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T INTRODUCTION

The Vehmaa rapakivi granite batholith® in
southwestern Finland is a traditional Finnish stone
production area where the extraction of stone
started 115 years ago (Vihikangas 2000). The first
rocks that came into industrial production were
the even and fine-grained red granites (the Vehmaa
granite) in the eastern part of the batholith in
1901. The extraction of the medium-grained red
porphyritic granites (the Taivassalo granite) in the
middle of the batholith commenced in 1905, and
very soon after the beginning of the production
the stones were successfully exported.

These “Balmoral Red” granites became the first
voluminously used and globally acknowledged
Finnish natural stone qualities. They had a central
role in the development of the Finnish stone industry
and internationally they defined the industry for
decades. Still today, there is stable demand for the
classic Balmoral granites at the international stone
market. The Vehmaa batholith is, together with the
Wiborg batholith in southeastern Finland, and the
Kuru batholith in central Finland (see App. 1), the
best known granite production area in Finland.

The geology of the Vehmaa batholith and its
natural stones has over the years been the target
for several studies, e.g. Kanerva (1928), Vehmaan
kotiseutuyhdistys ~ (1995),  Selonen  (1998),
Selonen et al. (2000), Eklund & Shebanov
(1999), Shebanov et al. (2000), Vihikangas
(2000), Mononen (2005), Selonen et al. (2005),
Mononen (2006), Bergstrom (2009), Karell et al.
(2009), Selonen et al. (2011), and Karell (2013).
A geological map on the Vehmaa batholith with
an explanation (Lindberg & Bergman 1993) is
published by the Geological Survey of Finland.

These studies are mostly published in special
publications, not easily accessible for many readers.
In this geotechnical report, we have compiled the
currently available knowledge on the geology and on
the natural stones of the Vehmaa batholith. Our aim
is to provide the reader with the basic information
on the batholith combined with a comprehensive

* A batholith is a large, generally discordant plutonic
(granitic) body, having an aerial extent of 100 km? or
more and no known floor (Jackson 1997).

list of literature for further reading. This compilation
of data on the Vehmaa batholith has not previously
been published. For this report, the batholith area
was revisited by the first author in 2015.

2 RAPAKIVI GRANITES

The Finnish word “rapakivi” has been
internationally adopted as a term for a specific
type of granite. Already, centuries ago geologists
in Finland observed red granites sharply cutting
the structures of the surrounding deformed rocks.
In some areas, the rock surface was strongly
weathered, forming a gravel like surface which
was called rapakivi (“crumbly stone”) by the local
people. The name was noted in the literature already
1694 by the Swedish naturalist Urban Hjirne, but
it was introduced and defined internationally by
J.J. Sederholm 1891 (Sederholm 1891). Similar
granites were later identified in several other areas,
e.g. Sweden, the Baltic countries, Russia, Ukraine,
North and South America, Africa, and Australia
(Rimo & Haapala 2005, Miiller 2007).

Rapakivi granites often occur as discordant
anorogenic intrusions, cutting sharply through an
older deformed metamorphic bedrock unaffected
by ductile deformation. Most rapakivis are of
Proterozoic (ca 1800-1000 Ma) age, but also
Archaean (ca 2800 Ma) and Phanerozoic (400-
50 Ma) rapakivi granites occur. Rapakivi granite
magmatism is often bimodal, with associated
diabases, gabbros, and anorthosites (including the
strongly iridescent variety of labradorite, known as
“spectrolite”).

Rapakivi granites are characterized by a
homogeneous and non-foliated structure. The
traditional wiborgite rapakivi texture comprises
large round K-feldspar megacrysts (ovoids),
surrounded by a plagioclase mantle. Granite types
with K-feldspar ovoids lacking the plagioclase rim,
are named pyterlite. Drop-like quartz crystals are
commonly found in the granites. Different types of
superficially crystallized porphyritic or even-grained
granitic rocks of 1700-1500 Ma in age, with and
without the classical rapakivi texture, crosscutting
the surrounding older bedrock, also belong to the
rapakivi granite suite (Rimé & Haapala 2005).
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B Accretionary arc complex of southemn Finland (1.90-1.82 Ga)

Figure 1. Major rapakivi granite batholiths in Finland. Modified from Karell (2013).

Kuva 1. Suomen merkittivimmdt rapakivigraniittialueet. Karellia (2013) mukaellen.

The mid-Proterozoic anorogenic rapakivi granites
in Finland occur as four major batholiths (Aland,
Laitila, Vehmaa, Wiborg) (Fig. 1) and several
smaller stocks in southern Finland (Rimé &
Haapala 2005). Natural stone production is
located in two of the major batholiths: the Vehmaa
batholith in the SW, and the Wiborg batholith in
SE Finland (Selonen & Hirmai 2003, Hirmi et al.
2015). Finland is a world leader in the extraction
of rapakivi granites; in other countries, rapakivi
granites are exploited in very modest amounts.

Finnish rapakivi granites have been used in
buildings and constructions since the middle of
the 18" century, e.g. in St. Petersburg, Russia (e.g.
Heldal & Selonen 2003a, Bulakh et al. 2011).
A recent study indicates that the weathering of
granite is restricted to a few millimetres depth at
the stone surface and does not impact the strength

or durability of the granite elements (Panova et al.
2014).

3 GEOLOGICAL OUTLINE

The Vehmaa batholith covers an area of approx.
700 km? on the Finnish geological map-sheet
areas of 1041, 1042, and 1044 (Lindberg &
Bergman 1993, Karhunen 2004, Viisinen 2004).
It is located in the municipalities of Vehmaa,
Taivassalo, and Uusikaupunki.

The batholith consists from the margins
inwards of intrusions of pyterlite, coarse-grained
porphyritic granite, and two types of medium-
grained porphyritic granite, forming a concentric
pattern (Kanerva 1928, Lindberg & Bergman
1993, Bergstrom 2009, Selonen et al. 2005)
(Fig. 2 and Figs 3, 5, 6, 7). Small intrusions of
porphyry aplite intrude the main rock types. An
intrusion of even-grained granite forms a separate
satellite stock at the eastern contact of the Vehmaa
batholith (Kanerva 1928, Lindberg & Bergman
1993, Bergstrom 2009, Selonen et al. 2005) (Fig.
2). All granite types in the batholith are cut by
aplite dykes.
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The age of the Vehmaa batholith has been
determined as 1573 + 8 Ma (a monazite U-Pb age
of the even-grained satellite granite) and as 1582 +
4 Ma (azircon U-Pb age of the pyterlite) (Lindberg
& Bergman 1993). These ages are in agreement
with the ages of the other rapakivi batholiths in
SW Finland and are slightly younger than those of
the Wiborg batholith in SE Finland.

The Vehmaa batholith has intruded the older, ca
1900-1830 Ma old deformed and metamorphosed

Figure 3. Commercially produced granites in the Vehmaa
batholith. A. Pyterlite. Produced under the commercial
name of Esko Brown. B. Medium-grained porphyritic
granite (OG) (the Taivassalo granite). Produced under
the commercial name of Balmoral Red coarse-grained. C.
Even-grained granite (the Vehmaa granite). Produced un-
der the commercial name of Balmoral Red fine-grained.
Source: Rock collection of the Geological Survey of Fin-

land (GTK).

Kuva 3. Vehmaan graniittialueen kaupalliset kivilaadut.
A. Pyterliitti. Louhitaan rakennuskiveksi Esko Brown (Tai-
vassalon ruskea) -nimelli. B. Keskirakeinen porfyyrinen gra-
niitti (OG) (1aivassalon graniitti). Loubitaan rakennuski-
veksi Balmoral Red coarse-grained (laivassalon punainen)
-nimelli. C. Tasarakeinen graniitti (Vehmaan graniitti).
Louhitaan rakennuskiveksi Balmoral Red fine-grained (Veh-
maan punainen) -nimelld. Lihde: Geologian tutkimuskes-
kuksen (GTK) rakennuskivikokoelma.

host rocks, which include mica schists, quartz-
feldspar gneisses, and hornblende gneisses, as well
as tonalites and K-rich granites and migmatites
(Lindberg & Bergman 1993, Ehlers et al., 1993,
Selonen & Ehlers 1998a, Karhunen 2004,
Viisinen 2004, Suominen et al. 2006, Viisinen
et al. 2012). A number of small intrusions of
rapakivi granite occur to the east of the Vehmaa
batholith (Viisinen 2004). It is not known if these
are related to the Vehmaa batholith.
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4  GRANITES OF THE VEHMAA
BATHOLITH

4.1 Pyterlite

The most common granite type in the Vehmaa
batholith is pyterlite, surrounding the other main
granite varieties (Fig. 2). The pyterlite has a typical
rapakivi texture (Fig. 3A), comprising potassium
feldspar ovoids (2-5 c¢cm in diameter), a few of
which are coated with plagioclase rims.

The main minerals in the pyterlite are potassium
feldspar, quartz, plagioclase, hornblende, and
biotite (Lindberg & Bergman, 1993) (Table 1).
Apatite, fluorite, zircon, and opaques are found in
small amounts (Lindberg & Bergman, 1993). The
colour of the pyterlite varies from brown to red,
within small areas, and sometimes in one and the
same outcrop.

Mafic and felsic igneous enclaves, and supracrustal
xenoliths as well as composite aplite and pegmatite
dykes (a few centimetres to %2 metre wide) and
quartz veins occur in the pyterlite (Selonen et al.
2005).

The pyterlite is typically very sparsely fractured
with an orthogonal fracture pattern (Selonen et
al. 2011). The spacing of the vertical fractures is
several metres (up to 10 metres in the northern
parts of the batholith) (Fig. 4). The spacing of
the horizontal fractures varies from one to several
metres.

4.2 Coarse-grained porphyritic granite

The coarse-grained porphyritic granite (the
Lokalahti granite) occurs as an intrusion within
the pyterlite (Fig. 2). It contains large, mostly
euhedral, potassium feldspar phenocrysts, 2-3 cm
in length with scarce ovoids (Fig. 5).

The main minerals are potassium feldspar, quartz,
plagioclase, and biotite (Lindberg & Bergman,
1993) (Table 1). Chlorite, fluorite, apatite, zircon,
and opaques are accessory minerals (Lindberg &
Bergman, 1993). The granite is cut by occasional
aplite dykes. The colour of the coarse-grained
porphyritic granite is pale red or red. In places a
greenish tint can be seen in the rock, caused by
light green plagioclases.

Table 1. Mean mineralogical compositions of the main granite types in the Vehmaa batholith. Compiled from Lind-

berg & Bergman (1993).

Taulukko 1. Vehmaan graniittialueen tirkeimpien graniittien keskimddriisii mineraalikoostumuksia. Lindbergin ja Berg-

manin (1993) mukaan.

Pyterlite Coarse-grained porphy- Medium-grained porp-  Even-grained
ritic granite (Lokalahti  hyritic granite (Taivas- granite (Vehmaa
granite) salo granite) granite)

Potassium feldspar 43.7 45.7 35.5 42.8
Quartz 29.3 32.1 34.1 34.6
Plagioclase 16.6 16.4 21.5 15.5
Biotite 3.6 4.7 5.7 4.0
Chlorite 0.2 0.3 0.4 1.0
Muscovite - - 0.8 1.5
Hornblende 5.2 - - -
Fluorite 0.3 0.3 0.9 0.2
Apatite 0.2 0.1 0.1 +
Zircon 0.1 0.1 0.1 0.2
Opaques 0.3 0.1 0.6 0.1
Others 0.5 0.2 0.3 0.1
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Figure 4. Sparse vertical fracturing in the pyterlite in the northern parts of the Vehmaa batho-
lich. Length of the hammer handle is 63 cm. Photo: Olavi Selonen.

Kuva 4. Harvaa pystyrakoilua pyterliitissi. Vehmaan graniittialueen pobjoisosa. Kivivasaran pituus
63 cm. Kuva: Olavi Selonen.

Figure 5. Coarse-grained porphyritic granite (the Lokalahti granite).
Source: Rock collection of the K.H. Renlund foundation.

Kuva 5. Karkearakeinen porfyyrinen graniitti (Lokalahden graniitti).
Lihde: K. H. Renlundin sidition rakennuskivikokoelma.
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Figure 6. Medium-grained porphyritic granite (IG) (the
Taivassalo granite). Source: Rock collection of GTK.

Kuva 6. Keskirakeinen porfyyrinen graniitti (IG) (Taivas-
salon graniitti). Lihde: GTK:n rakennuskivikokoelma.

The coarse-grained porphyritic granite is sparsely
fractured with an orthogonal fracture pattern
(Selonen et al. 2011). The spacing of the vertical
fractures is typically several metres. Sheeting
occurs with intervals around two metres. Red
colorization around some fractures occurs.

4.3 Medium-grained porphyritic
granites

An area (7 km in length and 4.5 km in width)
of medium-grained porphyritic granite (the
Taivassalo granite) occupies the central parts of
the Vehmaa batholith (Fig. 2). The granite body
is composed of two petrologically very similar, but
texturally different intrusions of granite; an inner
granite (IG) and a surrounding outer granite
(OG) (Selonen et al. 2005) (Figs 2, 3B, and 6).
The granites are separated by a barely visible,
gently outward dipping sinuous contact.

Both granites consist of potassium feldspar, quartz,
plagioclase, and biotite with accessory chlorite,
fluorite, apatite, zircon, muscovite, and opaques
(Lindberg & Bergman 1993, Selonen et al. 2005)
(Table 1). Potassium feldspar phenocrysts (< 2
cm in length) define the porhyritic texture of the
granites. Occasionally, potassium feldspar ovoids
are found.

The two granites have a slight difference in texture
(Figs. 3B and 6). In the outer granite (OG), the
potassium feldspar grains occur as clusters in a
net-like texture, while in the inner granite (IG) the
potassium feldspars are found mainly as separate,
evenly distributed euhedral grains (Selonen et al.
2005). The colour of the granites is red with slight

variations towards pale red.

Small mafic enclaves and lens-shaped or rounded
aplitic felsic inclusions (< 50 cm in mean diameter)
occur sometimes in the granites. Miarolitic
cavities (with crystal growth) are in places found
in the inner granite. Occasional magmatic flow-
structures and mafic layer-like schlieren (“ladder
dykes”, Karell et al. 2009) rich in biotite occur
along the southeastern and southern margins of
the outer granite.

The medium-grained porphyritic granites are
sparsely and openly fractured with an orthogonal
fracture pattern (Selonen et al. 2011). The spacing
of the vertical fractures is approx. three metres.
The horizontal fractures occur approx. two metres
apart, but the sheeting can become denser closer
to the surface. Fluids along fractures have caused
a red colorization of the rock in the vicinity of
some fractures. No difference in fracturing style or
fracture density can be observed between the two

types (IG and OG) of granite.

4.4 Even-grained granite

A coherent body of even-grained granite (4 km
in width, 4.5 km in length) can be found at the
eastern margin of the Vehmaa batholith as a satellite
intrusion (Fig. 2). In geological descriptions this
granite has been denoted as the Uhlu granite (e.g.
Lindberg & Bergman 1993). In this report we
use the nomination “Vehmaa granite”, which is
commonly adopted within the stone sector.

The fine-grained, intensely red Vehmaa granite (Fig.
3C) has potassium feldspar, quartz, plagioclase,
and biotite as the main minerals (Lindberg &
Bergman, 1993) (Table 1). Occasional small
intrusions and dykes of aplite, single small mafic
inclusions as well as greisen-like veins occur in
the granite. Furthermore, miarolitic cavities with
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crystal growth are sometimes found. The marginal
zones of the granite are characterized by biotite
clusters and patches (Lindberg & Bergman 1993).

The fracturing of the Vehmaa granite is orthogonal
or in places multi-directional (Selonen etal. 2011).
The maximum spacing of the vertical fractures is
3-4 m. Reddish colouring around some fractures is
observed. Other types of even-grained granites are
found as separate small intrusions in the pyterlite.

4.5 Porphyry aplite

A porphyry aplite is mostly found around the
margins of the Vehmaa batholith or in the marginal
zones between the different types of granite
(Lindberg & Bergman 1993) (Fig. 2). In places,
the porphyry aplite can even be found outside the
batholith in the host rock near the contact (Fig. 2).
Also in the southern part of the Vehmaa satellite
granite intrusion, a distinct area of porphyry aplite
can be found (the Riittié granite) (Fig. 2).

The porphyry aplite is a granite variety with
unevenly distributed unmantled ovoids and
feldspar phenocrysts in a fine or medium-grained
matrix (Fig. 7). Grey and red types of porphyry
aplite are reported (Bergstrom 2009). The fracture
pattern of the porphyry aplite is dense and
diagonal (<1 m spacing). The grey types seem to
be less fractured than the red ones.

5 CONTACTS OF THE VEHMAA
BATHOLITH

The Vehmaa batholith cuts sharply through the
older metamorphosed bedrock. The contacts
against the host rocks are mostly sharp with no
or very minor brecciation (Lindberg & Bergman
1993, Selonen et al. 2005, Bergstrom 2009,
Karell et al. 2009) (Fig. 8). Also, the contacts
between the different granite intrusions within
the batholith are sharp. In a few outcrops sparse
individual fragments of pyterlite can be observed
in the intruding coarse-grained porphyritic granite
at the contact zone (Bergstrom 2009, Selonen et
al. 2011).

Figure 7. Porphyry aplite. Source: Rock collection of the
K.H. Renlund foundation.

Kuva 7. Porfyyriapliitti. Lihde: K.-H. Renlundin siition
rakennuskivikokoelma.

Figure 8. Aplite dyke cutting the country rocks at the
southeastern contact zone of the Vehmaa batholith. Pho-
to: Carl Ehlers.

Kuva 8. Leikkaava apliittijuoni Vehmaan graniittialueen
kaakkoisosan kontaktivyohykkeessi. Kuva: Carl Eblers.
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Most of the contacts of the Vehmaa batholith
and the contacts within the batholith dip gently
or moderately outwards (Kanerva 1928, Lindberg
& Bergman 1993, Selonen et al. 2005, Bergstrom
2009, Karell et al. 2009). At the southeastern
contact zone of the batholith gently dipping grey
porphyry dykes occur in the surrounding gneiss.
The dykes dip gently away from the batholith and
form an umbrella pattern (Bergstrom 2009, Karell
et al. 2009).

The contact relations of the granite types observed
on outcrops indicate that the relative ages for the
major intrusions (from the oldest to the youngest)
are: pyterlite, coarse-grained porphyritic granite,
and the medium-grained porphyritic granites
(Lindberg & Bergman 1993, Selonen et al. 2005,
Bergstrom 2009). The satellite intrusion on the
eastern contact of the batholith appears to be
younger than the pyterlite (Lindberg & Bergman
1993, Selonen et al. 2005, Bergstrom 2009).

6 GEOPHYSICAL OBSERVATIONS

The Vehmaa batholith, and, especially the two
intrusions of medium-grained porphyritic granite
in the middle of the batholith, show distinct
aeromagnetic patterns (Selonen et al. 2005, Karell et
al. 2009, Selonen et al. 2011, Karell 2013) (Fig. 9).
The difference in magnetic susceptibility between
the two granites is caused by a higher magnetite
content in the inner granite (Karell et al. 2009).

The anisotropy of magnetic susceptibility (AMS)
can indicate internal structures within granitic
intrusions such as magma flow or other structures
related to the emplacement of magmas (Karell
et al. 2009, Karell 2013). An AMS study in the
Vehmaa batholith shows that magnetic fabrics
(lineation and foliation) are well-developed in
the inner granite (Karell et al. 2009). The outer
granite is defined by poorly developed magnetic
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Figure 9. Aeromagnetic map of the Vehmaa batholith. Modified from Karell (2013).

Kuva 9. Vehmaan graniittialueen aeromagneettinen kartta. Karellia (2013) mukaillen.
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lineations, while the magnetic foliations are better

developed (Karell et al. 2009).

7 INTRUSION OF THE GRANITES OF
THE VEHMAA BATHOLITH

The AMS data with the magnetic fabric directions,
the concentric structure of the batholith (with
the relatively youngest granite varieties closer to
the centre of the batholith) in combination with
mainly outward dipping contacts, the general
absence of breccia structures, and the gently
outward dipping dykes along some of the outer
granite contacts, implies a collapse-type succession
of intrusions of relative small pulses of magma
(Selonen et al. 2005, Bergstrom 2009, Karell et al.
2009, Selonen et al. 2011, Karell 2013) (Fig. 10).

Geochemical data (Karell et al. 2009) indicates
that the outer (OG) porphyritic medium-grained
granite is more fractionated than the inner granite
(IG) and could have been intruded after the inner

intrusion. This could imply that the collapses
and related small intrusion pulses took place
as single events at different times when blocks
of older gneisses and volcanic rocks as well as
earlier intrusions of granite progressively subsided
downwards, causing intrusion of repeated pulses
of subhorizontal sheet intrusions of granite.

The large rapakivi batholiths on Aland islands and
southeastern Finland (Fig. 1) are associated with
superficial volcanic rocks along their margins, and
it is probable that most rapakivi batholiths can be
considered as shallow crustal magma chambers,
with or without associated volcanic activities.
When a collapsing caldera develops by successive
phases of eruption and cauldron subsidence,
blocks of the overlying gneiss roof subside into the
underlying magma chamber. Different fractioned
magma pulses intrude as subhorizontal sheets, and
finally build up the granite batholith (Selonen
et al. 2005, Bergstrom 2009, Karell et al. 2009,
Selonen et al. 2011, Karell 2013).

Fractionating magma chamber

Present surface

Figure 10. Intrusion mechanism for the Vehmaa batholith. See text for explanation. Modified from Selonen et al. (2011).

Kuva 10. Vehmaan graniittialueen intruusiomekanismi. Selosta ja muita (2011) mukaillen.
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8 FRACTURE ZONES AND
FRACTURES

The main fracture zones in and around the Vehmaa
batholith appear as major topographical lows as
well as straits and offings in the sea areas. The
dominant direction of the major fracture zones is
NW-SE, with a few zones with a direction of W-E
or SW-NE (Lindberg & Bergman 1993) (Fig.
11). These fracture zones show no or only minor
lateral offsets. Inside the batholith, these zones cut
through all the rock types in the batholith.

The same three large scale fracture directions can be
defined by the help of LiIDAR data, topographical
maps, and geophysical maps within the body of
the medium-grained porphyritic granites in the
middle of the Vehmaa batholith (Selonen et al.
2011) (Fig. 12).

In outcrop scale a characteristic orthogonal
fracture pattern can be observed in most of
the granites of the Vehmaa batholith with two
vertical fracture directions perpendicular to each
other accompanied with well-developed sheeting
(Fig. 13). According to Lindberg & Bergman
(1993) the main direction of vertical fractures on
outcrops is SW-NE (the direction perpendicular
to that direction is NW-SE, which means that the
fractures in outcrop scale have the same directions
as the major zones). Typically, the coarse-grained
rocks in the Vehmaa batholith are less fractured
than the finer grained varieties.

The knowledge of fracture zones and fractures
is important in several ways for exploration,
site assessment, and quarrying of natural stone
(e.g. Selonen et al. 2014, Luodes 2015). During
exploration, it is useful to observe that the bedrock
is typically fragmented into macroscopic blocks
bordered by larger shear zones, fault zones and
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Figure 11. The main fracture zones in the Vehmaa batholith. Modified from Lindberg & Bergman (1993).
Kuva 11. Vehmaan graniittialueen huomattavimmar rakoiluvyéhykkeet. Lingbergid ja Bergmania (1993) mukaillen.
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Figure 12. The main fracture zones in the medium-grained porphyritic granite body. The measured direc-
tion of the present principal horizontal rock stress in two areas is indicated. LiDAR data as background.
Modified from Mononen (2005) and Selonen et al. (2011).

Kuva 12. Huomattavimmat rakoiluvyihykkeet keskirakeisessa porfyyrisessa graniitissa. Nykyisen kalliojannityks-
en padsuunnat on merkitty kahdella alueella. LiDAR-aineisto on kartan taustana. Monosta (2005) ja Selosta ja
muita (2011) mukaillen.



The Finnish Natural Stone Association

Figure 13. Orthogonal fracture pattern in the medium-grained porphyritic granite. Photo: Olavi Selonen.

Kuva 13. Kuutiollinen rakoilu keskirakeisessa porfyyrisessa graniitissa. Kuva: Olavi Selonen.

fracture zones, which could have been repeatedly
reactivated during the geological history (e.g.
Mattila & Viola 2014). The rock areas between
the zones remain sparsely fractured and intact and
often indicate potential for natural stone resources.
In evaluation of outcrops, besides the appearance
of stone, the fracturing is the most important
criterion for a rock suitable for natural stone. The
spacing of fractures should allow extraction of
large blocks (2-15 m?) for production. The regular
and sparse orthogonal fracture pattern of many
granites (without diagonal fracturing) is as such
beneficial for production of the rectangular blocks.
The existing fracture pattern could also be utilized
in the quarrying process, e.g. using one vertical
fracture direction as a free end when detaching the
primary block.

14

9 TOPOGRAPHICAL FEATURES AND
FORM OF THE ROCK OUTCROPS
IN THE VEHMAA BATHOLITH

The present topography in the Vehmaa batholith is
an expression of the pre-glacial structural features
of the bedrock and the subsequent glacial erosion
during the last ice age. The erosional force of the
ice (glacial quarrying) exploited especially the pre-
existing fracture zones in the same direction as the
movement of the ice, i.e. the NW-SE direction,
and the zones can now be seen as marked

topographical lows.

The topographical features can used as a tool in
practical exploration for natural stone, because the
local topography mirrors the frequency and type
of fracturing (soundness) of the bedrock and can
be seen as an indicator of potential natural stone
resources (Selonen et al. 2014). Two main types
of topographic relief can be distinguished in the
Vehmaa batholith (Selonen et al. 2011).
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9.1 Terraced outcrops

Relatively high and large plateau-like terraced
outcrops rise 25-30 metres over the surrounding
area, appearing as distinct highs in the landscape
(Selonen et al. 2011). This type of outcrops are
often composed of sparsely fractured and massive
granite with a regular pattern of fractures. The
outcrops are associated with a well-developed
sheeting, giving the outcrops a terraced shape (Fig.
14A). The terraced outcrops are often bordered
by vertical fracture zones forming topographical
lows, which can be seen, e.g. in the SW part of the
medium-grained porphyritic granite body. This
type of relief is a good indicator for prospect for
natural stone (Selonen et al. 2014).

9.2 Low and flat outcrops

Relatively low and flat outcrops are only 5-10 m
higher than the surrounding areas (Selonen et al.
2011) (Fig. 14B). These outcrops cover vast areas.
The vertical fracturing is very widely spaced, but
a dense sheeting and an intense subhorizontal
penetrative micro fracturing, reaching down to
several metres (partly peeled off by glacial erosion)
can often be observed. This type of relief could
imply potential for natural stone, but a superficial
dense sheeting and micro fracturing must be
always evaluated (Selonen et al. 2014).

i

-

Small (area less than a hectare) and relatively
high outcrops are found in parts of the Vehmaa
batholith. They are often too densely fractured to
be suitable as natural stone (Selonen 1998).

10 BEDROCK STRESS FIELD

Fractures that we presently observe on outcrops
(Fig. 13) have been formed in response to
deformation after the rock has been solidified from
molten rock material (magma). The main cause of
deformation has been the prevailing stress field,
paleostress, at given times after rock solidification,
but the bedrock is still today under constant stress.
This stress is mainly caused by plate tectonic forces,
which means that the earth crust is composed of
lithospheric plates which move in relation to each
other. The movements causes stress (horizontal
compression) within the plates. In Finland, the
tectonic stress is due the extension along the mid-
Atlantic ridge between the North American and
Eurasian plates, causing a principal horizontal
lithospheric stress in WIN'W-ESE direction in the
Finnish bedrock (Mononen 2005).

Rock stress has been measured in two sites within
the outer intrusion of the medium-grained
porphyritic granite (Mononen 2005, 2006) (Fig.
12). The measurements were done by the Minifrac
hydraulic fracturing system. The direction of the

Figure 14. A. Terraced outcrop with well-developed sheeting. B. Flat and low outcrop. Photos: Olavi Selonen.

Kuva 14. A. Porrasmainen kalliopaljastuma, jossa esiintyy hyvin kebittynyt pengertyneisyys. B. Matala ja tasainen kallio-

paljastuma. Kuvat: Olavi Selonen.
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principal horizontal stress in the southeastern parts
of the body is 170° and in the northeastern parts
120° (Mononen 2005, 2006) (Fig. 12), which is
in accordance with other reported stress directions
in Finland.

Directions of the local rock stress should be
known in quarrying, because a high rock stress
can, e.g. cause deformation (creep) of the lower
parts of the horizontal sheets (Fig. 15), compress
the drill holes (Mononen 2005, Selonen et al.
2012), and challenge the use of, e.g. diamond
wire sawing (vertical sawing perpendicular to the
main horizontal stress direction). With a proper
knowledge of the rock stress directions, the
quarry planning can be correctly executed and
the correct preventive measures to manage the
stress undertaken (e.g. placing slot drilling lines
in suitable locations perpendicular to the main
horizontal stress direction) (Mononen 2005).

Figure 15. Deformation of the lower part of a horizontal
sheet. Movements due to release of rock stress in the me-
dium-grained porphyritic granite. Photo: Andrey Ivanov.

Kuva 15. Kalliojinnityksen laukeamisesta johtuva penke-
reen alaosan deformoituminen keskirakeisessa porfyyrisessa
graniitissa. Kuva: Andrey Ivanov.
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11 NATURAL STONE PRODUCTION
IN THE VEHMAA BATHOLITH

11.1 Vehmaa granite
The rocks of the Vehmaa batholith have been

extracted since the end of the 19" century.
Modern quarrying started in the even-grained
Vehmaa granite around the village of Uhlu in
1901 (Vihikangas 2000) (Fig. 16). The granite
was commercially named “Balmoral Red”
reportedly inspired by the Balmoral Castle in
Scotland (Vihikangas 2000) (see, cover photo).
The granite has been quarried by several companies
from a number of quarries throughout the granite
body (Fig. 16). The export of the stone to many
countries, e.g. to Scotland, commenced soon after
the start of the quarrying (see, e.g. Brown (1949)
for applications in Australia). The granite has been
used for all applications both outdoors and indoors,
and especially for monuments (see, App. 4.).

Today, the Vehmaa granite is commercially known
as “Balmoral Red fine-grained” (Fig. 3C) and can
be quarried in three licenced areas (Fig. 16). The
granite is in use in Finland, but also exported, e.g.
to Italy, France, and the Far-East countries.

11.2 Taivassalo granite

The quarrying of the medium-grained Taivassalo
granite commenced in 1905 in the Helsinki
village along the shoreline in the western part of
the granite body (Vihikangas 2000) (Fig. 17).
The first quarries were established in the OG type,
resembling closely the Vehmaa granite, except
for a slightly coarser grain size. This granite type
became commercially attractive, and additional
quarries were later opened along the southern
border of the granite body (Fig. 17). The IG
type remained commercially less interesting. The
Taivassalo granite was sold under the name of
“Balmoral Red” together with the Vehmaa granite
and was exported extensively. For a period of time,
a rare light red variety of the granite was marketed
under the commercial name of Jarppild Rosa. The
Taivassalo granite has been utilized in a number
of applications; facing stone, interior decorations,
monuments, environmental stone etc. (see, App. 4).
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Figure 16. Location of all quarry sites in the Vehmaa granite. Open square = licenced quarry, square with slash = aban-
doned quarry. See also Vehmaan Kotiseutuyhdistys (1995).

Kuva 16. Vehmaan graniitin kaikki louhimor. Avonelié = louhimoalue, jossa loubintaluvat voimassa. Nelio kauttaviivalla
= hylitty louhimo. Katso myos Vehmaan Kotiseutuyhdistys (1995).

~

<f31jooo

000 200000

AT |\

202000

734000
:7,

S

f Pinipaju l:[lz

P

6734000

6730000
-

!

D Y

AN

196/

Ahainen
AL

000

b Helsinki &
4
omoine
& Z
Hilloinen [:_Is /fj;
QO

1 knﬂz

6730000

202

&’

Sisaltdd Maanmittauslaitoksen Maastotietokannan 3/2013 aineistoa © MML ja HALTIK
Innehaller data fran Landmateriverkets Terrangdabas 03/2013 © MML ja HALTIK
Contains 03/2013 data from the Topographic Database of the National Land Survey of Finland © NLS and HALTIK

Figure 17. Location of all quarry sites in the Taivassalo granite. Open square = licenced quarry, square with slash =

abandoned quarry.

Kuva 17. Taivassalon graniitin kaikki louhimot. Avonelié = louhimoalue, jossa louhintaluvat voimassa. Nelié kauttavii-

valla = hylitty louhimo.
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Today, the Taivassalo granite is commercially
known as “Balmoral Red coarse-grained” (Fig.
3B). There are six licenced areas for quarrying,
mainly in the outer granite variety (OG) (Figs
17 and 18). The granite is used domestically and
exported, e.g. to Italy, Poland, France, and the Far-
East countries.

11.3 Pyterlite

During the 1970’, brown pyterlite was quarried
in the Kiimkallio area in the northern part of the
batholith (Fig. 2). The stone has been used, e.g.
for the annex of the Finnish Parliament House
in Helsinki, built in 1978 (see, App. 4). Later,
the brown pyterlite has been quarried under the
commercial names of “Antique Brown” in the
village of Puotila (Fig. 2), and “Mustangi” in the
Hyéveli village (Fig. 2). Today, all these quarries
are closed.

Presently, there is one licenced quarry area for
brown pyterlite in the Vehmaa batholith, located
in the village of Marjus in the southeastern part of
the batholith (Figs. 2 and 3A). Commercial name
of the stone is “Esko Brown”. It has been used in
many applications mostly in Finland, but also
abroad as facing stone (see, App. 4).

11.4 Geotechnical features of the
Balmoral Red granites

The physical properties of the Balmoral Red
granites (Table 2) indicate high durability and
good resistance to weather and wear. Hence, they
have been used for all purposes both indoors and
outdoors, and no durability problems have been
reported, including the oldest installations of the
material.

s .+

Figure 18. Hydraulic splitting of semi-finished block in the Taivassalo granite. Photo: Carl Ehlers.

Kuva 18. Puolivalmiin lobkareen halkaisu hydraulisella kiilalaitteella Taivassalon graniitin loubimolla.

Kuva: Carl Eblers.
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The high durability of the granites is defined by
the typical silicate mineral composition (Table 1)
with the absence of sulphides and only a few soft
minerals (such as biotite) in combination with the
homogeneity of the rock, the general microscopic
soundness, and the relatively fine grain size. The
homogeneity of the rapakivi granites with no
preferred mineral orientation implies that the
durability properties are isotropic, i.e. fairly equal
in all directions of the stone. The comparatively
fine grain size together with the high content of
quartz (hardness) gives the stones good ability
to accept glossy polishing. The granites are
unweathered, the fracturing is mainly orthogonal,
and the cleavability is good (Table 2). For
geotechnical features of natural stones in general,
see Siegesmund & Snethlake (2014).

12 GEOLOGICAL CONTROL OF
NATURAL STONE DEPOSITS IN
THE VEHMAA BATHOLITH

All natural stone deposits are located in sites
and areas where a combination of geological
conditions are favourable for formation of an
isotropic and structurally sound rock (e.g. Selonen
1998, Luodes et al. 2000, Selonen et al. 2000,
Carvalho et al. 2008, Heldal et al. 2008, Arponen
et al. 2009, Selonen et al. 2011, Selonen et al.
2012, Cardenes et al. 2014, Selonen et al. 2014).
Geological factors like the metamorphic grade in
the area, the magmatic intrusion history, and the
brittle deformation history can control the location
of deposits. Several geological features, interacting
both on regional and local scale are required in

Table 2. Geotechnical properties of the granites produced in the Vehmaa batholith. Source: GTK, The Finnish Natural

Stone Association, this study.

Taulukko 2. Vehmaan graniittialueelta loubittavien graniittien geoteknisiii ominaisuuksia. Libde: GTK, Kiviteollisuusliit-

to 1y, timd tutkimus.

Colour variations
Polishability
Resistance to weather
Durability

Fracturing

Cleavability
Weathering
Availability

Surface treatments

Water absorption (%), EN 13755
Apparent Density (kg/m?), EN 1936
Flexural strength (MPa), EN 12372
Frost resistance, change of flexural
strength® (%), EN 12371

Compressive strength (MPa), EN 1926
Abrasion resistance (mm?), EN 14157

Breaking load at dowel hole (N),
EN 13364

Balmoral Red Balmoral Red Esko Brown

coarse-grained fine-grained

Small Small Fair

Good Good Good

Good Good Good

High High High

Orthogonal Orthogonal, occasio- Orthogonal
nally diagonal

Good Very good Fair

None None None

Good Good Quarried on demand

Polished, matt, shot
blasted, flamed, bush

hammered, split

Polished, matt, flamed,
bush hammered, split

Polished, matt, shot
blasted, flamed, bush

hammered, split

0.12 0.09 0.14
2640 2630 2680
13.4 14.3 12
-3.7 -1.4 6.7
171 207 176
17 16 17
2350 2500 2450

*after 48 cycles
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order to produce a rock of economically viable

quality.

Being homogeneous and sparsely fractured
rocks the rapakivi granites have generally a high
general potential for natural stone. In the Vehmaa
batholith all the granite types are well-suited for
natural stone, except for the porphyry aplite which
is too densely fractured for production (Selonen
& Ehlers 1998b, Selonen et al. 2011) (see, App.
2). Stiill, the deposits are concentrated only in
the outer Taivassalo granite and in the Vehmaa
granite (Selonen et al. 2011), because only these
granite intrusions have had a commercially
interesting colour and appearance. The location
of the economically useful natural stone deposits
with bright-coloured stone qualities are confined
to distinct intrusion phases that can be identified
by a thorough geological study of the intrusion
history of the batholith (Selonen et al. 2011).

The knowledge of the geological controls on
localization of natural stone deposits is important
as it can be applied in the exploration for
natural stone (Selonen et al. 2011, Selonen et al.
2014). Geological environments with potential
for deposits can be pre-determined and the
information can be used in creating geological
exploration models for eflicient prospecting.

13 LEFTOVER STONES

Quarrying of granite produces rock material,
which cannot be directly used as primary products
of the quarry (Romu 2014). The bedrock can be
too densely fractured in parts of the quarry or the
appearance of the stone too heterogeneous for
production. The leftover material is stored in the
quarry area for later use.

The granitic leftover is composed of the same rock
as the primary product and is an inert material
(Luodes et al. 2011). Its technical quality is the
same as that of the production stones (Luodes et
al. 2012). The granite leftover does not contain
ore metals (e.g. sulphides), and because of its
siliceous composition no leaching occur. The
stored granitic leftover blocks pose no risk to the
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environment or to the human health (Heikkinen
et al. 2007, Luodes et al. 2012).

The granite leftover is mostly used in aggregate
production (concrete  production, road
constructions”, as foundations of buildings etc.),
in environmental construction (rubble walls,
road embankments, yards and parks etc.), water
construction (armourstone and other harbour
structures, water treatment dams etc.), and in
industrial production of quartz and feldspar
(Romu 2014).

We estimate that the production of granite over
decades has generated 15-16 M tons of leftover
stone at the quarries in the Vehmaa batholith.
Several studies have been conducted on that
material and they all show that the technical
quality of the leftover (Table 3) enables the use
of it in all the applications mentioned above
(Suunnittelukeskus 1993, GeoUnion 1996,
Selonen & Ramsay 2002, Vuorinen 2002, Luodes
et al. 2012). The main product for the leftover
stone from Vehmaa batholith has so far been rock
aggregate from the Uhlu quarry (with periods of
production when all the leftover material from
the production was used) (Fig. 19A). The leftover
has also been wused for water constructions,
armourstones, noise  barriers,  playgrounds,
environmental constructions, gabions etc. (Figs
19B and 19C). Some of the leftover blocks are
suited for, e.g. monument design as such (Fig.
19D).

The main challenge for use of the leftover stone
from the Vehmaa batholih is the high cost for
transport. The distance to the major cities in the
area is today still too long for economical use of
the leftover material. See also Aatos (2003), Heldal
& Selonen (2003b), Riisinen et al. (2007) and
Alexandrova (2014).

** It is worth noting that aggregate made from
granitic leftover can be utilized in addition to use as
bound base course in roads, also in asphalt in built-
up areas (speed limit less than 60 km/h) with low
traffic impact (average daily traffic of, e.g. 500-2500
vehicles) (Vuorinen 2002).
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Table 3. Aggregate properties of leftover stones in the Vehmaa batholith. NBM = Nordic Ball Mill (%), PLI = Point Load
Index (MPa), FL = Flakiness (%), SIT = Swedish Impact Test (%), LA = Los Angeles value. See also Table 1. Adopted from
Vuorinen (2002), except for the LA value for Balmoral Red fine-grained which is from GeoUnion (1996).

Taulukko 3. Vehmaan graniittialueen sivukivien kiviainesominaisuuksia. NBM = kuulamyllyarvo (%), PLI = pistekuor-
mitusindeksi (MPa), FL = litteysluku (%), SIT = haurausarvo (%), LA = Los Angeles-luku. Katso myds Taulukko 1. Vuori-
sen (2002) mukaan paitsi Vehmaan graniitin LA-luku, joka on GeoUnionin (1996) mukaan.

NBM PLI FL SIT LA
% MPa % %
Balmoral Red coarse-grained 19.0 7.0 13 33.8 35.5
Balmoral Red fine-grained 19.6 8.4 9 30.0 35.6

Figure 19. Use of leftover stone in the Vehmaa batholith. A. Crushing of the leftover of the Vehmaa granite. Photo:
Olavi Selonen. B. Gabion as noise barrier. The third layer from the top is made of coarse aggregate of red Taivassalo
granite. Photo: Olavi Selonen. C. Children’s playground made of the leftover of the Taivassalo granite. Photo: Olavi
Selonen. D. Monumental undressed leftover blocks of the Taivassalo granite. Photo: Reijo Leivo.

Kuva 19. Esimerkkeji Vehmaan graniittialueen sivukiven hysdyntimisesti. A. Murskausta Vehmaan Ublussa. Kuva: Olavi
Selonen. B. Kivikori meluesteend. Kolmas kerros ylhiilti punaista Taivassalon graniittia. Kuva: Olavi Selonen. C. Lasten
leikkikentti Taivassalon graniitista. Kuva: Olavi Selonen. D. Monumentinkaltaisia kisitteleméttomii sivukivilohkareita
Taivassalon graniitista. Kuva: Reijo Leivo.
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14 LANDSCAPING AND AFTER-USE
OF QUARRIES

A visible effect of granite extraction is alteration
of landscape. With good quarry planning and
proper landscaping the impact can be managed
(Romu 2014). In landscaping, safety for human
health and environment is the main issue
(Romu 2014). When extraction has ceased all
hazardous and inappropriate materials (buildings,
machinery, scrap etc.) are removed from the
quarry area. Previously removed topsoil is used for
reforestation. Blocks of leftover stone are used as
barriers to prevent access to the abandoned quarry

(Fig. 20).

When the landscaping operations are approved
by the authorities, the quarry is free for after-use.
Granite quarries have unique features that are not
found in ore mines or in aggregate quarries. These
include stable vertical quarry faces and stable
horizontal quarry benches, piles of leftover stone,
and a water pond at the quarry. These features can
be utilized as key elements in creating an after-
use; they also imply physical safety and good slope
stability of the quarry (Lintukangas & Suihkonen
2010, Lintukangas et al. 2012).

There are several ways to bring new life to an
old quarry (Lintukangas & Suihkonen 2010,
Lintukangas et al. 2012). Options include, e.g.
forestry, freshwater reservoirs, crab and fishing
ponds, and recreational (leisure, climbing,
swimming, scuba diving, amphitheatre, nature),
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or industrial areas. The quarry can also be turned
into a geological or scientific-historical sight, giving
information on the natural history of the area or
cultural heritage of the stone industry. Furthermore,
the xerothermic surfaces of old quarries create
habitats for, e.g. bees and butterflies; the abandoned
quarry areas can provide new environments for
the endangered species. Selected options from the
Vehmaa batholith can be seen in Figure 21.

15 CONCLUDING REMARKS

The quarrying of granite in the Vehmaa batholith
started in 1901. Balmoral Red granites became an
essential material for the Finnish stone industry.
Today, the granites can be seen in many buildings
as facing material and interior stone all over the
world. The stones also constitute a central part of
our built stone heritage in Finland. They have a
steady demand in the present international market
place for natural stone.

The geotechnical properties of the Balmoral Red
granites are excellent, with high durability and
good resistance to weather and wear. The granites
have been used in many applications, ranging from
building projects to interior decoration, tiles and
monuments with no reported durability problems.
They have a long service life and minimal needs for
maintenance, contributing to a sustainable way of
construction. The known reserves of Balmoral Red
granites are sufficient for decades to come, including
material for restoration and replacement.

Figure 20. Utilization of leftover blocks in inhibiting the
admittance to a landscaped quarry in the Vehmaa batho-
lich. Photo: Olavi Selonen.

Kuva 20. Sivukivisti rakennettu muuri, jolla estetidn asi-
aton pédsy maisemoidun louhimon avolouhokseen. Kuva:

Olavi Selonen.
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Figure 21. Examples of after-use of quarries in the Vehmaa batholith. A. Recreational area. Vehmaa. Photo: Olavi
Selonen. B. Fresh water reservoir. Vehmaa. Photo: Olavi Selonen. C. Scuba diving site. Taivassalo. Photo: Reijo Leivo.
D. Geological research site. Vehmaa. Photo: Carl Ehlers. E. Summer cottage. Photo: Olavi Selonen. E Swimming site.
Taivassalo. Photo: Antonia Ramsay. There is also a stone museum in the area of the batholith with information and
artefacts of the historical quarrying.

Kuva 21. Esimerkkeji louhimoiden jilkikiytosti Vehmaan graniittialucella. A. Virkistys- ja luontopolkualue. Vehmaa.
Kuva: Olavi Selonen. B. Vesivarasto. Vehmaa. Kuva: Olavi Selonen. C. Sukelluspaikka. Taivassalo. Kuva: Reijo Leivo. D.
Geologinen tutkimuskohde. Vehmaa. Kuva: Carl Eblers. E. Loma-asutus. Kuva: Olavi Selonen. E Uimapaikka. Taivassalo.
Kuva: Antonia Ramsay. Alueella on myis Vehmaan kivityomuseo, jossa kiviteollisuuden bistoriaa esitelliiin tyokaluin ja
kuvin.
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YHTEENVETO: VEHMAAN
RAPAKIVIGRANIITTIALUEEN
RAKENNUSKIVET

Johdanto

Vehmaan rapakivigraniittialue on perinteinen suo-
malainen rakennuskiven tuotantoalue, jossa lou-
hinta alkoi 115 vuotta sitten. Louhinta aloitettiin
vuonna 1901 Vehmaan Uhlun kyldsti, jossa kiyn-
nistettiin pienirakeisen punaisen Vehmaan graniitin
tuotanto. Vuonna 1905 louhinta alkoi puolestaan
Taivassalon Helsingin kylissd, jossa louhittiin pu-
naista keskirakeista Taivassalon graniittia. Hyvin
pian louhinnan aloittamisen jilkeen kivid ryhdyt-
tiin myds viemain ulkomaille, esim. Skotlantiin.

Niistd Balmoral Red -graniiteista tuli tunnettuja
ja arvostettuja suomalaisia kivilaatuja ympari maa-
ilman. Kivet olivat keskeistd materiaalia kehitty-
ville ja kansainvilistyville kotimaiselle kiviteolli-
suudelle, ja hyvin pitkddn ne olivatkin yhtd kuin
suomalainen kiviteollisuus. Nykydiankin kivilld on
vakaa kysyntd kansainvilisilld rakennuskivimark-
kinoilla. T4ni pidivind Balmoral Red -graniitteja
voidaan nihdi kaikentyyppisissi rakennuskiven
kiyttokohteissa kautta maailman. Ne muodosta-
vat myos keskeisen osan kotimaamme rakennetus-
ta kulttuuriperinteestd.

Tdmin raportin tarkoituksena on antaa yleistiedot
Vehmaan graniittialueen geologiasta ja rakennus-
kivistd. Lisiksi raportissa on laaja kirjallisuusluet-
telo lisitiedon saamiseksi.

Vehmaan graniittialueen yleispiirteita

Suomen rapakivigraniitit esiintyvit neljind suure-
na alueena Eteli-Suomessa (Ahvenanmaa, Laitila,
Vehmaa ja Viipuri) (Kuva 1) sekd useana pieneni
muodostumana. Geologisesti suuria alueita kutsu-
taan batoliiteiksi ja pienid alueita stokeiksi.

Vehmaan graniittialue (batoliitti) sijaitsee Lou-
nais-Suomessa Vehmaan kunnan, Taivassalon
kunnan ja Uudenkaupungin kaupungin alueel-
la, kallioperikartoilla 1041, 1042 ja 1044. Se on
kooltaan lihes 700 km2:n suuruinen ja koostuu

kuudesta erilaisesta rapakivimuunnoksesta: pyter-
liitistd, karkearakeisesta porfyyrisesta graniitista
(Lokalahden graniitti), kahdesta keskirakeisesta
porfyyrisesta graniitista (Taivassalon graniitti), ta-
sarakeisesta graniitista (esim. Vehmaan graniitti)
ja porfyyriapliittisesta graniitista (Kuva 2). Myos
kaikkia kivilajeja leikkaavia apliittijuonia tavataan.

Vehmaan graniittialueen ikd on noin 1570 mil-
joonaa vuotta ja on selvisti ympiroivid kalliope-
rid nuorempaa. Se on suurin piirtein samanikii-
nen kuin muutkin Lounais-Suomessa esiintyvit
rapakivialueet ja hieman nuorempi kuin Kaak-
kois-Suomen rapakivigraniittialue (ns. Viipurin
batoliitti). Vehmaan graniittialueen paikivilajien
suhteelliset idt vanhimmasta nuorempaan ovat:
pyterliitti, Lokalahden graniitti ja Taivassalon gra-
niitti. Graniittialueen itdosassa esiintyvi Vehmaan
graniitti on puolestaan nuorempaa ainakin kuin
pyterliitti.

Vehmaan graniittialue leikkaa jyrkisti sitd reunus-
tavia 1900-1830 miljoonaa vuotta vanhoja kivig,
jotka ovat kiillegneissejd, kvartsi-maasilpagneisse-
ja, sarvivilkegneissejd sekd tonaliitteja ja kalium-
rikkaita graniitteja ja migmatiitteja.

Vehmaan graniittialueen graniitit ovat intrudoitu-
neet useissa perikkiisissd vaaka-asentoisissa mag-
mapulsseissa. Graniitit ovat kiteytyneet maan-
kuoren yldosassa, lihelld pintaa. Kivilajit ovat
asettuneet paikalleen todennikoisesti prosessissa,
jonka mekanismina on ollut kalliolohkojen ns.
kattilavajoaminen, jossa magmasiilion ylipuo-
linen kiviaines vajoaa esim. rengasmaisia juonia
mydten magmasiilioon (Kuva 10).

Vehmaan graniittialueen itdpuolella tavataan

muutamia pienid rapakivi-intruusioita. Tiedossa ei
ole liittyvitké nimid Vehmaan graniittialueeseen.

Vehmaan graniittialueen kivilajit

Pyterliitti

Vehmaan graniittialueen yleisin kivilaji on kar-
kearakeinen pyterliitti, joka esiintyy Lokalahden

ja Taivassalon graniittien ympirilli Vehmaan gra-
niittialueen reuna-alueilla (Kuva 2).
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Pyterliitilld on tyypillinen rapakiven rakenne; siind
esiintyy pyoreitd kalimaasilpahajarakeita eli ovoi-
deja (2-5 cm halkaisijaltaan), joita paikoin kehys-
tdd plagioklaasireunus (Kuva 3A). Pyterliitin pai-
mineraalit ovat kalimaasilpd, kvartsi, plagioklaasi,
sirvivilke ja biotiitti, lisdksi tavataan fluoriittia,
apatiittia ja zirkonia seki opaakkeja (Taulukko 1).

Pyterliitin viri vaihtelee pidasiallisesti ruskeasta
punaiseen, mutta my9s vihreitd ja harmahtavia vi-
risdvyjd tavataan. Pyterliitissd esiintyy kvartsi-, ap-
liitti- ja pegmatiittijuonia. Ne muodostavat usein
koostejuonia, joiden leveys vaihtelee muutamasta
sentistd aina puoleen metriin. Kvartsia esiintyy
myds kasaumina. Pyterliitissd tavataan lisiksi seki
tummia ettd vaaleita graniittisia sulkeumia.

Pyterliitin rakoilu on kuutiollista ja harvaa (Kuva
4). Siini tavataan kaksi toisiinsa nihden kohtisuo-
raa pystyrakosuuntaa (usein luode-kaakkois- ja
lounais-koillis -suunnissa) sekd hyvin kehittynyt
pengertyneisyys eli vaakarakoilu. Pystyrakojen
vili on yleisesti useita metrejd, paikoin jopa yli 10
m. Harvaan rakoilleet kalliot ovat topografialtaan
usein melko laakeita ja tasaisia. Pyterliitissd vaa-
karakojen vili on noin yhdestd metristi useaan
metriin.

Lokalahden graniitti

Lokalahden graniitti esiintyy Taivassalon graniitin
ympdrilli puolikaaren muotoisena muodostuma-
na (Kuva 2).

Lokalahden graniitti on karkearakeista porfyyristd
graniittia (Kuva 5). Siind esiintyy muuta rackokoa
suurempia, usein nelikulmaisia kalimaasilpiha-
jarakeita, jotka ovat lipimitaltaan 2-3 cm:n suu-
ruisia. Paikoin tavataan ovoideja. Kivilajin pddmi-
neraaleina ovat kalimaasilpi, kvartsi, plagioklaasi
ja biotiitti. Hivenmineraaleina tavataan kloriittia,
fluoriittia, apatiittia, zirkonia ja opaakkeja (Tau-

lukko 1).

Kiven viri vaihtelee vaalean punaisesta punaiseen.
Paikoin kivessd esiintyy vihertivé sivy. Pienirakei-
set apliittigraniittijuonet leikkaavat paikoin Loka-
lahden graniittia.
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Lokalahden graniitin rakoilu on kuutiollista ja
harvaa. Pystyrakojen vili on yleisesti useita metre-
jd, vaakarakojen vili keskimiddrin n. kaksi metrid.
Kivessi tavataan paikoin rakojen liheisyydessi pu-
nertavaa varisavya.

Taivassalon graniitti

Taivassalon graniitti esiintyy Vehmaan graniitti-
alueen keskelld noin 7 km pitkind ja 4,5 km le-
veind muodostumana (Kuva 2). Taivassalon gra-
niitti on keskirakeista ja porfyyristd (Kuvat 3B ja
6). Muodostuma koostuu kahdesta hyvin saman-
nikoisestd intruusiosta, sisemmaistd (IG) ja ulom-
masta (OG) intruusiosta. Graniitteja erottaa juuri
ja juuri havaittava, ulospiin kaatuva kontakti.

Molempien graniittien padmineraalit ovat kali-
maasilpd, kvartsi, plagioklaasi ja biotiitti (Tau-
lukko 1). Hivenmineraaleina tavataan kloriittia,
apatiittia, zirkonia, muskoviittia ja opaakkeja mi-
neraaleja. Kivissi esiintyy sielld tdilld pyoreitd kali-
maasilpdhajarakeita eli ovoideja. Porfyyrisen teks-
tuurin muodostavat muuta rackokoa suuremmat
(pituus £ 2 cm) kalimaasilpihajarakeet.

Graniitit eroavat toisistaan tekstuuriltaan (Kuvat
3B ja 6). Ulommassa graniittityypissd kalimaasil-
vit esiintyvit tyypillisesti kasaumina ja kivelld on
usein “verkkomainen” tekstuuri, kun taas sisem-
missd graniitissa omamuotoiset kalimaasilpira-
keet ovat tasaisemmin levittdytyneet taustamas-
saan. Molempien graniittien viri on punainen,
paikoin tavataan vaalean punaista virisdvyi.

Graniitit ovat melko tasalaatuisia, poikkeuksen
muodostavat paikoin halkaisijaltaan alle puolen
metrin kokoiset pyoreit tai ovaalit apliittiset sul-
keumat ja harvakseltaan esiintyvdt tummat pie-
net sulkeumat. Paikka paikoin kivessi esiintyy
juovaisuutta kerrosmaisesti tummien ja vaaleiden
kerrosten vuorotellessa. Sielld tdilld tavataan myos
kideonkaloita.

Graniittien rakoilu on harvahkoa ja kuutiollista.
Niissd tavataan kaksi toisiinsa nihden kohtisuo-
raa pystyrakosuuntaa (padosin luode-kaakkois- ja
lounais-koillis -suunnissa) sekd hyvin kehittynyt
pengertyneisyys eli vaakarakoilu (Kuva 13). Sdin-
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nollisesti rakoilleet kalliopaljastumat ovat topogra-
fialtaan usein korkeahkoja ja terassimaisia (Kuva
14A). Vaakarakojen vili on keskimdirin noin
kaksi metrid, mutta voi olla kallion pintaosissa
tihedmpi. Pystyrakojen vili on puolestaan noin
kolme metriid. Rakojen liheisyydessd tavataan pai-
koin punertavaa virisivyd. Rakoilun tyypissi tai
tiheydessd ei ole havaittu erovaisuuksia sisemmin
ja ulomman graniitti-intruusion vililla.

Taivassalon graniitissa havaitaan paikoin kalliojin-
nitystd, jonka padsuunnat ovat 170 ja 120 astetta
(Kuva 12). Suunnat ovat Eteld-Suomen kalliope-
rille tyypillisid. Louhimoilla kalliojannitys saat-
taa silloin tdlloin deformoida vaakapenkereiden
alareunoja ja painaa kiinni louhinnassa porattuja
reikid (Kuva 15). Ennakoivilla toimenpiteilld, ku-
ten esim. jannitystd purkavalla railonporauksella,
jannityksen vaikutuksia voidaan hallita.

Vehmaan graniitti

Vehmaan graniittialueen itireunalla esiintyy yh-
tendinen, noin 4 km leved ja noin 4,5 km pitki
muodostuma tasarakeista graniittia (Kuva 2).
Geologisessa kirjallisuudessa graniitista kiytetdin
nimitystd Uhlun graniitti. Kiytimme kuitenkin
tdssd raportissa nimitystd Vehmaan graniitti, kos-
ka kivi tunnetaan rakennuskivialalla yleisesti silld
nimella.

Tasa- ja pienirakeisen Vehmaan graniitin paidmi-
neraalit ovat kalimaasilpd, kvartsi, plagioklaasi ja
biotiitti, lisiksi esiintyy vihiisia mairid kloriit-
tia, muskoviittia, fluoriittia, apatiittia, zirkonia ja

opaakkeja mineraaleja (Taulukko 1).

Graniitti on tasalaatuista ja vériltddn syvinpunais-
ta (Kuva 3C). Graniitissa esiintyy paikoin apliit-
tisia juonia ja osueita, yksittéiisiéi tummia pienid
sulkeumia sekd kideonkaloita ja greisentyyppisid
juonia. Graniitin reunavychykkeissi esiintyy ylei-
sesti biotiittikasaumia ja -laikkuja.

Vehmaan graniitin rakoilu on kuutiollista tai pai-
koin monisuuntaista sekarakoilua. Pystyrakojen
vili on enimmillddn 3-4 m. Punavirjiytyneiti ra-
koja tavataan paikoin.

Muita tasarakeisia graniittimuunnoksia tavataan
Vehmaan graniittialueella sielld tddlld pienind int-
ruusioina pyterliitissi.

Porfyyriapliitti

Porfyyriapliittia esiintyy usein eri graniittimuun-
nosten kontakteissa tai koko graniittialueen kon-
takteissa vanhempaa kallioperdd vasten (Kuva 2).
Paikoin porfyyriapliittia tavataan jopa graniitti-
alueen ulkopuolella leikaten ympiroivid kivilaje-
ja (Kuva 2). My6s Vehmaan graniitin eteldosassa
esiintyy erillinen porfyyriapliitin  muodostuma
(Riittion graniitti) (Kuva 2).

Porfyyriapliitti on pieni- tai keskirakeista. Sii-
nd esiintyy sddnnottdmisti kalimaasilpa- ja pla-
gioklaasihajarakeita (Kuva 7). Kalimaasilvit voi-
vat olla neliskulmaisia rakeita tai ovoideja, joilla
on plagioklaasikehd. Porfyyriapliitin viri vaihtelee
tyypillisestd harmaasta punaiseen. Porfyyriapliitin
rakoilu on monisuuntaista ja tihedd (rakovili <1
m). Harmaat tyypit vaikuttavat olevan harvem-
min rakoilleita kuin punaiset muunnokset.

Kivilajien rakennuskiviominaisuuksia ~esitetdin
liitteessd 2.

Rakennuskivien tuotanto

Vehmaan graniitti

Vehmaan punaisen graniitin louhinta alkoi 1901
Uhlusta (Kuva 16). Kiven kaupalliseksi nimeksi
tuli "Balmoral Red” tiettdvisti Skotlannissa sijait-
sevan Balmoralin linnan mukaan (Kansikuva).
Vehmaan graniittia on louhittu usean yrityksen
voimin useasta louhimosta koko graniittiesiinty-
min alueelta (Kuva 16). Graniitin vienti ulkomail-
le alkoi myds melko pian louhinnan aloittamisen
jalkeen. Kived vietiin mm. Skotlantiin, Englantiin
ja Venijille. Graniittia on kiytetty kaikkiin kiyt-
tokohteisiin niin sisitiloissa kuin ulkonakin. Kivi
on ollut erityisen suosittu monumentti- ja muis-
tomerkkikivend. Uhlun lisiksi muita historiallisia
louhinta-alueita ovat mm. Puskinmiki, Kreppula,
Tummamiki, Tommilanmiki, Kankkionmiki ja
Kiima.
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Tdni piivind Vehmaan graniitin kaupallinen nimi
on "Balmoral Red fine-grained” eli Vehmaan pu-
nainen (Kuva 3C). Louhintaluvat ovat voimassa
kolmella alueella (Kuva 16). Kivei kiytetdin koti-
maassa ja viedddn esim. Italiaan, Ranskaan ja Kau-
ko-Idin maihin.

Taivassalon graniitti

Taivassalon punaisen graniitin louhinta aloitettiin
1905 Helsinginrannan alueelta, esiintymin ldnsi-
osasta (Kuva 17). Ensimmiiset louhimot avattiin
ulompaan graniitti-intruusioon (OG), joka muis-
tucti ulkoniollisesti Vehmaan graniittia lukuunot-
tamatta hieman karkeampaa rackokoa. Tdmi gra-
niittilaatu tuli kaupallisesti kiinnostavaksi ja uusia
louhimoita avattiin. Samalla IG-laatu jdi vihem-
min kiinnostavaksi. Samoin kuin Vehmaan gra-
niittista, Taivassalon graniittistakin kiytettiin kau-
pallista nimed ”Balmoral Red”. Harvinaisempaa
vaalean punaista graniittia myytiin jonkin aikaa
nimelld "Jarppild Rosa”. Taivassalon graniittia on
kiytetty kaikkiin kiyttokohteisiin, aina suurista
rakennusprojekteista sisustukseen sekd muisto-
merkkeihin.

Taivassalon graniitin kaupallinen nimi on ny-
kydin ”"Balmoral Red coarse-grained” eli Taivassa-
lon punainen (Kuva 3B). Esiintymissi on kuusi
lupa-aluetta, suurin osa ulommassa graniittilaa-
dussa (Kuva 17). Kived kiytetdin kotimaassa ja
viedddn ulos, esim. Italiaan, Puolaan, Ranskaan ja
Kauko-Itain.

Pyterliitti

Vehmaan graniittialueen ruskeaa pyterliittia on
louhittu  1970-luvulla  Vehmaan Kiimkalliolta
(Kuva 2). Tdtd kived on kiytetty esim. Eduskun-
nan vuoden 1978 lisirakennukseen. Pyterliittid on
my6s louhittu jonkin verran Vehmaan Puotilan
kylistd (“Antique Fonce”) ja Taivassalon Hyovelin
kylistd (“Mustangi”) (Kuva 2). Tuotanto niilld
louhimoilla on kuitenkin paittynyt.

Ruskeassa pyterliitissd on tind paivini louhintalu-

vat voimassa yhdelli alueella, joka sijaitsee Taivas-
salon Marjustenrannassa (Kuva 2). Kiven kaupal-
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linen nimi on “Esko Brown” eli Taivassalon ruskea
(Kuva 3A). Kived on kiytetty mm. oopperatalon
julkisivussa Helsingissd, Vantaan kirjastotalon ra-
kennuksessa ja Paraisten kaupungintalossa seki
viety ulkomaille.

Liitteessd 5 esitetddn Vehmaan graniittialueen ra-
kennuskivien kiyttokohteita.

Balmoral Red -graniittien geoteknisia
ominaisuuksia

Suomalaisia rapakivigraniitteja on kéytetty erilai-
siin kohteisiin rakentamisessa aina 1700-luvun
loppupuolelta asti, esim. Pietarissa. Viimeaikai-
set tutkimukset viittaavat siihen, etti mahdolliset
muutokset niissd vanhoissa kivissd rajoittuvat ki-
ven pintaosaan, muutaman millimetrin syvyyteen
eivitkd ne vaikuta kivielementtien kestivyyteen.

Balmoral Red -graniitteja on kiytetty 1900-luvun
alusta alkaen kaikissa kiyttokohteissa seka sisalld
ettd ulkona, eiki toistaiseksi ole vanhimmissakaan
kohteissa raportoitu kestivyysongelmia. Timi
kertoo graniittien hyvistd kulutus- ja sddnkesti-
vyydestd, mikd johtuu niiden fysikaalisista omi-
naisuuksista (Taulukko 2).

Balmoral Red -graniittien hyvit kestdvyysominai-
suudet ovat seurausta mm. niiden mineraalikoos-
tumuksesta (Taulukko 1), homogeenisuudesta ja
rackoosta. Kivet koostuvat graniiteille tyypillisis-
td kovista silikaattisista pidmineraaleista. Niiden
lisiksi graniiteissa on vain niin vidhin pehmei-
td mineraaleja (kuten biotiittia), ettei ndilld ole
vaikutusta graniittien kovuuteen. Graniiteissa ei
my6skiin ole kiisu- eli malmimineraaleja. Rapa-
kivigraniitit suuntautumattomia ja siten niiden lu-
juusominaisuudet eivit riipu suunnasta vaan ovat
yhtd hyvit kaikkiin suuntiin. Kivet ovat tasalaa-
tuisia, eikd niissd esiinny sellaisia poikkeamia ul-
kondssd, jotka vaikuttaisivat kivien kestivyyteen.
Kivet ovat mikroskooppisesti rapautumattomia ja
chjid, mika lisad niiden lujuutta. Suhteellisen pie-
nen rackoon ja kovuuden johdosta Balmoral Red
-graniitit kiillottuvat hyvin. Graniittien rakoilu on
kuutiollista ja lohkeavuus on hyvi; omaisuuksia,
jotka ovat keskeisid rakennuskiville (Taulukko 2).
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Sivukivet

Rakennuskiven louhinnassa syntyy tuotantoon so-
pimatonta ns. sivukived, joka joudutaan varastoi-
maan louhimoiden liheisyyteen. Sivukivi ei tiytd
tuotteelle asetettuja korkeita laatuvaatimuksia. Se
voi olla ulkoniollisesti vaihtelevaa tai kooltaan
liian pienti.

Graniittinen sivukivi on materiaalina inerttii eli
pysyvid ja koostuu samasta kiviaineksesta kuin
varsinainen tuotantokivikin. Se on mekaanisilta
ja fysikaalisilta ominaisuuksiltaan hyvin saman-
kaltainen varsinaisen tuotantokiven kanssa. Se ei
sisdlli malmimineraaleja, ja johtuen tyypillisestd
silikaattisesta mineraalikoostumuksesta liukene-
mista ei tapahdu. Sen varastoinnista tai itse sivu-
kivilohkareista ei aiheudu haittaa ympiristolle tai
ihmisen terveydelle.

Sivukiven kiyttokohteina voivat olla esim. ki-
viaineskdyttd, ympiristorakentamisen kohteet,
tien- ja radan rakentaminen, vesi- ja satamara-
kentaminen, patojen verhoilu, hiekoitus, betonin
valmistus sekd teollisuusmineraalien raaka-aine
(kvartsi, maasilpd). Sivukivid hyddynnetdin myos
louhimon elinkaaren aikana ottamisalueen teiden,
varasto- ja lastausalueiden rakentamiseen.

Arvioimme, ettd vuosikymmenid pitkd tuotanto
on tuottanut 15-16 milj. tonnin sivukivivarastot
Vehmaan graniittialueen louhimoille. Sivukiven
kiyton tehostamisesta on alueella tehty useita
erillisida selvityksid. Tehdyt tutkimukset osoitta-
vat, ettd alueen sivukivet soveltuvat kaikkiin ylla
lueteltuihin kiyttokohteisiin. Toistaiseksi suurin
kiyttokohde on ollut Uhlun louhimon murske-
kivet (Kuva 19A). Lisiksi sivukived on kiytetty
vesirakentamiseen, meluesteisiin, leikkikenttiin,
ympiristorakentamiseen, kivikoreihin yms. (Ku-
vat 19 B ja 19C). Osa sivukivilohkareista soveltuu
sellaisenaan ympiristorakentamiseen monumen-
taalisen muotonsa johdosta (Kuva 19D).

Sivukiven kiytén suurin haaste Vehmaan graniit-
tialueella ovat korkeat kuljetuskustannukset. Etii-
syys alueen suurimpiin kaupunkeihin on yhi liian
pitkd, jotta sivukivistd valmistetut tuotteet olisivat

markkinoilla kilpailukykyisia.

Louhimoiden jalkikaytto

Louhimon toiminnan loputtua, tulee se maa-ai-
neslain mukaan maisemoida (Kuva 20). Kun
maisemointitoimet ovat hyviksytysti tehty, va-
pautetaan aiemmin asetettu vakuus. Maisemoitu
louhimo on silloin vapaa jilkikdyttod varten. On
huomattava, etti maisemointi ja jilkikdytto eivit
siis kisitteellisesti ole sama asia. Jilkikidyton suun-
nittelussa tulee hyddyntidi louhimon erityispiirtei-
td, joita ovat avolouhoksen pohjalle muodostuva
vesiallas, jyrkit ja pysyvit seinimit, louhinnasta
muodostuvat terassit sekd sivukivikasat.

Vanhan louhimon vesiallasta voidaan kiyttdd
esim. uimiseen, sukeltamiseen, melontaan tai
purjehtimiseen. Talvella alueella voi luistella tai
harrastaa avantouintia. Vesiallasta voi myos hyo-
dyntid kalan- ja ravunkasvatuksessa. Louhimoym-
piristod sopii loma-asutukseen tai retkeilypaikaksi.
Louhimon seindmit soveltuvat sellaisenaan myos
kiipeilyyn, koska siitd ei irtoa kived. Erilaisten
ulkoilmatapahtumien, kuten teatteriesitysten ja
konserttien pitopaikaksi kivilouhimo on ihan-
teellinen monipuolisten rakenteidensa johdosta
(seindmit, terassit jne.). Vanhalle louhimolle voi
myds perustaa esim. kylpylidn tai pelastustoimin-
nan harjoittelualueen.

Louhinnan loputtua louhimon kuiville ja kuumil-
le kallioille ja rinteille muodostuu ns. paahdealu-
eita, joihin voi istuttaa niittykasvillisuutta ja siirtad
sinne esim. perhosia ja mehildisia. Monipuolinen
kasvi- ja eldinlajisto mukaan lukien geologiset
arvot tekevdt vanhasta louhimoalueesta arvok-
kaan tutkimus- ja koulutuskohteen. Uhanalaiset
hy6nteis- ja kasvilajit voivat antaa louhimoalueelle
myds luonnonsuojelullista merkitysta.

Esimerkkeja Vehmaan graniittialueen vanhojen
louhimoiden jalkikdytostd esitetidn Kuvassa 21.
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APPENDICES

Appendix. 1. Licensed areas for natural stone extraction in Finland and the main natural stone companies operating

within the Vehmaa batholith.
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Palin Granit Oy www.palingranit.com
Finska Stenindustri Ab www.finskastone.fi

SKT-Granit Oy (Vientikivi Finland Oy)
Linnen-Graniitti Oy

Kivipalvelu Eikka Lahti Oy

JJ Graniitti Ay

Granikka Oy
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Appendix. 2. The main geological properties of the granite types of the Vehmaa batholith in assessment for natural
stone suitability. Based on this study, Selonen & Ehlers (1998b), and Selonen et al. (2011). See also App. 3.

Granite type Fracturing Colour Inconsistencies in appear-
ance
Pyterlite -Orthogonal fracture pattern.  -Brown colour with -Mafic and felsic igneous

Lokalahti granite

Taivassalo granite

Vehmaa granite

Porphyry aplite

-Up to 10 metres spacing of
vertical fractures.

-Spacing of horizontal fractures
from one to several metres.

-Orthogonal fracture pattern.
-Spacing of vertical fractures
typically several metres.
-Sheeting interval around two
metres.

-Orthogonal fracture pattern.
-Spacing of vertical fractures in
average around three metres.
-Horizontal fracture spacing in
average around two metres, but
can become denser closer to
the surface.

-No difference in fractur-

ing style or fracture density

between IG and OG.

-Orthogonal fracture pattern,
in places diagonal fracturing.
-Maximum spacing of vertical
fractures 3-4 m.

-Dense and diagonal fracture
pattern (<1 m spacing).

variations towards red.
-Greenish pyterlite oc-
curs.

-Pale red colour with
slight variations.

-Red colour with slight
variations towards pale

red.

-Intense red colour with
slight variations.

-Red or grey colour.

enclaves, supracrustal
xenoliths, composite aplite
and pegmatite dykes, quartz
veins.

-Red colorization around
some fractures.
-Occasional aplite dykes.

-Red colorization around
some fractures.

-Occasional aplitic inclu-
sions (“spots”), small mafic
enclaves, and schlieren struc-
tures (“black smoke”).
-Occasional miarolitic cavi-
ties (with crystal growth) in
the IG.

-Red colorization around
some fractures.

-Occasional small intru-
sions and dykes of aplite,
single small mafic inclusions,
greisen-like veins as well

as miarolitic cavities with
crystal growth.
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Appendix. 3. Requirements for suitable natural stone. Modified from Romu (2014).

Geological requirements

* colour and appearance of stone (one-coloured/multi-coloured)
¢ soundness of bedrock (block size 2-15 m?)

* size of the prospect

* mineralogy

Technical requirements

* physical properties (e.g. density, water absorption)
* mechanical properties (e.g. durability properties)
e production technical (quarrying/processing)

Infrastructural requirements

* legislation

* location of the prospect in relation environment (noise, dust, vibration, waters)
* transport connections

* availability of labour

Commercial requirements

* interesting appearance and colour
* price and fashion

* product selection

* market and competition
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Appendix. 4. A selection of applications where the stones from the Vehmaa batholith have been used.

BALMORAL RED FINE-GRAINED

PN R =

Pyynikki water tower, Tampere, Finland. 1929. Photo: Olavi Selonen.

War memorial, Godby, Finstrom, Aland, Finland. 1938. Photo: Olavi Selonen.

Bank building, Helsinki, Finland. 1936. Photo: Olavi Selonen.

War mausoleum, Norvajirvi, Rovaniemi, Finland. 1963. Photo: Olavi Selonen.

Bank building, Hovioikeudenpuistikko 11, Vaasa, Finland. 1904-05. Photo: Olavi Selonen.
Bank building, Keskuskatu 19, Kotka, Finland. 1909. Photo: Olavi Selonen

Paavo Nurmi monument pedestal, Turku, Finland. 1955. Photo: Olavi Selonen.
Kissa-Alli monument, Turku, Finland. 1977. Photo: Olavi Selonen.

Sports hall, Vehmaa, Finland, 2013. Photo: Olavi Selonen.

Mannerheim monument pedestal, Helsinki, Finland. 1960. Photo: Olavi Selonen.
War memorial, Vehmaa, Finland. 1951. Photo: Olavi Selonen.

War memorial, Orimattila, Finland. 1937. Photo: Olavi Selonen.

Kolme seppdd monument pedestal, Helsinki, Finland. 1932. Photo: Olavi Selonen.
War memorial, Tampere, Finland. 1941. Photo: Olavi Selonen.

Ty6n patsas monument, Vehmaa, Finland. 1976. Photo: Olavi Selonen.
Osuustoimintamuistomerkki monument, Tampere, Finland. 1950. Photo: Olavi Selonen.
Cityterminalen office building, Stockholm, Sweden. 1990. Photo: Olavi Selonen.
Frencellinaukio square, Tampere, Finland. 2005. Photo: Olavi Selonen.

Factory building, Hallimestarinkatu 6, Kaarina, Finland. 1992. Photo: Olavi Selonen.
War memorial, Lokalahti, Finland. 1919. Photo: Olavi Selonen.

Sotaorvot memorial, Lappeenranta, Finland. 2012. Photo: Olavi Selonen.

Aleksis Kivi monument pedestal, Helsinki, Finland. 1939. Photo: Olavi Selonen.

BALMORAL RED COARSE-GRAINED

23.
24,
25.
20.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43,

Memorial park, Asgabat, Turkmenistan. 2015. Photo: Silkar Ltd.

Bank building, Puijonkatu 29, Kuopio, Finland. 1977. Photo: Heikki Pirinen.
Liehuva harja monument, Orimattila, Finland. 2001. Photo: Olavi Selonen.
Hansa shopping mall, Turku, Finland. 1986. Photo: Olavi Selonen.

Vaskiluoto bridge, Vaasa, Finland. 2012. Photo: Olavi Selonen.

Office building, Boston, USA. Photo: Palin Granit Oy.

Hansa shopping mall, Turku, Finland. 1986. Photo: Olavi Selonen.

Granite House, Jaakonkatu 3, Helsinki, Finland. 1985. Photo: Olavi Selonen.
Ofhice building, Mannerheimintie 2, Helsinki, Finland. 1977. Photo: Olavi Selonen.
Koskitalo wall, Tampere, Finland. 1990. Photo: Olavi Selonen.

Sektori shopping mall, Kuopio, Finland. 1988. Photo: Heikki Pirinen.
Cityterminalen traffic central, Stockholm, Sweden. 1990. Photo: Olavi Selonen.
Monuments, Mintysuonkatu 4, Lappeenranta, Finland. Photo: Olavi Selonen.
Pirkka monument, Tampere, Finland. 1987. Photo: Olavi Selonen.

Minna shopping mall, Kuopio, Finland. 1988/2008. Photo: Olavi Selonen.
Ofhice building, Unioninkatu 24, Helsinki, Finland. 1920. Photo: Olavi Selonen.
Office building, Kristiinankatu 3, Turku, Finland. 1913. Photo: Olavi Selonen.
Street paving. Nevski Prospekt, St Petersburg, Russia. 2003. Photo: Paavo Hirmi.
Stairs, Aurinkoranta, Helsinki, Finland. 2000. Photo: Palin Granit Oy.

Park, Uusikaupunki, Finland. Photo: Olavi Selonen.

Kasarmintori square, Helsinki, Finland. 2004. Photo: Olavi Selonen.
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44. Tahdon voima monument, Kotka, Finland. 1985. Photo: Olavi Selonen.

45. Kamppi square, Helsinki, Finland. 2004. Photo: Palin Granit Oy.

46. Vuorten synty monument, Rovaniemi, Finland. 1988. Photo: Risto Vartiainen.
47. Street paving, Himeenkatu 4, Tampere, Finland. 2015. Photo: Olavi Selonen.
48. Restaurant building, Aurakatu 24, Turku, Finland. 1980. Photo: Olavi Selonen.
49. Ofhice building, Kluuvikatu 5, Helsinki, Finland. 1988. Photo: Olavi Selonen.
50. Anadyomene monument. Mariechamn, Finland. 1991. Photo: Olavi Selonen.

JARPPILA ROSA

51. Street paving, Square of Bank of Finland, Tampere, Finland. 2013. Photo: Olavi Selonen.
52. Office building, Yliopistonkatu 4, Helsinki, Finland. 1977. Photo: Olavi Selonen.
53. Ofhce building, Ratapihantie 9, Helsinki, Finland. 1987. Photo: Olavi Selonen.

ESKO BROWN

54. Shiroyama building, Tokyo, Japan. Photo: Palin Granit Oy.

55. Tuomas bridge, Turku, Finland. 1999. Photo: Olavi Selonen.

56. Opera house, Helsinki, Finland. 1993. Photo: Olavi Selonen.

57. Street paving, Eerikinkatu 17, Turku, Finland. 2012. Photo: Olavi Selonen.

58. Office building, Kolmas Linja 22, Helsinki, Finland. 1979. Photo: Olavi Selonen.
59. Library building, Vantaa, Finland. 1986. Photo: Olavi Selonen.

KIIMKALLIO PYTERLITE

60. Parlament house extension, Helsinki, Finland. 1978. Photo: Olavi Selonen.
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BALMORAL RED FINE-GRAINED
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BALMORAL RED COARSE-GRAINED
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JARPPILA ROSA
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The Vehmaa granite has been widely used as monumental stone. In 1933 a single piece of stone,
weighing 60 ton (480 x 440 x 140 cm) was quarried by Lehdon Kiviliike in the Tummamiki
quarry as raw material for the memorial to the Latvian national poet Rainis. The stone was later
transported to Latvia, where the final carving of the monument was carried out. Upper photo:
Lehdon Kivilitke Oy, 1933. Lower photo: Olavi Selonen, 2015.

Lehdon Kiviliike louhi vuonna 1933 Vehmaan Tummamdesti 60 tonnia painavan (480 x 440 x 140
cm) yhtendisen kivilohkareen, josta veistettiin Latviassa sikéliisen kansallisrunoilija Jahnis Rainisin

muistomerkki. Ylempi kuva: Lehdon Kiviliike Oy, 1933. Alempi kuva: Olavi Selonen, 2015.
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