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1 Introduction

Since 2002, SKB investigates two potential sites at Forsmark and Oskarshamn, for a deep 
repository in the Swedish Precambrian basement. In order to characterise the rock mass 
down to a depth of about 1 km in the central part of the test site area at Forsmark, three deep 
telescopic boreholes were drilled. Each borehole starts with 100 m of percussion drilling, 
followed by core drilling down to about 1000 m depth. To obtain drill cores for the upper 
100 m, additional boreholes were drilled adjacent to telescopic boreholes at drilling site 
(DS) 1 and 3. After completion of these initial drillings, SKB launched a more extensive, 
complementary drilling program, aiming to solve more specific geological questions. 
An important aspect when localizing the first of these The borehole, KFM04A, aims to 
investigate the western boundary of the tectonic lens, which defines the test site area. The 
borehole is located just outside the northwestern part of the test site area and plunges 60° 
towards NE, beneath the area (Figure 1-1). The borehole is a telescopic borehole of the 
SKB chemical type (cf. SKB MD 620.004), identical with the three previous deep boreholes 
in the area, with a total length of about 1000 m. The drilling activities in KFM04A were 

Figure 1-1. Location of telescopic drilled boreholes KFM01A+B, KFM02A, KFM03A+B and 
KFM04A in the Forsmark test site area.
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finished in the turn of October-November 2003, after which the geological logging and 
sampling continued, with several breaks, to the middle of May 2004.

A detailed mapping of the material obtained through the drilling programs is essential  
for subsequent sampling and borehole investigations, and consequently, for the three-
dimensional modelling of the site geology. For this purpose, the so-called Boremap 
system has been developed. The system integrates information from drill core mapping, or 
alternatively, the drill cuttings when a core is not available, with results from BIPS-logging 
(Borehole Image Processing System) and calculates the absolute position and orientation of 
fractures and various lithological features /1/.

This report presents the results from the mapping of KFM04A by the Boremap system. It 
also gives a brief discussion of the results in a larger context, relative to the data from the 
four previous cored boreholes KFM01A, KFM02A and KFM03A+B, as well as the surface 
geology.
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2 Objective and scope

Borehole KFM04A starts with 106.95 m of percussion drilling (ø = 165 mm), followed  
by core drilling at ø = 86 mm to a length of 108.69 m, and at ø = 77 mm down to full 
borehole length of 1001.42 m. The diameters of the two drill cores are 70 mm and 51 mm,  
respectively. The BIPS-image from the upper, percussion drilled part of KFM04A covers 
the length interval between 11.00 and 106.75 m, though the interval usable for mapping 
starts at c. 11.7 m /2/. Drill cuttings were collected at 1 m intervals between 2.0 and 107.4 m 
depth. The usable BIPS-image of the cored part of the borehole covers the interval between 
108.75 and 985.68 m /2/. Thus, there are no BIPS-images available for the c. 1.7 m interval 
drilled by ø = 86 mm (i.e. from 106.95 to 108.69 m) and the last 15.5 m of the borehole, 
from 985.94 to 1001.42 m. 

The aim of the mapping activities is to obtain a detailed documentation of all structures and 
lithologies intersected by the BIPS-logged intervals of borehole KFM04A. In addition, the 
engagement includes conventional mapping of all drill cuttings collected from the upper, 
percussion drilled 100 m and the drill core from the lowermost 15.5 m of the borehole. 
These data will serve as a platform for forthcoming analyses of the drill core, aimed at 
investigating geological, petrophysical and mechanical aspects of the rock volume, as well 
as site descriptive modelling.
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3 Equipment

3.1 Description of equipment
All BIPS-based mapping was performed in Boremap v. 3.3.5 and 3.4.2.0. This software 
contains the bedrock and mineral standard used by the Geological Survey of Sweden 
(SGU) for surface mapping at the Forsmark investigation site to enable correlation with 
the surface geology. Additional software used during the course of the mapping was BIPS 
Viewer v. 1.10 and Microsoft Access. The final data presentation was made by Geoplot and 
WellCAD v. 3.2.

The following equipment was used to facilitate the core mapping: folding rule, hydrochloric 
acid, unglazed porcelain plate, knife, hand lens, paintbrush and tap water.
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4 Execution

During the mapping, the c. 900 m drill core obtained from the interval 106.95–1001.45 m  
of KFM04A was available in its full length on roller tables in the core-mapping accommo-
dation at Forsmark (the Llentab hall, near the SKB/SFR-office). The BIPS-based mapping 
was preceded by an overview mapping and initial separation of induced and natural  
fractures. No thin-sections were available from the drill cores, and all lithological  
descriptions are based on ocular inspection.

The mapping of KFM04A was performed according to activity plan AP PF 400-03-100 
(SKB internal controlling document) following the SKB method description for Boremap 
mapping, SKB MD 143.006 (v. 2.0), with the exception that no geophysical logs were 
available for the percussion drilled upper part of the borehole.

4.1 Preparations
The length registered in the BIPS-image deviates from the true borehole length with  
increasing depth, and the difference at the bottom of the borehole is about 5 m. It was, 
therefore, necessary to adjust the length with reference to groove millings cut into the 
borehole wall at every 50 m, with the deepest slot at a length of 950 m. The exact level of 
each reference mark can be found in SKB’s database SICADA (Appendix 4). However, the 
adjusted length is still not completely identical with the one given at the drill core, as the 
core recovery may yield erroneous lengths. The difference above about 900 m is less than 
2 dm. Below that level the difference may exceed 3 dm. No length adjustments was done 
in the BIPS-images for the percussion drilled 100 m of KFM04A, as the deviation from the 
true length is considered to be negligible (i.e. less than 0.5 m) at such shallow depths.

Data necessary for calculations of absolute orientation of structures in the borehole includes 
borehole diameter, azimuth and inclination, and these data were collected from SKB’s 
database SICADA (Appendices 2 and 3). Corrections for the borehole deviation were done 
at every twelfth metre.

Drill cuttings were collected each metre in the upper, percussion drilled 100 m. Each sample 
container hosts three such samples. Where lithological differences were distinguishable 
between the three samples a separation was made; otherwise the content was mixed to 
obtain a homogeneous 3 m interval sample. The data from the mapping of the drill cuttings 
are stored in SKB’s database SICADA (Appendix 5).

4.2 Data handling
To obtain the best possible data security, the mapping was performed on the SKB intranet, 
with regular back-ups on the local drive.

The mapping was quality checked by a routine in the Boremap software before it was 
archived. The data were subsequently exported to the SKB database SICADA and stored 
under Field note: Forsmark 313.
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4.3 Analyses and interpretation
The Boremap system has obviously some limitations, since all geological features must 
be represented by intersecting planar surfaces. Non-planar structures, such as small scale 
folding, linear objects (e.g. mineral lineation) and curved fractures can, therefore, not be 
correctly documented. The major problem is curved structures (e.g. fractures), which run 
almost parallel with the borehole axis. During the mapping sessions of KFM04A such 
features were approximated by fitting the plane after one of their ends in the borehole. The 
fact that the structure did not actually intersect the borehole is only noted in the attached 
comments.

Another problem in the system is geological features (mainly fractures) that can be observed 
only in the drill core. This problem usually arises from poor resolution in the BIPS-image 
/9/, which in the present case often was caused by the presence of suspended drill cuttings 
and/or brownish black coating on the borehole walls. However, even in the most perfect 
BIPS-image, it is sometimes difficult to distinguish a thin fracture sealed by some low 
contrast mineral. All fractures and lithological contacts observed in the drill core, but not in 
the BIPS-image, have been registered as ‘not visible in BIPS’ in Boremap to prevent them 
from being used in forthcoming fracture orientation analysis. Fractures suspected to be 
induced by the drilling activities fall within this category. Obviously drill induced fractures 
are not included mapped.

Even if reliable measurements of fracture widths/apertures less than 1 mm would be 
possible in the drill core, it is often beyond the BIPS-image resolution. The minimum width/
aperture given is, therefore, 0.5 mm. However, if the fracture width measured in the drill 
core is much less, it is normally noted in the attached comment.

The fracture mapping centres on the division into broken and unbroken fractures, depend-
ing on whether they parting the core. Broken fractures include both open fractures and 
originally sealed fractures, which were broken during the drilling procedure. To decide if 
a fracture actually was open or sealed in the rock volume (i.e. in situ), SKB has developed 
a confidence classification expressed at three levels, ‘possible’, ‘probable’ and ‘certain’, 
based on the weathering and fit of the fracture planes. The criteria for this classification are 
given in SKB method description for Boremap mapping, SKB MD 143.006 (v. 2.0).

All fractures in the percussion drilled upper part were mapped as broken fractures. Except 
for laumontite, it was not possible to distinguish individual infilling minerals in the 
BIPS-image for this interval, and the vast majority of the filling was mapped as ‘unknown 
mineral’.

A large amount of the fractures intersected by KFM04A are sealed by laumontite (a Ca-
zeolite). These fractures are both broken and unbroken, but laumontite tends to expand, and 
eventually crackle in the drill core. Thus, all laumontite-bearing fractures suspected to have 
been sealed originally are registered as unbroken.

As in pervious boreholes, the mapping was hampered by suspended drill cuttings and the 
occurrence of brownish black coatings on the borehole walls, as mentioned above. The coat-
ing occurs sporadically throughout the core-drilled interval of the borehole, and in the worst 
cases it obscures even the most contrasting rock occurrences completely. This phenomenon 
is obviously drill induced, although the mechanism behind it is not fully understood. One 
plausible explanation is that the coatings originate from metal fragments abraded from the 
drill pipes, and that the spiral pattern is a consequence of wobbling of the pipe string in the 
borehole. The last 100 m of the borehole is virtually free from coating, but the gentle plunge 
of the borehole (c. 45°) (Appendix 3) has locally led to a mottled BIPS-image and up to 1 m 
wide accumulations of drill cuttings.



13

The last 15.5 m of the drill core, for which no BIPS-image is available, was mapped 
conventionally. The results are reported in Appendix 6, and include rock types, alterations, 
occurrences wider than 4 cm, separation of sealed and open fractures and main fracture 
filling minerals.
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5 Results

5.1 Ductile structures
Borehole KFM04A was located in the ductile, high-strain belt just outside the northwestern 
part of the test site area and plunges 60° towards NE, into the tectonic lens of less intense 
ductile strain, which defines the test site area. The boundary between the two structural 
domains is gradual at a borehole length of about 480–500 m (i.e. a true depth of c. 425 ± 
9 m). The upper half of the borehole, within the high-strain belt, is characterised by strong 
penetrative foliation, generally striking SE and dipping steeply towards SW (Figure 5-1). 
Within the tectonic lens, the fabric becomes less intense and a linear mineral fabric becomes 
more obvious. This linear component is common in rocks that intruded after the formation 
of the foliation, but is normally less well defined in the predominant rock unit. There are, 
however, a few intervals of the latter in which the linear mineral fabric is more distinct than 
the foliation, i.e. at 640.5–648.1 m, 926.0–932.4 m and 970.4–975.4 m. The orientation of 
the foliation in this part is more variable, but generally parallel with that in the high-strain 
belt. Similar to the structures at the surface (cf. Figure 5-11g in /3/), the foliation tend to fall 
along a π-circle, the pole to which plunges moderately towards SE (Figure 5-1). None of the 
linear fabrics have been registered (cf. section 4.3), though the general impression is that 
they are gently to moderately dipping.

Several zones of more intense ductile deformation, typically 1–3 m wide, occur between 
322 m and 440 m in the borehole. Two of them reach up to about 5 m in width. The 
lithology in these ductile, high-strain zones is often heterogeneous and seems to consist of 
highly deformed and grain-size reduced varieties of the rocks found adjacent to the zones. 
However, an almost complete muscovitization of some zones renders recognition of the 
original lithology impossible. Noteworthy, the metagranitoids (rock code 101051), which 

Figure 5-1. Lower hemisphere equal-area stereographic projection showing poles to ductile folia-
tion planes (blue squares) and ductile (red circles) and brittle-ductile (blue circles) shear zones 
(red squares) intersected by borehole KFM04A. Structures in the lower 500 m of the borehole (i.e. 
within the tectonic lens) are denoted by small symbols.
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typically show only linear mineral fabric, have intruded prior to the formation of the ductile 
high-strain zones. In addition, 15 brittle-ductile deformation zones are registered in the 
cored interval. Most of these are associated with fractures filled by epidote and chlorite. 
All planar structures within zones are more or less parallel with the tectonic foliation 
(Figure 5-1).

5.2 Core lithology
Similar to surface mapping of drilling site (DS) 4, the percussion drilled part of KFM04A is 
dominated by an intensely deformed sequence of fine- to medium-grained metagranodiorite 
(rock code 101056) and felsic to intermediate rocks of inferred volcanic origin (rock code 
103076)/cf. 4/. The latter component decreases towards depth, and the uppermost part of 
the cored interval is dominated by the fine- to medium-grained metagranodiorite down to a 
borehole length of 176 m. Below that level, the main rock becomes more granitic, and the 
rock is inferred to be a more strongly deformed variety of the medium-grained metagranite-
granodiorite (rock code 101057), which dominates the tectonic lens /cf. 5/. A third, volumet-
rically important, rock unit in KFM04A is a fine- to finely medium-grained metagranitoid 
(rock code 101051), which predominates the length interval from 342 to 442 m and 938 to 
967 m. The upper of these two intervals has been variably affected by ductile deforma-
tion and contains virtually all major, ductile high-strain zones in the borehole; a fact that 
often renders recognition of individual rock units almost impossible. Another noteworthy 
component is a hornblende-rich rock of quartz dioritic composition, with sulphide dissemi-
nations and considerable amounts of garnet. During the mapping, the rock was registered as 
‘amphibolite’ (rock code 102017). Major occurrences of the rock are found in three length 
intervals of the cored section: 444.6–448.0 m, 728.9–742.7 m and 989.7–999.0 m. Other 
rock units within the borehole, none exceeding a few metres in length, include amphibolites 
and minor dykes or veins of pegmatite, aplite and leucogranite. Except for some late veins 
or dykes, all rocks have experienced Svecofennian metamorphism under amphibolite facies 
conditions.

The metagranite-granodiorite (rock code 101057) in the lower half of KFM04A is more or 
less identical to the variety found in the three previous deep boreholes (KFM01A, KFM02A 
and KFM03A) in the area /6–8/. In the upper, high-strain domain of the borehole, the rock 
becomes more strongly foliated with a fine- to medium-grained, equigranular texture. 
Together, the two varieties comprise more than 65 % of the cored interval. The colour of 
the rock ranges from greyish red to grey. However, completely grey varieties, lacking the 
reddish tint, are sparse and typically restricted to contact zones with amphibolites. A few, 
metre-wide intervals in the lower part of KFM04A, are variably speckled by fine-grained, 
whitish plagioclase. Microscopic examination of similar rocks from KFM01A and KFM03A 
suggests that the feature is a result of retrograde sericitisation /9/.

The occurrence of fine- to medium-grained metagranodiorite (rock code 101056) is limited 
to the upper 176 m of the borehole and comprises about 6 % of the cored interval. It is 
equigranular and grey to dark reddish grey in colour. The metagranodiorite is difficult 
to distinguish from the strongly foliated variety of the metagranite-granodiorite, and the 
macroscopic separation is based on the rock colour and content of ferromagnesian phases.

Another rock mainly found in the upper parts of the borehole is the fine-grained, felsic to 
intermediate rock of inferred volcanic origin (rock code 103076). Except for a single occur-
rence at 804.7–806.4 m length, it is limited to the upper 450 m of the borehole. In the cored 
interval, it comprises about 2 % of the total length and none of the occurrences exceed a few 
metres in width. The rock is equigranular, dark grey in colour and all contacts are parallel 
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with the tectonic foliation. Apart from the grain-size, there are no textural or structural 
macroscopic features that unambiguously point towards a volcanic origin of the rock.

Fine- to finely medium-grained, equigranular granitoids (rock code 101051) occupy approx-
imately 11 % of the cored interval. Most rocks in this group are of granodioritic to granitic 
composition. As mentioned above, these rocks are concentrated in two length intervals 
(342–442 m and 938–967 m). Occurrences outside the intervals are scarce and typically less 
than 1 m wide. Obviously, the metagranitoids in the length interval have intruded prior to 
the formation of the ductile high-strain zones in the length interval 342–442 m. Elsewhere, 
however, the mineral fabric is commonly of linear character, and external contacts are 
locally clearly discordant to the tectonic foliation in the wall rock (i.e. at 463.10 m).

Dykes, veins and segregations of pegmatite, pegmatitic granite, aplite and leucogranitic 
material are frequent throughout the boreholes, and the rock group about 13 % of the total 
drill core length. A majority of the rocks in this group exhibit a weak to faint tectonic fabric, 
often of linear character, although there are several examples of discordant and, what seems 
to be, massive pegmatites. However, it must be emphasized that it often was difficult to 
distinguish tectonic fabric visually in the pegmatitic rocks, but the fact that they appear 
massive does not necessarily mean that they actually are post-kinematic. Most occurrences 
are some decimetre or less, but several pegmatites/pegmatitic granites reach up to a few 
metres in length. The pegmatitic granites are generally texturally heterogeneous, often with 
a highly variable grain-size, and some occurrences include intervals of medium-grained, 
equigranular granite. Minor occurrences of leucogranite and pegmatitic granite are typically 
irregular with blurred or indistinct contacts toward the surrounding metagranite-grano-
diorite. Rather coarse magnetite and hematite have been identified in several pegmatites. 
Despite the textural variability and temporal span within this unit, most of these rocks were 
grouped as “pegmatite, pegmatitic granite” (rock code 101061), “aplitic metagranite” (rock 
code 101058) or “fine- to medium-grained granite” (rock code 111058), if a late-tectonic 
formation is inferred. Quartz-dominated segregations or veins were coded as 8021.

Amphibolites (rock code 102017) and related rocks occupy about 5 % of the cored interval 
in KFM04A. All extensions and contacts are more or less parallel with the tectonic folia-
tion. Included in this group is a hornblende-rich rock of quartz dioritic composition, with 
sulphide disseminations and considerable amounts of garnet. As mentioned above, this 
rock is restricted to three major occurrences, which volumetrically constitute half of the 
amphibolites. The occurrence at the length interval 444.6–448.0 m is locally coarse-grained 
and tremolite-bearing, whereas the other two are fine- to finely medium-grained and the 
only distinguishable amphibole is hornblende. The more typical amphibolites are fine 
grained, equigranular with a large proportion of biotite. None of these occurrences exceed 
a few metres in length and some are surrounded by up to 1 dm wide rims of leucogranitic 
material. In addition, there is a fine- to finely medium-grained, hornblende-bearing rock of 
inferred quartz dioritic composition, which was coded as “quartz diorite” (1038). This is 
only found in the length interval 392.7–393.4 m.

Minor occurrences of fine-grained, skarn-like material, coded as “calc-silicate rock” 
(108019), have been found at four locations in the cored interval. 

5.3 Alteration
The most common alteration encountered in KFM04A is varying degrees of oxidation or 
red discolouration of feldspars, which has affected about 12 % of the cored interval. It is 
almost always associated with more intensely fractured intervals, with a marked concentra-
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tion in the upper 450 m of the borehole. A more or less continuous, but variably affected, 
interval occurs between 200 and 250 m. Elsewhere, individual occurrences are typically less 
than a few metres in width.

Other types of alterations within KFM04A include muscovitization, chloritization, 
epidotization, prehnitization and two short intervals affected by clay (illite?) formation 
at 359.5–359.9 m and 414.4–415.7 m. The muscovitization, which has been registered 
as “sericitization” (code 714) in Boremap, is restricted to two rather wide intervals at 
394.5–401.4 m and 426.2–430.6 m length. The affected intervals correspond largely with 
some of the major ductile high-strain zones in the borehole. The rare, but unmistakable, 
chloritization is mainly restricted to amphibolite occurrences. Also epidotization and 
prehnitization occur sparsely, and only four to five minor intervals of each type were found. 
Prehnitization is not available among the alterations listed in Boremap. Thus, prehnitization 
has been registered as other types of alterations, mainly epidotization, with a declaration in 
the attached comments. Following intervals have been subjected to a faint to weak preniti-
zation: 197.7–198.2 m, 205.6–205.7 m, 423.6–425.1 m and 436.8–436.9 m.

5.4 Fractures
5.4.1 Fracture frequencies and orientation

Excluding crush zones and sealed networks, the total number of broken (parting the core) 
and unbroken (not parting the core) fractures registered within the cored part of borehole 
KFM04A amounts to 4324. However, the difference in fracture frequency between the 
ductile high-strain domain in the upper 480–500 m of the borehole and the lower part, 
within the tectonic lens is striking, with 7.7 and 2.7 fractures/m, respectively (cf. Appendix 
1). The value for the lower half is comparable with the fracture frequencies yielded by the 
other three deep cored boreholes within the tectonic lens, which range between 1.7 and 
2.4 fractures/m /6–8/. Almost 70 % of all fractures intersected by KFM04A are inferred to 
be sealed (fracture aperture = 0). However, also this number differs markedly between the 
high-strain domain and the lens, by being 63 % in the upper 500 m and 82 % in the lower 
half of the borehole. Generally, the frequency of open and sealed fractures varies rather 
coherently throughout the borehole, with an increased number of open fractures in intervals 
with concentrations of sealed fractures (cf. Appendix 1).

It is reasonable to expect that mechanical discontinuities, such as lithological contacts, 
should be the locus of fracture formation. For this reason we have noted the proportion of 
fractured amphibolite contacts: about 31 % of the contacts in the cored interval of KFM04A 
is fractured. About 10 % of these fractures are sealed. This can be compared with the cor-
responding fracture frequencies in KFM02A and KFM03A, which is around 35 % and 30 
%, respectively /7, 8/. 

The fracture orientations vary considerably throughout KFM04A, though the stereographic 
projections in Figure 5-2 reveal at least four distinct fracture sets. The most distinct set, 
which prevails in the upper half of the borehole, is parallel with the orientation of the tec-
tonic foliation in the high-strain domain, striking SE and dipping steeply towards SW. This 
set includes fractures inferred to be both sealed and open. Another well-defined group, most 
conspicuous in the upper 300 m of the borehole, consists of near horizontal to gently dip-
ping fractures. A majority of these fractures are inferred to be open and a few have apertures 
that exceed 1 cm in width. The two, 15 cm wide, crush zones found at 232.58–232.73 m and 
359.70–359.85 m in the borehole belong to this group. A third set, also found in the other 
three deep cored boreholes in the area /cf. 6–8/, consists of steep to sub-vertical fractures 
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with SW strike. The fractures in this set are mostly sealed, and a considerable proportion of 
the fracture orientations registered in the sealed networks fall in this group. A forth set of 
sub-vertical, mainly sealed fractures strikes N–S to NNW. This set is more or less limited to 
the lower part of the borehole, within the tectonic lens.

Seventeen breccia zones have been registered in KFM04A. However, the distinction 
between breccia and sealed network is not obvious, and zones with minor rotation of 
individual rock fragments are often mapped as sealed network. Breccias dominated by 
matrix have been mapped as “breccia” (rock code 6005), whereas the coding of fragment-
dominated zones is defined by the fragment lithology. In the latter case, brecciation is only 
indicated by the rock structure. Most breccias belong to the SW striking fracture group, and 
about half of them occur in a rather short length interval between 211 and 248 m. Except for 
the breccia zones, fractures with measurable displacements, indicating that they have been 
initiated or reactivated as shear fractures, are few. The offset is typically up to 5 cm, though 

Figure 5-2. Lower hemisphere equal-area stereographic projections showing the poles to sealed 
(blue squares) and open (red squares) fractures in four length intervals of borehole KFM04A: 
108–250 m, 250–500 m, 500–750 m and 750–986 m. Prevailing fracture orientations in sealed 
networks are marked by grey dots.

108-250 m 250–500 m

500–750 m 750–986 m
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the displacement direction has not been registered. Similar to the breccias most are steeply 
dipping and belong to the SW striking fracture group.

Inferred core discing occurs sporadically in the length interval 120–505 m of the drill core. 
The typical distance between the discs is 1-3 cm, and the fractures are all planar to slightly 
saddle shaped.

5.4.2 Fracture mineralogy

More than half of the total number of fractures in the cored interval of KFM04A is filled 
by chlorite and/or calcite. These minerals are found in all abovementioned fracture groups, 
but are highly overrepresented within the steeply dipping fractures with SE strike and the 
near horizontal fractures (Figure 5-3). In this context, it is worth to mention a 5–6 cm wide 
calcite + chlorite vein, recorded as a “carbonate-dominated hydrothermal vein” (rock code 
8022), which occurs at a borehole length of 900.94–900.99 m. Other infilling minerals, in 
order of decreasing abundance, include laumontite, hematite, prehnite, pyrite, quartz, undif-
ferentiated clay minerals, feldspars, zeolites, sulphides, Fe-hydroxide and sericite. In addi-
tion, there are a number of fractures with unknown mineral filling. XRD analyses of similar 
material from the other three deep cored boreholes in the area have revealed that most such 
filling are mineral mixtures, and in some cases zeolites /9/. One fracture at 427.70 m was 
found to contain fluorite. There are also several fractures that are virtually free from visible 
mineral coatings. These fractures are mostly open, and similar to the calcite and chlorite 
filled fractures, the majority belong to the SE trending and flat lying sets. Also the finely 
crystalline coating inferred to be clay minerals are more or less restricted to open fractures 
of the SE trending and flat lying sets, often in close association with chlorite and/or calcite. 
All other minerals, as well as the presence of oxidized walls, are preferentially associated 
with sealed fractures (Figure 5-3). A typical mineral assemblage is laumontite + calcite ± 
chlorite ± hematite ± pyrite. Laumontite tends to contract, and eventually crackle in the drill 
core. Thus, some laumontite-bearing fractures that are broken in the drill core may in fact 
represent originally unbroken fractures. As in the three previous deep cored boreholes in the 
area, the laumontite-dominated assemblage is mainly found in sealed fractures of the SW 
and N–S trending sets. This is also the assemblage most commonly found in the breccias 
and sealed networks. Prehnite, epidote, and to some extent quartz, occur preferentially in the 
steeply dipping SE trending fractures. There is also a considerable amount of epidote and 
prehnite sealed fractures, which strike SW and dip moderately towards NW (Figure 5-3). 
Fractures sealed by the laumontite-dominated assemblage, hematite, prehnite and epidote 
exhibit typically oxidized walls. A number of very thin (<<1 mm), sealed fractures with en 
echelon character are often revealed by their oxidized walls. Several of these thin fractures 
have sealings inferred to be hematite, but it might well be hematite-stained laumontite 
instead.
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Figure 5-3. Lower hemisphere equal-area stereographic projections showing the poles to sealed 
(blue squares) and open (red squares) fractures filled with: a) calcite, b) chlorite, c) clay minerals, 
d)laumontite, e) prehnite, f) epidote and g) quartz. Also shown are: h) those that are free from 
visible filling and i) those surrounded by oxidized walls.

Quartz No filling

Oxidized walls



23

5.5 Discussion
The lithology of KFM04A corresponds generally well with what might be expected from 
both the detailed mapping of DS4 by Persson Nilsson /4/ and the surface geology in the area 
/5/. Also the ductile features, with an intense SE trending tectonic foliation dipping steeply 
towards SW, are in close agreement with the surface structural trend in the area /3/. Most 
importantly, KFM04A verifies both that the high-strain belt, which extends along the south-
western margin of the tectonic lens dips steeply towards SW, and that the transition between 
the two structural domains is rather abrupt over a length interval of about 20 m.

A noteworthy feature in KFM04A is the occurrences of hornblende-rich rocks of quartz 
dioritic compositions. Typically, these rocks are rich in sulphides, which occur as dissemi-
nated grains less than 1 mm in size. The predominant sulphide is pyrite, but also pyrrhotite 
and chalcopyrite have been identified. It is, therefore, suggested that trace element analyses 
of these rocks are included in future investigations.

Laumontite sealed fractures occurs throughout the cored interval of KFM04A, and espe-
cially in the length interval between 412 and 462 m, which also includes some of the major 
breccia zones. In the upper 750 m of the borehole, most of the laumontite-bearing fractures 
strike SW and dip sub-vertically to steeply towards NW. This means that the fractures run 
more or less parallel with the borehole. The possible fracture zone between 412 m and 
462 m is, therefore, not necessarily wide. A fault zone of similar orientation, sealed by 
laumontite and calcite, runs across DS4. Laumontite filled fractures, striking NE–SW and 
dipping steeply to vertically, are also encountered in the other three deep cored boreholes, 
especially in KFM01A where they form an intensely fractured zone at 656–674 m depth /6/. 
Thus, the laumontite-bearing fracture set seems to be widespread in the area, and locally it 
forms intensely fractured zones characterised by faulting and brecciation.
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Appendix 2

Borehole length and diameter

Hole Diam T - Drilling: Borehole diameter

KFM04A, 2003-05-20 10:00:00 - 2003-11-19 15:15:00 (107.420 - 1001.420 m)

Sub Secup  Sub Seclow  Hole Diam Comment 
(m) (m) (m)

107.420 108.690 0.086 

108.690 1001.420 0.077 

Printout from SICADA 2004-03-25 10:23:24
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Appendix 6

Detailed overview mapping of drill core 985.95–1000.89 m 
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