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ABSTRACT 

The Precambrian pegmatites described occur commonly as dikes, lenses or phacolites. The 
dikes are in general either parallel to the folia ti on of their country rock or perpendicular to it, 
representing old ae joints. A description of the general geology of the area, completed with a 
petrological and a tectonic map, is included. The mineralogy and the intern al structure of pegmatites 
is described. The pegmatites are thought to be for the most part genetically related to synorogenic 
infracrustal rocks, in part they are obviously of metamorphic origin. 

The structure, paragenesis and mineralogy of the pegmatites of Haapaluoma and Hunnakko 
are described in detail. These pegmatites contain a number of rare minerals in la te-stage assemblages 
in the nature of replacement bodies and fracture fillings. From the Haapaluoma pegmatite the 
following minerals, inter aha, are described: cleavelanditic albite, lepidolite, colored tourmalines, 
beryl (in five generations), cassiterite, zircon, xenotime, cheralite, brockite, spodumene, columbite 
and microlite; the four last mentioned with chemical analysis, physical properties and X-ray data. 

Partial analyses of different varieties of potash feldspar, beryl and columbite are presented. From 
the Hunnakko pegmatite mineralogical description of montebrasite, alluaudite, triploidite, childrenite 
and vivianite is given. Chemical analysis, physical properties and X-ray data for montebrasite and 
alluaudite are presented. 

Hel sinki 1966. Valtioneuvoston kirjapaino 
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INTRODUCTION 

In the Precambrian of Finland there are a number of areas in which 

pegmatites containing rare minerals occur. Long known pegmatite areas are Tammela 
-Somero (Mäkinen, 1913; Aurola, 1963), Kemiö (Pehrman, 1945), Eräjärvi (Vol

borth, 1954, 1956) and Pohjanmaa, where the pegmatite occurrences of Kaatiala, 
in the commune of Kuortane, are particularly noteworthy. Characteristic geochemical 
features have been attributed to each of these pegmatite provinces (Es kola, 1946; 
Volborth, 1956), all of which are situated in so-called Svecofennian areas. According 
to V olborth, the pegmatites of Tammela-Somero are characterized by their content 

of the elements Ta and Nb; the pegmatites of Kemiö by the presence of Y, Sc, Ta 

and Be as weIl as the scantiness of B; the pegmatites of Eräjärvi by their profuse 

content of Li, Be and P; and those of Pohjanmaa by B, Nb and As. In the light of 
investigations carried out in recent years, such differences seem, however, to be 
diminishing. In all these pegmatite areas, there have been found Li-minerals, (Mn, 
Fe)-phosphates, Nb- and Ta-minerals, beryl and tourmaline. Pollucite has been 
met with in the Tammela area and at Eräjärvi . Pegmatites rich in spodumene have 
been discovered in Kaustinen and Alaveteli, Central Pohjanmaa. Representatives 
of quite an exceptional type, however, are the Pyörönmaa (Vorma et al., 1966) and 

Varala (Lokka, 1935) pegmatites in Kangasala, southwestern Finland. As described 

by V orma et al. (op.cit.), these pegmatites are characterized by their profuse content 
of rare earths. Allanite-bearing pegmatites occur also in the Ava area, Ahvenanmaa 
(Aland) Islands (Kaitaro, 1953). 

In association with the Karelian formations of Finland the occurrence of mineral
ogically complex pegmatites is a considerable rarity. Pegmatites containing an 
abundance of beryl and columbite have nonetheless been investigated by the present 

author on the south side of the lake Oulujärvi in Kainuu. 
The area dealt with in the study at hand belongs to the schist and plutonic rock 

formation of Pohjanmaa with its abundance of pegmatites. The area includes parts 

of the communes of Peräseinäjoki, Alavus, Kuortane, Nurmo and Jalasjärvi, and 
it covers approximately 700 square kilometers (Fig. 1). The area investigated includes 
the vicinity of two currently worked pegmatite quarries, the ones of Haapaluoma 
and Kaatiala, as well as the territory that lies between them. Also situated in the 

area are several small, by now abandoned feldspar quarries. 
The main focus of attention in the present study has been on the local pegmatites. 

J 
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FIG. 1. Location of the area investigated. 

At the same time, the most complete possible observations have been made concerning 
the generally occuring rocks and the tectonics of the area. It has been endeavored 
to elucidate the modes of occurrence of the pegmatites, their relation to the regional 

tectonics, their internal structure and their mineralogy. 
Since there exists only a 1: 400000 -scale petrological map of the area, it has 

been deemed necessary in this connection to present also a fairly broad survey of 
the rocks commonly found in the area . A petrological map on a scale of 1: 75000 
is appended (Map 1). The map was at first drawn on the scale of 1: 20 000 and then 
reduced in scale by photography. In drafting the petrological map, 1: 20000 -scale 
maps based on airborne magnetic and electrical surveys were consulted. The aew

magnetic maps proved to be of especial value in defining the boundaries of the schist 
zones. By virtue of the strong magnetic anomalies induced by them, the trend of 

the schist zones can often be traced on an aeromagnetic map as weakly exposed 
zones going across well-exposed areas of plutonic rocks. Boulder observations have 
further been made use of in mapping areas where outcrops are scarce. The tectonics 
of the area is presented in Map 2. 

The Kaatiala pegmatite of Kuortane has been known for over 100 years (Holm

berg, 1857, p. 37) as containing rose quartz, feldspars, black tourmaline, beryl, 
lepidolite, »tantalite» (columbite) and »arsenopyrite» (löllingite). Laitakari (1914) 

has to his credit a detailed study of the pegmatite. A number of short studies on 



Ilmari Haapata: Pegmatites in the Peräseinäjoki-Alavus area 9 

the Kaatiala pegmatite have subsequently appeared (Pehrman, 1950; Volborth, 
1952; Nieminen, 1954; Neuvonen, 1960). Väyrynen (1923) has brieAy dealt with 
the general geology of the Peräseinäjoki district. The area investigated belongs 
to the map sheet of Vaasa, the petrological map of which was drawn by Saksela 
(1934). He has also dealt with the general geology of the region (Saksela, 1935). 
Saksela pays particular attention to the age relations among the different plutonic 
rocks, noting two great differentiation series: the earlier synorogenic and the later 
late-orogenic. The representatives of the respective differentiation series can be 
distinguished in the light of their tectonic mode of occurrence. The explanatory 
text for the map sheet of Vaasa was written by Laitakari (1942), depending mainly 
on Saksela's publication dating back to 1935. The pegmatites of the area under 
consideration have also been previously dealt with by the present author (Haapala, 
1964a and b). 

2 7420-66 



GENERAL GEOLOGY 

Supracrustal rocks 

Mica gneiss and mica schist 

The commonest of the supracrustal rocks occurring 10 the region investigated 
is mica gneiss. It is a medium- or small-grained, foliated rock, the chief mineral 

components of which are quartz, plagioclase (An1S_ 3S) and biotite. Common additional 

minerals are microcline, sericite, opaque minerals, apatite, garnet and zircon. Sporadi
cally, graphite, calcite, hornblende, cummingtonite and tourmaline also occur. In 

some cases the gneiss displays zones containing small fragments of rock. Graywacke 
gneiss would in such cases be a suitable name for the rock. 

Particularly in connection with intrusions of plutonic rock, the mica gneiss is 
often seen to be conspicuously migmatized. Garnet porphyroblasts are common 

in these veined gneisses. Less migmatized gneisses sometimes show specks of musco
vite. Metasomatically altered mica gneisses (biotite-plagioclase gneisses ) occurring 

in the region of Pohjanmaa have been described in detail by Saksela (1925, 1935). 
In the gneis ses situated on the north side of the Kaatiala quarry there occur layers 
containing an abundance of muscovite knobs, the sericitic muscovite of which should 
probably be interpreted as an alteration product of andalusite porphyroblasts. 

Throughout the area investigated, both the mica gneisses and the mi ca schists 
contain oval, concentric calcareous inclusions a few centimeters in diameter. By origin 
such inclusions are evidently in part calcium-rich concretions of normal sediments, 

in part they are clearly stretched and broken, boudinaged calcareous layers. 

Mica schists are met with especially in the schists situated in the vicinity of the 
lake Kalajärvi and the villages ofHaapaluoma and Pasto, in the Peräseinäjoki area. They 
are further observed to occur on the Alavus side in the southern parts of the sup
racrustal formation as weIl as on the northeastern side of the lake Kuorasjärvi at 
the northern margin of the mapped area. The mica schists are small-grained and 

they contain less plagioclase and mor'e biotite than do the mica gneisses. Graded 
bedding is frequently to be observed in them. In places, one will meet with an abun
dance of porphyroblasts of andalusite, garnet and staurolite, indicating an Al excess. 

The mica gneiss and the mica schist grade into each other gradually without 
any clearly defined contacts. For this reason the two species of rock have not been 
differentiated in the petrological map. 
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Leptite 

Leptite (quartz-feldspar schist) occurs in the Kalajärvi schist zone as a formation 

over one kilometer wide and in the Haapaluoma schists as a thin bed. In addition, 
it is met with as indusions in a few places in the granodiorite and quartz diorite 

in the Peräseinäjoki area. The leptites are generaHy very fine-grained. Banding is 
common. The leptite of Haapaluoma is gray of color. Its principal minerals are 
quartz, plagiodase (An15 _ 25) and biotite, the accessories being chlorite, sericite, 
microdine, garnet, opaque minerals and zircon. The leptite of Kalajärvi is generaIly 
reddish. Its chief minerals are quartz, microdine and biotite. Plagiodase occurs in 
it only as an accessory constituent. Epidote and muscovite are there also met as 

rather common additional minerals. Muscovite often forms tattered porphyroblasts 

containing indusions in abudance, having evidently evolved as a product of potash 
metasomatosis. The microdine probably must likewise be interpreted in part as 
metasomatic by origin. This is indicated also by the abundant occurrence of granite 
and pegmatite veins in the leptite. 

The leptite of Kalajärvi grades over into mica schist by alternating with it as 
intercalations. In these transitional zones, highly chloritized hornblende gneiss also 
occurs as intercalations. 

Amphibolite 

Amphibolite has been met with only in the vicinity of the hamlet of Pasto, Perä
seinäjoki commune, where it occurs in relation to the surrounding schists as a con
formable body. In texture this rock is even-grained, granoblastic. In places it 
shows signs of a blastohypidiomorphic texture. The grains are small. The chief 
minerals are plagiodase (An46 _ 51 ) and hornblende, additional constituents being 

cummingtonite, oxide ore mineral, biotite, quartz, apatite and zircon. 

At the southern margin of the body, the even-grained amphibolite passes 
over, without any dear boundary, into a porphyritic, rock, the ground mass of which 
contains considerable amounts of quartz as weH. 

Amphibole gneisses 

The rocks marked on the petrological map as amphibole gneiss are met with 
in greatest abundance in the schists in the vicinity of the villa ge of Haapaluoma. 
They are further to be seen as thin beds or intercalations in the Kalajärvi schist 

zone as weIl as on the southwest shore of the lake Jääskänjärvi. 
The amphibole gneisses, judged according to their mineral composition, are 

hornblende gneis ses or cummingtonite gneisses . The chief minerals in the former 
are, in varying proportions, hornblende, plagioclase (An30_ 35) and quartz; and in 
the latter, in place of hornblende, cummingtonite. Additional components of both 
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gneisses are chlorite, garnet, opaque minerals, apatite, senC1te and zircon. The 

dominant amphibole mineral in the gneisses of the Haapaluoma district is horn
blende. The amphibole of the gneiss on the southwestern shore of Jääskänjärvi 

is cummingtonite. The hornblende of the Kalajärvi hornblende gneiss has to a large 

extent altered to chlorite. 
The origin of the amphibole gneisses is difficult to determine. The non-homo

geneous structure of the hornblende gneisses of the Haapaluoma district and the 
stratification occurring in them in places suggest a tuffitic origin. In the larger 
amphibole gneiss formation of the schist sequence, one is also able to perceive an 

agglomerate-like texture. 

Porphyrites 

The schist sequence of Haapaluoma includes two bedlike formations, which 
display a distinct blastoporphyric texture. The fine-grained ground mass contains 
phenocrysts of hornblende and plagioclase (An42_ S0). The phenocrysts are gene rally 

about 0.5 mm in diameter, but the plagioclase ones in some cases measure as much 

as two or three. millimeters in diameter. In addition to the plagioclase and the horn
blende, the ground mass contains abundant quartz and biotite, which means that 
the rock belongs with respect to its mineral composition to an inter mediate, 

andesitic-dasitic class. Additional components in the ground mass are chlorite, 
oxide ore mineral, carbonate, apatite and garnet. 

Intermediate porphyrite is further met with in the mica gneiss as narrow inter
calations on the southwestern side of the raiIroad depot of Sääskiniemi and in associa

tion with cummingtonite gneiss on the southwestern shore of Jääskänjärvi. 

The mica schist and leptite of the Kalajärvi schist sequence is penetrated in dikes 

one to two meters broad by a schistose porphyritic rock, which sharply cuts the 
foliation (schistosity) and bedding of its country rock. Three such dikes have been 
encountered about three kilometers east of the southern end of the lake Kala

järvi. The dikes - not marked in the map - contain very strongly sericitized 

plagioclase (An_ 30) in the form of phenocrysts, wh ich measure between 0.5 and 
1 mm in diameter. The principal minerals of the fine-grained ground mass are quartz, 
biotite and plagioclase. Accessory constituents include opaque minerals and zircon as 
weIl as sericite and epidote as alteration products of plagioclase. With respect to 

its mineral composition, this rock is slightly more acid than the intermediate porphy

rites just described, thus corresponding fairly closely to the category of dacite. 

Skarn 

In the northern part of the mapped area, about three kilometers northeast of 

the lake Mulkkujärvi, there is a small skarn deposit with typicallimestone favouring 
vegetation. The chief minerals are usually hornblende and diopside, additional 
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minerals being calcite, titanite, opaque minerals (mainly pyrrhotite), strongly altered 
calcic plagioclase, quartz, sericite and rutile. In places, calcite and titanite occur 

so abundantly, that they, too, must be regarded as chief minerals. Occasionally 
also pyrrhotite is met rather abundantly. 

Infracrustal rocks 

Hornblendite, gabbro and diorite 

The sole representative of ultra basic plutonic rocks in the area investigated is 
the hornblendite occurring on the eastern side of the smaH lake Taikinalampi, in 
the commune of Alavus. It constitutes part of a hornblendite and gabbro complex 
about one kilometer long and 200 meters wide. The western margin of this basic 
complex consists of gabbro, the chief mineral components of which are hornblende 
and highly altered plagioclase. Accessories are sericite and epidote as weH as biotite, 
opaque minerals, chlorite, titanite, apatite, carbonate and prehnite. Near the contact, 
the gabbro occasionaHy displays rhythmical banding, which is due to the division oE 
the hornblende and plagioclase grains into layers 1.5-5 cm broad running parallel to 

the contact. On the eastern side of this stratified portion, which is a few meters broad, 
there is a slightly broader hornblendite zone. The accessory minerals contained in 
the hornblendite are alte red plagioclase, chlorite, apatite and opaque minerals. On 

the eastern side of the hornblendite, there again occurs gabbro, which in turn 
grades toward the east over into a dioritic rock. Granodiorite brecciates the rocks 
of the basic complex. 

Inside the boundaries of Peräseinäjoki commune, gabbros and diorites further 

occur in the village oE Viitala and about five kilometers southeast of Kalajärvi; 
in the commune of Kuortane these rocks are run across about one kilometer north 

of the Kaatiala quarry. 

Quartz diorite and granodiorite, granite and pegmatite 

About half of the bedrock of the area investigated consists of granodiorite and 
quart~ diorite, which usually display mineral parallelism. The chief minerals in 
these rocks are plagioclase (AnZO _ 3S)' quartz and biotite, in many cases also potash 
felds par andjor hornblende. Additional constituents commonly met with are chlorite, 

apatite, sericite, opaque minerals and zircon. Here and there in the medium-grained 
granodiorite, there occur potash feldspar phenocrysts about 1.5-3 cm in diameter. 

Among the rocks marked on the petrological map as quartz diorites and grano
diorites are certain granitic segregations that, owing to their slight size and indistinct 

boundaries, have not been separated from the somewhat more basic rocks mentioned. 
The quartz diorites and granodiorites as weH as the pegmatites and muscovite 

granites associated with them form with the supracrustal rocks veined gneisses . 
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In the proximity of schist formation, these plutonic rocks in many cases contain 

elongated schist inclusions, which run parallel to the foliation and lineation. The 
tectonic directions measured from these schist inclusions, as from the quartz diorites 
and granodiorites, too, gene rally correspond to those in the surrounding schists. 
The quartz diorites and granodiorites situated inside the schist zones and the rather 
large pegmatitic intrusions associated with them appear as conformable lenticular 

or phacolitic formations. 
The pegmatites of the area - their modes of occurrence, structure and miner

alogy - are described in the main part of this paper. The muscovite granites 
found to a slight extent in association with pegmatites differ from them only in 

grain size. 

Tectonics and stratigraphy 

The foliation (or schistosity) is on the whole highly developed in the schists 

situated in the area investigated. It usually conforms to the bedding or cuts across 

the stratification at slight angles. Also the quartz diorites and granodiorites exhibit 
a foliation, in general, although massive varieties of these rocks are to be found, 
too. Map 2 presents the tectonics of the area investigated. 

At the extreme western part of the area, the strike of the foliation is gene rally 
E-W and the dip 4soS-90°. On the eastern side of the lake Kalajärvi and the river 
Nurmonjoki up to the line of Allasjärvi-Kuotisjärvi-Hunnakkojärvi-Mulkku

järvi, the strike of the foliation is generally roughly NW-SE. In this area, however, 
deviations are met with, for instance in the schist area of Kalajärvi and on the south

eastern side of the lake Kuorasjärvi. Proceeding still farther east, the strike of the 
foliation approaches the direction N - S, which it finally attains on the line of 
Kuivaskylä-Kyrösjärvi-Saarijärvi. The dip of the foliation here is generally 
SO-80oE. East of the line mentioned, the strike of the foliation turns east, the dip 
being approximately 60oE-90°. There is thus, in the eastern part of the mapped 

area, an extensive fold system. 
Interesting to study are the directions of lineations and axes of minor folds. 

The lineation has mainly been measured as the longitudinal direction of minerals 
- less often of the inclusions - or as a grooving or wrinkling, sometimes to be 

observed on the foliation plane. Only from the mica schist in the vicinity of Haapa
luoma was it possible to measure a lineation visible as the line of intersection of 
the schistosity and bedding. The lineation there is horizontal. 

In the extreme western part of the area, both the measured lineations and the 

axial directions of the minor folds plunge westward. It is evident that this direction 
also represents that of the regional fold axis. In the vicinity of Kalajärvi, Haapa
luoma and Pasto, marked deviations occur in the lineations. On the other hand, 
throughout the central and eastern parts of the area investigated, the prevailing 
trend of the lineations and minor fold axes remains nearly constant despite the varia-
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tions in foliation; they plunge at angles of 40-60° toward the southeast. This direction 
should also be regarded as that of the tectonic b axis. 

The vicinities of Kalajärvi and Nu~monjoki accordingly represent the culmination 
of the regional fold axis. In Saksela's (1935) tectonic map from South Pohjanmaa, 
the culmination zone also runs through the schist zone of Kalajärvi. 

No detailed stratigraphic dassification of the supracrustal rocks can be carried 

out on account of the poor exposure relations and the strong metamorphism, which 
has disturbed the primary structures. The leptites, porphyrites and amphibole gneisses 
with their mica schist intercalations must, however, be considered the oldest of the 
rocks. Overlying these schists are thick mi ca gneiss beds (cf. Saksela, 1935; 
Nykänen, 1960). 

Wherever contacts between the schists and the plutonic rocks could be observed, 
the plutonic rocks have invariably been seen to be younger migmatizing and brecciat
ing the schists. The oldest of the plutonic rocks are the hornblendite, gabbros and 
diorites. Quartz diorites and granodiorites can be observed in places to brecciate them; 

in places these rocks grade over into each other gradually, without dear contacts. 
Some minor varieties of plutonic rock exhibiting a granitic composition are further 
associated with the rocks mentioned, as are the pegmatites of the area for the most 
part. In the light of their conformable tectonic mode of occurrence, these plutonic 
rocks are to be designated as typical representatives of the synorogenic dass (Saksela, 

1935, 1961). 



GENERAL REMARKS ON THE PEGMATITES OF THE AREA 

Terminology and methods 

Landes (1933, p. 97) defines the simple pegmatites as those »in which there has 
been no hydrothermal replacement». In complex pegmatites »mineralization by 
hydro thermal solutions has taken place» (op. cit., p. 53). With regard to the occurrence 

of rare minerals in complex pegmatites, Landes (p. 98) writes: »All of the complex 
acid pegmatites known to the writer exhibit albitization and in most instances the 
hydrothermal solutions have produced aseries of additional minerals». Thus, 

according to Landes, the distinctive feature of complex pegmatites is the presence 
of hydro thermal formations, which replace the primary »magmatic» pegmatite, 

rather than the occurrence of rare minerals. Referring to Landes (1933), Eskola 

(1946, 1963) means by simple pegmatites those containing only normal granite 
minerals and by complex pegmatites those containing minerals with trace elements 
(Li, B, Nb, Ta, RE, etc.). Replacement phenomena, according to Eskola, are also 
common in complex pegmatites. As criterion, however, he uses the presence in the 
pegmatite of minerals containing trace elements - or their absence. These definitions 
involve a certain difference in principle as well as in practice. For example, the pegma
tites containing black tourmaline, beryl and columbite in the area now investigated 
exhibit in many instances no sign of either pneumatolytic or hydrothermal replacement 

(see also Landes, 1933, pp. 97-99). On the other hand, albite replacing previously 

crystallized pegmatite is apt to be met in pegmatites that contain no rare minerals. 
Accordingly, it is possible to distinguish between mineralogically complex (those 
containing rare minerals) and structurally complex (those containing replacement 
bodies and fracture fillings) pegmatites, which are not the same thing but can also 
occur separately. 

The present author means by mineralogically complex pegmatites in the following 
all the pegmatites containing rare minerals (beryl, columbite, tourmaline, Li-minerals, 
cassiterite, etc.), and by mineralogically simple pegmatites, all the pegmatites exclu
sively containing common rock forming minerals. 

American pegmatite investigators do not usually use the term »pneumatolytic» 
at all but speak of a »hydrothermal stage», including in it the concepts of pneumat
olytic and hydrothermal as employed in European literature. The present author 
has chosen to apply the European terminology in this matter. 
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The terminology used in this paper to describe the interna I structures of pegmatites 
(the terms for pegmatite units and grain sizes) corresponds to those accepted by 
American pegmatite researchers (Cameron et al., 1949). 

The mineral designation »microcline perthite» has been used only in connection 
with the pegmatites of Haapaluoma, Hunnakko and Kaatiala, in which cases the 
mineralogy of the component in question has been elucidated in detail; otherwise, 

reference is made only to microcline or potash feldspar, though the mineral under 
consideration is generally perthitic in these instances, too. Similarly, when reference 
is generally made to pegmatites, granitic pegmatites are meant in the following. 

The refractive indices given in connection with the descriptions of minerals 
(with the exception of that of microlite) have been determined by the immersion 

method in Na-light at a temperature of 20-22°C. The refractive indices of the 
immersion liquids have been checked with an Abbe refractometer. When not separately 
mentioned, the specific gravities have been determined by using Clerici solution and 

a Westphal balance. The X-ray investigations have been carried out at room tempera
ture. The intensities of reflections of powder patterns are measured as the heights 
of the peaks, when diffractometer is used, and visually, when camera is used. In 

computing the unit cell contents from the chemical analyses, atomic weights given 
in Kleber (1965) and the value 6,023.1023 for the Avogadro nu mb er have been used. 

Regional distribution 

Certain regularities can be observed in the distribution of the pegmatites In 

different parts of the area investigated (Map 1). Pegmatites occur in greatest abundance 
in the northern part of the mapped area within the schist formation or in the grano
diorite and quartz diorite near the margin of the supracrustal formation. Certain of 

the large pegmatites appear to be situated precisely along the contact of the grano
diorite and quartz diorite against the schist formation . There is an almost total lack 

of pegmatites within the granodiorite and quartz diorite around the villages of 

Peräseinäjoki, Luoma and Timanttimaa. 

Shape and size 

The pegmatites vary greatly in shape and size. Certain shape types, however, 
are conspicuously more prevalent than others. The most common are dikes, lenses 
and phacolites. Both in the schists and the plutonic rocks, pegmatites of quite irregular 
form are also encountered occasionally. The influence of the nature of the country 

rock on the shapes of the pegmatites, as emphasized by many researchers (Cameron 
et al., 1949, p. 9; Cameron and others, 1954, p. 23; Thurston, 1955, p. 18; Staatz 
and Trites, 1955, p. 12; Beus, 1962, p. 47), is clearly manifested also in the region 

described in this study. 

3 7426- 66 
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Lenticular pegmatites generally occur inside the schist formation. The lenses 
occur as conformable intrusive masses in relation to the foliation of their country 
rock. In many cases, they exhibit features characteristic of phacolites. Examples of 
this pegmatite type are shown in Fig. 2. A secondary foliation may frequently be 
observed to conform closely to the edges of a lens or phacolite. In certain instances, 
there branch out of pegmatites of a largely conformable character apophyses which 
in part run parallel to the foliation of the country rock and in part cut across it. 
Schist inclusions are common, usually being oriented in conformity with the foliation 
and lineation of the pegmatite's country rock. The tectonic directions measured 
from the schist inclusions are gene rally the same as in the rocks surrounding the 
pegmatites. Especially in the fine-grained marginal zones, the pegmatites often 
reveal more or less distinct foliation, which coincides with that of the country rock. 
The largest of the lenses and phacolites in the area investigated are several hundred 
meters wide. 

Dikes are by far the commonest modes of occurrence of the pegmatites. The 
width of the dikes reaches a maximum of about forty meters but usually remains 
under tlve. The petrological map appended separates the dikes 1-5 m wide, and 
those over 5 m wide. The width is gene rally measured on the ground level, and may 
therefore be greater than the true perpendicular width. In both the schist formation 
and the plutonic rocks, conformable and intersecting dikes occur. Dikes parallel to 
the foliation are, however, relatively commoner in the schist formation. This is 
evidently due to the fact that in schists a highly developed foliation (schistosity) 
invariably also represents a marked direction of weakness, along which the pegmatite 
materials have penetrated during movements into the places where they crystallized. 

A good opportunity to make a statistical check of the relation between the 
trends of the pegmatite dikes and the tectonics of the surrounding rocks is afforded 
by the vicinity of the Kaatiala quarry by virtue of its good exposure conditions 
and abundant dikes. Unfortunately, the dip of the dikes cannot in most instances 
be measured from low outcrops. A number of equal-area projections have been 
made of the northeastern part of the mapped area, bordering in the west on the 
western shore of Kuotisjärvi and on the eastern shore of Hunnakkojärvi; in the south 
on the Peräseinäjoki-Alavus highway. They make plain the trends of the pegmatite 
dikes and their relation to the regional tectonics (Fig. 3). The projections take in 
the dikes cutting both the schists and the plutonic rocks. It will be seen from the 
projections (Fig. 3a) that the directions of the dikes have quite a pronounced maxi
mum, corresponding to a strike of N45-600E and a dip of 40-45°NW. Approxi
mately half the dikes of which both the strike and the dip have been measured are 
in this directional range. The other half follow the trend of the regional foliation 
(Fig. 3d), the second most common dike direction being about N300W, 90°. Com
pa ring the projections of the poles of the pegmatite dikes (Fig. 3a) with the projection 
of the lineations and the axes of minor folds (Fig. 3b), one will note that the direc
tional maxima coincide to an astonishing degree. The lineations and axes of minor 
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FIG. 2. Pegmatites in mica schist. 1 km north of Pasto, Peräseinäjoki. 1. Mica 
schist; 2. Porphyrite; 3. Pegmatite; 4. Foliation (schistosity); 5. Lineation; 6. Axis 

of minor folds. 

folds run parallel in trus area and evidently represent the trend of the tee tonic b axis. 
Accordingly, the dikes represent ancient ac joints common in orogenie belts. (Turner 
and Verhoogen, 1960, p. 623; Billings, 1960, p . 117). Comparing the projections 
of the dikes and joints (Fig. 3e), one will note that joint stereogram has only a very 
weak »maximum» corresponding to the most common dike trend. The dike directions 
thus re fleet more clearly than younger joints the tectonics of the region. Certain 
minor faults have also been observed in a direction perpendicular to the lineation. 

In view of the uneven regional distribution of pegmatite dikes and rock outcrops 
and the scantiness of observations, the projections cannot be considered quantitatively 
accurate, though qualitatively they undoubtedly give a true picture. 

Pegmatites running in different directions have only very seldom been seen to 
intersect each other. Two narrow, conformable biotite-rich pegmatite dikes situating 
in mica gneiss on the eastern side of the lake Saukkojärvi are, however, observed 
to be cut by albite-microcline-quartz-muscovite-schorlite pegmatite dikes running 
in direction perpendicular to lineation. On the other hand, many cases have been 
registered of the merging of conformable and discordant pegmatites. 

Corresponding projections have not been made from other parts of the mapped 
area. The petrological map will, however, show that, for example, the pegmatite 
dikes on the northeastern and eastern side of the lake Kuorasjärvi generally run 
parallel to the foliation. Similarly, pegmatite dikes conforming to the foliation are 
commoner in the rocks situated in the areas of Peräseinäjoki and Nurmo than in 
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FIG. 3. The directions of pegmatite dikes and the tectonics in the surroundings of the Kaatiala quarry. 
Figures a, b, d and e are equal-area projections (lower hemisphere); Figure c is a windrose diagram. 

a) Poles of pegmatite dikes. 123 observations. 
b) Lineation (70 observations) and axes of minor folds (21 observations) . 
c) Strikes of pegmatite dikes. 250 observations. 
d) Foliation. 280 observations. 
e) Jointing. 328 observations. 
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the surroundings of Kaatiala. The statistical variation in the orientation of the pegma
tite dikes in relation to the tectonics of the surroundings should not, however, in 
the author's opinion, be considered in itself as a sign of age differences. In schists, 
pegmatites have a greater tendency to run parallel to the foliation than in more 
massive rocks. Nevertheless, it must be remarked that in, for instance, the vicinity 
of Kaatiala, discordant pegmatite dikes occur abundantly also in schists. In con
spicuously folded areas, various types of joints achieve dominance in different areas 
as far as regional over-all tectonics is concerned. 

Mineralogy 

The pegmatites of the region investigated are granite pegmatites, the chief mineral 
constituents of which are feldspars, quartz and micas as weIl as, in many instances, 
black tourmaline (schorlite). The feldspar is for the greatest part potash feldspar, 

but plagioclase is also quite common. The composition of the plagioclase varies 
from oligoclase-andesine to nearly pure sodium feldspar. Among the most prevalent 
accessory minerals are apatite and gamet, which are met with in almost all the peg

matites in the region. Very rare, either, are not pegmatites containing beryl and 

columbite. Beryl has been found in sexteen and columbite in seven pegmatites. Sub
stantial amounts of Li-minerals and cassiterite are known to be present in only 
three pegmatites, viZ. in those of Haapaluoma, Hunnakko and Kaatiala. 

Muscovite in many cases forms fanlike intergrowths with quartz (see Saksela, 

1935, Fig. 7). In some instances, the same mica sheet consists partly of muscovite, 

partly of biotite. 
Tourmaline usually occurs in pegmatites in association with muscovite. Biotite 

and tourmaline only very seldom occur in the same mineral assemblage. Similar 
observations regarding the relations between schorlite and micas have been reported 

from the United States of America by Bastin (1911, p. 16), who dealt with the peg
matites of Maine, by Megathlin (1929, p. 174) in describing the pegmatites of New 
Hampshire, and by Hitchen (1935) in discussing the pegmatites in the vicinity of 
Fitchburg, Massachusetts. In the area now investigated, biotite-bearing pegmatites 
are common in areas of plutonic rocks, whereas pegmatites containing muscovite 

with or without tourmaline are more commonly met with inside schist zones. About 
half of the pegmatites of schist areas contain schorlite in substantial amounts. 

Internal structure 

Many of the local pegmatites exhibit more or less conspicuous zoning, which 
is due to variableness in mineral composition and/or grain size. Applying the estab

lished terminology of literature dealing with pegmatites (e.g., Cameron cf al., 1949; 
Volborth, 1954; Quensel, 1956; Brotzen, 1959), one might distinguish the following 
zones, proceeding from the walls toward the center: 



22 Bul!. Comm. geo!. Finlande N:o 224 

FIG. 4. A zoned pegmatite. 0.5 km south of the Kaatiala quarry. 1. Granodiorite; 2. Feldspar
quartz-biotite pegmatite (wall zone); 3. Feldspar-quartz-muscovite-schorlite pegmatite (1st intermediate 

zone); 4. Blocky microcline (2nd intermediate zone); 5. Quartz (core). 
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FIG. 5. A zoned pegmatite. On the northeastern side of the lake Kuorasjärvi. 
1. Granodiorite; 2. Feldspar-quartz-biotite pegmatite with some schorlite 

(wall zone); 3. Potash feldspar crystals; 4. Quartz (core); 5. Beryl. 
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1 - Border zone. By the border zone is meant the endomorphic contact zone 
belonging to the pegmatite proper, not the contact-metamorphic aureole likely to 
be found around the pegmatite in the country rock. The border zone ordinarily 
constitutes a seam formed of aplite or fine-grained (0 < 2.5 cm) pegmatite at most 
a few centimeters thick. The principal minerals are normally microcline, plagioclase, 
quartz and biotite - in some instances, muscovite and black tourmaline, too. 

2 - Wall zone. This zone usually consists of medium-grained (0 = 2.5-10 cm) 
pegmatite, which has the same mineral composition as the border zone. 

3 - Intermediate zone. This zone ordinarily consists of coarse-grained (0 = 10-
30 cm) or very coarse-grained (0 > 30 cm) blocky microcline with only a slight 
content of quartz and other minerals. Some pegmatites have two intermediate zones, 
of which the outer one consists of medium-grained or coarse-grained microcline
quartz-muscovite (-tourmaline) pegmatite and the inner one of blocky microcline. 
The muscovite- and tourmaline-bearing zone is also likely to contain columbite 
and the zone with an abundant microcline content, beryl. 

4 - eore. The co re usually consists exclusively of quartz. In some cases, however, 
it contains separate microcline crystals, and on occasion one will find in it tourmaline 
and beryl, too (Fig. 5). Moreover, the pegmatite may have numerous quartz cores. 
They need not always locate at the center of the pegmatite rock, but may be situated 
also near the walls. 

The zonal structure of one dike situated 0.5 km south of the Kaatiala quarry 
(Fig. 4) may be singled out as a typical example of the zoning in the pegmatites of 
the areas of Peräseinäjoki and Alavus. The dike has a strike of N500E and a dip of 
40-45°NW, corresponding to the most general dike trend of the region . The zone 
containing muscovite and tourmaline (1st inter mediate zone) contains in this case 
columbite as well. Another clearly zoned beryl pegmatite is shown in Fig. 5. 

In many cases, the zoning is deficiently developed in that one or two zones are 
missing. The fine-grained border zone is quite frequently seen to be lacking. In some 
cases, the wall zone or the boundary between the wall zone and the intermediate zone 
is composed of graphic granite. Within the schist formation, certain intrusions consist 
partly of pegmatite, partly of muscovite granite, the latter often being observed to 
form border zones as much as several meters broad. 

Along the marginal portions of pegmatites, small gamet crystals may sometimes 
be seen to be arranged in bands running parallel to the contact (Fig. 6). Such »banded 
pegmatites» or »line rocks» are common in many pegmatite areas in the United 
States (Jahns, 1951, p. 22; Staatz and Trites, 1955, p. 23; Thurston, 1955, p. 30; 
Redden, 1963, p. 229). The tourmaline crystals are in some cases oriented in the 
border zone sub-parallel with their c axes roughly perpendicular to the contact. Some
times, also the microline crystals of the inter mediate zone may be observed to be 
oriented sub-parallel with their a axes nearly perpendicular to the contacts of the 
pegmatite (e.g., the Haapaluoma and Kaatiala pegmatites). 
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FIG. 6. A specimen from a banded pegmatite. The dark bands 
contain much gamet. 2.5 km west of Pasto, Peräseinäjoki. 

The zoned structure of pegmatites is generally explained to be due to fractional 
crystallization. With a drop in temperature, the crystallization progressed from the 
walls of a pegmatite toward the center. As a product of fractional crystallization, 
zones differing in mineral composition evolved, one within another. As the tem

perature fell, the number of growth centers decreased simultaneously, causing the 
crystals to grow larger toward the center and in many cases to be more or less oriented 
center ward with their longitudinal axes (Jahns, 1953a; Brotz::n, 1959, p. 79). 

Strong replacement bodies have been met with by the author only in the pegmatites 
of Haapaluoma, Kaatiala and Hunnakko. Albite replacing earlier pegmatite is to 

be observed also in the columbite pegmatite some 2.8 km southeast of the Kaatiala 
quarry as well as in certain pegmatites on the northern side of the lake Saukkojärvi. 
Further, in the pegmatite dike situated at the mouth of the brook flowing into the 
lake Lehmilampi in the village of Haapaluoma, thin albitic dikes may be noticed 
brecciating the quartz core. Especially albite, muscovite, Li-minerals, cassiterite, 
colored tourmalines and other rare minerals have become concentrated in the replace
ment bodies and the fracture fillings of the pegmatites. 

Origin 

As long as pegmatites have been systematically studied, attention has generally 
been paid to their elose geographical association with acid plutonic rocks, which 
have been interpreted to be the parent rocks of pegmatites (e.g., Brögger, 1890, 
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1906; Mäkinen, 1913; Lacroix, 1922; Fersman, 1931; Landes, 1933; Cameron cf al., 

1949; Cameron and others, 1954; Jahns, 1955; Thurston, 1955; Staatz and Trites, 
1955; Varlamoff, 1958; Brotzen, 1959; Aurola, 1963; Mulligan, 1965). The majority 
of these researches have also dealt with the zone structures of pegmatites and explained 
them to be due to fractional crystallization in pegmatitic residual melts. In addition 

to such a purely magmatic mode of origin, certain investigators have preferred 
other genetic explanation, which shall be here referred to as metamorphie, in accord

ance with Schneid~rhöhn's (1961) terminology. 

Sederholm (1907, 1923) and Holmqvist (1920, 1921), in studying the Fennoscandian migmatites, 
reached the condusion that the »younger», in many instances pegmatitic, material of migmatites 
is partly of magmatic and partly of metamorphic origin. The first-mentioned considers the magmatic 
(arterites), while the latter considers the metamorphic (venites) origin as the more important. Many 
later researchers (e.g., Lundegärdh, 1960; Stälhös, 1962; Loberg, 1963; Härme, 1965) have delved 
further into the genesis of Fennoscandian Precambrian migmatites on the basis of detailed petro
graphic and tectonic studies. With respect to the genesis of metamorphic pegmatites, in particular, 
numerous more or less divergent views have been expressed and differing names given the processes 
involved - lateral secretion, metamorphic differentiation, metasomatosis, anatexis, palingenesis, 
recrystallization, diffusion, etc. Ramberg (1956) has attributed a metasomatic-metamorphic mode 
of origin to the granitic pegmatites of western Greenland. A number of other geologists as weil 
(e.g., Reitan, 1958, 1959; Das, 1965; Naha and Sen, 1965) have reported the pegmatites they have 
investigated to be metamorphic. Many researchers (among them Fersman, 1931; Jahns, 1955; Eskola, 
1946, 1963; Schneiderhöhn, 1961) consider the magmatic mode of origin to be important specially 
for mineralogically complex pegmatites, but they do concede the significance of a metamorphic 
mode of origin, too, in explaining the genesis of simple pegmatites. There exists no dear line to 
separate magmatic pegmatites (pegmatites produced through magmatic differentiation) from meta
morphic ones. Jahns (1955, p. 1066) nevertheless lists the following distinctive features as charac

terizing metamorphic pegmatites: 

1 - Absence of igenous rocks with which the pegmatites could be correlated. 

2 - Restriction of pegmatites to metamorphic terranes in which evidence of differential fusion 
and recrystallization is present. 

3 - Specific dependence of pegmatite composition upon host-rock composition. 

4 - Systematic distribution of pegmatites of contrasting composition within host rocks of 

contrasting composition. 

5 - Mineralogical simplicity of pegmatite assemblages, and scarcity or absence of rare elements 
whose concentration is normally attributed to magmatic differentiation. 

If the origin of the pegmatites is accepted as magmatic, there often remains the 
question as with which of the plutonie rocks of the area investigated the pegmatites 
are genetically connected. Aurola (1963) has dealt very thoroughly with the genesis 
of the pegmatites of the Torro area in southwestern Finland. Accordi'lg to Aurola, 
the pegmatites genetically associated with the late-orogenic microcline granites of 
the region are consistently simple from the mineralogical standpoint, whereas both 
simple and complex pegmatites are associated with the synorogenic plutonic rocks 

of gabbro-diorite -granodiorite composition. 
The origin of the pegmatites occurring in the region discussed in the present 

paper has previously been dealt with by Saksela (1935). In his view, all the pegmatites 
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marked 01"' that map sheet of Vaasa are synorog::nic, being associated with gneiss 
granites (mainly granodiorites and quartz diorites) genetically. All the pegmatites 
marked on the map are situated within the supracrustal formation. Saksela points 

out, however, that pegmatites are also met with outside the supracrustal formation 
both in synorogenic plutonic rocks and, to a certain extent, in conjunction with 

late-orogenic granites, with which they have a genetic connection (op. eil., p. 23). 
The present author considers it evident that the pegmatites situated within large 

synorogenic granodiorite and quartz diorite massifs, especially. in their marginal 
portions, and in the schist formation near the plutonic rocks cited are, at least for 
the most part, genetically connected with these plutonic rocks, having evolved 
from the same parent magma by differentiation. These pegmatites are generally 
conformable dikes or dikes oriented at right angles to the lineation as weH as, espe

cially in schists, conformable lenses and phacolites. What they thus share in common 

is a great dependence on the tectonics of the environment (cf. Saksela, 1935, p . 22). 
Similar conformable lenses and phacolites are also formed by quartz diorites and 
granodiorites within the schist formation. Pegmatites in many cases also exhibit strong 
cataclasis, and even foliation, which coincides with the foliation of the country rock. 

The contacts of the pegmatites are generally sharp. The effect of the pegmatite melts 

on the country rock has been slight, as indicated by the well-preserved gneiss and 
quartz diorite-granodiorite inclusions in the pegmatites. In some instances, however, 
also gradational, irregular contacts between the pegmatites and schists can be observed, 

representing the penetration of the country rock by pegmatite matter through 

diffusion. The chloritization and muscovitization of the country rock in the proximity 
of the contacts (e.g., the Haapaluoma pegmatite and the pegmatite containing tapiolite 
in the vicinity of the villa ge of Viitala) offers an example of the effect on the country 
rock of solutions deriving from pegmatite. Rather common is also the tourmalini

zation of the country rock, particularly fragments, along the contacts. On the other 

hand, the abundant occurrence of garnet as streaks or accumulations in certain 
pegmatites containing schist fragments or in the contacts of pegmatites must appar
ently be regarded as the product of areaction in which the biotite of the country 
rock has turned to garnet (see Härme, 1965). The occurrence, often observed, of a 
biotite-rich rim in the contact on the country rock side must be understood to be 

due to the exudation of quartz and plagioclase into the pegmatite (Härme,op.eil.). 
Similarly, the boron contained in the tourmaline commonly found in the pegmatites 
of the schist formation may in part have its origin in marine metasediments, 
through which the pegmatite melts have wandered (Volborth, 1955). 

It is very difficult to determine the origin of the pegmatite veins and smallienses 

occurring in the veined gneisses. The present author considers it evident that they, 
too, to a notable extent - particularly in the proximity of plutonic rock intrusions 
- are products of magmatic differentiation. In part, to be sure, they are also apt 
to be produced through metamorphic processes, especially when they are miner
alogically simple and situated far from intrusions of plutonic rocks. 
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In the light of the foregoing, the supracrustal complex and the synorogenic 

rocks may be judged to have become deformed to some extent already before the 
emplacement of the granitic pegmatites. This deformation also determined the 
trends of the joints and faults. Owing to the mineralizers contained in them, the 
pegmatite melts remained fluid long after the crystallization of the other plu
tonic rocks of the same differentiation series (Saksela, 1932, p. 25; 1935, p. 24; see 
also Brotzen, 1959, pp. 73 and 93). In some degree, material was exchanged between 

the pegmatite melt and the country rock. During continuous movements, the pegma

tite melts worked themselves into tectonically suitable places. Proceeding folding, 
intruding and jointing took place at rather much the same time (cf. Stalhös, 1962, 

p. 110). The pegmatites crystallized in part into conformable lenses, phacolites or 
dikes (lit-par-lit pegmatites), to some extent they worked into the opened oe joints, 
while some remained as irregularly shaped segregations in their host rock. Very 

nearly the same sort of deformation continued even afterward, with the result that 
also pegmatites were apt to become crushed and foliated together with their country 
rock. 

The conclusions presented have been drawn on the basis of field observations, 

in the main, and also of microscopic investigations, to a certain extent, making, 
of course, further use of the abundant literature dealing with pegmatites. The exhaus

tive clarification of the genesis of the pegmatites studied, would, however, require 
much more work than what could be expended on the study at hand. Especially, 
deterrnining the distribution of trace elements among the pegmatites and their 
possible parent rocks would probably greatly illuminate the problems posed by the 

origin of pegmatites. 



THE HAAPALUOMA PEGMATITE 

The discovery of the pegmatite 

Investigations conducted in the surroundings of Peräseinäjoki by the company 
Suomen Mineraali Oy brought to light in 1955, through a rock sampie, that forest 
ditch digging operations in a bog near the village of Haapaluoma had unearthed an 
occurrence of coarse pegmatite. The fragments blas ted out of the rock proved to 
be of no commercial value. Certain circumstances suggested the advisability, however, 
of making a more thorough search. A network of exploratory ditches was dug out 
of the boggy soil. This led to the discovery of two parallel pegmatite dikes. Contrary 
to the evidence provided by the initial blasting operations, the pegmatite was now 
ascertained to be worth quarrying for its feldspar content, in addition to which it 
proved to contain lepidolite and colored tourmalines . Quarrying was started 
in the late winter of 1961. The pegmatite was quarried out of open excavations 
(Fig. 7). So far only the dike on the eastern side has been exploited. The quarried 
potash feldspar is transported to the railroad depot of Niinimaa, some 15 km away. 

FXG. 7. The Haapaluoma quarry in summer of 1966. View toward east. 
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FIG. 8. Small mica gneiss inclusions in the Haapaluoma pegmatite. 1:10. 

Relation to the country rock 

The Haapaluoma pegmatite consists of two adjacent dikes running practically 
E-W. The dip of the dikes is SO-60oN and they sharply intersect the lineation 
of their granodioritic country rock (Fig. 9). Numerous thin apophyses branch 
out from the edges of the dikes into the country rock. The main minerals contai
ned in the granodiorite are plagioclase (An2s_ 3o) , quartz, biotite and microcline. Addi
tional constituents are chlorite, muscovite (partly sericite), opaque minerals, apatite 
and zircon. The conspicuous chloritization of the biotite, at the very contact of the 
pegmatite, is evidently due to the solutions diffunded from the pegmatite. 

In the eastern portion of the dike on the eastern side, there are inclusions of 

mica gneiss (Fig. 8), that have undergone marked tourmalinization along their edges. 

In quarrying the pegmatite in the western portion of the dike, the workers have 
had to remove a granodiorite fragment measuring several cubic meters. 

The following discussion of the paragenesis and the mineral content of the Haapa

luoma pegmatite refers to the dike on the eastern side, which it has been possible 
to study closely in conjunction with quarrying operations. At least as regards its 
main features, the dike on the western side is very similar. 

Para genesis 

The Haapaluoma pegmatite is both mineralogically and structurally complex. 

At present, the following minerals are known to be contained in it: microcline perthite, 
quartz, albite, black tourmaline (schorlite), green and red tourmaline, biotite, musco-
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FIG. 9. The zoned structure of the Haapaluoma pegmatite . The eastern dike. 1. Granodiorite; 2. Mica 
gneiss (inclusions); 3. Wall zone; 4. Intermediate zone; 5. Core; 6. Na- (and Li-) stage replacement 

bodies; 7. Lineation; 8. Outcrop; 9. Bore hole. 

vite, lepidolite, spodumene, beryl, gamet (almandine and spessartine), zircon, colum
bite, cassiterite, microlite, monazite-cheralite 1), xenotime, brockite 2), apatite, 
löllingite, cookeite, so-called gigantolite (intergrowth of chlorite and muscovite), 
kaolinite and montmorillonite. 

It is possible to distinguish in the pegmatite a primary zoned portion as well 
as replacement bodies and fracture fillings caused by fluids that had later penetrated 
the rock (Fig. 9). The rare minerals are concentrated in the replacement bodies and 
fracture fillings. In places the replacement bodies have greatly disturbed the primary 
zoned structure and made recognition of the zones difficult. On the whole, howe
ver, the replacement bodies and fracture fillings can be easily distinguished from 
the older pegmatite. The Haapaluoma pegmatite has, in fact, lent itself to the 
drafting of a fairly detailed paragenetic table, which shows the typical mineral 
associations of the various zones and stages. 

The paragenetic sequence of the Haapaluoma pegmatite is schematically present
ed in Fig. 10. If one and the same mineral occurs in more than one mineral assem
blage and in between are assemblages in which the mineral does not occur, the 
varieties present in the different assemblages have been separated into different 
generations. As regards the principal minerals, it has not been deemed necessary 
to consider the mineral varieties of different zones as belonging to different gener
ations, inasmuch as the crystallization of the minerals in question had taken place 
without interruption the whole time. For the same reason, no separation has been 
made into different generations of, for example, the gamets and spodumenes occurring 
In the bodies of the Na- and Li-stages. 

1) Cheralite has not been found before in Finland 
2) Not found before in Finland 
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FIG. 10. Paragenesis of the Haapaluoma pegmatite. 
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The primary zones 

Reading from the walls toward the center, the primary zones of the pegmatite are: 
border zone, wall zone, intermediate zone and core. The zones have evolved as the 
product of fractional crystallization as the crystallization process advanced from 

the walls toward the core. 

Border zone 

Immediately along the contact of the granodiorite, there formed, as the result 
of rapid consolidation, a fine-grained, aplitic variety of pegmatite, constituting the 
border zone (Fig. 11). By and large, this zone is only two or three centimeters wide, 

and in some places it is missing altogether. The principal minerals are normally 

microcline perthite and quartz, accessory constituents being schorlite, albite and 
gamet. In places, however, schorlite occurs quite abundantly (Fig. 12). Directly 
along the contact of the granodiorite, small amounts of biotite can occasionally be 
found, having possibly derived from the country rock. 

Wall zone 

The border zone rapidly grades over into the wall zone toward the center. This 

zone is ordinarily roughly from five to ten meters wide. The main minerals in 
it are reddish microcline perthite, quartz and schorlite . There is a total lack of 
mica minerals. As accessory constituents, slight amounts of garnet and apatite are 
met with, together with first-generation beryl (beryll). The beryl occurs as light 
yellowish green crystals about 1 cm in diameter with well-developed hexagonal 

prism faces. It differs distinctly with respect not only to its mineral assemblage but 
also its outward appearance from the beryls of the later generations. The prevailing 

grain size of the wall zone varies from a few centimeters to approximately one meter, 
increasing from the borders toward the center. The boundaries of the wall zone 
and the intermediate zone are often observed to contain large numbers of schorlite 
crystals between about 20 and 30 cm in diameter (Fig. 13). The inner part of the 
wall zone frequently reveals the presence of graphie granite (microcline perthite 
intergrown with quartz rods). 

Intermediate zone 

The boundary between the wall zone and the intermediate zone represents a 

gradual transition from one to the other. This zone boundary in particular is also 
disturbed by replacement bodies. The inter mediate zone is mainly composed of 
gigantic microcline perthite crystals, some of which are several meters long. This 
microcline perthite is brownish gray in color and throughout brecciated by thin 
albite-rich veinlets (Fig. 15) . Quartz and schorlite also occur in the zone in small 
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FIG. 11. The contact between granodiorite and pegmatite. A. Granodiorite 
(Foot wall) ; B. Border zone; C. Wall zone. 1:4. 

FIG. 12. The border zone wirh much schorlite. 1:7. 

c 

B 

amounts. Some Iarge beryl crystals (beryIn) have further been observed in this 
zone without any perceptible connection with the replacement bodies. 

The author carried out measurements, during three summers at different stages 
of quarrying, of the directions of the crystallographic axes of the microcline perthite 
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FIG. 13. Great schorlite crystals in the inner part of the wall zone. 1:20. 

crystals in the walls of the quarry. The cleavages of the crystals and the perthite 
strings were made use of in the measurements. The measured crystal axes were 
plotted on an equal-area projection (Figs. 14a and b). The figures show that the 
microcline perthite crystals are oriented sub-parallel with their a axes at right angles 
to the walls of the dike. The pole of the walls very nearly coincides with the prevailing 
trend of the a axes. The trend of the crystallographic a axis also represents the lon
gitudinal direction of the crystals. The b axes of the crystals hav{" no distinct point 

maximum, for they form in projection a girdle about the a axes. 
The orientation of potash feldspar crystals with their a axes toward the cores 

of pegmatites has also attracted the attention of Jahns (1953a) and Brotzen (1959) . 

Neuvonen (1960) has observed the potash feldspar crystals in the pegmatite of 
Kaatiala to be »elongated along their crystallographic a-axis and stand sub-parallel 
in vertical position». The Kaatiala pegmatite is a nearly horizontallens or dike, 
and the a axes are therefore there, too, perpendicular to the contacts of the pegmatite. 

Core 

The core of the Haapaluoma pegmatite consists of several separate quartz lenses 
from 1 to 15 meters long. They are not in the middle of the dike but are generally 
situated at the boundaries of the wall zone and the intermediate zone. The quartz 

lenses are fairly small in area compared to the pegmatite's other zones. The quartz 
is grayish aod glassy. With the exception of a few beryl (berylm) and feldspar 
crystals, the quartz core does not contain other minerals. 



Ilmari Haapala: Pegmatites III the Peräseinäjoki-Alavus area 35 

t .·.·tg=pM 
1- 2 Y. 2-47. 4 -n: 

a b 

o o 

I' . . .' 

c d 

FIG. 14. Equal-area projections (lower hemisphere) from the Haapaluoma pegmatite. 
a) a axes of microline perthite crystals. 235 observations. 
b) b axes of microline perthite crystals. 101 observations. 
c) Poles of the fracture filling clikes of the Li-stage. 54 observations. 
cl) J ointing. 119 observations. 

The replacement bodies and fracture fillings 

After the crystallization of the quartz core, the pegmatite was still penetrated 
by Na- and Li-rich, highly volati le, active fluids containing rare constituents. Before 
this or at the same time, movements also occurred, and the fluids flowed into the 
fractures and cavities that had opened up, brecciating the whole pegmatite, simulta

neously corroding and replacing the previously crystallized minerals. The production 
of minerals from these pneumatolytic fluids took place, to a certain extent, by 
direct crystallization in the fractures and cavities and, for the rest, by the replacement 
of previously existing minerals. As the temperature decreased and the composition 
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of the fluids eausing the replaeement ehanged, there formed assemblages differing 
somewhat in mineral eomposition. The development of the replaeement bodies and 
fraeture fillings may be divided into two parts on the basis of struetural faetors and 
mineral assemblages - into a higher temperature Na-stage and a lower temperature 

Li-stage. These stages followed one another without interval, and also transitional 

forms between the stages ean be notieed. 

Na-stage assemblages 

During the Na-stage, replaeement was eaused by fluids very rieh in sodium. 
The main minerals of the resulting assemblages are albite, quartz and sehorlite. 

Minerals that also erystallized to some extent include beryl (beryIJv), eolum
bite (eolumbiteJ) eassiterite, museovite, spodumene, Mn-garnet, apatite, monazite 

(monazite-eheraliteJ), zireon, broekite, lepidolite as well as green and red tourmaline. 
The Li-minerals, including the eolored tourmalines, are assoeiated, however, for the 
greatest part with the later Li-stage. Albite, with the minerals of its assemblage, 
breeeiates as thin veinlets the whole of the earlier pegmatite, also the quartz eore 

(Figs . 15 and 16). Moreover, replaeement on a large seale took plaee, having fre
quently progressed starting from the fraetures. The mierocline perthite appears 
to have been replaeed partieularly easily, whereas replaeement bodies generally 
appear to be absent from the quartz eore. On the other hand, the quartz eontains 
Na-stage fraeture fillings in fair abundanee. When advaneing in the potash feldspar, 

the breeeia veinlets in some eases followed in the path of cleavages or the edges 
of erystals . Very little potash feldspar erystallized, however, during the Na-stage, 
judging by the eireumstanee that it ean sometimes be met with as an aeeessory inter 

grown with berylJv. In one ease, a small amount of it eould also be deteeted in a 
Na-stage fraeture filling interseeting the quartz eore. 

The replaeement bodies proper vary eonsiderably in size and shape. In most 
eases, they are quite irregular in shape. When oeeurring in eonjunetion with replaee
me nt bodies, the mierocline perthite often exhibits agraphie intergrowth with quartz 
(Fig. 17). It is evident that the quartz of the Na-stage replaeement bodies represents 
in part a relie inherited from the primary graphie granite, the potash feldspar of 
whieh has been replaeed by albite. The same kind of regular graphie texture as in 
the primary graphie granite eannot, however, be observed in replaeement bodies. 

Replaeement bodies oeeur in greatest abundanee along the boundary between 
the wall zone and the intermediate zone, where they form, in plaees, fairly unified 

Na-stage replaeement zones. Of the large mierocline perthite erystals of the inter
mediate zone, there remain, in some instanees, only ineonsiderable tattered splotehes 
breeeiated by thin albite-rieh veinlets in reliet form within the replaeement bodies 
(Fig. 17). 

Fairly frequently one ean observe the replaeement texture shown in Fig. 18. 
In it are two thin, parallel dark bands situated roughly two or three eentimeters apart. 
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FIG. 15. Fine-grained albite (sugar albite) with other Na-stage minerals brecciates 
microcline perthite. 

FIG. 16. Fine-grained albite with other Na-stage minerals (white) brecdates 
and replaces quartz co re (dark gray) and microcline perthite (m). 1: 6. 

The chief minerals composing these fine-grained bands are quartz, schorlite and 
albite, with lepidolite and monazite as accessories. Between the bands there is a 
coarser-grained albite-quartz-schorlite pegmatite (Na-stage replacement assemblage) . 
Regularly situated outside the thinner of the bands are roundish or irregularly shaped 
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FrG. 17. Crystallographieally similarly oriented re lies from a great rnieroeline 
perthite erystal (dark gray) in a a-stage replaeement body. 1:7. 

FrG. 18. Fraeture eontrolled replaeement with sehorlite-rieh dark bands. The 
white albite-quartz-sehorlite replaeernent bodies on the upper side of the bands 

are separated with dotted line. m = mierocline perthite. 1 :5. 
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FIG.19. Roundish aggregates of roughly radially intergrown albite and quartz. 
The black minerals in the center of the aggregates are schorlite. m = microcline 

perthite; q = quartz. 1 :4. 

replacement bodies which follow the trend of the bands. Replacement bodies are 

gene rally lacking, however, outside the thicker band. In many instances, there is 
graphie granite composed of microcline perthite and quartz, in some cases, microcline 
perthite alone. The thicker band clearly represents the place of an old fracture, for 
in certain instances the fracture can be seen to continue even after the abundantly 
tourmaline-bearing band has ended. As the thicker band gradually weakens and 
disappears, so does also the thinner band. It is apparent that what is here involved 
is fracture-controlled replacement. The dark bands contain more quartz and schorlite 
than the replacement bodies proper alongside the bands. While the thicker band 
represents an old fracture, the thinner band must be understood to have formed 
through the introduction into the pegmatite of material from the fracture (cf. diffu

sion banding; Liesegang, 1913; see also Cameron ef al., 1949, pp. 91 and 93). Insofar 
as it has been possible to follow them along the walls of the quarry, the replacement 
bodies appears to be connected with the hanging wall side of the bands. These fracture 
controlled Na-stage replacement bodies run in totally different directions. They 

would appear to occur in greatest abundance along the boundaries of the inter
mediate and wall zones and in the intermediate zone. None could be observed to 
exist in the quartz core, but the quartz is pierced by fracture fillings, which have a 
similar mineral composition with the replacement bodies described. 

Here and there at Haapaluoma one meets with roundish agregates in which 

intergrowths of albite and quartz produce a roughly radial structure. The center 
of each aggregate contains one or more schorlite crystals (Fig. 19). Corresponding 
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FIG. 20. A thin, albite-rieh veinlet cutting through microcline perthite. The 
gray albite patches (p) of microcline perthite are all optically similarly oriented 

(»patch perthite»). + nie. , 1:50. 

textures have been accounted for by American pegmatite experts as the result 

of replacement (Cameron cl al., 1949, p. 86). Another possible mode of origin may 
be crystallization in cavities . 

The thin Na-stage fracture fillings occurring throughout the pegmatite have not 
been observed to intersect the replacement bodies. On the other hand, the fracture 
fillings and replacement bodies appear to merge in that the replacement process extends 
from the fractures into the surrounding pegmatite. Furthermore, the mineral com
position of both is very much the same, even to their sharing the same accessory 
minerals. Thus, columbite, cassiterite and beryl, for example, occur both in the 
fracture fillings cutting across the microcline perthite and the quartz core and in the 

replacement bodies proper. The minerals mentioned are present to the greatest extent 
expressly in bodies of the Na-stage. The only exception are the dark pairs of bands 
described in the foregoing, which contain more quartz and schorlite than do the 
replacement bodies proper. 

Some thin sections have also been made of the replacement bodies. Microscopic 
examination confirms the conclusions drawn on the basis of macroscopic inspection. 
Thus, in a thin section taken from the margin of areplacement body, one can observe 
the small microcline perthite rehes within the replacement body to have nearly a 
simultaneous extinction with the non-replaced host microcline perthite. Thin, winding 
breccia veinlets merge together with replacement bodies. The crystals of replacement 

bodies and breccia veinlets have been observed to cut across strings and patches of 
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albite in the microdine perthite (Fig. 20), which signifies that the replacement and 
brecciating pro ces ses are, at least in part, younger than the genesis of the perthite 
texture. 

Li-stage assemblages 

Somewhat younger than the Na-stage described in the foregoing are the Li-stage 
bodies. Typically, they are from one to ten centimeters wide, nearly rectilinear 
fracture fillings which run across the dike; but replacement bodies proper are also 

to be seen, occurring often in conjunction with replacement bodies of the Na-stage. 
In the latter instances, mineral associations of the Na- and Li-stages are sometimes 
to be observed undergoing a gradual transition from one to the other. Fracture 

fillings of the Li-stage, on the other hand, also penetrate bodies representing the 
Na-stage. The prevailing trend of the Li-stage fracture fillings is approximately 
N 15- 200 E, 90°. Figures 14c and d show the directions of the poles of the Li fracture 
fillings and ordinary joints on an equal-area projection as measured from the dike 
on the eastern side. 

In addition to the albite and quartz, the mineral assemblages of the Li-stage 

indude a profusion of Li-minerals -lepidolite, spodumene and colored tourmalines. 

Apatite and spessartine also largely belong to this stage. Beryl (berylv) is likewise 
met with to some extent as well as scant occurrences of muscovite, microlite, columbite 

(columbiterr), cheralite (monazite-cheraliteIJ) and löllingite. A little orange-colored 
microdine perthite has further crystallized here, although on the whole it is expressly 
potash feldspar that is replaced at the Na- and Li-stages. The albite is bluish, rep
resenting a fine-grained »sugar albite» or lamellar deavelandite. Sugar albite is 
generally met with in fracture fillings and deavelandite in replacement bodies. 

In fracture fillings of the Li-stage, the tiny colored tourmaline crystals are often 

oriented sub-parallel with tht>ir c axes at right angles to the fracture walls. 

Alteration of minerals 

Many oE the minerals contained in the Haapaluoma pegm,ttite have continued 
to undergo alteration in response to the action oE hydrothermal fluids. The schorlite 
has in some instances altered into so-called gigantolite. Cookeite sometimes replaces 
the red tourmaline. The crystal form oE tourmaline can still be plainly distinguished 
as a relic in the case oE both the gigantolite and the cookeite. Clay minerals kaolinite 

and montmorillonite have evolved as alteration products of felds pars and spodumene. 
The formation of the day minerals probably continued at quite low temperatures 

under the influence oE surEace waters as a supergenic alteration. Kaolinite is far 
commoner than montmorillonite. Montmorillonite is, however, met with among 
the alteration products oE spodumene. The day minerals have been identified by 
X-ray technique, using also the heat treatment. 
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Description of the minerals 
Microc1ine perthite 

Microcline perthite is overwhelmingly the commonest mineral in the Haapa
luoma pegmatite. The intermediate zone consists almost exclusively of gigantic 
microcline perthite crystals. The largest of the crystals measure several meters in 

length. The crystals are oriented with their crystallographic a axes approximately 
at right angles to the walls of the dike. 

Graphie granite formed as an intergrowth of microcline perthite and quartz is 
met with in considerable abundance along the boundaries of the wall zone and the 

intermediate zone. 
The perthitic texture of the potash felds par is plainly visible even to the naked eye. 

In thin section, in addition to this macroperthite, also microperthite, which is visible 
only under the microseope, is to be observed. Besides albite strings, it is possible 
microscopically to detect the presence also of quite irregularly shaped albite patches. 
Perthite of this species has been designated by Andersen (1929) as »patch perthite». 

The albite strings and patches all exhibit the same optical orientation in a thin 

section made from a microcline perthite crystal. 
The views on the genesis of the perthite texture are at present quite divergent. 

The literature offers three principal theories concerning the origin of the perthite 
texture: simultaneous crystallization, replacement and exsolution (Laves and Soldatos, 

1963). The term microcline perthite has been applied in the present study as a textural 
term, not in a genetic sense. On the basis of microscopic examinations, however, 
it seems evident that the albite strings and patches of perthite are, at least in part, 
older than the replacement bodies and breccia veinlets of the Na-stage (~r. Fig. 20). 

In order to determine the distribution of the Rb-, Cs- and Li-contents of the 

potash felds par, samples were taken from different parts of the dike; and these samples 
were used to analyze the alkalis named by the flame-photometrie method. The samples 
were selected so as to represent the microcline perthites of the different stages as weIl 
as possible. The results are presented in Table 1 together with analyses of the micro
cline perthite of the Hunnakko pegmatite and of mica minerals of both pegmatites. 

A comparison of the Rb 20-, Cs 20- and Li 20-contents of the potash felds pars 
of Haapaluoma reveals a distinct increase oE the Rb 20-content with falling crystalli

zation temperature. Evidently, a slight increase in the Cs 20-content likewise takes 
place. No systematic changes in the Li20-contents can be detected. The anomalous 

Li20-content registered in No. 4 may be due to lepidolite inclusions that escaped 
detection under the binocular microseope. The color of the microcline perthite 
varies somewhat in different parts of the dike. In the wall zone it is red-brown, 
and in the inter mediate zone grayish brown. The potash feldspar occurring as an 
intergrowth with beryllv - a rare phenomenon - in bodies of the Na-stage is 
yellowish. The microcline perthite met with as a rarity in the Li-stage mineral assem
blage is orange in color. 
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TABLE 1 
Rb20-, Cs20- and Li20-contents of the potash feldspars and micas 
from the Haapaluoma and Hunnakko pegmatites. Analyses by 

P. Ojanperä. 

No. Rb,O CS,O Li 20 

1. 0.12 n.d . 0.06 
2. 0.13 0.05 0.04 
3. 0.20 n.d. 0.02 
4. 0.25 0.07 0.15 
5. 0.26 0.07 0.05 
6. 0.41 0.18 0.06 
7. 0.15 0.09 0.17 
8. 0.37 0.12 0.23 
9. 0.45 0.70 5.54 

1. Microline perthite from the wall zone, Haapaluoma. 
2. Mieroline perthite from the graphie granite situated along the boundary between the wall zone 

and the inter mediate zone, Haapaluoma. 
3. Microline perthite from the inner portion of the intermediate zone, Haapaluoma. 
4. Mieroeline (non-perthitic) from a beryl-mierocline intergrowth of a Na-stage replaeement body, 

Haapaluoma. 
5. Mierocline (partially perthitie) from a Li-stage replaeement body, Haapaluoma. 
6. Mierocline perthite, Hunnakko. 
7. Museoviter from a Na-stage replaeement body, Haapaluoma. 
8. Museovite, Hunnakko. 
9. Lepidolite, Haapaluoma. 
n.d. not determined 

Variations may further be noted in the degree of triclinicity of the potash feldspar. 

The degree of triclinicity obtained from the border zone by X-ray methods is generally 

0.8, in some cases 0.9. The degree of triclinicity consistently obtained for the wall 

and intermediate zones is 0.9. The highest degree of triclinicity, 1.0, was obtained 
for the microcline perthite of the Li-stage. These results are in good agreement 

with the theory of genesis propounded in the foregoing. The degree of triclinicity 

of potash feldspar is the greater, according to the current view, the lower the tem

perature of crystallization and the slower the rate of subsequent cooling (Deer el al., 

1963, p. 1). Accordingly, the lowest degree of triclinicity is to be expected at the 

border zone, where the temperature of crystallization had been the highest and the 

cooling-down process the fastest, and the highest degree of triclinicity in the potash 

feldspar of the Li-stage. 

Albite 

Albitic plagioclase is the chief mineral occurring In replacement bodies and 

fracture fillings. In the middle portions of the dike, there sometimes occur in asso

ciation with quartz and microcline perthite rather small, idiomorphic albite crystals, 

which had apparently crystallized during the time of development of the primary 
zonal structure. Overwhelmingly the greatest part of the albite is associated, 

however, with replacement bodies and fracture fillings. 
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The albite of the Na-stage is orrunarily sugar-white, but in some cases a trifle 
bluish, in color. In fairly large replacement borues, the albite consists commonly 
of curved, platelike crystals about 0.5-3 cm long. In thin fracture fillings the albite 

is fine-grained sugar albite. 
The Li-stage albite is usually bluish. The albite contained in the fracture fillings 

is now, too, commonly sugar albite, whereas in replacement bodies it is typical 
cleavelandite. The crystal plates of the cleavelandite are likewise in many instances 
curved. Radial arrangement of the cleavelandite crystals is typical of the replacement 

bodies. 
The composition of the albite, judged in the light of its optical properties, is 

nearly constant in different borues. In numerous determinations of the refractive 

indices, the following result was obtained: a = 1.528-1.529, ß = 1.532- 1.534 and 
y = 1.539-1.540. The optic angle obtained for Na-stage albite was 2Vy = 79 ± 2°. 

The maximum extinction angle of albite twins in seetion normal to {010} was 14°. 

ludging by its optical properties, the albite thus contains only about 4- 6 % of 
anorthite. 

Quartz 

Quartz had crystallized du ring the entire time of development of the pegmatite. 

The co re consists of nearly pure quartz. In color the quartz is gray, and it has a glassy 
appearance. Crystal faces have been met with only in quartz crystallized in certain 
Li-stage fracture fillings and small cavities. 

Along the boundaries of the wall zone and the inter mediate zone, the quartz 

forms graphie feldspar in place with microcline perthite. Replacement bodies of 
the Na-stage contain agraphie-granular intergrowth of albite and quartz. Different 
quartz and albite grains in these cases have a different extinction in thin section. 

Tourmaline group 

The commonest of the Haapaluoma tourmalines is schorlite. In the replace
me nt borues and fractare fillings, red and green tourmaline is commonly met with, 
too. All the tourmaline varieties have frequently bent and broken. Their fracture~ 
have been filled with quartz, in some instances also with albite. 

S c h 0 r I i t e is met with in the primary zones of the pegmatite as well as 
in the borues of the Na-stage. Along the boundaries of the wall zone and the 
intermediate zone, the tourmaline crystals are apt to be between 20 and 30 cm 
thick and from two to three meters long. The fracture surfaces often reveal the 
presence of schorlite in abundance. In some cases, broken schorlite crystals have 
intergrown with red or green tourmaline. In these cases, both varieties of tourmaline 
have the same orientation. 
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G r e e n and red t 0 u r mal i n e occur in replacement bodies and in fracture 
fillings. Li-stage bodies contain both varieties of the mineral, especially the red 
tourmaline, in abundance. Colored tourmaline minerals are often found to exist 

in the same crystal, intergrown as zones, the green variety invariably being in the 
middle and the red at the edges. In some instances, the crystal core is black, followed 
by a green zone and, finally, a shell of red tourmaline. In thin seetion, small, black 
tourmaline crystals of the Na-stage are also zoned. In certain instances, the color 

is apt to vary longitudinally in the crystals. 
The refractive indices of the different tourmaline types are: 

Black tourmaline (schorlite, Na-stage) .. 
Green tourmaline (verdelite, Na-stage) .. 

Red tourmaline (rubellite, Li-stage) 

(J) 

1.665 ± 0.002 

1.651 ± 0.002 

1.640 ± 0.002 

/i 

1.636 ± 0.002 

1.627 ± 0.002 

1.620 ± 0.002 

Of the colored tourmalines, the red is more common than the green. 

W-/i 

0.029 

0.024 

0.020 

In kaolinized pockets, the red tourmaline has in some cases altered to fine-granied 
mass of red-brown cookeite. Rarely, schorlite has altered to so-called gigantolite. The 
cookeite has been identified by X-ray technique, refractive index ß (1.577 ± 0.002), 

hardness (about 2.5) and flame reaction. Dissolved in acids, the mineral gave a strong 

Li-flame. By X-ray technique, the gigantolite was observed to consist in varying 
amounts of chlorite and dioctahedral mica. Measurement of refractive indices proved 
the mi ca to be muscovite (sericite). 

The occurrence of cookeite as an alteration product of red tourmaline is typical 
for it (e.g., Quensel, 1956). Gigantolite has been noticed as an alteration product 
of schorlite in Finland by Mäkinen (1913) and Pehrman (1945). 

Garnet 

Gamet is met with in fair abundance in replacement bodies and fracture fillings. 
Small amounts of the mineral are present also in contact and wall zones. The garnet 
of the contact and wall zones (gamety) is red-brown, that contained in replacement 

bodies (gametrr), a beautiful orange color. The MnO-, FeO- and Y 20S-contents of 
the gamets were determined by V. Hoffren by means of X-ray fluorescence analysis. 

The gamety (from the wall zone) contains FeO 22 %' MnO 17 % and Y 20 S 0.1 %. 
It is thus an almandine rich in spessartine. The garnetil occurring in association 

with cleavelandite and lepidolite contains MnO 33 %, FeO 2 % and Y 20 S 0.0 %. 
This gamet thus consists of fairly pure spessartine. 

Around the gamet (spessartine) of the Li-paragenesis there is frequently to be 

observed a lepidolite rim. 
The concentration of spessartine in replacement bodies and fracture fillings 

re fleets the enrichment of manganese into the latest crystallizations of the pegmatite. 
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FIG.21. A conical berylm crystal in the quartz core, with the large end pointing 
toward the center of the core. The gray mineral (m) in the lower right part of 

photo is microcline perthite. 

Spessartine is the mineral of Haapaluoma that contains the most manganese. Some 
manganese also occurs in the columbite as well as, evidently, in the tourmaline 
and the apatite. 

Beryl 

Beryl occurs In the Haapaluoma pegmatite In the wall, intermediate and core 
zones as well as in replacement bodies of the Na- and Li-stages, therefore, in five 

different generations. In most cases, the beryls of the different generations can 
be distinguished not only on the basis of their mineral assemblages but also 
their physical properties and chemical composition. 

The beryl contained in the wall zone (beryll) occurs as light yellowish green 
crystals about 1 cm in diameter, in which hexagonal prism faces are highly developed. 
As associated minerals it has microcline perthite, quartz and schorlitc. 

The beryl of the intermediate zone (beryln) occurs as a rarity within the micro
cline perthite in the middle portions of the dike. In color it is gray or greenish. Observed 

as crystal forms are prism {1010}, pyramid {1121} and basal plane. The crystals 
are relatively large, measuring roughly 10 cm in diameter. 

The quartz core has also yielded beryl (berylm). These beryl crystals are in most 
instances conical in shape, tapering off in the direction of the c axis (Fig. 21). 
In cross-section the cones are hexagonal. BeryllJI is gene rally pale, nearly colorless, 
though the marginal portions of the crystals are also apt to be greenish. The surfaces 
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FIG. 22. Beryh y, containing quartz, microcline and green tourmaline as 
inclusions. 

of the berylm crystals sometimes show the presence of tiny cassiterite crystals. The 

cassiterite is mainly associated with Na-stage bodies. Since the berylm crystals 

generally lack any connection with replacement bodies and core quartz can some

times be seen to fill fractures in broken berylm crystals, one can scarcely consider 

the berylrrr to belong to replacement bodies of later origin than the quartz core. 

The beryls associated with Na-stage bodies (beryIJV) in most cases lack distinct 
crys tal faces. On the whole, they are completely irregular in shape or, in certain 
instances, consist of the same kind conical crystals as berylm. The beryls of this 
stage are conspicuously large - beryl individuals weighing more than 10 kg have 

been met with. Berylrv in many cases contains inclusions of quartz, potash felds par 
and green tourmaline as weIl as a litde lepidolite (Fig. 22). The quartz and the yellowish 
potash feldspar are in some cases graphically intergrown with beryll Y. Cassiterite 
is also gene rally found in association with berylry. In color this beryl is reddish, 

greenish or nearly colorless. The variation in color is in many instances quite irregular. 
Together with the color, the refractive indices and specific gravities also vary, thereby 
indicating variations in alkali contents . 

Beryly occurs in Li-stage fracture fillings and replacement bodies (Fig. 23). 
The beryl of this generation appears as euhedral short-prismatic crystals usually 
measuring under 10 cm in length. The crystal forms consist of prism, pyramid and 
basal plane. Beryly is reddish or nearly clear of hue. Sometimes it can be observed 

to contain tiny crystals of red tourmaline as inclusions. Ordinarily, however, inclusions 
are totally lacking . 
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FIG. 23. Berylv crystal in lepidolite. 

A number of alkali determinations have been made of the beryls of different 

generations occurring in the Haapaluoma pegmatite (Table 2). The table shows 
that the alkali contents of the beryls contained in the replacement bodies are sub
stantially greater than those of the beryls of the primary zones. The highest alkali 

TABLE 2 

Alkali contents and physical properties of the beryls from the Haapaluoma and Hunnakko pegma
tites 1). Chemical analyses by P. Ojanperä. 

Li20 .................. . 
Na20 .......... . . . . . .... 
K 20 . ..... ......... ... . 
Cs20 .... .. . ... .. . ..... . 
Rb20 .................. . 
H 20 . ... ................ 

Sum of alkalis 
ao ±0.003A .: ::: :::: ::: 
Co ± 0.003A ........•.... 
co ± 0.001 . ....... ....... 
e ± 0.001 . ........ . . . ... 
Sp.gr. .............. . .... 

1. Beryl, 
2. Beryll, 

Hunnakko 
Haapaluoma 

1 

0.34 
0.82 
0.06 
0.18 
0.01 
1. 80 

1. 3 9 
9.213 
9.203 
1. 584 
1. 576 
2.705 

3. Berylrr 
4. Berylm 
5. Berylry 

(greenish), Haapaluoma 
(greenish), Haapaluoma 
(reddish), Haapaluoma 

I 2 I 
0.46 
0.91 
0.06 
0.13 
0 .0 1 
1. 7 6 

1. 57 
9.215 
9.210 
1. 586 
1. 578 
2.707 

6. BeryJrv 
7. Beryly 

(light, nearly bright), Haapaluoma 
(light), Haapaluoma 

8. Beryly (slightly reddish), Haapaluoma 

3 I 4 I 5 

0.45 0.43 0 .62 
0.94 0.86 1. 1 5 
0.05 0.03 0.04 
0.10 0.14 0 .2 3 
0 .0 1 0.01 0.01 
2.07 1. 8 2 1. 85 

1. 5 5 1. 47 2.05 
9.214 9.215 9.214 
9.209 9.208 9.211 
1. 5 8 6 1. 586 1. 587 
1. 578 1. 578 1. 579 
2. 7 07 2.707 2.724 

1) Numbering of specimens is not the same as in Vorma t l al. (1965) . 

I 6 I 7 I 8 

0.61 0.82 1. 0 1 
1. 2 5 1. 2 1 1. 36 
0.04 0.08 0.06 
0.16 0.70 1.74 
0.00 0.01 0.0 3 
2.43 1. 5 6 0.60 

2.06 2.82 4.20 
9.215 9.214 9.215 
9.216 9.220 9.230 
1. 587 1. 589 1. 592 
1. 579 1. 581 1. 584 
2.718 2.740 2.761 
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contents are found in the beryls of the Li-stage, representing the lowest grystallization 
temperature. Analysis No. 4 has been made from the green (alkali-poor) marginal 
portion of a zoned conical crystal. J udging by the refractive indices and the 
specific gravity, the middle portion of the same crystal is richer in alkali. As the 
alkali contents of the beryls increase, the Co increases, too, as shown in the table. 

Many researchers have had their attention drawn to the increase in the alkali 
content of beryl with decreasing temperature (e .g., Fersman in Schneiderhöhn, 1961, 

p. 396; Jahns, 1953b, p. 1092; Beus, 1962). Beus has further taken note ofthe depen
dence of the crystal forms and color of beryl on the mineral assemblage. According 
to Beus, the beryls in the quartz core are »typically prismatic, usually well-formed» 
and those in the »albite-muscovite-substituting complex . .. sharp-pyramidal (coni

form), truncated pyramidal, usually poorly formed, sometimes irregular ... » (op. cil., 
p. 14). At Haapaluoma the coniform beryl occurs, however, for the most part in 
the very quartz core. In all the smaller pegmatites of the area investigated (pp. 91-92), 
the beryl occurs, on the other hand, in quartz cores or preceding zones as prismatic 
crystals, corresponding to the typical mode of occurrence described by Beus. The 
occurrence of tapering beryl crystals in the primary zones of pegmatites has also 

been reported from Viitaniemi, Eräjärvi commune, Finland (Volborth, 1954, p. 17) 
and from South Dakota (Page and others, 1953, p. 45; Sheridan el al., 1957, p. 11; 
Norton el al., 1962, p. 60). Tapering crystals have often been observed to be oriented 

in such a way that the broader end points toward the center of the pegmatite or 

the quartz co re (Heinrich, 1948, p. 559; Page and others, op.cil.; Volborth, op.c#.; 
Norton el al., op.cil.; see also Fig. 21 in this paper). 

Heinrich (op. cil.) has reported from Eight Mile Park, Colorado, the occurrence 
of two beryl generations that with respect to their appearance and propertis closely 

resemble the berylm and beryly of Haapaluoma. Haapaluoma's berylry brings to 
mind the anhedral multicolored beryls contained in the pegmatites of the North 

Mtoko region, Southern Rhodesia, as described by Hornung and Knorring (1962, 
p. 174): »Euhedral beryl crystals with several shades of green, occur in all varieties 
of pegmatite. In contrast, multicolored beryl occurs in lithium-rich pegmatites, 
in anhedral masses, some of which attain very large dimensions.» 

The beryls of Haapaluoma and Hunnakko have previously been used in a research 
concerning the alkali position in the beryl structure, the alkali analyses and cell 
dimensions of beryls being also published in connection with that study (Vorma 

el al., 1965). 

Biotite 

Practically speaking, the Haapaluoma pegmatite is lacking in biotite. The mineral 
is nevertheless met with in very small amounts in the border zone. It is normal 
brown biotite, of which y,..., Z = brown, X = yellowish. 
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Muscovite 

Muscovite is met with as something of a rarity in Na-stage bodies. It occurs 

as crystal sheets about 2 cm in diameter and light of color. The ß and y refractive 
indices and 2V of the Na-stage muscovite (muscoviteI ) are: ß = 1.588 ± 0.002, 

Y = 1.593 ± 0.002 and 2Va = 47 ± 2°. In the light of these properties, the mica 
is normal K-Al-muscovite. 

There has also been found in the Haapaluoma pegmatite one pocket about 40 cm 
in diameter composed mainly of muscovite. In this pocket the mineral occurs as 
crystal sheets about 0.5 cm in diameter together with quartz, lepidolite, alkali-rich 

beryl, albite, green tourmaline, columbite (Analysis No. 4, Table 10) and Mn-gamet. 

This muscovite (muscoviten) should be considered as be10nging to the bodies 

of the Li-stage. 

Lepidolite 

Lepidolite is the commonest mica mineral of the Haapaluoma pegmatite. It is 
the mineral that impresses its mark on the bodies of the Li-stage. It is also met with 

to some extent in mineral assemblages of the Na-stage. In color the lepidolite is 
violet. The crystal plates are at their largest about 3-4 cm in diameter. Ordinarily, 

the lepidolite occurs, however, as a mass composed of sheets approximately 0.5 cm 

in diameter. The mineral's ß and y refractive indices and 2V are: ß = 1.557 ± 0.002, 

Y = 1.563 ± 0.002 and 2Va = 45 ± 2°. 
The Li20-, Rb 20- and Cs 20 -contents of the lepidolite and muscoviter contained 

in the Haapaluoma pegmatite and of the muscovite contained in the Hunnakko 

pegmatite were determined by the flame-photometrie method. The results are pre
sented in Table 2. 

The Rb- and Cs-contents are much greater in lepidolite than in muscovite; 
the same goes for the ratio Cs: Rb. 

Spodumene 

At Haapaluoma spodumene consistently occurs in replacement bodies and 
fracture fillings. It is found in both Na- and Li-stage bodies. The largest spodumene 

crystals to have been encountered are laths slightly over 10 cm in width and several 
dozen cm in length. In Li-stage assemblages the spodumene is usually strongly 
altered. The color of fresh spodumene is light, in many cases slightly reddish. A silky 
luster is typical. Altered spodumene is greenish gray. The optical properties and 
specific gravity of Na-stage spodumene are presented in Table 4. 

Na-stage spodumene was studied by X-ray diffraction technique using both 
single-crystal and powder methods. The single crystal was used to obtain the c-axis 
zero-, first- and second-leve1 Weissenberg photographs with Ni-filtered Cu radiation 
as weIl as a- and b-axis zeto-, first- and second-level precession photographs with 
Zr-filtered Mo radiation. With the unit cell dimensions obtained from the precession 
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TABLE 3 
X-ray powder diffraction data for spodumene from Haapaluoma. 

Ni-filtered Cu radiation (Ä CuKa1 = 1.5405 A), silicon as an 
internal standard . 

MI I 2Bmeas 

110 40 14.500 6.103 6.101 
200 30 19.960 4.445 4.442 
111 5 20.365 4.357 4.3 57 
020 80 21.145 4.198 4.19f 
111 10 25. 862 3.442 3.443 
021 10 27.967 3.188 3.187 
220 10 29.259 3.050 3. 050 -
221 50 30. 612 2.9 19 2.918 
311 5 31. 261 2.859 2.859 
310 100 32.015 2.793 2.793 
130 15 33. 559 2.668 2.668 -
202 5 35.171 2.549 2.549 
002 10 36.650 2.450 2.450 
221 10 38.244 2.351 2.352 
400 5 40.583 2.22 1 2.221 
311 5 42.100 2.145 2.145 
112 5 42.877 2.107 2.107 
331 15 43.948 2.058 2.059 
330 5 44.523 2.033 2.034 
041 10 47. 089 1. 9282 1. 9285 
241 20 48. 820 1. 8638 1.8638 

511 5 49. 318 1.8462 1.8462 
422 < 5 49.856 1.8 275 1.82 75 

332 < 5 51. 114 1. 7854 1. 7862 
510 15 52.604 1.7383 1. 7382 
150 5 55.690 1.6491 1.6491 
-
242 < 5 56.782 L 6199 1.6197 
223 < 5 57.310 1. 6062 1. 6068 
042 5 57.8 21 1.5933 1. 5934 
531 15 58.869 1.5674 1.5674 
440 15 60.669 1.5251 1.5251 
530 5 61.820 1.4994 1.499 5 
511 5 62.3 49 1.4 880 1.4877 
600 5 62.692 1.4807 1.4807 
350 15 63.678 1.4601 1.4601 
060 20 66.836 1. 3986 1. 3986 
620 < 5 66.980 1. 3959 1.3963 
061 < 5 69.906 1.3445 1. 3449 

2431 5 70.235 1. 3390 1.3390 
450f 1. 3390 
531 10 70.795 1.3297 1. 3298 

photographs (a o = 9.463, bo = 8.391, Co = 5.217 A, ß = 110°08') being used as 
starting values, an IBM 1620 computer at the Computing Center, University of 

Helsinki, computed the 2() angles for all reflections whose 2() is less than 80°. The 
values obtained were used together with the single-crystal photographs to index 
the reflections obtained with the powder method. The powder pattern was recorded 
by using a Philips Norelco X-ray diffractometer, Ni-filtered Cu radiation, a scanning 
speed of %0 aminute and silicon as an internal standard. The 2() values used were 



52 Bull. Comm. geol. Finlande N :o 224 

TABLE 4 
Chemical composition and physical properties of spodumene from Haapaluoma. Chemical analysis 

by P. Ojanperä. 

Wt% Mol.prop. 

Li20 .......... 7.76 2597 
Na20 · . . . . . . . . . 0.13 21 
K 20 .. - . ..... .. 0.10 11 
CaO .... . .... .. 0.0 6 11 
MgO · . . . . . . . . . 0.20 50 
MnO . .. ...... . 0.19 27 
FeO .......... . 0.10 14 
Al20 s ... . . ... . 27.19 2667 
Fe20 3 . ..... .. . 0.45 28 
Ti02 . . . .... . . . 0.00 
Si02 . . . . . . . . . . . 63.30 10535 
P20 S · . . . . . . . . . 0. 05 4 
H2O + 0.64 
H2O- 0.04 

100.21 

Unit cell contcnts 

Li .... . .. 3.859 
Na ...... 0.031 
K ..... - . 0.016 
Ca .... . . 0.008 
Mg ..... 0.037 
Mn ..... 0.020 
Fe2+ ..... 0.010 
Al .... .. 3.962 
Fe3+ . , ... 0.042 
Si ....... 7.827 
P 0.005 

° ....... 23.701 

3.98 

4.00 

7.83 

Physical propertics 

The unit cell: 
ao = 9.464} 
bo =8.391 ± 0.003A 
Co = 5.220 

ß= 110°10' ± 05' 
ao : bo : Co = 

1.1279: 1 :0.6221 
V = 389.12A3 
Z = 4 
Sp.gr.meas. 3.155 ± 0.003 
Densitycalc. 3.193 gjcm3 
Space group C2jc 

The optical properties: 
a = 1.659} 
ß=1.664 ± 0.001 
y=1.676 
2Vymeas. 65 ± 2° 
2Vycalc. 66° 
Z: c = 25 ± 1° 

the averages of four records. The calculation of the cell dimensions was carried 

out by the least-squares method using 21 reflections. The cell dimensions obtained 

with a diffractometer (Table 4) and the single-crystal method are the same to a degree 

of accuracy of two decimals, and the difference at the ß angle is 2' . The measured 

and calculated d values are presented in Table 3. The cell dimensions deviate some

what from those (a o = 9.52, bo = 8.32, Co = 5.25 A _ .. converted kX-values - and 

ß = 110°20') reported by Warren and Biscoe (1931). The author has found no other 

cell dimensions for a-spodumene occurring in nature in the literature. 

From the same spodumene specimen that was used to determine the mineral's 

physical properties, a chemical analysis was also made (Table 4). In calculating the 

unit cell contents from the analysis, the water has been omitted as non-essential. 

A division of the unit cell contents by four gives the following formula for the 

mineral: (Li, Na, etc.)1 .00 (Al, Fe3+)1.00 Si1.9605.93, which is fairly elose to the ideal 
formula of spodumene: LiAISi20 •. The calculated density has been obtained from 

the analysis and unit cell dimensions by the method proposed by Donnay (1964), 

assuming 40 occupied atomic sites per unit cell. 

Zircon 

Zircon is met with in Li-stage bodies at Haapaluoma in association with eleave

landite, red tourmaline, lepidolite, quartz and columbiterr . It occurs as dark brown 

crystals at most about 0.5 cm long. The crystal forms observed are {100} and {111}. 

The mineral is markedly metamict, giving in the powder photograph broad, diffuse 
reflections. 
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Xenotime 

Xenotime is met with he re and there in Na-stage bodies. It occurs almost without 
exeption in association with monazite-cheraliter as short-prismatic crystals grown 

on small schorlite crystals. In many instances, the xenotime crystals have intergrown 
with each other so as to produce rosettenform aggregates . The crystals are between 
about 1 and 5 mm in diameter. The mineral is partly metamict. The refractive indices 
vary according to the degree of metamictization. The fresh mineral registers w = 1.717 
± 0.002, e = 1.815 ± 0.003 and e-w = 0.098. In altered xenotime, w varies between 
1. 717 and 1.698, whereupon e-w is also small. The specific gravity varies, depending 
on the degree of metamictization, from 3.78 to 3.89. 

An isotopically controlled age determination, made by O. Kouvo, showed the 

Haapaluoma xenotime to belong to the 1850-1950 m.y. age group. This age has 
been obtained for most of the Svecofennian zircons (Kouvo and Tilton, 1966). 
The Pb207_ Pb206 age of a discordant age pattern was 1800 m.y. 

Minerals of the monazite group 

Minerals of the monazite group occur at Haapaluoma in two generations . To the 

first generation (monazite-cheraliter) belong those that occur in tourmaline-rich 

dark bands (p. 37) and in replacement bodies of the Na-stage, to the second (monazite
cheraliterr) the (Th,RE,Ca)-phosphate that is present in Li-stage bodies as a great 
rarity. 

Monazite-cheraliter of the Na-stage replacement bodies is met with in association 
with xenotime grown on schorlite crystals. The mineral occurs as red-brown crystals 
from 1 to 5 mm in diameter and flattened parallel to {100}. Besides a {100}, identified 

crystal forms are m {110}, w {101}, x {T01}, v {I 11} and r {111}. Also twin crystals 
have been observed with {100} as a twin plane. Identification as eleavages has been 

made of {100} and {001}. The refractive indices obtained were a = 1.780 ± 0.002, 
ß = 1.781 ± 0.002 and y = 1.837 ± 0.003. The specific gravity obtained with a 

Berman microbalance was 3.95 ± 0.05. 
Monazite-cheralitelI occurs as a great rarity in Li-stage bodies in association 

with eleavelandite, lepidolite, red tourmaline and columbiterr. The grains that have 

come into view have been rounded, grayish brown crystals at most 0.5 cm in dia

meter. The refractive indices are a = 1. 776 ± 0.002, ß = 1. 778 ± 0.002 and y = 
1.831 ± 0.003. The unit cell dimensions obtained by the precession method using 

Zr-filtered Mo radiation were ao = 7.72 ± 0.02, bo = 6.95 = 0.02, Co = 6.44 ± 0.02 
A, ß = 103°55' ± 05' and V = 291.9 A3

• The systematic extinctions correspond 

to the space group P2t!n. 
According to the semiquantitative electron microprobe analyses made by J. Siivola 

from the minerals of the monazite group of Haapaluoma, the monazite-cheraliter 
is a true monazite (RE-phosphate with minor Th and Ca) or at least quite elose to 
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the monazite member of the series. The Li-stage mineral of the monazite group, 
again, is cheralite, (Th,RE,Ca)-phosphate, which has been described in the literature 

solely as it occurs in kaolinized pegmatite in Travancore, India (Bowie and Horne, 
1953) and mentioned with reference to alluvial formation in Semling, Malay (de Kun, 
1960, p. 91). A thorough investigation of the mineralogy of the RE-phosphates of 

Haapaluoma at a later date would be justified. 

Brockite 

A new mineral of the hexagonal rhabdophane group, named brockite, has been 
described by Fischer and Meyrowitz (1962) from Wet Mountains, Colorado, where 
it occurs in dikes and in altered granite. The formula for brockite is (Ca, Th) P04 • H 20, 
with Ca: Th = 1:1. Thorium phosphate suggesting impure brockite has also been 
reported from Fremont County, Wyoming, and from Cunnison County, Colorado 

(Dooley and Hathaway, 1961). 
Rhabdophane, hexagonal RE P04 ' H 20 is known to occur in Cornwall, England; 

in Salisbury, Connecticut (Hildebrand et al., 1957) and in Amelia County, Virginia 
(Mitchell, 1965). Closely resembling rhabdophane (and brockite), there also are 
known to exist the orthohombic (pseudohexagonal) minerals ningyoiu, hydrated 

Ca-V-phosphate, which has been described from Ningyo Pass, Japan (Muto et al., 
1959), and grayite, hydra ted Ca-Th-phosphate, reported from Southern Rhodesia 
(Bowie, 1957, 1959; Fischer and Meyrowitz, 1962). Other minerals related to rhabdo

phane have been summarily described by Semenov (1959) and Fischer and Meyrowitz 
(op. cit.). The mineralogy of the rhabdophane group is as yet very deficiently under
stood. 

The brockite discovered by the present author in 1964 in the Haapaluoma pegma
tite thus represents only the second Ca-Th-phosphate described under this designation, 
although certain of the minerals incompletely depicted in the aforementioned publi
cations may conceivably be brockite, too. 

Brockite may be found in association with columbite
J 

in Na-stage replacement 

bodies of the Haapaluoma pegmatite. Vsually this mineral occurs as a very fine

grained mass situated on the faces of columbiteJ, forming equidimensional aggre
gates, which tend to exhibit indistinct crystal faces as relics. The largest aggregates 
are from 1 to 2 cm in diameter. In part the aggregates consist of fresh-looking, dark 
or light red-brown, quite fine-grained (0 = 0.01 mm) brockite mass with a conchoidal 
cleavage, and in part of the mineral's brown, earthy alteration product. 

The specific gravity obtained with strong Clerici solution for fresh grain aggregates 
with a conchoidal cleavage carefully selected under a binocular microscope was 4.05 ± 
0.05. The refractive indices vary between 1.67 and 1.69. It was not possible to ascertain 

the double refraction or the optical properties on account of the mineral's own 
color and small grain-size. The hardness is 3- 4. 
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TABLE 5 
Unit cell dimensions and X-ray powder diffraction data for brockites and rhabdophane. 

00 = 6.965 ± 0. 02A 
Co = 6.41 5 ± 0.02A 

°0:co = 1:0.921 
V = 269 .5A3 

hkl I dmeas. deale. 

100 60 6.05 6.03 
101 80 4.39 4.39 
110 60 3.49 3.48 
111 3.06 
200 100 3.02 3.02 
102 80 2.830 2.832 
201 2.729 
112 30 2.360 2.359 
210 10 2.281 2.280 
211 80 2.147 2. 148 
003 2.138 
300 5 2.009 2.011 
301 20 1. 918 1. 919 
212 60 1. 858 1. 858 
203 30b 1. 744 1. 744 
220 1. 738 
302 20 1. 704 1. 704 
310 20 1. 673 1. 673 

5 1. 616 
20b 1. 552 
lOb 1. 480 
lOb 1. 458 
20 1. 3 5 8 
40 1. 315 

00 = 6.98 ± 0.03A 
Co = 6.40 ± 0.03A 

00 : Co = 1 : 0.917 
V = 270A3 

I 

mw 
s 
m 

vsb 

w 

w 
m 
wb 

mw 
w 

w 

vw 
vw 
w 

dmeas. 

6.06 
4. 37 
3.47 

3.03 
2.83 

2.37 

2.15 

1. 9 2 
1. 8 6 
1. 75 

1. 69 
1. 6 7 

1. 55 

1. 46 
1. 3 5 
1. 31 

00 = 6.98 ± 0.03 A 
Co = 6.39 ± 0.03A 

00 : Co = 1 : 0.915 
V = 269.4 A3 

I 'meas. 

m 6.07 
s 4.40 
m 3.49 

vsb 3.02 
2.83 

w 2.36 
vw 2.28 

2.15 

f 2.02 
w 1. 920 
m 1. 859 
vwb 1. 743 

vw 1. 704 
vw 1. 675 

1. Brockite. Haapaluoma, Peräseinäjoki. Ni-filtered Cu radiation (.1. CuKa = 1.5418 A), silicon as an 
internal standard. Camera diameter 57.3 mm. 

2. Brockite. Wet Mountains, Colorado (Fischer and Meyrowitz, 1962). 
3. Rhabdophane. Salisbury, Connecticut (Muto et 01., 1959). 

Numerous X-ray photographs were taken of the brockite with a 57.3 mm Debye

Scherrer camera using Ni-filtered Cu radiation. In some exposures silicon was also 
used as an interna I standard. The 20 angles used were obtained as the mean va lues 
of measurements taken from three films. The indexing of the reflections is the same 
as that presented by Muto cf al. (1959) for rhabdophane. No reflections indicating 
orthorhombic symmetry could be observed. The lattice dimensions calculated by 

the least-squares method, as weH as measured and calculated d values are presented 
in Table 5 together with the ceH dimensions and measured d values of the Wet 

Mountains brockite (Fischer and Meyrowitz, 1962) and the Salisbury rhabdophane 

(Muto cf al., 1959). 
After being heated for half an hour at a temperature of approximately 850°C, 

the brockite changed, analogously with the other minerals of the rhabdophane 
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TADLE 6 
A semiquantitative electron microprobe analysis, made by J. Siivola, 
of the brockite from Haapaluoma (column 1) compared with the 
brockite from Wet Mountains (Fischer and Meyrowitz, 1962) (column 2) . 

CaO ..... .. . ......... . . . 
Th02 ..... . .... . .. . • .. .. 

Fe20 S •••••• . .••• •••••••• 

Bi20 s ................. . . 
Y20S ........ . .. . .. ... . . 
Sm20 S ••• . • . . . . • • .•. . .•. 

Gd 20 S ••.•••• • • •• . •••••. 

Nd20 S •.• • •••••• ••• .•••. 

Ce20 S ••••••.•• . .•• . .• . • 

La20 s .... . ...... . . .. .. . 
P20 S ••••••••• . • ... •• . • . 

Si02 ..•.•• •• •....•..•.•. 

H 20 ................... . 

Loss of ignition . .... . .... 1 

11. 0 
46.0 

3.4 
4.1 

1. 7 \ 
1.2 
1. 0 5 
0 .8 . 6 

0.7 
0.2 

29.0 
0.9 
n.d. 

100.0 
10.64 1) 

110.6 

9.7 
42.7 

4.6 

2 

6.6 (RE oxides) 

23.6 

7.5 

102.2 2) 

1) Determined by P. Ojanperä by heating at 900°C. Heated at 110°, the mineral lost 3.67 wt % 
(H20 -), which is not included in the 1055 of ignition. 

2) Includes SrO 1.3 %, BaO LI %, CO2 3.1 %, insolubles 2.0 %. 
n.d. not determined 

group, to take on the structure of mooazite, and to yield d values nearly equivalent 
to those of synthetic CaTh(P04)2 (Bowie and Horne, 1953). 

J. Siivola carried out a semiquantitative analysis of the brockite by means of 
the electron microprobe. A polished section was made from the mineral for the 
analysis. Used as standards were apatite, yttrian spessartine, titanite and CeF3• The 
result of the analysis is presented in Table 6, together with an analysis of the Wet 

Mountains brockite (Fischer and Meyrowitz, 1962) . Although the sum of the oxides 
and the loss of ignition is considerably over 100, the ratios for the oxides are 
apparently very nearly correct. If the Fe20 3 is left out as non-essential and the 
loss of ignition is assumed to be water, the formula calculated from the analysis is 

(Ca, Th, RE, Bi),.o (P, Si)I .004 ·1.4 H 20. The altered brockite was observed to contain 
less calcium and phosphorus and more iron and silica than does fresh brockite. 
The excess of water is evidently doing to the earthy alteration product of brockite. 

Apatite 

The apatite met with at Haapaluoma may be classified as belonging to three 
generations differing with respect to their mineral assosiations and properties. 

Apatiter occurrs in the wall zone as crystals 1-4 mm in diameter. The other 
minerals in its assemblage are microcline pertrute, quartz, schorlite and garnetr. In 
many instances, it occurs as euhedral inclusions in the schorlite. 

Apatiten occurs rather commonly in association with albite, tourmaline and 
Li-minerals in replacement bodies and fracture fillings. It is abundant especially 
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TABLE 7 
Refractive indices and specific gravities of the apatites from Haapaluoma. 

Apatiter 
Apatiten 
Apatitem 

1.641 ± 0.001 
1.639 ± 0.001 
1.634 ± 0.00 1 

1.636 ± 0.001 
1.635 ± 0.001 
1. 632± 0.001 

w-. 

0.005 
0.004 
0.002 

sp. gr. 

3.213 ± 0.003 
3.211 ± 0.00 3 
3.204 ± 0. 003 

in Na-stage bodies, but it can also be met with in the paragenesis between the Na
and Li-stages. It does not appear in highly lepidolite-rich mineral assemblages. 

The largest apatiten crystals are about 5 cm long and 2 cm thick. The crystal forms 
are generally well-developed simple prisms and pyramids. The apatite occurring 
in association with cleavelandite occurs in many instances as long, thin, needlelike 
crystals. The color of apatiter and apatiten is blue-green. 

Apatitem occurs rather as a rarity togetber with lepidolite in lowest-tempera
ture Li-stage bodies. This apatite generation represents obviously the latest crys
taIlizations of the Li-stage. Apatitem appears as nearly colorless, slightly bluish, 
trans lu cent crystals. These crystals are ab out 1-3 mm in diameter. Theyare short
prismatic and have abundantly faces. Apatitem possesses properties reminiscent 
greatly of the youngest apatite generations found in the pegmatites of Viitaniemi, 

Eräjärvi (Volborth, 1954) and Lemnäs, Kemiö (Pehrman, 1945). 

The refractive indices and specific gravities of the Haapaluoma apatites are 
given in Table 7. The specific gravity, birefringence and refractive indices of 

the lowest-temperature apatite are under those of higher-temperature apatites. 

Cassiterite 

Cassiterite is typically associated with Na-stage mineral assemblages. Rarely, it 
has also been observed in quartz core in association with berylm as weIl as in Li

stage mineral assemblages. The most frequently noted minerals appearing in asso

ciation with cassiterite are albite, quartz, berylrv and columbiter- The crystals are 
in many instances remarkably large, measuring as much as over 10 cm in length 
(Fig. 24). It has been possible to identify in some crystals forms {110} and {111} 
as weIl as twinning {Oll} as a twin plane. The specific gravity of the mineral obtained 
with a pycnometer was 6.99 ± 0.02. The cell dimensions obtained with an X-ray 
diffractometer were a o = 4.737 ± 0.005 and Co = 3.184 ± 0.005 A. 

Columbite 

Columbite occurs in the Haapaluoma pegmatite in two generations. Columbiter 
occurs as crystals that even exceed 10 cm in length in association with albite, quartz, 
schorlite, cassiterite and brockite in Na-stage replacement bodies (Fig. 25) and as 
smaller crystals in fracture fillings. Crystal forms identified in the case of columbiter 

8 7426-66 
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FIG. 24. Cassiterite crystal (right above). The associated minerals are quartz, 
albite and partly replaced microcline perthite. 

are a {loO}, b {OlO}, c {OOl}, e {ZOl}, n {211}, u {111} and z {150}. Columbiten 
is met with uncommonly as long, needlelike crystals at most 3-4 mm thick or as 

thin {OlO}-plates in Li-stage mineral assemblages in association with cleavelandite, 
lepidolite, colored tourmaline, beryly , zirc:on and cheralite. Columbiten has further 
been observed to occur in conjunction with muscovitew Columbiter is far commoner 

than columbiten. 
Columbiter (analyzed sampie) was examined b y X-ray diffraction techniques 

using single-crystal rotation and Weissenberg methods as weH as a diffractometer. 

FIG. 25. Colurnbite, crystals with albite. 
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In dia grams obtained with the diffractometer, no reflections distinguishing the 
columbite structure from the ixiolite structure (Nickel et al., 1963) could be detected; 
in short, the mineral appeared to be of the ixiolite type. Neither could such reflections 
be obtained in b-axis rotation photographs with anormal exposure (4 hours) using 

Mn-filtered Fe radiation. In the Weissenberg photographs, however, very weak 

columbite 020 and 040 reflections could be seen. The single-crystal photographs 
and diffractometer measurements of columbiten yielded the same kind of result 
as in the case of columbiter. According to the terminology proposed by Nickel 
et al., (op. eit.) , the columbites of Haapaluoma might be regarded as pseudo-ixiolites, 
i.e., highly disordered columbites. No heating tests (Nickel et al., op.eit; Roth and 
Waring, 1964; Vorrna, 1965) were performed to determine changes in structure. 

The measured and calculated d values for columbiter are presented in Table 8. 

The measured d values have been obtained with a diffractometer using Ni-filtered 
Cu radiation, a scanning speed of 74° aminute and silicon as an internal standard. 

The calculation of the unit cell dimensions (Table 9) was made using the least
squares method and applying 2() angles, wruch were obtained as the mean values 
of measurements made from four diagrams. 

A chemical analysis of columbiter was made by P. Ojanperä (Table 9) . Before 

the normal wet analysis, the mineral was qualitatively studied with an X-ray fluo

rescence spectrograph by V . Hoffren and with an optical spectrograph by A. Löfgren. 
A special feature in the analysis is the high scandium content. According to 

Borisenko (1963) the Sc20 3-content oE columbite-tantalite varies between 0 and 

TABLE 8 
X-ray powder diffraction data for columbiter from H aapaluoma. 
Ni-filtered Cu radiation (J. CuKa1 = 1. 5405 A), silicon as an inter

nal standard. 

hlel 2ßrneas. 

130 30 24.30 3.660 3. 659 
131 100 29.97 2.979 2. 979 
200 15 31. 14 2. 870 2.871 
002 15 34.91 2.568 2.56 6 
201 10 35.82 2.505 2.505 
060 10 37.87 2. 374 2.374 
032 5 39.9 1 2.257 2.258 
231 5 40. 68 2.21 6 2.216 
132 10 43. 04 2.100 2.101 
202 Sb 47.43 1. 915 1. 913 
260 10 49.8 0 1. 8 29 1. 8 29 
330 20 51. 45 1. 775 1. 775 
062 20 52.45 1. 7 43 1. 743 
261 20 53.1 0 1. 7 23 1. 723 
331 < 5 54.55 1. 6 81 1. 677 
133 10 59.58 1. 550 1. 5 50 
262 5 62.40 1. 487 1. 48 9 
203 < 5 63.20 1. 470 1. 470 
1911 20b 63.65 1. 461 

1. 462 
332f 1. 4 60 
401 5 67.75 1. 382 1. 382 
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TABLE 9 

Chemical analysis and the unit cell of columbitel from Haapaluoma. Chemical analysis by P. Ojanperä . 

Numbcr of ions assuming 36 
Wr"!. Mol.prop. occupied atomic sites per Tbc unit cell 

unit cell 

MnO .... .. .... . 12.49 1761 Mn ..... 2. 4771 ao = 5. 740 ± 0.004A 
FeO .. ,- . ..... . . 6.16 857 Fe .... . . 1. 206 bO = 14.243 ± 0.010A 
Mgo .. - ... . .... 0.03 7 Mg . . ... 

0"'1 
~o = 5.133±0.004A 

U30 S . . . . . . . . . . . 0.13 2 U . .... .. 0.007 3.75 ao : bo : ~o = 
Sn02 ........... 0.45 1) 30 Sn 0.042 0.403: 1 : 0.360 
PbO .......... .. 0.09 2) 4 Pb .. . ... 0.006 V = 419.65 A3 
CuO ... . ... . .. . . 0.01 2) 1 Cu .... .. 0.002 Sp.gr.mcas. 5.45 ± 0.02 
Nb20 5 .. . . .. . . .. 69.14 2601 Nb ...... 7.318 Densitycalc. 5.48 g/cm3 

Ta20 5 ... . . . .... 7.88 178 Ta 0.502}8 18 Z =4 
Ti02 .. . .... . . .. 1. 9 5 244 Ti ...... 0.343 . Space group P~an 
W03 .. .. .. ... . . 0.19 8 W .. . ... 0.012 
Ec 3) •• •.. .... ... 1. 8 8 ° ....... 24.074 

1) Electron microprobe analysis by J. Siivola. 
2) Spectrochemically determined by A. Löfgren. 
3) Ec = (Sc20 3 0.90 %. CaO 0.30 %. Zr02 0.24 %. Al20 3 0.20 %. Si02 0.08 %. Sn02 0.06 %. 

H 20 + 0.05 %. H 20 - 0.05 %) = 1.88 %. 

0.15 %. In order to clarify the nature of occurrence of the scandium a polished 
seetion of columbiter was studied by means of the electron microprobe by J. Siivola. 
The scandium was observed to be consentrated in small inclusions, which contained 
as major constituents Zr, Sc, Al, Ca and Si. In the calculation of the analysis, Se20 3, 

Zr02, A120 3, CaO and Si02 were therefore omitted as non -essential. The columbite was 
also observed to contain some minor cassiterite inclusions. In the original chemical 
analysis the Sn02-content was 0.51 % (spectrochemically determined by A. Löfgren). 
According to an electron microprobe analysis the columbite contains 0.45 % Sn02. 

The difference 0.51 %-0.45 % = 0.06 % is added to the non-essential constituents. 
The calculated density was obtained from the analysis and cell dimensions by 
assuming 36 occupied atomic sites per unit cello 

TABLE 10 
Semiquantitative X-ray fluorescence analyses of columbites from the Haapaluoma and Hunnakko 

pegmatites. Analyses by V. Hoffren. 

No. MnO FcO Nb,O, Ta t 0 6 Ti02 E 

1. ... . ... . .... . ... 12 6 69 8 2 97 
2. .. ... .... . . .. . . . 12 5 65 9 1 92 
3. . . . . . . . . . . .... .. 15 4 67 9 1 96 
4. ..... . ... . .. . . .. 15 3 65 10 1 94 
5. ..... . ...... . ... 8 7 47 33 95 

1. Columbiter from re placement body. Haapaluoma. (Wet chemical analysis by P. Ojanperä in 
Table 9. Used as standard for other columbites). 

2. Columbiter from fracture filling in quartz core. Haapaluoma. 
3. Columbiten. occurring with c1eavelandite and lepidolite. Haapaluoma. 
4. Columbiten. occurring with muscovite. Haapaluoma. 
5. Columbite. Hunnakko. 
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FI G. 26. Microlite (black, small crystals in the lower and left part of figure) 
with albite, spodumene (dark gray) and lepidolite. 

Table 10 presents semiquantitative X-ray fluorescence analyses of four columbites 
from the Haapaluoma pegmatite and one from Hunnakko. Analysis No. 2 was made 

from a very small sampling, which explains why E is under that for other 
columbites. 

It may be seen from the analyses that a slight increase in the MnO-content of 
the Haapaluoma columbites had taken place with falling crystallization temperature. 
Columbiterr already warrants designation as manganocolumbite (Mn: Fe> 3 : 1; 

Palache cl al., 1951). 

Microlite 

Microlite was discovered by the author in the late winter of 1963 as occurring in 

specimens he had collected at Haapaluoma the summer before. Investigations carried 
out in the summer of 1964 proved that microlite was present rather generally in the 
pegmatite though ordinarily as very tiny crystals in Li-stage mineral assemblages 

(Fig.26). 
Microlite had previously been found in Finland by A.E. Nordenskiöld (1899) 

in the Kerniö region, where the mineral occurs as a thin shell around tapiolite and 
tantalite (Nordenskiöld, 1899; Pehrman, 1945). 

The microlite crystals of Haapaluoma are in most cases octahedrons or combi-
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TABLE 11 
X-ray powder diffraction data for microlite from Haapa-

luoma. Ni-filtered Cu radiation (J. CuKa = 1. 5418 A). 
Camera diameter 57 .3 mm. 

hkl I dmeas . deale. 

111 50 6.01 6.01 6 
311 30 3. 14 3.142 
222 100 3.01 3.008 
400 40 2.606 2.607 
331 10 2.389 2.391 
333.511 20 2.006 2.005 
440 60 1. 842 1. 842 
531 20 1. 761 1. 7 61 
533 5 1. 587 1. 589 
622 60 1. 572 1. 5 71 
444 20 1. 503 1. 504 
711.551 20 1. 459 1. 459 
553.731 20 1. 355 1. 3 5 7 
800 20 1. 303 1. 3 03 
555.751 5 1. 202 1. 203 
662 30 1. 196 1. 195 
840 20 1. 164 1. 165 
911.753 5 1. 144 1.144 
931 10 1. 091 1. 092 
844 20b 1. 062 1. 06 3 
666.1022 30 1. 003 1. 003 

nations of octahedrons and dodecahedrons less than 1 mm in diameter. The largest 

microlite crystal to be found was about 1 cm in diameter. The microlite appears 
in different shades of brown. In many instances, the crystals are zoned, the middle 

portion being darker brown and the area along the edges yellowish brown. In 
polished section the microlite can be observed to consist of areas with higher and 

lower reflectivity. Along the edges the crystals have in some cases undergone consid
erable alteration. Under the microscope such crystals may be observed to be densely 
fractured and altered, proceding from the fractures, into a more poody reflecting 
mineral. 

The powder pattern of microlite was recorded both with a 57.3-mm Debye
Scherrer camera and a diffractometer, using Ni-filtered Cu radiation. Owing to the 

metamict state of the mineral, only a few reflections could be made cleady visible 
with the diffractometer, and for this reason photographs taken with the camera 
were used to calculate the ao. The errors in the measurement of the 2() angles caused 
by shrinkage of the films were rectified. In order to minimize the errors of measure
ment a me an value of four separate readings was adopted. The ao was calculated 
from the sharpest reflections by using the least-squares method. The measured and 
calculated d values are given in Table 11. The specific gravity was obtained by 
averaging the numerous determinations made with aBerman microbalance by 
weighing carefully selected pure crystals. The refractive index was determined 
by the prism method. 
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TABLE 12 
Chemical composition and physical properties of microlite from Haapaluoma. Chemical analysis 

by P. Ojanperä. 

Wt% 

Na20 ....... . .... . 4.00 
K 20 ......... ..... 0.11 
CaO .............. 11.34 
SrO ... . .......... 0.30 
FeO . .. ... ....... . 0.6 7 
MnO ....... . .. . . . 0. 18 
MgO ............. 0.06 
V0 2 • . ..•.• • •.•.•• 1.32 
PbO . . . ... ........ 1.14 
Ta20 s ............ 63.22 
Nb20 s ... . . .. . ... . 11. 22 
Ti02 .. .. . .•. . ••.. 0.02 
Sn02 •. .. . .•. . •. .. 2.29 
Al20 s . ........... 0.3 8 
Fe.Os . . ...... . ... 0. 00 
F ................. 1.88 
H.O + ............ 1.82 
H.O- .......... .. 0. 34 
Si0 2 . . . . •• . • .. •• .. 0.90 

101.19 
-0 = F 2 0.79 

100.40 

Mol.prop. 

645 
12 

2022 
29 
93 
25 
15 
49 
51 

1431 
422 

3 
152 
37 

990 
1010 

Numbcr of ions on tbc basis of 
16 (Ta, Nb, Ti, Sn, Al) 

Na ..... . 
K ...... . 
Ca 
Sr ... , .. 
Fe ..... . 
Mn .... . 
Mg .. . . . 
U ...... . 
Pb ..... . 
Ta ..... . 
Nb ..... . 
Ti 
Sn .. . .. . 
Al ..... . 
0 ..... .. 
F ..... .. 
H 20 ... . 

5.24 9 
0.095 
8. Z23 

0.11 8 
0.3 64 
0.103 
0.061 
0.1 99 
0.208 

11.63 6 
3.433 
0.010 
0.618 
0.303 

49.536 
4.024 
4.1 08 

A 
14.62 

B 
16.00 

Physical properties 

00= 10.4Z±0.ozA 
V = 1131.4Aa 
Sp.gr.meas. 5.68 ± 0.0 3 
DensityClllc. 5.92 g/cms 
Z = 8 
n = 2.0Z8 

A chemical analysis (Table 12) of microlite was made by P. Ojanperä, who also 
availed hirnself of the results obtained by a spectrochemical analysis (performed 
by A. Löfgren) and an X-ray fluorescence analysis (performed by V. Hoffren). 
The microlite used in the analysis was all collected from the same sampie - shown 
in Fig. 26 -, from the crystals of which the physical properties presented in the 
same table were also determined. The Si02 appearing in the analysis is due to the 

presence of quartz as an impurity. 

The general ideal formula for the minerals of the pyrochlore group is A2BzX 7 , 

where A = Ca, Na, U4
+, U6+, Ce earths, Y earths, FeZ+, Th, Mnz

+, Mgz
+, Sr, K ,Ba, 

Pb, Bi, Cs and Sb3+; B = Nb, Ta, Ti, Fe3+, Sb5+, Zr?, Sn? and W?, and X = 0, 

OH, F, perhaps Cl and N (van der Ween, 1963, p . 24). The formula generally reported 
for microlite is (Ca, Na)z (Ta, Nb)z06 (0, OH, F). It is uncertain, however, whether 
the analyzed water occurs in the crystal lattice as H 20 moleeules or as OH ions 

(van der Ween, op. eil., p. 58). Assuming B = 2, the formula for the Haapaluoma 

microlite would be AI.83Bz06.19Fo.50(HzO)O.52' In the A-ion group there is a deficiency, 
as is the rule with altered minerals of the pyrochlore group (van der Ween, op. ci!., 

p. 39). If the empty ion sites of the A-ion group be thought of as occupied by H 20 
moleeules and the remaining H 20 be included in the X-ion group (as OH), then 
X = 7.04, which is nearly the same as in the ideal formula. The calculated density 
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is obtained by assuming 16 (Ta, Nb, Sn, Al, Ti) per unit cell. The difference between 
the measured specific gravity and the calculated density is probably due to the meta
miet state and fissured texture of the microlite. 

Löllingite 

According to X-ray examinations, the As-mineral of Haapaluoma is exclusively 
löllingite. The polished seetion did not reveal the presence of arsenopyrite or other 
ore minerals, either. A few individual pieces of löllingite weighing about one kilo
gram have been met with in the Haapaluoma pegmatite. The mineral associations 
in which löllingite occurs is not yet wholly known because of incomplete obser
vations. A few quite smalllöllingite grains have been met with in lepidolite in Li

stage bodies. The bulk of the löllingite does not, however, appear to be associated 
with either Na- or Li-stage formations but is evidently of somewhat later origin, 

having crystallized du ring the hydro thermal stage. 

Conc1usions 

The contact relations and the primary zoned structure of the Haapaluoma 
pegmatite, together with the fragments of country rock lodged in it, indicate that 

the pegmatite crystallized from a melt injected into a crevice in the country rock. 
The pegmatite's primary, though, to be sure, rather indistinct zoning developed 

as a result of fractional crystallization as the crystallizing process advanced from 
the walls toward the core. During the crystallization of the zones, no new materials 
- except the inclusions - evidently entered the pegmatite from the outside to any 
noteworthy extent, nor did the pegmatite lose its own constituents in any large 

amounts. The zoned structure evidently developed during the pegmatitic stage 
(upper limit about 700°C,lower limit about 600°-550°C). The quartz core, however, 
might have crystallized below this temperature. 

From the analyses of the feldspars of the granitie pegmatites of the Tammela area published 
by Mäkinen (1913), Simonen (1961) ealculated the feldspar-equilibrium temperatures (Barth, 
1956) and arrived at 580°-610°C. Mäkinen (op. eil.) eoncluded with respeet to the twinning of 
the quartz eontained in the pegmatites of the same area that the main phase of erystallization of 
the pegmatites took plaee above the inversion temperature of the quartz. Aeeording to Brotzen 
(1959, p. 74), in pegmatites »most of the graphie granite zone and preeeding formations erystallized 
weil above the inversion temperature (about 600°C, if pressure is allowed for)>>. Buddington and 
Lindsley (1964, p. 60) obtained for the equilibrium temperatur es of eoexisting magnetite and ilmenite 
in two granitie pegmatites 6000 and 560°C. Roy el 01. (1950) reported that the upper limit of the 
erystallization temperature for the natural spodumene modifieation oeeurring in pegmatites must 
be set at 500°C or slightly above at high pressures. 

Subsequent to the crystallization of the quartz core of the Haapaluoma pegmatite, 
fluids rich in highly volatile substances worked into the pegmatite via fractures 

and cavities, introducing new materials into the rock. Enriched into these residual 
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fluids in especial were Na, B, Li, Be, Mn, P, Nb, Ta, Sn, Th and rare earths. The 
production of minerals from these fluids apparently took place at pneumatolytic 
temperatures (upper limit about 600°-550°C, lower limit about 400°-350°C). 

Large-scale replacement occurred, particularly during the Na-stage. In addition 
to albite, quartz and schorlite, there became concentrated into bodies of this 
stage especially beryl, columbite, cassiterite, apatite, spessartine garnet and spodumene. 
To some degree, moreover, there are occurrences of muscovite, lepidolite, colored 
tourmalines, xenotime, monazite-cheralite, brockite and potash feldspar. 

During the lower-temperature Li-stage, besides bluish albite, quartz and lepi
dolite, there crystallized an abundance of red and green tourmaline, spodumene, 
spessartine, apatite and beryl. Less frequently one meets with muscovite, microlite, 
zircon, columbite and cheralite as weIl as potash feldspar. The Li-stage bodies are 
mostly fracture fillings cutting across the pegmatite, but replacement bodies proper 
also occur. In total volume, the Na-stage bodies are much larger than the Li
stage bodies . 

Inasmuch as the replacement bodies in the Haapaluoma pegmatite are quite 
substantial, it is hard to imagine the Na- and Li-stage mineral production as having 
any longer taken place in an even approximately dosed system - when one inspects 
the portion of the pegmatite now visible. For example, the potash released in the 
large-scale replacement of potash felds par could become bound up only to a slight 
extent into lepidolite and muscovite. The fluids causing the replacement removed 
other material, released during the replacement process. A similar view has been 
adopted also by Quensel (1956, p. 121) in contemplating the genesis of the Varuträsk 
pegmatite. 

During the hydrothermal stage, fluids consisting of nearly pure water caused 
the kaolinization of the feldspars and spodumene. The lällingite is likewise evidently 
a mineral of the hydrothermal stage. Rarely, so-called gigantolite evolved as an 
alteration product of schorlite and red tourmaline sometimes altered into cookeite. 
The production of day minerals probably continued as a result of action by pheratic 
and vadose waters. 

The development of the pegmatite at Haapaluoma might briefly be depicted 
as follows: 

K -+- Na -+- Li -+- H 

The pegmatlt1C stage proper is characterized by, above aIl, a vigorous crystalli
zation of potash feldspar. During the pneumatolytic Na-stage, albite crystallized 
in abundance replacing the earlier pegmatite. The Li-stage is characterized by the 
crystallization of the Li-minerals, lepidolite, spodumene and red tourmaline. During 
the hydrothermal (and supergene) stage, the hydration of earlier minerals took place. 

9 7426-66 
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Comparison with other lithium pegmatites 

Among Finnish pegmatites, that occurring at Haapaluoma can most nearly 
be compared with the Kaatiala pegmatite in the commune of Kuortane, which 
belongs in the same region (Laitakari, 1914; Neuvonen, 1960). Paragenetically these 

pegmatites have much in common. Both have the same kind of zoned structure, 
and characteristic of both, moreover, is the concentration of albite and Li-minerals 

in replacement bodies. Missing from the Haapaluoma pegmatite, however, are the 
Li- and (Mn, Fe)-phosphate minerals recently found at Kaatiala. On the other hand, 

the microlite and phosphates of rare earths and thorium occurring at Haapaluoma 

have not been brought to light at Kaatiala. 
From the Varuträsk pegmatite in Sweden (Quensel, 1956), the Haapaluoma 

pegmatite differs mineralogically mainly in the lack of the rare Li- and (Mn, Fe)
phosphates, pollucite and petalite. There is also some differences in the formation 
stages. At Varuträsk the pneumatolytic Li-stage preceded the Na-stage - in other 
words, the albite crystallized only after the main part of the Li-minerals (spodumene, 
petalite and lithium micas) had already turned crystalline. Some of the lithium micas 
had crystallized simultaneously with the albite. In this respect, the Varuträsk pegmatite 

represents an exception to a fairly general rule, for in general in Li-pegmatites the 
main part of the albite had crystallized before the lepidolite (e.g., Schaller, 1925; 
Heinrich, 1948, p. 584; Staatz and Trites, 1955, p. 42). What the pegmatites of Varu
träsk and Haapaluoma share in common, however, is the fact, for example, that 
albite is present in both pegmatites almost exlusively in the replacement bodies 

and fracture fillings. Neither xenotime nor monazite has been detected at Varuträsk. 
The Haapaluoma pegmatite is to a great extent analogous to many Li-pegmatites 

reported from the United States (Cameron et al., 1949; Schneiderhöhn, 1961). 
However, the Li- and (Mn, Fe)-phosphates often found in Li-pegmatites in the 
United States have not been observed to occur at Haapaluoma. Noteworthy, too, 
is the nearly total absence of plagioclase and micas from the pegmatite's primary 
zoned portion. The topaz frequently found in association with lepidolite, cleavelandite 
and microlite (Staatz and Trites, 1955, p. 46) has not been met with at Haapaluoma. 
Pollucite is also fairly common in pegmatites resembling the rock at Haapaluoma. 

Among United States pegmatites mineralogically resembling the pegmatite of 
Haapaluoma mention should be made in this connection of the WaIden pegmatite 

in Connecticut (Seaman, 1963), the Pidlite pegmatite in New Mexico (Jahns, 1953b), 
the Tin Mountain pegmatite in South Dakota (Staatz et al., 1963), certain of the 
pegmatites in Eight WIe Park, Colorado (Heinrich, 1948), and the Li-pegmatites 
of the Pala region of California (Jahns, 1951). Mineralogically, the Haapaluoma 
pegmatite closely resembles the WaIden pegmatite. The mineral paragenesis in 
both cases is highly similar. The portion of the WaIden pegmatite that crystallized 
last (core) contains colored - particularly red - tourmalines, lepidolite, bluish 

cleavelandite, spodumene, pollucite, caesium beryl, montebrasite, manganoan 
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tantalite, microlite-pyrochlore, apatite and quartz. The wall zone contains, inter aHa, 
columbite and beryl (Seaman, 1963). The author has seen in Mrs. Toini Mikkola's 
mineral collection a tourmaline-bearing sampie from the WaIden pegmatite. With its 
bluish, curved cleavelandite, lepidolite and red tourmaline, the sampie so closely 
resembles the sampies taken from Li-stage assemblages in the Haapaluoma pegmatite 
that no distinction between them could be made without previous knowledge that 
they ca me from different pegmatites. The WaIden pegmatite is lacking, as Li
pegmatites generally are, in phosphates of rare earths. 

The Haapaluoma pegmatite also has much in common with certain pegmatites 
of the North Mtoko region of South Rhodesia described by Hornung and Knorring 
(1962). The Fungwe Jem and Rabbit Warrens-Consolation pegmatites in this region 
have a wall zone containing abundant graphie microcline, intermediate zones rich 
in microcline perthite and a quartz core. The »late-stage» bodies contain abundant 
cleavelandite and lepidolite, the Fungwe Jem pegmatite muscovite as well. Microlite 
occurs in association with lepidolite. The Fungwe Jem pegmatite also contains 
cassiterite and amblygonite. Columbite-tantalite and spodumene are lacking in these 
pegmatites. Beryl occurs in massive form, bringing to mind the berylrv of Haapa
luoma (see p. 49). Late-stage formations in the Benson pegmatites of the same area 
contain, in addition to the aforementioned minerals, also columbite-tantalite, spo
dumene, lithiophilite, pollucite and topaz. 

In summary, it may be stated that the Haapaluoma pegmatite represents a certain 
type of Li-pegmatites, characterized by a rich content of cleavelandite and lepidolite 
(Na-Li-pegmatites by Lacroix, 1922, and Fersman, 1931). The rare minerals - alkali
beryls, spodumene, columbite-tantalite, microlite, cassiterite and colored tourma
lines - that occur in pegmatites of this type are also met with at Haapaluoma. 
On the other hand, the Haapaluoma pegmatite has not as yet yielded the Li- and 
(Mn, Fe)-phosphates, pollucite and topaz frequently observed to occur in such 
pegmatites. Rather considerable Cs-contents have been noted in the beryl and micas 
occurring at Haapaluoma, which means that caesium must be present in the pegmatite. 
On the other hand, the rare earths and thorium phosphates met with at Haapaluoma 
are generally lacking in Li-pegmatites of the Haapaluoma type. Xenotime and 
monazite commonly occur in conjunction with pegmatites of a simpler mineralogical 
composition and structure, favoring the association of biotite. Brotzen (1959, p. 57) 
reports the occurrence, however, of monazite also in the core margin and in alkali 
replacement groups of pegmatites characterized by the presence of late albite (»third 
stage pegmatites», as designated by Brotzen). 



THE HUNNAKKO PEG MA TITE 

General remarks 

The phosphate minerals-bearing pegmatite situated in the hamlet of Hunnakko, 
in the commune of Alavus, has been known since 1956 as the site of finds of green 
tourmaline and a phosphate mineral suspected to be varulite (alluaudite). In the 
summer of 1962, the present author investigated the pegmatite in detail. During 
the investigatioo, among other things, a fairly large hole was blasted out of the 
rock for testing purposes. As a result of these efforts, in addition to the two minerals 
already mentioned, a number of rare pegmatite minerals were identified. In the 
summers of 1963 and 1964, the author carried out further studies to check his data. 
All told, the following minerals are now known to exist in the Hunnakko locality: 
albite, microcline perthite, quartz, black and green tourmaline, garnet, apatite, 
montebrasite, alluaudite (varulite), triploidite 1), childrenite 1), vivianite, beryl, 
muscovite, columbite, cassiterite, löllingite, pyrite, chlorite and kaolinite. 

Structure 

The Hunnakko pegmatite consists of a dike, the trend of which, conforming 
to the prevailing dike trend of the region, is approximately N50oE, 40oNW. The 
width of the dike at ground level is 6.5-7 meters, the true perpendicular width 
being roughly 4.5-5 meters. The country rock is a migmatitic granodiorite con
taining schist fragments, the schistosity of which is approximately N50oE, 45°SE. 
In spite of the similarity of their trends, the dike thus intersects the schistosity 
of its country rock nearly at right angles. 

The structure of the pegmatite is quite complicated. A slight zoned pattern 
can be detected in the primary pegmatite, but it is disturbed to a high degree by 
strong replacement bodies (Fig. 27). In addition, in the pegmatite there are streaky 
aplite inclusions of different sizes, which the medium-grained pegmatite brecciates. 
Tiny crystals of gamet and schorlite have in some instances formed rings around 
the inclusions. 

1) Not found before in Finland 
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FIG. 27. The Hunnakko pegmatite. 1. Granodiorite containing schist fragments; 2. Albite 
aplite; 3. Feldspar-quartz-schorlite pegmatite (wall zone); 4. Microcline perthite (inter
mediate zone;) S. Quartz (core); 6. Montebrasite; 7. Alluaudite; 8. Cleavelandite; 9. Beryl; 

10. üutcrop; 11. Test hole. 

The main bulk of the primary pegmatite consists of fine- or medium-grained 
feldspar-quartz-muscovite-schorlite pegmatite. Among the felds pars, the albite is 
commoner than the potash felds par. Additional minerals are garnet and apatite 
as weIl as, to some extent, beryl. Here and there in the middle of the dike are micro
cline perthite crystals and quartz patches, which may be regarded as representatives 
of the pegmatite's intermediate zone and core (Fig. 27). The central portion of the 
dike has further revealed the presence of a few montebrasite individuals in association 
with green tourmaHne. The montebrasite occurs as irregularly shaped masses, which 
fill the spaces between the microcline perthite crystals. It is therefore obvious that 
it crystallized later than the microcline perthite. 

The aplite inclusions contain albite, quartz and schorlite as their principal mineral 
constituents. The small schorlite crystals have frequently arranged themselves into 
bands, which give the rock a gneissose appearance. The similarity of the mineral 
composition of the inclusions to the main part of the pegmatite suggests that they 
derived from the same parent magma, possibly being relict fragments of an earlier 
dike. 

The main minerals contained in the replacement bodies are albite, quartz, musco
vite and green tourmaline. Alluaudite, columbite, cassiterite and löllingite occur 
regularly in association with the replacement bodies. Apatite and garnet are also 
met with in replacement bodies. 

The hydrothermal and supergene alterations are represented at Hunnakko by 
chlorite and kaolinite as weIl as the alteration products of alluaudite, i.e., vivianite 
and apatite. The alluaudite itself is apparently an alteration product of lithiophilite
triphylite. 
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FIG. 28. Montebrasite{ and green tourmaline; a typical mineral association 
from Hunnakko. 

Description of the minerals 
Montebrasite 

Minerals of the amblygonite-montebrasite series have been previously found 

in Finland in the Lemnäs pegmatite in Kemiö (Pehrman, 1945), the Viitaniemi 
pegmatite in Eräjärvi (Volborth, 1954) and the Kaatiala pegmatite in Kuortane 
(Neuvonen, 1960). At Hunnakko the present author ran across montebrasite during 

the summer of 1962. 
Montebrasite occurs in the Hunnakko pegmatite in two generations, of which 

the older (montebrasite1) is much more prevalent. 

Montebrasite{ is met with mainly (a few individual crystals having been found) 

in the pegmatite's coarse central part at the northeast end of the dike. In the 
southwestern part of the dike, only one montebrasite individual has been found, 
encased within cleavelandite. The mineral generally occurs as an irregular shaped 
mass, filling the spaces between microcline perthite crystals. The largest mon te
brasite individuals to be witnessed measure between about 20 and 30 cm in 
diameter. MontebrasiteI's constant companion is green tourmaline (Fig. 28). The 
color of montebrasite{ is pale, frequently with a slightly reddish tinge. Around 
the mineral one will often see a thin rim consisting of a fine-grained, micaceous 
mineral (Fig. 29). 

Montebrasiten occurs in association with (Mn, Fe)-phosphates, generally as 
small grain accumulations intercalated with alluaudite . This montebrasite generation 
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FIG. 29. A fine-grained rim, eomposed of a mica-like mineral, between monte
brasite (dark gray) and cleavelandite. + nie., 1:50. 

vividly brings to mind the fourth montebrasite variety which occurs in small amounts 
in the Varuträsk pegmatite in association with triphylite and lithiophilite - »sur
rounding these minerals or being intercalated with them» (Quensel, 1962, p. 318). 

The color of montebrasiteu is a light green. 

The montebrasites of Hunnakko have two cleavage directions. The more pro
minent cleavage was found with a universal stage and by single-crystal X-ray methods 

to be {loO}, the other one apparently being {Oll}. A p{)lysynthetic twinning {111} 
as a twin plane is common to both montebrasite generations. Twin lamellae are 

often visible even to the naked eye on the cleavage faces, being reminiscent of the 

twinning of plagioclase. In many instances, the montebrasite exhibits a beautiful 
cross twinning (Pig. 30). In such cases, the lamellae situated crosswise in the host 
individual are optically oriented quite similarly among themselves. In some instances, 

there are to be noticed in the host individual irregularly shaped patches with the 
same optical orientation as the twin lamellae (Pig. 31). In all cases, there are individuals 

with only two kinds of orientation, the host individual and the lamellae and patches 
contained in it. Thus, there is only one twin plane, {111}, but two composition 
planes (cf. Weibel, 1956). Pehrman (1945) has described patches resulting from 
penetration twinning, which have the same orientation as the twin lamellae, occur

ring in the montebrasite of Lemnäs in Kemiö commune. 

The optical properties and specific gravities of the Hunnakko montebrasites 

are reported in Table 13. 
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FIG. 30. Cross twinning in montebrasitel' The intersecting lamellae have opti

cally similar orientation. Twin plane {111}. + nie., 1:50. 

FIG.31. Optically similarly oriented ~tches and twin lamellae in montebrasitel' 

Twin plane {111}. + nie., 1:50. 
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TABLE 13 
Optical properties and specmc gravities of the rnontebrasites frorn Hunnakko. 

No. I a ß y 

1. 1.601 ± 0.001 1.611 ± 0.001 1.624± 0.001 
2. 1.604 ± 0.001 1.614 ± 0.001 1.628 ± 0.001 
3. 1.615 ± 0.002 1. 625±0.002 1. 645±0. 002 

1. Montebrasiter (analyzed sarnple) 
2. Montebrasiter (encased in cleavelandite) 
3. Montebrasiterr 

y-Q 

0.023 
0.024 
0.030 

2VYmeas. 

81 ± 2° 
80±3° 

2Vycalc. Sp.gr. 

83° 3.028±0.003 
81° 3. 025±0. 003 
71° 2.98 ± 0.01 

By comparing the refractive indices of the montebrasites with the diagram pre
sented by Winchell and Winchell (1959), one obtains as the composition of mineral 
(1) ab out 85 % montebrasite and 15 % amblygonite, of mineral (2) about 90 % 
montebrasite and 10 % amblygonite and mineral (3) approximately 100 % monte
brasite. The refractive indices of the last-mentioned montebrasite (Il generation) 
fall, in fact, even somewhat outside Winchells' refractive index diagram. 

MontebrasiteI (analyzed sampIe) was examined by X-ray technique using the 
single-crystal and diffractometer methods. The choice ofaxes was made in the manner 
proposed by Palache cl al., (1943). a- and c-axis zero-, first- and second-Ievel Weissen
berg photographs were taken of the mineral using Ni-filtered Cu radiation, also 
zero-, first- and second- level precession photographs with all the crystallographic 
axes alternately serving as precession axis, Zr-filtered Mo radiation being used. 
The constants of the reciprocal lattice obtained from the precession photographs 
were: a* = 0.20892, b* = 0.16201, c* = 0.21528 A-\ a* = 68°27', ß* = 90°2912' 

and y* = 110°54'. From these values the dimensions of the direct lattice were cal
culated and are to be seen in Table 14, column 1. a- and c-axis zero-level precession 
photographs are presented in Fig. 32. 

TABLE 14 
Unit cel1 dimensions for amblygonite-montebrasites. 

2 3 4 

ao .. , ....... 5.175 } 5.175} 5.16 5.lS4} 
bo .......... 7.175 ± 0.010A 7.173 ±0.003A 7.21 7.155 ±0.010A 
Co . ......... 5.0 45 5.047 5.06 5.040 

a ..... .... .. 112
0

57'} 112
0

53'} 113°12' 112
0

07'} 
ß· .......... 98°06' ±05' 98°05' ±05' 97°54' 97°48' ±15' 
y . ....... . . . 67°39' 67°40' 67°31' 67°53' 
V ...... , ... 159.54As 159.67Aa 159.9 As 160.oAa 

ao : bo : Co .... 0.721:1:0.703 0.7215:1:0.7036 0.716:1:0.702 0.725:1:0.704 

1. MontebrasiteJ, Hunnakko, Alavus (Precession camera). 
2.» »» (Diffractometer). 
3. »Amblygonite» (Simonov and Bjelov, 1958; quoted from Baur, 1959). 
4. Precious amblygonite, Newry, Maine (Baur, 1959). 

10 7426-66 
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FIG. 32. Precession photographs of montebrasiter· a) a axis, zero level; b) c axis, zero level. 
f-L = 30°, F = 6.0 cm. 

TABLE 15 
X-ray powder diffraction data for montebrasiter from Hunnakko. 
Ni-filtered Cu radiation (Ä CuKa l = 1.5405 A), silicon as an inter

nal standard. 

hlel I 28meas. 

010 5 14.34 6.171 6.174 
100 20 18.523 4. 786 4.787 
110 30 18.964 4.676 4.676 
001 70 19.0 74 4.649 4.650 -
011 40 19.222 4.613 4.614 -
111 15 23.060 3.854 3.856 
101 40 26.824 3.320 3.3 21 
110 30 27.320 3.262 3.262 -
121 30 27.657 3.223 2.223 
011 40 27.897 3.195 3.194 

Mi} 90 28.222 3.159 3.160 
120 3.157 
020 5 28.912 3.086 3.087 
111 100 30.143 2.962 2.962 
111 5 30.496 2.929 2.927 
210 15 35.010 2.561 2.561 
012 20 35.922 2.498 2.499 -
111 <5 36.642 2.450 2.451 
211 30 37.573 2.392 2.392 
220 <5 38.452 2.339 2.338 -
022 5 39.019 2.306 2.307 -
121 20 39.386 2.286 2.286 -
120 5 39.964 2.254 2.254 
130 10 41. 029 2.198 2.196 
201 10 42.594 2.121 2.121 
102 <5 43.070 2.098 2.098 
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Table 15 (continued) 

hl:/ I I 20meas. dmeas . deale. 

231 <5 44.035 2.055 2.054 
ÜZ <5 44.422 2.038 2.038 
012 10 46.463 1.9527 1.9527 

211 5 47.024 1.9307 1.9307 

122 15 47.956 1.8954 1.8954 

232 5 49.931 1.8249 1.8233 

141 5 50.934 1. 7913 1.7909 
131 10 52.468 1. 7425 1. 7424 

241 <5 53.961 1.6978 1.6978 

130} <5 54.442 1.6839 
1.6851 

320 1.6834 
202 <5 54.763 1.6748 1.6749 
202 10 55.272 1.6606 1.6606 

3~1} 5 55.843 1. 6449 1.6449 
221 1. 6446 
331 5 56.985 1.6146 1.6145 
242 <5 57.124 1.6110 1. 6113 
113 <5 57.340 1.6055 1. 60 5 9 
300 10 57.710 1.5961 1.5957 

042} 10 58.379 1.5794 
1.5799 

240 1.5788 
033 5 60.098 1.5382 1.5381 
113 10 60.774 1.5227 1.5225 
222 5 62.673 1.4811 1.4810 

1~3} 5 62.837 1.4776 1.4783 
123 1.4781 

~12} 5 64.893 1.4357 
1. 43 5 7 

122 1.4352 
213 <5 65.761 1.4188 1.4188 

2~1} 5 66.664 1.4018 1.4014 
311 1.4006 
231 <5 67.721 1.3824 1.3819 

043 <5 68.193 1.3740 1.3738 

203 <5 72.922 1.2961 1.2960 
420 5 73.978 1.2802 1.2803 

Using the cell dimensions obtained from the precession photographs, the IBM 
1620 computer at the Computing Center, University of Helsinki, computed the 
28 angles for all the reflections, whose 28 was less than 80°. These 28 values were 
used together with the precession photographs to index the reflections obtained 
with a Philips Norelco diffractometer. In the diffractometer run, Ni-filtered Cu 
radiation was used, the scanning speed being Y4,0 aminute and silicon serving as 
an internal standard. The 28 angles were obtained as the mean values of measure
ments made from four diagrams. The reciprocal cell constants were refined using 
19 reflections, and the calculation of the 28 angles was repeated. In the final refinement 
of unit cell dimensions, 28 reflections were used. The indexing with measured and 
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TA1ILE 16 
Chemical composition and the unit cell of montebrasite from Hunnakko. Chemical analysis by 

P. Ojanperä. 

Wt% 

Li20 .......... . 
Na20 .......... . 
K 20 ........... . 
CaO ..... ... ... . 
FeO ...... ..... . 
MnO .......... . 
MgO .......... . 
Al20 s ........ . . 
Fe20 S •••• • ••••• 

P20 5 ••••••••••• 

F ............ . . 
H 20+ ....... . . . 
H 20- ......... . 
Si02 ••••••••••• • 

-O=Ft 

9.49 
0.85 
0.08 
0.34 
0. 00 
0.00 
0.12 

34.86 
0.05 

47.42 
2.06 
4.90 
0.18 
0.22 

100.57 
0.87 

99.70 

Mol.prop. 

3176 
137 

9 
61 

30 
3419 

3 
3341 
1084 
2720 

Unit cell contents 

Li .... . 
Na ... . 
K ... . . 
Ca ... . 
Mg .. . 
Al . .. . 
Fes+ .. . 
P .... . 
F .... . 
OH .. . 
0 .. . . . 

1.

860

1 
0.080 
0.005 
0.018 
0.009 
2.002 
0.002 
1. 956 
0.317} 
1.593 
7.939 

1. 97 

2.00 

1. 96 
1. 91 

Tbe unit cell 

00 = 5.175} 
bo =7.173 ± 0.003A 
Co = 5.047 
a = 112

0
53'} 

ß = 98°05' ± 05' 
y = 67°40' 
°0 : bo : Co = 

0.7215: 1: 0.7036 
V = 159.67 Aa 
Sp.gr.meas. = 3.023 ± 0.003 
Densitycalc. = 3.06 5 g/cmS 

Z = 2 

calculated d values are presented in Table 15, and the final cell dimensions in Table 14, 
column 2. The cell dimensions obtained by precession and powder diffraction methods 

are similar to a high degree. Table 14 also lists the lattice dimensions given in Baur 

(1959) for amblygonite-montebrasites. 

A chemical analysis (Table 16) was also made of the same montebrasiter crystal 

from the crystal splinters of which the cell dimensions were calculated. The formula 

calculated from the unit cell contents is (Li, Na, K, Ca, Mg)0.99 (Al, Fe3
+)I.00 PO.9S03.97 

(OB, F)0.96' corresponding closely to the mineral's ideal formula LiAIP04 (OB, F). 
The analysis gives the composition of the mineral, with respect to its OB: F ratio: 

montebrasite ab out 83 % and amblygonite 17 %. The composition obtained from 

the refractive indices and the specific gravity is thus exceedingly well in agree

ment with the composition obtained from the chemical analysis. The calculated 

density was obtained by assuming the existence of 16 occupied atomic sites per 
unit cell.~ 

Alluaudite 

A number of Na, Ca, Mn, Fe phosphates greatly resembling one another are 

known, and Fischer (1957) has proposed giving them the common name of alluaudite. 

Toward elucidating the mineralogy of the alluaudites, it would be in order to review 

briefly the historical evolution of the mineral's (or mineral group's) nomenclature. 

The Na, MnS+, Fes+ pegmatite phosphate designated as alluaudite was first reported in 1848 
from Chanteloube, France. Later, alluaudite has been described from the Varuträsk pegmatite in 
Sweden (Quensel, 1937), from the Sukula (Mason, 1940a) and Lemnäs (Pehrman, 1945) pegmatites 
in Finland, from the Hühnerkobel pegmatite in Bavaria (Mason, 1942), from the Buranga pegmatite 
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in Ruanda (Thoreau, 1954) as weIl as from the Green (Fischer, 1955), Etta and Ross (Moore, 
1964) pegmatites in South Dakota. 

The Na, Ca, Mn, Fe phosphate designated as varulite was first found in the Varuträsk pegmatite 
(Quensel, 1937). Subsequently, it was described from an occurrence at Skrumpetorp, Sweden (Mason, 
1940b) and mentioned as having been met with in the Eräjärvi locality in Finland (Volborth, 1954). 
Mason (in Quensel, 1956) has depicted the alluaudite contained in the pegmatite of Varuträsk as 
an alteration product of varulite. Mason (op. cil. ) writes of varulite in relation to alluaudite as follows: 
» ... it is structurally similar to alluaudite (judging from X-ray powder photographs) but is distinct 
in its green color (alluaudite is yellow brown) and its physical properties, and in the presence of 
most of the iron in bivalent state». Lindberg (1950) has shown that the new Ca, Na, Fe, Mn phosphate 
hühnerkobelite (previously termed »arrojadite») from Hühnerkobel, Bavaria, and Norrö, Sweden, 
is structurally similar to varulite. Strunz (1954) has described from Hagendorf, Bavaria, a new Na, 
Ca, Fe, Mn phosphate, hagendorfite, which is isomorphie with varulite and hühnerkobelite. Accord
ingly, also the hühnerkobelite of Norrö changes to hagendorfite. Hühnerkobelite (or hagendorfite) 
has also been reported from the Palermo pegmatite, New Hampshire (Moore, 1965). In 1957 Strunz 
presented hagendorfite, varulite, hühnerkobelite, alluaudite and mango-alluaudite as isomorphie (?) 

minerals of the hagendorfite series. Subsequently, Strunz (1960, p. 8) wrote of these minerals, all 
of whieh are described as isomorphie: »Bei allen diesen Mineralen handelt es sieh um Phosphate 
von Na, Ca, Fe und Mn, wobei einerseits Na oder Ca, anderseits Fe oder Mn vorherrschen». An iso
typous mineral with them further is the caryinite, Ca, Na, Mn, Mg, Pb arsenate. In 1966 Strunz 
proceeded to describe all the minerals mentioned as isotypous members of the hagendorfite series. 
Fischer (1957) has contemplated the relation between alluaudites and varulites and decided that 
»it seems dear that these minerals are all members of one monodinic isotypous series which has 
space group I 21/a with ao = 11. 0, bo = 12.5, Co = 6.5 A and ß = 97 3/ 4

0 .» Fischer (op. cil.) suggests 
that all these minerals, induding hagendorfite and hühnerkobelite, be termed alluaudite. »It is thus 
suggested that the alluaudites be regarded as Na, Fe++, Fe+++, Mn phosphates with generally minor 
Ca. The end members may be referred to as mangano-alluaudite, ferri-alluaudite and ferro-alluaudite». 
In subsequent studies, Fischer (1962,1965) has supplemented and added depth to the mineralogy 
of alluaudites, rejecting the mineral names varulite, hühnerkobelite and hagendorfite. According to 
Fischer's (1965) dassification, the chemically analyzed varulites are mangan·alluaudites. 

A phosphate mineral suspected of being varulite has been known to occur in 
the Hunnakko pegmatite since 1956. The mineral was first designated as varulite 
by Y. Vuorelainen on the basis of a powder pattern. A chemical analysis of the 
mineral was made in 1963 (Table 20). The present author described the mineral 
under the name of varulite (Haapala 1964a and b) because it was more nearly com
parable to the »varulite» of Varuträsk (Quensel, 1956) than to anything else. In the 
light of the most recent research, however, the author considers the designation of 
alluaudite a better one, in accordance with Fischer's (1957, 1965) stand. 

Alluaudite occurs at Hunnakko rather commonly in the northeastern part of 
the dike (Fig. 27). It usually appears as nodules between about 20 and 30 cm in 
diameter. The most frequently observed associated minerals are the albite, muscovite 
and quartz of replacement bodies. Tiny grains of löllingite are often intercalated 
with alluaudite. 

In some cases, the alluaudite nodules exhibit more or less distinct crystal forms. 
From one alluaudite individual that had altered to apatite it was possible to measure 
a number of rather well developed crystal faces, which could be indexed as lithio-
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b 
b 

FrG. 33. Apatitem, pseudomorph after alluaudite. The crystal 
faces are those of lithiophilite-triphylite: b {010}, 1 {021}, d {Oll}, 
e {101} and e {120}. Indices according to Palache et al. (1951). 2:1. 

philite-triphylite faces (Fig. 33). The angles between Okl-type faces measured with 

a contact goniometer were (010) : (021) = 48°, (021) : (011) = 18° and (011) : (011) = 
49°. According to Palache cf al. (1951), the corresponding angles of lithiophilite

triphylite are 47°45 Yz', 17°49' and 48°51'. Alluaudite nodules also reveal two cleavage 
directions, ofwruch the more prominent, indexed by means of crystal faces, is {100} 
and the other {010}, corresponding to the cleavages of litruophilite-triphylite. 

Seen on its fresh surface, alluaudite is greenish black, wrule on its weathered 

surface it is yellowish brown. In thin section, alluaudite generally appears as a very 
fine-grained mass, which nevertheless contains islets of larger, optically nearly 

similarly oriented grains. The mineral is green, pleochroic: Z' = grass green, X' = 
yellowish green. On account of the intense color and small grain size of alluaudite, 
neither its optical orientation nor 2V could be determined from the available thin 
sections. The mineral has an abnormal brown interference color near extinction. 
The hardness is approximately 5.5. 

Table 17 presents the refractive indices and specific gravity of the Hunnakko 
alluaudite, together with the corresponding properties of some other alluaudites. 
All the listed alluaudites are mangan-alluaudites. 

Fischer (1957) has made an effort to clarify the correspondence between the refrac
tive indices and compositions of alluaudites. 

Owing to the small grain size of the Hunnakko alluaudite, successful single
crystal photographs of the mineral could not be obtained. Satisfactory results were 
obtained, however, by the powder X-ray methods both with a 57.3-mm Debye
Scherrer camera and a diffractometer. The mineral was run with the diffractometer 
several times using Mn-filtered Fe radiation, a scanning speed of Yz0 aminute and 



1. 
2. 
3. 
4. 

No. 

1. Alluaudite, 
2. » 
3. » 

4. » 
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TABLE 17 
Refractive indices and specific gravities of alluaudites. 

a (J y y-o 2Vy Sp.gr. 

1. 730±0.002 1. 741 ± 0.004 0.011 3. 612 ± 0.005 
1. 7 3 5 1. 742 1.745 0.010 ~70° 3.71 
1. 7 20 1.73 2 0.012 110° 3.58 
1. 7 52 1. 764 0.012 3. 58 

Hunnakko, Alavus 
(hagendorfite), Hagendorf, Bavaria (Strunz, 1960) 
(varulite), Varuträsk, Sweden (Quensel, 1937). Optic sign from Winchell and 
Winchell (1959). 
Sukula, Tammela, Finland (Mason, 1940a). 

quartz (calibrated with silicon) as an internal standard. The 20 angles were taken 
as the mean values of measurements made from five diagrams. Drawing on Fischer 
(1962), it was possible to index the reflections 020, 200, 112 and 112. The IBM 1620 
was used to compute the preliminary cell dimensions from these reflections. The 20 
angles corresponding to these cell dimensions were computed for all the reflections 
up to 20 = 80°. This enabled the indexing of 8 reflections, from which the final 
unit cell dimensions were computed by the least-squares method. The cell dimensions 
obtained are presented in Table 18, together with the lattice dimensions of a few 
other alluaudites (the same as in Table 17) (Fischer, 1965). The measured and calculated 
d values are presented in Table 19. 

The X-ray data are insufficient to make any conclusions regarding the corre
spondence between the composition and lattice dimensions of alluaudites. The ionic 
radii (Mn2+ 0.80, Fe2+ 0.74, Fe3+ 0.64) enable one, however, to assurne the cell 
dimensions of Mn-rich alluaudites to be greater than those of Fe-rich ones, and 
further those of ferro-alluaudites to be greater than those of ferri-alluaudites. By 
and large, the evidence points to this, as will be noted by comparing the volumes 
of the unit cells and the chemial analyses among themselves (see Fischer, 1965, Tables 
7 and 8, also Tables 18 and 21 in this paper). 

A chemical analysis' of the Hunnakko alluaudite is presented in Table 20. In the 
light of the analysis, the mineral may be designated, in line with Fischer's (1965) 
terminology, as mangan-alluaudite, in which the ratio Fe3

+: Fe2
+ is very nearly 1:1. 

In calculating the unit cell contents, the water has been omitted as non-essential 

TABLE 18 
Unit cell dimensions for alluaudites. Numbering of specimens the same as in table 17. 

dimensions of specimens 2---4 from Fischer (1965). 
The cell 

No. a, {J v 

1. .. . . ... , .. 11.020A 12.629A 6.511 A 97°49' 897.7 A3 0.873:1:0. 516 
2. 0 0 • • •••• •• 10.9 3 12.59 6.52 97°59' 888 0.868:1 :0.5 18 
3 . ..... ... .. 11. 00 12.64 6.51 97°54' 897 0.870:1:0.515 
4 . . ... , .. . . . 11. 05 12. 59 6.49 97°40' 894 0.878:1:0. 516 
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T ABLE 19 
X-ray powder diffraction data for alluaudite from Hunnakko. Mn-filtered 
Fe radiation (Ä FeKu1 = 1. 93597 A), quartz as an internal standard. 

hlc' I 20meas 

020 30 17. 625 6.318 6.31 5 
200 15 20. 424 5.4 60 5.4 59 
031 5 31. 87 3.526 3. 52 5 
310 20 32.141 3.497 3. 498 
040 5 35.7 12 3.1 57 3.1 57 
112 20 36.207 3.11 5 3.11 5 
231 15 36.792 3.067 3. 067 
202 10 38.20 1 2.9 58 2.9 59 
112 20 38.933 2.905 2. 905 
022 15 39. 39 8 2.8 72 2.8 72 
141 20 40. 655 2.78 7 2.786 
240 100 41.48 5 2.73 3 2.7 34 
400 2.730 
222 5 42.40 2.6 77 2. 679 
202 10 43. 25 3 2.6 26 2.62 5 
411 5 43.8 75 2.59 1 2. 590 
132 20 44. 534 2.555 2. 555 
420 5 45.46 2.505 2.505 

~31} 5 51. 182 2.24 1 2.24 1 
402 2.2 39 
510 10 53. 47 2.1 52 2. 152 
251} 20 54.32 2.121 2.125 
013 2.120 
350 15 55. 62 2. 075 2.075 
332 10 58. 04 1. 995 1. 99 5 
260 5b 59. 10 1. 9 63 1. 9 64 
451 5 63. 945 1. 8 28 1. 827 

(cf. Fischer, 1965, pp. 1647-48 and 1677-78), as has the Si02. Assuming the 
number of oxygen atoms per unit cell to be 48, the mineral's formula might be 

written, after the fashion proposed by Fischer (1965), W7.89 (X + Y)12P12.09048' 
where W = Na + Ca + K + a little Mn, X = Mn + Fe2+ + Mg, and Y = Fe3+. 
The formula for the alluaudite of Hunnakko might also be briefly written (Na, Ca)2 
(Mn, Fe3+, Fe2+)3 (P04)3 (cf. Mason in Quensel, 1956, p. 49). The calculated density 
was obtained from the analysis and the cell dimensions by assuming the amount of 

oxygen atoms per unit cell to be 48. The calculated density is one-tenth greater than 
the measured specific gravity. This may be due purely to the manner of calculation. 
If 12 P-atoms be assumed per unit cell, the calculated density would be 3.687 g/cm3 • 

If, furthermore, the water be thought of in terms of [(OH)4] diadocic with [P04] 

(Strunz, 1960), we obtain, by assurning P + (OH)4 = 12 per unit cell, as the density 
3.608 g/cm3. Fischer (1965) has also considered the possibility that the analysed 
water might be as H 2ü or OH in »Na holes» in the structure of alluaudite. 

Table 21 gives a chemical analysis of the Hunnakko alluaudite, compared with 
analyses of the alluaudites listed in Tables 17 and 18. At Varuträsk and Eräjärvi 

alluaudite (varulite) occurs as an alteration product of lithiophilite. No lithiophilite 
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TABLE 20 
Chemical composition and the unit cell of alluaudite from Hunnakko. Chcmical analysis by 

E. Lindquist. 

Na20 ........ . . .. . 
K 20 ............. . 
Li20 .. . ... .. .... . 
CaO ........... . . . 
MnO . .. .... ..... . 
FeO ........... . . . 
Fc20 a . ..•. . •.. . .. 
MgO ............ . 
Ti02 .• . .. • . •.. ••• 

Al,Os . . . . . . ..... . 
P20S ........ .. .. . 
H 20 ± .......... . 
5i02 ... .. •.. .. .. 

10. 32 
0.1 8 

trace 
2.50 

24.40 
9.04 

10. 24 
0.0 9 
0.0 0 
0.00 

42. 35 
0. 60 
0.26 

99.98 

~fol.prop. 

1665 
19 

446 
3440 
1258 

641 
22 

2984 
333 

Unit cell contents 

Na ... . 
K .... . 
Ca .. . . 
Mn .. . 
Fe3+ .. . 
Fe2+ .. , 
MgO .. 
P .. . . . 
0 .... . 

6. 5 61) 0.075 7. 5 1 
0.878 
6.777 
2.527 tll 83 
2.479 . 
0.044 

11. 757 
46. 680 

Thc unit cell 

ao = 11 .020 ± 0. 008A 
bo = 12.629 ± o.o l oA 
Co = 6.511 ± 0.005A 
ß = 97°49 ' ± 10' 
ao : bo : Co = 
0.873 : 1 : 0. 516 
V=897. 7A3 
5p .gr.mcas. = 3. 612 ± 0.00 5 
Dencitycalc. = 3.71. g /cmS 

Z = 4 

has been deteeted among the minerals present in the Hunnakko pegmatite, but to 
judge by the erystal forms, the alluaudite is a pseudomorph after lithiophilite
triphylite. The deavages oeeurring as relies in the fine -grained alluaudite mass also 

coineide with those in lithiophilite. The alluaudite itself has alte red along its edges 

into apatite (Figs . 34 and 35) and vivianite. 

Triploidite 

Frondel (1949) mentions the rare pegmatite phosphate minerals of the triploidite 
wolfeite series (Mn, Fe)zCOH)P04 as having been met with in six loealities on earth. 
The sites of the finds are: Branehville, Conneetieut; Cyrillhof and Wien, Moravia; 
Hagendorf," Bavaria; Skrumpetorp, Sweden; and Palermo, New Hampshire. Sehmid 

TABLE 21 
Chemical analyses of alluaudites. Numbering oE specimens and reEerences the same as in table 17. 

Na20 . . .. . ... ...... . 
K 20 . . . .... ........ . 
Li20 .......... .. . . . 
CaO . . . .. . .. . . . . . . . . 
MnO . . . ........... . 
MgO .. . ....... .. .. . 
FeO . ........ . . .. . . . 
Fe,Os ..... . ... .. . . . 
P20 S • ••••.•..• .. ••• 

H 20 + .. . .......... . 
H 20- .... . . . . . . . .. . 
Insol. .... . . . . . ..... . 

10. 32 
0.18 

trace 
2.50 

24.40 
0.09 
9.04 

10. 24 
42.35 

0. 60 

99.98 I 
1) Includes F2 0.06 % and Al20 s 0.36 %. 

11 7426- 66 

2 

8.47 
0.17 

1. 68 
18. 50 

0.66 
15.44 
13. 30 
42. 26 

100.48 

3 4 

7.12 8.19 
0. 12 0. 00 
0.8 8 0.0 7 
4. 86 2.70 

25. 30 20.6 6 
0.00 0.11 
7. 52 3.19 
8.35 20.56 

42.80 42.52 
0. 75 0. 96 
0.14 0. 17 
1. 80 1. 06 

100. 06 ' ) 100.1 9 
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TABLE 22 

Optical properties of triploidite-wolfeites. 

No. a ß y 

1. .... . ..... . 
2. 
3. 
4. 

1. 732 ± 0.002 
1. 725 

1. 733 ± 0.002 
1. 726 

1. 737 ± 0.002 
1. 730 

1. 7 41 1. 742 1. 746 

1. 748 1. 749 1. 753 

1. Triploidite, Hunnakko, Alavus. 
2. Triploidite, Branchville, Connecticut (Frondei, 1949). 
3. Wolfeite, Palermo, New Hampshire » » 
4. Wolfeite, Hagendorf, Bavaria » » 

y-a 

0.005 
0.005 
0.005 
0.005 

2Vy 

fairly small 
medium 
medium 
medium 

• 

(1955) mentions triploidite as a rarity also at Hühnerkobel, Bavaria. Novotny (1956, 
p. 504) reports that triploidite-wolfeite has been described also from an occurrence at 
Veterny vrch in the vicinity of Domazlice, Bohemia. The author has run across 
no other reports of triploidite-wolfeite occurrences in the literature. Accordingly, the 
Hunnakko pegmatite seems to be the ninth site of find of triploidite-wolfeite on earth, 

and the first one in Finland. 
The author identified the triploidite-wolfeite in .the late winter of 1963 from 

sampies he had collected the previous summer in the Hunnakko pegmatite. The 
mineral occurs as inclusions in altered alluaudite, forming compact grain accuma

lations. These grain aggregates are usually very small; the largest to have been found 
is about 1 cm in diameter. This mode of occurrence is identical with that of the 
Skrumpetorp wolfeite (triploidite), for there, too, the mineral occurs as small aggre
gates in alluaudite (varulite) (Mason, 1940b). The color of the Hunnakko triploidite 
is brownish, with a greasy luster. Its hardness is approximately 6. The mineral has 

been identified on the basis of its optical properties, X-ray examinations and both 

spectro-chemical and X-ray fluorescence analysis. 
The refractive indices of the Hunnakko triploidite are presented in Table 22, 

together with the corresponding values for three other minerals in the series. 

Owing to thc small size of the grains and their strong undulatory extinction, 
it has not been possible to determine accurately the mineral's 2V. It has a strong 

abnormal blue interference color. 
By comparing the refractive indices of the Hunnakko triploidite with the refrac

tive index curves drawn by Frondel (see, e.g., Winchell and Winchell, 1959 or 
Frondel, 1949), one will obtain as the composition of the mineral about 55 % 
triploidite and 45 % wolfeite. 

According to the qualitative spectrochemical analysis made by A. Löfgren, 
the mineral contains an abundance of the elements Mn, Fe and P. Other elements 
could not be detected in any noteworthy degree. The ratio Mn: Fe was determined 

by X-ray fluorescence analysis by V. Hoffren, the result being Mn : Fe = 1.2: 1, 

which is the same as what could be obtained on the basis of the refractive indices. 
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TABLE 23 
X-ray powder diffraction data for triploidite-wolfeites. 

2 

I d d I d 

20 4.38 30 4.40 30 4.37 
SO 3.65 40 3.65 40 3.63 
SO 3.40 SO 3.41 SO 3.37 
70 3.20 80 3.19 80 3. 18 
80 3.09 90 3.10 90 3.09 

100 2.93 100 2.94 100 2.93 
5 2.86 10 2.89 10 2.87 

SO 2.82 40 2.84 40 2. 80 
5 2.72 10 2.71 10 2. 69 
5 2.63 10 2.65 10 2.63 

SO 2.57 SO 2.58 SO 2.57 
30 2.459 30 2.47 30 2.45 

10 2.35 10 2.33 
SO 2.318 SO 2.31 SO 2.29 

5 2.195 10 2.19 10 2.19 
70 2.139 SO 2.15 SO 2.14 
20 2.073 10 2.06 10 2.06 
20 2. 041 10 2.05 10 2.04 

10 2.01 10 2. 01 
30 1. 97 6 30 1. 98 30 1. 96 
30 1. 950 30 1. 9 5 30 1. 9 5 

10 1.83 10 1.82 
60 1. 795 60 1. 80 60 1. 7 9 

10 1. 7 6 10 1. 7 5 
20 1. 713 20 1. 72 20 1. 71 
10 1. 678 
40 1.645} 1. Triploidite, Hunnakko. Mn-filtered Fe 20 1. 626 
20 1. 612 radiation (,1. FeKa = 1.93728 A). 

20 1. 5 5 4 Camera diameter 57.3 mrn. 

10 1. 524 2. Triploidite, ASTM card 5-0611. 

SO 1. 47 ob 3. Wolfeite, ASTM card 5-0612. 

10 1.443 
40 1. 422 

The triploidite of Hunnakko was examined by X-ray technique, using a 57.3-mm 

camera and Mn-filtered Fe radiation. The d values arrived at are presented in Table 

23, together with the corresponding values for the triploidite of Branchville 

(Mn: Fe = 3.30: 1) and the wolfeite of the Palermo Mine (Fe: Mn = 3.39 : 1) 

(Frondel, 1949). 

The light apatite1v replaces both alluaudite and triploidite (Fig. 36). 

Childrenite 

Childrenite occurs in the Hunnakko pegmatite as red-brown aggregates of grains, 

at most about 0.5 cm in diameter, contained in the alluaudite. The d va lues measured 

from the powder patterns taken of the mineral were very dose to the d values pre

sented by Strunz and Fischer (1957) for childro-eosphorite. The refractive indices 

12 7426- 66 
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TABLE 24 
Refractive indices and specific gravities of the apaties from Hunnakko. 

Apatite( .... . .... . . . 
Apatiten . ... . . ... .. . 
Apatitem . ..... . . . . . . 
ApatitelV·· .... . . ... . 

w 

1. 63 8 ±O.ooz 
1.646 ± 0.001 
1.6ZZ ± 0.00Z 

1.613 ± 0.00Z 

1.634 ± 0.00Z 
1.643 ± 0.001 
1.618±0.00Z 
1.61 0 ± O.OOZ 

w-e 

0.004 
0.003 
0.004 
0.003 

Sp.gr. 

3.zo ± 0.01 
3.Z6 5 ± 0.003 
3.08 .... 0.01 
3.03 ± 0.01 

obtained were a = 1.644 ± 0.003, ß = 1.671 ± 0.003 and y = 1.679 ± 0.003. 

Accurate refractive indices could not be measured on account of the non-homogeneity 
of the mineral. The specific gravity obtained with Clerici solution was 3.07 ± 0.01. 

Judged by its refractive indices (see diagram in Strunz and Fischer, 1957), the mineral 

contains approximately 30 % eosphorite, the Mn-member of the childrenite-eosphorite 
series (Fe, Mn)Al(OH)zP04 • HzO. By means of the X-ray fluorescence analysis (made 
by V. Hoffren), the ratio obtained for Fe: Mn is 3 : 1, which coincides with the 
composition derived from the refractive indices. 

Childrenite had not been met with in Finland before. Eosphorite has been men

tioned as occurring in the Viitaniemi pegmatite of Eräjärvi (Mrose and Knorring, 

1959). 

Apatite 

Four generations of apatite can be distinguished in the pegmatite of Hunnakko. 
Classified as belonging to the first generation are the blue-green apatite crystals 
at most 1 cm long which are met with in the primary pegmatite in association with 

felds pars, quartz, gamet, schorlite and muscovite. The apatites of the second gene
ration occur as blue-green or pale crystals at most 2 cm long in replacement bodies 
situated in different parts of the pegmatite. The apatite of the third generation occurs 
as a black or gray shell around alluaudite nodules, replacing the alluaudite (Figs. 34 
and 35). The fourth generation apatite likewise replaces alluaudite, but it is met 

with only in the shell portions of alluaudite individuals exposed up to the ground 
level, where it appears as criss-crossing white bands. 

Table 24 presents the refractive indices and specific gravities of Hunnakko apatites . 
It will be noted that the refractive indices and specific gravities of the different 

apatite types are highly divergent. In the case of the apatites replacing alluaudite, 
they are exceptionally small. X-ray examinations showed, however, that also these 
minerals had apatite structure. A qualitative test involving these apatites (carried 
out by S. Turkka) proved them to contain COz in considerable abundance, which 
means that these minerals are carbonate apatites. 

As apatitem has replaced alluaudite, rings of opaque pigment have formed 

around the mineral. Evidently, the manganese and ir on released in the replacement 
reaction became bound to these pigment rings as oxides. As the replacement process 
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FIG. 34. Apatitem (white) replaees alluaudite (the dark mineral in the lower 
part of photo). Between alluaudite and apatite there is a thin vivianite rim 
(white) . The blaek pigment rings represent the one-time sites of the outer 

margins of the alluaudite. 1 nie., 1:50. 

FIG. 35. Apatitem replaees alluaudite. 1 nie. , 1:50. 

advanced, these rings became visible as relics in the apatite, indicating the one-time 
sites of the outer edge of the alluaudite (Fig. 34). The dark color of the apatitem 
is partly due expressly to this pigment. Between the pigment rings, the apatite is 

apt to contain unaltered alluaudite as a relic. In some cases, there is a thin vivianite 
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FIG. 36. ApatiteIV (a) replaces alluaudite (black) and triploidite (tr). 1 nie., 1 :50. 

rim between the apatite and the alluaudite. In other instances, the replacement process 

has progressed along the cleavages (Fig. 35). Apatitelvalso replaces triploidite 
(Fig. 36). 

Apatite that has evolved as an alteration product of (Mn, Fe)-phosphates is 
known from numerous other pegmatites. Mason (in Quensel, 1956) has described 
a manganoan hydroxylapatite that replaces alluaudite (varulite) in the pegmatite 
of Varuträsk. At Eräjärvi, a black and gray Mn-apatite replaces triplite (Volborth, 

1954). Similarly, Pehrman (1945) has described an apatite occurring at Kemiö that 
replaces triplite. In the Borborema pegmatites of Brazil, carbonate apatite occurs 
as a shell around lithiophilite and its alteration products (Murdoch, 1955, p . 58). 

Vivianite 

Vivianite occurs as a thin shell composed of tiny, platelike crystals on the fracture 
and cleavage surfaces of alluaudite. In some cases, the vivianite is situated around 
the alluaudite between the secondary apatite and the alluaudite (Fig. 36). The mineral 
is easy to recognize b y virtue of its vivid blue color. In thin section, vivianite 

- depending on the degree of oxidation of the iron (Winchell and Winchell, 1959)
is partly colorless, partly blue and conspicuously pleochroic: X = deep blue, Y = 
nearly colorless, Z = light bluish green. The refractive indices obtained were a = 
1.593 ± 0 .003, ß = 1.614 ± 0.003 and y = 1.650 ± 0 .003 . A thin section yielded 
an optic axial angle of 2Vy = 75 ± 5°. The powder patterns taken of the mineral 
gave d values that were nearly the same as those registered for vivianite in ASTM 
card 3-0070. 
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Other minerals 

Alb i t i c p lag i 0 c las e (AnS_ 9) is the commonest mineral contained 
in the dike. The replacement bodies are in the main albite, which partly occurs as 
fine-grained sugar albite, partly as lamellar cleavelandite as weIl as partly as a mass 

made up of curved grains between 0.5 and 2 cm long. The modes of occurrence 
of the albite contained in the replacement bodies are thus the same as those met 
with in the Haapaluoma pegmatite. 

M i c r 0 c I i n e per t hit e is met with as large crystals in the middle portions 
of the dike and as smaller grains in the marginal portions of the dike. The Rb20-, 
Cs20 - and Li20 -contents of the microcline perthite occurring in association with 
montebrasite in the middle portion of the dike are given in Table 1 on page 43. 
The degree of the triclinicity of the potash feldspar was 0.8-0.9. 

Qua r t z is found as rather large segregations in association with microcline 

perthite in the middle portions of the dike. It is a dark gray in color. 

Mus c 0 v i t e is met with in both the primary pegmatite and in replacement 
bodies. It is lacking only in aplite inclusions. In replacement bodies, the muscovite 
in places forms compact mass, in which only a little albite, quartz and cassiterite 
are present as binding agents. The Rb20-, Cs20- and Li20-contents of the muscovite 
are given in Table 1 on page 43. 

Bio ti te has been observed only in the fine-grained border zone, where it 
occurs in association with feldspar, quartz, black tourmaline and muscovite. Biotite 
has partly altered to chlorite. 

B e r y I is met with in various portions of the dike. It occurs in considerable 
abundance as tiny crystals in association with albite, quartz, black and green tourmaline 

and columbite in replacement bodies. An alkali analysis made of such a beryl is 
presented in Table 2 on page 48. The largest beryl crys tals met with are about 10 cm 
thick. The crystal forms noted are prism {10l0}, pyramid {1121} and the basal plane. 

T 0 ur mal i n e is partly black, partly green and transclucent. Black tour
maline is met with in considerable abundance in the primary pegmatite in the 

marginal portions of the dike, whereas the tourmaline of the replacement bodies 
is chieRy green. The green tourmaline is often observed in potash feldspar as fracture 
filling. The refractive indices of the black tourmaline are w = 1.662 ± 0.002, 
e = 1.636 ± 0.002, while those of the green tourmaline are w = 1.647 ± 0.002, 
e = 1.624 ± 0.002. 

C 0 I u m bit e occurs fairly generally as small, thin platelike crystals in 
replacement bodies. The largest crystal to be encountered was approximately five 
centimeters long. A semiquantitative X-ray Ruorescence analysis of tbe columbite 

is presented in Table 10 on page 60. 
Ca s s i t e r i t e is met with in replacement bodies as crystals measuring at 

most 2 cm in diameter. It occurs in particular abundance in the muscovite masses 

described before. 
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L ö 11 i n g i t e regularly occurs as tiny crystals in association with alluaudite. 
It has been identified by X-ray methods. 

P y r i t e has been met with as very thin coating on fracture surfaces. In most 
cases, it occurs in the fractures of schorlite crystals. 

Comparison with other phosphate pegmatites 

The Hunnakko pegmatite represents the type of pegmatite which Fersman 
(1931) designated under the name of »Natrium-Lithium-Phosphate-Pegmatite» . 
Among Finnish pegmatites, the Hunnakko dike has analogous features with 
the Viitaniemi pegmatite of Eräjärvi (Volborth, 1954), the Lemnäs pegmatite of 
Kemiö (Pehrman, 1945) and the Kaatiala pegmatite of Kuortane (Neuvonen, 1960). 

The Hunnakko dike also shares features in common with the Varuträsk pegmatite 

as far as the minerals observed in both pegmatites go (Quensel, 1956). Accordingly, 
in its mode of occurrence the montebrasiter of Hunnakko corresponds to the first 
variety of montebrasite met with at Varuträsk, which is connected with the 
assemblage of the inner intermediate zone that crystallized during the pegmatitic 

stage. Moreover, even the green tourmaline of both pegmatites belongs to the 
mineral assemblage of montebrasite. The montebrasiteu of Hunnakko, again, greatly 

resembles in its mode of occurrence the fourth variety of montebrasite met with 
at Varuträsk (see p. 70). The alluaudite (varulite) is associated both at Hunnakko 
and at Varuträsk with replacement bodies, as also are the cassiterite and the columbite 

and apart of the beryl and the muscovite. The Li-minerals spodumene, petalite, 
lepidolite and red tourmaline met with at Varuträsk in addition to montebrasite 
are missing at Hunnakko, as is the Cs-mineral pollucite. It is conceivable that a elose 
search would bring to light in the Hunnakko pegmatite certain other minerals hitherto 
not catalogued. 



THE KAATIALA PEGMATITE 

The Kaatiala pegmatite and its mineralogy will not be dealt with in any detail here. 

A brief look at the general structural features of trus pegmatite is, however, 

in place. 

The Kaatiala pegmatite has received recogmt1on in the literat ure for over a 

hundred years (p. 8). Quite a number of studies and brief separate publications 

dealing with the pegmatite have appeared. The following remarks are largely drawn 

from the desciption brought out by Neuvonen (1960). 

The Kaatiala pegmatite is a nearly horizontal dike or lens, which cuts almost 

perpendicularly across the foliation and lineation of its granodioritic country rock. 

Close to the present quarry is another, mineralogically quite simple, abandoned 

feldspar quarry. 

The zoned structure at Kaatiala corresponds to that observed at Haapaluoma 

(Fig. 37). Farthest on the outside is an aplitic variety of pegmatite (border zone), 

where, in addition to the ordinary pegmatite minerals, there is quite a profusion of 

apatite. Inside this zone occurs medium-grained feldspar-quartz -muscovite-schorlite 

pegmatite (wall zone). According to Volborth (1952), the wall zone has also yielded 

columbite and beryl. The middle portion of the dike consists almost exclusively 

of gigantic microcline perthite crystals (inter mediate zone). The potash feldspar 

crystals are oriented sub-parallel with their a axes almost in vertical position, being 

at the same time situated at right angles to the walls of the dike. There are many 

quartz cores at Kaatiala, being generally situated around the boundary between the 

wall zone and the inter mediate zone. 

Below the inter mediate zone is a Na-Li-replacement zone. The replacement 

bodies are marked by the presence of albite (in part cleavelandite), quartz, muscovite, 

colored tourmalines, beryl, columbite, a little lepidolite, clear blue apatite and topaz. 

Also löllingite occurs in the replacement bodies. Eeautiful, transparent green tourmaline 

crystals have sometimes been found in kaolinized cavities. Recently, abundant spodu

mene, amblygonite-montebrasite, Li- and (Mn, Fe)-phosphates and cassiterite have 

also been found in the Kaatiala pegmatite. 
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FIG. 37. The Kaatiala pegmatite aeeording to Neuvonen (1960) . 1. Quarry boundary; 2. Country 
rock (granodiorite); 3. Pegmatite (wall zone); 4. Feldspar (mierocline perthite, inter mediate zone); 

5. Quartz (core). 6. Na-Li zone. The markings within braekets made by the present author. 



OTHER PEG MA TITES CONT AINING RARE MINERALS 

Numerous pegmatite dikes are to be seen in the cut through the bedrock for 

the drainage channel of Haasjärvi in the village of Viitala in the commune of Perä
seinäjoki. The country rock is gabbro. The dikes are generally fairly vertical in their 
dip and mineralogically very simple. However, one nearly horizontal dike about 
10 meters wide has yielded some schorlite, beryl and columbite as weIl as a small amount 
of tapiolite. This pegmatite is also beautifully zoned. The marginal parts of the dike 
consist of medium-grained felds par (principally microcline)-quartz-biotite pegmatite 

(wall zone). Nearer the center there is medium- and coarse-grained microcline-quartz
muscovite-schorlite pegmatite (inter mediate zone). And, finally, there is a quartz 

core, which is about half a meter wide. Beryl occurs in the quartz co re or along 
its margin, as does columbite, too. Tapiolite has been met with, as a great rarity, 
in the muscovite- and schorlite-bearing pegmatite. The gabbro is highly chloritized 
and cruched near the contact of the pegmatite. Near the pegmatite dike being described 
there occurs still another zoned beryl pegmatite. 

About two and a half kilometers west of the hamlet of Pasto, Peräseinäjoki 

commune, the bedrock has been blasted in connection with the clearing of the river 

Nurmonjoki. The blasts have brought to light pegmatite fragments . Among these 
fragments are some that bear witness to a conformable pegmatite dike containing 
zoned red tourmaline and a little lepidolite. 

Roughly 2 km WSW from the village of Haapaluoma there is a narrow pegmatite 
dike running N60oW, the core of which contains a few small beryl crystals. 

Some 3.5 km southeast of the Niinimaa railroad depot there occurs a zoned 
pegmatite dike ab out two meters wide which contains a fair abundance of beryl 
and runs N50oE, 45°NW. The wall zone consists of fine- and medium-grained 

feldspar-quartz-biotite-muscovite pegmatite. The inter mediate zone closer to the 
center is coarser of grain and dominated by microcline. And in the center is the 
quartz core. Beryl occurs in all the zones, though in greatest abundance, however, 
in association with schorlite in the core. 

At Sannanluhta, about 2.8 km southeast of the Kaatiala quarry, there occurs 

at the bottom of a bog-drainage ditch a small muscovite-rich pegmatite exposure, 
which, in addition to the common minerals, contains columbite, löllingite and 
graphite. This pegmatite has been discovered to contain albite replacing earlier 

pegmatite as weIl. 
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Some 0.5 km south of the Kaatiala quarry there is a zoned pegmatite dike (Fig. 4 
on page 22), in which a few columbite crystals have been found. 

About 1 km ENE of the Kaatiala quarry there is a small abandoned felds par 
quarry in which a considerable amount of beryl has been found . 

About 2.3 km northeast of the Kaatiala quarry there is an outcrop containing 
three differently oriented, zoned pegmatite dikes, which cut through granodiorite 
- quartz diorite and have been found to yield beryl. The dikes have a wall zone 

consisting of fine- and medium-grained feldspar-quartz-biotite-muscovite pegmatite, 

a coarse-grained inter mediate zone containing abundant muscovite and a quartz core. 
Beryl occurs in the quartz core. The iotermediate zone of one of the dikes has also 
been found to contain a little columbite. 

In addition to the above described phosphate-bearing pegmatite, there is in 

the hamlet of Hunnakko still another pegmatite dike whose core contains beryl 
crystals. The country rock is mica gneiss. 

On the southwestern side of Kuorasjärvi, roughly 200 meters north of the railroad 

overpass, there is an outcrop of pegmatite, which contains a few tiny beryl crystals 
in a coarse, quartz-rich segregation at the northwestern side of the outcrop. 

On the southeast shore of Kuorasjärvi, about 1.8 km ENE of the overpass just 
referred to, there is a pegmatite exposure in mica gneiss. The margin of the co re 
of the pegmatite contains a slight amount of beryl as well as lällingite and/or arseno
pyrite. 

On the eastern side of Kuorasjärvi, there is the abandoned felds par quarry of 

Mäenvuori in a body of pegmatite situated in the mica gneiss. In the quarried pegmatite 
it has also been found some beryl. 

On the northeast side of Kuorasjärvi, there is a branching pegmatite dike (Fig . 5 
on page 22) situated within a large, lenticular granodiorite-quartz diorite intrusion. 
The pegmatite contains beryl in its core. 

All the pegmatites here mentioned that contain beryl, columbite, cassiterite, 
Li-minerals, or (Mn, Fe)- or RE-phosphates have been marked with letters on the 
petrological map (Map 1) . The majority of them are distinctly zoned, in the way 
represented in Fig. 4, page 22. A typical feature of them is the occurrence in them 
of muscovite and schorlite. Pegmatites with muscovite and schorlite can, however, 

frequently be found without the mentioned rare minerals. Most of the listed pegma
tites are situated in synorogenic infracrustal rocks, some in their proximity within 
the supracrustal formation. 
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