List of all minerals identified in the llimaussaq alkaline

complex, South Greenland

OleV. Petersen

About 220 minerals have been described from the Ilimaussaq alkaline complex. A list of all
minerals, for which proper documentation exists, is presented with formulae and references
to original publications. The Ilimaussaq alkaline complex is the type locality for 27 minerals
including important rock-forming minerals such as aenigmatite, arfvedsonite, eudialyte, poly-

lithionite, rinkite and sodalite. Nine minerals, chalcothallite, karupmgllerite-Ca, kvanefjeldite,
nabesite, nacareniobsite-(Ce), naujakasite, rohaite, semenovite and sorensenite appear to be

unique to the Ilimaussaq complex.

Geological Museum, University of Copenhagen, Uster Voldgade 5-7, DK-1350 Copenbagen K,
Denmark. E-mail: ovp@savik.geomus.ku.dk

Keywords: agpaite, Ilimaussaq, mineral inventory, minerals type locality

The agpaitic complexes Ilimaussaq (South Greenland),
Khibina and Lovozero (Kola Peninsula, Russia), and
Mont Saint-Hilaire (Quebec, Canada) are among the
areas in the world which are richest in rare minerals.
About 700 minerals have been found in these com-
plexes which hold the type localities for about 200
minerals.

About 220 minerals have been found in the Ilimaus-
saq complex of which 27 have their type localities
within the complex. In comparison Khibina and Lov-
ozero hold the type localities for 127 minerals (Pekov
1998) and Mont Saint-Hilaire holds the type localities
for 38 minerals (R.A. Gault, personal communication
1999).

The existence of a locality in South Greenland rich
in rare minerals has been known since the beginning
of the 19th century when K.L. Giesecke in 1806 and
1809 visited the Kangerluarsuk and Tunulliarfik fjords
in the area now known as the Ilimaussaq alkaline com-
plex (Giesecke 1910). Minerals collected by him were
examined by European mineralogists resulting in the
discovery of the then new minerals sodalite (1810),
eudialyte (1819) and arfvedsonite (1823). Since then
the complex has been visited by many mineralogists
and mineral collectors. This has resulted in the dis-
covery of additional new minerals and a number of
minerals known from very few other localities in the
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world. Most of the minerals for which Tlimaussaq is
the type locality have later been found in other com-
plexes of agpaitic rocks.

Two minerals were described simultaneously from
Ilimaussaq and the Kola Peninsula, tugtupite and vi-
tusite. Tugtupite was published from the Lovozero
complex by Semenov & Bykova (1960) under the name
beryllosodalite and from Ilimaussaq by Sgrensen (1960)
under the preliminary name beryllium sodalite which
was changed to tugtupite in later publications (Sgren-
sen 1962, 1963). Vitusite from the Ilimaussaq and Lov-
ozero complexes was described in a joint Danish—
Russian publication (Rgnsbo et al. 1979). A tetragonal
form of natrolite was described from Ilimaussaq (An-
dersen et al. 1969) and later found at Mont Saint-Hilaire
and given the name tetranatrolite (Chen & Chao 1980).
This name has since been discredited by I.M.A. The
approved name is gonnardite (Grice 2001).

Nine minerals to our knowledge have not been iden-
tified at other localities: chalcothallite, karupmellerite-
Ca, kvanefjeldite, nabesite, nacareniobsite-(Ce), nau-
jakasite, rohaite, semenovite and sorensenite. There
is, however, a specimen in the collections of the Geo-
logical Museum, University of Copenhagen, labelled
chalcothallite from Kazakhstan but the provenance of
this specimen is dubious.

Boggild (1905, 1953) described all the then known

25



Table 1. The major rock types of the llimaussaq alkaline complex

Rock type

Texture

Essential minerals*

Minor minerals

Augite syenite

Pulaskite and
foyaite

Sodalite foyaite

Naujaite

Kakortokite

LujavriteJr

Alkali granite,
quartz syenite

hypidiomorphic to xenomorphic
granular, massive or layered,
medium to coarse

massive, medium to coarse,
platy feldspars

foyaitic, coarse

poikilitic, coarse to
pegmatitic

laminated, layered,
medium to coarse

laminated, fine-grained;
sometimes layered or massive,
medium fo coarse

hypidiomorphic granular,
medium to coarse

alkali feldspar, hedenbergite,
titanomagnetite, ferropargasite,
olivine, biotite

alkali feldspar, nepheline,
hedenbergite, fayalite,
aegirine-augite to aegirine,
katophorite

alkali feldspar, nepheline, sodalite,
aegirine-augite to aegirine,
katophorite, arfvedsonite

sodalite, alkali feldspar,
nepheline, aegirine,
arfvedsonite, eudialyte

alkali feldspar, nepheline,
aegirine, arfvedsonite, eudialyte

microcline, albite, nepheline,
sodalite, analcime, naujakasite,
aegirine, arfvedsonite,eudialyte,

alkali feldspar, quartz, aegirine,
arfvedsonite

ternary feldspar, apatite,
pyrrhotite, nepheline

titanomagnetite, apatite,
aenigmatite, bictite, fluorite,
eudialyte

fayalite, hedenbergite,
apatite, aenigmatite,
titanomagnetite, eudialyte,
rinkite, fluorite, biotite

aenigmatite, hedenbergite,
aegirine-augite, fayalite, apatite,
katophorite, rinkite, polyiithionite,
biotite, sphalerite, pectolite,
villiaumite, fluorite,
titanomagnetite

sodalite, aenigmatite, magnetite,
rinkite, fluorite, l6llingite,
sphalerite, galena

monazite, britholite, villiaumite,
sphalerite, pectolite,
steenstrupine, lovozerite, vitusite,
polylithionite, ussingite, lueshite,
neptunite

aenigmatite, elpidite, zircon,
ilmenite, pyrochlore, neptunite,
fluorite, sphalerite

* Analcime and natrolite are secondary minerals in most rocks.
t There are several types of lujavrites. Three major groups may be distinguished: aegirine or green lujavrite with aegirine
being the dominant mafic mineral; arfvedsonite or black lujavrite, fine grained, often laminated with arfvedsonite as the
dominant mafic mineral; medium- to coarse-grained lujavrite (M-C lujavrite) with arfvedsonite as the dominant mafic mineral
and generally showing foyaitic textures. Naujakasite lujavrite is a variety of arfvedsonite lujavrite containing naujakasite instead
of nepheline and with steensirupine instead of eudialyte.
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Table 1 (continued)

Mineral Formula Reference

Cuprite Cu,0O Lopez-Soler et al. (1975)
Cuprostibite Cu,(Sb,Tl) Serensen et al. (1969)
Dabhllite, see carbonate-hydroxylapatite

Diaspore AIO(OH) Ussing (1894)

Digenite Cu, S Lépez-Soler et al. (1975)
Djerfisherite K¢(Na,Li)(Fe,Cu,Ni},,S,.Cl Karup-Mgller (1978b)
Djurleite * Cu, S Karup-Mgller et al. (1978)
Dorfmanite Na,(PO,0H)-2H,0 Petersen et al. (1993)
Dyscrasite Ag,Sb Lopez-Soler et al. {(1975)
Elpidite Na,ZrSi;0,5;3H,0 Ussing (1912)

Ephesite NaLiAl(Si,AlL)O,,(OH), Semenov (2001)

Epididymite NaBeSi,0,{OH) Hamilton (1964)

Epidote Ca,FeAl,(Si,0,)(Si0,)(O,0H), Flink (1898)

Epistolite Na,TiNb,(Si,0,),(O,F),5H,0 Baggild (1899)

Erikite Boggild (1903), Pekov et al. (1997a)
Eudialyte Na,,Ca,Fe,Zr,Si(Si,0,,)(0,0H,H,0),(Cl,OH), Stromeyer (1819)
Eudidymite Na,Be,Si;0,5H,0 Semenov & Serensen (1966)
Evenkite * 1 C,H;

Famatinite Cu,SbSs, Karup-Mgller (1974)

Fayalite Fe,SiO, Ussing (1912)

Ferrosalite Ca,Fe,Mg(Si,04)s Larsen (1976)
Ferropargasite NaCa,(Fe,Mg,Al);(Si;Al,)O,,(OH), Larsen (1976)

Fersmite (Ca,Ce,Na)(Nb,Ta,Ti),(O,0H,F), Petersen et al. (1998)
Fluorite CaF, 1809 (Giesecke)tt

Galena PbS 1809 (Giesecke)it

Garnet (group) Flink (1898)

Gelbertrandite * Semenov (1969)

Genthelvite Be,Zn,(SiO,),S Bollingberg & Petersen (1967)
Gerasimovskite (Mn,Ca)(Nb,Ti);O,,-9H,0(?) Semenov et al. (1967a)
Gmelinite Na,(Al,Si;)0,,11H,0 Karup-Mgller (1976)
Goethite (limonite) FeO(OH) 1806 (Giesecke)it

Gold Au Davison (1989), Bohse & Frederiksen

Gonnardite (formerly tetranatrolite)
Gudmundite
Halite
Halloysite
Hastingsite
Hedenbergite
Helvite
Hematite
Hemimorphite
Herschelite
Hisingerite
Hiortdahlite

Hydrargitlite (gibbsite)
Hydrocerussite
Hydronephelite £
llimaussite

lImenite

livaite
Joaquinite-(Ce)
Katophorite
Karupmollerite-Ca 1
Kvanefjeldite

(Na,K),(Si,Al);0,,2H,0

FeSbS

NaCl

Al,Si,O4(OH),
NaCa,(Fe,Mg):(Si;Al,)O,,(OH,Cl),
Ca(Fe,Mg)Si, 0,

Be,Mn,(SiO,),S

Fe,O,

Zn,Si,0,(OH),'H,0O
(Na,Ca,K)(AlSi,)O43H,0
Fe,Si,0,(0OH),2H,0
Na,CagZr,(Nb,Mn,Ti,Fe,Mg,Al),(Si,0,),0,F

AI(OH),
Pb;(CO,),(CH),

Na,Ba,CeFeNb,Si;0,45H,0

FeTiO,

CaFe®*(Fe?"),0(Si,0,)(OH)
NaBa,FeTi,Ce,(SiO,),0,(0OH)-H,O
(Na,Ca),(Mg,Fe,Al)s(Si,Al)O,,(F,OH),

Na,(Ca,Mn)Si,O,,(OH),

(2001)
Grice (2001)
Oen & Sgrensen (1964)
Sobolev et al. (1970)
Semenov (1969)
Larsen (1976)
Semenov (1969)
Johnsen & Bohse (1981)
Ussing (1894)
Sgrensen (1962)
Karup-Mgller (1976)
Semenov (1969)
Larsen & Steenfelt (1974), Robles
et al. (2001)
Semenov (1969)
Karup-Mgller (1975)
Ussing (1894)
Semenov et al. (1968)
Ussing (1912)
Lorenzen (1881)
Semenov (1969)
Ussing (1912)
Name accepted by IMA 2001
Johnsen et al. (1983), Petersen et
al. (1984)
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Table 3. Analyses of rocks representing llimaussagq liquids

1 2 3 4 5 6 7 8
augite evolved Cl-poor Fe-rich Fe-rich aegirine  arfvedsonite medium- to
syenite, augite sodalite phonolite phonolite  lujavrite [ujavrite coarse-grained
chilled syenite, foyaite, dyke dyke av. of 3 av. of 2 lujavrite
margin av. of 3 av.of 3 weighted av.

30, (Wi%)  53.24 62.33 51.01 51.83 52.27 52.38 52.25 52.71
0, 2.44 0.50 0.34 0.55 0.46 0.22 0.23 0.35
0, 0.04 0.11 0.36 0.55 0.78 0.95 0.25 0.13
\,0, 14.79 15.65 17.38 14.57 14.09 13.20 12.23 13.29
‘8,0, 2.64 212 4.73 7.56 11.03 10.90 6.06 4.04
€0 8.66 3.54 4.62 4.61 1.15 1.96 8.72 8.21
AnO 0.24 0.16 0.25 0.48 0.30 0.37 0.64 0.60
AgO 1.60 0.31 0.13 0.14 0.07 0.10 0.12 0.12
;a0 4.94 1.69 1.97 2.54 2.06 1.20 0.27 0.30
2,0 4.68 6.74 10.08 8.81 9.27 10.72 9.25 9.20
0 4.26 5.53 3.93 4.87 4.12 2.82 3.28 4.69
2.0, 0.74 0.08 0.05 0.08 0.09 0.18 0.54 0.41
1,0* 0.29 0.68 419 1.56" 1.18" 3.44 3.65 3.70
1,07 0.19 0.20 0.16 0.47 0.36 0.28 0.24 0.13
>0, 0.23 0.07 0.09 0.19 0.07
3 0.15 0.00 0.02 0.12 0.03 0.06 0.06 0.14
b 0.03 0.01 0.09 0.33 0.08 0.05 0.03 0.05
: 0.10 0.15 0.41 0.84 1.80 0.08 0.14 0.16
ithers 0.46 0.08 0.31 _0.42 0.71 0.89 164 147
98.99 100.11 100.10 100.33 99.85 99.89 99.74 99.77
-0 0.12 0.07 0.20 0.49 0.79 0.07 0.10 0.15
98.87 100.04 99.90 99.84 99.06 99.82 99.64 99.62
AL 0.83 1.09 1.20 1.36 1.40 1.57 1.53 1.52
“e0* 11.04 5.45 8.88 11.41 11.08 11.77 1417 11.85
r(ppm) 284 836 2690 4040 5740 7010 1860 939

Analysts: J. Kystol, J.C. Bailey and R. Fuge.

~ Loss on ignition corrected for other volatiles where known.
Al Agpaitic index, (Na,0+K,0)/Al,O, mol.

e0™: Total Fe as FeO.

Average of GGU 152122, 152130, 154378.

Average of GGU 57070, 154303, 154347.

Sample GGU 42475 (Larsen & Steenfelt 1974), new analysis.
Sample ARM 62/8010 (Martin 1985). New analysis.

Average of GGU 152128, 154302, 66143.

Average of GGU 152127, 154363.

TNV W e W e

GGU 153394 (new analysis of sample U-106 from Ussing’s collection in the Geological Museum, Copenhagen).

3. 1:1 average of (a) 3 large surface samples (GGU 154397, 154399, 154724) and (b) 21 smaller samples from drill cores.
3GU prefixed to sample numbers: samples in the collections of the Geological Survey of Denmark and Greenland.
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Table 1 (continueq)

Mineral

Formula

Reference

Riebeckite

Riebeckite var. crocidolite (crocidolite)
Rinkite

Rinkolite £

Rohaite

Rosenbuschite

Rutile

Sauconite

Schizolite see pectolite (manganoan)
Seinajokite

Semenovite

Senarmontite

Sepiolite

Siderite

Silver

Skinnerite

Skutterudite

Sodalite
Sodium-acetate-tri-hydrate
Sorensenite
Sphaerobertrandite £

Sphalerite

Staffelite, see carbonate-fluorapatite
Stannite *

Steenstrupine

Stilbite

Stillwellite

Strontianite T

Synchysite 1

Talc t

Tenorite

Terskite

Tetrahedrite

Tetranatrolite Y see Gonnardite

Thalcusite
Thermonatrite
Thorianite
Thorite

Tin *

Titanite
Titanomagnetite
Todorokite
Troilite

Trona
Tugtupite
Tundrite
Tundrite (Nd) **
Tuperssuatsiaite
Turkestanite
Ulvdspinel
Uranothorite
Ussingite
Valentinite
Vesuvianite T
Villiaumite
Vinogradovite

Na,(Fe**,Mg);(Fe®),Si,0,,(OH,F),
Nay(Fe®*,Mg)s(Fe®),SizO,,(OH,F),
(Na,Ca),(Ca,Ce),(Ti,ND)(Si,0,),(O,F),

(T1,Pb,K),Cu, ,Sb,S,
(Ca,Na),(Zr,Ca),(Ti,Mn)(Si,0,),(F,OH),
TiO,

Na, ,Zn,(Si,Al),0,,(OH), 4H,0

(Fe,Ni)(Sb,As),

(Na,Ca) Fe(Ce,La),(Si,Be),(O,0H),,
Sb,0,

Mg,Si,0,5(OH), 6H,0
FeCO,

Ag

Cu,Sbs,
(Co,Fe,Ni)As,_,
Na,(Si,Al,)O,,Cl
CH,COONa-3H,0
Na,Be,Sn(Si;0,),"2H,0

ZnS

Cu,FeSnS,
Na,,Ce,Mn,Fe,Zr(PO,)},Si,,0,,(0OH),-3H,0
NaCa,(Al,Si,,)0,,30H,0
(Ce,La,Ca)BSiO,

SrCO,

Ca(Ce,La)(CO,),F

Mg,Si,0,4(OH),

CuO

Na,Zr(H,SisO,s)

(Cu,Fe),,Sb,S,,

Cu,FeTl,S,

Na,CO,H,0

ThO,

ThSiO,

Sn
(Ca,Na)(Ti,Ta,Al,Nb,Sb)SiO,(O,F)

(Na,Ca,K,Ba,Sr),_(Mn,Mg,Al),0,,-3-4H,0
FeS

Na,(HCO,)(CO,)2H,0
Na,BeAlSi,0,,Cl
Na,Ce,TiO,Si0,(CO,),
Na,NdTiO,SiO,(CO,)
NaFe,Si,O,(OH),:5H,0
Th(Ca,Na),(K,_,3,)Si;0,, nH,0O
Fe,TiO,

(Th,U)SiO,

Na,AlSi,O4(OH)

Sb,0,

(Ca,Na),5(Al,Mg,Fe),5(Si0,)10(S1;0;),(OH.F,0);,

NaF
(Na,Ca)},Ti,Si;0,¢ (H,0,K;)

Ussing (1894)

1809 (Giesecke)tt
Lorenzen (1884a)
Semenov (1969)
Karup-Mgller (1978a)
Ussing (1912)
Semenov (1969)
Semenov (1969)

Karup-Mgller (1978b)
Petersen & Rensbo (1972)
Karup-Mgller (1974)
Semenov (1969)

1806 (Giesecke)tt
Semenov et al. (1967b)
Karup-Mgller & Makovicky (1974)
Oen & Sgrensen (1964)
Thomson (1811)

Sgrensen et al. (1970)
Semenov et al. (1965)
Semenov & Sgrensen (1966)
Flink (1898)

Oen & Sgrensen (1964)
Lorenzen (1881)
Ferguson (1964)
Karup-Maller (1975)

Karup-Mgller & Makovicky (2001)
Khomyakov et al. (1983)
Karup-Mgller (1974)

Chen & Chao (1980), Grice (2001)
Andersen et al. (1969)
Makovicky et al. (1980)
Sgrensen et al. (1970)

Bondam & Sgrensen (1958)
Buchwald & Sgrensen (1961)
Karup-Mgller (1978b)

Hamilton (1964)

Larsen (1976)

Semenov (1969)

Karup-Mgller (1978b)

Sgrensen et al. (1970)
Sgrensen (1962)

Semenov et al. (1967a)
Semenov ef al. (1967a)
Karup-Mgller & Petersen (1984)
Petersen et al. (1999)
Karup-Mgller (1978b)
Makovicky et al. (1980)

Baggild (1913)

Karup-Mgller (1974)

Bondam & Ferguson (1962)
Rensbo et al. (1990)
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Table 1. All minerals identitied in the llimaussaq alkaline complex

Mineral Formula

Reference

Aegirine

Aegirine-augite

Aenigmatite

Albite

Alkali feldspar

Allanite

Allargentum

Alumino-ferro-hornblende (barkevikite)
Analcime

Ancylite-(La)

Antimony Sb

Apatite Ca(PO)(F,OH,Cl)
Apophyliite KCa,Si,O
Arfvedsonite
Argentite AQ.S
Arsenopyrite FeAsS
Astrophyllite

NaFe® Si,O
Na,(Fe?") TiSisO.
NaAISi,O,

(K, Na)AISI O,
Ag.Sb

Na(AISi,)O H

Augite (Ca,Mg,Fe).(Si,A),O,
Avicennite ~ TIL,O,

Azurite ~ CUL(CO)(OH),
Baddeleyite ZrO,

Barkevikite, see alumino-ferro-hornblende

Barylite BaBe,Si, O,

Bastnasite

Bavenite

Bertrandite

Beryllite

Beudantite

Biotite

Birmnessite

Bornite

Breithauptite

Britholite

Brochantite

Burpalitet

Calcioancylite-(Ce)

Calcite

Cancrinite

Carbonate-fluorapatite (staffelite)
Carbonate-hydroxylapatite (dahllite)
Catapleiite

Ceriopyrochlore-(Ce)

Cerussite PbCO,

Chabazite Ca(AlLSi)O, - 6H O
Chalcocite Cu,s

Chalcopyrite CuFeS,
Chalcostibite CusSbS,
Chalcothallite
Chkalovite
Chilorite
Chrysocolla
Connellite

(Ce.La)SO,F

Be.,Si,O,(OH).,
Be,SiO (OH), H,O

CuFesS,
(Ni.PdSb

CuU, SO (OH),
Na,CazZrSi,O,

CacoO,
Ca (PO, ,COy).F

Na,ZrSi,Op2H, O

Na,BeSi,O

Copper
Corundum ALO,
Covellite Cus

Crocidolite, see riebeckite var. crocidolite

Cryptomelane KMN, O, o

minerals from the complex. Lists of the minerals found
in the complex have been compiled by Sgrensen
(1967), Semenov (1969), Sorensen et al. (1981) and
Petersen & Secher (1993).

Table 1, compiled for this anniversary volume, con-
tains all the Tlimaussaq minerals for which sufficient
documentation exists. Those first described from the
Ilimaussaq complex are indicated in bold type.
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