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SUMt-tARY 

A characterization of fracture filling minerals as well as an 
account of the distribution of fractures and fracture fillings 
within the Taavinunnanen gabbru massif, northern Sweden is 
reported. Sampling of a 700 metres long (vertical) drill core, 
of fracture filling minerals has been carried out from the 
gabbro but also from granite dikes intersecting the gabbro. 
Dominating fracture fillings in the gabbro are chlorite, smec­
tite, calcite, prehnite and zeolite minerals. In the granite 
dikes calcite, chlorite and quartz are the dominating fracture 
fi 11 i ngs. 

Generally fractures have steep or vertical dips all along the 
borehole. More or less horizontal fractures correspond to 
zones with more intense igneous layering in the gabbro. Com­
monly fractures have been reactivated showing complex fracture 
fillings. The dominating strike of fractures, as measured on 
the surface, is NNE-NE. 

The granite dikes have got more fractures than the gabbro and 
show higher hydraulic conductivities. Steep fractures are more 
common in the granite than within the gabbro. 

The upper part of the borehole corresponds to high fracture 
frequency, high hydraulic conductvity and low frequency of 
calcite fracture fillings. 

Several generations of both calcite and chlorite are present. 
One of the calcite generations is coprecipitated with prehni­
te. Zeolites have always been found to be younger than the 
calcite-prehnite generation. The oldest fracture fillings 
found are chlorite and smectite. Most fractures in the gabbro 
show alteration zones in contrast to what is found in the gra­
nite. However the granite dikes contain simple fillings of 
low-temperature minerals and show no reactivation or breccia­
ti on. 

Analyses of o18o and o13c show a distinct group of 
calcites, some of which have been coprecipitated with preh­
nite. This group of calcites have got low o18o (-20 o/oo 



to -25 0/00) and relatively high o13c {-3 o/oo to -5 
0/00). It is suggested that these calcites have been precipi-

. 18 13 
tated from hydrothermal sol ut, ons. The o o and 6 C 

of calcites sampled from open fissures with high hydraulic 
conductivity show influence of a recharge water. 

It is known that Taavinunnanen is a typical recharge area whe­
re downward transport of surface water mainly through frac­
tures within the granite dikes has occured. Most of the frac­

tures within the gabbro originated very early and have been 
reactivated. However some granite fractures are potentially 
young. 



1. Introduction 

The study of fracture filling minerals has been included as a 
part of the KBS Standard Program for the search of s itable 
areas for radioactive waste disposal within rocks in Sweden. 
Previous test sites have been situated within granitoids. In 
contrast to these, the test site at Taavinunnanen is situated 
within basic to ultrabasic rocks in a layered gabbro massif. 

This report contains a characterization of fracture filling 
minerals as well as an account of the distribution of fractu­
res and fracture filling minerals within the Taavinunnanen 
gabbro massif. The chemistry of some minerals found are also 
reported. 
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2. Geological setting 

The Proterozoic Taavinunnanen gabbro (topographical map-sheet 
30K Soppero SW) is~ tuated approximately 35 km ENE of Kiruna. 
The gabbro area cons_itutes a hill with a top level of 780 
m.a.s.l ., rising 250 to 400 metres above the surroundings (Fig 
1 ) . 

The gabbro massif has been included in "the younger series of 
deep-seated rocks" according to Hallgren (1979). This series 
consists of pegmatite, aplite, granite, perthite-monzonite, 
syenite, gabbro and anorthosite (Ambros, 1980), and is regar­
ded as the last major plutonic event within the map area. Com­
ponents of the series are considered to be approximately 1.5 
Ga (Welin, 1970; Gulson, 1972). 

Mapping within the map-sheet 30K Soppero (Hallgren, 1979) as 
well as within the adjacent areas (Ambros, 1980; Eriksson & 
Hallgren, 1975) has shown that several circular gabbro mas­
sifs, considered to have intruded during the same plutonic 
event as the Taavinunnanen gabbro, appears. These are mostly 
traced from geophysical indications (cf. H. Henkel in Ambros, 
1980) as outcrops are scarce. Fro~ the aeromagnetic maps com­
piled by the Geological Survey of Sv1eden a complex compo­
sition is indicated for several of the gabbro bodies (Henkel, 
1981). 

A detailed mineralogical study has so far only been carried 
out on the Taavinunnanen gabbro body (Larson et al., 1984). It 
is likely that these data will show characteristic features 
common to several circular gabbro bodies in nothern Sweden. A 
cross section through the Taavinunnanen gabbro is shown in 
figure 2. 

The gabbro massif is intersected by dikes of granite, aplite 
and (more rare) dolerite. Also xenoliths of quartzite have 
been found (Andrzej Olkiewicz, SGAB, pers. corn.). Some of the 
granite dikes are likely to be late differentiates of "the 
younger series of deep-seated rocks". The dolerite dikes 
belong to the group of "youngest dolerites" mapped elsewhere 
on the map sheet (Hallgren, 1979). 
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3. Fractures and fracture fillings 

Only one borehole (Ta 1) was drilled within the Taavinunnanen 
massif (Fig 1). The borehole is approximately vertical and 
drilled down to a depth of 700 meters below the surface. A 
detailed core mapping is reported by Ahlborn et al., 1982. This 
includes lithology, fractures and fracture filling minerals. 
From the simplified core map, in figure 3, it is evident that 
the granite dikes have got a higher fracture frequency than 
the surrounding gabbro. Dominating fracture filling minerals 
in the gabbro are chlorite, smectite, calcite, prehnite and 
zeolite minerals. However, in the granite dikes calcite, chlo­
rite and quartz are the dominating fracture fillings (figures 
4 to 7). 

3.1 Fracture statistics 

To get a general view of the relations between fracture direc­
tions, hydraulic conductivity and the history of deformation, 
some diagra~s on fractures and their relation to depth, hyd­
raulic conductivity, calcite fillings etc., are discussed. The 
significance of fracture statistics is limited due to the fact 
that only one hole has been drilled and that the core sampled 
was not orientated. 

Dips of all fractures, for every 100 metres section, are shown 
in figure 8. The dips of fractures are related to the borehole 
axis (more or less vertical) and have been corrected by a fac­
tor 1/sin x, where x is the dip, to get a more accurate repre­
sentation of the dip distribution. As can be seen steep frac­
tures dominates all along the borehole. An increased frequency 
of more or less horizontal fractures can be seen especially 
within the 100-200 m section but also less obvious within the 
lower sections of the borehole. These sections correspond to 
zones with more intense layering in the gabbro, manifested 
through great variations in density of the rock. 

In a mine at Kiruna approximately 35 km away from Taavinunna­
nen, principal horizontal stresses are greater than the ver­
tical stress from the surface down to a depth of 1000 metres 
(A.Holmstedt, LKAB pers. corn.; Leijon, 1981). If this is con-
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Fig. 4 Partly sealed fissures in a granite dike. Fissure 
fillings are calcite and chlorite. Level 583.5 m. 

Fig. 5 Fissure surface, showing slicken side texture, coated 
with chlorite and clay minerals. Level 233.6 m. 



8 

Fig. 6 Composite fissure filling in gabbro containing calci­

te, prehnite, quartz and chlorite. Level 416.9 m. 

Fig. 7 Fissure surface partly coated with calcite and chlo­
rite. Sample from open fissure in gabbro (576.9 m). 
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sistent with the regional stress pattern it is concluded that 
most fractures induced at Taavinunnanen were initiated during 
a period with a rock stress field different from what can be 
registrated at present. However fractures have been reacti­
vated during several periods. This has i.a. been shown by Hen­
kel et al. (1983) at Karkejaure approximately 20 km away from 
Taavinunnanen, where late quarternary faults have reactivated 
an older tectonic zone (fig.9) The fault zone at Karkejaure 
also constitutes part of the seismic belt shown by Baath 
(1983). 

Strikes of fractures from outcrops (Ahlborn & Olkiewicz, 1981) 
are shown in figure 9. One set of gently dipping fractures 
were shown to be paralell to the layering of the gabbro. As 
can be seen is the dominating direction approximately NNE-NE. 
This is also the dominating direction of regional displace­
ments and magnetic dislocations according to Henkel et al., 
1983 (see figure 9). 

The dip of fractures from gabbro and granite dikes respective­
ly have been plotted in figure 10a. The granite exhibits more 
fractures than the gabbro with dips of 10-20 deg. and 40-60 
deg. The gabbro has got more subhorizontal fractures than the 
granite which probably is due to the ability of the bedrock to 
be fractured along the planes of layering. From hydrogeologi­
cal investigations (Gentzschein,1983) it is evident that the 
granite has got a higher hydraulic conductivity than the gabb­
ro. A comparision of dips of fractures, including fractures in 
granite as well as in gabbro, with high hydraulic conductivity 
( > 1.9xl0 exp -11 m/s) and low hydraulic conductivity 
( < 1.9x10 exp -11 m/s) respectively, is shown in figure 10b. 
As can be seen is the highest frequency of dips for fractures 
of high conductivity, within the intervals 10-30 deg. and 
40-60 deg. These intervals are common to those predominating 
in the granite (fig 10a). 

When comparing dips of all fissures to dips of fissures coated 
with calcite (fig 10c) no significant differences can be seen. 
However the small differences observed are approximately wit­
hin the same intervals as those mentioned above. 
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It has been very difficult to distinguish between different 
clay and zeolite minerals during the core mapping. This means 
that it is impossible to construct relevant frequency diagrams 
of fracture fillings from the data reported (Ahlborn et.al 
1982). However, calcite is a mineral easil} distinguished. 
Thus calcite/depth (fig 11) as well as calcite/dip-plots (fig 
10c) have been constructed. In figure 11 fracture frequency, 
hydraulic conductivity as well as frequency of calcite fil­
lings are shown. As can be seen are calcite fillings common at 
depth below 100 metres. It is also concluded that calcite is 
almost lacking down to a depth of 75 metres. Thus, no new cal­
cite has been precipated on the fracture walls at shallow 
depth within the rock. Taavinunnanen is a pronounced recharge 
area, and apparently aggressive water has passed down and dis­
solved old calcite fillings at shallow depth within the rocks. 
This is also consistent with the observations made during the 
core mapping, that coating of rust was present down to a depth 
of approximately 100 metres but was lacking at greater depths. 

In conclusion the upper part of the borehole corresponds to 
high fracture frequency, high hydraulic conductivity and low 
frequency of calcite fracture fillings. 

3.2 Identification 

The drillcore was sampled in order to prepare thin sections 
and pov,der of fracture fillings for microscopy and X-ray diff­
raction analyses respectively. More than 40 thin sections were 
examined and approximately 20 XRD's were run. To avoid inter­
ferences between calcite peaks and other mineral phases in the 
XRD diagrams, calcite was (if possible) removed from the samp­
les before the XRD-runs. Results from the XRD are shown in 
table 1. 

Dominating fracture fillings in the gabbro are chlorite, cal­
cite and clay minerals (mostly of smectite type). Other frac­
ture fillings are principally Ca/Al-silicates of hydrothermal 
origin. These minerals are prehnite and zeolites like thomso-
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nite, chabazite and stilbite. The paragenesis is different 
from what is found within fractures in the granite dikes. The­
se are dominated by chlorite, calcite and quartz. In one samp­
le also stilbite and synchysite was identified. (Synchysite is 
a calcium carbonate containing Ce and F).The conditions for 
formation of clay minerals of smectite type are more favorable 
in the gabbro than in the granite as reflected above. 
In contrast to the composition of simple minerals like quartz 
and calcite, are chlorite and smectite very complex. These 
complex minerals are both Mg-Fe-Al-silicates. Chlorite types, 
in respect of Mg and Fe, as interpreted from XRD are shown in 
table 2. It is seen that chlorite from fissures in granite 
dikes are all of the Fe-type. However in the gabbro both Mg­
and Fe-types are represented. This is in accordance with 
observations made during the thin section studies where seve­
ral generations/types of chlorite were seen in gabbro fissures 
but only one type in granite fissures. 

Zeolites identified are Ca-Na-Al-silicates with varying con­
tents of H2o. As shown in figure 12 stilbite and chabazite 
has got the highest water content, i.e. formed at relatively 
low temperatures. A recent study carried out in a geothermal 
field in Iceland (Kristmannsdottir & Thomason, 1978) shows 
that chabazite can be formed at temeratures below 70 deg C. 
The study also shows that thomsonite and stilbite will appear 
in the temperature ranges 70 to 110 deg c. 

As already has been pointed out the Taavinunnanen massif is 
intersected by granite dikes having fractures with high hyd­
raulic conductivities. Thus, it is interesting to show the 
differences in physical properties of filling minerals,in the 
granite and the gabbro respectively. Figure 13 shows the 
cation exchange capacities (Allard et al., 1983) for rock for­
ming minerals within the granite and the gabbro respectively 
but also for some fracture filling minerals identified in both 
rock types. As can be seen in the figure, common fissure fil­
lings in the gabbro like chlorite, smectite and zeolites (e.g. 
stilbite) show high cation exchange capacities. Calcite and 
quartz on the other hand show very low CEC. Rock forming mine­
rals in the granite and gabbro show similar cation exchange 
capacities. 
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Table 1 Fissure filling minerals identified by XRD 

Core length 
( rn) 

36.8 
56.4 
60.5 
64.6 
78.1 

95.7 
123.5 
140.9 
156.1 
18 1 . 1 

222.3 
233.6 
248.4 
263.5 
284.7 

303.9 
313.0 
316.0 
336.6 
369.7 

383.7 
387.1 
449.3 
579.1 
604.8 

654.0 
680.9 

Ca = Calcite 

Chl = Chlorite 

Pr = Prehnite 

Ch = Chabazite 

Fissure fillings 
in Gabbro 

SC, Th 

Ch, St, Chl 
Pr, Chl, Ca 

Chl, SC 
Ch, SC 
Chl, SC 
Ch, Chl, SC, Ca 
Th, SC, Pr 

SC, Ch, Chl, Ca 
Chl, Pr, SC 
Chl, SC, Qz 
Chl, SC, Pr 
Chl, SC 

St, Chl, Qz 
Chl, Ca 
Chl, St, Ch 

St, Ch, Chl 
SC, Chl, Ca 
Chl, Pr, Ca 
Chl, SC, Ca 

SC, Chl, Pr 
Chl, SC 

Th = Thornsonite 
St = Stilbite 

SC = Swelling clay minerals (mostly 
Qz = Quartz 

Mu = Muskovite-Illite 

Fissure fillings 
in Granite 

St, Chl, Mu 
Synchysite 

Ca, Qz 
Ca, Chl, Qz 

Chl, Qz 

of smectite type) . 
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Table 2 "Chlorite type" as interpreted from XRD. 

Sample Chlorite type 

Ta 56.4* Fe 

Ta 7 8. 1 Fe 

Ta 233.6 intermediate to Mg 
Ta 248.4 Mg 

Ta 263.5 intermediate 
Ta 313.0* Fe 

Ta 316.5 intermediate 

Ta 369.7 Fe 

Ta 387.1* Fe 

Ta 519.1 Fe 

Ta 604.8 intermediate 

*) = fissure in granite dike 
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3.3 Relative ages 

The relative ages for fracture filling minerals have been 
interpreted from microscopy (table 3). I is shown that seve­
ral generations of both calcite and chlo1ite are present. Some 
thin sections contain three generations of calcite within one 
single fracture. (Also two generations of prehnite have been 
observed in one of the thin sections). One of the calcite 
generations is cogenetic with prehnite and thus is precipita­
ted from hydrothermal solutions. This generation of calcite is 
probably preceded by formation of chlorite and smectite. The 
zeolites have always been found to be younger than the cogene­
tic calcite-prehnite precipitate. 

Some thin sections show microbreccias. These are only found in 
samples from the gabbro and are mostly sealed by calcite. The 
fracture fillings are much simpler and thinner in the granite 
than in the gabbro. It is assumed that fractures within the 
gabbro were filled with fracture minerals during several 
events before the intrusion of granite dikes (fig 14). The 
hydrothermal minerals (formed within the gabbro) are probably 
precipitated from deuteric solutions of the gabbro. 

Very few fractures within the gabbro can be classified as 
unambiguous young fractures. In contrast, most fractures show 
considerable alteration zones. This does not exclude late 
reactivation of the fractures (cf. Henkel, 1983). However wit­
hin the granite, potentially young fractures are present con­
taining simple fillings of low temperature minerals and with 
no alteration of the wall rock. Reactivation and brecciation 
of fractures have not been observed in the granite. 
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Table 3 Fracture filling minerals and their relative ages 
as interpreted from microscopy. 

Core length ( m) Ca Chl Ze Pr Qz Ep Clay 

31 . 0 1 1 

36.8 2Th 
1 

*56.4 2 2 1 , 3 

64.6 1 2st,Ch 

7 8. 1 1 1 2 

87.5 1 

105.7 2 1 

123.5 2 1 2ch 
1 2 

14 0. 9 2 1 
*150.6 1 

15 6. 1 2 1 2ch 1 

1 81 . 1 2 1 3Th 2 

1 91 . 8 1 

202.8 2 1 

222.3 1 1 1 

233.6 2,3 1 , 2, 3 2 

248.4 1 1 1 1 

263.5 1 1 1 1 
278.7 1 1 

*313.0 1 1 

316.5 1 , 4 2 I 3 1 

369.7 2 1 2ch,St 

*385.6 1 

38 7. 1 1 1 2ch,St 

416.9 2 1 2 1 

480.5 1 , 2 

496.0 1 , 2 , 3 

51 9. 1 2 1 2 

5 32. 5 1 1ch 1 

*542.5 1 

minerals 
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Table 3 (continued) 

Core length (m) Ca Chl Ze Pr Qz Ep Clay minerals 

*583.3 1 1 1 

*583.5 1 , 2 2 1 2 

604.6 1 , 2 , 3 3 3 

604.8 1 , 3 3 2 3 

615.7 2 1 

634.7 2 1 

653.6 1 , 3 1 , 2 

654.0 1 1 

663.3 1 , 2, 3 4st 1 , 3 ev. 

683.6 1 

*) = fissure in granite dike 

Ca = Calcite 

Chl = Chlorite 

Ze = Zeolite minerals 

Pr = Prehnite 

Qz = Quartz 

Ep = Epidote 

Ch = Chabazite 

St = Stilbite 

Th = Thomsonite 
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Fig. 14 Tentative fracture history at Taavinunnanen. 
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3.4 Chemistry 

3.4.1 Stable isotopes 

18 Twentyeight samples were analysed in respect of 6 O and 
o13c. The samples analysed were selected according to 
results obtained from the microscopy of thin sections. When 
several generations of calcite were found within one single 
fissure, attempts were made to separate these into different 
samples. Results from the analyses are shown in table 4. 

It has been difficult to get sample volumes big enough for the 
stable isotope analyses, as most fissure fillings are thin and 
as the diameter of the core is only 42 nm. As has been shown 
in section 3.1, calcite as fissure filling is almost lacking 
in the upper part of the borehole. Thus, it has not been pos­
sible to get a sample volume of calcite sufficient enough in 
the upper 140 meters of the borehole. Open a well as original­
ly sealed fractures have been sampled. 

Figure 15 show analysed calcite fillings from sealed and open 
fissures in the gabbro as well as in the granite dikes. As can 
be seen fillings from sealed fissures have got lower a18o 
and less spread in a13c than coatings from open fissures. 
Several calcite fillings from sealed fissures are coprecipita­
ted with hydrothermal minerals like prehnite, chlorite and to 
a lesser degree with zeolites. Thus at least one generation of 
calcite is considered as precipitated from hydrothermal solu­
tions. This is in accordance with the results from other test­
sites (Tullborg & Larson 1982, 1983) investigated by KBS. 
Calcite from open fissures normally shows lower a13c than 
calcite from sealed fissures. When plotting a13c for cal-
cite coatings from open fractures versus depth, there is a 
distinct minimum (-16.8 0/00) at the 385 m level (fig.16). 
This minimum is also shown when plotting the same parameters 
for calcites from sealed fissures but it is much less evident 
(-10.2 0/00). These calcite coatings exhibiting minima are 
common to those which are close to equilibrium with the esti­
mated ground water compostion (cf. fig. 15). It is suggested 
that the 385 m level corresponds to a depth level where calci­
te saturation has been reached in the recharge water. 



25 

Table 4 Stable isotope analyses of calcites 

Core length (m) a13c o/oo (PDB) a18o o/oo (PDB) Open/Sealed 

78. 1 -4.6 -23.6 s 
105.7 -3. 14 -23.9 s 
140.9 -5.3 -15.5 O? 

150.6 -1. 3 -18.1 s 
15 6. 1 -1.7 -17.6 s 

1 91 . 8 -11 . 1 -12.0 0 

202.8 -3.2 -18.7 0 

248.4 -4. 3 -18.6 s 
278.7 -5.6 -18.9 s 
303.9 -4.8 -21. 5 0 

313.0 -6.3 -18.4 s 
316.5 -4.6 -24.5 s 
369.7 -10.2 -16.2 s 
385.6 -16.8 -13.2 0 

480.5 I -4.5 -20.9 s 

480.5 II -4.2 -19.0 s 
4 96. 2 I -3.7 -19.7 s 
496.2 II -7.8 -14.6 0 

532.5 -3.4 -22. 8 s 
542.5 -4.7 -20.7 O? 

583.3 -7.5 -19.7 0 

583.5 II -8.0 -19.0 0 

604.6 II -3.4 -22.4 s 
604.6 III -3.7 -21 . 9 0 

6 34. 7 -3.7 -21. 8 s 

653.6 III -3. 1 -18.3 0 

654.0 -2.7 -18.1 0 

663.3 -3.0 -20.3 s 
683.6 -3.7 -21. 5 s 

(I' II and III correspond to different generations of calcite 

following table 3) . 
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13 18 6 C versus 6 O (PDB). Ruled area repre-
sents composition of calcites precipitated from an 
estimated ground water composition (Tullborg & Win­
berg in prep). Encircled are calcites from borehole 
sections showing hydraulic conductivity> 1.9 x 10 
exp -11 m/s. Arrows connect different calcite gene­
rations from single fissures. 
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Corresponding minima for 613c in calcite have also been 
seen at other test sites. 

Also water from the borehole has been analysed in respect of 
6180 and 613c. This was made in order to see if the 
water present could has precipitated some of the calcite fil­
lings analysed. Water from only two and one section respecti­
vely was analysed in respect of 6 13c and 6180. 
The analyses yielded values of -18.7 o/oo and -21.2 o/oo 
613c and -14.0 o/oo 6180. If these vales are conside-
red as representative for the rest of the borehole and if tem­
peratures measured along the borehole (Albino, 1984) are used, 
calcite with a 6180 of -10 to -11 o/oo should result. 
However most calcites from open fissures show a much lower 
6180. This is probably due to the fact that analysed water 
is not representative for the water precipitating calcite at 
Taavinunnanen. This conclusion is also strengthened by the 
chemical composition of analysed water (cf. Smellie, 1983). 

18 The annual mean 6 0 for precipitation at Kiruna (35 km 
away from Taavinunnanen) is -15 0/00. No measurements have 
been done at Taavinunannen. Two models have been used to cal­
culate the annual mean 6180 for precipitation at Taavinun­
nanen (Tullborg & Winberg, in progress). The results are dif­
ferent depending on what model is used. If the modified 0ans­
gaard equation is applied (Burgman et al., 1983), i.e. an 
equation based on annual mean temperature, the result is 
-14.22 o/oo 6180 SM0W. However, if the correction for 
longitude, latitude and altitude is used, a value of -17 o/oo 
is recorded. 6180 for precipition and ground water is 
usually similar (Forstel & Hutzen, 1983; Saxena 1984) therefo­
re these values are used here to represent the ground water. 

In figure 15 is shown a square representing the estimated com­
position of calcites precipitated from a ground water as cal­
culated above using corrections for measured temperatures (Al­
bino, 1984) in the borehole, and the fractionation factor 
given by Craig (1965) respectively. The 613c interval is 
constructed from waters analysed at two levels sampled, using 
the fractionation factor given by Emrich et al., (1970). These 
values seems reasonable to use as they are similar to what has 
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been found for groundwaters at other places (e.g. Tullborg & 
Larson, 1983). 

It is known that small amounts of the ground water will affect 
the 0180 of calcite much easier than the 013c (Sver-
jensky, 1981). This is indicated in figure 15. 

Most calcite from fractures in granite dikes have got lower 
013c than calcite from fractures in the gabbro implying 
different influences from circulating waters. The area encirc­
led in figure 15, includes calcites from sections showing mea­
surable hydraulic conductivity. As can be seen the area is 
elongated towards the area representing calcites precipitated 
from present waters. The hydraulic tests normally show a hig­
her permeability for the granite dikes than for the gabbro 
(Gentzschein, 1983). Thus, it is suspected that it is easier 
to find precipitations from present water within fissures in 
the granite dikes than in the gabbro. 

Arrows in the figure connect two generations of calcite from 
one single fracture. The trend is always that the younger fil­
ling exhibits the highest 0180, i.e. is more influenced by 
a modern water. 

Figure 17 shows the 0180 of calcite fillings versus depth. 
Calcites from sealed and open fissures in granite and gabbro 
have been plotted. The figure also shows calcites coprecipita­
ted with prehnite and zeolites. It is evident that calcite 
coatings from open fissures generally have got high o18o 
values at shallow depths whereas calcite from sealed fissures 
show no such trend. This also implys a greater influence of 
present water at shallow depth. Coprecipitated prehnite is 
only found within sealed fissures. These calcites have got low 
o18o values. Calcites coprecipitated with zeolite mostly 
have got higher o18o values. This is in accordance with a 
cooling hydrothermal system. A similar trend is established at 
Finnsjon (Tullborg & Larson, 1982) where a great number of 
calcite fillings were analysed. 

To sum up, it is concluded that several generations of calcite 
exists in fissures at Taavinunnanen. Calcites coprecipitated 
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with prehnite and zeolites show the same imprint of stable 
isotopes as in Finnsjon. A distinct group of calcites with low 
0180 and relatively high delta 013c (ea -20 o/oo to 
-25 o/oo and -3 o/oo to -5 o/oo respectively) can be disting­
uished. Some of these calcites are coprecipitated with preh­
nite and have been sampled from sealed fissures. They have not 
been seriously influenced by later waters. This group of cal­
cite was also distinguished at Finnsjon as precipitated from 
hydrothermal solutions (Tullborg & Larson, 1982). Most calci­
tes from open fissures, especially those from sections with 
high hydraulic conductivity, show influence of a recharge 
water. 
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3.4.2 Microprobe analyses 

Microprobe analyses have been carried out on three zeolite 
crystals and eight .lcite crystals. The three zeolite mine­
rals identified at tne test site, stilbite, chabazite and 
thomsonite, are represented. All of them belong to the Ca-zeo­
lite family. Results of the analyses are shown in table 5. 

The stilbite and chabazite crystals analysed have been sampled 
from a single fissure (level 64.6 m). As can be seen, both of 
them show high contents of potassium. Concerning chabazite, 
this is in accordance with data presented by Breck (1974). He 
advocated that chabazite has a preference for large cations 

+ like K. A comparision between stilbite analyses from Gidea 
and Taavinunnanen show good similarities except for the potas­
sium content. This is much higher in stilbite from Taavinunna­
nen (1.1 and <0.1 weight% respectively). The thomsonite samp­
le contain more sodium than potassium and has got a CaO/ 
Na 2o ratio of approx. 0.5. Ti02, MgO, MnO and FeO contents 
are less than 0.05% in all of the zeolites analysed. 

Calcite samples have been chosen to represent fillings from 
the granite dikes and the gabbro respectively. As it has also 
been shown that calcite sam~les from Taavinunnanen show a 
great spread in o18o and o1 C it was interesting to 
find out if these could be distinguished chemically. As can be 
seen from table 6, no major differences where obtained. It is 
also seen that all calcites are relatively pure except for 
sample 532.5 which show higher contents of Fe, Mg and Mn than 
other calcites. Generally Taavinunnanen calcites show lower 
MgO and FeO contents than calcites from Gidea and Finnsjon 
(Tullborg & Larson 1982, 1983). This seems somewhat confusing 
as Mg and Fe should be more easily available within a gabbro 
than within a granitic terraine. As small cations will easily 
participate in ion exchange processes most Mg and Fe will be 
found in the clay minerals. Thus the apparent contradiction 
could be explained by a greater content of clay minerals as 
fissure fillings in Taavinunnanen in comparision to the other 
areas investigated. 
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Table 5 Microprobe analyses of zeolites. Contents are given 
in weight-%. 

ample Si02 Al 203 cao Na20 K20 

Stil bite 
(64.4) 61.3 17.7 8.6 0.5 1.1 

Chabazite 
(64.4) 54.1 18.9 8.7 0.2 3.9 

Thomsonite 
(181.1) 40.5 28.8 10 .8 5.0 <0.1 

Table 6 Microprobe analyses of calcite. Contents are given 
in weight-%. 

Sample Cao MgO MnO FeO SrO BaO 

78.1 ( h) 56.38 0.13 <0.05 <0.05 <0.05 
191.8 55.80 0.14 <0.05 <0.05 0.11 

*385.6 55.46 0.14 <0.05 0.06 0.08 
496.2 I (h) 56.32 0.15 0.06 <0.05 0.05 <0.05 
496.2 II 56.15 0.15 0.06 <0.05 <0.05 
532.5 ( h) 54.81 0.51 0.22 0.51 <0.05 

*583.5 II 56.08 0.15 0.16 <0.05 <0.05 0.07 
653.6 III(h) 56.39 0.16 <0.05 

(I, II and III correspond to different generations of calcite 
following table 3). 

* = Fissure filling in granite dike 

(h) = Calcite of hydrothermal origin verified isotopically. 
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4. Conclusion 

The Taavinunnanen gabbro massif is a differentiated and compo­
site gabbro intrusion (Larson et al., 1984). This means that 
the rock mass investigated is very inhomogeneous in respect of 
chemistry as well as physical properties. Thus, to describe 
the bedrock at the test site as a gabbro only, is not satis­
factory as ultrabasic as well as gabbroic zones are present. 
It is more convenient to characterize the rock mass a layered 
gabbro intrusion intersected by granite dikes. 

The fracture frequency varies mostly between 30 to 110 fissu­
res/ 25 metres section, with a raised frequency for the gra­
nite dikes. Nost fissures are steep. However, an increased 
frequency of gently dipping fractures are recorded within sec­
tions showing more intense layering of the gabbro. 

The upper part of the borehole shows the highest hydraulic 
conductivity as well as the lowest frequency of fissures coa­
ted with calcite. Fractures within granite dikes generally 
show a higher hydraulic conductivity than within the gabbro 
(Gentzschein, 1983). It is concluded that water will pass down 
to a depth of more than 200 metres before saturation in res­
pect of calcite is reached. This is also reflected in the dec­
reased o13c in calcites from open fractures at this level. 

Dominating fracture fillings in the gabbro are chlorite, cal­
cite and clay minerals. Less frequent are prehnite, thomsoni­
te, chabazite and stilbite. In the granite chlorite, calcite 
and quartz are most frequent. 

Several generations of fracture minerals can be seen. A tenta­
tive history of fracture fillings has been suggested. This is: 
gabbro intrusion followed by 1/ chlorite and smectite; 
2/ chlorite, calcite and prehnite; 3/ calcite, prehnite and 
zeolites; during events 1-3 brecciation has taken place; Int­
rusion of granite dikes followed by 4/ chlorite, smectite and 
calcite; 5/ smectite, calcite (and chlorite ?) precipitation 
in progress. 
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A distinct group of calcite has been distinguished as prec1p1-
tated durinf hydrothermal conditions. The~ are characterized 
by a high 6 3c (> -6 o/oo PDB) and low 61 o (< -18 
o/oo PDB). Some of these fillings showing very low ~ 80 
(< -20 o/oo PDB) and are coprecipitated with prehnite. Other 
calcite fillings have been influenced or precipitated by 
meteoric water of low temperature. These calcites are situated 
within sections corresponding to a high hydraulic conductivi­
ty. Equilibrium is not established between calcite fillings 
and water analysed. This probably means that the water analy­
sed is not representativ for the ground water at sampled 
levels. 

To sum up, the results here reported show that Taavinunnanen 
is a typical recharge area with an indicated rapid downward 
transport of surface water mainly through fractures within 
granite dikes. Most fractures in the gabbro originated very 
early during the geological history. However, some of the 
fractures in the granite dikes are potentially young. Repeated 
reactivations of fractures have occured. 
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