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1 Introduction

This document reports both new data and a synthesis of these and other data sets,

all acquired in connection with the project entitled “Bedrock mapping at Forsmark,
2002-2003" (Activity plan AP PF 400-02-11, SKB internal controlling document). The
project has been organized into several distinct working phases which are planned to be
executed during two time stages, 2002 (Stage 1) and 2003 (Stage 2). This project is one of
the activities performed within the site investigation programme at Forsmark.

The bedrock mapping project aims to present a new, detailed geological map of the bedrock
in the candidate area at Forsmark and its surroundings. The area selected for mapping is
constrained by the coordinates shown in Table 1-1. The outline of the mapping area and the
outcrops observed during Stage 1 of the project are shown in Figure 1-1.

The new data reported here are petrographic (including modal analyses) and geochemical
analyses of bedrock samples from surface outcrops that were documented in the outcrop
database during Stage 1 of the project /Stephens et al, 2003/. These data are presented for
each group of rock types that has been recognized in the Forsmark area. A synthesis of
measured ductile structures in the area and of the frequency and orientation of fractures at
44 outcrops, predominantly within the Forsmark candidate area, are also presented in this
report. All these structural data were assembled during Stage 1 of the bedrock mapping
project and have been presented earlier /Stephens et al, 2003/. Petrophysical data from
bedrock samples that were extracted from surface outcrops during Stage 1 of the project
and in situ gamma-ray spectrometry measurements at the surface were also reported earlier
/Mattsson et al, 2003/.

Table 1-1. Coordinates of the area selected for bedrock mapping in the Forsmark area.

Corner ID Northing in RT 90, 2.5 gon V Easting in RT 90, 2.5 gon V

(metres) (metres)
1 6706371 1632471
2 6698593 1640249
3 6691522 1633178
4 6699300 1625400
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Figure 1-1. Outcrops observed during Stage 1 of the bedrock mapping project. The inferred
outcrops and the sites where the Quaternary cover is less than 50 cm thick, which were not
visited during 2002, are also shown /after Stephens et al, 2003/.



2  Objective and scope

The mapping of bedrock outcrops in the Forsmark area provided, amongst other attributes, a
first estimation of the composition and grain size of the various rock types that are exposed
at the surface /Stephens et al, 2003/. These estimates were carried out optically, often with
the help of a hand lens. The field investigations showed that the bedrock in the Forsmark
area is composed predominantly of igneous rocks which have been affected by metamor-
phism under amphibolite-facies conditions /Stephens et al, 2003/. In order to obtain a more
systematic documentation of the composition of these rock types, petrographic (including a
calculation of modal values) and geochemical analyses of representative samples from the
surface bedrock are necessary.

The microscopic examination of thin-sections in the petrographic analysis also provides
important grain size, textural and microstructural information. The availability of geochemi-
cal analyses opens possibilities to document the broader petrological characteristics of the
different groups of rock types that have been recognised on the basis of the field work.
Furthermore, these characteristics can be compared with the geochemical trends of major
bedrock units in the region.

78 bedrock samples were selected for petrographic analysis. Except for a calc-silicate rock
with variable amounts of magnetite and sulphide mineralization (5 samples), a base metal
sulphide mineralization (1 sample) and a pegmatitic granite which was judged to be too
coarse to yield a reliable modal analysis (1 sample), all samples underwent a modal analysis
(Table 2-1, Figure 2-1). 50 igneous rock samples were also selected for geochemical analy-
sis. 34 of these samples are included in the modal analytical work (Table 2-1, Figure 2-1).
The samples which lack a modal analysis include amphibolite and metagabbro (15 samples)
and a pegmatitic granite (1 sample). All samples have been taken from the land area that
lies between road 76 and the coast. This area includes the candidate area at Forsmark
(Figure 2-1).

1,840 measurements of mesoscopic structures were included in the outcrop database for
Stage 1 of the bedrock mapping project /Stephens et al, 2003/. Furthermore, data bearing
on the frequency and orientation of fractures longer than 100 cm were also assembled

at 44 outcrops. All these data are available in the SKB SICADA database. Syntheses of
ductile structural data from the outcrop database and fracture data from the 44 outcrops
are presented here in order to provide a basis for a better understanding of the larger-scale
structures in the Forsmark area.



Table 2-1. Summary of petrographic and geochemical analyses carried out on surface
bedrock samples selected during Stage 1 of the bedrock mapping project.

PFM-nr E-W-coord N-S-coord Description of Modal analysis Geochemical
thin-section analysis

000197A 1634276 6697201 X X X

000198A 1634253 6697205 X X X

000207A 1633643 6698871 X X

000239A 1630850 6697377 X

000278A 1631243 6698045 X X

000278B 1631243 6698045 X X

000289A 1632148 6698312 X X X

000318A 1630931 6698945 X

000319A 1630998 6699892 X X X

000320A 1631177 6700201 X X X

000336A 1633408 6696490 X

000350A 1631618 6696576 X X X

000352A 1631659 6696711 X X X

000352B 1631659 6696711 X X X

000364A 1628870 6702688 X

000446B 1630821 6697966 X

000454A 1626493 6699831 X

000465A 1627031 6699121 X X

000466B 1627093 6699168 X X

000529A 1632972 6700104 X X X

000530A 1632973 6700188 X X X

000530B 1632973 6700188 X X X

000656A 1633127 6698268 X X

000656B 1633127 6698268 X X

000657B 1631335 6699128 X X

000658A 1631413 6699102 X X X

000670A 1634016 6698205 X X

000677A 1634362 6698346 X X

000685A 1635210 6698095 X X

000692A 1633697 6696651 X X X

000712A 1632546 6700441 X X

000729A 1633742 6699258 X X X

000730A 1633866 6699254 X X

000773B 1629695 6701435 X X

000794A 1627136 6700181 X X

000858A 1628654 6701906 X X

000865A 1629457 6700353 X X

001156A 1632016 6701371 X X X

001159A 1632635 6699761 X X

001159B 1632635 6699761 X X X

001162A 1634013 6698339 X X X

001163A 1634279 6696848 X X

001164A 1631455 6699092 X X

001180A 1633127 6698125 X X X

001182A 1633270 6698371 X X X
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Figure 2-1. Location of surface bedrock samples which have undergone petrographic and
geochemical analyses during Stage 1 of the bedrock mapping project. Samples from different rock
types at the same locality are not distinguishable on this diagram. Several samples also lie close
to each other and are also difficult to distinguish on this diagram.
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3 Equipment

3.1 Description of equipment

Optical microscopic investigations were carried out at the Geological Survey of Sweden

in Uppsala and at Ekstrom Mineral AB in Taby using standard polarizing microscopes
designed for the investigation of thin-sections of bedrock samples. The modal analyses were
carried out at Ekstrom Mineral AB and the Geological Survey of Sweden, using standard
point counter equipment. Some representative photomicrographs were taken using a polar-
izing microscope with digital photographic equipment at the Geological Survey of Sweden.

The fresh bedrock samples selected for geochemical analysis were prepared for analysis

by crushing and pulverizing to a fine powder by Swedish Geochem Services AB, Ojebyn.
The samples were crushed using a Mn-steel crusher and pulverized using a LM5 mill.

The powdered samples were subsequently analysed geochemically at the Acme Analytical
Laboratories Ltd in Vancouver, Canada using the ICP (Inductively Coupled Plasma) tech-
nique. This laboratory was satisfactorily accredited under ISO 9002 during November 1996.
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4 Execution

The preparation of samples, the analytical work and the data handling have followed the
procedures recommended in the description of the methods for the analysis of bedrock
samples (SKB MD 160.001).

4.1 Preparatory work

Fresh, representative bedrock samples were selected for petrographic description, modal
analysis and geochemical analysis during and after the Stage 1 bedrock mapping field
work. All the selection work was carried out after mapping of the respective outcrop had
been completed. In order to check the precision of the geochemical data, two samples of
what was judged to be the same rock were selected at the same outcrop (PFM001162A
and PFM002217A; PFM002216A and PFM002216B). Furthermore, Acme Analytical
Laboratories Ltd completed repeat analyses on two samples, PFM000729A and
PFMO002220A.

Uncovered polished thin-sections from 78 samples were prepared by Minoprep in
Hunnebostrand for optical microscopic investigations. 35 of these samples together with
15 samples of amphibolite and metagabbro were crushed and pulverized by Swedish
Geochem Services AB. Crushing down to a size of <10 mm was followed by grinding to
a powder with a size <200 mesh (90%). 50-100 g of this fine powder was subsequently
extracted and transferred to Acme Analytical Laboratories Ltd in Vancouver, Canada for
geochemical analysis. The crushing and pulverizing procedure is estimated to give rise to
minor contamination of the elements Fe (c 600 ppm), Mn (c 9 ppm) and Cr (c 1.5 ppm) in
the powder extracted for analysis.

In order to carry out the structural analysis work, the following structural data were
extracted from the SKB SICADA database under field note Forsmark 22:

* Ductile structures, planar
1. Strike and dip of foliation.
2. Strike and dip of banding (inferred to be tectonic in character).
3. Strike and dip of gneissic veining.
4. Strike and dip of gneissosity.

» Ductile structures, linear
1. Trend and plunge of lineation (inferred to be a mineral lineation).
2. Trend and plunge of mineral lineation.
3. Trend and plunge of fold axis.
4. Trend and plunge of crenulation lineation.

» Fractures, planar
1. Strike and dip of fractures longer than 100 cm that were measured at the 44 outcrops
mapped by orthogonal scan line mapping.
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4.2 Analytical work

Table 4-1 summarizes the information that is included in the thin-section description of each
sample:

Table 4-1. Summary of information in the thin-section description.

* ID-code, outcrop (PFM-number).

» Coordinates of the PFM-number.

» Person who has carried out the analysis.

» Date.

» Number of points analysed in the modal analysis.

* Grain size.

» Texture.

* Microstructure.

» Mineral occurrence with comments. Values included if a modal analysis has been carried out.

* Rock type based on the modal analysis (if available) or field estimate (if no modal analysis is available).

» Brief general description in free text form.

A modal analysis was completed for the majority of the thin-sections (71 of 78). The
mineral composition at 500 evenly-spaced points over each thin-section were determined
during this analysis. Following point counting, the grain size as well as the relevant textural
and microstructural characteristics of each sample were documented (thin-section descrip-
tion). A qualitative analysis of the mineral composition and a description of the thin-section
were also completed for the remaining samples (7).

The major and minor oxide (SiO,, Al,Os, Fe,03, MgO, Ca0, Na,0, K,0, TiO,, P,0Os, and
MnO) and some trace oxide and element compositions (Cr,Os, Ba, Ni and Sc) of the 50
geochemical samples were analysed by ICP-AES (Inductively Coupled Plasma - Atomic
Emission Spectrometer). A 0.2 g sample from a LiBO, fusion was used. The ICP-AES
analytical method is capable of determining the concentrations of many elements simultane-
ously by measuring the intensity of light given off by samples aspirated into an argon gas
plasma heated to >10,000°K. The technique is capable of very low detection limits (ppm to
ppb) with wide linear ranges (5 orders of magnitude).

C and S in the 50 samples were determined by the so-called Leco method. Each sample was
heated in an induction furnace operating at >1,650°C causing the volatization of all C- and
S-bearing minerals and compounds. The vapours were then carried through an infrared
spectrometric cell wherein the concentrations of C and S were determined by absorption

of specific infrared wavelengths.

The trace elements Co, Cs, Ga, Hf, Nb, Rb, Sn, Sr, Ta, Th, U, V, W, Zr and Y and the rare
earth elements (REE) La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu in the

50 geochemical samples were analysed by ICP-MS (Inductively Coupled Plasma - Mass
Spectrometer) after a LiBO, fusion. The remaining elements, Mo, Cu, Pb, Zn, Ni, As,

Cd, Sh, Bi, Ag, Au, Hg and TI, were analysed by leaching a 0.5 g sample with 3 ml 2-2-2
HCI-HNOs-H,0 at 95°C for one hour, dilution to 10 ml and then analysis by ICP-MS. This
analytical method is capable of determining the concentrations of many elements simultane-
ously by measuring the mass of ions generated by an argon gas plasma heated to 10,000°K
and passing through a magnetic quadrupole to the detector. The method is capable of very
low detection limits (ppb to ppt) with wide linear ranges (up to 7 orders of magnitude).
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4.3 Data handling

The descriptions of the thin-sections (78 samples) and the modal analyses (71 of these
78 samples) were included in an Access database for the documentation of thin-section
descriptions which is under development at the Geological Survey of Sweden.

The numerical data (71 modal analyses) were subsequently transferred and exported to
SKB as an Excel file, following the format recommended by SKB. The modal analyses
have been recalculated in this report as QAP(F=0) values for inclusion in Streckeisen
plots /Streckeisen, 1976, 1978/, in order to facilitate a more systematic rock classification
/Le Bas and Streckeisen, 1991; Le Maitre, 2002/. Following internationally recommended
standards and the recommendations in the method description for whole-rock analysis
(SKB MD 160.001), rock nomenclature is steered by the modal analysis data. The size of
mineral grains in the groundmass of the various meta-igneous rocks follows the nomencla-
ture used by the Geological Survey of Sweden (Table 4-2). All the petrographic data are
stored at SKB under field note Forsmark 103.

The raw geochemical data (52 analyses including two repeat analyses from the same
sample) were transferred and subsequently exported to SKB as an Excel file, following the
format recommended by SKB. The geochemical data have been handled in this report so
that they can be presented in several standard geochemical plots. These data are stored at
SKB under field note Forsmark 103.

The orientation of the structural data extracted from the SKB SICADA database under field
note Forsmark 22 have been handled in this report with the help of the stereographic projec-
tion programme Sereo.

Table 4-2. Nomenclature for the grain size of groundmass in igneous rocks (after the
Geological Survey of Sweden).

Size of mineral grains in groundmass Nomenclature

<0.05 mm Very fine-grained

0.05-1 mm Fine-grained

1-3 mm Finely medium-grained
1-5 mm Medium-grained

3-5mm Coarsely medium-grained
>5 mm Coarse-grained
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5 Results

5.1 Rock types defined on the basis of field investigations

The mapping of bedrock outcrops indicates that four major groups of rock types are present
in the Forsmark area (Groups A, B, C and D). Groups A, B and C represent a stratigraphic
sequence with older, predominantly supracrustal rocks represented in Group A, major
plutonic rocks represented in Group B, and younger, minor intrusive rocks represented in
Group C. The minor intrusive rocks in Group D are younger than the rocks in Groups A and
B. However, there are variable time relationships between the rocks in Groups C and D.

The various groups form a basis for the graphical presentation of modal and geochemical
data in several diagrams in this report. The nomenclature used for the different rock types is
based solely on the estimates of rock composition carried out in the field. Furthermore, the
estimates of grain size made in the field are an attempt to address the size of mineral grains
prior to the effects of deformational and metamorphic processes. A brief definition of the
major groups and of the various rock types within each group are presented below:

Felsic to intermediate metavolcanic, synvolcanic meta-intrusive and reworked
metavolcaniclastic rocks, calc-silicate rock (skarn) and mineralization
(Group A)

The following types of rock are included in Group A:

Al. Felsic to intermediate metavolcanic, synvolcanic meta-intrusive and reworked meta-
volcaniclastic rocks.

A2. Magnetite mineralization associated with calc-silicate minerals.

A3. Veined gneiss of uncertain origin. No analysis of samples from this strongly subordi-
nate subgroup has been carried out.

A4. Calc-silicate rock (skarn).

A5. Sulphide mineralization.

The felsic to intermediate metavolcanic, synvolcanic meta-intrusive and reworked metavol-
caniclastic rocks (Al) are a volumetrically important component in the bedrock that occurs
both to the northeast and to the southwest of the candidate area. The rocks inferred to be of
volcanic or synvolcanic intrusive origin commonly occur as more homogeneous bands of
fine-grained felsic material. A finely laminated structure is present in some of these bands.
The bands vary considerably in both their thickness, colour and magnetic susceptibility. Due
to the effects of ductile deformation and recrystallisation under amphibolite-facies metamor-
phic conditions, considerable uncertainty remains concerning whether these rocks represent
juvenile pyroclastic rocks, lavas or synvolcanic intrusions. Furthermore, it is unclear to what
extent differences in colour and magnetic susceptibility are related to primary differences

in composition, to different degrees of hydrothermal alteration, to metamorphism or to a
combination of these features.

Some of the volcaniclastic rocks display a distinct compositional layering with paler, more
quartz- and feldspar-rich layers alternating with layers richer in biotite, locally with garnet.
There are possibly all transitions from syn-eruptive, resedimented, volcaniclastic deposits to
post-eruptive, volcanogenic sedimentary deposits /McPhie et al, 1993/.
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Magnetite-rich mineralization (A2), which is associated with calc-silicate rock (skarn; A4)
and which, locally, contains base metal sulphides, is the most important type of mineraliza-
tion in the Forsmark area. This type of mineralization is hosted by the Group A1 rocks to
the southwest of the candidate area. A second type of mineralization, which has only been
observed at one locality to the west of the candidate area, consists solely of base-metal and
iron sulphides (A5). It is hosted by a Group B metagranodiorite.

The rocks referred to here as Al to A4 have all been affected by penetrative, ductile
deformation and metamorphism. The rocks in subgroups A1, A2 and A4 belong to the
Svecofennian, predominantly supracrustal rocks that are common in the Bergslagen area
and its surroundings in central Sweden. Inspection of the geochronology database at the
Geological Survey of Sweden indicates that the Svecofennian rocks show a range of U-Pb
(zircon) ages in the time period ¢ 1,906—-1,891 million years.

Ultramafic, mafic, intermediate and felsic (quartz-rich) meta-intrusive rocks
(Group B)

This group of plutonic rocks is by far the volumetrically most important rock group in the
Forsmark area. Medium-grained, equigranular intrusive rocks dominate and display a wide
variety of compositions. All rocks are inferred to be younger than the supracrustal rocks in
Group A. Based on field observations, the compositionally different rock types within this
group are defined as follows:

Ultramafic, mafic and intermediate meta-intrusive rocks

B1. Meta-ultramafic rock.

B2. Metagabbro.

B3. Metadiorite, quartz-bearing metadiorite, metadioritoid.
B4. Amphibolite.

Felsic meta-intrusive rocks

B5. Metatonalite.

B6. Metatonalite to metagranodiorite.
B7. Metagranodiorite.

B8. Metagranodiorite to metagranite.
B9. Metagranite.

B10. Metagranite, aplitic.

An important characteristic of the felsic varieties (B5 to B10) is that they are quartz-rich,
i.e. they belong to the group of felsic intrusive rocks referred to as granitoid. Garnet has
been observed in some of the mafic to intermediate varieties as well as in some of the
metatonalites. The metagranites and some of the amphibolites (B8, B9, B10 and part of B4)
form a bimodal rock association. The metagranites in this association intruded at least some
of the metatonalites, the amphibolites that are spatially associated with the metatonalites,
and at least some of the metagranodiorites (B5, B6, B7 and part of B4).

All the rocks in Group B have been affected, to variable extent, by ductile deformation and
recrystallisation under amphibolite-facies metamorphic conditions. The coarser-grained
ultramafic, mafic and intermediate rocks (B1 to B3) are not as penetratively affected by
these post-intrusive processes as the finer-grained amphibolites (B4) and the felsic meta-
intrusive rocks (B5 to B10). This feature is related to the variable affect ductile deformation
has on rocks with either different grain size or different mineral composition. The Group B
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intrusive rocks belong to the early-tectonic suite of intrusive rocks that dominate large areas
in the eastern part of central Sweden. These rocks display a range of U-Pb (zircon) ages in
the time period ¢ 1,903-1,840 million years.

Fine- to medium-grained, felsic (quartz-rich) meta-intrusive rocks (Group C)

The rocks within this group are a subordinate component in the Forsmark area. Only a
limited number of larger intrusive bodies are exposed at the surface. As for Group B rocks,
they are rich in quartz and belong to the granitoid group. They display a compositional bias
towards inferred granodioritic and tonalitic compositions. These rocks are distinguished
from the Group B felsic rocks on the basis of their grain size and their field occurrence.
There has proven to be some difficulties to separate Group C rocks with granitic composi-
tion from the granites in Group D.

Group C rocks are distinctly finer-grained than the Group B rocks and occur as smaller
lens-shaped massifs, possible boudins or dyke-like bodies in the rocks belonging to both
Groups A and B. They display a ductile deformational mineral fabric and have been affected
by amphibolite-facies metamorphism. The mineral fabric is more commonly linear in
character. At several places, the contacts of these bodies are discordant to a planar mineral
fabric or an inferred tectonic banding in the adjacent host rocks (Groups A and B).

The field relationships suggest that Group C metagranitoids are younger than the rocks
belonging to Groups A and B. Furthermore, it is inferred that they intruded after at least
some deformation had affected the rocks within Groups A and B but prior to later ductile
deformation and metamorphism. The composition and intrusion-deformation relationships
are reminiscent of the igneous and tectonic development in, for example, the Askersund area
in the southwestern part of the Bergslagen geological province /Wikstrom, 1996; Wikstrom
and Karis, 1998/ or the Loos-Karbdle-Ljusdal area in the central part of Sweden /Delin,
1993, 1996; Delin and Persson, 1999/. Metagranitoids in these areas have yielded U-Pb
(zircon) ages around ¢ 1,850 and in the time period ¢ 1,870—-1,840 million years, respec-
tively.

Granite, pegmatitic granite and pegmatite (Group D)

The rocks in Group D are a common, yet subordinate component in the outcrops exposed at
the surface and display variable time relationships to the rocks in Group C. Only a limited
number of larger intrusive bodies are exposed at the surface. The different rock types within
this group are defined as follows:

D1. Granite.
D2. Pegmatitic granite.
D3. Pegmatite.

The granites (D1) are fine- or medium-grained and generally leucocratic in character.
Aplites are included in this subgroup. All these rocks occur as minor bodies or dykes. Some
of these dykes are zoned in character with a thin pegmatitic rim along the margins of the
dyke. These granites are distinctly discordant to the banding and mineral fabric in the older
rocks that belong to Groups A, B and C. They are inferred to form the youngest rocks in the
area.

The term pegmatitic granite (D2) has been applied to those rocks where the grain size is
highly variable and irregularly distributed, often from pegmatite to fine- to medium-grained,
leucocratic granite to aplite, in a single body. Locally, coarse grains of magnetite are
present in this rock type. Pegmatitic granite (and pegmatite) commonly occur as irregular
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concentrations along the contacts to and as injections within the Group C rocks. These field
relationships suggest that pegmatitic granite intruded close in time to or after intrusion of
the Group C rocks.

Pegmatite (D3) occurs as discontinuous bands, lenses and segregations, as more irregular
minor bodies and as dykes. They display highly variable relationships to the ductile
deformation in the rocks that belong to Groups A, B and C. Some pegmatites are tightly
folded and concordant to the banding and mineral fabric in the host rocks. Garnet is locally
present. Other pegmatites show distinctly discordant relationships but are, nevertheless,
commonly weakly folded. Different generations of pegmatites are inferred to be present.

Bearing in mind a reservation for some of the pegmatites, the Group D rocks are inferred to
belong to the late-tectonic suite of intrusive rocks in the Bergslagen area and its surround-
ings. These rocks display U-Pb (zircon) ages in the time period ¢ 1,850-1,750 million years.

5.2 Petrography including modal analytical data

The descriptions of individual thin-sections with modal analyses are presented in
Appendix 1 and the results are summarized in Tables 5-1 and 5-2. A short summary of the
mineral composition, texture, grain size and microstructure for the various rock groups is
presented below.

Felsic to intermediate metavolcanic and synvolcanic meta-intrusive rocks
(Group A1)

Ten samples of metavolcanic and possibly synvolcanic meta-intrusive rocks (Group Al)
have been analysed petrographically. Most samples are rich in quartz (28 to 46% on the
QAPF diagram) and plagioclase feldspar with variable amounts of biotite and hornblende
(Figure 5-1). Two samples display lower contents of quartz (9 and 20%) as well as more
plagioclase feldspar and hornblende (Figure 5-1). The Group Al rocks lie in the dacitic
(eight samples) and andesitic (two samples) fields on the QAPF diagram (Figure 5-2a).
In general, this is in agreement with the estimate made during the field investigations
(Table 5-1). However, there is some tendency that the optical examination in the field has
overestimated the felsic character of these rocks.

Titanite, apatite, allanite and zircon form accessory minerals. Opaque accessory minerals
include magnetite and pyrite with occasional occurrences of ilmenite and chalcopyrite.
Secondary alteration minerals include epidote, chlorite, prehnite and calcite. Plagioclase
feldspar is saussuritized and/or sericitized, in places along discrete, discordant zones. Pyrite
is commonly altered to goethite along mineral boundaries.

The Group Al rocks are generally equigranular and there is a tendency, in some samples, to
show a fine banding structure. Mineral grains are commonly less than 1 mm, i.e. the rocks
are fine-grained, and it is inferred that an increase in grain size has occurred in connection
with metamorphism.

All the rocks display a ductile deformational grain-shape fabric formed under amphibolite-
facies metamorphic conditions. This fabric is defined most distinctly by oriented biotite

or hornblende grains. An orientation of quartz and plagioclase feldspar grains is present
but is generally less distinct. Intracrystalline strain features are only present in quartz with
the development of undulose extinction and subgrains. This deformation is inferred to
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have occurred after the main phase of deformation and grain growth, during retrogressive
metamorphic conditions.

A qualitative estimate of the frequency of microfractures has been carried out in six of the
samples investigated and a low frequency of microfractures has been recorded (Table 5-2).
Some thin-sections display sealed fractures across the entire thin-section.

Magnetite mineralization associated with calc-silicate minerals (Group A2)

The mineral composition of four samples of magnetite mineralization has been investigated
microscopically. The samples are dominated by actinolite, garnet and magnetite. Alternating
bands of magnetite-calc-silicate minerals and quartz-highly saussuritized/sericitized
plagioclase feldspar are present. Pyrite, chalcopyrite and locally pyrrhotite and sphalerite
occur as disseminations and as veins that are discordant to the banding.

Calc-silicate rock (skarn; Group A4)

One sample has been investigated microscopically. This sample is dominated by diopside
which shows a granoblastic texture and contains interstitial zoisite and sericite. Pyrite is also
present.

Sulphide mineralization (Group A5)

Pyrite, pyrrhotite, chalcopyrite and sphalerite occur as disseminations in a mineral matrix
dominated by quartz, strongly altered (saussuritized/sericitized) plagioclase feldspar, biotite
and muscovite. Coarser crystals of muscovite and biotite with intracrystalline strain features
are also concentrated in a band.

Figure 5-1. Modal compositions of analysed samples from the different rock groups.
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Figure 5-2. QAPF modal classification of analysed samples from the different rock groups based

on /Sreckeisen, 1976, 1978/.
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Table 5-1. Compilation of rock classification of all analysed samples based on the estimates carried out in the field, the modal analyses

and the geochemical analyses.

Coordinates

Classification based on modal analysis

Classification based on geochemical analysis

Classification used in
Group and PFM-number
Northing | Easting outcrop database Q (%) A (%) P (%) Classification K20+Na20-Si02 ZrITi02-Nb/Y QP
Group A1. Felsic to intermediate metavolcanic and synvolcanic meta-intrusive rocks | |
PFMO000350A 6696576 1631618 Felsic volcanic rock 343 0.8 64.9 Dacite Dacite Dacite
PFM000352A 6696711 1631659  Rhyolite 284 12.3 59.2 Dacite-(rhyolite) |Rhyolite Rhyolite
PFM000352B 6696711 1631659 Felsic volcanic rock 329 1.0 66.0 | Dacite Dacite Dacite
PFMO001156A 6701371 1632016  Felsic volcanic rock 38.7 1.2 60.1 |Dacite Rhyolite Dacite
PFMO001200A 6694369 1634380 Felsic volcanic rock 43.5 [17.0 39.5 Dacite-(rhyolite) Dacite Dacite
PFM001222A 6696262 1632356  Felsic volcanic rock 46.1 1.9 52.0 |Dacite Rhyolite Rhyolite
PFMO001229A 6701410 1631893 Felsic igneous rock, fine-grained |[19.9 (3.4 76.7 Andesite
PFMO001236A 6701409 1632135 Felsic igneous rock, fine-grained |35.9 1.0 63.1 |Dacite
PFM002163B 6695756 1633125 Dacite 89 0.0 91.1 Andesite Andesite Andesite
PFM002163C 6695756 1633125 |Felsic volcanic rock 291 1.0 69.9 Dacite
Group B. Ultramafic, mafic, intermediate and quartz-rich felsic (granitoid) meta-intrusive rocks
B1. Meta-ultramafic rock \
PFMO001205A 6694774 1634487  Ultramafic rock 0.0 0.0 0.0 | Olivine-hornblende pyroxenite |Ultramafic rock (40.33% SiO2) Ultramafic rock (40.33% SiO2)
B3. Metadiorite, quartz-bearing metadiorite,
metadioritoid
PFM000858A 6701906 1628654  Diorite 9.0 0.0 91.0 | Quartz diorite
PFM000865A 6700353 1629457  Diorite 06 0.0 99.4 | Diorite
PFMO002216A 6699652 1630093  Diorite |Gabbro Gabbro
PFM002216B 6699652 1630093  Diorite Gabbro Gabbro
PFMO002220A 6701238 1628975 Diorite Gabbro Gabbro
B4. Amphibolite |
PFMO001183B (associated with B8-B10) 6698025 1632858 | Amphibolite 0.0 0.0 100.0 Amphibolite Amphibolite (gabbroic) Amphibolite (gabbroic)
PFM002209A (associated with B8-B10) 6700651 1632580 Amphibolite Amphibolite (gabbroic) Amphibolite (gabbroic)
PFM002215A (associated with B5-B6) 6699971 1630334  Amphibolite | Amphibolite (gabbroic) Amphibolite (gabbroic)
PFM002218B (associated with B5-B6) 6697350 1629994  Amphibolite Amphibolite (gabbroic) Amphibolite (gabbroic)
PFM002219B (associated with B8-B10) 6699506 1631340  Amphibolite Amphibolite (gabbroic) Amphibolite (gabbroic)
PFM002239A (associated with B5-B6) 6698839 1627369 Amphibolite Amphibolite (gabbroic) Amphibolite (monzogabbroic)
PFM002240A (associated with B5-B6) 6695228 1631637  Amphibolite Amphibolite (gabbroic) Amphibolite (gabbroic)
PFMO002241A (associated with B8-B10) 6697859 1634625 | Amphibolite Amphibolite (gabbroic) Amphibolite (gabbroic)
PFM002242A (associated with B8-B10) 6699917 1632853 Amphibolite Amphibolite (monzogabbroic) Amphibolite (gabbroic)
PFMO002243A (associated with B8-B10) 6698757 1633308  Amphibolite | Amphibolite (monzodioritic) Amphibolite (gabbroic)
PFM002244A (associated with B8-B10) 6698361 1633262  Amphibolite Amphibolite (monzonitic) Amphibolite (dioritic)
PFMO002245A (associated with B8-B10) 6697733 1631685 Amphibolite Amphibolite (dioritic) Amphibolite (dioritic)
PFM002246A (associated with B5-B6) 6696189 1631500 Amphibolite Amphibolite (gabbroic) Amphibolite (dioritic)
B5. Metatonalite | | |
PFM000207A 6698871 1633643 |Tonalite 472 7.7 451 Granodiorite
PFM000465A 6699121 1627031 |Tonalite 476 2.1 50.3 Tonalite
PFMO000729A 6699258 1633742 Tonalite 36.5 10.1 |53.4 Granodiorite Granodiorite Granodiorite
PFM000794A 6700181 1627136  Tonalite 254 8.1 66.5 | Granodiorite
PFMO001162A 6698339 1634013 Tonalite 240 144 |61.6 Granodiorite Diorite Quartz diorite
PFMO001217A 6700952 1629455 Tonalite 315 95 59.0 | Granodiorite Tonalite Tonalite
PFM001234A 6701393 1632042  Tonalite 0 0 100.0 Diorite/gabbro
PFM001510A 6695787 1632130 Tonalite 36.7 282 351 Granite
PFM001518A 6697065 1630625 |Tonalite 259 (104 63.7 Granodiorite
PFM001574A 6700811 1627932 |Tonalite 21.8 8.8 69.4 | Granodiorite
PFM002217A 6698336 1634013 Tonalite 247 146 60.7 Granodiorite Tonalite Tonalite
PFMO002218A 6697350 1629994 Tonalite 44.7 21.3 34.0 Granite Granodiorite Tonalite
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Table 5-1. Continued.

B6. Metatonalite to metagranodiorite

PFM000730A 6699254 1633866 |Tonalite to granodiorite 250 6.8 68.2 Tonalite

PFM001253A 6700079 1630251 |Tonalite to granodiorite 299 20 68.1 |Tonalite

PFM001582A 6701146 1627769 |Tonalite to granodiorite 33.3 3.9 62.8 Tonalite

B7. Metagranodiorite

PFMO000692A 6696651 1633697  Granodiorite 35.6 13.8 50.6 |Granodiorite Granodiorite Tonalite
PFMO001198A 6696474 1634041 | Granodiorite 38.5 16.9 44.6 |Granodiorite

PFMO001255A 6700016 1630179 |Granodiorite 315 11.1 |57.4 |Granodiorite

B8. Metagranodiorite to metagranite

PFM000289A 6698312 1632148  Granodiorite-granite 38.3 32.8 |28.9 Granite Granite Granodiorite
PFM000319A 6699892 1630998  Granodiorite-granite 42.0 29.2 |28.8 |Granite Granite Granodiorite
PFMO000320A 6700201 1631177  Granodiorite-granite 411 29.1 [29.8 |Granite Granite Tonalite
PFMO00658A 6699102 1631413  Granodiorite-granite 349 385 |26.6 |Granite Granite Granite
PFM001164A 6699092 1631455  Granodiorite-granite 44.0 [19.3 [36.7 |Granodiorite

B9. Metagranite | |

PFM000197A 6697201 1634276  Granite 34.8 37.5 |27.7 |Granite Granite Granite
PFM000278A 16698045 [1631243 |Granite 34.3 [36.0 [29.7 Granite

PFMO000685A 6698095 1635210  Granite 346 26.5 |38.9 |Granite

PFM000773B 6701435 1629695 Granitoid 319 28.6 [39.5 |Granite

PFM001159A 6699761 1632635 Granite 37.6 29.5 |32.9 |Granite

PFMO001159B 6699761 1632635 Granite 32.1 319 |36.0 |Granite Granite Granite
PFMO001180A 6698125 1633127  Granite 32.8 248 424 |Granite Granite Granodiorite
PFMO001182A 6698371 1633270 Granite 33.7 29.5 36.8 |Granite Granite Granodiorite
PFM001216A 6701194 1629974  Granite 43.7 20.5 |35.8 Granite

PFM001864A 6698802 1635370  Granite 46.0 9.9 44.1 | Granodiorite Granite Tonalite
PFM002207A 6699740 1632290 Granite 385 265 36.0 |Granite Granite Granodiorite
PFM002212A 6700648 1632494  Granite 37.7 9.8 52.5 |Granodiorite Granite Tonalite
PFM002214B 6699962 1630353  Granite 352 309 [33.9 |Granite

B10. Metagranite, aplitic | |

PFM000278B 16698045 1631243 |Granite, fine-grained 31.9 486 [19.5 Granite

PFMO000530A 6700188 1632973  Granite, aplitic 38.0 14.8 |47.2 Granodiorite Granite Tonalite
Group C. Quartz-rich felsic (granitoid) meta-intrusive rock, fine- to medium-grained. Occurs as dykes and lenses within rocks belonging to Groups A and B

PFM000466B 16699168 (1627093 |Granodiorite-granite 31.2 20.7 |48.1 Granodiorite

PFMO000529A 6700104 1632972  Granite 27.3 3.60 |69.1 |Tonalite Granodiorite Tonalite
PFMO000656B 6698268 1633127  Tonalite 40.9 0.1 59.0 |Tonalite

PFM000657B 6699128 1631335  Granodiorite-granite 32.0 29.6 384 |Granite

PFMO000670A 6698205 1634016 Tonalite 311 87 60.2 | Granodiorite

PFMO000677A 6698346 1634362 Tonalite 30.8 0.9 68.3 | Tonalite

PFMO000712A 6700441 1632546  Granitoid 217 25 75.8 |Tonalite

PFM001220A 6701521 1631412 |Granitoid 29.6 16.9 |53.5 |Granodiorite

PFMO001246B 6701198 1632025 |Granitoid 382 26 59.2 |Tonalite

PFM001522A 6696950 1630118 | Granodiorite-granite 34.8 9.40 55.8 |Granodiorite

PFM001535A 6700315 1626591 |Granitoid 32.1 22.3 |45.6 |Granodiorite

PFM002206A 6699711 1632329  Granodiorite 35,5 258 38.7 |Granite Granite Granodiorite
PFM002213A 6700532 1632663  Granodiorite 29.8 11.7 58.5 |Granodiorite Granodiorite Tonalite
PFM002214A 6699962 1630353  Granodiorite 35.6 26.2 38.2 |Granite Granite Granodiorite
Group D. Granite, pegmatitic granite, pegr‘natite. Occurs as dyke‘s and minor intrusive bodies within rocks belonging to Groups A and B. Pegmatites display variable time relationships to Group C

D1. Granite

PFMO000530B 6700188 1632973  Granite 33.8 28.6 |37.6 |Granite Granite Granite
PFM002210A 6700655 1632484  Granite 31.8 39.8 |28.4 |Granite Granite Granite

D2. Pegmatitic granite | |

PFM000198A 6697205 1634253 Pegmatitic granite 344 27.6 |38.0 Granite Granite Granite
PFMO000656A 6698268 1633127  Pegmatitic granite 39.6 19.9 40.5 |Granodiorite

PFM001163A 6696848 1634279  Pegmatitic granite 38.1 327 |29.2 |Granite

PFM001191A 6697844 1633977  Pegmatitic granite Outside the fields in Figure 5-7 Outside the fields in Figure 5-7




Table 5-2. Compilation of grain size, mineral orientation and frequency of microfractures in samples
analysed petrographically. Mineral orientation is based on the assessment carried out in the field and
reported in the outcrop database (2002).
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Coordinates Grain size
Group and PFM-number Mineral orientation Microfractures
Northing | Easting (mm)
Group A
A1. Felsic to intermediate metavolcanic and synvolcanic meta-intrusive rocks
PFMO000350A 6696576 1631618 0.1-1 Foliated, lineated
PFMO000352A 6696711 1631659 0.01-0.5 Foliated, lineated Low
PFM000352B 6696711 1631659 0.01-0.5 Banded, foliated, lineated |Low
PFM001156A 6701371 1632016 0.1-2 Banded, lineated
PFM001200A 6694369 1634380 0.01-2 Foliated
PFM001222A 6696262 1632356 0.05-0.8 Banded, foliated
PFMO001229A 6701410 1631893 0.1-2 Lineated Low
PFMO001236A 6701409 1632135 0.05-1 Low. Some longer sealed fractures
PFM002163B 6695756 1633125 0.05-0.2 Banded Longer sealed fractures
PFM002163C 16695756 1633125 10.05-0.7 Banded, lineated Low. Some longer sealed fractures
A2. Magnetite mineralisation associated with calc-silicate minerals
PFM000239A 6697377 1630850 0.1-1 Banded
PFMO00336A 6696490 1633408 0.1-1 Banded, foliated
PFMO000364A 6702688 1628870 0.1-1 Banded, foliated
PFM000446B 6697966 1630821 0.1-1
A4. Calc-silicate rock (skarn)
PFMO000318A 6698945 1630931 0.1-0.3
A5. Sulphide mineralisation
PFMO000454A 6699831 1626493 0.1-1

Group B. Ultramafic, mafic, intermediate and quartz-rich felsic (granitoid) meta-intrusive rocks
B1. Meta-ultramafic rock \ \

PFM001205A 6694774 1634487 0.5-5 Isotropic High

B3. Metadiorite, quartz-bearing metadiorite, metadioritoid

PFMO000858A 6701906 1628654 0.05-3 Isotropic to weakly foliated |High. Several longer fractures
PFMO000865A 6700353 1629457 0.1-5 Foliated Low

B4. Amphibolite \ \

PFM001183B 6698019 1632862 0.5-2 Foliated, lineated

B5. Metatonalite \ \

PFM000207A ‘6698871 ‘ 1633643 0.1-5 Foliated High
PFM000465A 6699121 1627031 0.05-2 Foliated, lineated Low
PFM000729A 6699258 1633742 0.1-2 Foliated Moderate
PFM000794A 6700181 1627136 0.05-5 Lineated Low
PFM001162A 6698339 1634013 0.1-2 Foliated, lineated

PFM001217A 6700952 1629455 0.1-2 Foliated, lineated Low
PFMO001234A 6701393 1632042 0.1-2 Foliated Low. Some longer sealed fractures
PFMO001510A 6695787 1632130 0.05-2 Foliated, lineated Low
PFMO001518A 16697065 (1630625 0.05-2 Banded, foliated, lineated |Low
PFM001574A 16700811 1627932 0.05-2 Lineated Low
PFM002217A 6698336 1634013 0.05-2 Foliated, lineated

PFM002218A 6697350 1629994 0.05-1 Banded, foliated

B6. Metatonalite to metagranodiorite

PFM000730A 6699254 1633866 0.05-1.5 Foliated High
PFM001253A 6700079 1630251 0.05-1.5 Foliated, lineated Low

PFMO001582A 6701146 1627769 0.05-2 Lineated High
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Table 5-2. Continued.

B7. Metagranodiorite

variable time relationships to Group C

Group D. Granite, pegmatitic granite, pegmatite. Occurs as dykes and minor intrus|

PFMO000692A 6696651 1633697 |0.05-2 Lineated, weakly foliated

PFMO001198A 16696474 1634041 0.1-2 Lineated, weakly foliated  Low

PFMO001255A 6700016 1630179 0.05-1.5 Foliated, lineated Low. Some longer sealed fractures
B8. Metagranodiorite to metagranite

PFMO000289A 6698312 1632148 |0.05-2 Foliated Low

PFMO000319A 6699892 1630998 |0.05-2 Foliated, lineated Moderate

PFMO000320A 6700201 1631177 |0.05-2 Foliated Low

PFMO000658A 6699102 1631413 |0.05-2 Foliated

PFMO001164A 6699092 1631455 |0.05-2 Foliated, lineated

B9. Metagranite

PFMO000197A 6697201 1634276 0.05-2 Foliated, lineated Moderate to high. Some longer fractures
PFMO000278A 16698045 1631243 0.05-2 Foliated, lineated Moderate

PFMO000685A 6698095 1635210 0.05-5 Foliated, lineated Moderate to high

PFMO000773B 6701435 1629695 |0.05-5 Foliated Moderate

PFMO001159A 6699761 1632635 |0.05-2 Lineated, weakly foliated

PFM001159B 6699761 1632635 0.05-2 Lineated, weakly foliated Moderate

PFMO001180A 6698125 1633127 0.05-3 Lineated, weakly foliated Moderate

PFMO001182A 6698371 1633270 |0.05-2 Lineated Moderate

PFMO001216A 6701194 1629974 |0.05-3 Foliated Moderate

PFMO001864A 6698802 1635370 |0.05-3 Foliated Moderate

PFMO002207A 6699740 1632290 |0.05-2 Lineated, weakly foliated

PFM002212A 6700648 1632494 0.05-1 Banded, foliated, lineated

PFM002214B 6699962 1630353 |0.1-2 Foliated

B10. Metagranite, aplitic |

PFMO000278B 6698045 1631243 0.05-0.5 Foliated, lineated Low to moderate

PFMO000530A 6700188 1632973 0.05-1 Banded Low to moderate

Group C. Quartz-rich felsic (granitoid) meta-intrusive rock, fine- to medium-grained. Occurs as dykes and lenses within rocks belonging to Groups A and B
PFMO000466B 16699168 1627093 0.05-2 Lineated Moderate

PFMO000529A 6700104 1632972 |0.1-3 Lineated Moderate

PFMO000656B 6698268 1633127 |0.1-3 Foliated

PFMO000657B 6699128 1631335 |0.1-3 Foliated, lineated

PFMO000670A 6698205 1634016 |0.05-3 Moderate to high

PFMO000677A 6698346 1634362 |0.05-3 Moderate to high

PFMO000712A 6700441 1632546 |0.1-3 High

PFMO001220A 6701521 1631412 |0.1-4 Foliated High. Several longer, sealed fractures
PFM001246B 6701198 1632025 |0.1-2 Moderate to high. Some longer, sealed fractures
PFM001522A 6696950 1630118 0.01-2 Foliated, lineated Some longer, sealed fractures
PFMO001535A 6700315 1626591 |0.05-1.5 Lineated Low to moderate

PFMO002206A 6699711 1632329 |0.05-3 Lineated, weakly foliated

PFMO002213A 6700532 1632663 |0.1-3 Lineated

PFMO002214A 6699962 1630353 |0.1-2 Foliated

ive bodies within rocks belonging to Groups A and B. Pegmatites display

D1. Granite

PFM000530B 6700188
PFM002210A 6700655
D2. Pegmatitic granite \

PFM000198A 6697205
PFMO00656A 6698268
PFM001163A 6696848
PFMO001191A 16697844

1632973
1632484

1634253
1633127
1634279
1633977

0.1-3 Moderate to high
0.05-1

0.1-5 Isotropic High

0.1-8 Foliated

0.05-3

0.05-10 High




Ultramafic, mafic and intermediate meta-intrusive rocks (Groups B1 to B4)

One ultramafic rock, two diorites and an amphibolite have been analysed petrographically.

The ultramafic rock is dominated by clinopyroxene and olivine which shows abundant
secondary alteration to serpentine. Amphibole, magnetite and orthopyroxene are other
important primary minerals and occasional grains of pentlandite, chromite, ilmenite,
pyrrhotite and chalcopyrite are present. Other secondary minerals include epidote, chlorite
and carbonate. According to the classification in /Le Maitre, 2002/, the ultramafic rock

is compositionally close to the boundary between pyroxenite and peridotite (olivine-
hornblende pyroxenite). The mineral grains vary in size from 0.5 to 5 mm and the rock is
classified as medium-grained. The mineral grains display only a weak ductile grain-shape
fabric but are strongly fractured.

The intermediate rocks are strongly dominated by hornblende and plagioclase feldspar
(Figure 5-1). The latter displays an andesine or andesine-labradorite composition. Biotite
and quartz, especially in PFMO00858A, are also present. Opaque minerals include ilmenite
with occasional grains of magnetite, pyrite and chalcopyrite. Zircon is present in both
thin-sections and traces of epidote, chlorite, prehnite, calcite and muscovite form a group
of secondary minerals. The samples display a dioritic (PFM000865A) or quartz dioritic
(PFMO0O00858A) composition (Figure 5-2b), in close agreement with the estimations carried
out during the field investigations (Table 5-1).

The mineral grains are variable in grain size from 0.05 up to 5 mm and the rock is
classified as medium-grained. Grain-size reduction in connection with the recrystallisation
of plagioclase feldspar gives rise to a pseudo-porphyritic texture. Occasional remnants of
coarser, oriented plagioclase feldspar grains float in a recrystallised and oriented ground-
mass of finer-grained plagioclase feldspar, hornblende and biotite. Ductile deformation
under amphibolite-facies metamorphic conditions is inferred.

The amphibolite sample consists of hornblende and plagioclase feldspar with titanite and
epidote. Zircon, apatite and occasional pyrite are accessory components while actinolite-
tremolite and calcite form minor secondary minerals. The major minerals are evenly
distributed and equigranular with a grain size in the range 0.5-2 mm, i.e. the rock is
finely medium-grained. Hornblende, in particular, displays a ductile grain-shape fabric.

Felsic (quartz-rich) meta-intrusive rocks (Groups B5 to B10)

38, felsic Group B rocks have been analysed petrographically. All samples except
PFMO001234A (see below), which is dioritic in composition, are quartz- (22 to 48% on

the QAPF diagram) and biotite-rich but there is considerable variation in the contents of
K-feldspar, plagioclase feldspar and hornblende (Figure 5-1). Hornblende is an important
component in the rocks with lower contents of K-feldspar (Figure 5-1). The rocks belonging
to Groups B5 to B10 are tonalites, granodiorites and granites (Figure 5-2b).

Inspection of the modal analyses and the compositional estimates that were made during the
field investigations (Table 5-1) shows the following:

1. In general, the occurrence of K-feldspar in the B5 tonalites has been underestimated
slightly during the field investigations. Many of these rocks lie in the granodiorite field
on the QAPF diagram (Figure 5-2b). It is recommended that groups B5 and B6 are
combined and referred to as metamorphosed tonalite to granodiorite in future investiga-
tions.
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2. Groups B8 and B9 need to be combined and referred to as metamorphosed granite to
granodiorite in future investigations.

3. The modal analyses for the three B5 samples PFM001234A, PFM001510A and
PFMO002218A suggest that these rocks belong to Groups B3 and B8 (two samples),
respectively.

Titanite, apatite, allanite and zircon are present as accessory minerals. Accessory opaque
minerals are dominated by magnetite and pyrite with trace amounts of ilmenite, chalcopy-
rite, sphalerite and pyrrhotite. Secondary alteration minerals include epidote with subordi-
nate chlorite, calcite, hematite and muscovite. Plagioclase feldspar is saussuritized and/or
sericitized and pyrite is altered to goethite along mineral boundaries.

The rocks belonging to Groups B5 to B10 are equigranular with a somewhat heterogene-
ous mineral distribution in deformed aggregates. Mineral grains vary in size from 0.05 to
5 mm (Table 5-2). Optical examination in the field, in combination with an estimate of the
size of mineral aggregates observed during the microscopic examination, suggest that the
felsic igneous rocks in Group B originally had a grain size in the range 1-5 mm, i.e. they
were originally medium-grained. Grain size reduction has occurred in connection with the
penetrative ductile deformation and metamorphism.

The rocks display a ductile deformational grain-shape fabric defined most distinctly by
oriented biotite and hornblende as well as elongate, recrystallised aggregates of quartz and
feldspar (Figures 5-3a and 5-3b). These features suggest that deformation occurred under
amphibolite-facies metamorphic conditions. Intracrystalline strain features are present in
quartz that shows undulose extinction and the development of subgrain boundaries. This
deformation is assumed to have occurred during later, retrograde metamorphic conditions.
However, a striking feature of the rocks is the penetrative ductile deformation in combina-
tion with the relatively low strain displayed by individual mineral grains.

A qualitative estimate of the frequency of microfractures has been carried out in 28 of the
samples investigated. A low or moderate frequency of microfractures has been recorded in
most of these samples (Table 5-2). Some thin-sections display sealed fractures across the
entire thin-section.

Fine- to medium-grained, felsic (quartz-rich) meta-intrusive rocks (Group C)

14 samples of Group C rocks have been analysed petrographically. All samples are quartz-
(22 to 41% on the QAPF diagram) and biotite-rich but there is considerable variation in the
contents of K-feldspar and plagioclase feldspar (Figure 5-1). Hornblende is occasionally
present (Figure 5-1). On account of this variation, the Group C rocks display a composition
which ranges from tonalitic to granitic, with a weighting towards granodiorite and tonalite
(Figure 5-2c). Although there is some disagreement within individual samples, the modal
analyses generally confirm the compositional estimate of the group carried out during the
field investigations (Table 5-1).

Titanite is a common accessory mineral; apatite, allanite and zircon are also present.
Accessory opaque minerals are dominated by magnetite and pyrite with occasional grains
of chalcopyrite, ilmenite and hematite. Secondary alteration minerals include epidote and
subordinate chlorite and prehnite. Plagioclase feldspar is saussuritized and/or sericitized
and pyrite is commonly altered to goethite along mineral boundaries.
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The Group C rocks are generally equigranular and the minerals are relatively evenly
distributed over the thin-sections. Mineral grains vary in size from 0.05 to 3 mm

(Table 5-2). Optical examination in the field, as well as an estimate of the size of mineral
aggregates observed during the microscopic examination, suggest that the Group C igne-
ous rocks originally had a grain size in the range 1-3 mm, i.e. they were originally finely
medium-grained. Grain size reduction has occurred in connection with the penetrative
ductile deformation and metamorphism.

The Group C rocks show a ductile deformational grain-shape fabric defined most distinctly
by oriented biotite as well as elongate, recrystallised aggregates of quartz. Feldspar grains
are also elongate in the grain-shape fabric and show grain-size reduction in connection with
subgrain development and some recrystallisation (Figure 5-3c). Brittle deformation of the
feldspar grains, commonly observed under greenschist-facies metamorphic conditions, is
not conspicuous. These features suggest that deformation occurred at higher temperatures
under amphibolite-facies metamorphic conditions. Intracrystalline strain features are present
in quartz that shows undulose extinction and the development of subgrain boundaries. This
deformation is assumed to have occurred during later, retrograde metamorphic conditions.

A qualitative estimate of the frequency of microfractures has been carried out in nine of the
samples investigated and a moderate or high frequency of microfractures has been recorded
(Table 5-2). Some thin-sections display sealed fractures across the entire thin-section.

Granite and pegmatitic granite (Groups D1 and D2)

Six samples of Group D rocks, two granites (D1) from the coastal area in the northeast
of the candidate area and four pegmatitic granites (D2) from within the candidate area,
have been studied microscopically. Modal analyses have been carried out on five of these
samples.

All these rocks are dominated by quartz, K-feldspar and plagioclase feldspar with low
(generally <2%) contents of biotite, i. e. the rocks are leucocratic (Figure 5-1). All rocks
except PFMO00656A, which lies just inside the granodioritic field on the QAPF diagram,
are granitic in composition (Figure 5-2d). This is in agreement with the assessment made
during the field investigations (Table 5-1). Accessory minerals include allanite, apatite,
zircon and occasionally titanite. Epidote, chlorite and a conspicuous saussuritization/
sericitization of plagioclase feldspar form the main secondary minerals.

The two granite samples are more or less equigranular with some variation in grain size
from 0.05 to 3 mm, i.e. the rocks are fine- to medium-grained (Table 5-2). As expected,
the pegmatitic granites are considerably more heterogeneous in grain size.

A ductile grain-shape fabric is absent in most of the samples. However, a foliation

defined most conspicuously by oriented aggregates of quartz is apparent in PFMO00656A.
Intracrystalline strain features in quartz, with the development of undulose extinction,
subgrain boundaries and core-and-mantle structures, are common (Figure 5-3d). It is
apparent that at least some of the Group D rocks have been affected by ductile deformation
under greenschist-facies metamorphic conditions. There is no clear relationship in the few
samples studied between the occurrence of intracrystalline strain features and the location
of the samples within and northeast of the candidate area. A qualitative estimate of the
frequency of microfractures has been carried out in three of the samples investigated.

A high or moderate frequency of microfractures has been recorded (Table 5-2).
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Figure 5-3a. Photomicrograph of grain-shape fabric in Group B metagranodiorite
(PFMO001518A). The mineral fabric is defined by oriented grains of bictite (bi) and hornblende
(hb) as well as oriented aggregates of recrystallised plagioclase feldspar (pl) and quartz (qz).
Some quartz grains show later, intracrystalline deformation.

Figure 5-3b. Photomicrograph of grain-shape fabric in foliated, Group B metagranite from the
southwestern, marginal part of the candidate area (PFM0O00658A). The mineral fabric is defined
by oriented grains of biotite and oriented domains of recrystallised quartz (diagonally across the
central part of the picture) and feldspar.
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Figure 5-3c. Photomicrograph of grain-shape fabric in lineated, Group C metagranodiorite
(PFM000466B). The mineral fabric is defined by oriented grains of bictite (bi), quartz and
feldspar. The twinned, plagioclase feldspar grain in the central part of the picture (pl) shows
the development of subgrains and recrystallisation.

Figure 5-3d. Photomicrograph of Group D1, leucocratic granite (PFM001163A) that shows
elongate subgrains in relics of large, old quartz grains (gzl). These grains are surrounded by
small, dynamically recrystallised, new grains of quartz (gz2) in a core-and-mantle structure.
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5.3 Geochemistry

The raw geochemical data are presented in Appendix 2. The data are presented here

in the form of a series of figures that illustrate the key geochemical characteristics of
the metamorphosed igneous rocks from the Forsmark area. For comparison purposes,
analyses of other igneous rocks in the Bergslagen area and its surroundings, extracted
from the Geological Survey of Sweden’s geochemical database, are included in several
of these figures.

Felsic to intermediate metavolcanic and synvolcanic meta-intrusive rocks
(Group A1)

Seven samples of metavolcanic and possibly synvolcanic meta-intrusive rocks (Al)
were analysed geochemically (Table 5-1). All except one of these samples plot within
the field occupied by apparently less altered volcanic rocks (Figure 5-4a) on the igneous
spectrum diagram of /Hughes, 1973/. The majority of analysed Svecofennian meta-
volcanic rocks in the Bergslagen area and surroundings also plot within this part of the
diagram. However, many metavolcanic rocks in this geological province also lie within
the fields that indicate strong alkali enrichment, both in Na,O (to the left in Figure 5-4a)
and in K,O (to the right in Figure 5-4a). Sample PFM001156A shows an abnormally
high amount of Na,O (5.06%) and low contents of K,O (0.41%) and CaO (3.23%). It is
inferred to be affected by strong alteration.

On the basis of the patterns in the total alkali-SiO, diagram for volcanic rocks /Le Bas
et al, 1986/ and the Zr/TiO,*0.0001 diagram /Winchester and Floyd, 1977/, the meta-
volcanic rocks can be classified as dacites with subordinate amounts of andesite and
rhyolite (Figures 5-4b and 5-4c). The inferred less altered rocks all display a medium-K
composition (Figure 5-4d).

Since the strongly altered sample (PFM001156A) shows a dacitic composition on the
diagram which utilizes the less mobile elements Zr, Ti, Nb and Y (Figure 5-4c) and a
rhyolitic composition on the diagram which makes use of the more mobile elements K,
Na and Si (Figure 5-4b), it is inferred that some care needs to be taken concerning the
recognition of rhyolites in the Forsmark area. With this reservation in mind, there is a
satisfactory agreement between the classification of the metavolcanic rocks based on
the modal analyses and that based on the geochemical data (Table 5-1). The dominance
of dacites and the occurrence of andesites are noteworthy features.
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Figure 5-4. Geochemical characteristics of the Group A1 metavolcanic and synvolcanic
meta-intrusive rocks. Alteration diagram (a) after /Hughes, 1973/. Rock classification diagrams
(b, c and d) after /Le Bas et al, 1986/, /Winchester and Floyd, 1977/ and /Peccerillo and Taylor,
1976/, respectively.

The Group Al rocks display U values in the range 1.4 to 6.9 ppm and Th values in the range
4.6 t0 16.7 ppm (Table 5-3). Apart from the strongly altered sample with its modified alkali
element content (PFM001156A), the Group Al metavolcanic rocks are enriched in large ion
lithophile (LILE) relative to high field strength (HFSE) elements (Figures 5-5a). Negative
anomalies for Nb and Ta and, in part, even Sr, P and Ti are also conspicuous on the rock/
primordial mantle plot (Figure 5-5a). All samples show an enrichment in light rare earth
(LREE) relative to heavy rare earth (HREE) elements with a weak, negative Eu anomaly
(Figure 5-6a).
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Table 5-3. K,0 (%), U (ppm) and Th (ppm) contents of samples in the different
rock groups.

Group K:0 (%) U (ppm) Th (ppm)

A1. Felsic to intermediate metavolcanic and synvolcanic meta-intrusive rocks

PFMO00350A 1.71 21 8.4
PFMO000352A 2.1 3.2 15.2
PFM000352B 1.62 1.4 5.6
PFMO01156A 0.41 23 1.4
PFMO001200A 2.02 6.9 10.7
PFMO001222A 1.57 4.0 16.7
PFM002163B 0.88 22 4.6

B1. Meta-ultramafic rock
PFMO001205A 0.08 <0.1 0.3

B3. Metadiorite, quartz-bearing metadiorite, metadioritoid

PFM002216A 0.71 0.8 1.6
PFM002216B 1.33 0.6 1.1
PFM002220A 0.64 0.5 21

B4. Amphibolite

PFM001183B 0.76 23 2.8
PFMO002209A 1.43 2.8 1.0
PFM002215A 0.61 0.9 1.6
PFM002218B 1.41 0.9 2.6
PFM002219B 0.91 1.4 1.8
PFMO002239A 2.57 1.0 0.6
PFM002240A 1.81 0.9 1.5
PFM002241A 0.82 23 1.4
PFM002242A 1.51 1.4 3.0
PFMO002243A 1.70 0.7 14
PFM002244A 1.61 2.8 5.6
PFM002245A 1.12 1.4 27
PFM002246A 0.88 0.9 2.1

B5. Metatonalite

PFMO000729A 2.57 3.0 19.8
PFM001162A 2.13 2.8 7.8
PFM001217A 1.02 3.8 7.1
PFM002217A 2.19 3.0 6.5
PFM002218A 1.40 4.2 6.3

B7. Metagranodiorite
PFM000692A 213 4.2 11.6

B8. Metagranodiorite to metagranite

PFMO000289A 3.06 3.9 15.3
PFMO00319A 3.24 22 16.1
PFMO000320A 2.31 54 15.9
PFMO00658A 3.74 3.5 15.9

B9. Metagranite
PFMO000197A 4.18 3.9 19.5
PFM001159B 3.58 8.4 14.7
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PFM001180A 3.20 2.0 16.2

PFMO001182A 3.33 3.0 23.8
PFMO001864A 1.56 5.9 12.9
PFM002207A 2.98 3.7 19.3
PFM002212A 0.74 4.8 135

B10. Metagranite, aplitic
PFMO00530A 2.02 3.1 15.9

C. Quartz-rich felsic (granitoid) meta-intrusive rock, fine- to medium-grained

PFMO000529A 1.55 3.3 19.9
PFMO002206A 2.43 3.0 21.5
PFM002213A 1.42 3.6 9.5

PFM002214A 3.83 10.4 19.2

D1. Granite
PFM000530B 4.41 14.5 13.6
PFMO002210A 4.84 11.0 29.0

D2. Pegmatitic granite

PFMO00198A 4.87 24 28.6
PFM001191A 9.63 3.1 21.3
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Figure 5-5. Rock/primordial mantle diagram showing the relationships between large ion
lithophile (LILE, e.g. Ba, Rb) and high field strength (HFSE, eg. Zr, Ti and Y) elements for all
groups of meta-igneous rocks. Primordial mantle values after /McDonough et al, 1992/.

35



1000.0 1000.0

100.0 % 100.0
0 B ) %
£ N3¢ FONE~ D
= Q o—=q ]
5 5
2 10.0 _ClO.O
L L
3 ] e
<] S
4 4 '\,
1.0 - — 10 - —
Field classification Field classification
O Felsic to intermediate volcanic and @ Amphibolite (B4) associated with granite (B8-B10)
synvolcanic intrusive rocks (A1) © Amphibolite (B4)
© Diorite, quartz diorite (B3)
a b © Ultramafic rock (B1)
0.1 0.1
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
1000.0 1000.0
100.0 s 100.0 %
i O\o 8
a ]
) a 4 [°]
g A o o ° ° ° o % o\'
° A\ ° °
= c
2100 2100
o o
4 =
[53 o
<] S
o o
10 " pr—— 1.0 - PP
Field classification Field classification
o Granite, aplitic (B10) © Pegmatitic granite (D2)
@ Granite, granite to granodiorite (B8-B9) @ Granite, leucocratic (D1)
© Granodiorite (B7) © Granitoid (C)
c © Tonalite (B5) d
0.1 0.1
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu

Figure 5-6. Rock/chondrites diagram showing the relationships between light rare earth (LREE,
e.g. La, Ce) and heavy rare earth (HREE, e.g. Yb, Lu) elements for all groups of meta-igneous
rocks. Chondrite values after /Boynton, 1984/.

Ultramafic, mafic, intermediate and felsic (quartz-rich) meta-intrusive rocks
(Group B)

35 Group B samples were analysed geochemically (Table 5-1). These include one ultra-
mafic rock (B1), three samples classified in the field as intermediate in composition (B3),
13 amphibolites (B4) and 18 felsic meta-intrusive rocks (B5 to B10).

The ultramafic rock (PFM001205A), with a SiO, content of 40.33% and a total alkali con-
tent of 0.33%, plots outside the fields defined in several figures. Virtually all the remaining
samples define a trend that lies in the granite-granodiorite-tonalite-diorite-gabbro spectrum
on the total alkali-SiO, diagram (Figure 5-7a) for intrusive rocks /Middlemost, 1994/. This
trend is similar to that obtained for the early-tectonic intrusive rocks in the Bergslagen area
and surroundings. The three samples that were classified in the field as intermediate in com-
position (B3) appear to be gabbroic on the basis of their geochemistry (SiO, contents 48.33,
48.51 and 48.80%). It is recommended that groups B2 and B3 are combined and referred to
as metamorphosed diorite, quartz diorite and gabbro in future investigations.

Three amphibolites (B4) plot in the more alkali-rich fields (monzogabbro to monzonite)
on the total alkali-SiO, diagram (Figure 5-7a). Notably, they display higher contents of
Na,O and lower contents of CaO. These three amphibolites (PFM002242A, PFM002243A
and PFM002244A) are spatially associated with metagranite inside the candidate area.
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Figure 5-7. Classification of the meta-intrusive rocks in Group B (a and b) and Groups C and D
(c and d), based on geochemical analyses. Diagrams (a) and (c) after /Middlemost, 1994/.
Diagrams (b) and (d) after /Debon and Le Fort, 1983/.

One possible explanation is that this group of amphibolites is primarily distinct from the
analysed amphibolites associated with tonalite and granodiorite. A second explanation is
that the observed compositional differences are related to secondary alteration, similar to
that recognized in the rocks belonging to Group Al. Bearing in mind the anomalous values
for Na,O and CaO, the second explanation is tentatively favoured here.

With some exceptions, there is a good agreement between the classification based on the
modal analyses and the classification obtained with the help of the total alkali-SiO, diagram.
This statement is not applicable to the QP diagram of /Debon and Le Fort, 1983/. Especially
the more felsic rocks (B8, B9 and B10) appear to shift into the granodioritic and even
tonalitic fields in this diagram (Figure 5-7b). The four samples that are granitic in composi-
tion on the basis of all other criteria (field assessment, modal analysis and total alkali-SiO,
plot) show an apparently tonalitic composition with high contents of Na,O (4.09 to 4.93%)
and low contents of K,O (0.74 to 2.31%). Two of these samples occur in the banded, highly
strained rocks along the coast northeast of the candidate area. It is suggested that secondary
alteration processes have affected the proportions of alkalis in these rocks and, thereby;,
affected their position on the QP plot.

The Group B rocks display a calk-alkaline igneous trend (Figure 5-8a) and are peralumi-
nous (to metaluminous) in composition (Figure 5-8b). The trend is also identical to that
observed for the early-tectonic intrusive rocks in the Bergslagen area and its surroundings.
The felsic rocks (B5 to B10) display U values in the range 2.0 to 5.9 ppm with one value at
8.4 ppm, and Th values in the range 6.3 to 19.8 ppm with one value at 23.8 ppm (Table 5-3).
These values are normal in rocks of this composition.
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Figure 5-8. Geochemical trends of the meta-intrusive rocks in Group B (a and b) and Groups C
and D (c and d). Diagrams (a) and (c) after /Peacock, 1931/. Diagrams (b) and (d) after /Maniar
and Piccoli, 1989/. A-C = alkali-calcic, C-A = calc-alkaline.

The Group B rocks are notably enriched in LILE relative to HFSE (Figures 5-5b and 5-5c¢)
and in LREE relative to HREE (Figures 5-6b and 5-6¢). The felsic rocks, in particular, show
very consistent trends on these diagrams with negative anomalies for Nb and Ta (and even
Sr, P and Ti) on the rock/primordial mantle plot (Figure 5-5¢) and a negative Eu anomaly

in the granitic rocks on the rock/chondrites plot (Figure 5-6¢). These features strongly
resemble the patterns observed for the Group A1 metavolcanic rocks.

The negative anomalies for both Nb and Ta, as well as the position of the Group B felsic
rocks on a Rb/Y+Nb diagram (Figure 5-9a), indicate the influence of one or more source
regions for both the Group Al and Group B rocks that were affected, at some stage in their
history, by subduction-related processes.

Fine- to medium-grained, felsic (quartz-rich) meta-intrusive rocks (Group C)

Four Group C samples were analysed geochemically (Table 5-1). The samples display a
granitic or granodioritic composition in the total alkali-SiO, diagram (Figure 5-7c), in
agreement with the modal analyses of these samples. However, the Group C rocks show
the same tendency as the Group B rocks to shift towards a more granodioritic to tonalitic
composition on the QP plot (Figure 5-7d). The apparent tonalites (PFM000529A and
PFMO002213A) also occur in the banded and highly strained rocks along the coast northeast
of the candidate area.
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Figure 5-9. Tectonic affinity diagram after /Pearce, 1996/ for the Group B (a) and Groups C and
D (b) felsic meta-intrusive rocks.

The Group C rocks lie along the same calc-alkaline trend as the rocks in Group B that is
defined by the early-tectonic intrusive rocks in the region (Figure 5-8c). They are also
peraluminous (to metaluminous) in character (Figure 5-8d). Apart from one sample with
10.4 ppm U (PFM002214), these rocks display the same range of U and Th values as the
rocks in Groups Al and B (Table 5-3). The Group C rocks also show similar LILE/HFSE
(Figure 5-5d) and LREE/HREE (Figure 5-6d) relationships and anomalies as the felsic
Group B rocks. Furthermore, they plot in the same field as the felsic Group B rocks on the
Rb/Y+Nb diagram (Figure 5-9b). In summary, they are geochemically identical to the rocks
from both Groups Al and B.

Granite and pegmatitic granite (Groups D1 and D2)

Two samples of leucocratic granite (D1) and two samples of pegmatitic granite (D2) have
been analysed. Some care needs to be taken with the interpretation of the analyses from the
pegmatitic granite due to the heterogeneous and partly coarse grain-size of these rocks.

The Group D rocks display a granitic composition on both the total alkali-SiO, (Figure
5-7¢) and QP (Figure 5-7d) diagrams, in agreement with the modal analyses. There is a
tendency to show more variable U and Th contents than the rocks from Groups A to C and
values up to 14.5 ppm U (PFM000530B) and 29.0 ppm Th (PFM002210A) are present
(Table 5-3). The Group D granitic rocks display similar LILE/HFSE (Figure 5-5d) and
LREE/HREE (Figure 5-6d) relationships and anomalies as the other felsic rocks in the

area. The leucocratic granite samples also plot in the same field as the felsic Group B and C
rocks on the Rb/Y+Nb diagram (Figure 5-9b). Bearing in mind the continental crustal origin
of the Group D rocks, these similarities raise the question of inheritance of geochemical
signatures from older crustal material.
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5.4 Analysis of structural data from surface outcrops
Ductile structures

The ductile structural data, that were assembled in connection with the bedrock mapping
work during 2002 /Stephens et al, 2003/, have been divided into three separate subareas
(Figure 5-10). Each of these subareas is judged to be homogeneous with respect to the
character of the ductile deformation in the bedrock and are referred to as subarea SW,
subarea central and subarea NE. These subareas correspond to domains A, B and C,
respectively, recognised during the Osthammar feasibility study /Bergman et al, 1998/.
Subarea central includes the candidate area at Forsmark.

05 1 2 km From GSD-Terrangkartan © Lantmateriet Gavie 2001,

; 0
[ candidate area —— Permission M2001/5268

Swedish Nuclear Fuel & Waste Management Co, 2003-12-12, 10:15

Figure 5-10. Location of subareas SW, NE and central (including candidate area).
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In each subarea, the poles to measured ductile planar structures, referred to as foliation,
banding or combined foliation and banding in the outcrop database, have been plotted on a
Schmidt stereographic projection (lower hemisphere). In subarea SW, the planar structure
referred to as gneissosity in this database has also been included (one locality). In each
subarea, two types of measured ductile linear structures, referred to as mineral lineation
and fold axis in the outcrop database, have been plotted on separate stereographic plots.
The subordinate ductile structures referred to as lineation and crenulation lineation have
also been plotted together with mineral lineation and fold axis, respectively. The mineral
lineation is inferred to mark the direction of stretching during the ductile deformation. All
the folds observed in the field deform the foliation (planar grain-shape fabric) or tectonic
banding.

The bedrock in subareas SW and NE shares one important general characteristic — strongly
developed planar and linear ductile structures (SL tectonites) and an inferred, relatively
high level of ductile deformation. Exceptions to this general rule include several of the
ultramafic, mafic and intermediate plutons (rock types B1 to B3) in subarea SW and two
areas in the northwestern and southeastern marginal parts of the same subarea. Linear
ductile structures (L tectonites) dominate in this type of bedrock and in the two specified
areas. Asymmetric structures in ductile high-strain zones in subareas SW and NE indicate
a dextral component of movement. The planar fabric in these high-strain zones is deformed
by folds that contain an intense mineral lineation along the fold axes. An eye-shaped,
tubular fold has been observed at one locality (PFM001156).

The ductile structures in subarea SW display a highly regular pattern. The planar

ductile structures strike northwest and dip steeply, predominantly towards the southwest
(Figure 5-11a). The mean strike and dip is 132/83. The sparse occurrences of more irregular
and gentle, southerly dips (Figure 5-11a) come from the two marginal areas in the north-
western and southeastern parts of the subarea where L tectonites dominate and the ductile
strain is inferred to be less intense. The mineral lineations and the post-foliation/banding
fold axes share a highly consistent, moderate plunge to the southeast (Figures 5-11b and
5-11c). The mean trend and plunge of these structures is 139/38 and 142/41, respectively.

The measured ductile structures in subarea NE display similar regular patterns as those
observed in subarea SW. The planar ductile structures are vertical or dip steeply to the
southsouthwest (Figure 5-11d). The mean orientation of these structures is 116/84. Mineral
lineations and fold axes plunge moderately to the southeast (Figures 5-11e and 5-11f)

and display mean orientations 120/38 and 129/45, respectively. Comparison of the results
for subareas SW and NE confirms that the bedrock on both sides of the candidate area at
Forsmark is similar as regards its broader ductile deformational characteristics. However,
the ductile planar structures, the mineral lineation and the fold axes in subarea NE all
strike/trend slightly more eastwards relative to the orientation of these structures in subarea
SW. This feature illustrates the intimate relationship between all these structures.
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Subarea SW
N
a. Pole to foliation/banding b. Mineral lineation c. Fold axis
N=494 N=473 N=31
Mean strike/dip=132/83 Mean trend/plunge=139/38 Mean trend/plunge=142/41
Subarea NE
N N N
d. Pole to foliation/banding e. Mineral lineation f. Fold axis
N=77 N=33 N=7
Mean strike/dip=116/84 Mean trend/plunge=120/38 Mean trend/plunge=129/45
Subarea central (including candidate area)
N N
Pole to
T-circle
g. Pole to foliation/(banding) h. Mineral lineation i. Fold axis
N=210 N=151 N=6
Trend/plunge of pole to n-circle Mean trend/plunge=147/37 Mean trend/plunge=143/33
(inferred fold axis)=148/53

Figure 5-11. Orientation of ductile structures in subareas SW, NE and central (including
candidate area). All structures have been plotted on the lower hemisphere of a Schmidt
stereographic plot. Poles to planes plotted on a, d and g.
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By contrast, subarea central is dominated by linear structures with subordinate planar duc-
tile structures (LS tectonites), and this subarea displays, in general, an inferred, relatively
low level of ductile deformation. Two occurrences of folded contacts between major bed-
rock units are also present. In the area between SFR and reactors 1 and 2, various rock units
are folded with a concave geometry directed towards the southeast. Close to Lillfjarden, a
rock unit composed of metatonalite to metagranodiorite with low magnetic susceptibility

is folded with a concave geometry directed towards the northwest. The planar grain-shape
fabric in the rocks is also deformed by these folds. These observations indicate the presence
of major fold structures that formed after the development of the planar grain-shape fabric
within subarea central.

The planar structures in subarea central, that are dominated by a foliation defined by a
grain-shape fabric, are variable in orientation with a concentration of dips to the southwest
and south (Figure 5-11g). The poles to these planes lie along an inferred n-circle, the pole
to which is oriented with a trend and plunge of 148/53. This direction is close to the mean
orientation of both the mineral stretching lineations (147/37) and the fold axes that deform
the tectonic planar structures (143/33). These features confirm the presence of major folding
in subarea central that developed after formation of the planar grain-shape fabric. The linear
structures display a relatively consistent orientation (Figures 5-11h and 5-11i). However,
there is a weak spread in the orientation of the mineral lineations. It remains uncertain
whether this spread is related to folding of this linear structure. Folds in outcrop that deform
the mineral lineation have not been observed.

The synthesis of the mesoscopic structural data suggests that all the major folds in subarea
central, irrespective of whether they show a concave geometry directed to the southeast or
to the northwest, plunge moderately to the southeast more or less parallel to the intense
stretching lineation in the bedrock. Regional extension parallel to the post-foliation/banding
fold axes is apparent. These geometric features are characteristic of sheath /Cobbold and
Quinquis, 1980/ or oblique folds /Passchier and Trouw, 1998/ with fold axes parallel to the
stretching lineation. Such folds are common in regions of high ductile strain where planar
grain-shape fabric development, mineral stretching lineation and folding are intimately
related during non-coaxial, progressive deformation.

Fractures

The measurement of fractures longer than 100 cm was carried out at 44 observation points
in connection with the bedrock mapping work during 2002. The various observation points
were divided into three subareas (Figure 5-12) and the broader characteristics of the fracture
data described accordingly /Stephens et al, 2003/.

Subarea 1 (27 observation points) lies northwest of a lineament through Lillfjarden

and corresponds more or less to the northwestern part of the candidate area. Subarea 2

(12 observation points) lies southeast of this lineament and corresponds more or less to
the southeastern part of the candidate area. The dominant rock type in both these subareas
is a medium-grained metagranite (Group B9). Subarea 3 (5 observation points) lies along
the coastal area, northeast of the candidate area. This subarea is characterized by increased
ductile strain and a dominance of finer-grained, meta-intrusive rocks (Groups B10 and C).

In subareas 1 and 2 (combined) and in subarea 3, the poles to measured fractures have
been plotted on a Schmidt stereographic projection (lower hemisphere). In order to assist
the identification of main fracture sets, these orientation plots have also been contoured
according to the frequency of fracture occurrence.
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Figure 5-12. Location of subareas 1, 2 and 3 /after Sephens et al, 2003/.

Apart from a few localities, the frequency of fractures longer than 100 cm in subareas 1

and 2 lies between 1 and 2 fractures per metre (Figures 5-13 and 5-14). Inspection of these
diagrams shows that there is no difference in fracture frequency between the outcrops domi-
nated by metagranite (rock type B9) and the outcrops dominated by other lithologies (rock
types B5, B7, B8 and D2). Mean values and standard deviations for the fracture frequency
in these two subareas are 1.38+0.50 and 1.30+0.60, respectively /Stephens et al, 2003/.
Although there are considerably less data, it appears that the frequency of fractures longer
than 100 cm increases in subarea 3 to values that are generally greater than 2 fractures

per metre and locally up to nearly 5 fractures per metre (Figure 5-15). A mean value and
standard deviation of 2.60+1.41 for subarea 3 has been reported /Stephens et al, 2003/.
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Figure 5-13. Freguency of fractures documented during line mapping in subarea 1.
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Figure 5-14. Freguency of fractures documented during line mapping in subarea 2.
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Figure 5-15. Frequency of fractures documented during line mapping in subarea 3.
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More than eight hundred fractures have been measured in subareas 1 and 2. The majority

of these fractures are steeply dipping (Figure 5-16a) but occasional flat-lying fractures

have also been encountered. Two major sets of steeply-dipping fractures with strike NE
(dominant) and NW are prominent. A third subordinate set, that is steeply-dipping and
strikes NS, is also apparent in the contoured diagram. Bearing in mind that the measurement
of fractures in the flat outcrops on the surface almost certainly underestimates the flat-lying
structures, it is considered highly probable that the occasional flat-lying fractures form part
of a fourth set.

An inspection of the stereographic projection for the fractures in subarea 3 indicates that
virtually all fractures are steeply dipping but that there is a more varied orientation in
fracture orientation compared to that in subareas 1 and 2 (Figure 5-16b). The number of
fractures measured in subarea 3 is considerably less than that in the two other subareas
and this seriously inhibits confident recognition of sets of fractures based on orientation.
Interpretation of the available orientation data suggests that a set of fractures that strikes
NE is dominant. Possible subordinate fracture sets strike EW, NS and NW (steep dip to
the SW).

Subareas 1 and 2 N
Fractures O
N=832

Subarea 3
Fractures
N=239

Figure 5-16. Orientation of fracturesin (a) subareas 1 and 2 (combined) and (b) subarea 3.
All structures have been plotted as poles to planes on the lower hemisphere of a Schmidt
stereographic plot. Contouring has been carried out at a 1% interval.
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5.5

Summary of key results

Rock groups, petrography, geochemistry

1.
2.

10.

All the felsic rocks, both volcanic and intrusive, are rich in quartz.

The volcanic and possibly synvolcanic intrusive rocks (Group Al), which are the
oldest rocks in the area, show a medium-K, dacitic or andesitic composition. Dacites
are dominant. These rocks were subsequently affected by ductile deformation under
amphibolite-facies metamorphic conditions.

There are two separate phases of later, calc-alkaline, peraluminous (to metaluminous)
intrusive activity. The older, calc-alkaline intrusive rocks (Group B) form major plutons
and show a wide range in composition. Ultramafic rocks, gabbros, diorites, tonalites,
granodiorites and biotite-bearing granites are present. The biotite-bearing granites are
spatially associated with amphibolite in a bimodal rock association. All these plutonic
rocks were affected by ductile deformation under amphibolite-facies metamorphic
conditions prior to intrusion of the rocks in the younger calc-alkaline suite.

The younger, calc-alkaline intrusive rocks (Group C) occur as minor intrusions and
are predominantly granodioritic and tonalitic in composition. They are also affected by
ductile deformation under amphibolite-facies metamorphic conditions.

The youngest rocks in the area consist of minor intrusions of fine- to medium-grained
granite that commonly show low contents of biotite (Group D1). Pegmatitic granite
(Group D2) and different generations of pegmatite (Group D3) are also conspicuous.
The pegmatites display a variable time relationship with respect to the Group C calc-
alkaline rocks as well as to the ductile deformation and metamorphism in the various
host rocks. The rocks in Group D are affected, in part, by ductile deformation and
metamorphism.

With the exception of some of the Group D rocks, all rocks in the area show low
contents of U and Th.

The felsic rocks, both volcanic and intrusive, are enriched in LILE relative to HFSE and
in LREE relative to HREE. They also display distinctive depletions in the elements Nb
and Ta relative to primordial mantle values.

The trace element compositions of the felsic rocks indicate the influence of one or
more source regions for these rocks that were affected, at some stage in their history,
by subduction-related processes.

It is recommended that Groups B2 and B3, Groups B5 and B6, and Groups B8 and

B9 are combined and referred to as metamorphosed diorite, quartz diorite and gabbro
(B2-B3), metamorphosed tonalite to granodiorite (B5-B6), and metamorphosed granite
to granodiorite (B8-B9), respectively, in future investigations.

Most samples display evidence for secondary alteration processes. At least some of
the volcanic rocks and the rocks in the older calc-alkaline suite appear to have been
affected by an alteration that modified the relative contents of the alkali elements Na
and K. Plagioclase feldspar is commonly affected by saussuritization and/or sericitiza-
tion. Epidote is also a common secondary mineral. Other secondary minerals include
chlorite (after biotite), goethite (after pyrite), prehnite and calcite.
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Ductile structures

1.

The bedrock in the tectonic lens in the central part of the mapped area, including

the candidate area, is dominated by a linear, ductile mineral fabric with subordinate
planar structures (LS tectonites). In general, this subarea shows an inferred, low level
of ductile deformation relative to that in the areas to the southwest and northeast. The
structural framework is dominated by major folds that display fold axes parallel to
the mineral stretching lineation (sheath or oblique folds). These folds deform a planar
mineral fabric and plunge moderately to the southeast.

The bedrock in the boundary areas to the southwest and northeast of the candidate area
commonly shows strongly developed planar and linear ductile structures (SL tectonites)
and, in general, an inferred, high level of ductile deformation. Asymmetric structures in
ductile high-strain zones in these subareas indicate a dextral component of movement.
The planar fabric in these high-strain zones is deformed by minor folds that contain a
mineral stretching lineation along the fold axes. Both the mineral stretching lineation
and the fold axes plunge moderately to the southeast.

The ductile strain in the Forsmark area is characteristic of regions where planar
grain-shape fabric development, mineral stretching lineation and folding are intimately
related during strong, non-coaxial, progressive deformation.

Fractures

1.

The frequency of fractures longer than 100 cm inside the candidate area is estimated
to lie between 1 to 2 fractures per metre. Northeast of the candidate area, the fracture
frequency increases to values that are generally greater than 2 fractures per metre.

Two major sets of steeply-dipping fractures with strike NE (dominant) and NW are
prominent inside the candidate area. A third subordinate set, that is steeply-dipping and
strikes NS, is also apparent. Bearing in mind that the measurement of fractures in the
flat outcrops on the surface almost certainly underestimates the flat-lying structures,

it is considered highly probable that the occasional flat-lying fractures form part of a
fourth set.

The steeply-dipping fractures in the area northeast of the candidate area show a more
varied orientation. Interpretation of the available orientation data suggests that a set of
fractures that strikes NE is dominant. Possible subordinate fracture sets strike EW, NS
and NW (steep dip to the SW).
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Appendix 2

Whole-rock geochemical analyses. The analyses are presented
in the form delivered by the Acme Analytical Laboratories Ltd,
Vancouver, Canada

ELEMENT SiO2 | Al203 | Fe203 MgO | CaO Na20 K20 TiO2 P205 MnO Cr203 Ba | Ni | Sc LOI TOT/C TOT/S SUM
SAMPLE % % % % % % % % % % % | ppm ppm ppm % % % %

PFMO000197A 74.99| 1258 291 0.39 1.38 299 4.18 0.20 0.04| 0.05 <.001 947 <20 5 0.1 0.02] 0.02 99.92
PFMO000198A 74.68/ 13.65 1.51 0.23 1.30 3.16 4.87 0.07 0.03| 0.03 0.004 915 23 2 05 0.03 0.01 100.14
PFMO000289A 74.79| 12.80, 2.64 0.39 1.35 3.85 3.06 0.19 0.03| 0.05 <.001 1139 <20 4 07 <.01 0.02 99.97
PFMO00319A 74.78/ 12.84) 291 0.39 153 3.52 3.24 0.19 0.05 0.05 <.001 887 <20 4 04 0.02 0.03 100.00
PFMO000320A 7459 13.32] 257 0.34 187 4.18 2.31 0.18 0.02 0.03 <.001 1374 <20 4 0.6 0.01 0.01 100.17
PFMO00350A 63.43) 16.65 6.37/ 1.91| 511 3.06/ 1.71 0.63 0.41 0.10 <.001 950 <20 10/ 0.5 0.02 0.19 99.99
PFMO000352A 71.76] 14.63 3.03 1.19 1.92 463 2.11 0.25 0.02] 0.06 <.001 894 <20 11 0.5 0.03 0.03 100.20
PFMO000352B 63.42) 1561 7.91 1.84| 467 3.04 1.62 0.63 0.28 0.14 <.001 810 <20 19/ 0.7 0.02 0.07 99.95
PFM000529A 67.43) 15.69 427 1.24 314 467 155 0.58 0.18 0.06 <.001 580 <20 6 09 0.01 0.02 99.77
PFMO000530A 75.40| 1297 1.62 0.22 0.77 3.65 441 0.10 <.01| 0.04 <.001 352 <20 3 0.9 0.03] 0.01100.12
PFM000530B 7750 1215 1.92 0.20, 1.10 4.58 2.02 0.14 0.02  0.03 <.001 709 <20 5 0.2 0.01] <.01 99.94
PFMO00658A 75.20| 12.67 2.81 0.37 141 3.23 3.74 0.19 0.02| 0.04 <.001 1159 <20 4 0.1 0.01 0.02 99.92
PFMO000692A 68.88) 15.10, 4.01] 1.39| 3.25 3.47 2.13 0.38 0.08 0.07 0.001 1270 <20 7 11 0.02 0.02 100.01
PFMO000729A 69.40, 15.19] 4.27) 0.59 3.41 3.53| 2,57 0.31 0.06 0.07 0.001 1364 30 6 0.5 0.03 0.02 100.06
RE PFM0O00729A | 69.51 15.15] 4.25 0.58 3.42 3.51 256 0.30 0.06 0.07 0.002 1361 <20 6 03 0.01 <.01 99.87
PFMO001156A 7473 1322 149 1.08 3.23 5.06 0.41 0.32 0.04 0.03 0.001 44 <20 11 0.3 0.02 0.02 99.91
PFMO001159B 75.05| 12.73] 290 0.35 1.39 3.35 3.58 0.19 <.01| 0.05 <.001 1199 <20 5 0.1 <.01] 0.02 99.84
PFMO001162A 60.53) 18.21 6.73 1.11| 5.67 3.66/ 2.13 0.63 0.18 0.11 <.001| 755 <20 13| 0.8 0.02 0.03 99.85
PFMO001180A 75.09| 12.80, 2.82 0.36 144 3.62 3.20 0.19 0.02| 0.04 0.001 980 <20 2 03 0.04 <.01 99.99
PFMO001182A 7451 12.81 3.15 0.0 1.57 3.38 3.33 0.21 0.04| 0.04 0.001 1160 <20 4 02 0.05 0.01 99.77
PFMO001183A 50.93| 13.92) 10.96 7.89 9.96 3.45 0.76 0.72 0.10/ 0.20 0.035 139 37 37 1.1 0.02 0.02 100.05
PFMO001191A 68.34) 16.72| 1.42| 0.17/ 0.48 227/ 9.63 0.09 0.02 0.02 <.001 1980 <20 3 0.5 0.06) 0.02 99.88
PFMO001200A 68.22) 1451 4.86 1.79| 435 290 2.02 0.35 0.08 0.08 0.004 937 22 12| 0.7 <.01 0.02 99.97
PFMO001205A 40.33) 4.33] 12.36 26.95/ 9.09 0.25 0.08 0.21 0.05 0.22 0.302] 26 630 32| 5.8 0.08 0.06 100.06
PFM001217A 64.65 15.99 529 227/ 586 3.41 1.02 047 0.14 0.08 0.004 352 <20 10/ 0.6/ 0.03 0.10 99.82
PFMO001222A 75.76/ 12.03) 1.89 240 217 3.02 157 0.11 <.01| 0.04 0.001 878 <20 4 06 0.01 0.01 99.69
PFMO001864A 75.92| 12.87) 2.02 0.46 2.03 4.09 1.56 0.18 0.02| 0.03 <.001 496 <20 4 06 0.10 0.02 99.84
PFM002163B 55.47| 15.87 11.36 299 7.52 3.52 0.88 0.90 0.28/ 0.17 <.001 215 <20 28 1.0 0.02/ 0.06 99.99
PFM002206A 71.75 14.39) 298 0.72) 212 4.14 243 0.29 0.07 0.05 0.001 1147 46 4 07 0.05 0.01 99.78
PFMO002207A 75.50| 12.75 2.58 0.45 1.36/ 3.61 2.98 0.21 0.02| 0.04 <.001 1154 <20 3 04 0.01] 0.02 100.03
PFM002209A 48.35| 15.63 1142 6.8610.29 3.11 143 057 0.13 0.22 0.015 239 60 42 18 0.13 0.01 99.87
PFMO002210A 74.13| 13,52 1.84 0.33 1.03 3.31 4.84 0.10 <.01| 0.03 <.001 759 <20 4 0.8 0.04 0.02 100.03
PFM002212A 76.83 12.87, 1.64 0.39 1.83 4.93 0.74 0.16 0.02 0.03 <.001 244 <20 5 0.5 0.02] 0.01 99.97
PFMO002213A 70.02| 14.87 3.53 1.04 296 4.91 142 041 0.16/ 0.05 0.005 702 <20 3 0.6 0.05| 0.03 100.05
PFM002214A 73.05| 14.06) 2.21 055 1.79. 3.61 3.83 0.19 0.03| 0.05 0.001 725 <20 3 0.8 0.03] <.01 100.25
PFMO002215A 51.75| 12.64) 10.56 8.77/10.82 2.62 0.61 0.61 0.15| 0.21 0.126) 140 80 46 1.0 0.03  0.06 99.89
PFM002216A 48.33| 19.67 1262 248 9.31 3.27 0.71 168 0.64 0.17 <.001 377 <20 19 0.7 0.01 0.08 99.62
PFM002216B 48.51 19.12) 13.28 2.74 840 3.19 1.33 166 0.55 0.24 0.001 278 <20 16/ 0.9 0.05 0.02 99.96
PFM002217A 61.33) 1794 6.24 1.13| 583 3.39/ 219 0.61 0.19 0.10 <.001 800 <20 12| 0.9 <.01 0.01 99.94
PFMO002218A 71.17| 13.93) 425 0.84 344 3.75 140 0.33 0.09] 0.08 0.001 589 <20 9 06 <.01 <.01 99.94
PFM002218B 49.04| 16.53 1351 4.68 9.29 3.08 141 121 047 0.19 <.001 428 <20 27 0.8 0.02/ 0.36 100.26
PFM002219B 50.68| 14.12) 10.27 7.46/11.08 2.88 0.91 0.69 0.19| 0.18 0.043 143 69 37 1.5 0.02/ 0.09 100.03
PFM002220A 48.80, 20.36) 10.80 3.17/10.71 254 0.64 1.17 0.45 0.17 0.002 299 <20 21 0.9 0.01 0.06 99.75
RE PFM002220A = 48.84 20.30| 10.94) 3.18/10.68 2.52| 0.65 1.17/ 0.49 0.17 0.002] 302 <20 21| 1.0, 0.02| 0.08 99.98
PFM002239A 4542 1749 1321 6.28 9.72 1.43 257 091 0.14 021 0.005 321 <20 44 25 <.01 0.06 99.93
PFMO002240A 48.63) 15.85/ 11.51 6.97/11.87 1.08/ 1.81 0.71 0.13) 0.18 0.016| 225 58 44| 1.3 0.01 0.15 100.10
PFM002241A 50.19| 15.35 11.08 7.00/10.35 3.32) 0.82 0.70 0.16] 0.26 0.023 77 59 41 05 <.01 0.02 99.78
PFMO002242A 50.38/ 18.35 10.85 3.61 9.28 3.87 1.51 0.73 0.20| 0.18 0.003 452 20 25 0.9 0.04 0.02 99.92
PFM002243A 51.64 17.32| 10.87 4.63 7.21 448 170 0.69 0.20 0.21 0.002 287 <20 26 1.0 <.01 0.01 99.99
PFMO002244A 57.12| 16.38) 9.98 283 579 4.60 1.61 0.64 0.20| 0.25 <.001 219 <20 15 0.6 <.01 0.03 100.03
PFM002245A 54.03| 16.36) 10.29 4.85 861 277 1.12 0.64 0.17| 0.22 0.008 363 <20 32 0.9 0.01 0.04 100.02
PFMO002246A 50.21| 17.56] 12.74 4.35 9.59 2.22 0.88 0.92 0.30| 0.22 0.001 256 <20 33 0.8 0.01 0.11 99.83
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ELEMENT Co | Cs Ga | Hf | Nb Rb | Sn | Sr | Ta Th | U \ w Zr Y La | Ce Pr Nd Sm Eu Gd Tbh Dy | Ho Er | Tm  Yb  Lu
SAMPLE PpPmM_ ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
PFMO000197A 26 07 163 47 13.3/ 1322 2 1030 0.8 195 3.9 11 0.1164.5 154 44.7 785 829 334 6.6 0.81 4.41 0.65 3.11 0.54 1.49 0.24| 1.59 0.26
PFMO000198A 1.0 07 15.0 1.3 8.0 1397 11223 0.9 286 24 5 04 415 19.6 33.0 60.5 6.28 26.2 54 0.69 3.99 0.65 3.36| 0.76 2.12| 0.34 2.74| 0.49
PFMO000289A 22 05 160 4.8 112 97.0 1,100.2] 0.7 153 39 11 <.1154.8 24.1 38.9| 68.5 7.31 31.0 54 0.65 4.70 0.69 4.09 0.79 2.26 0.36 2.19 0.39
PFMO000319A 23 08 166 4.0 9.9 1038 11064 0.3 161 22 10 0.3/1385 9.9 40.6| 70.5 7.33 31.2 49 060 3.57 0.44 2.26 0.38 0.87 0.15 0.86 0.13
PFMO000320A 1.9 10 16.6/ 55 104 826 2 180.7 0.7 159 54| 10 04 174.9] 24.7 36.5 64.0 6.61 27.6/ 5.0 0.57 4.42 0.71 4.10 0.94 2.72 0.44| 2.66 0.44
PFMO00350A 89 13 200 39 89 685 2 7041 06 84 21 83 <.1152.7 185 419 74.7 847 355 56 1.55 4.76 0.70 3.62 0.73| 2.03) 0.30| 2.21 0.32
PFMO000352A 11 0.2 20.0 5.8 105 458 2 2054 0.8 152 3.2 5 0.5/212.1 30.0 44.8 80.1 9.00 38.2 6.9 1.52 6.19 0.95 5.20| 1.19 3.42| 0.55 3.40/ 0.58
PFMO000352B 119 05 188 3.6 7.7 550 13259 04 56 14 66 05 116.8 229 30.2| 56.4 6.89 29.7 6.1 1.64 4.86 0.73 4.17 0.94 2.60 0.39 2.38 0.38
PFMO000529A 71 15 214 58 9.2 957 44351 0.8 199 3.3 59 0.1221.9 11.7 51.3 855 864 33.6/ 54 1.20 3.60 0.42 2.64 0.41 1.15 0.18 1.10 0.17
PFMO00530A 06 02 183 4.0 19.0 1287 3 684 22 136 145 <5 <.1 996 257 89 181 2.03 9.5 23 0.35 344 0.65 4.66 1.01 3.25 0.59 4.31 0.63
PFMO000530B 05 03 157 4.8 145 426 2 889 18 159 31| <5 <.1173.7| 36.7 47.0 84.7 9.45 38.6/ 7.2 0.70 6.08 1.05 6.44 1.35 3.78 0.69 4.80 0.80
PFMO000658A 23 1.0 156 49 134 1124 2 850 08 159 35 8 0.6160.7 27.4 387 71.0 745 328 55 0.64 500 0.8 4.64 1.12 3.02| 0.42 2.82| 0.42
PFMO000692A 71 1.0 169 42 83 556 13531 0.8 11.7] 42 49 0.2/142.7 16.5 28.5| 52.4 544 21.7 4.1 093 2.88 0.45 2.75 0.56 1.69 0.28 1.91 0.34
PFMO000729A 42 08 165 52 74 788 <1 2636 0.6 198 30 16 0.3 196.0 12.8 64.1 98.5 9.19 31.8 4.8 0.88 274 0.40 2.06| 0.46 1.43 0.22 1.89 0.31
RE PFM000729A 47 08 16.0 5.0 65 756 <1 2622 05 182 3.1 18 0.2 189.0 124 61.6 945 8.89 30.5 4.2 0.94 226 0.39 2.14| 040 142 0.24 1.79 0.27
PFMO001156A 08 <.1 153 53 97 34 5 1532 09 114 23 16/ 0.4 1685 29.1 355 68.6 7.98 351 6.4 1.00 6.09 0.83 5.31 1.08 3.25 0.51 3.51 0.59
PFMO001159B 25 16 169 4.8 10.8 130.2 2 934 08 147 84 8 0.4/154.0 21.8 37.4 66.0 6.90 27.3 5.1 0.59 4.77 0.66 4.07| 0.79 2.20| 0.28 2.19 0.34
PFMO001162A 99 11 216 34 81 653 2 3454 07 78 28 61 0.2127.0 26.7 284 52.0 592 264 5.0 1.26 4.95 0.74 4.78 1.07 2.88 0.43| 3.35 0.50
PFMO001180A 20 06 161 45 9.0 1049 1,110.8| 0.3 16.2] 2.0 8 0.4/148.0 14.0 39.5 694 7.26 31.1 54 0.65 4.24 0.52 2.93| 0.57 1.23| 0.15 1.18 0.17
PFMO001182A 34 1.0 172 57 81 1126 2 1199 04 238 3.0 8 0.7/ 197.7 24.0 79.4/136.813.47 50.4 7.8/ 0.77 6.33 0.92 4.95 0.94 2.45 0.34 1.93| 0.30
PFMO001183A 386 04 184 14 4.0 136 31498 03 28 23 240 0.7 54.7 21.8 11.9 249 3.05 153 3.1| 0.97 3.61 0.60 3.58 0.75 2.17| 0.39 2.15 0.42
PFM001191A 09 09 164 25 9.6/ 2543 11519 1.2 213 31 <5 0.7 711 204 21.7| 39.3 440 175 4.1 066 3.58 0.56 3.37 0.70 2.28 0.35 2.48 0.45
PFMO001200A 110 12 153 3.8 6.8 69.0 22819 05 107 6.9 57 04 1435 239 28.7 53.8 591 256/ 4.8 0.94 4.16 0.61 4.22  0.88 2.45 0.39 2.49 0.45
PFM001205A 99.2 05 54 <5 1.0 35 <1 908 <.1 03 <.1 158 03 75 45 15 22 045 3.0 09 026 0.92 0.15 0.85 0.19 0.47 0.06 0.61 0.09
PFM001217A 124, 1.0 18.6] 441 44 374 <15251 03 7.1 3.8 79 0.3147.0 125 23.3 37.0 4.26 19.0 3.1 0.90 2.77| 0.44| 2.35 0.46 1.44 0.21 1.40 0.21
PFMO001222A 14 09 137 32 80 687 2 1164 0.7 16.7 4.0 <5 1.4 105.6) 15.3 39.9 63.3 6.52 24.2| 3.5 0.53 2.80 0.49 2.52  0.58 1.83 0.27| 1.82  0.30
PFMO001864A 28 06 159 44 98 542 2 1382 0.8 129 6.0 9 0.3/141.0 19.3 32.8 57.9 6.40 253 4.7 0.63 4.09 0.63 3.52| 0.79 2.13| 0.32 1.99 0.37
PFM002163B 247 05 211 18 4.2 420 13065 04 4.6 22 230 26 71.7 16.6) 20.0 39.2 465 21.6) 3.5 1.25 3.36 0.53 2.86 0.66 1.90 0.29 1.81 0.28
PFMO002206A 45 12 19.7 7.0, 11.0 104.7 31933 1.1 215 30 22| 052385 11.1 66.3/107.310.80 40.2 4.4 0.75 3.06 0.39 1.80| 0.40 1.20| 0.17 1.09 0.21
PFMO002207A 20 09 162 53 12.0 1107 11083 0.7] 19.3] 37 6 0.5/170.7 20.9 38.6 69.0 7.54 30.2 5.8 0.63 4.38 0.69 4.14| 0.89 2.20| 0.31 2.03| 0.33
PFMO002209A 333 05 179 09 6.1 434 9 1864 0.1 1.0 2.8 289 0.1 184 275 7.1 149 207 8.6 25 0.69 3.18 0.53 3.45 0.78 2.61 0.40 3.51 0.65
PFMO002210A 1.0 09 17.2] 4.1 10.0 1457 2 935 09 29.1 11.00 10 <.1103.7| 16.8 374 71.2 8.08 26.1| 5.6 0.63 4.09 0.57 2.87 0.53| 1.45 0.25 1.78 0.26
PFMO002212A 1.2 04 161 3.9 16.6 27.2 2 1168 1.8 135 4.9 8 <.1/130.9 49.0 33.7 63.0 719 262 7.2/ 0.60 6.52 1.26 8.04 1.67 5.10/ 0.77 4.59 0.59
PFM002213A 59 08 216 53 56 737 35433 06 95 36 38 0.22053 10.8 62.1106.210.81 33.3 4.9 1.11 3.11 0.32 1.63| 0.32 0.97| 0.20 1.3 0.21
PFM002214A 30 1.6 205 3.8 13.3 140.0 31749 23 192 104 16/ 0.4 123.7 181 34.7 57.9 6.00 19.1 3.7 0.56 2.70 0.43 2.80| 0.51 1.61 0.20 1.63| 0.24
PFMO002215A 405 03 133 13 27 134 <1.2647 01 16 09 223 02 46.1 165 9.1 184 259 102 2.3 0.86 2.81 044 2.57| 0.57 1.66 0.24 1.43 0.23
PFMO002216A 16.5 06 207 11 6.7 183 <1 6705 04 16 0.8 46 0.2 43.7 185 19.7 41.2| 547 225 55 232 4.59 0.61 3.22 0.62| 1.61 0.23 1.38 0.18
PFM002216B 210 22 234 10 94 837 36659 08 11 06 53 03 372 194 199 47.8 551 235 4.8 2.09 3.86 0.59 3.13| 0.64 1.77| 0.24 1.50| 0.22
PFMO002217A 91 09 187 35 6.8 545 13347 0.6 6.5 3.0 55 0.1116.0 26.2 24.7 471 557 21.6) 44 1.15 4.22 0.66 4.09 0.87 2.46 0.38 2.55 0.42
PFM002218A 56 1.7 155 4.6 10.6/ 585 22332 10 63 42 29 0.6159.6 31.0 20.2 38.9 5.09 19.7| 4.1 0.87 3.90 0.69 4.59 0.94 3.26 0.46 3.62 0.57
PFM002218B 331 14 192 20 49 432 <1/758.0 04 26 09 322 0.7 69.6 159 18.7| 386 528 21.6) 4.7 1.44 3.41 047 295 0.53 1.55 0.22 1.33 0.22
PFM002219B 372 06 164 15 26 297 23740 02 18 14/ 233 0.5 39.2) 183 9.1 19.2 279 11.2| 2.8 0.98 2.86 0.49 2.85 0.57 1.79 0.28 1.76 0.25
PFMO002220A 254, 1.0 225 09 48 236 <16525 0.3 21 05 142 0.3 24.8 16.6) 14.5 30.5 4.22 17.6) 3.6 1.83 3.65 0.54 2.71 0.56 1.65 0.21 1.52 0.26
RE PFM002220A | 255/ 0.9 241 09 52 239 <1/6327 03 13 0.7 142 0.6 245 16.0 155 30.2) 423 164 3.7 1.77 3.21 0.55/ 2.84 0.58 1.60 0.20 1.34 0.21
PFMO002239A 395 36 185 09 3.1 1586 22222 02 06 1.0 338 04 305 188 59 14.9 254 11.8| 2.7 0.88 3.24 0.54 3.30 0.66 1.88 0.27 1.76 0.28
PFMO002240A 452 19 153 09 09 838 <12639 <.1 15 09 304 02 229 105 54 103 151 69 1.6 0.78 1.82 0.30 2.06/ 0.35 1.10| 0.14 0.91 0.13
PFMO002241A 327 05 182 09 52 197 92733 05 14 23| 272 0.8 26.6 249 7.6 16.1 247 11.8| 3.0 1.03] 3.52| 0.58| 3.40 0.73] 2.44 0.37| 3.14 0.47
PFMO002242A 304 09 182 18 3.9 585 13614 03] 3.0 14 242 0.6 60.6 155 124 245 34 142 3.0 093 258 0.39 2.35 0.47 1.58 0.22 1.36 0.22
PFMO002243A 270 19 166 2.1 4.1 95.0 52426 02 14 07 222/ 04 838 157 13.7 255 3.62 16.0 3.3 1.35 3.02 0.44 2.72| 0.58 1.66 0.24 1.59 0.25
PFM002244A 187 15 188 24| 6.9 934 10/ 1818 0.5 56| 28| 156 11.4] 92.0 27.8| 20.1 40.4 522/ 19.9 4.2| 1.22 4.13| 0.69] 4.29 0.92 2.77 0.49| 3.14| 0.50
PFM002245A 291 09 19.7| 14| 10.7| 52.5 312982 15 27 14 193] 0.8 48.9 20.7 13.7 257 3.62 13.7 2.8 0.88 2.89| 0.50 3.36| 0.66 2.19  0.33] 2.35 0.40
PFM002246A 311 13 203/ 14 31 287 <13707 03 21 09 259 0.2 447 174 11.3| 23.3/ 3.21 14.0 3.5 1.23| 3.58 0.55 2.96 0.64 1.89| 0.29 1.84 0.28




ELEMENT Mo Cu Pb | Zn | Ni  As  Cd  Sb | Bi  Ag Au Hg TI
SAMPLE ppPm ppm ppm ppm ppm ppm_ ppm ppm ppm ppm ppb ppm ppm
PFMO000197A 02 11 541 33 18 <5 <4 <41 <4 <A1 25 <.01 3
PFMO000198A 03 16 68 15 64 <5 <41 01 <1 <1 20 <.01 .1
PFMO000289A 06 13 43 27 28 <5 <41 <4 <1 <A1 32 <.01 .1
PFM000319A 04 16 48 29 17 <5 <A1 <41 <A1 <1 05 <01 2
PFMO000320A 02 17 30 20 14 <5 <A1 <4 <A1 <1 19 <01 2
PFMO000350A 01439 19 60 13 <5 <41 <41 01 <1 <5<.01 .3
PFM000352A 08 12 22 39 09 <5 <41 <4 <1 <1 19 <01 .1
PFM000352B 04 115 23 8 31 <5 <41 <4 01 <1 05 <.01 .2
PFMO000529A 03 34 52 79 45 <5 <41 <41 01 <1 08 <.01 .3
PFMO000530A 03 15 92 28 10 <5 <41 <4 <1 <1 15 <.01 <.1
PFM000530B 02 21 41 15 16 <5 <41 01 01 <.1 13 <.01 <.1
PFMO000658A 02 13 34 29 16 <5 <41 <4 <1 <1 29 <01 2
PFMO000692A 01 10 22 35 46 <5 <41 <4 01 <1 08 <.01 <.1
PFMO000729A 05 36 43 40 45 <5 <41 01 <1 <1 08 <.01 .2
RE PFMO00729A 0.7 41 44 41 52 <5 <1 <A1 <1 <4 11 <01 2
PFM001156A 02 13 21 9 11 <5 <A1 01 02 <1 05 <.01 <.1
PFM001159B 15 58 41 28 14 <5 <1 01 <1 <A 14 <01 3
PFM001162A 04 24 32 53 07 <5 <A1 <4 <A1 <1 10 <01 2
PFMO001180A 02 11 43 34 26 <5 <41 01 <1 <1 13 <.01 2
PFMO001182A 13 12 54 28 19 <5 <41 <1 <4 <A1 12 <01 2
PFMO001183A 12 97 13 34 128 <5 <41 <1 01 <A 12 <.01 <.
PFMO001191A 01 09 741 13 06 06 <41 <4 01 <1 13 <.01 <.1
PFMO001200A 07 12 30 35 115 <5 <41 <4 <1 <1 <5 <.01 .1
PFMO001205A 01 101 05 275818 <5 <41 <4 <1 <1 <5 <.01 20
PFM001217A 01 154 18 28 88 <5 <41 <4 01 <1 10 <.01 .1
PFMO001222A 04 12 32 18 26 <5 <A1 <A1 14 <1 18 <01 2
PFMO001864A 02 40 37 18 19 <5 <41 <4 <1 <1 09 <.01 .1
PFM002163B 05 74 27 34 07 <5 <4 01 02 <1 <5 <.01 <.1
PFM002206A 22 16 40 42 30 <5 <1 <A1 <1 <4 18 <01 2
PFM002207A 02 28 20 25 34 <5 <A1 <4 <A1 <1 19 <01 2
PFM002209A 02 28 09 51 201 <5 01 <4 01 <1 <.5<.01 <.1
PFM002210A 01 13 48 28 17 <5 <A1 <4 <A1 <1 24 <01 1
PFMO002212A 01 11 20 18 14 <5 <1 <4 <A1 <1 11 <01 1
PFM002213A 02 27 30 39 44 <5 <1 <41 <A1 <4 11<01 3
PFMO002214A 02 14 81 40 22 <5 <A1 01 <A1 <4 19 <01 3
PFM002215A 01 125 14 19 233 <5 <41 <4 01 <1 <5 <.01 <.1
PFM002216A 06 466 11 46 20 <5 <41 <4 <1 <1 <5<.01 .1
PFM002216B 15 49 18 70 33 <5 01 <A1 02 <4 11 <01 .3
PFM002217A 02 18 30 58 08 <5 <41 <4 <1 <1 06 <.01 .2
PFM002218A 02 14 29 49 28 <5 <41 01 <1 <1 05 <.01 .2
PFM002218B 05345 14 55 16 <5 <41 <4 01 <1 07 <.01 .2
PFM002219B 08 460 09 31 330 <5 <41 <4 01 <1 05 <.01 <.1
PFM002220A 08 400 19 36 37 <5 <41 <4 <1 <1 <5<.01 .1
RE PFM002220A | 0.7 400 21 36 35 <5 <41 <1 <1 <4 <5 <01 A1
PFM002239A 02 146 25 45 81 <5 <41 <4 01 <1 <5 <.01 .1
PFMO002240A 01 580 24 17 152 <5 <A1 <4 <A1 <1 <5 <01 <.1
PFM002241A 42 22 13 43 185 <5 <1 <A1 01 <A <5 <01 A1
PFM002242A 02 674 37 31 56 <5 <41 <4 03 <1 18 <.01 <.1
PFM002243A 10 108 16 58 88 <5 <A1 <A1 01 <4 11 <01 .4
PFMO002244A 17 12 17 72 25 <5 <41 <4 01 <1 11 <01 4
PFM002245A 03255 15 60 98 <5 01 <4 01 <1 <5 <.01 .1
PFM002246A 02 418 20 39 29 <5 <41 <4 01 <4 <5<.01 .1
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