitic formations are rather rare,the mine-
ralized points are scattered and less rich,
An other direction from North to South, interesling about the mi-
neralization,is situated between the Knabenvann and the Movastokn.

The richest areas. are situated alongside the Atlakdalen and the
Oy evann, then between the Movastokm and the Borknomknatian,whiere this
sgcond direction is meeting with the first.

Between these directions,I have found only few interesting indi-
catlions,because thdks area is entirely covered by vegetation,and the rare
outecrops I have met,are bearing no molybdenite.

The mineralization seems likely to proceed further Southwards
why,as the topographical map ppints out,exist mining works named
"lolybden-nedl",at I0km Southwards: of Movastokn near Fjotland.

otudy of underground mineralization.

The mining works sre going deep into the montain Trom Soulh of
Enaben agffar as Lhe Homervann at altituie 670m (first level),and the
deepst level (10%h:lével)is at altitude 575m.

llese works show:

Al a given level:fa gianitic formalion bearing a rich minerali
' zation parallel with Ni-3W,

an aplitic formation;
In a vertical section:
the formation 18 going with a dip 30 kast-
wards inte the gneiss.
The thickness of the rich formation 3 (Q2
to . 03%) is descrising with the depth,



while,on the contrary,the Lthickness of apliftiic formation increases.

The molybdenite appears in shape of little impregnations in the middle
of ligth gray granite,containing plenty of white felspars,or associated
with quartz or pegmatitic veins .Sometimes little masses of cale-spar
are found.

Anirregular mdneralized zone exists parallel with the aplitic forma-
tion; its Northern part is rich,but in South the percentage of molybdenite
d&CPBdSGb(O 1%) with few localized enrichings,and belove the Homenvann
this zone ende by mineralized quartz veins.

The grarites which are situated between these two mineralized zones
is often porphyric with big pink felspars.These granites and the aplitic
formation are:rarely mineralized.
Generally the molybdenite is localized ,where the granite is rich
in quartz and felspars ,On the contrary,yare intthe granites ric¢h in dar®
minerals.,

o ———— — ——— i — - S a E—



1I}.AREA TONSTADT ~OQFTEDAL.

This area whose approxinate surface is 50km sq.,is elongated
North-3o6uth in parallel direction with the Sirdalvaln .
O1ld investigations for molybdenite are to be seen above Avedal and on
the Souti: of Bergheie above Skibeli.
&y owr work has consisted in doing Lhe geological survey (500.0 scale
and in the same time in the studying the mireralization.

Geological fesmture of this area.

e e el e L VIpE——

A line North=Scuth passing slightly in the Zast of Oksendal parts
twe great systenss
West of this line:the granites which disappear in the 3irdalvatn

#55L of this lire :the greiss which I mel as far ss T could =zo
Bastwards .i.e. spreeding over 3km from the
sepuralive line.

THZ GRANITES,

v~ ihey lie generally like big rather irregular benches with a dip
of 50 or 40 masiwards .Like for all Lue rocks of this region ,the weathe
ring is sligut.The dark minerals and the felspars are purtly chloritized
a"d the secondary epidete fills the little fissures .
Ihe granitec are light gray or pink j;generally quariz and felspars
are plentiful andfthe dark minersls are scatiered on stape of little spots
Sometines they are turnming into aplite.In many places tle granites
are porphyric with big pink or white felspars .
Near Oftedal,the granite situated st the fuol of the ¢liff contains
many inelusions of magnetite visible with tie naked eye.
Ife aplitic passages excepted,the pegmatitic veins are rather rare 3
it is’ generally a pink pegmabite with biotite and quartz masses.
ihe guartz veins,so ffequent in granites of Knaben,aie very rare.
These granites cropout largely torards the South-Bast of Tonstadt
in the areas of Legeheie,Maridaleh,Loyntj,and alongside the cliff ri-
sing above the road from Haughom to Cksendal.

Microscopical study.

It has been dore with four samples: A ,B ,C ,17Q.
I took the samples A,B,C,on the North of Haughom along the road w ich
fellows the lake towards Tonstadt .
It is & light gray granite with dark minerals seattered in little grains
and big felspars ordered in parallel lines.
It contains:
a great amount of quartz in large xenomorph crystals,
microcline {potassic felspar),a little oligoclase{calecoso~

-dic felspar)



often altered intio gkind of white mica (damourite).
rather plentiful biotite ,very pleochroic (from yellow-green
to dark brown). ;
a little muscovite.
gig crystals of magnetite enclosing pyrite,
bhene allways connected with magnelite;this association
proves that this magnetite is really a titanomagnetite,
1 have chosen the sample I70 in vieinity of the contact grelss-gra-
it cuntains: IR
a great amount of quartz.
brevailing microcline sccompained by a little oligoclase,
frequent association of quariz and felspars :graphic miero-
pegmatite and myrmekite,
rather rarye biotie ,often chloritized.

GhortLy,t%is sranite is typically a caico-potassic grahite with
iotite.

: However this granitic formation is mot homogeneous. :
Indeed the road cutiing the rock alongside the Sirdalvatn shows some
grat continued outcrops with clear alteratioms of typic granitic appea=
rance. l have chosen for type the ocutcrop situated between Haughon and
thie Lkompen.

IThe succession ,from Forih to South,is as followsd

19).Gray tiny grained granite ,often pophyric( A ,B,)

29);Gray darker porphyric granite with ranks of big pink
felspais (CS

39).Gray granite crossed Ly little lenticular dark bteds
and wide aplitic stripes (D)

49) Alternacy of dark beds enclosing many ranks of white
felspars ,and pink aplitic stripes (E1 ,EZ).

59).The dark stripes are getting smaller ,then end into
bevel a mid pink aplitic rock.

6°) . The Rﬁ&ped appearance comes back with many folded dark
beds succeding to aplitic beds.(F ).

79} .These allways many folded are getting wide,then disappear
little by little.(G,H,I.).

£0).The rock turns into a homogeneous light granite with
only few darksbeds.

$0).The rock turns abruptly entirely dark with only few
white folded a.1itic beds.(X).

4 little farther a,very big quartz vein crosses Lhese dark rockhs perpenc
diculary to thie foliation of rock,

Ihe striped rocks with ranks eof felspsrs in dark beds are lasrgely de-
velopped near Haughowm in each side of the road fronm PHaughom hteo Oksendsl
and near Phe little lake of Oksendal,where they alternate with the



pink porphyrie granites.i same succession is found before the first
bridge of the road from (ksendal to Avedal,passing frouw & homogeneous
gray grsnite to striped dark rock and agaiu to the normal gray granite

Numerous reccurences of this appearance are visible alongside the
road between Oftedal ,Hsughom ,and Tonstadt.

The outecrop 27 shows s pink aplitic rock which is scparated Ly a
straight ard elean line,from a dark rock containing little lenticular
inclusions of aplite. H

In these formstions,the quartz veins are very rare ,on the cotrary
the pegmatitic veins ,more or less ramified,sare very  nunerous and ge-
nerally perpendicular to the bedding.

In all the cuterops already noted,the rocks have a clean dip Fast-
wards like the granites.

Bverytine the rock shows a streaked afpesrance,the dark or light
straight or folded stripes are allways parallel.

Mieroscopical study.

———————— i ] . . i

The samples have been chosen in series, from the Runpen Lo Haugha
om.They are going from noraasl homogeneous calco-zlcalin granite (4,3,C
to a very dark rock with few folded aplitic beds(E).

The D,31,EZ,F,correspond with the biginning of the striped rocks
Their mineralozical composition is obviously changed:

g reen hornblend becomes prevaillng,often conneecled with alittle bioti
te igsued frem its alteration.

Hicrocline diésappears gradually and is replaced by oligoclase, proving

the growing percentage of calelum,alread; indicated by Ghe apparitlion

of hornblend.

The assoclations of nuartz and felspars (micropegmatite and myrmekite)
are frequent,like the associations Litanomagnetife,sfene,pyrite.

The sample EI taken in pink aplitic bed,contains a great amount
of quartz and felsparscoiten associated {myrmekite)sbiotitie is rare.
The chemieal eomposition of felspars differs from that of the dark
beds: indeed microecline( potassic)sand oligeclase are in same proportion

Frow sanple F,microcline disappears conpletely .The rock beco-
me clearly more caleic with green hornblendhnd biotite in variable
relative proportion.i part of the biotite,oltien chloritized,issues
probably from the alteration of the green hornblend.This alteration 1is
accompained by a deposit of irom and titanlum oxides.

Apatite and sometimes zircom are inecluded ir ciystals of hornblend.
Epidote arnd sphene (eslelc minerals) are issued directly from 1ts al-
teration.

Biotite is often changed into felspar and magnetite,or chlorite.

The magnetite or titanomagnetite issued from Uhe alteration of hora-
Blend or biotite,have allways the shape of little torn crystels,
whereas the original magnetite or titanomagnetite included in magna
hive allways the shape of big crystals enclosing pyrite.

The sample K corresponds with a very dark rock. As before
(samples G H,I,Jd.),microcline is ent;irely lacking; there is only oli=
goclase.The dark minerals are plentiful jbut green hornblend is enti=
rely lacking; biotite 18 accompeiped ty big ofystals of gyroxens:



erthorambic pyroxene (btronzite),and clinorhombic pyroxene(augite).
This latter is rarely changed into & kind of serpentine andmore often
into biotite and chlorite,

The original magnetite 1s plentiful.

_ Shortly, these striped rocks are constitued by an altermacy of apli-
tic beds containing quartz ,oligoclase and wmicrocline, and of davk beds
containing guartz ,oligoclasae,green hornblend, pyroxenes,and biebite,

THE GNEISS.

——

In the HEastcof a line Worth-South passing near Oksendsl,a grest
gneisacse formation is found with dip Trom30° e 40 Easiwards,which
has giisible influence upon the Lopographical shapeson the eastern side
of Avedal-valley the slope presents successive ledges,and on the oppo-
site side the slope has the same declivily as the dip of the gneiss

Generally the greiss is dark gray.It is compacl and very hard;
t;t is possible te distinguish two essentiial appeararces in this forma-
ions :

1)4A thin bedded gneiss :it: consiste of an allernacy of
staight,dark,and white beds.This appesrance becomes pre-
vaillingmisiwands,

2).A folded gneiss:this appearance is very varied:

either:alternacgy of white and dark beds parallel hut
undulated.,

or: very intricalie bedding with darik,folded and stret-
ched beds on a white aplitic ground.

These foldings avre sloping,stretehed,drifted,on sgemall scale,exaclly
like the great foldings of sedimentary formations in the mountains.

& very nice sample of these folded gneiss is visible on Ghe large elif:
cutt by the brooks trough the rocks from Slettheie to Avadal-lake.

This appesrance is chiefly distributed alongside the boundary-line
granites-gneiss: Sleltheie ,Etakithomheie ,on the South of the Bergeheic
alongside the Kleievann,and on  the Worth.ef -tdvedal.

Loeally the gheiss contains many little red garnetis( pt.76. )
In all the gneissose formatdon,the aplitid,pegmatitic,qUarts veins are
very numerous,and sometimes these aplitic veina .contain red garnets
enclosing 1ittle quabtz crystals.

Microgecopical study.

(Samples 70, 76, I%4.)

! of
The gneisa 70,and 76,are a/ thin bedded kind.
They contain:



wzzle of quartz crvstals,

cligaclase alone.

very uplecchroic brown-green hictite more or leas chloritizec

a little cordierite chiefly in the sample TG0,
& great mumber of big garnets( almandin) enclosing little
Quartz crystals,in the sample 76.

1 took the sample I94 near the the boundary=line granites

it shows: >
& puzzle of quartz cr,stals.
Prevailing oligoclase accompained by few microeline

plentiful bviotite,
no gaimets nor cordierite,

Briefly, the gneiss is bypically a calco=sadi

58 with biotite,
andi'silicates of mebtamorphism (garmet,cordlier

H O
L
a

ihe gneissose formabiion is not everywhere homogeneous,
the border of the boundary-line granites-gneiss ,it contains a large
Quantity of granitic inelucions getiting more rare towarls theRast,
They are often too litile to be marked on the map at I/5000C scale
for instance,ailound the 3lettheie yolakkhomheie, Bergeheie,vhere the
granitization is Jdiffuse through the folded gray gneiss,

On the contrary these granitie inclusions are more considerable gn
the South-West of thé@tnklhowfj&ld inivadal-valley,around the Vardefj
and alongside the Kleievann.

»

4

Along the path which goes up Trom th
b | . -

2ie bottom of the avedal-valley
LOS takkhiomf jeld,1 saw ab first a wrk folded greiss,and after a inter-
Tuption owing bto marshes and vegetation ,: ?}.j:; amai.£7a“ite.fﬁfﬁ _
aJ;‘:‘l Le ‘t 11' u']’-Fb -"tz;-, whi e ..'.-4' ] ite with in wariolis ‘4,‘-1-‘-"3-“'%'; iz
it fus heds lik clouds. This e E;1y1 |F&“:=&ﬂ 1te turns Lfa;uﬁj}]&r into &
'{;ji_ni(} darlk thin bedded Zné a8,

Lis pregressive Lransformation from

within a length of 20Cm.

The Vardefj area shows also a excellent sample of pgradually
fUIm§LiUﬂﬂq£ granite into gneiss along
the Vardefj.

granite to gneiss takes place

trans-
the path from Listol-farm Lowards

These granitic inclusions have various appearancesssometimes
or pink tiny grained ,sometimes porphyric with big felspars.
IThey are often crossed by many quartz or pegmatitic veins,and cone
tain few little red garnetls.
further ,the granites aregoften crossed bylark lolded stripes like
they are along the road Crom Haugnom to Tonatadt.
Over Avedal (Elettheie)the old investigations for molybdenite
shiow a complex succession of appearances in the folded _ray gneiss.
The outerop II3presents a succession ag follows:

{_::I‘r':l.‘v

I).tiny grwined gray granile ciossed by dark folded strd
pes. iti",:} higd L 1{ I

2),.thin bedded gray qweiﬁs.grmbnnj by hi
containing & little _yrite (sample 2)

3).wiite aplite follovwed by dark striped rock! {sample 3)



4). thinbedded gray gneiss crossed byyquartz veins con-
taining big orystals of pyrite.

‘he,serles of samples ( a,b,c,d,e,f,g.) proceeded from a old surficial
investigation for molybdenite.I shows also a succesaion of granites,
gnelss,aplites and'derk striped rocks ycroased by many quariz veins.

These successions are visible on the South of Berzeheie and in Ave-
dal-valley,.The outcrop 2I0 shows a gray gneiss with Tew pinl aplitie
beda parallel with the foliatlion ecut by a big vertical quakéz vein;
it proves right that the qifftz vein 16 lateér thanm the aplitic heds
consecutive to the granitization of gneiss.

Hicroscopical study.

e e L Y pe——

1).Vardefj area. ( samplea 24I, 235.)

T S

Sample 24I1.:1ight gray granite containing: quartz ,prevailing microeli:
ne, a little oligoelase, mueh biotite partly altierad inte
chlorite or felspar with magnetite,

Sample 235.:dark gray granite,containring: quattz, microeline and a 1i$”
tle oligoclase;biotitie accompained ly green hornbvlend par—
tly altered into chlorite,biokite and epidote.

)

1I).51lettheie area. ( samples II3, I76,series a,b,c,d, e, f,g.

Sample I76; dark porphyric granite with big white folspars.It contains:
afrtz, prevailing mieroctine,oligoclase, frequent mieropegs
matiliic associastion,many bictitie often altered into chlori-
te and magnetite.

2@ e II}. izh first il haings 4 ]_ 25 13} T e

Series 7 Lhe 1T1IrS8% sampie contains:quriz,many oligoclase,with micro
pegmatitic associatlion,rare biotite,a great smount of magne
tite and titanomagnetite often altered into sphene.

thesscond,similar to tieitypic gray gneiss,contains: ;
quartz,many oligoeclase,a little micrdcline,green brown bio
titie,many magnetite ecrystals.

the Uthird ,dark granite crossed by dark stri as,eonbaingss

Quartz ,oligoclase,and many pyroxenestbronzite and ehiefly
augite partly altered into biotive,chlorite,cpidote,sphene,
magnetite. '

Series a,b,c,d,e,f,g.
The saaiples: {a,b,e.) corréspond with a' 1ight gray granite
turning into aplite.Theyconlainsi:a puzzle of quartz crysta’
y0ligoelase and micracline ,with micropegmatitic associatior
rether rare green brown biotite,a little ecordierite,pyrite,
and magnetite, )

The followingganples (d,e,f,g,) have been taken in gray
granite erossed by Jark folded stivesks.
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ined by many crystals of green hoinhlernd,which
iltered into biotite
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In the sample d,biotite and green hornblend are accompain-
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el by augite altered into a kind of green hornll nd( ounra-—
v ]:ﬂv.) iag ghite is accompalped ly LiLanﬁmugm;thw a1t
ed into sphene and conftain lithle inclusions of prrite.
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LTy gra  grani b e?ftwjﬁlnu:e great amount of Gua-

smicrocline and oligoclase,wilh micropegms Litic association,
rather rare biotite partly altered into chlorite,felspar,
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samples 209, The first sample is apink porphyric granite wibh quartz,
microcline,a 1ittle cligoclase ,rather rare bhiotite,s lile

"
tle codlerits.

1 - § - s o - 1
I I : Liid il

O Ly Los 2,4
pipes. It contalns & quattz,m]
frt'-;,;.mCh Oliuﬁ(}]hiit'ﬂ,s‘: glred t anmol
- green hornblend,bisz crystals of sphene,

. m . » oy oo o o
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uari:z,oligoclase,
;le microeline,biotite,a little condierite,many big
12 o sphene and zircon.

The & ‘:;‘.é.\l 18 A Very rocl CIOBE 1‘7__‘1‘ 'F_Ef tle lar f,'.;-:l—
lar~ aplitic beds.: It containss quartiz, olligoe ade,a great
: : - Sk e
amount of dark minerals: bronzite altered Into &kind of
BSETEN e A T, 0 OvuI ‘!jr’\'-'-

peen Hornbhlend altered into chilo
if.i’i:‘h"‘ [ = 3

) Shorilys These rociks have a varisble minerslogical CHWlﬂfiIT?ﬁ,P“W
like thetypic calecepotassic granile,now like the typie eal-

-

¢osodic gneiss,now intermedliate.

| , . . & Ty - - e e e 2 =7 e
The dark streaked rocks with quartz,oligoclase,biotite,horn=
1'i]l""lt“';_i'ul‘ Iy TOoXENnes ,are vell) L 1requer Y
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This contact is observed easily in Lhe following areass
1), Esudtokruaten.
A cloudylike aplite crussed by dark folded stripes lies helween lhe
] gray dark many 1ded gneiss,and the pink porphyric granite,
This transition-rock takes place within a width of IOOm.
1) ,0ksendal area.

. Me transition is eclearly visible on the gide of the cliflf bverhan-
by S
L L

ganging the village.It consists of pink granite crossed by many dark
stripes,which turns graduslly inte & tiny bedded gray greiss.

I11).0ftedal srea.

The contact 18 situsbed on the side of the eliff overhanging bthe road
et St

of Huu ghon .

The Poct of Lhe ¢liff consizts of granite with dip Lastwards;the upper
L]

- i - o & £ e b L] 1 i - e T e s B A v, Ei T

pa L u | C?‘_ni\l‘t.w £ 3.]1 V' i 1-‘ Q4 gAY £ :‘1 3 Lol I'eild ,}i, METwarids.,

mn il r . 1 e i 1 : o b

The contaet is arked },_' & 14itEl IECIENTA idden 1 regetailon.
- 1 1 - . - A # E] r T i 1 - . e
.LV)._...- JL the Sletthele ,and O he douth of Haughom,! I iom

. Briefly,slong Ataet tes—gnelss, ransition &s allwaya
J_;:\u‘;.‘;-.;.iw_.lr consists chielly of c-lmj.dy-—l'.'x«:f» iplitic formations.
The granitic and gne cse formations have the same dip Bastwards.
Indeed, the bhoundary-lihe makes Abend Eastwards,when it culs  the Ave-
. jal-yalley.



SYNTHESIS 0F FOHMER PRTROGR-PHIC SPCDIR.

bt n —— e

1°).Comparrison of zrenites and gneiss.

e ok - ———

The former studies have disclosed ths essantial petrographie charac-
ters of tha formations:

celcopotaseie granite with preveilihg microcline and oligoclase.and

. biotite.
calcosodic :neizA&ith oligoclese,biotite,and sillicatas of metamorchis
. ' m
The microzeowicul study shows clearly thet the transition,in the
point of wvlew of minersalogical Gﬂmpﬂﬂitiﬂnfﬂﬁﬂ ths appsurencs,is gra-
dpal between the typical gray gnsigs( 70,76 }sud the typlcal gronites
( 4,8,0,),88 shown by the samples 194,I13,IT0,found about the boun-
dary line.

II°).Jomparrison of the granites enclosed in the ynelcs.

The mioroscopical study pof%s out that these granites have a varleble
minsralogieal composition,i.e. allvays biotite ,sometimes oligoclase
like ths ;neiss,sometimes prevailing mieroeline and a little oligocla-
se lilke the grenites of Sirdalvatn.

The principul difference is the presence of green hornblend and the
greater freguence of cordierite.

11I°)Z Comparative study ol tha dark striped rocks in the granites.

- P — —_— - e — g =

These appearances are vary fre.nent & mid the granites ,alongeide the
Sirdslvstn ,ebout the boundary lirme grunites - gnelse iénd aleo 8 mid
the granites snclosed in the gnesissote formation.

The microseapical stndy shows that the mineralogical compoeition ol
thess rochs is very different from that of ths zranites gnd the gneiss
Indeed ,microcline disappears graduslly encé is replaced by oligocluse,
meanwhile green hornblsnd eppeare ,allweys accompasnled with much bio-
tita and sonetimes vith pyroxenss:sugite and bronzlte.

Ths dark mirnerale are often altered into variopuse modificatione;

I).0The orthorhombic pyroxenes (bronzite) ars altered lnto serpen-
tins or somstimes ouralitfe.

II).The clinorhombic pyroxeies (sugite) are changed into bictite
chlorite,with maugnetite and spidote or into puralite.



II1).Gresn hornblend is alterad into biotite and chlorite
with magnetite,sphene,epidotes;

These chemical transformations are corresponding with a more eopplex
alteralion than that which is owed %o whathering,and are. certainly
connected with the geological history of these rocks,

The usual alterations owed %o weathering are: . _
alterstion of the biotite into chlorite -with magnetite or inte fels="

bars with magnetite.

alteration of sodico-calele felspars into mica damourite and sometime
chlorite, of potassic felspars into kaolin and chlorite. 5

e s R T A e A A RS W Sk ek S R b S —

INTERFRETATION,

A e A - — . o o W e S

I have pointed out that the horder of the granitic formation of
the Sirdalvatn is marked by great transformations of “ihe appoarances
of the gneiss. .

To explain that,I have refered to different works of J.Sedaerholm
and C.Wegman abou the Pracambrian of South -Finland and teo works
of Mrs.Roques and Demay about the Frecambrian ojMontagne-Neine on the
South of Central Flatesu of France. F

Sederholm names "migmatites" the rocks,often already metanorphie,
whichi are mixed with a granitic or aplitie or pegmatitic magua. :

He distinguishes allways in these migmatites{ '

the woof which is the rewain of the originalrock
{t;he" ichor" which is imbibing the woef. '

The percentage of ichor is allways high: 50.to 80%. : ;
On the average,the mineralogics]l compesition is the sams ss this
of a ealco~gleslin (monzonitic ) granite with oligoclase or andesine
mlerocline,biotite frequently accompatnied with amphibholes end pyro-
xenes the aesociation of quartz and felspars are Freduent: graphic &
micropegmatite,and chiefly myrmekite,which consists 6f small intrica-

bed threads of quartz emid crystals of felspars.

The great amount 'of cordierite and garnet almwandin -ia .characterisibic
for these migmatites. : 2

In the countries 'where the migmatites take up 1argehaurfaaes.{?in—
land,South Norwey, South of Central Plateauw dn' France ) ‘a whdle
series is found geing Crom gneiss and micaschistes (ectinites) to
ibe deep aboriginal granite.It consits ofy ' -

I)embrechities: ‘eye and striped gneiss with vegulap
foliatien.

IT)anetexites: injected gneiss with undulated beds
these foldinge becomes/narked and irre-
galar (synmigmatitic foldings)
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beills from the dark Hiny hedded gneiss,
However,I remind that,on the South of Lnaben-gruvar, several lenti-
cular streaks or veins of amphibolites are erclosed a mid the gra-

nitic formation.Perbaps, these rocks exiated o mid the grnelss before

the granitization,and as ususl for the amphibolites,their altera—
Llon has been slight,

STUDY CF MINERALTZATICN

Alongside the Sirdalwvatn,as in the Knaben area,the mineralizatbion
is closely connected with the granitization of gneiss.

In the granitic Tormstion of Sirdalvatn, contrary toithe Enaben area
the quartz and pegnatltic veins are rare ,and the mineralization
is allmost entir: ly lacking.

I point out however,tlis numerous big erystals of magnetite and
also the titanomagnetite with inclusions of pyrite,crobably akori-
ginal,visible in mlcroscope.Further,in granite around (ftedsal, the
magretite enclosed in rock,is eusily visible with naked aeye:

Ihere 1s perhaps,a 11ttle molybdenite,but it is impoesible to dis-
tinguish it f;om magnetite without meballographic microscoge,

These minerals were contained originally In the magma before bhe
s0lidification,but they have remained scattered in the rocks,

The mineralizatior is allways connected closaly with quartzose and
pegmatitic Tormations alongside the contact granites-gneiss Inf!
zone of anatbexy

The quartzose l'ormations eppears under two aspects:

I).Crust of cristallized quartz on the surface of anatexi
Ges,and masses of quartz a mid the folded beds of Ghes
rocks,

I1).Straight white milked quartz veins cutbing aratexites
- and also the quartz crusts.
These quartz veins are very often connveied with pegmatitic veins
which are allways bearing numerous masses of pure quartz,
The minerslization consists of masses of magnetlte,and sulphides
as molybdenite,pyrite,and chaicopyrite,f11ling hollows in quarts
veins angbrnatexlites or aplites,

MAGNETITE.,

[ T S ———

This oxlide lies in little eristallized musses with ecubic or cotae-
dric shape. Thesea crystals are somebimes altered Into red hemati-
te. Hagnetite 1s chiefly enclosed in the quartz crusts on ‘the sur—
face of snatexites atd in pegmatitic wssses or weins.
I found this oxide in four areas:

on the South of Bergeheile and along the Kleivann,

cn the Bouth-Bast of Stakkhomfjeld,



e

—_———

REE

i

¢ Gy
“ (=
- r
Lo -
-
T
T
-3
ey
=] J-

oy
oW
3 E

-
i e
wid
g
, =
o

L &
&

0
ko =
- -
(& T
o e
3 o
- J

|~ Ll

o rells
.
=
" - "~
= >

\
[

o n. £
- 0%} =y
E -
am T -

e

3 M oo

] e £

= D

o

: -
oW

! o=

R~

(..h -—
o & . -

Y

4 o
I3
L il = |
I k
L

ar
-
- L ¥
b -
pE
b -
a5
f
LI e
¥ s

™

P



However,even if the percentage is interesting for being operated,
it would be impeded by the grcat difficulty of access resulting
of the height of the cliffs.

INTERPRETATION.

The study on all the deposits of mdybdenite discloses that they
are allways connected with an intrusion of acid magma,either in
sedimentary formations or in scries of metamorphic rocks.

There are essentially two kinds ofdeposits:

I)Contact deposit (pyrometasomatic type ) orithe border of
the granitic intrusions or in the granit it self.

1I).Pneumatolitic deposits (pegmatitic veins) where molybde=-
nite is connected with wolframite and cassiterite and
minerals bearing Fluorin and Lithium as tourmaline,
lepidolite.
Rarely in hydrothermal deposits (quatkz veins ) where
medybdenite is accompainied with pyrite and other sulphi-
des

The two deposits of Knaben area and Sirdalvatn area are connected
with a granitic lacolith raising through a great formation of
gray gneiss.
I remind that at Knaben,only the intruded granites are mineralized
by sulphides without magnetite, and on the contrary,in the Sirdal-
vatn area,the mineralization consists of magnetite and sulphides
only localized in the contact zone. 1
In his publication,Magmasand igneous ore deposits (Economic Geol-
gy May 1926 ) Mr J.H. Vogt etablishes a classification of iSn,W;Mo;
deposits.He cites some deposits of Telemark connected with precam-
brian granites and allways free of cassiterite and wolframite,
bearing molybaenite accompainied with a feeble percentage of pyri-
te and chalcopyrite.
This description corresponds exactly with the two deposits of Kna-
ben and Sirdalvatn.
It is likely that molybdenite and pyrite and magnetite were alrea-
dy originally in the intruded magma.According to Mr Vogt,the aver-
age percentage of molybdenite in giranitic magma is 0, 000I%.
Further,many little inclusions of original magnetite,pyrite and
perhaps molybdenite are c¢learly visible in the microscopical exa-
mination.

Lindgren and Vogt think that these minerals have been extracted
from magma by Fluorin,Chlorin,or Sulphur to form volatile compound
which have a low boiling and critical point.

I believe that Fluorin did not play a part in this reactions,be-
causé\l never found fluor-bearing minerals like tourmaline in the

pegma Htes




pyrite
sChalcopyrite

It is possible to distinguist several periodes during the solidi-
fication of the irtrudea granitic magma.
The usual constituants of granite,quartz,felsPars,micas are cristal-
lizing at first.Then, the constituants of begmatites are cristalli-
zing from gazeous cempounds (pneumatolitic periode ) with graphic
association of quartz and felspais.
Finally,happens the hydrothermal periode with the filling by quartz
of fissures,which are cros ing the granites and the surrounding rocks
Larsen and Wright have poi%ed out that quartz connected with felsparsg
in %raphic association is the allotropic kind quartz/3cristallizing
at 600 or 700°,while the quartz of masses enclosed in Pegmatitic veir
is the kind quartz K cristallizing at lower temperature about 500°,
That proves that the quartz veins and quartz masses have come later
than the pegmatitic veins.
Lindgren has shown clearly that it is magnetite which crygstallises
more often first at high temperature,and that the sulphides come only
after in following order: pyrite,mispickel,chalcopyrite,
I remind that in Sirdalvatn area,magnetite appears chiefly in the
c¢rusts of quartz on the surface of the anatexites and sometimes in
Pegmatitic veins,never connected with other sulphides.
1ts crystallization has happened during the first periode (solidifi~-
sation of anatexites) and overlaps also on the second periode ( pneu-
matolitic periode)
Lindgren points out that molybdenite crystullizes in various periodes
according to the deposits.
In Sirdalvatn area,molybdenite appears in pegmatitic vens but chiefly
in the hollows of quartz veins and the fissuees ol rock in the vieini
ty or these veins.Its crystallization has happened during the second
beriode (pneumatolitis periode ) and chiefly during bhe third (hydro-
thermal periode).
The other sulphides,pyrite and chalcopyrite are found only in quartz
veins and sometimes in impregnation amid the surrounding rocks.
Their crystallization has happened only during the third periode.
The following table condenses the priceding results which give a like
1y interpretation of all my observations.

I.Crystallization of granitic magma(quartz

. crusts)
magnetite

II.Pneumatolitic periode(pegmatitic veins)
molybdenite
I1I1.Hydrothermal periode(guartz veins and
masses)

A e e —— ——— i —— T



INJECTED AMPHIBOLITES OF TONSTADT KOAD.

black:amphibolitic beds.
whitesaplitic beds. Scale:r (i

_INJECTED AMPHIBOLITES OF TONSTADT ROAD

black: amphibolitic beds T .
white: aplitic beds Scale: t




INJECTED AMPHIBOLITES OF TONSTADT ROAD.

black:amphibolitic beds.

white:zaplitic beds. Scales: im

INJECTED GNEISS OF SLETTHEIE.

T —— . — i T T — — — i - — W

Scale: L 20 \,




Scale: L 20T ,




PEGMATITE VEIN (outcrop N° 73.) STOKEHEIE.

— i —

pipeguatite. Sealer  som
g:gneiss

mo:molybdenite.
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GEOLOGICAL MAF OF THE SIRDALSVATN AREA.

Scale I/50000.

typical granite

granite of anatexy
injected amphibolites
typical gneiss
anatexites: folded gneiss

o) i

Mineralization.

molybdenite

magnetite

-—

T ._'__ e 3
5 10 15 o W o
it AT el
- Jﬁéﬁmmx;r- :
! S L e BT .
bl I ) H%\) .‘n‘.‘.'
¢ =} . L =y 4 ]
byt ol Adi |
| ‘;ﬂl iy . :ﬁ
i = fean -
|9 =
IP _ﬂh\\_.._. =N
& ! G
| ) i _&; o Ty
B : "I..Fl o 29
: C x‘&;.‘i.' i
¥ o PR 5 e i
,i" A W I
- I b
;‘. Y el
o RS
&y s
7,
4 .i Ty o |
vl LT # i
iy ]In kiR '!1 "
- - ‘\\ M
7k 2 ';'
‘\I.' L 'l,l'.‘ ;
-» ‘.
I Fmy :
ol BTy
" - l,‘“, b ATl :'.)":
': u' s f) —ar LTS
iv. ‘*\qj f
Vs I =
] ke " " M 4 ; ——
.1‘ "}.il» I\ o 2 =l
w7 il - SR e
(s s, 5 Y o 3 =
; - &
. .'w Y G i - .
" i : Y Bt
?\: 5 31 3 .;,‘,_,;',:.‘
" ‘(':‘ ,‘ 1 . &.'
-||l- g
iy e A -
L .\Q\J) f a x
Ry D e ke
4 1?.?: » o
. L oy r:
$i I ;
¥ / (4
N, - ¥
a { S' o ﬁ"‘ :
2 & :.'0 23 '}é ‘-
. J o [
i THE
= ‘ o
h i) iy
Ha ~ et
hory - 'lv"u\? .
7 YT e
l"'r = "f’z Ak J'-}- R~ S
- { o ? -
i ) :(‘.:.__‘! e o
' - 3 Py A 2
wll"® 0 o S
b / T
F ' 1A K s e LI} 4
- W ’_;‘ .ra' 3 fy '-
] 1 1 1 i. ;.I_'
. /| ‘l\ g -'f_-:'\?
ad ; = ﬁ
» ¥ - B i, A i
; id ‘.. '.-’ Ly
“ ¥ L : | [ O | &
" 5 -
\ - "_";\' w .1-."'
4 I’ w - 'y
- 1 4\ " Wi = :
1 K, haw s
wiy o
-~ h i A b ;
9 }*b) P ‘._.“‘. __.;-‘,'. )4‘.
X '(ﬁ e =
ki, =
£ e r 4 25
& -t -



FESULT OF MICKOSCOPICAL BAAMINATION OF SANPLES

- —— —— .

o —— -—

WITH POLAKIZING LIGHT

In all this study,the plagioclasic felspars have been deter
minated according to the method of French mineralogist A.M, Levy
on the sections perpendicular to the crystallographic direction gi.

All the drawings are executed from the examination with the
polarizing light with magnifying 20.




I°,GLANITES OF SIRDALVATN.

Light gray granite with big white felspsrs.

It contains:

many xXenomorph quartz crystals.

prevailing microcline.

oligoclase often altered into damourite (a kind of white mica Ye

micropegmatitic association and myrmekite.

rather numerous crystals of biotite often altered into felspars
chlorite and magnetite along the cleavages.

big crystals of magnetite enclosing pyrite.

titanomagnetite altered into sphene.

epidote,apatite.

—— > — ——— - —

—— — — ———— -

Light gray tiny grained granite.

It contains:

Xenomorph crystals of quartz.

prevailing microcline.

a little oligoclase,

micropegmatite and myrmekite.

rather numerdus brown biotite enclosing zircons.
a very little muscovite.

or

big crystals of magnetite altered ipto red hematite and enclosing

pyrite
titanomagnetite altered into sphene.

apatite and big scattered crystals of zircon.

— . —— - — A = S

Light gray granite with a few little beds of mica.
It contains:

many xenomorph quartz crystals.

prevailing microcline with sometimes Carlsbad twin.
a little oligoclase.

brqwn biotite enclosing zircons,often altered into chlorite.
a little cordierite.

magnetite enclosing pyrite.

apatite.

SAMPLE I70.

Light gray granite allmost aplitic.It containss:
numerous quartz crystals.

prevailing microcline, myrmekite.

Tather rare biotite chloritized or partly altered into felspars
magnetite.

— — e S — - —— — - -
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INJECTED AuiHIBOLITES OF TOMSTADT ROAD.

SAMELES D,E’F’G,H’I,J,ho

—— —— ——

S ————————— -

SAMPLE D.

The thin section shows a little aplitic bed crossing a dark rock.

The aplitic bed contains quartz and felspars oligoclase with microp.
pPegmatitic association and myrmekite.

The dark part contains:

quartz

oligoclase.

a little biotite often altered into chlorite and magnetite.

big numerous crystuls of green hommblend {twin h1 ) altered into
biokite,chlorite,magnetite,sphene and epidote.

many crystals of magnetite enclosing pyrite.

scattered crystals of z.rcon,apatite included in hornblend.

SAMFPLE B.
Alteenacy of dark ahd aplitic beds with big eyes of felspars.
The sample BI(dark bed )contains:

uartz .
ﬁrevalling oligoclase.
a little microcline.
myrmekite and micropegmatitid association.
a little biotite.
numerous crystals of green hornblend (twin hl )altered into biotite
and sphene.
magnetite enclosing pyrite.
titanomagnetite altered into sphene
apatited
The sample E2 (aplitic bed ) contains:
quartz.
oligoclase often altered into damourite ,microcline
myrmekite and micropegmatite.
#1ittle magnetite and red hematite.

SAMcLE F.

Light gray granite crossed by little lenticular dark beds enclosin
big gyes of felspars.

It contains: quartz ,prevailing oligoclase ,microcline.

myrmekite and miciopegmatite.

brown biotite enclosing zircons.

green hornblend (twin h1 ),

apatite,big crystals of zircon,sphene.

————— — - S i oy S ke e o



SAMFLE G.

Succession of tiny dark beds and light aplitic beds.

It contains:

quartz .

prevailing oligoclase,microcline.

myrmekite and micropegmatite.

big crystals of green hornblend (twin hI ) often altered into bio-
tite,chlorite,magnetite,sphene.

biotite altered into chlorite,magnetite,felspars.

a little cordierite.

magnetite enclosing pyrite.

titanomagnetite altered into sphene.

— g = A i e (e S Sl S T T - e
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Dark rock with thin aplitic beds.

It contains:

quartz.

much odigoclase.

much green hornblend altered into biotite,bhhlorite,sphene.
biotite.

apatite included in hornblend.

magnetite, titanomagnetite.

big crystals of sphene.

T d S — - —

Bark rock crossed byirregular #tde aplitic beds.

It contains:

quartz.

oligoclase.

much biotite enclosing zircons.

green hornblend with twin hI and alteration ir biotite and sphene.
a little cordierite.

many big crystals of magnetite,titanomagnetite altered into sphene.

Light gray rock with irregular dark beds.

It contains:

quartz and oligoclase.

much biotite partly altered into chlorite,felspars and magnetite.

green hornblend enclosing apatite and altered into biotite,chlorite
and epidote.

magnetite and titanomagnetite.




SANPLE K,
Allmost entirely dark rock with little lenticular aplitic beds.
It contains:
quartz.
much oligoclase.
myrmekite and micro-pegmatite.
many pyroxenes: bronzite.
augite often altered into biotite amd chlorite.
many big crystals of magnetite and titanomagnetite.




IIT°. TYPICAL GNEISS.

SAMFLES 76,70, 194,1I3.,209¢.
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SAMPLE 76.
Thin bedded gray gneiss containing numerous red garnets.
The bedding is not visible in the microscope.
It contains:
numerous xenomorph quartz crystals.
much oligoclase.
much biotite often altered into chlorite along the cleavages.
numerous big crystaks of garnet almandin enclosing little quartz cry

tals,
a little cordierite.

rare magnetite,epidote.

SAMPLE 70,

Thin bedded gray gneiss.

It contains:

puzzle of little quartz crystals.

much oligoclase,

numerous crystals of biotite parallel with the bedding.
a little cordierits.

a little magnetite.

apatite.

SAMPLE 194,

Thin bedded dark gneiss.

The bedding id clearly visible in the microscope.

It containsg:

puzzle of little quartz crystals.

prevailing oligoclase often damouritized, a little microcline.
frequent micrtpegmatitic associations and myrmekite.

biotite often altered into chlorite and fe#&spars.

magnetite.

I point out two beds of stringy biotite enclosing a puzzle of little
quartz crystals with magnetite.The felspars are entirely lacking.
That is like to a fragment of micaschist a mid the gneiss.




SAMPLE II3, .

Thin bedded gray gneiss.

It contains:

quartz.

much oligoclase ,a little microcline.

myimekite and micropegmatite.

green brown biotite partly chloritized or altered into felspars
and magnetite.

much magnetite altered into red hematite.

epidote sphene.

SAMPLE 208c.

Dark folded gneiss.

It contains:

quartz.

much oligoclase,sa little,microcline.

myr mekite and micropegmatite.

brown green biotite enclosing big crystals of zircon,and altered
into chlorite along the cleavages OT into felspars.

a little cordierite.

s little titanomagnetite altered into sphene and red hematite.

big scattered crystals of zircon.




1V. GRANITES CF ANATEXY ENCLOSED IN THE GNEISS.

Tiny grained gray granite.

It contains:

numerous quartz crystals.

much oligoclase;

a little microcline.

myrmekite and micropegmatite.

grecn brown biotite partly altered into felspars.
a little cordierite.

rare magnetite,a little sphene.

Light gray ganite allmost aplitic.

It contains:

quartz.;

much microcline.

myrmekite and micropegmatite.

many crystals of biotite enclosing zircons.

a little cddierite.

magnetite enclosing pyrite partly altered into red hematite.
titanomagnetite altered into sphene.

Light gray tiny grained granite.

quartz.

much oligoclase,a little microcline.

mytmekite and micropegmatite.

much biotite enclosing zircons.

a little cordierite.

much magnetite.
titano-magnetite altered into red hematite.and sphene,
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Light gray granite with scattered dark minerals.
It contains:

quartz.

oligoclase.

myrmekite and micropegmatite.
rare biotite enclosing zircons.
& little green hornblend.

a little magnetite.
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Gray granite crossed by dark stripes.
It contains:

& great amount of quartz.

oligoclase,

much green brown biotite enclosing big crystals of zircon.
and often altered into chlorite and felspars.

big crystals of green hornblend enclosing crystals of apatite.

magnetite endiosing pyrite and altered into red hematite.
sSphene.
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Very dsark rock crossed by few aplitic beds.
It contains:
quartz.
oligoclase.
green hornblend.
pyroxenes: bronzite.
augite altered into ouralite and biotite with epidote.
big crystals of magnetite.
titanomagnetite altered into red hematite and sphene.

e i dar e S S .

Alternacy of dark and aplitic beds.

It contains:

oligoclase.

quartz.

biotite mnclosing zircons.

green hornblend enclosing apatite and altered into biotite,epidote

and sphene.
magnetite.




SAMPLE 235.

Gray granite with little irregular dark beds.

It contains:

quartz;

prevailing microcline .

a little odkigoclase.

biotite enclosing zircons,altered into chlorite or felspars with magn

tite.
green hornblend enclosing apatite,altered into biotite,chlorite,epi-
dote.
Magnetite.
sphene,
SAMPLL 241,

Light pink granite.

It contains:

quartz;

prevailing microcline (Carlsbad twin ).

a little oligoclase.

myrmekite and micropegmatite.

biotite enclosing zircons,altered into chlorite or felspars with magn
tite

magnetite,titanomagnetite.

apatite ,sphene.

SAMPLE I76.

Dark porphyric granite with big white felspars.

It contains:

quartz.

microcline and oligoclase.

myrmekite on the border of the microcline crystals.

biotite enclosing zircons,often altered into chlorite,or felspars.
big ciystals of magnetite.

titanomagnetite altered into sphene.

apatite,zircons,
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SAMPLE 204 .

Pink tiny grained gzanite.

It contains:

quartz.

microcline,oligoclase adlmost entirely damouritized.

micropegmatitic association.

biotite olten chloritized or altered into felspars.

magnetite altered into red hematite,titanomagnetite:crystals with
geometrical shape altered into sphene,




SAMPLE II3.

Light gray granite crossed by rare dark folded stripes.

The light gray part contains :

quartz

oligoclase , rare myrmekite

chloritized and altered into felspars and magnetite biotite
magnetite, titano-magnétite altered into sphene

many scattered crystals of sphene
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dark rock, crossed by small white aplitic beds.
It contains :
quartz
oligoclase { albite and pericline twins )
pyroxenes: bronzite
augite, which is sometimes altered into biotite and chlo-

rite
rare chloritized biotite
magnetite altered into red hematite
sphene.
SAMPLE 209 a:
Red porphyric granite with big pink felspars.
It contains :
quartz
microcline
rare oligoclase , myrmekite, micropegmatite
often chloritized biotite.
mare cordierite
magnetite, altered into sphene titano-magnetite
epidote
SAMPLE 209 b @
SAME GRANIte as the preceding, but crossed by many dark folded
gtripes

The dark streaks contain @

quartz

pumerous crystals of oligoclase

frequent association : myrmekite and micropegmatite

many beds of biotite enclosing zircons

many beds of big crystals of green hornblend altered into chlorite
and magnetite



many big crystals of titanomagnetite partly altered into sphene.
The granite has the same mineralogical composition as the granite

209%a.
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Light pink granite with little scattered masses of dark minerals.
It contains:

quartz.

oligoclase allmost entirely altered into damourite.

my rmekite and micropegmatite.

big erystals of green hornblend enclosing apatite and altered into
epidote,sphene,magnetite,and chlorite.

biotite entirely altered into canlorite or felspars.

big crystals of magnetite.

titanomagnetite altered into sphene.




SAMPLE A GRANITm OF SIRDALVATN,

q:quartz mp:micropegmatite
fd damouritized felspar b:biotite
mi:microcline mg:magnetite
ol:oligoclase ep:epidote

my:myrmekite



SAMfLL D.INJECTED AMPHIBOLITE CF TCONSTADT ROAD.

:quartz
fd:damouritized felspar
ol:oligoclase
my smyTmekite

b:biotite
hv:green hornblend

ap:apatite
zr:zircon
mg:magnetite

tm: titanomagnetite
sps:sphene



SAMPLE G. INJECTER AMFPHIBOLITE OF TONSTADT ROAD.
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q: quartz
ol:dligoclase
hv:green hornblend
mg:magnetite
ap:apatite

fd:damouritized felspar
my :my rmekite

b:biotite

sp:sphene



SAMILE K. ENJLCTED AMPHIBOLITE OF TONSTADT ROAD.
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q:quartz fd:damouritized felspar
ol:oligoclase mpsmicropegmatite
b:biotite br:bronzite
ag:augite mg:magnetite
tm:titanomagnetite spssphene

ep:epidote



SAMPLE 76. TYPICAL GNEISS.
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g:quartz ol:oligoclase
b:biotite gr:garnet
mg:magnetite



SAMFLE I94. TYPICAL GNEISS.
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q: quartz dd:oligoclase
mp:micropegmatite my smy xrmekite
mc:microcline b :biotite

mg:magnetite



SAMFLE d. GRANITE OF ANATEHXY.
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ol:oligoclase

ag:augite
b:biotite

tm:titaromagnetite

q:quartz
br:bronzite
hv:green hornblend
mg:magnetite
sp:sphene



SANMPLE 235. GRANITE OF ANATEAY.
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hv

%:quartz
cl:oligoclase
hv:green hornblend
my:magnetite

b ~
1 hv
a
me e
mg
Q
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mc:microcline
fdsdamouritized felspar
b:biotite




SAMFLE 209b. GRANITE OF ANATEXY.
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q:quartz ol:oligoclase
my:my Imekite b:biotite

hv:green hornblend zr:zircon
mg:magnetite tm: titanomaghetite

sp:8phene



SAMPLE 210a. GHANITr OF ANATEXY.
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squartz ol:oligoclase

dsdamouritized felspar my ¢my Imexkite
hv:green hornblend ch:chlorite
apsapatite tm:titanomagnetite

mg:magnetite
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MAP OF COLLECTEL SAMPLES,

Scale: I/50000.
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