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INTRODUCTION. 

All new discoveries of ore deposits made in Finland during the 
last few decades have got tbeir first impulse from the finding of 
glacial boulders derived from those deposits . This is · due to the pe­
culiar geological structure of the country, and certain other conditions . 
There is at present little chance of finding ore in actually exposed 
rock, mainly because earlier prospectors who only paid regard to 
exposed occurrences have searched the country very thoroughly. Tbe 
greatest part of the bedrock, including its mineral resources, is hidden 
beneath several kinds of younger deposits, a drift, sand, clay, peat­
bogs, and also lakes. Tbus the loose drifts and boulders, in many 
vast areas, are the only witnesses that give any hint of the existence 
of mineral wealth that lies deep hidden under the soil. In searching 
for the sources of loose boulders, prospectors lacking geological train­
ing will in most cases fail completely, whfle men employing scientific 
methods may be able to solve such problems easily, as is confirmed 
by experience. Special methods of tracing the boulders to their sources 
have been developed. For this purpose geological maps must be 
consulted, and use must be made of the data available concerning 
the directions of the movement of the Quaternary land ice that has 
carried the boulders. 

Utilization of boulders in the search for ores has old traditions 
in Finland. As early as 1740 Daniel Tilas publi.shed an article 1 in 
which the principles of this method, based on actual observations, were 
clearly outlined. During his travels in southwestern Finland in 1737 
and 1738, Tilas had noticed the distribution of the peculiar rapakivi 
granite as boulders in a tract between the towns of Turku (Abo) and 
Uusikaupunki (Nystad), where this rock does not occur in place. He 
recognized that the frequence of rapakivi boulders increases toward 
the northwest. Finally he met with the source of these boulders in 
the region now known as the Uusikaupunki (Nystad) rapakivi area. 
N orth of this area he found no boulders of rapakivi. Having later 

1 Daniel Tilas, Tankar om l\falmlfltande i anledning af löse grästenar. 
j\: ongl. Svenska Vetenflk. Akarl. Handlingar för ar 1740, pag. 190--193. 
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reeognized the same relation between loose bonlders and their ouree 
in other traets also, he inferred that the souree of loose boulders in 
Finland is to be found in a direetion between northwest and 
northeast. The prospeetors, he remarks, may take advantage of 
this rule to loeate an ore deposit when they find ore in boulderR. He 
adds, referring to a paper of Rössler, that the distanee of the sOllree 
may, in so me degree, be eoncluded from the nature and freqlleney 
of the bouiders. 

The idea of Tilas was probably known to the later pro::;peetors 
in Sweden and Finland. There exists, however, as far as is known 
to me, no direet information whether this method was ever employed 
in earlier times . There is nothing about it in the writings of ('. O. 
Bremer (1824) or H. J. Holmberg (1858). ln 1858 ~ xel Gadolin, 
the illustrious mineralogist, reports a boulder-traeing1 worthy of 
note in this eonneetion. He had found, in the parish of Kurkijoki 
(Kronoborg) in Karelia a large boulder of gneiss eontaining pyrite, 
pyrrhotite, ehaleopyrite, and eordiedte, and traversed by a dike of 
granite. The paragenesis of minerals being very eharaeteristie, he 
expeeted to find the souree of the boulder. After unsueeesfully traeing 
along a brook near the boulder, Gadolin went in a direetion pointed 
out by the loeal striation. Instantly he met with another boulder of 
exaetly the same kind and ~hen, at a distanee of half a verst (0.6 km) 
eame to a roeky hilloek whieh proved to be the souree of both boulders. 
Thus, this traeing was based upon observations of the same nature 
as the method employed and developed later by O. Triistedt by his 
elassieal diseovery of the Outokumpu eopper ore. 

In the literature known to the writer, there are not many reeord~ 
of the use of the boulder method in prospeeting from other eountrieR 
whieh were glaeiated du:r;ing the Quaternary period. In North Ame­
riea the diamond field of the Great Lakes presents a very interesting 
problem of this kind, early attaeked by the Ameriean geologists. 2 

Diamonds have been found in the glaeial drifts within a wide area 
. outh of the lakes. Their souree has not so rar been disclosed, and in 
view of the great extent of the areas in Canada where it may pos::;ibly 
be situated, and our ineomplete knowiedge of their geology, it is 
eertainly a hard task to find it. 

In Sweden several diseoveries of ore-deposits in the provinee::; 
of Västerbotten and Norrland have resulted in reeent years, during 

1 Axel Gadolin, Ueognostische Skizze der Umgebungen VOll KrOllOhol',!!: 
and Tervlls am Ladoga-See. Verband!. d. K. ~1inera1. Gesellschaft zu Rt. pp­
tersburg 1858. 

2 V\". H. Robbs, The Diamond Field of the Great Lakes. 'fhe .Journal o[ 
Geology, Vol. VII, 1899, P)J. 375--388. 
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and after the world war, from finds of ore boulders. After detailed 
geologie al field surveys of the special ore fields the ore deposits in 
plaee were loeated by means of magnetometrie and eleetrometrie 
exploration and eventually diselosed by diamond drillings. Most 
important of these new ore fields is that of Skelleftea in Västerbotten .1 

Little as appears to be done in the praetieal applieation of the 
boulder method, the geologie al problem of transport and distribution 
of glaeial boulders has been de<:1lt with in many countries, e. 'peeially 
in Gjeat Britain. 

Fig. 1. Map of the sOl1thern part of Finland showin i2: the locat,ion of t he 
:;pecia l m ap a rens d esign a ted by the sarne numbers a" the fi gures in t hp t ext , 
and three ice border lines of r ecession, yenr" - -1,500, 0, and 600 (Year 0 is t h e. 
year when th e iee border st arted to r etreat from t he Seeond Ralpausselkä ). 

To illustrate ,the methods of scientific prospecting employed in 
Finland, and also to eontribute to their further development from 
a glaeiologist's point of view, the writer has eollected the scattered 
materials and observations, mostly hitherto unpublished, eoneerning 
the distribution of glacial boulders of Imown provenance in the central 
area of latest glaciation in northwester:n Europe, especially in southern 
Finland. The mode of movement of the ice sheet, and the transport 
of materials by it, will then be treated on the basis of these data and 
also of studies on the striae and the varve sediments. Thereafter 

1 Axel A. Cavelin, De nya sulfidmalmfyndigheterna i Yästerhotten !'< IÜIl . 

Teknisk Tichikrift , h ärt. 10, ] 923. 
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attention will be directed to the same phenornena frorn the opposite 
point of view, namely, the problem of tracing a glacial boulder back 
to its source. 

Most of the examples of the distribution of known rocks as bould­
ers presented in the following pages have been studied during the 
prospecting work carried out by geologists during the last few years, 
whUe others are connected with theoretical investigations in glacial 
geology. The investigators whose works will be referred to are P. 
Eskola, V. Hackrnan, A. Laitakari, A. A. Th. Metzger, M. Sauramo, 
M. Saxen, O. Trüstedt and H. Väyrynen. The outline map of southern 
Finland (fig. 1) shows the location of each special area studied. 



EXAMPLES OF DISTRIBUTION AND TRACING OF 
BOULDERS. 

THE OurOKUMPU ORE FJELD. 

The discovery of the large deposit of copper ore at Outokumpu 1 

by O. Trüstedt in 1910 is a classical example of very successful pro­
specting by means of glacial boulders. In view of the size and richness 
of this deposit,2 the discovery marks the beginning of a new period 
in the mining industry of Finland. And the hunt for the source of 
boulders was in that case for the first time developed into a practical 
method of prospecting, which has later been employed, more or less 
successfully, in a number of other cases. 

Several favourable circumstances co-operated in bringing the 
Outokumpu prospecting to a fortunate result. AbC' ve all, it may be 
emphasized that success would not have been probable, had the 

. general geology of the region not been so thoroughly lmown as it was. 
Altogether, the discovery of Outokumpu may justly be spoken of 
as one the greatest triumphs of applied geology. 

The boulder wh ich suggested the prospecting in question was 
found in the parish of Rääkkylä, Karelia, (see map fig . 2) in March 
1908 during excavations at the Kivisalmi canal. It was a heavy, 
rusty block about five cubic metres in size, embedded in drift three 
metres below the surface. The foreman took it for a meteorite and 
sent samples of it to the Geological Commission. There it was proved 
to be a rich quartzite-sulphide ore containing 3.75 per cent copper. 
From the characters of the ore could immediately be concluded that 
it was probably derived from some deposit of considerable dimen­
sions, and Mr. O. Trüstedt was commissioned to undertake the 

1 The discoyery of t he Outol um pu ore field has been described or men· 
honed earlier by: .J. H. L. Vogt, Hvorledes Outolmmpu, Finlallds nye kobber­
malmfeld, blev fundet, Teknir:;k Ukeblael, 191 1, anel Zeitschrift f. prakt. Geologie, 
1!l19, h. 2; J . J. Sederholm, ::v.Lineral Rpsources a nd Mining Possibilit,ies of Fin­
land, Engineering and ~lining J'ournal, Januar 28, 1922. 

2 The amount of ore so far known to exist at Outokumpu as a sheet of 
a thickness varying between 2 anel. 16 metres is about 7 million toml, with a 
very constant copper content of 4,.5 per ce nt. 

2 

.. . 
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search for its source. In the same winter he surveyed magneto ­
metrically the vicinity of Kivisalmi, but with a negative result. 
Then, in the following summer, his attention was directed to 
the quartzites occurring north . of Kivisalmi, as it seemed probable 
that the Quaternary land ice had carried the boulder from that 
direction. The source, however, was not found in those quartzit.es. 
MI'. Trüstedt therefore returned to Kivisalmi in order to study the 

Fig. 2. :\Iap of apar t of E astern Finland sho\\"ing thc fan of ore bouldcrH 
elose to the OutokulTIJltl Held, and the place ( X) at Kivisalmi where thc first 
ore boulder was found. D otted areas represent eskers a nd sand plains, and 
a rrows, the striae. 

drift material near the ore boulder. It was found to consist almost 
entirely of micaschists which form the bedrock in the surrounding 
area. But among them were also found a few boulders of olivine rock 
which does not occur at all in place near Kivisalmi. These suggested 



j lfatt i Saw'amo, Tl'aciog of GJacia l Bouldel's and it s Application in Pl'ospectiog. 11 

the working hypothesis that the ore might lie in quartzite near an 
olivine rock. Frorn earlier geological mapping 1 such a combination 
was known to occur at Outokumpu in the parish of Kuusjärvi, appr. 
50 kilometres N. N. W. of Kivisalmi. Here the ore prospector, in 
fact , found other boulders of the same ore, together with olivine rock, 
as at Kivisalmi, spread over a limited area. Their source could be 

.Fig. 3. ~fap of t h e Outolmmpu copper ore field . The b lack , narrow areRR 
represent t h e outer ops of ore (K aasil a and K tunpu B ). '.rhe cr ossel:l indieat e 
t h e p lacefl of 01'0 bOllldf'r s found , and t h e d ottkld lines, t h e borde)'>; of t.he b Ollldel ' 
train. 

located in the neighbourhood of the north-western boundary of this 
area, but the bedrock was here covered with drift and peat-bogs. 

1 by W. VV. Wilkman; t be geology of t he E Rstern Finland h as beendescri bed 
by B. Frosterus, B el'gbyggnaden i syd östr a F inland. Bull. de la Comm.Geol. de 
Finl fl,nde N :o 13, 1902. 
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AU that was done in the summers of 1908 and 1909. In the 
foUowing year diamond drill borings were started . A hole was drilled 
against the schistosity in micaschist, but no ore was met with. Then 
another hole was drilled, again with a negative result. Diamond drill 
borings cost money. People began to talk of thoughtless spending 
of public means. A third hole, however, was drilled, and an ore sheet 
of a thickness of 9 metres containing 6 per cent of copper was bored 
through. Thus the ore of Outokumpu was discovered after two years' 
pertinacious work, in March 1910. 

The map in fig. 3 shows the situation of the boulders relative to 
the outcrops of ore, and some topographic features of the surrounding 
area. Originally the outCl'OPS of ore were entirely covered with glacial 
drift and peat-bogs . There are two of them, one, at the Kaasila mine, 
having a length of appr. 200 metres from northwest to southeast, and 
another, at the Kumpu B mine, still shorter, the breadth being in 
both cases from 5 to 20 metres. From these outcrops the ore sheet 
has been found to extend 1.8 kilometres southwest, gently pitching 
in that direction and not reaching the rock surface anywhere west 
of the Kumpu B mine. 

As may be seen from the map, 49 boulders in all of ore have 
been found in a weU defined area extending 2 kilometres .. from the 
outcrops toward the southeast. Close to the outcrops the boulders 
group themselves into two separate bunches, but a little farther off 
they grow together and form a single fan extending in the direction 
indicated by the striae observed in the neighbourhood. Going south­
ward, no further ore boulders were found in the sand plains or gravel 
ridges of the Jaamankangas esker which are encountered in that 
direction. South of this esker the fan has not been traced, except 
for the search near Kivisalmi. 

THE PYRITIC ORE OF KARHUNSAARI. 

The pyrite of Karhunsaari, an island in Lake Orivesi, parish 
of Liperi, may be mentioned here as a further example of ore deposits 
disc'overed in consequence of the find of glacial boulders . Such occur 
here in great abundance on the shore, and were first noted by a farmer. 
The location of this deposit has so far been only partly made out. 
It lies in a hill elose by the boulder locality, and its case is not therefore 
of very much interest from the point of view of the present treatise. 
It is noteworthy that the boulders of pyrite are here exceedingly wen 
preserved and unweathered . 

-- ---- ----------------
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THE PYRITIC ORE OF OTRA VAARA. 

Some samples of a boulder containing pyrite ore were sent in 
1918 from the village of Kuusjärvi, in the parish of Eno in Karelia, 
to Suomen Malmintutkimus O. Y. (Finnish Ore Exploration Com­
pany) . Dr. A. Laitakari , at that time the managing director of this 
company, examined the locality and disclosed, quite near the boulder 
find, a rem ar kable pyrite ore deposit, now lrnown as the Otravaara 
mine. Several other bodies of pyrite were later revealed in the neigh­
bouring tract. 

According to the report of Saxen, 1 six or.e boulders in all have 
been found in the whole region. Two of them lay quite ne ar the chief 
ore of Otravaara, two others not far from an ore pit named Räsvaaran­
laita, and the last two elose to an inconsiderable pyrite ore lens near 
Kllikas farm. The foul' first boulders had a size of appr. one cubic 
metre, while the others were much smaller. In addition, numerous 
boulders of gossan occur here in the drift, having probably been 
derived from a layer of goss an that existed as such in glacial time. 
A thick layer of goss an also lies upon the fresh ore in places. The 
mineral borgströmite,.a basic ferric sulphate, is found in the boulders 
as weIl as in the outcrops . 

THE PYRITIC ORE OF JALONV AARA. 

The discovery of the pyrite ore of Jalonvaara in the parish of 
ßuistamo, Karelia, by Eskola in 1919 also represents a case in which 
the rock in plac~ was found by me ans of studying the glacial boulders . 2 

The ore Held has been surveyed magnetometrically and electrometri­
caIly, and explored by diamond drill borings. 3 ubsequently some 
development work was carried out. (See map fig. 4.) The length of 
the ore body from north-west to southeast, is appr. 600 metres, and 
its breadth from 3 to 10 metres . The area of its outCl'OPS is not exactly 
known, the ore being covered by drift. Apparently it is far shorter 
than the real extension stated above. 

The ore field lies on the southeastern slope of the great and high 
hill of Jalonvaara, the summit of which is 1. 5 kilometres to the north-

I Martt i Raxen, Üher die T'et.rologie des Ot,ravaaragob ietes im öRtlichen 
Pinland, EnIl. d e la Comnl. Geol. d e Finlande N:o 65, 1!l23, pag. 4!l. 

2 Notes of P. Eskola at the Geological C'ommission. 
3 Suomen Geologinen KomisBioni, "'lO!"ikertomus _. Geolo-siska Komis­

sionell j Finland, arsberät.telse, 1!J20, pp. 15-·16, and 1921 , pr. 1:3- 17. 
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west: The area of distribution of boulders east of the ore field is 
gently up.dulating land ",ith morainic ridges, rocky knolls and basins 
filled with peat-bogs or smalllakes. In the south there rises a.bruptly 
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the high diabase hill of Riuttavaara, and still farther , beyond the 
Veljakanjoki river, the prominent Jalonvaara esker. 

The study of the distribution of boulders has been carried out 
in great detail by Eskola and Hackman. The results are shown on 
maps 4 and 5. The boulders, 166 in all , are most frequent clol'e to 
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the ore fjeld. Farther avay they become more sparse. Their distri­
bution is in some degree discontinuous because they were not looked 
for in the peat-bogs. Remembering this, it may be said thatthe boulder 
are distributed very evenly over a fan-shaped area. This is parallel 
to the youngest striae and roches moutonnees formed by land ice, 
when moved from the west (N80- 85W). There are also some striae 

Fig . 5. Map of the surroundings of Lake Jänisjärvi, Karelia, with tw o 
boulder fans. 1 = The dacitc of Jänisjäl'vi in place ; 2 = boulder of dacitc; 
3 = The .Ta lonvaara. ore field, with its houlder train; .~ = esker. The dottpd 
lines represent the border of thc boulder train. 

!rom the north-west, apparently indicating the direction of a some­
what earlier ice movement. · The boulders have, as at Kal'hunsaari , 
escaped decomposition surprisingly well. 

THE DACITE OF JANISJARVI. 

In the same autumn as the ore of Jalonvaal'a was detected, Dr. 
Eskola found, in a region southeast of Lake Jänisjärvi , sevm'al glacial 
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bouldm's of an aphanitic volcanic rock, very rare in Finland. On thc 
shore of Lake Jänisjärvi the boulders, in places, form more than a 
half the pebbles, but toward the northeast and west this rock becomes 
rarer and, beyond a certain limit, as seen on t he map, fig . 5, no such 
boulders were observed at all. 

Farther southeast boulders of the same rock were found in sec­
tions recently made on a new railroad from l\Iatkaselkä to Suojärvi. 
Here also, as is seen from the map, they occur within a certain reach 
only. As no such boulders have been noted in the region north and 
west of Lake Jänisjärvi, it was evident that they must have been 
derived from some occurrence within the basin of this lake. In fact, 
Eskola found the volcanic rock actually exposed on two islands named 
Selkäsaari in the middle of the lake. 1 

The map shows clearly that the boulders are distributed through­
out a very narrow area with its longer axis trending alm ost exactly 
northwest and southeast. The striae observed here are nearly parallel 
to this fan. It is worthy of note thai. the fan of Jalonvaara and that 
of the dacite of .Jänisjärvi have not the same direction. 

THE eOAL (SHUNGITE) OF SUOjARVJ. 

.Metzger2 has described the distribution of a peculiar variety of 
coal called shungite which occurs as boulders in the ,Tatulian area of 
Suojärvi. They are derived from a slate bed which trends southwest 
and northeast b etween t.he dolomite and gabbro, but is nowhere 
exposed. Apparently a nan'ow belt in the slate formation , revealed 
by electrical indications w hich are not due to any magnetic ore bodies, 
represents the source of the boulders. Considering that the uneven 
distribution of boulders may be attributed to the large areas of peat 
covering the drift deposits, it appears that the boulders have been 
transported from their source in a broad stream toward the southeast, 
parallel to the local striation . 

. THE P1TKARANTA ORE FlELD. 

The distribution of boulders in the Pitkäranta area was studied 
in 1923 by Dr. P. E 'kola who has given the following account. 

1 P entti Eskola, On the Volcanic N ecks in L ake JäniRjän'i in Rastern 
Finlanc:L BuH. d e la Conun. Gool. rl e Finlande ~: o 55, 19:31. 

2 Adolf A: '1'h . ::.\Tetzger, Die jatulischen B ildnngen yon Sllojäryi in 0 t ­
finnlan,d. BnlJ. d c la Cnmm. Geo1. df' Finlandc K:o (;4, 1924-. 



J1atti Sauramo, Tl'acing of Glacial Boulde .. s and its Applic[l.tion in Prospecting. 17 

The oxide and sulphide ores of the well-known ore field of Pitkä­
ranta 1 are replacements in tilted up beds of limestone and skarn with 
a total length of more than five lülometres. For the most part their 
outcrops are covered by drift and have been detected by magneto­
metric surveying. The region of their distributi?n is situated along 
the boundary between a flat area of micaschist and somew hat more 
elevated and rugged areas of granite gneiss. Very regular bands of 
hornblende schist and, on both sides of these, ore-bearing limestone­
.. karn layers run along the boundary between granite gneiss and 
micaschist. The northeast portion of the field is part of the wide area 
of rapakivi which cuts through all the other rocks . 

Una .. sorted glacial drift covers all parts of the area where the 
rocks are not exposed, except for a broad belt running Over the 
Herberz mine toward the south. Here the quaternary deposits consist 
largely of esker material and sand. 

At the time when the ore field of Pitkäranta was first detected. 
great numbers of boulders of ore and skarn were found near the 
western 01' »Old mining field». Fuhrmann,2 in 1810, after his first 
unsuccessful trial of mining, suggests that most of the ores may have 
been eroded away from the rock in place, as large quantities of ore 
and gangue occurred as boulders south of the vein. »Not only a single 
vein, but whole mountains may be reconstructed from those boulders» , 
he states. It is known, in fact, that considerable amounts of ore were 
worked from the boulders during the early period of mining at Pitkä­
ranta. 

At pre ent but few boulders of skarn may be seen at the locality 
in question, south of the Meyer and Omeljanoff mines . Most of them 
have apparently been buried under the vast dumps, 01' removed out 
of the way of houses, roads and gardens, as a densely inhabited village 
now occupies the spot. 

The map in fig. 6 hows the distribution of ore and skarn bouJders 
now found on the surface which, between the Meyer-Ristaus zone 
ß,nd the lake shore, is covered with very stony gravel. It may be seen 
tbat skarn and ore boulders are still nowadays comparatively num­
erous immediately south of the ore zone, but going southward their 
number decreases rapidly, until, at Kaseniemi and south of Peltoniemi 
on the island of Pusunsaari, they are even more frequent than near the 
outcrop. This remarkable circumstance first seemed difficult of 
understanding and rather suggestive of the existence of an unknown 

1 O. Trüstedt, Die Erzlagerstättel1 von Pitkäl'anta. Bnl!. de la C;omm. 
Geol. de la .Finlandf> N:o 19, 1!)()7. 

2 Quoted b:v Tl'iistedt, op. C'it. pag. 15. 

3 
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occurrence at Peltoniemi, but the magnetometric urveys made in 
great detail by Mr. Trüstedt give no indication of such a possibility. 
A satisfactory explanation was found by studying the composition 
of the drift and especially a section recently made at a new road from 
the ceIlulosa factory at Peltoniemi to the village of Pitkäranta. Thif; 
is the locality where two skarn boulders northeast of Peltoniemi are 
indicated on the map. 

L A A T 0 
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Fig . ö. Geological ntap of the Pitkä rant a r egion. "howing the distribution 
of ore8 and rocks of the ore format ion a, boulders . I = granite gne iss; 2 = 
"apakivi granite; 3 = limest one amI skarn; 4- = h orl\blende schist; 6 = mi ca­
schist; 7 = houlder of r;karn; R = boulder of m agnetite ; 9 = b ouldC>r of sulphide 
ore. ArrOW8 reprpsent the Rtriae. 

This section (Hg. 7) shows two weIl defined layers of drift, entirely 
different in composition, though this is not clearly visible from the 
picture. The lower layer, whose upper boundary is at the level where 
the hammer is placed, is from 1. 5 to 1. 8 metres thick and consists 
almost entirely of angular boulders of micaschist. This rock also occurs 
in place below the drift. The upper layer, again, is about 0.5 m thick 
and consists chieily of more rounded boulders of granite gneiss. Two 
boulders of diopside skarn were found in this section exactly at the 
boundary between the upper and lower layer. 
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The boulders lying on the surface are likewise chiefly of granite 
gneiss in the whole area from the ore belt to the lake shore and still 
on t he northern part of P eltoniemi and Kaseniemi, but farther south 
the micaschist becomes the dominant material of the drift. Now, the 
ore and skarn boulders found south of Peltoniemi and on Kaseniemi 
were situated exactly a t the boundary line between the northern area 
of granite gneiss drift and the southern area where micaschist forms 
t hc surficial drift. 

These observations are no doubt of great interest for the problem 
of transport of drift materials. They prove that the drift next upon 
the sllbstratum has itfl source in the nearest vicinity, and is overlain 

Fig. 7. Sect. iorl in drift at Pitkärant.a. The dotteclline indicates t.he bound­
.try between the 10wer drift sheet <'onsisting mainly of micaschist and the upper 
1-"'anite-gnt>iHs drift. Photo P. E skola . 

by strata whose sequence is the same as that of their occurrences in 
place in a direction contrary to the motion of the ancient land ice. 
The ore-bearing rocks that occur as a belt between the granite gneiss 
and micaschist areas are, in the drift, concentrated between the 
micaschist and the granite gneiss drift. At a distance of about two 
kilometres from the margin of the granite gneiss area the layer of 
granite gneiss drift is so th,nned that it does not w holly cover the 
surface, and the upper layer of drift becomes enriched with materials 
horn the ore-bearing zone, and, still farther south, micaschist alone 
constitutes the dominant material of the drift . 

No boulders of the ore formation were found in the esker materials 
and sand plains east of the Old 1\'Iining Field. As usual, the esker drift 
con ists largely, if not entirely, of material of distant derivation. The 
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percentage composition of 125 esker boulders near the highroad 2 
kilometres east of Ristaus was found to be: 

Rapakivi .... . .......... .. .. ... 69.8 ~o 

Granite gneiss ........... . ...... 24.7 » 
Amphibolites ............. ..... . 0.9» 

Hornblende schist .............. 1. -! » 

Micaschist . . . . . . . . . . . . . . . . . . . . . . 2...» 
Pegmatite .......... .. . ... .. ... 0. 9» 

-----, 
LOO.o % 

Three boulders of iron ore with i"erpentine (marked by one eros:;: 
on the map) were found east of the esker. They are of the Herberz 
ore type and apparently have their source in this part of the ore zone 
(the New Mining field). But no other boulders of the ore formation 
were found in the eastern part of the ore field, including the Hopun­
vaara and Lupikko fields, although unassorted drift is common. 
Their non-occurrence 01' scarcity in that part of the area still remain::; 
unexplained. 

The Pitkäranta field lies near the southwestern boundary of 
that part of the large north-European area of Quaternary glaciation 
where glacial erosion dominated over accumulation and the old rock 
substratum is exposed in frequent outcrops. This boundary is weU 
marked and may be said to be situated at Uuksu, about seven kilo­
metres south of Lupikko. Southeast of Uuksu tue whole coast region 
of Lake Laatokka (Ladoga) is covered with thick beds of drift, and 
rock exposures are very few. The drift there consists largely of materi­
als derived from distant sources. This may be seen especially near 
the rock exposures. Thus, on the island of l\:Iantsinsaari in L. Laa­
tokka there are exposures of diabase of a peculiar type, the so-ealled 
Valamo diabase. Even near the exposures, in plaees where diabase 
undoubtedly forms the bedrock, this rock is but sparingly present 
in the drift whose greatest part consists of rocks of distant provenance. 
In those accumulation regions, therefore, the search for the source 
of boulders would always encounter great difficulties. 

THE ORIJÄRVI ORE FJELD. I 

The distribution of boulders in this field was studied by P. Eskola 
in 1919. The results are shown on the map, fig. 8. On this map are 

1 FOT the rocks ann. ores in the Orijän·j region we refer to the treatis0 of Pentti 
Eskola, On the P etrology of the Orijiirvi Region in ~outhweRtern Finland, Bull. 
de la Comm. Geo!. de Finlande N:o 40, 1914; Fennia. 

J 
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indicated, first, the boulders of cordierite- and andalusite-bearing 
rocks, inc1uding those of skarn (tremolite skarn, and hedenbergite­
andradite skarn) , found outside the area of t heir occurrence in place. 
The eastern part of the south shore of Lake Orijärvi was not explored 
with regard to boulders, while the north and east shore of the eastern 
part of Lake ::\i(äärijärvi was found almost devoid of such boulders, 
apparently -owing to the fact that the high and steeply sloping rocky 

Ii. i.järul 0 I 2km 
~ I. 1-1 ---;_ ....... ·---~I 

Fig. R. Geologica l 111ap of the Orijärvi region showing tlle d istribution of 
Ol"es and rock!'> of the ore formation as boulders. 1 = leptite, limestone , and 
amphibolites; 2 = thc metasomatic, andalusite-bearing rocks; 3 = the meta­
somatic C'ordieritc- and anthophyllite-bearing rocks; 4- = oligoclase granite; 
.'i = boulder of 3; 6 = boruder of 2; 7 = boulder of bancled iron ore from 
Gran.aattinokka; 8 = boulder of copper ore; 9 = chalcopyrite ore in plaee; 
10 = magnetite ore in p lace; II = striae. The d otted lines indiC'ate t he borders 
of the boulder train,. 

area between the lakes supplied nearly all the material of the shore 
drift existing there. The boulders of cordierite- and anthophyllite­
bearing rocks on the shores of the northwest portion of Lake Määri-
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]arvi may be coneluded, from the similarity of their petrographie 
characters, to be derived from the northwest end of l\1äärijärvi. 

Boulders of the andalusite-bearing quartz-mica rock of the Iili­
järvi tract have been found in small numbers near the west shore of 
Lake Orijärvi and not at all on the shores of Lake Määrijärvi. 

Only four ex am pIes of boulders of copper ore were found, though 
it is probable that more have been found in carlier times from the 
nearest vicinity of the Orijärvi mine. The boulder n cw found nearest 
the mine, south of it, consists of quartz-sericite rock, very much like 
that of the Iilijärvi rock, containing abundant chalcopyrite and 
octahedra of pyrite. The next ore boulder, a little farther south, is a 
large one which apparently originally measured several cubic metres. 
but it has been quarried into pieces and some ore has been taken off 
and exploited. It consists of quartz-sericite rock, in places containing 
aggregates of biotite and nodules of cordierite, but no andalusite. 
Otherwise it is much more like the Iilijärvi rock than that of the 
main Orijärvi mine. Its ore minerals are chalcopyrite which is very 
abundant, pyrrhotite, and pyrite In the form of octahedra, and so me 
galena and zinc blende. Although these boulders therefore have mo t 
probably been derived from the Iilijärvi field, there are others found 
elose by them that consist of tremolite skarn and may be said posi­
tively to belong to the rocks occurring in place at the main mine of 
Orijärvi. 

The two boulders of copper ore found at the south shore of Lake 
Orijärvi northeast of Salmi belong to the »hard ore» of the Orijärvi 
mine. One of them is cordierite-and antophyHite-bearing »ore-quartz­
ite», and the other a cordierite-anthophyllite rock, both richly im­
pregnated with chalcopyrit~. 

The ore whose distribution in the form of boulders offers most 
interest in the Orijärvi tract is the banded iron ore of Granaattinokka, a 
weH characterized and peculiar ore type. The weH defined train of 
boulders extending from this locality toward the southeast may 
still be traced from numerous boulders south of Salmi, 2.8 kilometres 
from the ore in place. On the map, the south boundary of the train 
has been drawn to include the occurrence of the iron ore on the floor 
of Määrijärvi near Granaattinokka, supposing this to be of the same 
kind, though it must be remarked that this iron ore is not exposed 
at all and is only known from a magnetometric survey. It is remar­
kable, in fact, that the banded iron ore is represented by such great 
numbers of boulders, while the Orijärvi copper or·e is extremely sparse. 
This fact may perhaps be accounted for by the larger areal exposure 
of the former, rather than by the greater decomposibility of the sul­
phide ore. 
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The investigation of the boulders in the Orijärvi region had the 
practical aim of looking for traces of new ore deposits, that might 
possibly exist unexposed and therefore undetected. Especially waR 
the water-covered area of the northwest part of Määrjärvi suspected. 
because of the occurrence of weH-developed cordierite-anthophyllite 
rocks in that tract. But no such t1'aC3S of ore were found , excepting that 
some of the boulde1's on the shore of Määrijärvi contain a little chalco­
pyrite. Hence there seem to be no warrant for arousing expectation 
of new ore deposits here. But it is very certain, on the other hand, 
that some ore deposits still await disclosure in the wider neighbourhood 
of Orijärvi. This appears from the fact that so me boulders of copper 
and zinc ore were found a few kilometres farther west, near Lake Iso­
kiskojärvi. In thi tract esker deposits cover the greater part of thc 
area, and it was quite impossible to locate the orc depo it. 

THE SANDSTONE OF KARSTULA. 

In Central Finland , andstone does not occur in place anywhere­
and very rarely in the form of boulders. Within a limited area south­
east of Lake Vahankajärvi in the parish of Karstula, near the divide 
between GuH of Bothnia and Gulf of Finland, however, great numbers 
of sandstone boulders were found by the writer. 1 The sandstone 
shows some variation in the boulders . Some of them consist of brow­
nish-red, fine or coarse grained sandstone. The greatest number, 
however, belong to another type which is characterized by white 01' 
yellow colour and consist almost exclusively of quartz in weH rounded 
grains of uniform size. Sometimes it is a typical quartzitic sandstone, 
hard and unweathered. Sometimes the rock is oft and porous, having 
apparently been cemented by calcite which has afterwards dissolved. 
This sands tone, called »sierakivil), is used by the farmers as grindstone. 

The weH defined fan of boulders extends from a small island in 
Lake Vahankajärvi toward the southeast. The boulders are most 
numerous in the northwest part of the area of their distribution. 
making here more than 1/3 of the total coarser drift material. The 
boulders apparently have their source in the noor of the lake. The 
train coincides with the direction of the local striation. 

1 Matti Sanramo, Üher das Vorkommen \"011 Silndstein in. Karstula, 
Finn.land, Fennia 3!) , N:o 7, 1916. 
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THE DACJTE OF KARNASAARI. 

Another occurrence of volcanic rock resembling that of Jänis­
järvi is situated on an island, named Kärnäsaari, in the northern 
part of Lake Lappajärvi, East-Bothn ia. The exposures anel thc whole 
probable area of this rock in place is s hown on the map, fig. O. The 
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distribution of this dac-
ite a:::; boulders wa stud­
ieel in 191~ by Dr. A. 
Laitakari. These boul­
eler:,; are ea:'<ily ident­
ified on t he shores anel 
islets, which are rich in 
pebbles, being most nu­
merous c10:,;e to the rock 
in place and al:::;o in a 
narrow belt outh of it. 
To t he east and west, 
boulders are but spar ­
ingly met with, and be­
yonel a definite limit. 
shown on the map, they 
disappear entirely. Thus, 
there is a fair boulder 
train exteneling nearly 
in a southerly direction 
parallel to the striae ob­
served on thesouthshore 
of Lake Lappajärvi . 

Fig. 9. l\f.ap of Lakl' Lappajärvi showing the distributioll 01" tl,e dapit,e 
of Kärnäsaari. 1 = exposU\,P>i of thp dacite; 2 = the probable area of the 
dRcite in pI ace; 3 = bonlder of dacite. 'fhe arrow indicates the direction of thp 
striae, and the dotted lüwR, the borders of t he honlder train. . 

THE DOLOMITE AND THE ANDALUSITE-BEARING SCHlST OF ALA-TORNIO. 

Glacial boulders of dolomite are very common in the parishes 
of Ala-Tornio and K emi. They apparently have been derived from 
several large occurrences of dolomite in this region. The district 
between Kemi church and the occurrence of dolomite at Kalkkimaa 
was studied carefully by the writer in 1020, during an (unsuccessful) 
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search for the source of a dolomite boulder containing native gold 
found in 1836 ne ar Kemi. As the map in fig. 10 shows, a fan of dolo­
mite boulders points to .the occurrence of Kalkkimaa. Farther, near 
the Kemi river, its limits become more indefinite, as boulders of the 
same rock may possibly have been spread from other occurrences 
farther west of Kalkkimaa as weH. 

Fig. 10. ]}-fap of the Kcmi-Tornio region. 1 = dolomite in place; ~ = boul­
d.e r of dolo.mite; 3 = andalusite rock in plane; 1 = andalusite ro('k as boulder. 
Arrows represen.t t.he striae, t~n.d the dotted lineö, the horders of thc train of 
anda.lusite ro('k. • 

Another peculiar rock, namely, a dark, fine phyllite containing 
small crystals of andalusite, was found as boulders in the same district. 
They are most numerous around Lake Laivajärvi. According to Hack­
man 1 such a characteristic rock forms the bedrock, in this region, 

1 V. Haekman, Geologisk öfversiktskarta öfver Finland, sektionerna C6 
Rovaniemi, B5 Tornea, oeh C6 Öfver-Tornea. 1918. p. H. 

4 
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only near Lake Hammasjärvi, north of the area of the distribution 
of boulders . It is, however , possible that the occurrence is larger 
t han the known exposure. This is suggested by the wide spreading­
angle of the boulders. - The triae observed in this region indicate 
an ice movement largely from the north, but in places also from the 
northwest. 

• 2 

~3 

Fig. ll . Map of t he Me lalaht i tract. 1 = al'ea of magnetic d eviation, t.he 
-probable SOlD'ce of thc bonlrler'J; 2 = o1'e bOlllder; 3 = stri ae. 'fh!' dotted lines 
indi ... ate t h e border., of th ... bOllIder train. 

THE COPPER ORE OF MELALAHTI. 

During prospecting work in 1918 Dr. E skola found a great number 
of boulders containing pyrdl.Otite-chalcopyrite ore on the south shore 
of Melalahti bay in Lake Oulujärvi, in the parish of Paltamo. See the 
map, fig. 11. 

L....-_______ _ _ _ _ _ _ _ _ -
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Steep rocks of quartzite rise abruptly from the lake, and only 
small portions of the shore are covered. with glacial drift. In one 
of these drift-covered parts of the hore, extending for 60 metres, 
nearly half the pebbles consist of ore which is a brecciated mixture of 
sulphides and quartzite and phyllite. Among them are at least 20 big 
boulders, some of which measure as much as one square metre in ex­
posed surface. Outside this shore strip no ore boulders were found 
in the nearest drift banks, at a distance of a few tens of metres. The 
area to the southeast, in the direction of the striae, is rocky and 
wooded, and therefore inconvenient for the search for boulders; 
nevertheless, even big ore boulders in all were found there by patient 
search. In the drift at the southeast shore of the peninsula ,,,here 
the locality j situated no ore boulders could be found, while a few 
boulders consist of rocks that are presumably connected with the ore. 

The mode of occurrence and the great frequence of the ore boulders 
witbin a narrow train indicated clearly that their source was to be 
looked for clo e by, especially as 110 similar ore boulders were found 
110rthwest of Melalahti bay. The geological structure of the neigh­
bouring tract was in favour of the supposition that the ore in place 
was lying at the floor of the bay. As the ore is rich in pyrrhotite, and 
considerably magnetic, it was thought possible that it might reveal 
itself by a magnetometric urvey. In fact, preliminary trials made 
by boat gave a positive indication. A more exact survey was carried 
out in the following winter on the ice. 1 Magnetic attraction was found 
within a well-defined area in the midst of the bay where the depth of 
water is 12 metres. There is little doubt that the source of the ore 
boulders in question lies here. 

SOME BOULDERS OF UNKNOWN DERIVATION. 

In addition to the e examples of boulders of known derivation, 
some attention may be paid to a few cases in which the sources have 
not yet been found. 2 Some ore boulders in the Orijärvi region have 
been mentioned above. Another case is represented by a gold-bearing 
dolo.mite boulder found near Kemi (pag. 22). It consists of vein 
dolomite, and not of the common dolomite rock. Very probably this 
boulder has not been derived from the large dolomite deposits of the 

1 Suomen GoologuH'n Komissioni , vu()sikertomus 1918. - Geologisk,,, 
J.'.omissionflTl i Fildand, arsberättelse 19] S. 

2 Snomen GeologineH Komissioni , vuosikertomus ] DI9--1922. _.- Oeo­
logi .ka Komissionen i Finland, 'ärsbel'ättelse 1919--1922, 
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neighbourhood, but frorn sorne small dolomite vein, such as are corn­
mon in large parts of Lapland. 'rhe boulder in question, rnoreover, 
does not necessarily belong to a primary drift deposit, but may have 
been transported by other agencies, as by floating ice on the Kemi 
river or by sea ice in earlier times when this region lay at a lower level. 

A boulder of copper ore (quartz-pyrite-chalcopyrite), found in 
1919 in the village of Selkie, parish of Kontiolahti, 25 kilometres east 
of the town of Joensuu in Karelia, deserve ' special mention. The 
Geological Comrnission has du ring several years devoted much labour 
to the endeavour to trace its source. The tracts ne ar the boulder and 
also those farther ' away, in northwesterly and northnorthwesterly 
dirEjction, have been surveyed geologically, magnetometrically and 
electrometrically, but the mother rock has not been revealed, though 
the search has led to the discovery of some other ore boulders by Dr. 
H. Väyrynen and others, and in 1923 another copper ore boulder was 
found near the first boulder. It has not even been ascertained, whether 
this lack of success is due to the beds of drift which hide the bedrock 
widely in the areas near the boulder locality, 01' to its far-distant and 
so far unlmown derivation. At all events the search will still be 
continued. 

STRIAE AS INDICA TORS OF THE ICE MOVEMENT. 

The direction of the movement of the Quatcrnary land ice is, in 
any - tract, shown by the st1'iae and by the dispersion of boulders. 
These distinctive marks, in general, indicate the same direction, but 
many deviations from this regularity appear. As an example may be 
cited the fact that most of the st1'iae near Kivisalmi point not in the 
direction of Outokumpu but more westward. It is therefore an 
interesting question, how the relationship between the striae and 
boulder fans is to be understood. 

For the discussion of this question the Tampere- Ikaalinen 
district in western Finland is very suitable, as it displays splendidly 
developed glacial formations. It exhibits more divergent striae than 
any other part of Finland, and the annual positions of the receding 
ice edge have been studied by the writer by means of the varve sedi­
ments. 1 The map in fig. 12 shows this area, with several ice border 
lines. These are but roughly parallel to each other; in detail there 

1 Matti Sauramo, Stuelies on the Quatcrnary Va rve Sediments in Soutnern 
Hinland. Bull. de 1a Comm. Geo!. cle Finlande N:o 60, a nel }'ennia 44, :1" : 0 J , 
1923. 
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appear numerous incongruences. The ice cover, as a rule, extended 
farther upon high ground, or in shallow water, than in lower places, 
or in deeper water. This means that the sea bounding the ice sheet 
has here been the controlling factor determining the course of the 
ice border. In other words, the land ice has calved, and the breaking 
away of ice has been more intense in deeper than in shallower water. 

10 '0 
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Fig. 12. :\Iap of ft pa,rt of Sataknnta, "'estern Finlanrl, showing the di­
rections of ipe movempnt towards six ice border lineR durin,g tho late glacial 
t ime. 1 = cske1'; 2 = ice border line of year 300 after the Secnnd Salpaussolkä 
stage; 3 = the direction of mOVfmlent at the edge (point of arrow neftr the ice 
border line), a nd behind the front (tails of arrows). 

Furthermore, the active movement of the t hin ice ne ar its outer 
margin was also dependent upon the relief. The existence of basins 
under the land ice and their position, whether parallel or transverse 
to the approaching ice border, apparently influenced the ice supply 
and the velocity of the ice masses moving toward the front. This 
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flow always turned nearly at right angles to the edge, thus converging 
in the ice bays and diverging in the ice capes. This tatement is not 
a mere theoretical conslusion, but a fact, as indicated by striae in 
every case where the varve sediments witness to curv~s in the ice 
border lines. 

As the ice border receding from year to year met with land areas 
of different relief, the direction of the flow of iee was always adjusting 
itself to the local topography. Now mo t of the striae have been 
carved, in eaeh. loeality, at this last stage of movement. The main 
ice dispersion, again, or the flow of the thicker ice sheet farther behind 
the front, has in this region moved all the time toward the southeast, 
at right angles to the general course of the iee border line, and it wa ' 
independent of the small details of the relief. Striae belonging to 
those earlier stages have been preserved at a few loealities only, a. 
most of them were obliterated by the carving of iee at the later stages. 
This earlier or general direction may, however, be reeognized still 
more exaetly by the distribution of glaeial boulders derived from 
definite, known sourees. 

The map give an exaet account of the directions of the iee 
movement toward the six border lines, years 300, 375, 400, 500, 600, 
and 630 after the end of the Seeond alpausselkä stage. In the last­
mentioned year, 630, when the iee border, which at that time trended 
ehlefly east and we t, was situated north of Lake Kyrösjärvi, the 
general flow was toward the south. The marginal part, adjusting 
itself to the small features of relief, moved toward the south and 
southwest, as indieated by the youngest striae observed along the iee 
border line in question. These direetions have, however, prevailed 
for a short time only. This may be reeognized from the fact that there 
are well-developed roehes mQutonnees and older striae formed by 
an iee flow which pa sed over these plaees from the northwest toward 
the border lines of year 600 and 500. The direetion of the movement 
near the outer margin was meanwhile repeatedly ehanged aecording 
to the loeal topographieal features, as seen from the map. But still 
earlier, in the years 400, 375, and 300, these areas were covered with 
a thieker iee sheet moving in a general southeasterly direetion. Striae 
showing this are to be found only in protected plaees, where they 
have eseaped the earving and smoothing work of the next following 
younger ice-flow. The direetion in question is, moreover, indieated 
by the distribution of glaeial boulders. Neat Tampere, for instanee, 
more than 90 per cent of the boulders are derived from the north­
west. And it is a striking fact that no boulders of the J otnian sands tone 
or diabase oeeurring in plaee in the region west and southwest of Tam­
pere were found here, in spite of striae pointing in these direetions. 
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In those t racts w here the ice sheet ended on dry land the course 
of its border was dependent on the supply only. The ice sent out 
protruding tongues and lobes in the valleys, while on higher ground 
it extended less far. Otherwise the movement at the edge and behind 
the front of the ice, as also the distinctive marks left hy it, were quite 
analogous to those of ice that ended in the sea. 

Thus, the striae, in each larger area, are of vaTied age and do 
not indicate the direction of a contemporaneous movement of an ice 
sheet covering the whole area. As a rule, they show only the youngest 
directions at the ice margin during its recession in each locality. The 
direction of the main ice dispersion can only be inferred from the 
distribution of glacial boulders of known provenance. This is a well­
known circumstance, but in view of . its importance for the ploblem 
of tracing glacial boulders, it deserves special attention here. (See 
map fig. 1). 

FORMATION OF THE BOULDER TRAINS. 

At its greatest extension, the ice sheet of northwestern Europe 
spread from the gathering ground in Scandinavia and Lapland radially 
toward the distant ice border. At that time the central part of gla­
ciation, including Finland, represents the area of glacial erosion. The 
ice sheet incorporated in its lower part much of the loose rock debris, 
picked out masses of solid rock over which it passed and carried them 
away. From each source the material has been transported in fairly 
straight trains toward the periphery, where deposition ' took place. 
Here the Fennoscandian boulders mingled with other drift material 
were spread over broader areas, and thus indicate the distinct ice 
flows which have existed in each locality during these periods. Con­
cerning the distribution of certain indicator-boulders, it is only necess­
ary to refer to studies by De Geer1, lVI:ilthers 2, Hausen ,3 and Ramsay4. 

1 G. de Geer, ~agrfl, ord om berga,rterna p,\ Aland och flyttblocken der­
ifnin. Geo!. Fören. Förhanc11. J88l. 

2 V. Milthers, Scanclinayjan Indicator-Bolliders in the Quaternary deposits. 
Danmarks Geol. Und ersögelse, Raekke II N:o 23, 1909. 

2 H . Hause~n, Über die Entwicklung der Oberflächenformen in den Rus­
sischen Ostseeländern und angrenzenden Gouvernements in der Quartärzeit. 
Fennia 34, N:o 3, 1913. 

t W. Ramsay, Über die Verbreitung von Nephelinl>yenitgeschieben und 
die Ansbreitw1g des nordeuropeischen Inlandeises im nördlichen Russland. 
l?cunia 33, N:o r , 1912. 
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The studies of Tanner l are, in view of our purpose, worthy of special 
mention. 

In Finland only the lowest, very tough, hard-packed part of 
the ground moraine can be referred to the earlier stage of the last 
glaciation, i. e. it has been deposited beneath the ice while this still 
covered the whole region. The deposition of the greatest part of the 
drift sheet has apparently taken place during the 1ate glacial time 
at the edge of the ice, .as it was successively receding. The compo­
sition of the drift is large1y determined by the nature of the bedrock 
upon and near which it lies. In the areas underlain by crystalline 
rocks, which _are most usual almost all over the country, the drift 
contains great quantities of coarse material, grave1, pebb1es, and 
boulders, mainly because the finer-grained materials at the surface 
have been washed away. The greater part of the boulders, as a rule, 
is of 10ca1 derivation. They have apparently been transported to 
their respective 10calities with the last flow of the marginal ice which, 
as set forth above, adjusted itself to the local relief. The boulder fan 
elose to its somce is therefore always parallel to the youngest striae. 
This is exemplified by boulder fans of smalliength, such as those of 
Lappajärvi, Melalahti, Karstula, Orijärvi, and also by more extensive 

Jans near their sources. When the direction of ice movement upon 
1e.vel ground has remained almost constant, the borders of fans become 
almost parallel to each other. See for example the train of iron ore 
boulders at Orijärvi, page 21. If, however, the direction has changed 
dming the recession of the ice border, in consequence of the relief, 
the angle of spread has become greater, as in case of Jalonvaara and 
Kemi. 

There occur among material of local origin also boulders of more 
or less distant derivation. Most of them have been transported, in 
the latest part of their course, in the marginal part of the ice sheet, 
and therefore parallel to the striae near them. During the earlier part 
of their journey, however, far behind the front, they have moved 
along the straight train with the main ice dispersion. As the ice sheet 
successively melted away, all material plucked by it from adefinite 
point was left on an elongated but gradually broadening belt, or fan­
shaped area, whose apex lies ~t that point. Thus, the long boulder 
fans in fact indicate, on the whole, the direction of the general ice 
movement. This direction may, in places, be almost parallel to the 

1 V. Tanner, Studier öfver kvartärsystem et i F ellnoskandiaR nordliga dela:r, 
III, Om landisens rörelser och afsmältning i fin ska Lappland och angränsande 
trakter. BnH. de la Oomm. Geol. de Finlande N: o 38, pp. 12-·;34, 1915. 
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striae within the fan in question, as shown, for example, from the 
distribution of the dacite boulders at Jänisjärvi. The ore boulder 
from Kivisalmi represents a case of a different nature. Its position, 
some metres below the surface of the ground moraine, suggests that 
it has been deposited beneath the ice sheet, w hile this still stretched 
farther to the southwest. Its track from Outokumpu is exactly parallel 
to the general direction of the main ice dispersion indicated by other 
boulder fans and also distinct glacial marks. The striae crossing this 
older direction in many places in eastern Finland inside the Salpaus­
selkä moraines show only the radiating ice flow at the edge. 

A quite analogous case occurs in the distribution of certain 
boulders from the iron ore field of Kiirunavaara in Sweden. Accord­
ing to Geijer, 1 boulders of that ore and other related rocks have been 
found at Äijärova, Mertainen, and Svappavaara, at a distance of 
40 to 50 kilometres southeast of their source. Boulders from Mer­
tainen, again, have been carried forward in the same direction, to 
Svappavaara. Apparently this boulder dispersion has been parallel 
to the older, general ice movement, which has been later crossed by 
the younger ice flow indicated by most of the striae observed in that 
region. 

In southern and southeastern Finland the long boulder trains, 
as mentioned above, are parallel to each other. The departure of the 
fan of Jalonvaara (see map pag. 15) from this parallelism makes no 
exception to the general rule. Here the distribution of boulders is 
only known elose to their source, and their spreading has taken place, 
in consequence of the local relief , in an easterly direction. The exten­
sion of this fan farther away, if looked for, would probably be found 
in the southeast and not in the east, in the direction of the striae. 
Thus the boulder in the upper part of the ground moraine would be 
distributed on an area which has, near the source, abend toward the 
east and then a straight southeasterly elongation. 

The different materials of the drift deposit are not always so 
, perfectly mixed with each other. It may sometimes consist of several 
layers, each of which has been derived chiefly from adefinite source, 
as is seen from Eskola's account of the Pitkäranta district. It is a 
striking fact that these layers have the same sequence from the bottom 
upward as their respective sourees, or rocks in place, going against 
the movement of the land ice. Thus the stratification of this deposit 
resembles, in some degree, the overlapping structure characteristic 
of the varve sediments . 

1 Per Geij er , Bidrag till frägan om blocktransportriktningarna inom ,Tukka s­
järvi malmt.rakt. Sve!' igps Ue'o], Unders. Sero C. N:o 282. 19l7. 

5 
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It has been observed in many tracts that there are, within trains 
of certain boulders of distant derivation, portions where the frequence 
of the boulders is exceptionally great compared to other surrounding 
parts. Hence such drift deposits may be comparable and, in some 
degree, related to the esker gravels, characterized even by materials 
of distant source. 

HOW TO TRACE A GLACIAL BOULDER. 

When a glacial boulder is to be traced back to its source, the first 
question of importance is, wh ether the boulder is (1) of local, or (2) 
of distant derivation. To solve this first problem several points must 
be taken into consideration, first of all 'the frequency of the boulders. 
Not only tilOse of exactly the same rock as that in question should 
be looked for but also others related to it and therefore probably of 
a common source. Many ores, especially, are known to occur in con­
nection with certain characteristic rock<;, as skarn, cordierite-anto­
phyllite rocks, or certain »ore quartzites». Further, the products of 
ore decomposition, as goss an in the case of sulphide ore, are also to 
be considered. If boulders and related rocks are fotmd abundantly, 
the source of them i , as a rule, not far off, in a direction indicated by 
the striae. The boulders are then to be precisely located on the map 
and the apex of the fan thus defined. The source then lies within a . 
limited area, and may eventually either be found directly, if it happens 
to be exposed, or otherwise disclosed by magnetometric or electric 
prospecting, excavations or diamond drilling. This is exemplified by 
the cases of Jänisjärvi, Karhunsaari, Melalahti , and Jalonvaara. 

Though a great frequency of boulders, a. a rule, means nearnes 
of the source, their scarcity does not, however, always imply a distant 
derivation. Around the great pyrite field of Otravaara, for example, 
but a few big boulders of ore and a few more of goss an were found. 
All these lay quite elose to their sourees. The same is apparently the 
case in the distribution of boulders from the Orijärvi field , as appears 
from Eskola's account. . 

If the boulders are but few and their source is not found near them, 
there remains only the possibility that they have been derived from 
a distant SOurce. Its tracing may then be . ubject to more difficulty. 
The striae are üi that case of little value. They and the local physio­
graphy, as it was during late glacial time, may only aid the recon­
struction of the ice flows at theedgeof theancientlandicewith which the 
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boulder in question has been transported on the short, latest part of 
its track. And this, moreover, only if the boulder belongs to the 
younger, upper part of the drift deposit. The source lies, as experience 
has shown, in a direction parallel to the general ice movement at 
the time when the boulder yvas carried, and this can be deduced only 
from the distribution of other boulders of 'distant, known provenance 
in the same region. Going thus against the main ice dispersion, the 
distribution of the rock in question as boulders must continuously be 
considered for further location of its source. Special attention must 
be directed to those regions where rocks related to the boulder which 
is the subject of the search occur in place. A succesful tracing 
of a boulder therefore implies reliable geological maps and an accurate 
Imowledge of the existing rocks. In their absence a hunt for the 
source is merely a matter of hazard. Without previous detailed survey­
ing of the general geology of eastern Finland the famous discovery 
of the Outokumpu ore field would very probably never have been 
made. 

There are in the distribution of the boulders several points which 
ren der one cautious in the tracing of sources. Some observations by 
Eskola support the theoretically very probable assumption that a 
big boulder embedded in the moving land ice might have been broken 
up into smalleI' pieces, as a flying shrapnel that explodes in its tra­
jectory. The fan of these »secondary» boulders left in the drift deposit 
does not indicate the true points of their source. 

1t may be recalled that 'the esker material frequently met witp. 
in prospecting differs from the drift in its relation to their respective 
sources in the bedrock, being almost entirely composed of material 
of far-distant derivation. The weH developed boulder fan of Outo­
kumpu, for instance, disappears totally toward the south, where it 
meets with the great esker of Jaamankangas. In the materials of the 
esker and sand plain near the Pitkäranta ore field no boulders of ore 
01' related rocks were found. Most of them are of far-distant deri­
vation, as seen from Eskola's account, pag. 20". Experience has shown 
that the esker gravels and sands are of very little value in tracing the 
source of blocks. 

In searching for the source of glacial boulders in areas which 
became covered by the sea when the ice sheet disappeared, the possi­
bility must be taken into account that erratic boulders lying on the 
earth's surface may have been transported by floating icebergs. The 
direction of this movement is in that case quite independent of the 
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movements of the land ice, and may be variable. Generally the 
icebergs in southern Finland seem have moved toward the west and 
southwest. In Uusimaa (Nyland) for instance, the rapakivi whichforms 
a wide area in the eastern part of this province may be found very 
commonly as boulders in western Uusimaa outside of the Salpaus­
selkä moraines. In eastern Finland no positive facts concerning the 
transport of boulders by floating ice are so far lmown, but it is not 
impossible that e. g. the Selkie boulders which were found on the surface 
may have been forwarded in this manner during part of their course. 

As far as may be concluded from the material collected, no de­
finite relation can be recognized between the frequency of the boulders 
found and the dimensions of their source in the bedrock. The pyrite 
ore of Jalonvaara, for instance, is perhaps not greater than that of 
Otravaara, where, however, but a few boulders were found. This may 
be accounted for by several circumstances. In the first place, the 
amount of material picked of by the ice is dependent upon the out­
cropping area of the rock in place. The frequency 01' sparsity 
of boulders, therefore, is not alway proportional to the size of the 
source. In the case of Otravaara the sparsity may, perhaps, be ex­
plained by assuming such deep-reaching preglacial decomposition of 
the ore that the glacial erosion did not reach the surface of the un­
weathered rock. This assumption is supported by the fact that there 
have been found many boulders of gossan that appeal' to have been 
worked out of a larger (preglacial) body of gossan, rather than to have 
originated by decomposition in sep:nate boulders, after the ice-age. 
Boulders of such preglacial goss an have been found in other tracts 
also. - The possibility of preglacial weathering to so great a depth 
that its products may have protected the fresh ore from detraction 
by the land ice would lessen the chances of pospecting by means of 
glacial boulders. 

Furthermore, the frequency of boulders is also dependent upon 
the nature of the rock in question. Most of the crystalline rocks might, 
of course, have resisted the glacial erosion and postglacial weathering 
bettel' than other softer rocks. Boulders of ores are especially liable 
to be destroyed by decomposition. It is, however, surprising how 
wen the sulphide boulders of, for example, Jalonvaara, Karhunsaari, 
and Melalahti have escaped weathering an through the 10,000 years 
that have elapsed since the disappearance of the ice s-heet from 
southern Finland. 
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In connection with the discussion of methods of prospecting 
based upon glacial boulders, attention may be also directed to the 

\ following practical point. Most of the ore boulders that have given 
\ rise to discoveries of important ore deposits have been first found by 

chance, by farmers and other working men not employed in pro­
specting or geological surveying. It is a matter of course that this 
should be so. A few geologists have less chance of meeting with 
bOulders than a large number of persons throughout the country 
who deal with rocks and soils in their daily work. It WOuld seem pro­
bable that much greater numbers of such indicator boulders of use in 
prospecting might be no ted, if knowledge of rocks and minerals were 
more common among the people. To this end, the Geological Com­
mission of Finland has published and distributed popular articles and 
pamphlets and sends small collections of rocks and minerals to primary 
schools and technical colleges. For identification of boulders con­
taining ores, the persons finding them are referred to the Geological 
Commission or to private enterprisers engaged in prospecting or 
exploitation of the mineral resources of the country. 
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tes. Oktober 1915 ........................................................ 50: 
Der gemiscbte Gang von 'l'uutijärvi im nördlicuen Finland, von VICTOR 
HA CKMAN. Mit 4 Tabellen und!) Figuren im Text. Mai 1914.............. 6:­
On the Petrology of tbe Orijäl'vi region in Southwestern Finland, by PEN'l'T1 
E SKoLA. ~Titu 55 figures in tue text, 27 figures on 7 p1ates and 2 coloured 
maps. Oetober 1914 .................. '" ..•.. , ..........................• 26:-· 
Die Hkapolitblagerstätte von L aurinkari, von L. H. BOROSTRiiM. Mit 7 Figuren 
i.ln Text. August 1914 .. . ... . . . .... . .... . ....... . .. . .... . ................. 5: - • 
Über Camptonitgänge im mittleren Finnland, von VIC'reR HACRMAN. Mit 3 Figu-
ren im Text. Aug. UH4 .. . .... . .... . . .. .......... . ....................... 5: -
Kal eviska bottenbilduingnr vid Mölönjärvi, af W. W. WIl,KMAN. Med 11 fi-

Ö
O'ul'er i texten. Resum e en franyais. Januari 1915 ........ . . . . . . .. .. .. .. .. 6: -

m sambandet meUan kemisk ocb mineralogisk sammansättning hOB Orijäl'vi­
traktens metamorfa bergarter, af PENTTI ESKOLA. Med 4 figurer i texten. 
,Vith an Englisb Summary of the Contents. Maj 1915 .................... 12:-
Die geographiscbe Entwicklung des L adoO'asees in postglazialer Zeit und 
ihn, Beziehung zur ·steinzeitliehen Besied~ung, von J ULlUS AlI,10. Mit 2 
Kal'tetl und 51 Abbildungen. Dezember 1915 . . .. .. . • .. . . .. . • .. . . . . . ... . . .. 15: -
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Le gisement de calcaire cristaUin de Kirmoolliemi a Korpo en Finlandp, 
par AARlW LAl'l'AKAUJ. Avec 1.j. figures dans le texte. Janvier ]9L6........ 6: -
Övel'sikt av de pl'ekambriska bildningarna i mellersta Österbotten, av E~RO 
M\KINEl\". Med en översiktskarta och 25 fig. i tpxten. English Summary of 
tbe Contents. Juli 1916 ............. , .................................. ,. 14: -
On Synantetic Minemls and Related Pbenomena (Reaction Rims, Coron(\, 
Minerals, Kelypbite, Myrmekite, &c.), by J. J. SEDERlIOU1. Witb 1 ~ figures in 
tbe text and 48 figures on 8 plates. July 1916 ............ " ............... 17: -
Om en prekalevisk kvartsitIorm:\tioll i norra delen af KuoJ.>io socken, af W. 
W. WILKlIlAN. MeLl 7 figurer i texten. Resume en franYaIs. Oktober 19H1 5: 
Geochronologische Studien über die spätglaziale Zeit in Südfinnland, von 
MA'l'TI SAURAlIlO. Mit ~ 'fafelll und 5 Abbildungen im Text. Januar 1D1H 10: 
Einige Albitepidotgestejne VOll Südfinnland, von AARN~; LA I'T'.IKA Itl, Mit 5 
.(\bbildungen im Tpxt. Januar 1918 .................................... ,. 'l : 
Uber Thel'alit und ljolit von Umptek auf d('r Halbinsel Kola. von '1'11. BREl\-
l\l'!R. Mit 4- Figuren im 1'ext. ~läl'z 1920 ................................. 5: 
Eini~e kritische B(\merkllngpn zu Iddings' Clussilik:ation der Eruptivgesteine. 
yon VICTOR HACKMAN, Mit 3 Tabellen. September 1920.................... 5: 
Über die Petrograpbie ulld Mineralogie der Kalksteinlo.gerstätten von Pumi­
nen (Pargas) in Finnland, von AAl1NB LAI'J'AKARl. Mit 3 Tafeln und 40 Abbil-
dungen im 'l'ext. Januar 1921 ..................... ~ ...........•........ ,. 11: 
On Volcanic Npcks in Lake Jii.nisjiirvi in Eastel'n Finland, by PEN'rTI ESKnr.A. 
With 1 figure .... ', ... , ......... , .. , ... , ..... ' ..................... , ... '. .t: -
Beiträge zur Paläontologie des nordbaltis ben Silurs im Alandsgebiet, VOll 
ADOLF A, "rl!. }\fWJ'ZGER, Mit 2 Abhildungen im Text, Oktobpr 1922 ...... ,. 4: 
Petl'ologiscbe Untersuchungen der granito-dioritiscben Gosteine Süd-Ost­
bothniens, von HEIKTO VXYlWNEN. 1I1it 20 FigureIl im Text und ] Kal'te. 
Februar 1923 .. , ........................................•... . .... ,. . ....... 8: 
On Mignmtites and Associatefl Pre-Oambrian Rocks oE Sonthwoste m l!~inlalld, 
I The Pellin~e Regioll, by J, J. SEDERHOJ.M, 'Vitb one map, 64 figures in tbe 
t~xt and 31 flglll'es on VIII plates, Novembpr 192:1 ......... .. ... ... .. .... ]7: 
Uber deo Quarzit von Kallinkangas, seine Wellenfurchen und Trockomisse 
Nach hinterlassenen Aufzeichnungen von HUGt! BERGHf;I,I. zusammengestellt 
und ergänzt \on VIC'fOR HAcKMAN. M.it 19 Figuren im Text. April 1923. .. 5:­
Studies on the Quaternary V (\,rve Sediments in SOllthern Finland, by .\IA'J"J'I 
SAuRAMo.\Vith 22 figures Jn the text, 12 figures, 1 map, aJICl 2 diagl'ams on 
10 plates. September 1923 ....... , , . , . , , . , . , '. ' , ... , ....... , .......... , . _ .. 15: 
Der Pyroxengranodiorit von Kakskerta bei Abo und seine Modifikationen, 
von Vre'foR HACKMAN. Mit 2 Figuren und I Karte im Text. April 1923 .... ;): 
'fohmajärvi-kongloIDoratet och dess förhällande till kaleviska skifferformll­
tiollen, av W. W. WILKMAN. Med 15 figurer och en karta. Doutsches Refemt. 
~epteIDber 1923 ...•......•••........• , ............ . . , , . , . , . , , , . . , , ... , . .. 6: -
Über einen Quarzsyenitporphyr von Haariselkä im finnischen Lappland, 
von VICTOl1 HACKlIlAN. MIt 2 Figuren im 'fext, Mai 192:\ •... ,............. 4: ­
Die jatulischen BildungeIl von Suojärvi in Ostfinnland, von ADOU' A. TII. 
~ETZGER. Mit 38 Abbilaungen im Text, 1 'faf. u, 1 Karte .. Januar 19~,1 .... 10: 
Uber die Petrologie des Otravaara~ebietes im östlichen Finnland 1 von MAn'fn 
SA.XEN. Mit zwei Karten, ]3 Abb1ldungen im Text und 5 F'igg. auf 1 Tafel. 
Dezember 1923., , .... , , .. , , . , , . , , . . . . . ... . ... , ....... , ..... , .... , ..... , .. 10: -
On Relations between Crustal Movements and Variations of Sea-Level during 
the Late Quatprnary Time esppciall.v in Fennoscandia, by "VIJ.Hf;L~l RBhA1·. 
With 10 figures in the text. February 1921 ............. ,................ 6: -
'l'racing or~lacial BoulJe~s and its Application in Prospecting, by .M A'ITI 

AURAlIIO. 'Vüh 12 figures 111 the text. March 192.t , . , , , , , , . , . , , , , . ' . ü: 
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