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Abstract

This report contains geological single-hole interpretations of the cored borehole KLX04 and
the percussion boreholes HLX21, HLX22, HLX23, HLX24 and HLX25 at Laxemar. Each
interpretation combines the geological core mapping, interpreted geophysical logs and borehole
radar measurements to identify rock units and possible deformation zones in the boreholes.

Three rock units have been identified in borehole KLX04 (RU1-RU3). The borehole is
dominated by Avrd granite. Also, there is a mixture of Avrd granite and quartz monzodiorite
and a section with quartz monzodiorite in the borehole. Subordinate rock types are granite,
fine-grained dioritoid, fine- grained granite, diorite to gabbro, fine-grained diorite to gabbro
and pegmatite. Six possible deformation zones have been identified in KLX04 (DZ1-DZ6).

The percussion borehole HLX21 is dominated by Avré granite, which constitutes one rock unit
(RU1). Two possible deformation zones have been identified in HLX21 (DZ1-DZ2).

One rock unit (RU1), which is dominated by Avrd granite has been identified in the percussion
borehole HLX22. One possible deformation zone has been identified in HLX22 (DZ1).

One rock unit has been identified in HLX23 (RU1). The unit is dominated by Avrd granite.
Three possible deformation zones have been identified in HLX23 (DZ1-DZ3).

One rock unit has been identified in HLX24 (RU1). The unit is dominated by Avrd granite.
Three possible deformation zones have been identified in HLX24 (DZ1-DZ3).

Three rock units have been identified in HLX25 (RU1-RU3). Some are recurrent in the
borehole due to variations in subordinate rock types. For this reason, the borehole is divided
into five rock sections. The units are dominated by Avrd granite. Subordinate rock types are
granite, diorite to gabbro and fine-grained diorite to gabbro. Four possible deformation zones
have been identified in HLX25 (DZ1-DZ4).



Sammanfattning

Denna rapport behandlar geologisk enhalstolkning av kdrnborrhalet KL.X04 samt hammar-
borrhdlen HLX21, HLX22, HLX23, HLX24 och HLX25 i Laxemar. Den geologiska
enhalstolkningen syftar till att utifrdn den geologiska karteringen, tolkade geofysiska
loggar och borrhalsradarmédtningar identifiera olika litologiska enheter och mdjliga
deformationszoner i borrhalen.

Tre olika litologiska enheter (RU1-RU3) har identifierats i KL.X04. Borrhdlet domineras av
Avrdgranit. Det forekommer dven en sektion med en blandning av Avrdgranit och kvarts-
monzodiorit och en sektion med kvartsmonzodiorit i borrhalet. Underordnade bergarter utgors
av granit, finkornig dioritoid, finkornig granit, diorit till gabbro och pegmatit. Sex mojliga
deformationszoner har identifierats i KLX04 (DZ1-DZ6).

I HLX21 finns en litologisk enhet som domineras av Avrdgranit (RU1). Tva mdjliga
deformationszoner har identifierats i HLX21 (DZ1-DZ2).

I HLX22 finns en litologisk enhet som domineras av Avrogranit (RU1). En méjlig
deformationszon har identifierats i HLX22 (DZ1).

I HLX23 finns en litologisk enhet som domineras av Avrdgranit (RU1). Tre mojliga
deformationszoner har identifierats i HLX23 (DZ1-DZ3).

I HLX24 finns en litologisk enhet som domineras av Avrdgranit (RU1). Tre mojliga
deformationszoner har identifierats i HLX24 (DZ1-DZ3).

I HLX?2S5 finns tre litologiska enheter. Baserat pa variationer i underordnade bergarter kan
borrhélet delas in i fem sektioner. Generellt domineras halet av Avrdgranit, i mindre omfattning
finns granit, diorit till gabbro och finkornig diorit till gabbro (RU1-RU3). Fyra mgjliga
deformationszoner har identifierats i HLX25 (DZ1-DZ4).
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1 Introduction

Much of the primary geological and geophysical borehole data stored in the SKB database
SICADA need to be integrated and synthesized before they can be used for modeling in the
3D-CAD system Rock Visualization System (RVS). The end result of this procedure is a geo-
logical single-hole interpretation, which consists of integrated series of different loggings and
accompanying descriptive documents (SKB MD 810.003, SKB internal controlling document).

This document reports the results gained by the geological single-hole interpretation of the
cored borehole KL.X04 and the percussion drilled boreholes HLX21 to HLX25 at Laxemar
(Figure 1-1), which is one of the activities performed within the site investigation at Oskarshamn.
The work was carried out in accordance with activity plan AP PS 400-04-101. The controlling
documents for performing this activity are listed in Table 1-1. Both activity plan and method
description are SKB’s internal controlling documents. Rock type nomenclature that has been
used is shown in Table 1-2.

&  Femoumson borehoke e GBI 0 s wiptetrkatar © Lanivel
Giivie 3551 Perrrsies LD AI9E
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Aid-13-11 1&24

Figure 1-1. Map showing the position of the cored borehole KLX04 and the percussion drilled
boreholes HLX21 to HLX25.



Table 1-1. Controlling documents for the performance of the activity.

Activity plan

Number Version

Geologisk enhalstolkning av KLX04, HLX21 till HLX25 AP PS 400-04-101 1.0

Method description

Number Version

Metodbeskrivning for geologisk enhalstolkning SKB MD 810.003 1.0

Table 1-2. Rock type nomenclature for the site investigation at Oskarshamn.

Rock type Rock Rock description
code
Dolerite 501027  Dolerite
Fine-grained Gotemar granite 531058  Granite, fine- to medium-grained, ("Gotemar granite”)
Coarse-grained Goétemar granite 521058  Granite, coarse-grained, ("Gétemar granite”)
Fine-grained granite 511058  Granite, fine- to medium-grained
Pegmatite 501061 Pegmatite
Granite 501058 Granite, medium- to coarse-grained
Avré granite 501044  Granite to quartz monzodiorite, generally porphyritic
Quartz monzodiorite 501036  Quartz monzonite to monzodiorite, equigranular to weakly porphyritic
Diorite/gabbro 501033 Diorite to gabbro
Fine-grained dioritoid 501030 Intermediate magmatic rock
Fine-grained diorite-gabbro 505102  Mafic rock, fine-grained
Sulphide mineralization 509010  Sulphide mineralization
Sandstone 506007 Sandstone




2 Objective and scope

A geological single-hole interpretation is carried out in order to identify and to describe briefly
the characteristics of major rock units and possible deformation zones within a borehole. The
work involves an integrated interpretation of data from the geological mapping of the borehole
(Boremap), different borehole geophysical logs and borehole radar data. The geological
mapping of the cored boreholes involves a documentation of the character of the bedrock in the
drill core. This work component is carried out in combination with an inspection of the oriented
image of the borehole walls that is obtained with the help of the Borehole Image Processing
System (BIPS). The geological mapping of the percussion boreholes focuses more attention on
an integrated interpretation of the information from the geophysical logs and the BIPS images.
For this reason, the results from the percussion borehole mapping are more uncertain. The
interpretations of the borehole geophysical and radar logs are available when the single-hole
interpretation is performed. The result from the geological single-hole interpretation is presented
in a WellCad plot.



3 Equipment

The following data have been used in the single-hole interpretations of the boreholes KLX04
and HLX21 to HLX?25:

* Boremap data (including BIPS and geological mapping data) /1, 2/.
* Generalized geophysical logs and their interpretation /3/.
+ Radar data and their interpretation /4, 5/.

* Reflection seismic data and their interpretation /6/.

The reflection seismic measurements were not carried out in the borehole but on the ground

surface. The reflectors used in this report correspond to those that were predicted to intersect
the borehole /6/.

As a basis for the geological single-hole interpretation a combined WellCad plot consisting
of the above mentioned data sets were used. An example of a WellCad plot used during the
geological single-hole interpretation is shown in Figure 3-1. The plot consists of ten main
columns and several subordinate columns. These include:

1: Length along the borehole.

2: Boremap data.
2.1: Rock type.
2.2: Rock type < 1 m.
2.3: Rock type structure.
2.4: Rock structure intensity.
2.5: Rock type texture.
2.6: Rock type grain size.
2.7: Structure orientation.
2.8: Rock alteration.
2.9: Rock alteration intensity.
2.10: Crush.

3: Generalized geophysical data.
3.1: Silicate density.
3.2: Magnetic susceptibility.
3.3: Natural gamma radiation.
3.4: Estimated fracture frequency.

4: Unbroken fractures.
4.1: Primary mineral.
4.2: Secondary mineral.
4.3: Third mineral.
4.4: Fourth mineral.
4.5: Alteration, dip direction.

5: Broken fractures.
5.1: Primary mineral.
5.2: Secondary mineral.
5.3: Third mineral.
5.4: Fourth mineral.
5.5: Aperture (mm).
5.6: Roughness.
5.7: Surface.
5.8: Slickenside.
5.9: Alteration, dip direction.
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6: Crush zones.
6.1: Piece (mm).
6.2: Sealed network.
6:3 Core loss.

7: Fracture frequency.
7.1: Sealed fractures.
7.2: Open fractures.

8: BIPS.
The geophysical logs are described below:

Magnetic susceptibility: The rock has been classified into sections of low, medium, high, and
very high magnetic susceptibility. The susceptibility is strongly connected to the magnetite
content in the different rock types.

Natural gamma radiation: The rock has been classified into sections of low, medium, and high
natural gamma radiation. Low radiation may indicate mafic rock types and high radiation may
indicate younger, fine- grained granite or pegmatite.

Possible alteration: This parameter has not been used in the geological single-hole interpretation
in the area.

Silicate density: This parameter indicates the density of the rock after subtraction of the
magnetic component. It provides general information on the mineral composition of the rock
types, and serves as a support during classification of rock types.

Estimated fracture frequency: This parameter provides an estimate of the fracture frequency
along 5 m sections, calculated from short and long normal resistivity, SPR, p-wave velocity as
well as focused resistivity 140 and 300. The estimated fracture frequency is based on a statistical
connection after a comparison has been made between the geophysical logs and the mapped
fracture frequency. The log provides an indication of sections with low and high fracture
frequencies.

Close inspection of the borehole radar data was carried out during the interpretation process,
especially during the identification of possible deformation zones. The occurrence and orien-
tation of radar anomalies within the possible deformation zones are commented upon in the
text that describes these zones.
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Figure 3-1. Example of WellCad plot (from borehole KLX05 in Laxemar) used as a basis for the single-hole interpretation.



4 Execution

4.1 General

The geological single-hole interpretation has been carried out by a group of geoscientists
consisting of both geologists and geophysicists. Several of these geoscientists previously partici-
pated in the development of the source material for the single-hole interpretation. All data to be
used (see above) are visualized side by side in a borehole document extracted from the software
WellCad. The working procedure is summarized in Figure 4-1 and in the text below.

Stage 1 in the working procedure is to study all types of data (rock type, rock alteration, silicate
density, natural gamma radiation, etc.) related to the character of the rock type and to merge
sections of similar rock types, or sections where one rock type is very dominant, into rock units
(minimum length of c. 5 m). Each rock unit is defined in terms of the borehole length interval
and provided with a brief description for inclusion in the WellCad plot. The frequencies of open
and sealed fractures have been assessed in the identification procedure, and the character of

the rock unit has been presented in stereo plot in appendices. Partly open fractures are included
together with open fractures. The confidence in the interpretation of a rock unit is made on the
following basis: 3 = high, 2 = medium, 1 = low and 0 = not estimated.

Geophysical Petrophysical
data data

Generalized
Boremap data geophysical Radar data

logs

Single-hole interpretation

1. Rock units
2. Possible deformation zones

Figure 4-1. Schematic block-scheme of single-hole interpretation.
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Step 2 in the working procedure is to identify deformation zones by visual inspection of the
results of the geological mapping (fracture frequency, fracture mineral, aperture, alteration,
etc.) in combination with the geophysical logging and radar data. The section of each identified
deformation zone is defined in terms of the borehole length interval and provided with a brief
description for inclusion in the WellCad plot. The confidence in the interpretation of a deforma-
tion zone is made on the following basis: 3 = high, 2 = medium, 1 =low and 0 = not estimated.

Inspection of BIPS images is carried out wherever it is judged necessary during the working
procedure. Furthermore, following definition of rock units and deformation zones, with their
respective confidence estimates, the drill cores are inspected in order to check the selection
of the boundaries between these geological entities. If judged necessary, the location of these
boundaries is adjusted.

Deformation zones that are brittle in character have been identified primarily on the basis of the
frequency of fractures, according to the recommendations in /7/. Both the transitional part, with
a fracture frequency in the range 4-9 fractures/m, and the cored part, with a fracture frequency
> 9 fractures/m, have been included in each zone (Figure 4-2). The frequencies of open and
sealed fractures have been assessed in the identification procedure, and the character of the zone
has been described accordingly. Partly open fractures are included together with open fractures
in the brief description of each zone. The presence of bedrock alteration, the occurrence and,
locally, inferred orientation of radar reflectors, the resistivity, SPR, P-wave velocity, caliper and
magnetic susceptibility logs have all assisted in the identification of the zones.

4.2 Nonconformities

In some cases alternative orientations for oriented radar reflectors are presented. One of the
alternatives is considered to be correct, but due to uncertainty in the interpretation of radar data,
a decision concerning which of the alternatives that represent the true orientation cannot be made.

Orientations from directional radar are presented as dip/strike using the right-hand rule.

f-————— Total zone width ———|

= 3 fracturesim
fault gouge

<. 4 fraciures’m <. 4 fraciures’m

4 - B fractures/m 4 - 9 fractures/m

Figure 4-2. Terminology for brittle deformation zones (after /7/).
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5 Results

The detailed results of the geological single-hole interpretations are presented as print-outs from
the software WellCad (Appendix 1 for KLX04, Appendix 2 for HLX21, Appendix 3 for HLX22,
Appendix 4 for HLX23, Appendix 5 for HLX24 and Appendix 6 for HLX25). The legend of the
WellCad is presented in Chapter 6. In 5.1 to 5.6 all identified rock units and possible deforma-
tion zones in KLX03, HLX21, HLX22, HLX23, HLX24 and HLX25 are presented.

5.1 KLX04

The borehole can be divided into three different rock units, RU1-RU3. Some rock units are
recurrent in the borehole depending on variations of the occurrence of subordinate rock types.

RU1: 101.481-385 m

Totally dominated by Avrd granite. Subordinate rock types comprise scattered < 5 m long
sections of granite, fine-grained dioritoid, fine- grained granite, and a few thin sections of
diorite to gabbro. The section 318-338 m is foliated. Confidence: 3.

RU2: 385-555 m

Mixture of Avrd granite and quartz monzodiorite. Subordinate rock types comprise < ca. 17 m
long sections of granite, fine-grained dioritoid, fine- grained granite, diorite to gabbro and
fine-grained diorite to gabbro. Scattered up to 5 m long sections are foliated. Confidence: 3.

RU1: 555-680 m

Totally dominated by Avrd granite. In the lower part of the section, fine-grained diorite to
gabbro constitute an important subordinate rock type. Furthermore, subordinate rock types
comprise scattered sections of fine-grained dioritoid and a few scattered narrow sections of
fine- grained granite. Confidence: 3.

RU3: 680-727.307 m

Dominated by quartz monzodiorite with a ca. 17 m long section (705—722 m) of fine- grained
gramte Subordinate rock types comprise Avrd granite, pegmatite and fine- grained granite. A
major part of this unit is foliated. Confidence: 3.

RU1: 727.307-991.151 m

Totally dominated by Avrd granite. Subordinate rock types comprise scattered < 4 m long
sections of fine-grained diorite to gabbro, and scattered minor sections of fine-grained granite,
fine-grained dioritoid and some pegmatite. The section 787—-790 m is foliated. Confidence: 3

Six deformation zones have been recognised in KLX04:

DZ1:227-230 m

Strongly brecciated. Crush and chlorite-healed fractures. Low resistivity, low density, very
low susceptibility and caliper anomaly. A borehole radar reflector occurs at 229.1 m with the
orientation 15/333. Seismic reflector with an interpreted intersection depth at 240 m, and an
orientation of 27/295. Confidence: 3

17



DZ2: 254-258 m

One meter crush including severe alteration. Reactivated zone. Low resistivity, variable p-wave
velocity, low density, low susceptibility and caliper anomaly. One non-oriented radar reflector
with the angle 59° to borehole axis at 255.2 m and one oriented at 258.4 m with the orientation
38/094. Confidence: 3.

DZ3: 295-298 m

Zone core centre at 296—297 m. Low resistivity, low p-wave velocity, low density, very low
susceptibility and caliper anomaly. Radar reflectors at 296.8 m and 298.8 m with the angle 70°
to borehole axis. Seismic reflector with the orientation 20/095 intersects the borehole at 290 m.
Confidence: 3.

DZ4: 325-326 m

Brecciated, strongly altered rock. Low resistivity and low susceptibility. One radar reflector
at 325.4 m with the angle 89° to borehole axis and one at 327.0 m with the angle 82°. Seismic
reflector with orientation of 15/295 intersects the borehole at 330 m. Confidence: 3.

DZ5: 346-355 m

Brittle deformation with brecciation (sealed network). Low resistivity, variable p-wave velocity,
very low susceptibility and small caliper anomaly. Radar reflectors at 350.7 m with the angle
70° to borehole axis and at 352.1 m with the angle 20° to borehole axis. Confidence: 3.

DZ6: 873-973 m

Repeated crush and sealed network. Alteration in upper part, but missing in the central part.
High frequency of open fractures. Zone core centre with strong inhomogeneous brittle deforma-
tion. The most intensely deformed part of the zone is between c. 930 and 973 m. An intensely
crushed part at 936-946 m, correlates with a seismic reflector with the orientation 30/120 at
940 m. Low resistivity, variable p-wave velocity, very low susceptibility in upper (875-895 m)
and lower (935-971 m) part and minor caliper anomalies. Several radar reflectors occur within
the zone. Thirteen are non-oriented and two are oriented. Oriented reflector at 877.5 m with
the orientation 25/109 and at 970.7 m with the orientation 20/134. Eleven radar reflectors have
angles in the interval 52—-88° to borehole axis, one at 915.7 m has an angle of 31° to borehole
axis and one reflector at 888.5 m has the angle 21° to borehole axis. The dominant rock type in
the deformation zone is interpreted to be Avrd granite. Confidence: 3.

5.2 HLX21

The borehole contains one rock unit:

RU1: 9.10-151.02 m

Totally dominated by Avrd granite. Subordinate rock types comprise fine- grained granite and
pegmatite. Confidence: 2.

Two possible deformation zones have been identified in HLX21:

DZ1: 1824 m

Low resistivity, low p-wave velocity, low density, low susceptibility and caliper anomaly. Two
radar reflectors with the intersection angles 67° and 59° to the borehole axis. Confidence: 2.

18



DZ2: 83-110 m

Inhomogeneous brittle deformation zone characterized by certain distinctly deformed sections,
with increased fracture frequency. Low resistivity, low p-wave velocity, partly low density, low
susceptibility and caliper anomaly. Five radar reflectors with the intersection angles 47°, 42°,
40°, 85°, and 40° to borehole axis. Confidence: 2.

5.3 HLX22

The borehole contains one rock unit:

RU1: 9.10-163.17 m

Totally dominated by Avrd granite. Subordinate rock types comprise fine- grained granite and
fine-grained diorite to gabbro. Confidence: 2.

One possible deformation zone has been identified in HLX22:

DZ1:116-119 m

Geophysical loggings show low resistivity, low p-wave velocity, low density, low susceptibility
and minor caliper anomaly. One radar reflector with the intersection angle 60° to the borehole
axis occurs in the section. Confidence: 2.

54 HLX23

The borehole contains one rock unit:

RU1: 6.10-161.00 m

Totally dominated by Avrd granite. Subordinate rock types comprise fine- grained granite and
fine-grained diorite to gabbro. Confidence: 2.

Three possible deformation zones have been identified in HLX23:

DZ1: 47-54 m

Strongly altered and a narrow section with increased fracturing. Low resistivity, low p-wave
velocity, low density, low susceptibility and caliper anomaly. Four radar reflectors with the
intersection angles 28°, 73°, 41°, and 28° to borehole axis. Confidence: 2.

DZ2: 62—67 m

Strongly altered and a narrow section with increased fracturing. Low resistivity, low p-wave
velocity, low susceptibility and caliper anomaly. Two radar reflectors with the intersection
angles 38° and 60° to borehole axis. Confidence: 2.

DZ3:77-82 m

Strongly altered and a narrow section with increased fracturing. Low resistivity, low p-wave
velocity, low density, low susceptibility and minor caliper anomaly. Three radar reflectors with
the intersection angles 46°, 55°, and 39° to borehole axis. Confidence: 2.
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5.5 HLX24

The borehole contains one rock unit:

RU1: 9.10-176.07 m

Totally dominated by Avrd granite. Subordinate rock types comprise fine-grained diorite to
gabbro, fine- grained granite, and pegmatite. Confidence: 2.

Three possible deformation zones have been identified in HLX24:

DZ1:27-40 m

Medium alteration and increased fracturing. Distinct anomalies in all geophysical logs. Two
radar reflectors with the intersection angles 59° and 53° to borehole axis. Confidence: 1.

DZ2: 58-64 m

Weak to medium alteration and rather high fracture frequency. Low resistivity, low p-wave
velocity, low density, low susceptibility and major caliper anomaly. Two radar reflectors with
the intersection angles 63° and 56° to borehole axis. Confidence: 2.

DZ3: 137-145 m

Medium alteration. Low p-wave velocity, low density, low susceptibility and caliper anomaly.
Increased penetration rate. Three radar reflectors with the intersection angles 49°, 55°, and 56°
to borehole axis. Confidence: 2.

5.6 HLX25

The borehole contains three rock units, one of which is recurrent in the borehole due to varia-
tions of subordinate rock types. For this reason, the borehole is divided into five rock sections:

RU1: 6.12-23.39 m

Totally dominated by Avrd granite. Subordinate rock types comprise granite and pegmatite.
Confidence: 2.

RU2: 23.39-81.50 m

Totally dominated by granite. Subordinate rock types comprise Avrd granite, pegmatite,
fine-grained diorite to gabbro and fine- grained granite. Confidence: 2.

RU1: 81.50-145.91 m

Totally dominated by Avrd granite. Subordinate rock types include fine-grained diorite to
gabbro, fine-grained dioritoid, granite, fine- grained granite and pegmatite. Confidence: 2.

RU3: 145.91-177.11 m

Totally dominated by diorite to gabbro. Subordinate rock types comprise pegmatite and Avrd
granite. There is largely increased density and low natural gamma radiation and low magnetic
susceptibility along the section 145—185 m. Confidence: 2.

20



RU1: 177.11-202.72 m

Totally dominated by Avrd granite. Subordinate rock types comprise fine- grained diorite to
gabbro and pegmatite. There is largely increased density and low natural gamma radiation and
low magnetic susceptibility along the section 145—185 m. Confidence: 2.

Four possible deformation zones have been identified in HLX25:

DZ1:47-52 m

Strong alteration and a crush zone. Low resistivity, low p-wave velocity, low density, major
caliper anomaly and low susceptibility. One radar reflector with the intersection angle 73° to
borehole axis. Confidence: 2.

DZ2: 66-74 m

Weak to medium alteration and increased fracture frequency. Low resistivity, low p-wave
velocity and low susceptibility. Three radar reflectors with the intersection angles 53°, 39°, and
70° to borehole axis. Confidence: 2.

DZ3: 111-116 m

Weak to no alteration, increased fracturing and a narrow crush zone. Low resistivity, low
p-wave velocity, variable density, low susceptibility and caliper anomaly. Two radar reflectors
with the intersection angles 84° and 63° to borehole axis. Confidence: 2.

DZ4:176-183 m

Medium alteration and a narrow crush zone. Low resistivity, low p-wave velocity, low density
and low susceptibility. Two radar reflectors with the intersection angles 59° and 65° to borehole
axis. Confidence: 2.
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6 Comments

The result from the geological single-hole interpretation of KLX04, HLX21, HLX22, HLX23,
HLX24 and HLX25 are presented in WellCad plots (Appendix 1-6). The WellCad plots consist
of the following columns:

In data Boremap

1: Depth (Length along the borehole).
2: Rock type.

3: Rock alteration.

4: Sealed fractures.

5: Open and partly open fractures.

6: Crush zones.

In data Geophysics

7: Silicate density.

8: Magnetic susceptibility.
9: Natural gamma radiation.

10: Estimated fracture frequency.

Interpretations

11: Description: Rock unit.

12: Stereogram for sealed fractures in rock unit (blue symbols).

13: Stereogram for open and partly open fractures in rock unit (red symbols).

14: Description: Possible deformation zone.

15: Stereogram for sealed fractures in possible deformation zone (blue symbols).

16: Stereogram for open and partly open fractures in possible deformation zone (red symbols).
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Appendix 1 Geological single-hole interpretation of KLX04

le SINGLE HOLE INTERPRETATION KLX04
Site. LAXEMAR Inclination [°] -84.71 Elevation [m.a.s.L| 24.02 Signed data
Borehole KLX04 Date of mapping 2004-07-22 10:00:00 B
Diameter [mm] 76 Coordinate System RT90-RHB70 illing S 3 4:00:
Length [m] 993.490 Northing [m] 636707637 Surveying Date
Bearing [°] 1.62 Easting [m] 1548171.99 Plot Date 2006-07-13 21:14:56
ROCKTYPE LAXEMAR ROCK ALTERATION SILICATE DENSITY SUSCEPTIBILITET NATURAL GAMMA
8 Fine-grained granite xidized O3 unclassified OO unclassified 01 unclassified
I Granite BER Chloritisized 3 dens<2680 1 sus<0.001 3 gam<10
3 Avid granite =3 Epidotisized I 2680<dens<2730 = 0.001<sus<0.01 1 10<gam<20
[ Quartz monzodiorite B8 Quartz dissolution B 2730<dens<2800 B 0.01<sus<0.1 3 20<gam<30
@ Diorite / Gabbro B8 Saussuritization I 2800<dens<2890 . sus>0.1 E gam>30
[ Fine-grained dioritoid dens>2890
BEE Fine-grained diorite-gabbro
Oepth
1500 BOREMAP DATA GENERALIZED GEOPHYSICAL DATA ROCK UNIT POSSIBLE DEFORMATION ZONES
Seated | a1 | Esimates
fok | o | Frachures | O t" S| ogete Réml Fracr Freq Oescpton Rock Ut Sealed Fracures Rock Uit Open and Party Open Fracures oo Possiie Delarnation Zone
wlo » PR—
E 101.48
110.0 1 1
120.0
130.0 —
a
140.0 S
150.0 —
160.0 ]
170.0 ]
180.0 —
190.0 —
200.0 ]
B 227.00
2100 1 Dz1
? Strongly brecciated. Crush
| and chlorite-healed 1
2200 I fractures. Low resistivity,
b low density, very low
I susceptibility and caliper
RU1 B anomaly. A borehole radar o o
230.0 —— Totally dominated by Avré reflector occurs at 229.1 m
granite. Subordinate rock with the orientation
1] types comprise scattered = 15/333. Seismic reflector
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Appendix 2

Geological single-hole interpretation of HLX21

Title SINGLE HOLE INTERPRETATION HLX21
Site LAXEMAR Inclination [°] -56.98 Elevation [m.a.s.L] 1031 Signed data
Borchole HLX21 Datc of mapping 2004-10-21 16:15:00 Drilling Start Date 2004-08-30 08:00:00
i Diameter [mm] 138 Coordinate System RT90-RHB70 Drilling Stop Date 2004-09-02 09:00:00
Length [m] 150.300 Northing [m] 6366568.75 Surveying Date
Bearing [°] 185.54 Easting [m] 1549632.36 Plot Date 2006-07-13 21:14:56
ROCKTYPE LAXEMAR ROCK ALTERATION SILICATE DENSITY SUSCEPTIBILITET NATURAL GAMMA
[ Fine-grained granite B2 Oxidized O unclassified O3 unclassified O unclassified
=3 Pegmatite [ dens<2680 3 5us<0.001
= Avrd granite B 2680<dens<2730 1 0.001<sus<0.01
B 0.01<sus<0.1
Depth
msoom BOREMAP DATA GENERALIZED GEOPHYSICAL DATA ROCK UNIT POSSIBLE DEFORMATION ZONES
St | B T oeriatan —
ook | ok | Fncures | TEELOR | Jmae w2 | st | grae o Descpion Rock Uit Seald Fractures Rock Uit Open and Pty Open Fractures e N Possile Deformaton Zone Sealed Fractures oo betomatin Zone
wlo  w ) I3
I | ] 430 18.00
H L H L1 Dz1 s
10.0
%‘ T}L Low resistivity, low p-wave
; — velocity, low density, low
susceptibility and caliper
200 ’7:_&| — anomaly. Two radar B oo
— 1] reflectors with the
% = intersection angles 67°
300 1 and 59° to the borehole
%—‘ = axis. Confidence: 2 o
% I T 24.00
400 % j,—;g [
< | L
i £ 1
50.0 =
= i l=s
60.0 5; é}— = M I
> ==s]
B Z
F = 7 11 T
700 K 3 —— RU1
E A P 83.00
Jfl = Totally dominated by Avrd DZ2
i }é granite. Subordinate rock 2 oo Inhomogeneous brittle
800 ES | PSS CIED deformation zone
ﬁ = = L] ﬁne—gra;_lpedcgraf(;te anqz characterized by certain -
g =l pegmatite. Confidence: distinctly deformed
%00 = = [ L sections, with increased
g =] = fracture frequency. Low
= — resistivity, low p-wave . oo
% = velocity, partly low density,
1000 ? 1 low susceptibility and
[ [ caliper anomaly. Five
é radar reflectors with the
110.0 — intersection angles 47°, o
42°,40°, 85°, and 40° to
E 11 borehole axis.
Confidence: 2
1200 —
— 110.00
1300 é — 1

Page 1
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Appendix 3

Geological single-hole interpretation of HLX22

Title

SINGLE HOLE INTERPRETATION HLX22

Site LAXEMAR Inclination [°] 59.43 Elevation [m.a.s.L] 10.06 Signed data
Borehole HLX22 Date of mapping 2004-10-27 13:17:00 Drilling Start Date 2004-08-23 15:30:00
i Diameter [mm] 138 Coordinate System RT90-RHB70 D Stop Date 2004-08-26 09:30:00
Length [m] 163.200 Northing [m] 6366487.83 Surveying Date
Bearing [°] ng [m] 154966 Plot Date 2006-07-13 21:14:56
ROCKTYPE LAXEMAR ROCK ALTERATION SILICATE DENSITY SUSCEPTIBILITET NATURAL GAMMA
[ Fine-grained granite B Oxidized O3 unclassified O3 unclassified OO unclassified
=3 Avrd granite [ dens<2680 3 gam<10
B 2680<dens<2730 3 10<gam<2t
B 2800<dens<2890 = 20<gam<30
==
Depth
oo BOREMAP DATA GENERALIZED GEOPHYSICAL DATA ROCK UNIT POSSIBLE DEFORMATION ZONES
: Gpen g Eeimated
Sealed | poly'Open | Crush [  Pentration Natural | Fractore Fr
e | oo | Favures | MEiures Roeaom) | g | omte, | S | ™y Descripion Rock Uni Sesed Fractres Rock UnitOpen and Party Open Fractures poss SSEBlon e actures Possie Deformaton Zone
wlo  w " = 0
10.0 Ef s ? T 9.10
ke 1
200 I |
B
::fozo‘
30.0 £ ——
g =
40.0 i —
50.0 195% ——
S5
R %‘ |
¥ —
60.0 R L L
R é‘ = —
R
gl I
S -
o]
B - —
700 RS E —
b .
o RU1 )
80.0 L T Totally dominated by Avro
? ;13 granite. Subordinate rock
E = types comprise 20| 50
90.0 I f!ne-gra!ned granite and
fine-grained diorite to
| gabbro. Confidence: 2
100 Ll 5 116.00
o | Dzt )
I Geophysical loggings o
i i L show low resistivity, low
1100 T p-wave velocity, low
density, low susceptibility
% and minor caliper - oo
1200 = | L[] anomaly. One radar
? = reflector with the
— 1 intersection angle 60° to
%I‘ = the borehole axis occurs
1300 E 11 in the section. Confidence: o
= N 2
119,00

Page 1
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Appendix 4 Geological single-hole interpretation of HLX23

Title SINGLE HOLE INTERPRETATION HLX23
Site LAXEMAR Inclination [°] Elevation [m.as.l| 14.69 Signed data
Borehole HLX23 Date of mapping 2004-11-01 13:54:00 2004-09-13 12:30:00
Diameter [mm] 139 Coordinate System RT90-RHB70 Drilling Stop Date 2004-09-16 10:00:00
Length [m] 160.200 Northing [m] 6366578.01 Surveying Date
Bearing [°] 182.89 Easting [m] 1548888.67 Plot Date 2006-07-13 21:14:56

ROCKTYPE LAXEMAR
[ Fine-grained granite

3 Avrd granite

BN Fine-grained diorite-gabbro

ROCK ALTERATION SILICATE DENSITY SUSCEPTIBILITET NATURAL GAMMA
B2 Oxidized O3 unclassified O unclassified O unclassified
dens<2680 [ sus<0.001
2680<der 3 0.001<sus<0.01
2730<de . 0.01 0.1
2800<dens<2890

B
500 BOREMAP DATA ‘GENERALIZED GEOPHYSICAL DATA ROCK UNIT POSSIBLE DEFORMATION ZONES
Ooon o
Sealed | party Open | crusn | Feniation atual | Fractura Fro
e B Bl B et B T W I Deseriton Rock UritSealed Fractures Rock Urit Open and Party Open Fractres s S e Possite Deformaton Zone Seaied Fracires opcissle Deormaten Zere
o w0 w P w ra—y
6.10
10.0 il

300 = 47.00
DZ1
1 Strongly altered and a
400 1 narrow section with 5

increased fracturing. Low
- resistivity, low p-wave
velocity, low density, low
susceptibility and caliper 2701 joo
anomaly. Four radar
reflectors with the
L intersection angles 28°,
73° 41°, and 28° to oo
borehole axis.

Confidence: 2

54.00

70.0

L1 RU1
Totally dominated by Avré

62.00
Dz2

o ‘LL#.P’“ HIF U_[’“‘U'”J e “‘if‘-LWJJ

il

=

100.0

=

5y
3

5555

110.0 i

=z
%

5

e

—
S
5
S
SR

5

=

X
&
%
%
&
o

120.0

=
2
3
%
5
%

=

8

8
K

%z
5
%
%
5%

%
K

SRR

=
o

s
=
5
RIS
355

=
3
%
5
8

8
%
oo
3
1o

130.0

2
&
b
s

3
%
54
2
2

B
BS
B
B
B

granite. Subordinate rock

| | types comprise

fine-grained granite and
fine-grained diorite to
gabbro. Confidence: 2

Strongly altered and a
narrow section with
increased fracturing. Low
resistivity, low p-wave
velocity, low susceptibility
and caliper anomaly. Two
radar reflectors with the
intersection angles 38°
and 60° to borehole axis.
Confidence: 2

67.00

77.00

DZ3
Strongly altered and a
narrow section with
increased fracturing. Low
resistivity, low p-wave
velocity, low density, low
susceptibility and minor

i L

Page
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Appendix 5

Geological single-hole interpretation of HLX24

Title NGLE HOLE INTERPRETATION HLX24
Site LAXEMAR Inclination [°] 5838 Elevation [m.a.s.L] 1277 Signed data
Borchole HLX24 Date of mapping 2004-11-03 07:43:00 Drilling Start Date 2004-09-06 13:00:00
Diameter [mm] 139 Coordinate System RT90-RHB70 Drilling Stop Date 2004-09-09 10:00:00
Length [m] 175.200 Northing [m] 6366503.72 Surveying Date
Bearing [°] 358.69 Easting [m] 1548865.89 Plot Date 2006-07-13 21:14:56
ROCKTYPE LAXEMAR ROCK ALTERATION SILICATE DENSITY SUSCEPTIBILITET NATURAL GAMMA
= Avrd granite B8 Oxidized O3 unclassified OO unclassified O unclassified
B Finc-grained diorite-gabbro ens<2680 1 sus<0.001 3 gam<10
B 2680<dens<2730 =3 0.001<sus<0.01 = 10<gam<20
W 2730<dens<2800 B 0.01<sus<0.1 3 20<gam<30
B 2800<dens<2890 (=]
Derh
msom BOREMAP DATA GENERALIZED GEOPHYSICAL DATA ROCK UNIT POSSIBLE DEFORMATION ZONES
Sealed Open and Pentration Estmated
T
100 jj% 9.10
h 27.00
200 ' w52 . o
35 Medium alteration and
increased fracturing.
300 Distinct anomalies in all
geophysical logs. Two 210 oo 2701 20"
radar reflectors with the
40.0 intersection angles 59°
and 53° to borehole axis.
Confidence: 1 oo o
40.00
50.0
> 58.00
Dz2
S Weak to medium g @
600 = alteration and rather high
= fracture frequency. Low
resistivity, low p-wave
700 X velocity, low density, low
1 susceptibility and major o * e *
=
= caliper anomaly. Two
00 . radar reflectors with the
RU1 intersection angles 63°_
Totally dominated by Avro and 5extojboreholelaxis: "
granite. Subordinate rock Confidence: 2
%00 types comprise - L 64.00
| | fine-grained diorite to
gabbro, fine-grained
100.0 granite, and pegmatite.
Confidence: 2
oo
110.0
1200
137.00
DZ3
1300 Medium alteration. Low - ~
p-wave velocity, low
E density, low susceptibility

Page 1
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Appendix 6

Geological single-hole interpretation of HLX25

Title

SINGLE HOLE INTERPRETATION HLX25

Site LAXEMAR Inclination [°] 58.58 Elevation [m.a.s.L] 20.66 Signed data
Borchole HLX25 Date of mapping 2004-10-14 17:43:00 Drilling Start Date 2004-08-17 00:00:00
Diameter [mm] 135 Coordinate System RT90-RHB70 Drilling Stop Date 2004-08-19 00:00:00
Length [m] 202.500 Northing [m] 6366783.97 Surveying Date
Bearing [°] 17.94 Easting [m] 154777632 Plot Date 2006-07-13 21:14:56
ROCKTYPE LAXEMAR ROCK ALTERATION SILICATE DENSITY SUSCEPTIBILITET NATURAL GAMMA
=3 Pegmatite B Oxidized O unclassified O3 unclassified O3 unclassified
B Granite 1 sus<0.001 3 gam<10
3 Avid granite =2 0.00 —=
[0 Diorite / Gabbro . 001 =
B Fine-grained diorite-gabbro 2800<dens (=]
B dens>2890
Depth
s BOREMAP DATA GENERALIZED GEOPHYSICAL DATA ROCK UNIT POSSIBLE DEFORMATION ZONES
seat | B0 T erioton o | Bt
o | oo | e | O | O | sione | e | 1| e Descipton Rock Uit Seald Fractures Rock Uit Open and Party Open Fracures e T Possila Deformaton Zone Sealed Fractures oo betomatin Zone
wlo  w )
0.0 H
] >
6.12
RU1
100 E %* # Totally dominated by Avrd
: ] granite. Subprdinatevrock o -
= types comprise granite
200 and pegmatite.
g Confidence: 2
g §L 23.
oo
23.39
300 1
F E 47.00
=— DZ1
3 — Weak to medium 5
400 % ¥ alteration and increased
— é RU2 - fracture frequency. Low
‘g‘ g‘ Totally dominated by resistivity, low p-wave
50.0 — — granite. Subordinate rock velocity and low 0] i
g 2 types comprise Avro susceptibility. Three radar
S ] granite, pegmatite, reflectors with the
00 ? % fine-grained diorite to o * intersection angles 53°,
z‘ { ] gabbro and fine-grained 39°, and 70° to borehole oo
T granite. Confidence: 2 axis. Confidence: 2
E 52.00
700 ?-— & 66.00
= -
§ Weak to no alteration,
80.0 81.50 increased fracturing and a
< 81.50 narrow crush zone. Low
el resistivity, low p-wave
w00 ; = velocity, variable density, o 9”
g low susceptibility and
caliper anomaly. Two
§ radar reflectors with the
1000 RU1 . Avrd T intersection angles 84° Te0”
Totally dominated by Avré and 63° to borehole axis.
granite. Subordinate rock Confidence: 2
b types include fine-grained 74.00
1100 Al |
diorite to gabbro, il ks N
5 o e 111.00 o
fine-grained dioritoid, DZ3
: %onfidence'pz 9 . crush zone. Low
I . oo resistivity, low p-wave a0 -
velocity, low density,
1300 b maijor caliper anomaly and
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