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The orbicular rocks of Finland are various plutonic rocks. In this publication 29 
bedrock and 61 boulder occurrences are described. Solitary boulders ad boulder fans 
of orbicular rock are evidently denved from at least 50 separate bedrock occurrenc- 
es. Most of the orbicular rocks are recorded from Proterozoic bedrock (age 1.50- 
1.90 Ga), with relatively few discoveries from the Archaean basement areas (age 
2.50-3.20 Ga). In addition, orbicular carbonatite has been encountered in the late 
Devonian Sokli carbonatite intmsion (age 365 Ma). 

The orbicular rocks tend to occur as 1) local phenomena close to or at the contacts 
of the plutonic rock intrusions, or 2;) as dykes and lens-like bodies oubands in pluton- 
ic rocks of variable composition. The majority of bedrock occurrences (about 213) 
are small, less than 5 m wide and 30 m long; whereas the largest occurrences are 20- 
40 m wide and at least 100-200 m long. 

Orbicular rock occurrences may be homogeneous or heterogeneous containing pro- 
to-orbicular rock with poorly developed orbicules and different orbicular rock varie- 
ties. The cores of the orbicules are usually composed of granular accumulations of 
common rock fonning minerals, feldspar spheniles or aggregates of mafic minerals. 
Nuclei consisting of single feldspar megacrysts are characteristic of orbicules in many 
acidic and intermediate rocks. Locally, orbicule-bearing zones may follow enclave- 
nch zones in igneous rocks and the cores of the orbicules may consist partly, or in 
extreme cases, entirely of xenoliths or autoliths. 

The chemical composition of the Finnish orbicular rocks varies widely. Most fre- 
quently they are intermediate in composition with SiO, 52-63wt-% (diorites, monzo- 
diorites, monzonites, syenodiorites, quartz monzonites and tonaiites), although more 
felsic and mafic orbicular rocks are also common. Orbicule size generally increases 
with the increasing Si0,-content of the orbicular rock. Orbicules are generally 10-25 
cm (up to 40 cm) in diameter in granitoids, 5-15 cm in intermediate rocks, while in 
basic rocks they are typically 5-10 cm and in ultrabasic rocks less than 5 cm in diam- 
eter. The orbicular granitoids are usually pinkish in colour, whereas plagioclase-, bi- 
otite- and hornblende-bearing intermediate and basic orbicular rocks tend to be gray- 
ish or greenish; ultrabasic orbicular rocks are typically dark green. 

Multi-shelled felsic or intermediate orbicular rocks are highly attractive and dis- 
tinctive in appearance. Pinkish orbicular syenodionte from Pengonpohja, Kuru, has 
been exploited from time to time and used for both ornamental and functional pur- 
poses. Quanying operations have recently commenced at a new orbicular granite site 
at Ruskiavuori, Savitaipale. 

Each of the orbicular rocks has certain unique characteristics. The intemal stmc- 
tures of the occurrences as well as the chemical composition and mineralogy of the 
rocks show considerable variation. The purpose of this publication is to provide brief 
descnptions of orbicular rocks; more detailed Studies are needed to explain their ori- 
gin and complicated crystallization history. 
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PREFACE 

We all who are reading this publication must be thankful to Dr. Ilkka Laitakari ("1929 - ?1996), 
who as a former curator of the Mineralogical Museum of the Geological Survey of Finland began to 
collect orbicular rock specimens for our museum in 1950's. Later as a geologist of the Petrological 
Unit he continued filing all information of the orbicular rock observations in addition to his official 
work and supplied the archive all the time. 1 had a possibility to work from the end of the 1960's with 
Ilkka Laitakari in the museum and help in the studies. Later in the 1980's Paula Raivio assisted Ilkka 
Laitakari and began to prepare a special publication of the Finnish orbicular rocks under Laitakari's 
supervision. She studied a number of orbicular rock sites, took photographs and samples and filed 
many orbicular rock descriptions. 

When Paula Raivio changed her employer in 1988 the orbicular rock studies interrupted for several 
years. 1 began to complete the orbicular rock archive and file new information. All known orbicular 
rock outcrops have been mapped in detail after the year 1988 and a number of samples have been 
taken from the rocks for mineralogical and chemical studies. On the basis of the recent studies the 
occurrence, rnineralogical and chemical compositions of the orbicular rocks are known now more 
closely than before. 

New observations of orbicular rocks have been received all the time so that collecting information 
of the orbicular rocks seems to be an endless task. The beautiful and peculiar texture of the rock 
arouses a special attention among common people. Many of the orbicular rocks have been discovered 
by the private persons, farmers, landowners, mineral collectors etc., who have been interested in the 
rocks. A great number have been also discovered in ore prospecting or in geological field mapping of 
the Geological Survey or Finnish mining companies. 

1 have tried to collect as many observations of different orbicular rocks as possible for this book. 
The articles have been written in addition to the author, who is a responsible editor, P. Raivio, 1. 
Laitakari and those geologists, who have discovered occurrences or studied them in one way or an- 
other. There are also descriptions, which are simply based on the old literature. 

Each orbicular rock occurrence is rather individual and seems to have its own unique features and 
crystallization history. Let's hope this publication will through light on the most important features 
of the occurrences and inspire scientists to study them more carefully. The boulders also give valuable 
information of the glacial geology and the action of the Scandinavian continental ice sheet, which 
carried the boulders to their recent sites. 

Espoo 1.4.2005 
Seppo I. Lahti 



HISTORY OF ORBICULAR ROCK STUDIES 

Seppo 1. Lahti 

Bedrock occurrences and numerous glacial errat- 
ics of peculiar orbicular rocks composed of single 
or multishelled spherules, called orbicules, in an ig- 
neous rock matrix have been known in Finland from 
the end of the 19th century. Each of the orbicular 
rocks has certain unique characteristics in terms of 
the colour, size, form and texture of the orbicules. 
For this study different types of orbicular rocks from 
the boulder and bedrock occurrences of Finland have 
been collected, and the orbicular rocks are briefly 
described. 

In Finland bishop Herman Röbergh is said to have 
discovered the first orbicular rock occurrence in 
1889 on his estate, in Virvik, which is today a golf 
Centre in the town of Porvoo (see Frosterus 1892 and 
p. 55-57 in this study). Bishop Röbergh's gravestone 
in the old part of the Hietaniemi cemetery (quarter 
15, route 30, grave 410) in Helsinki is made of the 
most beautiful multishelled variety of this type of 
rock (Fig. 1). The intersections of the orbicules on 
the surface of the monument show tens of very nar- 
row, alternating dark and light shells, which are like 
the growth rings of trees. After crystallization of the 
orbicules, hot magma pulses have corroded them 
strongly and destroyed the outer shells of the orbi- 
cules. 

The Virvik orbicular rock occurs on a forested hill 
between fields. The rock was described in the geo- 
logical literature by the well-known Finnish geolo- 
gist professor Benjamin Frostems (1866-1931) in Fig. 1. Bishop Herman Röbergh discovered the first orbiculat rock 

occurrence on his estate Virvik, Porvoo, in 1889. Bishop's beautiful 892. yars later Frosterus described the Or- gravestone in Hietaniemi cemetexy in Helsinki is made of this orbicular 
bicular rock erratic discovered in Hokka, Kangasnie- syenodiofite. Photograph: S.I. Lahti. 
mi (Frosterus 1896 and p. 102-103 in this study), 
and during the 20th century new occurrences have 
been discovered in Finland more or less regularly. 

In 1928 prof. J.J. Sederholrn (1863-1934), one of 
the most respected granite petrologists in Finland, 
described in his publication "On orbicular granites, 
spotted and nodular granites etc. and on the rapakivi 
texture" the orbicular rock outcrop of Nuuksio (or 

Noux in Swedish, see p. 43-45), Espoo, and the or- 
bicular rock erratics of Kuohenmaa in Kangasala 
(p. 79-80), Kivikangas in Hankasalmi (p. 139), 
Riihikoski in Pöytya (see also Eskola 1919, p. 52- 
53 this study) and Puutsaari in Jaakkima. The latter 



locality was occupied by Russia during World War 
II and, therefore, the Puutsaari orbicular rock is not 
described in this study. 

The orbicular rock boulders of Kuohenmaa were 
found by farmer Antti Rantala, while a local road 
was being constructed in about 1915. Several large 
and small boulders of this rock have been discov- 
ered, but the outcrop locality is stiU unknown. The 
rock is multishelled and one of the most beautiful 
varieties of orbicular rocks discovered in Finland 
(Matistol961, Matisto & Virkkala 1964, Matisto & 
Vuorio 1967, p. 79-80 this study). When breaking 
the boulders, the orbicules are easily loosened and, 
as a result, the rocks are full of small pits (Fig. 2). 

In the basic rock boulders the orbicules are local- 
ly strongly weathered and their surface is full of 
small weathering pits and weathering rings that 
follow the shells of the orbicules. This type of boul- 
ders have been often removed to decorate the yards 
of many farmhouses in Finland (Fig. 3 and 164, see 
also Fig. 90, 117, 153, 168, 169, 171, 157). 

Because the first observed orbicular rocks in Fin- 
land, excluding the gabbroic erratic of Riihikoski 
from Pöytya, are petrographically granitoids, or at 
least their matrix is granitic, the term "orbicular 
granite" has been cornmonly accepted for the orbic- 
ular rocks in the Finnish geological literature (see 
Sederholm 1928, Eskola 1919, 1938). 

Sederholm (1928) pointed out in his study that or- 
bicular rocks could be regarded as an independent 
group of igneous rocks of magmatic origin. He re- 
garded the orbicular rock discovered in Nuuksio, 
Espoo, as a special variety of the orbicular rocks and 
called it "esboite". The term is derived from Esbo 
that is a Swedish name of the town of Espoo. Seder- 
holm's (1928) definition was that in the esboitic or- 
bicular rocks both the orbicules and matrix should 

Fig. 2. One of the orbicular rock boulders from Kuohenmaa, Kangas- 
ala, situated close to the Kangasala museum. Several orbicules have 
been pnsed loose from the surface of the boulder so that it is called 
"pitstone" by the local people. The white vertical mler on the left against 
the boulder is 30 cm long. Photograph: S.I. Lahti 

mainly be composed of oligoclase feldspar, whereas 
K-feldspar is the prevailing feldspar in normal or- 
bicular granites. 

Later Pentti Eskola (1883-1964), a professor at 
the University of Helsinki, defmed the term "es- 
boite" more closely in his publication "On the es- 
boitic crystallization of orbicular rocks" (Eskola 
1938) and many Finnish and foreign geologists have 
since used it in their publications. Because the com- 
position of the orbicular rocks has been observed to 
vary widely and plagioclase is common feldspar 
both in the shells and matrix of most felsic, interme- 
diate and mafic orbicular rock types, the term has 
nowadays been abandoned. In this publication the 
nomenclature of the various orbicular rock types fol- 
lows that of the common igneous rocks. 

Eskola (1938) describes in his publication the 
orbicular rock occurrence of Kalliojärvi in Kemijärvi 
(see p. 166-167 this study), and, in addition, the or- 
bicular rock boulders discovered in Riihikoski in 
Pöytya, Peurunka (Peurunkajärvi in his article) in 
Laukaa, Nurmaa in Mäntyharju (see p. 132-134 this 
study), and Suuri Lintusaari (called "Lintusaari" in 
Eskola's article) in Ruokolahti (see p. 99-100 this 
study). The Kalliojärvi orbicular rock, which was 
discovered by professor Ahti Simonen (1916-1994) 
- a well-known orbicular rock researcher - as a 
young student of geology, is colourful and beautiful 
in appearance. It has large, roundish orbicules that 
contain light cores surrounded by an inner grey pla- 
gioclase shell and an outer salmon red microcline 
shell. 

Eskola pointed out that some Finnish orbicular 
rocks display clear evidence of metasomatic proc- 
esses. He suggested that the outer microcline shells 
were grown in postmagmatic processes from granit- 
ic fluids (ichors) derived from the surrounding 

Fig. 3. Orbicules (5-10 cm in diameter) prised loose by weathering on 
the surface of a Pihtisulku orbicular rock boulder from Ähtäri. Photo- 
graph: P. Raivio. 



migmatitic rocks. The Kalliojärvi orbicular rock 
was, according to Eskola, the most illuminating ex- 
ample of this type of orbicular rocks with a metaso- 
matic origin. 

Before World War II only three orbicular rock out- 
crops (Virvik, Nuuksio and Kemijärvi) and the 
aforementioned seven orbicular rock boulders or 
boulder groups (Hokka, Kivikangas, Riihikoski, Pu- 
utsaari, Peurunka, Nurmaa, Lintusaari) were known 
in Finland. 

In the 1940s Finland took part in World War II 
and no observations of orbicular rocks were under- 
standably reported during this time period. 

In in his extensive article "The Precambrian of 
Finland" Eskola (1963, p. 223) referred to 16 orbic- 
ular rock occurrences. Similarly, Leveson (1966) 
lists in his article "Orbicular rocks: A review" 103 
separate orbicular rock occurrences from around the 
world; 14 of them were discovered in Finland. Now- 
adays, as many as 29 orbicular rock bedrock occur- 
rences and at least 50 separate orbicular rock boul- 
der occurrences are known in Finland. Most of these 
have been recorded after World War II, a period in 
which Finland has focused on prospecting, geologi- 
cal mapping and other geological activities. The 
number of the new observations has been large, es- 
pecially in the 1960s (18 observations), 1970s (15 
observations) and 1980s (22 observations) as shown 
in Fig. 4. Although the number of observations has 
largely increased, only a small part of the orbicular 
rocks found after Word War II has been described in 
the literature. 

As director of the bedrock-mapping unit of the 
Geological Survey of Finland, professor Ahti Simo- 
nen was especially interested in orbicular rocks and 
wrote many articles on them. For example, he de- 
scribed in detail the orbicular rock occurrences of 
Kalliojärvi in Kemijärvi, Nuuksio in Espoo, Pen- 

Fig. 4. Number of the new orbicular rock observations (outcrops, boul- 
ders and other observations) between the years 1880 and 2001 in Fin- 
land. 

gonpohja in Kuru and the boulders discovered in 
Ristijärvi in Längelmäki (p. 84-85), Kuoreniemi in 
Vilppula (p. 83-84) and Varistaipale in Heinävesi 
(Simonen 1938, 1941, 1950, 1966, p. 109-110 this 
study) . 

The orbicular rock of Pengonpohja, Kuru, is col- 
ourful (see p. 74-75) and beautiful and resembles the 
Kalliojärvi orbicular rock in appearance. Its orbi- 
cules are large and their cores are surrounded by an 
inner plagioclase shell and an outer reddish micro- 
cline shell. Simonen (1950) agreed with Eskola's 
(Eskola 1938) theory on the metasomatic origin of 
the orbicular rocks and explained that the orbicules 
in the Pengonpohja occurrence were crystallized in 
"concretionary processes characterized by diffusion 
of materia1 from the surroundings to the orbicules". 

All the orbicular rocks discovered before the Sec- 
ond World war were from the Proterozoic Sve- 
cokarelian area. During fieldwork of the Kemi map 
sheet Perttunen (1983) found orbicular rock in the 
Archaean area. The Takajärvi orbicular rock occur- 
rence he described occurs in a schistose granitoid 
close to the border of the Proterozoic Peräpohja 
schist belt (see p. 165-166 this study). Nearly simi- 
lar orbicular rock thought to be Archaean in age has 
later been found in the Murhaniemi natural conser- 
vation area on the island of Ajos in Kemi (see p. 
163-164) and Nilsiä in North Savo (see Äikäs 1992 
and this study, see p. 120-122). 

Orbicular texture seems to occur in all types of 
magmatic rocks, not only in acidic, intermediate and 
basic rocks but also in ultrabasic rocks and carbona- 
tites. Vartiainen (1980) has described orbicular car- 
bonatite from the diamond drill cores of the Devo- 
nian Sokli carbonatite complex (age 365 Ma ) and it 
is the only orbicular carbonatite so far known in Fin- 
land (see p. 168-169). 

The first discovery of ultrabasic orbicular rocks 
was made in the 1960s. Hämäläinen (1964) and Pa- 
punen (1976, 1980, 1985a, 1985b, 1985) have de- 
scribed nodular and orbicular peridotites from the 
Kylmäkoski ore body (called the Taipale occurrence 
in this study) in Pirkanmaa (see p. 71-72). Later 
boulders of nodular and orbicular ultrabasic rocks 
have been discovered in several localities in 
Satakunta, Hame and South Savo during prospect- 
ing by geologists from the Outokumpu Company, 
but the rocks have not been described before. 

The orbicular monzonite outcrop of Lahnanen in 
Viitasaari, Central Finland, which is one of the larg- 
est orbicular rock occurrences in Finland, was dis- 
covered by tracing boulders during prospecting car- 
ried out by the Geological Survey of Finland in 
the 1960s (Pipping 1972). The Lahnanen occurrence 
is at least 110 m long and 30 m wide, according to 



diarnond drillings (p. 135-137). Again in the 1970s 
and 1980s two large occurrences were discovered: 
the orbicular gabbro of Pulkkilanmäki in Maaninka, 
Pohjois-Savo (Paajärvi & Söderholm 1979, 1991 
(see p. 1 14-1 15 this study)), and the orbicular gab- 
bro of Ohtola in Virrat, Pirkanmaa (Raivio 1984, 
1985a, 1985b, 1985c, p. 76-77). 

The Pulkkilanmäki occurrence, which is 20-35 m 
wide and at least 200 m long, seems to be the larg- 
est orbicular rock body so far known in Finland. The 
Ohtola occurrence does not outcrop, but the boulder 
observations indicate that it may be even longer but 
composed of severai orbicular rock lenses (Hirvas 
& Huhta 1982, Raivio 1984 1985a 1985b 198%). 
Nowadays, the Pulkkilanmäki orbicular rock is pro- 
tected by a nature conservation law, as is the 
Lahnanen orbicular rock site in Viitasaari. 

Numerous orbicular rock boulders and boulder 
groups were observed at the end of the 19th century. 
There are, however, only a limited number of scien- 
tific articles dealing with them. One of the most sig- 
nificant papers has been published by Mutanen 
(1973, 1974). He described the textures of the 
Saakslahti orbicular rock boulders of Toivakka (a 
boulder group in the Haapavehmas-Palosenjärvi fan, 
p. 134-135) and discussed widely the magmatic tex- 

tures and origin of the rock. Mutanen was the first 
geologist in Finland to show a large amount of evi- 
dence supporting the magmatic origin of Finnish or- 
bicular rocks and he criticised Eskola's and Simo- 
nen's arguments (Eskola 1938, Simonen 1938,1941, 
1950, 1966). Later Meyer (1989, 1997), who has 
studied in detail the petrography, rock and mineral 
chemistry of the orbicular rocks of Nuuksio, Virvik, 
Kuohenmaa, Pengonpohja and Sokli, has refined and 
completed the concepts of the magmatic theories for 
the origin of these rocks. 

The wiborgitic rapakivi granites, which usuaily 
contain 3-6 cm long K-feldspar ovoids surrounded 
by a thin plagioclase shell, cover large areas of 
southem Finland. In this publication they are not re- 
garded as typicai orbicular rocks, but locally, how- 
ever, narrow dykes of regular orbicular rocks char- 
acterized by a multishelled spherulitic appearance 
have been discovered in them. Edelman (1983) was 
the first to find this type of orbicular rock boulders 
in Kraänä, Taivasaio (p. 51-52), and later Rämö 
(1991) has described two orbicular rock occurrenc- 
es associated with the Suomenniemi rapakivi gran- 
ite batholith (see p. 94-96). In addition, two boulder 
occurrences are also known to exist within the Finn- 
ish part of the Wiborg rapakivi granite batholith. 



REGIONAL DISTRIBUTION 

Seppo 1. Lahti 

The observations of the Finnish orbicular rocks 
are marked on the maps in Fig. 5 and 6. They shows 
observations from 90 orbicular rock sites including 
29 observations from the bedrock (from 27 outcrops, 
1 mine, 1 drill core), 44 from single boulders and 14 
from boulder groups or fans. Detailed information 
on them is given in Table 1, which shows the names 
of the occurrences and localities, the type of the oc- 
currence, the rock types and the name(s) of the dis- 
coverers. The criteria of the rock classifications are 
presented later in this study (see p. 17). 

The orbicular rock sites are distributed over 16 
areas and this is indicated by the letters from A to P 
in Fig. 5. The occurrences have a continuous num- 
bering from 1 to 90, and it runs from West to east 
within each area (cf. Fig. 5 and Table 1). The number 
of the occurrence is mentioned in parentheses at the 
back of the locality name. The descriptions of the 
orbicular rocks from each area are presented togeth- 
er in this publication, and there is a small index map 
before the descriptions showing the distribution of 
the orbicular rocks sites within the various munici- 
palities of the area. 

Most of the orbicular rocks are concentrated in the 
central and southern parts of Finland. The number 
of the outcrop and boulder occurrences is 16 in Cen- 
tral Finland (L) and 12 in Pirkanmaa (F), but 5-10 
in Uusimaa (A), South Karelia (1), Etelä-Savo (South 
Savo, J), Pohjois-Savo (North Savo, K), South Os- 
trobothnia (M), North Ostrobotnia (0) and Lapland 
(P). Only 1-5 occurrences have been encountered in 
Varsinais-Suomi (B), Itä-Uusimaa (East Uusimaa, 
C), Satakunta (D), Kanta-Häme (E), Päijät-Hame 
(G), Kymenlaakso (H) and Ostrobothnia (N), but 
there are no records of orbicular rocks from k a n d  
(Ahvenanmaa), North Karelia and Kainuu. 

The number of the orbicular rock occurrences is 
scarce in southwest and West Finland, where the bed- 
rock is often covered by thick clay and till layers. 
The geological evolution of the bedrock has clearly 
favoured formation of orbicular rocks in the central 
parts of Finland, but in addition the topography there 
is hilly and rock outcrops cornrnon. The geology also 
seems to be one important reason for the limited oc- 
currence of orbicular rocks in northern and eastern 
Finland, where the bedrock is older. The correlation 
between the occurrence of orbicular rocks and bed- 
rock geology is discussed later in this study. Single 
boulders, boulder groups and dense glacifluvial 
boulder fans are marked as one spot in Fig. 7. The 

boulders are marked separately if the distance be- 
tween them is greater than 5-10 km. If the boulders 
are thought to belong to the same boulder fan, they 
are described together. If the interpretation of the 
editor and authors is correct, the orbicular rock 
boulders known today are derived from at least 50 
unknown occurrences. 

The bedrock occurrences have been mapped and 
studied in detail, but the parent rocks of the boul- 
ders or glaciofluvial boulder fans have been traced 
in only a limited number of the localities. Only the 
boulder fans of the orbicular rocks of Pulkkilanrnäki 
(49) in Maaninka, Lahnanen (67) in Viitasaari, and 
Ohtola (20) in Virrat have been thoroughly investi- 
gated. According to Ekdahl (1981, p. 4546),  the 
Pulkkilanmäki boulder fan is 1.5 km long in the di- 
rection of 260". The dense boulder fan in Lahnanen 
is about 1.2 km long (Fig. 7) , but several separate 
boulders have been discovered at least 6 km to the 
SE (320") of the outcrop (Ekdahl 1981, p. 3940).  
The fan is narrow and follows closely the surround- 
ing topography. 

The orbicular gabbro in Ohtola forms a short 
boulder fan or, rather, 5-6 parallel boulder fans, 
which originate from a dyke or lenses transverse or 
nearly perpendicular to the ice flow (Hirvas & Huhta 
1982 and Raivio 1984). The boulders have travelled 
only 2 km at most due to topographic hindrance. 
Clearly the boulders made their journey late during 
the deglaciation stage. 

The editor discovered the orbicular gabbro out- 
crop of Lastustenkulma (21) in Lempäidla by tracing 
the boulders. The source rock was found at the end 
of the boulder fan that is about one kilometre long 
and follows the glacial striae (direction 160'). 

The parent rock of the orbicular monzonite boul- 
ders of Ojakkala (3) in Vihti was not found in spite 
of intensive tracing of boulders (Wennström 1984). 
The boulders (35 discovered) form a 5 kilometres 
long discontinuous fan in the direction of 150" be- 
tween the SW end of Lake Iso Poikkipuoliainen and 
Kämppäkangas close to Lake Siikajärvi. A great part 
of the fan is situated within the Nuuksio natural con- 
servation area. 

The source rock of the boulder fan, which is com- 
posed of the erratics of Tiituspohja in Laukaa (62), 
Vaäräpuro (63) and Kanavuori (65) in Vaajakoski, 
was discovered by accident when a ditch was being 
dug beside Varsatie street in Tiituspohja. About 20 
boulders have been found in this boulder fan that is 
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Table 1. The number and name of the orbicular rock occurrence, rock type, type of occurrence, year of discovery and the discoverer(s) of the 
orbicular rocks in Finland. If several occurrences are described together, their numbers are given in parentheses in the first column. If the number is 
in bold, the others are described with it. Abbreviations: GSF, Geological Survey of Finland; LK, Lohjan Kaikki Oy; ME, Oy Malminetsijä Ab; 
OKY, Outokumpu Company; RR, Rautaruukki Company; UH, Gwlogy Dep-e-snt, University of Helsinki. 

A) Uusimaa 
1 Lilla Björkskär Tammisaari gabbro** outcrop 1965, M. Laitala, GSF 
2 Skabban Tammisaari quartz syenite** boulders 1971, G. Härtell 
3 Ojakkala Vihti monzonite** boulders 1983, A. Wennström, GSF 
4 Tuskapakka, Ollila Vihti monzodiorite** outcrop 1972, H. Tanner 
5 Nuuksio, Koivula Espoo syenodiorite** outcrop 1921, H. Tallkvist 
6 Klaukkala Nurmijärvi granodiorite* boulder 1968, E. Lilja 

B) Varsinais-Suomi 
7 Små Sundsk-n Korppoo granite* 
8 Kraänä Taivassalo granite** 
9 Riihikoski Poytya gabbro* 

1982, L. Ahonen, GSF 
1976, M. Holmberg 
1917, P. Eskola, HY 

outcrop 
boulders 
boulder* 

C) East Uusimaa 
10 v i  Porvoo 1889, H. Röbergh outcrop 

D) Satakunta 
11 
12 
13 

Ketokari Luvia 
Selkäkangas Ulvila 
Aluskylä Lavia 

outcrop 
boulders 
outcrop 

1987, M. Torssonen, GSF 
1980 ?, unknown prospectors, OKY 
1983, A. Kamppi 

E) Kanta-Häme 
14 Suontaka 
15 Lepaa 
16 Karhi 

Hattula 
Hattuia 
Hausjärvi 

pendotite** 
homblendite** 
granodiorite* 

boulder 1993, P. Oksanen 
boulder poup 1965, P. Pihlaja, OKY 
boulder* 1995, J. Korhonen 

F) Pirkanmaa 
17 Taipale 
18 Tesoma 

Kylmakoski 
Tampere 

ore mine 
boulder 

1962, unknown prospectors, OKY 
1985, Y. Kähkönen, UH & J. Marmo, GSF & R. 
Ojakangas 
1960, A. Suojärvi 
1981, P. Ohtola; P. Raivio, H. Hkvas & P. Huhta, 
GSF 
1980 ? unknown prospector; S. lkkka,  LK; 
2000, T. Turunen & S. Lahti, GSF 
1915, A. Rantala; A. Matisto & K. Vuorio GSF 
2000, S. Lahti, GSF 
1973, A. Tanskanen, GSF 
1947.0. Walden, GSF 
1969, L. Pajari, GSF 
1939 ?, M. Ojanen 
1986. A. Huikkola 

Pengonpohja 
Ohtola 

Kuru 
Virrat 

outcrop 
outcrop 

Lempäälä outcrop 

22 Kuohenmaa 
23 (73) Lahtiskylä 
24 Rukkasjärvi 
25 Kwkijärvi 
26 Kuoreniemi 
27 Ristijarvi 
28 SyväjarVi 

Kangasala 
V i a t  
Orivesi 
Vilppula 
Vilppula 
Längelmäki 
Längelmäki 

quartz monzonite* 
gabbro** 
granite* 
monzonite** 
granite*" 
tonalite** 
granodiorite** 

boulder group 
boulder* 
outcrop 
boulder* 
outcrop 
boulder* 
boulders* 

G) Päijät-Häme 
29 Linnasaari 
30 Hara 

Padasjoki 
Hartola 

gabbro* 
granite** 

boulder* 
boulder* 

1964,I. Laitakari & L. Myrskog, GSF 
1986, R Alviola, GSF 

H) Kymenlaakso 
3 1 Peippola Elimäki granite* boulders 2001, v. Turkki 

1) South Carelia 
32 Tomio 
33 Hameenjärvi 
34 Kuusenhako 
35 Ruskiavuori 
36 (37) Lintusaari 
37 (36) Härskiänsaari 

Savitaipale 
Suomenniemi 
Suomenniemi 
Savitaipale 
Ruokolahti 
Ruokolahti 

granite* 
granite** 
granite** 
granite** 
quartz monzonite** 
quartz monzonite* 

boulder* 1980 ?, R. Kola 
1986, M. Tähtinen, UH 
1987, M. Tähtinen, UH 
1999, J. Hjerppe 
1936, K.Waller 
1978, M. Rautamäki 

outcrop 
outcrop 
outcrop 
boulder* 
boulder* 

J) Etela-Savo 
38 (60,61,64) Nunnaa 
39 Hokka 
40 Harjunmaa 
41(42) Vuorenvarjo 

Mäntyharju 
Kangasniemi 
Mikkeli 
Ristiina 

tonalite* 
granite** 
gabbro* 
peridotite* 

boulder* 
boulders 
boulder* 
boulder* 

1935, unknown teacher 
1894, unknown farmer 
1969, R. Niemelä, GSF 
1965, E. Mikkola, OKY 



42 (41) Luostarinsalo 
43 Perhonlahti 
44 Rauhasalmi 
45 Ruunasaari 
46(53) Varistaipale 
47 Pihlajavesi 

K) Pohjois-Savo 
48 Oinaskyl'a 
49 Pulkkilanmäki 
50 Pönkä 
5 1 Toivalanmäki 
52 Rataharju 
53 (46) Tuohisalo 
54 Akonpohja 

L) Central F i a n d  
55 Hautakangas 
56 vaataiskylä 
57 Hoikka 
58 Koura 
59 Kottiniemi 
60 (38,61,64) Janhola 
61 (38,60,64) Petruma 
62(63,65) Tiituspohja 
63 (62.65) Väiapuro 
64(38,60,61) Peuninka 
65 (62.63) Kanavuoii 
W67) Haapavehmas 
67 (66) Palosenjärvi 
68 Lahnanen 
69 Multamäki 
70 Kivikangas 

M) South Ostrobothnia 
7 1 Suojoki 
72 Jokipii 
73 (23) Lampiperä 
74 Hakojärvi 
75 Pihtisulku 

N) Ostrobothththththththththnia 
76 Raippaluoto 
77 Jäknobacken 
78 Mansfolk 

0 )  North Ostrobothnia 
79 Etelänky1'a 
80 (85) Jussinjärvi 
8 1 Kangaspäänjärvi 
82 Kantokylä 
83 Luohua 
84 Latvanen 
85 (80) Onneton 

P) Lapland 
86 Ajos 
87 Takajärvi 
88(89) Kaliiojärvi 
89 (88) Korva Saariselkä 
90 Sokli 

Ristiina 
Kangaslampi 
Kangaslampi 
Puumala 
Heinävesi 
Savonlinna 

Vesanto 
Maaninka 
Leppävirta 
Nilsiä 
Nilsiä 
Vehmersalmi 
Juankoski 

Keuruu 
Multia 
Saarijärvi 
Saarijärvi 
Uurainen 
Toivakka 
Laukaa 
Laukaa 
Vaajakoski 
Laukaa 
Vaajakoski 
Toivakka 
Toivakka 
Viitasaari 
Konnevesi 
Hankasalmi 

Isojoki 
Jalasjärvi 
Ähtan 
Töysä 
Ähtari 

Mustasaari 
Pedersöre 
Pedersöre 

Kalajoki 
Raahe 
Reisjärvi 
Ylivieska 
Ruukki 
Pyhajärvi 
Haapajärvi 

Kemi 
Kemi 
Kemijärvi 
Kemijärvi 
Savukoski 

Rock type 
* estimated 
** based on 

chemistry 

peridotite** 
peridotite** 
pendotite** 
gabbro* 
diorite** 
granite* 

diorite** 
gabro** 
tonalite** 
gabbro** 
dionte** 
tonalite* 
diorite* 

gabbro** 
tonalite* 
gabbro** 
syenodiorite** 
monzodioiite** 
tonalite** 
tonalite** 
diorite* 
tonalite* 
diorite** 
tonalite* 
gabbro** 
gabbro** 
monzonite*' 
tonalite* 
monzodiorite** 

tonalite* 
monzonite** 
gabbro-tonalite** 
monzonite** 
gabbro** 

tonaliteS* 
gabbro* 
syenite** 

gabbro** 
gabbro* 
gabbro** 
syenodiorite** 
tonalite* 
hornblendite** 
gabbro* 

monzonite* * 
monzonite** 
quartz monzonite** 
quartz monzonite* 
carbonatite** 

boulder* 
boulders 
boulders 
boulder* 
boulder 
outcrop 

boulder* 
outcrop 
outcrop 
outcrop** 
outcrop 
boulder* 
boulder* 

boulder* 
boulders 
boulder* 
boulder* 
boulder 
boulder* 
boulder* 
outcrop** 
boulder* 
boulders* 
boulder* 
boulders 
boulders 
outcrop 
boulder* 
boulder 

- 
Year of discovery, 
discoverer(s), empioyer 

1965, E. Mikkola, OKY 
1985, U. Vi iäpuu,  OKY 
1963, M. K i a i n e n ,  OKY 
1999, P, Pasanen 
1948, A.Vesasalo, GSF 
1984, A Viiuksela, GSF 

1955, M. Huuskonen, GSF 
1978, K. Söderholm, GSF 
1999, M. Luukkonen, GSF 
1992,O. &kas, GSF 
1991,O. m s ,  GSP 
1980, P. Jantunen 
1999, P. Pohjalainen 

1981, S. Rontti 
1962, E. Palojärvi 
1971, E. Hyytiäinen 
1980 ?, V. Autio 
1959, T. Maunula, ME 
1966, unknown teacher 
1993, M.-L. Arkko 
1964, T. Maunula, ME; K. Heinänen 
1964, T. Maunula, ME 
1927 7, unknown famer 
1930, T.Lehto 
1973 ? E. Rantanen ; T. Mutanen, ME 
1964, T. Maunula, ME 
1958, M. Huuskonen, GSF 
1985, P. & R. Paananen 
1924, W. Wilkman, GSF 

boulder 1970, R. Peltoniemi 
boulder 1985, H. Mäkitie, GSF 
boulders; outcrop 1978, U. Hautala; S.I. Lahti. GSF 
boulders* 1999, E. Yhtiö 
boulder* 1970. T. Hiironen 

boulder* 
boulder* 
boulder* 

outcrop 
boulder* 
boulder 
boulder 
boulder* 
boulders* 
boulder* 

1969, A. Björklund, GSF 
1992, G. West 
1986, B. Mård, N.Granqvist 

1970, Luukas Kirikoff 
1955 ?, T. Piirainen, yVeltheim, GSF 
1958, E. Pehkonen, GSF 
1978, E. Ristimaa, GSF 
1970 ?, unknown famers 
1983, R.Toivanen 
1984, V. Autio 

outcrop 1999, R.Virsu 
outcrop 1974, V. Perttunen, GSF 
outcrop 1937, A. Simonen, OKY 
boulder* Antti Pakonen, GSF 
diamond drill core 1967 ?, unknown prospectors, RR 



Fig. 7. The deme glacial boulder fan of the orbicular rock occurrence af Lahnanen in Viitasaari is about 
1.2 km long and less than 200 m wide. The prevailing rock in the area is medium-grained granite. The 
map is based onthe Studies of Ekdahl(1981). Base map O National Land Survey of Finiad, licence 1961 
MYY/DJ. 

9 km long. Most of the boulders are situated in Tii- 
tuspohja near the northern end af the fan. The Kana- 
vuori erratic has travelled about 9 km to the SSE 
(1 60") and the Väärgpuro erratic nearly 7 km direct- 
ly to the S from their proposed parent rock. 

The tonalitic orbicular rock boulders discovered 
in Janhola (BO), Toivakka, and in Nurmaa (38), Mb- 
tyharju, closely resemble each other and those boul- 
ders discovered around Lake Peurunkajärvi in Lau- 
kaa (Pemnka 64, Petruma 61, Kuhankoski h oth- 
ers, see Fig. 8). The boulders are described together, 1 
although thae is no clear evidence of a common Fig. 8. This roundish and beautiful erratic measuring 110 x 80 x 60 cm 
source. If the boulders have a c o m o n  source it W"S fou~d by bE. LahtDnen in Laukaa and he moved it to decorate the 

yard of his home. The appemnce of the boulder indicates that it belongs must be located close to the Peurunkaj2Wi erratics , the Pmnka boulder fan, the source of which is so far unknoWn. 
in Laukaa, and in b t  case the Nurmaa erratic will Photograph: SJ. Lahti. 



have travelled in the ice nearly 100 km. 
The erratics of Varistaipale (46) in Heinävesi, 

South-Savo, and Tuohisalo (53) in Vehmersalmi, 
North-Savo, are located about 22 km from each oth- 
er. The mineraiogy and texture of the rocks closely 
resemble each other and they are, therefore, de- 
scribed together, although no other boulders of the 
fan are known. 

The orbicular boulders of Haapavehmas (66) and 
Palosenjärvi (67) in Toivakka, Central Finland, form 
a boulder fan that is about 5 km long in a N-S direc- 
tion. Although a great number of large boulders have 
been found, their source rock is not yet known. 

The orbicular rock erratic of Onneton in Haapa- 

järvi (85), North-Ostrobothnia, is nearly identical to 
the erratic of Jussinjärvi (80) in Raahe and they are, 
therefore, described together. Both boulders are 
roundish, small in size and composed of large mult- 
ishelled orbicules, which have a core composed of 
skarn or calcium silicate rocks. 

The orbicular monzonite erratic of Suuri Lin- 
tusaari (36) and that of Härskiänsaari (37) in South 
Karelia are located on the islands of Lake Suur- 
Saimaa in Ruokolahti, 4-5 km from each other. The 
boulders have been described together, because they 
closely resemble each other. Both boulders have 
since been removed from their original places of dis- 
covery. 

CHEMISTRY AND CLASSIFICATION 

Seppo 1. Lahti 

The chemical composition used in the classifica- 
tions of the orbicular rocks was deterrnined from a 
number of rock samples collected during the field 
studies. In addition, all published chemical analyses 
of orbicular rocks were collected from literature. 
Sampling orbicular rocks is, however, difficult, as is 
their classification, because the texture of the rocks 
is often very coarse and the rocks may be heteroge- 
neous. The outcrops may have several orbicular rock 
varieties or the orbicular rock may gradually grade 
to even-grained or porphyritic host rock. Therefore, 
two or several samples were taken from many oc- 
currences for detailed studies. Chemical determina- 
tions were made from pieces of rock loosened with 
a harnmer or the samples were drilled using a porta- 
ble diamond drill. Where possible, large pieces of 
rock or drill cores (length usually less than 30 cm) 
that included several orbicules and matrix were used 
in the determinations. 

The chemical compositions of the samples were 
determined at the Geological Survey of Finland by 
x-ray fluorescence method. In addition, concentra- 
tions of ferrous iron (FeO) were determined sepa- 
rately by titration. For the analytical tables concen- 
trations of ferric iron O;e,O,calc.) were calculated by 
subtracting ferrous iron (as Fe,O,) from the total iron 
(Fe,O,tot.). 

The chemical analyses canied out for this study 
and a number of determinations collected from the 
literature are shown in Tables 2-16. In total, 118 

whole rock analyses of the main elements from 71 
orbicular rock occurrences are presented. The data 
includes from one to three chemical analyses from 
each orbicular rock boulders or outcrops. Where pos- 
sible, samples of all orbicular rock varieties discov- 
ered within the occurrences were anaiysed separate- 
ly. The number of chemical analyses from the 
Lahnanen occurrence in Viitasaari is, however, ex- 
ceptionally large including 6 analyses from the mon- 
zonitic proto-orbicular rock and 6 from the normal 
multishelled, monzonitic type of orbicular rock. Ma- 
jor part of the analyses have been made from the dia- 
mond drill core samples during the detailed orbicu- 
lar rock studies in the beginning of 1970's. 

The histogram in Fig. 9 is based on the chemical 

Fig. 9. Histogram showing the distribution of the orbicular rock analy- 
ses within different magma groups. The lirnits of Si0,in each group are 
indicated below the bars. Data are from Tables 2-16. 



data and indicates that the analytical data is scattered 
between acid, intermediate, basic and ultrabasic com- 
positions, with a large number of chemical analyses 
pointing to intermediate types of rocks with SiO, 52- 
63 wt-%, thus indicating that most of the orbicular 
rocks analysed are various diorites, monzodiorites, 
monzonites, quartz monzonites and tonalites. 

Concentrations of the major elements of orbicu- 
lar rocks are shown against SiO, in the variation di- 
agrams in F4g. 10. Distribution of the main elements 
closely resembles that of normal igneous rock series. 
The concentrations of earth alkalies (MgO, CaO) 
and transition elements (TiO,, FeO, Fe203, MnO) in- 
crease with increasing SiO,, whereas the concentra- 
tions of alkalies ( q 0 ,  N$O) and aiuminium (A1,03) 
decrease. The intermediate and acid rocks with SiO, 
5243% are partly peraluminous and their molar alu- 
miniudalkalies ratio or A/CNK is higher than 1.1 
(Fig. 11). The peraluminous orbicular rocks are rich 
in mica, but some almandine may occur as accesso- 
ries. Ferrous iron predorninates in the rocks and the 
Fe2+/Fe3+ generally varies between 1 and 5 (up to 10 
in basic and intermediate rocks), the arithmetic mean 
being 3,9 (Fig. 12). 

The mineralogy of the samples studied has been 
confirmed from the thin or polished sections, and x- 
ray diffraction has also been used in the detailed 
rnineralogical deterrninations. Where the chemical 
anaiysis is not available, the name of the rock has 
been estimated on the basis of its mineralogical com- 
position and comparison with chemically analysed 
rocks. 

Because normal petrographic methods such as 
point-counting of mineral grains from thin sections 
do not give reliable results, the chemical total rock 
analyses and the RIR, discrimination diagram pre- 
sented by De la Roche et al. (1980) were used in the 
classification of the rocks. In the classification dia- 
gram both the value x or R, = 4Si-1 l(Na+K) 
-2(Fe+Ti) and y or R2 = 6Ca+2Mg+A1 are pararne- 
ters computed from oxide percentages by convert- 
ing them to millications. The diagram is based on 
the statistical analysis of a huge number of rock anal- 
yses. 

The results of the R, and R, values computed from 
the orbicular rock analyses are shown in the R,R, di- 
agram Fig. 13. It indicates that the compositional 

variation of the rocks is very large. The analytical 
points are concentrated in the central parts of 
the RIR, diagram, in the intermediate rocks with 
SiO, 52-63 wt-% (tonalite, monzonite, monzodior- 
ite, syenodiorite, diorite), but also the number of 
acidic (granite, granodiorite) and basic rocks (gab- 
bro) is very large. Note that the nomenclature in the 
R,R, classification does not directly correspond to 
that accepted by the IUGS for the igneous rock (cf. 
LeMaitre 1989). 

Sampling was irnpossible in the orbicular rocks 
composed of very large or widely scattered orbi- 
cules. Therefore, the orbicular rocks of Klaukkaia 
(6), Små Sundskären (7), Rukkasjärvi (24), Pihla- 
javesi (47) and Akonpohja (54) were classified on 
the basis of their mineralogy. Similarly, modal min- 
erai composition was applied for the orbicular gab- 
bro from Linnasaari (29), because it is rich in post- 
magmatic sulphide impregnation. 

In addition, a chemical classification is not advis- 
able if the cores of the orbicules are mainly com- 
posed of inclusions, xenoliths or autoliths. In these 
rocks that are also called the xenolith-type or auto- 
lith-type of orbicular rocks the classification is based 
on the mineralogy of the shells and matrix of the or- 
bicules. The xenolith-type orbicular rocks of Teso- 
ma (18), Tiituspohja (62), Harjunmaa (40), Jussin- 
järvi (80) and Onneton (85) belong to this group. The 
cores of the orbicules in these rocks are composed 
of various metamorphic rocks. Autolith-type of or- 
bicular rock occurs in the orbicular gabbro outcrops 
of Lampipera (73) and in the orbicular gabbro boul- 
ders of Ohtola in Virrat (20). The cores of the orbi- 
cules in these rocks are considered to be mafic and 
ultramafie cumulates and autoliths of the gabbroic 
host rock. 

Table 1 shows the final results of the classifica- 
tion of the Finnish orbicular rocks. The histogram 
in Fig. 14 shows the distribution of various rock 
types, but it also includes those orbicular rocks, 
which were not analysed, so it does not directly cor- 
respond to the R,R,classification diagram in Fig 13. 
Note that gabbroic and ultrabasic (peridotitic) rocks 
are not classified in more detail and, therefore, the 
number of gabbros and peridotites in this diagram is 
large. 



Fig. 10. Variation diagrams of major elements (wt-8) in Finnish orbicular rocks. Analytical data are from Tables 2-16. 
(to be continued) 
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Fig. 10. Variation diagrams of major elements (wt-$6) in Finnish orbicular rocks. Anaiyticd data are from Tables 2-16. 

Fig. 11. Aluminiumlalkalies molar ratio (AICNK) plotted against SiO, Fig. 12. The diagram shows the ratio between ferrous and femc iron 
in orbicular rocks. The rocks with NCNK > 1.1 are peraiuminous. (Fe2+/Fe*) plotted against SiO, in orbicular rocks. 



Me* Nepheline Syenite 
SY svenae 

. . .. .' AIkGr AIkaRgmnite ,' '.* 
:t .  ,: - -  .* rn .:*..-,-- 

MonGr MontogmlZe . , , ' rn 
GrDrGranodioW * ,.--- 
SyDr Spnodlorlte 

. MonMonzonite 
MonRMoriradlorite 
Dr Diorite ""k, . 

-- 
luw 

Fig. 13. Classification of orbicular rock in the R,R, variation diagram. It includes 118 chemical analyses kom 71 Finnish orbicular rock sites 
(outcrops, boulders and one d m  core). Most of the orbicular rocks are intermediate plutonic rocks (syenodiorites, monzonites and monzodiorites), 
although acidic and basic rocks are also common. Data are from Tables 2-16. 

OCCURRENCE 

Seppo 1. Lahti 

Figure 14 shows the bedrock and boulder obser- 
vations of orbicular rocks plotted on the geological 
map of Finland. On the basis of their occurrence the 
orbicular rocks can be classified into four groups: 
1) The orbicular rocks occurring in the Archaean 

gneiss and plutonic rock areas in eastern and 
northern Finland. 

2) The orbicular rocks associated with the Palaeo- 

proterozoic Svecokarelian synorogenic and late- 
orogenic plutonic rocks that cover the main parts 
of Finland. 

3) The orbicular rocks occurring in the Mesoproter- 
ozoic rapakivi granites discovered in southern 
Finland. 

4) The orbicular carbonatite of SoMi (90) in Savu- 
koski, northen Finland (Lapland). The rock has 
been detected only in the diarnond drill core sarn- 
ples. 

Orbicular rocks in the Archaean areas 

All of the orbicular rock bodies that occur within 
the Archaean areas (age 2.5-3.2 Ga, see Korsman et 
al. 1997, Vaasjoki 2001) are very small in size. In 
the Kemi district, Lapland, the orbicular rocks of 
Ajos (86) and Takajärvi (87) occur in the strongly 
tectonized and heterogeneous granitic gneisses close 
to the contact of Svecokarelian rocks. The gneisses 
are believed to be Archaean, although detailed age 

Fig. 14. Distribution of the different rock types on the basis of the final detemiinations are have nOt been Out* 

classification of orbicular rocks (data from Table 1). In Ajos three small, less than 3 m wide monzonit- 



ic orbicular rock lenses have been observed. Origi- 
nally they might have fomed one continuous body, 
but later the rocks have been strongly tectonized and 
defomed. The Takajärvi (87) orbicular tonalite out- 
crop is small, less than ten Square metres in size. The 
contacts of the orbicular rock occurrence are covered 
by ouerburden. The rock resembles that of Ajos, but 
it is more heterogeneous md contains, in addition to 
orbicules, numerous rock xenoliths of vmious sizes. 
Ofien the cores of the orbicules are composed af 
these rock fragments. 

There are two separate orbicular rock occurrenc- 
es in Nilsiä, North Savo, at the ArchaeanPalaeopro- 
terozoic margin. The Toivalanmäki (51) orbicular 
rock occurrence is according to 0. Äikäs (this pub- 
licatioa) composed of two very small gabbroic-di- 
oritic lenses, which occurs in a small tonalite body 
associated with Palaeoproterozoica gueisses. The 
Rataharju orbicular rock outemp measuring 1-5 m 
by 10 m occurs in Archaean rocks, 150-200 m from 
the Archaean - Palaeoproterozoic margin. 

Orbicular mcks in the Palaeopmterozoic 
Svecokarelian areas 

In total21 from the 29 known bedrock occurrenc- 
es of the orbicular rocks are located in the Protero- 
zoic Svecokarelian synorogenic or lateorogenic plu- 
tonic rocks (age 1.90-1.80 Ga, see Vaasjoki 1996 
and Korsman et ai. 1997). The number of orbicular 
rock observations is extremely large within the Cen- 
tral Finland Granitoid complex and within the mi- 
mocline granite area of South Finland. The out- 
cropped occurrences are dykes, lenses or bands in 
igneous rocks or elongated marginai formations of 
plutonic rock intrusions. 

L J 

Fig. 15. Diagram showing the distribution of the actual or maximum 
obsemed width of the orbicular rock bodies. The number of the occur- 
renws in each class is given at the end af the bar. 

A large part of the outcropped orbicular rock bod- 
ies are narrow 0.5-5.0 m wide dykes or lenses, 
which have sharp contacts with the wall rock (Fig. 
15 and 16). The following dykes are typical exam- 
ples of these: 1) the orbicular granite dykes of Smi 
Sundskaren (7) in Korppoo and Kurkijärvi (SS) in 
Vilppula, 2) the orbicular gabbro dyke of Ketokari 
(1 1) in Luvia, 3) the orbicular tonalite lens af Pönkld 
(50) in Leppävirta, and 4) the orbicular quartz mon- 
zonite dyke of Kalliojiirvi (88) in Kemijärvi. The 
Pengonpohja orbicular syenodiorite dyke (19) in 
Kuru and the orbicular gabbro dyke of Lilla Björk- 
skär (1) in Tammisaari are a little wider: 12-15 m 
and 8 m wide, respectively. 

The Kallioj&vi (88) orbicular quartz monzonite 
dyke is about 30 metres long and outcrops complete- 
ly. The dyke is very homogeneous and the magix/ 
orbicule ratio seems to be constant everywhere in the 
dyke; xenoliths derived from the host rocks were not 
observed. Similarly, the main part of the Pengonpoh- 
ja orbicular rock dyke is also homogeneous and 

Fig. 16. On the left (a): polished plate of the sheared contact of the Pengonpohja orbicular rock at Kuru against surrounding granitoid. Length of the 
hammer shaft is 50 cm. Photo P. Raivio. On the right (b): quite linear contact between orbicular tonalite and coarse granitoid in one of the boulders 
of the Peurunka boulder fan, Laukaa. Note the dark hornblende-mica stripes along the contact. The photographed area is 40 x 60cm. Photograph: 
P. Hyvärinen. 



composed of pinkish multishelled orbicules. In the 
southeastem part of the outcrop area the rock grades 
into a grey orbicular syenodiorite. The cores of the 
orbicules in the pinkish type are often corroded and 
closely resemble the orbicules of the grey type. 

In Lilla Björkskär (52) the well-developed multi- 
shelled orbicules, xenoliths and mafic autoliths are 
concentrated in the central parts of the gabbro-orbic- 
ular gabbro dyke. The surrounding rocks are quartz- 
feldspar gneisses, but there is a narrow, fine-grained 
tonalitic contact aureole in the dyke. The tonalitic 
material seems to be palingenic and produced by the 
thermal effect of the hot gabbroic magma from 
quartz-feldspar gneisses (Fig. 17, see also Fig. 34 
and 35). 

Fig. 17. The contact of the orbicular gabbro dyke of Lilla Björkskär, 
Tammisaari, containing numerous mafic inclusions, single-shelled 
orbicules and fragments of orbicules embedded in the light palingenic 
tonalitic matrix. The host rock of orbicular gabbro is biotite-plagioclase 
gneiss seen in the upper nght comer. The hammer handle is 50 cm long. 
Photograph: S.I. Lahti. 

The Pönka orbicular rock body (50) in Mus- 
tansalo, Leppävirta, is an eight metres long lens in 
tonalite, which forms a narrow tongue in the 
migmatitic gneisses. Rounded gneiss and arnphibo- 
lite inclusions are characteristic in the orbicular rock 
and in the host tonalite. 

In the Aluskyla (1 3) dyke in Lavia orbicular rock 
has been observed as two angular xenoliths several 
decirnetres in diameter in a narrow granite dyke. In 
Etelankyla (79), Kalajoki, orbicular gabbro has 
formed only 5-10 dm long inclusion in even-grained 
hornblende gabbro, but nowadays it has been bro- 
ken away. Radial plagioclase spherulites and orbi- 
cules, which may have one or several thin shells, are 
locally common in erratics close to the Etelänkylä 
outcrop. The spherulites are sparsely or closely dis- 
tributed in the even-grained gabbroic rock. 

The Rukkasjärvi (24) orbicular rock in Orivesi 

occurs as narrow, lens-like bodies in porphyritic 
granite. The contact of the orbicular rock against the 
host granite is gradational. The microcline meg- 
acrysts (phenocrysts) are, however, oriented in the 
matrix of the orbicular rock and follow the general 
direction of the lenses, whereas in the surrounding 
granite the feldspar crystals show random orienta- 
tion. 

In the Pihlajavesi orbicular rock occurrence (47) 
in Savonlinna the orbicules and enclaves form a 2-4 
m wide band in granite. Orbicules are concentrated 
in lens-like or irregular bodies of various sizes in 
granite. The contacts of the orbicular rock against 
granite are gradational, and locally single orbicules 
also occur randomly distributed in granite. 

The actual form and dimensions of certain orbic- 
ular rock bodies are unknown because of faulting. 
Hence, one contact of the orbicular granite dyke of 
Små Sundskären is followed by a fault and the other 
contact is bordered by a pegmatite dyke. Similarly, 
one contact of the small Ketokari orbicular gabbro 
lens is bordered by a fault and the other abuts Sharp- 
ly against the quartz dioritic host rock. The dyke is 
followed a nodule-rich zone of the host quartz diorite. 

The largest known Proterozoic Svecokarelian 
bedrock occurrences in Finland are Lampipera (73) 
in Ähtäri, Nuuksio (5) in Espoo, Tuskapakka (4) in 
Vihti, Lahnanen (68) in Viitasaari, Virvik (10) in 
Porvoo, and Pulkkilanrnäki (49) in Maaninka. They 
seem to be 15-35 m wide elongated marginal for- 
mations of igneous rock intrusions. In the longitudi- 
nal direction, the Tuskapakka occurrence reaches at 
least several tens of metres, the Lahnanen and Nu- 
uksio occurrences about one hundred metres and the 
Pulkkilanmäki and Lampipera orbicular rock out- 
crops 150-200 m. The orbicular rock bodies of the 
Kylmäkoski mine (no. 17) have also been several 
tens of metres long (Papunen 1976,1980,1985). 

In addition, the Ohtola orbicular rock occurrence 
(20) in Virrat may be 800 m long and discontinuous 
zone 20 m wide at a maximurn (Raivio 1984,1985a- 
c). The observations of the occurrence are based on 
a few test pits and on a large number of erratics (Hir- 
vas & Huhta 1982). Both multishelled and single- 
shelled orbicular rock has been observed in the boul- 
ders and the orbicular rocks locally grade into a pro- 
to-orbicular rock characterized by hornblende nod- 
ules and further into even-grained hornblende gab- 
bro. 

The Pulkkilanmäki orbicular rock occurrence (49) 
is certainly the largest known in Finland. It is 25-33 
m wide and the orbicular rock outcrops can be fol- 
lowed a distance of about 150 m (cf. Paajärvi & 
Söderholm 1979 and Paäjiiwi 1991). The orbicular 
rock is homogeneous and occurs as a dyke-like for- 



mation between gneissose diorite and amphibolite. 
The cores of many orbicules are angular and com- 
posed of amphibolite; large angular amphibolite xe- 
noliths also occur close to the contact with the am- 
phibolite host rock. The orbicules become smaller 
and their shells gradually disappear close to the con- 
tact with the dioritic host rock. The contact zone with 
the host diorite is some decimetres wide (Päiijärvi 
1979). 

The Lampipera orbicular gabbro (73) is poorly 
outcropped, and there are no contact observations 
with the host rocks. The orbicular rock is clearly at 
least a 15-20 m wide formation at the margin of a 
diorite-gabbro intnision against gneissose granite. In 
the NW part of the contact zone the matrix is gabb- 
roic, and the rock is dominated by mafic autoliths, 
which also often form the cores of the orbicules. In 
the SE part of the contact zone the rock is very het- 
erogeneous. It locally contains various amounts of 
hornblende-rich orbicules and their fragments, poor- 
ly developed orbicules and homblende nodules in a 
light tonalitic-granitic matrix. 

The Lastustenkulma orbicular gabbro (21) out- 
crop in Lempäälä is only about 10 x 10 m in size 
and is situated close to the contact of a large gabbro 
intrusion. At the western margin of the outcrop the 
orbicular rock grades into fine-grained rock and the 
contact against the host gabbro is very sharp, as it is 
in the dykes. The actual dimensions and form of the 
occurrence is not known. 

The Tuskapakka (4), Nuuksio (5) and Virvik (10) 
orbicular rocks are intermediate in composition and 
the occurrences are geologically sirnilar. They seem 
to be large irregular blocks of older rocks within the 
surrounding Svecokarelian microcline granites. The 
Tuskapakka (4) orbicular rock occurrence is at least 
20 acres in size and composed partly of orbicular 
monzodiorite and partly of even-grained diorite. The 
surrounding rocks are Svecokarelian late-orogenic 
microcline granites. In the SW part of the outcrop 
area even-grained leucocratic diorite, the host rock 
of the orbicular monzodiorite, gradually changes 
into the single-shelled orbicular rock. There is a sev- 
eral decimetres wide transition zone composed of 
poorly developed orbicular rock (proto-orbicular 
rock) between diorite and orbicular rock. In the 
western outcrops a dark rock type dominates. It is 
composed of orbicules pressed together and the ma- 
trix seems to have been squeezed out from the rock 
during deformations. 

The Nuuksio orbicular rock forms with the asso- 
ciated rocks a large block some hectares in size in 
red microcline granite. Orbicular rock crystallized 
originally at a margin of a monzonite-diorite intru- 
sion against amphibolite that locally occurs as inclu- 
sions in the orbicular rock. The main orbicular rock 
body with large multishelled orbicules is 10-13 m 
wide and 80-90 m long. It has been brecciated after 
its consolidation and large fragments of orbicular 
rock occur in the proto-orbicular rock between the 
host rock that is coarse diorite - monzonite and the 
orbicular rock. The contact of the orbicular rock 
against the surrounding granite and against host 
monzonite is sharp (Fig. 18 a-d, see also Fig. 43). 

The Virvik orbicular rock with the associated 
rocks of the same age is also an elongated block at 
least several acres in size in younger red microcline 
granite. The southeastem and southern parts of the 
outcrops are composed of syenodioritic orbicular 
rock with large multishelled orbicules, but the rock 
changes in the northwestern and northern parts of the 
outcrops into the orbicular rock with small orbicules 
and then into the proto-orbicular rock with poorly- 
developed small orbicules and finally into coarse 
monzonite. The contact between the orbicular rock 
types is sharp. The surrounding microcline granite 
penetrates into the orbicular rock as branched dykes, 
which have sharp contacts against the orbicular 
rocks. 

Orbicular rocks in the Mesoproterozoic rapakivi 
granite areas 

The orbicular rocks associated with Mesoproter- 
ozoic rapakivi granites occur as dykes or lenses. The 
Kuusenhako (34) orbicular granite in Suomennierni 
is a tabular 2.5 metres wide dyke in rapakivi gran- 
ite. It is bordered by narrow pegmatite and aplite 
dykes. Most parts of the dyke are composed of even- 
grained granite and the orbicules that are very large 
only occur in the central parts of the dyke. The 
Hämeenjärvi granite-orbicular granite dyke in 
Suomenniemi (33), is narrower, not more than one 
metre wide. It is locally swelled and orbicules occur 
in the swelled parts of the dyke. The Ruskiavuori 
orbicular granite (35) in Savitaipale is an irregular 
and lens-like composite intrusion. Its maximum 
width is about 20 m, but the homogeneous part of 
the orbicular rock is about 10 m in diarneter. 



Fig. 18. Various rock types in the Nuuksio orbicular rock occurrence, Espoo. In the upper left part (a) the contact between a large fragment of 
orbicular syenodiorite and host even-grained diorite, and in the right part (b) the contact between the orbicular syenodiorite and syenodioritic proto- 
orbicular rock The black lens cover in figures a-b is 52 mm in diameter. In the lower left part (c) the contact between grey and pinkish orbicular 
rock varieties is visible. The pen in the figure is 10 cm long. In the right part (d) typical proto-orbicular rock tahat occur about ten metres east of the 
contact of the orbicular rock. The coin is 23 mm in diameter. Photographs: J.Väatäinen and S.I. Lahti. 

CHARACTERISTIC FEATURES AND TERMINOLOGY 

Seppo 1. Lahti 

The orbicular rocks of Finland described in this 
publication comprise various igneous rocks that have 
a special texture: The rocks are composed of shelled 
spherules, called orbicules, surrounded by an equi- 
granular or porphyritic rock matrix. The form, size, 
colour, internal textures and mineralogy of the orbi- 
cules vary widely between the occurrences. 

The ideal orbicule is composed of a core that is 
surrounded by a single shell or several subshells 
(single-shelled and multishelled orbicules, cf. Fig. 
19). The crystals in the shells may be ganular, tan- 
gential or radial. The platy rnica flakes have often 

gown tangentially following the direction of the 
shell and the prismatic amphibole crystals radially 
around the core. The core material varies from one 
occurrence to another and even between the orbi- 
cules of a single occurrence. The rock in the core is 
similar to that in the matrix or composed of a single 
megacryst, group of megacrysts, xenolith or autolith. 
The diameter of the cme, compared to the thickness 
of the shells, varies largely between the individual 
occurrences. The terms used in the descriptions of 
the orbicules are schematically shown in Fig. 20. 

The size of the orbicules varies widely between 



Fig. 19. On the left (a): large multishelled orbicules in the polished plate of the orbicular monzonite boulders from Kuohenrnaa, Kangasala, (photo- 
graph: J. VUtäinen) and on the nght (b): a single-shelled orbicule from the orbicular granite outcrop of Pihlajavesi, Savonlinna (photograph: S.I. 
Lahti). 

the occurrences and between the different orbicular 
rock types of a single occurrence. In the descriptions 
of this publication the size of the orbicules has been 
divided into the following five groups: 1) very large, 
if their diameter 0 >20 cm, 2) large, if 0 10-20 cm, 
3) intermediate, if @ 5-10 cm, 4) small, if 0 1-5 cm, 
and 5) very small, if 0 <1 cm (Fig. 20). 

Generally, the orbicules are largest in the multi- 
shelled types, and the size increases concomitantly 
with the increase in SiO, of the rock. According to 
the above classification, the orbicules in the acidic 
and intermediate rocks are very large or large, in the 
basic orbicular rocks intermediate in size and in the 
ultrabasic rocks small. Exceptionally large orbicules, 
30-40 cm in diameter, have been observed in the or- 
bicular granodiorite of Klaukkala (6) and in the or- 
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Size of the eere 

Fig. 20. Schematic representation of the tenns used in the descnptions 
of the orbicular rocks. 

bicular quartz monzonite of Kuohenmaa (22). Large 
orbicules with a diameter 20-30 cm occur in the or- 
bicular granite of Små Sundskären (7), Hokka (39) 
and maana (8) and in the orbicular syenodiorites of 
Nuuksio (5) and Virvik (10). In the ultrabasic rocks 
the diameter of the orbicules is less than 5 cm, but 
the smallest orbicules, 4-10 mm in diameter, occur 
in the orbicular carbonatite of Sokli (90) in Savuko- 
ski. 

The form of the orbicules is usually spheroidal or 
oval, locally angular or irregular. The orbicules that 
have grown sparsely distributed in the matrix are 
usually roundish or oval. The elongation of the orb- 
icules follows the direction of the formation (con- 
tacts) or the orbicules were flattened in the tectonic 
deformations of the rock. 

Variation of the rnineralogy, thickness and colour 
between the different shells may be large. The thick- 
ness of a single shell in undeformed orbicules is usu- 
ally constant, but varies between the different shells 
of the same orbicule. Usually, however, the orbicules 
show plastic deformation and the symmetry and 
thickness of the shells are more or less destroyed. 
The shells between the nearby orbicules often show 
many similarities, but the thickness between the cor- 
responding shells may vary widely. 

The colours of the shells depend on the variation 
of their minerals. In the acidic, intemediate and ba- 
sic rocks the biotite shells are usually black, hom- 
blende- and chlorite-bearing shells dark green or 
nearly black, plagioclase- and quartz-bearing shells 
white or grey and K-feldspar-bearing shells pinkish. 
Locally all feldspars, plagioclase and microcline or 
orthoclase may be pinkish or grey in colour so that 
they cannot be easily distinguished from each other 
with the naked eye. 



Proto-orbicular rocks 

Poorly developed orbicules are called proto-orbi- 
cules (Figs. 18, 21, 22). Usually they contain, in ad- 
dition to the core, only one or two thin shells, which 
may be discontinuous. The appearance of the proto- 
orbicules depends on the core material. Single pro- 
to-orbicules and intermediate forms between well- 
developed multishelled orbicules and proto-orbicules 
may occur together in the orbicular rocks or they 
form proto-orbicular rocks that are associated with 
the orbicular rocks and represent intermediate phas- 
es between orbicular rocks and their parent rocks. 

The proto-orbicular rocks with a granular core 
surrounded by a thin biotite sheil occur, for exam- 
ple, associated with the orbicular rocks of Nuuksio 
in Espoo (5) and Virvik in Porvoo (10). In Nuuksio 
the contact between the proto-orbicular rock (Fig. 
18b) and the orbicular rock is sharp, but the proto- 
orbicular rock gradually grades into a coarse diorit- 
ic-monzonitic parent rock. Similarly in ViMk, the 
contacts between the orbicular rock with small and 
large orbicules is sharp. The proto-orbicular rock has 
also a sharp contact with the orbicular rock type with 
small orbicules, but gradually grades into the syeno- 
dioritic host rock. 

The proto-orbicular rock forms a narrow, several 
decimetres wide transition zone between the orbicu- 
lar rock and the host diorite in the Tuskapakka (4) 
occurrence in Vihti. The contact between the parent 
diorite and the proto-orbicular rock is relatively 
sharp (Fig. 21b). The proto-orbicular rock with small 
orbicules (2-4 cm in diameter) gradually grades into 
the orbicular rock (orbicules 5-10 cm in diameter) 
and locally the contact zone is composed of some 

alternating narrow zones of proto-orbicular rock and 
even-grained diorite. 

The proto-orbicular rocks associated with the 
Etelankyla orbicular gabbro (79) in Kalajoki are 
composed of radial plagioclase spherules, which 
may have one thin dark shell. Similar radial feldspar 
spherulites and single and multishelled small orbi- 
cules can be also seen in the orbicular rocks of Oi- 
naskyla (48) in Vesanto and Ruskiavuori (35), 
Savitaipale. Locally a large hornblende crystal or an 
accumulation of biotite flakes may form the nucleus 
of the plagioclase spherulites (Fig. 22 a and b). The 
contact between the even-grained diorite and orbic- 
ular rock is sharp in the Oinaskyla boulder. 

Acidic, intermediate and basic orbicular rocks 

In the acidic, intermediate and basic rocks the 
cores of the orbicules are usuaily composed of gran- 
ular accumulations of comrnon rock-forming min- 
erals and resemble the matrix of the orbicules in 
rnineralogy. Large cores of orbicules composed of a 
granular rock are characteristic, for example, in the 
orbicular rocks of Tuskapakka in Vihti (4), Jokipii 
in Jalasjärvi (72) and Ajos in Kemi (86). 

Locally the cores may have a nucleus consisting 
of a single megacryst or an aggregate of some meg- 
acrysts in the Centre (Fig. 23 a and b). If the meg- 
acrysts are large, the shells begin to grow directly 
around the crystal and follow its shape. These kinds 
of orbicular rocks are often associated with coarse 
or porphyritic granitoids. A granular core of an orbi- 
cule with a feldspar nucleus is characteristic in the 
orbicular rocks of Kivikangas in Hankasalmi (70), 

Fig. 21. On the right (a): Polished plate of the quartz monzonitic orbicular rock from Kuohenmaa, Kangasala (photograph: J. Vaatainen). The 
orbicules show various stages of their development. The rock has some centimetres long multishelled orbicules and poorly developed roundish or 
somewhat irregular proto-orbicules. On the left (b): the even-grained diorite grades into a proto-orbicula~ monzonite in the Tuskapakka orbicular 
rock occurrence, Vihti, (photograph: S.I. Lahti). The coin is 27 mm in diameter. 



Fig. 22. On the left: (a) The proto-orbicular rock from Oinaskyl'a, Vesanto, is composed of plagioclase sphemiites about three centimetres in diameter 
in medium-grained gabbroic matrix (photograph: J. Vaatäinen). Some of the sphemiites have a narrow, dark shell. Polished plate. On the nght: 
(b) The spherulites are larger, 6 7  cm in d i i e t e r  in the proto-orbicular rock associated with the Ruskiavuori orbicular granite in Savitaipale. 
The core of the sphemiites that is composed of an angular or subangular K-feldspar megacryst or a group of feldspar crystals is surrounded by 
radial K-feldspar and plagioclase crystal laths Some of the proto-orbicules have two radial shells separated by a thin dark biotite shell. The coin is 
23 mm in diameter. Photograph: S. 1. Lahti. 

Multamäki in Konnevesi (69), Lintusaari in Ruoko- 
lahti (36), Hara in Hartola (30), and Ojakkala in Vih- 
ti (3). 

In most orbicular rocks, especially if the orbicules 
are single-shelled, the core is large compared to the 
thickness of the shells. Very beautiful multishelled 
orbicules with a small core can be observed in the 
orbicular rock occurrence of Virvik (10) in Porvoo, 
Nuuksio (5) in Espoo and Hokka (39) in Kangasnie- 
mi. 

Exceptionally, in the large spherulitic orbicules of 
the orbicular rocks associated with the rapakivi gran- 
ites, biotite flakes often show distinct radial arrange- 
ment (Fig. 25a-b). The prismatic crystals like those 
of hornblende and feldspar often grow radially 
around the core, but quartz is always granular. Very 

distinct radial texture can be observed in the horn- 
blende-bearing mafic orbicular rocks of Larnpipera 
(73), Kottinierni (59) and Hoikka (57). In the orbic- 
ular monzonite of Ajos (86) the radial texture is 
caused by needle-iike chlorite-biotite pseudomorphs 
after mafic minerals (Fig. 24 a and b). 

The radial texture of the feldspars can be best rec- 
ognized under the microscope from thin sections. In 
the pinkish orbicular rock variety from the Nuuksio 
occurrence (5) in Espoo and in the orbicular rocks 
from Kalliojärvi, Kemijärvi (88), and Skabban, Tarn- 
misaari (2), the radial texture of the K-feldspar crys- 
tals can be clearly recognized with the naked eye in 
the outer zones of the orbicules. In the inner zones, 
especially around the granular cores radial plagiocla- 
se crystals are characteristic in many orbicular rocks. 

Fig. 23. On the Ieft: (a) A hornblende crystal aggregate in the core of the orbicule. A weathered surface of orbicular gabbro, Jäknobacken, Pedersöre 
(photograph: S. 1. Lahti). On the right: (b) A K-feldspar nucleus in a homogeneous core of an orbicule. Polished sample from orbicular quuartz 
monzonite, Lintusaari, Ruokolahti (photograph: J. Vaatäinen). 



Fig. 24. In the upper part examples of orbicules that have a granular core: (a) Polished orbicnlar rock plate from Ajos, Kemi (on the left, orbicule 8 x 
11 cm), and (b) a sample from Lampiperä, Ähtan (on the light, orbicule 8 x 10 cm). The core and matrix in the rocks are grandar and similar in 
mineralogy. The minerals grow radially in the sheiis. In the lower part combined cores: (c) Two proto-orbicules with a granular core form a core of 
a larger orbicule (on the left, orbicule 14 x 17 cm) in the orbicular rock from Klaukkala, Nurmijärvi and (d) a large orbicule (on the right, orbicule 
38 cm long) from the Kuohenmaa orbicular rock, Kangasala, have a nucleus composed of a dark schist xenoiith and a small proto-orbicde. Both c 
and d polished plates. Photographs: J. VaatiIinen a-c and P. Korhonen c. 

The prismatic crystals of the common rock form- 
ing minerals may also grow tangentially in the shells 
or the shells may be totally composed of granular 
rnineral grains. In the mica-poor orbicular rocks of 
Pengonpohja in Kuru (19), Peippola in Elimäki (3 l), 
and Ruskiavuori in Savitaipale (35), the core of the 
orbicules shows a radial arrangement of the miner- 
als, but the shells are granular (Fig. 25a and b). Ex- 
ceptionally in the orbicular granitoids of SmA Sund- 
skären in Korppoo (7), Pihlajavesi in Savonlinna 
(47) and Klaukkala in Nurmijärvi (6), which have 
very large orbicules, both the shells and the cores of 
the orbicules are composed of granular rock. 

The texture of the wiborgitic rapakivi granites 
common in southern Finland differs from that of the 
normal orbicular rocks and the rapakivi granites are 
not described in detail in this study (cf. Rämö 1991). 
Orbicular rocks with large multishelled orbicules 
have been encountered in the rapakivi granite areas 
as dykes and in boulders. 

In the wiborgitic rapakivi granites the ovoids are 
composed of a single K-feldspar megacrysts or 
Carlsbad twins surrounded by a thin plagioclase 
mantle, but plagioclase (oligoclase) crystals do not 
show the radial arrangement around the K-feldspar 
nucleus as in the normal orbicular rocks (Fig. 25c). 
The diarneter of the feldspar ovoids is usually only 
20-40 mm and the ovoids are thus much smaller 
than the orbicules in granitic orbicular rocks. Local- 
ly, however, the feldspar ovoids of the rapakivi gran- 
ites have grown in several steps and they have con- 
centrically arranged zones of plagioclase, biotite and 
quartz inclusions (Fig. 25d). In some cases the alka- 
li feldspar ovoids have several continuous or discon- 
tinuous plagioclase shells. Such multishelled alkali 
feldspar crystals do not form large homogeneous ar- 
eas, separate zones or definite dykes in the rapakivi 
intmsions. 

The multishelled or spherulitic orbicular rocks as- 
sociated with the rapakivi granites usually form rel- 



Fig. 25 (a) and (b): Cross sections of orbicules from the orbicular rocks in the rapakivi granite area. On the left (a) polished specirnen from the 
Peippola orbicular rock, Elirnäki. The core is a radial feldspar sphemle that has a plagioclase rnantled K-feldspar nucleus. The shell is fine-grained 
and granular in texture. The diameter is 1 1 cm. On the right (b) polished specirnen from the Hheenjärvi orbicular rock, Suomemiemi. The core of 
this orbicule is a large radial sphemie that has grown around the K-feldspar nucleus. The diameter is 16 cm. 
Fig. 25 (c) and (d): Examples of rapakivi granite varieties. On the left (c) a weathered surface of the normal wiborgitic rapakivi granite from Pyhtaä, 
SE Finland. The rock 1s composed of K-feldspar ovoids (largest about 3 cm in diameter) surrounded by a plagioclase rim (white). On the right (d) 
gradually grown K-feldspar crystals from Langinkoski, Kotka, SE Finland. The K-feldspar ovoids have some narrow biotite and/or plagioclase 
shells. The coin is 27 mm in diameter. Photographs J. Väätäinen (a-c) and S.I. Lahti (d ). 

atively narrow dykes or lenses within them. The 
mantled ovoids of the wiborgitic rapakivi granites 
are quite different from the orbicules of the orbicu- 
lar rapakivi granites. The orbicules are round and 
large, often 10-15 cm in diameter (Fig. 25 a-b). The 
core is usually composed of a large feldspar spher- 
ule, which has a nucleus consisting of an angular 
megacryst or plagioclase mantled ovoid of 
K-feldspar. In addition to feldspars, the core has 
somewhat granular quartz and biotite scaies, which 
also grow radially around the K-feldspar nucleus. 
The spheroids are surrounded by a sheli composed 
of fine-grained quartz and feldspars with minute tan- 
gential biotite flakes. The thickness of the shell var- 
ies widely between the occurrences. In the Hämeen- 
järvi orbicular rock in Suomenniemi (33) the orbi- 
cules are large radiai feldspar-biotite spherules with 
only a thin fine-grained shell (Fig. 25 b). 

Closely associated orbicules have often been plas- 
tically deformed when pressed against each other, 
but mechanical deformation and broken orbicules 
are also locally comrnon in the matrix between the 
orbicules (Figs. 26b, 77, 120). Fragments of the 
shells can be locally seen, for example, in the ma- 
trix of Nuuksio (5), Ohtola (20) and Lampipera (73) 
orbicular rocks and they are common in the Pen- 
gonpohja (19) dyke. 

In the Mansfolk (78) boulder discovered in the old 
kiln of the Granqvist farmhouse in Esse (Ähtava) the 
orbicules are strongly flattened against each other 
(Fig. 170) and the arnount of matrix between the or- 
bicules is minute. In the western part of the Tuska- 
pakka occurrence (4) in Vihti the orbicular rock is 
only composed of orbicules that are strongly pressed 
together and the matrix of the rock seems to have 
been totally squeezed out from the rock (Fig. 39). 



Fig. 26. On the left: (a) plastically-deformed orbicules in the Virvik orbicular rock, Porvoo and on the right:(b) a broken orbicule in the Pengonpoh- 
ja orbicular rock, Kuru (photographs: J. Väätäinen). Polished samples. 

Orbicules strongly dissolved by the matrix are 
common in the occurrences of Virvik (10, Figs. 27a 
and 53), Lampipera (73), Ohtola (20, Fig. 81) and 
Pengonpohja (19, see Fig. 27b). Locally the partial- 
ly dissolved orbicules are cores of new orbicules. 
This kind of recurrent growth of the orbicules has 
been observed, for example, in the orbicular gabbro 
occurrences of Ohtola (20) in Virrat and Lampipera 
in Ähtäri (73). In the pinkish variety of the orbicular 
syenodiorite in Pengonpohja, Kuru (19), the earlier- 
crystallized, dark grey orbicules are locally dis- 
solved, but later one or two granular K-feldspar 
shells have grown around them. 

different from those of the acidic, intermediate and 
basic orbicular rocks. Unfortunately, no outcrops of 
ultrabasic orbicular rocks have been reported, but 
there are observations from the Kylmäkoski Ni-Cu 
mine located in Pirkanmaa and from several boul- 
ders discovered in Satakunta, Häme and Etelä-Savo. 

The even-grained peridotites grade gradualiy into 
nodular peridotites and further into orbicular perido- 
tites in the Kylmäkoski Ni-Cu ore body (orbicular 
peridotite of Taipale 17). The orbicules here are 
small, only 1-5 cm in diameter and the nodules are 
smaller. Papunen (1976, 1980, 1985a, 1985b) sug- 
gests that both the oval nodules and the orbicules are 
altered olivine crystals, because they may locally 
show crystal faces of olivine. The shell of the orbi- 
cules is actually composed of altered olivine, but the 
core of the orbicules is composed of a mixture of 
orthopyroxene, clinopyroxene and hornblende. 

Ultrabasic orbicular rocks 

The textures, mineralogy and crystallization his- 
tory of the ultrabasic orbicular rocks seem to be quite 

Fig. 27. Corrosion textures in the orbicules: a) Large corroded orbicules are characteristic in the orbicular rock from V i i k ,  Porvoo. (b) The inner 
grey shell of the orbicule is locally corroded in the Pengonpohja orbicuiar rock, Kuru. Later a pinkish shell or a few pinkish K-feldspar-bearing 
granular sheils have grown around the corroded orbicuies (photographs: J. Vatäinen). Polished samples. 



Similarly, both nodular olivine pendotites and or- Ohtola (20) in Virrat. Both multisheiled and single- 
bicular rocks are associated with each other in the shelled orbicular rock has been observed in the boul- 
Perhonlahti (43) and Rauhasalrni (44) orbicular rock ders, and the orbicular rocks locally grade into a pro- 
boulders in Kangaslampi, South-Savo. The core of to-orbicular rock characterized by hornblende nod- 
the orbicules is often composed mainly of coarse- ules and further into even-grained hornblende gabbro. 
grained diopside that shows a radial arrangement of 
crystal pIisms from the centre 0utwards. The orbi- Carbonatitic orbicular rocks 
cules are oval and no crystal faces are, however, re- 
poned. There is lwally a distinct nucleus in the cores Carbonatitic rock with a spherulitic or orbicular 
of the orbicules of the Rauhasalmi orbicular rock. texture have been discovered in the Sokli carbona- 
The nucleus consists of a coarse- to medium-grained tite complex in Savukoski, NE Finland and in the 
mass of diopside, edenite and minor serpentine with Vuorijärvi carbonatite that is situated on the Russian 
relict olivine. The shell around the core is mainly side, but close to the Finnish border in Lapland (Var- 
composed of serpentine in both orbicular rocks. tiainen 1980, Lapin & Vartiainen 1983). In the Sokli 

In the Selkäkangas orbicular peridotite (12), the carbonatite the orbicules and spherules are very 
cores of the orbicules are composed of serpentine, small, 5-10 mm in size (Fig. 189). The orbicular 
clinochlore and magnetite grains and in the Suonta- structures are encountered in fragments or blocks 
ka orbicular peridotite prismatic crystals of clinoam- measuring up to a few metres in size in sövites along 
phibole occur in the cores. Exceptionally one or two the eastern border of the magrnatic core and in sö- 
thin magnetite shells are characteristic around the vitic shoots in the metacarbonatite area. 
outer parts of the orbicules in the Selkäkangas or- 
bicular rock. The main mineral in the cores of the ~ ~ ~ ~ l i ~ h - ~ ~ ~ ~  and autolith-type of orbicular 
orbicules in the Vuorenvarjo (4 1) and Luostarinsalo rocks 
(42) orbicular rocks is coarse-grained diopside, 
which tends to be radially oriented. In addition to Inclusions from the surrounding metamorphic 
diopside, a small amount of serpentine with relict schists, gneisses, volcanic rocks or igneous rocks or 
olivine is ubiquitous in the cores. autoliths, mafic or ultramafic inclusions crystallized 

The orbicular rocks of Lepaa in Hattula (15), before the orbicules, occasionally occur as cores of 
Häme, and Latvanen in Pyhäjärvi (84), North-Ostro- the orbicules. If the cores are mainly composed of 
bothnia, are intermediate between gabbroic and horn- xenoliths or autoliths, the rocks are called in this 
blenditic orbicular rocks. Their orbicules, which are study xenolith-type or autolith-type of orbicular 
mainly composed of amphiboles and pyroxenes, are rocks or generally inclusion-type of orbicular rocks 
smail in size and resemble in appearance the orbi- (see Figs. 28a-b, 29a-b, 145). The xenolith-type of 
cules of the peridotites. Hornblende is aiso a major orbicular rocks are usually single-shelled, but multi- 
mineral in the orbicules of the orbicular gabbro of shelled varieties are also known. 

Fig. 28. On the left: (a) a large xenolith as a nucleus of a 33 cm long orbicule in the orbicular rock boulder of Hokka, Kangasniemi (photograph: J. 
Keskinen). Polished sample from a boulder. On the right: (b) a cross-section of a similar orbicule from the orbicular rock of Tesoma in Tampere. 
Note that the feldspar crystals grow radially around an angular schist fragment (15 mm wide) that is a core of the orbicule. Photomicrograph from a 
thin section. Photograph: P. Raivio. 



The occurrence of xenolith-type of orbicular rocks 
is poorly known. The only outcrop discovered at the 
bottom of a ditch in Tiituspohja (62), Laukaa, has 
been covered by soil, but numerous erratics derived 
from it have been found in the region. The core of 
the orbicules is usually composed of angular or 
roundish gneiss fragments that are surrounded by a 
light plagioclase shell. Thin section studies indicate 
that plagioclase crystals often grow radially around 
the cores (Fig. 28 b). In addition, the orbicular rock 
in the erratics of Tesoma (18) in Tampere, Harjun- 
maa (40) in Mikkeli, Jussinjärvi (80) in Raahe and 
Onneton in Haapajärvi (85) belong to this type of 
orbicular rock. 

Several boulders in the Tiituspohja boulder fan 
resemble more closely tectonic breccias than orbic- 
ular rocks. A sharp contact between a gneiss breccia 
and a xenolith-type of orbicular rock has been found 
in one large erratic (Fig. 29 b). The gneiss cores of 
the orbicules close to the contact seem to be angu- 
lar, although the cores of the orbicules in many 0th- 
er erratics are more roundish in shape. 

The cores of the orbicules in the autolith-type of 
orbicular rocks are composed of dark, ultrarnafic or 
mafic inclusions crystallized before the orbicules 
from the orbicular rock magma. They are cornmon 
in mafic orbicular rocks, which occur as margins of 
the intrusions. 

Various kinds of autoliths are comrnon especially 
in the cores of the orbicules of the Lampipera orbic- 
ular gabbro (74) that occurs as a marginal part of a 
small diorite-gabbro intmsion (Fig. 29 a). The rock 
has locally both shelled and unshelled mafic auto- 

liths, roundish mafic mineral aggregates and angu- 
lar fine-grained gabbro or homblendite fragments. 
The inclusions are surrounded by one or several al- 
temating plagioclase and homblende-rich shells. 
According to Raivio (1985a, b, c), quite sirnilar au- 
toliths are also common in the gabbroic orbicular 
rock of Ohtola, Virrat (20). Locally the boulders 
have both unshelled and shelled mafic autoliths. 

Mafic and ultramafic fragments surrounded by a 
fme-grained tonalitic material are characteristic close 
to the contacts of the orbicular gabbro dyke of Lilla 
Björkskär in Tammisaari (1). Diffuse shells have 
been formed in the chemical reactions around the 
inclusions. In the Centre of the orbicular gabbro dyke 
the orbicules are quite different, often multishelled 
and roundish in shape (Figs. 17,33 and 34). 

Sirnilar separate zoned inclusions and groups of 
zoned schist, gneiss, volcanite and igneous rock in- 
clusions that resemble shelled orbicules locally oc- 
cur in the igneous rocks of southern and central Fin- 
land (Fig. 30 a-d). Usually the zoned xenoliths can 
be easily distinguished from the idea1 orbicules. The 
xenoliths are generally more or less angular in form 
and show some zones, but these are always very 
broad and diffuse (Fig. 30 c-d). 

Roundish or oval calcium silicate-bearing concre- 
tions, originally grown as calcium carbonate spher- 
ules in the sedimentary rocks, are cornmon in the 
metamorphic schists, veined gneisses and migmatit- 
ic granites of southern and westem Finland, espe- 
cialiy in the Vaasa granite area (see Fig. 30a). The 
concretions are oval in form and often zoned and, 
therefore, they closely resemble the shelled orbicules 

Fig. 29. On the left (a): Gabbroic and homblenditic autoliths (3-8 cm long) locally form the nucleus of orbicules in the weathered surface of the 
orbicular rock from Lampipera, Ähtäri. Some of the gabbroic xenoliths have no shells around them. Photograph: S. 1. Lahti. On the right: A weath- 
ered surface of the xenolith-type of orbicular rock boulder from Tiituspohja, Laukaa. The nucleus in orbicules is a mica gneiss fragment. Half of the 
boulder is composed of mica gneiss breccia with some separate orbicules. The photographed area is 37 x 28cm. Photograph: P. Hyvelinen. 



of the magmatic rocks. The appearance of the orbic- be derived from this kind of concretion-bearing rock. 
ular granitoids differs, however, from the concretion- The cores of the orbicules are composed of calc-sil- 
bearing granitoids that are often gneissose and con- icate rocks and concretions. Single inclusions of 
tain considerable amounts of schist material. multishelled concretion have also been discovered 

The xenolith-type orbicular gabbro boulder from from a gabbro boulder in Ulko-Kraaseli in Lohtaja, 
Jussinjärvi (80) in Raahe (Figs. 30 b and 175) and North Ostrobothnia. 
Onneton, Haapajärvi (85, Fig. 176) may, however, 

Fig. 30. In the upper part of the figure: (a) Calc silicate concretions in a migmatitic granite from Isokyrö (on the left, photograph: S. Lahti) and (b) 
xenolith-type of orbicular rock from Jussinjärvi, Raahe. The rock contains caicium silicate gneiss fragments and caicic concretions as cores of the 
orbicuies (on the right, photograph: J. Väätäinen). In the lower part of the figure: (c) zoned orbicule-like gabbroic xenolith (the coin in the Centre is 
21 mm in diameter) in the granite of Kopparnäs, Inkoo (on the left, photograph: S. Lahti), and (d) a biotite-rimmed ultramafic inclusion (about 8 cm 
long) in diorite bouider discovered in Ajos, Kemi (on the right, photograph: S. Lahti). 



ORBICULAR ROCKS IN UUSIMAA 

Fig. 31. Orbicular rock observations from Uusimaa 
(A, the red spots are rock outcrops and blue the spots 
boulders). 

The orbicular rock of Uusimaa are shown in Fig. 31. The following six occurrences have been observed: 

Orbicuiar rock outcrops: 
Orbicular gabbro occurrence, Lilla Björkskär, Tarnrnisaari (1) 
Orbicular monzodiorite occurrence, Tuskapakka, Ollila, Vihti (4) 
Orbicular syenodiorite occurrence, Nuuksio, Koivula, Espoo (5) 

Orbicular rock bouiders: 
Orbicular quartz syenite boulders, Skabban, Tammisaari (2) 
Orbicular monzonite boulders, Ojakkala, Vihti (3) 
Orbicular granodiorite boulder, Klaukkala, Nurmijärvi (6). 

LEGEND 
QSy Quarh syenite 
GrDr Granodiorite 
SyDr Syenodiorite 
Mon Monzonite 
MonD Monzodiwii n 

The chemical analyses of the orbicular rocks are given in Table 2 and classification of the rock types in 
Fig. 32. A detailed map of the orbicular rock occurrences of Lilla Björkskär (Fig. 3 3 ,  Tuskapakka (Fig. 41) 
and Nuuksio (Fig. 43) is included to the descriptions of the occurrences. 
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Fig. 32. Orbicular rocks (analytical data from Table 2) from Uusimaa in the R,R, classiftcation diagram. 



Table 2. Chemical analyses of the orbicular rocks from Uusimaa. X-ray flumscence analyses made at the Geological Survey of Finland 
(1 1 from literature). - not detennined 

SiO, 49,81 50,66 51,51 52,47 66.66 56.88 51,63 51,89 56,83 54,77 56,91 55,78 67.08 

no2 0,62 474 0,54 0.61 0.15 0,40 0,11 0,21 0,20 0,82 l,47 032 0.23 

A2203 7,15 7,41 339 6,99 18,29 21,20 11.03 11,61 19,W 22,19 2297 23.46 17.83 
Fe203 toL 10,W 10,12 9.15 7.86 1,50 5,68 22,66 21.80 8.84 4,73 3.98 3,45 !,46 
Fe,O@c. 1,15 1,35 Q,53 2,79 1,11 1,51 0.91 0.55 0,69 0,40 
FeO 8,00 7.89 - - 0,87 2.60 19,40 18,26 7,14 3.76 - 2,48 0-95 
iUn0 0,19 0,18 0,21 0.17 0,OO 405 0,31 0.29 0,13 0,02 081 - - 
M&o 12,74 119 15,05 12,43 0,47 1,95 6,92 6.56 3,08 1.22 027 Q,88 0,60 
CaO 12,19 12.00 17.64 14.69 1,36 4,47 3,15 3,18 5,Ol 4.95 5,78 5.39 3,43 

Nn,O 1,22 0,91 051.6 1.12 3.49 5,lO 3,00 3,08 4,45 5,75 5,89 6.45 4.14 

K2° 0,37 l,2l 0.44 1,18 8.03 196 0,55 0.74 1,62 2,50 2,16 2.47 3.24 
p& 0,09 0,lO 0,06 0,lO 0,11 0,32 0,33 0,34 017 0,15 0,08 413 0,lO 
A/CNK 0.29 0,30 0,11 0.24 1.08 1,14 0,98 1,00 1,05 1,05 1,02 1.02 1,08 
FeO/Fe30pdc 6,96 5,84 1,64 0,93 17,48 12,09 7,85 6,84 5,16 3,59 2-38 

R* 2529 2494 2920 2607 1306 1438 1673 1637 1797 882 1057 816 2223 
2077 2020 2705 2326 528 991 897 894 1063 1026 1082 1081 746 

Number of 
o c c w e ~ c e  1 1 1 1 2 3 4 4 4 5 5 5 6 

- - 

1. Lilla BjörksIcar, Tammisaari, 103-SL-W,2. Liila Bjpjikskär, ' lhmisaari, 102-Sa+M); 3. Lilla Björksldir, Tammisaari, MURb8OI 
67; 4. Lilla Björkskär, Tammisaati, ML/Rb79/67; 5. Skabban, Tammisaari, 58-SIL-86; 6. Ojakkala, Vihti, 1-PMR-86; 7. Tuskapakka, 
Vihti, 18-SE-00,dark variety; 8. Tuskapakka, Vihti, 19-SE-00, light variety; 9. 'Iiiskapakka, Vihti, 2-PMR-86, Iight variety; 10. Nuuk- 
sio, Espoo, 7-SIL-00, small orbicules; 11. Nuuksio, Espoo, fmm Sedefholm (1928); 12. Nunksio, Espoo, 5-PMR-88, big orbicules; 
13. Klaukkala. Nurmijärvi, 1-PMR-88. 

ORBICULAR GABBRO OCCURRENCE FROM LILLA BJÖRKSKÄR, TAMMISAARI 

Seppo 1. Lahti, Matti Laitala & Paula Raivio 

Fig. 33. Multishelled, broken and corroded orbicules in the central part of the orbicular gabbro dyke of 
Lilla Björkskär in the Tammisaaari archipelago. The coin is 27 mm in diameter. Photograph: S.I. Lahti. 

Geologist Matti Laitaia found an outcrop of or- during geological fieldwork of the Geological Sur- 
bicular rock (Figs. 33 and 34) on the island of Lilla vey of Finland in 1965. Laitala prepared a provision- 
Björkskiir in the archipelago, town of Tammisaari al map of the occurrence. Later the editor (SIL) re- 



vised it and drilled samples from the occurrence for 
chemical analyses and petrographic studies. Today 
the island belongs to the Tammisaari National Park 
and adrnittance to the island and sampling is strictly 
forbidden throughout the year. 

The bedrock of Lilla Björkskär is mainly com- 
posed of light-grey banded biotite-plagioclase gneiss 
and medium-grained inhomogeneous gabbro dykes 
running parallel to the schistosity. The general trend 
of the schistosity on the island is from east to west 1 
and the dip is vertical. The orbicular rock occurs at 
the western end of an 8 metres wide medium-grained 
gabbro dyke in the southwestem part of the island - 

of 'jörskar' Orbicules be-traced in the Out- Fg. 34. Orbicular rock with pwrly developed and broken orbicules 
crop about 20 m along the dyke's strike direction ciose to the contact of the orbicular gabbro of Lilla Björkskär. Light 
(Rg. 35). veinlets are palingenic tonalitic rock. The sample is in the Mineralogical 

Museum of the Geological Survey of Finland. The width of the photo- anal~ses of the orbicnlar rock sam~les graphed area is 55 cm. Photograph: J, Keskinen. 
drilled from various parts of the dyke are given in 
Table 2. The composition of the rock fall into the 
field of the ultramafic rocks just out of the gabbro 
field in the R,R, diagram (Fig. 32). In the eastern During intrusion the hot gabbroic magma melted 
part the outcrop the rock contains more matrix and the surrounding quartz-feldspar gneisses close to the 
the orbicular rock gradually grades into even-grained contacts, and there is a leucocratic palingenic con- 
gabbro, which locally contains sparsely distributed tact aureole around the gabbro dyke composed of 
single orbicules and small clusters of orbicules. fine-grained homogeneous tonalitic material (Fig. 

Locally the orbicular rock is heterogeneous, and 17). The thickness of this aureole varies from about 
it has numerous round or angular inclusions of ul- five centimetres to frfty centimetres. Single m&c or- 
trabasic rocks, mafic fine-grained and coarse gabbro bicules locally occur in the leucocratic contact aure- 
types, coarse leucocratic gabbro types and grani- ole outside the main orbicular rock body. In the 
toids. Some thin and crosscutting granite pegmatite southem contact palingenic melt has intruded into 
dykes were also observed in the orbicular rock and the orbicular rock and f o m  narrow, some centime- 
in the surrounding gneisses. tres wide dykes in it (Fig. 34). 

Fig. 35. Orbicular rock occurrence of Lilla Björkskar in the Tammisaari archipelago. Symbols: 1) Orbicular gabbro, 2) even-grajned gabbro, 
3) granite and pegmatite granite, 4) ultrabasic rock, 5) fine-grained tonalite @alingenic rock), 6)  biotite- plagioclase gpeiss, 7) schistosity, 8) 
covered by overburden. Map by M. Laitala and SJ. Lahti. 



In the central parts of the occurrence the matrix 
of the orbicules is usually gabbroic, but in the mar- 
ginal parts the matrix is often heterogeneous and 
mixed with leucocratic granodioritic and quartz di- 
oritic material, which probably formed in the palin- 
genic processes of the surrounding gneisses and 
gneiss inclusions. The main minerals in the tonalitic 
matrix are plagioclase, quartz and biotite, but the 
quartz dioritic matrix has more mafic minerals such 
as hornblende and biotite. 

The diameter of the orbicules varies from a few 
centimetres up to about ten centimetres. The orbi- 
cules have a core and one or several shells. The core 
usually consists of fine-grained gabbro with horn- 
blende and plagioclase as the main minerals or it 
may be composed only of hornblende (Fig. 33). Ma- 
fic and ultramafic rock inclusions, which may have 
poorly developed shells, are also common with well- 
developed orbicules. Locally, broken mafic orbicules 

and fragments of orbicules were also observed in the 
outcrop (Fig. 34). 

The smaller orbicules have a single dark shell that 
is usually less than one centimetre thick. Thin sec- 
tions indicate that it can be divided into two parts, 
an inner shell and an outer shell. The outer shell is 
fine-grained and composed of granular hornblende, 
whereas the inner shell is coarser and composed of 
prismatic crystals of hornblende or hornblende and 
altered pyroxene. Pyroxene crystals are always 
strongly uralitized and radially arranged in the shells, 
as are the larger hornblende crystals. The larger orb- 
icules are often multishelled and usually composed 
of two or three separate pyroxene-bearing and hom- 
blende-bearing shells (Fig . 33). Biotite and plagi- 
oclase (An,,) are also common constituents in the 
shells, in addition to hornblende and uralitized py- 
roxene. 

ORBICULAR QUARTZ SYENITE BOULDERS FROM SKABBAN, TAMMISAARI 

Seppo 1. Lahti 

Fig. 36. Polished plate oi uidcular quartz syenite boulder of Skabban in the Tammisaari archipelago. The 
rock sample has very large sparsely distributed orbicules. They have a biotite-rich nucleus, ganular reddish 
brown plagioclase-nch imer shell and a thick outer shells composed of radial K-feidapar. A sample (26 cm 
wide) from the Mineralogical Museum of the Geological Survey of Finland. Photograph: J. Keskinen. 

In 1971 G. Härtel reported to the author that he locality, and was grateful to receive a piece of the 
had discovered two boulders of orbicular rock on the orbicular rock for detailed investigations. 
SW shore of a small island called Skabban, some 10 The orbicular rock is reddish in colour and com- 
km south of the town of Tammisaari, and a third posed of large, spherical orbicules sparsely distrib- 
boulder was discovered later. The author visited the uted in porphyritic granite matrix. Reddish and 



coarse-grained granites are cornrnon in the surround- 
ing area, but no orbicular rock outcrops are known 
in the neighbouring area so far. 

The size of the largest boulder, which is still situ- 
ated in the original place of discovery, is 50 x 50 x 
50 cm; the other boulders are slightly smaller. All 
boulders are angular in shape, which suggests only 
limited glacial transport. 

One half of the smallest boulder is housed in the 
Museum of the Geological Survey of Finland and the 
other half was used in the mineralogical and chemi- 
cal determinations. A set of thin sections was made 
from the rock for microscopic studies; the rest was 
broken and chemically analysed (Table 2). In the 
R,R, classification diagram, the chemical composi- 
tion of a piece of the orbicular rock plot in the quartz 
syenite field (Fig. 32). 

The diameter of the orbicules varies from 6 to 
12 cm (Fig. 36). The cores are composed mainly of 
plagioclase (%,-Arg,) with subordinate quartz, biotite, 
chlorite and microcline. Some of the orbicules have 
a nucleus composed of a large microcline crystal or 
an aggregate of biotite flakes. The accessory rniner- 
als in the matrix include muscovite, zircon and hematite. 

The orbicules have two shells, which are together 
one to three centimetres thick. The outer shell is 
composed only of reddish microcline and the inner 
shell mainly of reddish brown plagioclase, with sub- 
ordinate tangential biotite flakes. The shells have 
quartz, biotite, chlorite, apatite, plagioclase, musco- 
vite and zircon as accessories. 

The main minerals in the matrix are microcline, 
plagioclase, quartz and biotite and the rock is slight- 
ly foliated and porphyritic. The sparsely distributed 
microcline phenocrysts are one to two centirnetres 
long. Thin section studies reveal that the microcline 
is perthitic and grid twinning is common. Plagiocla- 
se is somewhat sericitized and saussuritized, and on 
the basis of the microprobe determinations compo- 
sitions vary from An,, to An,,. Myrmekitic inter- 
growths between quartz and feldspar crystals are 
typical. Biotite flakes are often altered to chlorite. 
Typical accessory minerals in the rock include apa- 
tite, zircon and muscovite. Fragments of broken 
shells and roundish medium-grained inclusions that 
resemble the core materia1 of the orbicules were lo- 
cally found in the matrix. 

ORBICULAR MONZONITE BOULDERS FROM OJAKKALA, VIHTI 

Seppo 1. Lahti & Paula Raivio 

Fig. 37. Polished surface of orbicular monzonite plate from Ojakkala, Vihti. The orbicules are 3-4 cm in 
diameter. Their cores are angular plagioclase megacrysts or roundish accumulations of plagioclase crystals. 
A sample from the Mineralogical Museum of the Geological  SUN^^ of Finland. Photograph: J. Keskinen. 

Boulders of orbicular rock in Ojakkala, Vihti, ping. Preliminary information of the orbicular rock 
were discovered by research assistant Andrej is given by Wemström (1984). 
Wennström (GSF) in 1983 during geological map- Some tens of boulders define a very narrow fan 



of boulders that is about 5 km long and trends south- 
east from Lake Poikkipuoliainen toward Lakes Saa- 
rilampi and Kolperinlampi. The orbicular rock out- 
crop might be close to Lake Poikkipuoliainen or in 
the bottom of the lake, because the boulders are large 
in size (0.25-1 m3) and angular or subangular in 
form. Most of the orbicular rock boulders observed 
are located within the Nuuksio Natural Park and rock 
sampling in the area is forbidden. 

The rock is greyish in colour with a pinkish tint. 
The orbicules are simple looking, small and closely 
associated in the rock. Because the shells are usual- 
ly thin and poorly developed, the orbicules cannot 
be easily recognized from the weathered rock sur- 
face. The appearance of the rock varies to some de- 
gree, however, between the boulders. 

A set of thin sections was made from one boulder 
and a piece of the rock was analysed chemically. Al- 
though the Ojakkala orbicular rock is granitic in ap- 
pearance, its chernical analysis (Table 2) plot in the 
monzonite field in the R,R, classification diagram 
(Fig. 32). 

The simple-looking small orbicules are roundish 
or subangular and their diameter usually varies from 
2 to 4 cm (Fig. 37). The cores of the orbicules con- 
sist either of granular plagioclase (An,,) with some 
biotite and quartz (grain size 1-3 mm) or of a single 
subangular plagioclase megacryst. The form of the 
orbicules often follows the form of the feldspar core. 

The orbicules have one or two, rarely three, discon- 
tinuous concentric biotite shells (thickness c. 1-3 mm). 
They are separated by a somewhat thicker (2-4 mm) 
light-grey shell composed mostly of plagioclase. A 
faint tangential and, more rarely, radial arrangement 
of the biotite crystals is discernible. In some orbicules 
a biotite shell is quite near the Centre of the core. 

The matrix between the orbicules is heterogeneous 
with respect to both the grain size and the mineral 
distribution, and the orbicules cannot be sharply dis- 
tinguished from the matrix. The grain size of the 
matrix minerals is in places coarser (crystals up to 2 
cm long) than that in the orbicules. The main constit- 
uents of the matrix are plagioclase (An,,), biotite and 
quartz. The matrix is often very rich in biotite. 

ORBICULAR MONZODIORITE OCCURRENCE FROM TUSKAPAKKA, 
OLLILA, VIHTI 

Seppo 1. Lahti, Tapio Koljonen & Paula Raivio 

Fig. 38. 1.- ---2 light variety of orbicular monzodiorite from Tuskapakka, Vihti, has oval and plastically 
defomed orbicules in a dioritic matrix. The diameter of the coin is 27 mm. Photograph: S.I. Lahti. 

Heikki Tanner discovered an occurrence of orbic- 1972. Outcrops of this orbicular rock can be ob- 
ular rock (Figs. 2 1 b, 38,39 and 40) in Tuskapakka served on the steep slope of a sparsely wooded rocky 
in Ollila, Vihti, and informed one of the authors in hill within a distance of about 40 metres. 



Fig. 39. Dark variety of orbicular monzodionte from Tuskapakka is Fig. 40. Proto-orbicular rock from the contact zone of the Tuskapakka 
composed only of single-shelled orbicules pressed together. Obviously occurrence. The proto-orbicules are pressed together. The diameter of 
the original diontic matnx has been squeezed out during crystallization the coin is 27 mm. Photograph: S.I. Lahti. 
of the rock. Photograph: S.I. Lahti. 

The authors studied the occurrence and mapped 
it in detail. The geological map of the occurrence in- 
dicates that the orbicular rock together with associ- 
ated even-grained dioritic host rock seems to form a 
large irregular block in reddish microcline granite 
(Fig. 41). The granite is younger and cuts orbicular 
rock and surrounding diorite as sharp contacts. In the 
southern part of the occurrence granite penetrates the 
orbicular rock as a narrow dyke. The age of the or- 
bicular rock is unlaiown, but the orbicular rock and 
associated diorite must be older than the surround- 
ing granite, which can be regarded as typical late- 
orogenic S-type granite of South Finland. 

A light- and a dark-grey variety of orbicular rock 
have been observed at the locality (Fig. 38 and 39). 
In the dominant light coloured orbicular rock varie- 
ty the matrix is monzodioritic or leucodioritic. It is 
composed of plagioclase (An,,) with rninor hyper- 
sthene, biotite and chlorite as the main minerals. Lo- 
cally medium-grained quartz is also abundant. The 
amount of matrix is generally about 10%, but de- 
creases westwards in the area. In the dark orbicular 
rock type that occupies the western outcrops the ma- 
trix is totally absent and the rock is composed only 
of strongly deformed orbicules pressed together 
(Fig. 39). 

Samples of both rock types were drilled and stud- 
ied in detail. The chemical analysis of the orbicular 
rock samples plotted in the R,R, diagram shows that 
both the light and the dark varieties are monzodior- 
ite in composition (Table 2 and Fig. 32). In the east- 
ern part of the occurrence the light variety gradually 
grades into even-grained diorite, and there is always 
a narrow, several decimetres wide zone of light-col- 
oured proto-orbicular rock between them (Figs. 21 b 
and 40). 

The orbicules in both the light and dark varieties 
are oval and often plastically deformed. The diame- 
ter of the orbicules varies from 5 to 10 cm. They are 
composed of a large, light core with one or two 
sheils around it. The core of the orbicules is mainly 
composed of medium-grained plagioclase (An,,) 
with minor orthopyroxene, biotite, chlorite and 
quartz. Occasionally the cores have a nucleus com- 
posed of plagioclase megacryst, accumulations of 
large feldspar crystals or dark minerals. 

The core is often surrounded by an inner plagi- 
oclase-rich shell and by a dark outer orthopyroxene- 
biotite shell. The light and dark shells together are 
only 1-2 cm thick. In the dark orbicular rock varie- 
ty the shells are clearly thicker. The inner light pla- 
gioclase-rich shell is often indistinct or absent, but 
when distinct, it often shows radial arrangement of 
plagioclase crystals and biotite flakes. 

The outer dark shell is mainly composed of or- 
thopyroxene and biotite. It often shows several light 
subshells rich in plagioclase (An,,) and the dark sub- 
shells rich in orthopyroxene. Orthopyroxene occurs 
as small prismatic crystals that are tangentially ar- 
ranged. Larger pyroxene prisms (up to 4 mm long) 
may show radial arrangernent. Biotite flakes are tan- 
gential and often form separate discontinuous sub- 
zones in pyroxene. More developed orbicules have 
at least one distinct dark, fine-grained orthopyrox- 
ene subshell (thickness 1-2 mm) against the matrix. 
Sometimes there are two fme-grained orthopyroxene 
shells, which are separated by a narrow, plagiocla- 
se-rich lighter grey shell. At the inner border of the 
orthopyroxene shell biotite occurs in a more or less 
continuous shell or forms large separate flakes be- 
tween the tangential plagioclase crystals. 



In the eastern part of the occurrence the orbicular orbicules. The proto-orbicular rock forms a transi- 
rock grades into proto-orbicular rock with poorly de- tion zone between the orbicular rock and the host di- 
veloped orbicules (Fig. 40). The proto-orbicular rock orite (Fig. 21b). Locally the contact zone is com- 
resembles the light coloured orbicular rock type, but posed of several alternate narrow layers of proto-or- 
the orbicules are much smaller (diarneter 2-4 cm), bicular rock and even-grained diorite. 
and there is only one very thin dark shell around the 

Fig. 41. Orbicular rock occurrence oE Tuskapakka, Vihti. Explanations: 1)  dark orbicular monzodionte, 
2) light orbicular rnonzodiorite., 3) proto-orbicular rock, 4) even-grained diorite, 5) granite, 6) schistosity, 
7) outcrop, 8) precipice. Schematic map by S.I. Lahti. 



ORBICULAR SYENODIORITE OCCURRENCE FROM NUUKSIO, 
KOIVULA, ESPOO 

Seppo 1. Lahti & Paula Raivio 

Fig. 42. Multishelled orbicular syenodiorite from Nuuksio, Espoo. The orbicules are rowndish, 10-15 cm 
in diameter and pressed together. Photograph: S.I. Lahti. 

The orbicular rock of Nuuksio, Espoo (Figs. 18 
a-d and 42) , was discovered in the 1920s by pro- 
fessor H. Tallqvist. The occurrence is situated with- 
in a large rocky forest area some 25 km NW of the 
Helsinki city Centre close to the border of the Nuuk- 
sio National Park. The orbicular rock outcrops on the 
top of a woody hill by the Nuuksiontie road in Koi- 
vula, Espoo. 

The Nuuksio orbicular rock occurrence has been 
first described in the literature by Sederholm (1928), 
and later Simonen (1941) and Meyer (1989) have 
given detailed information on the occurrence, chem- 
istry and mineralogy of the orbicular rock. Because 
the Nuuksio orbicular rock was the first-observed di- 
oritic orbicular rock in Finland, Sederholm (1928, 
see also Eskola 1938) introduced the term "esboite" 
to describe all similar orbicular rocks, in which the 
dominant plagioclase is oligoclase or andesine. The 
term, which derived from the name Esbo that is a 
Swedish name of the town of Espoo, was later dis- 
carded. 

Recent detailed geological mapping by one of the 
authors (SIL) indicates that the Nuuksio orbicular 
rock occurrence is about 180 m long and 10-20 m 
wide (Fig. 43). It originally crystallized at the mar- 
gin of a dioritic-monzonitic intrusion against fine- 
grained arnphibolite, which also occurs as small xe- 

noliths in the orbicular rock. Later the rocks of the 
intrusion were broken and granitic magma surrounds 
the block, which is at the present level some hun- 
dred metres long and composed of dioritic-monzo- 
nitic rocks, orbicular rocks and amphibolite. 

The age of the orbicular rock is unknown, but the 
surrounding granite seems to be the typical late-oro- 
genic S-type granite of southern Finland. The gran- 
ite cuts the orbicular rock and associated dioritic- 
monzonitic rocks with sharp contacts, and in the S- 
part of the occurrence it penetrates into the orbicu- 
lar rock as narrow dykes. 

The main orbicular rock body is composed of or- 
bicular rock with large orbicules, but eastwards the 
rock grades into a proto-orbicular rock, which is a 
primitive orbicular rock type with small orbicules, 
and finally into even-grained, locally hornblende- or 
orthopyroxene-bearing dioritic or monzonitic rocks 
(Figs. 18 a-d and 42). The orbicular rock is usually 
grey in colour, but the closely associated even- 
grained monzonitic rocks may be pinkish and resem- 
ble the surrounding granites in colour so that the 
contacts between the rocks may be difficult to rec- 
ognize easily. 

Chemical analyses from both the orbicular rock 
with large orbicules and from the proto-orbicular 
rock are given in Table 2. In the R,R, classification 



Fig. 43. Orbicular rock occurrence of Nuuksio in Koivula, 
Espoo. Symbols: 1)  Orbicular syenodiorite, 2) proto-orbicular 
syenodiorite, 3) even-grained syenodiorite or monzodiorite, 
4) reddish microcline granite, 5) amphibolite, 6) mica gneiss, 
7) garnet, 8) major erratics, 9) outcrop, 10) pit. Map by S.I. 
Lahti. 



diagram the chemical analyses of the orbicular rock 
and proto-orbicular rock fall into the syenodiorite 
field (Fig. 32). 

Along its eastern contact the main orbicular rock 
body is broken into large angular or subangular or- 
bicular rock xenoliths that are embedded in proto- 
orbicular rock or in even-grained syenodioritic-mon- 
zonitic rocks. Because the occurrence is poorly out- 
cropped, it is also possible that the main body is 
composed of several smaller orbicular rock xeno- 
liths. The contacts between the orbicular rock with 
large orbicules and even-grained dioritic rocks are 
sharp, as are the contacts between the proto-orbicu- 
lar rock and the main orbicular rock body, but the 
proto-orbicular rock always grades gradually into 
surrounding coarse, even-grained dioritic-monzonit- 
ic rocks. 

Amphibolite xenoliths, and especially mica gneiss 
and schist xenoliths of various sizes, are comrnon in 
the proto-orbicular rock and locally in the even- 
grained dioritic host rock. The mica gneiss xenoliths 
are strongly defonned and their melting has caused 
granitization in the surrounding rocks. Red almand- 
ine garnet is a typical accessory mineral in the gran- 
itized portions of the rocks. Amphibolite xenoliths 
are strongly rounded and surrounded by a dark al- 
teration shell. 

The orbicules are often closely associated in the 
rock so that the amount of matrix material is minute 
(Figs. 18 a-d and 42). Usually the interstices of the 
orbicules are filled with dioritic material, andesine 
crystals and biotite flakes so that the matrix resem- 
bles the rock in the cores of the orbicules. The 
mineralogy and grain size of the matrix, however, 
varies largely between the outcrops. Locally the 
matrix may be very heterogeneous containing two 
or more different phases. In addition to plagioclase 
and biotite, the matrix may contain varying amounts 
of quartz and locally K-feldspar. 

The main body of the Nuuksio orbicular rock is 
composed of large orbicules, which have a light-grey 
core and a darker grey shell or numerous thin light 
and dark shells (Figs. 18 a-c and 42). The diameter 

of the orbicules varies between 6 and 22 cm and they 
are usually ellipsoidal or spherical, locally irregular, 
where deformed plastically. Broken orbicules were 
observed close to the contact in the SE part of the 
occurrence. In the outcrops of the NE part the orbi- 
cules have been deformed plastically, where they are 
pushed against each other. 

The cores of the large orbicules consist mainly of 
coarse-grained plagioclase (An,,) with some micro- 
cline, biotite and quartz. Among the rarer accessory 
minerals, fluorite has been found. In a few cases a 
feldspar megacryst or a schist fragment forms the 
nucleus in the core of the orbicule. 

In the southem part of the occurrence the orbi- 
cules have usually only one 2-3 cm wide grey shell 
composed of plagioclase with minor tangential bi- 
otite flakes, but in the northern part the orbicules are 
always multishelled and composed of several narrow 
grey plagioclase shells and biotite shells (cf. Figs. 
18 b and 18 a or Fig. 42). Meyer (1989) has observed 
that the composition of plagioclase and biotite does 
not show any marked difference between the inner 
and outer parts of the shells. According to Meyer, 
the plagioclase is andesine and its composition var- 
ies between An,, and An,, The composition of MgOI 
MgO+FeOtot in biotite from different parts of the 
shells varies between 30 and 33 mol-%. 

Special types of orbicules can be observed within 
an area of a few Square metres in the southern part 
of the occurrence. The orbicules have two separate 
shells, an inner plagioclase shell and an outer K-feld- 
spar shell (Fig. 18 c). The K-feldspar shell is 1-2 cm 
wide and composed of pink, radially arranged mi- 
crocline crystal laths. 

The orbicules in the proto-orbicular rock are 
small, only 2-4 cm in diameter (Fig. 18 d). The core 
of the orbicules that consists mainly of coarse- 
grained plagioclase crystals (An,,) is surrounded by 
a dark, biotite-rich shell or locally, in more devel- 
oped orbicules a few narrow biotite and plagioclase 
shells. The inner shells are coarser, lighter and rich- 
er in plagioclase that is granular or occurs as radial 
crystal laths. 



ORBICULAR GRANODIORITE BOULDER FROM KLAUKKALA, NURMIJÄRVI 

Tapio Koljonen & Paula Raivio 

Fig. 44. The orbicules are large and the shells coloured ia tbe orbicular granodiorite of Klaukkala, 
Nurmijäwi. A paiished plare in the Mineraiogicai Museum of the Geological Survey of Finland, m e  ovai 
orbicule on the leR in the cenaeis 18 cm Long. Phetograph: J. Keskinen. 

Emma Lilja discovered a boulder of orbicular 
rock with exceptionally large orbicules (Fig. 44) on 
her estate in Klaukkala, Nurmijärvi, and informed 
the Geological Museum of the University of Helsin- 
ki in 1970. The boulder is large, nearly two cubic 
metres in size and angular in form indicating a short 
glacial transport. No other orbicular rock boulders 
were found in the vicinity. It may have derived from 
the local bedrock, which is characterized by 
migmatitic granites, or it has been moved longer dis- 
tances with a floating ice block during glacial tirnes 
(cf. Härm.e 1969). 

The Klaukkala orbicular rock is beautiful and pe- 
culiar in appearance. The orbicules are exceptional- 
ly large and characterized by numerous grey, pink 
and white shells within each other (Figs. 24 c and 
44). In the R,R, classification diagram (Fig. 32) the 
chemical analysis of a piece of the rock (Table 2) 
falls into the field of granodiorite. The composition 
of the rock varies considerably, however, and it may 
locally be more granitic. 

There is an enormous difference in the size of the 
orbicules within a single boulder. The smallest "or- 
bicules" are actually plagioclase and potash feldspar 
megacrysts. The better-developed orbicules change 
from small slightly shelled orbicules (3-5 cm) 

through small multi-shelled orbicules (5-10 cm) up 
to large multishelled orbicules (30-40 cm). 

The core of the orbicules consists of plagioclase 
(An,,) and pinkish microcline with some quartz and 
biotite. It is surrounded by dark-grey biotite-rich 
shells, grey or white plagioclase-rich shells and pink- 
ish microcline-rich shells within each other. Slight- 
ly shelled orbicules have 3-4 alternating plagiocla- 
se- and biotite-rich shells; their number and width 
vary largely in the orbicules. 

The large multishelled orbicules have 5-10 or 
more alternating plagioclase-, microcline- and bi- 
otite-rich shells. The plagioclase-rich shells are up 
to several centimetres thick, while the other shells 
are usually less than 1 cm thick. The plagioclase-rich 
shells consist of plagioclase (80%, An,,-An ), 

32 quartz (15%) and biotite (5%) and the microcline 
shells consist of microcline (70%), quartz (21%) and 
biotite (6%). Biotite-rich shells are similar to plagi- 
oclase-rich shells in the mineralogy except that they 
consist of more biotite. 

Microcline crystals are often radially grown in the 
reddish microcline-rich shells, but also plagioclase 
and biotite show more or less distinct radial arrange- 
ment. Biotite has also a tendency to tangential ori- 
entation in the plagioclase-rich shells. The most dis- 



tinct of the shells in the large multishelled orbicules The matrix of the orbicules consists mainly of mi- 
is the outermost plagioclase-rich light grey shell, crocline, plagioclase (An,,), quartz and biotite. Its 
which is 4-6 cm thick in the largest orbicules. The grain size varies from medium to coarse. Some bi- 
small rnultishelled orbicules are similar to the large otite-rich streaks occur in the matrix. Part of the 
multishelled orbicules, except that the orbicules and boulder is completely devoid of any orbicules. 
their cores are smaller, the shell thickness thinner 
and the number of the shells fewer. 



ORBICULAR ROCKS IN VARSINAIS-SUOMI 

Fig. 45. Oibicular rocks from Varsinais-Suomi (B, the 
red spot is a rock outcrop and the blue spots boulders). 

The orbicular rocks of Varsinais-Suomi are shown in Fig. 45. They include the following occurrences: 

Orbicular rock outcrop: 
Orbicular granite occurrence, Små Sundskären, Korppoo (7) 

Orbicular rock boulders: 
Orbicular granite boulders, Krdäna, Taivassalo (8) 
Orbicular gabbro boulder, Riihikoski, Pöytya (9). 

Chemical analyses of the rocks have been given in Table 3 and classification of the rock types in Fig. 46. 
A detailed map of the orbicular granite occurrence of Små Sundskären (7) is included to the description of 
the occurrence. 

Fi. 46. Orbicular rocks from Varsinais-Suomi (anaiyticai data from Table 3) in the R,R, classification diagram. 



Table 3. Chemical analyses of the orbicular r o c h  from Vatsinais- 
Suomi. X-ray fluoreswnce analyses made at the Geological Survey of 
Finland. FeO determined titrimetricaiiy. 

1. Små Sundskären, Korppoo, 22-SIL-01; 2. Små Sundskaren, Korppoo, 
24-SiL-O1;3. Sm& Snndskk~n Korppoo, 21-SIL-01; 4. Kraan'a, Taivas- 
Ao, 15-PMR-86; S.Ruhiko&i, Pöytyä, 6-PMR-88 

ORBICULAR GRANITE OCCURRENCE FROM sMA SUNDSKÄREN, KORPPOO 

Veli Suominen 

Fig. 47. Large plastically deformed orbicules in the surface of the orbicular granite of Sm5 Sundskären at 
Korppoo. The cores of the orbicules are large and composed of medium-grained granite, but there is locally 
a xenolith or biotite accumulation as a nucleus. The diarneter of the orbicule on the left is 21 cm. Photo- 
graph: V. Suominen. 

During regional bedrock mapping of the Geolog- (GSF) discovered orbicular rock outcrops (Fig. 47) 
ical Survey of Finland within the Korppoo map sheet on two small rocky islets north of Små Sundskären, 
in 1982 (Suominen 1987), geologist Lasse Ahonen east of Österskär, in the municipality of Korppoo. 



rhe area containing orbicules is about 3-4 m wide 
and 10 m long and is partly below sea level. The or- 
bicules in the rock are exceptionally large and errat- 
ically distributed in the pinkish, medium-grained, 
homogeneous microcline granite. 

The orbicular rock is a shuttle-shaped body in a 
reddish microcline granite that is the dominant rock 
type on the islets. The orbicular rock is, however, 
separated from granite on one side by an irregular 
granite pegmatite dyke 10-50 cm thick and on the 
other side by a 5-10 cm thick granite pegmatite dyke 
accompanied by a parallel2-10 cm thick aplite dyke. 

The author mapped the orbicular rock outcrop in 
detail (Fig. 48), and three sarnples were later drilled 
from the occurrence for detailed studies. The results 
of the chemical determinations are given in Table 3. 
All the chemical analyses of the samples plot in 
granite field in the R,R, classification diagram (see 
Fig. 46). 

The orbicules are often elongated and their min- 
eralogy and intemal structures varies widely. The 
most common are the following three types of orbi- 
cules: 

1) Cores of the orbicule are composed of mafic 
infracrustal rock fragments, surrounded by the fol- 
lowing four successive shelis: a plagioclase-rich 
shell, a K-feldspar-rich sheii, a K-feldspar-plagiocla- 
se-quartz shell and an outermost plagioclase-rich 
shell. 

2) Cores of the orbicules are composed of granite 
similar to that in the outcrop outside the orbicular 
rock (Fig. 47). The core may be surrounded by one 
or multiple shells of the same kind as described 
above. Most of the orbicules are of this type. Some 
orbicules have granitic cores that are exceptionally 
surrounded by a narrow plagioclase shell, a shell of 
coarse-grained K-feldspar and a narrow plagioclase 
shell. 

3) Cores are composed of coarse-grained or near- 
ly pegmatitic granite surrounded by one or multiple 
shells of different kinds. 

The diameter of the orbicules varies from 5 to 
30 cm. There seems to be a weak preferred orienta- 
tion of the orbicules parallel to the regional foliation 
and lineation of the surrounding granite. Some of the 
orbicules are poorly developed proto-orbicules, 
which have cores composed of mafic rock xenoliths. 

The eastern continuation of the orbicular rock out- 
crop on a small rocky islet show some tens of poor- 
ly developed orbicules sparsely distributed in the 
granitic matrix. The host granite is heterogeneous: 
it has a nebulous breccia structure and the granite is 
cut by a network of narrow, younger pegmatite 
veins. These features indicate that formation of the 
orbicular texture seems to be associated with brec- 
ciation and recrystallization processes of crystalliz- 
ing granite. 

Fig. 48. Detailed map of the orbicular rock occurrence of Sm& Sundskären, Korppoo. Explanations: 
1) Orbicular rock, 2) granite, 3) pegmatitic granite, 4) sea water. The orbicular rock formation is bordered 
by n m w  granitic pegmatite dykes. Map by V. Suominen. 



ORBICULAR GRANITE BOULDERS FROM KRÄÄNÄ, TAIVASSALO 

Paula Raivio 

Fig. 49. Polished plate from the orbicular granite ,,,.der of Kräiäna, Taivassalo. The orbicules are very 
large (0 17 cm) and poor in mafic muierals. The cores have a nucleus of a K-feldspar megacryst mantled 
by plagioclase. A sample from the collections of Abo Akademi, Turku. Photograph: J. Keskinen. 

In 1976 Mikael Holmberg discovered a boulder 
of orbicular rock in Kraäna, Taivassalo. The boul- 
der, which is about 0.5 m in diameter, was studied 
later by Edelman (1983) and this description is main- 
ly based on his observations. The boulder has been 
removed from the place of discovery, but subse- 
quently another larger boulder of the same kind has 
been found near the discovery site of the first boul- 
der (professor Carl Ehlers, pers. comrn.). 

Edelrnan called the rock orbicular granite on the 
basis of his petrographic studies. A piece of the rock 
was analysed and the rock classification was con- 
firmed by plotting the data in the R,R, classification 
diagram (chemical analysis in Table 3, classification 
diagram in Fig. 46). 

The boulder described by Edelman (1983) con- 
sists of several nearly spherical orbicules in a medi- 
um-grained reddish granite. The orbicules are large, 
being about 20 cm in diameter (Fig. 49). They are 
closely spaced and often touch one another. The or- 
bicules consist of three parts: a core, an inner dark- 
grey shell and an outer light-red shell. The shells 
have faint radial and concentric stmctures. 

The medium-grained core has plagioclase (An,,), 
quartz, biotite and K-feldspar as the main constitu- 
ents. Fluorite rarely occurs in the core. Edelrnan 

(1983) suggested that the cores are actually plagi- 
oclase-rich older differentiates which entered the 
rapakivi magma and formed crystallization nuclei 
for the mantles of the spheroids. Between the core 
and the inner shell there is one or two biotite-rich 
subshells. 

Megascopically, the difference between the inner 
and outer shells can easily be seen, but rnicroscopi- 
cally this is not so obvious. The dark-grey parts of 
the inner shell are richer in biotite than the outer 
shell. The inner shell also contains indistinct, medi- 
um-grained light-red parts forming flames that pro- 
trude into the outer shell. In many orbicules the me- 
dium-grained parts also surround the core. 

The inner shell consists of K-feldspar, quartz, bi- 
otite and plagioclase (An,,). nuorite is a rather com- 
mon accessory mineral. K-feldspar occurs as large 
radiating grains (length about 1 cm) with abundant 
inclusions of other rninerals. Fine-grained quartz is 
the dominant mineral in the inclusions and often oc- 
curs as elongate grains, which are also oriented ra- 
diaily. Biotite occurs as small flakes preferably ori- 
ented in two directions, radially or tangentially. 

The light-red flames of the inner shell are medi- 
um-grained and equigranular and do not exhibit any 
radial structure. These parts are also richer in plagi- 



oclase than the dark-grey parts of the inner shell. 
Fluorite has been observed to concentrate in one thin 
section at the boundary between the flame and the 
dark-grey inner shell. According to Edelman (1983), 
the equigranular parts of the mantle may represent 
enclosed magma, which crystallized in a regular way. 

The outer shell is similar to the inner shell in both 
mineralogy and structure, but contains less biotite. 
The large radiating grains of potassium feldspar ex- 
tend from the inner into the outer shell without in- 
terruption. The margin (0.5-1 cm) against the ma- 
trix is free of biotite. 

The matrix between the orbicules is mostly medi- 
um-grained reddish granite, except for some coarser 

or pegmatitic patches that sometimes contain mi- 
arolitic cavities. The matrix consists of potassium 
feldspar, plagioclase (An,,-An,,), quartz and biotite. 
Fluorite is a cornrnon accessory mineral. 

According to Edelman (1983), there is evidence 
that the orbicular rock boulder may be derived from 
the rapakivi granite intrusions of SW Finland. The 
discovery place of the boulder is close to the contact 
of Vehmaa rapakivi granite intrusion and the orbic- 
ular rock boulder has features, such as the high con- 
tent of fluorite and miarolitic cavities, that are char- 
acteristic of the rapakivi granites, but which are not 
found in local Svecokarelian granites. 

ORBICULAR GABBRO BOULDER FROM RIIHIKOSKI, POYTYA 

Paula Raivio 

Fig. 50. Polished plate of the orbicular gabbro boulder of Riihikoski, Pöytya. The orbicules (, ,~out  6- 
7 cm) are single-shelled with large cores. A sample from the coiiections of the Geology Department, 
University of Helsinki. Photograph: J. Keskinen. 

Prof. Pentti Eskola of the Geology Department, 
University of Helsinki, discovered a boulder of or- 
bicular rock in Riihikoski, Pöytya, in 1917 and de- 
scribed it in his geological publications (Eskola 
1919, 1938, see also Sederholm 1928). The size of 
the boulder was about 1 m3 and all of it has subse- 
quently been removed from the place of discovery. 
This description of the rock is based mainly on Es- 

kola's article (Eskola 1938) and on observations of 
the museum specimens. 

The Riihikoski orbicular rock is greyish is colour 
and composed of medium-sized orbicules, approxi- 
mately 7 cm in diameter, closely spaced in a plagi- 
oclase-hornblende matrix (Fig. 50). The orbicules 
are roundish is shape and comprise about 70% of the 
volume of the rock. On the basis of the mineralogi- 



cal composition - the main minerals are andesine and 
hornblende - Eskola (op. cit.) called the rock orbic- 
ular diorite. A piece of a museum sample was chem- 
ically analysed and the chemical composition plot in 
the monzogabbro field in the R,R, classification di- 
agram (Table 3, Fig. 46). 

The orbicules are composed of a light-grey core 
and a single dark-grey shell or a dark-grey inner and 
a bluish grey outer shell. The cores consist mainly 
of medium-grained plagioclase (An4,,-An,,) crystals 
and some homblende. The cores are usuaily light 
grey in colour, but they are stained with pink spots, 
giving an overall pale red appearance. Some of the 
cores seem to be true xenoliths consisting of fine- 
grained dark diorite. 

The shell is about one centimetre thick and con- 
sists of radially oriented coarse-grained plagioclase 
(An,,). Where there are two shells, the outer bluish 

grey shell in contact with the matrix is also about 
one centimetre thick. This outer shell is composed 
of small equidimensional and granoblastic grains of 
plagioclase with minute disseminated grains of mag- 
netite. Even here individual plagioclase crystals are 
arranged radially. Magnetite grains are partly ar- 
ranged in a few thin (appr. 1 mm) subshells in this 
shell zone. 

Around the orbicules plagioclase has often crys- 
tallized into a thin (0.5 cm), fragmentary zone, 
which seems to be a part of the matrix rather than 
the orbicule. The matrix consists of a heterogeneous 
coarse-grained granular mass of hornblende and pla- 
gioclase (An,,) with minor magnetite, quartz and 
probably biotite, which has been completely altered 
to epidote, chlorite and prehnite. The colour of the 
matrix varies from light grey to nearly black, de- 
pending on the mineralogy. 



ORBICULAR ROCKS IN ITA-UUSIMAA 

Fig. 51. Ita-Uusimaa (C) and the location of the V i k  
orbicular rock occurrence in Porvoo. 

Orbicular syenodiorite outcrop of Virvik, Porvoo (10), are shown in Fig. 51. It is the only orbicular rock 
occurrence discovered in Itä-Uusimaa (East Uusimaa). Chemical analyses of different rock varieties are 
shown in the classification diagram Fig. 52. Description of the occurrence includes a detailed map of the 
occurrence (Fig. 56). 

Fig. 52. Orbicular rock varieties from the V i i k  occurrence, Porvoo, Ita-Uusimaa, plotted in the R,R, classification diagram. 



Table 4. Chemical analyses h r n  the Virvik orbicular rock QCCufienCe. Porvoo, Ita-Uusimaa. 
X-ray fluorescence analyses made at the Geological Survey of Finland (except 4 and 6). 
FeO determined titrimeaidly. 

SiO, 55.80 56,30 56,36 57,42 57,77 58.32 58,53 
IFo, 0,62 0,77 0,62 0,68 0,66 0,46 466 
Alao, 22,23 21,42 21,59 22,53 20,96 2S,45 20.39 
Fe,O$ot. 4Q1 5,19 4,52 4.57 4,66 3,16 4.82 
Fea0~aic .  1,12 0,99 0,96 0,85 0*93 0,74 1,01 
FeO 3,41 3,78 3,20 3.35 3,36 2,18 3,43 
MnO 0.00 0,03 0,00 0.02 403 0,02 0.03 
M@ 1 2  1,28 1,52 1,21 1,22 0,95 1,23 
CaO 4,03 4,13 3.11 4,30 3,85 4.50 3,69 
Na20 534 5.92 6,51 5,90 5,78 6,27 5,60 
K20 2,51 2,80 2-42 2,58 3,08 2,23 3,17 
P205 0,16 0,17 0,17 416 0,14 0,16 0,13 
MCNK 1,13 1,06 1,14 1,11 1,W 1,07 1,05 
F e O / F e , O p k . 3 , 0 4  $82 3,33 3,94 3,61 2,95 3,40 

4 1012 843 836 1087 938 1106 1030 

Ra 929 926 832 962 884 969 856 
Number of 
occurrence 10 10 10 10 10 10 10 

- 

1. Orbicular rock variety with big orbicules, 16-PMR-88: 2. Proto-orbicular rock, 26- 
SIL-00.. 3. Orbicular rock variety with big orbicules, 14-PMR-86; 4. Orbicular rock variety 
with small orbicules from Meyer (1989); 5. Proto-orbicular rock, 28-SIMO; 6. Orbicular 
rock variety with big orbicules from Meyer (1989); 7. Proto-orbicuiar rock, 25-SiL-00. 

ORBICULAR SYENODIORITE OCCURRENCE FROM VIRVIK, PORVOO 

Seppo 1. Lahti & Paula Raivio 

Fig. 53. Typical orbicular syenodionte with large multishelled orbicules from Virvik, Porvoo. Note 
the orbicules are flattened and strongly corroded. The scale is 10 cm long. A polished sarnple from the 
Mineralogical Museum of the Geological Survey of Finland. Photograph: J. Keskinen. 

The first discovery of orbicular rocks in Finland Röbergh donated a piece of an orbicular rock he had 
was in Virvik near the town of Porvoo (see Figs. 1, found on his estate to the Geological Department of 
26a, 27a, 53, 54 and 55). In 1889 bishop Herman the University of Helsinki for detailed investigations 



and subsequently professor Benj. Frosterus de- 
scribed the orbicular rock occurrence in his publica- 
tion (Frosterus 1893). Additional observations con- 
ceming this orbicular rock were published by Sed- 
erholrn (1928), Laiti (1960), Härme (1980) and 
Laitala (1984). 

The Virvik orbicular rock is poorly outcropped. It 
can be followed 40-50 metres along its NE-SW 
trend and the occurrence seems to be 20-30 m wide 
(Fig. 56). The NE part the occurrence is totally cov- 
ered by soi1 and continues under the field. 

Several sarnples of different orbicular rock varie- 
ties were chemically analysed and the results are giv- 
en in Table 4. Frosterus (1893) called the rock or- 
bicular granite, because it contains minerals charac- 
teristic in granites, but in this study the Virvik or- 
bicular rock is classified as orbicular syenodiorite, 
because chemical analyses of all orbicular rock va- 
rieties plot in the syenodiorite field in the R,R, clas- 
sification diagram (Fig. 52). 

There are three types of orbicular rock in the oc- 
currence (Figs. 53,54 and 55; see also Fig. 26a and 
27a) and they form part of a large monzonitic block 
in younger microcline granite. The contact between 
granite and monzonite that can be found in front of 
the summer coaage in the southwestern part of the 
area is relatively sharp. On the southeastem slopes 
of the hill granite cuts orbicular rocks with sharp 
contacts, brecciates and intrudes them as narrow 
dykes. The age of the orbicular rock is unknown, but 
the surrounding granites are typical inhomogeneous 
late-orogenic S-type granites of southern Finland. 

The orbicular rock with large orbicules dominates 
the top of the hill in the southeastern part of the area 
(Fig. 53). The rock is composed of closely packed 
orbicules 15-30 cm in diameter. The form of the or- 

bicules is oval, locally roundish or irregular and plas- 
tically deformed. The core of the orbicules is round- 
ish, and some centimetres in diameter. It is light-grey 
in colour and composed of plagioclase (oligoclase) 
with some biotite. The core of the orbicules closely 
resembles the orbicules in the surrounding orbicular 
rock type with small orbicules. 

The core is surrounded by a shell up to 10 cm 
thick. It is composed of numerous thin light and dark 
subshells composed of feldspars and biotite. Up to 
40-50 biotite subshells have been observed in some 
orbicules. The amount of biotite increases outwards. 
Biotite flakes are oriented tangentially in the shells. 

The matrix of the orbicules is medium-grained, 
inhomogeneous and most often granitic in composi- 
tion. Locally it has dark irregular ghost-like igneous 
rock inclusions and pegmatitic portions. Partial as- 
similation of the large orbicules by the matrix is a 
common feature as is the deformation of the orbi- 
cules by mutual impingement. Assimilated orbicules 
are characteristic, especially in the eastem part of the 
outcrop. 

The orbicular rock with small orbicules occurs 
around the type with the large orbicules in the north- 
em part of the area (Fig. 54). The contact between 
both types is sharp, whereas the orbicular rock with 
small orbicules gradually grades into a proto-orbic- 
ular rock, an orbicular rock type with poorly devel- 
oped orbicules (Fig. 55). 

The orbicules in the orbicular rock with small or- 
bicules measure 2-5 cm. They have a light-grey core 
surrounded by a darker-grey sheil, 0.5-1 cm thick. 
Most of the cores consist of plagioclase (oligoclase) 
with some biotite. The shell consists of 2-3 altemat- 
ing biotite-rich and plagioclase-rich subshells. The 
inner subshells are richer in plagioclase, which 

ig. 54. Orbicular syenodionte with small orbicules (0 3 4  cm) from Fig. 55. A light feldspar-nch stripe may follow the contact between the 
irvik. A polished sarnple from the Mineralogicd Museurn of the Geo- orbicular syenodionte with small orbicules (on the left) and a proto-or- 
~ g i c d  Survey of Finland. Photograph: J. Keskinen. bicular rock with poorly developed orbicules (on the nght) in Virvik. 

Photograph: S.I. Lahti. 



makes the innermost biotite shell discontinuous. The rounding even-grained monzonite. The shells of the 
small orbicules are densely packed and some have orbicules in the proto-orbicular rock are poorly de- 
been deformed by impaction against adjacent ones veloped and the orbicules are indistinct. The proto- 
(see Laiti 1960). The matrix of the small orbicules orbicular rock graduaily grades into monzonite, 
is mainly composed of feldspars with minor quartz which indicate the mutuai genetic relationship be- 
and biotite. tween the monzonite, proto-orbicular rock and the 

The proto-orbicular rock is a transitional rock type orbicular rock with small orbicules. 
between orbicular rock with small orbicules and sur- 

Fig. 56. A map of the orbicular rock occurrence of Virvik, Porvoo. Explanations: 1) Orbicular syenodiorite 
with large orbicules, 2) orbicular syenodionte with small orbicules, 3) proto-orbicular rock, 4) coarse mon- 
zonite, 5) red microcline granite, 6) outcrop, 7) precipice. Map by S.I. Lahti. 



ORBICULAR ROCKS IN SATAKUNTA 

Fig. 57. Orbicular rock observations 
from Satakunta (D, the red spots are 
rock outcrops and the blue spot is a 
bonlder). 

The orbicular rocks of Satakunta are shown in Fig. 57. The following three occurrences have been 
observed: 
Orbicuiar rock outcrops: 

Orbicular gabbro occurrence, Ketokari, Luvia (1 1) 
Orbicular tonalite occurrence, Aluslzyla, Lavia (13) 

Orbicuiar rock bouiders: 
Orbicular peridotite boulders, Sekakangas, Ulvila (12). 

The chemical analyses of the orbicular rocks are given in Table 5 and classification of the rock types in 
Fig. 58. A detailed map of the both orbicular rock occurrences, Ketokari (Fig. 60) and Aluskyla (Fig. 64) is 
included to the descriptions of the occurrences. 
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Fig. 58. Orbicniar rocks (see Table 5) from Satakunta in the R,R, classification diagram. 



Table 5. Chemical analyses of the orbicular mcks from Satakanta. X-ray fluorescence anaiyses 
made at the Geological Survey of Finland. FeO determined titrimettically. - not analysed. 

sro* 
no, 
AE203 

FelO#ot. 
FelOpale. 
FeO 
MnO 
Mt70 
cao 
Na20 
K20 
Ppo, 
NCNK 
FeOl Fe,O,calc. 
R, 
R2 

Number of 
occurrence 

1. Ketokari, Luvia, 1-PMR-88; 2. Ketokari, Luvia, 118-SIL-OO., 3. Selkäkangas, Ulvila, 4-SiL 
94; 4. Selkäkangas, Ulvila, 74 PMR-86; 5. Aluskylä, Lavia, 66-SIL00, fkom an outcrop; 
6. Aluskylä, Lavia, 3-PMR-86, from a boulder; 7. Aluskyla, Lavia, 502-SE-89, fmm a boulder. 

ORBICULAR GABBRO OCCURRENCE FROM KETOKARI, LUVIA 

Hannu Kujala 

Fig. 59. Weathered surface of a 50 cm wide orbicular gabbro lens (in the centre of the figure) in Ketokari, 
Luvia. There is a fault along the left contact. The orbicules are oval and plastically defonned in the direction 
of the lens. Photograph: P. Raivio. 

A small occurrence of orbicular rock was found Torssonen (GSF) during geological mapping of the 
near the island of Ketokari in Luvia by geologist area in 1987. The orbicular rock occurs as an about 
Hannu Kujala (GSF) and research assistant Markus three metres long and 50 cm wide lens in slightly 



foliated quartz dioritic or tonalitic rock (Figs. 59 and 
60), which is characteristic in the area. Close to the 
orbicular rock body the surrounding quartz diorite 
is inhomogeneous and has numerous small(1-2 cm 
diameter), dark and fine-grained inclusions. The 
northern contact of the orbicular rock lens is bor- 
dered by a fault. Thin pegmatite granite and aplite 
granite dykes cut both the orbicular rock, as well as 
the host even-grained quartz diorite host rock. 

The orbicular rock outcrop was mapped in detail 
and a sample was drilled from it for detailed cherni- 
cal and rnineralogical determinations. The rock is 
called orbicular gabbro, because the mineral com- 
position of the rock corresponds to that of gabbroic 
rocks and the chemical analysis of the drilled sarn- 
ple (Table 5) plots in the gabbro field in the R,R, 
classification diagram (Fig. 58). A chemical analy- 
sis of another sarnple broken from the surface of the 

outcrop falls, however, into the syenodiorite field in 
the same classification diagram indicating composi- 
tional variation of the rock. 

The orbicules, which are some 5-6 cm long and 
ellipsoidal in form, occur sparsely distributed in the 
rock (Fig. 59). The core that is some 2 x 3 cm in 
size consists of plagioclase, homblende, biotite and 
occasionally quartz as the main constituents. 

The core is surrounded by three shells. The inner- 
most shell is thin (1-2 mm), dark grey in colour and 
consists rnainly of fine-grained biotite. The next 
shell outwards is 6-8 mm thick and consists mainly 
of fine-grained plagioclase with some homblende 
and biotite. The outermost shell against the matrix 
is again biotite-rich and only 1 mm thick. The ma- 
trix between the orbicules is gabbroic or quartz di- 
oritic and contains plagioclase, homblende, biotite 
and locally quartz. 

Fig. 60. Orbicular rock occurrence 
of Kerokari, Luvia. Explanations: 
1) Orbicular gabbro, 2) even-grained 
tonalite, 3) fragment-bearing tonal- 
ite, 4) ultramafic inclusions, 5) gra- 
nitic dykes, 6) fault. Map by S.I. 
Lahti & H. Kujala. 



ORBICULAR PERIDOTITE BOULDERS FROM SELKAKANGAS, ULVILA 

Hannu Kujala 

Fig. 61. Weathered surface of an orbicular peridotite boulder from Seikäkangas, Ulvila. The narrow black 
outer shells in the orbicules (0 3 4  cm) are composed of magnetite. Photograph: P. Raivio. 

Several large boulders of dark ultramafic rock 
were observed in gravel pits at the Selkäkangas mo- 
raine ridge within the communes of Ulvila and Nak- 
kila by ore prospectors of the mining Company Ou- 
tokumpu Oy in the early 1980s. Orbicular texture is 
characteristic on the clean weathered surface of 
many of these boulders (Fig. 61). One boulder with 
a beautiful orbicular texture decorates the Satakunta 
rock type collection in the yard of the Meripori sec- 
ondary school, Pori, western Finland. 

The Ulvila orbicular rock is dark green in colour 
and its mineralogy corresponds that of peridotite. A 
piece of the rock was analysed (see Table 5), and the 
classification was confmed by plotting the data in 
the R,R, classification diagram (Fig. 58). 

On the weathered or coarsely ground surface of 
the rock the orbicules and their shells can be clearly 
recognized. The size of the orbicules is small and 
their shape is slightly ellipsoidal. The diameter of the 
orbicules varies from 2 to 3.5 cm. Thin section stud- 
ies show that the core of the orbicules consists main- 
ly of serpentine after olivine. Small olivine relics are 
occasionally present. Secondary magnetite is abun- 
dant. The other main mineral in the core is chlinoc- 
hlore. The flakes are 0.5-2 mm long and often inter- 
grown with magnetite. Small subhedral chromite 
crystals (?) and sulphide grains are common. 

The core gradually grades into a shell consisting 
mainly of serpentine and secondary magnetite. Oli- 
vine relicts are more cornmon in the shell than in the 
core. Some small clinochlore flakes are present, 
though they are more characteristic in the core. 

Many of the orbicules are surrounded by a thin, 
0.2-0.3 mm wide outer shell of magnetite; certain 
orbicules may have two or even three separate mag- 
netite shells, which divide the serpentine shell into 
several subshells. The magnetite shells may be con- 
tinuous or discontinuous and always very thin. Al- 
though the orbicular texture is more difficult to ob- 
serve in the polished slabs of the rock, the magnet- 
ite shells can be clearly recognized, because mag- 
netite reflects more light than the dark silicate min- 
erals. 

The mineralogical composition of the groundrnass 
clearly differs from that of the orbicules. Tremolite 
and diopside are the main minerals in the matrix. 
Partly serpentinized olivine as well as clinochlore 
are also present. Narrow carbonate and serpentine 
veins locally cut both the matrix and orbicules. 

Close to the Selkäkangas observation site there is 
a small peridotite outcrop (20 x 30 m), which could 
be a source of the orbicular rock boulders. On the 
basis of land magnetic surveys, the size of this ul- 
tramafic body is about 100 x 180 m at the surface 



level. It is possible that the orbicular peridotite boul- An orbicular texture is characteristic in several 0th- 
ders have been derived by glacial transport from this er ultramafic intrusions situated along the Pori- 
ultrarnafic body, though no signs of orbicular tex- Kylmäkoski nickel belt, where this peridotite body 
tures have so far been observed in the rock outcrops. is located (see Häkli et. al 1979 and Papunen 1980). 

ORBICULAR TONALITE OCCURRENCE AND BOULDERS FROM ALUSKYLA, 
LAVIA 

Kristiina Aro & Seppo 1. Lahti 

Fig. 62. Polished plate of the orbicular tonalite boulder of Aluskyla, Lavia. The orbicular rock has large 
oval multi-sheiied orbicules. The sample is from the Mineralogical Museum of the Geological Survey of 
Finland. The scale is 5 cm long. Photograph: J. Väätäinen. 

Several boulders of orbicular rocks and a small I 
outcrop were found by Antti Kamppi in Aluskyla, 
Lavia, in 1983 (Kärkkäinen 1983). The orbicular 
rock outcrop consists only of two xenoliths in a two 
metres wide even-grained granite dyke that cuts 
light-grey 
dominant 

coat 
rock 

porphyrit 
Ipe in the 

:ic granite, 
area. The 

whch is the 
xenoliths are 

angular and less than one metre in diameter. 
The authors traced the erratics and discovered 

about 20 boulders 100-150 metres south of the out- 
crop. The boulders measure from 10 cm up to 1 m 
in diameter. Although the orbicular rock both in the 
boulders and in the rock outcrop is similar in appear- 
ance (Fig. 62 and 63), it is possible that not all the L 
boulders are derived from the small granite-orbicu- Fig. 63. Small boulder of orbicular tonalite from Aluskylä, Lavia. The 

orbicules are closely associated in a tonalitic matrix. The sample is from lar rock d ~ k e  observedy and that might be an an- the Mineralogical Museum of the Geological Survey of Finland. The 
other, probably larger occurrence in the surroundings. scaie is 12 cm iong. Photograph: J. Keskinen. 



Later the editor (SE) studied the occurrence and 
mapped it (Fig. 64). Two samples from the boulders 
and one from the orbicular rock outcrop were taken 
for chemical analyses and mineralogical determina- 

. 
tions. The chemical analyses are given in Table 5. 
The chemical composition of the boulder samples 
plot in the tonalite field and the composition of the 
outcrop sarnple in the quartz monzonite field in the 
R,R, classification diagram (Fig. 58). In this study 1 
the rock is called orbicular tonalite. . - 

In the boulders the orbicules are tightly packed 
(Figs. 62 and 63) in the tonalitic matrix composed 
of plagioclase (An,,), quartz and biotite. In the out- 
crop the amount of matrix between the orbicules is 
distinctly greater. The grain size of the matrix varies 
from medium- to coarse-grained. 

The orbicules measure 2-6 cm in the outcrop and 
5-20 cm in the boulders. The orbicules are locally 
slightly flattened. The polished slab of the Aluskyla 
rock is reddish in colour. 

The orbicules have a core and several shells 
around it. The core measures 3-4 cm and it consists 
principally of medium-grained plagioclase (An,). 
The core is usually surrounded by several concen- 
tric shells (thickness 1-2 mm) composed of tangen- , 
tially oriented biotite flakes and intermediate light- 1 4 5 %  

er-grey shells (thickness 2-10 mm) of radial ~ l ag i -  Fig. 64. Orbicular rock occurrence of ~ lusky~ä ,  Lavia. Explanations: 
ociase (An,,) with some quartz and biotite. Garnet 1) Orbicular tonalite, 2) even-@ned granite, 3) porphfitic granite, 

and opaque mllierals are associated with some bi- 4) broken-off orbicular rock inclusion. 5) precipice. Map by S.I. Lahti. 

otite-rich shells. 



Fig. 65. The orbicular rock obse~ations 
(boulders) in Kanta-Häme (E). 

The orbicular rocks of Kanta-Häme are shown in Fig. 65. The following single erratics or boulder groups 
have been discovered: 

Orbicular peridotite boulder, Suontaka, Hattula (14) 
Orbicular hornblendite boulders, Lepaa, Hattula (15) 
Orbicular granodiorite boulder, Karhi, Hausjärvi (16) 

The chemical analyses of the orbicular rocks are given in Table 6 and classification of the rock types in 
Fig. 66. 
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Fig. 66. Orbicular rocks (chemical anaiyses from Table 6) from Kanta-Häme in the R,R, classification diagram. 



ORBICULAR PERIDOTITE BOULDER FROM SUONTAKA, HATTULA 

Seppo 1. Lahti 

Fig. 67. Piece of an orbicular peridotite boulder from Suontaka, Hattula. The orbicules are oval and 1- 
3 cm long. Photograph: J. Keskinen. 

A smaU boulder of orbicular rock in Suontaka, 
Hattula, was found by Pentti Oksanen in 1993. Be- 
cause the rock contains some sulphide minerals and 
resembles the orbicular parts of the Kylmäkoski 
nickel ore, the discoverer sent a small piece of the 
head-sized boulder to the Geological Survey for de- 
tailed studies. This description is based on the hand 
specimen of the boulder, thin section studies and x- 
ray diffractometer identifications of some of the 
minerals. No detailed field studies have been carried 
out at the locality. 

The mineralogical composition shows that the 
Suontaka orbicular rock is peridotitic and the chem- 
ical analysis of a small rock specirnen also plots in 
the peridotite field in the R,R, classification diagram 
(chemical analysis in Table 6 and classification dia- 
gram in Fig. 66). The fresh surface of the orbicular 
rock is greenish black and consists of very dark-col- 
oured orbicules in the somewhat lighter matrix. The 
orbicules are roundish or oval in shape and 1-3 cm 
in diameter. 

The orbicular structure can be clearly observed in 
the coarsely grinded surface of the plate of the rock 
(Fig. 67). The core is mainly composed of large crys- 
tals of light-green clinoamphibole (tremolite or horn- 
blende), which is poikilitically intergrown with 

Table 6. Chemical anaiyses of the orbicular rocks from Kanta-Hame. 
X-ray fluorescence anaiyses made at the Geological Survey of Finland. 
FeO determined titrimetrically. 

SiO, 
Tie, 
* 4 0 3  
Fe,Opt. 
Fe,O,c&. 
FeO 
MnO 
MgO 
c a o  
Na,O 

K20 
'Z05 
AICNK 
FeO/Fe,O~alc. 

R, 
R2 
Number of 

1. Suontaka, Hattula, 3-SIL-94; 
2. Lepaa, Hattuia, 49-PMR-86 

roundish olivine crystals; talc, chlorite, magnetite 
and iron sulphides are cornrnon accessories. Magnet- 
ite forms a network in the altered olivine grains and 
pyrrhotite occurs as a fine-grained impregnation. 



The core is surrounded by a darker serpentine 
zone, which is usually some millimetres thick (up to 
five millimetres). Thin section studies show that the 
serpentine zone can be divided into two subzones, 
which can be easily separated on the basis of their 
colour difference and mineralogical composition. 
The outer zone is homogeneous and composed of 
pure serpentine, which is yellow under polarized 
light. The inner zone is brownish green and contains, 
in addition to serpentine, small olivine relicts and 
magnetite as an alteration product of olivine. Local- 
ly magnetite occurs as thin continuous ribbons that 
follow the direction of the serpentine zones. 

Around the outer serpentine zone there is always 
a discontinuous zone of small acicular amphibole 
crystals, which locally grow perpendicular to the ser- 
pentine zone. Because there is no colour difference 
between the amphibole-rich matrix and this h e -  
grained amphibole zone, it cannot be distinguished 
as a separate zone on the surface of the rock plate. 

The matrix is coarse-grained and mainly com- 
posed of light-green clinoamphibole (homblende or 
tremolite) crystals and separate phlogopite flakes. 
The amphibole crystals may be 10-20 mm long. 
Large, up to one-centimetre long pyrrhotite (- pent- 
landite?) drops are also cornmon. 

ORBICULAR HORNBLENDITE BOULDERS FROM LEPAA, HATTULA 

Pekka Pihlaja 

Fig. 68. Weathered surface of an orbicular rock boulder from Lepaa, Hattula. The orbicules are smail, 2- 
3 cm in diameter. The sample is from the Mineralogical Museum of the Geological Suwey of Finland. 
Photograph: J. Keskinen. 

In 1965 the author discovered a boulder of orbic- 
ular rock by a farm road in Lepaa, Hattula (formerly 
Tyrvantö), during prospecting carried out by the 
Company Outokumpu Oy. The boulder was well 
rounded and measured approximately 0.5 cubic me- 
tres in diameter. 

The mineralogical studies indicate that the com- 
position of the orbicular rock is between hornblen- 
dite and homblende gabbro. 

In the R,R, classification diagram the analytical 
point is within the peridotite Field out of the gabbro 

fields (see the chemical analysis in Table 6) and, 
therefore, the rock is called orbicular hornblendite 
in this study. 

Later in 1986 new investigations were made in 
Lepaa and another boulder of similar ultramafic or- 
bicular rock was observed by research assistant An- 
drej Wennström (GSF). This new boulder is about 
one cubic metre in size and it is also well rounded 
in form. The place of discovery is situated quite 
close to the boulder observed earlier, and both boul- 
ders clearly belong to the same boulder fan. There 



are peridotitic and gabbroic intmsions at the proxi- 
mal part of the boulders (in Tyrvantö and Saaks- 
mäki), but no orbicular structures have been ob- 
served in them. 

The orbicules are uniform in size, spherical in 
shape and closely crowded in the rock (Fig. 68). The 
colour of the rock is dark green, and and it is mainly 
composed of amphibole and pyroxene group of min- 
erals. The diameter of the orbicules is usually about 
2 cm, maximum 3.5 cm. The orbicules touch one 
another but they do not deform others nearby. The 
orbicules are easily discerned from the light matrix. 

The cores of the orbicules are not easily delineat- 
ed. The fine- to medium-grained cores measure 2- 
8 mm in diameter. On the basis of the thin section 
studies they consist of light-green uralitic horn- 
blende and augite. A few longitudinal clusters of py- 

roxene grains have accumulated together as more or 
less radial groups from the core outwards. 

The shell is 6-7 mm thick. It is distinctly radial, 
especially in the outer part of the shell and composed 
of light-green amphibole prisrns up to 3 mm long. 
They also occur tangentially, especially at the rim 
of the shell. Uralitic hornblende occurs there as platy 
crystals. Augite crystal clusters are oriented radial- 
ly. The outer boundary, or "skin", consists solely of 
amphibole, which is darker green in colour than the 
rest of the orbicule due to a brownish pigment. 

Fine- to medium-grained matrix between the orb- 
icules consists of plagioclase and light-green horn- 
blende. Plagioclase that is andesine (An,,) is often 
strongly saussuritized. Apatite and titanite occur in 
abundance as accessory minerals. 

ORBICULAR GRANODIORITE BOULDER FROM KARHI, HAUSJARVI 

Seppo 1. Lahti 

Fig. 69. Polished slab of an orbicular granodionte boulder of Karhi Hausjärvi. Plagioclase in the orbicules 
is locally aitered to green epidote. The orbicule in the lower right corner is 5 cm in diarneter. Polished 
plate from the Mineralogical Museum of the Geologicai Survey of Finland. Photograph: J. Vaatäinen. 

In 1995 Jorma Korhonen discovered an orbicular the place of discovery and cut into plates. One of 
rock boulder on the southern slope of the glacioflu- them is shown at the Museum of the Geological Sur- 
vial esker called Liukuaistenrnäki in Karhi, Haus- vey of Finland in Espoo. 
j m i .  The boulder, which was small and roundish The Karhi orbicular rock is dark reddish brown 
and about 25 cm in diarneter, has been removed from or locally greenish in colour and composed of medi- 



um-sized orbicules. No chernical analyses are avail- 
able, but the rnineralogical composition of the rock 
indicates that it is orbicular granodiorite or quartz 
monzonite in composition. 

The rock contains both roundish and oval orbi- 
cules (Fig. 69). The roundish orbicules are about six 
centimetres in diameter, whereas the oval orbicules 
are 7-10 cm long and 3-4 cm thick. Some of the or- 
bicules are sparsely crowded, but some of them are 
closely crowded, pressed against each other and flat- 
tened. The matrix is composed of medium-grained 
reddish granodioritic rock, which locally grades into 
coarse granite characterized by large, light-grey or 
white feldspar crystals and dark-brown smoky 
quartz. Locally the feldspars of the matrix and the 

orbicules are partly altered to epidote and the rock 
is greenish in colour. 

The core of the orbicules is grey in colour and 
usually composed of coarse plagioclase crystals and 
large random hornblende crystals or accumulations 
of hornblende crystals. In certain orbicules the core 
have a nucleus consisting of a plagioclase meg- 
acryst. 

The core is surrounded by several alternating light 
and dark shells composed of varying amounts of ra- 
dial plagioclase grains and biotite flakes. The shells 
are always quite narrow, usually one to five milli- 
metres thick. One of the orbicules is exceptional in 
having two separate cores that are surrounded by 
cornrnon outer shells. 



ORBICULAR ROCKS IN PIRKANMAA 

Fig. 70. The orbicuiar rock obsewations in Pirkanmaa (F, the 
red spots are rock outcrops, the blue spots are bouiders and 
the black spot is an obsemation of a mine). 

The orbicular rocks of Pirkanmaa are shown in Fig. 70. The following single erratics or boulder groups 
have been discovered: 

Orbicular rock outcrops: 
Orbicular peridotite occurrence, Taipale, Kylmäkoski mine (17) 
Orbicular syenodiorite occurrence, Pengonpohja, Kuru (19) 
Orbicular gabbro occurrence, Ohtola, Virrat (20) 
Orbicular gabbro occurrence, Lastustenkulma, Lempäälä (21) 
Orbicular granite occurrence, Rukkasjärvi, Orivesi (24) 
Orbicular granite occurrence, Kuoreniemi, Vilppula (26) 

Orbicular rock boulders: 
Xenolith-type of orbicular diorite boulder, Tesoma, Tampere (18) 
Orbicular quartz monzonite boulders, Kuohenmaa, Kangasala (22) 
Orbicular gabbro Stone, Lahtiskyla, Virrat (23) is described with orbicular gabbro-tonalite occurrence, 
Lampipera, Ähtäri (73) 
Orbicular monzonite boulder, Kurkijärvi, Vilppula (25) 
Orbicular tonalite boulder, Ristijärvi, Längelmaki (27) 
Orbicular granodiorite boulders from Syväjärvi and Vinkia, Längelmäki (28). 



The chemical analyses of the orbicular rocks are given in Table 7 and classification of the rock types in 
Fig. 71. A detailed map of the orbicular rocks of Taipale (17), Pengonpohja (19), Lastustenkulma (21) and 
Kuoreniemi (26) is included to the descriptions of the occurrences. 
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Ag. 71. Orbicular rocks (chemical aoalyses from Table 7) from Pirkanmaa in the R,~elassificatioo diagram. 

Table 7. Chemicai analyses of the orbicular rock from Pirkanmaa. X-ray flmescence aoaiyses made at the Geologieal Snr- 
vey of F iand  (except 3). FeO detennioed titrimetncally. - not analysed 

SiO, 39,91 56,63 57$68 58,05 4Si15 46,75 48,05 49,83 4754 
no, 0,36 038 0,85 0,66 160 1'67 i,38 1,18 0,91 
A1zo~ 2,99 2341 21,31 22,29 11,90 ll,5l 1%58 16,27 14,68 
FeaOJOt. 14.34 3,88 2,16 5.77 13,16 13.60 11,95 10.71 13.58 
FeIOplc. 0.68 2.93 4.76 5,15 4;75 3,63 5,69 
FeO - 2.88 - 2,56 7,56 7,61 6-48 6,37 7,lO 
MnO @19 0,W 0,08 0.05 0,16 0,22 Q.16 0,13 0,17 
MgO 2833 1.68 0.36 0.22 1018 11,05 9,47 7,72 10,92 
CaO 4.07 5,12 5,29 4,99 1Q,18 10,38 9,94 10,16 5,90 
Na,O 0,09 4,87 6-49 6,33 2 , s  1,95 2,89 2,91 1,01 
Kz" 0,06 2,06 i,32 2,46 1,69 1.91 1,49 1,31 1,25 
pzOs 0,14 0.14 0,W 0,05 0,16 0,14 6,18 0,28 417 
A/CNK 0,39 120 0,998 1.01 0,49 0,48 0.56 0,66 1,07 
FeO/ Fe,OjcaIc. 4.24 0,87 1,59 1,48 1,36 1,75 1,25 

4 2243 1528 1054 953 1621 1803 1671 1858 2149 
R2 1900 1090 1002 982 1863 1885 1800 1789 1461 
Number of 
oe~~rnf fnce  17 18 19 19 20 20 20 20 21 

1. Taipale, Kylmäkoski, from Papunen (1980); 2. Tesoma, Tampere, 43-PMR-86; 3. Peogonpohja, KUN, 97-SiL-C~l~ gmy 
variety; 4. Pengonpohja, Kuru, 7-PMR-77, reddish variety; 5. Ohtola, Vurat, Raivio (1985a), proto-orbicular rock; 6. Ohtola, 
Viat,  from Raivio (198Sa), proto-orbicular rock 7. Ohtola, Virrat, from Raivio (1985a), multishelled variety; 8. Ohtela, 

from Raivio (1985g). multishelled variety. 9. Lastustenkulma, hmp%lii, 70-SiL-00, srtmple from the outcrop. 



ORBICULAR PERIDOTITE FROM THE KYLMÄKOSKI MINE 

Paula Raivio 

Fig. 72. Polished plate of orbicular pendotite of Taipale, Kylmäkoski rnine. The orbicules are 2-4 cm in 
diameter. Photograph: J. Keskinen. 

Orbicular ultramafic rock (Fig. 73) has been a public prospecting campaign organized in 1962. In 
mined at Taipale, Kylmäkoski, as Ni-Cu ore. The the following year the exploration department of 
fkst indication of this ore body's existence was when Outokumpu Oy located the ore body a few hundred 
it was found by two schoolboys, who subrnitted an metres NW of the place where the boulder was en- 
ore sample of a glacial boulder from Taipale during countered. The ore body measured 260 m in length, 



with a maximum width of 100 m and a depth of 80 
m (Hämäiäinen 1964, Papunen & MWa 1980, Pa- 
punen 1985b). 

The main rock type in the Kylmäkoski ultramafic 
body is peridotite as shows Fig. 74 (redrawn from 
the map published by Papunen 1986, see also Papu- 
nen 1976, 1980, 1985a, 1985b). Nodular, locdy  or- 
bicular peridotite occurs as irregular portions in the 
normally equigranular peridotite at the northem end 
of the ultramafic rock body. 

A chemical analysis of the orbicular peridotite 
is given in Table 7 and it is plotted in the R,R,clas- 
sification diagram in Fig. 71. Nodular peridotite is 
the most magnesian member of the Kylmäkoski 
rock suite. It contains olivine nodules ranging from 
1 to 4 cm in diameter. The nodules commonly ex- 
hibit external crystal forms of olivine (see Papunen 
1986). 

The cores of the nodules consist of coarse-grained 
poikilitic orthopyroxene and small individual oliv- 
ine grains. Only the outer shell of the nodules con- 
sists typically of serpentinized olivine. The matrix 
interstitial to the olivine nodules consists of medi- 
um-grained pyroxenes and amphiboles, sporadic 
olivine grains and sulphide accumulations. The 
amount of sulphides varies widely. 

In some places concentric, radial zoning of oliv- 
ine, pyroxenes and arnphiboles is also encountered. 

This is the orbicular type of peridotite. The olivine 
forms a roundish "eggshell" around radial or poikil- 
itic crystals of pyroxene and amphibole. The spheres 
reach 7 cm in diameter. 

Both in the nodular and orbicular types the abun- 
dance of sulphides inside the nodules is lower than 
that in the matrix. According to Papunen (1985b), 
this is probably due to the sulphide melt immiscibil- 
ity that preceded the rapid crystallization of the oli- 
vine nodules. 

Fig. 73. Polished plate of the sulphide-bearing type of orbicular perido- 
tite from Kylmäkoski mine. The matnx is composed of pyrrhotite with 
minor pentlandite and chalcopyrite. A sample from the Mieralogical 
Museum of the Geological Survey of Finland. Photograph J. Keskinen. 

Fig. 74. Orbicular rock occurrence of the Kylmäkoski h e .  Explanations: 
1) Orbicuiar and nodular peridotite, 2) even-graiued peridotite, 3) perknite, 
4) cummingtonite mk, 5) homblendite, 6) gabbro, 7) quattz diorite, 
8) mica gneiss. Redrawn from the map by Papunen 1986. 



XENOLITH-TYPE OF ORBICULAR DIORITE BOULDER FROM TESOMA, 
TAMPERE 

Paula Raivio 

Fig. 75. Weathered surface of a xenolith-type orbicular rock boulder from Tesoma, Tampere. Most of the 
cores of the orbi~uies are composed of gneiss fragments. Photograph: P. Raivio. 

The orbicular rock boulder of Tesoma in Tampere 
was discovered by Richard W. Ojakangas, Yrjö 
Kähkönen (UH) and Jukka Manno (GSF) during a 
geological excursion in 1985. Only one side meas- 
uring about 1 x 0,7 can be seen from the boulder and 
most part of it is buried underground. 

A sample of the rock was taken for mineralogical 
and chemical determinations. The rock is called xe- 
nolith-type of orbicular diorite, because the cores of 
the orbicules are composed of mica gneiss fragments 
and the mineralogical composition of the matrix and 
cores corresponds to the composition of diorite. The 
chemical analysis from a piece of the rock that in- 
cludes core material falls, however, into the monzo- 
diorite field in the R,R, classification diagram (see 
classification diagram Fig. 7 1, chemical analysis in 
Table 7). 

The orbicules are single-shelled (Fig. 75) and their 
shape seems to depend greatly on the form of the 
core. The orbicules are mostly 6-8 cm in diameter, 

and they are distributed slightly irregularly through- 
out the rock. 

The core is composed of a fragment of very fme- 
grained bedded mica gneiss with plagioclase and bi- 
otite as the main minerals. Fragments are very vari- 
able in form: triangular, oblong, elliptical and even 
branching. 

The shell around the cores varies from 0.5 to 
2 cm in width and consists mainly of plagioclase 
(An,,) and quartz. Plagioclase laths are clearly radi- 
al and up to 8 mm in length. The plagioclase crystal 
laths often widen in a feather-like manner outwards 
towards the matrix. 

The matrix is fine-grained and heterogeneous and 
is mainly composed of plagioclase (4,) and biotite. 
Plagioclase occur sporadically in the rock as large 
srongly altered crystals. Because the matrix is dark 
and rich in biotite, it may locally resemble more 
mica gneiss than igneous rock. 



ORBICULAR SYENODIORITE OCCURRENCE FROM PENGONPOHJA, KURU 

Paula Raivio 

Fig. 76. Polished plate of a reddish orbicular syenodionte from Peugonpohja, KUN. The orbicules have a 
light plagioclase-nch core surrounded by an inner dark-grey plagioclase-nch shell and outer reddish 
microcline-rich shell. The orbicules are 10-20 cm in diameter. Photograph: J. Väätäinen. 

The orbicular rock (Figs. 26b, 27b, 76,77 and 78) 
occurrence in Pengonpohja, near Kuru, was discov- 
ered under a fallen tree in 1960 by Albinus Suojärvi 
(Matisto 1961). After the outcrop was exposed fur- 
ther it was found that the orbicular rock occurrence 
is at least 15 x 20 metres in size, probably a dyke 
along a contact between granodiorite and granite in- 
trusions (Fig. 79). The direction of the occurrence 
coincides roughly with the local N-S strike of the 
surrounding bedrock (Simonen 1966). Matisto 
(1961) called the rock "orbicular granite", but Simo- 
nen (1966) used the general term "orbicular rock" 
in his description. 

There are two types of orbicular rocks, a reddish 
and grey variety in the outcrop (see Figs. 77,78 and 
79). In the most common reddish variety the orbi- 
cules have two distinct shells, an inner grey plagi- 
oclase shell and an outer reddish K-feldspar shell, 
but in the grey variety that occurs in the southern 
and southeastern part of the outcrop the outer mi- 
crocline shell is absent. The contact between both 
varieties is gradual. 

Chemical analyses of both orbicular rock types 
are given in Table 7. In the R,R, classification dia- 
gram the chemical analyses of both varieties plot in 
the syenodiorite field (Fig. 71) and, therefore, the 

rock is called orbicular syenodiorite in this study. 
The orbicules in the rock are closely spaced and 

the amount of matrix is minute (Figs. 76-78). The 
matrix is heterogeneous, the main rninerals being 
plagioclase (An,-An,,), potassium feldspar, quartz, 
hornblende, and biotite in varying amounts. Its com- 
position is most often granodioritic, but the rock may 
locally grade into tonalite or granite. 

The orbicules are rather large, 10-20 cm in diam- 
eter and oval or roundish in form (Simonen 1966, 

Fig. 77. Locally the orbicules in the Pengonpohja orbiculw rock have 
two pinkish outer shells and the orbicules may be broken. Photograph; 
J. Vitainen. 



several subshells. The feldspar crystals are often ra- 
dially arranged in the shell. As is shown in figure 27 
b, the grey plagioclase shelis may be strongly cor- 
roded before the growth of the outer microcline 
shells. 

The Pengonpohja occurrence is the only orbicu- 
lar rock in Finland that has been quarried for com- 
mercial use, mainly for decorative purposes such as 
tabletops and tombstones. ~ u a r r y i n ~  commenced at 
the northeastern part of the outcrop (Jokinen 1980), 

1 where orbicules are characterized by beautiful or- 
ange or pink potassium feldspar shells. 

Fig. 78. Weathered surface of a grey vanety of orbicular rock from Pen- 
gonpohja. The orbicules (0 10-15 cm) have light plagioclase-rich core 
surrounded by dark-grey plagioclase and biotite-bearing sheli. Photo- - 
graph: P. Raivio. 

Meyer 1989). The core of the orbicules is medium- 
to coarse-grained and light grey in colour. The main 
minerals are potassium feldspar, plagioclase (An,,,) 
and quartz with sporadic coarse hornblende crystals. 

In the most common reddish orbicular rock type 
the core passes gradually outwards into a grey pla- 
gioclase (An,,-An,,) shell that is surrounded by an 
orange or pink K-feldspar shell (Figs. 76 and 77); in 
the grey type the outer K-feldspar shell is absent 
(Fig. 78). The plagioclase shell can be divided into 
two subshells. The inner subshell generally has a ra- 
dial arrangement of plagioclase (crystals up to 1 cm 
long), while the outer subshell is composed of fine- 
grained granoblastic plagioclase. The grey colour of 
the plagioclase shell is probably due to the dense dis- 
tribution of tiny magnetite inclusions and biotite 
flakes. Fig. 79. Detailed map of the orbicular rock occurrence of Pengonpohja, 

Kuru. Explanations: 1) Pinkish orbicular syenodiorite, 2) gray orbicular 
The Outer reddish K-felds~ar sheu mainl~ syenodiorite, 3) even-grained granitoids, 4) precipice. Map by 

posed of microcline is 1-3 cm thick and it may show s.1. Lahti. 



ORBICULAR GABBRO OCCURRENCE FROM OHTOLA, VIRRAT 

Paula Raivio 

Fig. 80. Orbicular gabbro from Ohtola, V ia t .  Note the fragments of broken orbicules in the matri 
The orbicules are 3-6 cm in diarneter. Photograph: P. Raivio. 

First boulders of orbicular rock in Ohtola, Virrat, 
was found by Pekka Ohtola in 198 1. In the regional 
geological studies a fan consisting of several hun- 
dred orbicular rock boulders was located and later 
in the surnmer of 1982 the orbicular rock was ex- 
posed by digging in two test pits near the proximal 
end of the boulder fans (Hirvas & Huhta 1982). 

The Ohtola orbicular rock has previously been 
described by the present author (Raivio 1985a, b, c). 
The mineralogy of the rock corresponds to that of 
gabbroic rocks and its chemical analyses (Table 7) 
also plot in the gabbro field in the R,R, classifica- 
tion diagram (Fig. 7 1). 

On ihe basis of the distribution of the boulders, 
the length of the orbicular rock occurrence is esti- 
mated to be about 800 m, while the width probably 
ranges between 0 and 20 m. The dyke-like occur- 
rence is mainly surrounded by granite. 

There are two main types of orbicules in Ohtola 
called proto-orbicules and multishelled orbicules 
(Figs 80 and 81). The proto-orbicular type is present 
in the central and eastern part of the occurrence and 
the multishelled type that often heterogeneous and 
contain numerous xenoliths in the western part of the 
occurrence. Coarse-grained hornblende gabbro is 
also found as boulders and probably represents re- 
lated, though non-orbicular rock types. 

The size of the orbicules varies from a few up to 
about ten centimetres. Generally the proto-orbicules 
are smaller than the multishelled ones. The smallest 
"orbicules" are actually hornblende phenocrysts and 
the Iarger ones resemble ovoids. 

The proto-orbicules consist mainly of hornblende, 
which is arranged radially around the central core, 
although not so strikingly as in the multishelled type. 

Fig. 81. Heterogeneous inclusion-type orbicular gabbro from Ohtola. 
The rock contains mafic fragments (autoliths), poorly developed proto- 
orbicules, single-shelled and multishelied orbicules (0 5-8 cm). The core 
of the orbicule in the upper right comer is a fragment of an orbicule. 
Photograph: P. Raivio. 



n e  radial hornblende crystal prisms cross the thin 
concentric plagioclase subshells in some proto-orbi- 
cules. These orbicules are a kind of transitional type 
between the proto-orbicular and multishelled types. 

In the multishelled orbicules the alternation of the 
concentric hornblende and plagioclase shells is the 
most conspicuous feature. The hornblende crystals 
are ananged radially in the hornblende shells (thick- 
ness 1-20 mm), but plagioclase is granular in the 
plagioclase-rich shells (thickness 1-3 mm). Often 
the hornblende radii have grown uninterrupted from 
the core outwards, although many discontinuous pla- 
gioclase sheiis cross the radii. Where the plagiocla- 
se shells are thicker they usually interrupt the growth 
of the inner hornblende shell. Approximately two- 
thirds of a multishelled orbicule is hornblende, with 
lesser amounts of plagioclase (An,,-An,,) and bi- 
otite. 

Both in the proto-orbicular and multisheiled type 
a few grains form the nuclei of the cores. The main 
constituents in the cores are hornblende, plagioclase 
(An,-An,,), biotite and often also quartz. In some 
orbicules a single hornblende crystal forms the core, 
especially in the proto-orbicular type. Locally large 
fine-grained mafic autoliths or xenoliths (10-20 cm 
long) are also comrnon among the orbicules. The in- 
clusions are often surrounded by a centimetre-thick 
shell of hornblende sirnilar to the shells of a "prop- 
er" orbicule. In a few cases, fragments of broken or- 
bicules were observed as nucleus in the orbicules. 

The matrix between the orbicules consists of fme- 
grained plagioclase (An,,-An,,), hornblende, biotite 
and quartz. Idiomorphic hornblende phenocrysts (up 
to 1.5 cm in size) are common in the matrix of the 
proto-orbicular type. 

ORBICULAR GABRO OCCURRENCE FROM LASTUSTENKULMA, LEMPAALA 

Seppo 1. Lahti 

Fig. 82. Weathered surface of orbicular gabbro from Lastustenkulma, Lempäala. The orbicules (0 2-3 cm) 
are single-shelied. There are locally shelled gabbroic inclusions that are angular in size. Photograph: 
S.I. Lahti. 

Geologist Seppo Turkka informed the author of servation, the author studied the boulders with field 
the occurrence of the orbicular rock boulders he had assistant Tuomo Turunen (GSF) and discovered in 
discovered during geological field work in 1980s in surnrner 2000 a set of new boulders and a small out- 
Lastustenkulma, Lempäälä. On the basis of his ob- crop of orbicular rock (Fig. 83) close to the south- 



ern end of Lake Iso Kausjärvi. On the basis of the 
geological map sheet (Matisto 19611, the Las- 
tustenkulma orbicular gabbro occurs at a margin of 
a large syntectonic Svecofennian gabbro intrusion. 
A slight N-S orientation, which clearly follows the 
contact of the gabbro intrusion, can also be observed 
everywhere in the orbicular rock occurrence. 

Figure 83 shows the detailed map of the orbicular 
rock outcrop that is roundish, about 10 x 12 m in 
size. Most parts of it are composed of basic orbicu- 
lar rock, which has small, poorly developed orbi- 
cules (Fig. 82). The mineralogy of the rock indicates 
that it is gabbroic in composition and its chemical 
analyses also plot in the gabbro field in the R,R, 
classification diagram (Table 7, Fig. 71). 

The orbicular rock is cut by some narrow, often 
branching granite and pegmatitic granite dykes. Two 
thin gabbro dykes were also observed at the north- 

1 1 3 1  / 5 0 3 ~  7,.' em margin of the outcrop. There is in the westem 
part of the outcrop3 narrow strip of dark even- 83. Orbicular rock occurrence of Lastustenkulma, Lempääla. Explana- 
grained gabbro in contact with the orbicular rock. tions: 1) Orbicular gabbro, 2) shelled gabbroic autoliths, 3) dark, even- 
Close to the contact the orbicules becomes very grained gabbro, 4) gabbro dyke, 5 )  @tie pegmatite dykes, 6) schis- 

small and the orbicular rock has a narrow, some cen- tosit~, 7) fiss~re~ and faults. M a ~  by S.1. Lahti. 

timetres wide, even-grained, locally banded margin 
against the even-grained gabbro. 

The orbicules are small, their diameter being only caily the rock has also some 5-10 cm long angular 
1-2 cm. They have a core and a narrow, poorly de- or roundish gabbro inclusions, which has a plagi- 
veloped plagioclase shell (Fig. 82). The shell is some oclase shell identical to that in the small orbicules. 
millimetres wide and composed of radially arranged Because no multishelled orbicules were observed 
plagioclase crystals. The core is greenish in colour and because the shells are poorly developed, the Las- 
and contains plagioclase, light-green amphibole and tustenkulma orbicular rock can therefore be regard- 
epidote as an alteration product of plagioclase. Lo- ed as gabbroic proto-orbicular rock. 



ORBICULAR QUARTZ MONZONITE BOULDERS FROM KUOHENMAA, 
KANGASALA 

Paula Raivio !F 

Fig. 84. Orbicular quartz monzonite with large orbicules from boulders of Kuohenmaa, Kangasala. 
The orbicules are multishelled, the sheiis symmetric and well developed. The orbicule on the nght is 
20 cm long. A polished specimen from the Mineraiogical Museum of the Geological Survey of Finland. 
Photograph: J. Keskinen. 

The orbicular rock in Kuohenmaa, Kangasala, is Kuohenmaa orbicular quartz monzonite: one has 
one of the most beautiful orbicular rocks (Figs. 19 small orbicules (usually less than 10 cm in diame- 
a, 21 a, 84 and 85). Unfortunately it has only been ter, Fig. 85) while the other has large orbicules up to 
located as a small group of boulders and all of them 
have been transported from the place of discovery. 
One of the largest boulders can be seen in front of 
the district museum in Kangasala. 

Boulders were first found in Kuohenmaa in about 
1915 by landowner Antti Rantala, but it was not un- 
til 1922, during road constniction work, that new 
boulders were discovered and information about the 
discovery reached the Geological Survey of Finland. 
Sederholm (1928) described the rock and called it 
orbicular granite. In this study it is called orbicular 
quartz monzonite based on its chernical composition 
(Table 7 and Fig. 71). 

In the 1960s and 1970s several attempts were 
made to locate the Kuohenmaa orbicular rock in the 
bedrock, including mechanical excavation, but with- 
out success. The source rock is probably situated 
close to the end of the boulder fan (see Mat- Fig. 85. Orbicular quartz monzonite with smail orbicules from Kuohen- 

isto & Vuorio 1967). 
maa. Polished specimen from the Mineralogical Museum of the Geo- 
logicai Survey of Finland. The orbicule in the lower nght comer is 

Two distinct varieties have been observed in the 5 cm in diameter. Photograph: J. Keskinen. 



40 cm in diarneter (Figs. 2 and 84). According to 
Sederholm (1928), the orbicules in the first men- 
tioned variety are usually ellipsoidal in form and 
comprise about 60 per cent of the rock. The core (di- 
ameter up to 5 cm) consists either of plagioclase, of 
biotite or of an accumulation of both rninerals. In 
some orbicules, the core consists of xenoliths such 
as mica schists. The core is usually surrounded by a 
nearly pure biotite shell, which is 2-3 mm thick and 
often discontinuous. 

Surrounding the core there is a distinct plagiocla- 
se shell, 0.5-1 cm thick. Plagioclase exhibits radial 
orientation. Around this plagioclase shell there are 
several altemating fine-grained plagioclase-rich and 
biotite-rich shells (thickness <1 mm). Plagioclase 
(An,,) is granular in the shells, but biotite is tangen- 
tially oriented. The orbicules are easily detached 
frorn the rock along the biotite shells. Where the pla- 
gioclase-rich shells are a few mm thick, the grain 
size is coarser and plagioclase crystals are radially 
oriented. Altogether there are from four to more than 
20 shells of different composition in the small orbi- 
cules variety. The contact of the plagioclase shell 
against the inner biotite shell is sharp, but against 
the outer biotite shell it is gradual. The contact of 
the shell against the matrix is generally very sharp. 

The matrix is heterogeneous and consists mainly 

of medium-grained plagioclase, potassium feldspar, 
biotite and some quartz in varying proportions. 
Some portions of the matrix are rather coarse- 
grained, nearly pegmatitic. 

The variety with large orbicules is quite similar 
to the one with small orbicules, the most visible dif- 
ference being the size of the orbicules. The cores of 
the large orbicules also more commonly consist of 
fragments of foreign rock, such as mica schist, or 
fragments of granodiorite similar to the matrix has 
been observed as a core in the orbicules. 

The shell structure in both varieties is similar, but 
the number of shells in the large orbicules is two to 
three times that of the small orbicules. Individual 
plagioclase-rich shells are up to 1 cm thick. The 
beauty of the Kuohenrnaa orbicular rock largely re- 
sides in the multiple shell structure with its varying 
shell spaces. 

The amount of matrix is somewhat less in the va- 
riety with large orbicules. The composition and tex- 
ture of the matrix in both types are similar, except 
that the matrix in the rock with large orbicules is 
more commonly pegmatitic. When the large orbi- 
cules are in contact, they are often deformed, espe- 
cially the outermost shell, which seems to have been 
more plastic than the inner ones (Sederholm 1928). 



ORBICULAR GRANITE OCCURRENCE FROM RUKKASJARVI, ORIVESI 

Seppo 1. Lahti & Ilkka Laitakari 

Fïg. 86. Orbicuiar granite from Rukkasjärvi, Orivesi. The orbicuies occur sparsely distributed in reddish 
porphyritic granite. A polished sample from the Mineralogical Museum of the Geological Survey of 
Finland. The diameter of the orbicules is about 10 cm. Photograph: E. Halme. 

The orbicular rock of Rukkasjärvi, Orivesi, occurs 
as several narrow lenses several metres long com- 
posed of sparsely distributed orbicules in reddish 
porphyritic microcline granite. The granite outcrop 
that is about 100 metres in diameter is a part of a 
larger Svecokarelian syntectonic microcline granite 
intmsion. 

Orbicular rock lenses form a zone that is about 18 
m long in the direction of N 85" W/60° N. In total 
100-150 orbicules have been discovered in the out- 
crop. The microcline megacrysts (phenocrysts) dis- 
play a preferred orientation in the orbicular rock and 
follow the general direction of the orbicular rock 
zone. In the surrounding porphyritic granite the feld- 
spar crystals show, however, random orientation. 
The contacts between the orbicular rock lenses and 
the surrounding porphyritic granite are gradual. 

A sample of the orbicular rock was loosened for 
mineralogical studies and chemical determinations. 
Because the chemical analysis of a piece of the rock 
plots near the point separating the tonalite, quartz 
monzonite and granite fields in the R,R2 classifica- 
tion diagram (Table 7 and Fig. 7 l), the orbicular rock 

is called orbicular granite on the basis of the modal 
composition of the rock. 

The main minerals in the surrounding porphyritic 
granite and in the matrix of the orbicules are micro- 
cline that occurs as some three centimetres long 
megacrysts, plagioclase (An,), quartz and green, 
partly chloritized biotite. The accessories include 
muscovite, apatite, zircon and opaques. 

The orbicules are usually spherical and relatively 
large, from 6 to 12 cm in diameter; the largest one 
measures 9 x 14 cm (Fig. 86). The core is mainly 
composed of plagioclase (AnZ7) with minor quartz, 
biotite and chlorite. Some thin, discontinuous biotite 
zones characterize the cores of certain orbicules. The 
accessory minerals include microcline, muscovite, 
apatite, epidote, titanite and opaques. 

The core is surrounded by a shell about two cen- 
timetres thick. It is composed of fine-grained plagi- 
oclase (An,,) and tangentially arranged biotite and 
chlorite flakes. Typical accessory minerals are 
quartz, muscovite, apatite and epidote. The contact 
between the shell and the core is gradational, but the 
contact between the matrix and the shell is sharp. 



ORBICULAR MONZONITE BOULDER FROM KURKI JARVI, VILPPULA 

Paula Raivio 

Fig. 87. Polished sample from an orbicular monzonite boulder from Kurkijärvi, Vilppula. Some of the 
orbicules are flattened and broken. A polished specimen from the Mineralogical Museum of the Geological 
Survey of Finland. The length of the long orbicule with a black mica-nch core in the upper nght part that 
is 15 cm. Photograph: J. Keskinen. 

During the constmction of the main road on the 
northeastern side of Lake Kurkijärvi (formerly 
Löytänajärvi) in Vilppula in 1947, a boulder of or- 
bicular rock was blasted into many pieces. During 
fieldwork of the Geological Survey of Finland geol- 
ogist Olavi Waldén discovered the pieces of the 
boulders and informed his superiors. Later the rest 
of the orbicular rock boulders were brought to the 
Mineralogicai museum of the Geological Survey of 
Finland in Espoo. 

Simonen (1950) subsequently studied the orbicu- 
lar rock and published a short mineralogical-geolog- 
ical description of it. He also gave chemical analy- 
ses of the matrix, nucleus and zones of the orbicules. 
For this article a representative sample of the whole 
rock was analysed chemically and the results are giv- 
en in Table 7. In the R,R, classification diagram, the 
bulk rock composition falls into the monzonite field, 
quite close to the corner of the monzodiorite, tonal- 
ite and quartz monzonite fields (Fig. 7 1). 

The general appearance of the rock is rather het- 
erogeneous and the rnineralogy of the rock varies in 

different parts of the boulder. The diameters of the 
orbicules vary in size from a few centimetres up to 
about 15 cm (Fig. 87). The orbicules tend to be el- 
lipsoidal in form, but many of them are more or less 
deformed or broken and irregular. 

One-third to two-thirds of each orbicule is occu- 
pied by a core, most of which consist of coarse- 
grained plagioclase (An,,-An,,) with some quartz 
and biotite (Simonen 1950). In a few orbicules, how- 
ever, the core has a nucleus of a dark-grey, fine- 
grained schist- or gneiss-like xenolith. 

The shell around the orbicules is 1-3 cm thick and 
consists mainly of radially oriented plagioclase 
(An,,-An,,). Individual plagioclase crystal laths may 
extend across the whole shell. Tiny biotite flakes oc- 
cur as inclusions in the radial plagioclase crystals, 
and form several indistinct and irregularly spaced 
subshells that nevertheless do not intenupt the 
growth of the plagioclase crystal laths. The amount 
of biotite increases towards the periphery of the or- 
bicules. Tiny opaque mineral crystals also form ir- 
regular thin, less than one millimetre wide subshells 



among the radial plagioclase crystals in the outer gests that the primary quartz dioritic (or tonalitic) 
part of the shells. The inner part of the shells is quite matrix was strongly granitized during the crystalli- 
free of the dark constituents. zation processes of the rock and the secondary mi- 

According to Simonen (1950), the matrix between crocline has metasomaticaily corroded the primary 
the orbicules is distinctly migmatitic, and contains quartz dioritic fabric (Simonen 1950). Microcline 
both quartz dioritic and granitic portions. Locally porphyroblasts growing across the shell of the orbi- 
large microcline porphyroblasts (1-2 cm in diame- cules give evidence of the metasomatic processes. 
ter) are characteristic in the matrix. Simonen sug- 

ORBICULAR GRANITE OCCURRENCE FROM KUORENIEMI, VILPPULA 

Seppo 1. Lahti 

Fig. 88. Weathered surface of orbicular rock from Kuoreniemi, Vilppula. The orbicules (0 5-7 cm) are 
poorly developed and they often have a feldspar core. The pen is 10 cm long. Photograph: S.I. Lahti. 

During geological mapping for the Geological 
Survey of Finland, Liisa Pajari (GSF) discovered an 
orbicular rock outcrop (Fig. 88) in Kuoreniemi, Vilp- 
pula. Later the present author studied the occurrence 
with field assistant Tuomo Turunen (GSF), mapped 
the occurrence and drilled some samples for chemi- 
cal analyses and petrographic determinations. The 
orbicular rock and its host rock are granitic, as is 
shown by the mineralogy of the rock and by the 
chemical analyses plotted in the R,R, classification 
diagrarn (see chemical analysis in Table 7 and clas- 
sification diagram in Fig. 71). 

Originally the orbicular rock obviously formed a 
narrow dyke or lens in granite, but because of strong 
erosion, it is nowadays only a thin layer on the sur- 
face of a fifteen metres long and three metres high 
steep granite cliff (see Fig. 89). The orbicules can 
be recognized as roundish spheres 5-10 cm wide on 
the weathered rock surface (Fig. 88). Irregular rem- 
nants of rnica schist locally occur in the orbicular 
rock, and locally the orbicules grow inside these 
dark, fine-grained mica-rich schist or gneiss inclu- 
sions. 



Fig. 89. Orbicular rock occunrence of Kuoreniemi, 
Viippuia. Explmtiom: 1) Orbicular granite, 2) gray- 
ish even grained @te, 3) plnkish even-gained grrui- 
ite, 4) biatite schlieren and mica schist inclusiom. Map 
by S.I. Lahti. 

The orbicular rock is very simple in appearance which can be divided to two subshells on the basis 
and it can be classified in the group of proto-orbicu- of thin section studies. The inner subshell is com- 
lar rocks. The cores of the orbicules are composed posed albitic plagioclase, quartz and rnicrocline. The 
of a large, roundish ar angular crystal of microcline, outer subshell is mainly composed of coarse plagi- 
which is often intergrown with quartz. Plagioclase oclase with some quartz and rnicrocline. The plagi- 
and mica flakes occur as accessories. oclase crystal laths display in the shells a slight ra- 

The cores are surrounded by one distinct shell, dial arrangement around the core. 

ORBICULAR TONALITE BOULDER FROM RISTWARVI, LANGELMAKI 

Paula Raivio 

Matti Ojanen found an orbicular rock boulder in 60 x 50 x 30 cm in size, was raised as a gravestone 
Längelmäki, Ristijärvi, probably in the 1930s when in his memory and it can still be seen near the church 
a road was being constructed from Längelmäki to in Längelmäki cemetery (Fig. 90). 
Juupajoki. After his death, the boulder, measuring The orbicular rock was first described in the geo- 



logical literature by Simonen (1950) and this article 
is mainly based on his observations. Simonen con- 
sidered the rock to be "esboitic" and used in his ar- 
ticle the general term "orbicular rock." The mineral- 
ogy of the rock and the chemical analysis plotted in 
the R,R, classification diagram indicate that the rock 
is, however, tonalite in composition (chemical anal- 
ysis in Table 7 and classification diagram in Fig. 71). 

The Ristijärvi orbicular rock is light grey in col- 
our and the orbicules, which comprise about 80% of 
the rock, are 6-12 cm in diameter. The form of the 
most orbicules is ellipsoidal, but a few of them are 
irregular in shape due to impingement of other orbi- 
cules. The matrix is heterogeneous and medium to 
coarse-grained and its main constituents are plagi- 
oclase (An,,), quartz, potassium feldspar and biotite. 

On one side the rock is in contact with a medium- or 
coarse-grained granite. 

According to Simonen, the cores (usually 4-6 cm 
in diameter) of the orbicules contain predominantly 
medium-grained plagioclase (An,,) enclosing some 
small crystals of biotite and quartz. Around the core 
plagioclase (An,,) grows radially outwards. The 
shells are several centimetres thick and in the outer 
part of the shell5-10 very thin biotite subshells are 
present. Biotite flakes are tangentially oriented and 
they are enclosed by radial crystal laths of plagiocla- 
se, producing a pattern called "warp and weft"-tex- 
ture by Simonen. Many orbicules, in addition, ex- 
hibit a potassium feldspar- and quartz-rich sheii less 
than 0.5 cm in thickness between the matrix and the 
zone with biotite shells. 

ORBICULAR GRANODIORITE BOULDERS FROM SYVA.JARVI AND VINKIA. 
LÄNGELMÄKI 

Paula Raivio & Seppo 1. Lahti 

Fig. 91. Polished slab of orbicular toaalite boulder from SyvajWi, Lhgelmaki. The orbicules are poorly 
developed and they have a pinkish outer shell. A polished sample (29 cm wide) from the Mineralogicai 
Museum of the Geologicai Sunrey of Finland. Photograph: J. Keskinen. 

A rather small boulder (with a size of about 60 x cal Survey of Finland and subsequently one of the 
40 x 40 cm) of orbicular granitic rock was found by present authors (SIL) visited the locality and stud- 
Aarno Huikkola in Syväjärvi, Längelmäki, in 1986. ied the boulder. During the visit another boulder 
He kindly reported his observation to the Geologi- measuring 45 x 30 x 20 cm was discovered a few 



metres away from the earlier-known boulder. The 
boulders are probably very local, because they are 
rather angular in form. Nowadays, both boulders 
have been removed from the site of the discovery. 

Later, in 1993, keen lapidarist Vilho Juusela in- 
formed the authors that he had discovered a broken 
piece of orbicular rock (40 x 20 x 10 cm) in the foun- 
dation of a small bridge over Vinkiänjoki river in 
V i a ,  Längelmäki, about two kilometres SW of the 
discovery site of the Syvajärvi boulders. Juusela's 
sample came from a larger boulder that was broken 
into pieces and transported to the bridge foundation 
from a field belonging to the nearby property of Sa- 
hinoja, some hundred metres to the NNE, during the 
1960s. One of the authors (SIL) visited the locality, 
but no fragments of orbicular rock were found in the 
bridge foundation at the original discovery site. 

The colour, structure and mineralogical composi- 
tion of the Syväjärvi orbicular rock is identical to 
that of the Vinkia rock, and all three boulders must 
be derived from the same, so far unknown, locality. 
Specimens broken from one of the Syvajärvi boul- 
ders and some larger slabs deposited at the Museum 
of the Geological Survey were studied in detail. The 
mineralogy and chemical analysis plotted in the R,R, 
diagram indicate that the Syvajärvi orbicular rock is 
granodioritic in composition (chemical analysis in 
Table 7 and classification diagram in Fig. 71). 

The Syvajärvi orbicular rock is multi-coloured: 
there are grey and red feldspar-dominated shells 
around the light-grey or dark-grey cores (Fig. 91). 
Most orbicules are ellipsoidal in form and measure 
5-9 cm in diameter. They are closely packed within 
the boulders. The matrix of the orbicules is fine- to 
medium-grained, heterogeneous and consists princi- 

pally of potassium feldspar, quartz, biotite and pla- 
gioclase (An,,) as the main minerals. Irregular, bro- 
ken fragments of shells are characteristic through- 
out the matrix. 

The cores of the orbicules consist mainly of 
coarse-grained plagioclase (appr. An,,) or granitic 
material and there is often a nucleus of microcline 
in the Centre of the core. The size of the core does 
not exceed 1 x 2 cm. The shell adjacent to the core 
is approximately 2 cm thick and consists of variable 
amounts of plagioclase, quartz, K-feldspar, biotite 
and hornblende. In one orbicule the core is surround- 
ed by a dark-grey shell, which consists of plagiocla- 
se, hornblende and biotite. The mafic minerals are 
concentrated in the inner half of the shell where they 
are aligned more or less tangentially. 

The outer half of the shell is richer in plagioclase 
that shows a weak radial orientation. Hornblende is 
more conspicuously radial in the outer part of the 
dark-grey shell. The thickest sheil(l.1-1.2 cm thick) 
consists of strongly radial plagioclase (4,) crystal 
laths, the radii of which are often more than 1 cm in 
length. The growth of the crystal laths is interrupted 
by a 1 mm thick biotite-rich shell. 

The matrix is invariably in contact with a shell of 
potassium feldspar and quartz about 5 mm thick. In 
this outer shell potassium feldspar crystals are 
strongly radial, and such crystal laths also extend 
throughout the shell in many places. The shell is 
light red in colour and bounded by a discontinuous 
and thin biotite shell in most orbicules. A couple of 
orbicules differ in shell structure from that described 
above, consisting merely of mafic constituents en- 
closed by the potassium feldspar- and quartz-rich 
shell. 



ORBICULAR ROCKS IN PAIJAT-HÄME 

Fig. 92. The orbicular rock ocamences (boulders) 
in Päijät-Häme (G). 

The observations of orbicular rocks of Päijät-Häme (G) are shown in Fig. 92. They include the following 
two erratics: 

Orbicular gabbro boulder, Linnasaari, Padasjoki (29) 
Orbicular granite boulder, Hara, Hartola (30) 

Chemical analyses of the rocks are given in Table 8 and classification of the rock types in Fig. 93. 

Fig. 93. Orbicular rocks (data from Table 8) from Päijät-Häme in the R,R,classification diagram. 



ORBICULAR GABBRO BOULDER FROM LINNASAARI, PADASJOKI 

Ilkka Laitakari & Paula Raivio 

Fig. 94. Polished piece of orbicular gabbro boulder of Linnasaari, Padasjoki. The orbicules are sparsely 
scattered in the gabbroic matrix. A polished sample (21 cm long) from the Geological Survey of Finland. 
Photograph: J. Väätäinen. 

A boulder of orbicular rock was found in Linna- Tabie 8. Chemical anaiyses of the orbicular rocks from Paijtit-Hhe. X- 
ray fluorescence anaiyses made at the Geologicai Sunrey of Finland. saari, Padasjoki by geologist Ilkka Laitakari (GSF) FeO determined ti~metncally. - not anaiysed. 

with his field assistant Leif Myrskog in 1964 during 
the geological mapping carried out by the Geologi- 
cal Survey of Finland in the area. The boulder, less sio2 52,60 50,99 68,20 
ihan one metre in diameter, was blown to pieces, ~ i o ,  0,77 0,71 0,41 

some of which still remain in the place of the dis- 
covery. 

The major part of the boulder consists of a very 
dark hornblende gabbro that locally contains sparse- 
ly distributed orbicules mainly composed of mafic 
minerals. The samples analysed from the rock con- 
tained large arnounts of iron sulphides and therefore 
the chemical analysis of the rock given in Table 8 
plots out of the gabbro field in the R,R, classifica- 
tion diagram (Fig. 93). 

Most orbicules are about 5 cm in diameter and 
consist of a core and some shells (Fig. 94). In addi- 
tion, proto-orbicules with poorly developed orbi- 
cules and roundish mafic inclusions; unshelled orbi- 
cules are common in the rock. The cores (diameter 
2-4 cm) of the orbicules consist essentially of fine- 
grained brownish hornblende, with some relics of 
pyroxene. 

~ 1 ~ 0 ,  
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1. Linnasaari, Padasjoki, 12-PMR-86; 2. Linnasaari, Padasjoki, 501-SIL- 
89; 3. Hara, Hartola, 78-PMR-86 



The shell is about one centimetre thick. It consists The matrix is heterogeneous and quite dark, re- 
mostly of radial hornblende crystals some 3-5 mm sembling mafic gabbro types. The dominant miner- 
long. Sometimes two hornblende shells (5-6 mm als are hornblende, plagioclase (An,,), biotite and 
thick) may be separated by a couple of thin (about quartz. Pyrrhotite and graphite are rather common 
0.5 mm thick) plagioclase subshells in the middle of accessory rninerals both in the core and in the ma- 
the shell. trix. 

ORBICULAR GRANITE BOULDER FROM HARA, HARTOLA 

Paula Raivio 

A boulder of orbicular r o c ~  was rouna in nara, 
Hartola, by geologist Reijo Alviola (GSF) while he 
was checking ore samples sent to the Geological 
Survey of Finland in 1986. The orbicular rock boul- 
der measures 1.1 x 0.7 x 0.5 m and most of it is still 
at the site of discovery. The boulder is angular in 
form and probably very local, although no other 
boulders of the same type were found in the vicini- 
ty. The mineralogy and chemical analysis plotted in 
the R,R, diagram indicate that the rock is granite in 
composition (Table 8, Fig. 93). 

At fust glance, the rock resembles porphyritic 
granite, but closer inspection reveals the shells that 
surround most of the phenocrysts (Fig. 95). Several 
other porphyritic boulders and outcrops occur in the 
vicinity, but none exhibit the shell structure. The 
phenocrysts or the cores of the orbicules are similar 
to the phenocrysts of the neighbouring rocks, and 

tney are angular, about 4-6 cm long and a couple of 
cm thick. The cores of the orbicules consist of large 
potash feldspar phenocrysts with biotite, plagiocla- 
se and quartz as inclusions. 

The shell around the core is about one centimetre 
thick and consists of two subshells. The inner sub- 
shell is dark in colour and dominated by biotite, 
whereas the outer subshell is mainly composed of 
K-feldspar. Biotite is tangentially oriented (thickness 
about 0.5 cm), and decreases in abundance outwards. 
The outer 0.5 cm of the shell is nearly devoid of bi- 
otite. 

The matrix consists mainly of potassium feldspar, 
but q u m ,  plagioclase and biotite are also prorninent 
constituents. Thin section studies show that the 
roundish, coarse-grained K-feldspar crystals are sur- 
rounded by very fine-grained grains, thus forming a 
mortar structure. Locally the matrix is pegmatitic. 



ORBICULAR ROCKS IN KYMENLAAKSO 

Fig. 96. The orbicular rock boulder 
rence from Kymenlaakso (H). 

There is only one observation of orbicular rock in Kymeenlaakso as shows Fig. 96: Orbicular granite 
boulders from Peippola, Elimäki (3 1). No chemical analyses are awailable from the rock. 

ORBICULAR GRANITE BOULDERS FROM PEIPPOLA, ELIMÄKI 

Veikko Turkki 

Fig. 97. Boulder of orbicular granite from Peippola, Elimaki. The matrix between the orbicules is rapakivi 
granite. The orbicules are 1C-15 cm in diarneter. Photograph: S.I. Lahti. 

During the surnmers of 2001 and 2002, the author rapakivi batholith. l b o  of them are six metres apart 
discovered three orbicular granite boulders in Peip- on a western slope of a hilly, well-exposed wiborgite 
pola, Elimäki, in the northwestem part of the Wiborg terrain. The third one is located 150 metres to 



Fig. 88. A cross section of a single orbicule (0 12 cm) from the Peippola Fig. 99. The matrix of the Peippola orbicular rock has K-feldspar ovoids 
orbicular granite, Elimaki. Polished specimen. See also Fig. 25a. Photo- mantled with a plagioclase shell and proto-orbicules, which are K-feld- 
graph: J. Vaatäinen. spar ovoids mantled with a granular shell. The thickness of the granular 

shell varies between the proto-orbicules from a few millimetres to ten 
rnillimetres. Polished specimen from the Mineraiogicai Museum of the 
Geological Suwey of Finland. Diameter of the orbicule on the left is 
6 cm. Photo J. Vaatäinen. 

the south of them. One of the boulders measures 
45 x 60 x 100 cm and its edges are rounded (Fig. 
97). The rock is oxidized to a light-brown colour, 
and several orbicules are broken and have fallen off. 

The diarneter of the orbicules usually ranges from 
7 to 18 cm and that of the core from 3 to 5 cm. In 
general the orbicules are 5 to 10 cm apart and are 
surrounded by a coarse granitic (wiborgitic) matrix 
(Figs. 25a and 98). In addition to mantled K-feld- 
spar ovoids characteristic of wiborgite, the matrix lo- 
cally contains poorly developed orbicules with one 
distinct shell (Fig. 99). In these proto-orbicules the 
ovoids mantled with plagioclase are surrounded by 
a few rnillimetres thick shell composed of fine- 
grained granular feldspar and quartz. The proto-orb- 
icules are small, 4-6 cm in diameter. 

The orbicules usually display two distinct shells 
and a feldspar nucleus. Usually it consists of one or 
more K-feldspar ovoids, some of which are sur- 
rounded by a plagioclase mantle (Figs. 25 a and 98). 
The following minerals were observed as inclusions 
in K-feldspar: quartz, plagioclase, hornblende, bi- 
otite, zircon, hematite, and opaque minerals are 
present. Hornblende is graphically intergrown with 
quartz. Sometimes the feldspar nucleus is absent and 

the orbicules have a core composed of an even- 
grained aggregate of groundmass minerals. 

The inner shell of the orbicules around the core is 
darker than the outer shell and is characterized by a 
radial arrangement of minerals. The outer shell is 
fine-grained, characterized by numerous thin sub- 
shells and tangential arrangement of minerals. In the 
inner shell, dark prismatic hornblende crystals 
spread out radially from the core. Feldspar and 
quartz are graphically intergrown. Modal analysis 
indicates, on average, approximately 60% feldspar, 
26% hornblende and 14% quartz. In the outer shell, 
dark and light concentric subshells alternate, the 
former consisting of hornblende and traces of biotite 
and the latter of feldspar and quartz. Their composi- 
tion is 63% feldspar, 28% quartz and 7.5% horn- 
blende. The orbicules show few signs of deforma- 
tion of the shells. 

The matrix is wiborgitic rapakivi granite, the main 
minerals being K-feldspar, quartz, plagioclase and 
biotite. K-feldspar ovoids in the matrix are mantled 
by a thin rim of plagioclase feldspar. Accessory rnin- 
erals comprise muscovite, zircon, hematite, epidote, 
apatite and opaque minerals. The amounts of biotite 
and fluorite are higher than in the orbicules. 



ORBICULAR ROCKS IN SOUTH KARELIA 
a 

Fig. 100. The orbicular rock obse~ations in 
South Karelia (1) (the red spots are rock out- 
crops and the blue spots erratics). 

The orbicular rocks in South Karelia are shown in Fig. 100. The following six occurrences have been 
observed: 

Orbicuiar rock outcrops: 
Orbicular granite occurrence, Hämeenjmi, Suomenniemi (33) 
Orbicular granite occurrence, Kuusenhako, Suomenniemi (34) 
Orbicular rapakivi granite occurrence, Ruskiavuori, Savitaipale (35) 

Orbisuiar rock boulders: 
Orbicular granite boulder, Tornio, Savitaipale (32) 
Orbicular quam monzonite boulder, Suuri Lintusaari, Ruokolahti (36) 
Orbicular quartz monzonite boulder, Hiirskiänsaari, Ruokolahti (37, described with 36) 

The chemical analyses of the orbicular rocks are given in Table 9 and classification of the rock types in 
Fig. 101. Detailed maps of the orbicular rock occurrences of Hämeenjärvi (33) and Ruskiawori (35) are 
included to the descriptions of the occurrences. 

Fig. 101. Orbicular rocks (chemical analyses from Table 8) from South Kareiia in the R,~classification diagram. 



ORBICULAR GRANITE BOULDER FROM TORNIO, SAVITAIPALE 

Paula Raivio 

Fig. 102. Orbicular granite boulder from Tornio, Savitaipale (about 60 x 50 x 40 cm in size), decorates the 
garden of the discoverer. Photograph: P. Raivio. 

Risto Kola found a solitary boulder of orbicular 
granite in the rapakivi granite area near the village 
of Tornio in Savitaipale at the beginning of the 1 
1980s. The boulder measures about 60 x 50 x 40 cm 
and is slightly rounded in f o m  (Fig. 102). The boul- 
der was nearly completely buried under till and it is 
considered to be derived from the rapakivi granite 

I 
area. No chemical analyses of the rock are availa- 
ble, and the rock is classified as granite on the basis 
of its mineralogy. 

The orbicular rock is light red in colour and con- 
sists of several rather large ellipsoidal orbicules, the 
largest being about 15 cm in diameter (Fig. 103). 
The orbicules differ distinctly from the matrix and Fig. 103. Close-up of the weathered surface of the Tornio boulder shows 
~0mpnse 60-70% 0f the t0td ~0lLlme 0f the b0ul- that the cores of the orbicules are large, fine-grained and surrounded by 
der. They are somewhat irregularly distnbuted, in a radia' feldspar sheii. Photograph: P. Raivio. 

places impinging on one another. The matrix of the 
orbicules closely resembles medium-grained rapaki- 
vi granite, consisting mainly of reddish potash feld- size is only 115 of the total orbicule. The central phe- 
spar and quartz with some biotite. nocryst is surrounded by a two-centimetre thick zone 

The cores of the orbicules are rather large, occu- with medium-grained intergrowth of potash feldspar, 
pying from one quarter to three quarters of the total quartz and biotite. Biotite is slightly concentrated in 
volume of each orbicule. Thus, an ellipsoidal orbi- an outer subzone half of a centimetre thick subzone 
cule with dimensions of 14 to 11 cm has a core 7.5 x against the shell. 
5.5 cm in size. The Centre of this core is occupied The only proper shell consists of coarsely radial 
by a phenocryst of graphically intergrown potash potash feldspar, and is in this orbicule about 3 cm 
feldspar and quartz. The phenocryst shape corre- thick. The radii extend across the whole shell and 
sponds to that of the whole orbicule, even though its the 1 mm thick radii broaden slightly outwards. 



There are a couple of scarcely visible biotite sub- ies from orbicule to orbicule and can be up to 6 cm. 
shells in the potash feldspar shell; most of them are The number and distribution of biotite subshells also 
concentrated in the outer 1 cm thick zone of the varies between adjacent orbicules. 
shell. The thickness of the potash feldspar shell var- 

ORBICULAR GRANITE OCCURRENCE FROM HÄMEENJÄRVI, SUOMENNIEMI 

Tapani Rämö 

Fig. 104. Orbicular granite from Hämeenjki, Suomenniemi. The orbicules are large feldspar-biotite 
spheniles surrounded by a narrow, fine-grained biotite-poor shell. A polished sample from the Department 
of Geology, University of Helsinki. The scale is 12 cm long. Photograph: J. Keskinen. 

The orbicular rock in Hameenjärvi, Suomennie- Table 9. Chemical analyses of the orbicular ~ O C ~ S  from South Karelia. 
X-ray fluorescence analyses made at the Geological Suwey of Finland. 

mi (Figs. 25 b, 104, 105), was found by Mervi Tähti- F* detedned titrimehcallv. - not analvsed. 
nen in 1986 during mapping carried out by the De- 
partrnent of Geology, University of Helsinki. The lo- 
cality is situated in the northwestern part of the s io ,  
Suomenniemi ra~akivi granite intnision. which is a no, 
satellite of the wiborg ;apakivi granite w>mplex in 
southeastern Finland. The rock is called orbicular 
granite on the basis of its mineralogy and chemical 
composition (Table 9, Fig. 101). 

The orbicular rock occurs in a WNW-trending ap- 
litic dyke cutting a coarse- and even-grained biotite 
rapakivi granite (Fig. 106). Three separate, irregular 
bodies of red orbicular rapakivi granite are found in 
the dyke. The orbicular granite bodies lie approxi- 
mately 5 m apart from each other and their diameter 
ranges from 0.5 to 2 m. 

The orbicules in the rock are undeformed, tightly 
spaced, nearly spherical in shape and 5 to 18 cm in 
diameter (Figs. 104 and 105). A microcline perthite 
crystal constitutes the nucleus of each orbicule (Figs. 
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1. Hämeenjki, Suomenniemi, SNLA, 2. Kuusenhako, Suomenniemi, 
14-PMR-88: 3. Ruskiavuon, Savitaipale, 28-SIL-01; 4. Suuri Lintusaari, 
Ruokolahti, 1 16-SIL-00. 



Fig. 105. Sections of the orbicules from the Hämeenjävi orbicular rock. 
See also Fig. 2Sb. Photograph: J. Keskinen. 

25b). The form of the nucleus varies from rounded 
to angular and the diameter ranges from 1 to 3.5 cm. 
The size of the nucleus does not, however, correlate 
with the size of the orbicules. 

The shell of the orbicules consists of microcline 
perthite, quartz and green biotite with fluorite as a 
C O ~ S D ~ C U O U S  minor constituent. K-feldsr>ar occurs as Fig. 106. Orbicular rock occurrence of Hämeeniärvi, Suomenniemi. 

anhe&.al, 1 to 5 cm long crystals arra&ed radially Explanations: 1) Orbicular granite. 2) even-$r&ed aplitic granite, 
3) orbicular rapakivi granite, 4) coarse rapakivi granite. Map by S.I. 

around the nucleus. Many of the K-feldspar crystals ~ ~ h ~ i .  
have the sarne crystallographic orientation as the nu- 
cleus, on which they were obviously nucleated. 
Quartz is anhedral and graphically intergrown with 
perthitic K-feldspar. Biotite is mainly found as flakes 
1 to 10 mm long and a few millimetres wide that 
tend to coalesce into dendritic clusters arranged ra- 
dially (and occasionally also concentrically) around 
the nucleus. At the outer rim of the orbicules there 
is often a concentric shell of graphically intergrown 
perthitic K-feldspar and quartz completely devoid of 
mafic constituents. The matrix between the orbicules 
is medium to coarse-grained biotite granite, although 

a leucocratic albite-rich matrix is also locally 
present. 

A characteristic mineralogical feature of the rock 
is that fluorite occurs in the shell of the orbicules as 
euhedral cubic crystals ranging from 0.1 to 0.5 mm 
in diameter. The amount of fluorite in the mantle var- 
ies between 2.8% and 4.8% and averages 3.6%. The 
fluorite content of the matrix between the orbicules 
is on average 0.4% and in the country rock 0.5%. 



ORBICULAR GRANITE OCCURRENCE FROM KUUSENHAKO, SUOMENNIEMI 

Tapani Ramö 

Fig. 107. Outcrop of orbicular granite of Kuusenhako, Suomenniemi. The width of the photographed area 
is 1.5 m. Photograph: T. Rämö. 

The orbicular rock in Kuusenhako, Suomenniemi, 
was found by Mervi Tähtinen in 1987 during the 
remapping of the intrusion performed by the Depart- 
ment of Geology, University of Helsinki. The Kuu- 
senhako orbicular rock occurs in the eastern part of 
the Suomenniemi rapakivi granite intrusion, which 
is a satellite of the Wiborg rapakivi granite complex 
in southeastern Finland. The rock is called orbicular 
granite on the basis of its mineralogy and chemical 
composition. The chemical analysis of the rock plots 
in the granite field in the R,R, classification diagrarn 
(Table 9, Fig. 101). 

The Kuusenhako orbicular granite forms part of a 
steep, intensively weathered cliff edge, and is most- 
ly obscured by overburden. It most probably repre- 
sents a NNW-trending vertical dyke with minimum 
dirnensions of 10 m (length), 2.5 m (thickness) and 
5 m (height). The orbicular rock cuts sharply across 
the country rock, which is a coarse- and even- 
grained biotite-bearing rapakivi granite. 

The Kuusenhako orbicular granite is dark green- 
ish brown (on weathered surfaces light brown) and 
consists of spherical orbicules set in a medium- and 

even-grained olivine- and biotite-bearing granitic 
matrix (Figs. 105, 107). The orbicules are tightly 
spaced, usaally touching one another. Occasionally, 
scattered orbicules and pure matrix without orbicules 
are also found. The orbicules usually show no sign 
of deformation. However, in the most tightly spaced 
parts slightly squeezed orbicules can be seen. 

The orbicule diameters vary between 5 and 20 cm 
and nearly each orbicule has a crystal of microcline 
perthite as a nucleus (diameter 3 to 5 cm). The sheil 
around the nucleus is leucocratic and composed of 
slightly perthitic microcline graphically intergrown 
with quartz. Fe-rich olivine and fluorite are as mi- 
nor constituents along with biotite, green amphibole, 
serpentine, zircon and opaque minerals. 

Some of the microcline crystals in the shell that 
are in contact with the microcline crystals of the nu- 
cleus have the same crystallographic orientation and 
form a radial frarnework around the core. Moreover, 
the maiic constituents tend to be concentrated in the 
inner half of the shell, while the outer half is more 
leucocratic. This is observed on the weathered sur- 
face of the rock as a distinct concentric structure. 



ORBICULAR GRANITE OCCURRENCE FROM RUSKIAVUORI, 
SAVITAIPALE 

Seppo 1. Lahti 

Fig. 108. Orbicular granite of Ruskiavuon from Savitaipale is composed of large orbicules scattered in a 
brownish, inhomogeneous and usually medium-grained granitic matrix. Locaiiy the outer shells are 
corroded by a coarse granite variety that obviously represent the residuai liquids of the granitic matrix. 
The coin is 23 mm in diameter. Photograph: S. 1. Lahti. 

The orbicular rock outcrop of Ruskiavuori hill in 
Savitaipale, close to the border of Taipalsaari, was 
found by landowner Juhani Hjerppe in 1999. 

Single orbicules, groups of orbicules and a larger 
coherent body of the orbicular rock (Fig. 108) occur 
in an irregular and inhomogeneous granite dyke that 
cuts the porphyritic rapakivi granite intrusion on the 
southern slope of the hill. 

The landowner, together with manager E. Vainik- 
ka from the Company Sorvikivi Oy that produces 
special floating Stone spheres for water fountains, 
has studied the size of the occurrence by diamond 
drilling and blew up some pieces from the orbicular 
rock for test spheres of water fountains. According 
to information given by manager E. Vainikka Sorvi- 
kivi Oy has began to quarry the orbicular for deco- 
rative purposes in the winter 2004. 

The Ruskiavuori granite-orbicular rock body is at 
least 50 m long and 20 m wide at a maximum (Fig. 
109). The main part of it is composed of fine-grained 
granite mixed with coarse granite, but locally it also 

contains poorly developed small proto-orbicules 
(Fig. 22 b), large orbicules or groups of large orbi- 
cules. The contact against the surrounding coarse- 
grained rapakivi granite and porphyritic rapakivi 
granite is often gradual and difficult to recognize. In 
the NE part of the granite body the rock grades into 
a coherent, relatively homogeneous reddish-grey or- 
bicular rock, which is composed of large orbicules 
in medium-grained, locally coarse-grained granitic 
matrix. This orbicular rock body is roundish in shape 
and about 10 x 12 m in size. The mineralogy of the 
orbicular rock indicates that it is granite in composi- 
tion, as does the R,R, rock classification diagram 
(Table 9, Fig. 101). 

The Ruskiavuori orbicular rock is composed of 
closely associated, large, greyish orbicules in a me- 
dium-grained granitic matrix. In some orbicules the 
matrix penetrates the orbicules and replaces part of 
the shell (Fig. 108). The main rninerals in the matrix 
are K-feldspar, plagioclase, quartz and dark-brown 
biotite. Fluorite, muscovite, sphene and zircon were 



Fig. 109. Orbicular rock occurrence of Ruskiawon, Savitaipale. Expla- 
nations: 1) Orbicular granite, 2) inhomogeneous orbicular granite and 
even-grained granite, 3) coarse porphyritic rapakivi granite, 4) contact, 
5) assumed contact. Map by S.I. Lahti. 

observed as accessories. Plagioclase crystals are 10- 
cally zoned and they have a dark Centre composed 
of alteration products. The matrix is fine-grained to 
medium-grained, but locally it may have coarse 
quartz-rich portions. 

The orbicules are exceptionally large in size, their 
diameter being 15-18 cm. They have a light coarse- 
grained core measuring 5-10 cm in size and it is sur- 
rounded by a thick grey shell or two grey shells sep- 
arated by a dark biotite shell. The core is mainly 
composed of K-feldspar megacrysts intergrown with 
quartz and many of them have a nucleus consisting 
of a K-feldspar megacryst or accumulations of bi- 
otite flakes. Microscopic observations show that the 
K-feldspar megacrysts are often distinctly cross- 
twinned and full of small drop-like or worm-like in- 
clusions of quartz. Biotite, plagioclase and fluorite 
are common accessories. Locally biotite has altered 
to chlorite and iron oxides. 

The shell is 3-4 cm wide, fine-grained and main- 
ly composed of K-feldspar and quartz with minor 
plagioclase and biotite. K-feldspar occurs in the 
shells as 0.5-1.0 mm long crystal laths that are of- 
ten radially arranged. Quartz grains are roundish and 
small, less than 0.5 mm in diameter. Usually the 
shells are homogeneous, but they may have some 
light feldspar-rich subzones that are coarcer in grain 
size. Sericite and fluorite were observed as rare ac- 
cessory minerals in the shells. In some single orbi- 
cules two grey K-feldspar-quartz shells are separat- 
ed by a narrow biotite-rich shell. 



ORBICULAR QUARTZ MONZONITE BOULDERS FROM SUURI LINTUSAARI - 
AND HÄRSKIÄNSAARI, RUOKOLAHTI 

Paula Raivio & Seppo 1. Lahti 

Fig. 110. Polished surface of orbicular rock from Lintusaari, Ruokolahti. The orbicules are 8-12 cm in 
diameter. Museum of the Depariment of Geology, University of Helsinki Photograph: J. Keskinen. 

K. Waller discovered in 1936 a boulder of orbicu- 
lar rock on the westem shore of the island of Suuri 
Lintusaari (Suuri Lintusaari boulder no. 36) that is 
situated on the eastern part of Lake Suur-Saimaa in 
Ruokolahti. The boulder measured about 80 x 50 x 
30 cm and was well rounded (Eskola 1938). Forty 
years later (in 1978) another boulder of the same 
type, about 20 cm in diameter, was discovered on 
the southern shore of the island of Härskiansaari 
(Härskiansaari boulder no. 37), some 4-5 km east 
of Lintusaari. The roundness of the Lintusaari boul- 
der suggests considerable glacial transport. The rock 
in both of the boulders resembles each other and they 
may have a cornmon source, possibly beneath Lake 
Saimaa. Nowadays, both of the boulders have been 
removed from their respective places of discovery. 

Eskola (1938) described the rnineralogy of the or- 
bicular rock from Suuri Lintusaari island and gave 
chemical analyses of it, including the core, shells and 
the monzonitic matrix and younger granitic matrix. 
He used the general term "orbicular rock" in his de- 
scription and classified it with the group of "esboit- 
ic" orbicular rocks. In this publication the rock is 
called orbicular quartz monzonite on the basis of its 

mineralogy and chernical composition (Table 9, Fig. 
101). 

According to Eskola (1938), the orbicules in the 
Suuri Lintusaari boulder are from 5 to 12 cm in di- 
ameter (see Fig. 110). Several of the orbicules are 
irregular in fom; only a few are ellipsoidal and some 
are nearly rectangular. The nucleus af the orbicules 
is usually a rectangular crystal of plagioclase (An,,) 
some 1.5 cm in length and the shape of the orbicules 
follows the form of these subhedral plagioclase phe- 
nocrysts. 

The shell of the orbicules varies in thickness from 
2 to 4 cm, and it consists of several alternating light- 
grey and dark-grey subshells. The light-grey sub- 
shells consist mainly of granoblastic plagioclase of 
the same composition as the core. The dark-grey 
subshells consist of plagioclase and biotite. The sub- 
shells are very thin, usually less than 1 mm thick. 
Yet, in each orbicule, there are a few plagioclase-rich 
subshells, which are 2-5 mm thick. Usually these 
thicker subshells are located in the outer part of the 
orbicule, but their distribution and spacing varies 
considerably, which makes each orbicule appear 
rather "individual". According to Eskola, a partial 



radial arrangement is noticeable in the inner dark- 
grey zone, while the plagioclase of the light-grey 
subshells does not show any orientation at all. He 
also states that biotite is tangentially arranged par- 
allel to (OOl), but that the crystals are elongated par- 
allel to the c-axis. 

According to Eskola, the matrix is partly monzo- 
nitic and partly granitic in composition. He consid- 
ers monzonite to be the prirnary matrix, since it also 

occurs as country rock and as nebulitic remnants be- 
tween the orbicules. Granitic mauix predominates in 
the rock, however, and Eskola suspected that later 
granitisation replaced earlier crystallized monzonite. 
Granitic parts are frequently pegmatitic in texture. 
Solitary large phenocrysts of plagioclase (An,,- 
An,,) occur in the reddish granitic matrix, just as in 
the monzonite. 



ORBICULAR ROCKS OF ETELA-SAVO k 
'I 

" 

Fig. 111. The orbicular rock observations in 
Etelii-Savo (J, blue 8pob are bouiders and a 
red spot is a rock outcrop). 

The orbicular rocks of Etelä-Savo 
(South Savo) are shown in Fig. 1 1 1. 
The following ten occurrences have 
been observed: 
Orbicular rock outcrop: v 

Orbicular granite outcrop from Pihlajavesi, Savonlinna (47) 
Orbicuiar rock boulders: 

Orbicular tonalite boulder from Nurmaa, Mäntyharju (38, described with 64, p. 132) 
Orbicular granite boulders from Hokka, Kangasniemi (39) 
Orbicular gabbro boulder from Harjunmaa, Mikkeli (40) 
Orbicular peridotite boulder from Vuorenvarjo, Ristiina (41) 
Orbicular peridotite boulder from Luostarinsalo Ristiina (42, described with 41) 
Orbicular peridotite boulders From Perhonlahti, Kangaslampi (43) 
Orbicular peridotite boulders from Rauhasalmi, Kangaslampi (44) 
Orbicular gabbro boulder from Ruunasaari, Puumala (45) 
Xenolith-type of orbicular diorite boulder from Varistaipale, Heinävesi (46). 

The chemical analyses of the orbicular rocks are given in Table 10 and classification diagram of the rock 
types in Fig. 112. A detailed map of the orbicular rock occurrence of Pihlajavesi (47) is included to the 
description of the occurrence. 

Fig. 112. Orbicular roeks (cherriicai analyses from Table 10) fmm EtelaSavo in the R,~ciassincation dialpam. 



Table 10. Chemical analyses of the orbicular rocks from Etelä-Savo. X-ray fluorescence analyses made 
at the GeologicaI Survey of Finland. FeO determined titrirnetrically. -not analysed. 

sq 
Ali09 
Cao 
Fe,O+ot. 
Fe,O$alc. 
FeO 

K20 
wo 
MnO 
Na20 
'ZO, 

no, 
AICNK 
FeO/ Fe,O,calc. 

R, 
R2 
Number of 
occurrence 

1. Hokka, Kangasniemi, 8-PMR-88; 2. Harjunmaa, Mikkeli, 8-PMR-86; 3. Luostarinsalo, Ristiina, 
4-PMR-88; 4-5. Perhonlahti, Kangaslampi, 50-PMR-86 and 85-27330m, 6. Rauhasalmi, Kangaslampi, 
56-PMR-80; 7. Varistaipale, Heinävesi, 10-PMR-88; 8. Pihlajavesi, Savonlinna, 58-SiL-00. 

ORBICULAR GRANITE BOULDERS FROM HOKKA, KANGASNIEMI 

Paula Raivio 

Fig. 113. Polished specimen of orbicular granite boulder from Hokka, Kangasnemi. The orbicules are 
medium-sized (0 8-10 cm) and often multishelled. The matrix is medium-grained granite that locally grades 
into pegmatitic granite. Sample from the Geology Depamnent, University of Helsinki. Photograph: J. Kes- 
kinen. 

In 1894 Benjamin Frosterus received a piece of many geologists have given their own interpretations 
beautiful orbicular rock that had been found by a of the origin of the rock (Frosterus 1896, 1903, Sed- 
farmer in Hokka, Kangasniemi. This was the second erholm 1928, Belyankin & Petrov 1933, 1939, Sil- 
orbicular rock site found in Finland and since then berstein 1933, Eskola 1938). The orbicular rock is 



known from only a few boulders, the largest one 
being about 5 cubic metres. 

The mineralogy and chemical composition of the 
Hokka orbicular rock corresponds to that of granite 
(Table 10, Fig. 112). According to Frosterus (1896), 
the orbicules in the Hokka orbicular granite are large 
and spherical to ellipsoidal in form (Fig. 113). The 
diameter of the orbicules is usually 15-20 cm, but 
the largest orbicules measure up to 33 cm in diame- 
ter. In places the orbicules lie several centirnetres 
apart, while in other places they are so closely 
packed that they touch and have deformed one an- 
other. 

Many of the orbicules have a gneiss fragment as 
a core Fig. 28a, the fragmental origin being further 
accentuated by their sharp edges. Other cores con- 
sist of coarse-grained biotite-rich granite with a 
rounded appearance (Frosterus 1896). According to 
Eskola (1938), this type of core is actually biotite- 
quartz-diorite. 

At the outer boundary of the core fragment a few 
large non-oriented crystals of biotite and hornblende 
occur enclosed by a yellowish-white, coarse-grained, 
feldspar-rich shell (thickness 1-2 cm) that also fills 
fractures in the core fragments. The main minerals 
in this shell are plagioclase (andesine), quartz, biotite 
and microcline. Plagioclase is coarsely radial and 
quartz occurs interstitially in the first shell (Eskola 
1938). The coarse-grained shell changes gradually 
outwards into a fine-grained and concentric shell. 
The growth of small radial plagioclase (andesine) 
and tangential biotite grains resulted in a concentric 
structure that is intensified in many orbicules by the 
arrangement of biotite and plagioclase in separate 
thin subshells of their own in many orbicules. In 0th- 
ers this subdivision cannot be seen. 

Frosterus (1896) thought that the three separate 
parts described above (the gneiss fragment, the 
coarse-grained shell and the concentric shell) formed 
the core, and only the outer part of the concentric 
shell was considered by him as the first shell. 

The division of the Centre of an orbicule into a 
fragmental core and two shells is most obvious in 
the ellipsoidal orbicules. The spherical orbicules, on 
the other hand, have a more granite-like core, which 
grades indistinctly through coarsely radial plagiocla- 
se into the fine-grained concentric plagioclase and 
biotite shell. According to Frosterus (1896), the 
granite-like cores were also originally gneiss frag- 
ments, but they have been altered to granite by mag- 
matic effects. Some authors (e.g. Belyankin & 
Petrov 1939) think that granitic cores were also orig- 
inally granite, identical in composition to the matrix. 

The thickest shell(1-5 cm) in the Hokka orbicules 
is the microcline shell with sharp boundaries towards 

both the inner and outer concentric plagioclase and 
biotite shells. In addition to microcline, quartz oc- 
curs as the main constituent, while biotite is almost 
absent. Microcline is coarse-grained and radially ori- 
ented, the radii often stretching across the whole 
shell. Grey plagioclase-rich shells are cornrnon in the 
middle of the microcline shell; they are less than 
three mm thick and similar in structure and mineral- 
ogy to the plagioclase-rich concentric shell near the 
core. 

According to Frosterus (1896), the yellowish 
white microcline shells are thin (0.5-1 cm) in the el- 
lipsoidal orbicules, while in the spherical orbicules 
the microcline shell can be up to 5 cm thick. Occa- 
sionally the microcline shells are altogether absent 
(Eskola 1938). To understand whether the develop- 
ment or absence of the microcline shells depends 
upon the central nucleus, Eskola (1938) investigat- 
ed 34 orbicules with visible central nuclei, but no- 
ticed no correlation at all between the thickness of 
the microcline shell and the character of the central 
fragment. 

The outermost part of the orbicules is always oc- 
cupied by a rather thick (0.5-1 cm), dark-grey and 
fine-grained plagioclase shell, similar to the first 
concentric shell. The main constituents in the outer- 
most shell are biotite, plagioclase (andesine), potas- 
sium feldspars and quartz. Partly tangential biotite 
and radial plagioclase often comprise very thin and 
indistinct subshells, which make the orbicules stand 
out distinctly from the matrix. 

The matrix is heterogeneous and medium-grained, 
and in places consists of pegmatitic granite. The 
main minerals are potassium feldspars, biotite, pla- 
gioclase (albite-oligoclase) and quartz. There are 
some biotite-rich inclusions in the matrix. Plagiocla- 
se has crystallized as longitudinal crystals against the 
orbicules, sometimes even penetrating slightly into 
the outermost shell of the orbicule. This makes the 
orbicules less easy to detach from the rock, com- 
pared to where biotite is aligned tangentially at the 
outer edge of the orbicule. 

Besides the dark, partially assimilated biotite-rich 
inclusions there are numerous thin pegmatite veins 
in the matrix. These do not show sharp borders, but 
merge gradually into the matrix. According to Frost- 
erus (1896), these veins are primary, and tension and 
pressure were able to crack the earlier crystallized 
orbicules, injecting some pegmatite into the veins. 
Eskola (1938) argued, by contrast, that the micro- 
cline shell originally accreted directly upon the cen- 
tral fragrnent. While still elastic, the shells were per- 
meated by magma, which reacted with the central 
fragment and crystallized against it. 



ORBICULAR GABBRO BOULDER FROM HARJUNMAA, MIKKELI 

Paula Raivio 

Fig. 114. Orbicular gabbro boulder from Harjunmaa, iviikkeli. The orbicules are pwrly developed and 
single-shelled. A sample (25 cm high part in the figure) from the Mieralogical Museurn of the Geological 
Survey of Finland. Photograph: J. Keskinen. 

A boulder of orbicular rock in Harjunmaa, Mikke- 
li, was discovered by Reijo Niemelä (GSF) in 1969 
during fieldwork for the Mikkeli map sheet. The en- 
tire boulder, less than 30 cm in diameter, was re- 
moved from the place of discovery (Fig. 114). The 
small size and roundness of the boulder suggests ex- 
tensive glacial transport. 

The rock is heterogeneous, a great part of the 
boulder being dioritic in mineral composition. The 
sample analysed contained exceptionally hornblende 
rich cores and the chemical analysis (Table 10) plots, 
therefore, in the monzogabbro field in the R,R, 
classification diagram (Fig. 112). 

The orbicules in this rather simple orbicular rock 
measure 3-10 cm in diameter and are variable in 
shape due to the cornmonly angular shape of their 
core. The orbicules invariably have only one or two 
shells, A contact between the country rock and the 
orbicular rock can be seen in the boulder, and the 
orbicules are elongated parallel to the contact. The 
country rock is a fine- to medium-grained diorite and 
resembles the material in the cores of the orbicules, 

as well as within the interstices between the orbi- 
cules. The main constituents of the fine-grained di- 
oritic cores are plagioclase (An,,), hornblende and 
biotite. A few cores consist of fine-grained amphib- 
olite or medium-grained hornblendite. 

There are usually two distinct shells in the orbi- 
cules: 1) an almost black, inner hornblende-rich sheil 
(<5 mm thick), and 2) a light-grey, outer plagiocla- 
se-rich (An,,) shell(<10 mm thick). 

The outer parts of the cores and the plagioclase- 
rich shells sometimes display irregular and discon- 
tinuous biotite zones that show a weak tangential 
alignment. Plagioclase is coarsest in the inner parts 
of the shells (up to 2 mm), but the grains become 
finer-grained and nearly equigranular towards the 
matrix. 

The matrix is fine- to medium-grained diorite, 
which is mineralogically heterogeneous and forms 
only a small proportion of the total rock volume. The 
main constituents are plagioclase (An,,), biotite and 
hornblende. One thin section studied in detail was 
exceptionally rich in sphene (> 1 voi.%). 



ORBICULAR PERIDOTITE BOULDERS FROM VUORENVARJO, RISTIINA AND 
LUOSTARINSALO, TIIROLA, RISTIINA 

Erkki Viluksela 

While searching for ore boulders for the Outo- 
kumpu Company in the summer of 1965, Erkki Mik- 
kola discovered two small boulders of dark-green 
ultramafic orbicular rock on the shores of Lake 
Yövesi, at Tiirola, near Ristiina. One of the boulders 
was discovered near Vuorenvarjo farm (Vuorenvar- 
jo boulder no. 41) and the other south of Luostarin- 
salo farm (Luostarinsalo boulder no. 42) on the SW 
shore of the island of Jurvansaari, about 3 km SE of 
the Vuorenvarjo locality. The boulders are both 
rounded and small in size, the diameters being only 
20 cm and both boulders have been removed from 
the places of discovery. 

The mineralogy of the Vuorenvarjo and Luos- 
tarinsalo orbicular rocks indicates that they can be 
called orbicular peridotites. A piece of the Luostarin- 
salo orbicular rock was analysed chemically and the 
results are given in Table 10. 

The orbicules are nearly spherical and usually 

measure less than 3 cm. The main mineral in the or- 
bicules is coarse-grained diopside, which tends to be 
radially oriented. In addition to diopside, a small 
amount of serpentine with relict olivine is ubiquitous 
in the cores of the orbicules. Diopside is generally 
clouded by a brownish alteration product and serpen- 
tine by fine-grained magnetite. 

The orbicules have no discemible mantle or shell 
and the contact with the surrounding matnx is defmed 
by sharp, nearly spherical surfaces. Next to the orbi- 
cules there is a seam of serpentine with some relict 
olivine. The serpentine is cornmonly oriented along 
the orbicules, which are sometimes intensified by 
fine-grained magnetite dust. Magnetite aggregates 
occur in places between the orbicules and the serpen- 
tine. Other minerals in the matrix are coarse-grained, 
cloudy diopside, which is distinctly less abundant than 
serpentine, and edenite. Small accessory sulphide 
grains occur both in the orbicules and in the matrix. 

ORBICULAR PERIDOTITE BOULDERS FROM PERHONLAHTI, KANGASLAMPI - 
Jorma Eeronheimo 43 

Fig. 115. Polished &b of orbiou1ar peridotite boulder from Perhonlahti, KangaBlampi. The tbck is com- 
psed of smaii wbicules (1-3 cm ui diameter) and serpentine nodules. A sample from the Miieralogicai 
Museum of the Geo1ogicd Survey af Finfand. Pbotogeaph: J. Keskinen. 

Two boulders of ultramafic orbicular rocks were Both of the boulders, about 0.5 m in diameter, prob- 
found by Urpo Vihreäpuu in 1985, while prospect- ably belong to the same boulder fan, comprising me- 
ing for ore boulders in Perhonlahti, Kangaslampi. taperidotites, metapyroxenites and norites. 



The Perhonlahti rock is called orbicular peridot- 
ite on the basis of its mineralogy. A chemical analy- 
sis of the rock is given in Table 10. 

In the boulders of the Perhonlahti ultramafic boul- 
der fan serpentinized peridotite shows a gradation 
into spotted peridotite and into orbicular peridotite 
with serpentine spots. The volume of the spots and 
orbicules in the rock is 70%, 25% of which at most 
constitute orbicules. The diameter of the orbicules 
is only 1-3 cm. 

The main minerals in the cores of the orbicules 

are serpentinized, medium-grained olivine and diop- 
side. The diameter of the cores is 0.5-1 cm. The or- 
bicules have two shells, the inner one consisting of 
2-5 mm long diopside radii together with some oli- 
vine (Fig. 115), while the outer black shell consists 
of almost completely serpentinized olivine. The 
thickness of the inner and outer shells combined 
does not exceed one centimetre. The main constitu- 
ents in the matrix are medium-grained diopside and 
amphibole. Small spots of serpentinized olivine are 
comrnon. 

ORBICULAR PERIDOTITE BOULDERS FROM RAUHASALMI, KANGASLAMPI 

Erkki Viluksela 

Fig. 116. Piece of orbicular pendotite boulder from Rauhasalmi, Kangaslampi. The orbicules are medium- 
sized (@ 4-6 cm), their cores are large and the shells thin. A sample from the Mineralogical Museum of the 
Geological Survey of Finland. Photograph: J .  Keskinen. 

Martti Kaäriainen discovered over 20 orbicular 
boulders of ultramafic rocks in Rauhasalmi, near 
Kangaslampi, during ore prospecting for Outo- 
kumpu Company in 1963. They are distributed over 
a distance of 100 m within the proximal part of a 
narrow peridotitic boulder fan that can be traced for 
over a kilometre. 

The Rauhasalmi orbicular rock is called orbicular 
peridotite in this study on the basis of the mineralo- 
gy. The chemical analysis of the rock is given in Ta- 
ble 10. 

The size of the boulders - the largest are more 
than one cubic metre - and their sharp edges indi- 
cate a short transport distance. A small roundish 
magnetic anomaly, 50 m in diameter, was found 100 
metres from the proximal end of the boulder fan and 
was drilled in 1985. The rock was seen to resemble 
the peridotite occurring in the orbicular rock boul- 
der fan, but no orbicular structures were found (Jor- 
ma Eeronheimo, pers. comm.). It is nevertheless 
likely that the orbicular boulders have been locally 
derived. 



There are numerous orbicules in the rock and they 
often occur close to each other. Due to the almost 
black colour of the shells, the orbicules can easily 
be distinguished from the matrix (Fig. 116). The or- 
bicules are spherical or slightly ellipsoidal in shape 
and measure about 4-5 cm, rarely more than 6 cm. 

In some boulders the orbicule-rich peridotite 
grades into the orbicule-poor type with numerous 
serpentinized olivine spots some 0.5-1 cm in size. 
The rare orbicules in this type are smaller in size 
than in the common orbicular type. Finally, the orb- 
icules disappear altogether and the peridotite shows 
a gradational transition through spotted peridotite to 
a more normal peridotite. 

There are two parts in the orbicules that differ dis- 
tinctly from one another - a dark-grey, very fine- 
grained shell and a lighter-grey, coarse-grained core 
(Fig. 116). The boundary border between the shell 
and the core is sharp and even. The core detaches 
easily along this contact in weathered rock. The 
thickness of the shell is 3-8 mm and the core meas- 
ures 2-4 cm. 

The most typical mineral in the core is coarse- 
grained diopside that shows a radial alignment. In 
many cores some or all of these longitudinal grains 
have grown outwards from the centre of the core. In 
other cores there is a distinct nucleus (diarneter 0.5- 
2 cm), consisting of a coarse- to medium-grained 
mass of diopside and edenite. At the centre of such 
cores there is usually some serpentine with relict 
olivine. 

The nuclei are commonly surrounded by a dark- 
grey, discontinuous and corona-like intermediate 
zone from 0-6 mm thick. Numerous sharp serpen- 
tine blades radiate outwards, often occupying the 
spaces between the diopside laths, accompanied by 
some relict olivine and in places edenite. 

The outer part of this intermediary zone of the 
core consists of continuous, radiating diopside, 
which in general is the dominant mineral in the core. 
Some edenite also occurs among the diopside. The 
diopside laths terminate at the contact between the 
core and the shell. 

The shell consists mainly of fine-grained serpen- 
tine with some relict olivine and abundant tiny mag- 
netite grains. The most characteristic feature of the 
shell is its perfectly concentric nature with respect 
to the core, as emphasized by the presence of diop- 
side-rich subshells having uniform thicknesses. The 
diopside in these subshells shows no preferred ori- 
entation. 

The outer surface of the shell is more irregular 
than the inner surface and tends to mineral grain 
boundaries in the matrix and the neighbouring orbi- 
cules. In places orbicules have imperfect shells and 
the shell is even absent from some orbicules. 

The matrix consists of coarse-grained diopside, 
edenite and serpentine with relict olivine. Carbon- 
ate is occasionally quite common in the matrix. Di- 
opside sporadically forms fan-shaped aggregates that 
may represent incipient orbicules. In other places di- 
opside laths have grown beyond the shells and fol- 
low the radial orientation of the diopside grains in 
the core. 

The olivine in the orbicular peridotite is rich in 
magnesium (forsterite). The mean composition is 
Fo>80%, but the composition varies somewhat de- 
pending on the mineral association. 

Orbicular peridotite boulders from Rauhasalmi 
resemble those discovered in Perhonlahti that were 
found only a kilometre or so north of Rauhasalmi. The 
most obvious difference, however, is the size of the 
orbicules from the two occurrences, the mean diam- 
eter of the orbicules at Perhonlahti being only 1-3 cm. 



ORBICULAR GABBRO BOULDER FROM RUUNASAARI, PUUMALA 

Jukka Kousa 

Fig. 117. Orbicular gabbro boulder from Ruunasaari, Puumala. The boulder is 42 cm long and composed 
of orbicules that are less than 5 cm in diameter. Photograph: J. Könönen. 

In the summer 1999 goldsmith Mrs. Pipsa Pasa- 
nen discovered a boulder of orbicular gabbro on the 
island of Ruunasaari, Puumala, during a sailing trip 
on Lake Saimaa. The boulder is roundish, cone-like 
in form, 32 centimetres long and weighs about 18 
kilograms (Fig. 117). The boulder has been removed 
from the place of discovery, but the discoverer kind- 
ly gave it for studies. This description is based only 
on the observations made with the naked eye; no 
chemical analyses or thin sections were available. 

The Ruunasaari orbicular rock is dark green in 
colour and composed of dark, hornblende-rich orbi- 
cules, which are sparsely, locally closely, distribut- 
ed in the medium-grained gabbroic matrix. The orb- 
icules are oval, roundish or drop-like and slightly 
flattened in one direction. 

The diameter of the orbicules varies from one to 
five centimetres. The core, which is from one to 
three centimetres in diameter, is composed of plagi- 
oclase and mafic minerals, clearly hornblende, bi- 
otite and chlorite. The arnount of plagioclase varies 
and locally it is nearly totally absent. In addition, or- 

thopyroxene was recognized in some cores of the 
orbicules; in one of them a megacryst of orthopy- 
roxene occurs as a nucleus. 

The core is surrounded by one dark shell, which 
can be usually divided into three and locally more 
subshells. The inner and outer subshells are mainly 
composed of hornblende, whereas the middle sub- 
shell contains more chlorite. The multishelled types 
have alternate hornblende- and chlorite-rich sub- 
shells. In addition to mafic minerals, plagioclase is 
a common constituent in the shells. The mineral is 
often strongly altered to greenish epidote, especial- 
ly in the chlorite-rich shells. On the surface of the 
boulder the shells are often weathered to ring-like 
holes. 

The matrix between the orbicules is gabbroic and 
mainly composed of plagioclase (about 60%) and 
hornblende. Plagioclase is often altered to epidote, 
and hornblende to biotite and chlorite. Locally the 
matrix has angular accumulations of mafic minerals, 
which may be fragments of broken orbicules. 



XENOLITH-TYPE OF ORBICULAR DIORITE BOULDERS FROM VARISTAIPALE, 
HEINAVESI AND FROM TUOHISALO, VEHMERSALMI 

Paula Raivio 

Fig. 1 r8. Pih- "f orbLkuia rvii.ui.r vvuruui Jaristaipale, HL-~.~~.. Zlhe orbicules are medium-sized 
(6-8 cm in diarneter) and their cores usually consist of a roundish gneiss inclusion. A sample from the 
Geology Departrnent, University of Helsinki. Photograph: J. Keskinen. 

The boulder of orbicular rock from Varistaipale, 
Heinavesi, Etelä-Savo (Varistaipale boulder no. 46) 
was found by Arvo Vesasalo in 1948 (see Simonen 
1950). The exact location of the original boulder is 
no longer known, but more than 40 years on, in 
1980, another boulder of the same type was found 
in Tuohisalo, Vehmersalmi (Tuohisalo boulder no. 
53, Pohjois-Savo). 

The Tuohisalo boulder is situated almost 20 km 
W-NW away from the Varistaipale boulder site and 
probably the source of both boulders is very near to 
the Tuohisalo site, though, unfortunately, beneath the 
lake bottom. The size of the Tuohisalo boulder is 
about 1 x 1.5 m and it has been removed from the 
place of discovery. 

Simonen (1950) briefly described the petrography 
of the orbicular rock of Varistaipale, Heinavesi. He 
used the general term "orbicular rock" in his article 
and considered the Varistaipale orbicular rock to be 
an example of the "esboitic" rock type (Fig. 118). 
The mineralogy of the Tuohisalo orbicular rock is 
very similar to that of the Varistaipale orbicular rock, 
although the Tuohisalo rock is somewhat richer in 

hornblende (Fig. 119). In this study both orbicular 
rocks are called xenolith-type of orbicular diorites, 
because the cores of the orbicules in both boulders 
are mainly composed of mica gneiss xenoliths, and 
the mineralogy and chemical composition of the 

Fig. 119. Piece of a tonalite boulder from Tuohisalo, Vehmersalmi. The 
orbicules are medium-sized and their core often consists of a gneiss 
xenolitb surrounded by one or two shells. The orbicule in the upper part 
of the specimen is 10 cm long. Photograph: J. Keskinen. 



matrix and shells of the rocks are dioritic in compo- 
sition. The chemical analysis of both Varistaipale 
and Tuohisalo orbicular rocks is given in Table 10 
and in the R,R, classification diagram in Fig. 1 12. 

According to Simonen (1950), the orbicules in the 
Varistaipale boulder measure 6-8 cm in diameter and 
the core is a xenolith of gneiss. The shell around the 
cores is 1-3 cm wide and it is usually composed of 
two subshells, a light-coloured inner shell and a 
grey-coloured outer shell. The inner sheI1 contains 
mainly coarse-grained plagioclase (An3,-An,,), 
which is partly radial. Small homblende grains oc- 

cur, especially in the boundary zone against the 
gneiss nucleus. The inner shell passes gradually into 
the grey-coloured plagioclase shell (An3,-An,,); it 
consists of chloritized biotite flakes and quartz be- 
tween the radially arranged plagioclase. 

The boundaxy between the orbicule and the ma- 
trix is not sharp. The matrix is coarse-grained and it 
consists of plagioclase (An,,-An,,) and quartz with 
some biotite. There are many biotite gneiss inclu- 
sions similar to the nuclei of the orbicules in the ma- 
trix (Simonen 1950). 

ORBICULAR GRANITE OCCURRENCE FROM PIHLAJAVESI, SAVONLINNA 

Ahti Viluksela & Seppo 1. Lahti 

Fig. 120. Weathered surface of orbicular granite from Pihlajavesi, Savonlinna. The rock is very 
heterogeneous, the orbicules large in size (@ 10-15 cm), single-shelled or multishelled and the core materia1 
vanes between the orbicules. Photograph: S. 1. Lahti. 

During geological mapping in 1984 one of the au- 
thors discovered orbicular rock (Figs 120 and 12 1) 
on a small rocky skerry in Lake Pihlajavesi, south 
of the town of Savonlinna. About one hundred large 
orbicules occur in the occurrence that occupies the 
central part of the skerry. Later, the orbicular rock 
outcrop was studied and mapped by the editor in de- 
tai1 (see Fig. 122). 

The skerry, which is mainly composed of granite, 
is situated, according to the local geological map, at 
the contact between quartz diorite and garnet- 

cordierite gneiss areas. The surrounding quartz di- 
orite is medium- to coarse-grained, locally porphy- 
ritic and commonly slightly oriented or foliated. 
Granitic veins and dykes often migmatize or brecci- 
ate both the quartz diorite and the garnet-cordierite 
gneisses, which locally contain porphyroblasts of sil- 
limanite. 

The rock at the skerry is mainly inhomogeneous, 
grey, fine- to medium-grained granite that is locally 
banded and sometimes contains phenocrysts of po- 
tassium feldspar. Later pegmatite and banded aplite 



granite dykes cut the other rock types, including, in 
some places, the orbicules. Quartz diorite inclusions 
are cornrnon, typically being angular, brecciated 
fragments with rounded corners and varying in size 
from a few centimetres to two metres. Elongated 
fragments of biotite schist occur as assimilated rem- 
nants in the granite. They are dark grey in colour, 
biotite-rich and only rarely contain garnet, cordier- 
ite and sillimanite. 

Most orbicules occur within an almost N-S trend- 
ing zone in granite at the northern and central part 
of the skerry. Quartz dioritic inclusions are also con- 
centrated in the same zone. The orbicules are sparse- 
ly distributed or form clusters in granite. There is no 
distinct boundary between the orbicular rock and the 
surrounding even-grained granite (Fig. 120). The or- 
bicules are ellipsoidal in form, and are usually large, 
5-15 cm in diameter. Locally, especially in the 
southern part of the skerry, the orbicules seems to 
be plastically deformed and slightly assimilated by 
granite (Figs. 120-121). 

Samples from the rock outcrop were drilled for 
mineralogical studies. The field observations and 
petrographical studies indicate that the orbicular 
rock is granitic in rnineralogy and, therefore, it is 
called orbicular granite in this article. The chemical 
analysis of a sample drilled through one orbicule is 
given in Table 10 (see also Fig. 1 12). It does not rep- 
resent the total rock composition, because of small 
size of the sample. 

On the basis of core materia1 the orbicules of the 
rock can be classified as follows: 

1) orbicules with a coarse feldspar core, 
2) orbicules with a fine-grained light-coloured 

granitic core, 
3) orbicules with a biotite-schist core and 
4) orbicules having a quartz-diorite core. 
The first orbicule type tends to be larger than 

those with a granitic core, and usuaily has only one 
thin outer shell(2-5 mm thick) composed of biotite. 
Sometimes the amount of biotite in the core increas- 
es slightly towards the surrounding shell. The orbi- 
cules having coarse feldspar cores have one to three 
biotite shells separated by intervening medium- 
grained quartz-feldspar-rnica shells. 

Orbicules having schist cores are larger than the 
other orbicules and are variable in shape. The cores 
are usually homogeneous or consist of weakly band- 
ed fragments of biotite-schist layers (boudins). Such 
cores are surrounded by three shells: a thin biotite 

Fig. 121. Large plastically deformed orbicule from the orbicular granite 
of Pihlajavesi. The coin is 27 mm in diarneter. Photograph: A. Viluksela. 

Fig. 122. Orbicular rock occurrence of Pihlajavesi, Savonlinna, is 
located on a flat, rocky skerry in Lake Pihlajavesi, part of Lake Suur- 
Saimaa. Explanations: 1) Orbicular granite, 2) inhomogeneous even- 
grained granite, 3) pegmatite granite, 4) lake water 5) qoartz diontic 
inclusions, 6) mica gneiss schlieren and inclusions, 7) gamet porphy- 
roblasts, 8) schistosity. Map by S.I. Lahti. 

shell, a biotite-feldspar-quartz shell and an outermost 
thin biotite shell. Some schist cores may contain 
coarse potassium feldspar porphyroblasts. 

The orbicules with quartz diorite cores are the 
smallest type, with core diameters of 2-4 cm. The 
quartz dioritic cores consist of hornblende, plagi- 
oclase, biotite and quartz, with the core being sur- 
rounded by a single shell composed of feldspars, 
quartz and rnicas. 



ORBICULAR ROCKS IN POHJOIS-SAVO 

The orbicular rocks of Poh- 
jois-Savo (North Savo) are in 
Fig. 123. The following seven 
occurences have been observed: 

Orbicular rock outcrops: 
Orbicular gabbro occurrence from Pulkkilanmäki, Maaninka (49) 
Orbicular gabbro occurrence from Toivalanmäki, Nilsiä (5 1) 
Orbicular tonalite occurrence from Pönka, Leppävirrat (50) 
Orbicular diorite occurrence from Rataharju, Nilsia (52) 

Fig. 123. The orbicular rock obse~ations 
from Pohjois-Savo (K, red spots are rock 
outcrops and blue spots boulders). 

Orbicular rock boulders: 
Orbicular diorite boulders from Oinaskylä, Vesanto (48) 
Xenolith-type of orbicular diorite boulder from Tuohisalo, Vehmersalrni (53, described with 46, p. 109) 
Orbicular diorite boulder from Akonpohja, Juankoski (54) 

The chemical analyses of the orbicular rocks are given in Table 11 and classification diagram of the rock 
types Fig 124. A detailed map of the orbicular rock occurrences of Pulkkilanmäki (49) and Pönkä (50) are 

Fig. 124. Orbicular rocks (chemical analyses from Table 1 1) from Pohjois-Savo plotted in the R,R,classification diapam. 



Tabke 11. Chemical anaiyses of the orbicuiar roeh from Pohjois-Savo. X-ray Buoreseence anaiyses made af the Geologi- 
cal Sutvey ofFinland. FeO determined titrbetrically. - not anaiysed. 

SiO, 

CaO 
Fe,Opt. 
Fe,Opda. 
FeO 

%O 
MgO 
MnO 
Na,O 
'Z05 
lq 
A/CNK 

R; 
Number of 
occurrence 

1. Oinaskylä, Vesanto, POff-Dr, 2. Pulkkiianmäki, Maaninka, 53-SL-00 from the Centre of the occurrence; 3. Pulkki- 
lanmäki, Maaninka, 53-SIL-00 from the contact; 4. Puikkilanmäki, Maaninka, from Pääjärvi 1991, p. 59; 5. Pönkä, 
Leppävirta; 6. Toivalanmäki, Nilsiä; 7. Rataharju, Nilsia; 8. Tuohisalo, Vehmersaimi; 8. Akonpohja, Juankoski. 

ORBICULAR DIORITE BOULDER FROM OINASKYLA, VESANTO 

Paunu Oivanen & Seppo 1. Lahti 

Fig. 125. Sharp contact between even-grained and orbicular diorite can be seen in the boulder from 
Oinaswa, Vesanto. The orbicular rock is composed of small plagioclase sphemies and single-shelled 
orbicules (0 3-4 cm) with a homblende nucleus. Photograph: J. Keskinen. 

A boulder of dioritic orbicular rock from Oinasky- subsequently been removed from the place of dis- 
la, near Vesanto, was found by Matti Huuskonen in covery. 
1955. The original size of the erratic was about a A set of thin sections was prepared from the Oin- 
quarter of a cubic metre but the whole boulder has askyla orbicular rock boulder and a piece of the rock 



was analysed chemically (Table 1 1, Fig. 124). 
The orbicular structure occurs along one side of 

the Oinaskyla boulder as a band some 30 cm thick 
and the contact between the orbicular type and the 
medium-grained quartz dioritic country rock is 
sharp. The main minerals in the quartz diorite are 
plagioclase (An,,), quartz, biotite, green hornblende 
and secondary potassium feldspar. 

The orbicules are mostly oval and comparatively 
small, with the largest being only 3-4 cm in diame- 
ter (Fig. 125). The orbicules have a small core com- 
prising a crystal aggregate of hornblende and a shell 
that can be divided into two subshells. The inner 
wider subshell is composed of plagioclase crystal 
laths (An,,) that are invariably radially arranged. The 
outer subshell is thinner (only a few millimetres 
thick) and consists of fine-grained granoblastic pla- 
gioclase with variable amounts of radiating horn- 
blende needles. 

The matrix between the orbicules is heterogene- 
ous in composition and grain size, and is coarser in 
grain size than the country rock. The main minerals 

in the matrix are plagioclase, hornblende, quartz, K- 
feldspar and biotite. Hornblende is more common 
than in the country rock and sometimes occurs as 
small phenocrysts giving an indistinct porphyritic 
texture. 

In addition to the orbicules, there are numerous 
inclusions of different types in the orbicular part of 
the boulder. Fragments of rock consisting of fine- 
grained granoblastic hornblende and plagioclase are 
quite comrnon. Some of the inclusions are subangu- 
lar, while others are spherical fragments that some- 
times have indistinct shells. These fragments are 
usually less than 1 cm in diameter and their contacts 
are gradational. Small xenoliths of uralite porphy- 
rite, plagioclase porphyrite and other metavolcanic 
rocks are also rather comrnon and invariably have 
sharp, angular contacts; no shells have been ob- 
served. 

The Oinaskyla orbicular diorite resembles to some 
extent the orbicular gabbro of Etelankyla, Kalajoki 
(79) and it is possible that the Oinaskyla boulder was 
derived from the Etelankyla occurrence. 

ORBICULAR GABBRO OCCURRENCE FROM PULKKILANMAKI, SAARINEN, 
MAANINKA 

Paula Raivio & Seppo 1. Lahti 

Fig. 126. Weathered surface of orbicular gabbro from Pulkkilanmaki in Saarinen, Maaninka. The orbicules 
are medium-sized and their forms vary considerably. The dark orbicule in the Centre is 8 cm in diarneter. 
Photograph: S.I. Lahti. 

The orbicular rock of Pulkkilanmäki in Saarinen, work for the Vesanto map sheet. The orbicular rock 
Maaninka (Figs 126 and 127), was discovered by outcrops at the northwestern slope of Pulkkilanmäki 
Krister Söderholm in 1978 during geological field- hill. P a a j h i  & Söderholm (1979) and PKajhi 



Fig. 127. Close-up of the surface of the Pulkkiianmaki orbicular rock. 
Radial homblende pnsms are characteristic in the shells The orbicule in 
the Centre is 8 cm long. Photograph: S.I. Lahti. 

(1991) described the occurrence and called the rock 
orbicular quartz diorite on the basis of the mineralo- 
gy of the rock. The occurrence has been protected 
by a nature conservation law since 9th January 1979. 

For this study the Pulkkilanmäki orbicular rock 
occurrence was mapped in detail. On the basis of the 
outcrop observations the orbicular rock occurrence 
is a 10-30 metres wide and at least 180 m long body, 
clearly a dyke at the contact of a gneissose quartz 
dioritic-dioritic rock and amphibolite that form a 
large inclusion in the gneisses (Fig. 128). Against the 
wall rocks there is a 20-50 cm thick zone of orbicu- 
lar rock, where the orbicules are poorly developed 
and much smaller than in the central parts of the 
body. Xenoliths of amphibolite from the wall rock 
and narrow, granitic-pegmatitic dykes are common 
along the contacts. In one outcrop a narrow, cross- 
cutting dyke of even-grained gabbro was also ob- 
served. All three chemical analyses available from 
the hikkilanmäki orbicular rock fall into the gab- 
bro field in the R,R2 classification diagram (Table 

I 
11, ~ i ~ .  1241, and therefore, it is called orbicular Fig. 128. Orbicular rock occurrence of Pulkkilanrnäki in Saarinen. 

Maaninka. Explanations: 1) Orbicular gabbro, 2) dioritic-tonalitic 
gabbro in this study. gneiss, 3) amphibolite, 4) amphibolite inclusions, 5) granitic dykes, 6) 

The pU&lanmäki orbicular rock is grey in col- schistosity, 7) outcrop, 8) precipice. Map by S.I. Lahti. 

our and composed of single-shelled, oval, locally 
roundish or angular orbicules that are oriented par- 
alle1 to the dyke direction. The orbicules are closely plagioclase (An,,), biotite, hornblende and quartz. It 
spaced in gabbroic matrix composed of a fine- to is often banded and looks like a fragment of amphi- 
medium-grained granular rock of plagioclase (An,,), bolite. 
biotite, hornblende and quartz, but the volume of the The shell is less than one centimetre thick and it 
matrix is very small (Figs. 126 and 127). is composed of plagioclase (An,,) and hornblende 

The diameter of the orbicules is usually between that usually occur in radial arrangement. The amount 
5 and 8 cm, except at the contacts, where they are of homblende decreases gradually outwards in the 
smaller. The orbicules are composed of a core and shell and some orbicules have a hornblende-rich 
one distinct shell. The core consists of fine-grained shell several millimetres thick next to the core. 



ORBICULAR TONALITE OCCURRENCE FROM PÖNKÄ, MUSTANSALO, 
LEPPAVIRTA 

Seppo 1. Lahti & Olli Äikas 

Fig. 129. Orbicular tonalite from Pönka in Mustansalo, Leppävirta. The orbicules are medium-sized 
(4-8 cm) and they have a characteristic white plagioclase shell. Photograph: S.I. Lahti. 

The orbicular rock occurrence of Pönka in Mus- 
tansalo, Leppävirta, was discovered by Mauri Luuk- 
konen during geological mapping in the map sheet 
area 3241 of Suonenjoki in 1999. The outcrop is lo- 
cated on the slope of a wooded ciiff overlooking 
Lake Pönkä. The orbicular rock (Fig. 129) occurs as 
an 8-m long and 2-m wide lens in a small tonalite 
body (see Fig. 130). 

The R,R, rock classification indicates that the 

composition of the orbicular rock is tonalitic (Table 
11, Fig. 124). The surrounding rocks are Palaeopro- 
terozoic migmatitic mica gneisses and their neosome 
materia1 is alsa tonalitic. Narrow boudins of gabb- 
roic dykes and amphibolite layers, roundish ffag- 
ments of amphibolite and narrow granite pegrnatite 
dykes are characteristic in the gneisses. 

The diarneter of the orbicules varies from 4 to 
9 cm (Fig. 129). Most of them are roundish or oval, 

Kg. 130. Detailed map of the orbic- 
ular rock occurrence of Pönkä in 
Mustansalo, Leppävirta. Explana- 
tiom: 1) Orbicular tomiite, 2) even- 
g m b d  tonalite, 33 veined gneiss, 
4) schoiien migmatite, 5) amphibo- 
ïrte inclusions, 6) mica gneiss inelu- 
sions* 7) pegmatitic @te dyke, 
8) schistosity, 9) outcrop area. Map 
by S.I. Lahti. 



locally angular, The orbicules usually have a dark 
core and one light shell. The core resembles tonalit- 
ic rock and it is composed of plagioclase, quartz and 
biotite with K-feldspar. In angular orbicules the core 
seems to be a fragment of gneiss and the form of the 
orbicules depends on the form of the fragment. The 
shell of the orbicules is 1-2 cm wide and mainly 
composed of plagioclase. The radial arrangement of 
plagioclase crystals is characteristic in the orbicules. 

The matrix of the orbicules is heterogeneous, me- 
dium-grained tonalite composed of plagioclase, 

quartz and biotite with minor K-feldspar. It closely 
resembles the surrounding tonalite in appearance. 
The grain size of the matrix varies widely, and the 
rock contains a number of banded gneiss and am- 
phibolite xenoliths. Orbicules occur widely spaced 
in the matrix. The xenoliths and the orbicules are 
generally oriented parallel to the main schistosity, 
which is oriented close to an E-W direction. Locally 
the orbicules are flattened and turned parallel to a 
younger schistosity that is oriented close to a NW- 
SE direction. 

ORBICULAR GABBRO OCCURRENCE FROM TOIVALANMAKI, SYDANMAA, 
NILSIÄ 

Olli Äikas 

Fig. 131. Close-up of the Toivaianmäki orbicular rock. The card used a scaie measures 5 cm by 9 cm. 
Photograph: 0. Äikäs. 

During fieldwork for a geological map (Aikas 
2000), an outcrop of orbicular rock (Figs. 131 and 
132) was found by the author at the top of a hill 
called Toivalanmäki in the Sydänmaa area, Nilsiä, 
in 1992. The Toivalanmäki occurrence is located 
some two kilometres West of the Rataharju orbicu- 
lar rock occurrence also described in this publica- 
tion. 

The Toivalanmäki occurrence of orbicular rock 
tumed out to form only a small roundish body, 50 
cm wide and 100 cm long, with an elongation linea- 

tion plunging 50" in an ESE direction (Fig. 133). 
Another body, with a diameter of 50 cm, occurs 
some five metres north showing the same lineation. 
A piece of an orbicular rock slab was analysed chem- 
ically and the results are given in Table 11. The 
chemical analysis falls into the gabbro field in the 
R,R, classification diagram (Fig. 124). 

Found in the field next to the barns of the 
Toivalanmäki farm, the original outcrop covered 
only an area of 20 cm by 45 cm showing orbicules 
much like those at Rataharju. After prelirninary 



Fig. 132. The northern body of the Toivalanmäki orbicular rock, Nilsia, 
looking east. On the right: microtonalite dyke with a zone of autobrec- 
cia near the contact, enclosing a xenolith of medium-grained tonalite. 
On the left: the point of the tonalite wedge with the body of the orbicu- 
lar rock. The msty zones show the "transitional rock" grading into mica 
gneiss at the back. The card used as the scale measures 5 cm by 9 cm. 
The surface of the outcrop is wet. Photograph: 0. Aikas. 

trenching, the soil was removed to make an outcrop 
up to 10 m wide and 17 m long in an E-W direction. 
The overburden is less than one metre thick except 
at the eastern end, where the surface of the bedrock 
plunged steeply. Because of the agricultural use of 
the property, the exposure was completely re-cov- 
ered with soi1 after detailed geological mapping and 
sampling. Samples of the Toivalanmäki orbicular 
rock, including polished slabs, are presently in the 
collections of the Geological Survey in Kuopio. 

The orbicular rock bodies are associated with a 
medium-grained tonalite that occurs in migmatitic 
mica gneiss as a wedge-shaped body no more than 
five metres wide. Petering out towards the north, the 
tonalite forms a dyke or an apophysis of a possible 
larger tonalite body covered by the overburden fur- 
ther southeast. The tonalite is massive, lacking any 
orientation. In suitable lighting conditions, faintly 
discernible circular forms of the same size as the or- 
bicules can be seen in the weathered tonalite. 

Mica gneiss is the predominant rock type in the 
outcrops around Toivalanmäki, belonging to the me- 
tapelites of a Palaeoproterozoic sedimentary se- 
quence. The mica gneiss is a veined-to-streaky 
rnigmatite, conspicuous for its trondhjemitic-to-to- 
nalitic neosome veins and, in the palaeosome parts 
mainly composed of biotite, plagioclase and quartz, 
for its numerous zoned calc-silicate lenses. These 
lenses are considered to be derivatives of primary 
carbonate concretions or as boudins of calcareous 
interbeds. Solitary porphyroblasts of garnet or clus- 
ters of garnets occur in the gneiss. 

Adjacent to the bodies of orbicular rock and the 
tonalite are transitional zones up to one metre wide 
consisting of a medium-grained mass of rock partly 
resembling the tonalite, partly showing features typ- 
ical of the mica gneiss, such as sharply bounded 
calc-silicate lenses. Single orbicules are dispersed in 
this rock, which in places seems to grade into the 
mica gneiss. 

Fig. 133. Detailed geology of the exposure in Toivalanmaki. Legend: 1) orbicular rock, 2) rocks of the 
transitional zone, 3) tonalite, 4) microtonalite, 5) migmatitic mica gneiss, 6) granitic pegmatite, 7) folia- 
tion, 8) fold axis, 93 lineation, 10) exposed bedrock. Map by 0. Aikas. 



Paralleling the veined stmcture in the mica gneiss, 
the foliation is upright and northerly striking at both 
ends of the exposed area; however, in the middle 
there is a right-handed fold about a metre in size, 
with its axis plunging 50" between the S and SSW. 
The direction of the fold axis differs by about 30" 
from that of the elongated orbicules in the two 
bodies. 

The rocks and structures described above are 
crosscut in an E-W direction by a near-vertical dyke 
of microtonalite, at least three metres thick. Xeno- 
liths of medium-grained tonalite, mica gneiss and the 
"transitional rock" occur in the microtonalite. Close 
to its contacts, the microtonalite shows zones, where 
its more felsic component forms a breccia typical of 
the two-component microtonalites in this area (Fig. 
132). A sample of the homogeneous central part of 
this vein has been studied by J. Rautiainen (2000; 
sample number MT-47.2). A set of granitic pegma- 
tite veins cuts the microtonalite and the other rocks; 
single veins are no more than 50 cm wide. 

The orbicules in the two small bodies are circu- 
lar, elliptical and kidney-shaped in cross section. 
Their sizes vary from 1 cm by 1.5 cm up to 2 cm by 
3-4.5 cm (Fig. 13 1). Along the lineation they show 
elongation by 2-3 times in respect of their cross sec- 
tions. The orbicules rarely touch each other. In most 
cases the orbicules are simple in their structure, con- 
sisting of a core, a poorly developed intermediate 
zone mainly composed of plagioclase and radially 
arranged chlorite and homblende, and the shell of 
plagioclase with minor chlorite and homblende. 

The core is composed of a medium-grained tona- 
litic to dioritic rock containing plagioclase, hom- 

blende, biotite, chlorite, and quartz in varying 
amounts. In some of the cores, there are disseminat- 
ed pyrrhotite and minor pyrite, with occasional 
grains of chalcopyrite. Another type of core is fine- 
to medium-grained biotite-plagioclase rock; a thin 
section of one of these orbicules revealed tiny ac- 
cessory garnets in the core, suggesting a piece of 
mica gneiss as the nucleus of this orbicule. In rare 
cases, the core is composed of what macroscopical- 
ly looks like greenish, totally altered plagioclase sep- 
arated from the shell by a zone of the more common 
tonalitic core material. Rare accumulations of hom- 
blende less than 1.5 cm in diameter occur in the ma- 
trix and also as cores in orbicules. 

The matrix between the orbicules is a medium- 
grained plagioclase-homblende-biotite rock ranging 
from diorite to tonalite in composition. Although the 
two bodies of orbicular rock seem to be sharply 
bounded, their margins are gradational where in con- 
tact with the "transitional rock". For instance, in a 
polished slab from the northern body the transition 
from the mica gneiss to the orbicular rock takes 
place within a zone 15 cm wide; the grain size of 
plagioclase and the amount of hornblende increase, 
and where the fust orbicules appear, streaks of mica 
gneiss can still be identified in the matrix. 

On the basis of the lithologic setting, the forma- 
tion of the orbicular rock of Toivalanmäki seems to 
have accompanied the formation of the medium- 
grained tonalite in late-deformational Palaeoproter- 
ozoic processes, after the main phases of metamor- 
phism and deformation that produced the veined and 
folded structures of the mica gneiss but before the 
emplacement of the microtonalite dyke. 



ORBICULAR DIORITE OCCURRENCE FROM RATAHARJU, SYDANMAA, NILSIÄ 

Olli Äikas 

Fig. 134. A series of a,,,...~.~ -.-u, ,,. ..,... .. ,.-,.. ,. ,., ..,.,L-,Y VIVI-....Y U.VLI.I -., I.YYL... ..ie 
diameter of the coin is 27 mm. Photograph: J. Könönen. 

An outcrop of orbicular rock (Figs. 134 and 135) 
was found by the author in the Sydanmaa area, 
Nilsiä, during fieldwork for a geological map in 
1991 (see Fig. 120; Äikas 1992, 2000). Called the 
Rataharju orbicular rock, the occurrence is on the 
slope of a low, till-covered hummock that is some 
10 m in diameter. A strip of orbicular rock measur- 
ing 1-5 m by 10 m was exposed for the study. 

A chemical analysis of the Rataharju orbicular 
rock specimen plotted in the R,R, classification dia- 
gram indicates that the rock is dioritic in composi- 
tion (chemical analysis in Table 11 and classifica- 
tion diagram Fig. 124), and close to the composition 
of the orbicular gabbro from Toivalanmäki, Nilsia, 
also described in this study. 

The Rataharju occurrence of orbicular rock is sit- 
uated within the Archaean lithologic area, 150-200 
m east of the margin between the Archaean and Pal- 
aeoproterozoic rocks (Fig. 136). The margin is un- 
exposed but can be inferred on the basis of airborne 
magnetics, a local topographic low, and lithologic 
mapping. The Archaean rocks are quartz dioritic to 
tonalitic augen gneisses, consisting of plagioclase, 
quartz, biotite, and occasional K-feldspar. Composed 
of plagioclase and quartz, the augens are elongated 
lenses in the plane of schistosity, up to 3 cm long. 
Both the Archaean and the Palaeoproterozoic rocks 
are markedly deformed, their schistosities dipping 
towards the W and SW at low angles. 

The Palaeoproterozoic rocks, primarily pelitic 

sediments the same as around the Toivalanmäki oc- 
currence (Äikäs this publication), are predominant- 
ly veined gneisses, consisting of biotite gneiss pal- 
aeosomes and trondhjemitic-to-tonalitic neosomes, 
with locally more massive bodies of medium- 
grained tonalites. Dykes of microtonalite and irreg- 
ularly bounded bodies of pegmatite crosscut all 
gneisses in the area. 

The exposure of the Rataharju orbicular rock 
shows densely packed orbicules spherical and ellip- 
soida1 in shape, with their greatest diameters rang- 
ing from 1.5 cm to 15 cm, generally 3-4 cm (Figs. 
134 and 135). Many of the orbicules have distorted 
shapes, and some of the largest are irregular, resem- 

Fig. 135. Close-up of the orbicular diorite of Rataharju. Photograph: 
J. Könönen. 



bling squeezed, half-empty balloons. In places, par- 
alle1 orientation of ellipsoidal orbicules and an in- 
distinct banding of the matrix indicate layering. 

The structures of the orbicules have been studied 
from the weathered surfaces of the outcrop and from 
a set of slabs derived from a couple of blocks taken 
from the outcrop. Most of the orbicules are com- 
posed of a core, an intermediate zone, and a sheil. 

The common type of core is composed of fine- to 
medium-grained dioritic to quartz dioritic rock, with 
plagioclase, hornblende, chlorite, and quartz as its 
main minerals. Pyrrhotite occurs in some of these 

Fig. 136. Location of the Ratahaju (R) and Toivalanmaki (T) occur- 
rences of orbicular rock across the ArchaeaniPaiaeoproterozoic margin 
in Sydänmaa, Nilsia. Legend: 1) Archaean gneisses, 2) Paiaeoprotero- 
zoic tonalite, 3) Palaeoproterozoic migmatitic mica gneiss, 4) Paiaeo- 
proterozoic quartzite, 5) orbicular rock, 6) railway, 7) lakes. Simplified 
from Ä i k ~  (2000). 

cores as a weak-to-even heavy dissemination. The 
plagioclase is altered to sericite, and there are grains 
of totally saussuritized plagioclase, Variations of this 
are leucocratic cores of tonalitic composition and 
rare accumulations of hornblende. A few cores show 
a streaky texture as if their nuclei were pieces of het- 
erogeneous quartz diorite; furthermore, some orbi- 
cules show cores composed of a gneissose material 
of tonalitic composition, and one may even be an 
amphibolite. A couple of cores show a nucleus and 
one or two concentric zones looking like strongly 
altered plagioclase, round which the "normal" inter- 
mediate zone and the plagioclase shell are deposited. 

The intermediate zone of the orbicules is com- 
posed of plagioclase, chlorite, hornblende, and 
quartz; the material is medium- to coarse-grained 
and radially arranged. Usually clusters of homblende 

andlor chlorite stick out of the core and into the shell, 
sometimes through the shell. Norrnally the smailest 
orbicules have this material as their core. 

The sheil is 0.5-1 cm thick, seemingly irrespec- 
tive of the size of the orbicule. It is composed of ra- 
dially arranged plagioclase with a grain size gener- 
ally less than 4 mm, ranging from 1 to 7 mm. The 
inner margin is usually jagged, whereas the outer 
margin is sharp and rather regular. Part of the plagi- 
oclase is completely altered to sericite, giving a 
greenish hue to the rock. Many of the plagioclase 
crystals are pigmented by saussurite, appearing as 
dull white grains in the polished slabs. The shells 
contain accessory carbonate, quartz, chlorite, and 
epidote. K-feldspar occurs in the plagioclase as tiny 
inclusions. 

Most of the matrix consists of medium-grained 
plagioclase-biotite-quartz rock, which is mostly 
quartz dioritic in composition. Homblende is local- 
ly present, with rare clusters of hornblende and mi- 
nor plagioclase up to 1 x 2 cm in cross section. In 
the matrix there are irregular coarse-grained fields 
of densely packed plagioclase and quartz, grading 
into pegmatitic nests. Coarse-grained quartz occurs 
in the matrix, in some cases curving around the orb- 
icules as centimetre-scale lenses. 

In the matrix there are also lithic fragments of the 
same size as the orbicules, showing no or only weak- 
ly developed shells. Their material is more melano- 
cratic than that of the matrix in general, bearing 
some similarity to the gneissose cores of the orbi- 
cules. Where the matrix forms larger areas between 
the orbicules, an indistinct banding can be seen. 

In the matrix pyrrhotite occurs as partial fillings 
in veins less than 5 mm thick; the veins do not usu- 
ally intrude the orbicules. Impregnated pyrrhotite 
occurs in the matrix as well. Thin seams of mylo- 
nite crosscut the rock, showing dislocations in the 
split orbicules. Next to these seams plagioclase has 
suffered intense sericitization. 

A dyke about 3 cm thick of medium-grained to- 
nalite crosscuts the orbicular rock; its main minerals 
are plagioclase, quartz, biotite, and chlorite. Plagi- 
oclase is somewhat altered to sericite, but biotite is 
fuily altered to chlorite. A length of medium-grained 
tonalite, possibly a piece of another dyke, 20 cm by 
50 cm, is also visible in the outcrop, showing sharp 
contacts against the orbicular rock. An outcrop of 1 
m by 3 m exposed by digging about 10 m east of the 
exposure of orbicular rock revealed light-coloured 
medium-grained tonalite as the nearest host rock. 
This tonalite is massive, composed of plagioclase, 
quartz, and biotite, with minor chlorite and carbon- 
ate where fresh; however, part of the tonalite is 
strongly altered, showing chlorite after biotite and a 



mass of sericite, saussurite and carbonate after pla- of intermediate dykes in the area (Rautiainen 2000; 
gioclase. The relationship between the tonalite and samples MT46.1 and MT46.2). 
the orbicular rock remains unclear. However, in the A Palaeoproterozoic origin is suggested for the 
next exposure 5 m to the east, this tonalite cuts the Rataharju orbicular rock on the basis of composi- 
augen gneiss, and both of these rocks are crosscut tional and textural analogies with the Toivalanmäki 
by a dyke of microtonalite. Samples of the tonalite occurrence in the same Sydänmaa area (Äikas this 
and the microtonalite have been included in a study publication). 

ORBICULAR DIORITE BOULDER FROM AKONPOHJA, JUANKOSKI 

Seppo 1. Lahti 

Fig. 137. Orbicular diorite boulder from Akonpohja, Juankoski. The orbicules (@ 5-8 cm) that have few 
shells are sparsely distributed in the matrix. Photograph: S.I. Lahti. 

A boulder of dark orbicular rock was discovered 
by Pentti Pohjolainen in Akonpohja, Juankoski, in 
the forest close to his farm. Nowadays the boulder, 
which is about 40 x 40 x 40 cm in size and angular 
in form, has been removed to decorate the discover- 
er's farmyard. 

One part of the Akonpohja boulder is composed 
of orbicular rock, the other of even-grained dioritic 
rock, which forms the matrix of the orbicules. Thin 
section studies indicate that the matrix contains 
mainly calcic plagioclase, biotite, hornblende and 
rninor quartz. The Akonpohja orbicular rock is called 
orbicular diorite on the basis of its mineralogy, al- 
though the chemical analysis of the rock (Table 11) 
is in the gabbro field of the classification diagram 
(Fig. 124). 

The orbicules that usually do not touch each oth- 
er are roundish or oval and usually 5-8 cm, locally 
up to 12 cm long (Fig. 137). The shell-structure var- 
ies from one orbicule to another. Both single-shelled 
and multishelled orbicules can be observed. The or- 
bicules have a grey core composed of plagioclase, 
homblende and biotite. The central parts of the orb- 
icules are usually richer in plagioclase and coarser 
than the margins. 

The core is surrounded by a dark and fine-grained 
shell that is 0.5-1.0 cm thick. The main minerals in this 
shell are hornblende and biotite. The dark sheil is sur- 
rounded by an outer lighter shell mainly composed of 
plagioclase crystals in radial arrangement. In multi- 
sheiled orbicules these two main shells may be sur- 
rounded by one or two thin additional light shells. 



ORBICULAR ROCKS IN CENTRAL FINLAND 

Fig. 138. The, orbicular rock obsetvations 
in Central F-d (L, red spots are rock 
outerops and blue spots boulders). 

The orbicular rocks of Central Finland are shown in 
Fig. 138. The following 16 occurences have been observed: 

Orbicular rock outcrops: 
Xenolith type of orbicular tonalite occurrence from Tiituspohja, Laukaa (62) 
Orbicular monzonite occurrence from Lahnanen, Viitasaari (68) 

Orbicular rock boulders: 
Orbicular gabbro boulder from Hautakangas, Keuruu (55) 
Orbicular tonalite boulder from Vaatäiskyla, Multia (56) 
Orbicular gabbro boulder from Hoikka, Saarijärvi (57) 
Orbicular syenodiorite boulder from Koura, Saarijärvi (58) 
Orbicular monzodiorite boulder from Kottiniemi, Uurainen (59) 
Xenolith type of orbicular tonalite boulder from Vaärapuro, Vaajakoski (63, described with 62, p. 130) 
Xenolith type of orbicular tonalite boulder from Kanavuori, Vaajakoski (65, described with 62, p. 130) 
Orbicular diorite boulder from Janhola, Toivakka (60, described with 64, p. 132) 
Orbicular diorite boulder from Petruma, Laukaa (61, described in 64, p. 132) 
Orbicular diorite boulder from Peurunka, Laukaa (64) 
Orbicular gabbro boulders from Haapavehmas, Toivakka (66, described with 67, p. 134) 
Orbicular gabbro boulders from Palosenjärvi, Toivakka (67, described with 66, p. 134) 
Orbicular tonalite boulder from Multamäki, Konnevesi (69) 
Orbicular monzodiorite boulder from Kivikangas, Hankasalmi (70) 

The chernical analyses of the orbicular rocks are given in Table 12 and classification of the rock types in 
Fig. 139. A detailed map of the orbicular rock occurrence of Lahnanen (68, Fig. 152) is included to the 
descriptions to the occurrences. 



Fig.139. Orbiwlar rocks (chemical anaiyses from Table 12) from Central Finland p l d  in the R,R,classincation diagram. 

Table 12. Chemical aualyses of the orbicdac rocks from Central Finland. X-ray fluorescence analyses made at the Geological 
Smiy of Finland [except 223. RO determined titrirnetrically. - not analysed. 



SiO, 58,05 58,20 59,26 59,38 5941 59.47 59.69 60,37 6132 61,43 61,84 
IFoz 0.74 461 0.53 0.31 0.54 0.40 454 0,63 0.41 428 0,43 
*'z0a 2035 21,82 2556 23,20 21.68 22,53 20.97 20,83 21,91 22,45 20,$7 
Fe20jrot. 5,38 4,39 3,24 2,38 3.74 2.91 3+80 4,Ol 2,43 1,69 2,98 
F e 2 0 p k  0,91 9.69 0,75 0,66 0,60 969 431 1,08 0,57 0,45 O,Z6 
FeQ 4,02 3.33 2,24 1.55 283 2,W 3,14 2.64 1,67 1,12 2,4á 
M s 0  0,04 0.02 0-03 0.22 0.92 0,02 0,03 0,03 0,03 0,01 0,03 
Mgo 2.20 1,61 1.04 1.00 1,42 1,W 1.20 1,65 475 0-78 1.02 
CaO 4.01 4,58 4.85 5.48 4150 5,lO 4,28 4,09 4,65 4,91 4,42 
Na20 4,38 5,34 551 6,02 5,18 5,80 5,18 531 5,41 5,87 4,82 
=zO 3,58 2,40 2.24 1,62 2,82 2,i2 2,64 2,88 2,35 2,39 3,27 
pz"s 0,09 0,13 0,09 0,11 0,08 408 0,06 0,08 0,07 0.07 0,13 
A/ChX 1.14 1,11 1.11 1.07 1,lO 1,07 1,09 1,09 1,lO 1,06 1,05 
FeO/Fe20pak. 4,42 4,83 2,99 2,35 4,72 190 10,15 2 293 2.49 9.42 
El 1432 1386 1434 1413 1429 1378 1409 1454 1588 1429 1625 
4 941 998 1013 1091 977 1039 928 928 965 1004 927 
Nuntber of 
occrurence 68 68 68 68 68 68 68 68 68 68 70 

- 
- - 

1. Haut&mgas, Keuruu, 3-PMR-88; 2. Hoikka, Saarijarvi, 11-PMR-88; 3. Koura, Saarijmi, 1-Pm-87; 4. Kotthiemi, U-en, 
118-SP00,5. Janhola, Toivakka, 4-PMIL-87; 6. Tlinispohja, Laukaa, 21-PMR-86; 7. Tunrspohja, Laukrta, 502-SIL-83; 8. Ptu- 
runka, Laukaa, 60-PMR-8% 9. PalosenjWi, Toivakka, 13-PMR-86; 10. M a n e n  Viitasiiati, 13-SiLOl, ptoto-orbiculat &, 
11. Lahiuinen, Viitasaari, POiRN8, multisheued variety; 12. Lahnanen Viitasaari, POIRN4, multishelled variety; 13. Lahnanen 
Viitasaari, POiRN7, muitisheiled variety; 14. Lahnanen Viitasaari, PO/RN9, multisheUed variety; 15. Lahnanen Viitasaari, 
PORN3, pto-urbicular mk; 16. LahnanenViitasaari, POIRN5, proto-orhicuiar rock; 17. Lahnanen V i W ,  POiRN6, p m -  
orbicuIar raik; 18. Lahnanen Viitasaari, 14-SiL-01, multishelled vatiety; 19. Lahnanen Viitasaari, POk31, muitishelled vafiety; 
20. Lahnanen Viitasaari, POIRNlO, proto-orbicular rock; 21. Lahnanen Viitasaari, POIBS, prota-orbicular mk; 22. KivWgas, 
HmkasaW, Sedemolm (1928). 

ORBICULAR GABBRO BOULDER FROM HAUTAKANGAS, KEURUU 

Paula Raivio 

Fig. 140. Polished sample of orbicular gabbro boulder from Hautakangas, Keuruu. The orbicules are 
medium-sized (0 about 8 cm) and oval. A sample from the Mineralogical Museum of the Geological Survey 
of Finland. Photograph: J. Keskinen. 

A very small gabbroic orbicular rock boulder, less place of discovery near the Hautakangas esker, 
than 20 cm in diameter, was found by Samuli Rontti Keuruu. 
in 1981. The entire boulder was removed from the The orbicules in the Hautakangas boulder are 



roundish or oval and about 8 cm in diameter (Fig. The shells can usually be divided into three sub- 
140). They occur closely associated in the fine- to shells. Two of them are poorly developed plagiocla- 
medium-grained gabbroic matrix composed of horn- se shells (<3 mm wide) separated by a somewhat 
blende, plagioclase and biotite. The orbicules have broader hornblende rich shell(2-5 mm). Hornblende 
a dark core and a lighter shell that is usually less than occurs as radiating prismatic crystals and biotite is 
one centirnetre wide. The core is roundish and main- oriented tangentially in the shells. The plagioclase 
ly composed of fine-grained hornblende and biotite. shells consist essentially of fine-grained plagioclase. 
Pyrrhotite is a rather comrnon accessory rnineral in 
some of the cores. 

ORBICULAR TONALITE BOULDER FROM VÄÄTÄISKYLÄ, MULTIA 

Maunu Härme 

Fig. 141. Sample of orbicular tonalite boulder from Väätäiskyla, Multia. The orbicules are medium-sized 
and flattened. A specimen (6 cm high) from the Mineralogical Museum of the Geological Survey of Finland. 
Photograph: J. Väätäinen. 

In 1962 Edvin Palojärvi found a boulder of orbic- 
ular rock in the village of Vaataiskyla in the Multia 
district, central Finland. More accurately, the place 
of discovery is the Myllyranta farm between the 
lakes of Iso Palojärvi and Pieni Palojärvi. A piece of 
that erratic now lies in the Museum of the Geologi- 
cal Survey of Finland, but the rest of the boulder can 
no longer be located. No chemical analyses are 
available of the rock, which is considered to be or- 
bicular tonalite on the basis of its mineralogical com- 
position. 

The aforementioned museum specimen (Fig. 141) 
comprises parts of three flat orbicules. A fragment 

of coarse-grained biotite and plagioclase rock forms 
the core (ca. 3 4  cm x 1.5-2 cm in size) of each or- 
bicule. The rather fine-grained spherical shells 
around the cores contain plagioclase (An3,,-An,,), 
quartz and biotite. Zircon occurs as an accessory 
mineral. Plagioclase encloses some roundish grains 
of quartz. The enrichment and orientation of biotite 
in some thin zones give the impression of a shell 
structure. 

The medium-grained matrix between the orbi- 
cules contains plagioclase, quartz, biotite and micro- 
cline. Some megacrysts (up to 1.5 cm in diameter) 
of rather euhedral microcline also occur in the rock. 



Myrmekite occurs in the plagioclase against the mi- 
crocline. No potassium feldspar shells surround the 
orbicules. 

The cores containing mainly coarse-grained bi- 
otite and plagioclase have a nucleus with a small ac- 
cumuiation of the plagioclase. Clearly the cores were 
initially fragments of older, more basic rock. In con- 
nection with the formation of the orbicules the core 
material recrystallized, and the mafic constituents al- 
tered to biotite, and the plagioclase segregated. 

The specimen is too small to allow defmitive con- 
clusions for this orbicular rock. The granoblastic tex- 
ture in both the sheiis and in the matrix reveals, how- 
ever, the probable metamorphic origin of the orbic- 
ular texture. Rather euhedral megacrysts of micro- 
cline in the inhomogeneous matrix, as well as the oc- 
currence of myrmekite in the plagioclase against the 
microcline, point to the metamorphic processes of 
the potassium migmatites. 

ORBICULAR GABBRO BOULDER FROM HOIKKA, SAARIJARVI 

Paunu Oivanen & Seppo 1. Lahti 

Fig. 142. Specimen from an orbi~ular gabbro boulder of Hoikka, Saarijärvi. The orbicules in the rock are 
medium-sized (@ 5-7 cm) and roundish in shape. A sample from the Mineralogical Museum of the 
Geological Survey of Finland. Photograph: J. Keskinen. 

The boulder of orbicular gabbro from Hoikka, 
Saarijärvi, was found in 1971 by Erkki Hyytiäinen. 
The erratic is small in size, being only about 15 cm 
in diameter. Nowadays it is housed in the museum 
of the Geological Survey of Finland (Fig. 142). 

A piece of the rock has k e n  studied in detail and 
a chemical analysis of the rock is given in Table 12. 
The rock is referred to as orbicular gabbro because 

the analytical data fall within the gabbro field in the 
R,R, classification diagram (Fig. 139). 

The Hoikka orbicular boulder consists of dark 
hornblende gabbro with a few orbicules 6-7 cm in 
diameter. The orbicules are alrnost spherical and 
their contacts with the matrix are sharp. The cores, 
about 2 cm in diameter, are medium-grained and 
consist of almost equal amounts of hornblende and 



plagioclase. Some biotite and diopside are also 
present in the cores. 

The inner shell, about 2 cm in thickness, is fme- 
grained and darker green in colour than the core. The 
core gradually grades into the inner shell. The main 
constituent in the imer shell is distinctly radially ori- 
ented hornblende with some plagioclase (An,,) and 
relict diopside. Between the inner shell and the ma- 
trix there is an outer shell that is only 1 mm thick 
consisting mostly of fine-grained homblende; this 
outer shell has sharp contacts with both the matrix 

and the inner shell. 
The matrix is coarse-grained and heterogeneous 

and is mainly composed of plagioclase (An,,), green 
homblende, biotite and quartz. 
In addition to the orbicules, there is a semiangu- 

lar inclusion, about 6 cm in diameter, in the sample. 
The inclusion consists mostly of homblende gabbro 
resembling that in the matrix. Around the inclusion 
there is a shell almost identical to the outermost 
shells of the normal orbicules. 

ORBICULAR SYENODIORITE BOULDER FROM KOURA, SAAIUJARVI 

Paula Raivio 

Fig. 143. Boulder of orbicular gabbro from Koura; Saarijärvi. The orbicules are medium-sized (0 5-6 cm) 
and irregular in form. The boulder is in the Mineralogical Museum of the Geological Survey of Finland. 
Photograph: J. Keskinen. 

Veikko Autio observed a boulder of orbicular rock 
(Fig. 143) around 1980 in Koura, near Saarijärvi. 
This boulder measures about 40 x 50 x 100 cm and 
is well rounded, indicating considerable glacial 
transport, most likely several tens of kilometres. Fol- 
lowing its discovery the boulder was removed to the 
outdoor museum of the Geological Survey in Espoo. 

A piece of the rock has been analysed and the an- 
alytical results are given in Table 12. In the R,R, 

classification diagram the analytical data plot on the 
line separating the syenodiorite and monzonite fields 
(Fig. 139). 

The texture of this orbicular rock is one of the 
simplest observed in the orbicular rocks of Finland. 
The orbicules are about 5-6 cm in diameter and are 
tightly packed in the matrix, consisting of fme- to 
medium-grained tonalitic or quartz dioritic rock. The 
main minerals in the matrix are plagioclase (An,,), 



quartz and minor biotite. Rusty patches are locally distinct shell is almost black in colour and consists 
characteristic. of biotite, opaques and quartz. The shell is usually 

Most orbicules are irregular in shape (Fig.143) several mm thick, although in some orbicules it may 
and the cores consist of a very fine-grained mass of be up to 1 cm thick. Biotite is oriented tangentially 
plagioclase (An,,), biotite and opaques. Around the within the shell and opaque minerals form a discon- 
core there is a plagioclase-rich zone, 3-6 mm thick, tinuous subshell within the middle of the biotite 
which is similar in texture to the other core materi- shell. 
al. Minor quartz is also present in this zone. The only 

ORBICULAR MONZODIORITE BOULDER FROM KOTTINIEMI, UURAINEN 

Paula Raivio & Seppo 1. Lahti 

Fig. 144. Polished sample of orbicular diorite boulder from Kottiniemi, Uurainen. The orbicules are 
medium-sized and oval. Radial prismatic homblende crystals are characteristic in the shells. A specimen 
(an 8 cm long orbicule in the centre) from the Mineralogical Museum of the Geological Survey of Finland. 
Photograph: J. Keskinen. 

A single small boulder of orbicular rock (Fig. 144) 
was found in Kottiniemi, Uurainen, in 1959 by T.E. 
Maunula, while working for the prospecting compa- 
ny Malminetsija Oy. The entire boulder, which was 
some 30 cm in diameter, was subsequently removed 
from the place of discovery, which is situated 4.5 km 
south of the Uurainen church. 

A piece of a museum specimen was analysed 
chemically (Table 12). The The composition of the 
rock plots in the monzodiorite field quite close to the 
border of the diorite field (Fig. 139). 

The orbicules in the Kottiniemi boulder are ovoid 

and 5-1 1 cm long (Fig. 144). The cores of the orbi- 
cules are often light and consists mainly of medium- 
grained plagioclase (about An,,) with minor horn- 
blende and biotite. There is, however, a dark irregu- 
lar hornblende crystal aggregate as a nucleus in the 
best-developed orbicules. The core turns gradually 
into a fine-grained shell (thickness 0.5-1 cm), which 
consists of granular plagioclase (about An,,), hom- 
blende and biotite. Biotite and hornblende are ar- 
ranged radially. 

Individual differences occur between the orbi- 
cules. The largest orbicules have two distinct shells, 



the outer of which is finer-grained than the inner ably xenoliths), 1-3 cm in diameter, have a shell, 1- 
shell, which also shows more prominent radial tex- 3 cm in thickness, which differs from the matrix by 
ture of the mafic minerals. Some of the orbicules the radial arrangement of the dark minerals. 
show signs of mechanical deformation. In addition The boundary between the shell and the matrix is 
to the deformed and corroded orbicules, some poor- sharp, but locally gradational. The matrix is similar 
ly developed orbicules or proto-orbicules were also to the core, consisting mainly of coarse plagioclase 
observed. A few aggregates of dark minerals (prob- (An,,), hornblende, biotite and some quartz. 

XENOLITH-TYPE OP ORBICULAR TONALITE OCCURRENCE FROM 
TIITUSPOH JA, LAUKAA AND THE BOULDERS FROM VÄÄRÄPURO AND 

KANAVUORI, VAAJAKOSKI 

Seppo 1. Lahti, Paula Raivio & Ilkka Laitakari 

Fig. 145. Polished plate of xenolith type of orbicular rock from Tiituspohja, Laukaa. The core of the 
irregular or ovai orbicules is usually a fragment of gneiss that is surrounded by a thin, light plagioclase- 
nch shell. A sample (45 cm side) from the Mineraiogicai Museum of the Geological Survey of Finland. 
Photograph: J. Vaatäinen. 

In about 1930 Toivo Lehto obsewed a piece of or- 
bicular rock that contains rounded gneiss xenoliths 
surrounded by a plagioclase shell in a railway cut- 
ting of Kanavuori hill, two kilometres West of the 
town of Vaajakoski. The discoverer did not know if 
this rock specimen (Kanavuori boulder no. 65) had 
been broken from the bedrock or from a boulder. The 
present authors assume that the rock piece, some 1 
dm3 in volume, is obviously derived from a boulder, 
because no outcrops of orbicular rock have been ob- 

served in the later studies at the locality (late 
0. Naykki, pers. comm.). 

Later a fan consisting of 15-20 new erratics 114- 
2 m3 in size was discovered N-NW of the obsewa- 
tion site between the village of Tiituspohja in Lau- 
kaa (Tiituspohja boulders no. 62) and Kanavuori (no. 
65) in Vaajakoski. The boulders are quite sirnilar in 
appearance (Fig. 145) and form a nine kilometre 
long fan in the direction of N 5"-15" E. Toivo 
Maunula discovered in the 1960s two boulders, one 



in Tiituspohja, Laukaa, and the other in Vääräpuro, 
Vaajakoski (VäWapuro boulder no. 63). According 
to him, both of these erratics were more than 1 m3 in 
size. Later the authors and several other persons, in- 
cluding Ilpo Kurkinen, Matti Huuskonen, Pertti Hy- 
värinen, Markku Hyvärinen and Kari Heinanen re- 
corded additional boulders Tiituspohja. Nowadays, 
most of boulders have been removed from their orig- 
inal site of occurrence. 

In addition, Kari Heinanen has informed the au- 
thors that he has discovered orbicular rock at the bot- 
tom of a ditch by the Varsatie road in Tiituspohja. 
No samples are available from this locality and the 
ditch is filled in nowadays. The Varsatie orbicular 
rock occurrence is not, however, quite at the begin- 
ning of the boulder fan, because some boulders have 
also been discovered several hundred metres north- 
West of the site (against the direction of movement 
of the continental ice sheet). 

The cores of the orbicules are composed of dark, 
rounded or angular gneiss fragments or locally by 
light tonalitic materia1 (Fig. 145). The angular or 
rounded orbicules are surrounded by a white plagi- 
oclase shell. The matrix that is heterogeneous and 
locally rich in biotite is tonalitic rock. In this publi- 
cation the rock is called xenolith-type orbicular to- 
nalite. A chemical analysis of a typical specimen is 
given in Table 12. 

In one boulder discovered by Pertti Hyvärinen the 
orbicular rock grades into breccia, which is com- 
posed of closely associated, small, angular mica 
gneiss fragments. The contact between the orbicular 
rock and breccia is sharp, as shown in Fig. 29 b. An- 
other boulder in Hyvärinen's orbicular rock collec- 
tion is partly composed of orbicular breccia and part- 

ly of even-grained reddish granite. Similar reddish 
granite is a characteristic rock type in the outcrops 
of the Tiituspohja area. The contact between the two 
rock types is sharp and it cuts the lineation of gran- 
ite indicating that the orbicular rock may occur as 
an intrusive body in granite. 

The diameter of the orbicules generally varies 
largely from 5 to 10 cm, but boulders, which only 
contain small orbicules (3-6 cm in diameter), have 
also been recorded. The orbicules are densely packed 
and rounded, irregular or angular in form. Their core 
is composed of foliated gneiss fragments, inhomo- 
geneous tonalitic rock or both. The main minerals 
in the gneiss cores are plagioclase (oligoclase) and 
biotite with apatite, quartz, titanite, zircon and 
opaques as accessories. The tonalitic cores are com- 
posed of oligoclase, biotite and quartz. 

The core is surrounded by a light shell, 5-10 mm 
thick, composed mainly of plagioclase (An,,) with 
minor quartz and K-feldspar. K-feldspar crystals are 
small and replace plagioclase as irregular veinlets. 
In certain orbicules the shell is composed of three 
subcells, which are separated by thin biotite shells. 
The inner subcell is somewhat coarser than the 0th- 
ers. Thin section studies show that the plagioclase 
in the shells is either granular or show distinct radi- 
al arrangement. 

The matrix of the rock is fine- to medium- 
grained, mainly tonalitic, but very heterogeneous, 
locally gneissose and rich in biotite. The main min- 
erals in it are plagioclase (An3,-An,,), biotite and 
quartz. Plagioclase is zoned and partly altered. The 
typical accessories include potassium feldspar, mus- 
covite, apatite, zircon and opaques. 



ORBICULAR DIORITE BOULDERS FROM PEURUNKA AND PETRUMA, 
LAUKAA; JANHOLA, TOIVAKKA AND NURMAA, MANTYHAR JU 

Seppo 1. Lahti and Paula Raivio 

Fig. 146. Weathered surface of orbicular diorite boulder from Peurunka at Laukaa. The rock has medium- 
sized. roundish or oval orbicules (4-6 cm) that have a large core surrounded by one or a few shells. Photo- 
graph: P. Raivio. 

An erratic of orbicular rock was found by local 
farmers in Peurunka, Laukaa in the 1920s (Willunan 
1938) and in 1930 Väinö Tanner brought a piece to 
the Geological Survey of Finland. A few years later, 
in 1933, Erkki Vaheri discovered three additional er- 
ratics from the same village and gave orbicular rock 
samples to the Institute of Geology, University of 
Helsinki (Eskola 1938). 

Soon after that, a couple of new erratics were en- 
countered on the eastern shore of Lake Peumnka- 
järvi. 

The authors traced, on the basis of the old obser- 
vations, one large erratic about a cubic metre in size 
on the western slope of Tervamäki hill in Fi~inkyla,  
east of Lake Peurunkajämi and studied it in detail 
(Fig. 146). In this publication it is called Peurunka 
boulder (no.64). Nowadays the erratic has been 
moved away from the place of discovery to a pri- 
vate orbicular rock collection. One part of the boul- 
der is composed of coarse granitoid and its contact 
against the orbicular rock is linear and sharp, as in 
many orbicular rock dykes. Wilkrnan (1938) has 
probably described the same boulder in the explana- 

tion of the Kuopio geological map sheet, but he used 
the term "orbicular granite" for it. 

At the beginning of the 1990s, two new orbicular 
rock erratics of the same type were observed, Ka- 
levi Lahtonen found a large rounded erratic measur- 
ing 110 x 80 x 60 cm at the Kettukangas rubbish tip 
near the church village of Laukaa, but the prove- 
nance of this erratic is unknown (Fig. 8). K. Lahto- 
nen transported this erratic to decorate the yard of 
his home in Kuhanniemi, Laukaa. Another erratic 
was discovered by Marja-Liisa Arkko in the village 
of Petmma, West of Lake Peurunka (Petmma boul- 
der no. 61). This erratic is angular and measures 
20 x 40 x 80 cm in size (Fig. 147). It was originally 
located close to the home of the discoverer, by a for- 
estry road some hundred metres West of the Vanha- 
lahti farmhouse, but nowadays it decorates the farm- 
yard of the discoverer. 

All the aforementioned boulders of this Peurunka 
boulder fan are similar in appearance. The rocks are 
mineralogically sirnilar and a chernical analysis of a 
piece loosened from the erratic studied in detail plots 
in the diorite field in the R,R, classification diagrarn 



Fig. 147. Weathered surface of orbicular rock boulder from Petruma, Fig. 148. Weathered surface of orbicular rock from Janhola, Toivakka. 
Laukaa. The rock has roundiih or oval, single-sheiled orbicules (0 4- The rock has ovai medium-sized single-sheiied orbicules (0 4-7 cm). 
7 cm). Photograph: S.I. Lahti. A sarnple from the Mineralogical Museum of the Geological S w e y  of 

Finland. Photograph: J. Keskinen. 

(see chemical analysis in Table 12 and classification 
diagram in Fig. 139). 

A stone of orbicular rock that resembles the Peu- 
runka boulders was encountered in 1966 by school- 
teacher (name unknown) Taipale near the Janhola 
farmhouse in the church village of Toivakka (Jan- 
hola boulder no. 60). The stone is roundish and some 
20 cm in diameter (Fig. 148). The Janhola stone may 
belong to the same boulder fan as the Peurunka boul- 
ders, because the appearance and mineralogy of the 
rocks are similar. The direction of transportation of 
the erratic from Toivakka to Peurunka is approxi- 
mately 350" and the distance between the localities 
is nearly 40 km. The chemical composition of the 
rocks is close to each other. The composition of the Fig. 149. Polished sample of orbic,,, .,,, from Nomiaa, Mäntyharju. 

janhola orbicular rock plots, however, in the tonal- The orbicules are medium-sized and they have light feldspar-nch core 
smunded by one or rarely two dark shells. A sample (22 cm wide) 

ite field but clOse t0 the Peurunka orbicular in from the Mineralogical Museum of the Geologicai Survey of Finland. 
the R,R, classification diagram (Fig. 124). Photograph: J. Keskinen. 

Another boulder that resembles the Peurunka 
bouders has also been discovered nearly 140 km 
away from Peurunka in Nurmaa, Mäntyharju. This The orbicules in d l  orbicular rock boulders that 
erratic, called the Nurmaa boulder (no. 38, Fig. 149), are considered to belong to the Peurunka boulder fan 
is also considered to belong to the same boulder fan are rather closely spaced and usuaily 3-10 cm in di- 
as the Peurunka and Toivakka erratics indicating ameter, with a slightly irregular eilipsoidal form. The 
movement of the continental ice sheet in the direc- largest orbicule measured from the erratic discov- 
tion of approximately 345". ered recently by Kalevi Lahtonen is ovoid and 

The Nurmaa boulder was discovered by an un- 16 cm long. 
known schoolteacher. The erratic was lying in a sand The cores of the orbicules in the Peurunka boul- 
deposit devoid of other Stones (Eskola 1938). In ders are medium- or coarse-grained and consist of 
1935 professor Heikki Väyrynen obtained the small varying arnounts of hornblende and plagioclase 
erratic, which was then sawn and polished. Eskola (An,); some orbicules with a granitic core have also 
(1938) studied the rock and noticed the similarity be- been observed. Large phenocrysts of plagioclase 
tween the Nurmaa and the Peurunka erratics. Ac- may locally form nuclei in the cores. In addition, 
eording to him, there is one megascopic difference: roundish inclusions of acidic plutonic rocks rarely 
the matrix of the Nurmaa rock is less coarse-grained occur as cores in the orbicules. 
and its characteristic black biotite flakes are smali- The cores of the orbicules are surrounded by a sin- 
er, only fiom 0.5 to 0.8 cm in width. gle dark homblende-biotite shell or locally two or 



three distinct shells. If the orbicules have three 
shells, the innermost shell is dark, narrow and rich 
in homblende. This shell is surrounded by a lighter 
narrow shell, which is rich in plagioclase, and which 
may also contain tiny radiating crystals of horn- 
blende. The outermost sheli, which is the widest 
shell (1-2 cm wide), is always nearly black in col- 
our and mainly composed of homblende+biotite. 
Hornblende is tangentially oriented in this shell, es- 
pecially in its outermost part. 

The matrix of the orbicules is heterogeneous, of- 
ten coarse and consists of plagioclase (An,), quartz, 
large flakes (up to 1.5 cm) of biotite, and potassium 

feldspar. Quartz and feldspar grains can measure up 
to a few centimetres in diarneter. 

The erratics from Toivakka and Nurmaa do not 
differ significantly from the Peurunka boulders. The 
mineralogical compositions are practically the same. 
It is worth noticing that d l  the erratics in Peumnka, 
Toivakka and Nurmaa contain two kinds of amphib- 
ole: in addition to "normal" hornblende, which is 
one of the main constituents, the rock has minor col- 
ourless or light-green amphibole suspected, on the 
basis of its optical characteristics, to be cuwning- 
tonite (see Eskola 1938). 

ORBICULAR GABBRO BOULDERS FROM HAAPAVEHMAS AND PALOSENJARVI, 
TOIVAKKA 

Paula Raivio & Ilkka Laitakari 

Fig. 150. Polished plate of orbicular gabbro boulder from Palosenjärvi, Toivakka. The orbicules are 
medium-sized (0 5-12 cm) and the core is usually surrounded by an inner dark and outer light shell. 
A sarnple from the Geology Department, University of Helsinki. Photograph: J. Keskinen. 

In 1964 Toivo Maunula informed the Geological 
Survey of Finland that he had observed two boul- 
ders of orbicular rock in the forest about 700 metres 
north of the Palonen farmhouse in Paloskyla, Toi- 
vakka (Palosenjärvi boulders no. 67). About 15 boul- 
ders of the same type were later discovered north of 
the aforementioned site close to the Saäkslahti and 
Haapavehmas farrnhouses. The northernmost boul- 
ders of the proposed boulder fan were observed on 

the eastem slope of Sikavuori hill some 500-600 m 
from the Haapavehmas farmhouse (Haapavehmas 
boulders no. 66). All the observed boulders seem to 
form a five kilometres long fan that is oriented ap- 
proximately in the N-S direction. 

Descriptions and a thorough study of the genesis 
of the orbicular rock have been published by Mu- 
tanen (1973, 1974). Chemical data for one piece of 
rock are given in Table 12. In the R,R,-classifica- 



tion diagram (Fig. 139) the chemical analysis falls 
into the gabbro field but the leucoeratic varieties 
must be better dioritic in composition. 

Mutanen (1974) divided the orbicules into two 
types according to their size: small (diameter 1.5-3 
cm) ultramafic, related to leucocratic proto-orbicules 
and large (diameter up to 15 cm) usually multi- 
shelled orbicules (Fig. 150). The average diameter 
of the orbicules is 7-8 cm and they are often flat- 
tened, cut or broken. The orbicules are distributed 
somewhat irregularly in the rock and some portions 
of it contain no orbicules at all. 

The main constituents in the cores of the orbicules 
are varying amounts of hornblende and plagioclase 
(usually andesine). Titanite is an abundant accesso- 
ry mineral in some of the cores. 

The amount of plagioclase and hornblende varies 
between the different shells. Both of the minerals 

often show radial orientation, while hornblende has 
been observed to show tangential orientation in some 
thin shells. According to Mutanen (1974), thin shells 
of granular plagioclase intempt the radial shells. 
The most typical feature of the orbicules is the thick 
(often 1-2 cm) outer, radially oriented plagioclase- 
rich shell, which makes the orbicules easy to distin- 
guish from the matrix. 

Besides these entire orbicules, Mutanen (1974) 
states that there are proto-orbicules, which are ultra- 
mafic or leucocratic mineral aggregates. Similarly, 
shell fragments and phenocrysts occur in the matrix. 

The matrix is heterogeneous, and massive to 
banded in appearance and its petrographic composi- 
tion varies from dioritic to quartz monzonitic (Mu- 
tanen 1974). The main constituents of the matrix are 
plagioclase (An ,,,,), hornblende, quartz and potas- 
sium feldspar. 

ORBICULAR MONZONITE OCCURRENCE FROM LAHNANEN, VIITASAARI 

Paunu Oivanen & Seppo 1. Lahti 

Fig. 151. Multishelled orbicules (0 7-8 cm) in the polished orbicular monzonite plate from Lahnanen, 
Viitasaari. Photograph: Erkki Halme. 

Matti Huuskonen discovered some boulders of logical Survey of Finland, many new boulders and 
orbicular rocks (Fig. 151) in Lahnanen, near Viita- some outcrops of the same orbicular rock type were 
saari, in 1958. Eleven years later, in connection with discovered. The boulder fan (see Fig. 7) has been 
detailed geologicd mapping carried out by the Geo- studied by Ekdahl(1981). The orbicular rock occur- 



rence in Lahnanen is protected by law and it is not 
permitted to collect samples from the occurrence or 
the boulders. 

Pipping (1972) called the rock "orbicular granite", 
but he did not provide any mineralogical or chemi- 
cal data for the rock. For this study, several speci- 
mens of the rock were analysed, and the results are 
given in Table 12. In the R,R,classification diagram, 
the chemical analyses of the rock fall within the 
monzonite and monzodiorite fields (Fig. 139). Be- 
cause most of the analyses are within the monzonite 
field, the rock is called orbicular monzonite. 

The orbicular rocks in Lahnanen forrn part of a 
tonalitic-monzonitic lens in reddish granite. The lens 
has a nearly N-S trend, and it measures some 100 x 
50 m (Fig. 152). At the contacts between the lens 
and the surrounding granite there is an intervening 
layer of brecciated metavolcanic rock, several me- 
tres in thickness. 

The tonalitic lens shows considerable variation in 
structure and grain size. The main rninerals in the 
rock are plagioclase (approx. An,,), biotite, quartz, 
K-feldspar and chlorite, with the proportion of pla- 
gioclase generally being 70-85%. The main rock 
types in the lens are even-grained tonalite, porphy- 
ritic tonalite, coarse-grained tonalite and orbicular 
rocks, which typically forms discontinuous zones 
several metres thick trending approximately parallel 
to the margins of the lens. The contacts between the 
different zones are sharp in the direction of the lens 
and are mostly tectonic in character, while contacts 
oblique to the longitudinal trend of the zones tend to 
be gradational. 

Apart from the coarser-grained variety, the quartz 
diorites generally show a tectonic alignment with the 
schistosity striking parallel to the zones, and dipping 
vertically, as has been demonstrated by the drilling 
profiles (Fig. 152). 

There are two varieties of orbicular rock in 
Lahnanen, one with multishelled orbicules (Fig. 15 1) 
and the other with poorly shelled orbicules or proto- 
orbicules. The two types differ in the size and de- 
velopment of the shell structure. On average the pro- 
portion of quartz in the orbicular rocks is only about 
half that of non-orbicular quartz dioritic rocks in the 
lens, while the average amount of plagioclase is cor- 
respondingly several per cent greater 

Multishelled orbicules measure from 7-10 cm in 
diameter and the cores consist of a coarse-grained 
mass of plagioclase and biotite (Fig. 151). External 
deformation has caused radial crack structures in 
plagioclase. The core grades outwards into a fine- 
grained shell. Numerous thin (0.5-1 mm) biotite-rich 
shells alternate concentrically with plagioclase-rich 
shells. Biotite has crystallized tangentially. 

The orbicules in the poorly shelled variety (pro- 
to-orbicular rock) measure only 2-5 cm and consist 
of coarse-grained plagioclase with biotite flakes as 
inclusions. Some of the biotite has crystallized tan- 
gentially in the outer part of the orbicules, but the 
shell structure is discontinuous. 

In addition to true orbicules, scattered grains of 
plagioclase megacrysts at various stages of develop- 
ment, as well as fine-grained xenoliths consisting of 
plagioclase and biotite, have been found in the ma- 
trix. Some xenoliths are rounded and slightly 
shelled. 

The matrix of the orbicular rock consists princi- 
pally of coarse-grained tonalite with plagioclase 
(An,,,-An,,), biotite, quartz, and in places potassium 
feldspar as the main minerals. In the most tectonized 
parts of the occurrence the matrix consists merely 
of biotite and quartz. 



Fig. 152. Detailed map and cross section of the orbicular rock from Lahnannen, Viitasaati, redrawn by S.I. Lahti from the unpublished maps of 
P. Oivanen. Explanations: 1) Orbicular monzonite, 2) poorly developed monzonitic orbicular rock (proto-orbicular rock), 3) even-grained diorite, 
4) coarse or porphyntic dionte, 5) granite, 6 )  pegmatitic granite, 7) felsic or intermediate metavolcanic rocks, 8) metavolcanic rock inclusions, 9) 
schistosity, 10) fault, 11) diamond drilling holes DHl and D H . .  



ORBICULAR TONALITE BOULDER FROM MULTAMAKI, KONNEVESI 

Antti Paajärvi 

Fig. 153. Orbicular tonalite boulder (30 x 35 x 40 cm in size) from Multamäki, Konnevesi. The orbicules 
are from 5 to 10 cm in diameter and they often have a large, light-coloured feldspar core. Photograph: 
S.I. Lahti. 

A boulder of orbicular tonalite (or granodiorite) 
from Multamäki, Konnevesi, was discovered by 
Pekka and Riitta Paananen in 1985, while building 
a new house in the church village of Konnevesi, and 
the author became acquainted with it during research 
carried out by the Geological Survey of Finland in 
the area. Nowadays the boulder has been removed 
from the site to decorate the yard of the home of the 
discoverers. No chernical analyses or petrographic 
thin sections of the orbicular rock were available at 
the time of writing this article. 

The Multamäki boulder is oval, well rounded and 
about 30 x 35 x 40 cm in size. The rock is grey in 
colour and composed of grey orbicules of almost 
even size in the lighter matrix (Fig. 153). Since no 
pieces of the rock could be taken for detailed stud- 
ies, this report is based only on the observations by 
the author at the locality. 

The matrix of the orbicules is medium- to coarse- 
grained and light in colour. It mainly contains plagi- 
oclase and minor K-feldspar (?), quartz and biotite. 
These minerals are also characteristic in the orbi- 
cules. The proportion of plagioclase and K-feldspar 

is difficult to estimate in the rock with the naked eye, 
but the mineralogy of the rock obviously corre- 
sponds to that of granodiorite or tonalite. 

The orbicules are rounded or oval and closely 
spaced, so that the neighbouring orbicules often 
touch each other. A few orbicules are flattened, 
where adjacent orbicules have been pushed against 
each other in the plastic stage. The average diameter 
of the orbicules is six centimetres, the largest one 
measuring 7 x 10 cm and the smallest one 5 x 5 cm. 

The core of the orbicules is light in colour. It 
mainly contains feldspars, some quartz and biotite. 
In the typical orbicule, a light core is surrounded by 
three distinct shells, a thin biotite shell, a broader 
(0.5-1 cm thick) light-coloured feldspar-rich shell 
and an outermost dark-coloured biotite-rich shell 
(about 0.5 cm thick). The dark outermost shell is in- 
homogeneous and composed of very thin alternat- 
ing biotite and feldspar subshells. Biotite flakes are 
often tangentially oriented in the outermost shell. 
During glacial transport some of the orbicules were 
loosened from the surface of the boulder following 
these mica rich shells. 



ORBICULAR MONZODIORITE BOULDER FROM KIVIKANGAS, HANKASALMI 

Ilkka Laitakari & Seppo 1. Lahti = 

Fib. --4. Polishc- II,-- -. monzodi c..., boulder from Kivikangas, Hankasalmi. The orbicules are 
medium-sized (0 5-8 cm), roundish or somewhat irregular in shape. A siunple fiom the outdoor collection 
of the Mineraiogical Museum of the Geologicai Survey of Finland. Photograph: J. Keskinen. 

A boulder of orbicular rock, half a cubic metre in 
volume, was found by W.W. Wikman in 1924 dur- 
ing geological mapping of the rocks in the Kuopio 
map sheet (C3, 1 : 400 000). The boulder was sub- 
sequently described by Sederholm (1928), Eskola 
(1938) and Willunan (1938). The following report is 
partly based on these publications, in which the rock 
was referred to as orbicular granite (Willunan 1938). 
About half of the boulder still remains at the place 
of discovery in Kivikangas, Hankasalmi. The chem- 
ical analysis of a rock sample (Table 12) falls into 
the monzodiorite field in the R,R2 classification dia- 
gram (Fig. 139) and the rock is therefore called or- 
bicular monzodiorite in this study. 

The orbicules, 4-9 cm in diameter, are so abun- 
dant that they comprise about 65% of the rock (Fig. 
154). Many of the orbicules are deformed. The cores 
of the orbicules, 3-6 cm in diameter, consist of 
coarse-grained microcline, plagioclase (A%,) and 
some quartz. Myrmekite is common in the cores. 

The core is surrounded by a light-grey, 1-2 cm 
thick shell, in which plagioclase and biotite are the 
main minerals. The proportions of the minerals are 

variable so that the shell is composed of several sub- 
shells. Plagioclase shows radial orientation especial- 
ly in the biotite-free outer parts of the shells. 

The outermost fine-grained subshell of the orbi- 
cules is about one centimetre wide and is also the 
most distinct, consisting of plagioclase (An,,) and a 
greater proportion of biotite than in the subshell ad- 
jacent to the core. The minerals may form nearly 
pure subshells of their own or they may be irregu- 
larly distributed throughout the zone. 

The outermost shell has a sharp contact with the 
matrix. The matrix is heterogeneous, containing 
dark-grey granodioritic parts rich in biotite and pla- 
gioclase (An,,) and light-grey pegmatitic patches 
rich in rnicrocline, quartz and plagioclase (An,,). The 
pegmatitic matrix contains patches consisting almost 
entirely of quartz. 

In their study of 018/016 ratios of minerals in cer- 
tain rock types, Hoefs & Epstein (1969) gave the or- 
bicular rock of Hankasalmi as one example. The ox- 
ygen isotope ratio of the rock is according to this 
study consistent with igneous temperatures. 



ORBICULAR ROCKS IN SOUTH OSTROBOTHNIA 

Fig. 155. The observations of orbicular rocks in South 
Ostrobothnia (M, blue spots boulders and a red spot 
rock outcrop). 

The orbicular rocks of South Ostrobothnia are shown in Fig. 155. The following five occurences have 
been observed: 
Orbicular rock outcrop: 

Orbicular gabbro and tonalite occurrence from Lampipera, Ähtäri (73) 
Orbicular rock boulders: 

Orbicular tonalite boulders from Suojoki, Isojoki (7 1) 
Orbicular monzonite boulders from Jokipii, Jalasjärvi (72) 
Orbicular monzonite boulders from Hakojärvi, Töysa (74) 
Orbicular gabbro boulders from Pihtisulku, Ähtäri (75) 

The chernical analyses of the orbicular rocks are given in Table 13 and classification diagram in Fig. 156. 
A detailed map of the orbicular rock occurrences of Lampipera (73, Fig. 161) is included to the descriptions 
of the occurrences. 

Fig. 156. Orbicular rocks (chemical analyse from Table 13) from South Ostrobothnia plotted in the R,R, classification diagram. 



fable 13. Chemical analyses ~f the orbicular rocks from South Ostrobohnia. X-ray fluo- 
rescence analyses made at the Gealogical Survey of Finland. I.90 detemined titnmetti- 
eaiiy. 

SZO, 59,3g 47,45 59,47 64#86 51,92 50,6% 
Tie, 0,63 090 0,8 1 454 1~22 0,53 
4% 2L50 18,19 13,88 14.62 19,08 16.20 
FejO#i!t. 336 9,Ol 7,85 5J4 8.67 8.20 
FeaO,c&. 0,66 1,19 1,72 1.05 2,19 1.87 
FeO 2,43 7,04 5,52 4.22 5,83 5,70 
MnO 0,05 0,16 0,lO 0,12 0.12 0,16 
Mgo 0,67 6,20 5.49 3,17 3,43 735 
CaO 4,37 10,20 6,14 4,13 4,32 8,78 
Na20 6,M 2.28 2,98 3,08 3,78 2.07 
K2° 1,95 1,25 1,87 2,Ol ;i61 1.93 
pz"s 0.06 0.21 0,16 0,12 0,13 O,08 
A/CNg i,OS 0,77 0,77 0.99 1.13 475 
FeO/Fe2OJto1. 3.m 5,92 3,21 4,02 2 , a  3,05 
4 1338 1808 2401 2598 1255 1969 
R2 923 1756 1202 886 1006 1632 
N d e r  of 
ocdtt-c 72 73 73 73 74 75 

Jokipii, JaiasjWi, 24-FMR-86; 2. Lampkperä, Ahtäri, 59-SIL-00; 3. Lampipwi$ &Wi, 
75-FTUIR-86; 4. Lampiperg* AhWi, 61-SIL-00; 5. HakojWi, Töys$ 72-SILdQ 6. Pihti- 
sulka, &Eiri, 115813;-00. 

ORBICULAR TONALITE BOULDER FROM SUOJOKI, ISOJOKI 

Paula Raivio 

An orbicular rock boulder in Suojoki, Isojoki, was 
discovered in the 1970s by landowner Reijo Pel- 
toniemi. The boulder measures about 40 x 40 x 
50 cm. The well-rounded ellipsoidal form of the 
boulder indicates a considerable glacid transport. So 
far no other boulders of similar appearance have 
been found in the area. 

The Suojoki boulder belongs to a private collec- 
tion and thus no samples have been available for de- 
tailed studies. Description of the rock is, therefore, 
based only on the macroscopic observations. The 
rock is called orbicular tonalite on the basis of its 
minerdogical composition. 

The boulder consists of several orbicules varying 
in diarneter from 5 to 15 cm (Fig. 157). The orbi- 
cules are sparsely distributed in the fine- to medi- 
um-grained tonalitic matrix composed of plagiocla- 
se, quartz, light mica and garnet as the main miner- 
als with abundant graphite in places. The orbicules 
comprises about 80% of the boulder and they only 
seldom touch each other. 

Fig. 157. Decorative orbicular tonalite boulder from Suojoki, Isojoki. 
The orbicules are large (0 5-15 cm) and multishelled. Photograph: 
P. Raivio. 



Most cores vary from 2 to 12 cm in size. They 
consist of fine- to medium-grained fragments of to- 
nalitic rock that closely resembles the matrix mate- 
rial of the orbicules. The main minerals in the cores 
are plagioclase, light mica or arnphibole and red gar- 
net; quartz, hornblende and graphite occur as acces- 
sory minerals. In a couple of orbicules the cores are 
actually xenoliths of fine-grained mica schist. 

The shell structure varies slightly from one orbi- 
cule to another. Nearest to the core there is a 3- 
10 mm thick shell composed of tangentially oriented 

muscovite flakes and some plagioclase. Sometimes 
this shell is split into two thin plagioclase subshell. 
Just outside the mica-nch shell there is usually a thin 
(1-3 mm) plagioclase-rich shell. This pairing of 
shells is also present at the outermost part of the or- 
bicules, but in the reverse order. Most of the shells 
are, however, thicker (1-3 cm) and composed of a 
fine-grained rnixture of both plagioclase and light 
mica. Mica also shows tangential orientation in this 
shell as well as in the purer mica shells. 

ORBICULAR MONZONITE BOULDER FROM JOKIPII, JALASJARVI 

Seppo 1. Lahti & Hannu Mäkitie 

Fig. 158. Polished plate of an orbicular monzonite boulder from Jokipii, Jalasjärvi. The orbicules are 
medium sized, roundish or somewhat irregular in form. The roundish orbicule on the right in the figure is 
8-9 cm in diameter. Photograph: J. Keskinen. 

The orbicular rock boulder in Jokipii, Jalasjärvi, 
was found by geologist Hannu Mäkitie in connec- 
tion with regional bedrock mapping of the Geologi- 
cal Survey of Finland in the Jalasjärvi area in 1985. 
The dimensions of the quite angular and box-like 
boulder seem to be about 1 x 2 x 2 m. The erratic is 
partly covered by gravel so that its real size is un- 
known. The shape of the boulder indicates a short 
glacial transport. 

One corner of the erratic is composed of banded 
biotite-rich tonalite, which is the characteristic rock 
of the area. The chemical analysis of a piece of the 
orbicular rock is given in Table 13. The total rock 

analysis plots in the monzonite field in the R,R, clas- 
sification diagram (Fig. 156), and therefore, the rock 
is called orbicular monzonite. The bedrock under the 
boulder is composed of porphyritic granite, but the 
contact between local granite and gneissic tonalite 
is very close. The authors suggest that the glacial 
transport of the boulder was short and that the or- 
bicular rock boulder is derived from the nearby to- 
nalite intrusions. 

The rock is composed of closely spaced plagiocla- 
se dominated orbicules in a granitic-granodioritic 
matrix. The orbicules are generally 5-10 cm in di- 
arneter and strongly elongated (up to 20 cm long). 



Their deformation has usually been plastic, but cor- 
roded orbicules and some fragments of shells can be 
locally seen in the matrix (Fig. 158). 

The core of the orbicules consists of medium- 
grained tonalitic rock with plagioclase (An,,), quartz 
and biotite as the main minerals. Sparsely distribut- 
ed hornblende prisms are cornmon, and large crys- 
tals or crystal accumulations of hornblende may oc- 
cur as a nucleus in the Centre of the orbicules. The 
amount of dark minerals in the cores is, however, 
rninute. Thin section studies reveal that the feldspar 
and quartz crystals often have undulating extinction. 
The accessory minerals include chlorite, apatite, epi- 
dote and opaques. 

The orbicules show two or three separate main 
shells that are composed of several thin subshells 
due to the variation in the amount of plagioclase and 
biotite. The main minerals in the shells are plagiocla- 

se (An,,) and biotite with minor quartz. Biotite oc- 
curs as tangentially arranged small flakes in plagi- 
oclase. The innermost shell is rich in plagioclase and 
the amount of biotite increases towards the outer- 
most shell. 

The matrix between the orbicules is coarse, vary- 
ing from tonalitic to granitic in composition. In ad- 
dition to plagioclase (An,,), quartz, K-feldspar and 
biotite, large single crystals of prismatic hornblende 
occur in the rock. Thin section studies show that 
small myrmekitic quartz-alkali feldspar grains often 
follow the contact between the larger quartz and 
feldspar crystals. Apatite, chlorite, zircon, titanite, 
epidote and opaques have been found as accessories. 
In addition, some single crystals of black, metamic- 
tic allanite (up to 1 cm long) were observed in the 
matrix between the orbicules. 

ORBICULAR GABBRO - TONALITE OCCURRENCE FROM LAMPIPERÄ, AHTARI 
AND AN ORBICULAR GABBRO STONE FROM LAHTISKYLA, VIRRAT 

Seppo 1. Lahti & Paula Raivio 

Fig. 159. Weatherea surface of orbicular gabbro from Lampipera, Ahtäri. The rock has muirisnalled 
orbicules, fine-grained gabbroic and hornblenditic autoliths that are often shelled. The coin is 27 mm in 
diameter. Photograph: S.I. Lahti. 

A small outcrop and a few boulders of orbicular long lens in sheared granite. Later one of the authors 
rock (Figs. 24 b, 29 a, 159 and 160) were found by (SIL) traced the orbicular rock boulders at the local- 
forestry workers in Lampipera, Ähtäri, in 1978. Or- ity and discovered a new, much larger orbicular rock 
bicular rock occurs in this outcrop as a small 1.5 m occurrence a few hundred metres West of the first 



blende, hornblende and pyroxene, angular and sub- 
angular gabbro and hornblendite autoliths, which 
may be shelled or unshelled, are also common. The 
autolith-type orbicular rock is mainly composed of 
shelled autoliths, but they also contain minor multi- 
shelled orbicules and unshelled autoliths. The auto- 
liths are often from 5 to 10 centimetres, but locally 
their size may be larger. 

The orbicules are usually composed of several 
thin light plagioclase-rich and dark hornblende-rich 
shells. Their thickness varies from one millimetre to 
five millimetres. The total thickness of the shells is 
usually from 5 to 15 mm, but in the large multi- 

Fig. 160. Weathered surface of a heterogeneous orbicular tonalite from 
shelled orbicules up to 30-35 mm. Where the orbi- 

the SE Dart of the Lam~i~erä orbicular rock occurrence. The rock has cules have been pushed tOgether, Outer shells . . 
locaily iomblende-rich simple orbicules and gabbroic and hornblendit- have been stretched plastically. The number of sheiis 
ic xenoliths. Photograph: J. Väätäinen. varies largely between the orbicules. About ten sub- 

observation site (Lampipera occurrence no. 73). For 
this publication this main orbicular rock body was 
studied and mapped in detail. 

The small, first-found orbicular rock outcrop 
seems to be a sateilite intrusion of the main orbicu- 
lar rock body that occurs in Lampipera as a more or 
less continuous zone between a granite and diorite 
intmsion (Fig. 161). The contact zone is mainly cov- 
ered by overburden, but small outcrops and boulders 
of the orbicular rock can be traced within a distance 
of about 130 m along the contact. The detailed map 
of the occurrence indicates that the width of the or- 
bicular rock occurrence is about 10 m in the SE part, 
but broader, at least 14 m in the NW part. In the SE 
part of the occurrence the orbicular rock seems to 
grade gradually into hornblende diorite; the contact 
between granite and orbicular rock is, however, cov- 
ered by overburden. 1 

The appearance of the Lampipera orbicular rock 
varies largely between the outcrops. A sample ana- 
lysed from the NW part of the occurrence falls into 
the gabbro field, whereas that from the SW part into 
the tonaIite field in the R,R, classification diagram 
(chemical analyses in Table 13 and classification di- 
agram in Fig. 156). 

In the NW part of the occurrence the rock is het- 
erogeneous and composed of normal gabbroic orbic- 
ular rock with multishelled orbicules (Fig. 159) and 
autolith-type orbicular gabbro that is dominated by 
shelled mafic and ultamafic inclusions (Fig. 29a). 
The matrix is even-grained homblende gabbro. In 
the normal orbicular gabbro the size of the orbicules 
generally varies from 5 to 10 centimetres. The core 
is often composed of an accumulation of hornblende Fig. 161. Orbicular rock occurrence 0f Larnpipera, Ahtäri. Explanations: 

1) Orbicular tonalite, 2) orbicular gabbro, 3) even-grained dionte, 
Or granular homblende+plagioclase that resem- 4) gneissic granite, 5) mphibole noddes. 6) schiito~ty, 7) outcrop. 
bles the gabbroic matrix. Accumulations of hom- Map by S.I. Lahti. 



shells were observed in larger multishelled orbicules 
and autoliths, but usually the number is smaller. Pla- 
gioclase crystals and hornblende prisms show radial 
arrangement in the shells (Fig. 22b). Thin section 
studies indicate that biotite often occurs in the horn- 
blende shells as tangential flakes or locally the rnica 
forms separate narrow subshells. 

In the SE part of the occurrence the rock is quite 
different in composition and appearance. The rock 
is light-coloured and contains sparsely distributed, 
poorly developed orbicules in heterogeneous tonal- 
itic matrix. (Fig. 160). The rock in the first observed 
orbicular rock outcrop that is in granite some 100 m 
east from the main orbicular rock zone, is quite sim- 
ilar. 

In the SE part of the contact zone the rock is 10- 
cally densely packed with orbicules, whereas local- 
ly the orbicules are sparsely distributed or nearly to- 
tally absent. The shell-structure of the orbicules is 
often poorly developed. Many orbicules have only 
one dark hornblende-rich shell and the core is main- 
ly composed of plagioclase or hornblende and pla- 
gioclase. The matrix is leucocratic and inhomoge- 
neous. It seems to be often a mixture of two or more 
phases, usually dioritic and tonalitic material. Spot- 
like hornblende megacrysts and larger hornblende 
crystal accumulations are characteristic in the rock. 

One of the authors (SE) discovered a stone of 
gabbroic orbicular rock from the roadside in 
Lahtiskyla, Virrat, at the end of 1980s (Lahtiskylä 
boulder no. 23). The stone is less than 10 cm in di- 
ameter and composed of some closely associated 
roundish orbicules 4-6 cm in diameter (Fig. 162). 
The matrix is medium-grained and composed of ba- 
sic plagioclase, hornblende with minor biotite. 

The orbicules in the Lahtiskyla orbicular rock are 
multishelled. The core of the orbicules is composed 

Fig. 162. Polished piece of orbicular gabbro stone discovered from 
Lahtiskyla, Virrat. The stone is suggested to be derived from the Lampi- 
perä occurrence. The diameter of the sample is 6 cm. Photograph: 
S.I. Lahti. 

of a roundish accumulation of fine-grained horn- 
blende. The core is surrounded by a shell that is from 
one to two centimetres thick. The main minerals in 
the shells are basic plagioclase and hornblende. The 
inner shells are lighter and richer in plagioclase, 
whereas the outer shells are darker and richer in 
hornblende. The radial arrangement of the horn- 
blende crystal prisms is distinct in the orbicules. 

The Lahtiskyla orbicular rock may be derived 
from the Lampipera orbicular rock occurrence, 
Ähtäri, which is situated about 24 kilometres NW of 
Lahtiskylä. The orbicular rock in the Lahtiskylä 
boulder closely resembles the multishelled types of 
gabbroic orbicular rock in the NW part of the Lam- 
pipera occurrence. Furthermore, the orbicular gab- 
bro boulder from Hautakangas, Keuruu (53,  which 
is situated about 15 km SE of the Lahtiskyla orbicu- 
lar rock site, may belong to the same boulder fan. 



ORBICULAR MONZONITE BOULDERS FROM HAKOJARVI, TOYSA 

Seppo 1. Lahti 

Fig. 163. Weathered surface of the monzonite boulder from Hakojärvi, Töysä. The rock has medium-sized 
orbicules (the coin 27 mm in diameter) that have a large light core. Photograph: S.I. Lahti. 

A boulder of greyish orbicular granitoid was dis- 
covered by Eliisa Yhtiö in a ditch close to his home 
in Yhtiönperä, Hakojärvi, Töysä, in 1999. The boul- 
der, measuring 45 x 40 x 25 cm, is angular in ap- 
pearance. A year later she discovered another small 
boulder of orbicular rock (diameter about 12 cm) at 
the same site. 

A piece of the larger boulder was sawn off and 
studied in detail. A chemical analysis of a small rock 
slab (see Table 13) plotted in the R,R, classification 
diagram indicates that it is monzonite in composi- 
tion (classification diagram in Fig. 156). 

The Hakojärvi orbicular rock is composed of 
roundish orbicules with the diameter 4-7 cm embed- 
ded in a granitoid matrix The orbicules are densely 
packed, touch each other and the amount of matrix 
that is medium-grained and heterogeneous, is minute 
(Fig. 163). Thin section studies indicate that the 
main minerals in the matrix are plagioclase, green 
and brown biotite, quartz, and chlorite. 

The orbicules are composed of a core and two dis- 

tinct shells. The core consists of medium-grained 
rock with coarse-grained crystals of plagioclase, 
hornblende and biotite as the major minerds. Some 
cores of the orbicules have a nucleus consisting of 
one large plagioclase crystal. 

The inner shell is 1-2 cm thick and light in col- 
our. It is dominated by radiai crystals of plagioclase 
with minor biotite and hornblende. Large crystal ac- 
cumulations of dark hornblende prisms that also 
show radial arrangement are characteristic between 
the inner shell and the core. Hornblende crystals 
form, however, a discontinuous zone around the 
cores. 

The outer shell is narrow, several rnillimetres 
thick and dark in colour. It is composed of tangen- 
tiai biotite flakes, smaii plagioclase and quartz grains 
with minor hornblende, epidote group minerds, and 
sphene. There is a subshell composed of both radial 
crystals of plagioclase and radial flakes of biotite 
between the outer and inner shells of the orbicules. 



ORBICULAR GABBRO BOULDER FROM PIHTISULKU, AHTARI 

Seppo 1. Lahti & Ilkka Laitakari 

The boulder of orbicular rock in Pihtisulku, 
Ähtäri, was found in 1970 by Toivo Hiironen, a 10- 
cal farmer. After the discovery he removed the boul- 
der from the original place to decorate his farmyard. 
The boulder is well-rounded and about 70 x 50 x 
40 cm in size (Fig. 164). The dark biotite- and horn- 
blende-rich shells of the orbicules are often deeply 
weathered on the surface of the rock. 

In this article the rock is called orbicular gabbro 
on the basis of its mineralogy, and the classification 
of the rock was confirmed by chemical analysis. The 
chemical composition of the rock (Table 13) falls 1 
into the gabbro field in the R,R, classification dia- 
gram (Fig. 156). 

The boulder consists of several orbicules sparse- 
ly spaced in quartz dioritic matrix. The orbicules are 
oval, 5-15 cm long or somewhat irregular. The ma- 
trix is medium-grained and hypidiomorphic. The 
main minerals are plagioclase (zoned An,,-An,,) and 
biotite with minor quartz. The characteristic acces- 
sory minerds are microcline, epidote, chlorite, apa- 
tite, zircon and opaques. 

The core of the orbicules is medium-grained and 
gabbroic in composition. The main minerals are pla- 1 
gioclase (zoned An,,-An,), hornblende and biotite. 
The accessory minerals are epidote, chlorite, apatite, 
zircon and opaques. The core, which forms the main 
part in the orbicules, is surrounded by at least three 1 
thin shells. The innermost shell is very rich in hom- Fig. 164. Orbicular gabbro boulder (70 x 50 t 40 IXI in size) from Pihti- 
blende and biotite; in addition, little plagioclase is sulku, Ähtäri. The biotite- and homblende-nch sheh of the orbicules 

are often deeply weathered on the surface of the rock. Photograph: present. The middle zone is quite rich in plagioclase , ,,,. 
(An,,-And and the outermost zone again rich in 
hornblende. The amount of biotite decreases out- 
wards and it is almost absent in the outermost shell. 
A faint radial mangement of hornblende, biotite and al. Sometimes thin plagioclase-rich subshells alter- 
plagioclase crystals can be seen in some zones. nate with the darker biorite-hornblende zones. The 

The contact between the core and the innermost contact between the outermost shell and the matrix 
shell as well as between different shells is gradation- is quite sharp. 



ORBICULAR ROCKS IN OSTROBOTHNIA 

in Ostrobothnia are shown in Fig. 165. 
BouIders of orbicular rocks have been 

Fig. 165. The orbicular m k  observations (boulders) in 
Ostrobothnia (N). 

discovered from the three following 
localities: / - 
Orbicular rock boulders: 

Orbicular tonalite boulder from Raippaluoto, Mustasaari (76) 
Orbicular gabbro boulder from Jäknobacken, Pedersöre (77) 
Orbicular syenite boulders from Mansfolk, Esse, Pedersöre (78) 

The chernical analyses of the orbicular rocks are given in Table 14 and classification of the rock types in 
Fig. 166. All the boulders have been removed from the original places of discovery. 

Fig. 166. Orbicular rocks (Chemical analyses from Table 14) from Ostrobothnia ploaed in the R,R,classification diagram. 



ORBICULAR TONALITE BOULDER FROM RAIPPALUOTO, MUSTASAARI 

Seppo 1. Lahti 

Fig L,. . ..,,,.,;d surface of tonalite boulder from Raippaluoto, Mustasaari. A boulder from the outdoor 
collections of the Mineralogical Museum of the Geological Survey of Finland. The big orbicule on the left 
is 14 cm in diameter. Photograph: J. Keskinen. 

The boulder of orbicular rock in Panike, Raip- 
paluoto (Replot), Mustasaari, was discovered by Dr. 
Alf Björklund in connection with exploration under- 
taken by Outokumpu Oy in the area. The boulder 
that measures about 90 x 70 x 40 cm is well round- 
ed indicating a fairly long glacial transport. The stud- 
ies, carried out in order to find new similar rock 
boulders, were unsuccessful, and the source area 
may thus be on the sea bottom or in the archipelago 
NW of Raippaluoto. The boulder that was found in 
1966 is nowadays in the Museum of the Geological 
Survey of Finland in Espoo. 

A short description and a chemical analysis of the 
Raippaluoto orbicular rock are given by Laitakari 
and Lahti (1984). The rock is refemed to as orbicu- 
lar quartz diorite in the aforementioned study, but 
because the chemical analysis of the rock (see Table 
14) falls into the tonalite field in the R,R, classifica- 
tion diagram (Fig. 166), the Raippaluoto orbicular 
rock is called tonalite in this article. 

The Raippaluoto orbicular rock consists of close- 
ly packed orbicules some seven centimetres in di- 
ameter in the coarse tonaiitic matrix (Fig. 167). The 
proportion of the matrix is about 27% and that of 
orbicules 73%, when estimated from the photograph. 
The orbicules are roundish, but vary somewhat in 
shape and size. 

Table 14. Chemical analyses of the orbicular rocks from Ostrobothnia. 
X-ray fluorescence analyses made at the Geological Survey of Finland. 
FeO determined titrimetricaiiy, - not anaiysed. 

SiO, 
Tie, 
-4403 
Fe20&ot. 
Fe,O,calc. 
FeO 
MnO 
MgO 
c a o  
Na20 
40  
'Z05 

NCNK 
FeO/Fe,Ogaic. 

R, 
R* 
Number of 
occurrence 

Raippaluoto, Mustasaari, from Laitakari & Lahti (1984); 2. Mansfolk, 
Pedersöre, 76-PMR-86. 

The cores of most of the orbicules consist mainly 
of andesinic plagioclase (An,,) with minor scattered 
quartz grains and biotite flakes. A nucleus composed 



of a few large plagioclase crystals were observed in 
several orbicules. Discontinuous thin zones com- 
posed of tiny biotite scales are characteristic in the 
outer parts of the core in many orbicules. A fragment 
of biotite gneiss was observed as a core in some or- 
bicules of the boulder. The diarneter of the core is 
usually between 10 and 40 mm. 

Generally the amount of biotite increases from the 
core to the rim and at the same time the grain size 
decreases. The orbicules have one to five fine- 
grained shells. They are 5-20 mm thick and fairly 

homogeneous. Their main minerals are biotite, pla- 
gioclase and quartz. The dark biotite-rich shells are 
separated by thin, light subshells composed mainly 
of plagioclase. Biotite flakes show tangential ar- 
rangement in the shells. 

The matrix of the orbicules is medium to coarse- 
grained tonalitic rock consisting of plagioclase 
(Aa,,), quartz and biotite. A few rounded fragments 
of the shells were locally observed in the matrix. The 
usual accessory minerals in the matrix are fluorapa- 
tite, zircon, titanite, chlorite and opaques. 

ORBICULAR GABBRO BOULDER FROM JAKNOBACKEN, PEDERSORE 

Seppo 1. Lahti 

Fig. 168. Orbicular rock boulder (60 x 35 x 30 cm) from Jäknobacken, Pedersöre. Half of the boulder is 
composed of even-grained gabbro. Photograph: S.I. Lahti. 

In 1992 keen mineral hobbyist Göran West ob- 
served a small roundish boulder of orbicular rock in 
Esse (Ahtävä), Pedersöre. He moved the boulder 
from the original site, which was in the forest (near 
a small hill called Jäknobacken) some six kilome- 
tres south of his home, to decorate his garden. So 
far the boulder that is about 60 x 35 x 30 in size has 
not been broken into smaller pieces (Fig. 168). As 
no chemical analyses or thin sections are available 

for studies, this description is based on the author's 
observations of the rock boulder. 

One half of the boulder is composed of even- 
grained hornblende gabbro and the other half con- 
tains closely spaced orbicules in the coarse horn- 
blende-rich gabbroic matrix. The contact between 
the two rock types is sharp, although the matrix of 
the orbicular rock and the non-orbicular gabbro 
seems to be nearly identical in mineralogy. The only 



difference is that the matrix in the orbicular part is 
generally coarser in texture, probably a little richer 
in plagioclase and therefore lighter in colour. In ad- 
dition, the matrix locally contains small grains or 
accumulations of quartz. 

The orbicules are roundish or elongated, from 3 
to 7 cm in diameter and closely packed. The largest 
orbicule that is oval in shape is 9 cm long. Locally 
the neighbouring orbicules have been pushed against 
each other during growth and therefore some orbi- 
cules are plastically deformed. 

The core of the orbicules is composed of medi- 
um-grained leucogabbro or plagioclase accumula- 
tions. Many of the cores have a nucleus consisting 
of a large single crystal of dark-green homblende or 

crystal aggregate of hornblende. There is one beau- 
tiful angular orbicule in the boulder. The nucleus of 
this orbicule is composed of two large prismatic 
hornblende crystals crossing each other. 

The core of the orbicules is surrounded by sever- 
al thin, altemating plagioclase and homblende shells. 
The hornblende crystals that are small and prismatic 
in shape are radially arranged. The maximum thick- 
ness of each separate shell is one or a few millime- 
tres and the total thickness of the shells varies be- 
tween one and two centimetres. The radial arrange- 
ment of the hornblende crystals may interrupt the 
zoning and locally only one distinct hornblende-pla- 
gioclase shell can be observed in the orbicule. 

ORBICULAR SYENITE BOULDERS FROM MANSFOLK, ESSE (AHTAVA), 
PEDERSORE 

Paula Raivio & Seppo 1. Lahti 

Two large boulders of orbicular rocks have been 
discovered in Esse (Ahtavä), Pedersöre. One af 
them, found by Bertel Mård and Nils Granqvist in 
1986, has been studied in detail. This boulder is 110 
x 70 x 40 cm in size and was used as a foundation 
stone for the 200-hundred-year-old kiln of the Gran- 
qvist farmhouse in Mansfoik, Esse Pigs. 169 and 
170). The exact place of origin is unknown, but the 
boulder was most probably brought from a nearby 
field or forest. Nowadays, the boulder and a polished 
slab of the rock decorate the lobby of the old com- 
munity hall (and public library) in Esse. 

Another boulder of orbicular rock, which is quite 
similar in appearance, was found some years later 
by a farmer, Mika Forsen (Fig. 171). This boulder 
was discovered 1.7 km SW of the aforementioned 
locality in a foundation wall of a storehouse at Fors- 
en's farm in Fors, &se; in this case too, the ultimate 
source location is unknown. Nowadays, the boulder 
decorates the Forsen farmyard. Both the Granqvist 
and the Forsen boulders are quite angular, which 
suggests that the source rock is not far away. 

The rock contains two types of orbicules that dif- 
fer only in size. Most of the boulder consists of the 
type with small orbicules measuring 3-4 cm. The 
long side of the boulder contdns largsr orbicules, 
(about 1/8 of its volume), from 4 4  cm in diameter. 
Both types of orbicules are distinctly flattened and 
in places squeezed between other orbicules. 

The orbicules are dark grey and the matrix light 
grey in colour, which makes the orbicules easy to 

Fig. 169. This orbicular rock boulder (110 x 70 x 40 cm in size) was 
discovered fram a foundation stone in a 200-hundred year old kiln of 
the Granqvist farmhouse at Mansfolk, Pedersöre. Nowadays, the boul- 
der and a polished slab of the rock decorate the lobby of the old com- 
munity haii (and public library) in Esse. Photograph: P. Raivio. 



Fig. 170. PoIished slab of orbicular rock from Mansfoik, Pedersöre Fig. 171. Orbicular rock boulder discovered by Mi Forsen (in the pho- 
(Granquist's boulder). The orbicules are 3-7 cm long. Museum speci- tograph) from the foundation of his farm's storehouse in Fors, Esse 
men from the Geological Survey of Finland, Espoo. Photograph: J. Kes- (Ähtavä). The rock is composed of orbicules that are usually 4-7 cm in 
kinen. diarneter in a coarse granitic or granodioritic manix. Photograph: 

S.I. Lahti. 

distinguish from each other. The cores of the orbi- 
cules are medium-grained, 1-2 cm in size, and near- 
ly white in colour, though some orbicules contain a 
nucleus of black biotite. Other minerals in the core 
of the orbicules are plagioclase (An,,) and quartz. 

The core is surrounded by a medium- to coarse- 
grained biotite shell (about 0.5 cm thick). There are 
two kinds of biotite, which differ in colour and form, 
in this orbicular rock, and this is readily evident in 
the biotite shell. The Ähtava orbicular rock is very 
rich in zircon, which is especially abundant as in- 
clusions in the dark-brown biotite, sometimes to the 
extent that tiny zircons and their haloes almost ob- 
literate the biotite. The biotite is somewhat tangen- 
tially oriented. 

The shell outside the biotite shell is fme-grained 
and about 0.5 cm thick. It consists mainly of biotite 
and plagioclase (An,,), and biotite is tangentially ori- 
ented. In many orbicules, biotite and plagioclase 
form their own indistinct subshells, 0.1-1 mm thick. 
The amount of biotite decreases in the outer sub- 
sheils of the orbicules and the grain size also de- 
creases. The colour of the rim of the shell is nearly 
white. Microscopically the orbicule is easy to dis- 
tinguish from the matrix due to the coarser grain size 
of the latter. 

The matrix consists mainly of medium-grained 
plagioclase (about An,,), quartz, biotite and micro- 
cline. Larger microcline phenocrysts (up to 1 cm in 
size) are characteristic in the type with the large or- 
bicules. 

A piece of the Granqvist orbicular rock was ana- 
lysed chemically (see Table 14). The analytical data 
fall within the syenite field in the R,R, classification 
diagram (Fig. 166). 

The orbicular rock boulder found on the Forsen 
farm measures 1 10 x 80 x 65 cm (Fig. 171). Because 
the inner shells of the orbicules are rich in biotite 
and therefore very dark-coloured, the orbicules can 
be clearly distinguished from the lighter coarse- 
grained granitic matrix. The rock closely resembles 
the part of the aforementioned Grankvist boulder 
that has larger orbicules and therefore the rock was 
not studied in detail. 

The orbicular rock in the Forsen boulder is com- 
posed of ovoid, 4-7 cm long (up to 10 cm long) or- 
bicules in a coarse granitic or granodioritic matrix. 
Because the orbicules are flattened and closely 
packed, the proportion of matrix is relatively small. 

The cores of the orbicules are light in colour and 
consist mainly of plagioclase with minor biotite 
flakes and quartz. Some cores have a nucleus of dark 
biotite. The core is surrounded by numerous shells. 
The innermost shell is usually wide (5-10 mm wide) 
and composed of black biotite scales. In contrast, the 
outermost shell, which is also wide (10-20 mm), is 
light in colour and mainly composed of plagioclase. 
There are numerous thinner alternating plagioclase 
and biotite shells between these two wide shells. The 
shell structure of the orbicules is thus quite similar 
in appearance to that in the Granqvist boulder, al- 
though the variety with the smaller orbicules was not 
recognized in the Forsen boulder. 



ORBICULAR ROCKS IN NORTH OSTROBOTHNIA 

The orbicular rocks of North ~ F ~ I s : ~ I w c k g  fa 
á l e a ~ ~ b U 1 -  

Ostrobothnia are shown in -='TJ1. 
Fig. 172. The following seven 
occurences have been observed: 

Orbicuiar rock outcrop: 
Orbicular gabbro occurrence from 
Etelänkylä, Kalajoki (79) 

Orbicuiar rock bouiders: 
Orbicular gabbro boulders from Jussinjärvi, Raahe (80) 
Orbicular gabbro boulder from Kangaspäänjärvi, Reisjärvi (81) 
Orbicular syenodiorite boulder from Kantokylä, Ylivieska (82) 
Orbicular tonalite boulder from Luohua, Ruukki (83) 
Orbicular peridotite boulders from Latvanen, Pyhäjärvi (84) 
Orbicular gabbro boulders from Onneton, Haapajärvi (85, described with 80, p. 156) 

The chemical analyses of the orbicular rocks are given in Table 15 and classification of the rock types in Fig. 173. 

NORTH OSTROBOTHNiA (N) 

. . .. * - 
i 

I 

' ---...,.....--.-.. *-...-. 

Fig. 173. Orbicular rocks (chemical data from Table 16) from North Ostrobothnia in the R,R, classification diagram. 



Table 15. Chemical analyses af the orbicular rock from North Ostrobothnia. X- 
ray fhorescence analyses made at the Geological Survey of Finland. FeQ dete- 
mined tittimetrically. 

SiO, 

no2 
-4'203 
FeZO#ot. 
FefOfak. 
FeO 
MnO 
MgO 
c a o  
Na20 
K20 
p,o, 
A/CNK 
FeO/ Fe,O,calc. 
R, 
R2 
Number 

1. Etelankylä, Kalajoki, 41-PMR-86, proto-orbicular rock; 2. Etelankylk Kalajoki, 
40-PMR-86, multishelled variety; 3. Jussinjhi, Raahe, 12-PMR-88; 4. Kangas- 
p&jhi ,  Reisjhi, 2-PMR-88; 5. Kantokylä, Ylivieska, 3-PMR-87; 6. Latvanen, 
Pyhgjijarvi, 77-PMR-88. 

ORBICULAR GABBRO OCCURRENCE AND BOULDERS FROM ETELANKYLA, 
KALA JOKI 

Paula Raivio 

Fig. 174. Polished surface of orbicular rock specimen from Eteliinkyla, Kalajoki. Photograph: J. Väätäinen. 

A few tens of boulders and a smail outcrop of or- fan that can be traced for at least 0.5 km in a direc- 
bicular rock were found in Etelänkylä, Kalajoki, by tion of 325'. 
Luukas Kirikoff in around 1970. The boulders (usu- There are two types of orbicular rocks in the 
ally less than 1 m3 in size) form a narrow boulder Etelankylä occurrence. A variety with large well-de- 



veloped orbicules occurs in one vety small outcrop 
and a variety with small, poorly developed spheru- 
litic orbicules or proto-orbicular rock in several 
boulders. The chemical analysis of a large hand 
specimen of the proto-orbicular rock and a small 
piece of orbicular rock is given in Table 15. In the 
R,R, classification diagrarn (Fig. 173) the analysis 
of the proto-orbicular rock falls into the gabbro field 
and that of the orbicular rock into the syenodiorite 
field. 

The variety with the large orbicules (up to 12 cm 
in diarneter) only occurs within a small area meas- 
uring some square decimetres in the outcrop that is 
12 x 6 m in size. Only about 10 widely spaced large 
orbicules, which are quite spherical in form, have 
been detected. They have cores measunng 5-9 cm 
in diameter consisting mainly of medium-grained 
plagioclase (An,) with some biotite and hornblende 
(Fig. 174). No boulders of this type of rock were dis- 
covered in the locality. 

The shell in the larger orbicules is 2-3 cm thick 
and consists mainly of plagioclase (4,) and biotite. 
Plagioclase laths up to 2 cm long and a couple of 
millimetres thick are arranged radially while tiny bi- 
otite flakes are more or less tangential. Biotite is con- 
centrated in a few narrow (1-2 mm) subshells inside 
the radial plagioclase crystals. These subshells are 
somewhat poorly defined. The amount of biotite in- 
creases from the core outwards. The most distinc- 

tive of these biotite subshells (with a width of about 
3 mm) is the one next to the matrix. 

The rock variety with small orbicules has only 
been found as boulders. The diarneter of the orbi- 
cules in this type of rock is 1-3 cm; only a couple of 
boulders have larger orbicules (4-8 cm in diameter). 
The smaller orbicules are generally composed only 
of radial plagioclase crystal laths. A few of the orbi- 
cules have an accumulation of biotite or hornblende 
as a nucleus, and some thin biotite shells. 

The smaller orbicules are densely packed and are 
often in mutual contact. The form of the orbicules is 
irregular, varying from roundish to ellipsoidal; 
sometimes they are somewhat angular. The orbicules 
are often enclosed within irregular hornblende-rich 
veins or inclusions. The lighter grey diorite sur- 
rounding these nearly black veins is usually com- 
pletely devoid of orbicules. 

The matrix in both types of orbicular rock is me- 
dium-grained and dioritic in composition. The main 
minerals are plagioclase (An,,), hornblende and bi- 
otite. Titanite and apatite are more common in the 
matrix than in the orbicules. 

The orbicular rock is surrounded by even-grained 
dioritic rock that has a mineralogy similar to the ma- 
trix of the orbicular rock. Dark-grey hornblende-rich 
veins and inclusions that are characteristic of the or- 
bicular rock are also common in the surrounding di- 
orite. 



XENOLITH-TYPE ORBICULAR GABBRO BOULDER FROM JUSSINJÄRVI, 
RAAHE AND ONNETON, HAAPAJARVI 

Seppo 1. Lahti & Ilkka Laitakari 

fig. 175. Xenolith-type orbicular gaooro wuiuer rrom ~usr>injärvi, Raahe. The cores of the orbicules are 
composed of calc silicate rocks and concretions. A sample (30 cm in diarneter) from the Mineralogical 
Museum of the Geological Suwey of Finland. Photograph: J. Keskinen. 

The orbicular rock erratic from Jussinjärvi, Raa- 
he, was found in 1955 by Professor Tauno Piirainen 
and Dr. Valto Veltheim in connection with ore pros- 
pecting being carried out by the Geological Survey 
of Finland (Jussinjärvi boulder no. 80). The boulder, 
some 30 cm in diarneter, has been transfened to the 
museum of the Geological Survey (Fig. 175). 

Most of the orbicules in the boulders are oval or 
subangular and from 5 to 10 cm in diameter. There 
is also one larger orbicule (18 cm long) in the Juss- 
injärvi boulder. The coxe of the orbicules is a xeno- 
lith of a calc silicate rock or caleic conceretion. The 
shell around the cores is one to two centimetres thick 
and consists of several thin alternating light and dark 
subshells. The main mineral in the light subshells is 
plagioclase and in the dark subshells hornblende, 
chlorite and biotite. Most of the hornblende crystals 
are prismatic and radially oriented. Plagioclase is 
zoned and invariably slightly altered and in many 
cases it too is radially aligned. Accessory rninerals 
in the shells include biotite, muscovite, carbonate, 
epidote and opaques, with rare titanite. 

The matrix in the boulder is medium-grained gab- 
bro, consisting of hornblende, plagioclase and bi- 
otite, with minor amounts of quartz. The plagiocla- 
se in the matrix is often zoned (Ana-An5,) and twin- 
ning is typical of many hornblende prisms. The ac- 
cessory phases are muscovite, chlorite, carbonate, 
apatite, titanite and zircon. Some of the orbicules in 
the boulders are broken and fragments of shells can 
also be observed in the matrix. 

The Jussinjärvi orbicular rock is called xenolith- 
type orbicular gabbro, because its matrix and shells 
are gabbroic in composition and the cores of all the 
orbicules are composed of xenoliths. Because the 
sample analysed contained much core materia1 (ma- 
fic calc silicates), the chemical analysis of the rock 
plot out of the gabbro field in the R,R, classification 
diagram (chemical analysis in Table 15 and classifi- 
cation diagram in Fig. 173). 

A quite similar, though even smaller boulder was 
also found by Veikko Autio in Onneton, Haapajärvi, 
about 90 km SE of the Jussinjärvi locality (Onneton 



boulder no. 85). This boulder is roundish, only about 
15 cm in diameter, and consists of closely spaced 
multishelled orbicules in a homogeneous gabbroic 
matrix (Fig. 176). The cores of the orbicules are also 
composed of dark-green rounded xenoliths of schist, 
most likely fragments of calc silicate rocks. 

Because the general appearance of the rocks - the 
core material, the shells and matrix - closely resern- 
ble each other in both the Jussinjämi and Onneton 
orbicular rocks, the authors believe that both errat- 
ics may be derived from a common, presently un- 
known source, although the distance between the lo- 
calities is considerable (nearly a hundred kilome- 
hres). ne roun&sh fom of the Onneton boulder, fur- Fig. 176. Weathered swface of a xenolith-type orbicular rock h m  

Onneton, Haapaj-Wi. The cores of the orbicules are calc-silicate rocks. 
themore, indicates that it was trmsported a long ds-  A sample (about 20 cm wide) belonging to V. Autio. Photomh:  J. Kes- 
tance by the ice. kinen. 

ORBICULAR GABBRO BOULDER FROM KANGASPAANJARVI, REIS JARVI 

Seppo 1. Lahti, Ilkka Laitakari and Paula Raivio 

Fig. 177. Weathered swface of orbicular gabbro boulder from Kangaspahjrvi, Reisjárvi. The orbicules 
are medium-sized (0 5-8 cm), single-shelled and often deformed. A sample from the Mineralogical Museum 
of the Geological Survey of Finland. Photograph: J. Keskinen. 

Geologist Eero Pehkonen discovered this orbicu- cal Survey of Finland. The chemical analysis indi- 
lar rock in 1958 west of lake Kangaspaanjärvi in cate that the rock is syenodiorite in composition (Ta- 
Lehtoranta, near Reisjärvi. The boulder that is ble 15, Fig. 173). 
rounded and about 120 x 80 x 70 cm in size was The KangaspWjämi orbicular rock consists of 
found during geological fieldwork of the Geologi- very closely spaced orbicules, 4-6 cm in diarneter, 



in a slightly heterogeneous and lineated gabbro (Fig. 
177). The orbicules are usually oval in shape and 
parallel to the lineation of the rock, although some 
irregular or angular examples were also observed. 
Some broken orbicules and a few fragments of shells 
were observed in the matrix. 

The rock in the cores is composed of either gab- 
bro or fragments of basic volcanic rock. The main 
minerals in the gabbroic cores are plagioclase (An,,- 
An,,), biotite, and green and brown hornblende and 
in some cores the major minerals show a weak radi- 
al arrangement. Typical accessory minerals are car- 
bonate, chlorite, zircon, apatite and magnetite. 

The orbicules have a single shell 5-10 mm thick 

and its contacts against both the core and the matrix 
are sharp. The shell is composed of brown horn- 
blende, biotite, plagioclase (An,,) and clinopyrox- 
ene. A radial orientation of the main minerals is char- 
acteristic in the shell. Individual hornblende crystals 
often extend throughout the entire shell from the in- 
ner to the outer contact. 

The gabbroic matrix is medium-grained and hy- 
pidiomorphic in texture and consists mainly of pla- 
gioclase (zoned, An,,-An,,), greenish-brown horn- 
blende and biotite. The rock is often heterogeneous 
and contains aggregates of dark minerals. Accesso- 
ry phases include carbonate, chlorite, muscovite, zir- 
con and magnetite. 

ORBICULAR SYENODIORITE BOULDER FROM KANTOKYLA, YLIVIESKA 

Paula Raivio 

Fig. 178. Piece of orbicular syenodiorite boulder from Kantokylä, Ylivieska. The rock has several somewhat 
indistinct orbicules, which are ellipsoidal in form and measure from 8 to 12 cm. A specimen from the 
Mineralogical Museum of the Geological S u ~ e y  of Finland. Photograph: J. Keskinen. 

While searching for ore boulders for the Geologi- to the corner of the syenite, quartz syenite, mon- 
cal Survey of Finland in 1978, Erkki Ristimaa dis- zonite and quartz monzonite fields (Fig. 173) and, 
covered a boulder of orbicular rock one cubic metre therefore, the rock is called orbicular syenodiorite. 
in size in Kantokylä, Ylivieska. This orbicular rock is heterogeneous in appea- 

A chemical analysis of the rock is given in Table rance. There are several, somewhat indistinct orbi- 
15. In the R,R, classification diagram the analytical cules in the boulder (Fig. 178) which are ellipsoidal 
point of the rock plots in the syenodiorite field close in form and measure from 8 to 12 cm in diameter. 



The cores of the orbicules are also elongate, with a 
maximum size of 5 x 3 x 2 cm, and consist mainly 
of fine- to medium-grained plagioclase (An,,) with 
some biotite and quartz. In one orbicule three large 
plagioclase megacrysts some 2.5 x 1 cm in size form 
the core. 

The shells are several centimetres thick and most- 
ly consist of plagioclase and biotite. The inner part 
of the shell is richer in biotite than the outer part. 
The shell consists usually of three subshells. The in- 
nermost fine- to medium-grained subshell (thickness 
less than 1 cm) has plagioclase (AqJ and biotite as 
the main minerals, with some quartz. Plagioclase oc- 
curs as nearly equidimensional crystals and biotite 

scales tangentially. The middle subshell (thickness 
4-5 mm) consists of fine-grained plagioclase and bi- 
otite. Due to alteration of plagioclase and the fine 
grain size, the shell is easily distinguishable from the 
surrounding shells. In addition, biotite is somewhat 
enriched at the borders of the middle shell. The out- 
ermost shell (thickness 3 4  mm) consists mainly of 
fine- to medium-grained plagioclase and K-feldspar. 

The matrix is heterogeneous and consists of me- 
dium- to coarse-grained plagioclase (An,,), biotite 
and quartz. In some places the orbicules pass gradu- 
ally into the matrix, in others the orbicules are easi- 
ly distinguishable from the matrix. 

ORBICULAR TONALITE BOULDER FROM LUOHUA, RUUKKI 

Paula Raivio 

Fig. 179. Weathered surface of a tonalitic orbicular rock boulder from Luohua, Ruukki. The rock has smaii 
oval orbicules (0 3-6 cm) in granitoid matrix. Photograph: P.Raivio. 

A boulder of orbicular rock was found around 
1970 by local farmers during road construction in the 
village of Luohua, near Ruukki. Many years later the 
boulder was removed from its place of discovery by 
a private individual and cannot be seen by the pub- 
lic. No chernical analyses or thin sections of the rock 
are available and this description is based on obser- 
vations made by the author at the present location of 
the boulder. The rock is considered to be orbicular 
tonalite on the basis of its mineralogy. 

The size of the orbicular boulder is 80 x 70 x 60 
cm and it is ellipsoidal in form with well-rounded 
edges. The shape of the boulder indicates that it was 
transported a considerable distance by the glacier. 

Small orbicules 3-6 cm in diameter make up 
about 80% of the boulder (Fig 179). In spite of the 
small size, the orbicules hardly touch one another 
and their form approaches that of an ellipsoid. The 
matrix consists of medium-grained feldspar, quartz 
and biotite and some parts are coarse nearly 



pegmatitic. Biotite is distributed somewhat irregular- 
ly in the matrix; it shows a slight concentration in 
the smaller orbicules and in the portions between the 
two types. 

Actually the boulder consists of two kinds of orb- 
icules that differ slightly in size. The smaller orbi- 
cules measure 3-4 cm and the larger ones 5-6 cm in 
diameter, so that this difference in size is not very 
marked. These two types are separated in places by 
a somewhat more abundant amount of matrix than 
elsewhere in the boulder. In other respects the two 
types are indistinguishable. 

The core in most of the orbicules consists of a 
whitish intergrowth of feldspar (probably plagiocla- 
se) and quartz. Variable amounts of biotite also oc- 

cur in the cores. Some of them seem to consist of a 
feldspar megacryst nucleus (2-3 cm) with quartz and 
biotite as inclusions. Fine-grained xenoliths of mica 
schist (about 2 cm) form a nucleus in a few cores. 

The shell nearest to the core is 0.5-1 cm thick and 
consists of radially arranged feldspar (plagioclase?) 
crystals with some biotite. The outermost shell is 
also 0.5-1 cm thick but is made up of several sub- 
shells: 6-8 thin biotite subshells separated by feld- 
spar subshells that are nearly as thin. These feldspar 
subshells are a continuation of the inner, thicker pla- 
gioclase shells and they are correspondingly radial 
in texture. Biotite is tangential in the subshells. The 
inner edge of the shells is jagged, but the outer edge 
sharp against the next plagioclase subshell. 

ORBICULAR HORNBLENDITE BOULDERS FROM LATVANEN, PYHA JARVI 

Paula Raivio 

Fig. 180. Weathered surface of an orbicular homblendite boulder from Latvanen, Pyhajanti. The orbic 
are sphetical (0 2-4 cm) and closely distributed in the medium to coarse-grained gabbroic-pendc 
matrix. A sample from the Mineralogical Museum of the Geological Suwey of Finland. Photogi 
J. Keskinen. 

A boulder of orbicular rock (Fig. 180) was found covery site of the earlier boulder. This new boulder 
by Reino Toivonen in Latvanen, Pyhäjärvi, in 1983. was buried in sandy till at a depth of 1.2 metres, The 
The boulder measures approximately 50 x 30 x 30 source of both boulders may be some distance to- 
cm and is now on display in the outdoor museum of wards the NW, parallel to the direction of the glacial 
the Geological Survey of Finland in Espoo. Two flow (appr. 290"). 
years later another orbicular rock boulder of the Mineralogically, the orbicular rock is intermedi- 
same type was found in a pit 0.5 km SE of the dis- ate between peridotitic and gabbroic rocks, and con- 



tains, in addition to homblende, minor clinopyrox- 
ene and altered plagioclase. In this article the rock 
is called orbicular hornblendite, because its chemi- 
cal analysis (Table 15) plots in the peridotite field in 
the R,R, classification diagram (Fig. 173). 

The orbicules in the Latvanen orbicular rock boul- 
der are usually nearly spherical in form and 2-4 cm 
in diarneter (Fig. 180). They are closely distributed 
in the medium- to coarse-grained gabbroic-peridot- 
itic matrix. The main minerals in the matrix are horn- 
blende, clinopyroxene and completely altered plagi- 
oclase. 

The orbicules consist of a core surrounded by a 
single shell. The core is generally about 0.5 cm in 

diarneter, but in some larger orbicules up to 20 mm 
in diameter. It consists of an accumulation of green 
coarse-grained homblende with some clinopyrox- 
ene. 

The shells are typically less than 1 cm thick and 
radial orientation of minerals is visible both 
megascopically and microscopically. The shell con- 
sists mainly of green clinoamphibole with some 
clinopyroxene. Some amphibole crystal prisms ex- 
tend nearly all the way across the shell. A darker- 
green subshell (thickness 1-3 mm) occurs at the con- 
tact with the matrix. The subshell is richer in am- 
phibole than the inner shell. 



ORBICULAR ROCKS IN LAPLAND 

A 

The orbicular rocks of Lapland are 
shown in Fig. 181. The following five 

b 

occurences are known: 

Fig. 18 1. The orbieular rock obsrva- 
tions in Lapland (P, red spots are rock 
outcropa, a blue spot is a boulder and 
a green one diamond dnll core obser- 
vation). 

Orbicular rock outcrops: 
Orbicular monzonite occurrence from Ajos, Kemi (86) 
Orbicular monzonite occurrence from Takajärvi, Kemi (87) 
Orbicular quartz monzonite occurrence from Kalliojärvi, Kemijärvi (88) 
Orbicular carbonatite occurrence from Sokli, Savukoski (90) 

Orbicular rock boulders: 
Orbicular monzonite boulder from Korva-Saariselkä, Kemijärvi (89, described with 88) 

The chemical analyses of the orbicular rocks are given in Table 16 and classification of the rock types in 
Fig. 182. A detailed map of the orbicular rock occurrences of Ajos (86, Fig. 184) and Kalliojärvi (88, Fig. 
188) is included to the descriptions of the occurrences. 

0 

Fig. 182. 
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Orbicular rocks analyses from Table 16) from Lapland in the R,R, classification diagram. 



Table 16. Chemical analyses of fhe orbicular roch fram LapIand. X-ray fluorescence 
anaiyses made at the Geological S w y  of Finland (except 6). FeO detennined tihi- 
meaically. 

SiO, 
no, 
Ala03 
FelO#ot. 
FelO~&. 
FeO 
MnO 
MgO 
c a o  

N%O 
K20 
Paos 
A/CNK 

R; 
Number 

1. Ajos, LCemi, 91-SIL-00; 2. Ajos, Kemi, 18-SE-01; 3. Takajärvi, Kemi, 117- 
Sam, 4. bllioj&vi, Kemijärvi, 9-PMR-88, gray variety; 5. Kalliojiimi, Kemijäwi, 
reddish variety; 6. Sakli, Sawkoski, from Lapin & Wainen (1983). 

ORBICULAR MONZONITE OCURRENCE FROM AJOS, KEMI 

Seppo 1. Lahti 

Fig. 183. Weathered s :e of orbicular monzonite from the Murhaniemi nature conservation area in 
Ajos, Kemi. The orbic occur sparsely distributed in the heterogeneous gneissose rock. The coin is 
27 mm in diameter. Photograph: S.I. Lahti. 

Risto Virsu observed, in 1999, two small nearby nia on Cape Ajos in the town of Kemi. Sirnilar or- 
lenses of orbicular rock (Fig. 183) in a granitic bicular rock also occurs some 80 m south of the out- 
gneiss outcrop close to the shore of the Bay of Both- crop on a small crag that is mainly under water. The 



occurrences are situated within the Murhaniemi na- 
ture conservation area of the town of Kemi and rock 
sampling in the area is forbidden. 

Geologically, the Ajos orbicular rock is situated 
within the Archaean basement complex a few kilo- 
metres from the border of the Proterozoic rocks. The 
surrounding country rock comprises grey, weakly 
schistose tonalitic or granodioritic gneisses, which 
locally contain some hornblende or hornblende 
schlieren in addition to the main minerals, feldspars, 
quartz and biotite. 

The author received permission to study the or- 
bicular rock outcrops, which were mapped in detail. 
One sarnple of the orbicular rock was taken for min- 
eralogical determinations and chemical analyses. 
The chemical analysis indicates that the rock is 
montsonite (Table 16, Fig. 182). 

The Ajos orbicular monzonite occurs as small de- 
formed dykes or lenses in Archaean tonalitic gneiss- 
es. The larger orbicular rock body is three metres 
wide and it can be followed about six metres in the 
outcrop; the smaller one is a few decimetres wide 
and 3-4 m long (Fig. 184). The direction of the or- 
bicular rock bodies follows that of the general schis- 
tosity of the area. The contacts of the orbicular rock 
against the host tonalite gneiss are gradual. 

The orbicular rock shows plastic deformation and 
recrystallization of the minerals. The orbicules are 
usually oval in shape and 10-15 cm in diameter (Fig. 
184). Locally they are broken as a result of tectonic 
movements . 

The orbicules occur sparsely distributed in the 
gneissose tonalitic or quartz dioritic rock that is het- 
erogeneous and characterized by dark, mica-rich 
stripes. Thin section studies indicate that the matrix 
is mainly composed of plagioclase, greenish biotite, 
often altered to chlorite, and quartz, which shows 
undulating extinction. Plagioclase crystals are de- 
formed and strongly altered to sericite and saussur- 
ite. Epidote is common, occurring as separate crys- 
tals or crystal accumulations. 

The orbicules have a light, plagioclase-rich core 
6-9 cm in diameter and it is usually surrounded by 
one distinct shell that is 1-3 cm thick and composed 
of plagioclase and dark minerals. The dark minerals 

in the shell often occur as long radial "needles" re- 
sembling prismatic crystals of hornblende character- 
istic in certain intermediate orbicular rocks (Fig. 
24a). Thin section studies indicate, however, that the 
"needles" are composed of a mixture of biotite, chlo- 
rite and epidote and they may represent pseudo- 
morphs after amphiboles. Plagioclase in the shells 
is also strongly seritized and saussuritized. The out- 
ermost part of the shell is rich in mafic minerals and 
locally there is another dark shell against the matrix 
that is composed of tangential biotite and chlorite 
flakes. In addition, some multishelled orbicules were 
observed in the rock. These orbicules are composed 
of several alternating light plagioclase-rich and dark 
mica-rich shells that gradually grade into each other. 

Fig. 184. Orbicular rock occurrence of Ajos in Kemi. Explanations: 
1)  Orbicular rnonzonite, 2) tonaiitic gneiss, 3) granodioritic gneiss, 
4) homblende-bearing tonaiitic gneiss, 5) schistosity, 6) fractures and 
faults. Map by S.I. Lahti. 



ORBICULAR MONZONITE OCCURRENCE FROM TAKAJARVI, KEMI 

Paula Raivio 

Fig. 185. Close-up of the Takajärvi orbicular rock. The scale plate is 4 x 4 cm. Photograph: V. Perttunen. 

The Takajärvi orbicular rock outcrop (Fig. 185 
and 186) was discovered by geologist Vesa Perttunen 
(GSF) during geological fieldwork in the Kemi map 
sheet area in 1974. The rock outcrop that is flat and 
2.4 x 4.2 m in size is situated in Takajärvi, a suburb 
of Kemi, by Oklaholmankatu street. 

The following description is based on the publi- 
cation by Perttunen (1983). He called the rock or- 
bicular quartz diorite, but the chemical analysis in- 
dicates that the rock is orbicular monzonite (Table 
16, Fig. 182). 

The Takajärvi orbicular rock occurrence has sev- 
eral tens of spheroidal to ellipsoidal, randornly dis- 1 
hbuted orbicules, 5-16 cm in diameter (Fig. 186). Fig. 186. The orbicular rock outcrop (2.4 x 4.2 m in size) by Oklahol- 
The outcrop, which is situated within the Archaean mankatu Street in Takajärvi, Kemi. The outcrop has several tens of 

basement close to the border of the ~ ~ 1 ~ -  sphe'o'dal to ellipsoidal, randomly distributed orbicules (0 5-16 cm), 
in addition to amphibolite xenoliths and biotite-nch schlieren. Photo- 

Proterozoic rocks and the surrounding country rock, ,,,h: v. Perttunen. - - 
comprises grey, weakly schistose tonalite or quartz 
diorite with xenoliths of amphibolite and biotite-rich 
schlieren. constituents. Most of the other cores (type B) con- 

Perttunen (op. cit.) divided the orbicules into two sist of coarse-grained, leucocratic diorite with pla- 
types principally, according to the core material. gioclase (oligoclase-andesine) as the main constitu- 
5 p e  A has an ultramafic, biotite-rich core surround- ent, together with hornblende. 
ed by several shells and type B has a dioritic core The core shows a gradual transition to a medium- 
enveloped by one distinct shell. The type A cores are grained shell. The main constituents are plagioclase 
apparently xenoliths consisting of oriented ultrama- (oligoclase-andesine), hornblende and biotite, the 
fic material, with biotite and hornblende as the main latter minerals being both tangentially and radially 



arranged. Single-shelled orbicules are the most com- consisting essentially of coarse-grained plagioclase 
mon, although some orbicules have up to five shells. (oligo-clase), quartz, hornblende and biotite. Plagi- 
The contacts between the orbicules and the matrix oclase-rich materia1 is often digesting the orbicules. 
are sharp, but between the shells and against the core The heterogeneity of the matrix is further enhanced 
they are gradational. by biotite-rich schlieren and fragments of angular to 

The matrix is a leucocratic, heterogeneous tonal- subrounded amphibolite. Some of the fragments also 
ite or quartz diorite (see Table 1, Perttunen 1983) have indistinct shell. 

ORBICULAR QUARTZ MONZONITE OCCURRENCE FROM KALLIO JARVI, 
KEMIJARVI AND A BOULDER FROM KORVA-SAARISELM, KEMIJARVI 

Seppo 1. Lahti 

Fig. 187. Polished plate of orbicular quartz monzonite from Kalliojärvi, Kemijärvi. The orbicular rock is 
reddish in colour and it is characterized by large roundish orbicules. A sample from the Mineralogical 
Museum of the Geological Survey of Finland. The orbicule in the Centre of the figure is 13-14 cm in 
diameter. Photograph: J. Keskinen. 

The orbicular rock occurrence in Kalliojärvi, 
Kemijärvi (Fig. 187), was discovered by late profes- 
sor Ahti Simonen (GSF) as a young student during 
ore prospecting for Suomen Malmi Oy in 1937. Lat- 
er Eskola (1938) and Simonen (1941) gave detailed 
petrographic descriptions of the rock (see also Var- 
tiainen 1966). 

The Kalliojärvi orbicular rock outcrops at the top 
of a crag close to the shore of Lake Kalliojärvi, in 
the yard of the landowner's summer cottage. A nar- 
row strip of another parallel orbicular rock dyke can 

be seen some five metres north of the main dyke at 
the margin of the outcrop. Some small orbicular rock 
boulders have been observed in the immediate vi- 
cinity of the occurrence. In addition, one large boul- 
der of orbicular rock, some 1.5 cubic metres in size, 
has been discovered in Korva-Särkiselka some five 
kilometres SE of the Kalliojärvi outcrop. The orbic- 
ular rock in the boulder that nowadays decorates the 
yard of the Geological Survey's building in Rovanie- 
mi closely resembles that in the Kalliojärvi orbicu- 
lar rock outcrop and the boulder may have been 



transported by the continental ice sheet from the Kal- 
liojärvi occurrence. 

For this article the author mapped the Kalliojmi 
orbicular rock occurrence in detail with the kind help 
of landowner Toivo Ranta and research assistant 
Tuomo Turunen. A sample was drilled from the 
dykes for mineralogical studies and chemical analy- 
ses. The orbicular rock in both dykes is nearly iden- 
tical in chemistry and quartz monzonite in composi- 
tion (Table 16, Fig. 182). 

The orbicular rock dykes occur in granite at the 
contact of a large mica gneiss inclusion. The main 
dyke at the top of a hillock is about 30 m long and 
2.0-2.5 m thick (Fig. 188). It follows the direction 
of the schistosity of the host granite (N 65"W), but 
cuts the schistosity of mica gneiss that is at the con- 
tact of orbicular rock. The dirnensions of the north- 
ern parallel dyke are not known, but it is at least five 
metres long. 

The surrounding granite is gneissose, garnet bear- 
ing and heterogeneous. Around the orbicular rock 
dyke and close to the contact with mica schist gran- 
ite is medium-grained and aplitic. Locally the gran- 
ite grades into coarse pegmatite. Graphic granite is 
characteristic in the pegmatitic parts. Mica gneiss 
xenoliths of various sizes are common in the granite. 

The orbicular rock is reddish in colour and it is 
characterized by large, well-formed roundish orbi- 

cules from 10 to 15 cm in size (Fig. 187). The cores 
of the orbicules are large, about 10 cm in diarneter 
and consist mainly of coarse-grained plagioclase 
(An,J, some quartz, microcline and locally horn- 
blende. Simonen (1941) observed a few cores that 
consist of coarse-grained granodioritic rock or frag- 
ments of basic rock. The light-grey core passes grad- 
ually into a he-grained, dark-grey plagioclase 
(An,,) shell with some quartz. The thickness of the 
shell is usually around 1 cm. The dark colour of the 
shell is due to opaque rninerals, which are very com- 
mon as accessory phases. 

The outer shell of the orbicules is salmon red in 
colour and consists of radially arranged microcline 
crystal laths, which are 1-2 cm long and widen out- 
wards. Quartz is present as worm-iike inclusions in 
microcline. The thickness of the microcline shell 
varies from a few mm up to 2.5 cm. In the northern, 
poorly outcropped orbicular rock dyke the outer mi- 
crocline shell is narrower or totally absent. The out- 
er shell abuts sharply against the inner plagioclase 
shell as well as the matrix. 

The orbicules are very closely spaced in the rock 
except at the ends of the dyke where the arnount of 
matrix is greater. The matrix, where present, is 
coarse and mainly composed of plagioclase and 
hornblende with some quartz and microcline. The 
arnount of quartz varies widely. 

Fig. 188. Orbicular rock occunence of Kalliojbi, Kemijärvi. Explanations: 1) orbicular quartz monzonite, 2) even-grained granite, 3) aplitic granite, 
4) pegmatitic granite, 5) mica gneiss, 6) garnet, 7) schistosity. Map by S.I. Lahti. 



ORBICULAR CARBONATITE OCCURRENCE FROM SOKLI, SAVUKOSKI 

Paula Raivio 

Fig. 189. Orbicules ($5-8 mm) from the Sokli carbonatite, Savukoski, 
seen under microscope. Photomicrograph from the driii core sample 
R434ldepth 197.6 m, crossed nicols. Photograph: P. Raivio. 

Orbicular and spherulitic textures in carbonatite, 
or more specifically phoscorite, have been described 
by Vartiainen (1980) and Lapin & Vartiainen (1 983) 
from the Sokli carbonatite complex in Savukoski, 
NE Finland, The orbicular rock was found soon af- 
ter the discovery of the carbonatite complex in 1967 
by the prospecting Company Rautaruukki Oy. Simi- 
lar orbicular structures have also been described 
from the nearby Vuorijärvi carbonatite complex on 
the Russian side of the border (Lapin & Vartiainen 
1983). The orbicular structures are encountered in 
fragments or blocks measuring up to a few metres 
in size in sövites of different kinds along the eastern 
border of the magmatic core and in sövitic shoots in 
the metacarbonatite area. 

There are three types of orbicular phoscorite in 
Sokii, one of which has also been designated as both 
a spherulite (Lapin &Vartiainen 1983) and as an or- 
bicular olivine rock (Vartiainen 1980). In this con- 
text all three types are considered to be orbicular 
phoscorites. The chemical analysis of the spherulit- 

ic rock mentioned in the article by Lapin & Vartiain- 
en (1980) is also given in Table 16. 

The three types of orbicular phoscorite vary 
slightly in the size of their orbicules, structures and 
mineralogy. The diameter of type 1 orbicules 
(=spherulites) is 8-10 mm (Fig. 189). The core is 
usually less than 3 mm in diameter and most often 
consists of granular olivine and magnetite as the 
principal minerals. In the outer part of the core the 
amount of magnetite increases, and the grains form 
an outwardly radiating pattern. Gradually the radi- 
ating magnetite grains grow thinner and provide 
more space for radiating olivine, which usually 
forms the outer part of the orbicules alone. The con- 
centric structure of type 1 orbicules is further inten- 
sified by the occurrence of several rhythmically re- 
peated subzones of similar composition and texture 
or by an outwards increasing amount of narrow ser- 
pentinized concentric veinlets in olivine. 

The matrix between type 1 orbicules consists 
mainly of carbonate with significant arnounts of 



magnetite, tetraferriphlogopite and altered olivine. Type 3 orbicules vary from 6 to 8 mm in diame- 
According to Lapin & Vartiainen (1983), type 2 ter (op.cit.). The core is predorninantly calcitic. The 

orbicules range in diameter from 4 to 6 mm. The outer shells consist mainly of tetraferriphlogopite 
core consists of calcite with an admixture of tetra- and magnetite with subordinate richterite; the matrix 
ferriphlogopite and magnetite. The shell nearest to is predominantly calcite. 
the core again consists of magnetite, which is fol- 
lowed outwards by tetraferriphlogopite and olivine 
shells. The matrix is sirnilar to the type 1 matrix. 

CONCLUSIONS 

Seppo 1. Lahti 

Fig. 190. Ex,.,.,, ,f usual roundish sin,., ~helled orbicules and a peculiar heart-shaped orbicule in the 
tonalitic orbicular rock boulder of Peurunka, Laukaa. Photograph: P. Raivio. 

The nurnber of orbicular rock observations is ex- 
ceptionally large in Finland, when considering the 
area of the country (338 145 km2). In total, 29 bed- 
rock and about 50-55 separate boulder occurrences 
have been found. Leveson (1966) lists in his article 
"Orbicular rocks: A review" 103 occurrences from 
around the world. Since then, several new orbicular 
rock sites have been discovered and Meyer (2003) 
suggests that nowadays the number of the known oc- 
currences rnight be about 160, but his calculations 
do not include, however, all observations from Fin- 
land. 

This study shows that most of the bedrock occur- 
rences of the orbicular rocks in Finland are in the 
Palaeoproterozoic Svecokarelian plutonic rocks (age 
1.90-1.80 Ga) and a few of them Mesoproterozoic 
rapakivi granites (age 1.57-1.65 Ga). All of the orb- 

icule-containing boulders are also believed to have 
originated from these rocks. On the geological map 
that shows the distribution of the orbicular rocks 
throughout the country, both the bedrock occurrenc- 
es and the boulders are concentrated in the igneous 
rock complex of Central Finland and partly in the 
rnigmatite granite area of south Finland (Fig. 6). 
Only three orbicular rock outcrops are known in the 
Archaean granitoids that occupy large areas of east- 
ern and northern Finland. In addition, orbicular car- 
bonatite has been encountered in the diamond drill- 
ings of the Sokli carbonatite complex that is only 
365 Ma in age and cuts the Archaean basement rocks 
in Savukoski, Lapland. 

The detailed studies carried out for this study have 
yielded much new information on the geology of the 
orbicular rocks as well as their rnineralogy, textures 



Fig. 191. m i c a l  outcrop of diontic orbicular rock in Nuuksio, Espoo. The orbicules. which are 10-18 cm 
in diameter, have a thick shell and a light plagioclase-nch core. Photograph: J. Vtiätäinen. 

and chemical composition. The Finnish orbicular 
rock occurrences are generally 1) small marginal for- 
mations of igneous rock intrusions close or at the 
contacts or, 2) dykes and lens-like bodies in igneous 
rock intrusions. The orbicules are either evenly dis- 
tributed over the whole occurrence or accumulated 
in certain parts of it. Orbicule-bearing zones may 
follow the inclusion-rich zones in igneous rocks, and 
the cores of the orbicules may be partly and in the 
extreme cases nearly totally composed of xenoliths 
and autoliths (xenolith and autolith-type of orbicu- 
lar rocks). Depending on the geological evolution of 
the occurrence, it may contain several different or- 
bicular rock varieties, which may gradually grade or 
abruptly pass into each other, and into proto-orbicu- 
lar rocks with poorly developed orbicules. 

Compositionally, Finnish orbicular rocks are var- 
iously acidic, intermediate, basic or ultrabasic igne- 
ous rocks. Most frequently they are intermediate ig- 
neous rocks (with SiO, 52-63 wt-%), various orbic- 
ular tonalities, monzonites, diorites, monzodiorites, 
syenodiorites and quartz monzonites, although acid- 
ic and basic orbicular rocks are also common (Fig. 
190 andl91). The size of the orbicules generally in- 
creases with the increase in Si0,-content so that the 
largest orbicules are found in the granitic rocks and 
the smallest in the ultrabasic rocks and carbonatites. 
The author suggests that this may be due to the high- 
er viscosity of the more acidic melts and the greater 

growth rate of potassium feldspar crystals compared 
to that of plagioclase. 

The occurrence, composition, mineralogy and ap- 
pearance of orbicular rocks vary widely and a large 
number of hypotheses have been proposed to explain 
the origin of the rocks. Summaries of the theories 
have been presented, for example, by Leveson 
(1966), Kirchmayer (1972), Augustithis (1982) and 
Meyer (1 997). Hypotheses involve both various 
magmatic and metarnorphic-metasomatic theories. 

In Finland, Eskola (1938) and Simonen (1938, 
1941, 1950, 1966) described many orbicular rocks 
during the last century and discussed their origin. 
Both researchers have strongly supported the meta- 
morphic-metasomatic theories for the origin of the 
orbicular rocks and explained that diffusion of the 
elements and metasomatic processes had a major 
role in the processes that produced the shelled orbi- 
cules (Eskola 1938, p. 477, Simonen 1941, p. 137, 
Simonen 1950, p. 36, Simonen 1966, p. 105). Esko- 
la (1938, p. 483) and Simonen (1950, p. 36) postu- 
lated that fractional crystallization does not serve as 
a plausible model for the crystallization of the or- 
bicular rocks, because the composition of plagiocla- 
se does not vary markedly between the cores, shells 
and the matrix, and mafic minerals are not enriched 
in the inner, first-crystallized parts of the orbicules. 

Several authors, who have been strong proponents 
of the magmatic theories, have suggested that the 



orbicules may form in the reactions between inclu- 
sions and igneous rock melt (Frosterus 1892, 1896, 
Chrustschoff 1894, Benedicks & Tenow 191 1, Cole 
1916, Nockolds 1931, Koide 1951, Palmer et al. 
1967, Dahl & Palmer 1979, 1981a, 1981b, 1982, 
1983). Another common explanation is that the 
shells are diffusion rings around the cores and that 
they form analogous as the Liesegang rings in gels 
(Ishioka 1953, Carl & Amstutz 1958, Leveson 1963, 
1966, 1973). 

Xenoliths are really characteristic in many Finn- 
ish orbicular rocks and they commonly occur as 
cores of the orbicules. Usually the reactions rims in 
and around the schist, gneiss and igneous rock in- 
clusions seem to be, however, minute, and rarely are 
the inclusions in the cores granitized or totally melt- 
ed. Generally the shells of the orbicules are not re- 
action products between the melt and the inclusions 
but they have crystallised from the melt around the 
inclusions (cf. Figs. 28, 29 and 30). Only where the 
cores are calcium carbonate-bearing schist inclu- 
sions or concretions may several calcium-silicate 
shells have grown around them in the chernical re- 
actions between the core material and the surround- 
ing melt. There are, however, few observations of 
concretion type orbicular rock boulders in Finland 
and no bedrock occurrences have been found (cf. 
Figs. 175 and 176). 

During the first half of the last century most 
known Finnish orbicular rocks were acid and inter- 
mediate in composition, but later during the second 
half numerous new occurrences of orbicular rocks 
that were intermediate, basic and even ultrabasic 
were discovered. Because the metasomatic theories 
were not adequate to explain their origin, various 
magmatic theories were proposed. 

Mutanen (1974) found different protoclastic fea- 
tures typical in magmatic rocks in the orbicular rock 
boulders of Saäkslahti in Toivakka (belonging to the 
boulder fans of Haapavehmas 66 and Palosenjärvi 
67). He was the first geologist in Finland to criticise 
strongly the metasomatic theories and showed a lot 
of evidence favouring the theory of a magmatic ori- 
gin of the orbicular rocks. Mutanen (1974, op. cit. 
p. 60) noticed, for example, that "metasomatism fails 
to explain orbicular structures, the different kinds of 
orbicules in one and the same occurrence, and the 
wide range of compositions". 

According to Mutanen (1974), the growth of the 
shells around the orbicules is a result of alternating 
supersaturation and crystallization ahead of a crys- 
tallization front around orbicules. Many authors (see 
Leveson 1966, Aguirre, Herve & Campo 1976) have 
presented similar explanations. The orbicular rock 
magma has been poor in crystal nuclei and, there- 

fore, the shells grew around any possible solid parti- 
cles, for example around xenoliths, autoliths, phen- 
ocrysts, xenocrysts, and so on. Most often the core 
of the orbicules is composed of a homogeneous rock 
material that resembles the matrix in mineralogy, but 
there may be a nucleus of coarse feldspar andlor 
hornblende crystals. The cores composed of granu- 
lar igneous rock material, which may closely resem- 
ble the matrix of the orbicular rock, are considered 
to be synneutic accretions of phenocrysts that were 
crowded together by turbulent flows from the mag- 
ma (see Mutanen 1974). 

Many authors suggest that the orbicular rocks 
have been crystallized from the formerly superheat- 
ed magma that flowed up into the fractures of the 
crust (Vernon 1985). A low oxygen fugacity can also 
inhibit nucleation of early spinels (magnetite, chr- 
omite etc.) in the iron-rich basic and ultrabasic or- 
bicular rocks and it thus helps the growth processes 
of the orbicules (cf. Mutanen 1974, Papunen 1980). 

According to Papunen (1980), the sulphides were 
dissolved before crystallization of the nodular and 
orbicular peridotite in the Kylmäkoski ore body (or 
Taipale orbicular peridotite 17). The absence of chr- 
omite in the peridotite indicates low oxygen fugaci- 
ty in the original ultramafic magma. Chrornite could 
not crystallize as an early cumulus phase and the 
chromium in the magma was later incorporated into 
the pyroxenes (Papunen 1980, op. cit.). The absence 
of chromite contributed to supercooling of the mag- 
ma and rapid growth of olivine as nodules and orbi- 
cules in the peridotites. 

The orbicules are, according to Papunen (1980), 
altered olivine crystals that locally show well-devel- 
oped crystal faces. This is peculiar, because the orb- 
icules have, nevertheless, a core composed of an 
intergrowth of orthopyroxene, clinopyroxene and 
hornblende. One explanation for the exceptional 
form and texture of the orbicules might be that the 
magnesium-iron silicates mainly corresponding to 
the composition of olivine were separated from the 
sulphide magma as immiscible drops and their crys- 
tallization proceeded from the outer parts of the 
drops inwards. The crystal faces of olivine were 
formed first around the drops and the pyroxene- and 
hornblende-bearing core crystallized from the rest of 
the melt inside the olivine crystals or orbicules. 

Lapin and Vartiainen (1983) accepted the model 
of liquid immiscibility, when they explained the ori- 
gin of the Sokli orbicular carbonatite and the same 
theory had also earlier been applied to other types 
of orbicular rocks. Several authors have suggested 
that the orbicules may have crystallized from the 
immiscible melt drops that were separated from 
magma during its intrusion (Backström 1894, Adams 



1898, Watson 1904). According to Meyer (1989), it 
is, however, unlikely that this process is significant 
in the formation of the acidic or intermediate orbic- 
ular rocks. 

Meyer (1989, 1997) carried out detailed studies 
and described the petrography, rock and mineral 
chemistry of the orbicular rocks of Nuuksio, Virvik, 
Kuohenmaa, Pengonpohja, and Sokli. Based on his 
observations, Meyer (1989, 1997, 2003) explained 
the origin of the orbicules as follows: Diffusion and 
the crystal growth rate control the growth of the 
shells. During intmsion the orbicular rock magma, 
which is close to the liquidus conditions and con- 
tains only sparsely distributed crystal nuclei, be- 
comes gradually supercooled. The growth of the 
shells of the orbicules is controlled by the ratio of 
the crystal growth rate relative to the diffusion rate 
of chemical components in the melt. Components 
that are incompatible in the liquidus phase(s) are en- 
riched in a diffusion zone around the orbicules and 
the process produce alternate layers of various min- 

eral phases. Rapid crystallization of the shells around 
the cores causes the radial textures of the orbicules. 

Many authors explain that rapid crystallization 
around solid particles under supercooled conditions 
produces the radial texture of the orbicules (Taube- 
neck & Poldevaart 1960). Meyer's idea that the 
growth of the orbicules is controlled by diffusion and 
crystal growth rate is a new one. It can explain the 
old problem that exercised Eskola (1938) and Simo- 
nen (1938, 1941, 1950, 1966), who were unable to 
explain why the composition of plagioclase is almost 
constant in the inner and outer shells of the orbi- 
cules. This model requires no convection and con- 
tamination of the magma, but the textures of the or- 
bicules and structures of the occurrences locally in- 
dicate a more complex crystallization history of the 
rocks, such as several dramatic intrusion pulses, cor- 
rosion of the inclusions and earlier-crystallized orb- 
icules, and recrystallization of new phases. Chemi- 
cal analyses and closer studies are needed to explain 
the crystallization history of the orbicular rocks with 
a complex crystallization history. 

EXCURSION SITES 

Seppo 1. Lahti 

Fig. 192. The orbicular rock quarry of Ruskiavuori in Savitaipale was opened by the Company Sorvikivi 
Oy in the spring 2004. Photograph: S.I. Lahti. 

As shown in Table 1, at present most of the single museums, the yards of private houses or collections 
orbicular rock boulders have been removed from of the discoverers. Some of the orbicular rock out- 
their places of discovery, and nowadays they deco- crops are covered by soi1 (Ohtola in Virrat, Tiitus- 
rate, in addition to the collections of the geological pohja in Laukaa, Toivalanmäki, in Nilsiä) or they 



have been quarried (Taipale in Kylmäkoski, Etelan- 
kylä in Kalajoki) so that nobody can study them. 

The visitors must remember that the orbicular 
rock occurrences are properties of the landowners, 
and nobody is perrnitted to damage the outcrops or 
boulders or take pieces of them away without per- 
mission. To reduce the risk of any possible damage, 
the list of the exact rnap grid coordinates is not pub- 
lished, only the name of the place (usually the name 
of the village or the nearest rnap name, or both) and 
the commune is given in the text and tables. 

The best specimens of Finnish orbicular rocks are 
shown in different mineralogical museums and col- 
lections of the geology departments of the universi- 
ties. One of the largest orbicular rock collections is 
housed in the Mineralogical Museum of the Geo- 
logical Survey of Finland in Espoo. The public can 
freely see larger orbicular rock boulder samples at 
the outdoor museum of the survey. Smaller slabs and 
specimens of domestic and foreign orbicular rocks 
are located inside the museum with the mineral, 
gemstone and rock collections. The museum speci- 
mens have been collected by the geologists of the 
survey during its long history and many have kindly 
been donated by private individuals interested in 
rocks. 

The orbicular rock occurrence of Lahnanen in 
Viitasaari, central Finland (68, rnap 33 1 11 1, coordi- 
nates x= 699960, y= 345648) and that of Pulkkilan- 
mäki in Maaninka, North-Savo (49, rnap 331312, 
coordinates x = 700684, y= 349980) receive special 
protection under the law. Both occurrences are situ- 
ated in forest areas and are not easy to find. In south- 
em Finland the orbicular rocks of Nuuksio in Espoo 
(5, rnap 2041 10, coordinates x= 668887, y= 253048) 
and Tuskapakka in Vihti (4, rnap 204108, 
x= 669206, y= 252898) are situated within the natu- 
ral conservation areas or Natura areas, as well as the 
major part of the Ojakkala orbicular rock boulder 
fan in Vihti (3, rnap sheet 204107, coordinates 
x= 668996, y= 2525 15). Visit to these orbicular rock 
sites is possible, if the rules governing the protec- 
tion of the areas are followed. However, access to 
the orbicular gabbro outcrop of Lilla Björkskär 
(1, rnap 201302, x= 66372, y= 246736) in the Tam- 
rnisaari archipelago is today strictly forbidden 
throughout the year. 

In Southern Finland the Nuuksio orbicular rock 
occurrence in Espoo is a well-known excursion site 
that has been known for nearly 80 years (Fig. 191). 
It is the easiest to reach for anyone wishing to see 
orbicular rock in rock outcrops of the Helsinki re- 
gion. The occurrence is at the top of a woody hill by 
the Nuuksiontie road in the village of Koivula, some 
25 km NW of Helsinki city Centre. The historical 
Virvik (10) orbicular rock occurrence in the coun- 
tryside around the town of Porvoo is situated in this 
inhabited area some distance from Helsinki. 

The Kuohenmaa orbicular rock discovered as 
boulders in Kangasala, Pirkanmaa, is one of the most 
beautiful orbicular rocks in Finland. This type, with 
large orbicules may contain tens of narrow, sharp, 
dark and white shells. No erratics can be seen at the 
site of discovery in Kuohenmaa, but one large boul- 
der has been removed to decorate the yard of the 
Kangasala Museum. 

In northern Finland two outcrops of orbicular rock 
can be seen in the town of Kemi. There is a small 
and modest orbicular rock outcrop in the nature con- 
servation area of Murhaniemi, Ajos (86, map 254107, 
coordinates x = 728489, y= 252649) close to the area 
set aside for cooking and another small outcrop by 
Oklaholmankatu street in Takajärvi (87, rnap 254108, 
coordinates x= 729352, y= 252865) in Kemi. The 
occurrences are geologically interesting, because 
they are exceptional in that they are located within 
the Archaean rocks and, therefore, rare in Finland. 

The orbicular rock of Pengonpohja in Kuru, north 
of the town of Tampere (map 212409, coordinates 
x= 685296, y= 248021) is being exploited from time 
to time. The rock has been sawn to produce grave- 
Stones, clock and table plates, as well as numerous 
kinds of decorative ornaments. Specimens of this 
rock may be obtainable from the quarry by pennis- 
sion of the landowner and polished plates from the 
workshops of the local stone industry in Kuru. 

The historical orbicular rock boulder of Mansfolk 
can be seen in the lobby of the old cornmunity hall 
and public library of Esse (Ähtava) (78, rnap 2321 11, 
coordinates x= 705524, y= 245273) in Ostrobothnia, 
by the road from Evijärvi to Pietarsaari (Jakobstad). 
Bertel Mård and Nils Granqvist found this large 
boulder from a foundation of the 200-years old kiln 
of the Granqvist farmhouse in 1986. 
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APPENDIX 

During editing of the manuscript, in 2003 and 
2004, the following three additional occurrences 
were discovered: 
1) During field work by the Geological Survey of 

Finland, Paavo Härmä and Kalevi Karttunen dis- 
covered a dyke of tonalitic (?) orbicular rock sev- 

eral metres wide at Kuivikonvuori, near Vilppula 
in Pirkanmaa. The rock is composed of oval or 
roundish multi-shelled orbicules 5-6 cm in diam- 
eter in a pinkish plagioclase-biotite-quartz matrix 
(Fig. 193). 

Fig. 193. Orbicular tonalite from Kuivikonvuori, Vilppula. The orbicules show several broad plagioclase 
and narrow biotite shells (black). The coin is 24 mm in diameter. Photograph: P. Härmä. 



2) Veikko Turkki discovered a narrow aplitic gran- land near the town of Kotka, Kymenlaakso. The 
ite dyke that locally contains large orbicules (10- dyke cuts coarse wiborgitic rapakivi granite with 
15 cm in diameter, see Fig. 194), on Ristisaari is- sharp contacts. 

Fig. 194. drbicular granite from Ristisaari, Kotka. The core of the orbicule is a K-feldspar ovoid mantled 
with a narrow oligoclase shell (dark gray): ihe thicker outer shell (reddish) is rnainiy composed of radial 
K-feldspar crystals. Photograph: S.I. Lahti. 

3) During field work by the Geological Survey of 
Finland, Veikko Helppi discovered a solitary 
boulder (measuring 25 x 40 x 55 cm) of a single 
shelled orbicular rock at Kutemajmi, near Kan- 
gasnemi, Etelä-Savo (South Savo). The rock con- 
tains angular and irregular orbicubs, which have 

a gabbroic or hornblenditic core surrounded by a 
white plagioclase shell (Fig. 195). The matrix is 
partly composed of mafic hornblenditic rock and 
partly felsic tonalitic rock. Recently, the boulder 
has been cut into several slabs. 

Fig. 195. Oroicrilar rock boulder frulii hutemajärvi, Kangasniemi. Photograph: P. Hyvärinen. 
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