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T INTRODUCTION

Granite, soapstone, schist, and marble are natural
stone types produced in Finland. Granite and
marble are quarried as large “rough” blocks,
which are later processed into different products
in Finland or abroad. Soapstone is also quarried
as (small) blocks, but is directly manufactured in
processing plants near the quarries for products
used mainly in ovens and fireplaces. Schist is
extracted as thin slabs and used as such, e.g. in
environmental and indoor construction.

Schist in the industrial classification indicates
that it easily splits into thin natural slabs. Instead,
massive schists (or gneisses) are sound enough to
be quarried as large blocks, and are classified as
granites. Massive schists are rare stone qualities
among the Finnish granites, the most famous
being “Lappia Silver”/”Diamond Fall” from
eastern Finland and “Silver Flame” from central
Finland. During the recent years, the interest for
these stones has increased, and prospects have been
identified in eastern and northern Finland (e.g.
Leinonen 2011, Vartiainen & Lintinen 2014).
The popularity of the stones is based on their
unique 3D-like appearances, often connected to
folding or occurrence of porphyroblasts.

Natural stone evaluation is a step by step process
with the aim of locating prospects for natural
stone production. The process and the methods
has recently been studied, e.g. by Hirmi &
Selonen (2008), Heikkinen et al. (2012), Selonen
et al. (2014), Luodes et al. (2014), Luodes
(2015), Luodes et al. (2015), and Sousa et al.
(2016). Two main phases can be discerned, a
regional exploration phase and a detailed prospect
investigation. Methods in the evaluations include,
e.g. mapping, sampling, geophysical methods (e.g.
ground penetrating radar), and core drilling.

The massive Mutsoiva mica schist is situated
in the municipality of Sodankyli in Finnish
Lapland (Fig. 1). It was localized during a regional
exploration project (“Dimension Stone Project in
Central Lapland”) carried out by the Geological
Survey of Finland, GTK. The schist was found out
to have potential for further investigation due to

its attractive appearance with a silvery lustre on
the rock surfaces.

The Mutsoiva mica schist has previously been
described in VIT (2004), Vartiainen (2005),
Lanne (2007), Vartiainen et al. (2008), and
Luodes (2015). In this comprehensive report,
the evaluation methods used during the detailed
prospect examination in Mutsoiva are described
and analysed, especially regarding their suitability
for assessment of a massive-type schist. I will also
discuss the feasibility of the prospect. A paper on
a massive schist as natural stone prospect has not
previously been published in Finland.

2 GEOLOGICAL OUTLINE

The prospect area™ is covered by a bedrock map in
scale of 1:400 000 (Mikkola 1936, 1941) and by a
later mapping in scale of 1:100 000, made by the
GTK. The results of the mappings are available
in the GTK digital map database (Bedrock of
Finland - DigiKP) (Fig. 2). The lithological and
geological features of the area has been studied by
Mattila (1974), the metamorphic facies by Rask
(1978), and the tectono-metamorphic evolution
by Leppidnen (1985) and Holttd & Viisinen
(1999).

The prospect area is located in the eastern part
of the Central Lapland schist belt and belongs to
the Orakoski formation of the early Proterozoic
Sodankyld group (Lehtonen et al. 1998, Hanski
& Huhma 2005, Risinen 2008). The formation
consists mainly of arkose and sericite quartzites
and stratigraphically overlaying Al-rich mica
schists and phyllites (Fig. 2). The bedrock shows
polyphase deformation, including amphibolite
facies metamorphism (Leppinen 1985, Holttd
& Viisinen 1999). The quartzites and the mica
schists are cut by 2.2 Ga old diabase dykes, which
are found towards the east of Mutsoiva in nearby
outcrops (Leppdnen 1985).

* 'The prospect area is privately owned, and the land-
owner has been agreeable to all investigations made in
the area.
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Figure 1. Geographical location of the Mutsoiva mica schist.

Kuva 1. Mutsoivan maantieteellinen sijainti.

3 METHODS OF STUDY

3.1 Mapping and sampling

The outcrop surfaces which were thinly covered,
were exposed manually and by machines, and then
washed (Fig. 3). Rock types as well as the type and

density of fractures were mapped in detail.

Rock samples loosened by wedging or blasting
were taken from four locations (Fig. 4, App. 1).
Several test slabs in sizes of A5 to A3 were made
from the samples in order to find out the sawability

and machinability of the rock, as well as to study
the appearance of the rock and the effect of the
different surface treatments on the appearance.

The mineralogical composition of the rock was
determined by point counting (500 points per
thin section).

3.2 Geophysical measurements

The prospect was investigated with magnetic,
electromagnetic VLF-R and EM31, and seismic

ground survey methods in order to examine the
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Figure 2. Location of the study area on a general geological map. Bedrock of Finland - DigiKP. Digital map
database. Version 2.1. Geological Survey of Finland, GTK.

Kuva 2. Tutkimusalueen sijainti yleisgeologisella kartalla. Suomen kallioperii - DigiKP Digitaalinen karttatietokanta.
Versio 2.1. Geologian tutkimuskeskus, GTK.
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Figure 3. Washing of the outcrop surface. Photo: Risto
Vartiainen.

Kuva 3. Kalliopintojen pesua. Kuva: Risto Vartiainen.

Figure 4. Sampling by blasting. Photo: Risto Vartiainen.

Kuva 4. Niytteenottoa rijiyttimailli. Kuva: Risto Varti-
ainen.
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soundness of the rock and the applicability of
the methods while studying the properties of
a massive-type schist prospect. The magnetic
and the VLF-R measurements were carried
out along traverses with 5 m point interval and
20 m traverse interval (App. 1). The area of the
systematic measurements was 100 x 160 m (App.
1). Additional measurements were done along two
500 m long traverses, reaching over the whole
prospect area, and crosscutting each other (App. 1).

Seismic ground surveys were done along five
traverses, the length of which varied 100-300 m
(App. 1). Geophones were in general five meters
apart, except for the vicinity of the blasting points,
where they were 2.5 meters apart.

3.2.1 Ground penetrating radar (GPR)

The subsurface fracturing of the prospect was
also studied with a ground penetrating radar
(GPR) along the same traverses as for the other
geophysical methods (App. 2). 518 meters of
GPR measurements were conducted along seven
traverses both parallel and perpendicular to the
schistosity of the mica schist. Equipment was
GSSI SIR-3000 central unit with 200 MHz
antenna with depth penetration of 8-10 m.

3.3 Diamond core drilling

A total of twelve cored boreholes were drilled for
study of the appearance and the soundness of the
prospect. The aim was to place them along the
same traverses as for the geophysical methods but
it was not always possible due to topographical
reasons (App. 2). Altogether 260 meters were
drilled to the depths of 17.20-31.70 m. All the
boreholes were drilled in direction from north to
south with a dip of 80°. Hole diameter was 76
mm. The drill core samples were logged in detail
and results were shown in fracture histograms to
describe the soundness of the rock in each drill

hole.

All the fractures and their character (rust,
weathering etc.) were observed as well as the dip
relative to the plane perpendicular to the hole

direction. Histograms were designed to show the
fracture density by each meter of the drill core.
The real dip direction could not be measured
because no oriented samples were taken. In the
histograms, all fractures are shown as horizontal
fractures.

Several samples almost from every drill core were
cut parallel to the schistosity in order to assess the
intensity of the lustre of the rock. The samples
were mainly matt polished, on some samples also
brushing and polishing was tested.

Petrophysical measurements were carried out on
the drill cores. Density, magnetic susceptibility and
intensity of remanent magnetization, and electrical
resistivity (0.1, 10, and 500 Hz) were measured
after each meter of the drill core. Resistivity could
not be measured in some of the samples.

Fractures were also monitored by video in three
drill holes and the results were compared with
observations made from the core samples. Fracture
histograms were constructed in the same manner
as for the fractures from the drill cores, and the
histograms were compared with each other.

3.4 Thermal measurements

In order to study the suitability of the Mutsoiva
mica schist for use in ovens and fireplaces, thermal
tests were carried out at the VIT Technical
research centre of Finland LTD.

4 RESULTS
4.1 Lithology, structures and vertical
fracturing

The Mutsoiva prospect area measures approx.
300 x 100 m. The prospect can be easily reached
from the main road. The distance to the nearest
forest road is approx. 60 m, to the nearest village
approx. 10 km, and to the municipality centre of
Sodankyld approx. 35 km (Fig. 1).

The prospect area is relatively well-exposed and
comprises smooth, even, and rounded outcrop
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surfaces (Fig. 5), but also some blocky and covered
parts. The most central parts of the prospect are
totally exposed, or covered only by a thin cover of
soil (Fig. 6). The elevation from the lowest to the
highest point of the prospect is approx. 20 m. The
outcrop surfaces are in general rounded, except for
the absolute eastern part where a precipice rises
with an elevation of 7-8 m (Fig. 7).

The Mutsoiva prospect is a porphyroblast bearing
mica schist. The main minerals of the rock are
muscovite, quartz, plagioclase, and chlorite (Table
1). The porphyroblasts are composed of kyanite,
plagioclase, or staurolite. The rock contains visible
magnetite and is typically magnetic measured with
a hand-held magnetometer. The Mohs hardness
(4.7) is relatively low due to the high amount of
muscovite and chlorite.

Figure 5. Smooth and rounded outcrop surfaces of the
Mutsoiva mica schist. The picture is taken towards the
west. Photo: Risto Vartiainen.

Kuva 5. Mutsoivan kiilleliuskeen tasaisia ja laakeita kal-
lionpintoja. Kuva linteen péin. Kuva: Risto Vartiainen.

Figure 6. The central parts of the Mutsoiva mica schist are
totally exposed or covered only by a thin soil cover. Note
the rectangular pattern of vertical fracturing. The picture
is taken towards the southeast. Photo: Risto Vartiainen.

Kuva 6. Mutsoivan kiilleliuske-esiintymdin keskeiset osar
ovat tiysin paljastuneita tai vain obuen sammaleen peitos-
sa. Huomaa suorakulmainen pystyrakoilu. Kuva kaakkoon
pdin. Kuva: Risto Vartiainen.

Figure 7. The steep rock face in the eastern part of the
Mutsoiva prospect. Note the curving of the longitudinal
vertical fractures. The picture is taken towards the west.
Photo: Risto Vartiainen.

Kuva 7. Mutsoivan itiosan jyrkinne, jossa néikyy joidenkin
pitkittiisrakojen kaartumista. Kuva linteen piin. Kuva:
Risto Vartiainen.
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Table 1. Mineral composition and Mohs hardness of the Mutsoiva mica schist.

Taulukko 1. Mutsoivan kiilleliuskeen mineraalikoostumus ja Mobs -kovuus.

Mineral % Mohs hardness
Muscovite 32.6 2.5

Quartz 27.4 7.0

Plagioclase 16.0 6.0

Chlorite 11.2 2.5

Opaques 5.6 5.0

Kyanite 5.2 5.0

Staurolite 2.0 7.0

Total 100

The bedding of the Mutsoiva mica schist strikes
SW-NE, and dips vertically (Fig. 8). The rock
contains a relatively distinct schistosity parallel to
the bedding, but also a weaker cutting schistosity
with a strike of approx. 90°. The planes of

schistosity are almost always bent into small scale

folds.

The general colour of the rock is grey with a silvery
lustre on the schistosity planes caused by the
small scale folding and the high amount of mica
(muscovite).

The vertical fracturing of the rock is typically
rectangular (Fig. 6). The longitudinal fractures
occur along the elongated outcrop (SW-NE) with
the dip direction of 335. The dip is 80-85N, but
can also be 80-85S, in places even 155/75. The
dip direction of the perpendicular fractures to the
longitudinal ones is in general 65/85. Even if the
dip of the both fracture directions is more or less
vertical, the longitudinal fractures seem to curve
deeper down in the outcrop; the dip changes from
85-90° at the surface into 40-50° in the depth of
6-7 meters from the surface (Fig. 7). In places,
the vertical fractures can have multiple directions,
and the third direction, only occasionally visible,
varies from 100/75 to 225/85. The spacing of
the longitudinal fractures is 0.5-3 m and of the
perpendicular fractures 1-5 m.

The same kind of rock type as in Mutsoiva was
found in the adjacent areas as large outcrops but

these are less interesting as natural stone due to a
high number of quartz veins cutting them.

4.2 Test processing

The processing tests show that the lustre of the
Mutsoiva mica schist appears on the sawed and
matt polished surfaces; it is not necessary to polish
the rock into a glossy finish to produce it (Fig. 9).
However, it is important to cut the rock in the
right direction, because the tests indicate that the
lustre is as most visible when the rock is cut along
either the main or the weaker schistosity.

The sawability of the Mutsoiva mica schist is good
even if the quartz content is relatively high (30 %).

4.3 Geophysical measurements

According to the VLF-R measurements the rock is
in general sound, but the results indicate that there
could be a crushed fracture zone in the southern
part of the prospect area, which could diminish
the size of the usable part of the prospect.

The ground aeromagnetic data indicate that the
prospect area is situated in a local minimum inside
of a strong anomaly zone. There are rather large
variations in the magnetic properties of the rock,
and distinctly high magnetic areas are discernible
in the western and eastern parts of the prospect.
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Figure 8. Vertical bedding in the Mutsoiva mica schist. The picture is taken towards the west.
Photo: Risto Vartiainen.

Kuva 8. Mutsoivan kerroksellista kiilleliusketta. Kuva linteen piin. Kuva: Risto Vartiainen.

Figure 9. Matt polished mica schist of Mutsoiva. Area covered by the picture is approx. 15 x
10 cm. Photo scanned from sample.

Kuva 9. Mutsoivan mattabiottua kiilleliusketta. Kuvan ala noin 15 x 10 cm. Kuva skannattu suoraan
ndytteestd.
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The results imply that the most magnetic parts of
the prospect also are the soundest. However, this
correlation is more likely apparent than real (cf.

Chapter 4.4.3).

There are quite large sporadic variations in the
seismic transport velocities, but this is probably
due to fractures near the outcrop surface and
to topographical variations. The mean seismic
velocities were in general over 5000 m/s, but
diminished in the assumed weakness zones to less
than 4500 m/s.

The results of the geophysical measurements
show that the resolution of the methods was not
good enough for assessing the soundness or the
homogeneity of the mica schist, but the VLE-R
could be used to evaluate the common soundness
of the prospect to some extent. Furthermore, the
topographical variations of the outcrop surfaces set
challenges for the execution of the measurements as
well as for the interpretations of them. For details
of the geophysical investigations, see Lanne (2007).

4.3.1 GPR investigation

Based on the GPR measurements, a horizontal
fracturing (sheeting), following the surface of
the outcrop, is a typical feature for the prospect.
Especially, close to the outcrop surface (at a depth
of 2-3 m) a fractured zone can be discerned,
composed of several horizontal fractures (App.
3). Beneath this zone, the rock is less fractured,
but occasional distinct horizontal fractures are
observed. Clear vertical fractures are few, but
reflections of them are often reached up to the
outcrop surface. The cross-cutting points of
vertical and horizontal fractures, filled with water
or dampness, are shown as strong reflections,
especially if they occur near the outcrop surface.

The fracture locations in the drill cores can be
compared with those in the GPR profiles only
to the depth of ten meters because of the modest
depth penetration of the GPR signal, due to
the attenuation effect of conductivity caused by
magnetite. Generally, the fracture information
obtained from the GPR and the drill cores
correlates well (Fig. 10). Especially, the fractured
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Figure 10. Correlation of the results of the core drilling
and the GPR measurements on an N-S oriented traverse.
The light blue lines indicate locations of the fractures in
the drill core. The dip of the drill hole is 80° towards the
south. Adopted from Luodes (2015).

Kuva 10. Kairasydinhavaintojen ja maatutkaluotauksen
vertailua pohjois—eteli -suuntaisella tutkimusuralla. Rako-
Jjen sijainti kairasydimissi on merkitty vaalean sinisilli vii-
voilla. Kairareiki kaatuu eteliin 80 asteen kaateella. Luo-
deksen (2015) mukaan.
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zone near the outcrop surface can be identified by

both methods.

The investigation implies that the GPR can be used
for assessing the general soundness of the massive-
type schist prospect. The method will produce
relevant information especially on the directions
and density of horizontal fractures. The GPR
cannot detect fractures without dampness on the
fractures surfaces, unless they are very close to the
outcrop surface. The overall soundness of the rock
could be quite well estimated from the regional
fracture intensity on the GPR profiles. For details
of the GPR investigations, see Luodes (2015).

4.4 Drill core investigations
4.4.1 Lithology and density of horizontal
fractures

The main part of the Mutsoiva prospect consists
of mica schist, but some 0.5-2 m thick layers of
amphibolite can occur, some of which could be
dykes. In places, also coarse gneiss-like layers and
occasional quartz veins with thickness of 5-50 cm
are found.

Based on the drilling, the rock is soundest in the
western and the eastern parts of the prospect. In
the west, the soundest rock is found in the area
of the drill holes R501, R502, R503, R504 and
R512 (App. 2), in which the mean density of
the horizontal fractures is <1.5 fractures/m. The
most sound rock is found in the area of the holes
R503 (density of 0.8 fractures/m) and R512 (0.9
fractures/m) (Apps 2 and 4).

In the east, only one borehole was drilled, but
the rock seems to be relatively sound (density
of 1.2 fractures/m). In the easternmost part of
the prospect (the precipice), the rock is rather
sparsely fractured as assessed by eye, but the area is
inaccessible to drilling equipment.

It seems that between the two soundest areas,
the eastern and the western parts, there is a
more fractured zone, as well as to the south of
the western part. This correlates well with the
grade of exposure: the sound eastern and western
parts have been less prone to weathering and are
topographically higher than the surroundings. The
more fractured rocks are topographically lower
and covered with more soil.

Figure 11. Matt polished drill core sample, cut parallel to the schistosity. The small scale folding of the mica rich rock
creates the silvery lustre. Diameter of the core is approx. six cm. Photo scanned from sample.

Kuva 11. Liuskeisuuden suuntaan mattahiottu kairasydinndyte. Hopeanhohtoinen vilke johtuu killerikkaan kiven pienois-
poimutuksesta. Sydimen halkaisija on noin kuusi cm. Kuva scannattu suoraan néytteesta.
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4.4.2 Test processing

All the drill core test samples were processed
parallel to the schistosity. Polishing and brushing
were tested on some of the samples, but the best
and the most attractive lustre was obtained by
matt polishing (Fig. 11). The lustre can also be
seen on the natural and often folded split surfaces.

4.4.3 Petrophysical measurements

The magnetite content is clearly featured in the
petrophysical properties of the mica schist. The
susceptibility is approx. 0.1 SI units, which
correspond to approx. 1-2 % of magnetite
content in the rock. The petrophysical properties,
including susceptibility, are rather homogeneous,
even though large variations were observed by the
magnetic ground survey (cf. Chapter 4.3). Nor do
these properties vary with depth in the drill cores.

Even if the prospect area is well-exposed, the
depth of the soil cover is in places 1.80-3.80 m
as observed by drilling. The main reason for the
variations in the magnetic field is probably that
in a strongly magnetic environment the soil
covered holes on the outcrop surface produce
local minimums into the general high level of
the magnetic field. The observed variations in the
magnetic field are hence mainly caused by the soil
covers, and not by the variations of the properties
in the rock.

The magnetite content influences the density and
the electrical properties of rocks. The measured
densities, approx. 2800 kg/m?, are typical for mica
schists. The conductivity values are in the same
level as is the resistivity measured with the VLF-R:
several thousands of Ohm meters.

4.5 Borehole video monitoring

The borehole video monitoring is not yet a
standard method in natural stone investigations.
Results in this study however indicate usefulness
of the method. The fractures were generally well-
discernible in the videos. The comparison of
histograms based on drill core logging and on

12

video monitoring show that the fracture locations
correlate very well (App. 5). In cases, the depths
of fractures and dykes seen in the video did not
match with the drill core observations. The only
explanation for this is that the drill cores were
wrongly placed in the storage boxes.

Some technical problems arose: the monitoring did
not succeed completely in any of the holes because
of the muddiness of the water. This occurred in
spite of the fact that holes were washed with fresh
and clean water. The time interval between the
washing and the monitoring was three months.
The problem would have been probably avoided if
the monitoring would have been done immediately
after washing, as originally planned. Due to the
structure of the equipment, the first 1.5 meters of
each hole could not be monitored.

Using the video monitoring, it would be possible
to observe the strike and dip of the individual
fractures, but because of the high amount of work
with questionable benefit for the study, this was
not done.

4.6 Thermal tests

VTT’s research shows that the thermal expansion
of the Mutsoiva mica schist is relatively
straightforward up to temperatures of 500-550 °C.
Thereafter, the rock was found to experience
intensive, jump-like expansion phases. The first of
these, approx. at the temperatures of 550-570 °C,
was presumably caused by volume growth related
to the change in the crystal structure of quartz.
The next two phases, in the temperature zones
850-1000 °C and 1310-1360 °C, were probably
caused by decomposition of the schistose structure
of the rock, and reactions between minerals. For

details, see VIT'T (2004).

5 FEASIBILITY OF PROFITABLE
QUARRYING OF THE MUTSOIVA
MASSIVE SCHIST

The Mutsoiva mica schist is not prone to split into
thin slabs along schistosity, and cannot be used
for production of natural slabs. However, the rock
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could be quarried in the same way as granites: as
“rough” blocks and further processed into slabs
and other products with different surface finishes.

Stones with an interesting appearance are very
sought-after in the natural stone market. The
Mutsoiva massive schist has a very attractive
appearance with a silvery lustre due to the small
scale folding of the mica rich rock. The finishing
tests indicate that the lustre is visible on the sawed,
brushed, matt polished, and polished surfaces. The
best lustre, revealing the exiting appearance of the
stone, is obtained merely by using matt polishing,
which is cheaper in production compared to
polishing into a glossy finish. In order to get a
good product it is however important to cut the
rock parallel to the schistosity. Attractive uses for
a stone like this could be found, e.g. in interior
design in domestic markets.

The cleavability of the mica schist (e.g. with a
guillotine) was not examined in this study, but
based on observations on drill core samples, the
unfinished raw surface of the rock could be quite
elegant as the lustrous small scale folding is also
clearly visible on the natural split surface. Hence,
a possible product of the Mutsoiva schist could be,
e.g. a split faced tile for rubble walls or for other
applications in environmental construction.

The spacing of the vertical fractures varies between
0.5 and 5 m in different subareas of the prospect.
The spacing of horizontal fractures is around one
meter. The surface parts of the outcrop seem to
be more fractured than the deeper parts. Fracture
observations indicate an extractable block size of
approx. 3 x 2 x 1 m. The small/medium block
size is compensated by the interesting appearance
of the rock, adding value to the product. Careful
extraction with, e.g. diamond wire sawing could
further support the profitability of this prospective
quarry.

Based on the results of the thermal tests, the
Mutsoiva mica schist is suitable for use as
components of ovens and fireplaces, exposed to
temperatures less than 500 °C. This limit excludes
the use of the rock in internal structures of heat-
retaining fireplaces; instead, it could be used, e.g.
in fireplace facings.

The geological setting of the bedrock east of
Mutsoiva indicates possibilities for identifying new
prospects of schist and massive schist. Currently, a
prospecting project (“Natural stone and aggregate
project in eastern Lapland”) carried out by the
GTK, is focused on these areas (Vartiainen &
Lintinen 2016).

6 CONCLUSIONS

1. The resolution of the geophysical ground
survey methods was not good enough for evaluating
the quality or soundness of the prospect, but the
VLF-R measurements could be used to assess the
general soundness to some extent. More reliable
information could be achieved by using a ground
penetrating radar (GPR), especially on the amount
of horizontal fractures, but not on individual
fractures if they are not filled with water.

2. Reliable and detailed knowledge on the
quality of the prospect was obtained by diamond
core drilling and observations based on the drill
core samples, but great care is demanded in drilling

and handling the samples.

3. 'The observations made from core samples can
be confirmed by using borehole video monitoring
if there are any problems in distinguishing the
natural fractures from man-made ones. However,
the proper technical execution of the monitoring
must be ensured.

4. 'The appearance of the Mutsoiva massive-type
mica schist is commercially interesting because of
the silvery lustre on the rock surfaces. The rock
is suitable for extraction of dimensioned “rough”
blocks, which are further processed, e.g. into cut-
to-size slabs for interior design, or, e.g. into split
face tiles for environmental or indoor construction
in domestic markets.
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YHTEENVETO: Kohteelliset
rakennuskivitutkimukset Mutsoivan
massiivistyyppisella liuske-
esiintymalla Sodankylassa

1 Johdanto

Mutsoivan massiivistyyppinen kiilleliuske-esiin-
tymid paikannettiin Geologian tutkimuskeskuk-
sen (GTK) Keski-Lapin rakennuskiviprojektin
tuloksena. Alueellisen kartoitustyon perusteella
kivi todettiin pintaosistaan varsin ehyeksi, ja kiven
mattahiotun pinnan hopeanhohtoista vilkettd pi-
dettiin kiinnostavana. Tamin vuoksi kivi valittiin
tarkemman tutkimuksen kohteeksi.

Mutsoivan kohde sijaitsee Sodankylin kunnassa,
lzhelld Sodankylidn ja Savukosken rajaa. Tutkittu
kallioalue on kooltaan noin 300 x 100 metrid ja
sinne on hyvit kulkuyhteydet Sodankyli—Tanhua
-tieltd (tie nro 967). Matkaa lihimmille metsiau-
totielle on noin 60 metrid, Kelujirven kyldin noin
10 kilometrii ja Sodankylin kirkonkylddn noin 35
kilometrid (Kuva 1).

Tdssd raportissa kuvataan kohteelle tehdyt tut-
kimustoimenpiteet ja arvioidaan niiden sovel-
tuvuutta massiivisen liuskeen rakennuskiviomi-
naisuuksien selvittdimiseen. Lisiksi arvioidaan
kohteen kiyttokelpoisuutta rakennuskiveni.

2  Geologinen ymparisto

Tutkimusalue sijaitsee Keski-Lapin liuskealueen
itdosassa ja kuuluu sen varhaisproterotsooisen
Sodankyld -ryhmin Orakosken muodostumaan.
Muodostuman kivilajit ovat lihinni arkoosi- ja
serisiittikvartsiitteja ja stratigrafisesti niiden paalld
olevia alumiinirikkaita kiilleliuskeita ja fylliittejd
(Kuva 2). Kallioperi on deformoitunut useassa eri
vaiheessa, joihin liittyy amfiboliittifasieksen meta-
morfoosia. Kvartsiitteja ja kiilleliuskeita leikkaavat
2,2 miljardin vuoden ikiiset diabaasijuonet, joita
tavataan mm. Mutsoivan itdpuolella.

Alueelta on saatavilla E. Mikkolan 1:400 000
-mittakaavainen kallioperikartta ja sen selitys.
Alueen kallioperikartoitus on tehty myshemmin
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mittakaavassa 1:100 000 ja kartoitusten tulokset
on yhdistetty GTK:n digitaaliseen karttatietokan-
taan (Suomen kallioperi - DigiKP).

3 Tutkimusmenetelmat

3.1 Kartoitus ja naytteenotto

Kallio puhdistettiin poistamalla ohuita maapeit-
teitd kisityokaluilla ja koneellisesti sekd pesemal-
14 kallionpintaa (Kuva 3). Koekappaleita otettiin
kiilaamalla tai rdjayttimilld (Kuva 4) neljistd eri
paikasta (Liite 1). Koepaloista teetettiin useita
A5-A3 -kokoisia koelevyjd, minki tarkoituksena
oli selvittdd kiven sahattavuutta ja tydstettdvyyttd
sekd erilaisten pintakisittelyjen vaikutusta kiven
ulkonikoén.

Mutsoivan  kiilleliuskeen  mineraalikoostumus
midritettiin  point counter -menetelmilld (500
pistettd/ohuthie).

3.2 Geofysikaaliset maastomittaukset

Mutsoivassa geofysikaalisina menetelmini kiytet-
tiin magnetometrausta, sihkdmagneettisia VLF-R
- ja EM31 -menetelmii seki refraktioseismistd me-
netelmidd. Tutkimusalueella tehtiin magneettisia ja
VLE-R -mittauksia linjoittain kiyttden viiden met-
rin pistevilid ja 20 metrin linjavilid (Liite 1). Sys-
temaattisen mittausalueen ala oli 100 x 160 metrid
(Liite 1). Lisdksi tutkimusalueen yli mitattiin kaksi
500 metrin pituista, ristikkiisté linjaa (Liite 1).

Seismisid luotauksia tehtiin viidelld linjalla, joiden
pituudet vaihtelivat 100-300 metriin (Liite 1).
Geofonivilit olivat yleensi 5 metrid, rijiytyspis-
teiden liheisyydessd 2,5 metrid.

3.2.1 Maatutkaluotaukset

Liuske-esiintymin eheyttd arvioitiin maatutka-
mittauksilla, joissa hyédynnettiin samaa linjastoa
kuin muissakin geofysiikan mittauksissa (Liite 2).
Tutkausta tehtiin seitsemalld eri linjalla yhteensi
518 metrid. Maatutkalaitteistona oli kalusto, joka
koostuu GSSI SIR-3000 keskusyksikostd ja 200
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MHz:n antennista. Tutkasignaalin tunkeutuvuus
tilld kalustolla on 8-10 m.

3.3 Kairaus

Mutsoivassa toteutettiin 12 reidn kairausohjelma.
Kairauspisteet pyrittiin sijoittamaan edellikuva-
tuille geofysiikan mittauslinjoille, mutta maastol-
lisista syistd se ei aina ollut mahdollista (Liite 2).
Kairausmetrimiiri oli yhteensd 260 metrii ja rei-
kisyvyydet vaihtelivat 17,20-31,70 metriin. Kaik-
ki reidt kairattiin pohjoisesta etelddn pdin 80°:n
kaateella, kairauksessa kiytettiin terdkokoa T76.

Kairasydimistd havainnoitiin kaikki raot ja niiden
luonne (ruosteinen/rapautunut ym.) seki raon as-
tekulma reikdsuunnan kohtisuoraan tasoon nih-
den. Havainnoista piirrettiin yksittdiset reikiku-
vat, joissa rakotiheys on kuvattu histogrammeina,
tasametreittdin. Todellista kaadesuuntaa ei ole voi-
tu mitata, koska suunnattuja ndytteitd ei otettu, ja
raot on piirretty kuviin vaakarakoina.

Kairasyddmistd sahattiin useita liuskeisuuden
suuntaisia naytteitd lihes kaikista rei’istd kivessd
olevan vilkkeen miirin ja yleisyyden arvioimi-
seksi. Naytteet mattahiottiin, joihinkin niytteisiin
kokeiltiin myos harjausta tai kiillotusta.

Kairasydinniytteistd mitattiin tiheys, magneet-
tisuus (suskeptiivisuus ja remanenssin itseisarvo)
sekd ominaisvastus kolmella taajuudella (0,1, 10
ja 500 Hz). Mittaukset tehtiin metrin vilein kai-
rasydidnniytteistd otetuista paloista. Muutamista
ndytteistd ei saatu mitatuksi ominaisvastusta.

Reikivideointi tehtiin kolmesta reidsti. Reikivide-
oinnin tuloksia verrattiin kairasydimisti tehtyihin
rakohavaintoihin vertaamalla kolmen reiin rako-
histogrammeja toisiinsa.

3.4 Lampotekniset tutkimukset

Mutsoivan kivestd tehtiin limpoteknisid tutki-
muksia VIT:n Rakennus- ja yhdyskuntatek-
niikan osastolla. Tutkimuksen tarkoituksena oli
saada arvio kiven soveltuvuudesta uuni- ja tuli-
sijakdyttoon.

4 Tutkimustulokset

4.1 Litologia, rakenteet ja pystyrakoilu

Tutkimusalue on melko hyvin paljastunutta ja
koostuu silokalliomaisista, tasaisista ja laakeis-
ta kallionpinnoista (Kuva 5), mutta myds loh-
kareikkoisista ja peitteisistd osista. Kallioalueen
keskeiset osat ovat tdysin paljastuneita tai vain
ohuen sammaleen peitossa (Kuva 6). Korkeusero
alueen korkeimman ja matalimman kohdan vi-
lilld on noin 20 metrii. Yleensd kalliot ovat loiva-
piirteisid, mutta aivan tutkimusalueen itdpddssi
on jyrkinne, jossa korkeuseroa on 7-8 metrid

(Kuva 7).

Kivilaji on porfyroblastista kiilleliusketta, jonka
padamineraalit ovat muskoviitti, kvartsi, plagioklaa-
si ja kloriitti (Taulukko 1). Porfyroblastit ovat kya-
niittia, plagioklaasia tai stauroliittia. Kivessd on
silmin nihtivd magnetiittipirote ja kivi on selvisti
magneettinen kisimagneetillakin testattaessa. Mi-
neraalikoostumuksesta laskettu Mohs -kovuus on
4,7 eli suhteellisen pieni, johtuen suuresta musko-
viitti- ja kloriittimaAsrist.

Kivi on selvisti kerroksellista (Kuva 8), kerros-
suunta on lounais—koillinen, ja kaade on pysty.
Kivessd on selvihké kerroksellisuuden suuntainen
liuskeisuus, mutta my6s heikompi kerroksellisuus-
ja liuskeisuussuuntaa leikkaava toinen liuskeisuus
(kulkusuunta noin 90°). Liuskepinnat ovat lihes
aina pienoispoimuttuneita.

Kiven yleisviri on harmaa ja sen liuskepinnoilla
on pienoispoimutuksesta ja suuresta kiillemazristd
johtuen usein hopeanhohtoinen vilke.

Kivessd on melko selvipiirteinen suorakulmainen
pystyrakoilu (Kuva 6). Pitkittiisrakoilu on rinteen
suuntainen (lounais—koillinen) ja sen kaadesuun-
ta on keskimiirin 335. Kaade on yleensi 80-85
pohjoiseen, mutta voi paikoitellen olla saman ver-
ran my®ds etelddn, paikoin jopa 155/75. Pitkittdis-
rakoilua vastaan kohtisuoran poikittaisrakoilun
kaadesuunta on keskimairin 65/85. Vaikka mo-
lempien rakosuuntien kaade on likimain pysty,
pitkittdisrakoilu ndyttdd ainakin itdjyrkinteelld
tehtyjen havaintojen mukaan kaartuvan syvem-
milld, ja kaade muuttuu vihitellen pintaosan
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85-90 asteesta 67 metrin syvyydessi 40-50 as-
teeseen (Kuva 7). Paikoittain on myos sekarakoi-
lua ja timi kolmas, vain paikoitellen nikyvi ra-
kosuunta, vaihtelee ollen paikoin 100/75, paikoin
225/85. Pitkittdisrakojen vili on 0,5-3 m ja poi-

kittaisrakojen vili 1-5 m.

4.2 Koepalat ja -tyostot

Kochiontojen perusteella Mutsoivan kivi on
helppo sahattava, vaikka siind onkin melko pal-
jon kvartsia, lihes 30 %. Kivessd olevan vilkkeen
(Kuva 9) esillesaamiseksi kivei ei tarvitse kiillottaa
vaan se voidaan jittdi matta- tai sahapintaiseksi.
Sahaussuunta on ensiarvoisen tirkeii, koska vilke
nikyy koehiontojen mukaan parhaiten jomman-
kumman liuskeisuuden suunnassa.

4.3 Geofysikaaliset maastomittaukset

VLEF-R -mittausten mukaan kivi on yleisesti ot-
taen ehyttd, mutta alueen eteliosassa saattaa olla
esiintymin kokoa rajoittava murrosvyshyke.

Matalalentoaineiston mukaan tutkimuskohde
sijaitsee voimakkaan anomaliavyohykkeen pai-
kallisessa minimissid. Kohdetutkimusten mukaan
magneettisissa ominaisuuksissa oli melko suur-
ta vaihtelua ja alueen linsi- ja itdosassa erottuvat
selvit, ympirist6ddn magneettisemmat alueet.
Ehyimmin kiven ja magneettisuuden vililld niyt-
tdisi olevan selvd yhteys: kairauksen perusteella
ehyimmiksi havaittu ja magneettisimmaksi osoit-
tautunut alue korreloivat melko selvisti keske-
nain. Tdma korrelaatio on kuitenkin nienniinen
ja erot johtuvat magneettikentin heikkenemisestd
peitteisilld alueilla (vrt. Luku 4.4.3).

Seismisten mittausten mukaan kulkuajoissa oli
melko suurta satunnaisvaihtelua, mutta se aiheu-
tunee aivan pinnassa olevasta rakoilusta ja kallio-
pinnan topografiavaihtelusta.

Tutkimustulokset osoittavat, ettd kiytettyjen geo-
fysikaalisten mittausmenetelmien erottelukyky ei
riitd kiven eheyden tai tasalaatuisuuden tutkimi-
seen, joskin VLF-R -mittauksilla voidaan arvioida
kallion yleistd eheyttd.
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4.3.1 Maatutkaluotaus

Kallion pinnalta tehtyjen maatutkamittausten
perusteella esiintymille on tyypillistd vaakasuun-
tainen rakoilu, joka seuraa kallion pinnan muo-
toa. Erityisesti esiintymin pintaosassa, noin 2-3
metrin syvyydelld, erottuu rikkonainen vyohyke,
joka koostuu useista vaakaraoista (Liite 3). Tdmin
vyohykkeen alapuolella rakoilu on vihiisempa,
mutta selkeitd vaakarakopintoja on siellikin pai-
koitellen.

Selkeitd pystyrakoja on harvakseltaan ja niiden
heijasteet ulottuvat usein kallion pinnalle asti. Pys-
ty- ja vaakarakojen leikkauskohdat, joihin on ker-
tynyt vettd tai kosteutta, erottuvat etenkin esiinty-
min pintaosissa voimakkaina heijasteina.

Maatutkaluotauksesta ja kairarei’istd saatua rakoi-
lutulkintaa voidaan verrata maatutkan rajallisesta
syvyysulottuvuudesta johtuen vain noin 10 met-
rin syvyyteen. Yleisesti voidaan todeta, ettd maa-
tutkaluotauksen ja kairauksen antama rakoilutieto
sopivat melko hyvin yhteen (Kuva 10). Erityisesti
kallion pintaosien, muutamaan metriin ulottuva
rikkonainen vydhyke nikyy hyvin kummallakin
menetelmalla.

Tutkimuksen perusteella voidaan todeta, ettd maa-
tutkaluotausta voidaan kiyttdd esiintymin yleisen
cheyden arvioinnissa. Sen avulla saadaan kuva
etenkin vaakarakoilusta ja sen suunnista seki ra-
kotiheydesti. Maatutkamittauksilla ei voida esiin-
tymin pintaosaa lukuun ottamatta havaita rakoja,
joiden rakopinnoilla ei ole kosteutta.

4.4 Kairasydamista tehdyt tutkimukset
4.4.1 Litologia ja vaakarakoilu

Kairatusta kivesti valtaosa on kiilleliusketta, mut-
ta sielld td4lld tavataan 0,5-2 metrin paksuisia am-
fiboliittivalikerroksia, karkeita gneissimiisia ker-
roksia sekd 5-50 cm paksuja kvartsijuonia.

Kairausten perusteella kivi on ehyintd tutkimus-
alueen linsiosassa ja toisaalta sen itdosassa. Lin-
siosassa ehyintd kivei on reikien R501, R502,
R503, R504 ja R512 alueella (Liite 2). Naissd kes-
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kimidrdinen reikikohtainen rakotiheys on 1,5 ra-
koa/metri tai pienempi. Kaikkein ehyinti kivi on
reikien R503 (rakotiheys 0,8 rakoa/metri) (Liite 2
ja 4) ja R512 alueella (0,9 rakoa/metri). Itdisem-
missd osassa reikid on vain yksi, mutta kairauksen
perusteella kivi on suhteellisen ehyttd myos sielld
(rakotiheys 1,2 rakoa/metri). Aivan tutkimusalu-
een itireunalla, jyrkdnteen alueella kivi on silmi-
midriisestikin arvioiden melko ehyttd, mutta kai-
rakoneella ei ko. alueelle ollut mahdollista menni.

Kahden ehyemmin, lintisen ja itdisen alueen
viliin ndyttdisi jddvin hieman rikkonaisemman
kiven alue, samoin kuin lintisemméin alueen ete-
lipuolelle. Tami sopii hyvin kuvaan my6s paljas-
tuneisuuden kanssa: itdinen ja lintinen alue ovat
ehyempind paremmin kestineet rapautumista ja
ovat ympiristoddn jonkin verran korkeampia, ja
rikkonaisemmat alueet puolestaan peitteisempid
ja hiukan matalampia.

4.4.2 Koehionnat

Kaikki kairasydinten ndytepalat sahattiin ja hiot-
tiin liuskeisuuden suuntaisesti. Useimmissa ta-
pauksissa kiilleliuskeeseen saatiin varsin niyttivin
nikoinen pinta pelkilld mattahionnalla (Kuva 11).
Joihinkin niytteisiin kokeiltiin my®és kiillotusta ja
harjausta, mutta parhaiten vilke saatiin esiin mat-
tahionnalla.

4.4.3 Petrofysikaaliset mittaukset

Kiven magnetiittipitoisuus nikyy selvisti petrofy-
sikaalisissa ominaisuuksissa. Suskeptiivisuusarvot
ovat luokkaa 0,1 SI-yksikkdd, mikd vastaa noin
1-2 prosentin magnetiittipitoisuutta. Kivi on
petrofysikaalisilta ominaisuuksiltaan varsin homo-
geenista, mys suskeptiivisuusarvojen osalta, mika
ei seliti maanpintamagnetometrauksessa havaittu-
ja kentdn suuria vaihteluja. My6skdin syvyyssuun-
nassa ei petrofysikaalisissa suureissa ollut havaitta-
vissa merkittivid eroja.

Vaikka alue onkin yleensd hyvin paljastunutta, on
maapeitteitd kairauksen perusteella paikoitellen
1,80-3,80 metrid. Padasiallisena syynd magneet-
tikentin vaihteluihin onkin luultavimmin se, etti

voimakkaasti magneettisessa ympiristossd kallio-
pinnan peitteiset kuopat aiheuttavat magneetti-
kentin yleiseen tasoon paikallisia minimejd. Ha-
vaitut magneettikentidn vaihtelut aiheutuvat siis
pddasiassa maapeitteistd, eivit kiven ominaisuuk-
sien vaihtelusta.

Magnetiittipitoisuus vaikuttaa myos kiven tihey-
teen ja sihkoisiin ominaisuuksiin. Mitatut ti-
heydet, noin 2800 kg/m?, ovat tyypillisid arvoja
kiilleliuskeelle. Sihkonjohtavuusarvot ovat hyvin
samansuuntaisia — useita tuhansia ohmimetrejd
— kuin VLF-R -mittauksissa havaitut ominaisvas-
tukset.

4.5 Reikavideointi

Reikivideoinnissa raot erottuvat valtaosin erittdin
selvisti. Yhdessikidn reidssi ei videointi onnistu-
nut tdysin sataprosenttisesti koko reidstd veden
sameuden vuoksi. Niin siitdkin huolimatta, ettd
reidt huuhdeltiin puhtaalla vedelli melko perus-
teellisesti. Huuhtelun ja videoinnin vililld oli to-
sin noin kolme kuukautta, joten ongelma olisi
todennikoisesti poistunut, jos videointi olisi tehty
pikimmiten huuhtelun jilkeen — niin kuin alku-
perdinen suunnitelma olikin. Laitteen rakenteesta
johtuen videointi jii lisiksi puuttumaan jokaisen
reidn alusta noin 1,5 metrin syvyyteen asti.

Yhteenvetona voidaan todeta, ettd kiven eheys ja
rakomiiri ovat seki reikivideoinnin ettd kairauk-
sen perusteella laadituissa histogrammeissa kuta-
kuinkin samat (Liite 5). Useimmista raoista olisi
mahdollista saada reikivideon avulla selville myos
yksittdisten rakojen suunta ja kaltevuus, mutta
suuren tydmairin ja kyseenalaisen hyodyn vuoksi
se jatettiin tdssd yhteydessi tekemitta.

4.6 Lampotekniset tutkimukset

VTT:n tekemien tutkimusten mukaan Mutsoivan
kiilleliuskeen limpélaajenemiskiyttiytyminen on
suhteellisen suoraviivaista 500-550 °C limpéti-
laan saakka. Tdmin jilkeen kivessd todettiin voi-
makkaita, hypihdyksenomaisia paisumisvaiheita.
Niistd ensimmdinen, noin 550-570 °C limpo-
tilassa tapahtuva aiheutuu oletettavasti kvartsin
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kidemuodon muutokseen liittyvistd tilavuu-
denkasvusta. Kaksi seuraavaa, limpotila-alueilla
850-1000 °C ja 1310-1360 °C aiheutuvat luulta-
vasti kiven liuskerakenteen hajoamisesta ja mine-
raalien vilisisti reaktioista.

5 Mutsoivan massiivisen liuskeen
kayttokelpoisuus

Mutsoivan liuskeella ei ole taipumusta lohjeta
liuskeisuuden suuntaisesti eikd kiven kiyttd luon-
nonlaattoina tule siten kyseeseen. Kivi soveltuu
laattatuotantoon graniittisten kivien tapaan eli sa-
hattuna ja tarpeen mukaan pintakisiteltyna.

Mutsoivan kiilleliuskeen ulkoniké on kaupallises-
ti kiinnostava, johtuen kiven pinnoilla esiintyvis-
td hopeanhohtoisesta vilkkeestd. Pintakisiteltynd
tillaisen kiven kidyttokohteita voisivat olla esim.
kotimaan markkinoiden sisustuskivet. Kimaltelu
nikyy selvisti myds murrospinnoilla, mikd mah-
dollistaisi kiven kiyton sisustuksessa my6s lohko-
pintaisena sekd esim. ympiristorakentamisessa.

Kiven rakoilun perustella voidaan arvioida, ettd
saatava lohkarekoko voisi olla noin 3 x 2 x 1 m.
Pienehkod lohkarekokoa kompensoi kiven jannit-
tivd ulkoniko, joka lisdd tuotteen arvoa. Lisiksi
varovainen louhinta, esim. timanttivaijerisahalla,
voisi tukea mahdollisen louhimon tuottavuutta.

Lampoteknisten tutkimusten perusteella Mutsoi-
van kiilleliuske sopii kiytettiviksi uunien ja tulisi-
jojen tai muiden limmonkestivyyttd edellyttdvien
sovellusten materiaalina niissi rakenneosissa, jotka
eivit altistu yli 500 °C limpétiloille. Tami rajaa
siten kiyton ulkopuolelle tulisijojen sisirakenteet,
mutta mahdollistaa kiyton esim. tulisijojen ulko-
pinnoitteissa.

6  Johtopaatokset

Geofysikaalisten maastomittausten erottelukyky ei
riitd massiivistyyppisen liuskeen esiintymikohtai-
seen laatuarviointiin, joskin VLF-R -mittauksilla
voidaan arvioida kallion yleistd eheytti. Maatut-
kalla saadaan luotettavampi kuva esiintymin ylei-
sestd cheydestd, etenkin vaakarakojen midristd,
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mutta ei yksittdisistd raoista. Luotettava ja yksi-
tyiskohtainen arvio saadaan syvikairauksella ja
kairasyddmistd tehdyilli rakohavainnoilla, mutta
se edellyttdd erityistd huolellisuutta kairauksessa
ja ndytekisittelyssi. Reikien videoinnilla voidaan
varmistaa kairasydidmistd saatu tieto, jos luonnon-
rakojen ja muista syistd tapahtuneiden kairasydin-
ten katkeamisten erottaminen toisistaan on ongel-
mallista.

Mutsoivan massiivistyyppisen Kkiilleliuskeen ul-
koniko on kaupallisesti kiinnostava, miki johtuu
kiven pinnoilla esiintyvistd hopeanhohtoisesta
vilkkeesti. Esiintymistd voidaan louhia lohkarei-
ta, jotka soveltuvat jatkojalostuksessa laattatuo-
tantoon (mm. sisustuskivet) ja lohkopintaisina
kappaleina esim. sisustukseen ja ympiristoraken-
tamiseen kotimaan markkinoilla.
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APPENDICES

Appendix 1. Traverses for geophysical measurements and locations for sampling.
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Appendix 2. Location of core drill holes and traverses for ground penetrating radar (GPR)

measurements.
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Appendix 3. A ground penetrating radar (GPR) profile showing a horizontal fracture zone near the

outcrop surface.
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Appendix 4. A drill core (R503) and a fracture histogram of the same core. (The density of fractures is
0.8 fractures/m when defined for the whole length of the core).
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Appendix 5. A fracture histogram showing the fracture density defined from the video monitoring and
from the drill core. Drill core R503.
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