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Introduction.

The pegmatite described is located at Rømteland, about 7 km W
of Vigeland, Vest-Agder county, southern Norway.

Field investigations were made in the summers of 1955 and 1956,
and v the laboratory work was done under the direction of Professor
Dr. Tom F. W. Barth and Dr. H. Neumann.

The pe^matite is BUllouncie6 by a hornblende bearing quartz
monzonite which Barth (1945) has called farsundite.

Major (1939) believes the quartz monzonite to be a magmatic
rock which during its emplacement has torn loose pieces of the sur
rounding gneiss and partly assimilated these. Barth (1956) expresses
the opinion that the quartz monzonite is a high temperature, recrystal
lized diapir granite. The pegmatite at Rømteland has previously been
described by Barth (1928, p. 424, 1931, p. 146), Major (1939), and
Barth (1956).

Barth (1928) says that the pegmatite at Rømteland is bounded
on the east by a small band of amphibolite. Amphibolite occurs in the
pegmatite, but I have never observed it at the east.

pe^matite naB been Budjecte6 to a minel-alozic-petlo^lapnic
jnveBti^atjon daBe6 on tielci obBelvationB, cnemical, X-rav, an6micro
3copic BtuciieB, trom wnicn I nave tne6 to tonn an opinion concerninz
tke tormation ot tne pe^matite an6tne mineral parazeneBiB.
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Fig. 1. Map showing the situation of the mapped Lindesnes area.
Kart som viser det kartlagte området ved Lindesnes.
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Description of the area.
The farsundite, according to Major (1939), and mv own invest

igations, contains the following mineral. Essential minerals: quartz,
microcline (the triclinicitv of wnicn climiniBneB towarc!B the weBtnoltn
west, the maximum triclinicitv accolciin^ to the X-rav patternB of
(131) (131) being at Rømteland measured a8 0.9875 while at Osestad,
2 km north of Rømteland, it was measured as only 0.4750 (Gold
smith and Laves, 1954), pla^ioclaB6 (An22 27 kornblen^e, and
biotite. Accessory minerala muscovite, myrmekite (microcline and
quartz; myrmekite being of infrequent occurrence in the farsundite
(Major, 1939)), sphene, zircon, apatite, magnetite, ilmenite, and pyrite.

Close to the pegmatite thin section examination has revealed the
presence of epidote, much sericite in plagioclase, and albite in zones
around the plagioclase and in cracks in it.

Approximately 1.5 km east of Rømteland occurs the boundary
between the farsundite and the gneiss. The contact here is sharp, the
farsundite being oi-^inaril/ coarse-grained and massive completely to
the contact. 4 km southwest of Rømteland one can also see the contact
between the gneiss and the farsundite. Here also the farsundite is mas
sive and coarsely crystalline completely to the contact (see map,
p. 128).

planai- Btructure ot tne zneiBB i8parallel to tne
boun^ar^ witn tne tai-Bun6ite ancj alBo, almoBt alwa^B, parallel witn
tne coa3t-line (Bee map).

Between Gjeideland and Lone, southeast of Rømteland, and at
Grønsfjord, southwest of Rømteland, the gneiss has more variable
strike and appears more granitic. Thin sections made from samples
tåken from these two granitic areas are extremely microcline rich, and
accorcijn^lv poor in plagioclase (analyses of the alkali feldspars from
these areas have been made for temperature cletelminatioNB, Bee Table
No. 111, p. 136 and 137).

two ai-eaB ot zneiBB appear to be verv cloBelv reiateo! ancl
are aBBumec! to be tne Barne. are now, nowever, Beparateo! by tne
tarBun6ite, vvnick itBelt, approximatelv 3 km Boutk ot ksmtelanc!, takeB
on a FneiBBic Btlucture. tranBition between tne maBBive tarBunclite
ancl tne ZneiBBic tarBuna'ite i8completelv Bmootn. primarv clitter
ence between tne AneiBBic ta^unclite an6tne two areaB it tnat
tne tarBunciite liaB mucn more pla^ioclaBe. It i 8alBo more coarBelv
clVBta!line.



128

Fig. 2. Geological map of the Vigeland Lindesnes area.

Geologisk oversiktskart over —^in^eFneF-omz-a^ei.

Age determinations.

Age determinations have been made of the following four rocks
by the K-A method, using alkali feldspar and biotite.

I.

1. Gneiss, SE of Rømteland near Spangereid 587 mill. years (feldspar)
2. Gneissic farsundite, S of Rømteland, Remesvig 759 mill. years (biotite)
3. Farsundite at Osestad, N of Rømteland 560 mill. years (feldspar)
4. Pegmatite at Rømteland 483 mill. years (feldspar)

The determinations were made by director Prof. Dr. W. Gentner,
Physikalisches Institut der Universitåt, Freiburg.
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Because of argons fugitivity these figures are probably too low.
Uraninite, euxenite, and thorite from the pegmatite at Rømteland

have been used by Kulp ancl Eckelman (1957) in order to determine
the age of the pegmatite. The ages are determined on the basis of the
isotope ratios Pb 206/U238, Pb 207/U235, Pb 207/Pb 206, and Pb2oB/
Th 232. The following ages have been determined for minerals from
Rømteland:

Tab le 11.
Uraninite 920 ± 20 mill. years
Euxenite 910 ± 20 mill. years
Thorite 830± 25 mill. years

Kulp an 6 (1957) Bay tnat tne moBt'exact axe i8od
tainec! b^ tne iBotope ratio ?b 207/?b206. In Bpite ot tne probable
leBBer o!e^ree ot accunacv ot tne K-^ azeB, it i8poBBible tnat tnev Five
tne approximate a^e relation between tne clitterent lockB, but it one naB
local clitterenceB in tne movement (tectonic e. 3.) atter mineral torm
ation, one muBt expect a variation in tne 6ezree to wnicn ar^on will
nave 68oapecl trom tne mineral at variouB placeB.

know, turtner tnat biotite noI6B ar^on detter tnan telclBpar,
(>VaB3erbur^, I-lavclen, ancl )enBen, 1956). It i8tnereiore clitticult to
Bax an^tnin^ 6etinite about tne a^eB ziven adove. It appearB, nowever,
tnat tne tarBunclite ancl tne FneiBBic tarBunclite are xoun^er tnan tne
3neiBB. a^reeB witn tne opinion expreBBecl by Lartn (1945, 1956)
ancl (1939).

History.

7ke preBent owner ot tne pe^matite, naß
me tne tollowinz clata concernin^ tne nißtorx ot tne pezmatite.

In tne periocl between 1916—1922 tne pe^matite waß operatecl b)5
Qußtav I^unclevoll, VenneBla. tte clrove a nori^ontal clritt into tne pe^
matite towarclß tne eaßt (Bee tne perßpective clrawinz ot
"?ne telclßpal i 8Baicl to nave been ot a ni^n qualitv, but tne quantitv
wnicn waß 3nippeci waß not over 500 tonß. l-le ceaßecl operationß in
1922, ancl tnereatter tne pezmatite waß not operatecl until 1930.
lonann6B 3e>r-^uclneclal, be^an operating. It i8believecl tnat
between 1930 ancl 1940 ne alßo took out about 500 tonß ot telclßpar.
Letween 1940 ancl 1953 tne pe^matite waß not operatecl. In 1953 tne
propert/ waß purcnaßecl b/ tte bezan operationß at once,

9
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also building the first road to the mine. Before the end of the year he
had tåken out 150 tons of feldspar. During 1954 and 1955 there were
approximately 800 tons of feldspar and 700 tons of quartz produced.
Operations again ceaßecl at the beginning of 1956, at this time because
of sickness. The total amount of feldspar which has been produced
trom tne pegmatite at Rømteland is about 1950 tons, and the total
amount ot quartz at least 700 tons. The descent to the present work
ings is made through an incline shaft which ließ 52 m north ot the
southernmost exposure of the pegmatite at the surface. When opera
tions ceased in 1956, the workings had reached a depth ot approx
imately 13.5 m below the surface. Five m below the opening ot the
incline shaft, there is a little cross drift towards the east in which in
the hanging wall there can be seen a zone of strong mineralization.

Description of the pegmatite.
mineralog ot tne pe^matite, vvnicn xvill be 6iBcuBBe6 in cietail

later, i8ver^ mucn like tnat ot tne tarBuno!ite, except tnat amonz tne
eBBential mineralB nornblencie an 6 biotite excnanze pOBition in
abun6ance. In tne tarBun6ite tne nornblencle i 8otten Burroun6ecl b^
biotite, but in tne pe^matite one tino!B almoBt onl)^ biotite.

contact between tne tarBunclite an6tne pe^matite i8almo3t
alvva^Z but occaBionaN^ veinB exten6 out trom tne pez
matite an6tkeBe nave Bkarp bounclarieB a^ainBt tne tarBun6ite.
can be clearlv Been a8coarBel^ crvBtaNine veinz. Inc breacitn ot tne
veinB 6iminiBN6B xvitn cliBtance trom tne pe^matite until tnev tinallv
6iBappear completelv. tne Burtace tne pe^matite can be Been in a
clitt xvnicn BtrikeB 1^ 385°, an 6clipB approximatelv 85° towarclB tne
weBt. clitt in tne tarBunc!ite an6pe^matite i8approximatelv 15 m

ni^n ancl Beveral nun6re6 meterB lon^ (Bee tne perBpective drawinz
p. 132). pe^matite can be Been to outcrop tor ca. 68 m in itB total
expO3ure. eBpoBUle ot tne pe^matite increaBeB towarclB tne nortn
(Bee tne perBpective clra^in^). inclineci Bnatt ,8 tneretore at tne
nortn eno! ot tne pezmatite.

T^ke tranßition betxveen tne tarßun6ite ancl tne pe^matite i8com

pletelv can be Been not oniv microßcopicallv but alßo
by tne Btuclv ot tnin Bectionß. 3peciticallv, tne tollowin^ cnan^e3 can
be noteci. ot tne variouß mineral increaßeß zracluallv

towarc!B tne pe^matite trom an avera^e ot ca. 8 mm tor quartx ane!
telclßpar m tne tarßunclite. wnicn i8evenlv ciißtributecl in
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the farsundite (Major, 1939), also occurs near the pegmatite, and
towards the pegmatite the myrmikite becomes coarser until one reaches
the graphic granite zone in the pegmatite, where one has a macro
scopic intergrowth of quartz and microcline. The amount of horn
blende clecreaßeß zraciuall/ as one approaches the pegmatite. In the
pegmatite I have found hornblende only once, but then in a crystal
10 cm long. Corresponding with the decreases in hornblende one has
an increaße in the amount of biotite vvnicn alßo increaßeß in grain-size
towards the pegmatite. Further, it appears that the pegmatite Hes along
a zone of weakness in the farsundite but whether or not this zone of
weakness existed before the pegmatite was formed is impossible to say.
It is certain that there has been tectonic movement in the area after the
pegmatite was formed, as the minerals show considerable granulation
and have undulatory extinction in thin section. The same is seen to be
the case in the ta^unclite near the pexmatite vvnicn in addition shows
bending of the biotite grains.

(1939) believeB tnat tne biotite naB been tormeck later tnan
tne nornblencle. "7niB Beem3 alBo to me to be tne caBe, a8biotite in tnin
Bection BurrounclB nornblencle. biotite, novvever, muBt nave been
tormecl a8an alteration ot nornblencle betore tne tectoni^ation occurreci.

tectonl^ation waB cleari^ BtronFeBt alon^ tne contact betxveen tne
pe^matite ancl tne tarBun6ite ane! clecleaBecl in intenBitv awa/ trom tne
contact.

Approximately 16 m north of the incline shaft pegmatite dis
appears under cover, and north of this point it has been impossible to
find it again. It is possible that the pegmatite continues in the same
direction, i. e., N 385°, or that its continuation continues towards the
west in the direction N 340°, i. e. below the boggy area (see the per
spective drawing). It appears to me that the latter is the more likely
possibility, while the pegmatite body gradually plunges deeper.
Towards the north one can see that the contact between the farsundite
and the pegmatite becomes more westerly tnan the direction of the
cliff in the farsundite. It can also be seen that the zones in the pegmatite
become lower and lower the further north one comes. The measure
ments which have been made, revealecl tnat the pe^matite Btril<6B ca.
N 360° and dips ca. 45° E, although the dip is variable. It therefore
appears that the pegmatite occurs a8 an elongate body raider than as
a vein.

pe^matite naß a vvell clevelopecl xonal Btructure, but tke tnick
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Fig. 3. Perspective drawing, Rømteland. The pegmatite is in the farsundite cliff
to the right of the house. Drawn by I. Lowzow.

Perspektivtegning, Rømteland. Pegmatitten er innsirklet og ligger i farsunditt
veggen til høyre for huset. Tegnet av I. Lowzow.

ness of the zones varies from place to place. Nearest the farsundite
there invariably occurs a zone of graphic granite. The mineralogical
composition of the graphic granite zone is given in Table No. VIII,
p. 174 and 175. The minerals in this zone are intensely granulated and
in thin section show undulating extinction. From a zone of graphic
granite one has a completely gradual transition to the strongly mineral
ized zone of the pegmatite, in which the graphic intergrown disappears
and quartz and microcline occur separately. From the zone of mineral
ization can be followed veins which transect the zone og graphic
granite and extend into the farsundite. The minerals in these are the
same as those in the farsundite, but are much coarser. The mineralog
ical composition of the zone of mineralization is given in Table No.
VIII, p. 174 and 175. The transition to the next zone in the pegmatite,
the quartz-feldspar zone, is completele gradual. The transition is one
of a gradual increase in the grain-size ot quartz and feldspar with
simultaneous disappearance of many of the other minerals. Quartz,
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microcline, ancl pla^ioclaß are tne moßt important mineralß in tniß
(866 turtner No. VIII, p. 174 an6175).

It i8impoBBible to Bay anvtnin^ about tne tnickneBB ot tne quart^
telclBpar dut tne BmalleBt cliBtance between tne mineralixe6
ancl tne quart? inBicle tne quart^-tel6Bpar ?one 18 about 8 m.

Inwards microcline and plagioclase disappear leaving only quartz
— i. e., a quartz zone. As tli!8 zone has been seen only in the deepest
part of the mine it i8 impossible to 6etermine itB tkicl<n6B3.

Amphibolite masses occur botn inside and outside of the peg
matite. Whether these are parts of a continious amphibolite layer only
exposed at places or are isolated, unassimilated masses is impossible
to say.

Around amphibolite masses in the pegmatite there always occurs
a zone of mineralization and the mineralization is the same regardless
of the zone(s) in which the masses occur. The amphibolite masses out
side of the pe^matite are, however, not surrounded by a mineralized
zone; the onl/ contact attectB are tnat hornblende is transformed to
biotite and the plagioclase decomeB more acidic as is also the case
within the pegmatite. The mineralized zones around amphibolite may,
according to Fersmans nomenclature (1931), be called contact peg
matite.

contact reactionB nave reBultecl in partial aBBimilation ot tne
ampnibolite by tne pe^matite, vielciin^ a Oa-rick area. I^ne C!a-mjne
ralB, otner tnan pla^ioclaB6, are allianite, Bpnene, apatite, ancl tluorite.
Otner mineral in tneB6 can be Been trom "^able No. VIII, p. 174
ancl 175. tnicl<neBB ot tne minorali^ecl arouncl ampnibolite
can be up to 1 m; tne tl-anzition to tne normal pe^matite i 8 ancl
to tne ampnibolite Bnarp. I^ne 3i^e v^itnin tneBe ?oneB increaBeB
trom tne ampnibolite to tne normal pezmatite.

clike croBB6B tne pe^matite. It BtrikeB ca. 300° ancl 6ipB ca. 80° 3.
It i 8ricn in microcline ancl quart^, tor otner minerala Bee I^o.
VIII, p. 174 an 6175. Acrc>BB tne 6ike tnere l8a crack tillet by palv-

ancl ciuartx.

VruBeB can be Been in tne pezmatite. <)uart^ to^etner witn
nematite, cnlorite, calcite, ancl a montmoriilonjte-like clav mineral nave
been icientitiecl trom tneBe.
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Temperature of formation of the pegmatite.

Field observations, macroscopic and microscopic studies, and
chemical and X-ray analyses have been made in order to clarify the
mode of genesis of the pegmatite.

In order to determine the temperatures of formation of the rocks
according to Barth's (1956) feldspar thermometer the composition of
pla^ioclaBe has keen determined optically and that of microcline
chemically. The resulting temperature determinations are recorded in
Table No. 111, p. 136 and 137. Thin sections have revealed that siricit
ization and albitization have occurred (see fig. 4).

Studies of profiles of samples have yielded the following obser
vations. . 1. Albitization increases towards the pegmatite. 2. Sericitiza
tion of the plagioclase increases towards the pegmatite but the outer
albite rims remain unaffected. 3. Alkali feldspars are always fresh and
the perthite is believed to have formed from an originally homogenous,
high temperature feldspar (see p. 144). 4. Biotite was formed at the
expence ot hornblende before tectonization (see p. 157). 5. Albitization
occurred after tectonization; it is found in and along fractures.

tollov^in^ cnan^eB in tne telo!8pal8 nave been obBerve6 in
tne pe^matite. 1. I^ectoni^ation 6ecreaBeB inwarciB. 2. albite
arounci pla^ioclaBe climiniBneB inwarciB. 3. ?la^ioclaBe i 8ver^ little
Bericiti^e6 awav trom tne bounciarv ot tne pe^matite. 4. alkali tel6-
Bpar !8 alv^a^3 treBn ancl tne pertnite i8delievec! to nave been torrned
trom an orii^jnall^ nomo^eneouB, ni^n temperature tel6Bpar.

cnan^6B mav attect tne accuracv ot tne temperatur^ cieter
minecl by tne rwo-telclBpar tkermometer. Lartn (1956) FiveB tne
tormula

traction ot tke ab in alkali telclBpar

traction ot ab in plazioclaBe
an increaB6 ot k meanB ni^ner temperature.

I^Gmtelan^ tne Beliciti^ation ot tne pla^iocla3e in tarBun6ite
increaBeB towarc!3 tne pe^matite: tne Barne i3tne caBe tor albite alonZ
traoture alkali telo^par i8alwavB treBN. I"neB6 obB6rvationB ma^
inclicate anv ot tne tollo>vinZ poBBibilitieB. 1. l>la intro6uced trom out-
Bi6e ot tne BV3tem waB clepoBitecl a3albite arouncl pla^ioclaBe (anci in
cracl<B) anci po88ibl)^ reacte6 witk tne pla^ioclaBe Buen tnat it became
more aciclic. 2. LecauB6 tne pla^jocl2Be i8BeriOiti^e6 tne l^a neceBBarv
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Fig. 4. Ztlonsslv zericitixec! plaFioclaLe at the contact with the pegmatite. The
plagioclase is surrounded by a rim of fresh albite. The albite occurs also in

cracks. Fresh microcline.

Foto ay sterkt serisittisert plagioclas fra kontakten farsunditt—pegmatitt. Frisk
albitt has rundt og i sprekker i plagioklasen. Frisk mikroklin.

to form albite may have been derived from the plagioclase locally. This
may be the result of introduction of K. 3. The alkali feldspar may
originally have been more acidic than at present. Tectonization (at ca.
460°) stimulated reaction such that Na was driven out of the alkali
feldspar (a more K-rich feldspar being stable at 460°) and waB 6epo
sited as albite around plagioclase. 4. Intro6uction of K ma^ have
caused the sericitization; introduction ot Na may have accompanied
tectonization.

It the first is correct the Na-content of the plagioclase has become
greater than it was originally, yielding a temperature lower than that
at which the rock formed. In this case only samples 7, 10, and 20 give
an approximately correct temperature (i. e. > 630°, see Table No. 111
p. 136 and 137). This a'lone cloeß not, however, account also for the
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Bericiti^ation. lt tne Beconcl i 8correct ane ma^ Bu^eßt tne tollowin^
reaction :

Muscovite More acidic plagio- CaO
clase. Some of the with Si
liberated ab may be can
deposited around yield
plagioclase. sphene

around
ilmen-
ite.

If tkiB reaction has occurred the plagioclase will become more
acidic than it was originally, yielding an incorrect (too low) tempera
ture except for samples 7, 10 and 20. It is, however, doubtful that this
reaction would have occurred ålane (see p. 139 and 140).

The tnil6 suggestion lea6B to the same reBult (i. e. too low deter
mined temperatures), though it fails to explain the sericitization.

The toul^n is, in my opinion, the most likely or, which amounts
to the same thing, first the second suggestion (introduction of K)
followed by the first (introduction of Na) in conjunction with tec
tonization.

(1952) naB Aven tne tollowin^ ec>uation kor tne reaction
between "watei--zla88" an6nornblencie, altnou^n ne deliev6B it unlikelv
tnat Buen a 3olutjon penetrateB rocliB ancl reactB witn tne mineral
(^amber^, 1952, p. 184).

I^olndlende "watel-^Ia88"

It Beemß natural to me to believe tnat exactl^ 3ucn a Bolution naß
been preß6nt, a Bit not on!v explainß tne alteration ot nornblencie to
biotite an6epiclote (Bee pointß 6 anci 7, p. 139) but alßo explainß tne
increaßin^ aci6itv ot tne pla^ioclaß6 in ampnibolite upon approacnin^

4CaAl2 Si208 + 4 NaAISi3O8 + K2OK20 + 2H2O + SiO2 -*
pla^iocwB6 "watel--Zw88"

2K^l3(o»)23j,oia>4^^l3l3oB> ca^Zi^g + 3<2ao + Si02

Ca2 (Mg,Fe) 3Al4Si6O22 2 + i/2 K2O + XSiO2 +i/2 H2O^

K(Mg, Fe) BAISi80 1o(OH) 2 + Ca2AI3Si8012 (OH) +XSiO2
Biotite Epidote Quartz.
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tke pe^matite ancl tke Bei-icitj^atjon ok plazioclaße. 3ee pointß 1
ancl 4, p. 139.

2Si208 + NaAlSio08 + 2K^^(o«)23j3o^ + 3CaO + SiO2
More aci6ic pla^ioclaBe Muscovite QuaiMuscovite Quartz.

The same solutions which have moved into the farsundite from
the pegmatite have also moved into the amphibolite masses. In these
masses the following alterations have tåken place. 1. The acidity of
plagioclase increases from the middle of the mass from «^ 40 % An to
«a 25 % An in the pegmatite. 2. Plagioclase «^ 25 % An when micro
cline is seen in thin BectionB and remains 25 % further. 3. The
plagioclase becomes more and more cracked upon approaching the peg
matite. 4. The plagioclase becomes more and more sericitized towards
the pegmatite; in the pegmatite it is fresh. 5. The albite zones increase
towards the pegmatite. 6. In the amphibolite hornblende is replaced by
biotite and epidote towards the pegmatite (see Fig. 5). 7. The amount
of quartz increases towards the pegmatite.

Alterations in the farsundite must have tåken place before the
tectonization and formation of albite along all fracture zones occurred.
Plagioclase is strongly altered while albite is fresh. Microcline is also
fresh in contact with plagioclase. The An % of the plagioclase is, how
ever, quite constant in tkiB area. This is natura! in tkat equilibrium
between the two feldspars must be maintained. With decreasing tempe
rature equilibrium may be maintained by introduction of K to the
plagioclase (see point 2, p. 134 and 135). Therefore, formation ot
sericite will occur. The alteration yields a more acidic plagioclase and
equilibrium at a lower temperature than the original temperature of
formation of the feldspars. In other words, it the plagioclase originally
decame more basic towards the pegmatite — i. e., the temperature was
originally higher closer to the pegmatite — tke pla^joclaBe c!o868t to
the pegmatite must suffer the greatest alteration, this dimishing with
o!iBtance from the peFinatite, wken the temperature became stabilized
at e. g. 500°. The presence of "water glass" can explain the reactions
with here must have tåken place (see also point 2, p. 134, and equation
11, p. 138).

tke introcluction ot K trom tke pe^matite Kaß occurrec! anci

4CaAl2Si208 + NaAISi3O8 + K2OK20 + 2H2O + SiO2 ->
Plagioclase "water-glass"
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Fig. 5. Photo showing hornblende replaced by epidote and biotite.
Foto som viser biotitt og epidot dannet på bekostning av hornblende.

stabilized tne area at lower temperature (more acidic plagioclase —
lower temperature; see Barth, 1956), tectonization of the area has
occurred followed by albitization.

The temperature of the young, cross-cutting dike was found to be
450° 460°, and its formation must be associated with the tectonization
which, therefore, is assumed to have tåken place at tkat temperature.
By UBin^ the Na content of the pure albite touncj in zones aroun6
pla^ioclaBe in the tectonj^e6 xoneB in relation to the treBn microcline
with which it is in contact, the temperature 475° is obtainecl.

However, botn sericitization and albitization will result in deter
mined temperatures much lower than the primary temperature of form
ation. Only temperatures > 630°, i. e. those at some distance out in the
farsundite and centrally in the pegmatite where secondary processes
have been minimal, may be assumed to correspond with the tempe
ratures at which the rocks formed. The temperatures determined are
shown graphically in Fig. 7 while the probable original temperature
curve is shown in Fig. 6.
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Fig. 6. Temperature cure I. Natural curve for teperatures it the pegmatite is
meltes.

Temperaturkurve I. Naturlig kurve for temperaturer om pegmatitten er opp
smettet.

Fig. 7. Temperature curve 11. Temperature variation at Rømteland based on
temperature determinations (see p. 136 and 137).

Temperaturkurve 11. Figuren viser temperaturene som er funnet på Rømteland.
Kurvene er satt opp ut fra temperaturbestemmelsene (se side 136 og 137).
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Magmatic origin; supporting observations.

I kave cliBcuBBeci tke temperature ok formation ot tde pezmatite,
baBeci on temperatureB cieterminec! by tlie two-te!6Bpar tliermometer
ancl a6juBtmentB ot tne cletermine6 temperatureB ciue to poBt-tormation
mociiticatioNB ot tne telclBparB. I nave elBewliere 6iBcuBBecl tne orizin
ot tne pe^matite in zreater cletail (3ver6rup, 1957).

concluBion 6rawn waB tnat tne tarBunclite wnicn na6a tempe
rature near itB melting point, naB at Borne placeB meltecl.

One ot tneBe placeB 18 at I^«3mtelan6. One poBBible explanation tor
local melting nere can be an enncnment ot raciioactive el^mentB.

melt naB a Freater volume tnan tne original crvBtaNine pnaBe.
reBult waB tnat tne tai-Bunclite near tne local melt cracl<e6 ancl wa3

tnen tillec! dv molten material wliicli can now be Been a8veinB extenciin^
out into tne tarBunclite trom tke pe^matite. tilBt tnin^ wliicli melte6
waB a eutectic mixture ot quart? anci te!6Bpar. mixture, atter azain
crvBtallj^in^, now appearB a8tne ot betxveen tne
pezmatite an 6tne tarBun6ite. tne area a^ain became cooler, a
K-ricn Bolution move6 out into tne tarBuncllte anci into tne ampnjbollteB
trom tne pe^matite. PlaFioclaBe waB tken Bericiti^eo! ancl nornblencie
alterecl to biotite. Lotli ot tlieBe pro6uctB can be explainec! a8tne reBult
ot tne Barne K-ricn Bolution. t^pe ot alteration 6ecreaBeB a^vav
trom tke pe^matite.

a Blo>v coolinz ot tne area tne -onal Btructure ot tke
pe^matite can alBo be explainecl. LecauBe tne expanBion upon melting
cauBecl Borne ot tne melt to be injectecl into tne tarBunclite (tne veinB
mentionecl above), tne rernaininA material, wnen a^ain crvBtalline, will
occupv leBB tnan tne original volume, ancl tneretore clruBeB occur.

tinal reßult ot tlilß crvßtalli^ation will be a ver^ aciclic pla^io
claße, a8Been no^v in tne voun^er clike croßßinA trie pe^matite.
temperature tor tm'B clike i8toun6 to be 450—460°. (I^a in pla^ioclaße
ancl microcline, Lartn 1956). temperature an6tne mineral a3Bocia
tion inclicateß a kvclrotrierma! mocle ot tormation tor tniß 6ike.

minerala are li^tenc! in VIII, p. 174 ancl 175. Nußcovite ancl epi
clote, two ot tne mineral touncl nere, are Btable mineralß uncler 400—

500° (kamberz 1952, p. 51 ancl 53). I^6lßman (1931) Ba^B
tnat tne mineralß epiclote anci albite are intermecliate bet^veen tne pneu
matolvtic anci n^clrotlierman ptiaßeß. Lotli ot tneße mineralß are preBent.
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tte alßo re^alclß tne Bulti6eß 28 nvclrotnermal mineral, p^rite ancl cnal
cop^rite are toun6 in tne o!ike. It Beemß tneretole tnat tne tempelature
6etermine6 i8correct an6tnat tne 6ike i8ot n^cirotnermai ori^in.

A tectonizatic of tne pegmatite took place around 450 460°, and
a Na-rich hydrothermal solution has moved into and crystallized in all
the cracks. Recrystallization has occured along with the formation of
the younger dike crossing the pegmatite.

Description of the minerals.

Many of the minerals have been identified by X-ray powder pat
terns. A 9 cm diameter vebve and Scherrer camera waB used witn
Fe-radiation and Mn-filtration, 40 kV and 14 m. A.

The number below the X-ra^ patternB incw6e6 nere refers to the
index at the X-ray laboratory in the Geological Museum, Tøyen, Oslo.
Identification of metamict minerals has been made after heating the
minerals to 770° C (unless otherwise stated) in order to allow the
damaged structure to be repaired. However it is not absolutely certain
tnat a new Btructule will not be tormec! in Bome caBeB.

For determination of the triclinicity ot the alkali feldspars a
"quadruple Guinier type focussing camera" (Nonius Co., Delft, Hol
land), with Fe-radiation monochromatized by a bent quartz crystal,
was used with "Kodak's Kodirex" X-ray film.

cnemical tormulae tor tke mineral were tåken trom Klock
mann-^amclonr'B "Lenrbucn cler (1954).

Lotn tne tarBun6ite an6tne pe^matite nave mucn alkali tel6Bpar.
In tnin Bection3 tåken trom tne pe^matite ane! trom tne tarBun6ite near
tne pe^matite tlie microcline polvB^ntnetjc croBB-natcne6 twinnin^ l8
alwa^B well cievelopecl. 08e8taci (about 2kml^ ot l^e>mtelan6) tniB
twinnin^ i8mucn more o!ittuBelv c!evelope6. teature ,8 to be ex
pectecl trom tne triolinicitv 6etelmination3 cieBcribecl earlier (Bee
p. 127).

Bi^e ot tne microcline increaßeß trom tne tarßunclite to

tne center ot tne pe^matite. In tne tarßunciite tne Zrain Bl^e i8about
0.8 mm. In tne qualtx-telclßpal ?one, nowever, tnere are cr^Btalß up to

Microcline: KAISi3O8-NaAISi3O8. Optically — 2 V > 75°, n^ = 1,525.
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one meter in cliameter. microcline i8reel to vellow in colour. Ckem

ical analvßeß tor alkali telclßpar can be Been in I^o. 111, p. 136
an 6137. can be Been, tke K^content i880mewkat lower in tke tal-
Bun6ite tkan in tne pe^matite.

In 80me placeB tne microcline i8in near contact witk raclioactive
mineralB. microcline i 8 tken ckaracteri3ticallv colourecl.

colourB are krom vellow w reel to black. 0n tne microcline cleavazeB
(001) an 6(010) tkere can otten be Been Bmall patckeB ot Bericite.

(1931, (II) p. 23) mentionB tke Barne trom otner pe^matiteB.
In tnin-BectioNB two 6itterent t/peB ot pertniteB can be Been, tilm

ancl vein pertnitez (^n6erBen, 1928). tilm pertniteB are tine, Bmall,
re^ular anci parallel, vvnile tne vein peltniteB are coai^er ancl uneven in
tlieil tol-mB. tilm ancl vein peltniteB kave tke Barne orient
ation. (1928) liaB tke tollowin^ opinion about tne tilm ancl
vein p6rtnit6B, p. 150: "^lie writer i8incline^ to re^arcl alBo tke tilm
pertkiteB a8tormecl by a pl-oceBB ot exBolutic>n, . .  ancl poB3iblv in
connection witk contlaction cracl<B". p. 150: "^KiB vein type ot
pertkite tke wlite,l re^arclB a3tormecl in connection witk tke openinF ot
contraction ci-ac!<B, zivin^ acceBB to circulatin^ BolutionB clerivecl trom
tke Barne pezmatite ma^ma trom wkick tke initial cl-/Btalli^ation ot tke
telclBpar took place."

I believe tkat tke tilm peltkiteB are tormecl by exBolution trom a
nomoZeneouB telclBpar. "7kev are ca. 0.004 mm vvicle ancl 0.13 mm in
lenZtk. "I^kev are ot unitorm Bi^e, tke cliBtance between tkem i8almoBt
con3tant, ancl tkev are evenlv cl^tributecl except in tke near vicinitv ot
tke vein pertkiteB, vakere tkev are ab3ent (866 pkotoFrapk, 8).

tkat tk6 tilm pertkiteß are exßolution peltkiteß I kave
macle tke tollowinZ examination. I^n6el tke micloßcope I kave meaß
urecl tke tkic!<neßß6B ot tke tilm pertkiteß ancl tke avera^e clißtance
between tkem. can be Been trom tke pkoto^rapk (k^i^. 8), tkere i8
a "cleacl" area witk reßpect to tke tilm pertkiteß near tke vein pertkiteß.
I kave meaßurecl tke 6i3tance ot tkiß "cleacl" area on eack Bicle ot tke

vein pertkiteß. I kave tken calculatecl tke numder ot tilm pertkiteß
wkick coulci kave been expectecl to occur in tkiß area it tkere kacl deen
no "cleacl" area anci no vein pertkite. Xnovvin^ tken tke tkicl<neßß ot tke
tilm pertkiteß ancl kow manv coulcl be accomoclatecl in tkiß area it i3
eaßv to calculate tke area wkick tkeße tilm psrtkjteß woulcl occup^
were tkev combinecl to tonn one pertkite vein. L-L, C-(^, ancl
D-D are cutß tåken in a tkin 3ection acroßß a vein pertkite, repleß6ntecl
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Fig. 8. Film and vein pertkiteg. Note tkat 6iBt2nce x-x is devoid of film perthites.
X ca. 100, + nicols.

Film- og veinperthitter. Avstanden x-x er et dødt område for filmperthittene.
X ca. 100, + nicols.

in the plioto^l3pti, Fig. 8, by X-X. (All of the values given below
(Table IV) must be devided by 20 in order to obtain the true size of
the pegmatites.)

10

6 IV.

Cut Width of film
perthite

Width of
vein perthite

Film perthites
pr. cm. where

they occur most
frequently.

Dead area
w. r. t. film
perthites.

Number of film
perthites which

can occur in
the different cuts.

The film per-
thites will be

equivalent to om
vein perthite

of width

A—A
B—B
C—C
D—D

«* 0.3 mm
m 0.3 »
«5 0.3 »
w 0.3 »

17.0 mm
20.0 »
16.0 »
9.0 »

4.5 90 mm
4.5 90 »
4.5 100 »
4.0 60 »

40.5
40.5
45
27

12.5 mm
12.5 »
13.5 »

7.2 »

Based on th< ;se mea: ;urements and calcul,ations it w Duld appear
hat the vein pert lites ha\ e been formed by th e combinat on of small
ilm perthites (tf emBe!ve ; formed by exoluti-on from a i origfinally
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homogeneous feldspar) into the larver vein perthites, possibly without
the addition of Na from some external source. That the measurements
do not fully account for the vein perthites, seems not to be surprising,
as turtner coolinz >vou!6 reBult in turtner ex3olution witn increaBeo!
perthite formation. That the later exsolved Na would primarilv crvBwl
li?e out in continuitv witn the larver vein pertniteB BeemB likelv on the
basis of surface energy and surface tension considerations.

(1928, p 166)3av8: "^7ne veinB nave never been obB6rve6
cutting tne tilmB, ancl tnere i8no reaBon tneretore to believe tnat tnev
mav be voun^er." It BeemB to be riznt tnat tne vein pertniteB cio not
cut tne tilm pertniteB, but it i8equallv ri^nt tnat tke tilm pertniteB cio
not cut tke vein pertkiteB. ttowever, dv Btuc!vinz tne pertniteB in tnin-
BectionB it can be Been tnat tne tilm pertniteB nave a 6irection, wnicn
in Borne placeB i8not parallel to tnat ot tne vein pertniteB. It BeemB to
me tnat tne tilm pertniteB are tormecl tilBt, ancl tnat tne vein pertniteB
are tormec! at tne expenBe ot tneBe. tollowin^ mocle ot formation
ot tne pertniteB BeemB to me to be in6icate6. Lv coolin^ ot tne nomo
zeneouB telclBpar tne tormation ot tilm pertniteB took place by exBolu
tion. During tniB unitorm coolin^ tnere nave been cliBturbanceB in tne
BVBtem wnicn nave cauBed tne tormation ot tne vein pertniteB.
naB been tectoni-ation ot tne I^Gmtelanc! area atter tne mineral nacl

crvBtalli^eo!. voun^er 6ike croBBin^ tne pe^matite, accorciin^ to
tne temperature cleterminationB macie (Bee 111, p. 137), tormeo!
at ca. 460° C. I believe tnat tniB clike waB tormecl clurinZ tne tec
toni^ation.

naB naci a cnemical analvBiB macie ot an alkali telclBpar
from Rømteland

100.56 %

SiO2
AIA

64.46
18.96 »

All Fe as Fe2O3 0.08 »
Cao 0.78 »

MgO 0.05 »

Na2O
K2O

3.23 »
12.68 »

H2 O 0.06 »

Lost under heating 0.26 »
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Analyzed by Statens Råstofflaboratorium.
The melting point for tniB feldspar is 1450° d.

to tne optical 6etelmjnationB tne compo^tion ot tne
microcline i825 A ancl 75 A Or (>Vincne!l 1951). i 8in
a^reement witn tne cnemical anal^3iB (lable 111, p. 136 ancl 137).

VarjationB in triclinicit)^ meaBurement can be Been p. 127.

Allanite: (Ca, de, La, Na) 2 (Al, Fe, Mg, Mn) 3 (0«) (SiO4 ) 3 .

AWanite oocurs in most zones at Rømteland. See Table VIII, p. 174
and 175, In the mineralized zone in the pegmatite and in the quartz
feldspar zone the mineral is black and metamict, but by heating the
mineral to 600° for 72 hours under water pressure, an X-ray pattern
good enough for identification was obtained. In these zones allanite
can be 1 meter in length and 30—40 cm across. n «* 1.690. The con
tent in the mineral = 2 A, U content in the mineral = trace.

An optical spectrogram was tåken by the Sentralinstitutt for Indu
striell Forskning, and the following elements were found: Si, Ca, Al,
Mn, Fe, Mg, Pb, Th, de, Y, La, and Vb.

Bample naB MoBt ot 3i, da, k^e ancl /^^ (tne amount
6ecreaBeB trom 3i to Bample naB little ?b. Ot ancl tne
rare eartnB tnere BeemB to be moBt ot ancl de. Bample naB ver^
little Vb.

varieté ot allanite na3been toun6 vvnere tne minerali^ecl
in tne pe^matite i 8in contact witn tne minerali^ecl arouncl

ampnibolite. colour ot tniB allanite i 8 to on tne Burtace,
but barker in tne center. allanite i8metamict ancl it naB been im

poB3ible to iclentit^ tne mineral b^ X-ra^ (alBo atter lieatin^ tne
mineral).

3entralinBtitutt tor IncluBtriell k'olBl<nin^ naB alBo tåken an
optical Bpectro^ram ot tniB t^pe ot allanite. tollowin^ elementB
were toun6: 3i, da, ?e, de, La, V, Vb, "7i, Oa, an630.

Bample naB moBt 3i, da, mucn de; Borne k^e,
Vb, La, V; ancl little Qa, 3c.

I"ne amount ot 3c i8ver^ intereBtin^ in tnat tne allanite nere oc
curB in tne moBt baBic area ot tne pe^matite. diolcl3cnmi6t (1954) naB
mentionecl tnat 3c occurB moBt trequentl/ in baBic terroma^neBium ricn
ro>cl<B. 3pecitic Fravit^ i83.16, n -^ 1.749.

Allanite alßo occurß in tne minerali^ecl arouncl ampnibolite
ancl i8nere a cnaraoteljßtic mineral, cr^Btal tonn, riowever, i8nere
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clitterent trom tnat ot tlie t^vo earlier cleßcribecl allaniteß. mineral

18 alwavß black an6plat^ iorme^. It i8metamict, an6even atter keatin^
to more tnan 1000° (^ it waß impoßßidle to i6entitv tne mineral by
X-ray. nonever, in6icateß tnat it mußt be a platv tormec! alla
nite, vvkick Kaß been cleßcribe6 earlier (0. (1926) ancl
Klockmann-kam^onl (1954)). plat^ tormeci allanite otten lia3a
Bilk)^ lußter on tke Burtace.

3pecitic Fravit^ !8 — 3.14, narcineBB 51/2-
An optical spectrogram was tåken and following elements were

found: Si, Al, Ca, Fe, Th, Cc, Zr, La, Mg, Mn, Ti, Pb, Vb, and Y,
possibly also U. (Analyzed by the Sentralinstitutt for Industriell Forsk
ning). With hand goniometer all the angles were measured, and, as
can be seen below, all the angles are in good agreement with earlier
described allanites ("A system ot Mineralogy", Dana (1898), allanite
from Moriah, N.Y., Fig. 1, p. 522, Bucklandite, Laacker See, Rath.
Dana (1898), and Klockmann-Ramdohr (1954)).

n«-! 1.749. plan6B beBt 6evelope6 are a (001) ancl u (210).
I^ne plat)s tormecl allanite trom BplitB beBt alonz u (210).

plat^ tormec! allanite occurB in Bmall crxBta!3 cloBe to ampni
bolite, but inwar6B into tne pezmatite tne cr^3talB increaB6 quick!/ in
Bixe. >Vitnin a 6iBtance ot 30 cm tne mineral increaBeB in Bi?e trom a
tew mm to more tnan 10 cm acroBB. tnickneBB ot tne plateB i8

UBuallx not more tnan 1 cm. cnemical analxBeB ot tkree 6itterent
allanit6B nave been macle. can be Been, tnere i8not 6itterence
between tnem, ancl all ot ttiem are in FOO6 a^reement >vitn earlier
analvBeB ot allanite (Dana 1 898) .

rhese publications give
the following angles:

Angles measured onpi
formed allanite,

laty

Rømteland:

al — 154°
Ir — 154.39°
rc— 116.60°
ca. — 115.02°
su — 143.47°

152°—155°
about 155°

118°—120°
115°

140°—143°
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Analyses of three different allanites.

Analyzed by E. Padget, NOU.
The calculation of the formula from the analyses is based on the

tormula for epickote, Ca2^lg(Ott)3igo,2> in vvnicn the (OH) group is
expressed as !/2H2O + Y2O. The calculation is then based on the
number of oxygen ions present in the formula X2X2Y3O 12 i (H2O) 1 . In
order to determine the molecular proportions I have used "Molecular
Proportions" by von Echermann (1925). The analvB6B are 6irectl^
recalculated to atomic proportions and multiplieci by 1000.

Type I
Ordinary allanite

II
111

3102
ZrO2
I^o 2
CcO2
ThO2
A1 2O 3
Fe2O3
FeO
La»oz
Y2Y 2 O3
PbO
MnO
MgO
CaO
Na2 O
K2O
H2O
H2O+
P2P 2O5

29.9 «/>

0.5 »
9.4 »
1.9 »

16.9 »
8.8 »
6.0 »
6.4 »
0.7 »
0.1 »
1.9 »
1.3 »
7.6 »

0.4 »
8.4 »
0.1 »

29.5 °/,

0.4 »
10.0 »

1.4 »
16.7 »

6.1 »
7.5 »
9.9 »
1.1 »
0.6 »
2.5 »
1.1 »
8.9 »

30.6 °/>
0.4 »
0.9 »
8.4 »
2.8 »

14.8 »
11.9 »

3.5 »
7.7 »
0.5 »
0.2 »
0.8 »
0.7 »

10.9 »
— »
— »

0.4 »
4.0 »
0.1 »

0.8 »
4.7 »
0.2 »

ium 100.3 °/a 100.2 °/> 99.8 °/o
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Ca" 0.791 Al" 1
Ce"" 0.320 Fe 1 "
Th 1 " 1 0.040 Ti 1 "
Fe" 0.379 Mg"
La" 1 0.233 Fe"
V" 0.035
Mn" 0.157 Sum 2.912

Bum 1.955

The formula for ordinary allanite, Rømteland :

Ideal formule: CaaA1 3 (OH) Si 3O 12

1.933 Si"" 2.900
0.642 Pv 0.012
0.035
0183 Sum 2.912
0.119

(Ca, <2e. Th, Fe", La, Y, Mn)2 (Al, Fe 1 ", Ti, Mg)3 (0«)
(Si, P) 3O 12 .

ca 'ations o ormu ro analysis , p. 149

Atom pro-
portions

O-2tOMB

T3 .2aj i £

-^ ° «3
3 «'« 5
wo S °2 "

E"1 cs c5 2

(kation propor-
tion in relation

to Om

SiO2
TiO2
CcO2
ThO2
AlOit
FeOij
FeO
LaOi}
YOu
IVInO
MgO
CaO
PO2i

497
6

55
7

331
110
84
40

6
27
32

136
2

994
12

110
14

497
165

84
60

9
27
32

136
5

5.800
0.069
0.640
0.080
2.900
0.961
0.498
0.350
0.052
0.157
0.183
0.791
0.029

Si 1 " 1
Ti""
Ce 11 "
Th" 11
Al 1 "
Fe" 1
Fe"
La" 1
Y1"Y 1 "
Mn"
Mg"
Ca"
pv

2.900
0.035
0.320
0.040
1.933
0.642
0.498
0.233
0.035
0.157
0.183
0.791
0.012

2.149 12.500
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Ca" 0.916 Al 1 "
Ce" 11 0.335 Fe" 1
Th"" 0.029 Ti 1 "
La" 1 0.353 Mg"
Y1"Y 1 " 0.057 Fe"

1.797 8i"" 2.855
0.439 I»" 0.005
0.029 H.l"' 0.090
0.153
°- 532 Sum 2.950

?d" 0.017
Mn" 0.203 Sum 2.950
Fe" 0.068

Buin 1.978

The formula for allanite with grey to green surface
(^pe II):

Ideal formula: Ca2Al3 (OH) Si3O 12

(Ca, <2e, Th, La, Y, Pb, IVIn, Fe") 2 (Al, Fe 1 ", Ti, Mg,
Fe") 3 (0«) (Si, Al P), 012.O 12 .

Cll ations o or a rom analysis ,P-

Atom
proportions

O-2tolNB

-o . .2
16|-
3, ° c°
«§ s s"* £ 2 o

Cation propor-
tinn in relation

to Oi2J

SiO2
CeO2
I^lo2
ThO2
AlOu
FeOij
FeO
LaOij
YOij
PbO
MnO
MgO
(^2O
PO2i

497
58

5
5

327
76

104
61
10

3
35
27

159
2

994
116

10
10

491
114
104
92
15

3
35
27

159
2

5.710
0.669
0.058
0.058
0.830
2.658
0.600
0.530
0.086
0.017
0.203
0.153
0.916
0.012

Si" 11
Ce IMI
Ti""
Th1111
Al 1 "
Fe 1 "
Fe"
La 1 "
Y" 1
Pb"
Mn"
Mg"
Ca"
pv

2.855
0.335
0.029
0.029
1.887
0.439
0.600
0.353
0.057
0.017
0.203
0.153
0.916
0.005

72 12.500
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Ideal knrmula: Ca2Al 3 (OH) Si3Ol2

Ca" 1.112 Al 1 "
Ce"" 0.285 Fe" 1
Zr" 11 0.018 Ti 1 "
Th"" 0.064 Mg"
La 1 " 0.271 Fe"

1.683 8i"" 2.890
0.865 0.012
0.064
010° Sum 2.902
0.190

Y" 1 0.023
Pb" 0.006 Sum 2.902
Mn" 0.064
re" 0.094

Sum 1.937

The formula for the platy formed allanite (Type III).
(Ca, <2e. 2r, Th, La, Y, Pb, IVIn, Fe,) 2 Al, Fe 1 ", Ti,

Mg, Fe")3 (0») (Si P), 012O 12

Ci/ <?//t)/?5 o orm rom analysis 111, p. 14

Atom
proportions

O-atoms

-d , .2

lo|s
3 |"« 3
<u o £ Lj: c o "
r ca « ji

(kation propor-
tion in relation

to OI2J

SiO2
ZrO2
1-102
CeO2
I^o2
AlOij
I^eo,z
I^eo
LaOij
Voiz
PbO
MnO
MgO
Cao
PO2J

499
3

11
49
11

290
149

49
47
4
1

11
17

194
2

998
6

22
98
22

435
224
49
70

6
1

11
17

194
5

5.780
0.035
0.128
0.569
0.128
2.527
1.297
0.284
0.406
0.035
0.006
0.064
0.100
1.112
0.029

Si 11 "
Zr""
Ti""
Cc""
Th""
Al" 1
Fe" 1
Fe"
La 1 "
Y" 1
Pb"
Mn"
Mg"
Ca"
pv

2.890
0.018
0.064
0.285
0.064
1.683
0.865
0.284
0.271
0.023
0.006
0.064
0.100
1.112
0.012

2.1



153

Because it has been necessary in the calculation of the allanite
formula to put Fe++ in the Al group I have, as a control, calculated
the formula of an allanite from Kragerø, the analysis of which is found
in Dana "A system ot mineralogy" (1898), p. 524.

As can be seen it is also necessary here to put Fe++ into the Al
group. On the basis of the chemical analysis, angle measurements and
specific gravity determinations, all of the above must be allanites, even
though only the ordinary allanite could be identified by X-ray.

Alvite: ZrSiO4 (Th and Hf bearing).
See also Cyrtolith.

The formula of this allanite:
(Ca, O, Na, K), (Al, Fe" 1 , Mg, Fe")3 (OH) (Si, Al)3 012O 12

CLI 'atio c» ormu, a:

Chemical
analysis

Atom
propor-
tions

O-atoms

•a . S

w a o
og „ oU O C rf
£ 52.0rs s 5

il

6-2°

SiO2 31.72
ThO2 -
A12 O 3 17.80
Fe2 O 3 2.52
Ce,O3 19.43
FeO 9.37
CaO 13.17
MgO 0.74
K2O 0.25
Na2O 0.04
H2O 3.30

526 1.052 6.020 3.010

348
32

112
130
235

18
5
2

522
48

168
130
235

18
3
1

3.010
0.276
0.966
0.748
1.352
0.103
0.019
0.006

2.007
0.184
0.644
0.748
1.352
0.103
0.038
0.012

2.177 12.500

Ideal formula: Ca2Al 3 ( ON) Si 3 O12

Ca"
Cc" 1
Na 1
K1K 1

1.352 Al" 1 1.99
0.644 Fe 111 0.18
0.012 Mg" 0.10
0.038 Fe" 0.74:

l 8i"" 3.010
0.016

Sum 3.026

Sum 2.046 Sum 3.02i
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mineral oalled alvite i8metamict. n 1.733. It i8tound in tne
mineralixed It w reddiBn w black in colour. I^ardneBB — 7^.

3pecitic zraviy' i33.90. neatin^ tne mineral to 1045° C tne X-ra/
pattern waB tnat ot witn Borne otner lineB xvniok can be iclent
itie6 a8corunc^um lineB.

mineral i 8tounci witn telo!Bpar, ane! tne telclBpar i8alwa^B
Franulatecl and 6eBtlo^ecl cloBe to tne alvite.

An optical spectrogram of the mineral was made at the Sentral
institutt for Industriell Forskning, Oslo. The following elements were
found. Most aboundant: Si, Zr, Yb, Y and perhaps U, leBB abundant:
Ca, Fe, Al, INn, Mg, Pb, Hf and perhaps Th.

ckemical anal/BiB ot tne mineral waB alBo made

100.75 %

Analyzed by E. padlet, N.G.U.

can be Been tkere i 8 a^reement between tnem, exept tor
tne zreat content ot in tne ana!^BiB. In tne Bpectrozram, nowever,
tnere occurB uranium, vvkick in tne cnemical anal^BiB nill nave been
determined a8

uranimn content waB rneretore determined at InBtitutt tor

ditterent Bamp!eB were UBed. 3ee V.

SiO2
ZrO2

32. 7 %
34. 7 »

TiO2
CcO2
ThO2

0. 3 »
0.05 »

»

A12 O3
Fe2O3
Y2Y2O3
PbO

18. 1 »
2. 7 »
1. 6 »
0. 5 »

MnO 0. 5 »
O0 0. 9 »

Na2O
H2O-

1. 1 »
0. 9 »

H2O+ 6. 5 »

P.O, 0. 2 »
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a b l e V.

Sample 1:
Radiometric analysis 5.40 % U3U3 O8O 8
Polarographic analysis 5.07 % » »
Average for sample 1 5.23 % U3U 3 O8O 8

32MpIe 2:
Radiometric analysis 4.86 % U3U 3 O8O 8
Polarographic analysis 4.45 % » »
Spectrographic analysis 4.28 % »> »
Chemical analysis 4.56 % » *

Average for sample 2 4.54 % U3U3 O8O 8

Because the material of sample 1 is identical to that used in the
anal/BiB tk6B6 l6BultB are used.

Plagioclase and possibly corundum are the only possible contain
ations, and therefore in one case all the Na and Ca with the appropriate
amounts of Al and Si are used for the formation of plagioclase, and
in the other case all the Na, Ca and Al with the appropriate amount of
Si are used for formation of the two minerals plagioclase and corund
um. All these results can be seen in the calculated analyses given
delovv.

Analysis after formation
of plagioclase and

recalculated to 100%

Analysis after formation of
plagioclase and corundum
and recalculated to 100%

Analysis

Bio2 32.7 "/>
ZrO2 34.7 %

0.3 °/«
(2e02 0.05°/.
ThO 2
U3U 3 O8 5.23%

12.87°/,
5e20, 2.7 °/>
Y2Y 2 O 3 1.6 %
PbO 0.5 %

0.5 °/>
(^2O 0.9 °/>

1.1 °/>
H2O- 0.9 %
H2O+ 6.5 %
P2P 2O5 0.5 %

100.55°/.

SiO 2
ZrO2
I^lo2
CcO2 .
ThO2
U3U3O8 .
A12O3
Fe2O3

Y2Y 2O3 .
kbo.
MnO
CaO .
Na2O
H2O-
H2O+
P2P 2O5 .

28.00°/,
39.64°/.
0.35 °/>
0.06°/,

6.09°/«
10.90°/,

3.13°/,
1.85°/,
0.58°/,
0.58°/,

1.04°/,
7.55°/,
0.23°/,

100.—°/.

Bio2 31.42°/.
ZrO2 44.42%
TiO2 0.39%
c2ec>2 0.07°/.
ThO2

6.84°/.
A12O 3

3.52°/.
2.09°/,

?d0 0.66°/,
0.66°/.

CaO
Na2 O
H2O- 1.18%
H2O+ 8.49%

0.26°/,

100.—°/,
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Alvite (cyrtolith) is a poorly defined mineral (D. Forbes and
T. Dahll (1885) and Dana (1898)), and in more recent literature
(Klockmann ßamdohr (1954) and Dana (1932)) the mineral nåme
does not appear. If the mineral is a zircon the formula must be written
ZrSiO4 , and tnen Al muBt occup^ poBitjonB equivalent to botn tnoB6 of
Si and Zr. It is doubtful that this is correct because of the great
difference in the ionic radii (Al+++ —0.57 Å and Zr++++ = 0.87 Å).

k^urtnermore, tnere i8no wa^ in wkicn tne remaininA available
elementB can de UBec! to attain electloBtatic neutralit)^ wnen Bud-
Btitute3 tor

atter Bubtractinz tne amountB neceBBar^ tor tne torm
ation ot pla^ioclaBe ancl coruncium (note : b^ neatin^ tne mineral
1045° (^ tor iclentitication b^ X-ra^, tne pattern ot witn Borne
lineB vvnicn cou!6 be attributec! to corun6um, waB tounc!), ancl re
calculatinA tne primar^ anal^BiB to 100 I a reBult cloBe to earlier
anal^eo! cMolitnB. Bee C. Ooelter, Lan6 111, p. 138 no. 43 ancl 44
(1918).

BeemB tneretore to in6ioate tnat tniB recalculation i8correct

in tniB caBe. problem alvite—c^rtolitn vvill be cli»cuBBec! in more
cletail in a later paper.

Apatite: CaS (PO4) 3 (CI, F, OH).
occulB in tne ampnibolite, in tne minerali^eci ?one arouncl

tne ampnibolite, ancl a8an acceBBor^ mineral in tne tarBunclite.
i8opticall^ —, n^ — 1 .644 anci n^ < 1 .644.

are t>vo ot apatite: I, 28 Bmall in tne
ampnibolite aB3o«ate6 witn biotite, anci 2, a 8inclepenclent nee6leB.
>Vnen Foin^ krom tne ampnibolite to tne minerali^ecl ?one aroun6 tne
ampnibolite, t^pe 2 bScomeB more an6more abunclant; t^pe 1, now
ever, beinA Been in tnin-BectionB tne vvnole time. "7n6 Bi^e tor
tluor apatite a3Bociate6 witn biotite i8ca. 1/100 mm in cliameter.
inclepenclent nee6leB are up to two centimeterB in len^tn ancl ca. two
mm in vvicltn. Inc cr^BtalB are colourle^ ancl tne nexa^onal torm3 are
UBuall^ well clevelopecl.

6asina'sl7e.- (<^e, La, Dy) FCO3 .

LaBtnaBite W2B toun6 at I^smtelan^, wnicn i3tne tirBt localit^ tor
tnlB mineral in I^lorvva^. It i8toun6 28 an alteration procluct atter alla
nite. (3ee 3vercirup, Lr^n an63Xbe», 1959).
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Beryl: Be3Al2Si6018 .

Beryl is found at only one place at Rømteland. The crystals grow
through alkali feldspar, and the hexagonal form of the green crystals
is well developed. I believe that the mineral was formed at an earlv
stage of crystallization, because it is found in the transition between
the graphic-granite and mineralized zones. The crystals show no
orientation. I have never found minerals containing rare earths in the
neighbourhood of beryl. Because ot the great concentration of Y and
Cc in the pegmatite one should expect that gadolinite would be formed
in the pegmatite it the concentration of Be also was great. It is there
fore reasonable to believe that the concentration ot Be is small and
very loeal. Gadolinite was not found at Rømteland. Beryl is uniaxial
optically — n0 = 1.580 and ne — 1.575.

Biotite: K(Mg, Fe) 3 (OH) 2 (AI, Fe) Si3O10 .
Liotite occulB tnrou^kout tne vvnole area (Bee I^adle VIII, p. 174

ancl 175). It UBuallv occurB in Bmall tlal<6B, dut inBicle tne pe^matite
can it de Been in verv lar^e crvBtaiB, e. in tne quart^-telclBpar
an6partlv in tne minerali^ecl

mineral occurB otten in we6zeB ancl in tne internal an^!eB ot
tkeBe, rare mineralB can be touncl e. vttrotitanite ancl uraninite.

(1926) BavB tne Barne tor otner pe^matiteB. l^rom tke amplii
bolite to tke pe^matite tne cr^Btal Bi^e FrowB In a cliBtance
ot trom one to two meterB tne Bi?e ot tne biotite tlal<6B FrowB trom ca.
one mm to more tnan 10 cm in diameter, quantitv ot biotite alBo
increaBeB on FoinA trom tne ampmbolite to tne contact xvitn tne pe^ma
tite. mineral i8black to drov^n in colour.

Liotite i8alBo touncl in tne voun^er clike cro3Bin^ tne pe^matite,
but at tne contact witn tke pe^matite i 8it ckloritic. In tnin-BectionB
trom tne framte xone ancl trom a little wav inwarclB into tne
tarBunclite it can be Been tnat tnere naB been tectoni^ation ot tne area
atter tne formation ot biotite. biotite tlakeB are bent. tne Barne
time tne biotite i8Beconclarv ancl tormeci by alteration ot nornblencle

(a8wc!! in tne tarBunclite a8in tne ampnibolite).

Optical clata tor clitterent tvpeB ot biotite.

Liotite trom ampnibolite I^omtelancl : opticallv —, 2v — 0—15",0—15",
r< v, n^— 1.620. pleocnroic: « vellow, ciark brown, -/ —

brown, >Vincnell (1951) tniB inclicateB more tnan k^e
in tne biotite trom tne ampnibolite.
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Liotite from the pegmatite Rømteland: optically —, 2v = — 15°,
r< v, n/3— 1.661. Pleochroic: a = yellow, /3 — deep green, y=
greyish-green. After Winchel (1951) this type of biotite has more
Fe than Mg.

Biotite from the farsundite (Osestad, ca. 2 km N of l^Gmlelanci)
Optically —, 2v — o—ls°, r< v, n/i -^ 1.655. After Wincheli 195! )
tniB incjwateB more Fe tlian Mg in the mineral.

da/ci/e.- ca<lo^.
Calcite is one of the lat6Bt torme^ mineral at Rømteland. In the

younger dike crossing the pegmatite great quantities of the mineral
are found. The colour is white, yellow-brown, and brown-violet. Hema
tite inclusions (determined by X-ray) give calcite its colour. Calcite
also oecurs in druses in white and yellow coloured crystals. The mineral
is optically —, n0 1.659, n e & 1.485.

(^/l<7/ctt/?yn'/e.- Oul^es^.

The quantity of tniB mineral, wnicn is toun6 onl^ in the younger
dike crossing the pegmatite at Rømteland, is small. However, chalco
pyrite is easy to find because it is always surrounded by a green mine
ral, which was identified as malachite by X-ray.

Malachite: Cu2 ((OH) 2CO3 )
l8 an alteration procluct ot cnalcop/nte.

c/l/o^ie.-

mineral >8 toun6 in tne c!il<e croBBin^ tne pe^matite.
It i8 tine-^raine6 an6 tne colour i8 black. In powcier tne colour i8
It occulB to^etner xvitk tine-^rainecl muBcovite and calcite, an6 it app
earB tkat tneBs mineralB were tormec! at tne Bame time. to

tne optical anci X-ra^ 6ata tne clilorite muBt be iron ricn, i. e, ciapnnite:
N/3 ?« 1.659. mineral i8 too tine-zrainS6 to

alloxv tne cletermination ot tne optical Bi^n.

<70/umiiiie.- (Fe, Mn) (Nb) 2O6 .

I^ne mineral, wnicn is blue-^rex anci metallic in appearance, can
almoBt alwa^B be Been in lon^, tnin tlakeB. L)s e^e it i8 clitticult to
ciiBtin^uiBN it trom ilmenite, vvnicn alBo BometimeB occurB a8 tlake3.
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The columbite is found in the inner part of the mineralized zones
and in the quartz-feldspar zone. It occurs more frequently in the
quartz-feldspar zone than in the mineralized zone. I believe that the
mineral is formed at a late stage of crystallization. By X-ray is it im
possible to say more than that the mineral is either columbite or tan
talite (tneBe two mineral have icientical X-ra^ pow^er pattern^).
Sentralinstitutt for Industriell Forskning has cietermine6 the amount of
Nb-Ta in the mineral. The mineral contains 76 % Nb2O5 and only
2.0 % Ta2O5 . Titanium has also been determined: TiO2 — 3.2 % (ana
lyst Erna Padget, NGU). As can be Been, it is very clean columbite.
The specific gravity of the mineral is 5.31. This alBo in6icateB a very
Nb-ridi columbite (Dana, 1932, p. 696).

Epidote: Ca2 (AI, Fe) 3OH (SiO4) 3 .

Lpi6ote i8touncl in tne tarBun6ite cloB6 to tne pezmatite ane! in
tne contact witn tne pe^matite. It appearB to^etner v^itli biotite. In tnin
BectionB it can be Been tnat tne mineral naB well clevelope6 crvBtal tormB
(Bee pnotoFrapn k^i^. 9). "I"ne mineral i8opticallv —. I^xtinction x/c —
4°. I^lon pleoctiroiic. l^pi6ote lia3verv Btron^ interterence coloulB.

Euxenite: PQ 2O6 , P — Y, the rare earths, U, Th and Ca.
Q = Nb, Ta, Ti and Fe.

I^uxenite i8tounc! in tlie minerali^ec! ane! in tne quart^-telcl-
Bpar colour i« black.

3pnene ancl alvite nave been toun6 vvitnin a lar^e euxenite crvBtal.
3amarBkite occurB aroun6 euxenite. I^ultner, euxenite cliBappearB wnen
BamarBl<ite appearB. opinion i 8tneretore tnat tne cr^talli^atjon
Bequence naB been Bpnene ancl alvite, tollowecl by euxenite ancl tnen
BamarBkite.

I^uxenite i8touncl in lar^e crvBtalB. I^lie mineral i8metamict, but
it can be iclentitiecl b^ X-rav wken neatin^ it to 1000°.

An analysis for Th and U in the mineral yields Th = 3.3 %, i. e.
3.45 % ThO2 ; U = 8.5 %, i. e. 10 % UO2 . Analyzed by Institutt for
Atomenergi, Kjeller.

TiO2 = 23.5. Analyzed by B. Bruun, NGU.
3p. Fravit^ — 4.352, n > 1.888.
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Fig. 9. a) epidote and b) biotite. Note the excellent crystal faces of epidote.
X ca. 100, + nicols.

a) epidot og b) biotitt. Man ser hvor godt epidoten har krystallisert ut.
X ca. 100, + nicols.

Fluorite: CaF...

The mineral is red to violet in colour and is isometric. It occurs
frequently in the zones round the amphibolites, but usually in small
crystals, ca. 5 mm across. In the amphibolite it occurs in contact with
apatite and biotite. It surrounds biotite, but the boundary between
them, as seen in thin sections, is sharp. The fluorite must have been
formed later than the biotite in the amphibolite. In the mineralized
zones around the amphibolites it otten occurs together with magnetite
and apatite. n= 1.426.

Hematite: Fe2O3 .

mineral i8not ioun6 in cr^Btal3, except at one place in tne
minerallen! arouno! tne ampnibolite wnere it oocurre6 in octa
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neclral crxßtalß, probablx P3eu6omolpnic atter ma^netite (^Viartite).
I^Buall^ tne mineral occurß a8a recl-bro>vn coating on otner mineralß.
I^ematite 18 a Beconclar^ mineral tne primar/ minerala bein^ ma^netite
ancl p^rite.

Hornblende: X2X2Y5 (OH,F) 2Z8O22 .

Hornblende occurs botn in the farsundite, in the amphibolite and
in the graphie granite zone in the pegmatite; in the latter in crystals up
to 10 cm len^tn. Hornblende disappears from the farsundite and the
center of the amphibolite on moving towards the boundary of the peg
matite, being supplanted by biotite. The colour is grey to green. Robert
Major (1939) concludes that in the farsundite the amphibole has
2 V 60°. Optically —, na = 1.667 and ny = 1.683.

The ampnibole in the Frapnic granite zone is actinolite. The inter
ference colour is bright green. The optical data for tkiB is: Optically —,
extinction x/c -^ 18— Pleochroism: a — yellow, fl = deep
green, y — blue green, n«— 1.630, N/3— 1.635 and ny= 1.650.

Determination of the mineral in the amphibolite indicates an
ordinary hornblende. Optically —, extinction z/c — 21° 23°. Pleo
chroism: a — bright yellow, /? = deep green, y — green, n « --« 1.664
ny = 1.680.

Bixe ot tne norndlencle cr^BtalB i 81 mm in len^tn, botn in tne
tarBunclite ancl in tne ampnibolite.

Ilmenite: FeTiO3 .

mineral occurz a8an acceB3or^ mineral in tne tarBun6ite ancl
in tne ampnibolite, ane! i8otten Been to be Burroun6ec! b^ titanite in
tnin-BetionB. It occurB at Beveral placez in tne pe^matite. 3ee
VIII, p. 174 ancl 175.

lar^e3t cr^Btal (more tnan 2 kz) i8touncl in tne minerali?ecl
colour i8Bteel Fre/. It can be touncl botn in lumpB ancl in

min plateB.

Magnetite: Fe3 O4 (FeO • Fe2O3 ).

occurB in Beveral 2oneB at I^e»mtelancl, otten tozetner
witn ilmenite. In tne tarBunclite it occurB a8an acceBBorx mineral.

il



162

Fig. 10. Intergrown titanite and molybdenite.

Sammenvoksning av titanitt og molybdenglans

The lar^eBt orvBtalB are toun6 in the minerali^e6 xone, vanere
lumps larger than 1 kg are found. In the amphibolites and the mine
ralized zones around the amphibolites it otten occurs together with
fluorite and apatite.

Malacon is found in the mineralized zones around the amphibolites
and occurs together with zircon. Otten it is difficult to differentiate be
tween zircon and malacon. Usually the surface of the malacon is duller.
However, in fractures there are great differences, the zircon being fresh
brown while the malacon has brown, white, grey and blue colours.
partis the malaoon is metamict, yielding tneretore a diffuse zircon
X-ray powder pattern it the mineral is not heated. See Fig. 15 p. 172.
The play of colours and the metamict character are due to the radio
active content in the mineral (Klockmann-Ramdohr). It would appear
that malcon and zircon gråde into another.

Dotri ot tne mineralB kave pertect tetrane6ral crxBtal morpnoloF)'.
len^tn ot tne orvBtal i8not mucn more tnan 1 om.

Molybdenite: MoS2 .
mineral i 8alBo toun6 in tne minerali^eo! xone3 aroun6 tne

ampniboliteB, :noBt!v in tne Barne ?one a 8tne plat^ torme6 allanite.
It occurB in tnin tlak6B in Bmall quantitieB. ane! titanite are
completelv inte^rown in tniB 3ee I^jz. 10. I^lovvever, tne molvb
cienite BeemB to be tormeci later tnan tne allanite, becauBe it i8alwav3
to be touncl on tne Burtace ot allanite. ke-content i80.0015

Malacon: ZrSiO4 with Th, U, and perhaps V. Uniaxial (+ ), no&n o &
1.888, n,^ 1.888
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Fig. 11. Zonal structure around the c-axis of muscovite. Natural size,

Muskovitt. Den sonare oppbygging rundt c-aksen sees tydelig.
Naturlig størrelse.

Muscovite: KA1 2 (OH, F) 2 AISi3O 10 .

Usually the colour of the muscovite at Rømteland is green, but
sometimes it is colourless. The green colour of the mineral must be due
to Fe++. Analyses for Cr in the muscovite have been made, but the Cr
content was to small to account for green colour (analyst: B. Bruun,
NGU). Flakes of muBcovite otten appear on the (001) plane of alkali
feldspar. The flakes are ca. 0.5 cm in width. The green muscovite is
found in larger flakes in the mineralized zone. In this zone the mineral
always occurs with beautiful zonal structure around the C-axis. See
picture, Fig. 11. I have studied the zonal structure both optically and
by X-ray. It is not due to a chlorization ot the mineral. The muscovite
is biaxial, optically —,2V — 30° 45°, n p = 1.585.

In tne voun^er 6il<e cro3BinF tne pe^matite I nave touncl mucn
Freen, tine-^raine6 muBcovite. i8opticallv —, 2 V — 30°—45°.
n« 1.575, n/) — 1.580.

I^ne optical 6ata in6icate almoBt icjeall^ pure muBcovite (>Vincnell
1951).

Orangite: ThSiO4 .
konev fellow to brown mineral i 8touno! onl/ in tne mine

rali^eo! ?one aroun6 tne ampniboliteß. mineral w tranßlucent in tliin
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flakes. The mineral is easy to find. Orangite is believed to be identical
with the black coloured thorite, but chemical analyses for Th and U
are different for the two minerals. (Thorite also occurs at Rømteland.)
The analyzed material was not pure (much feldspar contamination,
but the difference in Th and U can be seen). For orangite Th — 6.0 %,
U — traces; for thorite — 4.6 %, U = .7 %.

InBtitutt wl Kjeller.
vitterent tneorieB kave been propoBe6 to account kor tke colour

6itterence. can be clitterenceB in aze, an6in tne metamict Zra6e
ot tke two mm6lalB. Qc>l6Bckmio!t (1954) believeB tliat tne vellow colour
ot oran^ite i8ciue to a content ot cerium. Lecauze oran^ite occurB in a
cerium 2one (tnorite 6oeB not) tne tneorv ot Qolcizcnmiclt BeemB to me
to be reaBonable.

OranZite i8metamict. mineral waB iclentitie6 by X-ra^ atter
keatinF. 3pecitic 18 4.425, n 1.685.

Palygorskite: MgAISi4O10 (OH) 4 4H20. (Antum 1956).

Ora>cl<B occur in tne clike croBBin^ tne pezmatite, an6in
tneBe cracl<B tne mineral palv^orBkite i8touncl. I^ne mineral iB, to^etner
witn quart?, tne lateBt torme6 mineral at I^omtelancl. It waB i6entitie6
b^ X-rav.

Plagioclase: NaAISi3O8 — CaAl2 Si208 .

Except for the quartz zone, plagioclase is found in all the zones
at Rømteland. The composition varies around 27 % An. The plagio
claBe from the pezmatite is opticallv —, 2V > 75°, na somewhat
> 1.535, n/3 somewhat > 1.545, max. extinction in zones normal to
(010) about 10°. Other determinations, see Table 111, p. 136 and 137.
Ac for the alkali feldspars the grain size of the plagioclase coarsens
from the farsundite (about 0.5 mm) inwards into the pegmatite, where
it can be ound in very large crystals. The colour i8 usually white, but
near rackioactive mineralB it i8 otten clark recl-brown. A labracloritic
play of colours can be seen in tne plagioclase from the quartz-feldspar
zone. In the farsundite, myrmekite occurs at some places (quartz/
plagioclase). In the mineralized zone around the amphibolites in the
pegmatite, plagioclase graphic-granite occurs.

pla^ioclaße in tne tarßun6ite na 3al^o been 6etermineci by
k. (1939) to be between 22 ancl 28 A In tne contact
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area between the pegmatite and the farsundite the plagioclase has
undulating extinction and the twinning lamellae are often bent. The
undulating extinction disappears both inwards into the pegmatite and
outwards into the farsundite. This indicates a tectonization in the area
after the minerals were formed. The plagioclase is also sericitized in
tne same area, the sericitization also disappearing to both sides. The
plagioclase has also a zonal structure. Around a central An ca. 27 %
zone and along cracks a clean albite zone often occurs. This albite zone
occurs most frequently in the graphic granite zone, and disappears
both inwards into the pegmatite and outwards into the farsundite. It
seems a8 it the albitization followed tne tectonization.

In druses and in the younger dike crossing the pegmatite, sugar
grained albite is also found. Cameron, Jahns, McNair and Page
(1949) mention that sugar-grained albite is found in many American
pegmatites. Their opinion is that the mineral is a later formation than
the pegmatite. I am ot the same opinion for the albite from Rømteland.

Zonal albite around the plagioclase and in cracks and sugar
grained albite in clruBeB and in the /oun^er dike crossing tne pegmatite
means that the albitization processes have been active at a relatively
late stage in the pegmatite's history. Sericitization, tectonization, and
albitization processes have be discussed earlier. See p. 134— 141. The
sugargrained albite is white coloured. The mineral is optically (>),
2 V > 75°,n a = 1.525, n j3 = 1.530, n y = 1.535. This indicates albite
with 5 % An. The albite around and in cracks in the plagioclase has
max. extinction — 18°. The Becke-Mne moves slightly from microcline
inwards into albite upon elevating tne tube. This also indicates almost
pure albite.

In tne pla^ioc-laB6 trom tne quart?-telclBpar a black mineral
occulB. It naB been impoBBible to iclentit/ tniB mineral. verv clark
ma^netic concentrate waB obtainecl bv u»in^ tne 3epa
rator, but tne X-ra/ pow6er pattern ot tm'B Bno^vecl no lineB except
tnoBe attributable to pla^ioc-laBe. In tnin-Bection tnere can be Been an
apparantl/ opaque, cliBBeminatecl, tine "cluBt" in tne plaFioclaBe. In
nan6 BpecimenB a cnaracteriBtic brown borcler between tne piz
mentecl ancl non-pi^menteci pla^ioclaBe can be Been, ancl albite twin
lamellae can be tollowecl uncllBturbecl tlirou^n all tnree (Bee
I^iF. 12). occaBBionall/ tnere can be Bee a pink Burticial mineral (ap
parentlv Beconclar/) wnicn alBo an X-rav powcler pattern iclentic
al to tnat ot pla^joclaBe.
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Fig. 12. Plagioclase pigmented by a black mineral with a brown border zone,
Note that albite twinning continues through the pigmented area.

Ca. xk natura! Bi?e.

/'/a^/o/c/a^ pigmentert med et sort mineral med brun randsone. Albittstripene
kan man se fortsetter gjennom det pigmenterte område. Ca. % størrelse.

Pyrite: kesZ.

p^rite is toun6 on!^ t>vo placez; as an acceBsorx mineral in the
farsundite, and in relatively large crystals in the younger dike crossing
the pegmatite. The cubic crystal planes are otten well developed.

Quartz: ZiOZ.

Quartz is one of the mineral xvnicn is touncl all over I^smtelancl.
From the farsundite through the graphic granite zone to the center of
the pe^matite, the quartz grains increase in size from individual grains
ca. 7 mm in size to a quartz mass of several tons. The colour is usually
white (milky quartz). Hematite often gives quartz a red colour, especi
ally near cracks. In the farsundite quartz occurs intergrown with feld
spar as myrmekite. However, myrmekite is not frequent in the far
sundite (R. Major, 1939).

In tnin Bectionß ot tne tarßunclite one Beeß tkat mvrmekite becomeß

more abunclant tne nearer one approacneß tne pe^matite. It alßo be
comeß co2rßel, eventuallv becomin^ vißid!e macro^copicallv,
Hnc! tinailv decominZ 30 coalße tnat it i8 detter calle6 zrapnic
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It one of the radioactive minerals is in contact with the quartz the
quartz takes on colours from black to grey to a weak reddish colour.
Close to the radioactive mineral the colour i8 black. In thin-sections
the quartz has undulating extinction, strongest in the graphic granite
zone and weaker to both sides. Quartz is also to be found in beautiful
crystals in druses, in which hematite can be seen covering the quartz.
Elektrokjemisk A/S, Fiska Verk, Kristiansand, has performed 3 ana
lyses for A. Tverstøl, Lyngdal; sample 1: cr^Btal quart^ from c!lU8e8,
sample 2: ordinary white pegmatite quartz, and sample 3: black quart^
(near radioactive minerals) (Table VI).

1- ab I e VI.

Samarskite:

The minerals is not found in great quantity, but it occurs relatively
frequently in the area. The colour is black to brown and the mineral is
always surrounded by columbite.

3amarBkite trom I^«mtelancl i8metamict, but atter neatin^ it to
more tnan 770° tne BamarBliite Btructure returneci. Atter neatinA tke
mineral to 800° (^ I Fot a 6ittuBe X-ra^ pattern, but atter neatinz to
1045° 0 tne X-ra/ pattern waB well cietinec!. (3ee tne tilmB below.)

mineral waB 6eterminecl on!^ b^ X-ra^, and it muBt be mentionecl
tnat tne pattern ot ter^uBonite i 8ver^ like tne X-ra^ pattern ot
3amarBkite trom I^Gmteland. (3ee tne tilmB below.)

I believe, nowever, tkat it i8a BamalBkit6. Burrounc!jn^ en
velope ot columbite BeemB to indicate tniB.

I^e»mtelan6 BamarBkite occurB in tne Barne a8euxenite,
but it i8tound more trequentl^ in tne quart? telclBpar tnan in tne

Sample 1. Sample 2. Sample 2.

SiO 2 99.90 %
Fe2O3 0.05 »
A1 2O3 0.01 »
MnO —
TiO2 0.005 »
CaO 0.005 »
MgO 0.005 »
Na 2 O 0.03 »
K2O

99.85 °/o
0.08 »
0.02 »

0.005 »
0.005 »
0.005 »
0.05 »

99.68 °/o
0.18 »
0.06 »
0.02
0.005 »
0.005 »
0.005 »
0.06 »

100.005 °/^ 100.015 °/> 100.015 °/«
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Fig. 13. X-ray powder patterns of samarskite and fergusonite.
I. Fergusonite, Ljoslandsheia, Iveland, Setesdal, S. Norway, (1733).

Heated to 1000° C.
11. Samarskite, Rømteland (8132). Heated to 1025° C, 24 h.

111. Samarskite, Dillingøy, 3. Norway (1938). Heated to 1045° C

Røntgenfilmer av samarskite og fergusonite.

minerali^e6 zone. It is not toun6 in or^BtalB. The mineral is radioactive
and otner mlneraw (quart^ and tel^par) are otten 6arl< wnen in con
tact with samarskite. The Ti content in the mineral was determined to
be 2.5 % TiO2 . Analyzed by E. Padget, NGU.

Spessartite:
The colour of tniB garnet is red-brown, n — 1.800. db 0.002. This

garnet was also determined by X-ray. The cell size was calculated
to be a = 11.575 Å. The cell size for pure spessartite is a = 11.59 Å
(Struntz, 1949). Maybe some Fe ++ has replaced Mn++, but the Røm
teland spessartite may also have a little smaller cell size than a pure
spessartite if the rare earths replace Mn ++ . However, the Rømteland
spessartite is close to pure spessartite.

mineral i8tound in tne minerali^e6 tne quart^-tel6Bpar
anci alBo a little in tne quart? one. I^ne mineral oc?curB in contact

witn tne later tormec! minerala BamarBl<ite ane! columdite, an 6it Beem3

to me tnat tne garnet alBo waB tormec! at a late Bta^e in tne pe^matite
niBtorv. It i8alwavB tounc! in telciBpar.

larFeßt garnet crvßtalß are 4—54—5 cm acroßß. Qarnet i8alwa^^
toun6 cloße to tne ciike croßßinz tne pe^matite ancl i3alwa^B
crußneci. It w reaßonadle to tnink tnat it waß tormec! betore tne torm

n < 1 .888. 3pecitic Zlavitx — 5.240.
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ation ot tne clike, anci waß crußneo! o!urin^ tne formation ot tne 6il<e.
I^owever, a8mentione^ earlier, it i 8tounc! in contact witn tne raciio
active Bamarßl<jte, an 6it mav nave been crußneo' by tne ra^ioaotivitv
ot tkiß mineral.

Sphene (Titanite): CaTiSiO5 with a secondary mineral
Sphene occurs as an accessory mineral in the farsundite and the

amphibolite, usually around ilmenite. It occurs in large crystals in the
mineralized zone, and in the mineralized zones around amphibolites
the mineral is found in great quantities. Because the mineralized zone
inside the pegmatite seems to be more Y-rich than mineralized zones
around the amphibolites, which seems to be Ce-rich, I have had quan
titative spectrographic analyses made of the titanite from these two
zones. See Table VII. Analyzed by Sentralinstitutt for Industriell
l^orBl<ninz

error l82^ 5 ot tne value Fiven.
can be Been tnere i8a little bit more V ane! Vb in tne Bpnene

trom tne minerali^eo! in tne pe^matite tnan in tne Bpnene trom
tne otner 2oneB.

In tne minerali^ecl Bpnene oocurB in cr^BtalB larver tnan
10 om an 6almoBt al^va^B to^etner witn biotite. I nave alBo toun6
Bpnene Burrouncle6 by euxenite, an 6it BeemB to me a8tkouzn tne
Bpnene KaB been tormea! earlier tnan euxenite. mineral naB a bro^vn
lu3ter, but otten tne 3urtace i8clecompoBeo!. alon^ cracl<B in tne
mineral clecomposition tal<eB place, tne <ieBinte^rate6 material bein^
vellovv to wkite powcier. powcler i 8cleterminecl by X-rav to be
anaiaFe. i 8otten pB6u6omolpnw atter Bpnene ane! ilmenite.

to Xlockmann-I^amclonl (1954) tne mineral i8onlv tounci in
orvBtalB, but even witn enlar^ement it na« been impoBBible tor
me to Bee orvBtal tormB.

Specific gravity = 4.126.

ab•le >vil.

Sphene from
the mineralized zones
iround the amphibolites

Sphene from
the mineralized zones

in the pegmatite

1O2 29. %
\O3 0.52 »
rrb2Os 0.037 »

TiO2 29.5 %
Y2Y 2O3 0.9 »
Yb2O3 0.13 »
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Zpnene in small cr^BtalB is found in the mineralized zone around
amphibolite. The size is usually —3 cm in length. The mineral is found
here completely intergrown with molybdenite (see Fig. 10), and ana
tase is also found here as a secondary mineral.

3pecitic ot Bpnene tram tne minerali^e^ in tne pe^
matite — 3.215.

Specific gravity of the sphene from the mineralized zone around
the amphibolite = 3.453.

The mineral is optically ( + ), 2V = 30° 45°, r> v. Pleoehroism
a—fi — y — colourless. n«^^ 1.852, n^^— 1.888 from ampnibo
lite); n/3 = 1.888 (from the minerali^ecl zone).

TEngerite:
i8toun6 a8a 86cun6ar^ mineral on allanite at ksmte

lan6. It occulB a8a lukter on tne Burtace ot tne allanite trom tne

minerali^ecl xone inBic!e tne pe^matite.

Thorite: ThSiO4 .
Thorite occurs in the mineralized zone and in the quartz-feldspar

zone. It is dark in colour and oocurs in small quadrangular posts,
mostly in feldspar, and close to euxenite. Quartz and feldspar are otten
dark coloured in contact with thorite. It is metamict, but after heating
it to 770° C it can be identified by X-ray.

I^or tn!ol!ite Bee alBo oran^ite, p. 163.

Uraninite: UO2 with secondary mineral.
I^raninite i8moBtl^ toun6 in tne minerali^eci dut it c»cculB

alBo in tne an6in tne quart?-telo!8pal xone.
oolour i 8blaclc. It i8UBuall^ eaB^ to tin6 tne mineral because ot tke
cnaracteriBtic ?oneB ot Becon6ar^ minerala arounc! it. Me mineral i8
metamict but atter neatinz it to 770° C I tne isometric uraninite
pattern on X-ra^.

mineral i8toun6 in lumpB up to ca. 300 A. O^Btal planes are
not Been becauBe ot tke cletormation ot tne mineral. I tninli it

unlikel^ tnat tne^ exist. MoBt ot tne mineral i8touncl inBi6e we6^eB ot
biotite. (1926) mentionB tne Barne obB6rvatjon trom tne pe^
matiteB. an6quart^ are 6eBtroxec! cloBe to uraninite.

Specific gravity = 4.73. Optic index n & 1.685.
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Optic in6ex n > 1 .888.
In conneotion witn uraninite Becon6alv uranium mineral are

developed. These secondary minerals always occur in a defined
Bequence. M. 3e!levol6 (worliin^ >vitn Bsconclal^ uranium mineral in
Norway) has found at Ksmte!an6 the same uranium minerals as I:

Black: Uraninite
Brown: Clarkeite
Red: Fuormarierite
Orange: Kassolite
Yellow and green: a-uranophane.
Kassolite is identified by Sellevold.

The mineralB have the following formulae (Klockmann-Ramdohr,
1954):

Uraninite: UO2
Clarkeite: (Na2 , Ca, Pb): 3UH3 :3H2O)
k-uormanente: Pbo:4^og:stt2o (pwdad^ (UO2 , Pb)O:H2O)
Kassolite: PbU (O2 (SiO4 )). H2O
«-ui-anopnane: O^ ((OH) 3 (SiO4)) 2 - 4H 20.2 O.

The minerals occur in tnw Bequence. It BeemB to me as <though the
uraninite has been stable until the processes of albitization took place.
The Na attacked uraninite and the first two secondary minerals
clarkeite and fuormarierite were developed.

I do not think it is necessary to supply Pb, because during the
decomposition of uranium Pb will be formed. For the formation of
kassolite and uranophane it is, however, necessary to supply Ca and Si.
The chemical reaction necessary for the formation ot the minerals can
be seen below in Fig. 14.

optical 6ata tor tne mineral: (^larkeite n « 1.888, n > 1.888,
n > 1.888. n « 1.888, n > 1.888, n7> 1.888. Vel

low « uranopnane: opticallv (^). 2V^ 30°, n« Bomewkat < 1.644,
n F 1 .664, n 7 80me^vnat < 1 .674.

Zircon: ZrSiO4 .
Zii-con i3ioun6 in tnin BectionB trom tne tarBunc!ite ancl tram tne

pezmatite xone. Me naB a 2onal Btluctul6 at
tneB6 placeB. It can be 3een beBt under cloBBecl nicolB becauBe ot tne
pla^ ot colour in tne mineral.

Specific gravity — 6.808.
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Na

UQ,'«— ca
'HBi^^~~- H,O

Fourmarierite

Fourmarierite

Fig. 14. The figure shows which elements have attacked uraninite together with
the reactions which have occurred and their products.

Figuren viser hvilke elementer som har angrepet uraninitt, samt reaksjonene og
nydannelsene som har funnet sted.

Zircon

Fig. 15. X-ray powder patterns of malacon and zircon.
I. Malakon, Rømteland (8282).

11. Ne>mtel2n6 (8393).
111. 3wveln. 3. (3444).

7UO2 (Pb-bearing) + 2PbO + 2NaOH +
Uraninite

+ Ca(OH) 2 + 6H20->
(Na2 , Ca, Pb) 3UO33H 2O + (Pb4UO2)05H2O

Clarkeite Fourmarierite

4(Pb, 4UO2)05H2O + 16SiO 2 -f 6Ca(OH) 2 +
Foumarierite

+ 2OH 2O_>
4PbU(O 2(SiO4))H 2O + 6CaU 2((OH)3(SiO4)) 24H2O

Cassolit Uranophane
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i« al»o touncl in Bmall crxBtalB in tlie mineralixecl
arouncl tne ampkiboliteB. I^ere tr6Bli occur3 to^etner witn mala
con (Boe tne tilmB plate k'!^. 15. 3ee alBo malacon, p. 162). ?jrcon
crvBtalB can be up to 5 mm in len^tn. occurB on tke Burtace ot
tne p!atv tormeo! allanite, ancl tne mineral muBt tneretore de ot later
tormation tnan allanite.

In VIII, p. 174 an 6175 all ot tlie mineralB cieBcribecl are
3NOWN ancl it can be Been tnere in wnicn tne mineralB ocur.

Mineral paragenesis at Rømteland.
The two adjacent four component systems wUh the oxides:
(Fe,Mn)O- Y2Y2O3-(Nb,Ta)205-Ti02-Si02 .

ot tne mineralB at l^smtelano! occur, a8mentionecl previouBl^,
in txvo 6itterent 2oneB:

I ) arouncl tne ampkiboliteB, ancl
2) tne pe^matite'B mineral xone between tne ancl

tne quart? telclBpar
Ina3mucn a 8tne pe^matite naB cr^Btalli^ecl trom a melt («ee

p. 142), it appearB tliat tlieBe two ?oneB nave peen tormecl Bimultane
0U8l)l. Lotn 2oneB ot mineralixation are virtuallv in contact witn tne
unmelteci ampnibolite incluclecl in tne pe^matite anci tne tarBunclite 3ur
roun6in^ tne pe^matite. In tne caBe ot tne mineralixe^ ?one onl^ tne
i^one ot Frapkic BeparateB it trom tarBunclite, anck tne mine
rali^ecl ?oneB arounc! tne ampniboliteB are in ctirect contact witn am
pnibo!iteB.

Inc mineral vvnicn occur in tne two ?oneB ot minerali^ation are:

tne minera!i^e6 xone ot tne pezmatite; allanite (ortnite), alvite, ana
taBe, anortnite, biotite, columbite, euxenite, ilmenite, quart^, maznetite,
microcline, mu3covite, p!aFioc!aBe, BamarBl<jte, BpeBBartite, tnorite,
uraninite witn Beconclarv uranium mineralB, (vttro) titanite. tne
ampnibolite: allanite (ortnite), apatite, diotite, ba3tnaBite, tluorite,
ilmenite, quart^, ma^netite, microcline, molvbclenite, oran^ite, plazio
claB6, titanite (vttro) ancl malacon (xircon).

It woulci tkeretore appear tkat clulinA tne crvBtallix3tjon ot tne
melt two main ot elementB nave been Beparatecl trom one
anotner. are: 1) a de rare-eartn Froup witn a little V ancl V rare
eartllB. occurB arouncl tne ampniboliteB. I"ne mineralB con-

Opticall/: (-^), n<,-^ 1.888, n^ > 1.888.
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cernecl are: a cleal ot allanite (ortnite) witn baBtna3ite, ancl a
little V-bearinz titanite. 2) an V rare-eartn zroup witn a little de rare
eartNB. ocourB in tne minerali^ec! xone ot tne pe^matite.
I^ne mineralB concerne6 are: (Mro) titanite, euxenite, BamarBlilte, ancl
a little allanite (ortnite). InaBmucn 38 tne minerali^ation in tne two

i8clitterent eacn will be treateci Beparatel^.
I) XON6B ot minerali^ation arouncl tne ampnibolit6B.
As was mentioned earlier microcline is virtuall/ never toun6, the

reason being that the potassium is used up in sericitization of plagio
claB6 in the ampnibolite and alteration of hornblende to biotite. Plagio
clase was formed early and is always present in large amounts. Ume
nite has also been formed very early. In sections (yttro) titanite can
almost always be seen to surrounded ilmenite. This »nowB that (yttro)
titanite i8 later tnen the ilmenite. Magnetite is assumed to be simul
taneous with ilmenite (see p. 161), but the mineral must have been
formed throughout a rather long period of crystallization because it is
otten tounc! interFrown witn tluorite. I^luorite naB been torrnec! råtner
late, as it otten surrounds biotite.

naB been torme^ verv earl^, but naB alBo been tormec!
tkrou^nout a lonz perioci ot time. In BectionB one BeeB tne mineral
inclucie6 in biotite, but it i8alBo toun6 a8or^BtalB on piat^ tormec!
allanite ane! to^etner witn ma^netite ancl tluorite. alBo oocurB
in tne ampnibolite, but tnere onlv witnin otner mineral. in6icateB
two ot apatite.

(xircon) naB been torme6 Bomewnat later tnan tne plat^
tormecl allanite a8it i8verv otten touncl cm tne BurtaceB ot tne allanite.

naB alBo been tormecl atter allanite, a8it i8almoBt alwavB
touncl a8plateB on tne BurtaceB ot allanite. It naB been tormecl Bimul
taneouBlv witn (vttro) titanite (Bee tne mineral 663criptj0N8). (juart^
ancl biotite occur in tne Barne manner a8pla^ioclaBe, all tnree mineralB
navin^ bee>n tormeci tnrou^nout a lon^ periocl ot crvBtallj^ati<)n.

tne ampnjboliteB, nowever, tne amount ot quartx i8Bmall.
Inc pnoßpnateß mona^ite ancl xenotime nave not been touncl.

tt. Lje,rlvl<ke (1935, p. 281) writeßi "^ne Btu6^ ot tne pe^matite mine
ralß BNOWB tnat in tne orclinarv ma^matic pezmatiteß, all ot tne pnoß
pnoric aciclß naß been combinecl witn tne rare eartn element3torminz
mona^ite ancl xenotime; apatite naß onl^ been obßervecl in a tew ot
tne clikeß eßpeciall^ ricn in da. tne Barne time exceßß ot V element3
preBent will react witn tne niobium ancl tne tantalum preBent. In tneße
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compoun6B will alßo enter Borne ancl tlie mineralß tormec! by tniß
reaction will clepencl on tne relative amountß ot tne elernentß preBent in
tne ma^ma."

If I understand Bjørlykke correctly, his opinion must be that it in
ordinary pegmatites all of the phosphoric acids combines with the rare
earth elements forming monazite and xenotime, then in Ca-rich peg
matiteB the (V-Ce)-pnoBpnat6B muBt be tormec! betore or, at the lateBt,
Birnult2neouBlv witn the Ca-phosphate apatite, vvnile an^ exceBB ot P
will react only with Ca to form apatite. An excess ot Y or Cc will then
react with Nb-Ta-Ti and Si and the other Y and Ce-minerals. (See
also H. Bjørlykke 1937, p. 10.)

The pegmatite at Rømteland must be lookecj upon as a very Ca
rich pegmatite. Ca occurs in the following minerals near the amphi
bolite: (yttro) titanite, apatite, plagioclase, allanite, and fluorite. How
ever, though both the mineral apatite and the Ce-silicate allanite oc
cur here, monazite is impossible to find.

In orclinarv rnazmatic rockB apatite i8alwavB BuppoBec! to be an
earlv tormec! mineral. It BeemB to me a 8it tlie Barne i8tne caBe in tne

pe^matite. concentration ot Ca muBt nave been 8o Freat tnat all ?
waB UBeci tor lne tormation ot apatite. In 3pite ot tne concentra
tion ot O rare eartNB it BeemB tliat tne amount ot ? waB too little in
relation to Ca. Wnen all tne p waB UBecl tor tormation ot apatite mucn
more Ca Btill remainecl.

It Beem3 to me tnat ? naB attinitv to Ca tnan to Cc rare

eartliB. (1931) touncl tne tollowin^ tor KarlBtacizan^en ancl
I^incivikkollen: ancl apatite-vttrotitanite.
bruclclet ne touncl apatite euxenite-columbite an6ortnite. I^ione ot tneBe
placeB liaB xenotime or mona^ite.

k^or tne mineralB in tne mineralixecl arouncl tne ampnibolite
I liave ma6e tlie tollowinA obBelvatioN3. PlaFioc!aBe (^n ca. 26 A)
ooculB moBt trequent!/, ancl to^etner witn quart^, miowcline, ancl bio
tite muBt nave been tormecl tnrou^kout tne niBtorv ot tlie pe^matite.

Ilmenite can in tnin-Bection be Been to be Burrounclecl by titanite,
ancl muBt be an earlv tormecl mineral. It i8completelv inter^rown witn

ma^netite, ancl even atter oruBninA it to a powcler it 18 otten jmpOBBib!e
to 86parate tnem, zivin^ on X-rav a pattern ot botn tke mineralB.
otner placeB ma^netite oocurB wFetner witli tluorite.

wnicn muBt be ot later tormation tnan ilmenite, i8tounci

inter^rown witn molvbclenit (Bee I^. w P. 162) ancl tneBe two mine-

12
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Fig. 16. Schematic representation of the order of crystallization around the
amphibolites.

Figuren angir skjematisk mineralenes tid for utkrystallisasjon rundt
amfibolittene.

rals must have been formed simultaneously. Allanite is formed earlier
than these two minerals, because molybdenite otten occurs on the sur
face of allanite. As a secondary mineral from allanite, bastnåsite
is found.

Zireon (malacon) is formed later than allanite. The mineral otten
occurs around allanite, but I have never found the mineral inside
allanite.

Bequence an6perio6B ot crvBtalli^ation on tne ciitterent mine
ra>B can tnen be Been in I^i^. 16.

2. ot tne mineralB in tne minerali^e6 in tne pe^rnatite
are liBtecl in X^III, p. 174 ancl 175.

H"lic tranBition mineralB in tlu3 are: quart^, alkali tel^par
(microcline), p!a^ioclaBe (^n ca. 26 biotite, ma^netite, ancl
allanite.

Ot tne mineralB remanin^, euxenite, BamarBkite, ancl
columdite, all ot wtiicli contain more or leBB ot tlie elementB V-^i-^lb,
Beem to be inter^epen^entlv relate6 clurin^ crv3talli^ation.

explain tne cr^Btalli?ation ot tne mineralB containin^ rare
eartnB LjGllvkke (1935, p. 296) KaB reacliec! tlie tollowin^ concluBionB:

V — tne number ot atomB ot V minuB tnoBe neceBBarv tor tne
tormation ot xenotime.

M= The number of atoms of Nb (— Ta, Ti,W).
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proportion between tneBe two l 8tne baBiB kor cliviBion into
tour tvp6Bi

thalenite
gadolinite
fergusonite

fergusonite
yttrotantalite
samarskite

VM — 0.5—0.3
a.

BamarBkite

yttrotantalite

V:^ < 0.3
a.

columbite
33M3l'8liit6

too high for the formation of euxenite,
agrees with tkiB ratio in euxenite,
is less tlian tkiB ration in euxenite.

b.
thalenite
gadolinite
fergusonite
euxenite

b.
fergusonite
yttrotantalite
euxenite

b.
euxenite

b.
columbite
ilmenite

c.

thalenite
gadolinite
fergusonite
euxenite
ilmeniw
ilmenorutile

c.

fergusonite
euxenite
ilmenite
ilmeorutile

c.

euxenite
ilmenite
ilmenorutile

c.
columbite
ilmenite

In niB cliBcuBBion Ljsll^klie, novvever, mentionB tnat 80me com
binatioNB rna/ be jmpoBBidle, one ot wnicn i8euxenite—BamalBl<jte.

In group b. Y:M = 1-0.5 the combination was fergusonite
yttrotantalite, and euxenite. If it is possible to have the mineral com
bination fergusonite euxenite and yttrotantalite, the combination
samarskite—euxenite must also be possible. Chemically fergusonite
and yttrotantalite do not have more Ti than samarskite, and in the

Y:M>l, Y:M= 1—0.5, Y:M = o.s— and Y:M<O.3,
which are divided into the groups:
a. Nb + Ta: Ti
b. Nb + Ta: Ti
C. Nb + Ta: Ti
Y:M> 1.

a.

Y:M= 1—0.5
a.
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Zroup V: — 1-0.5, a., it can de Been tnat tne relation V: (I^b,
i 8inßicle tne area wliicn can Ave botn Bamarßl<ite ancl ter^ußonite.

I agree with Bjørlykke when he discusses the relation Y:Nb,
Ta: Ti as critical for the rare-earth minerals formation, but Ido not
agree with him when he says that the crystallization must have tåken
place inside the defined interval. In a three component system like
this all different amounts of the three components must be considered
possible, and it can not be right tnat the compo^tion of the magma
and the course of crstallization must be inside the boundaries set up
by Bjørlykke.

It I UBe niB BVBtem on tne Hsmtelano! pe^matite I nave: enouzn
"?i tor tne tolmation ot ilmenite, ancl euxenite; enouzn
V tor tne tormation ot Mrotitanite, euxenite, ancl BamarBl<jt6; ancl
enouAN s^b, tor tne formation ot euxenite, BamarBkite, ancl
columbite.

It is necessary to use following groups: Y:M 0.5 0.3 b.,
Y.M <0.3, a. and b.

can be Been tnree are nec6BBar^ (vttrotitanite, wnicn
!8 not placecl in tN6Be i8alBo touncl at I^e»mtelancl).

tlie rnineral3 euxenite ancl BamarBl<ite alBo occur,
wnicn L^'«3llvl<l<e Bu^eBtecl mi^nt be an impoBBjble mineralo^i^al com
bination. 3amarBkite an 6are Baicl to be two cloBel^ relat
ecl rnineralB. 3amar3kite i 3a I^lb mineral witk a little wnile tne

Mrotantalite i8a mineral vvitli a little l<b.
Lj«rl^l<l<6 (1935) naz, at li, tne mineralB euxenite—

vttrotantalite, but no pe^matite witk tne para^eneBiB euxenite—
BamarBl<ite.

At Tveit 3 Bjørlykke has found the following minerals: quartz,
microcline, plagioelase, biotite, muscovite, garnet, beryl, bertrandite,
columbite, samarskite, and monazite. Barth (1931) has descrlbed a
pegmatite, called Tveit, which must be the same as tne one Tveit 3 by
Bjørlykke, but Barth (1931) mentions that following minerals are
found: quartz, microcline, plagioelase, muscovite,garnet,beryl,bertran
dite, ilmenorutile, columbite, samarskite, euxenite, molybdenite, and
bismuthinite. As can be seen two mineral, euxenite and ilmenorutile,
are not mentioned by Bjørlykke. (The mineral combination ilmenorutile
—samarskite i8 also not possible, according to Bjørlykke, 1935,
p. 297).
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Bjørlykke (1939) has at Tangenbruddet the following para
genesis: euxenite, betafite, titanite, allanite, alvite, thorite and phena
kite. (In 1937 he mentioneci the occurrence of columbite, but not
euxenite).

For the same pegmatite O. Andersen (1931) found the para
genesis: tourmaline, magnetite, hematite, apatite, pyrite, chalcopyrite,
a mineral in druses which seems to be kaolin together with calcite,
columbite, phenakite, alvite, thorite, (orangite), allanite and euxenite.
(The combination euxenite—^columbite is not possible according to
Bjørlykke (1935).)

The pegmatite at Helle 1 is described by Bjørlykke (1939), and
nere the tollowin^ minerala were toun6: euxe/l//e, allanite, /e^l/50/ll7e,
uraninite, tnorite and yttrotantalite.

opinion i 8tliat tniB review ot Beveral pe^matiteB BnowB tnat
tne para^eneBeB

euxenite—Mrotantalite,
euxenite—BamarB!<jte,
euxenite—columbite,

an 6alBo ilmenorutile—BamarBkite are not impo3Bible. mineral
combinationB are, a8can be Been, obBervec! at Beveral placeB. "1"0 tliiB
liBt can alBo be ao!cie6 witn tne para^eneBiB euxenite—
BamarBkite ano! columbite.

Instead of using a three component system, as Bjørlykke did, I
have put the minerals ilmenite, columbite — tantalite, fergusonite,
euxenite, samarskite — yttrotantalite, rutile — ilmenorutile, titanite,
yttrotitanite, yttrialite—thalenite into two four component systems. The
five oxides used are: (Fe, Mn)O-Y2O3-(Nb, Ta) 205-Ti02-Si02 . See
Fig. 17 a, p. 182.

The two adjacent four component system with the oxides:
(Fe,Mn)O-Y2O3-(Nb,Ta)2O5-TiO 2-SiO2 .

In tne two aHacent tour component B)^BtemB I nave Bnown all tne
mineralB vvnicn are pertinent in tniB caBe. mineralB are placec! in
tne BVBtemB accorclin^ to tneir molecular proportionz inLotar a 3tniB
i 8poBBible. Ilmenite (I^e^jOg) Ka3one molecule ot I^eO and one ot

meanB tnat ilmenite will be placecl at tne mici-point between
tne pure oxicie^ (l^e, ancl Barne proceclure lia3been
tollowecl tor tlie otner mineralB. Letween tne mineralB lineB can be

clravvn, an6tne two tour component B)^BtemB will tnen be cliviclec! into



182

(Nb,Ta)22 O 5

Fig. 17 a. Two adjacent four component systems consisting of the oxides

To firekomponentsystem satt sammen av de fem oksydene
(Fe, Mn)O-TiO2-Y2O3-(Nb, Ta) 205-Si02.

different valurnes. As can be seen Fig. 17 b inside volume 1, it is
possible to get the following paragenesis: thalenite—^ttlotitanite,
titanite rutile, ilmenorutile ilmenite—euxenite fergusonite.

It tne propoltioNB ot tne cc»mponentB are Buen tliat tne
can be placecl on a line detween two minela!B, tnen dotn ot tneze mine
salB will be tormeci, but it will not be poBBible tor tne compo3ition ot
tne "ma^ma" to move over into anotner volume. mineralZ vvnicn
can be toi-meo! in tne ciitterent volumeB can be Been belovv.

Volume ! : Vttrialite—tnalenite, —titanite, rutile—
ilmenorutile, ilmenite, euxenite, tel^uBonite.

(Fe, Mn)O-TiO2-Y2O3-(Nb, Ta) 2O5-SiO2.
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Volume 2: ()uart?> vttrialite—tlialenite, —titanite,
ter^uBonite.

Volume 3' dolumbite—tantalite, ilmenite, terzuBonite, BamarBkite
—Mrotantalite.

Volume 4: Columbite—tantalite, BamarBkite—^ttrotantalite, rutile
—ilmenorutile, quartx.

Volume 5: Oolumbite—tantalite, ilmenite, ter^uBonite, BamarBkite
—vttrotantalite, euxenite, Mrotitanite—titanite, quartx.

Volume 6: (^olumbite—tantalite, ilmenite, BamarBl<ite—/ttrotanta
lite, euxenite, rutile—ilmenorutile, —titanite, quartx.

Let us for a moment assume that the mineral euxenite and
samarskite can not occur together and see what tlilB woul6 impl^ con
cerning the two-component system represented by the join connecting
these two minerals in Fig. 18. There are two possibilities. /, a system
in which tne liquidus curve passes through a maximum (or minimum)
between the two end members and in which the solubility (of euxenite
in samarskite and vice versa — a function of the TiO2 content) of the
solid phase is greater (or less) than in the liquid phase (see Fig. 18).
However, this would require a situation in which there was a structural
change in a system miscible in all proportions. Analyses ot the mineral
also refute this possibility, euxenite håving TiO2 > 20 % and samar
skite TiO2 < 5 % (Dana, 1898) and at Rømteland euxenite håving
23.5 % TiO2 and samarskite 2.4 % TiO2 . 2. a system in which there
occurB a tnircl mineral witn a i^iOZ content interme^iate between euxe
nite and samarskite, in which case the mineralB euxenite and samar
skite, clearly would not occur together. However, I know of no mineral
of Bucn compoBition, nor is any such mineral reported in the literature.
As these two possibilities are the only ones which would not result in
the co-existence of euxenite and samarskite, and as there are not sup
portec! by but råtner confuted by experience, wc must conclude tliat
euxenite and samarskite can stably co-exist.

l^uxenite ancl ter^uBonite can co-exiBt (e. Ljsrlvkke, 1935).
I-iowever, terFUBonite ancl BamarBl<ite are alike in tne componentB
wliicli tkev contain, clitterin^ onl^ in ratio V: (I^b,^a). It tlie compo-
Bition w.r.t. V:l^d ancl i8Buen ttiat euxenite ancl ter^uBonite
will tonn, one neecl onlv re6uce tlie amount ot V in proportion to (I^b,

ancl tne aBBociation euxenite ancl 83mar8l<jte mu^i tonn. (In tne
abBence ot tne mineralB ter^uBonite an6BamarBl<it6 will tonn.) 1"IiU8
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Samarskite
O%Ti0 2

Fig

Euxenite
Ca.3o%Ti02

18. The two component system Samarskite Euxenite.

To komponentsystemet samarskite — euxenite.

b^ anotner line ot reaBoninA wc kave arrive6 at tne concluBion tnat
euxenite ancl BamarBl<jte muBt de Btable to^etner.

Of course, isofar as one can assume that equilibrium has been
attained — which seems likely — the fact that the associations euxe
nitesamarskite and euxenite columbite have been observed is
decisive.

It may be protested that samarskite and columbite do not belong
to the same parageneses as euxenite, but for the pegmatite at Rømte
land I believe that they do.

None of the three occurs in the graphic granite zone of the peg
matite. In the mineralized zone euxenite is quite abundant and samar
skite rather rare. In the quartz feldspar zone euxenite becomes less
abundant and samarskite more aboundant. Columbite usually occurs
around samarskite and is therefore assumed to be younger. However,
this would suggest that euxenite began crystallizing out first, after
wnicn Bamarßl<jt6 de^an crvßtallj^in^ out, the two partis cr^talli^jn^
out Birnu!taneoußlv. Lut as tniß i8 not clecißivel^ provecl, a Bpectro^ra
pnic anal^Biß for Nb and Ta in the columbite from k6mtelanc! waß
performed (at Sentralinstitutt for Industriell Forskning). Iniß ana!^Biß
showed that the columbite contains 76 % Nb2O5 and 2 % Ta2 O5 (Bee
the description of the mineral, p. 158) wliicn jnclicateß tnat the colum
bite from I^smtelancl is of ma^matic and not of late nvclrotnermal ori^in
(Nb dein^ cnaracter'Btic of ma^matic and Ta ot nvcirotnermal vein3
(see Bjørlykke, 1935; Goldschmidt, 1954)). Inaßmucn as the columbite
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cl^Btalli^eci from the magma, so must also the two earlier minerals
have c^tallixecl from the magma. In ottier wol-c!8, the tielcl ob^erva
tions and chemical data show tkat euxenite, Bamarßl<jte, and columbite
belon^ to the same perioci of clVßtallixation and nave tormecl in tnat
order.

In order to check the reliability of the boundaries which l have
given the volumes (Fig. 17b). I have exarmined the descriptions of 48
pegmatites from Norway (Andersen 1931; Barth 1931; Bjørlykke
1939). All the mineral associations mentioned in these descriptions
accorcl witn the system I have set up. In Bome caBeB, wnen onl/ two
of the minerals within tniB system were mentioned, it is impossible to
say into which volume the pegmatite falls. However, in a number of
cases the volume could be determined with certainty. For example:

"sveit 3 (Lastn, 1931): Ilmenorutile—coiumbite—BamarBl<ite—
euxenite. Volume 6.

I^oB3B 1 (ZMlvkke, 1939): tes^uBonite, euxenite.
Volume 1.

I^oB3B 3 (Ljsrlvkke, 1939): "snalenite, tel^u3onite, euxenite.
Volume 1.

3tsleclalen 1 (LjGll^kke, 1939): ter^uzonite, euxenite.
Volume 1.

ttuncinolmen (Lj«sl^l<l<e, 1939): 'stialenjte, tes^uBonite, euxenite.
Volume 1.

ttelle (Lj«rlvl<ke, 1939): Euxenite, terFUBonite, vttrotantalite.
Volume 5.

(I^ater tnan 1939 columbite wa3 icientitiec! at tne
in a Bamp!e tram ttuncinolmen, but I^leumann (pelBonal com

munication) BavB tdat tne ttialenite an6coiumbite probabl^ belon^ to
two mjnerali^atjoNB ancl are not in para^enetic equilibrium.)

mineral combination vttrialite—tnalenite, —
vttrotantalite, ancl vttrialite—tnalenite, coiumbite—tantalite vvnicn, ac
corclin^ to m^ BVBtem, cannot occur to^etner liave not been obBerveci.

Before I discuss the position of the pegmatite at Rømteland in
this system I will simplify the system. First the Fe content in the
minerals samarskite, yttrotantalite, and euxenite is ignored. These
mineral then lic in the plane defined by Y2Y 2O3-(Nb,Ta) 2O5-TiO2.
Second, the minerals rutile and ilmenorutile, and titanite and yttro
titanite are tåken to^etner and eacn pair con^clereci as occupvinz onlv
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(Fe,Mn)O

.(Nb.Ta^Oj

Fig. 19a. A simplified part of Fig. 17a; Fe content of samarskite and euxenite
is ignored and rutile ilmenorutile and titanite—yttrotitanite are combined.

Et forenklet utsnitt av Fig. 17 a; for samarskitt og euxenitt tas ikke hensyn
til Fe-innholdet. Rutil ilmenonitil og titanitt—yttrotitanitt F/ae^ sammen.

a point. The system then contains the following minerals: columbite
tantalite, ilmenite, fergusonite, samarskite—^ttrotantalite, euxenite,
rutile, (yttro) titanite, and yttrialite thalenite (see Fig. 19a).Volume6
now contains: columbite tantalite, ilmenite, euxenite, samarskite
yttrotantalite, rutile, and (yttro) titanite. Volume 5 contains: columbite

tantalite, ilmenite, fergusonite, samarskite—yttrotantalite, euxenite,
and (yttro) titanite. The difference between them is that volume 6 con
tains rutile and volume 5 contains fergusonite. See Fig. 19 b.

The pegmatite at Rømteland contains the minerals: ilmenite,
vttrotitanite, euxenite, BamarBkite, and columdite. It is, of course, not
possible to represent the composition of the magma from which these
minelaiB torme6 by a single point in the diagram (Fig. 19 a), Two
points simultaneously, one in each of two four component systems,
would be necessary.



187

Fig. 19 b. Figures are parts of Fig. 19 a.

Figurene er utsnitt av Fig. 19 a.
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pe^matite at I^e>mtelancl apparentl/ cloeB not contain eitlier
rutile or ter^uBonite; cleBpite caretul Bearcli neitner ot tnem naB been
founcl. It BeemB, tneretore, tnat tne poBition ot tne two pointB neceB-
Bar^ to repreBent tbe compoBitjon of tne ma^ma muBt lic in tlie plane
cletineci b/ tne mineral wnicn were tounci at i. e. tlie plane
wnicn i8common to botn volume 6 ancl volume 5.

This may be seen more easily by considering only the three com
ponent system Y2Y2O3-(Nb,Ta) 2O5-TiO2, thus ignoring botn FeO and
3i02. In tn>B plane the composition of the magma is represented by a
point along the join between euxenite and sarnarskite (Fig. 19a).

orcier ot cr/Btallixation ot tne mineralB involvecl in tne ciia
zram (l^i^. 2l) wni<7n«nave been tounc! at l^smtelancl i8apparent!^:
ilmenite, Mrotitanite, euxenite, BamarBkite, and columbite, a8impliecl
b^ tne tollowin^ evic^ence.

Ilmenite i 8tounc! in tne tarBun6ite, in tne ?one,
in tne minerali^ecl ancl in tne quartx telciBpar xone. In tnin-Bection
it i8almoBt alwa^B Been to be Burroun6eo! b^ titanite, an6tne lar^eBt
cr^BtalB ot titanite alwa^B occur cloBe to ilmenite.

In one lar^e cr^Btal ot euxenite tne euxenite waB Been to Bur-
Bounci titanite ancl alvite.

contact relationB between euxenite, BamarBkite, an6columbite
nave been prevwuBl^ 6eBcrlbe6 (p. 184), ancl tne conclu3ioNB wa3
reacneci tnat tne^ crvBta!li^e6 in tne orcier named.

I^ne relative cnan^e in tne concentration ot tne oxicleB
an6I^b^OZ witn time roBultinF trom tniB Bequence ot crv3tallj^atjon i8
clia^rammaticall^ Bliown in I^iA. 20.

As ilmenite crystallizes out the TiO2 content in the magma will
derease relative to Y2Y2O3 and Nb2O5 . Later, a8 yttrotitanite also be
gins to crystallize out the Y2Y2O3 content in the magma will increase less
than Nb2O5 in relation to TiO2 . Eventually the ratios ot the oxides
TiO2 :Y sO3 :Nb2O5 will reach 1 :2:3, and euxenite will begin to crystal
lize. Later, after the TiO 2 content has been strongly reduced and while
the ratio Y2Y20323 205 remains tv 2:3 samarskite will torm. In time
the Y2Y 2O3 wlll be used up and the magma is left with an excess of
Nb2O5 ; columbite is then formed a8 the last mineral of the series. See
Fig. 22.

XVitn rezpect to tne entire mineral aBBemblaze in tne minerali^ecl
tlie tollowinA can be Baic!. Huartx, microcline, plaziocla3e, ancl

biotite to^etner witn ma^netite anci ilmenite are mineralB wnick kave
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Diagram showing the dependence of crystallization of the ratios between the oxides
(NbTa)2 OB—Y O3—TiO». The minerals are arranged from left to right in the order

ok their appearance in the paragenesis

/

l 2:2

/
/

/
/s

Excess

\

\

l \,

of Nbja,

llmenite Yttrotitanite Euxenite Samarskite Columbite

Fig. 20. The figures show the relative concentration variations of
(Nb, Ta)20,5-Y203-TiO2 during crystallization.

Figuren angir de relative konsentrasjonsvariasjoner ay oksydene
(Nb, Ta)2OrrY2O3-TiO2 under utkrystallisasjonen.

crystallized throughout the entire period during which the mineralized
zone wrmecl, håving been found in the surrounding farsundite and all
of the zones of the pegmatite. Allanite is also found throughout the
pegmatite and, through rare in all of the zones, occurs in large crystals
in the mineralized zone. Yttrotitanite, which began crystallizing after
ilmenite and gradually supplanted it, also began crystallizing later than
the first biotite; it can often be found in the acute angle formed by
wedges ot biotite flakes (see also titanite, p. 169). Alvite is apparently
simultaneous with yttrotitanite and earlier than euxenite. Together
with euxenite occur fine, tetragonal crystals of thorite. The age rela
tions between these two i8 uncertain, though they appear most likely
to have formed at tne same time. Together with these two occurs
uraninite which was formed later than biotite. Uraninite seems to be

TiOa Y,O3 Nb,Ta2O5

\
\
\
\
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x
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N

Fig. 21. Diagram showing the course of crystallization of the minerals in the
zones of the pegmatite.

Skjematisk fremstilling av utkrystallisasjonen for mineralene i pegmatittens
hovedsone.

associated with biotite and is very often found in the acute angle form
ed between biotite flakes. Yttrotitanite occurs in a similar fashion, but
is also often found within biotite flakes. It seems to me that uraninite
is somewhat later than yttrotitanite.

Together with samarskite and columbite I have found spessartite.
It appears to be the case that in the latest period of the magmatic
history of the pegmatite there has been a great concentration of Mn
vvnicn has reBulte6 in the formation of the mineral columbite and
spessartite.
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The magma at the close of crystallization will have been enriched
in fugitive materials such as H2O and CO2 . One passes then over into
the hydrothermal phase which has led to the formation of the young,
csoBB'<7uttin^ dike (see p. 142).

order and perial ot cr^talli^ation ot tne mineral in tne pe^
matite, excludinz tne minerali^ecl arounci tne ampnjboljteB ancl
tne n^cli-otnermal pliaBe, are Bnown ciia^ramrnaticall^ in I^. 21.

Sammendrag.

Diskusjon over ml/?esa/M^aFe/leFen i pegmatitten på Rømteland.

Pegmatitten som her er beskrevet ligger på Rømteland, ca. 7 km
V for Vigeland i Vest-Agder fylke, Syd-Norge. Feltobservasjoner er
gjort sommeren 1955 og 1956 og laboratoriearbeider er blitt utført
under ledelse av prof. Dr. Tom F. W. Barth, og Dr. H. Neumann.

pe^matitten pa Hsmtelana! li^er i en KvartB-Mon^onjtt (tarBun
o!itt), Bom innenar wlFencie mineraler: Kvarts mikroklin, pla^io!ilaB,
norndlencle o^ biotitt. mineraler: m^rmikitt,
titanitt, apatitt, magnetitt, ilmenitt o^ Bvove!l<jB.
er i «8t o^ i Bv6veBt i kontakt mccl (3e kart 8io!e 128). (^a. 3 km
Bya! Tor I^smtelancl tar tarBunciitten o^ pe^matitten en mere FneiB
preget Btruktur. OneiBene, tarBun6itten 0F pe^matitten nar blitt alclerB
beBtemt. liar vZert alkaliteltBpat o^ biotittenB kalium Bom
til ar^on. I^eBultatene av alcierBbeBtemmelBene 8e Bicie 128. Vi6ere nar
det tra pe^matitten v«rt alcl6lBbeBtemmelBe av uraninitt, euxenitt
o^ tnoritt tra I^GmtelancipeFmaltitten. 3e Bia!e 129. Konklu^onen av
a!6erBbe3temmelBene nar vcert at metoclen kalium til ar^on er lite a
Btole pa i clette omracie Bom tildel er Bterkt tektoniBert. er
tl^kti^ o^ vil uncier tektoniBerin^en torBvinne.

Historikk.

pe^matittenB navZerencie eier I^vnzclal liar je^ tatt
oppgitt tGl^encie clata angående pe^matittenB niBtorie. pe^matitten ble
i perioden 1916— 1922 drevet av QuBtav I^undevoll, VenneBla. I-lan
drev tra utnuBet (8e perBpektivte^nin^ Bide 132), noriBontalt innover i
tjellve^en d.v.B. mot «Bt. var av kvalitet, men meneden
Bom ble tatt ut overBte^ neppe 500 tonn. vritten ble Bluttet 1922 OF Ia
nede til 1930.
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I 1930 gjenopptok )onanneB 3e»r-^udnedal driften,
1940 regner man at ogBa dan tok ut ca. 500 tonn feltBpat.

I 1953 die eiendommen med bruddet kje»pt av A. I>erBt<3l. Oruben
dle Btrak3 renBet opp og kjsrevei lagt frem til bruddet. Innen arBBkiftet
ble 150 tonn feltBpat tatt ut. I Ispet av 1954 03 1955 ble det drevet ut
ca. 800 tonn feltBpat og 700 tonn Kvart3. vriften matte ved arBBkiftet
1955/56 BtoppeB p.g.a. Bvkdom. ven Bamlede mengde feltBpat Bom er
tatt ut pa l^omteland er da ca. 1950 tonn menB den Bamlec!e Bu!^te
Kvai-tBmen^6en minBt er 700 tonn. er 52 m nord kor pe^
matittenB tilBvnekomBt i clazen. va BiBt ble drevet arbeidet de
pa ca. 13,5 m dvp. 5 m under be^nnende nedtarin^ nar man mot «8t
et lite tverrBlaZ nvor man i nen^en blant annet nar en kraitiF minerali-
Bert Bone.

Beskrivelse av pegmatitten.

?eFmatittenB mineralogi er meget lik tarBundittenB, bortBett fra
av at novedmineralene bytter liornblende og biotitt plaBB. pegmatitten
nar neBten bare biotitt. Videre opptrer mange heidne mineraler i peg
matitten 8e tabell Bide 174 og 175. ?egmatittenB kontakt med tar-
Bunditten er neBten alltid lielt jevn, men enkelte Bteder Bender pegma
titten utwpere ut i tarBunditten. ViBBe utloperne Bkiller Bcg markert ut
makroBkopiBk i fjellveggen Bom grovkrvBtallinBke årer. I^tle»perne blir
Bmalere jo lenger bort tra pegmatitten en kommer.

I dagen kan pegmatitten BeeB langB en vegg av tarBunditt Bom
Btrvker nord 385°, fall ca. 85° mot veBt. reiBer 3eg
opp tra overdekket, ca. 15 m ns^ og tiere dundre meter lang. 3e per-
Bpektivtegning Bide 132. pegmatitten kan Wlg6B ca. 68 m i dagen,
mektiglieten tiltar mot nord.

I^edtaringen er lagt tielt i nordenden av pegmatitten.
pegmatitten vlBel en jevn overgang til tarBunditten. vette gjelder

ikke bare makroBkopiBk, men ogBa ved Btudier av Blip far man en nelt
jevn overgang fra farBunditten til pegmatitten.

1. Korn3tsrrelBen av de forBkjellige mineraler tiltar jevnt inn imot
pegmatitten.

2. 80M naB jevnt fordelt i farBunditten nar man ogBa i
nZerneten av pegmatitten og innover mot denne blir mvrmekitten gro
vere og grovere inntil man er i BkrjftglanittBonen i pegmatitten. tter
er det makrnBkopjBk Bkriitgranitt man nar av KvartB og mikroklin.
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3. Hornblende blir det mindre av jo nærmere man kommer peg
matitten. I pegmatitten har jeg kun ett sted funnet hornblende og da
i meget store krystaller. Tilsvarende øker biotittmengden inn imot peg
matitten og i denne er clet praktisk talt bare biotitt. Også kornstørrelsen
tiltar for biotitt. Pegmatitten ligger i en svakhetssone i farsunditten.

(^a. 16 m norcl tor necltarin^en torBvinn6l pezmatitten i cla^en
uncler overdekket, o^ lieritra er elet umulig a tinne clen i^jen lender
nord. terrenget kan clen to veier, enten tortBette norclover i Bamme
retning c1.v.8. norcl 385°, eller Bvin^e mot veBt norci 340°, 6.V.8. necl
over mot mvren. vet BvneB tor me^ Bom elet BiBte er elet riktige Bamticii^
Bom 6en kryper mot cl/pet. vet BvneB Bom man nar en pe^matittkropp.
pe^matitten er Bterkt Bonedv^cl, men tvkkelzen av 6e tolBkjelli^e
Bonene kan variere tra Btecl til Btecl.

k^ra tarBunclitten mot pe^matitten naB tsl^encle Boner, NcermeBt
tarBun6itten en Bkriit^ranitt-80ne mccl mekti^liet ca.
5 m. Mineralene Bom er tunnet i Bkritt^ranittBonen kan BeeB i tabell
nr. VIII, Bicle 174 OF 175.

3kritt^ranitten nar i^jen en nelt jevn over^an^ til en krattiz
mineralizert Bone i pe^matitten. Zkritt^ranitten tolBvinner etter nvert
oz man tar i Bte6en aclBkilt KvartB, mikroklin o^ pla^ioklaB. I^ra clenne
Bonen Bkvter elet 8a ut årer Bom gjennom BkljttFranittBonen oz ut
i tarBunclitten. Mineralene i clen mineral^erte Bonen kan BeeB i tabell

nr. VIII Bicle 174 0A 175. ven tvkkelBen av clenne
Bonen er ca. 4 m.

i clenne Bonen torBvinner o^ vi tar en jevn overzanZ til
KvartB-teltBpatBonen nvor cle enkelte Btolper av KvartB oz teltBpat kan
bli me^et 3tore. Mineralene i clenne Bonen er Batt opp i tabell VIII Bicle
174 o^ 175. av KvartB-t6ltBpatBonen er ikke mccl enn 8 m.

Bentralt i pe^matitten, torBvinner mikroklin 0Z pla^ioklaB o^ en tar
Bom en central Bone en KvartBmaBBe. av clenne er elet

umulig a uttale 86^ om.
I 0A utentor pe^matitten opptrer amtibolittklumper eller clra^.

Klumpene li^er noe uorientert o^ er allticl omgitt av en kratti^ mine
raliB6lt Bone. Mineralene i Bonene runclt amtibolittene kan BeeB i 1"adeII

nr. VIII Bicle 174 03 175.
I pezmatittenB norclliFe clel KaB en AennomBettencle zan^.

venne Btrvker nor6300°, tall ca. 80° Bvcl.
Qanzen er BVNIt rik pa mikroklin OA Kvartß. Viclere tinner man i

clenne klumper av tin Bukkerkornet albitt. k^or «vri^ 86 tabell nr. VIII

13
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Bicle 174 og 175. I en liten Bpalte i clenne gangen nar jeg Bom ciet Beneßt
clannete mineral tunnet palvgor3kitt.

I pegmatitten opptrer i tiere clruBerom, nvor man finner KvartB i
pene KrvBtaller, kloritt, klar gul KalkBpat, og et leirlignencle mineral
80m en M3BB. KvartBkrvBtallene finneB ner otte mcci nematittovertrekk.

I 30nen mellom BkriftgranittBonen og farBunclitten viBer mineralene
Bterl<t unciulerencle utBlukning, men 6enne avtar Bavel innover i peg
matitten Bom ut i farBuncljtten. parallelt mccl cienne oppknuBning nar
man en Bterl< aibittiBering av plagioklaBen. ligger Bom en Bone
runcit plagiok!aB o^ i Bprel<l<er i clenne, 8e ioto Bide 135.
zpaten er ikke albittiBert tilBvaren6e.

I pe^matitten er ciet wnnet over 40 torBl<jellj^e mineraler Bom kan
Be6B i nr. VIII Bicle 174 o^ 175.

er kor a torB«l<e a torklare pe^ma
titten 6annel3e, 8e håball nr. 111 Bicle 136 o^ 137. deplasement, nvclro
tnermal oz ma^matiBl< cliBl<uBjon er blitt wrt kor a torB<3l<e a forklare
clannelBen. KonkluBjonen Bom er blitt tatt er at falBun6itten Bom naclcle
on temperatur me^et nNI Bmeltepunktet, pa enkelte Bte6er nar Bmeltet
opp. I^t av ciiBBe Bteclene er dsmtelancl. I^n muli^ forklaring for lokal
oppBmeltning kan veere en anrikin^ av ra6ioaktive elementer.

3melten nar Bte»rre volum enn c!e opprinnelige Krvßta!ler liar.
Ke3ultatet dar vXlt at farßun^itten nZer pegmatitten kar Bprukket opp
og er fvllt mcci et Bmeltet materiale Bom na kan bli Bett Bom årer Bom
Bkvter ut i farsunclitten fra pegmatitten. vet f«rßte Bom Bmelter opp
er en eutektißk blanciing av Kvartß og feltßpat. Denne blancling opptrer
na Bom Bkriftgranittßoner mellom pegmatitten og falßunclitten. latter
at omraclet igjen ble avkje»lt tiar en kalirik lining beveget Bcg ut i
farßunclitten og ut i amfibolitten fra pegmatitten. Plagioklaß er blitt
86ri8iti8elt og nornblencle omvancllet til biotitt. Legge clißße proßeßßer
kan forklareß ut fra clen Bamme kalirike I«Bningen. 3e cle Kjemißke

ligninger Bic!e 138 og 139. venne omdannelsen avtar bort fra pegma
titten. Ve 6a anta en langBom avkjsling av omraclet kan og3a clen
Bonare Btrukturen bli forklart, va ek3panßjonen uncler Bmeltningen
wrte til at noe av Bmelten ble injicert inn i farßun6itten (arene Bom er
nevnt ovenfor) vil elet gjenßtaencle materiale nar elet igjen utkrvßtal
lißeler innta en minclre p!a88 enn elet opprinnelige volum. Vrußerom
met kan av clen grunn forklarer deßtiGßtningen etter en Blik Krvßtalli
838jon vil vXre en meget Bur plagioklaß, Bom na kan Beeß i clen yngre
gang Bom Krvß3er pegmatitten. temperaturen i cienne gangen og ogßa
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mineralparagnesen indikerer en hydrotherman dannelse for denne. En
tektonisering av pegmatitten fant sted ved ca 450° 460°, og en natri
umrik hødrothermal løsning har beveget seg inn i og krystallisert i alle
sprekker. Denne rekrystallisering har opptrådt samtidig med dannel
sen av en yngre gjennomsettende gang.

Tiden for de forskjellige mineralers utkrystallisasjon har vært
diskutert i detalj, spesielt systemet 2-Y2-Y2O 3205-(Fe-
Mn)O-SiO2 . Den fullstendige paragnese er vist skjematisk i Fig. 21
side 190 og Fig. 16 side 178.
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