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Introduction. 

Thc so-called Pajala district is situated in the Province of Norrbotten, in 
northern Sweden, and for the purpose of the prescnt description comprises 
map-sheets No. 16 Pajala and No. 17 Huulti of the ordnance map of Sweden. 
Thus to the east the district ends a t  the boundary between Sweden and Fin- 
land. To the north, west and south, however, the district is morc naturally 
bounded from a geological point of view. Here are found rocks of a some- 
what different character to those within the Pajala district. The rocks here 
consist mainly of granites and migmatites. To the north-west, however, the 
rocks of the Pajala district may be said to  continue into thc so-callcd Vittangi 
district. 

Administratively the greater part of the district concerned belongs to the 
parishes of Pajala and Tarendo, and smaller parts belong t o  the parishes of 
Korpilombolo and Gallivare (to the south and south-west) and the township 
of Kiruna at  Masugnsbyn in the north-west. 

In  Hummel's paper and on the accompanying map of 1876 (12)~ no concept 
"Pajala district" can be found, but as early as 1886, Fredholm (3) separates 
p-. 

Numbers in brackets refer to  the list of references page 38. 



4 TRYGGVE ERIKSSON 

two sections, called the eastern and the western schist-areas of Pajala ("Pajala 
ostra och vastra skifferfalt"), which areas as Fredholm points out, arc made 
up of rocks different from the surrounding granites. Not until the end, and 
immediately after the First World War, did the Pajala area arouse new interest 
in connection with the discovery of iron ores above all a t  Kaunisvaara 
village about 20 km N. of, and in the vicinity of Lake Kaymajarvi about 
25 km N.W. of Pajala village. Later new ores were also discovered to the 
north of and in continuation to the streak in which are situated the iron ores 
of Masugnsbyn known since 1644. 

Finally, Geijer, in his extensive monograph on the greater part of the pre- 
Cambrian rocks of Norrbotten in 1931 (9) dcals especially with the supra- 
crustal rocks of the Pajala district, and he points out that the rocks are of 
a character somewhat different from those of western Norrbotten. 

The field-work, forming the base of this paper was begun by the present 
writer in the summer of 1945, when detailed geological mapping was carried 
out within a small area around Lake Kaymajarvi. This mapping then was a 
link in the task undertaken by the Geological Survey of Sweden of making 
a general geological map of the bedrocks in the Province of Norrbotten. After 
being absent from the work for two years, the writer, in the summer of 1948, 
was given an opportunity to continue the field-work on behalf of the Geological 
Survey. The object was to map the whole of the Pajala district on the basis 
of the experience gained while mapping a t  Kaymajarvi. This work led, 
inter alin, to  the discovery of small deposits of iron ore in porphyries near 
Perajavaara hamlet close to the Torne river and in addition the occurrence 
of extended iron-ore-bearing streaks were indicated through magnetic sur- 
veying within Junosuando village. 

In  the summer of 1949 the geological works proceeded during shorter periods 
and were then mainly concentrated to the neighbourhood of Junosuando, 
and to an area made up of porphyries extending to the south of Perajavaara. 
At Junosuando extensive geophysical surveying and diamond-drilling were 
carried out. 

Earlier, in the summer of 1943, the Geological Survey carried out magnetic 
surveying with the Tiberg magnetometre, and also geological mapping and 
boulder-tracing round Erkheikki to the north-west and Liviojarvi to the south- 
west of Pajala, in the continuation of the rockstreak which from the iron 
ores a t  Kaunisvaara runs towards the south. I n  the summer of 1946 too, 
geophysical surveying (in this case electrical measurings according to the 
Slingram method1) was made over a long stretch in the vicinity of Saittarova 
hamlet, from south of Lake Ruoltojarvi to near Masugnsby village in the 
north. All these geophysical investigations and thcir results have been placed 
at  the writer's disposal, and have been of invaluable help when making the 

1 See, bdman,  0. H.: Manganese mineralization in the Ultevis district, Jokltmokk, North 
Sweden. Part 1, .4ppendis by  Werner, S.: Geophysical investigations - - - S. G. U. Set. C N:o 
4379 '947 
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Fig. I .  Map showing location and extension of the mapped area (= P1. I ) .  

present map. Not only when drawing the rock-contours, but also whcn con- 
sidering the structure as well as the stratigraphy of the field, the geophysical 
maps have proved most helpful. 

During the summer of 1949, the Boliden Mining Company carried out aero- 
magnetic prospecting within the Pajala district, and the writer received informa- 
tion on part of the preliminary results before the present map was completed. 

Whcn preparing the map, rock-samples and rock-slides belonging to the 
Boliden Company were placed at the writer's disposal and naturally the ma- 
terial previously collected for the Geological Survey was also made use of. 

:I-~3:ilnQ. S.G.U. Ser. C ,  iV:o 522. E ~ i k s s o n .  
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Among this latter matcrial belonging to the Survey the material collected 
by Tanner (18) proved most useful as it specifies outcrops within badly ex- 
posed areas. 

Physical Nature. 

The district mapped is situated north of the Arctic Circlc, between 67" 
and 67'30' N. lat. and it occupies an area of some 3,900 square ltilomcters 
(see map, Fig. I). Large parts of the district are covered with vast bogs often 
with a sparse vegetation of brushwood and shrubbery. Other parts of the 
arca are covered mainly with pinewoods. 

'The country is also very flat (Fig. 2).  Even though the lowest part is some 
1-00 m and the highest summits reach a little morc than 370 m above sea 
level, it may be said that the surface slowly rises from about 150 m in the 
east to an average altitude of ca. 250 m above sea-level in thc western parts. 
Above this broken, but still fairly evenly inclined surface, only two parts 
really rise more markcdly. One is the area round Kaymajarvi hamlet, N.W. 
of Pajala (Fig. 3) the other is an area close to the summit of Mount Suorsapaltka 
some 20 km S.W. of Pajala village; both areas have mountains rising to a 
height of about 320 m above sea-level. h valley distinctly lower than the 
immediate surroundings is also met with, viz. along the Kalix river to 
the south of the confluence of this river and the Tarendo river in Tarendo 
village. 

In a Norrland country of this type the outcrops of rock are mostly very 
sparse and recurrent larger outcrops are only found on the summits of the 
mountains. Along the five larger rivers running through the Pajala district 
viz. the Muonio river, Torne river, Lainio river, Tarendo river and the Kalix river, 
however, are found the best outcrops. These outcrops sometimes consist of 
long continuous cliffs as e. g. along the rapids of Pahakurkkio, Rappukoski 
and Tiankilcoski in the upper reaches of the Kalix river, S.W. of Saittarova 
hamlet. Similar coherent outcrops are also found along glens (the so called 
"I<ursu") of which the largest are "Isokursu" immediately to the east of 
Masugnsbyn and "Kursujarvin Kursu" and "Kolkojoltin Kursu", the latter 
two situated N.E. of Kayrnajarvi. 

The area around Kaymajarvi differs, as has already been mentioned, from 
other parts of the Pajala district. Round Kaymajarvi, for example, there are 
table-lands with emerging summits on each side of the valley which extends 
from the north-west of Kaymajarvi with small lakes and tarns, and as a 
narrow pass a t  the lake continues to the south-east toward the flat land north 
of the Torne river. Probably we here find a feature originally caused by 
tectonical forces. Because of exposures made by running water during and 
after the Great Ice Age, relatively numerous outcrops are found partly in the 
valley itself and partly in the hillsides. Between the summits of the table- 
lands there are also drainage-channels with exposcd rocks. 
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Geologic Setting of the District. 

The bed-rocks within the Pajala district are made up of pre-Cambrian 
rocks, partly of supracrnstal and partly of igneous origin. As pointed 
out in the introduction, Fredholm (3) mentions the occurrence of wide- 
spread supracrustal complexes, which he names the eastern and the western 
schist-areas of Pajala. According to Fredholm, the larger schist-area, the 
eastern one, extends from Areavaara-Kaunisvaara-K>iymajarvi towards 
the south bcyond Pajala, Suorsapakka and Sattajarvi, while the western 
schist-area was situated round the lakes Ruokojarvi and Sattajiirvi and ex- 
,tended to Masugnsbyn in the north. As is seen from the map (Pl. I) this 
corresponds, in broad outlines with the picture given in the present paper. 
Fredholm describes the rocks within thc schist-areas (skifferfalten) as "hiille- 
flintor" (felsites), schists and sediments, such as quartzites, sandstones and 
conglomerates, and crystalline limestone and gneisses. As regards the age of 
these rocks, Fredholm considcrs thc rock-complex as belonging to thc geo- 
logical period, preceding the one, during which the schists of the Caledonian 
mountain range were deposited ("- - -- som narmast foregick den d5 hog- 
fjallets skiffrar avsattes"). Furthermore he makes the very important ob- 
servation that the supracrustal rocks of the Pajala district resemble thc rocks 
met with in the Kalix archipelago in southern Norrbotten. Regarding their age, 
Fredholm also considers the rocks within the two areas contemporary. 

As regards the granitic rocks and the gabbros surrounding the schist-areas, 
Fredholm does not discuss their age except that he points out that the western 
schist-area and some gabbro-massifs, among others the gabbro round Tarendo 
village, are enclosed in red granite. The granite which Frcdholm regards as 
more or less undiffcrentiated, is on the forthcoming map divided into a number 
of different intrusive rocks of syenitic and granitic composition. Among the 
latter, migmatite-granite includes besides others the granite described by 
Geijer as Lina granite. In  several of his works (4, 7, S, g) Geijer has dealt 
with Lina granite in detail. Previously, Tanner, in his diary from field-work 
within the Pajala district in 1918 (18), described the red migmatite-granite 
as post-Calevian. 

The supracrustal rocks which constitute the Pajala district can now bc 
divided into two groups belonging to different geologic series. The older 
series consists mainly of porphyries and leptites, all obviously of volcanic 
origin. The younger series on the other hand consists chiefly of sediments of 
different kinds and these sediments are sornctimes later migmatized to gneisses. 
Apart from the scdiments, the younger series also consists of volcanic green- 
stones, mostly agglomerates and tuffitic sediments. Within the younger series 
therc are also conglomerates, which contain pebbles belonging to the older 
series. Basal-conglomerates and arkosic sediments which clearly divide the 
younger series from the older ones are also met with. The older porphyry- 
porphyrite-series Iorms a limited area in the central part of the Pajala district 
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and during a later sinking of the series sedimentary shallow water formations 
were deposited. This sedimentation was followed by volcanic activity which 
was characterized by basic volcanics and tuffites. During repeated depressions 
psammitic sediments were especially deposited. Later on during a folding 
in which the older volcanics, too, were a t  least partly involved a whole series 
of intrusive rocks have penetrated the supracrustal series. These igneous roclis 
are early, as well as late orogenetic, ancl apart from some diorites and gabbros, 
whic11, however, seem to be relatccl to the other intrusives, all clearly cut 
through or migmatizc even the younger sediment-greenstone-series. The 1attc.r 
series and all intrusive roclrs found within thc district are regarded as belonging 
to  thc Karelidian Age. 

The different geologic compounds met within the Pajala district can be 
divided according to the following table beginning with the youngest member. 

- -- - -- 

Igneous series: hiligmatite-granite (pegmatite, Lina-granite, Kompelus- 1 
vaara-granite, and others). I I 

Perthite-granite, sycnites, gabbro, diorite. l 

. . -- Hornblende-granite. - -- 

Lapponic supracrustal series: Quartzitic sediment~ and gneisses. 
Agglomeratic and tuffitic greenstones. 
Limestone, dolomite and jasper-quartzite. 
Quartzite with conglomerate. 
Phyllite and gneisses. 
Arliose and basal-conglomerates. .- -pp - - . -. - .- - - -- -- -- 

!-. UI 

I 2 1 Porphyry-porphyrite series: Porphyry with apatite-beamg iron-ore, , - 0 
o *  I porphyrite . -- and - -- leptites - (felsites). ---P- 

Geijer (g) considers all supracrustal roclts in the Pajala district as belonging 
entirely to what he names the porphyry-leptite formation. Geijer, it is true, 
points out the sometimes great differences between the gneisses and secli- 
mentary roclrs of the Pajala district on thc one hancl and above all the supra- 
crustal roclis dominated by acidic lavas within thc Iciruna district on the 
other. Geijer however states that the relation between different parts of the 
porphyrji-leptite formation is partly dim but that the differences may be due 
to different development of facies within the formation. Thus hc divides the 
formation at  large into a porphyry-part, a greenstone- and a leptite-part, 
the first of which attains its greatest extent and most typical development 
within the Kiruna district and round Giillivare. The other two parts, in which 
the roclts are mostly made up of greenstones, leptites and sediments, are to 
be found roughly to the east of the porphyry areas proper and thus com- 
prising also the Pajala district. Geijer's view is further supported by the very 



important argument that intrusive, deep-seated rocks, especially the perthite- 
granite at  Masugnsbyn (8) are younger than the supracrustal rocks of the 
Pajala district. All deep-seated rocks, with the exception of the Lina-granite 
were then, according to experience from the Iciruna district, considered to be 
older than the discordance below the Valtko formation. This discordance was 
then the only large one that had been proved to exist within the pre-Cambrian 
rocks of Norrbotten and thus the deep-seated roclts should belong to the 
porphyry-leptite form a t' ion. 

With i)dman's work of 1939 (zo), concerning, among other things, the 
western part of the Pajala district, the question of the rocks within the district 
came into a new light, especially as a conglomerate with pebbles of intrusive 
rocks was found interstratified in the supracrustal series. This conglomerate 
was found a t  Tiankikoski rapids in the Kalix river south of Lake Saittajarvi. 
The conglomerate, which lies in conformity with sedimentary gneisses and 
the character of the conglomerate as intraformational, shows that when the 
sedimentation took place, the old landsurface must have been deeply denudated 
with exposed igneous roclts. As a consequence of this and by comparison with 
other a.reas, adman assigns the roclts around Saittajarvi and a t  Masugnsbyn 
to the younger Vaklto formation and not to the older porphyry-leptite forma- 
tion as did Geijer. 

By later works, this division of the supracrustal roclts within the Pajala 
district into two has been further confirmed. Thus in the occurrence within 
the porphyry-porphyrite series of alkaline porphyries with apatite-iron ore, 
we find quite equivalent stratas to those regarded as oldest within the Kiruna. 
district. Above the porphyry-porphyrite series conglomerates have been found 
(of those conglomerates, the one about j km N.W. of Liviojarvi hamlet also 
contains pebbles of igneous roclts i. e. granite). These conglomerates, which 
form the bottom of the sediment-greenstone series thus show that a markcd 
hiatus exists between the two supracrustal series. 

The younger sediment-greenstone series cannot directly be compared with 
the rocks belonging to the Valtko series found in the Kiruna district. On 
the other hand the younger series has a counterpart in the rocks met with 
in the Finnish Lappland within the parishes of Kolari, Kittila and Sodankylii. 
I n  fact there exists a direct connection between the rock-complexes on the 
Swedish side and those in Finland across the border-river. 

The geology of the pre-Cambrian rocks in Finnish Lappland was described 
some years ago by E. Mikkola (16) and he calls the counterpart to the sedi- 
ment-greenstone series in the Pajala district the Lapponian formation. The 
name Lapponian then, is not used in the same sense as Sederholm used it 
i. e. he considered Lapponian as belonging to the Bottnian formation-group. 
According to Milrkola, Lapponium is, on the contrary more closely connected 
to the Karelian cyclus. Further proofs have recently been put forward by 
the two Finnish geologists A, Mikkola (15) and M. Harme (13) who from areas 
round Tornio, Kemi and Rovaniemi in northern Finland have described 
sediment-greenstonc series identical to Lapponium in the sense of E. Mikkola. 
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These rock-complexes of sediments and greenstones are furthermore closely 
connected with the Karelian in eastern and central Finland. 

I n  accordance with E. Mikkola Lapponium is suggested in the present 
paper as a name for the younger strata and relevant rocks ol the Pajala 
district. 

Gcologic and Petrographic Description. 

I11 the following, the rock-complexes within three in a way different parts 
of the Pajala district will be dealt with first. These parts, consisting mainly 
of Lapponian elements are (see map P1. I): an area mostly to the west of 
Masugnsbyn, Saittarova and Junosuando villages, a central part around Kiiyma- 
jarvi village and to the east one or more streaks extending from the vicinity 
of Erkheilrlri hamlet N.W. of Pajala and beyond Raunisvaara, which streaks 
arc found a t  and running across the border-river, Muonio River, into Finland. 
Within these areas it is above all the stratigraphy of the Lapponian supra- 
crustal-complexes that is of a certain interest, as the results from these parts 
are of the greatest significance when trying to interpret the structure of the 
whole Pajala district. In addition the older supracrustal series and the igneous 
rocks that are met with will be dealt with separately. 

Lapponium. 

THE RAYMA JARVI AREA. 

At Lake Kaymajarvi within and around the village of the same name out- 
crops are relatively abundant and they are situated so that it is possible to 
get a rather good cross-section through the conformation of strata here. The 
area has also been studied in greater detail than the rest of the district. 

The rocks of importance round Kaymajarvi are extensive quartzites with 
conglomerates, phyllitic sediments, dolomites and limestones, jasper quartzites 
with iron-ores and agglomeratic greenstones and greenschists. 

The quartzitic sediments are seen as rock outcrops and heaps of local 
boulders called "skravler" (Fig. 4, in the steep hills on both sides of the 
valley at Kaymiijarvi and as exposed rocks close to the brook Kaymajoki 
and on both sides of the road about 4 km S.E. of Kaymajarvi. 

A great many outcrops with quartzite and conglomerate are found on Mount 
Sammelvaara (see map PI. z ) ,  about 3 km N. of Kaymajarvi village. The 
quartzites are grey, mostly of fine grain and well stratified, often with cross- 
bedding shown by magnetite-rich black-sand beds (Fig. 5) .  Alternating with 
these well-bedded quartzites are also others which are light grey, sometimes 
almost white, more or less glassy and dense, but in which, nevertheless, a 
diffuse bedding can often be discerned. I n  the fine-grained quartzites the 
clastic texture with rounded quartz-grains is visible to the naked eye, some 



Fig. 4. Local boulders ("sltravler") of quartzitc on Lornl~olovnnra, I<ByniiijBrvi area. 

F ,  5 ,  Rlack-sand-lar~~il~atecl quartzitc, Sarnmclvaara, T<Ayrt~lijiirvi arm. 

specimens even show a sandy grit. The dense and glassy types on the contrary, 
are recrystallized so that not even under the microscope can the clastic struc- 
ture be distinguished, whilc the quartz grains, on the contrary, show jagged 
joints under the microscope. The rocks in question are mainly rather pure 
quartzites with quartz as the dominating mineral. Furthermore there occm 
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small laminaes, mostly of muscovite, but also of biotite. I n  addition to the 
magnetite in the blacli-sand beds tourmalinc sometimes occurs, while feldspar, 
mainly microcline, is less common. 

Several conglomerate-bcds occur a t  short intervals within thc quartzites. 
The conglomerates contain well-rounded pcbblcs, which consist of grey or 
bluish-grey quartzite and jasper. Furthermore there occurs, also as pebbles. 
whitc, wholIy crystalline and rather coarse quartz. The size of the pcbbles 
vary, cven within the same bed, and they can attain a diamcter of about 
2 dm. The tliickest conglomerate-bed, which within the now described out- 
crops on Mount Sammelvaara is found to the extreme S.W., towards the 
valley a t  KiiymKjarvi, is about 30 m thick. Further conglomerates arc met 
with to the N.E., but In that direction with successively lcsscr thiclmcss and 
smaller pebblcs. About 500 m N.E. of the thickest conglon~erate-bed, thcrr is, 
in thc quartzite, a last gravel-grained bed only some cm thick. The thickest 
bed can be followed about I km along the ridge to the N.W., through the 
local boulders which are very common in that direction. That indicates a 
rather wide horizontal endurance of the conglomerates within this formation. 
Farther to N. and N.E.  follows, always with concordant bedding, first quart- 
zites, but later also dark grey or black, fine-grained, banded and biotite-rich 
and also sometimes intimately folded phyllitcs. The phyllitcs are partly 
gneissic and they can bc reddish, obviously depending on contact-influence 
(veins) of granite. N. and N.E. of Mount Sammelvaara no outcrops have been 
seen until a t  thc grand glen at  Kursujarvi, along which lake and its feedcr- 
stream runs a very marked fault (see Fig. G ) .  On the south side of the fault- 
line which runs approximately east to west quartzites are again mct with. 
The quartzites however are glassy and recrystallizcd and partially intruded 
and veined by granite. The wholc complex of sedimentary rocks, on Mount 
Sammclvaara and a t  Kursujarvl, seems to be concordantly bedded with a 
stecp dip towards S.W. As far as the rocks on Mount Sammelvaara are con- 
cerned, this actually holds true, but as to the quartzites at  Kursujarvi it has 
not been possible to find positive proof of the sequence in bedding due in 
.the first place to the fact that dislocation has caused disturbance and secondly 
to the effect of the granite. However, here too, a diffuse banding in the 
quartzite is sometimes seen and this banding strikes N.30°W. and dips verti- 
cally. 

Towards the S.E. in the direction of strike from the localities on Mount 
Sammelvaara, the secliments are cut by ;L massif of red migmatite-granite. 
Still further to the south, a little to the east of the road, about 5 km S.E. of 
KBymajarvi village, quartzites and conglomerates again outcrop. 

One bed of conglomerate, a t  least 15 m thick, which can be observed just 
under roo m in the direction of strike, is probably equivalent to the thickest 
bed on Sanlmelvaara described above. The conglomerate, which lies in con- 
formity with quartzite and dips about 45' towards the west, is, however, in 
this locality much more metamorphosed, with elliptically elongated quartzite- 
pebbles up to L,/2 m in size, and sparse partly chloritic groundmass (Fig. 7). 
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Near the channel of Kaymajoki brook to the west and south-west of the 
conglomerate and in the hills to the north-east viz. Hosiovaara and Samakko- 
vaara, there are sevcral large outcrops (see map PI. 2). The rocks here are 
in part strongly influenced by the red, microcline-rich migmatite-granite, 
which to the west has given birth to fine-grained, streaky and unevenly con- 
torted gneisses. Thcse gneisses, which mainly consist of quartz, microcline 

Fig. 6. The valley nlo~lg lake Kursujiirvi, seen from the east. 

and muscovite contain, however, relatively well-preserved streaks of quart- 
zite in which the primary bedding can also be recognized. To the north-east 
better-preserved sedimcnts, obviously of pelitic origin, are met with. They 
are present as blackish-grey, biotite-rich, banded and thin-lamellar, more or 
lcss schistose rocks. Sometimes they contain amphibole and often also altered 
andalusite in the shapc of globules or small knobs in the then silky-lustrous 
schist. Within more gneissic parts, the schists are cut by veins of microcline- 
rich granite and the migmatitization does not give the same impression of 
soaking as is the case with the psammitic sediments more to the wcst. Apart 
from more local divergences within the gneissic parts, the dip is relatively 
flat, throughout directed, broadly speaking, towards the west, and the bedding, 
which seems to be in conformity, points to a deposition with the lowermost 
layers in the east. 

To the west of the valley that runs past Kaymajarvi, on Mount Lombolo- 
vaara about 3 km W.N.W. of the village, rocks, similar to those described 
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above, are again met with. On the top of the hill there are several small out- 
crops, which consist of current-bedded, black-sand-bearing quartzitcs. The 
quartzitcs are grey and rather pure but now and then there occur feldspar and 
often also some mica. In the north-eastern precipice, near the foot of the hill, 
a conglomerate outcrops. The conglomerate contains, often well-rounded but 
also angular pebbles of white or lead-grey, very pure, recrystallized quartzite 
about I5 cm in size. True ground-mass is often lacking, but when it is present 
i t  consists of sericite-schistose, fine-grained or dense quartzite. Locally there 
occurs a weak copper-mineralization in the conglomerate and that mineraliza- 

I-;ig. 7. Cr~nglomerate wilh quartzite-pcbblcs. Ca. 4 Itm. S.E. of laltc I<hyniBjiirvi. 'rlx length of the 
I I I C ~ S U ~ C  = I m. 

tion is seen as a sparse impregnation of bornite in the then fine-grained and 
totally recrystallized quartzite ground-mass. The conglomerate is then also 
beautifully blue- and green-coloured by azurite and malachite, which both 
occur as secondary weathering proclucts appearing as a coating mainly on 
the surfaces of the pebbles and on fissures. 

The dip or the sequence of bedding in the conglomerate cannot be ascer- 
tained as the outcrops are split and weathered into heaps of debris. In the 
outcrops with quartzite on the top of the hill the dip is throughout vertical 
or very steep, but according to the cross-bedding the lowermost beds seem 
to be found to the south-west and the youngest layers are thus to the north- 
east or next to the valley at Kaymajarvi. There is no reason to suppose that 
the conglomerate should not appear as concordant beds within the quartzites 
as the strike is regularly W. to N.W. 

Thus in the sediments on Mount Lombolovaara we find the western limb 
of a syncline and the other limb, the eastern should be made up of the quart- 
zites described above, phyllites and conglomerates N.E. and S.E. of Kayma- 
jarvi (see block diagram P1. 3). The conglomerates on Mount Sammelvaara 
and on Lombolovaara lie in such a position that they might correspond strati- 



graphically to each other and thus serve as a marker-bed within tilcse ap- 
parently water-deposited formations. 

Lying above the sedimentary formations now dealt with we find the rocks, 
which outcrop within the "Kaymajarvi depression", the valley that runs to 
the north and south of Lakc Kaymajarvi. On the map (PI. 2 )  is shown how 
a relatively narrow, about I 1cm wide streak of greenstone runs through thc 
ccntral part of thc depression in the direction N.M7. to S.E. On both sides 
of thc greenstone there occur iron-ore-bearlng scdiments and limestones (clolo- 
mites) and the whole strcalc is strongly foltlcd. 

Tllc greenstone makcs up thc stratigraphically upper-most and thus also 
the youngest part. Tho grcenstone is found outcropping on several spots in 
the bogs N.W. of Lake IGiymajarv~ and a t  the northern end of Lake Paturi- 
jarvi about 4 km N.W. of Kaymajarvi. The greenstone is partly dense and 
schistose, and partly made up of fine-grained, small-pebblecl agglomerate or, 
;rs a t  Lake PaturijSrvi, also showing a marked, no doubt primary banding. 
Green amphibole (z ,2 c -zoo) is throughout the main constituent in all kinds 
of greenstones. The amphibole occurs as a feltid mass or â s table-formed 
specimens ancl it is always more or less greatly altered. Furthermore there 
occur basic plagioclases, wh~ch are sometimes lath-shaped making a frame- 
work filled with amphibole so that the texture becomes oph~tic. Secondary 
formed epidote also constitutes a considerable part of the rock. In the ag- 
glomeratic forms (Fig. 8),  which are dominant among the greenstoncs, the 
pebbles or fragments consist of the same minerals as are found in the ground- 
mass, but the amount of different minerals varies. Usually the fragments, 
which are angular or slightly rounded and up to z cm in size, are richer in 
amphibole than the surrounding mass. These greenstones are of effusive origin, 
or, concerning the banded forms a t  Paturijarvi, to be regarded as tuffitic 
sedirnents, all, however, being supracrustal rocks formed by basic volcanism. 



On each side of the greenstone there are, as mentioned above iron-ore- 
bearing sediments, limestones and dolomites. They occur in several outcrops 
and apparently with varying thickness probably due to the folding. These 
sediments are also throughout strongly metamorphosed, with among other 
things d a r n  minerals as a common constituent. The iron-ore-bearing layers 
are found on both sides of Lake Kkiymajarvi, partly immediately N.E. of 
the lake and partly on 19ount Vinsavaara S.W. of the lake and furthermore 
a t  Paturijiirvi and within the iron-ore-fields Pellivuoma and i\larjarova (see 
map P1. 2).  

Of the ~ron-ore-bearing formations those a t  Pellivuoma and Marjarova, 
carlier described by Geijcr (5), are the only ores proper. The outcrops, now 
to be seen within these ore-fields, are found a t  the bottom of two almost 
demolishcd shafts. In the outcrops a t  Marjarova there is a glassy and rusty 
quartzite in contact with a now strongly weathered, fine-grained magnetite-ore 
and according to  Ceijer (5), quartzite and magnetite occur, the latter associ- 
ated with gangue minerals (pyroxene and amphibole) ancl fayalitc, as altcr- 
nating bands. At Pellivuoma only a ganguc, consisting of pale greenish diopsidr 
with lumps and "schlieren" of magnetite, outcrops. 

On Mount Vinsavaara and akovc all at  the northern end of Lake T'aturi- 
jarvi, there are better and larger outcrops, so that the formation can be fol- 
lowed over long stretches. Hcrc can be seen how the iron ore lies as bands 
o r  lrryers in jasper-quartzites. The latter arc grey or brownish, very fine- 
grained ore dense and .flint-like and devoid of clastic texture. They often show 
a very distinct bedding and contain green pyroxenc as irregular bands or 
veins and network of vcins (Fig. 9). Connected with the quartzites are also 
Eound layers rich in finely diffused graphite and now and then small amounts 
of pyrites, principally iron pyrites, occur within the quartzites, but chalco- 
pyrites are also met with. The pyrites also occur scattered in the iron-ore layers 
in which thc principal ore is dense or fine-grained magnetite associated with 
pyroxene, amphibole and also serpentine. 

These jasper-quartzites ancl ores must be considered as sedimentary dcposits. 
Their geological conditions as narrow but longish layers situated in the same 
horizon within a synclinc confirms this view of their origin. Their close asso- 
ciation with other sediments, banded limestones (see below) and obviously 
clastic rocks rind above all the presencc of graphite-bearing layers make the 
reasons for a sedimentary origin all the stronger. Geijer (5) also, for these 
reasons and furthermore owing to the composition and texture of the iron- 
bearing roclts, considers them primary chemical sediments and not of magmatic 
or metasomatic origin. Geijer writes (5, p. 11): "As to the o r i g i n of these 
iron-bearing roclts, it seems almost certain that they represent metamor- 
phosed chemical seclimcnts. An igneous origin is entirely excluded, both by 
characters of the rocks themselves ancl by their relations to the other members 
of the leptite formation. For the possibility of an origin by mctasomatic 
alteration no other reasons can be cited than a certain chemical and minera- 
logical similarity to  rocks elsewhere that are so interpreted, ancl the rather 
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close association with the skarn ores in limestone that are undoubtedly formed 
by replacement. However, the g e o l o g i c a l reasons that have led in- 
vestigators, among them the present writer, to ascribe such an origin to cer- 
tain ore-bearing rocks in Central Sweden, do not apply to the siliceous ores 
here. Also, the analogy in mincral composition is limited: the combination 
orthos~licate (fayalite) + quartz is not recorded from replacement deposits. 
As to the association with skarn ores in limestone, it is apparent from the 

Fig, 9. Uarided jasper-quartzite. Local boulcler close to lake Kayrniijirvi. 

relations a t  Kaymajarvi that it is with the limestone, and not with the skarn 
ores, that the siliceous ores arc originally associated." 

Similar iron ores as those described and also lying in jasper-quartzites have 
been described by Hackman (II), E. Mikkola (16) and last by Kaitaro (14) 
from Porkonen-Pahtavaara iron-ore-field within the parish of Kittila, Finnish 
Lappland. The present writer has only had thc opportunity to examine some 
rock-specimens and thin-slides from this the largest of all Finnish iron-ore-fields 
and it can only be stated that the ores and rocks are very much like those 
found a t  Kaymajarvi. 

In Porkonen-Pahtavaara, too, the quartzites and ores are intimately 
connected with volcanic greenstones and both Hackman and Mikkola regard 
ores as well as quartzites as being of sedimentary origin. But while Hackman 
is of the opinion that the ores are normal sediments and the greenstones are 
intrusions, Nlikkola regards thc quartzites and therefore the ores as chemically 
precipitated and formed in close connection with the basic volcanism. Mikkola 
writes (p. 175): "As the rocks in question are further decidedly devoid of all 
clastic textures, they can confidently be explained as chemical precipitations 
direct from volcanic springs and water conduits or as formed in lakes and 
pools amidst the ancient volcanic landscape, in analogy with so many jaspilitic 
'iron formations' of the world." Kaitaro (14)~ on the other hand, compares 
the bedded ores with such formed as submarine deposits from exhalations. 
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Graphitic Layers in connection with the jasper-quartzites have, however, 
not so far been recorded from Porkonen- Pahtavaara. 

Limestones, mostly dolomitic, appear around Kaymajarvi, close to  the 
jasper-quartzites with their magnetite-layers as can be seen from the map 
(Pl. 2).  

The jasper-quartzite and especially the limestones seem to be enriched in 
the  parts most bent by the folding. The limestones are found in one and the 

Pig. to. Bedded and contorted limestone. Close to the road S.]'. of K5ym;ijiirvi village. 

same horizon on both sides of the central streak of greenstones and that horizon 
can easily be followed on the north-eastern side of the greenstones, from Lake 
Paturijarvi through Kaymajarvi village to outcrops nearly 400 m wide, close 
to the brook Lombolojoki about 5 km S, of the village. On the south-western 
side of the greenstones, limestone outcrops on Mount Vinsavaara near Lake 
Lombolojarvi to the N.W. and furthermore limestone is, according to  Geijer 
(5), found a t  Pellivuoma. The limestones are mostly clearly bedded and some- 
times contorted (Fig. 10). Close to Lombolojarvi, in the limestone, are seen 
sharply defined 1-2 cm thick beds of blackish-grey colour alternating with 
the white calcite. The dark beds consist of a fine-grained mass of calcite 
rich in biotite and trcmolite, even if the latter two minerals also enter, but 
to  a much lesser extent, in the white beds. 

The Lapponic rock-complexes, described above, within the Kaymajarvi 
area, consisting of scdiments and volcanic greenstones, constitute as has 
been shown, a syncline, the central part of which strikes in an approximately 
north-westerly direction along the Kaymajarvi valley. The sequence of strata 
is (recorded from the bottom): phyllitic and quartzitic, partly migmatized 
and gneissic sediments with intraformational conglomerates, dolomitic lime- 
stones and jasper-quartzites with iron ores and a t  the top agglomeratic and 
tuffitic greenstones. 



THE KAUNISVAARA STREAK. 

The same Lapponic rock-elements as those described from the Kayinajarvi 
area are met with along a stretch more than 30 km long from Erltheiltki 
village,N.W. of Pajala to the borderriver, the Muonio river, a t  Areavaara, H u u h  
and Kolari. 

Here volcanic greenstones constitute a continuous narrow belt from Erlt- 

I:iz, 11. Unnded lu f f i t~ r  grectlstolic. Sunmi t  of lhe mountain S u l < s i \ ~ ~ a r d  W.  of the high road bc- 
Lween Erlthcikki and I<auriisuaara villa:-CS. 

heikki past Sahavaara and Kaunisvaara to Areavaara. A great deal of these 
greenstones are made up of distinctly banded actinolite-bearing and chloritic 
tuffites (Fig. 11). These tuffites may alternate wlth doleritic sills, obviously 
intrusive. One form of the greenstones, the geological conditions of which 
are not precisely known as it is found as pieces of rock blasted from a well, 
also contains tourmaline. The rock in question is greyish green very fine- 
grained, almost dense and even to the nalted eye thin needles of amphibole 
are visible. Under the microscope can be seen how the pale green amphibole 
(actinolite) lies in a felty mass of chlorite, amphibole and biotite and the 
actinolite cuts through the chlorite. In between "clouds" of that mass there 
occur small grains of feldspar and it can be seen how even here the actinolite 
grows into the feldspar. The tourmaline, which seems to be rich in iron occurs 
as large, relatively abundant idiomorphic grains. 

Small-pebbled agglomerates very similar to those a t  Kaymajarvi also out- 
crop on Mount Sahavaara and, close to the Muonio river S E ,  of Areavaara, 
are found calcitic spilites. Dolomites and limestones, which sometimes show 
an indistinct bedding near the greenstones occur in many places. Within 
Erlzheiklti village and a t  the top of a steep hill, Jupukka, N.W. of Pajala 
village, are found outcrops with layers of iron ore jn jasper-quartzites and 



associated with these occurs dark green amphibole as thin veins in the quart- 
zite. These iron-ore-bearing sediments exactly resemble those at  Kaymajarvi 
and on Jupukl<a dolomitic limestone also appears close to the quartzite. The 
iron ores within the "Kaunisvaara ore-field", the Sahavaara, the Tapulivuoma 
and the Palotieva ores are considered by the present writer to be of much 
the same origin, even if the iron ores there are much more strongly metamor- 
phosed and, therefore rich in gangue. Some 30 years ago after exploratory 
magnetic surveying the ores were investigated in some places by excavating 
the very thick overburden and by sinking some small pits and shafts (only 
on Sahavaara). Furthermore diamond drilling has been carried out as no 
natural outcrops are found along the ore-streaks. The excavations on Saha- 
vaara have fallen in and the writer has not had an opportunity of esamining 
the drill-cores. On the basis of material available, notes in Gcijer's diaries (6) 
and some rock-specimens blasted from the shafts, i t  is found that the ore, 
which consists of pyrite-bearing magnetits, lies in contact with limestones 
and is associated with, among other minerals, pyroxene and amphibole and 
above all serpentine. 

On Mount Areavaara and on the bank of the Muonio river at  Areavaara 
village, rocl<s of sedimentary origin outcrop and their character shows that 
they must be regarded as shallow water deposits. There are on the mountain 
grey, fine-grained, mica-bearing but clearly clastic quartzites with conglom- 
erate-beds. The pebbles, which are well rounded, consist of quartzite and 
ferroginous jasper. On the bank of the Muonio river, In a long coherent 
stretch of outcrops, quartzites and phyllites are met with. The quartzites 
are clastic, grey and fine-grained, the phyllites, which are grey or almost 
black, fine-grained or dense are very well stratified and rich in biotite. The 
phyllites show a marked bedding and appear in part mterbcdded with quart- 
zites so that they might be considered as deposited in a rivcr estuary, but in 
any case their character of shallow water deposits cannot be doubted. Close 
to the highway at Kaunisjoki River, S.W. of Areavaara, S.E. of the above 
described sandy and clayey sediments, a limestone outcrops, a limestone 
which is situated in the continuation of the ore- and limestone-streaks within 
the Kaunisvaara ore-field. The limestone here also borders on and lies con- 
formably below a greenstone to the cast. 

Those rocks, clastic sediments, limestone and greenstone are again met 
with in Huuki village and here they cross the border-river and continue into 
Finland, where the limestone especially is well-exposed in the old workings 
at  the so-called Akasjolti deposit. At Kolari village and Ristimela farther 
to the south we again find the greenstones and here they are accompanied 
by metamorphosed quartzites and graphitic schists and at least on the Fin- 
nish side, also by limestone. Obviously in the continuation of this streak into 
Finland there are the iron ores of the Juvakaisenmaa deposit along the brook 
Niesajoki. Thesc ores, according to IZorgstrom (I), are situated along a contact 
zone between what he designates a mica-schist and amphibolite. According 
to the description these rocks could very well correspond to the known sedi- 
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ments and greenstones on the Swedish side of the border. Thus i t  is possible 
that even the Finnish iron ores at  Juvakaisenmaa are situated in one, possibly 
the same, horizon between sedimentary shallow water deposits and volcanic 
greenstones as is the case a t  Kaymajarvi and within the Kaunisvaara orefields. 

I t  seems possible to assume that the long narrow streak with greenstones 
from Erkheikki, past Kaunisvaara to Areavaara, represents one limb of a 
syncline, the second limb of which is met with at  Kolari, Ristimela and further 
at  Juvakaisenmaa in Finland (see the block diagram P1. 3).  I t  is, however, 
not impossible that within these parts faults could have played an important 
part. Among other things, there are found strongly crushed rocks (mylonites) 
on Mount Airivaara W. of Ristimela, and within the area occupied by mig- 
matite-granite (see P1. I); on the mountains Jalkovaara and Kuusivaara 
there are fracture-zones running N.E. to S.W., and those features may repre- 
sent fanlts or even overthrusts. 

As is seen from the map (Pl. I) the dominating rocks are gneisses and mig- 
matite-granite within the area between the Kaunisvaara streak and the green- 
stones at  Kolari close to the border river. The gneisses concerned are partly 
strongly migmatized, and all are more or less clearly banded or strongly 
schistose with the strike throughout running N. to S. or N.E. to S.W. Only 
close to the border river between Huuki and Ristimela are the rocks less 
metamorphosed. Here beginning from the N.W., first appears a gneissic and 
partly granite-veined, muscovite-bearing schist, which towards the S.E. 
passes into a grey, bedded and glassy quartzite. Further there appear in con- 
tact with the quartzite thick folded and overturned layers of graphitic schist, 
S.E. of which quartzite or quartzite-schist again outcrops. The latter is here 
relatively rich in mica and also contains red, rounded and partly changed 
garnets (almandine). 

lmmediately to the east of Lake Rytijarvi, about 6 km N. of Pajala, there 
occurs a peculiar form of the gneisses. I t  is rich in quartz, fine-grained, pale 
red and contains microcline and mica, above all biotite but also some musco- 
vite. In the fine-grained mass there occur greyish white, ellipsoidal concen- 
trations, up to one dm in size, which consist mainly of quartz and sillimanite 
and some tourmaline. The gneiss is also cut by red, partly pegmatitic granite 
rich in microcline. The gneiss is almost massive, but sometimes with a slight 
schistosity, which is shown by the parallel1 arrangement of the biotite grains, 
the direction of which is the same as the longitudinal axis of the quartz- 
sillimanite-nodules. The quartz-sillimanite-nodules also lie, vaguely it is true, 
but nevertheless arranged in rows, which gives the impression of a primary 
bedding, which dips about 35'-so0 towards the N.W. 

Geijer (g) considers the origin of the quartz-sillimanite-nodules to be due 
to metamorphism, even if granite and pegmatite intrusions have contributed 
to the forming of the gneiss. From the western part of Finnish Lappland, 
E. Mikkola (16) has described the occurrence of widely spread "sillimanite- 
gneisses" among which occur forms exactly similar to that a t  Rytijarvi. 
Mikltola, who discusses the stratigraphical position of the gneisses, also com- 



pares them to the equally richly occmring normal quartzites, and he con- 
siders the sillimanite-gncisses as primary sediments, too. He  writes (p. 166): 
" 4  sedimentary rock of the composition of sillimanite-gneisses - - - 
would apparently have been an arkosic or micaceous sandstone, partly very 
rich in quartz. Such a difference in composition from quartzites would have 
sufficed to  account for the quite different behaviour of these two kinds of 
rock under the influence of powerful metamorphic agencies and of granites." 

Like Miklcola, the present writer regards the gneisses at Rytijarvi as repre- 
senting a later strongly metamorphosed and altered clastic sediment with its 
primary composition still prescrved, A proof of that seems to be present in 
the rocks found towards S.W. in the direction of strike, and above all N. 
and N.W. of Liviojarvi hamlet, about ro km W. of Pajala. Viz, here outcrop 
unmistakable sediment-gneisses in which are included quartzites (on the 
map PI. I drawn as a separate streak), mica-shists and arkoses. The quartzites, 
which are pale reddish or grey, are sometimes bedded and they are more or 
.less rich in biotitc. The arkosc, which outcrops in several places W. of the 
quartzites, is in part strongly schistose and shows even to the naked eye, 
lighter, grains of feldspar, measuring up to a few mm, in the grey, fine-grained 
schistose mass. Sometimes a diffuse stratifiation can also be seen in the roclc 
and  now and then there appear bigger, rounded fragments of a phyllitic roclc 
and a dark grey porphyrite with feldspar phenocrysts. Under the microscope 
can be seen how bigger, partly rounded grains of plagioclase (oligoclase) lie 
in a fine mass, rich in epidote and with lamellar feldspar often arranged 
in parallel rows. In  addition there are quartz and ore minerals. 

Concerning the stratigraphical position of the above described gneisses, it 
seems to me obvious that all, even the sillimanite gneisses, must be regarded 
as belonging to the Lapponian supracrustal series. E. Mikkola in his work (16) 
points out the difficulty in ascertaining the stratigraphical correlation between 
the sillimanite gneisses and the normal (Lapponian) quartzites. When com- 
paring the sediment complexes in the eastern and the western parts of Fin- 
nish Lappland hc however arrives at the conclusion that the sillimanite- 
gneisses must be included in the Lapponian formation, of which they could 
represent the lowermost horizon. As far as the latter conclusion is concerned, 
it does not agree with what is known from the Pajala district. As has been 
shown, the sillimanite-gneiss at Rytijarvi is situated near the middle of a 
syncline, consisting of Lapponic elements and thus the gneisses concerned 
must lie rather high up in the supracrustal series. Here, however, must be 
pointed out the possibility that the streaks of greenstones, in part at least, 
may be overturned. 

THE NL4SUGNSB17-SAITTAROVA- JUNOSUANDO AREA. 

Turning to the western part of the area mapped we find here, too, rocks 
and also ores coinciding completely with those described above. 

Here appear, for example (see map P1. I), supracrustal greenstones, which 



extend from Masugnsby village towards the S.E. and from here they turn 
N.E. running to and beyond Junosuando village, apparently constituting a 
big syncline (sec the block diagram, P1. 3). Close to the greenstones occur 
bedded magnetite ores and limestones. In thc Masugnsby iron-ore-field, known 
since 1644, and described by Geijer (8), thc ores are metamorphic and rich 
in gangue. 

Within the village of Junosuando itself, where in the year 1949 ores were 
found by means of geophysical surveying and diamond drilling, the ore occurs 
as thick beds of laminated magnetite altcrnating- with grey, dense glassy 
and flinty quartzites. The ore also often is epidote-banded containing pyrites 
and the pyrite grains or veins arc mostly situated on the bedding-planes. 
Layers rich in serpentine are common in the ore, which is separated from 
the greenstone by a thin but persistent limestone-bed. The greenstone, which 
seems to overlay the sediments, is schistose but shows nevertheless clearly 
agglomeratic textures. Immediately east of the ore-streak a drillhole was 
driven through phyllitic sediments, which are contorted but which show a 
distinct bedding with alternating fine and dark, and coarser and light ma- 
terial. These phyllites are in part rich in graphite so that locally there exists 
real graphitic schist, which also contains pyrrhotite. 

The ore in Junosuando, which is known only from the drillings, covers an 
area of some 10,000 to r5,ooo sq. metres. Within this "orc-body", however, 
certain parts hardly constitute an ore proper as the percentage of iron is too 
low, only about 20 per cent. Within the richer parts an analysis of a drill-corr 
shows the values 45 per cent Fe, 2.56 per cent S, 0.05 per cent P,05 (Analyst: 
A. Aaremae). 

Judging from the magnetic anomalies there must be some smaller orv- 
bodies or lenses within the field, but even these can be assumed to consist 
of only very poor, low-grade ores. 

As a comparison it may be mentioned that in the Masugnsby field therc 
are several ore-bodies with a total area of about 56,000 sq. metres. About 
half of the ore is well concentrated and consists of high-grade magnetite-ore, 
poor in phosphorus, while the rest forms a dressing or concentration ore (8). 
The ores in the Kaunisvaara field are estimated to have a total area of about. 
90,000 sq. metres, half of which contains about ho per cent and the other 
half about 40 per cent Fe. 

I t  would lead too far to enter further into the subject of the geology of 
the iron ores and it will here only be stated that in the Pajala district within 
the Lapponic supracrustal series there occur regularly iron ores of sedimentary 
origin and together with limestones t h q  lie practically in the same horizon 
close to  volcanic greenstones. 

Within the Nasugnsby--Junosuando area clastic sediments are widely 
spread, in addition to those mentioned above, in Junosuando, we find them 
chiefly south of Masugnsby village and west of Saittarova hamlet stretching 
towards the Kalix river. These sediments also comprise quartzite-pebbled cong- 
lomerates (Fig. 12) of a similar kind to those a t  Kaymajarvi. The sediments 



found towards the south are transferred into gneisses and schistose rocks 
@ig. 13). The latter can be studied in thc large outcrops along the Kalix river 
.and they originate by the influence of the migmatite-granite and are also 

I:iq. 12 ,  lZcd of qiiartzite-co~1gl011icrate i l l  quartzite. Kursuvaara, S.W. of Snittarov;~ lialiilet. 
Tlic l~iggcst pebble has n lcngth of ca. I d n ~ .  

l .  I .  Flat lying a~~dalusitc-lxaring schist, rlosr Lo the  rapid 12appulioslii in tlw lialis river, S W .  
of Saittarovn I~amlzt. 

certainly due to strong tectonic deformation. In that mllieu there occurs a 
conglomerate close to the rapids of Tiankikoslii, which is of great importance 
in determining the relative age of this supracrustal formation. 

'The conglomerate, as well as the wholc rock-complex in this area has earlier 
been dealt with by odman (20). The conglomerate is strongly metamorphosed 
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but polygenius, with pebbles of porphyries, felsites and quartzites but in 
addition intrusive rocks such as syenite or diorite and gabbro and also dyke 
quartz. The conglomerate cannot be considered a basal-conglomerate as it 
appears as a conformable intercalation within the other sediments and the 
existence of such a conglomerate shows that dur ing  the sedimentation the older 
rocks mus t  have been strongly denudated wi th  exposed deep-seated rocks. 

Tectonics. 

As is secn from the description above, the Lapponic supracrustal-complexes 
form a thick folded series of beds, which within the three separately described 
areas forms, at  least in part, steeply inclined synclines, which are illustrated 
on the block diagram (Pl. 3). 

Within this sediment-greenstone series the fold axes have a steep or moderatc 
dip in a direction roughly N. to S. or N.E. to S W .  Within the area to the 
south of Masugnsby village the whole rock-complex dips moderately towards 
N.E., a t  the Kalix river also superficial or horizontal axes of fold arc 
met with. Round Junosuando village the pitch is steep towards S.W. Within 
the KaymSjiirvi area the pitch is directed south or south-west (see map P1, z ) ,  
as is also the case close to the Muonio river round Huuki villagc. Along the 
Kaunisvaara streak the pitch is steep, directed towards the S.W., at  least 
north of and up to Mount Sultsivaara. At last within the sediments and 
gneisses to the south of the Torne river west and south-west of Pajala, there arc 
fold-axes, that are directed towards the N. and N.E. and with moderate dip. 
There seems, therefore, to be a reason to  assume that across the Pajala district, 
along a line approximately from Masugnsby over Pajala runs a depression 
of fold-axis with, roughly speaking, a pitch towards the S. or S W .  to thc 
north, but dipping towards the N. or N.E. to the south of the depression. 

The basal rocks and the substratum of the Lapponic supracrustal series. 

As mentioned above, the rocks underlying the Lapponic supracrustal series 
are present chiefly in the central parts of the Pajala district, where acid or 
intermediate eruptive rocks are met with. These rocks have on the forth- 
coming maps not been divided but have all been coloured yellow. 

Within the Kaymajarvi area (see map P1. 2) porphyric supracrustal rocks 
flank both sides of the central syncline, which is built up of the Lapponic 
sediments and greenstones. To the west of Kaymajarvi, however, the contact 
runs through the bogs around Lombolojolti where there are no outcrops. 
Only N.E. of Kaymajarvi, in the cliffs round Kursujarvi, are there schistosc 
and chlorite-bearing porphyrites in contact with quartzitic sediments.These por- 
phyrites appear with a marked unconformity against the sediments and as 
it seems, overlying the latter. However the contact runs along the glen 
("kursu") itself, which no doubt is a tectonic feature caused by one or more 



violent faultings. Thus there are gliding planes striking E. to W. along the 
bottom of the glen and these planes also represent the contact between the 
different rocks (Fig. 14). Thus there is no normal erosional break and it has 
been impossible, within, in other respects, the easy Kaymajarvi area, to solve 
thc important question of the relations between the Lapponic supracrustal- 
complexes and what l here call the porphyry-porphyrite series. 

Fig. 14. Sliding-planc along a h u l l  close to lake Kurs11j3rvi. Scalc, compare the [l~ati in lorvcr left 
corncr o f  t h e  picture. 

In two other parts of the Pajala district there are, however, formations 
which distinctly show that a marked gap exists between the porphyry-por- 
phyrite series and Lapponium. These formations, in both cases conglomerates 
and arltoses, appear on both sides of the big porphyry area in the central 
part of the district and they are overlain by sediments or sediment-gneisses. 

The one conglomerate, probably constituting a long practically coherent 
horizon, is well exposed in the mountain Haukkalaki, between the Kalix and 
Tarendo rivers, S.E. of Saittarova hamlet, and on the bank of the Tarendo river 
N.E. of Haukkalaki (see map P1. I). In Haukkalaki the conglomerate is 
strongly metamorphosed and contains elongated but rounded pebbles up to 
I dm in size. The pebbles consist of porphyries and porphyrites with visible 
phcnocrysts of feldspar and even larger grains or aggregates of green amphi- 
bole. Pebbles of a dark and dense greenstone also appear. Thc groundmass, 
which is rich in epidote, has felsitic texture and contains microcline as well 
as pyroxene but shows no bedding or even indication of clastic texture. How- 



ever, the conglomeratc is cut by migmatite-granite rich in microcline, which 
partly appears cross-cutting, but which, above all, has acted upon the grouncl- 
mass of the conglomerate so that sometimes only on account of the appearance 
of the pebbles in a reddish aplitic mass can thc character of the rock as a 
conglomerate be identificd. 

The conglomerate docs not lie in direct contact with any other rock but 
thc cross-cutting granite, but at  the northern foot of thc mountain there 
are fairly local boulders of a grey banded biotite-bearing quartzite, which 
rock recurs outcropping in the northern part of Mount Vinsavaara immedi- 
ately to the north of Haukltalaki. In tlie southern part of Vinsnvaara again, 
there outcrops a porphyry with phenocrysts of feldspar and amphibole, and 
this porphyry complctcly resembles some of the porphyry pcbhles in the 
conglomerate at  Haukkalalti. Therefore it seems as if the conglomerate here 
constitutes a bed between porphyry-rocks and sediments, the formcr of which 
have a wide extention to the east round the Tarendo river. The sediments can 
bc connected with the Lapponic sediments which strike towards the Junosuando 
village and thev make up the eastern limb of the big syncline here (see map 
P1. I and the block diagram P1. 3). 
iZ probably cquivalcnt formation to the conglomerate at Haukkalaki is mct 

with in the woodland close to Liviojoki, about 5 km N.W. of Liviojarvi hamlet 
and about 12 km W,  of Pajala (see map P1. I). Obliquely to the common 
direction of strike, which runs N.E., there occur in a hill coherent outcrops 
at  a stretch of about 700 m. To the very west In these outcrops (as well as 
in outcrops that arc found further to the west) the roclts consist of red or 
reddish grey, partly schistose and dense volcanics with phenocrysts. In con- 
tact with these (towards the E.) there occurs a fine-grained, strongly schistose, 
arltosic sediment, which now and then contains dispersed brit rounded larger 
fragments. Farthcr to the east therc occur intermixed with arltoses more than 
one m thick pebble-rich conglomcrate-beds, in which the pcbblcs arc up to 
z dm in size, roundcd but flattened. The pebbles consist of porphyries and 
porphyrites. The groundmass in the almost vertically dipping conglomcratr 
(Fig. 15) consists of pure weathering-debris from volcanic rocks. In somc 
places between the conglomerate-beds, however, can be seen a grey, fine- 
grained sediment with marked black-sand-lamination. Furthermore there occur I 
green, schistose and lime-bearing sediments, also containing pebbles and morc 
quartzitic layers with fragments of phyllite. The quartzitic layers, which ~ 
partly contain considerable quantities of feldspar, show a crossbedding through ; 
.the black-sand laminae. By this it has been possible, in spite of the steep 
schistosity, which strikes between N.loOE. and N.7j0E., to determine that 
the bottom of thc layers is directed towards N.W., with the younger layers 
found towards thc SF:., and "upwards" we find the earlier described arltoses, 
phyllites and quartzites round Livioj%rvi. 

The layers described above have a thickness of more than 300 m and thus 
an unconformity sccms to be present betwecn the extrusive rocks to the west 
son the <one hand and the overlying (Lapponic) sediments to the east on the 
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other. Concerning the geological significance of this unconformity no con- 
clusion a t  all can be drawn from the locality described. 

Farther to the S.W., in the brook of Livii5joki itself, N.W. of Mount Koju- 
vaara, there are a great many boulders of a conglomerate. The boulders lie 
close to outcrops of almost massive porphyries, and they are up to 2 m in 
size, flat and square and no doubt quite local. To the west of that conglomerate 

Fig. 15. Schistose basal-conglomerate. Ca. 5 km. S.W. of l.ivioj5rvi Iinnilat. 

extrusive rocks outcrop, both porphyries and porphyrites and to the 
east there are the conformable strata of varying sediments round Liviojarvi 
hamlet. The conglomerate itself is almost massive, and in a dark grey, fine- 
grained groundmass there appear rounded pebbles of porphyries up to 15 cm 
in size of different shapes and of pale greyish red, fine- or medium-grained 
and massive rock of granitic structure. The latter rock, under the microscope, 
is found to be of quartz-sycnitic or granodioritic composition, with as domi- 
nating mineral an oligoclase (An = 25 per cent, determined with universal- 
stage, extinction angle I MP) in rectangular hypicliomorphic grains. For 
the rest the rock consists of strongly undulatory quartz, some microcline, 
often twinned and altered amphibole, biotite in thin lamellar aggregates 
and furthermore epidote and as accessories ore minerals, titanite, apatite and 
zircon. This rock, which must be considered as plutonic or hypabyssal, does 
not completely resemble any known kind of the widely spread sycnites or 
granites within the Pajala district, except perhaps for the so-called hornblende- 
granite. With the exception of the latter the granites and all the syenites. 
are characterized through the abundance in microcline and above all micro- 
cline-perthitc (see further below). On the other hand the rock in question 
has very great resemblance, as well in appearance as in composition, to that 
syenite which is found as pebbles in the conglomerate a t  Tianlrilroski rapids, 
in the Kalix river, south of Saittarova, and which has been described by odman 



(20, p. 76) ancl above (p. 26). Furthermore there is also a certain resemblance 
to that diorite which is described by Odman from Maattavaara, north of 
the Vittangi river (20, p. 7). According to Odman the diorite at Maattavaara 
constitutes the basement to the so-called Vakkoformation within the Sop- 
pero-Rautusakara area, between the Vittangi and Lainio rivers N.E. of 
Kiruna. The diorite here is also found as pebbles in the basal-conglomerate 
belonging to the sediment-greenstone series of the "Vakkoformation". T h ~ s  
fact shows that the diorite a t  Maattavaara belongs to an older series 
within the pre-Cambrian rocks of northern Sweden. 

Again concerning the conglomerate at Liviojoki, its dark, fine-grained 
groundmass consists in part of small porphyry-fragments and in part of square 
or somewhat rounded mineral grains often cemented together. The porphyry 
fragments in respect to texture and composition are of different shapes and 
the rest of the grains consist of undulatory quartz, somewhat weathered plagio- 
clase, occasional microcline, biotite, light mica, epidote, ore and apatite. No 
bedding or other kind of rearrangement of the grains can be seen in the ground- 
mass and obviously it can be regarded as weathering debris. The occurrence 
of pebbles of deep-seated rocks in the conglomerate shows that in the very 
horizon lying between the porphyry-porphyrite series of the Pajala district 
on the one hand and the Lapponic sediment-greenstone complex on the other, 
we have a very great hiatus or a.1.L unco~zformity  between two di/ferent geological 
series. 

Those parts of the Pajala district, which consist of rocks belonging to the 
porphyry-porphyrite series, are as has bcen stated above, not uniformly built 
up. The greater part of the roclts here are, however, rather basic of dacitic 
or andesitic composition. They are often grey or dark grey, fine-grained or 
dense and, depending on the schistosity, which varies greatly, they contain 
more or less clear phenocrysts. One kind, which seems to have a wide distri- 
bution within an area to the west and south-west of the above described 
conglomerate a t  Liviojarvi, consists of a dark grey, massive or somewhat 
schistose and dense rock with white, (1-4 mm in size) idiomorphic or hypidio- 
morphic, plagioclase-phenocrysts. The plagioclase, an albite with 2-10 per 
cent An, lies in a flow-structured groundmass with small biotite-laminae, 
plagioclase and ore-minerals. Other kinds again, as for example on Mount 
Palovaara, about 8 km W. of Liviojarvi, is fine-grained with phenocrysts 
of amphibole and feldspar. The feldspar, an oligoclase with ca. 25 per cent 
An, appears as aggregates or small tables and the amphibole appears as larger 
irregular prisms. The groundmass consists of oligoclase too, and is poor in 
microcline and titanite, apatite, ore. amphibole and occasional grains of a 
greyish-green pyroxene. This most likely andesitic rock, and furthermore 
albite-bearing uralite-porphyrites are also the dominating rocks belonging to 
the porphyry-porphyrite series around Kaymajarvi. 

I t  is really only within a more limited area, close to the Torne river 
around Perajavaara hamlet, where more acid, red, quartz- and microcline- 



bearing porphyries appear. The porphyries here, often cut by granite or 
granitized, do not always show clear phenocrysts to the naked eye and they 
can be wholly recrystallizcd. Not infrequently, however, can be seen pheno- 
crysts of both plagioclase (albite-oligoclase) and microcline in a fine-grained 
or dense granoblastic or leptitic groundmass of plagioclase, microcline (some- 
times even perthite), quartz and often also amphibole, apart from different 
accessory constituents. 

Close to the Torne river, on its south side, W. of Pergjavaara hamlet and 
found a t  the very bank of the river, there occur iron ore segregations in red 
granitized and leptitic lceratophyre outcropping on a stretch of some 25 m 
in length and with a width of ca. 10 m (exposed by excavations in the autumn 
of 1948). The ore is an apatite-bearing magnetite and hematite which as nar- 
row veins and "schlieren" cuts the porphyry. (One sample of the ore has given 
the percentages: 64.5 per ccnt FezO,, 11.7 per cent FeO, 2-16 per cent P,O+ 
.Analyst: A. Aaremae.) Thc orc veins, which are accompanied by gangue rich in 
apatite, appear partly brecciating the porphyry. 

The ore a t  Perajavaara may be regarded as a miniature of the apatite iron 
ores of the Kiruna type, which are abundant within the porphyry areas in 
the western part of the prc-Cambrian of northern Sweden. This fact is one 
more reason for assuming that the porphyries within the Pajala district cor- 
respond to equivalent rocks within the porphyry areas to the west. In thesc 
western areas, even in other respects, the same variation of rocks is met with. 

Both close to the Tarendo river, SW.  of Junosuando, and at Kokvuoma 
N.W. of Kaunisvaara, thcrc occur leuko-diabases or albite-diabases. These 
rocks at least at  the Tarendo River, appear as indisputable intrusive dykes. 
The dykes are thick and they appear cross-cutting the quartzite, as well as 
against limestone and the effusive greenstone. 

The lcuko-diabases arc mostly light reddish-brown and they give the im- 
pression of not being much altered. They consist of albite and in addition 
they contain different quantities of amphibole and titanite. They often also 
contain an abundance of carbonate minerals (ankerite?). 

@dman (20) describes a whole series of such leuko-diabases from the area 
b r e  Soppero-Rautusakara, which there appear connected with long streaks 
of effusive greenstones and scdiments. Even as described by Odman the leuko- 
diabases are intrusive rocks, partly appearing as long but rather narrow veins 
in the greenstones, partly as wide and persistent dykes lying conformably 
in the bedded quartzites. 

This characteristic kind of rock has, apart from Odman, also been described 
by Geijer from the Vaklco series north of Kiruna. Apparently equvalent 
rocks are met with in Finnish Lappland from where they have been described 
by Hacltman (11) and E. Mikltola (16). According to the latter, the rocks 
In question appear, in the parish of Kittila, closely connected with the Lapponic 
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greenstones. Along the whole karelidic belt from Lappland to Karelia in 
southern Finland suc,h albite-diabases (karjalites) are found and they are 
described by among others, Eskola (2) and Vayrynen (19) and most recently 
from the Kemi-Tornio district in Finnish Westbothnia by A. Mikltola (X.?). 

Deepseated rocks. 

GABRRO, DIORITE. 

Gabbroidic greenstones and diorites are found within the mapped area as 
several larger and smaller massifs and the rocks are more or less uralite- 
bearing, but also non-metamorphosccl, rich in pyroxcnc and sometimes olivinc- 
bearing kinds occur. They are almost wholly massive and show practically 
no tectonic influence. Very little can be said concerning their agc or their 
appearance on the whole. The massif around Tarend6 village, which is thc 
largest and has the best outcroys, gives, however, few possibilities of solving 
the problem. The gabbro here appears within an  almost flat area as dispcrscd 
smaller outcrops and the gabbro is only seen in contact with cross-cutting 
migmatite-granite, Titano-magnetite- and apatite-bearing kinds of thc gabbro 
occur N.E. of Tarcndo, where it has also been possible to trace the rock by 
means of magnetic surveying. Within the massif along the Lainio rivcr, 
in the northern part of the mappccl area, there are found diffuse remnants 
of porphyric greenstone in a diorite. 

The gabbroidic greenstones may be of different ages, but apart from those 
found in outcroys along the border-river, the Muonio river, the gal~hros 
and diorites, as may be seen from the map (Pl. I) occur close to  or near massifs. 
made u p  of syenitcs. 

SYENITES. 

Syenites are very widely spread throughout the Pajala district (see P1. I) .  

There are, particularly within an area between and north of Kaymajarvi and 
Junosuando, mostly reddish but also grey syenites or quartz-syenites. Most 
of the rocks within the massif here, as well as in the smaller massifs wh~ch 
are spread through the mapped area, correspond fa~rly  well to the ltind of 
syenite, which Geijcr (g) has characterized as plagioclase-perthitc-syenitc. I t  
is not always, however, that the feldspars show, as mentioned by Geijer, 
the characteristic rhombformed habitus with a core of plagioclase surrounded 
by  a border-rim of perthite. Always, however, there occur larger or smaller 
quantities of perthite together with plagioclase, which latter varies in com- 
position from almost pure albite to oligoclase. Furthermore microcline is not 
infrequently found as separate grains. Among the femic components, biotite 
is always present and this may also dominate, a s  is the case with the syenite 
outcropping close to Siikajoki to the north of Xnttis village by the Torne 
rivcr. Apart from green to  yellow green biotite a green amphibole occurs and 
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the rock can be relatively rich in quartz. The rock then resembles a granite 
wit11 the quartz appearing as a granulated mass between largcr feldspargrains. 

Again in other varieties of syenite, as for example in one found in a drill- 
corc, E, of Salmijarvi (S.E. of the road between Junosuando village and 
Lanttaltoski hamlet, by the Tarendo river) the rock is characterized by a 
green amphibole and contains only smaller amounts of biotite. This rock is 
also more basic, poorer in quartz and with microcline and microcline-perthite 
subordinated in comparison with the plagioclase, which is a basic oligoclase 
(ca. 2-5-30 per cent -4n). The plagioclase, however, shows a zonar build and 
it sometimes appears with the characteristic rhomb-shape with a thin border- 
rim of perthite. One more kind of syenitc also contains, in addition to biotite, 
pyroxene. Such a syenite outcrops close to the Lainio river, E. of Junosuando. 
Apart from biotite in brown tables, diopside occurs as hypidiomorphic, partly 
uralitized grains. Such a pyrosene-bearing syenite also occurs north of the -. I orne river, at Junosuando on the hills Viilrsvaara and Vinsavaara. A thin- 
slide from the rock in Viiksvaara shows in the wholly massive rock larger 
grains of oligoclase veined by microcline, and further also pyroxene, as "rounded 
idiomorphic"grains, uralite, biotite, ore, titanite and relatively much apatite. The 
pyrosene consists partly of greyish-green cliopside but partly also of hypersthene. 

.4s appears from the above, these "plagioclase-perthite-syenites" vary as to 
composition between more acid quartz-bearing kinds and syenites proper. But 
they also vary in respect of the femic constituents so that thc syenites can be divi- 
clcd into or classified as biotite-, amphibole-, and pyrosene-syenites respectively. 

'These different kinds of syenite occur within one and the same large coherent 
massif. The syenites are intrusive even into the series of Lapponic sediments. 
N.E. of Junosuando as well as N.W. of Kaymajarvi syenites are found very 
close to the sediments and the magnetic anomalies (caused by  magnetite- 
layers), which can be followed along the streaks of sediments, are here cut 
in a way that makcs it possible to  suppose that intrusive contacts may exist. 
N.W. of Kaymajarvi there is also in contact with quartzite a porphyric rock, 
which most probably represents the border-zone of the syenite, which out- 
crops not more than 50 m away. Finally, in a drill-core from the E. of Salmi- 
jiirvi, within the Junosuando-field, the above described syenite is found cross- 
cutting sedirnents. The drillhole, whose position was decided according to an 
electric indication, has cut through a thick series of quartzitic and phyllitic, 
partly graphite-bearing sediments. At a depth of about IOO m the sediments 
are cut by a 7 m thick syenite-sill, ancl the syenite is mostly of medium grain 
and massive but becomes fine-grained towards both contacts. Furthermore 
the sediment close to the contact is somewhat coarser, rich in biotite, con- 
torted and cut by thin syenite-apophyses. 

Thus the syenites within the massif around the Lainio and Torne rivers are 
~~ounger than  all the supracrustal rocks found in thePajala district. As can be seen 
from the map (PI. I) the massif is surrounded, a t  least in part, by rocks bc- 
longing to the porphyry-porphyrite series. Even north of the area mapped 
close to and north-east of the Torne river, S.W. of Nuoksujiirvi hamlet (see 
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Swedish ordnance map: map-sheet "No. 11, Lainio") porphyries arc met 
with, adjacent to the massif of syenite which terminates here. In the sycnite 
within the large rock outcrops E. of Siikajoki, N. of Anttis, are also found 
larger portions with remnants of porphyries. These remnants, embedded in.. 
the coarse- or medium-grained syenite and with the same brown or rcddish- 
brown colour as the sycnite, contain tabular phenocrysts of feldspar, up to4 
l/, cm in size, in a fine-grained, microcline-rich groundmass. 

These facts referred to above and the circumstance that the syenite-massif,, 
as to its tectonic situation, appears a t  the intersection between the deprcssioill 
of folding running approximately in a N.W. to S.E. direction (along the line 
Masugnsby-Pajala) and a probably larger anticline between Junosuando and 
Kaymajarvi (see Block diagram P1. 3, leads to  the speculation that the  
syenites through regeneration may have been formed from porphyric roclis. 
simultaneously with a deep immersion of the older rock-crust. 

HORNBLENDE-GRANITE. 

Close to Lake Aihamajarvi and around the highway which runs from 
Tdrendo towards S.E., occurs a smaller massif with hornblende-granite. Tha t  
granite, which is here entirely enclosed in red migmatite-granite, has a wide. 
distribution south of the mapped area, viz. within the parish of Korpilombolo. 
The rock in question is grcy, massive, mostly of medium grain or coarse and 
contains an abundance of amphibole and biotite. The feldspar, which is. 
characteristic for the granite, is an oligoclase in tabular grains, but apart 
from the plagioclase there are often found varying but always small amounts. 
of microcline. Also the amount of quartz varies and in one case in a thin-slidc 
the quartz is found to be a l r~os t  absent and thus the rock resembles a sycnite. 
The hornblende-granite however differs from the rest of the intrusive rocks 
partly as it contains darker, fine-grained and rounded basic inclusions and 
partly in its behaviour to the migmatite-granite. At junctions between the, 
two granites the younger migmatite-granite cuts the hornblende-granite 
through brecciating veins so that angular fragments of the hornblende-granite 
are found in the younger granite. 

In composition and geological appearance the hornblende-granite rcscmbles 
very much the granite which is named Haparanda granite (21) and which 
is very common in the southern and south-eastem parts of northern Sweden 
(the Province of Norrbotten). I t  might be that the "hornblende-granite" of 
the Pajala district and the "Haparanda granite" are to be looked upon as 
one and the same granite, but so far that cannot be proved. 

PERTHITE-GRANITE. 

This granite, which is found a t  Masugnsby village, is brick-red, massive 
and sometimes, at  least close to the large valley ("kursu") running E, to W., 
east of the village, somewhat crushed. The granite, the feldspar of which is 
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a perthite of albite and microcline, consists in addition to feldspar of quartz, 
amphibole and small amounts of biotite, titanite and ore-minerals. The granite 
shows against the occurring supracrustal roclts a border-zone of light, almost 
white, partly porphyric albite-granitc. The perthite-granite proper as well as 
the albite-granite and their mutual relationship have been thoroughly dealt 
with by Geijer (5 ,  g). Geijer considers that the albite-granite may have been 
formcd from perthite-granite through albitization and that the former is not 
to bc looked upon as a normal differentiation product of the perthite-granite. 

From the recent investigations thc only further fact that can be established 
is that the albite-granite cuts through supracrustal roclts, quartzite and 
phyllitic schists, which underlie the ores at Masugnsby. The contact between 
thc granite and the sedimentary roclts is diffuse and remnants of glassy quart- 
zite and gneiss rich in biotite are found withln the granite. 

Cutting all other roclts within the district we find migmatite-granite. The 
conception migmatite-granite includcs red, acid and microcline-rich granites, 
often very poor in femic components. Part of the granites are wholly massive, 
evcn-grained and obviously homogeneous as for example the kind of granite 
called "Linagranite". Other kinds, however, are inhomogeneous, either coarse 
porphyric or coarse and irregular, sometimes consisting merely of quartz and 
microcline. Apart from these thcrc are variations with diffuse remnants of 
older rocks and those granites can develop an almost porphyric structure 
with large red microclines in a greyish even-grained mass. 

This different kinds or forms of the granite are certainly due to an intense 
migmatitization or granitization of the older rock complexes, but the reasons 
for the different development of the granite within various parts of the district 
is a greater problem which will have to be solved on a wider, regional basis 

The geologic evolution within thc Pajala-district shows a t  least one, rela- 
tively young phase of folding. It  is this phase that to a great extent charac- 
terizes the displayed rocks, and the traits of supposed older foldings or tec- 
tonizations have been blurred by the later folding. 

As the oldest complex within thc displayed rocks we find thc porphyry- 
porphyrite series, on which, contemporary with a sinking, have been depo- 
sited mainly shallow water sediments. Before the sinking the older rocks have 
represented a land-surface, exposed to weathering and denudation as is shown 
by the occurrence of arkoses and conglomerates which must bc considered 
as weathering-debris. The Lapponic supracrustal series lying above that 
discordance, consists of sediments and volcanic greenstones, all obviously 
deposited in shallow water or on land. To a great extent thcse sediments 



may be looked upon as denudation products from the older rocks and the 
occurrence of widely spread sedimentary iron ores as true horizons may be 
interpreted so that the iron content in these ores has been supplied from iron 
concentrations within porphyries belonging to the porphyry-porphyrite series. 
Such a small iron ore segregation in porphyry is known from Perajavaara 
close to the Torne river. 

'Thus the Lapponic complexes within the Pajala district do not contain 
any geosyncline sediments proper. Only within the south-eastern part of the 
mapped area occur highly migmatized rocks. That migmatite-landscape con- 
tinues towards the south, within the parishes of Korpilombolo and Overkalix, 
along a stretch of more than IOO km till better preserved rocks are found in 
the Kalix area. The so-called Kalix series runs along the northern gulf of 
the Gulf of Bothnia in an approximately east to  westerly direction and con- 
sists mainly of sediments and schists. 

I t  therefore seems as if, within the Pajala district no biggcr depression 
occurred but the real gcosjmcline is to  be found south of the mapped area. 
Towards the east from the Pajala district, as has already been mentioned, 
we find the direct continuation of the younger supracrustal series extending 
far into the Finnish Lappland. Towards the west or north-west the geological 
surveying still going on has revealed data that makes i t  possible to  assume 
that within the Vittangi area we again meet the Lapponic supracrustal series. 
As in the south too, viz. in the Kalix area, the rock-forming complexes con- 
tinue directly towards the east in the Kemi area within Finnish Westbothnia, 
it Leems probable that the geosyncline depression, if any, extends in about 
an east to westerly direction and is to be found in the areas between the Kalix 
and Kemi areas and the Pajala district. 

The late folding which occurred, and which is closely connected with the 
Karelidic orogenisis, has within the Pajala district developed the synclines, 
which roughly run in a north-easterly to south-westerly direction. In  connection 
with the folding the intrusive rocks have penetrated the now accessible part 
of the mountain chain and the last link in the evolution has been formed 
through the development of the migmatite-granite. 

Concerning the relation of the age of the rocks of the Pajala district on 
the one hand and those of the surrounding areas on the other, there is little 
doubt that the younger supracrustal series must be considered as belonging 
to the Karelian formation group because of the direct connection which it 
is possible to make eastwards. E. Mil<l<ola, too, pointed to  the mutual con- 
nexion that existed between the Lapponic series and the Karelian formation 
groups proper. He writes, comparing his results with those put forward by 
Odman in 1939 (16, p. 178): "Rut as the author in any case considers the 
Lapponian formations, which have clearly a basement of gneissose granites 
etc. in E. Lappland, as joining more closely the Karelides in respect to the 
age of deposition and time of folding than the other, more ancient orogenetic 
cycle of the Svecofennides which occurred in Finland, we agree completely 
in assuming that the main phases of the petrogenetic development in the N. 
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boundary region between Sweden and Finland are connected with the Kare- 
lidic orogeny." 

I n  E. Miltkola's Lapponic series, a conception which has also been adopted 
by the present writer to the younger supracrustal complexes within the Pajala 
district, there is present a widely dispersed series of sediments and green- 
stones. In  the eastern part of Finnish Lappland they have as basement, the 
so-called Tuntsa-Savukoski series, consisting of gneisses which are cut by 
gneissosc granites. A still younger sediment series, not cut by any granite, 
by E. Mikkola called the Kumpu-Oraniemi series, consists of quartzites and 
conglomerates and rests on a basement of Lapponic rocks. Any counterpart 
to the Kumpu-Oraniemi series as it has been described, is not known from 
the area now dealt with. 

Concerning the Kumpu-Oraniemi series Mikkola compares it with the 
Vakko series. To parallelize the two series is, however, as Geijer has already 
pointed out ( g ) ,  not possible, as the Vakko series is cut b y  granite. On the 
other hand it seems as if the discordance found below the Lapponium in the 
Pajala district may correspond to the discordance below the Vakko series 
within the Kiruna area and the area Rautusakara-Soppero. However, certain 
parts of the intervening pre-Cambrian rocks of northern Sweden have not 
yet been studied enough to solve this problem with certainty. Thus it is not 
yet possible to decide whether the basal parts of the Lapponium in the Pajala 
district s t r a t i g r a p h i c a l l y corresponds to the basal parts of the  
younger series on Mount Maattavaara and within the Kiruna area. 
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