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Nigerite occurs as small hexagonal platy crystals in the Rosendal 
pegmatite and in associated aplitic veins on Kemiö island, south-
western Finland. This is the first reported occurrence of nigerite 
in the Baltic Shield. Associated minerals are quartz, hercynite or 
gahnite spinel, plagioclase, muscovite, sillimanite, garnet, columbite-
tantalite, chrysoberyl, tourmaline, apatite, corundum, Zn-bearing 
staurolite, and cassiterite. Nigerite has been formed under condi-
tions of oversaturation of Al by desilicification of the pegmatite 
system. Microprobe analyses of the Rosendal nigerite were calculated 
by a general formula: R|+2 xSnxR Os, with R 2 + = Zn, Fe2+, Mg, 
Mn, and Ca, R3+ = Al, Fe3+, Nb, Si, and Ti, and x = around 0.5. 
The Fe/Zn ratio of the different nigerite crystals is controlled by 
the initial composition of the associated spinel. 
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Introduction 

In the course of an invest igat ion of a n u m b e r 
of grani t ic pegmat i t es on the is land of Ke-
miö, sou thwes t e rn Fin land, t h e r a r e t in 
mine ra l n iger i te has been observed in t h e 
Rosendal pegmat i t e and in associated aplit ic 
veins. This is t h e f i r s t r epor ted occurrence of 
n iger i te in F in land and in the Balt ic Shield. 
The inves t iga t ion fo rms a p a r t of a cu r r en t 
petrological p ro jec t ca r r ied out in the Kemiö 
area since 1974 by staff m e m b e r s and s tudents 
of the F r e e Univers i ty of A m s t e r d a m u n d e r 
the direct ion of Dr. Låszlö West ra . Klooster -

m a n (1974) has given a r ev iew of the l i t e ra -
t u r e on the previously r epor ted occurrences in 
Nigeria, Eas t e rn Siberia, Por tuga l , Spain, and 
Brazil . The mine ra l has also been repor ted 
f r o m China (Mineral. Abstr . , 74-1926). 

Geological Setting 

The is land of Kemiö is a p a r t of t h e 
Svecokarel ides in the Balt ic Shield; it has 
been m a p p e d by Sei tsaar i (1955) and Ede lman 
(1973). The geology of the Svecokare l ides in 
sou thwes t e rn F in land has been described 
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by Simonen (1971). The cen t ra l a rea of the 
is land is fo rmed by the wes te rnmos t p a r t 
of the Kemiö—Kisko lept i te be l t (Eskola 
1914), an E-W t rend ing zone of folded de-
tr i tal , calcareous, and volcanogenic sed imen-
t a ry rocks which w e r e me tamorphosed u n d e r 
amphibol i te facies condit ions. This be l t has 
been in t ruded by a va r i e ty of synk inemat ic 
igneous rocks, r ang ing f r o m ul t rabas ic to acid 
in composit ion. To the nor th and to the south 
the lept i te belt is bo rde red by the l a te -k ine-
mat ic potass ium-r ich Pern iö and H a n k o 
gran i tes respect ively. Numerous grani t ic 
pegmat i t es occur in a la rge gabbro body in 
the n o r t h w e s t e r n pa r t of the island. This 
synk inemat ic in t rus ive body is s i tua ted to 
the south of the Pe rn iö grani te , w i t h wh ich 
the pegmat i tes m a y genet ical ly be l inked. T h e 
pegma t i t e f ield is geochemical ly charac te r iz -
ed by the presence of Ta -Nb-Sn-Be (Volborth 
1955), and the h igh content of Al -mine ra l s 
as cordieri te , s i l l imanite, garne t , and spinel. 

Occurrences and parageneses 

The Rosendal pegmat i t e (Pe ruska r t t a 
coordinates 53.25—77.15) is located about 2 
km n o r t h of the vi l lage of Rosendal . The 
pegmat i t e has been described by Eskola 
(1914), P e h r m a n (1945, as Rosendal No. 12), 
and Volbor th (1952). An inven to ry of recorded 
mine ra l s has been publ ished by La i t aka r i 
(1967, p. 218—221). The pegmat i t e has been 
qua r r i ed in the f i r s t half of th is century , 
main ly for po tass ium fe ldspar and quar tz ; 
t a n t a l u m bear ing minera l s and be ry l w e r e 
impor t an t by-products . The pegmat i t e is a 
r egu la r ver t ical ly d ipping d ike which is ex-
posed along its eas t -wes t s t r ike for about 
150 m; its w id th is 6—10 m; the body ex tends 
ver t ical ly to a dep th of a least 20 m. 
Hazebroek and Lof (1976) gave a detai led 
descr ipt ion of the in te rna l s t ruc ture , host 

rock relat ions, minera logy, and crystal l izat ion 
sequence of the pegmat i te . Contacts w i th the 
ho rnb lende gabbro host rock a re invar iab ly 
sharp . Wal l rock a l tera t ion, conf ined to only 
0.5 to 5 cm f r o m the contacts, t r a n s f o r m e d t h e 
gabbro into a ch lor i te -b io t i te -prehni te schist 
w i th a s t rongly developed biot i te-chlor i te 
fol iat ion para l le l to the contacts. The a l te red 
wal l rock shows a s t rong en r i chmen t in K, 
Rb, Li, Cs, and Si, wh i l e Na and Ca a re 
dis t inct ly depleted. On the n o r t h e r n side of 
the pegmat i te , u p to 60 m a w a y f r o m the 
contact, t he gabbro is s t rongly sheared . The 
Li -content of the gabbro on this side is 
unusua l ly h igh (160 p p m Li 20 m away f r o m 
the contact). In cont ras t to the no rma l zoning 
in most pegmat i t es of the area the Rosendal 
pegmat i t e shows an asymmet r ica l ly develop-
ed zoning, wi th a bo rde r and wal l zone to the 
south and an apl i te body on the no r th side. 
The in t e rmed ia t e zones and a qua r t z core a re 
located be tween these units . The apl i te body 
has locally been replaced by an a lbi te-
muscovi te body. The asymmet r i ca l zoning 
m a y have been caused by the s t rong shear ing 
of the gabbro on the n o r t h e r n side of the 
pegmat i t e ; reduct ion of the to ta l conf in ing 
p ressure on the sys tem by considerable loss 
of volat i les yielded the apl i te body t h rough 
quench crysta l l izat ion; the separa t ion into a 
Na 2 0- r i ch mel t and a f lu id enr iched in K s O 
and S i 0 2 was caused by resurgen t boil ing of 
a homogenous wa te r - r i ch mel t ( Jahns and 
B u r n h a m 1969). 

Ginzburg et al. (1974) s ta ted tha t r a r e -
meta l pegmat i t es a re f o r m e d a t such dep ths 
w h e r e separa t ion of h y d r o t h e r m a l solut ions 
f r o m res idua l mel t s becomes impossible. 
These h y d r o t h e r m a l solutions should then 
in te rac t main ly wi th minera l s fo rmed ear l ie r 
in the pegmat i tes . When pegmat i t es occur 
wi th in amphibol i tes , and if the h y d r o t h e r m a l 
s tage of the process develops ve ry intensively, 
a l te ra t ion of the coun t ry rocks proceeds in 
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the exocontact zone of pegmat i t e bodies 
owing to the removal of alkali e lements (K, 
Li, Cs) f r o m the pegmat i tes (Ginzburg et al. 
1974). This has clearly been the case (also for 
Rb) in the Rosendal pegmat i te . 

Niger i te occurs in the wal l zone, which has 
a thickness of about 60 cm. This zone main ly 
consists of quar tz , plagioclase (An 5—27), 
s i l l imanite, muscovite , and spessar t ine-a l -
mand ine garne t , wi th minor amoun t s of 
chorite, biotite, epidote, allanite, and calcite. 
Columbi te- tanta l i te , he rcyn i te spinel, chryso-
beryl , tourmal ine , apat i te , co rundum, Zn-
bear ing s taurol i te (up to 1.9 wt. °/o ZnO), and 
niger i te occur associated wi th si l l imanite, 
garne t , and muscovi te in e longated al lotr io-
morph ic aggregates which are p re fe ren t i a l ly 
or iented pe rpend icu la r ly to the contact wi th 
the host rock; the aggrega tes are su r rounded 
by a r im consisting of a f ine -gra ined mosaic 
of quar tz and plagioclase. 

Niger i te also occurs in aplitic veins about 
100 m south of the Rosendal pegmat i te . The 
veins h a v e a m a x i m u m thickness of 1 m and 
main ly consist of quar tz and plagioclase (An 
25), wi th minor amoun t s of garnet , muscovite , 
chlorite, cassiteri te, apat i te , gahni te spinel, 
and nigeri te . These aplit ic veins a re to be 
considered as the f ine-gra ined coun te rpa r t s 
and associates of the pegmat i t e ( Jahns and 
B u r n h a m 1969). 

In both occurrences n iger i te is closely 
associated wi th spinel. All s tages f r o m 
ini t ia l to complete rep lacement of spinel by 
niger i te can be observed. Niger i te f o r m s 
or iented ove rg rowths on spinel (Fig. 1); l a rger 
g ra ins of niger i te o f t en contain a core of 
spinel (Fig. 2); sp ine l - f ree niger i te obviously 
represen t s a s tage of complete rep lacement . 
The m u t u a l contact be tween in t e rg rown 
niger i te and spinel is genera l ly sharp , b u t 
g radua l t rans i t ions also occur. In the pegma-
t i te n iger i te is somet imes replaced by a 
n a r r o w r im of a S n - f r e e Fe-Al-oxide phase 

Fig. 1. Crystal of spinel (dark grey) with oriented 
overgrowths of nigerite (lighter grey). Specimen 
N-117, aplitic veins near the Rosendal pegmatite. 

Transmitted light, 45 x. 

which could not yet be ident i f ied. T e x t u r a l 
re la t ionships be tween the var ious minera l s 
indicate t ha t quar tz , s i l l imanite, and spinel 
a re older t han nigeri te , whi le g a r n e t and 
c o r u n d u m are younger ; the t r ans fo rma t ion of 
spinel into n iger i te mus t have t aken place 
du r ing the process of desil icification and 
h y d r o t h e r m a l act ivi ty. 

Optical properties 

Nigeri te occurs as smal l subhedra l to 
euhedra l hexagona l p la ty crysta ls w i th a 
m a x i m u m d iamete r of 1.5 mm. The mine ra l 

6 
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Fig. 2. Crystals of nigerite (grey) containing a 
core of spinel (black). Specimen HL-6, wall zone 
of the Rosendal pegmatite. Transmitted light, 90 X. 

is un iax ia l positive. A basal c leavage is 
weak ly developed. In t r ansmi t t ed l ight 
n iger i te shows a dis t inct yel lowish b r o w n 
colour, w e a k pleochroism (E pa le g rey-b rown, 
O yel low-brown) , h igh relief , and low b i re -
f r ingence . In re f lec ted l ight in oil immers ion 
the m i n e r a l shows a greyish colour some-
w h a t l igh te r t h a n spinel, no percept ib le 
ref lec t ion pleochroism, a w e a k anisotropy, 
and h igh polishing hardness . In t r ansmi t t ed 
l ight the associated spinel a lways shows the 
same dist inct g rass -green colour, regard less 
of composi t ion and Fe /Zn ratio. The u n -
k n o w n Fe-Al-oxide replacing n iger i te shows 
a m o r e greenish colour t han nigeri te , and a 
dis t inct ly h igher b i re f r ingence . 

Chemical composition 

Analyses of n iger i te and associated spinel 
h a v e been car r ied out w i th a Cambr idge 
Geoscan electron microprobe; the exci ta t ion 
poten t ia l w a s 20 kV. The s t anda rds used 
w e r e lueshi te for Nb, diopside fo r Si, olivine 
fo r Mg, c o r u n d u m fo r Al, synthe t ic TiO fo r 
Ti, synthe t ic SnS fo r Sn, and p u r e e lements 
for Fe and Zn. The analyt ica l resul ts w e r e 
corrected w i th a p r o g r a m m e by Kie f t and 
Maaskan t (1969). Because of severa l u n -
k n o w n fac tors (presence of F e 2 + and F e 3 + , 
OH-content , n u m b e r of cations) the analyses 
of n iger i te had to be reca lcu la ted on t h e 
assumed presence of 8 oxygen a toms and 
4 R 3 + a toms in the fo rmula . Weight and 
atomic pe rcen tages of severa l n iger i tes a re 
p resen ted in Table I, along wi th tota l Fe /Fe + 
Zn a tomic rat ios of the associated spinel. 

The most s t r ik ing resul t of the analyses on 
i n t e rg rowths of spinel and n iger i te is t ha t the 
chemical composi t ion of nigeri te , especially 
the tota l Fe /Fe + Zn atomic rat io, is con-
trol led by the chemical composit ion of the 
spinel f r o m which it was fo rmed . The spinel 
in the Rosendal pegmat i t e is a Zn-bea r ing 
hercyni te , whi le the spinel in t h e aplit ic 
veins is an Fe -bea r ing gahn i te (Table I). The 
composit ion of the associated n iger i te ref lec ts 
the var ia t ion in the composit ion of the spinel, 
even wi th in d i f f e r en t i n t e rg rowths in the 
same sample (Fig. 3). A similar re la t ionship 
be tween the chemical composit ions of spinel 
and the to n iger i te s t ruc tu ra l ly re la ted 
mine ra l högbomite has been demons t r a t ed by 
Zakrzewsk i (1977). 

No analyses have been publ i shed of the 
spinel f r o m other occurrences of niger i te . 
Most au thors only s ta te t h a t the associated 
spinel is gahni te . Only Bann i s t e r et al. (1947) 
s ta te t h a t the Niger ian spinel is close in 
composi t ion to the ideal gahn i t e based on 
r e f r ac t i ve index and specific grav i ty . This 
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Table 1. Electron microprobe analyses of nigerites 
from Rosendal. 

1. 2. 3. 

MnO 0.15 0.15 0.35 
MgO 0.50 0.50 0.60 
ZnO 6.30 5.00 12.00 
FeO* 14.35 16.80 8.65 
Fe203* 2.15 1.45 1.60 
AI2O3 55.80 55.85 56.15 
Ti02 0.15 0.35 0.15 
SiOs 0.10 0.05 0.30 
NboÖä 0.30 0.45 0.15 
Sn0 2 21.00 18.85 21.30 

Total 100.80 99.45 101.30 

number of cations on basis of 8 O and 4 R3+: 

Mn 0.01 0.01 0.015 
Mg 0.045 0.045 0.05 
Zn 0.275 0.22 0.525 
Fe2 + 0.71 0.835 0.425 
Fe3 + 0.095 0.065 0.08 
A1 3.885 3.91 3.895 
Ti 0.005 0.015 0.005 
Si 0.005 0.005 0.015 
Nb 0.01 0.01 0.005 
Sn 0.495 0.445 0.500 R2 + 1.04 1.11 1.015 R3+ 4.00 4.00 4.00 
Sn4 + 0.495 0.445 0.500 
Fe/Fe + Zn Nig. 0.745 0.803 0.490 
Fe/Fe + Zn Spin. 0.733 0.819 0.430 

* calculated. 
1. and 2. Nigerite, Rosendal pegmatite, specimen 
HL-12-B. 
3. Nigerite, Rosendal aplitic veins, specimen N-117. 

is surpr i s ing in v iew of the h igh Fe-conten t 
(14.55 wt. % FeO + F e , 0 3 ) of the associated 
niger i te . 

The S n - f r e e phase replac ing n iger i te is 
essent ial ly an Fe-Al -ox ide mine ra l w i th 
minor amoun t s of Zn and Mg; t h e low totals 
obta ined in microprobe analyses indica te the 
possible presence of an e lement l ike Li or Be. 

X-ray data 

X - r a y d i f f rac t ion d i ag rams w e r e obta ined 
wi th a S t r auman i s - t ype 114.83 m m d iamete r 

/ 
/ 

/ 

/ 

V 

V 
-r f fe r H^rcynite 

Fig. 3. Plot of total Fe/Fe + Zn atomic ratios 
in five intergrowths of hercynite and nigerite. 

Specimen HL-12-B, Rosendal pegmatite. 

Debye-Scher re r camera w i th Mn-f i l t e red F e -
radia t ion. The powder w a s dr i l led out of 
pol ished th in sections u n d e r the microscope 
and t aken into r u b b e r solution balls . 

The p a t t e r n s a re essent ial ly s imilar to t h a t 
of n iger i te publ i shed by B e r r y and Thompson 
(1962, p. 203—4), including all l ines wh ich 
could not be indexed by t h e m on the la t t ice 
dimensions given for n iger i te by B a n n i s t e r 
et al. (1947). B e r r y and Thompson a t t r i bu t ed 
these lines to m i n u t e inclusions. T h e Rosen-
dal n iger i te yields addi t ional l ines at 9.37, 
3.20, and 3.09 Å. Peacor (1967) has shown 
tha t n iger i te f o r m s severa l polytypes, s imi lar 
to the s t ruc tu ra l ly re la ted mine ra l högbomi te 
(McKie 1963). It seems p robab le t h a t t h e 
Rosendal n iger i te represen t s a n e w po ly type 
of nigeri te , b u t s ingle crys ta l s tudies wi l l 
h a v e to be car r ied out to conf i rm this as-
sumpt ion . 

Genetical considerations 

The occurrence of n iger i te in the Rosendal 
pegmat i t e and in the Rosendal aplit ic veins 
conf i rms the condit ions and rules fo r t h e 
occurrence of n iger i te as set f o r t h by Ginz-
b u r g et al. (1963) and Kloos te rman (1974). In 
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t he pegmat i t e remova l of silica into the host 
rock caused a re la t ive oversa tu ra t ion of 
a lumina in the pegmat i t e system, leading to 
the fo rma t ion of minera l s as co rundum, 
chrysoberyl , s taurol i te , and spinel. The spinel 
reac ted du r ing this process w i th Sn-bea r ing 
solutions to f o r m nigeri te , which is ev ident 
f r o m the widely varying, b u t s imilar Fe /Zn 
ra t io in i n t e rg rowths of bo th minerals . As 
no cassi ter i te has been fo rmed Sn was not in 
excess in the pegmat i te , wh ich is also con-
f i rmed by the rep lacement of n iger i te by a 
S n - f r e e oxide. The aplit ic veins in cont ras t 
contain 1—2 vol. °/o cassi teri te; the fact t h a t 
the spinel in the apl i tes has not been t r ans -
fo rmed complete ly to n iger i te unde r condi-
t ions of excess Sn m a y be expla ined by the 
rapid crystal l izat ion of these rocks. 

The Rosendal pegmat i t e is re la t ive ly r ich 
in Li; the average content is about 65 p p m Li, 
wi th a m a x i m u m in its border and wal l zones 
(200—700 p p m Li), whi le the gabbro i m m e -
diately ad jacen t to the pegmat i t e even con-
ta ins up to 1400 p p m Li. A l though this peg-
mat i t e is not of the t r u e Na-Li type, these 

observat ions conf i rm tha t h y d r o t h e r m a l 
act ivi ty in r a r e -me ta l pegmat i t es is accom-
panied by removal of alkal i e lements into the 
host rock (Ginzburg et al. 1974), and t h a t 
n iger i te should be fo rmed in contact zones of 
g ran i t e pegmat i tes of the sod ium-l i th ium type 
(Ginzburg et al. 1963). 

Judg ing f r o m the descr ipt ion by P e h r m a n 
(1945) the Lemnäs pegmat i t e (Pe ruska r t t a 
coordinates 50.8—78.4, nowadays inaccessible 
to the genera l publ ic for mi l i t a ry reasons) 
should be regarded as being of the t r u e Na-Li 
type. As it contains spinel and cassi ter i te i t 
seems l ikely tha t n iger i te will also be f o u n d 
in this pegmat i te . 
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