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ABSTRACT 

The long-term behaviour in nature of biph-FeO olivine rock in contact with surface water has 
been studied at the Lovasjärvi intrusion, SE-Finland. The rock has been proposed as a high-
capacity, highly reactive redox-buffer backfill in a repository for spent fuel. Favourable 
groundwater chemistry is a major parameter relevant to the safety of such a repository. Reducing 
conditions favour the retardation of long-lived, redox-sensitive radionuclides. 

Weathering influences have been studied at the natural outcrop of the rock mass. The interaction 
of oxidizing surface waters with rock at greater depths has been studied by using fissure filling 
minerals. Investigation of weathered rock from the outcrop indicates that the olivine rock is highly 
reactive on a geological time scale and its redox buffer capacity is available although the intrusion 
as a whole is surprisingly well preserved. The fissure fillings studied allow the conclusion that 
oxygen seems to be efficiently removed from intruding surface water. Oxidation seem to have 
caused visible effects only along very conducting fractures and near the contact zones of the 
sunounding granitic rock. Stable isotope data of fissure filling calciles indicate that the influence 
of surface waters can be traced clearly down to a depth of about 50 m, but also at greater depths 
re-equilibration has occurred. Groundwater data from the site were not available. 
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1 INTRODUCTION 

The nature of deep groundwater is 
determined by interaction with the 
surrounding rock. Safety assessments for 
nuclear waste repositories require that 
groundwater conditions are known and 
favourable over long periods of time. The 
large number of parameters influencing 
water-rock reactions in nature, low reaction 
rates at ambient temperatures and 
mechanistic problems of accelerated 
laboratory tests at elevated temperatures 
increase the uncertainty of predictions. The 
observation of the effects which interaction 
with water has caused at the natural deposit 
of a certain rock type avoids these problems. 

Suitable sites for deep repositories for high-
level nuclear waste in the Baltic shield are 
most commonly found in granitic rocks. 
Generally, they have the drawback that the 
redox buffering capacity is rather low (FeO-
content of a few per cent). Basic or ultra-
basic rocks of suitable size and quality on 
the other band are much more rare (in 
Finland they cover only about 8% of the 
total area) and, more important, have always 
been in the focus of prospecting activities for 
ores and minerals. The most common Fe-
bearing mineral in these rocks, olivine, reacts 
easily with water. Therefore, in most cases, 

already during die cooling of such rock 
masses or as a consequence of other 
hydrothermal events m the geological history 
such rocks are almost completely 
serpemmized or serpentine is further altered 
to talc and the Fe(II) content is oxidized. 

A suitable rock material might be used as a 
backfill-additive and tunnel-fill to influence 
near-field chemistry in a way favourable 
from the viewpoint of container corrosion, 
waste matrix dissolution and radionuclide 
migration (tow redox potential, carborate and 
sulphide and high pH) (1). The plagioclase-
olivine rock (below called olivine rock) of a 
largely unweathered, high-FeO (28% b.w., 
average) uhrabasic intrusion at Lovasjärvi, 
SE-Finland was found to be the most 
suitable material of that kind. 

Weathering influences were studied at the 
outcrop and possible effects of surface 
water-rock interaction at greater depth using 
samples from drilled cores. The purpose of 
the investigation was to increase our under
standing how these processes work in 
ultrabasic, high-FeO rock over long periods 
of time. Unfortunately, groundwater data 
which should be an essential part of such a 
study were not available. 
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2 GEOLOGICAL SETTING 

The mafic Lovasjärvi intrusion is situated in 
SE-Finland between Kouvola and 
Mäntyharju at the margin of the Wiborg 
rapakivi massiv. In its northwestern part 
which contains the plagiodase-olivine rock 
studied here, it intruded into mikrokline 
granite (Fig. 1) about 1643 Ma ago (2,3)- It 
is older than the rapakivi nutsiv. Due to ore 
and mineral prospecting activities the 
northwestern part which was formed during 
the first of five intrusive phases is well-
studied (2). There is information from six 
low-diameter cored drill holes available. The 
plagioclase-olrvine rock is a body of about 
1500 x 400 m, cropping out at the surface, 
with nearly vertical contacts up to a 100-150 
m-depth and funnel-shaped in cross-section 
towards greater depth. 

The composition of the plagioclase-olrvine is 
given in Table 1. The olivine has a high 
fayalhe content of 39-58 moI% (2) and 
contains additional Fe(II) in magnetite. The 
highest FeO conteat met was about 42%. 
The olivine is largely unweathered; it is 
fine-grained, homogeneous and dense. 
During cooling of the magma body and 
successive intrusional phases a dense 
network of mm-sized fissures formed, 90% 
of which is now filled with serpentine. The 
Ni content is low (400 ppm) and no sulphide 
segregates are present in the intrusion. The 
local topography is as follows (Fig. 2): the 
plagiodase-olivine body forms a depression 
slightly above the 90 m-level and the 
surrounding areas within a radius of 1 km 
are mostly above the 100 m-level the highest 

Table I: Ch 

SiO, 

TiO, 

AIA 

F e A 

FeO 

MgO 

CaO 

Na,0 

K,0 

PA 
H,0 

emical and mineral composition of plagioclase-olrvine from the Lovasjärvi intrusion (2). 

35.79 

2.76 

5.27 

3.07 

28.88 

19.49 

2.22 

0.81 

0.46 

0.22 

0.42 

99.72 

olivine (fo 58) 65 % 

plagiociase (An 55) 20 % 

opaques 8 % 

pyroxene 4 % 

others (serpentine, etc.) 3 % 

100% 
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elevations reaching 12S and 148 m. Only a 
small hill consisting of ouvine-rich rode 
teacnes 105 m. Near the quarry at its flank 
samples from natural outcrops were taken. 
The topography replies a local gradient 
towards the intrusion. Observations at the 
site confirm the assumption that most of that 
part of the intrusion lies in a groundwater 
discharge area, except the upper parts of the 
central mil. 

In the ouvine-ricn zone six cored drill boles 
(no. 301, 302, 303, 304, 305, 306) were 
drilled in connection with prospecting 
activities (2) (Fig. 1). The boles have low 
inclinations (35-45 degrees) and are 200-
265 m long, therefore the depths reached are 
only between about 90 and 140 m below the 
present ground level. In the text below 
locations are characterized by the cote 
number and the position in the core. The 
plagioclase-olivine rock is mostly covered 
with glacial sediments and peat bogs. At the 
central hill glacial erosion has exposed the 
rock, but locally in small depressions 

Fig. I Shape of the Lovasjärvi intrusion and location 
of the six driO holes in the intrusion (after(2)). 

residues of probably older weathering layers 
and some of the glacial tul cover are still 
left. In the till the number of olivine rock 
boulders increased at greater depth. 

Fig. 2 Cross-section through the Lovasjärvi intrusion (2) showing the probable hydrological situation as 
inferred from the topography. The approximate location of the. drill holes (2) is indicated The 
horizontal scale is about 1200 m. 
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3 EXPERIMENTAL 

3.1 Sampling 

Boulders of olivine rock showing various 
degrees of weathering from the thin till cover 
on top of the central part of die intrusion 
were sampled at 0 5 to 1 m below ground 
near die location of the drill boles 305/306. 
Disintegrated and weathered material under a 
thin cover (10-20 cm) of soil was sampled, 
too, at the top of the central hill. Fissure 
fillings were taken from the cores 301 to 
306. The distribution of the calcite samples 
for stable isotope analyses along the cores is 
shown in Table II. The granite contact is 
indicated by horizontal lines. Unfortunately 
the old drill holes had not been prepared to 
enable groundwater sampling, later; the steel 
tubes had been drawn off from the upper 
soil. 

32 Methods 

Thin sections were prepared for 
microscopical investigation. Crushed samples 
were analyzed for the Fe(II)/Fe(III) ratio by 
conventional chemical techniques (K-
dichromate titration (Pratt's method)), 
R. Saikkonen, Geological Survey of I inland). 
The high amount of sample material 
necessary for this method precluded 
determinations in fracture fillings. Fissure 
filling minerals in all cores were inspected, 
and a limited number was analyzed by X-ray 
diffraction (XRD, K. Lindqvist, Geological 
Survey of Finland) or, qualitatively, by 
electron-microprobe (B. Johanson, 
Geological Survey of Finland). Calcite 
fillings from open and closed fissures were 
analyzed for the stable isotopes carbon-13 
and oxygen-18 (Institute for energy 
technology, Kjeller, Norway). 
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Table It: Distribution of calcite samples for sable isotope analyses along the cores. The granite contact 
is indicated by horizontal ones. 

m 

50 

100 

150 

200 

250 

Drillhole 

301 

6*. 5 

302 

108.1 
114.7 

207.2 
211.5 

303 

6.75 

55.2 

304 

23.4 

44.8f 

102.8 

121.0 

205.0 

305 

18.0 

«6.5 

95.5 
108.5 
111.53 

153.55 

174.95 

195.95 

306 

16.0 

32.3 

51.7 
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4 RESULTS AND DISCUSSION 

4.1 Weathering at the outcrop 

The central elevation is the only locality at 
the Lovasjärvi intrusion where basic rock 
reaches the surface to a larger extent. At the 
quarry the lock is covered by a few lens of 
centimeters of soil which, below a thin 
humus layer, consists locally of redistributed 
sandy till material and, mainly in small 
depressions, of intensively red-brown 
coloured material. This highly weathered 
material might be a residue of lateritic 
weathering processes of pre-glacial age. The 
rock immediately below is highly fractured 
and the otherwise mostly fresh matrix is 
covered by brown weathering crusts. Surfi-
cial weathering crusts on blocks prevail only 
down to a depth of about 2-3 m from the 
surface. Locally, near the surface, blocks are 

totally disintegrated into a sandy material 
("grus"). The outlines of the original blocks 
can still be recognized, because along them 
the material is converted to brown oxidation 
products whiie in the interior a greenish-grey 
colour prevails (Plate 1). 

By X-ray diffraction analysis of the brown, 
disintegrated material olivine and smectite 
were identified, whereas in the greenish 
material only olivine was found. The FeO 
contents were above 29% in both cases and 
the Fe-Oj contents were 7 3 and <>&%, 
respectively (Table HI) which is not more 
than about twice the content in fresh olivine 
rock. The conspicuous brown colour (Plate 
1) is a more surficial phenomenon, thus only 
a small part of the redox buffer capacity of 
the material has been used up. 

Table III: Fe(II) and Fe(lll) contents in weathered material from the Lovasjärvi intrusion. 

Weathering profile (Plate 2), green material 

Weathering profile (Plate 2), brown material 

Boulder from till cover, fresh 

Boulder from till cover, weathered 

Boulder frcm till cover, weathered, serpentine 

Drill hole 301/153.3 m, altered material, green 

FeO 
(%) 

29.9 

29.4 

31.9 

24.0 

17.5 

18.2 

Fep, 

6.82 

7.31 

4.60 

13.4 

17.7 

8.36 
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A similar phenomenon was observed 
along open fractures which were 
accessable in the quarry to about 5 m 
from the surface. It is primarily the 
serpentine fracture filling *takh is 
oxidized surficially. Oxidation is most 
intensive in vertical open fractures. 

Two rounded olivine stones a few 
centimeters in diameter representing 
various states of weathering and a stone 
representing serpentine were excavated 
from redistributed glacial till. The fresh 
olivine stone (cleavage surface deep 
black) gave only a slightly increased 
Fe<ni) value (Table HI) while the other 
sanple (cleavage surface grey, sawed 
surface light greyish-brown) was to a 
significant extent and pervasively 
oxidized. In thin section it was observed 
(hat the original structure is intact, but 
the olivine grains are transsected by an 
intensive network of fissures filled with 
brown oxidation products (Plate 2). 
Weathering proceeds along a network of 
zones of weakness typical for olivine. In 
the weathered serpentine the highest 
Fe(HiyFe(II) ratio was found. Obviously 
serpentine reacts easily, probably in part 
due to its higher porosity than that of 
unaltered olivine. 

By impregnation of rock samples with 
carbon-14-polymethylmethacrylate 
(PMMA) (4) it could be confirmed that 
surface weathering of Lovasjarvi 
plagioclase-olivine rock leads to a 
pervasive network of porosity (Fig. 3). 
At a natural outcrop a total porosity of 
about 0.5% was determined about 0.5-4 
cm below the exposed surface. In the 
fresh rock the porosity was below the 
detection limit of the PMMA method. It 
could oniy be stated qualitatively that 
unweathered serpentine veins are more 
porous than the unaltered matrix. The 
penetration of the organic tracer into the 

Fig. 3 Auioradiograph of olivine rock from an outcrop 
impregnated witk radioactive tracer making the 
ureal distrbution of open pore space visible 
(exposed siu-foce of specimen: above, right). Scale: 
width of sample, 4 cm. 

Autoradiograph of olivine rock from a pervasively 
serpentinizedzone in core 3041143.5 m impregnated 
with radioactive tracer making the areal distribution 
of open pore space visible. Scale: diameter of 
sample, 32 mm. 
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fresh matrix seems to be hindered (compared 
with water only about 30% of MMA 
infiltrated). The reason for this might be a 
high fraction of nm-range porosity from 
which water cannot be removed by the mild 
drying conditions used. The porosity of the 
fresh rock was below 0.2% (gravimetrically 
determined with water). 

In the serpentinized, but unweathered sample 
(core 304, 143.5 m) a total porosity higher 
than 1% was determined. Alteration is 
pervasive: less porouf grains are distributed 
in a porous matrix (Fig. 4). There seem to be 
previous generations of serpentine somewhat 
less porous than the reaction zone. The result 
confirms the observation that serpentinized 
zones are more susceptible to further attack 
than the fresh olivine rock. 

It is likely that serpentinization and, later, 
weathering in the Lovasjärvi intrusion 
proceeded along fractures caused by cooling 
of the rock body. Probably, only thin 
surficial iron-oxihydroxide-rich layers are 
the result of post-glacial weathering. 
Without further investigation it cannot be 
decided when and under what cimatic 
conditions preglacial weathering occurred. It 
is likely that conditions were warmer, 
causing more intensive weathering, as can be 
observed recently e.g. in tropical zones (see 
conceptual model in (5)). Probably most of 
the weathering products have been removed 
during the Quaternary glaciations. 

4.2 Fissure fillings 

An inventory of the fissure filling minerals 
>n the olivine-rich part of the intrusion can 
be found in the investigation (2). They have 
been determined, however, using only simple 
aids like a microscope, a magnet and a 
hardness scale. Only a few samples were 
analyzed by X-ray diffraction. The majority 
of the fissures observed, altogether more than 
19,000 in all cores, are very narrow, closed 

and filled with serpentine and sometimes 
chlorite. In the rest of the fissures serpentine 
occurs together with (alone or in com
bination) magnetite (hematite) (1180 x), 
calcite (aragonite) (233 x) and sulphide 
(pyrite, FeS) (196 x). Clay minerals were 
observed rarely (4 x). Only 0.5% of the 
fissures/veins were broader than 0.5 mm (2). 

For this work sampling was conducted with 
the focus on minerals which can give 
information on present-day water-rock 
interaction and weathering influences: calcite, 
clay minerals, goethite (or other minerals 
containing Fe(III)) and sulphides. Fig. 9 
gives a rough impression where the most 
conspicuous occurrences of calcite (vertical 
lines), sulphide (S) and iron-oxihydroxides 
(R, "rust") can be found along the cores. The 
granite contact is indicated by horizontal 
lines. 

The serpentinization history and environment 
of the Lovasjärvi intrusion could not be 
studied in great detail in this investigation, 
i.iere are various forms and generations of 
serpentine that can be distinguished in thin 
section and on fissure surfaces which indicate 
a sequence of events leading to alteration of 
the olivine after water got access along 
cooling fractures in the rock body. Locally 
the diffusion-controlled proceeding of a 
reaction front is visible (305/121 m, Fig. 5). 
Veins filled with serpentine were re-opened 
and filled again (Fig. 6, sample from the 
quarry). There seem to be different types of 
reaction fronts reflecting different conditions 
of serpentinization. Primary magnetite occurs 
as opaque patches in fresh and altered 
matrices (Fig. 7, sample from the quarry) 
while secondary magnetite shows intergrowth 
with serpentine (Plate 3, core 303/55.2 m) 
and calcite (Plate 4, core 303/95.5 m). As a 
whole the rock matrix does not seem to have 
been exposed to major tectonic stress as 
indicated by the undisturbed appearance of 
plagioclase. 
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The different types cf serpentine (chrysotile, 
hzardite, antigorite) giving information about 
alteration conditions could not be 
distinguished by XRD. The appearance of 
serpentine in fissures shows a great diversity. 
They could not always be distinguished from 

clay minerals by microscopic examination 
alone. Further investigations would be 
necessary to reveal the complexities of the 
details of the serpentinization process in the 
Lovasjärvi intrusion and to identify low-
temperature, present-day serpentinization 
(9,10,11)-

Fig. 5 Visible chemical reaction from (serpentization) in core 3051121 m. 

Fig. 6 Serpentine vein, reopened and filled again. Sample from the quarry; scale width, 1.8 mm. 
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Sulphides were found in minute amounts in 
open or porous, filled fractures at many 
locations along some of the cores from the 
the depth of the granite contact (e.g. 304/198 
m, 306/224 m) to about 25 m from the 
surface. Crystals without any signs of 
oxidation were observed (an example from 
near the surface: 304/39.2 m, open fracture). 
Intergrowth and pangenesis indicate a 
hydrothermal origin. X-ray diffraction 
analyses of three samples from open 
fractures (303/98.8 m, 305/42.0 m, 305/165.5 
m (deformed)) indicated pure pyrite. In 
sample 305/165.5 pyrite was associated 
among others with kaolinite. Among twenty 
samples examined closer only three showed 
weak signs of oxidation, two were around 
150 m (cores 303, 304) and one at 42 m 
(core 305, open fracture). This result implies 
reducing conditions in most fractures. 

Clay minerals were looked at because they 
are the dominating weathering products of 
plagioclase. However, in contrast to granite 
weathering in ultrabasic rock ferromagnesian 
minerals are the least resistant phases and 
alteration of olivine will give limonitic 
products rather than clay. The residence time 
of plagioclase in the weathering sequence 
might be insufficient to give clay minerals 
(6). 

In the fractures clay minerals were found 
(XRD) in sample 301/153.3 m (kaolinite, 
smectite, hornblende; green colour), 301/15.5 
m (amorphous, chlorite-kaolinite) and 
305/165.5 m (kaolinite, with pyrite). A 
v.hite-gray filling in 301/171.7 m was 
amorphous. A filling suspected to be 
serpentine (304/158.8 m) (Fig. 8) was found 
to be smectite by XRD. In fractures near the 
surface (301/8.1 m and 301/17.8 m) the 
presence of quartz and mica indicated that 
foreign material was transported and 
deposited probably by glacial waters. The 
clay minerals are not associated with 

oxidized iron-containing phases, they seem 
to be the result of hydrothennal events rather 
than weathering. In the greenish, soft filling 
301/153.3 m 18.2% FeO and 836% F e A 
were found (Table III)- The Fe(III) content is 
increased compared with unaltered rock, but 
no ferri-oxyhydroxides are visible. The soft 
material led to core losses in the metre scale. 
In general, it is conspicuous at the Lovasjärvi 
site that despite the high FeO content of the 
host rock, in open fissures, finings without 
signs of oxidation of iron minerals are 
dominating. 

The conclusive identification of Fe(III)-
minerals would have required a more 
sensitive, specific method to determine the 
oxidation state and chemical surrounding of 
iron in minute amounts of fissure fillings. 
Unfortunately Mössbauer spectroscopy was 
not available for this work. 

There is no doubt that the brown coatings 
observed in cores 301, 303 and 305 at core 
positions between about 5-15 (28) m are 
caused by oxidating surface waters. These 
phases were gel-like in appearance 
exhibiting drying fractures. Coatings of 
similar nature were observed only 
sporadically in the deeper parts of the cores: 
a couple of cases around 50 m ( cores 301, 
305), some around 100 m (cores 303, 305) 
and 160 m (cores 304, 305). In the granite 
near the contact, too, single limonite-Iike 
coatings were observed. 

In some cases goethite could be determined 
by XRD (samples: 303/121.5 m; 304/164 m; 
305/27.5 m). The first of these samples is not 
typical in the intrusion, the second seems to 
be a type more common: goethite forms a 
tiny coating on another softer mineral, in this 
case identified by XRD as smectite. Similar-
looking coatings were observed elsewhere: 
e.g. 304/160 m; 304/177.8 m; 305/150.7 m. 
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Fig. 7 Thin section of fresh to slightly altered olivine rock from the quarry showing the structure of the 
material (olivine: colourless, primary magnetite: opaque, serpentinized zone: middle, from left to 
right). Scale: width, 15 mm. 

Fig. 8 Surface of filling of open fissure m core 3041158-8 m. Scale: width, 3.5 mm. 15 
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9 SEM image of fissure filling in core 301! 177. 
Scale bar: 10 um. 

The third sample is typical for near-surface 
alteration. Some other samples suspected to 
contain goethite were found to contain Si, Fe 
and Mg as main components by qualitative 
microprobe analysis (303/98.5 m; 305/160.9 
in) 

in another case (301/177.5 m) the reverse 
order (Si, Mg, Fe) was found and a fibrous 
structure (Fig. 9) typical for chrysotile, but 
no crystalline phase was identified by XRD. 

In most of the cores (301, 303, 304, 305, 
306) in near-surface serpentinization reaction 
zones conspicuous red colouration was 
observed which at first sight erroneously 
were interpreted as caused by weathering. 

The phenomenon occurred mainly 
between 5-30 m (core length) and in 
some cases also deeper (around 50, 
120,150 and 175 m). In a thin section 
of sample 304/47.3 m (Plate 5) it can 
be seen that the reason for the red 
colour is the precipitation of an opaque 
p h a s e in o l i v i n e d u r i n g 
serpentinization. Although magnetite is 
dominating the reason for the colour 
might be a slight increase of the redox 
potential during the hydrothermal 
reaction resulting in a slight local 
hematization (alteration to iddlngsite). 
The alteration pattern displays the 
typical network structure often found 
in olivine. In the closed fissure 
sulphide is associated with serpentine. 
In sample 304/13.3 m the red alter
ation zone is intersected by a small 
serpentine veinlet indicating events of 
different age. 

Calcite is the fissure filling mineral 
which gives most information on 
water-rock interaction in a rock body 
(7,8). Furthermore conclusions on the 
geologic ai;d tectonic history can be 
derived. In the upper zone infiltrating 
low-pH surface water leads to calcite 

dissolution, while in deeper zones, depending 
on the geohydrology of the rock body, calcite 
reprecipitation is expected to occur. 

Calcite was observed in cores 303, 304, 305, 
306 at very low depths (Fig. 10). Most 
abundant it was down to about 50 m (core 
length) and at 95-125 m and in some cores 
near the granite contact. In the uppermost 
zone the thickest calcite fillings (2-4 mm) 
were found, in part even in open fractures. 
By XRD the samples 301/64.5 m, 301/171.6 
m and 306/51.7 m were identified as pure 
calcite. In sample 301/177.5 m calcite was 
associated with smectite and in sample 
303/6.8 m with serpentine and magnetite 
(intergrowth). Most of the calcite samples 

3 m. 
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Fig. 10 Distribution of most conspicuous occurrences of calcite (vertical lines), sulphide (S) and iron-
oxihydroxides (R, "rust") along the cores. The granite contact is indicated by horizontal lines. 
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from deeper levels, close to the granite 
contact show typical slickensides i.e signs of 
tectonization. In four samples different 
generations of calcite could be separated. 
Some of the calcites from open fractures 
exhibit large idiomorphic crystals indicating 
a relatively large aperture during growth of 
the crystals. 

43 Stable isotopes in calcite 
fillings 

The results are shown in Table IV. The 6180 
values vary between -14.4 and -6.6 %o. The 
carbon isotope analyses show 613C-values 
between -17.8 and -9.7 %o except for two 
samples (-7.8 and -0.5 %c). This means that 
no typical hydrothermal/post magmatic 
calcites are found in the area. These are 
mostly represented by low Ö^O-values (-15 
to -25 %o) combined with 8"C-values 
within the interval - 2 to - 7 %o (see Figs. 11, 
12, 13). The absence of such calcite can be 
due to the fact that: 1) no "high temperature" 
hydrothermal calcites have ever been 
precipitated within these fractures or 2) 
originally hydrothermal calcites have been 
re-equilibrated at lower temperatures. It 
should also be pointed out that in all samples 
the 613C values are relatively low (except for 
sample 302/114.7 m) indicating influences of 
organic carbon. This is in accordance with 
the relatively shallow depth of all samples. 
The plot of the carbon-13 versus the 
oxygen-18 values (Fig. 11) shows that 
several generations of calcites are present. 

Surface waters in the area have 6180-values 
of -13.3 to -14.3 %o according to analyses 
from Mikkeli and Savitaipale (12). Of these 
places Savitaipale is situated closest to the 
Lovasjärvi site. Thus the lower value of -
14.4 %o is more probable for the near-
surface water in the investigated area. Calcite 
in equilibrium with that water at 
temperatures between 5 and 10 *C should 
have 6I80-values of -11.0 to -\?Z%o 
(fractionation according to Craig (13)). It 

should be noticed that most samples within 
the core length interval 0-70 m (<50 m 
vertical depth) fall within this oxygen isotope 
interval (Fig. 11). However, two of the sam
ples from open fractures within the near-
surface region exhibit significantly higher 
^•O-values ( -63 and -7.9 %o). It is 
suggested that these fractures arc not bearing 
surface waters, at present. 

A positive correlation between the oxygen-
18 values in precipitation and calnte in open 
fractures has been observed in several 
investigated sites in crystalline bed rock (8). 
In inflow areas surface water can influence 
the isotopic composition of calcites down to 
500 m depth. In the Lovasjärvi intrusion this 
is only indicated to a vertical depth of about 
50 m. However this is in accordance with the 
hydrogeological conditions whicii show that 
the area is a discharge area with only a small 
local recharge area. It should also be pointed 
out that basites often show a limited water 
circulation due to the self-sealing tendency 
upon alteration. 

The tectonized samples (mostly situated close 
to the granite contact) are obviously no 
homogeneous group as they differ a lot in 
their isotopic composition. This means that 
calcites of different origin and potentially of 
different age have suffered tectonization at 
one or several occasions. However, four of 
the tectonized samples show 6wO-values 
between -9.7 and -10.7 %o. Three of these 
samples also show characteristically low 
Ö"C-values (-15.1 to -17.8 %o). This 
indicates either influences of organic material 
(e.g. soil carbon dioxide) or possibly 
influence of methane (oxidation of methane 
can cause low 6"C-carbonates). The 
tectonized calcite infillings in the contact 
zone between the ultramafite and the granite 
differ in isotopic composition from calcite in 
equilibrium with the surface waters 
indicating that 1) surface waters do not reach 
this depth or 2) these fractures are not water 
conducting at present. 
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Table IV: Stable carbon and oxygen isotope values in fracture filling calcites from the Lovasjärvi 
intrusion. 

Sample: 

301: 64.5 A 

301: 64.5 B 

302:114.7 

302:207.2 

302:211.5 

303: 6.75A 

303: 6.75B 

303: 55.2 

304: 44.85A 

304: 44.85B 

304:102.8 

304:205.0 

305: 18.0 

305: 46.5 A 

305: 46.5 B 

305:111.53 

305:153.55 

305:174.95 

305:195.95 

306: 16.0 

306: 32.3 

306: 51.7 

o 
s 

o \\ 

o \\ 

c \\ 

o 
s 

o x< 

o 
s 
s 

o \\ 

o 

O XX 

s 
O XX 

o \\ 
o?\\ 

o?\\ 

o? 

O XX 

O XX 

fil3cPDB ( 0 / 0 0 ) 

-13.7 

-12.1 

- 0.5 

-11.3 

-14.0 

-10.7 

- 9.7 

-16.1 

-15.4 

-15.2 

-13.4 

-15.1 

-15.0 

-15.3 

-15.3 

- 7.8 

-14.2 

-17.8 

-17.5 

-15.0 

-13.6 

-15.9 

' " » M 

-12.2 

-12.3 

-14.4 

-10.7 

- 6.3 

-12.1 

-13.0 

- 6.3 

-12.5 

-12.5 

-11.3 

- 9.7 

- 7.9 

-12.9 

-11.0 

- 9.7 

- 7.6 

-10.3 

- 9.8 

-12.0 

-11.7 

-10.4 

(O/OO) 

o = calcite from originally open fracture 
s = calcite from sealed fracture 
A, B = different generations of calcite within a single fractutre 

(A is the younger and B is the older) 
\ \ = slickenside surface 
x x = calcite crystals of idiomorphic shape. 
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In conclusion: Water of similar oxygen may have been influenced by recent 
isotope composition as the surface waters groundwater circulation. This is impossible to 
within the region (suggested to be about exclude as we do not know the oxygen-18 
14 %o) has influenced the sampled fracture composition of either the surface water at 
calcites down to a vertical depth of about 50 Lovasjärvi or the groundwater present in the 
m. However, calcite fillings from deeper drill holes, 
levels showing o'^O-vahses around -10 %o 

Fig 11. b"C/b" O-diagram for fracture filling calcites. 
= calcite from open fracture 
= calcite from sealed fracture 
s calcilefrom slicken side surface, open fracture 
= calcite crystals of idiomorphic shapi, open fracture 

Ruled area represent interval of calcite precipitated from a water of o"0 - -14 %o 
(SMOW), as. uming temperature between 5 and 10» C and using fractionation factor 
according to Craig (1965). 
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Fig. 12 b'*0 versus corelcnph for fracture filling calcites. 
= calcitefrom open fracture 
= cakite from sealed fracture 
- calcitefrom slicken side surface, open fracture 
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Fig. 13 bl3C versus corelenph for fracture filling calcites. 
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5 CONCLUSIONS 

A comprehensive treatment of the water-
rock interactions relevant to a quasi-natural 
analogue judgement of the behaviour of this 
high-FeO rock mass in nature in the long-
term would require extensive information on 
the structural geology, geohydrology, 
hydraulic character, isotope geochemistry and 
groundwater chemistry of the site. Such an 
approach should also include an assessment 
of the role of the geological evolution and 
the present-day geohydrology for the 
amazingly low degree of serpentinization of 
the intrusion. Although none of these data 
are available and assumptions on the water 
circulation within the intrusion are 
speculative some basic information can be 
gained from the results obtained. 

From the observations at the outcrop of the 
high-FeO rockmass it can be concluded that 
the rock, despite of its mechanical firmness 
and low porosity, is reactive towards 
oxidative surface waters. Probably, 
paleoweathering has led to pervasive 
alteration, but the weathered layers have 
been mostly removed by glacial erosion. 
During the postglacial cool to moderate-
temperate reriod, obviously, only thin, 
surficial weathering layers containing iron-
oxihydroxides were formed. Weathering 
significantly increases the porosity and 
thereby the accessibility of the interior of the 
matrix to agents. The reaction within the 
olivine grains proceeds along zones of 
weakness leading to typical network patterns. 

The typical features of the surface water-
dominated zone are (14): (i) low pH, 
resulting in calcite dissolution, (ii) high 

oxygen content, thus sulphide win be 
oxidized and Fe(Il)-mmerals ace unstable 
and Fe(in)-minerals like rust will be 
produced, and (iii) plagiodase weathers to 
clay minerals. In the Lovasjärvi intrusion 
these features are observable only down to a 
few metres depth in less permeable zones 
and to greater depths only in more or less 
vertical, water conducting fractures. Below a 
transition zone follows a more reducing 
environment with rising pH, calcite pre
cipitation, low oxygen content, where clay 
minerals (kaolinite, smectite) are stable. 

Sulphides were found in open fractures at 
rather shallow depth. Only a few samples 
showed weak signs of oxidation, probably in 
fractures where surface water infiltrates 
rapidly. 

Clay minerals are not the primary, 
characteristic alteration products of the 
ultrabasic rock because the olivine reacts 
much faster. Gay minerals, generally, were 
not associated with limonitic weathering 
products. Limonitic weathering products were 
scarce: at greater depths only in a few frac
tures goethite could be identified. In the 
others coatings were like faint precipitations 
on mostly serpentine, and the amounts were 
not sufficient for further analyses. 

Cakites were, contrary to our expectations, 
most abundant at very shallow depths. 
Another calcite-rich zone was around 100 m 
(core lengths). The fracture frequency 
reported in (2) does not correlate with the 
observed occurrence of calcite, because the 
number of fractures is dominated by mostly 
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dosed serpentine fillings - features origin
ating from early pciods of the geological 
history of die intrusion. The magnetite 
contents reported (2) include bom primary 
and secondary (originating from dw serpen-
trnization process) magnetite. Thus no 
mformatkr: on die degree of alteration 
(serpentinization) of die rock can be drawn. 

The hypodiesis tiiat calcites formed at high 
temperatures filled fractures which either 
remained dosed, retaining dieir isotonic 
composition, or have been reactivated later 
and coated wim calcites in equilibrium wim 
surface waters is difficult to maintain. Due to 
die multitude of intrusional events diere is 
reason to ass'.sne diat bydrodiermal calcites 
were percipitated ova a wider temperature 
range leading to variations in die isotope 
composition. The differences measured 
between pairs of calcite representing different 
generations were only minor and in only two 
cases the tendencies were as expected. 
Calcites from sealed fractures do not 
represent hydrothermal or post magmatic 
precipitations. Intergrowth wim serpentine or 
magnetite suggests calcite formation also at 
higher temperatures, but re-equilibration has 
destroyed the original isotope pattern. Sealed 
and open fractures do not form groups 
clearly distinguishable from each other. 
Obviously equilibration with waters of 
unknown isotope pattern subsequently took 
place. 

Influence of waters with isotope 
compositions like those of recent precipi
tation can be traced clearly down to a 
vertical depth of about 50 m. At deeper 
levels influence cannot be excluded as 
isotope data of the groundwater are not 
available. 

The results of the isotope study confirm ate 
findings of die weathering phenomena at the 
outcrop and in die near-surface zone and 
from die fissure fillings. Surface waters 
penetrate into die umabasic Lovasjirvi 
int^ffton and btronir reducing due to die 
high reactivity and redox capacity of die 
rock. Only along highly <•«•*•«• ling fractures 
oxidation at deeper levels is observable. At 
present, die groundwater circulation seems to 
be dominated by water discharge. 

It would be useful to investigate to what 
extent under low-temperature, present-day 
conditions serpentinization is still active, if, 
possibly, native iron can be found, if 
hydrogen gas develops and what is the m-
situ redox potential in stagnant and 
circulating waters. 

The unique Lovasjärvi intrusion would be a 
suitable she for a repository for spent fuel 
from die purely geocbemical point of view, 
but it has toe serious draw-back dut it has 
been and will be also in die future in die 
focus of interest of prospecting activities and 
it is too small and too shallow because most 
of die rock body has been eroded. There is, 
however, no hinder utilizing die favourable 
properties of die rock in a redox buffer 
backfill concept. 

Laboratory experiments under controlled 
conditions and using sensitive analytical 
methods are in progress. The purpose is to 
shed some light on die mechanisms and rates 
of reactions of die rock surface widi 
groundwater and die interactions wim redox-
sensitive radionuclides. 
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APPENDIX 

Plate I: View of weathering profile at an outcrop of the Lovasjärvi intrusion. Scale: 
width 1.1 m. 

Plate 2: Thin section of weathered olivine rock from the till cover of the Lovasjärvi 
intrusion. Scale: width, 1.8 mm. 
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APPENDIX 

Plate 3: Fissure filling in core 303155.2 m: secondary magnetite (bright, reflecting) 
and serpentine (green); scale: width, 15 mm, transmitted and reflected light. 

Plate 4: Fissure filling in core 303/95.5 m: secondary magnetite (bright, reflecting) 
and calcite (white); scale: width, 7.0 mm, transmitted and reflected light. 
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APPENDIX 

Plate 5: Partly serpentinized olivine rock in core 304/47.3 m representing different 
degrees of alteration (precipitation of magnetite, below); scale: width, 3.0 
mm, transmitted and reflected light. 
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Water-rock Interaction 
in a High-FeO Olivine 
Rock in Nature 

ERRATA: 

Fig 11. b"C/b" O-diagram for fracture filling calcites. 
o = calcite from open fracture 
• = calcite from sealed fracture 
Q = calcite from slicken side surface, open fracture 
$ = calcite crystals of idiomorphk shape, open fracture 

Ruled area represent interval of calcite precipitated from a water of 6"0 • -14 %o 
(SMOW), assuming temperature between 5 and 10° C and using fractionation 
factor according to Craig (1965). 

Fig. 12 b"0 versus corelength for fracture filling calcites. 
Q = calcite from open fracture 
% - calcite from sealed fracture 
^ = calcite from slicken side surface, open fracture 

Fig. 13 b'3C versus corelength for fracture filling calcites. 
O = calcite from open fracture 
0 = calcite from sealed fracture 
to = calcite from slicken side surface, open fracture 


