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Abstract.

The metasedimentary rocks along the traverse reveal low to
high grade metamorphism from chlorite schist near Atikokan,
through biotite schist to migmatites in the west within the
centre of the Quetico Belt. Continuing towards the ESE, near
Huronian Lake, the metamorphic grade decreases symmetrically but
with somewhat 1less steep gradients to Kashabowie. The
metamorphism was syn- to late- tectonic.

Only one pervasive tectonic fabric was observed in the
interior of the belt, with NE-SW striking S; foliations (mean
direction: 256/85° NW, n=121) and extension 1lineations L,
plunging shallowly to the NE (mean direction: 70-20°, n=52). In
migmatite and pegmatite zones foliation was often less steep. It
was probably deflected due to the intrusion of pegmatite or
granitoid bodies.

Minerals contributing to ferromagnetic properties are
mostly monoclinic ferrimagnetic pyrrhotite within the belt with
some magnetite in medium grade amphibolite - rich outcrops in
metavolcanics of Shebandowan Belt.

Anisotropy of magnetic susceptibility fabric (AMS) is
mainly controlled by paramagnetic biotite or chlorite and
subordinate ferromagnetic pyrrhotite in metasediments of the
Quetico Belt. In some outcrops of mafic metavolcanics near
Kashabowie, the high magnetite content controls bulk
susceptibility more than its anisotropy. Variations in AMS
fabric are largely due to variations in relative composition of
magnetite, pyrrhotite and paramagnetic sheet silicates, not due
to changes in strain along the traverse.

AMS foliations and lineations within the belt and on its
south-east margin are generally coaxial with tectonic fabric,
with AMS foliation less steep (dip of 70°) in the interior of
the belt. However a slight (2-5°) anticlockwise offset of the
mean AMS foliation from S; can be postulated in the centre of the
belt and at the southern margin. When fabric data is studied
separately for each sample, such offsets are not significant. In
the Atikokan area, AMS fabric is partly of sedimentary origin.
The offset of mean AMS 1lineations with respect to L, was
confirmed for the Kashabowie - Huronian Lake area (also reported
by Borradaile and Spark, 1990) but it is not prominent in the
centre of the belt.

Anisotropy of remanence based on acquisition of
anhysteretic remanence (AARM) is controlled by preferred
crystallographic orientation of pyrrhotite in metasediments and
partly by preferred dimensional orientation of magnetite in
metavolcanics. It is substantially higher than AMS fabric (mean
P’ of order 3 to 5). AARM foliation is usually oriented closer
to the tectonic fabric than AMS foliation; it is vertical at the
margins and 1less steep in the centre of the Belt. AARM
lineations usually plunge more gently than tectonic and AMS
lineations in the centre of the Belt and at the southern margin
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in the Kashabowie - Huronian Lake area. At the northern margin,
AARM fabric is highly oblate, so that fabric lineations are

difficult to define.
At the belt margins, a slight anticlockwise offset of AARM

foliations with respect to the tectonic fabric exists, when
fabrics for individual samples are examined.
However, the relative orientation of tectonic and magnetic
fabric (AMS and AARM) are not a region - wide consistent
kinematic indicator of dextral transpression.

Correlation studies between magnetic susceptibility and ARM
intensity indicate that a monotonic correlation between ARM and
MS exists only in the Calm Lake - Perch Lake area, in which
pyrrhotite controls ARM. In other areas a higher content of
magnetite increases magnetic susceptibility in several samples,
but not ARM.

Both magnetic fabric (AMS and ARM) are usually oblate in
low grade metasedimentary rock (at the Belt margins), but in
metavolcanic rocks magnetite can produce prolate ARM, whereas
AMS is oblate. In the interior of the Belt, 50% of samples have
prolate AARM, but most of them are pyrrhotite- bearing.

The AARM fabric is believed to have arisen by the growth of
ferromagnetic grains (at least in case of pyrrhotite) in the
later stages of transpressive penetrative deformation with a
dominant dextral shear component of deformation along an ENE -
SWS, vertical plane. The preferred orientation of pyrrhotite
grains was probably controlled by the older biotite - chlorite
matrix fabric. This would explain the lack of a more significant
deflection of the youngest ARM fabric from the oldest tectonic
fabric. However, the accuracy of determinations of ARM axes (at
least 5-10°) limits the validity of these conclusions.

Characteristic directions of magnetic remanence obtained

during thermal or AF step-wise demagnetization form a weakly
developed girdle along the basal plane of ARM anisotropy.
Therefore natural remanent magnetization is probably entirely of
chemical origin and controlled mostly by high anisotropy of
pyrrhotite and its preferred crystallographic orientation.
The orientation of NRM toward basal plane of ARM is believed to
be mostly an effect of deflection from the true Earth’s magnetic
field direction due to anisotropy of pyrrhotite (P’ of values of
3-5, Fuller, 1963), and not the effect of grain rotation. Stress
control of post - metamorphic remagnetization of primary ChRM is
also a possibility. Therefore, it is suggested that NRM was
acquired in the same late stage of deformation as AARM, when
sizes of individual ferromagnetic grains were suitable to carry
a stable remanence. Any primary magnetization acquired at the
time of rock formation was not preserved.

The model of different ages of development of paramagnetic
and ferromagnetic fabric 1is consistent with the dextral
transpression model of the deformation for both margins and the
interior of the Quetico Belt. The latest ferromagnetic sub-
fabric formed along the shear plane when the paramagnetic matrix
was already oriented subparallel to this plane and mimetically
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controlled the orientation of crystallization of ferromagnetic
phase. The ferromagnetic fabric is not therefore useful as a
kinematic indicator of shear component in those areas.
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Chapter 1.

Introduction.

The rocks of metasedimentary Quetico. Belt have been
recently the subject of intensive studies with emphasis on
structural geology, metamorphism and general mapping. This part
of the Archean craton is comparably less investigated that the
adjacent rocks of green-stone - granitic Wabigoon and Wawa
Subprovinces. The lack of deposits of economic value and
difficulties with access are the reasons that large areas have
been mapped only at a reconnaissance scale. The absence of
strain indicators within highly metamorphosed interior of the
belt create problems with the models of deformation of this area
in the late Archean "Kenoran orogeny". The area under
investigation in this study (total distance about 120 km along
the Highway 11 from 20 km west of Atikokan to Kashabowie Lake)
has been chosen because of easy access and created the
opportunity for a large area comparison of tectonic and magnetic
fabrics across both margins and the interior of the belt.

The magnetic fabrics (anisotropy of magnetic
susceptibility, AMS and anisotropy of anhysteretic magnetic
remanence AARM) reflect the overall orientation of para- and
ferromagnetic minerals within the rock. They can be duite

quickly and easily determined for a substantially 1large

collection and therefore their correlations with mesoscopic,
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visually identified tectonic fabric (such as schistosity and
extension 1lineations) can be helpful to verify the existing
models of deformation of the area, especially in the view of the
application of plate tectonic models to the Archean crust.

The actual state of discussion about the development and
the deformation of the Superior Province as well as Quetico Belt

and adjacent subprovinces is outlined in the next chapter.




Chapter 2
The metamorphic history and probable deformation
mechanisms in the Quetico Subprovince and adjacent rocks of

the Canadian Shield.
2.1. The Superior Province setting and subdivisions.

The Superior Province within Canadian Shield is defined as
an Archean craton 3.0 to 2.7 Ga old which underwent little or no
deformation or\metamorphism in the Proterozoic and Phanerozoic
Periods. It is surrounded by the following Phanerozoic orogenic
belts (Hoffman,71989):

a) the mainly volcanic Trans-Hudson Orogeny belt (1.9-1.8 Ga)
with passive margin sedimentary sequences on the north and west;
b) the Penokean orogenic belt (2.4 - 2.2 Ga) on the south;

~c) the Grenville orogens (1.6 - 1.0 Ga): gneissic and igneous
Central Gneiss Belt and Central Metasedimentary Belt with
numerous intruded plutons on the south - east;

d) the Mesoproterozoic Midcontinental Rift filled with‘up to 30
km thick plateau basalts and clastic sediments passing through
the Lake Superior area (Fig. 2.1.).

The existing subdivision of the Superior Province into
subprovinces is based mainly on lithological and structural
diversity of constituent rock units. The individual subprovinces

are formed as west - east trending linear features bounded




Continental morgin orogens and e . . - ~~ Continental margin and Phgnero~
Phanerozoic cover obscuring under— &.449 Patsoproterozoic orogens (20-1.8 Ga) ~ zoic cover, bounaary assumed
tying Precambrion basement A .

e e (cratonized prior to
<+ [EZIE] cremvilie Orogens (1.6-10 Gal =~="2] 2.5Ga)
Mesop ic bedrock/craton _~==" Craton boundary {known, assumea)
(1.8-1.6 Ga) ”

Fig. 2.1. The position of Archean Superior Province craton with

respect to Proterozoic belts (from Thurston, 1991).
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mainly by major faults of dominant dextral strike - slip motion
(Percival, 1989). The vertical displacement of the faults is
under investigation and recognized in some areas as varying
although some consistent north-over south thrusting components
have been proposed (Williams, 1989).

Lithologically, 4 major types of subprovinces have been
defined (Card and Ciesielski, 1986):

1. "Volcanic - plutonic" (Card and Ciesielski, 1986) or "
granitic - greenstone" (Williams, 1990) subprovinces with low
metamorphic grade (low greenschist to low amphibolite facies)
greenstone belts cut or embedded by later granitic intrusiohs
with a dome pattern. The rock units within subprovince dated by
U-Pb or Ar-Ar methods have been lately found of different ages
(3.1 Ma up to 2.7 Ma).

2. Metasedimentary subprovinces consisting of mainly
clastic sedimentary rocks of different metamorphic grade from
low greenschist facies oh subprovinces -margins up to
paragneisses, migmatites and pegmatites (or locally granulite
facies) in the interior. Occasionally late, post - metamorphic
plutons intrude. The origin of sedimentary material with respect
to surrounding volcanic - plutonic subprovinces is under
discussion (Williams, 1990).

3. "Gneissic" or plutonic subprovinces built of tonalite
gneisses, with some smaller more mafic units and larger massive
earlier sodium and later potassium - rich granitoids (Beakhouse,

1985) .



4. High - grade gneissic subprovinces (by Card and
Ciesielski, 1986) containing high metamorphic grade (upper
amphibolite to granulite) facies meta-igneous gneisses and later
cross—-cutting intrusions of tonalitic, syenitic or granodioritic
composition. These features are also identified within granitic
- greenstone subprovinces (e.g. Kapuskasing Structural Zone
within Wawa Subprovince, Thurston, 1990).

The major geographic delimitation of subprovinces
boundaries offered by Card and Ciesielski (1986) as shown on
Fig. 2.2., is now &idely accepted (Percival, 1989, Williams,
1990, Bauer et al., 1992).

The pattern of parallel subprovinces delimited by shear
zones or strike-slip faults with interleaving sequences of
greenstone- granitic subprovinces (such as Wabigoon and Wawa)
and meta- sedimentary belts such as Quetico Belt or English
River Subprovince is unique amongst Archean terranes (e.g. Card,
1991). The most unusual featﬁre for Superior Province is the
existence of metasedimentary belts with highly metamorphosed
central axes consisting of clastic material.

In the last decade, precise absolute dating of single
zircon or sphene grains by U-Pb method or the use of Ar-Ar
method has yielded brackets of minimum ages for the formation of
rock units within belts. Occasionally, quite large differences
of the age of formation are recorded between adjacent rock units
(up to 200 Ma in Uchi Subprovince, Williams et al., 1992).

Major and trace elements geochemical analysis revealed also




— e Provinciai boundary 0 Y
——=~=-— Inrernationol boundary i Cape Smith |
. Beit ——= \
——— Suborovince boundary ‘
Limit of exposed Archean rocks 5
. /{ Minto

Fig. 2.2. Subdivision of the Superior Province into Subprovinces. 4
(from Thurston, 1991, after Card and Ciesielski, 1986).
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various compositions of volcanic units within greenstone belts,
leading to the discrimination of different tectono -
depositional environments for volcanism in the Archean (Williams
et al.,1992). They are only valid if Phanerozoic models of these
environments are transferable to the Archean.

In the model of Williams et al.(1992), greenstone -
granitic belts are considered as sets of "tectonic assemblages"
representing different tectono- depositional environments. These
assemblages are believed to be grouped subsequently into larger
terranes by plate tectonics: arc - arc accretion onto already
earlier stabilized cratonic cores. Such a model was proposed for
Wabigoon - Quetico - Wawa Subprovinces, with Wabigoon as a
source of sedimentary material for Quetico Belt forming an
accretionary prism, and a stable core as well (Williams, 1990,

Percival, 1989). Other mobilist models were formulated for the

northwestern Superior Province (Thurston and Davis, 1991, with

undetermined direction of accretion) and Wabigoon River
Subprovince acting as an old crustal nucleus for late Archean
accretion (Dickin et al., 1991). However cratonization models
(not assuming regional subduction and accretion mechanisms) are
also proposed for other subprovinces (e.g. Island Lake belt of
Sachigo Subprovince by Stevenson and Turek, see Card and King,
1991).

Williams et al. (1992) assumed that Archean tectono -
depositional environments of dgreenstone belts are similar to

those responsible for the evolution of modern island arc
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complexes (e.g. Japan). He applied the mechanism of modern plate
tectonics to explain several assemblages types 1in their
nassemblages" model of greenstone belts. Listed types include:
- continental platforms;

- mafic plain assemblages;

- syn- to post - accretionary sedimentary sequences, such as
conglomerates, wackes, siltstones and iron formations in basins;
- late unconformable basins (historically referred to as "
Timiskaming type" or "Shebandowan Group").

The model of accretion is also used to interpret the
overall transpressive deformation pattern within Wawa, Quetico
and Wabigoon Subprovinces. Observed strike - slip fault
displacements along the Quetico Fault are up to 100 km
(Percival, 1989) and the shear strain component of late Kenoran
deformation as well as locally ductile or brittle - ductile
shear zones are recorded belt contact zones (Hudleston et al.,
1988, Percival, 1989, Borradaile et al., 1988, Borradaile and
Spark, 1991) and within the interior of Quetico Belt (Bauer et
al., 1992; D, and D; deformation, Sawyer, 1983 - D; folding).

Some authors (Bauer et al., 1992, Williams, 1990) favour
northward accretion of the Wawa Subprovince toward the Wabigoon
Subprovince as being responsible for transpressive deformation
of the area. Williams (1990) proposes the oblique subduction of
Wawa plate beneath Quetico accretionary prism as well as an

earlier regional (for the entire eastern part of the Superior

Province) dip-slip underthrusting component of accreted units




Fig.

Inset E- late transpressive stage (<2690 Ma) N Major regionai- scale wrench
and thrust faults

along subprovince
boundaries

w NVB - Northern volcanic belt
SVB - Southern volcanic beit

WSP - Wabigoon / Thrust foult, teeth on hanging wall PD - mupine- Destor deformction

Subprovinces
ERS - English River

QSP - Quetico ) R X

WAS- Wowa % Ductile shear sense ) PS - Ponfiac Subprovince

0P - Opati LC - Larder - Cadillac deformction zone
- Opatica Z

: 2~ Fault

ASP - Abitibi Uit sense

2.3. The model (Willams et al., 1992) of a subprovince- wide
(?) transpressive deformation stage in the Superior
Province resulting in province - wide shortening with
regional scale wrench and thrust faulting (?) along
subprovince boundaries (from Williams et al., 1992).
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with respect to the northern stabilized core (Fig. 2.3.). This
is based on his controversial observation of early dip-slip
underthrusting of Quetico sediments beneath the Wabigoon Belt in
Beardmore - Geraldton Belt prior to strike-slip dextral
deformation (Fig. 2.4.). However, this postulated dip - slip
south side down thrusting is not reported in other areas of belt
contacts.

Another structural study in the Beardmore - Geréldton area
(Kehlenbeck, 1986) shows more complex pattern of structural
facing and recognizes large variations in plunges of fold with
EW vertical axial planes whose vergence is compatible with
heterogeneous dextral shear in the area (Fig. 2.5).

The attempts to construct a more uniform accretion model of
thin - to thick - skin thrusting in northern Superior Province
lead to the suggestion of a southward accretion model (Williams
et al., 1992- Woman arcs complex). However, a northward
accretion could be also possible (Thurston and Davis, 1991).

The question of whether plate tectonics principles can be
applied to the Superior Province (and Archean terranes in
general) has also been discussed. Sleep (1991) indicates that
Archean plates must have been rigid to produce long, consistent
strike - slip faults, with size and velocities similar to modern
ones.

However, the toroidal motion of crust is more energetically

favoured than oblique convergent subduction to produce strike =

slip motion along pre-existing subvertical planes of weakness




Fig.

uetico Subbr;vinc}a

Posttectonic granite ‘k Thrust BGB: Beardmore—Geraidton Seit
Gabbro ) \ Shear zone OTT: Onaman--Tashota terrana
)/ BBDZ: Barton Bay Deformaticn Zene
- . . ——
Sedimentary racks | Stratigraphic facing PLDZ: Paint Lake deformaticn =cne
% Matfic volcanic rocks A\' Syncline

()

% Mafic volcanic racks

/' Intermediate to felsic
voleanic rocks

Gre);wacke-siltstone

2.4. Tectonic model for Beardmore - Geraldton Belt, showing
the sequence of dip - slip faults, precedlng the
dextral transpression (Williams, 1991).




Fig. 2.5. Structural facing of F, folds in the vicinity of,
Geraldton (Beardmore - Geraldton fold belt). f
(a) Two distinct types of panels defined by sets of folds
with a consistent structural facing direction.
(b) a schematic diagram based on data of (a), showing
variations in orientation of F, folds.
The zone between panels is a zone of intense shearing and
transportation. (from Kehlenbeck, 1986).




14

such as the vertical orientations of S, and schistosity

throughout Northern Ontario. Toroidal motion also permits strike

- slip movement partitioned along a set of parallel fault planes

resulting in overall large boundary displacements along stable

vertical faults (more than 1000 km - for a time-scale of 10 Ma).
In the progressive accretion model, the tectonic history of
the Superior Province consists of the following steps (William

et al., 1992, Table 2.6):

1. Probable fragmentation of older (>3 Ga) sialic crust - some
old fragments are preserved in many greenstone belts.

2. Progressive accretion of greenstone and plutonic (Winnipeg
River) terranes lasting up to 300 Ma (3.0 -2.7 Ga, Williams
et al.,1992. They docked with the preexisting North Caribou
terrane (Hoffman, 1989) with accompanying early calc -
alkalic plutonism (pre- Kenoran "orogeny") - Fig. 2.7.

3. 2.70-2.69 Ga - erosion of older or newly extruded volcanic
material and re-distribution of it into sedimentary basins,
although sources of some deposiﬁed material can be exotic.

4, 2.69 Ga - progressive deformation and tectonic thickening of
sedimentary prism and magmatic thickening of greenstone -
granitic subprovinces with accompanying tonalitic magmatism
in sedimehtary‘prisms. Disputable northwards underthrusting
of newly accreted units beneath the existing stabilized
core due to the convergent component of plate motion

(Williams, 1990).




Event Time (Ma) Criterin/Comsnent
Cratonization, continued thermal relaxation, brittie post 26307 Argon-argon blocking ages for hornblende 2.6 Ga and

shearing, mylonite formation, mafic diking

Hydrothermal alteration, associated alteration, brittle-
ductile shearing and horizontal extension,
retrogressive metamorphism, limprophyre intrusion

Late unconformable basins and alkalic magmatism,
strike- and dip-slip faulting

High-grade metamorphism, migmatization, genesis of
granitic rocks, Kenoran defonnation

Calc-atkalic tonalitic magmatism in prisms, structural
thickening in prism and at subprovince marging
Deposition of sediment in aceretionary prisms, arc-
coulescence .

Final stage of calc-alkalic subaerial volcanic centres
Episodic accretion of komatiitic, tholeiitic and diverse

volcanic sequences; pre-Kenoran plutonism,
deformation and metamorphism

Mafic plain komatiitic and minor felsic volcanism,
calc-alkalic plutonism

Calc-alkalic plutonism preserved in plutonic sub-
provinces and at margins of central part of
Wabigoon Subprovince

2630?7-2670

2660-2670

2670-2690)

2688-2698
26902698
2698-2710
27002877
28802889

2830-3170

" Age of Hawk assemblage

biotite 2.5 Ga; Matachewan diabase dike swarm 2.454 Ga;
ages of mylonite and pseudotachylite 2.3 Ga

Ages of hydrous alteration in Hemlbo

Ages of Timiskaming volcanic rocks, and of clasts within
coarse-grained sedimentary rocks

Ages of syn- 10 posticctonic granitoids in grecnstone
subprovinces, pegmatites, S-lype granites, metamorphic
zircon grains in Ryan Migmatite and Kapuskasing
Structural Zone

Ages of plutons in Quetico Subprovinee, ages of youngest
velcanic rocks involved in subprovinee aceretion

Zircon ages from Quetico and Pontiac sediments, upper
limit

Cedar Lake pluton 300315 Ma
Marmion Lake batholith 2688 ::3 Ma

Fig. 2.6. A simplified table of major tectonic event in the
Superior Province (from Williams et al., 1992).
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5. 2.69 - 2.67 Ga - Kenoran deformation: N-S shortening of
Superior Province and synchronous high grade metamorphism
within sedimentary belts. Large scale thickening leads to
partial melting and migmatization; a regionally penetrative
planar fabric is developed (S, in Bauer et al, 1991,
Williams et al., 1992 terminology, in the area studied here
it is S8,). Early N - S shortening with a later dextral
component (Percival, 1989, Hudleston et al., 1988,
Borradaile et al., 1988) occurred during penetrative
deformation within the Quetico Belt or/and adjacent rock
units within Wabigoon and Wawa Subprovinces. Williams
(1992) suggests that this progressiVe deformation can be
described as 4 different stages, but these stages did not
produced noticeable cross- cutting separate tectonic fabric

in most areas.

6. 2.67 - 2.66 Ga - decrease in felsic magmatism, extensive
| strike - slip and some smaller scale late dip - slip
g faulting occur due to stress relaxation in NE - SW
| ‘directions.

| } 7. 2.63 =-2.67 Ga - further retrogressive metamorphism, ductile
and brittle - ductile shearing mainly subparallel to pre-
existing fabric occur (Hudleston et al., 1988, Borradaile
et al., 1988); mylonitic zones begin to form, hydrothermal
alteration and late-deformation lamprophyre intrusions

(Williams, 1992) take place.

]
!
|
!
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8. post 2.63? Ga - strike - slip brittle shearing continues,
mylonite 2zones are formed (Thurston et al., 1991),
intrusion of mafic dykes taking place (e.g. mylonites ages
are dated at about 2.3 Ga, Matachewan diabase dykes about

2454 Ma, Osmani, 1991).

Some brittle major strike - slip faulting continued to
develop during the Proterozoic (late diabase dyke structures are

dated up to 1.1 Ga).
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2.2. The Quetico Belt and its surrounding - lithology and

metamorphic grade.

The metasedimentary Quetico Belt is formed mainly of
greywacke, siltstone and sandstones metamorphosed to schist and
paragneisses with common intrusions of I - type granitic
plutons, pegmatites and leucogranites. In the interior there are
S - type granites of metasedimentary origin of the belt (Fig.
2.8.). Iron formations, ultramafic conglomerates and
metasediments are rarely met. The sedimentary rocks show
features of unstructured turbidite fans, with the rapid
deposition and little segregation. Some authors claim the source
of detritus from the north (Wabigoon green-stone belts?),
especially in the northern part of Quetico .belt. However,
sedimentary material can be transported from much 1larger
distances (Williams, 1991). The basement rocks on which the
sediment was deposited have not been recorded. Dating of
detrital zircons showé the ages of clastic sources ranging from
3.1 to 2.702 Ga; the time of sedimentation is bracketed by
intrusive diorite plutons and granodioritic dikes as prior to
2.688 Ga (Percival, 1989).

The belt trends SW - NE from northern Minnesota to the
Kapuskasing Structural Zone (KSZ) on the east on the distance of
1200 km with varying width from 100 km, down to 10 km near to

Kashabowie (as a result of late faulting).

The contact against the Wabigoon Subprovince is delimited
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% subprovinces alkalic complex

Alkalic complexes —— Trend of regional S, fabric
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Gneissic and foliated tonalite suites

2.8. A s1mp11f1ed geoclogical and tectonic map of the
Subprovince (from Williams, 1991).

Quetico
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on the west by the late-formed strike - slip, steeply dipping
Rainy Lake - Seine River Fault separating amphibolite facies
metaﬁorphic grade volcanic - tonalite plutonic Wabigoon Belt and
amphibolite facies metasediments of the Quetico belt. Going east
the belt boundary is marked by the late Quetico Fault with
mylonitic and cataclastic zones along it. Metamorphic isograds
showing a transition from greenschist to amphibolite facies are
observed parallel to the fault. A broad ductile dextral shear
zone in the stratigraphic volcanic - sedimentary sequence in the.
Beardmore - Geraldton area is present (Kehlenbeck, 1986) in the
east. Williams (1987) claimed also evidence of earlier dip -
slip movement (with Quetico Belt rocks underthrusting the
Wabigoon Subprovince rock units).

'In Minnesota (where the Quetico Belt is named the Vermilion
Granitic Complex) the belt boundary with Wawa Subprovince is
marked by a set of dip - slip and strike - slip faults, with
metamorphic grade facies contrasted across the boundary
(amphibolite facies in Quetico belt versus greenschist facies in
Wawa), but with common syn-metamorphic penetrative tectonic D,
fabric (Hudleston et al., 1988), accompanying dextral
transpression. This fabric is D, fabric of the area described in
this thesis.

In the Quetico Park area mylonitic zones separate biotite-
rich granites and schists of the Quetico belt from hornblende

bearing plutons of Wawa; further east both sinistral and dextral

strike -slip faults are present on the subprovinces boundary
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(Percival, 1989). In the Huronian Lake area the boundary is only
lithological with both sides of the boundary sharing a common
penetrative tectonic planar fabric, common younging direction to
the north, upward structural facing (Spark, 1990, Borradaile and
Spark, 1991), and low metamorphic grade increasing laterally
through the contact toward the centre of the Quetico Belt (Pirie
and Mackasey, 1978). Further east in the Shebandowan area,
faults bound the outliers of "Timiskaming like" conglomerates
and volcanics in Wawa Subprovince (Borradaile and Brown, 1987)
and penétrative tectonic fabric there (locally D,) is correlated
with the D, (Percival, 1989) deformation (2689 - 2684 Ma) in both
subprovinces. The most eastern part of the belt contact is very
heterogeneous with common north dipping mylonite 2zones
(Williams, 1987).

The grade of metamorphism within the Quetico belt increases
symmetrically toward the central axis of the belt (Percival,
1989). In Minnesota in the Rainy Lake - Seine River area,
biotite schiét of high greenschist facies is observed. The belt
margin assemblages of garnet - sillimanite - staurolite -
biotite (Tabor, 1988) and assemblages with kyanite instead of
sillimanite locally along the faulted northern margin of the
subprovince are gradationally replaced by higher grade
assemblages up to garnet - sillimanite - cordierite, muscovite
+ K-feldspar and K-feldspar without muscovite migmatites toward
the centre of the belt (Bauer et al., 1991). The helitic trails

in porhyroblasts as well as relations between fabric and growing
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porphyroblasts indicate that metamorphism is syntectonic with
transpression events during Kenoran "orogeny". In more plutonic
areas, contact metamorphism locally overprints earlier regional
metamorphic textures. In the Vermilion granitic complex only few
diagnostic assemblages can be found in Lac La Croix granites and
migmatites (Percival, 1989).

In the Wawa belt (Vermilion district greenstone belt in
Minnesota) the metamorphic conditions were those of lower
greenschist facies with local increase to amphibolite facies. In
the margins of the belt with prolonged deformation conditions,
the observed greenschist facies assemblages are considered as
retrograde (Bauer, 1986, Tabor, 1988).

Further north - east along the Quetico Belt in meta-
sedimentary schist south of the Quetico Park the metamorphic
grade increases slowly toward the centre of the belt from
chlorite - muscovite zone through well defined and widely spaced
isograds of Dbiotite, sillimanite and garnet sillimanite
assemblages toward migmatite zone in the centre of the belt.
Pelitic rocké north of Poohbah complex show the presence of
cordierite - andalusite - garnet and staurolite bracketing
maximum temperature conditions close to 500° C.

The metamorphism of margins of the Quetico belt from
Atikokan area to the east was studied by Pirie and Mackasey
(1978). The Wabigoon - Quetico north boundary in the Crooked
Pine Lake area, Atikokan - Sapawe area and Perch Lake - Calm

Lake area (Borradaile et al., 1988, Sarvas, 1988) is
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characterized by narrow 4- 5 km lateral transition in
metamorphic garde from muscovite - chlorite zone just south of
the Quetico Fault through biotite, garnet - andalusite, locally
staurolite isograds into garnet - sillimanite, garnet -
sillimanite - cordierite and migmatite zones. In the migmatites
the paleosome schist of lower grade is still preserved. An
analogous, mirror symmetry transition is reported for Planet -
Huronian, Shebandowan - Drift Lake (Pirie and Mackasey, 1978)
and in the Huronian area (Sawyer, 1983). Numerous leucogranite
intrusions of more than 5 km in diameter within the interior of
the belt may be responsible for sharb thermal gradients in their
surroundings and local contact metamorphism.

The migmatites in the western Quetico Belts have the
granitoid component produced by metamorphic differentiation,
whereas east of Kashabowie in situ melt is present also
(Percival, 1989). Kyanite is found only 1locally at Raith
(Percival, 1989) and cordierite is present east of Raith in
leucosomes and white granites.

Further east, steep lateral metamorphic gradients in the
belt margin areas are recorded, in the Lappe and Geraldton -
Long Lake areas. The very high grade granulites are found
locally in the Flanders Lake area and regionally at the contact
with Kapuskasing Structural Zone in migmatites (Percival, 1989),
where Lower Crustal rocks are thrust to the surface.

The geothermobarometry methods applied by Percival (1989)

deliver the estimated values of metamorphic pressure from 250
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MPa (Lac La Croix - Poohbah Lake area) up to 540 - 610 Mpa in
the granulite zone. It is sugéested that the pressure along the
strike of the belt varies from 550 MPa in the Minnesota through
250 MPa (Poohbah Lake) and 330 MPa (Raith) to even 610 MPa in
the east near the Lower Crustal rocks of Kapuskasing
(granulites). Percival (1989) favours different rates of post-
metamorphic uplift and erosion along the belt. The eastern part
of the belt achieved also higher temperatures of peak
metamorphism as concluded from the existence of cordierite above
anatexic reaction, in situ granitic melts and granulites (up to

700° - 780° C) as opposed to 500° C peak temperature at Poohbah

Lake - Lac La Croix area).
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2.3. The deformation and metamorphic events within the

Quetico belt and belt boundaries with Wawa and

Wabigoon Subprovinces.

Structural studies at the belt margins as well as in the
interior of the Quetico belt have revealed up to four different
penetrative fabrics in the some areas (Vermilion Granitic
Complex, Bauer et al., 1992, Beardmore - Geraldton area,
Williams, 1991). However, the belt margins as well as some areas
within the belt possess only one or two penetrative schistosity
or a single set of complex- geometry folds (Borradaile et al.,
1988, Borradaile and Spark, 1991, Sawyer, 1983, Kehlenbeck,
1986) . Therefore the problem of correlation of the fabric
throughout the region is crucial for an interpretation of the
sequence of events (Bauer et al., 1992).

A local notation of observed fabric (D,, S;; D,, S, and so on) is
usually for each of different area aﬁd this fact should be also
taken under consideration (e.g. in Table 2.9).

Rocks of adjacent Wawa and Wabigoon belt prior or in early
stage of deposition of Quetico sediments underwent episodes of
volcanism and associated plutonism. The early stage of volcanism
was recorded in Mormion - Lumby lakes volcanics and tonalites;
2992 -2999 Ma old (Davis and Jackson, 1988) and in Wawa in 2888
Ma old volcanics; "Keewatin" volcanism in both subprovinces was

dated at 2755 - 2702 Ma in Wabigoon and about 2733 Ma in Wawa

(Percival, 1989, Blackburn et al.,1991).




Table 2.9. A classification of tectonic events and tectonic fabrics for various areas of the Quetico Belt.
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The early stage of the region- wide deformation D, (2695 -
2685 Ma in Wabigoon, 2696- 2689 Ma in Wawa, Williams et al.,
1991) was postulated at belt margins (Beardmore - Geraldton
area, Williams, 1990) as well as in Vermilion Granitic complex
(Bauer et al., 1992, Jirsa et al., 1992). The authors (Bauer et
al., 1992) find an evidence for this episode in the existence of
S, foliation parallel to bedding, F; isoclinal, recumbent and
nappe folding and sheath folding in the west - southern Quetico
and in downward facing of upright F, folds in the Wawa - Quetico
boundary in Minnesota (Table 2.9). Williams (1990) correlates
this episode with the existence of down-dip fold axes and
mineral and stretching lineations observed by him in Beardmore -
Geraldton area. The diﬁ-slip south-down shearing with
shortening across the belts would be responsible for these
structures. However no evidence for D, deformation was found in
other areas (Bauer et al., 1992). Williams (1991) suggests also
the existence of regionally wide medium - high pressure, low
temperature metamorphic M; event correlated with his D, (Fig.
2.10. 2.11), based on metamorphic minerals chemistry studies of
rocks north of Vermilion Granitic Complex by Tabor et al.
(1989). Nevertheless no high pressure metamorphism mineral
assemblages were recorded.
The deposition of Seine conglomerate in the northern margin
of the Quetico belt, intrusion of granodioritic sills (

Percival, 1989) within the Quetico belt and "Timiskaming like"

volcanism in Wawa are dated as post- D, (Seine conglomerate




31
deposition: 2686 - 2695 Ma; "Timiskaming like" volcanism, 2689
Ma, Williams et al. , 1991).

The regional transpressive deformation D, with dextral shear
component (2689 - 2684 Ma, Williams et al., 1991) produced
penetrative cleavage S, striking WNW to west in all studied areas
along the belt margins as well as in the interior. It implies a
common history of metamorphism and deformation for all three
belts at least pre - D,, and maybe also during D; deformation
(Percival, 1989). But note that Percival uses D;, D, etc. to
denote major tectonic/plutonic events, not microfabrics.

The D, deformation is supposed to rotate existing F, folds
into vertical plane (Bauer et al, 1992), to produce new upright
F, folds trending parallel to S, and with various plunge (east or
west), both planar S, and linear L, tectonic fabrics, and
concentrated brittle - ductile shear =zones (Hudleston at al.,
1986, Borradaile et al., 1988, Borradaile and Spark, 1991,
Kehlenbeck, 1986). The extensive F, folding could occur in the
areas where the shortening component across the area was
dominant. However, in the central region of Quetico belt, where
the shear component was parallel to preexisting S; - S;? fabric
no substantial polyphase deformation was recorded (Borradaile et
al, 1988, Borradaile and Spark, 1991).

This tectonic episode caused also progressive obliteration
of existing bedding and way - up indicators, obscuring

determination of younging direction and structural facing in

most high grade metamorphosed areas (Borradaile and Spark,
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1991).

Williams et al. (1991) correlate this deformation with the

emplacement of plutons within greenstone belts (e.g. Burchell
Lake pluton in Wawa, Ottertail Lake pluton in Wabigoon) and the
beginning of amphibolite facies metamorphism in the Quetico
Belt.
Percival (1989) indicates that intrusion of tonalites and
leucogranites within the Quetico Belt was much 1later than
adjacent processes in the neighbouring greenstone subprovinces.
The differentiated layering and migmatization, the generation of
ptygmatic folds and boudins correlated with peak metamorphism
(anatexis) in the centre of the belt is also syn- to late - D,
(Williams, 1991). Some inconsistency in the timing of
metamorphism can be noticed as Tabor (1988) interpreted
sillimanite as pre - to syn- D, and Sawyer (1983) considered
staurolite and andalusite post- D,. This is most probably a
problem of correlation and identification of deformation
fabrics, not a genuine difference in age of deformation.

Bauer et al., (1992) correlate more open folds (named as
F;), observed in south - western Quetico belt and in the
migmatitic core of the belt near Kashabowie (Sawyer, 1983) and
a new S;- L; tectonic fabric in the south - west part of the belt
with a new stage of deformation (D;), which follows the same
transpressive regime as D,. The continuing transpression is

responsible for the reorientation of F, folds with more shallow

plunges of fold axis and L, fabric and a steepening of the
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tectonic planar fabrics (fig. 2.9) (Williams, 1991).

In the other areas no distinct D; structures were generated
by the separate event. Bauer et al. (1992) suggest that the lack
of an S; tectonic fabric in most of the region is due to the
contrast in the ductility of the migmatitic core units.

According to Williams (1991), the increase in grade of
metamorphism during D; of higher grade produced high temperature
in situ leucosomes and granulites already during the D; episode.

The felsic magmatish within the Quetico Belt and the
'emplécement of granitic rocks is dated as late D, by Williams,
(1991) . These events are produced due to thermal relaxation and
deep crustal melting following the proposed accretion mechanism
(Percival, 1989, Williams et al., 1992).

Conjugate ductile shear 2ones and later, more brittle
faults zones (mainly on subprovince boundaries) are associated
with D, deformation of mainly dextral shear component (Bauer et
al. 1992).

In the migmatitic core of the belt no regionally consistent
simple shear kinematic structures are recorded due to high local

heterogeneity of strain and ductility contrast (Percival, 1989).

The intrusion of pegmatite granites is dated as 2653 Ma
(Percival, 1989, Williams, 1991), and therefore late- to post-
D,. These late- intruded units of white, pink and pegmatite

granites (2671 - 2653 Ma) should be only weakly deformed by the

dominant shear component of strain. These stocks produced also
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contact metamorphism aureoles around themselves and 1locally
mechanically tilted the surrounding schist and paragneiss

layers.

Distinct D, - D, deformation phases are not recognized
widely on the belt boundaries in central and eastern part of the
belt, as the subsequent dextral shear deformation obscured
eventual earlier fabrics (Borradaile and Spark, 1991). Instead,
rather one long lasting transpressive deformation model is more
applicable there.

Variation in plunge of mineral and extension lineations
(east or west shallow plunges) as well as the variations in the
structural facing (e.g. Kehlenbeck, 1986, Borradaile, 1982,
Borradaile et al., 1988) indicate that strain pattern can be
very heterogenous 1locally. The region- wide models of
deformation (e.g. Williams et al., 1992, fig. 2.5) cannot be
easily confirmed locally (e.g. the sense of shear or dip - slip
changes along the Quetico - Wawa margin).

Percival (1989) indicates also the conflict between the
metamorphic grade varying along the belt strike and gently east
plunging fold axes and extension lineations. Neither post-
tectonic passive tilting nor (Williams et al., 1992) south -
side down dip-slip D, motion can explain these discrepancies.
However variations in metamorphic grade of exposed units might
be explained by the mechanism of isostatic adjustment of
thickened éccretionary prism - after tectonic deformation

(Percival, 1989).
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Borradaile and Spark (1991) explained variations in the
steep thermal gradients locally in the Kashabowie - Huronian
area as a function of thermal conductivity anisotropy (after

Borradaile and Hermes, 1980).

It would appear that the regional models of uniform
accretionary mechanism similar to modern plate tectonics models
(Williams et al., 1992) seem to be too simplified for the

Quetico Belt tectonic and metamorphic history.
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Chapter 3.

Previous studies of the area.

3.1. General geology & geological mapping, metamorphism

& structural studies of the area.

The first stratigraphic and lithological studies of the
area were performed by Lawson (1888) in the Rainy Lake area (20
km west of Perch [Lake). He recognized "Couchiching
metasediments" and "Keewatin metavolcanics", but could not
determine the reversed sequence of this rocks due to overturned
folding (Poulsen et al., 1980). Gradational metamorphism from
low grade schists to gneisses and migmatites in the interior of
the Quetico belt were first noted in the 1920’s by Grout (1925)
and Tanton (1926).

More extensive studies of regional metamorphism through the
belt were reviewed by Pirie and Mackasey, (1978). They indicated
a steep metamorphic gradient toward the axis of the belt in
Crooked Pine Lake area (Pirie, 1977), Sapawe - Atikokan area
(mapped by McIlwaine and Hillary,1974 and Shklanka, 1972),
Planet - Huronian Lake area (mapped by Giblin, 1964 and Harris,
1970) and Shebandowan - Drift Lake area (mapped by Morin, 1973
and locally by Birk, 1971). The pattern of metamorphic isograds
across the Quetico Belt was also studied along Highway 17 by

Kennedy (1980).

Studies of chemical composition of igneous intrusive bodies
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(from hornblende and nepheline syenite to tonalites, monzonites
and leucogranites), within the interior of the belt were
summarized by Pirie and Mackasey (1978) and Percival (1989). The
variety in their composition together with radiometric dating
led to the correlation of the time of their emplacement with the
regional tectonic models for the Quetico belt (Williams, 1991).

Systematic regional mapping was mainly performed in areas
with economic mineral deposits, such as the Kashabowie -
Shebandowan or Atikokan - Steep Rock Lake areas. These areas
were mapped at a scale of 1:31,680 by OGS or GSC, presenting
lithology, structure, metamorphism and mineralization. The other
areas, especially the interior of the belt, were mapped only at
a reconnaissance scale. The compilation maps of the area were
prepared by Thurston (Atikokan - Lakehead 1:253,440 compilation
map, 1985) and Percival (thé interior of Quetico, 1:250,000,
1988).

Radiometric dating was performed for metasedimentary
greywackes with use of U-Pb method on detrital zircon grains
(2702, 2880 and 3100 Ma) as well as for intrusive granites and
pegmatites and granodioritic sills (2687 Ma) within
metagreywackes (Percival and Sullivan, 1988). "Timiskaming-like"
volcanics and later Keewatin volcanic sequences were also dated
in the Shebandowan area (Corfu and Stott, 1986, 2689-2696 Ma for
Timiskaming). Some intrusive bodies within Quetico belt and in

Shebandowan belt near the area were also dated: Shelley Lake

granite (Berger and York, 1979, 2580 * 20 Ma), Poohbah alkaline
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complex (Mitchell, 1976, 2700 * 25 Ma), granites around Burchell
Lake pluton (Dunlop, 1984, 2550-2600 Ma). They bracketed the
timing for deformation and metamorphic events in the area
(Percival, 1989) as well as gave age references for late Archean
(2750-2500 Ma) paleopole path for the Superior Province (see
vandall and Symons, 1990 for review).

Structural geology of the area was investigated in detail
bnly recently. Earlier studies were focused on the boundary of
Quetico belt with Wabigoon belt. Prior to Hawley’s (1929)
studies, the structural interpretations are not consistent. They
varied from south dipping monoclines (Lawson, 1913) to regional
synclines or
anticlines with fold axes along the central axis of the Quetico
Belt. Consistent regionally younging to the north with some
local reversals in youngihg directions was first 1listed by
Tanton (1926). Tight folds forming of en-echelon structure were
interpreted by Hawley (1929) as contemporary to the formation of
the Quetico Fault during horizontal shearing event.

Recent structural studies along the Wabigoon- Quetico belt
boundary delimited the set of tight to isoclinal sheath - fold
structure showing dextral asymmetry and varying plunges and
structural facing. Borradaile’s (1982) studies followed by
Dutka, (1982), Stubley, (1983) and Stewart, (1984) indicated the
locally curvilinear nature of F, fold axes and axial planes
parallel to the belt boundary. Some primary asymmetrical minor

folds show the dextral shear component of deformation
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(Borradaile et al., 1988).

A single penetrative subvertical S, tectonic fabric parallel
to the belt boundary was recorded by Sarvas (1988). Intersection
lineations S,/S, plunge gently to east near Atikokan (Borradaile
et al., 1988) but they are scattered along the S; plane to the
west, where the fabrics are more oblate (Calm Lake - Perch Lake
area, Sarvas, 1988).

The more detailed studies of the contact of Wawa and
Quetico Subprovince near Shebandowan lakes begun in 1960’s.
Minor faults were delineated during systematic mapping,
therefore the fault contact between the belts was postulated
(Hodgkinson, 1968). The model of isoclinal folding based on the
variations of younging directions in deformed pillow 1lavas
within the Shebandowan belt metavolcanics was also proposed.

Sawyer (1983) mapped fold structures and described the
cases of reversed symmetry of minor folds on limbs of major
folds. Therefore he introduced a model of multiphase penetrative
deformation in the area. The granitic diapirism was proposed as
the mechanism responsible for deformation as well as a
production of nappe folds. This was not confirmed by studies of
Spark (1991) and Borradaile and Spark (1991), who found only a
single penetrative deformation fabric S, in each studied outcrop
(see the last paper for discussion). Along the transect through
belt boundary from Kashabowie Lake toward Huronian Lake they
recorded consistently oriented E-W vertical S, fabrics and

younging to the north (where preserved).
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Variations in strain pattern (L>S versus S>L tectonites)
and the plunge direction of the L, tectonic fabric component were
also observed within the Shebandowan greenstone belt (Stott
1985). Scott associated them with two- phase deformation.
However, the pattern of different strain domains did not
correlate with a single penetrative foliation for an anisotropy
of magnetic susceptibility (AMS) fabric (Borradaile and Brown,
1987) within the Shebandowan belt. Stott appears to have
classified lineations as L, or L, according to the directions of
their plunge (E or W). However, Borradaile et al. interpret this
as one fabric lineation which varies in plunge. Stott nowhere
describes one fabric cutting the other.

Within the interior of Quetico Belt Sawyer (1983) and Stott
and Schnieders (1983) mapped penetrative fabrics. Folding
correlated to deformation producing regionally penetrative
single fabric was observed. Sawyer suggested that the presence
of shallow plunges of these folds is due to next deformation
event.

In the traverse from Huronian Lake to Atikokan through high
grade migmatites no detailed structural study has been
performed. The magnetic fabric studies (anisotropy of magnetic
susceptibility) method was used on both belt boundaries for
correlation with tectonic fabric studies in the area (Spark,
1991, Sarvas, 1988).

Kennedy (1984) used this method along the Quetico Fault and

obtained oblate AMS ellipsoid coaxial with strain. Borradaile
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and Brown (1987) determined single penetrative AMS foliation in
metavolcanics of the Shebandowan belt, contrary to the results

of Stott and Schnieders, 1983).

Sarvas (1988) used AMS studies to examine the correlation
between AMS magnetic 1lineations and foliations and tectonic
fabric: S, cleavage and S,/S; intersection lineations in the Calm
Lake - Perch Lake area in low grade metasediments south of the
Wabigoon - Quetico Belt boundary. He obtained a single
penetrative oblate AMS fabric regionally coaxial to the fold
axial planes (Borradaile et al., 1988).

Spark (1991) used this method for the traverse across the
Shebandowan - Quetico Belt contact from Kashabowie Lake toward
Huronian Lake along steep metamorphic gradient. A single
penetrative magnetic lineation is here significantly deflected
from the L, petrofabric lineation consistently with dextral
shear. The shape of the AMS ellipsoid was oblate for all but few
outcrops. No significant correlation was found between

magnitudes of strain and magnetic fabric.
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3.2. Paleomagnetism of Archean rock units within the

Wabigoon, Shebandowan and Quetico Belts.

The main interest of paleomagnetic studies lies in the
determination of the characteristic remanent magnetization
(ChRM) . It is usually crucial to find whether ChRM is a primary
component of the NRM that can be correlated with a specific
tectonic event or a chronological event. If the direction of the
ancient magnetic field is to be determined the direction of NRM
should not have been reoriented due to subsequent tectonic
deformations unless the amount of such reorientation can be
estimated. Such corrections are not trivial and involve
considerable complications. Thus paleomagnetic studies have not
been widely performed within metamorphic Archean belts in the
Superior Province of Canadian Shield in north-western Ontario.

The only extensive studies of late Archean paleomagnetism
in the region were done by Duhlop both in reconnaissance and as
more detailed project in several separate late Archean rock
units within Wabigoon, Quetico and Shebandowan belts (Dunlop
1979, 1983, 1984a, 1984b, 1985). However, he deliberately chose
massive, weakly strained bodies and avoided the sheared
metamorphic rocks examined in this study.

Together more than 450 samples from about 120 sites in 12
locations were collectcd by Dunlop for NRM determinations (see

Table 3.2 and map of locations - Fig 3.1). The areas studied

were mainly late to syn - tectonic igneous intrusions or weakly
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Fig. 3.1. The map of the NW Ontario region showing localities of
rock units with found mean NRM directions for Archean.
(after Borradaile et al., 1993)
Site numbers are as follows:

1 - shelley Lake granite, 2580 Ma (Dunlop, 1984a);

2 - Poohbah Lake alkaline complex, R remanence 2650 Ma (Dunlop

1985) ;

3 - Poohbah Lake alkaline complex, N remanence - 2550 Ma? (Dunlop
1985) ;

4 - Huronian granite, paragneiss, (2.6 Ga?) (Dunlop,1979);

5 - McKenzie Lake diorite (2.6 Ga?) (Dunlop,1979);

6 - Burchell Lake granite, 2550 -2600 Ma? (Dunlop,1984b);

7 - Shebandowan gabbros, 2.8 Ga (Dunlop 1979);

8 - Sapawe iron formation, 2.6 Ga (Dunlop 1979);

9 - Gulliver greenstone, 2.8 Ga (Dunlop,1979);

10 - Ignace, Martin gneisses, unknown age (2.8 Ga?) (Dunlop,1979);

11 - Wabigoon gabbro, 2.8 Ga? (Dunlop,1983);
12 - Watcomb granite, 2.6 Ga (Dunlop,1979);

Note: Disregard the A and B areas.
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strained, massive metamorphosed igneous bodies within the
interior of the belts (Percival 1989). In these units the ChRM

should not have been significantly reoriented due to strain.

Table 3.2. Mean remanence directions for Archean formations in
NW Ontario (after Dunlop 1979,1983,1984a,1984b,1985).
No Formation N D(°) I(°) k Qg5 (°) References

Quetico gneiss belt

1 Shelley Lake 12/43° 5.9 56.4 95.4 4.4 Dunlop 1984a

. granite SL1

2 Poohbah Lake 13/39 198,0 =-22.5 62 5.3 Dunlop 1985
alkaline complex R -

3 Poohbah Lake 13/35 359.5 55.5 28 8.3 Dunlop 1985
alkaline complex N

4 Huronian granite ?/14 14.7 42.3 25.8 7.9 Dunlop 1979

Shebandowan volcanic - plutonic belt

5 McKenzie Lake ?/6 4.6 45.5 24.1 13.9 Dunlop 1979
granite

6 Burchell Lake 10/36 2.3 48.9 23.9 10.0 Dunlopl984b
granite BL1

7 Shebandowan ?/8 82.9 -28.6 13.7 15.4 Dunlop 1979
gabbros

Wabigoon volcanic - plutonic belt

8 Sapawe iron ?/11 351.5 13.4 6.1 20.0 Dunlop 1979
formation

9 Gulliver ?/9 57.3 -14.6 8.6 18.5 Dunlop 1979
greenstone

10 Ignace, Martin ?/5 55.9 -8.7 10.0 25.3 Dunlop 1979
gnheisses

11 wabigoon 11/29 246 12 19.5 10.5 Dunlop 1983
gabbro

12 Watcomb ?/11 356.7 55.6 16.3 11.6 Dunlop 1979
granite

Note: "No of sites/ No of samples, ? - unknown.
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Remanence studies for the Huronian Lake granite, McKenzie
Lake granite and Shebandowan gabbros as well as for the most of
Wabigoon Belt localities should be regarded as of reconnaissance
value (only a few samples collected for each unit - see Table
3.2). Later paleomagnetic studies for Poohbah Lake alkaline
complex, Burchell Lake granite, and Wabigoon gabbro were based
on larger collections of samples and can be expected to give
more reliable characteristic remanence directions. These
directions which were interpreted by Dunlop as primary
remanences are listed in the Table 3.2 (after Borradaile et al.,
1993).

It has been assumed that a stable primary component of NRM
was acquired by a given rock unit during cooling after post
volcanic plutonism (as in the case of igneous bodies such as the
Burchell Lake granite) or after low grade metamorphism. The
determined characteristic remanence. directions were then
correlated with tectonic events affecting the investigated rock
units. Dunlop interpreted them as 1locally pre-deformational
(pretectonic - localities No 7,9,11 in the Table 3.2) or
posttectonic (rock units No 1,2,6,8,12).

Late Archean tectonic events were dated for these units as
ranging from 2700 Ma - 2650 Ma (Percival 1989) till 2580 Ma
(Shelley Lake granite - Berger and York 1979). These correlate
closely with the ending of tectonic activity in all three belts

(Wabigoon B. - 2702 Ma, Shebandowan B. - 2692 Ma), detrital

deposition in the Quetico sedimentary basin up to 2702 Ma and
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Fig. 3.3. Stereographic plot of the NRM directions obtained by

Dunlop for a total of 246 samples, in NW Ontario (see
Fig. 3.1 for sites).
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(2670-2630 M)
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o D3 folding in migmatites (?) In Q B.
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e D2 - Transpressive deformation - (2689-2684 Ma)
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& Seine conglomerate,
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~2800Ma
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Table 3.4. The compari
with age relationships of

mes of acquiring of ChRM by intrusive bodies
in the Quetico Belt and its surroundings.
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the closure of the Quetico sedimentary trough at 2685 Ma (all
dating after Percival 1989)- see Table 3.4.

With the exception of No 2 direction in Table 3.2 the post
- tectonic mean NRM directions for the listed rock units group
closely around Dec=005°, Inc=55° (Fig. 3.3) and can be
interpreted as acquired during cooling after syntectonic
recrystallization. Some earlier remanence determinations (Dunlop
1979) show a more scattered pattern. At first inspection one
miéht interpret these as poorly defined NRM mean directions due
to a small number of samples. On the other hand, they are
located in ENE-WSW quadrants and could be regarded as pre-
tectonic and reoriented from their primary positions by tectonic
strain or stress (Borradaile et al., 1993). The mechanism of the

reorientation of existing remanence directions due to the

transpressive shear deformation will be discussed later.
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Chapter 4.

Present project.
4.1. The scope of this study.

VThe project is a continuation of the wider study program of
magnetic fabrics and the structure of late Archean metamorphic
belts - mainly Wabigoon, Quetico and Shebandowan Belts north-
west from Thunder Bay performed in Lakehead University. The
study investigates the structure of the interior of Quetico
Belt, the distribution of tectonic and magnetic fabrics along
the traverse across highly metamorphosed schist - migmatite -
pegmatite outcrops along Highway 11 from Atikokan to Huronian
Lake and an effect of transpressive deformation on paleomagnetic
data from the area (Fig. 4.1). I have investigated possible
correlations between the directions of tectonic fabrics
(schiétosity, gneissic layering and extension lineations) with
the anisotropy of magnetic susceptibility (AMS) and the
anisotropy of anhysteretic remanent magnetization (AARM) for the
areas of low metamorphic grade at the belt margins (Atikokan
area and Huronian Lake - Kashabowie Lake area) and in the belt
core of higher metamorphic grade east of Atikokan toward the
Huronian Lake.

The determinations of characteristic remanence directions

and anisotropy of ARM were performed on the previously collected
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Fig. 4.1. Areas under study within the metasedimentary -
migmatitic Quetico Belt (Q.B.).

a) - Calm Lake - Perch Lake area - low grade metasediments at the
northern margin with metavolcanic Wabigoon Belt;

b) - traverse Atikokan - Huronian Lake;

c) - traverse Huronian Lake (migmatites in Quetico Belt) to

Kashabowie Lake in low grade metavolcanics in Shebandowan Belt.
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specimens from Quetico - Wabigoon belt boundaries (west of
Atikokan) and Quetico - Shebandowan belt boundary (Kashabowie -
Huronian Lake traverse). Samples and hand specimens used
previously for AMS studies by Sarvas (1988) and Spark (1990) had
not been exposed to high fields and were used here for NRM
determinations and ARM anisotropy determinations. Newly obtained
results are compared with mineral fabrics and AMS directions
determined in the two previous projects (opus cit.).

The study checks the validity of models of generating new
para/diamagnetic and ferrimagnetic fabrics in an area undergoing
a transpressive shear deformation and the use of magnetic
fabrics as kinematic indicators of progressive deformation. I
attempt also to explain the behaviour of ChRM directions in
deformed rock units due to effects of the reorientation or
resetting of the predeformational remanence. The further problem
is the contribution of newly crystallized ferrimagnetic minerals
(such as pyrrhotite) to the postdeformational NRM.

I conducted the field observations and 1laboratory
experiments that included:

(1) reconnaissance mapping of = tectonic fabrics and
lithology within the interior of Quetico Belt - the traverse W-E
from Atikokan to Huronian Lake along Highway 11 =-in 77 outcrops;

(2) collecting oriented hand specimens (92 from outcrops
in the traverse above and 20 additional hand specimens from
outcrops from Kashabowie - Huronian Lake area) for the

laboratory measurements and mineralogical studies. Specimens



54

were not drilled in the field - oriented specimens but were
brought to the laboratory and drilled there.

(3) préparation of 294 cylindrical cores for AMS, ARM and
NRM studies from collected material (175 from the interior of
Quetico Belt and 119 from Quetico - Shebandowan belts
boundary) ;

(4) determination and analysis of bulk magnetic
susceptibility and its anisotropy (AMS) of cylindrical cores
from the interior of Quetico Belt and Quetico -Shebandowan belt
boundary;

(5) demagnetization of NRM in 237 selected samples from
all three collections using thermal and alternating magnetic
field methods of demagnetization. Calculation of characteristic
remanence directions and analysis of their distribution.

(6) studies and interpretation of anisotropy of
anhysteretic remanent magnetization (AARM) for 154 selected
cylindrical samples from all three traverses;

(7) correlations of anisotropy of ARM and AMS fabrics with
tectonic fabrics and distribution of characteristic magnetic
remanence directions;

(8) correlation between anisotropy of saturafion isothermal
remanent magnetization (SIRM) and anisotropy of ARM for some
selected samples;

(9) mineralogical studies of ferrimagnetic minerals within
samples by means of magnetic hysteresis and Curie point

determinations;
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(10) analysis of the metamorphic grade and magnetic
minerals based on thin sections of several selected localities;
(11) correlation of AMS, anisotropy of ARM and RM data with

magnetic mineralogy.
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4.2, Field areas under investigation.

The studied traverse within the interior of Quetico Belts
runs from wacke - mudstones, chlorite and biotite schist just
south of Atikokan and adjacent to the Quetico Fault going east
along Highway 11B and 11 through a very steep metamorphic
gradient (Percival, 1989, Pirie and Mackasey, 1978). It crosses
biotite, almandine and staurolite isograds extending toward
Sapawe and Eva Lake and enters the migmatite and pegmatite zone.
Further east, it .1eads through massive pegmatites east of
Windigoostigwan Lake toward the Atlantic - Arctic Ocean
watershed just east of Huronian Lake (map - Fig. 4.2), again in
the migmatites.

Sampling was done regularly, at least every 1 km with minor
exceptions in poorly exposed areas, along Highway 11 with 10
additional outcrops visited north of highway 11 along unmapped
logging roads or minor highways 633 and 623 (map - Fig. 4.3).
Most exposures were fresh roadcuts along the highways with both
tops and sides of outcrops easily accessed. There is extremely
little weathering of most outcrops.

The additional hand specimens came from an E-W traverse
across Shebandowan - Quetico Belts boundary previously studied
by Spark (1990) and Borradaile and Spark (1990). This transect
extends from Kashabowie near Shebandowan Lake in low metamorphic
grade greenschist facies metavolcanics on the east through

biotite schist into migmatites within the high grade
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metamorphosed metasedimentary interior of Quetico Belt and
terminates at the Atlantic- Arctic watershed near Huronian Lake
(Fig. 4.2 and 4.4). This area was revisited and a new collection
of 20 oriented hand specimens was obtained due to insufficient
number of oriented cores (total 58) for AMS and ARM studies
remaining from the previous project by Spark.

Previously collected (by Spark, 1990) cores (see localities
on the map - Fig 4.5) were used also.for determinations of ChRM
directions and ARM studies (these were not a part of Spark’s
(1990) project). These were only used by Spark for low - field
magnetic susceptibility measurements (AMS). Therefore it can be
assumed that the low magnetic field (48 A/m = 0.6 Oe) that was
applied to these specimens has not influenced their NRM.

In addition, a set of 244 oriented cylindrical core samples
from the Quetico - Wabigoon Belt boundary was also used as the
material for ARM anisotropy and NRM determinations. The material
was collected by Sarvas (1988) and Borradaile and Sarvas (1989)
in two transects along Quetico Fault in the Calm Lake - Perch
Lake area, west of Atikokan, mostly within the Quetico belt.

The southern traverse (also along Highway 11) extended from
low grade chlorite schist and phyllites next to belt boundaries
west from Calm Lake, crossing the isograds at a low angle as it
passed into the higher grade metamorphism in the interior of
Quetico belt to the west. The observed 1lithologies were
metamorphosed mainly from sandstones and mudstones (Sarvas,

1988) . The northern traverse (along CNR rail track) also crossed
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the Quetico Belt and led through metavolcanics derived mainly
from mafic flows and more felsic volcanoclastics with Quetico
Belt metasediments recurring east of Banning Lake. Both
transects were terminated around Perch Lake about 10 km west of
Atikokan, in biotite schist.

Samples from this collection were only previously used for
low magnetic field AMS studies and thus remained suitable for my
NRM determinations and ARM studies described here.

The areas outside the transportation 1lines (such as
highways and rail tracks) were not sampled and studied. Within
the interior of Quetico Belt only a few outcrops away from the
highways were visited. Usually only a flat upper surface was
available for structural measurements. Collection of hand
specimen in the massive recrystallized migmatites and pegmatites
was extremely difficult. Thus poorly exposed off - road outcrops
could be only sampled with use of back- pack drill, but this was
too time consuming. Nor were the logging roads in the Quetico

belt easily accessible for the sort of rental vehicles used

during the field work.
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4.3. Field and laboratory methods of study - collection of

material for laboratory studies.

The transect within the interior of Quetico Belt was
visited, mapped and sampled during about one month of field
work. The 1lithology of outcrops were investigated in a
reconnaissance study. The length of outcrops that I visited
varied from 20 to 100 m.

Structural measurements. were performed in each sampled
outcrop about every 1 -1.5 km and in some localities at closer
spacing and involved:

- bedding surface determinations (where preserved) - near
Atikokan where they were sometimes oblique enough to the
schistosity to be recognized readily.

- primary tectonic schistosity or cleavage measured in about 70
outcrops. Some measurements were repeated in the same outcrop to
average variations of the foliation plane within larger
outcrops. In the schist outcrops the schistosity plane was
measured, in more gneissic or migmatitic wunits only the
orientation of gneissic layefing was recorded. The dips were
generally almost vertical throughout.

In some migmatitic outcrops the schistosity plane was
preserved in biotite schist paleosome. However, it is realized
that this is late- formed biotite. Subhorizontal lineations,
generally dipping gently .eastwards were often observed as a

preserved orientation of mica or amphibole grains within
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foliation planes. This is interpreted as the maximum finite
extension direction during crystallization.

In most outcrops one to three hand specimens were collected
with oriented surfaces (for which strike and dip was recorded).
Only about one third of specimens were taken with an oriented
horizontal surface. Samples were chosen only from more mafic
areas of migmatitic outcrops (in case of migmatites and gneiss).
This approach was deliberate, due to planned studies of
ferromagnetic fabrics and NRM in the specimens collected.

In the laboratory, hand specimens were reoriented in their
natural site orientation and horizontal cuts were made to
facilitate vertical laboratory drilling. Then the samples were
drilled to yield cylindrical cores - all of them with their long
axis vertical and the north direction marked on the top surface.
As a result all the prepared cylindrical cores with dimensions:
2.5 cm diameter and about 2.2 cm height were oriented in their
geographical coordinates and could be used for determination of
magnetic fabrics and NRM (Fig. 4.7a). Locations of sampled
outcrops and collected samples are shown on the map (Fig. 4.3)
and are listed in Appendix A.

Some other cylindrical cores from the Quetico - Wabigoon
belt boundary collected in Sarvas’ project (Sarvas 1988, Fig.
4.6) were oriented perpendicular to the mineral foliation
(schistosity) in the outcrop with an arrow pointing the strike
direction (Fig. 4.7b). The directional data obtained from them

(as a NRM vector for example) had to be rotated to the
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Fig. 4.7. The conventions of orienting of drilled cores.

a) . - a core is drilled vertically with its top
horizontal. The arrow on the top surface points to the
North.

b) - a core is drilled perpendicular to schistosity
plane in the outcrop. The top surface of the core is
parallel to the schistosity plane. The orientation of
schistosity plane is recorded (strike and dip) and its
strike direction is transferred onto the top surface of
the core. An arrow points toward the strike of
schistosity plane.

A core with such orientation must have its all

‘directional parameters (e.g. magnetic 1lineations and

foliations) measured in sample coordinates recalculated
in the true geographical coordinates.
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geographical coordinates. The computer program COORD2.BAS was
used to perform this task (see Appendix E).

The additional set of 20 hand specimens collected along the
transect going through Quetico - Shebandowan Belts boundary as
well as some hand specimens collected in Spark’s project (Spark
1990) were used to drill a further 119 cores already oriented in
the geographic coordinates.

The intensity of NRM was measured for a total of 294 cores
with the use of MOLSPIN spinner magnetometer (a noise level of
about 0.03 mA/m and a sensitivity much better than 0.5 mA/m).
Bulk magnetic susceptibility was determined with an SI-2
induction coil (Sapphire Instruments). The theoretical
principles of both methods as well as demagnetization procedures
and methods of determinations of anisotropy of magnetic
susceptibility and ARM are prgsented in later chapters.

The magnetic susceptibility of cores were high enough (at
least 10° SI units, mean MS was 1.3 + 4.7 10° SI for N=294
samples) that AMS could be measured for all 294 cores with use
of Sapphire Instrument SI - 2 inductive coil and 12 -
orientation of the sample within the coil (Stupavsky 1984).

The intensity of NRM was widely distributed from less than
l1 mA/m to more than 10 A/m (mean NRM was 232 mA/m for N=589
samples but for 336 samples it was less than 10 mA/m). Therefore
only cores with magnetization higher then 10 or 20 mA/m (total
of 237) were selected for the alternating field or thermal

demagnetization procedures. Samples chosen for AF treatment were
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with the use of MOLSPIN spinner magnetometer (a noise level of
about 0.03 mA/m and a sensitivity much better than 0.5 mA/m).
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principles of both methods as well as demagnetization procedures
and methods of determinations of anisotropy of magnetic
susceptibility and ARM are presented in later chapters.

The magnetic susceptibility of cores were high enough (at
least 10° SI units, mean MS was 1.3 + 4.7 10% SI for N=294
samples) that AMS could be measured for ali 294 cores with use
of Sapphire Instrument SI - 2 inductive coil and 12 -
orientation of the sample within the coil (Stupavsky 1984).

The intensity of NRM was widely distributed from less than
1 mA/m to more than 10 A/m (mean NRM was 232 mA/m for N=589
samples but for 336 samples it was less than 10 mA/m). Therefore
only cores with magnetization higher then 10 or 20 mA/m (total
of 237) were selected for the alternating field or thermal

demagnetization procedures. Samples chosen for AF treatment were
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- intensity of SIRM studies using alternating gradient force
magnetometer Micromag 2900 from Princeton Measurements
Corporation.

5 selected samples were crushed and the magnetic minerals
separations were performed. The powdered magnetic phase was then
viewed under binocular petrographic microscope and single grains
were selected for experiments listed above. In addition, the
approximate apparent content of magnetic minerals could be
estimated from the magnetic phases. Also small pieces of host
rock from the same hand specimens (about 200 mg each) were
studied in the same experimental procedures on a Princeton
Instruments, alternating gradient force magnetometer Micromag

2000.

The recognition of magnetic minerals and their preferred
orientation gives some idea when they were formed with respect
to the tectonic transpressive deformation and whether or not
their magnetic fabrics can be regarded as kinematic indicators

of shear component in the deformation history.




Plate 5.1. Pillow lavas in the metavolcanic Shebandowan Belt.
Station RS8.05, next to the contact with the Quetico

i Belt metasediments. Greenschist facies metamorphic
grade.
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Chapter 5.

Lithology and structure of studied areas.

5.1. Review of lithology and structural observations on the

Quetico Belt boundaries.

5.1.1. Shebandowan - Quetico belts boundary.

The Kashabowie - Huronian Lake transect traverses the
‘contact between metavolcanic Shebandowan Belt and
metasedimentary Quetico Belt. It cuts the contacts and the
metamorphic isograds in the area at a low angle (Pirie and
Mackasey, 1978). Samplea outcrops in the Shebandowan Belt
(studied in detail by Spark, 1990 and those revisited in this
study for additional sampling) consist mainly of chlorite -
actinolite - epidote rich mafic metavolcanic greenstones west of
Kashabowie metamorphosed from massive or pillow lavas flows and
pyroclastics with locally preserved graded bedding and pillows.
Some minor outcrops of sheared felsic pyroclastic metavolcanics
were observed west of Kashabowie.

Further west the traverse encounters a larger cluster of
felsic metavolcanics around Whitefish Lake (outcrops 3 to 5.6 -
Spark, 1990, see map - Fig. 4.4, 4.5), originating mainly from
rhyolites, agglomerates and tuffs. More mafic flows grading into

pillow lavas are present next to the subprovince boundary (Plate

5.1).
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In the Quetico Belt the traverse passes through some
clastic greywacke slates with well preserved graded bedding.
Some smaller mafic volcanic flows are interbedded with
greywackes just west of the subprovince boundary. Usually
bedding is subparallel to the penetrative, S, cleavage and can be
recognized up to outcrop No. RS10 (Spark 1990). Further, the
traverse leads through higher metamorphic grade biotite and
hornblende schist (from outcrop no. 10.4); almandine garnet -
sillimanite schist (from station no. 10.65) derived from
greywackes with partly preserved relict graded bedding, into
biotite - garnet paragneisses and migmatites west of Stetham
Lake (map - Fig 5.2a).

Lower grade paragneisses are of calc- silicate types inter-
layered with biotite schist. With higher grade metamorphism
granite leucosomes can be observed within paragneisses. They
gradually merge into migmatites with some pegmatite and quartz
monzonite intrusions that are common west of outcrop RS11
(Spark, 1990).

More extensive studies of metamorphic grade in the area
revealed that isograds are subparallel to the contact of belts
(Pirie and Mackasey, 1978) with steep, lateral metamorphic
gradients ranging from 50 to 100 °C/km (Percival, 1989) aldng
the traverse in the vicinity of the contact.

The structural observations of the subprovince contacts
(Spark, 1990, Borradaile and Spark, 1991, Percival, 1988) showed

that along the area only first-phase penetrative tectonic fabric
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elements can be noticed. This fabric is consistent through the
traverse with mainly subvertical, W-E striking foliation S,
(slaty cleavage, schistosity and gneissic and migmatitic
layering (Fig. 5.2b). Within the migmatite zone near Huronian
Lake the orientation of layering is much more variable due to
intrusions of pegmatite bodies and local heterogenous deforma-
tion of granitic leucosome veins which define the layering in
the outcrob.

Preferred orientation of traces of mineral grains in the
‘schistosity plane define the extension direction of finite
strain locally in the outcrop. This L, fabric generally plunges
gently to the east along the transect (Spark 1990, Borradaile
and Spark 1991). Where preserved, bedding is subparallel to
schistosity with northwards younging. Structural facing close to
the subprovince boundary zone can be determined as uniform and
steeply upwards and eastwafds. The intersection 1lineations
between bedding and cleavage are subparallel to extension
lineations and plunge gently to the east - at an angle of about
20° (Borradaile and Spark, 1991).

Borradaile and Spark (1991) discussed whether all the
fabric in the area is of the same age in both belts (as D, -
2696-2689 Ma =-Corfu and Scott, 1986, Percival, 1989). They
supposed that the tectonic fabric could develop progressively
during the transpression event D; with shear component almost
parallel to sheared strata and early steepening of strata to

near- vertical orientation. Therefore, the observed tectonic
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fabric could characterize the same finite tectonic event

throughout the entire area.

5.1.2. Wabigoon - Quetico Belt boundary.

The transect across the Wabigoon - Quetico subprovince
boundary runs along the Quetico Fault from the Calm Lake on the
west toward the Perch Lake on the east and was about 12 km long.
The sampling, lithological and structural studies were done by
Sarvas (1988) and Borradaile and Sarvas (1989) along two
communications lines: CNR rail track and Highway 11. Almost the
whole area was situated within the Quetico belt metasediments,
with some metavolcanic outcrops in the Wabigoon greenstone belt
along the railway track.

Metasediments south of Flanders and Calm Lake were
originally feldspathic sandstones with well preserved bedding,
sometimes graded or cross-bedding (Sarvas, 1988) mainly arkoses
and silty pelites and mudstones. Due to low grade metamorphism
they were metamorphosed to chlorite - sericite slates and
phyllites of the greenschist facies. Further along Highway 11 to

the east metamorphic grade increases with epidote and sphene

appearing 1 km south of the Quetico Fault and biotite appearing
1 km further south and becoming a major constituent of biotite
schist in the area.

Metavolcanics outcrops in the north near the Quetico Fault
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zone and in the Wabigoon greenstone belt were derived mainly
from felsic volcanoclastic tuff and mafic flows rich in
actinolite , epidote, chlorite, quartz and altered feldspars.

Primary fabrics in the area can be easily mapped as well
preserved - beddingin the OQuetico metasediments. Several
sedimentary features such as graded bedding, cross-
stratification, load casts and ripple marks are common. Bedding
surfaces are generally uniformly oriented with strike 080° and
dipping steeply to the north or south. Local younging directions
-were mostly to the north but in some areas they dip steeply
southwards due to a sequence of tight to isoclinal and
asymmetric major folds (F,) with 1long limbs younging to the
north.

Only a first, continuous cleavage S; was observed
consistently within the area and it is oriented W-E, dipping
steeply and subparallel to bedding plane . Observed §S;/S;
intersection lineations can have variable orientation within the
plane subparallel to S; and S, (Fig. 5.3) and changes of their
orientations are correlated with local younging variations.
Therefore they can help to determine the unexposed axial- plane
traces of F, folds if the structural facing direction remains
unchanged and cleavage is axial planar.

Structural facing in the area changes remarkably from upwards
through sideways to downwards (Fig. 5.4). It was concluded that

F, folds are curvilinear and sheath-like (Borradaile et al.,
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1988). In some outcrops minor asymmetric folds were observed
also, as well as weak crenulation and kink bands indicative of
post-D;, non-penetrative, local deformation.

The reconstruction of the set of curvilinear folds of
sheath -like appearance with hinge axes slightly oblique to
Quetico Fault (Fig. 5.4) (some are also exposed) led to the
conclusion that the transpressive deformation with at least 70%
shortening in N-S direction with dominant dextral shear was
required in the area (Borradaile et al., 1988). It was also
.suggested that penetrative cleavage in this area can be
synchronous with S, from Shebandowan - Quetico Belt boundary as
produced by the same tectonic event D; (Borradaile and Spark,
1991) with mirror symmetry of lithology and metamorphism on both
belt boundaries (Percival, 1989).

It should be noted that stratigraphic way up does not
reflect this symmetry and is consistent to the north on both
boundaries (Borradaile et al., 1988, Borradaile and Spark,

1991).
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5.2. Studies of the interior of Quetico Belt.

Field studies of Quetico Belt ﬁraverse were completed in
one month during the field season 1992. The pattern of changes
of structural and magnetic fabric along whole the transect were
studied but only more mafic parts of outcrops were investigated
closely and sampled. Lithologically, outcrops in the area are
very heterogenous on the outcrop scale. In many single outcrops
100 m .long one finds schist, paragneiss and migmatite or
pegmatitic intrusion. Therefore in those cases several samples
(2 or 3) were collected from one outcrop and migmatitic layering

fabric measured simultaneously with schistosity.

5.2.1. Lithology and sampling.

The Atikokan - Huronian Lake traverse, along Highway 11 led
trough low grade metamorphism chlorite - sericite greenschist
facies, to high grade paragneisses, migmatites and pegmatite -
guartz monzonite. The axis of maximum peak metamorphism was
crossed and the traverse was completed east of Huronian Lake on
the Arctic - Atlantic watershed, which is the west margin of
Spark’s (1988) study. At least one hand specimen was taken from
each outcrop studied. In the area of higher metamorphic

gradient, between Atikokan and Sapawe, structural measurements

and sampling were made every 500 - 1000 m where possible (Fig.
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5.5), further east in high grade metamorphism outcrops distances

between outcrops were a little greater.

Near Atikokan, 2 km south of the town and about 1 km south
of Quetico Fault mylonitic zone, greenschist facies outcrops
were sampled and studied (Plate 5.6). Rocks in these outcrops
(TWA1 and TWA2) are mainly metasedimentary wacke turbidites
grading into shales with preserved relict bedding, S;,, almost
parallel to first penetrative slaty cleavage (S;). Parting of
rocks is controlled by cleavage rather than by bedding and
intersection lineations of bedding and cleavage are also easy to
recognize. Beds are rather thin - of the order of 5 cm and
relatively invariant in arkosic composition.

The fine grained matrix is mainly of chlorite and sericite
with some opaque minerals recognized as pyrite and pyrrhotite.

Further south along Highway 11B the metamorphic grade
increases steeply, crossing the biotite isograd and making
primary sedimentary fabrics obscure. In outcrops TWA3 - TWAS
bedding is parallel to schistosity, biotite grains become
visible (of 1 mm length) and gradually quartz veins appear
parallel to schistosity. Some tension gashes filled with
secondary quartz, perpendicular to extension lineations within
schistosity plane were observed in paragneisses at station TWA4.
As the transect along highway 11b is at right angles to the
metamorphic isograds in the area (Pirie and Mackasey, 1978),

further to the south biotite- chlorite assemblage was observed

in thin-section studies (stations TWA5-7).
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Plate 5.6. The deflection of foliation in amphibolite schist
caused by the intrusion of pegmatite; station TWA1l5.5,
Hwy 11, belt interior.

1

Plate 5.7. Massive monzonite intrusion wit a contact wit
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dipping biotite schist,; station TWA18.5, Hwy 11, belt
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Large flakes of biotite become a major constituent of rock
composition but they do not show a strong preferred orientation,
in contrast to the fine grained chlorite - sericite matrix,
which has a strong preferred crystallographic orientation
(p.c.o0.). This biotite phase grew late in the D; history.

Further east, oblique to the WNW-ESE orientation of
metamorphic isograds (Fig. 5.5), quartz veining and metamorphic
differentiation are more common. In biotite schist and
paragneisses, sericite decreases and biotite laths acquire
stronger p.c.o. Primary bedding is not recognizable from
layering developed by metamorphic differentiation. Chlorite is
still abundant as a matrix component together with
microcrystalline quartz. In less mafic outcrops (as TWA 9.5) the
matrix is mainly composed of fine - grained quartz. Laths of
chlorite and biotite are badly altered and show notable effects
of radioactive damage (pleochroic haloes). Aggregates of Fe -
bearing compounds become larger, up to 300 um, with weak
preferred dimensional orientation (p.d.o.) subparallel to
preferred orientation of the matrix.

Mica grains are visible to the naked eye around station
TWA11l, and metamorphic differentiation producing distinct quartz
rich layers. Further east, only the more mafic parts of outcrops
were sampled because the magnetic studies required higher
contents of ferromagnetic minerals within samples.

From station TWA1l5 to the east (TWA1l7, 18) some massive

amphibolite schist outcrops were observed with hornblende blasts
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up to 5-8 mm size showing a weak preferred orientation. Feldspar
grains are strongly altered to muscovite, and numerous biotite
and muscovite inclusions are seen in the hornblende blasts. The
highway locally enters a pegmatite zone, so some outcrops with
small pegmatite intrusions were observed (TWA 15.5 - 15.8).
Pegmatite bodies usually tilt older biotite schist - paragneiss
layers during their intrusions causing the earlier schistosity
to become less steep locally (Plate 5.6, 5.7) - outcrops TWA
15.5 = 18.5. Migmatites are common adjacent to pegmatite bodies,
with schist layers 10 - 15 m west of Niobe Lake and highway 623
to Sapawe (e.g. TWC 7).

Further east of station TWA 18, samples show the existence
of almandine garnet together with a biotite and muscovite
assemblage. Preferred orientation in mica laths (é.c.o.) and
p.d.o. in quartz grains is relatively high. Gradually, garnet
blasts become fractured and altered along cracks to pennine
chlorite (TWA223).

East of Sapawe road outcrops are migmatitic with some
pegmatite intrusions. Mafic paleosome (biotite schist)
constitutes usually about 80% of the rock body. Some earlier
foliation is preserved in these parts and often controls felsic
layering and parting of the rock. Less mafic parts are comprised
mostly of quartz - biotite and newly formed muscovite. Quartz
veins (neosome) are often deformed in the schistosity plane,
forming folds and boudinage (Plate 5.8). The felsic neosome

often forms Augen or angular forms within outcrops giving the



Plate 5.8. Ptygmatic folds and quartz veins within migmatite;
station TWC7, Hwy 11, belt interior.

Plate 5.9. Anatexis in migmatite; relations between neosome and
paleosome are seen; outcrop TWC4, interior of the belt.
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appearance of multiphase or heterogeneous deformation on the
outcrop scale (outcrops TWC4, TWC 1 - Plates 5.9; 5.10) . Such
felsic areas were not sampled, as they are Xknown to be
unsuitable for magnetic studies.

Near Duncan Lake a 1 km long granitic nebulite stock with
some pegmatite veining is present (plate 5.11). A sequence of
smaller granitic bodies next to pegmatites or migmatites was
observed east of Eva Lake (stations TWEl1l-2). No consistent
layering was measured in these outcrops. Layering changed
remarkably at an outcrop scale, leading to the conclusion that
the syn- deformational D; fabric was disturbed by later
intrusions of felsic rocks in the area. More mafic migmatitic
outcrops near Eva lake still possessed distinct layering and
p.c.o.of minerals (muscovite and biotite) consistent with the
regionally developed S,;/L, fabric beyond (Plate 5.12 - station
TWE4) .

Outcrops along the Quetico Park boundary, from
Windigoostigwan Lake, are mostly pegmatitic with migmatite
bodies among them. The size of migmatite units was sufficient
(up to 100 m) to assume they are not strongly reoriented due to
pegmatite and monzonite intrusions. Such outcrops were
successfully sampled (station TW18).

Thin section studies revealed abundant muscovite, together
with biotite (station TWE3). Staurolite appears (TWE4) west of
Windigoostigwan Lake together with almandine garnet in biotite -

muscovite - quartz matrices with strong preferred orientation




® 25 % ':~
o s b, i

-2 R et SOV

Plate 5.10. Anatexis in migmatite -an appearance of heterogeneous

deformation; outcrop TWC1l, interior of the belt.

Plate 5.11. Nebulitic granite with some later pegmatitic veining;
station TWC2, interior of the belt.
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Plate 5.12. A typical migmatitic outcrop TWE4 With.consistent
metamorphic layering striking W-E. Boudinages and
Augens can be noticed.
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Plate 5.13.

AR AT,

A minor open fold in biotite schist; outcrop TW12

east of Windigoostigwan L., interior of the belt.
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east of this lake (TW23). It seems that the axis of peak
metamorphism was crossed somewhere east of Eva Lake in the area
occupied by felsic stocks.

East of station TW17 pegmatite intrusions are less common.
Migmatite outcrops have strong preferred orientation of layering
with more mafic biotite - muscovite rich parts constituting
about 70-80% of the outcrops. In biotite schist layers some
early tectonic structures such as minor folds (Plate 5.13 -
station TW12) persist despite higher migmatitic metamorphism in
the area.

Near to Huronian Lake, the rocks are less migmatitic:
paragneiss and Dbiotite schist is observed. Some minor
amphibolites also crop out (station TW8). Migmatitic layering
shows a strong preferred orientation (Plate 5.14 - station TWL1)
having a good correlation with schistosity in biotite schist
outcrops. Some Augen structures showing competence contrast
within layers in biotite paragneiss were also noticed (plate

5.15a,b - station TW4).
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Plate B aldis Migmatitic layering with strongly uniform
orientation; outcrop TWL1 near Huronian Lake.
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a)

b)

Plate 5.15. Augen structures preserved in biotite

schist (a) and
differentiated migmatite (b); outcrop TW4 near Arctic/
Atlantic watershed east of Atikokan.




93
5.2.2. Structural observations in the Atikokan - Huronian

Lake area.

Structural observations were made at 77 outcrops along the
Atikokan - Huronian Lake traverse to complement earliér studies
along the Quetico belt boundaries with adjacent.belts (Sarvas,
1988, Spark, 1990). In 1low grade metamorphic rocks near
Atikokan, primary fabrics such as bedding and younging could be
determined, but in the more metamorphosed interior of the
Quetico Belt only imposed planar and linear tectonic fabrics
such as schistosity, extension 1lineations or gneissic and
migmatitic layering were observed and recorded. Relationships
among intrusive pegmatite and quartz monzonite bodies and
“earlier - ‘formed - metasedimentary schists were also
investigated. Locally in the migmatitic zone, the effects of
anatexis in migmatites, which produced veining and paleosome -

neosome textures were also observed.

Primary structures: S, - bedding and younging direction.
Recognizable bedding which ié not parallel to tectonic
cleavage is preserved only in low grade greenschist facies rocks
south of Atikokan. It was observed in some chlorite - sericite -
biotite schist outcrops between stations TWAl & TWA2 just south
of the Quetico Belt crossing Highway 11B. S, is very steep,

practically vertical and striking W-E (Fig. 5.16). A younging

direction to the north was determined in graded beds in station
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TWAl1 only.

Further south bedding becomes parallel or sub-parallel to
schistosity and the younging direction is difficult to determine
due to metamorphic differentiation in the schists which obscures
the graded beds.

Locally in high - grade biotite schist layers small
microfolds can be recognised folding the bedding (TW12, see
Plate 5.13). However, bedding is not traceable along the outcrop
and it can be mistaken with schistosity in fine grained biotite

schist.

8 -fabrics: schistosity & layering in gneisses and migmatites.

The first penetrative S, tectonic cleavage cén be easily
observed within low- to medium - grade metasediments (schists
and gneisses) within the Quetico belt. Variations in the
orientation of the cleavage surface were observed commonly due
to cleavage refraction in layers of different competence. These
variations were usually of the order of 10°. In these cases, the
orientation of two or three surfaces in one outcrop were
measured and averaged.

In higher grade rocks, such as those with migmatitic and
Pegmatitic portions, a schistosity is still preserved in mafic
biotite schists. Spaced layering of migmatites is generally
controlled by existing schistosity, but preferred orientation of
the layering is somewhat weaker than schistosity.

Numerous folds and boudins as well as Augen structures
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occur within migmatite. They mark 1locally heterogenous
deformation on the outcrop scale due to the strain-partitioning
in partly melted felsic material and more stable biotite schist
of different competencies. Therefore, the S, fabric was measured
on schistosity surfaces in migmatitic outcrops where possible.
In some places, only the glaciated, smooth tops of outcrops were
exposed for measurements; therefore the strike of near
vertically dipping migmatitic layering was only recorded (TWL1 -
Plate 5.15).

Through the whole traverse, only one tectonic S, fabric was
noticed. The cleavage is consistent generally throughout the
area. The variations of strike were usually of 10-20° along the
traverse for cleavage surfaces dipping steeply to NW as well as
to SW (map -Fig. 5.16 and Fig. 5.17).

In dominantly pegmatitic outcrops, the remains of schist
material are often tilted by intruding felsic bodies (TWC1,
TWA6.5, TWA15.5, TWAl6.5, TW23) and preserved schistosity may be
much less steep (30-50°) than elsewhere.

Thin-section studies also revealed only one penetrative
cleavage within schist samples. The cleavage is defined usually
by chlorite and biotite grains (preferred crystallographic
orientation - p.c.o) in greenschist facies. Quartz grains are
small, show weak preferred dimensional orientation (p.d.o.) and
are sometimes weakly strained. The rock composition often varies
on the thin-section scale, showing the evidence of initial

metamorphic differentiation and strain-partitioning. Areas
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richer in sericite are usually more deformed than those with a
quartz-rich matrix.

In low- grade schist samples some seams of pyrite oriented
parallel to the continuous cleavage can be noticed. They may
have been created when secondary material filled the spaces in
the matrix already controlled by earlier continuous biotite
cleavage and they do not indicate that pressure solution
operated.

Higher grade amphibolite facies specimens from biotite -
garnet - cordierite schist and migmatites are much more
homogeneous on the thin-section scale and their biotite - quartz
matrix does not show the effects of strain-partitioning so
noticeably.

Samples from an amphibolite metagabbro at stations TWA1l5 -
TWA19 do not show distinct cleavage; hornblende grains are
somewhat aligned with weak p.c.o. and the biotite - quartz -
cordierite matrix does not reveal any better developed preferred

orientation.

L- fabrics: mineral lineations.

Lineations observed on schistosity surfaces were usually
formed by the preferred orientation of large (sometimes 1-5 mm
long) grains of biotite, muscovite or amphibole in greenschist
and amphibolite schists. In lower grade outcrops, such as TWAl
and TWA2 with fine chlorite - biotite assemblages, indistinct

bedding traces on cleavage planes were recognised instead.
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Mineral lineations were observed only at 42 stations (52
measurements). They usually plunged gently to the east (map -
Fig. 5.18 and Fig. 5.19). West plunging mineral lineations were
measured only south of Atikokan in low grade greenschist facies
rocks. In a few stations, lineations were anomalously steep;
they were observed where the biotite schist units had been

tilted by pegmatite intrusions.

Bedding - cleavage relationships near Atikokan.

Bedding surfaces were observed only in 1low grade
greenschist facies rocks near Atikokan, in a few smaller
outcrops between stations TWA1l and TWA2. Therefore traces of
bedding on cleavage surfaces S,/S; were not recognised elsewhere.

The dihedral angle between steep subvertical bedding and
cleavage is very small, less than 10°. Sub-parallelism of both
fabrics is due partly to an effect of rotation of a passive
bedding surface toward the principal axes of transpressive
deformation. However it is also true that the principal planes
(XY) of deformation were probably located subparallel to
bedding, thereby permitting a large shearing component of
deformation (Percival, 1988).

Traces of S; on S, surfaces were measured for both outcrops
- their orientation is varying remarkably from one outcrop to
another:

TWAl : 62°/60°

TWA2: 252°/20°
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and it is not very consistent with calculated direction of

intersection of S, and S, surfaces (see table):

station SO S1 calculated measured
intersection intersection
SO/SI SO/SI

TWA1l 262/84NW | 233/84NW [ 337-84 62-60

TWA2 78/88SE 258/85NW | 258-0 252-20

This difference reflects the fact that small errors in
measurement of orientation of two almost parallel surfaces can
lead to much greater error in the direction of the calculated
line of intersection of these two surfaces.

Measured S,/S; lineations are rather similarly oriented to

those in the Calm Lake - Perch Lake area.

5.2.3. Relationships between tectonic fabric along the

traverse.

Statistical methods employed to determine the mean positions of
tectonic fabrics.

The clustering of poles to S, was calculated with the use of
computer program SpheriStat v1.1 (by Frontenac Wordsmiths,
Canada, 1990; for details see Appendix E). This program
calculates eigenvectors of the distribution of directions on the
sphere by use of the Jacobi method (Press et al., 1986) and also

finds a4 confidence cones around calculated directions of
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eigenvectors (Hext, 1963).

The program also draws density contour lines for a given
distribution of points (e.g. poles to cleavage) using weighting
spherical Gaussian function (Robin and Jowett, 1986).
According to this algorithm, for each counting station all
points are weighted by their angular distance from the station
and counted.

If 0 is a statistical dispersion of data, then contours for
every 20-step are drawn, starting from E - the expected value of
the point density for random distribution. The program
calculates the value of highest peak of point density in terms
of multiples of o above E value (see Appendix E).

Both procedures - . eigenvector calculations and
determination of the maximum peak of the density distribution by
contouring the data, usually calculate the direction of the

maximum cluster with less than 5° difference.

The distribution of tectonic fabrics.

The changes in metamorphic grade from 1low- grade
greenschist facies at the belt margins to high grade migmatites
in the interior of the Quetico Belt may be correlated with the
distribution of tectonic and magnetic fabrics in the area as
well as the orientation of the natural magnetic remanence.
Therefore fabrics for 3 distinct areas will be studied
separately.

These areas are:
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a) - low grade metasediments in the Calm Lake - Perch Lake
area and east of Atikokan till the staurolite isograd (up to the
station TWA10.5, Xgrid=10). All these rocks are typical for the
belt margin.

b) - higher grade metasediments in the interior of Quetico
Belt often associated with pegmatites and granitoid intrusions
(going east up to station RS10.7 near Stetham Lake east of
Huronian Lake -where staurolite isograd is crossed again).

c) - low grade metasediments in the south margin of Quetico
Belt and further east metavolcanics in the Shebandowan Belt
(from station RS10.7 to the east).These rocks represent the belt
margin rock units. The division of studied area into these 3
sub-areas is presented on the map - Fig. 5.20.

Schistosity S; in low grade metasediments in Atikokan area
at the ﬁorthern margin of the Quetico Belt was determined only
from studies east of Atikokan along Highway 11. The detailed
tectonic data from the Calm Lake - Perch Lake area (collected by
Sarvas, 1988) were not available. 34 orientations of S; in
chlorite and biotite schists have mean pole to S; at 345/9° with
confidence cone of 7/4° and the peak position from the counting
procedure at 346/9 (Fig. 5.21la). A similar approach gave also
well- defined positions for mean poles to S, fabric in higher
grade migmatitic interior and 1low grade metasediments and
metavolcanics west of Kashabowie (Fig. 5.21b,c).

Mean schistosity planes have their strikes within a 10°

range but in the centre of the belt S, dips more gently (at 68°,




Calm L- Perch L - 20 km to west

Granitoids

Quetico Fault

S e e e —

Metavolcanics
—— Mo S— -—-————'_—_‘—’
e —

Schists and paragnelsses

CNR
d\\_&e Hurgnlan
Aﬂnﬁi:b

)

15 km

o

Migmatites, pegmatites, granites Schists and paragneisses

S
Watershed &-“-....Il!!==—ﬁ;=;f"
———] = ¢ ]

Kashabowle
Lake

g

Metavolcanics

-

Fig. 5.20. The subdivision of studied areas according to the

metamorphic grade.

Atkokon rea

wabigoon Bett

- low grade metasediments east of Atikokan (up to staurolite P

o

RS10.7

| )
b o

isograd, near station TWA1ll).

b) - higher grade metasediments (amphibolite facies) and granitoid
intrusives - "interior of the belt".

c) - lower grade (below staurolite isograd) metasediments east of

Calm Lake~
Peich Lake area

/’ inledor
WAN
Kashobowle area

Quetico Balt

Shebandowan Beit

Huronian Lake and metavolcanics further east toward Kashabowie Lake
- "Rashabowie area'.




Fig. 5.2la. -

Poles to S1 schistosity - Atikokan area
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Fig. 5.21b.
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Fig. 5.21c.

Poles to S1 schistosity - the interior of Quetico
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Fig. 5.21d.

Poles to S1 schistosity - Atikokan - Kashabowie L.
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Table 5.22. The orientation of tectonic fabrics: poles to S, and
S, and tectonic lineations L, in three sub-areas: "Atikokan" -
east of Atikokan in low grade metasediments; "interior" - medium
and high grade metasediments; "Kashabowie" - 1low grade
metasediments and metavolcanics east of Stetham L. toward

Kashabowie L.

Area & fabrics N Peak (o) Eigen- | Conf. | Ref.
(lineations L, & position vector | cone | fig.
poles to planes S; &

SO

S, - Atikokan 34 346/9 17 | 345/9 7/4 5.21a
S, - interior 106 168/22 21 166/17 6/3 5.21b
S, - Kashabowie 47 158/3 122 | 158/2 5/3 5.21c
S; - whole transect 187 | 163/8 27 | 163/7 4/2 5,21d
L, - Atikokan 7 76/527 3 68/43? | 43/17 | 5.23a
L, - interior 60 | 72/13 26 | 70/16 5/3 5.23b
L, - Kashabowie 32 74/20 16 | 72/21 8/4 5.23c
L, - whole transect 99 72/13 32 | 71/18 4/3 5.234
Sy, - Atikokan 7 354/1 7 353/2 9/5 5.24a
S, - Kashabowie 11 164/2 |10 |163/3 6/3 5.24b

Table 5.22). The lower dips of S; in the belt interior are caused
probably by late intrusions of granitoid bodies and pegmatites
within the area. S; at the north margin dips to the S, but at the
south margin to the N. The dip sense on the southern margin is
much more consistent than on the northern one. Locally, the
variations of S, dip from to the S to the N are quite common in
highly sheared chlorite and biotite schist Jjust south of
Atikokan.

Mineral lineations L, in chlorite and biotite schist south
of Atikokan are few and they have Varying plunges (Fig. 5.23a).

They were recognized as intersection lineations of S; and S,
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Fig. 5.23b.

Mineral lineations L1 - the interior of Quetico B

Medium and high metam. grade metasediments
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Fig. 5.23c.

Mineral lineations Ll'- Kashabowie - Huronian L.

Low metam. grade metasediments and metavolcanics
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Fig. 5.23d.

Mineral lineations L1 - Atikokan - Kashabowie L.

Samples from the Quetico belt margins and interior
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planes. Their erratic plunges are similar to those from the Calm
Lake - Perch Lake area (Borradaile and Sarvas, 1989), correlated
with sheath - 1like isoclinal folds. In higher grade rocks and
metavolcanics L, extension lineations cluster around well defined
maxima (Fig. 5.23b,c), plunging gently to ENE (Table 5.22) and
somewhat more steeply near the belt margins.

Primary bedding (S,) is preserved only in 1low- grade
chlorite and biotite schists and is almost vertical at both belt
margins (Fig. 5.24a, b). It is oriented clockwise with respect

to S, (Table 5.22). Its orientation is very consistent across

each belt margin.
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Fig. 5.24b. .

Poles to SO bedding - Kashabowie - Huronian Lake

Low metam. grade metavolcanics and metasediments
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Chapter 6.

v

Review of magnetic properties of minerals and rocks.

Magnetic properties of all solid substances can be
evaluated in terms of diamagnetic, paramagnetic or ferromagnetic
(s.1l.) behaviour, when the substance is exposed to an external
magnetic field. This phenomenon can be used for several
geophysical applications, such as paleomagnetism, geomagnetic
mapping, magnetotellurics and rock-magnetic studies.

Studies presented here focus on the application of such
magnetic properties as magnetic susceptibility of para- and
ferromagnetic materials (hereafter s.l.) as well as magnetic
remanence of ferromagnetic minerals (such as pyrrhotite and
magnetite).

The acquired bulk magnetization M (per unit volume) of a
sample exposed to an external magnetic field H is a function of
both the external field H and the magnetic properties of the
specimen. When the dependence of magnetization from the external
field is linear, the material properties are characterized by a
bulk magnetic susceptibility %, which can be a complex quantity
in general. For a distant or low-frequency magnetic field the
susceptibility is approximated by a set of real values; for a
high.frequency magnetic field the imaginary (out - of - phase)
component of susceptibility is a decisive factor; reflecting

more the conductivity of the material.
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M=49(0)H

ext
- where: % - susceptibility, M - magnetization, H, - external
magnetic field, w - frequency of external field.

Generally the contribution to magnetic properties of the
sample can be given by diamagnetic, paramagnetic, ferromagnetic
and ferrimagnetic (or antiferromagnetic) grains; these magnetic
properties are considerably different.

Diamagnetic minerals owe their properties to the paired
electron configuration of atoms. These have the resultant
orbital and spin magnetic moments of filled electron shells
equal zero (Kittel, 1971, p.499-501) in the absence of the
external magnetic field. In the presence of the external field
they acquire an orbital magnetic moment antiparallel to the
direction of external magnetic field due to the interactions
between the magnetic field and the existing orbital moments of
single electrons. This is the diamagnetic effect. Their

susceptibility is given as:

2 rz .
y = - ETT ) (0'Reilly, 1984)
6m,
where: N - concentration of atoms, e - electron charge, 2 =

atomic number, m, - electron mass, <r?> - mean atom radius, Mo =
permeability of free space.

The magnetic susceptibilities of diamagnetic minerals (eg.




121
quartz, calcite and dolomite) are about -10° to -10° SI and
depend weakly on the temperature.

The diamagnetic minerals do not retain magnetization in the
absence of external magnetic field. It should be pointed that
all substances show the diamagnetic effect to the some degree as
an effect of interactions of inner filled electron shells with
the external magnetic field.

On the other hand, ferromagnetic, ferrimagnetic and
antiferromagnetic minerals (hereafter sometimes ferromagnetic
S.l.) and paramagnetic minerals have atoms of elements with odd
atomic number in their crystal lattices which have uncoupled
spins. Therefore the single atoms have the resultant non-
vanishing magnetic moment even with the absence of external
field. The bulk resultant magnetic moment of the sample vanishes
due to thermal disorder of the individual spins. The acting of
external field tends to orient the spin magnetic moment parallel
to the external field as well as generating the diamagnetic
orbital weak component of resultant magnetic moment.

In paramagnetic minerals the single atoms interact only
with external field and not with themselves. Their densities of
wave functions (or "orbitals" in classical approach) do not
overlap, when compared to the standard distances of ions in the
crystal lattice. The paramagnetic effect decreases with the
temperature due to randomizing effect of thermal excitations.

Genefally the dependence of the paramagnetic magnetization

from the external magnetic field and temperature is given by
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Brillouin function (see for example Stacey and Banerjee, 1974,
eq. 1.18). For magnetic grains which usually cqntain a large
number of atoms in the 1lattice, the magnetization can be
approximated by Langevin model (eg. see Butler, 1991, p.22,
Collinson, 1983, p.15). In low field and high temperature
conditions when ugH < kT, the magnetization is estimated as a
linear function of external field ahd the susceptibility of a

paramagnetic material is given by the equation:

i t t
N, S(S+1) 4 W3 Curie constant,

3k (O’Reilly, 1984)

x=—c,'wherec=
T

- where S - total spin number of magnetic grain, k - Boltzmann
constant, T - absolute temperature in kelvins, Mg - Bohr
magneton, N - atom concentration.

When the paramagnetic material is present in a higher
concentration, the exchange interaction among the atoms can lead
to the creation of an additional molecular field H,,; = AM, where
M - magnetization, A - constant. The dependénce of the

susceptibility from the temperature then becomes as follows:

where C - Curie constant: C = Nug’/k; 6 - an

X = g

asymptotic Curie temperature: 6 = AC (O’Reilly, 1984).
Atoms and ions of elements with uncompensated spins of

electrons of the 3d shell have the strongest paramagnetic effect
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- iron group elements, such as Fe’* (with spin moment 5u;), Fe?*
(4pp) - They are a common constituent of rock forming silicates
as amphiboles, micas, chlorites showing predominantly
paramagnetic properties. The other strongly paramagnetic ions,
such as Mn’* (spin 5ug) and Cr?** (spin 3u;) usually occur in small
gquantities in the magnetic minerals.

When the structure of crystallographic lattice permits the
higher concentration of 3d ions at small distances (as in ferro-
oxides and pyrrhotite) the interactions between the spins become
éignificant, creating a new structure of aligning spins oriented
parallel or antiparallel each to other. The exchange energy
related to this alignment is negative and minimal for parallel
alignment of spins (ferromagnetism), therefore the ferromagnetic
materials can have strong spontaneous internal magnetization
when the external magnetic field is absent.

In antiferromagnetic minerals, two antiparallel sublattices
exist and tend to cancel thé overall magnetization effect in the
state of minimal exchange energy. In ideal antiferromagnetics
the effects of two lattices cancel completely, but in natural
minerals such as hematite the alignments are usually imperfect
leading to weak spontaneous magnetism (in hematite above the
Morin temperature = 263K) - these minerals show canted
antiferromagnetism.

In ferrimagnetic minerals one sub-lattice has stronger
spontaneous magnetization than the other, generating weaker

overall spontaneous magnetization than in the ferromagnetic
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case.

The spontaneous magnetization vanishes above the specific
temperature (Curie point 6. for a ferromagnetic and
ferrimagnetic, Néel point fy for a antiferromagnetic). In some
ferrimagnetics (type N - Stacey and Banerjee, 1974) the self -
reversal of magnetization (at the compensation point) can be
observed due to the different rate of decrease of spontaneous
magnetization for each sublattice (e.qg. in some
titanohematites), in other type of ferrimagnetics the overall
magnetization can increase in some ranges of temperature (Fig.
6.1). In low temperatures the spontaneous magnetization in
ferrimagnetics increases reaching maximum at 0 K.

The magnetic susceptibility is also strongly dependent on
temperature:

—~ for ferromagnetics, in temperatures above Curie point 6., where

ferromagnetics behave as paramagnetics, the magnetic

C

?_—ec' , Where

susceptibility decreases with temperature: X =

6. >0K and theoretically it is indefinite at 6. (Stacey and
Banerjee, 1974); in ferromagnetic state the susceptibility
slightly increases when the temperature approaches 0
(superparamagnetism), with the phase transition to paramagnetism
in 6. (Fig.6.2);

- for ferrimagnetic minerals, in low temperatures (T<f.) the

dependence of MS from T is as for ferromagnetics, above Curie

—



Fig. 6.1. Spontaneous magnetization curves for the three types of

ferrimagnetics (types Q, N, L, P according to Néel

terminology). Type Q model is also appropriate for
ferromagnetics.
T - Curie point, T,,, - temperature of compensation

of spontaneous magnetization of both sublattices
(modified from O’Reilly, 1984).
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temperature x decays as follows: X = Eé%p , where 0/<0 for T>0.

and as in case of ferromagnetism in theory x—« when T-f.; in fact
there is a phase transition for x in Curie temperature;

- antiferromagnetics have the paramagnetic decay of
susceptibility above the Néel temperature (as for
ferrimagnetics), but at lower temperatures the susceptibility
shows strong anisotropy with the direction of applied field with
respect to the axis of spin alignment. The average

susceptibility for an isotropic polycrystalline mineral can be

approximated as X =&-x+£xL , where X and x.are
3 A3 I

susceptibilities for a single crystal in directions parallel and
perpendicular to the spin alignment (Stacey and Banerjee, 1974).
When the orientation of polycrystalline grains of
antiferromagnetic mineral is not isotropic in the sample, it can
cause a large deviation from above formula.

The temperature dependence of susceptibility for all classes of
materials is presented in Fig. 6.2.

The existence of remanent magnetization in ferro - ferri -
and antiferromagnetic materials in the absence of external
magnetic field and the process of the acquiring of magnetization
by these material is explained on the basis on the ferromagnetic

domain theory. The coupling interaction between spins leading to
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the perfect alignment of spins minimizes the exchange energy E,.
However because the grain possesses a magnetization M, which
produces the external magnetic field around the grain, it also
generates the internal self- demagnetizing field H; in the grain.
The magnetostatic self - energy of the grain due to this process
E,u = -0.5*%uM*H; is a major component of the total magnetic
energy of the grain. As magnetostatic forces are effective on
the long range they distort the perfect spin alignment and
produce the domain structure in the ferromagnetic (s.l.)
minerals}

In each domain the magnetic moments tend to be aligned parallel
each to other with a smooth transition of theif orientation
through the domain walls. When all magnetic moments are aligned,
the domain has maximum possible magnetization of the material -
saturation magnetization M,. The number of domains and the
direction of magnetic moment alignment in each domain is a
function of grain shape, size and the crystallographic
structure. This domain arrangement tends to minimize the overall
magnetic energy of the grain and also eliminates the magnetic
polarity from the external surface of the grain. However the
building of domain wall increases the overall energy of the
grain, therefore the number of domains in a single grain is

usually of order 1 (SD) up to more than 30 (MD).

The third important term in the total magnetic energy of

the grain comes from the magnetocrystalline anisotropy energy
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E,;- Due to crystallographic structure of the magnetic material
the coupling of spins have a preferred orientation (easy axis).
The mechanisms responsible for that anisotropy are dipole -
dipole interactions, anisotropy of the exchange energy integral
and the single ion anisotropy (eg. O’Reilly, 1984 ch. 3.4).
Depending on the crystallographic symmetry of the lattice, the
anisotropy energy can have uniaxial (hematite) or cubic symmetry
(magnetite).

As an effect of minimizing of the total energy, the
configuration of domains in a magnetic grain is anisotropic and
strictly depends on the shape and size of the grain as well as
the saturation magnetization of the magnetic material. Therefore
observed smaller magnetic grains are single domain (SD), larger
ones are pseudo-single domain (PSD) or multidomain (MD). If the
size of grain is too small to produce a stable alignment of
magnetic moment within  the grain, the grain is
superparamagnetic, with susceptibility usually much larger than
typical paramagnetics. The maximum size of SD - behaviour also
increases with larger shape-ratio of the grain. An example
schematic diagram for magnetite is shown on Fig 6.3.

Soffel (1971, 1977) found an approximately linear
dependence between number of domains and grain size for
pyrrhotite and titanomagnetite (x=0.55). SD pyrrhotite grains
are of size 2-3 um, 10 - 100 um long grains have 5-25 domains.

When the external field is acting on the ferromagnetic

grain, the additional magnetic energy E, = ~0.5%u,*M*H,_, is added
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to the internal energy of the grain. The external field can not
change the intensity of magnetization of a SD grain with
saturation magnetization but tries to rotate the magnetic moment
of the grain toward the applied field. In MD grains it can move
the domain walls by the growth of one domain at the expense of
the others. As the result the total magnetic moment of the grain
changes. At higher fields the magnetic moments within single
grains can rotate until the grain approaches the saturation
magnetization.

The'response of the grain to an external magnetic field is
anisotropic. It can be magnetized (MD grains) or its magnetic
moments reoriented (SD grains) easier in some directions ("easy"
axes) or a plane ("easy" direction - plane perpendicular to
"hard" axis) - see Fig 6.4 for the case of magnetite. There are
several factors leading to this anisotropic behaviour, but two
major ones are shape anisotropy and magnetocrystalline
anisotropy. The others, such as alignment of magnetic domains or
direct effects of exchange anisotropy are observed only in
specimens exposed to high magnetic fields (Bhatal, 1971, Hrouda,
1982). Magnetostriction anisotropy (Hrouda, 1982, Stacey and
Banerjee, 1974) is produced as an effect of elastic deformation
of grain due to saturation magnetization of the grain.

The presence of demagnetizing field H; within the grain
leads to two basic effects:

1. - the difference between measured bulk volume susceptibility

x and the intrinsic volume susceptibility ;.
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Fig. 6.3. Domain configuration of parallelepipeds of magnetite at
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2. - the producing of a hysteresis curve for the grain.
In a grain with magnetization M, the demagnetizing field is

given as H/~-NM , then the resultant intrinsic field H; in the

grain is H; = H,,,~NM , where N; is the demagnetizing factor along

the given axis. It leads to the dependence between observed x

Xi

and intrinsic x; susceptibilities : x = T7 N
iki

The demagnetizing factor varies from 1 (for the axis
perpendicular to the ideal disk) through 1/3 for a sphere to 0
for an axis along an infinite needle.

If intrinsic susceptibility is <1, the measured
susceptibility is only slightly less than the intrinsic one. For
strongly ferri- or ferromagnetic minerals intrinsic

susceptibility is large (>10) and Nx>1, therefore the measured

susceptibility X’*%- is much lower than the high intrinsic

susceptibility. Spherical particles of magnetite with N=1/3 have
x*3.3; ellipsoidal grains of axis ratio 1.5:1 have Nx0.31 and
x~3.2; for aligned elongated particles of ratio 3:1, N=0.109
(Collinson, 1983). Usually ferro- and ferrimagnetic minerals are
only a minor constituent of the rock (volume fraction f<1,

usually of order 1%), which further decreases the measured
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susceptibility. Intrinsic susceptibilities of hematite are of
the order of 103, therefore the intrinsic susceptibility is
actually measured, externally.

The behaviour of single- (SD) and multidomain (MD)
magnetic grains in alternating magnetic field is wusually
different. Let us consider a MD sample which has initially no
remanent magnetization. In the MD case the acting external field
at first produces magnetization proportional to the external
field (up to ~ 1 mT - Fig. 6.5). In this range the initial or
reversible susceptibility can be measured. In higher fields the
domain walls are moved irreversibly, while some domains grow at
the expense of the others. Finally, if the field is strong
enough, the domains can rotate and the sample achieves
saturation magnetization ().

Once the sample is magnetized when the external field is
decreased to 0, the grain still possesses saturation isothermal
remanent magnetisation (SIRM). The application of the field in
reversed direction reduces the magnetization to zero with a
reverse field equal to value of coercive force H,.

However due to the existence of a self-demagnetizing field
-within the grain, the intrinsic field in the grain still exists;
only the externally measured magnetization vanishes. Therefore
to remove completely the remanent magnetization, a higher
magnetic field (coercivity of remanence H,) must be applied. The
increase of magnetic field in a negative direction again

increases magnetization up to saturation value. The processes
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Fig. 6.4. Normalized magnetization of a single crystal of magnetite
as a function of external magnetizing field for different
crystallographic directions of magnetizing field:

[111] - along magnetocrystalline "easy" direction;

[100] - along "hard" direction, (modified from Butler, 1992).
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are "symmetrical" as the field changes are continued in the
opposite direction, producing the hysteresis loop. When the
external field is insufficient to saturate the grain, remanent
magnetization and coercivity have lower values also. In single
domain grains, the shape of the hysteresis loop depends strongly
on the orientation of the applied field with respect to the
direction of easy axis of a given grain (Fig. 6.6). However for
an assemblage of randomly oriented grains the bulk hysteresis
loop is very similar to that of MD grains.

For the purpose of this paper SI units are preferred.
Therefore often parameters B, B, (in mT) appear instead of H,
H, (in mA/m) as the laboratory equipment used is often calibrated
in units of induction instead of field intensity.

In multigrain assemblages of SD grains, coercive force
values are lower than for a single grain (Butler, 1991) and for
a randomly distributed assemblage it is equal to about 50% of
the coercive force of the grain.

Non-magnetized specimens (with a total remanent
magnetization equal to 0) can be exposed also to step-wise
increasing external field and acquire isothermal remanent
magnetization (IRM) up to saturation magnetization (SIRM). The
intensity of SIRM should be equal to M, in a given direction. The
remanent acquisition coercivity H, (the external field needed to
generate IRM of intensity of 0.5*M,) can be determined also (Fig.
6.7).

The values of magnetic parameters for a given mineral, such
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Fig.'6.5. Magnetization (M) (normalized to saturation magnetization
M) of a magnetite-bearing sample in external magnetic field
(expressed as magnetic induction B).

M, - saturation magnetization;
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Fig. 6.6. Hysteresis loops for a single domain magnetite grain. The
shape of each loop depends on the orientation of external field
with respect to magnetocrystalline easy axis of the grain.
¢=0 - field parallel to easy axis; :
¢=90 - field perpendicular to easy axis..

Magnetization M is normalized by saturation magnetization M
and magnetic induction is normalized by p(N,~N,)M,, N,, N, -
demagnetization factors of an uniaxial grain.
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H, x, M, and M, are different for assemblages of SD,

as H H

c’ cr/

PSD and MD grains and they are a function of grain size, shape
and temperature. The SIRM acquisition curves for SD, PSD and MD
assemblages of magnetite grains are shown on Fig. 6.8 (after
Dunlop, 1981). Usually SD magnetite assemblages have the ratio
H,/H, >0.5, for "true" MD grains : H/H, = 0.1 - 0.25 (Fig 6.9,
after Wasilewski, 1973).

The ratios M,/M, >0.5 are typical for SD particles, for MD
grains the ratio is M,/M<0.05 for magnetite, M;/M<0.1 for x=0.6
titanomagnetite (Dunlop, 1981). They can be often definitive of
the domain structure of the grains (Dunlop, 1981 for
magnetite). For MD particles Dunlop (1981) found'Bc < 3 mT for
magnetite (originally H, < 30 Oe), B, < 7 mT for titanomagnetite;
and initial susceptibility x, ® 0.34 to 0.45.

SD grains gave higher values for coercive force: from 7 mT
up to 40 mT for different rocks (diabases, basalts); H,/H, ranged
from 0.33 to 0.6; M,/M, are lower than theoretical values (0.5):
0.08 to 0.27, initial susceptibilities range from 0.18 to 0.28.

The direct relations between susceptibility, coercive force
(or coercivity of remanence) and saturation magnetization are
different for SD and MD particles (Dunlop, 1981), but they can
vary also for different magnetic minerals. The formula for SD
magnetite grains is:

X = 0.349 M/H, (Dunlop, 1981), and for MD grains intrinsic
susceptibility is used in above relation tx; < M,/H,, thus the

demagnetization factor must be determined as well. These
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relations are not easily verified for unknown compositions or
mixtures of magnetic phases. Therefore the ratios H/H, and M,/M,
will be further wused as an aid to domain structure

determinations.

The domain structure is important when the stability of
remanent magnetization is considered. Superparamagnetic (SP)
grains cannot retain the stable magnetization (having a magnetic
relaxation time that is too short). SD grains are suitable
carriers of primary thermoremanent magnetization (TRM, Dunlop,
1981). MD grains can retain weaker éecondary TRM or chemical
remanence (CRM) (see Butler, 1992, Stacey and Banerjee, 1974).

The knowledge of other magnetic parameters such as coercive
force, coercivity of remanence, Curie temperatures or blocking
temperatures is necessary to perform suitable demagnetization
treatments (alternating field demagnetization, thermal

demagnetization and acid 1leaching techniques - Collinson ,

1983).
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Chapter 7.

Magnetic mineralogy of studied collections.
7.1. Magnetic mineralogy of the belt boundaries.

Samples from the belt boundaries have been used in previous
studies for determination of magnetic susceptibility and its
anisotropy (Sarvas, 1988, Spark, 1990). As the contribution to
MS and AMS varies for different minerals (Borradaile et al.,
1987), initially the content of magnetic minerals had to be
determined.

Three samples from Quetico - Wabigoon belt boundary (PSR
22, PSS 18 and PS 4) had their minerals separated using a Franz
magnetic separator. The susceptibility of the fractions was
measured by Sarvas (1988). Tﬁeir compositions were determined by
powder XRD technique and from grain mounts in polished sections
examined under reflective-light microscopy (Sarvas, 1988).

Susceptibility results will be listed in chapter 9 as they
are important primarily for AMS studies. Grain counts of
strongly magnhetic minerals in highly magnetic phase (pyrite,
pyrrhotite and magnetite) for two grain mounts gave proportions
as follows:

pYy : pyrrh : magn = 7:3:1 and 21:1:1 . The more extensive
composition studies for the same collected material (Borradaile

and Sarvas, 1989) showed average composition as 13:2.5:1, where
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overall contribution of these minerals to whole volume of the
rock is < 1%.

The remaining part of the matrix is composed of diamagnetic
minerals such as gquartz and feldspar and paramagnetic ones:
chloritic and micaceous phases as revealed by XRD. The bulk
susceptibility was carried mainly by ferromagnetic phase, but
the contribﬁtion of weakly paramagnetic phase was variable from
2% in PSS 18 up to 57% in PS 4. Here the only ferrimagnetic
minerals under consideration are magnetite and pyrrhotite.

In the present study samples were demagnetized with the use
of thermal demagnetization and AF demagnetization techniques
(Collinson, 1983). Therefore initially studies of thermomagnetic
curves were performed in the paleomagnetic 1laboratory of
Institute of Geophysics in Poland. The small specimen (less than
0.5 cm’) of the host rock was magnetized in the field of
electromagnet with ferromagnetic core providing up to 1 T, to
produce an SIRM in the sample. Then the specimen was heated in
the magnetiéally shielded space up to 600° C. Continuous
measurements of IRM intensity were performed for two cycles of
heating (Fig 7.1 and Appendix C). The slope changes of the
curves indicate of crossing of blocking temperatures for a given
mineral or chemical changes during heating. The curve shape for
the second cycle may indicate whether or not new magnetic phases
(such as magnetite and hematite) were produced.

The curves for 4 samples (PSB 38, PST 63, PSR 1 and PSS 17

- Appendix C) showed mainly pyrrhotite content (blocking
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Fig. 7.1. Decrease of SIRM intensity during heating up to 600-700°C
(above Curie point). Two heating cycles were performed. During
cooling after each cycle there is no remaining remanence. The
initial intensities are normalized to a higher one.
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temperatures about 320-350°C) with minor high-temperature
magnetite content in PSR 1. The low temperature pyrrhotite phase
(T,®#150°C) can be also present in PST 63. The second heating
curve shows the alteration of pyrrhotite and possibly also
pyrite to magnetite due to oxidation processes. The more
detailed presentation of magnetic properties of magnetite and
pyrrhotite will be given in the next section.

At the Quetico - Shebanddwan belt boundary the contribution
of different minerals to MS and AMS was studied by Spark (1990).
Mineral separation of 8 samples revealed content of
ferromagnetic minerals as a fraction separated by hand magnet as
< 1 wt% (magnetite, hematite and pyrrhotite). The relative
proportions of these minerals varied according to the different
rock compositions. The ferromagnetic minerals were mainly
magnetite and hematite in metabasalts (RS1 up to RS9 stations)
and mainly pyrrhotite with minor magnetite in migmatites and
paragneisses (RS10.5 and RS10.8). The contribution of dominantly
paramagnetic separates (chlorite, biotite) to bulk
susceptibility also varied from 23% (RS1.2) with an average of
70-80% up to 100%! An SEM study by Spark revealed also a
significant contribution of garnet and some lesser contribution
from staurolite and hornblende blasts to overall Fe ions map in
highly metamorphosed units (Spark, 1990, SEM X-ray emission maps
by EDA).

The bulk susceptibility along the Kashabowie Lake -

Huronian Lake traverse varied from 10° to 10? (SI vol.) but did
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not show the existence of any magnetic isograds (Rochette,
1987b) due to forI)nation of a highly susceptible phase during
metamorphism (Spark, 1991). The bulk susceptibility of the
additional 119 samples collected along the traverse in my
project also show a similar distribution to those of Spark. The
only high peaks of susceptibility (102-107? are due to lithology
of intrusive Fe - rich granitoid bodies (stations RS4- RS5 -
Fig. 7.2a). In the other areas (metasedimentary Quetico Belt)
the high values (>10?) of susceptibility are correlated with
amphibolite- rich rocks that are magnetite bearing (Fig. 7.2 b-

£).
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7.2. Magnetic properties of magnetite and pyrrhotite in the

area.

This study focused on the magnetic properties of
ferromagnetic minerals within the Quetico Belt and its margins.
Observed minerals within the belt were mainly pyrrhotite and
magnetite (with some hematite in low grade metavolcanics near
Kashabowie - Spark, 1990). They are entirely responsible for the
bulk magnetic properties of specimens such as natural remanent
magnetization (NRM) , Curie and blocking temperatures, coercivity
and mean AF destructive field as well as anisotropy of ARM. They
contribute also remarkably to the overall susceptibility and its
anisotropy of specimens. However the contribution of different
magnetic phases to susceptibility by means of separations made
with the Franz magnetic separator were not examined in this

project.

The other magnetic properties of ferromagnetic minerals
that can be studied both for rock éamples as well as for single
grains are hysteresis properties, IRM acquisition, coercivity of
remanence and changes of saturation magnetization M, and SIRM
with temperature.

Changes of SIRM with temperature were examined with the use
of procedure as described in previous chapter. The method is
capable to determine the presence of magnetite, hematite or one

or 2 phases of pyrrhotite within the specimen. The Curie
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temperature for <crystalline magnetite is 575 - 580°C
(Carmichael, 1982), for pyrrhotite 300-325°C (Soffel, 1981,
Dekkers, 1990), and the Néel temperature for spin-canted
antiferrimagnetism in hematite is 675°C (Carmichael, 1982).
However, thermomagnetic curves for SIRM which decay at 250-300°C
can be also characteristic of intermediate compositions of
titanomagnetites or titanohematites (Butler, 1992, p.98).
Thermomagnetic curves were obtained for 4 samples from the
metavolcanic Shebandowan belt (TW1, RSl.B, TWR3.5 and TWR4.1).
They showed a rapid decay of IRM at low temperatures with a
characteristic bend near 150°C (titanomagnetite?, pyrrhotite?)
and a steady gently decay at higher temperatures up to 575°C
(TWR4.1, TW1l - magnetite - Fig. 7.3) or even up to 670°C
(TWR3.5, RS1.3 - hematite - Fig. 7.4). Magnetite- bearing
samples showed a significant increase in SIRM in a second
heating cycle, therefore some pyrrhotite or pyrite might be
present initially that was converted to magnetite during first
heating cycle in temperatures more than 500°C. In second heating
cycles, the inflexion point at 150°C was not observed which may
support the conclusion that pyrrhotité (not titanomagnetite) was
present initially. Thermal alteration of hematite-~ bearing
samples led to a decrease in SIRM in the second heating cycle.
Low grade metasediments from Perch Lake - Calm Lake area (4
samples) and west of Shebandowan - Quetico belt contact (station
RS10.5) as well as 16 of 17 samples from the Atikokan - Huronian

Lake traverse (schists, gneisses and migmatites) showed the
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demagnetized the sample.
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presence of pyrrhotite alone on thermomagnetic SIRM curves (Fig.
7.5 and Appendix C). During a second cycle of heating the
initial SIRM intensity increased up to 10-12 times or is of the
same magnitude as at the beginning and only 10-20% of SIRM
remains after heating to 350°C. The remaining SIRM decays at
580°C indicating the presence of magnetite. However, the
principal increase in initial SIRM before the second heating
cycle is due to the production of new pyrrhotite. This may be
produced from pyrite which is abundant when observed in polished
thin sections.

The only different thermomagnetic curve was obtained for an
amphibolite sample (TWA 15). It contains magnetite and
titanomagnetites only (Fig. 7.6 and Appendix C).

Generally, the dependence of SIRM with temperature for
pyrrhotite can be somewhat complex in a range 100-300°C. Natural
pyrrhotite can have varying chemical composition Fe,S
(0<x<0.125-0.13, with valence of S <2). It has the structure of
NiAs and is composed of two parallel sublattices with vacancies
grouped in one of sublattices. Magnetic properties of pyrrhotite
are controlled by vacancies in layers forming superstructures
(Dekkers, '1988). Fe;S; pyrrhotite has monoclinic crystal
structure, a 4C superstructure of vacancies and is
ferrimagnetic. For xX<0.1 pyrrhotite is hexagonal,
antiferromagnetic and can have 3 common superstructures (5C -
FeySyp, 11C- FeS,, and 6C- Fe,S;,) .

In hexagonal pyrrhotite at the temperature 200-210°C the A
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transition to ferrimagnetic pyrrhotite with Curie temperature of
265°C can be observed due to a change of vacancy ordering
(Schwarz, 1975, Dekkers, 1989). Because of this the
magnetization sharply increases during heating. These
transitions are reversible when the cooling cycle is slow. For
higher cooling rates a high temperature superstructure can be
quenched to lower temperatures depending on the cooling rate
(Kissin and Scott, 1982).

Natural pyrrhotite is often a mixture of both magnetic
phases and this composition can be semi- quantitatively
determined if the HT superstructure is quenched (Schwarz, 1975)
during cooling. However in single-phase monoclinic Fe;S;
pyrrhotite no transition is observed.

In addition, during heating in air, pyrrhotite oxidizes to
magnetite or hematite at temperatures above 500°C (Dekkers,
1990). Therefore, if a specimen primarily contains both
pyrrhotite and magnetite then during thermal demagnetization of
NRM above 500°C a newly produced magnetite can be magnetized by
the field of magnetite already present. This could conceivably
increase the overall remanent magnetization of the sample.
However, in a specimen bearing pyrrhotite only, the thermal
demagnetization procedure may be carried to lower temperatures

and oxidization of pyrrhotite can be avoided.

The susceptibility of samples that were thermally

demagnetized was also monitored. Any significant increase in
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bulk susceptibility during heating may indicate mineralogical
changes of para- and ferromagnetic minerals during heating, and
also the alteration of pyrrhotite to magnetite. Changes of
susceptibilities of paramagnetic minerals in the matrix due to
heating are more difficult to estimate. Dekkers (1990) reported
a ten-fold increase in bulk susceptibility of some pyrrhotite-
bearing samples during heating, starting at 450°cC.

In this study pyrrhotite- bearing samples were heated
usually only up to 350-400°C, where they were entirely
demagnetized. Therefore, the changes of susceptibility at lower
temperatures were of prime concern, because they could monitor
., mineralogical changes that could have obscured the data from the
thermal demagnetization of NRM.

36 samples from the Quetico metasediments, 1 of amphibolite
and 7 from Shebandowan metavolcanics had their bulk
susceptibility measured after each step of heating (at 20, 100,
200, 300, 350°C and for some samples in higher temperatures as
well). 29 of 36 metasedimentary samples showed less than 30%
changes in susceptibility (both increase and decrease) after
steps of heating often with erratic changes in susceptibility
for a given sample (Fig. 7.7 and Appendix C). However, 7 samples
showed significant increase in susceptibility (up to 150% - Fig.
7.7 and Appendix C). This behaviour was taken into an account
when I interpreted NRM demagnetization data after thermal

treatment.

'On the other hand, metavolcanics and amphibolite showed
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little variation of susceptibility with temperature (usually
decrease of up to 10-15%), when even heated up to 500°C (Fig.
7.8. and Appendix C). Therefore I suggeét that mineralogical
changes of paramagnetic phyllosilicates are responsible for
variations of bulk susceptibility of metasedimentary samples at
temperatures below 400°C rather than oxidization of pyrrhotite

having occurred.

5 metasedimentary samples from the interior of the belt and
1 felsic rhyolite (TWR4.1) were crushed and the magnetic phase
was separated with a hand- magnet. Less magnetic phases were
also obtained with the use of a Franz magnetic separator with
0.05A amperage.

The following samples were separated:

TWAS - biotite schist;

TWA15 - amphibolite;

TWC1l - from granite - pegmatite zone;

TWE6A - from staurolite - garnet rich migmatite zone;
TW8 - biotite schist;

TWR4.1 - felsic rhyolite.

Observation of the phase separated by a hand- magnet, under
petrographic microscope revealed that all but TWA1l5 and TWR4.1
contain mainly pyrrhotite of size >50 um. Smaller dgrains of
magnetite were not noticed in these separations. It is believed
that the smaller grains of pyrrhotite and magnetite remained

attached to biotite, quartz and feldspar grains during the
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magnetic separation.

Magnetic phase of TWA1l5 contains mostly magnetite with less than
10% pyrrhotite and TWR4.1 is magnetite- bearing.

Strong - field thermomagnetic behaviour of all but TWAS
samples were studied with use of SI-8 Sapphire Instrument Curie
balance with neodymium alloy permanent magnet producing a field
of 590 mT. This field is sufficient to generate saturation
magnetization M, in magnetite and pyrrhotite. During the heating
of the magnetic phase Curie points for remanence carrying
minerals can be determined and the changes of saturation
magnetization from temperature during heating and cooling cycle
can be monitored. Samples were twice heated up to 600°C; a
second thermomagnetic curve sometimes reveals the mineralogical
changes (e.g. oxidization of pyrrhotite to magnetite) at
elevated temperatures (Fig. 7.9a).

Curie Dbalance results confirmed that metasedimentary
samples (TWCl, TWE6A, TW8) carried mainly pyrrhotite, but
contrary to the results of SIRM thermomagnetic curves pyrrhotite
can be multi-phase in TW8 and TWE6A (Fig. 7.9b). These curves
show a characteristic kink at a temperature of about 150°C and
Curie temperature less than 300°C. The higher Curie temperatures
obtained during cooling can be explained on the basis that high
temperature phase prévails or monoclinic pyrrhotite is produced
(Appendix C). New magnetite is also produced during heating.

An anomalous content of magnetite in sample TWC1l maybe due

to the contamination of measured material in a holder by residua
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of magnetic phase TWA1l5, which was measured prior to TWC1.

The M, thermomagnetic curves for samples TWA1l5 and TWR4.1
are typical for magnetite. The presence of a small fraction of
pyrrhotite in TWA15 (amphibolite) could not be confirmed by
thermomagnetic studies because the séturation magnetization of
pyrrhotite is only 20% that of magnetite (Carmichael, 1982).

Hysteresis studies for the 6 samples selected above were
performed with +the use of alternating gradient force
magnetometer MicroMag™ Model 2900 made by Princeton Measurements
Corporation.

Samples of weight up to 30 mg were placed on the extension
rod connected to the piezoelectric element. Around the holder
both D.C. magnetic field and alternating field gradient of
frequency near mechanical resonant frequency of the holder
operated.

A periodic force acting on the Sample was proportional to
the magnitude of the gradient field, the intensity of D.C. field
and the magnetic moment of the sample. Therefore magnetic moment
of the sample could be calculated.

The equipment was used to study a hysteresis loop of the
sample, acquisition of IRM and demagnetization remanence curves.
From the hysteresis loop, such parameters as coercive force H,,
saturation magnetization M, and saturation isothermal remanent
magnetization M, were measured (Fig. 6.5).

The magnetic moment of paramagnetic/ diamagnetic matrix

component was easily subtracted as it increases linearly with an
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applied field. The maximum intensity of applied field was 4%10°
A/m (5000 Oe - equivalent of 0.5 T induction) to ensure
saturation conditions of magnetite and pyrrhotite phases.
However this field is not sufficient to saturate hematite or
goethite (Butler, 1992, Carmichael, 1982).

Coercivity of remanence H, was measured from demagnetization
remanence curve with step-wise demagnetizing field up to 0.5 T
acting on the sample with previously generated SIRM with the
applied field of 0.5 T. SIRM acquisition curve was produced with
step-wise increase of external field up to 0.5 T (Fig. 7.12).
The remanence acquisition coercive force H, could be also
obtained from that curve.

Measurements of saturationbmagnetization related rock -
magnetic parameters were conducted for one to three rock
fragments (10 - 35 mg in weight) from the 6 samples selected
above as well as for sets of a few grains (4 - 13) from magnetic
separates. Values of measured parameters are presented in Table
7.10.

The matrix effect was strictly paramagnetic. In high fields
up to 0.5 T the magnetic moment of sample came mostly from the
paramagnetic matrix. A linear increase of the magnetic moment in
high field could be used to calculate the high field volume
suscepfibility of paramagnetic matrix ;.

The total low-field (usually 0.1 mT) susceptibility yx, is a
combination of field dependent ferromagnetic part Xs and para- or

diamagnetic susceptibility x;, that is not field dependent :



Table 7.10. The list of hysteresis properties obtained from
AFGM2900 for 6 samples. a) - for rock fragments; b) - for magnetic
phases separated by hand-magnet (hm) or Franz separator (Fs).

a) Hysteresis properties - rock pieces
Sample No mass density Matrix Mstotal Ms ferro Mr loop Mr dem Mr-IRM Mr/Ms Hc Her Her/He H1/2 Her’ (Her' mean matrix matrix
) /mass /mass ~ /mass /mass /mass +H1/2) susc. susc. Jtotal
g glem”~3 Am~ 2/kg Am~ 2/kg Am~ 2/kg Am ™ 2/kg Am ~ 2/kg mT mT mT mT [2Hcr Sl vol. Sl vol. susc.
TWAS 1 0.0117 273 para 5.6E-02 29E03 1.8E-04 1.7E-04 3.2E-04 0.063 9.8 345 3.52 7.5 95 149 4.2E-04 3.7E-04 0.87
2 0.0139 2.73 para 4.8E-02 20E-03 17E-04 1.7E-04 29E-04 0.084 121 383 3.17 75 92 1.30 4.2E-04 3.2E-04 0.76
3 0.0108 2.73 para 6.1E02 4. 0E-03 35E04 3.8E-04 O54E-04 0.087 12.2 433 3.55 75 4.2E-04 4.0E04 095
TWA15 1 0.0354 3.02 para 1.3E-01 6.5E-02 3.5E-03 3.2E-03 4.2E-03 0.054 27 8.68 3.17 3.5 28 1.81 42E03 50E-04 0.1 2
2 0.0301 3.02 para 5.7E-02 1.0E-02 5.2E-04 6.6E-04 99E-04 0.050 2.7 107 3.93 3.5 68 3.34 4.2E-03 89E-04 0.21
3 0.0297 3.02 para 49E-02 44E-03 22E-04 20E-04 49E-04 0.049 3.8 159 443 3.5 79 259 4.2E-03 85E-04 0.20
TWEGBA 1 0.0181 2.61 para 3.0E-02 23E-03 16E-04 1.7E-04 3.8E-04 0.067 4.7 23 493 3 75 170 8.0E-04 45E-04 0586
2 0.0202 2.61 para 28E-02 1.7E-03 1.6E-04 1.4E-04 3.5E-04 0.095 51 143 2.79 3 80 290 8.0E-04 43E-04 054
3 0.0268 2.61 para 2.5E-02 4.6E-04 7.6E-05 7.6E-05 23E-04 0.167 13.8 26.6 1.93 3 93 1.80 B8.0E-04 4.1E-04 0.51
TWC1 1 0.0235 273 para 2.8E-02 23E-03 28E-04 24E-04 47E-04 O.121 75 223 2.96 8 84 2.06 45FE-04 45E04 1.00
2 0.0170 2.73 para 3.7E-02 1.6E-02 8.5E-03 8.6E-03 9.2E-03 0.527 19.8 273 1.38 8 57 119 45E-04 3.6E-04 0.81
3 0.0290 2,73 para 25E-02 7.1E-04 9.8E-05 95E-05 28E-04 0.138 8.1 17.2 2.13 8 95 299 45E-04 4.2E-04 083
TW8 1 0.0144 2,66 para 7.1E-02 45E02 24E02 24E-02 26E-02 0.539 159 22 1.38 3 46 111 9.5E-04 44E-04 048
2 0.0215 2.66 para 3.0E-02 1{1.0E02 36E03 J35E-03 41E03 0366 155 257 1.66 3 52 1.07 95E-04 34E-04 036
3 0.0163 2.66 para 6.6E-02 3.8E-02 21E02 20E-02 22E-02 0547 141 186 1.32 3 38 1.10 9.5E-04 4.7E-04 049
TWR4.1 1 0.0191 252 para 2.8E-02 1.6E-02 1.2E-03 1.2E-03 1.5E-03 0.077 .. 585 288 5.20 45 65 1.21 2.0E-02 1.9E-04 0.01

Note: term "magnetization® is used here for simplicity
for magnetic moments (units mAm ~ 2} and mass magnetization (units . Amz./kg) )




Table 7.10b) - hysteresis properties for magnetic phases.

Sample No
TWAS hm
Fs
TWAI1S hm
Fs
TWCH hm
TWEGA  hm
T™W8 hm
Fs
TWR4.1  sept

sep2

of grains

10

13

(]

& on

Ms
total
nAm

214.0
47.8

797.0
620.0

415.0

446.0

133.0
91.7

2001.0
1490.0

Hysteresis properties - TW series - grains

Ms
ferro
nAm

187.0
65.6

770.0
587.0

344.0

360.0

121.0
84.0

1920.0
14

Mr
foop
nAm

95.2
26.4

50.3
247

168.0
158.0

52.0
38.1

221
16.0

Mr
dem
nAm

99.1
30.3

46.7
23.8

177.0

158.0

574
441

19.3
115

Mr
IRM
nAm

99.7
28.6

59.0
323

172.0

166.0

52,7
38.9

37.1
23.2

Mr/Ms

0.509
0.474

0.065
0.041

0.489

0.439

0.429
0.453

0.012
0.011

He

mT

144
13.6

4.2
3.0

19.4

128

11.2
16.8

1.2
1.3

mT

188
18.4

127
123

246

165

14.8
24.2

10.8
9.31

Her/He

1.33
1.35

3.01
417

1.27

1.29

1.30
1.44

9.15
7.45

H?

mT

7.5
7.5

35
3.5

8.0

3.0

3.0
3.0

4.5
4.5

Her'

mT

14.8
16.5

17.8
30.0

17.0

14.3

124
17.2

16.3
i6.4

(Her'
+H?)
[2Hcr

0.59
0.63

0.84
1.36

0.51
0.52

0.53
0.42

0.96
1.12

mass g - mass of rock piece
density g/cm”~3 - density of cylindrical core
Matrix - paramagnetic or diamagnetic .

Ms-total (/mass)
Ms-ferro (/mass)
Mr (/mass)

- saturation magnetization of whole sample
- satur. magnet. of ferromagn. phase
- saturation isothermal remanence

Mr - dem (/mass) - initial SIRM before demagnetization

Mr - IRM (/mass) - maximum {RM after IRM acquisition
Mr/Ms - ratio of SIRM to Ms of ferromagnet.

He mT - coercive force

Her mT - coercivity of remanence

Her/He - ratio of coerc. of reman. to coerc. force
H? mT - field required to reduce ARM to half
Her' mT - field required to impose of IRM=0.5*SI1AM
(Her'+H?)/2Her - Dankers's (1981) parameter

mean susc. - bulk susceptibility of a cylindrical core
matrix susc. - high field suceptibility of matrix

matrix/total susc. - ratio of paramagnetic susc. to total susc.,
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Xo = X¢ * Xz (Rochette, 1987a). The paramagnetic low-field

component can be approximated with high field susceptibility, if
the assumption of field independence holds.

High field volume susceptibility values were of order 10*
for both magnetite and pyrrhotite bearing samples. They were
compared with the overall bulk susceptibility of cylindrical
cores drilled from the same hand specimens as rock fragments
used 1in hysteresis studies. Susceptibilities of several
cylindrical cores from the same hand sample varied of up to 25%,
high field matrix susceptibilities of different rock pieces from
the same sample showed also large variations in high fielad
susceptibility (up to 80% in TWA1l5). Therefore the comparison of
both susceptibilities is rather qualitative.

The ratio of matrix susceptibility to total susceptibility
was 0.4 to 0.95 for pyrrhotite bearing rocks, 0.1-0.2 for
amphibolite and about 0.01 for magnetite bearing rhyolite (see
table 7.10). These results are in good correlation with direct
measurements of contribution of different magnetic phases to
bulk susceptibility performed by Spark (1991) for traverse
Kashabowie - Huronian Lake.

Intensity of field related parameters (coercivity, H,, H,)
are here expressed in induction units (mT) for convenience,
although it is not strictly correct. The symbols related to

induction such as B, instead of H, are also used is some cases.
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Coercive force H, values are usually remarkably scattered
for three different rock fragments from the same hand sample due
to variations of paramagnetic content on the hand-sample scale.
H, ranged from 4.7 mT to 19.8 mT (3}7 - 15.8 kA/m) for pyrrhotite
bearing rocks and from 2.7 to 5.5 mT for magnetite rich samples.

H, values for separated grains were much more uniform, 13.6
to 19.4 mT for pyrrhotite and 1.2 to 4.2 mT for magnetite.
Coercivity values for pyrrhotite indicate that grain size is of
the order of 20-80 um (Dekkers, 1988), which is in a good
‘agreement with the observation under petrographic microscope in
this study (of order 50 -100um).

Soffel (1981) considered pyrrhotite grains of that size as
pseudo-single domain (PSD with grain size of 10-40um) and
multidomain (MD with grain size >100um ?).

The additional constrain for domain structure comes from
the relation between ratios of M, and M, versus H, and H, (Fig.
7.11). Clark (1984) found ratio of H,/H, for different sizes of
pyrrhotite grains of range: 1.02 for smaller (10-15um in length
grains) to 1.38 for 80um long grains. Recorded here values of
this ratio 1.27 - 1.44 for single grains suggest their size to
be of more than 30um. M/M, ratios (here of range 0.43 - 0.51) are
slightly higher than those recorded by Clark for grains larger
than 20um.

Soffel (1981) suggested that grains of pyrrhotite of size
of 10-40um are PSD and more than 100um long ones are "true" MD.

However, when regions of high inclusions densities within true
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MD grains exists, they can have PSD properties (Soffel, 1981).
Therefore I believe that most of studied here grains (50 to
100um in length) are PSD ones.

Pyrrhotite grains from weaker magnetic fraction (symbol
"Fs") have slightly higher values of H,/H, ratio than hand-
magnet separates ("hm" symbol) (see_Table 7.10). If only rock
pieces are taken under consideration, magnetic phase seems to be
predominantly PSD as well (Fig. 7.1la). However none well
established boundaries of SD/PSD and PSD/MD behaviour were
listed in the literature for pyrrhotite.

The trend for pyrrhotite~ bearing rock fragments to have
lower ratios of Mr/Ms and higher ratios of the coercivity of
remanence to coercive force.than the highly magnetic phase is
significant. It can be caused by the fact that highly magnetic
phase separated by hand magnet cannot contain weaker magnetic MD
grains. Therefore‘it should be expected that a larger population
of MD grains exist in the specimen than is indicated by the
content of higher magnetic phases. Héwever, such MD grains can
possess regions of PSD properties (Soffel, 1981) and therefore
also retain stable TRM components.

In the case of magnetite- bearing rocks grains of TWR4.1
can be located on the plot of both ratios as entirely MD and
these of TWA1l5 as PSD/MD transition (Fig. 7.11b) according to
Wasilewski (1973) and Dunlop (1981) «classification for
magnetite. Also ' low coercivity H, values support this

classification (Dunlop, 1986).
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The IRM acquisition curves for rock fragments (Fig. 7.12a)
and grains (Fig. 7.12b) are characteristic for large grains of
pyrrhotite (40 - 100um, Fig. 7.12c modified from Dekkers, 1988)
and MD grains of magnetite (Hcr’ of order 15-30 mT, Dunlop,
1971, 1972, 1973, 1981, see also Fig. 6.8). However a larger
value of the field required to impart IRM of 50% of SIRM (H,.)
for TWR4.1 (true MD?) than for TWAl1l5 (rather PSD) is unusual.

Magnetite grains from TWR4.1] and TWAl5 samples require
anomalously high fields to produce SIRM in a sample (typical
saturating field for MD grains is 120-150 mT). It might be
suggested that a small amount of hematite is also present in the
separated phase (on the surfaces of magnetite grains). This
would increase the values of coercivity remanence of magnetite
grains as well. However the presence of hematite was not shown
on thermomagnetic curves perhaps beéause the M, (and SIRM) of
hematite is much lower than that of magnetite.

All rock fragments with pyrrhotite show also much slower
increases of IRM with field than the magnetically separated
phases. Samples TWE6A, TWCl1l and TWAS5 are not saturated even in
the field of 500 mT. This cannot be explained by the presence of
hematite because of its low coercivity of remanence and very low
values of median destructive field H, required to AF demagnetize

NRM or ARM (3 - 8 nmT).
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Dankers’ (1981) relation between parameters Hcr, Hcr’ and
H,:
H,,+ Hi = 2 H, was also tested for single grains (Table 7.10).

H

The relation generally does not hold. However because of large

measurement errors for H, (1.5 mT) it could not be decided

whether this was a significant criticism.
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Chapter 8.
Determinations of the directions of natural remanent

magnetization (NRM).
8.1. The record of natural remanence in metamorphic rocks.

Paleomagnetic studies generally focus on the determination of
natural remanent magnetization which is primary and not
disturbed by subsequent tectonic events or metamorphism

(characteristic remanent magnetization). However, the primary
remannce can be often completely remagnetized and a stable
characteristic remanence can be a secondary one as well (e.g. of
chemical origin). In many cases, several components of NRM may
be found in one sample or at one specific site, indicating
several episodes of partial resetting of the earlier NRM
components (e.g. due to heating , fluid action or creating a new
magnetic mineral phase), thefeby imposing a new secondary NRM
component.

If a pretectonic NRM direction is reoriented due to tectonic
folding or tilting, involving simply rigid body rotation without
strain, step-wise unfolding methods may be used in some
situations to estimate the amount of deformation (e.g. Graham’s
(1949) fold test - Facer, 1983; method of Williamson &
Robertson, 1976).

This is not the case if an area has undergone large scale
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penetrative deformation, like transpression in the study area
with overlapping low to high grade metamorphism. De-straining of
remanence is a more complex, still poorly understood procedure
(Cogné and Perroud, 1987, Borradaile and Mothersill, 1989).
Initially it was not known whether the NRM within samples was
formed pre-tectonically, syn - tectonically or post -
tectonically. Clearly, the direction of components of NRM may
reflect not only the direction of the magnetic field at the time
of generation of the magnetization in the sample but also later
movements of the area as they occurred in weakly deformed or not
deformed rock units (e.g. Dunlop’ studies in Northwestern
Ontario, 1979, 1983, 1984, 1985). The NRM direction can also be
influenced by several processes associated with the progressive
deformation and accompanying metamorphism.

Mineralogical changes like the growth of newly
recrystallized magnetic phases such as pyrrhotite, magnetite or
hematite or the increase of temperature within the area above
the blocking temperatures of the relevant minerals can partly or
completely reset any predeformational or pre- metamorphic NRM.

Oon the other hand, the mechanism of progressive deformation
within the area can rotate individual magnetic grains (usually
of prolate or rod- 1like shape) as passive markers (March
rotation) or rigid markers toward the flow plane of deformation
(Ramsay, 1967, Gosh & Ramberg, 1976, Borradaile, 1988) thereby
causing the rotation of NRM vector itself (e.g. Kodama, 1988,

Vetter et al., 1989).
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The process of development of preferred orientation during
deformation by rotation of grains or grain boundaries processes
such as particulate flow (Borradaile, 1981) also leads to the
reorientation of magnetic moments of individual single or
multidomain grains. As preferred orientation of magnetic grains
increases, the preferred orientation of primary magnetizations
can be reduced. It results in decrease of macroscopic
magnetization of the sample.

The third factor which must be taken under consideration is
the anisotropy of remanent magnetization. When a specimen
acquires a remanent magnetization (thermal - TRM, depositional -

DRM or chemical - CRM) the direction of magnetization vector is
usually different from the direction of external magnetic field
acting on the specimen. The deflection of remanent magnetization
from the direction of external magnetic field depends on
orientation of the sample with respect to that field and on the
anisotropy of magnetic remanence. Fuller (1963) showed
experimentally that acquired TRM can be deflected more than 50°
from external magnetic field direction for some rock samples
with high anisotropy of remanence.

The anisotropy of remanent magnetization (thermal TRM,
anhysteretic ARM or isothermal IRM) can be measured
experimentally after exposing the sample to an external magnetic
field during cooling from a temperature higher that its range of
blocking temperatures (in-case of TRM acquisition, Fuller 1963,

Uyeda et al. 1962) or the combination of weak constant magnetic
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field and stronger alternating field (ARM acquisition - McCabe
et al., 1985) or finally by use of stronger constant magnetic
field alone (IRM acquisition, Uyeda et al., 1962). Imposing a
magnetization and consecutive measurements of the acquired

magnetization M can be made for several orientations of the

sample and as a result the tensor of anisotropy of remanence k

can be obtained.

|
n

5
|

where M ~ remanent magnetization, H - acting external field, k -
tensor of apparent anisotropy.

The anisotropy degree for remanent magnetization M, usually

exceeds the anisotropy of saturation magnetization M, and

anisotropy of magnetic susceptibility x (Hrouda, 1982).

Anmax  Mro ’_ e ¢ T8 m

Xmin Mrs _ B pin I8 min
where:

p S, - maximum and minimum susceptibility
M M

TSpax! *'Z8qn = the maximum and minimum remanent magnetization
(thermal TRM, anhysteretic ARM or isothermal IRM);

- the maximum and minimum saturation
M, M
Smax Smin

magnetization.

When an external field acts on a specimen with high
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anisotropy of remanent magnetization, the magnetization vector
is deflected toward the plane of maximum and intermediate axes
of anisotropy of remanence (principal plane). The angle of
deflection depends on the anisotropy degree and orientation of
principal plane of anisotropy with respect to the acting field
(Fig. 8.1). The angle of deflection was approximated
theoretically for thermal RM and isothermal RM by Uyeda et al.
(1963) with the assumption that anisotropy of susceptibility is

the same as anisotropy of remanence.

M

tana = M= = i*tanB - for IRM
Ms P, |

tana = 1 xtanf - for TRM
Py* Py

where o - the angle between the magnetization vector and basal
plane of anisotropy of susceptibility;
B - the angle between the external field vector and basal plane

of susceptibility;

p =Xmu anisotropy degree for susceptibility
Xmin
Py, P, - anisotropy of susceptibility degree for room and

blocking temperature conditions. Theoretical calculations for

IRM for different anisotropy degree for susceptibility are shown
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Fig.- 8.1. The angle ¥ of deflection of isothermal remanence from
the direction of external magnetic field toward the axis of maximum
susceptibility as a function of angle  between a direction of
external field and a direction of maximum susceptibility. A
function of deflection angle is calculated for several values of

anisotropy ratio P (from Hrouda, 1982).
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Fig. 8.2. The correlation between measured 7y, and calculated 1y,
angle of deflection of IRM vector from the external ﬁleld toward
the maximum susceptibility direction for several igneous and

metamorphic rocks (from Hrouda, 1982). .
Note that measured angles are usually larger than predicted.
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in Fig. 8.1.

In practice the measured deflection of the magnetization
vector v = 8 - «a is often larger (usually 10-20°) than
theoretical values (based on anisotropy of susceptibility) -
Fig. 8.2. (Jandk, 1967, Stephenson et al., 1986, Fuller, 1963),
e.g. for pyrrhotite- bearing limestone Fuller reports P,ys=1.04
and 50° of TRM deflection (Fig. 8.3). This happens because the
degree of anisotropy for bulk susceptibility for a studied rock
sample is wusually much 1lower than anisotropy of remanent
magnetization, especially for metamorphic rocks. Therefore the
anisotropy parameter P for remanence should be used in the
Uyeda’ equations instead of P for AMS. The contribution to
magnetic susceptibility (MS) and its anisotropy (AMS) in these
rocks comes equally from rock-forming diamagnetic minerals and
auxiliary paramagnetic phyllosilicates as well as from
ferrimagnetic minerals (Borradaile et al., 1987, Borradaile et
al., 1986). The highly anisotropic hematite and pyrrhotite
(crystallographic anisotropy) and moderately anisotropic
magnetite (shape anisotropy) are present usually as accessory
minerals in trace < 1% quantities, therefore the bulk
susceptibility tensor reflects a lower anisotropy due to the
large contribution of less anisotropic dia- and paramagnetic
minerals (Jackson et al., 1989).

The observed deflection of remanent magnetization vector

from a known direction of external magnetic field 4 can have

values from 10 - 15° (for Pp,=1.5 up to even 50° for Pp,~6); the
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Fig. 8.3. The anisotropic acquisition of NRM by crystalline
anisotropic rocks. The ratio of the max/min susceptibility is given
and compared with the susceptibility anisotropy which should give
the observed divergence of TRM. (from Fullev 1963)
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higher deflection was noticed for highly anisotropic hematite
and pyrrhotite - rich samples (e.g. Fuller, 1963 for TRM, Janék,
1967 for IRM, Werner & Jelefiska, 1991 for TRM in hematite).

In this study AMS anisotropy degree P had mean value of
1.35+0.61 (n=550) and P parameter for ARM anisotropy was
4.23+2.79 (n=123). If anisotropy degree for natural remanent
magnetization (thermal or chemical) is similar to that of ARM,
then substantial deflections of natural remanence from the
magnetic field may be expected. These deflections caused by
anisotropy of remanence may be of value up to 40 - 50°, when the

direction of magnetic field is at low angle (20-30°) to minimum

axes of anisotropy of remanence (Fig. 8.1).
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8.2. The initial natural remanence for the study area.

The three collections of cylindrical cores 25 mm in
diameter and 22 mm in height were obtained from visited areas;
167 samples from Kashabowie - Huronian traverse (119 samples
collected in this study and 58 by Spark (1990), 244 samples -
from Perch Lake -~ Calm Lake traverse (Sarvas, 1988) and 175
samples from Atikokan Huronian Lake traverse (in this study) -
for a total of 538 cores. Usually 2 - 4 cores were drilled from
1 or 2 hand-specimens collected from each outcrop.

The initial natural remanent mégnetization (NRM) of all
samples was measured with the wuse of MOLSPIN spinner
magnhetometer with sensitivity better than 0.1 mA/m.

The intensity of NRM varied very much from one sample to
another; intensities from 0.2 mA/m up to 13000 mA/m were
recorded (Fig. 8.4). They differed remarkably from one outcrop
to another (Fig. 8.5); even cores drilled from the same hand-
specimen may possess NRM intensities differing by factor of 5 or
more. As the content of ferrimagnetic minerals (mainly
pyrrhotite) was less than 1% in a specimen, small variations of
its content in the bulk composition was the main factor

responsible for variations of NRM intensities.
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(see sketch map). All traverses are from west to east.

Variations are erratic and this indicates that NRM intensity is
controlled mainly by the mineralogical composition of samples.
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8.3 Demagnetization of remanence - procedures.

More than 55% of specimen had an initial NRM too weak to be
demagnetized (Fig. 8.4) and still mgasured reliably with the
MOLSPIN spinner magnetometer. All but a few cores with
intensities of magnetization higher than 10 mA/m (for the
Atikokan - Kashabowie transects) or higher than 20 mA/m (for the
Calm Lake = Perch Lake traverse) were selected for
demagnetization procedures together with some weaker samples.
These made a total of 176 for alternating field treatment and 58
for thermal treatment.

Alternating field, step-wise demagnetization was performed
with the use of Sapphire Insﬁrument SI-4 apparatus with maximum
peak a.f. field of 200 mT. The initial magnetization of each
core was measured in a MOLSPIN spinner magnetometer (Molyneux,
1971) before the first step of demaghetization. Then the core
was exposed to alternating magnetic field inside a nest of three
4 -metal shields increaéing to a peak value and then decaying.
This procedure randomizes the magnetic domains of the coercivity
less than the peak intensity reached by the alternating magnetic
field. The procedure was repeated for the same sample in three
mutually perpendicular directions. After the step of
demagnetization the remaining remanence of core was measured
again in the magnetometer. Repeating of these steps with the use
of successively higher peak demagnetizing AF field produces the

demagnetization path for the remanence vector (Zijderveld,
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1967) .

The remaining NRM can be plotted on the stereogram or
projected onto the planes of a geographic coordinate system. In
this way Zijderveld plots were obtained for each demagnetized
sample (Fig. 8.6).

The samples were demagnetized with steps of AF magnetic
field from 1.5 mT up to the maximum field necessary to
demagnetize the sample, which ranged from 20 mT up to 200 mT. If
a sample possessed one or two components of magnetic remanence
which are recorded by grains of different coercivity, the
demagnetization path should consist almost linear segments as
each NRM component is removed during AF treatment. If the
coercivity spectra for components overlap, the demagnetization
path is curved reflecting the simultaneous removal of both
components (Collinson, 1983).

The errors of measurements of weak NRM vector as well as
effects of viscous magnetization of low coercive grains in the
sample internal field or residual Earth’s magnetic field can
introduce errors. It is also possible that a specimen may
acquire a weak anhysteretic component during AF treatment,
although a special cancellation circuit in the demagnetiser
limits this problem. Finally some errors can be introduced by a
gyromagnetic component in non-tumbling magnetometers like SI-4
(Stephenson, 1981). However, this only occurs at very high

demagnetising fields (>150 mT).

The procedure of demagnetization was terminated when the
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Fig. 8.6. An example of Zijderveld diagram for AF demagnetization
path. : '

Remaining NRM vectors measured after each demagnetization step
forming a demagnetization path are plotted in 2 or 3 projections on
planes of coordinate system (X-Y, ¥Y-Z or X-Z).

In a standard geographic coordinate systems it gives
projections: N-E (X-Y plane), N-Down (X-Z plane) and E-Down (Y-Z
plane). Projection in two planes is sufficient to describe any
vector, but a convention for projection in three planes is employed
here. :
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remaining demagnetization showed random changes of its direction
after each step of demagnetization: this indicated that the
remaining remanence had become unstable.

An analogous demagnetization procedure was performed with
the use of a triple u - metal shielded cylindrical furnace in
which a set of 15 samples was heated to the given temperature
and then permitted to cool down. The samples were heatéd in
steps of 50 or 25° C from room temperature up to a maximum
temperature ranging from 350° C up to 600°C for a given sample.
The measurements of magnetic remanence were performed after each
heating - cooling cycle with use of the MOLSPIN magnetometer and
also bulk magnetic susceptibility was measured at room
temperature after every 100°C heating treatment to detect any
possible mineralogical changes in the samples.

The maximum temperature of heating for each thermal
demagnetization step was controlled with 10°C accuracy. The
obtained demagnetization path for a sample was presented in the
same way as for AF treatment. The heating procedure was
terminated when the remaining magnetizations become randomly
oriented, when changes in sample susceptibility were larger than
20%, or when the intensity of remanence vector dropped beneath
1-2% of its initial value.

The decay of one- component (uni-vectorial) remanent
magnetization under AF treatment can be modelled by an
exponential decay function. Therefore the median destructive

field (MDF) can be defined as the AF peak field intensity
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sufficient to decrease the remanence to 50% of its initial
value. For the studied collections, the MDF for AF treatment was
mostly in the range of 5 - 15 mT (Fig. 8.7). The maximum peak
field used for demagnetization ranged mostly from 20 to 30 mT.
Some (10% for TW and RS collections and 20% for PS collection -
Fig. 8.8) samples with high coercivity (hematite?) where not
demagnetized sufficiently even by field of 200 mT. They usually
revealed a stable one-component characteristic remanence up to
the 200 mT demagnetization field.

About 10% of samples showed a remagnetization effect during
AF treatment at low AF fields (10 mT), with more than 50% of
initial remanence intensity still existing. The observed
demagnetization paths became random for these samples when AF
field of higher intensity was applied. The pyrrhotite grains in
these samples were probably multidomain with very low coercivity
and they quickly acquired a viscous remanence as a result of
self - magnetization in the residual intrinsic field (Fig. 8.9).

The remaining samples (about 150) were demagnetized at
higher alternating fields and their demagnetization paths
revealed variably defined, uni- or bi-vectorial component of
remanence (Fig. 8.10).

The thermal demagnetization wés usually terminated at
temperatures of about 350 - 375° C, corresponding to the
blocking temperatures of pyrrhotite (Fig 8.11), with only a few
samples from low grade rocks carrying high temperature unstable

remanence in magnetite and hematite grains.
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MDF values are usually very low - less than 5 mT for interior and
Kashabowie area, slightly higher for Atikokan area (smaller
pyrrhotite grains?).
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Fig. 8.10. Three examples of
stable NRM during AF
demagnetlzatlon procedure.
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temperatures for 60% of samples .from Kashabowie area.
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The computer algorithm based on principal component

analysis (Kirschvink, 1980) was used to determine- the segments
of the demagnetization path for each sample. This can be
approximated by a line with the error lower than a certain
assumed accuracy (angular standard deviation - ASD, see for
example Werner & Jelehska, 1991).
The direction of the fitted line can be interpreted as the
direction of magnetic remanence, only if one component of
-hremanent magnetization was removed from the sample in a
correspohding range of coercivity or blocking temperatures.

The algorithm uses a set of N consecutive points from
demagnetization path to calculated their vector mean ("the
centre of gravity"- CM) and then a matrix M;of the distanées

between the CM and points from the set was constructed.

N
M; = ZI: (X, ~Xey) * (in—XCMI.)

where: CM - centre of mass,

xorx, -X, Yorz - component of a k-th vector

Eigenvalues A, > N, > A; and corresponding eigenvectors of

this matrix are determined and the eigenvector corresponding to
the greatest eigenvalues is taken as a direction of fitted line.
The scatter of points from a linear arrangement is tested

in terms of ratio of the other eigenvalues and A;:

tan (ASD) = -2; 3
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The linear fit is accepted when the calculated angular
standard deviation value is lower than 10° or 5°.

This procedure found linear segments for a total of 220

samples from 234 that were demagnetized. The calculated 1lines

were grouped into three apparently established classes:

A - ASD <5°; ' N>8;
B - 5° < ASD < 7°; 4 <N < 8;
C - ASD > 7°; N =3 or 4.

The complete statistics of each class directions is presented in
Table 8.12. The list of calculated NRM direction is given in

Appendix D (for AF and thermal treatment).

Table 8.12. TW series |PS series |RS series
AF! | Th? AF |Th| AF Th
No of collected samples 175 244 167
No of demagnetized samples 38 35 94 14 44 9
No of samples with found ChRM 34 34 94 16 35 7
No of ChRM directions (total) 64 52 114 | 24 37 11
Class A ‘ 12 10 57 2 15 2
Class B 18 16 12 ° 16 3
Class C 34 26 35 13 6 6
1 - AF - alternating field treatment; 2 - thermal treatment.

If some lines fitted to segments of demagnetization paths
overlapped (due to fitting lines to more curvilinear parts of
demagnetization path), the calculated 1lines are short
(containing 3 or 4 points only with high value of ASD about 5 -
6°). Such lines are grouped in class C. They occurred mainly in

the Quetico interior collection. These C class lines usually
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seemed not to reflect the real NRM and they were rejected.

The ChRM directions falling into classes A or B were
plotted on a stereogram for results of AF treatment and thermal
treatment separately. Some samples from Calm Lake - Perch Lake
area that were not drilled in geographic coordinates had their
ChRM directions reoriented into true geographic coordinates.
This procedure was performed with use of algorithm COORD2.BAS
written by the author.

First the obtained direction was rotated along the vertical
axis of angle equal to the strike value for top surface of
cylindrical core to restore the arrow on the core into strike
direction. Then a rotation along the horizontal strike line of
dip angle was performed. The same procedure is repeated for
magnetic fabrics directions such as maximum and minimum axes of
anisotropy of susceptibility or anisotropy of anhysteretic

remanence.
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8.4. Distribution of characteristic magnetic remanences.

The ChRM directions were plotted oﬁ a stereogram (equal
area projection) for results of AF treatment and thermal
treatment. Data were grouped in three different suites: those
from low grade metasediments in Atikokan area, those from the
interior of the belt and those from Huronian Lake - Kashabowie
Lake area (low grade metasediments and metavolcanics). They were
plotted separately on the stereogram (Fig. 8.13, 8.14).

The distribution of characteristic remanence directions
from the suites of samples studied can be analyzed in terms of
the formation of either a cluster or a girdle.

Principal component analysis method (PCA) can be used to find
the best fit of a great circle for weakly developed girdles of
remanence directions. The direction of the eigenvector
corresponding to the minimum eigenvalue of the PCA matrix
characterizes the pole to fitted plane. Also the clustering
pattern can be evaluated by means of Fisher’s statistics on the
sphere (Fisher, 1953, McElhinny, 1973).

However Fisher’s statistics can be successfully use only in
case, when the distribution of directions on the sphere is
assumed to be uni-vectorial and not orthorhombic. This
assumption is not valid for studied data because direction are
distributed along the girdle.

Procedures for fitting a plane and calculating the common

direction were applied to following sets of directions:
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a) A and B classes together;
b) A class directions only;
c) all three classes of directions together.

Such approach can indicate whether elimination of the worst
define directions (class C) improves the overall grouping of
ChRM in a girdle or a cluster. Results of these calculations
presented in Table 8.15. suggest that a weakly developed girdle
distribution is formed both for class A directions alone as well
as for collections containing all three classes of directions.
Therefore the substantial scatter of ChRM direction is not
correlated with measurement errors. This leads to the conclusion
that even some class C directions (defined from the short 3-4
points segments of demagnetization path) may be statistically
significant. Most of them are recorded in a samples with very
low coercive pyrrhotite grains which are already unstable at AF
peak field of only 10 mT. However there is not a method to
decide which individual C class directions should be accepted as

ChRM directions.




Table 8.15.
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The relation of poles to mean planes and mean

Fisherian directions to the selection of classes of ChRM
directions.
PCA - pole to Fisher'’s PCA-
plane mean cluster
' direction direction
ALTERNATING FIELD TREATMENT
Atikokan area
all classes, N=98 168/7 (33)! 45/36(50)? 37/80
A & B, N=60 168/8 (33) 41/-16 (65) 42/76
A class, N=47 172/8 (32) 351/35 (76) 59/70
Quetico Belt interior
all classes, N=54 168/14 (39) 324/61 (23) 10/75
A & B, N=26 158/19 (39) 341/65 (28) 11/68
A class, N=11 148/13 (34) 13/63 (38) 30/64
Kashabowie area
all classes, N=31 169/9 (34) 337/69 (29) 40/76
A & B class, N=25 167/7 (35) 343/72 (28) 52/73
A class, N=12 170/9 (29) 353/74 (46) 53/71
THERMAL TREATMENT
Atikokan area
all classes, N=30 340/3 (26) 117/64 (40) 126/86
A & B, N=14 336/1 (24) 224/49 (49) 68/57
Quetico Belt interior
all classes, N=40 342/8 (43) 203/70 (35) 78/36
A & B, N=20 346/10 (35) 251/46 (44) 77/7
Kashabowie area - Spheristat - Fisher’s PCA -
CLUSTER ONLY peak count mean cluster
all classes, N=11 270/81(70)3 320/76 (23) 275/81
A & B class, N=5 243/80 (40) 294/69 (40) 256/79

1 - ASD value; 2 - Fisher’s ay;
3 - peak value for counting procedure (SpheriStat).

Fisher’s means for each set of remanence directions and mean

direction of clustering determined by PCA method are very poorly

defined and strongly depend on the chosen class of remanence
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directions. However the most of Fisherian means and directions
of maximum clustering are rather steep (with inclination of 50 -
70°).

The calculated ChRM directions are distributed along great
circles striking ENE-WSW and dipping steeply or to the NNW (for
samples demagnetized by AF) or SSE (for those demagnetized
thermally). Both steep and gently inclined individual NRM
directions were observed.

When distributions of ChRM from three different suites are
studied separately (Fig. 8.13 and 8.14) it can be noticed that
for interior of the belt mean planes are less steep. Individual
directions in the interior form less developed girdle than at
belt margins. ChRM directions cleaned by AF method generally are
distributed around the mean schistosity plane (Fig. 8.13), but
those obtained after thermal demagnetization are somewhat
deflected to the south (Fig 8.14).

Thermal demagnetization curves gave usually better defined
linear segments of demagnetization paths with fewer cases of
large remanence left after treatment (due to high blocking
temperature mineral phases such as magnetite). ChRM directions
after thermal demagnetization are very similar to those after AF
demagnetization for an individual handspecimen. However, the
number of demagnetized thermally sample is of 30% of those
demagnetized by AF method (less than 20 samples were thermally
demagnetized from each of three suites). Those results are less

significant statistically, especially for data from Kashabowie
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area (only 5 samples thermally demagnetized). The thermally
demagnetized ChRM directions from Kashabowie area cluster around
270/75° and are not distributed along the girdle.

The possibility of a local common preferred orientation of
natural remanence in some areas was also examined. The mapping
of ChRM vectors along all three traverses did not show any
common small scale alignment of ChRM directions from one outcrop
to another (Fig.8.16, 8.17). Variations in ChRM directions can
be of 180° for two outcrops at a distance of 1 km. However the

ENE - WSW tendency for ChRM declination is characteristic for

each outcrop.
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8.5. Interpretation of the distribution of ChRM directions.

Determined ChRM directions do not cluster around a mean
direction for any suite. The ChRM directions between
neighbouring outcrops show also very large differences. Their
orientations are also quite closely correlated with the overall
planar tectonic fabric for each suite (especially for samples
demagnetized by A.F. technique). Therefore it is obvious that
recorded ChRM directions are deflected from the direction of the
external magnetic field. Those large differences (especially in
inclination) between outcrops cannot be explained by different
ages of acquisition of remanent magnetization by individual rock
units and substantial changes of paleogeographic position of the
area during deformation.

Several factors can be discussed as responsible for
observed distribution of ChRM directions.

1. The substantial anisotropy (mean P’ of order 3 to 5) of
ARM suggests that the anisotropy of acquired chemical or
thermomagnetic remanence should be also of the same order. The
foliation planes of ARM anisotropy were oriented almost parallel
to mean schistosity S; for each of 3 suites. Therefore ChRM
directions can be deflected from the direction of the Earth'’s
magnetic field at the time of acquisition of stable remanence.
The mean ChRM directions for weakly deformed rock bodies in the

area determined by Dunlop cluster around 005°/55° (Borradaile et

al., 1983, see also chapter 3.2 for details). That direction is
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at angle of about 20-30° to the foliation planes of the
anisotropy of remanence for individual samplesi According to
Uyeda et al. (1963) model for anisotropy parameter of the order
of 3 to 5 the deflection of the remanence from the external
field direction can be of order of 20-30° toward the foliation
plane of anisotropy of remanence. For higher values of
anisotropy parameter P those deflections could be up to 50°.
Therefore I postulate that the overall distribution of the ChRM
directions along planes of tectonic foliation and ARM anisotropy
foliation planes can be caused by samples anisotropy of
remanence.

However about of 10-30% of samples from each suite had very low
inclinations of ChRM (less than 30°). These can be hardly
explained by the anisotropy effect alone if it is assumed that
all samples were exposed to the same external Earth’ magnetic
field direction.

The influence of anisotropy of remanence onto the direction
of ChRM should be examined in future more thoroughly. The design
can be as follows:

First one must assume that anisotropy of ARM is the same
as anisotropy of thermomagnetic or chemical remanence for a
given sample. The orientation of Earth’s magnetic field for a
given sample can be calculated when the anisotropy of remanence
and direction of ChRM is known. If the directions of magnetic
field for a collection of samples cluster, this can be

indicative that the girdle distribution is caused by the
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anisotropy of remanence alone. However, if a girdle distribution
is still preserved, the other factors also might also be
responsible. |

The girdle distributions for ChRM directions from each
suite were not well defined (ASD >20°).It was mainly caused by
the fact that only 10-30% of directions are widely spread along
a girdle having low (less than 30°) inclinations. The rest of
ChRM direction rather cluster in a sector of high inclinations
(>60°) as can be expected when’the anisotropy of remanence model
is employed here to explain those distributions of ChRM
directions.

2. The mineralogical observations confirmed also that
remanence is carried mainly by pyrrhotite grains, which are
usually of late metamorphic origin thus they do not carry
predeformational remanence. No traces of magnetite were observed
in samples prior to heating them to temperatures greater than
350°. It supports the conclusion that pyrrhotite is 1late-
metamorphic and late- tectonic.

Pyrrhotite grain alignment seems to be controlled by matrix
fabrics such as the preferred dimensional orientation of quartz
and feldspar and the preferred crystallographic orientation of
biotite grains. Grains are large (usually greater than 50um) and
pseudo-single- and multi- domain. Therefore the remanence is
rather of chemical origin, acquired during the growth of
pyrrhotite with substantial p.c.o. and has to be interpreted as

late-tectonic.
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3. The model of rotation of pre-existing remanence during
a progressive deformation can be only employed to grains which
are pre-metamorphic. Such models of passive line or rigid marker
rotation were discussed extensively by Kodama, (1988),
Borradaile and Mothersill (1989), Vetter at al., (1989), and
Borradaile (1992, 1983) do not take effects of metamorphic
recrystallization under consideration. They could be only used
for magnetite bearing metavolcanic rocks in Kashabowie Lake, if
the observed magnetite is pre-tectonic. Microscopic observations
and multi-domain magnetic properties suggest however metamorphic
origin of magnetite. Therefore it is not possible to separate
clearly the rotational effect (if any exists) of deflection of
the natural remanence from the external magnetic field
direction.

4. Experimental studies for magnetite- and hematite-
bearing synthetic samples showed that the effect of stress alone
with low strain values (less than 30%) could reduce the overall
isothermal remanence of the sample (Borradaile and Mothersill,
1989, Borradaile, 1992). The differential stress (not
hydrostatic one) applied during experiments remagnetized the
hematite grains with higher coercivity and 1low coercive
multidomain magnetite (with coercivity of remanence less than 30
mT) . Lower coercive hematite and single -domain magnetite were
partially demagnetized. In case of multi-domain magnetite the
process can be explained by irrecoverable domain wall movement

controlled by the differential stress (Borradaile, personal
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comm.) . Directions of removed remanence were not correlated with
stress axes. In the case of pyrrhotite, this effect was not

studied.

In the studied area differential stress conditions during
and after a transpressive deformation are not known. However the
removal of primary natural remanences due to the action of such
differential stresses cannot be discarded. If 1low-coercive
grains had their initial remanence removed by stress field the
secondary acquired remanence could be controlled by high overall
anisotropy of remanence and as well be correlated with the
direction of Earth’ magnetic field characteristic for the time
of resetting of remanence. It could be one of factors that

produced low inclined remanence vectors in several samples.

Finally, I would like to emphasize that the collection of
samples for NRM studies was rather small and further studies,
especially on a site scale may be helpful to explain the
processes leading to a post-tectonic distribution of NRM in the

area.
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Chapter 9.

Anisotropy of magnetic susceptibility - overview.

The anisotropy of low - field magnetic susceptibility (AMS)
is used commonly as the qualitative, and in a few cases also as
a gquantitative indicator of bulk rock fabric of tectonic origin
(Hrouda, 1982, Borradaile, 1988). The high correlation between
tectonic fabric (orientation of schistosity and extension
lineations) and axes of maximum and minimum susceptibility is
typical, but the correlation between strain ratio and anisotropy
of magnetic susceptibility degree ("magnetic strain gauge" -
Jackson and Tauxe, 1991) is not commonly found (Borradaile,
1988) and seems to be mainly controlled by the bulk composition
of the rock (Borradaile, 1988, Jackson and Tauxe, 1991) and the
mechanism of deformation.. The 1local correlations for strain
estimates from AMS anisotropy were only considered to be
reliable in a few cases (e.g., Hirt et al., 1988, Ruf et al.,
1988, Borradaile, 1991).

Jackson pointed out that no correlation between the strain
and AMS can be found when stress controlled recrystallization is
responsible for the preferred orientation of magnetic grains
(Jackson and Tauxe, 1991, see also Housen and van der Pluijm,
1990).

The advantage of AMS studies for a tectonic interpretation

is the speed and the high precision of measurements (typically
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less than 1% error for mean susceptibility of 10® SI vol.), as
well as the abundance of magnetic minerals in a rock even when
conventional tectonic strain indicators are absent in the field.
The other geological and geophysical applications of AMS as
discussed by Hrouda (1982) concern for example the/influence of
AMS on the deflection of the direction of remanent magnetization
recorded in a rock. The intrinsic field within the specimen due -
to AMS is not parallel to the direction of the acting external
magnetic field. Therefore, samples with high AMS have usually a
substantial deflection of the remanence direction from the
external field (Hrouda, 1982, Uyeda et al., 1962, Fuller, 1963).
The quantitative models of this correlation are however rarely
confirmed in experiment (Fuller, 1963, see also chapter 8).
Also anisotropy of remanence, eg. ARM is a better indicator
of the deflection of remanence, since its effect are not diluted

by the presence of paramagnetic minerals as is the case for AMS.
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9.1. The method of the AMS determination and the
contribution of different minerals into anisotropy of

magnetic susceptibility - terms and definitions.

The acquired bulk magnetization of a sample exposed to an
external magnetic field H is a function of both external field
H and the magnetic properties of the specimen characterized by
a bulk magnetic susceptibility x. This can be a complex quantity
in general. For a distant or low-frequency magnetic field the
'susceptibility is approximated by a set of real values, for high
frequency magnetic field the imaginary component of
susceptibility becomes significant and indicates the

conductivity response of the specimen.

Hﬂ:x(Héwlw)Héw

- where: x - susceptibility, M - magnetization, H,, - external
magnetic field, w - frequency of external field.

In this study only low - frequency external field Was used for
magnetic susceptibility determination. The magnetic
susceptibility meter used during MS and AMS investigation
Sapphire Instrument SI-2 operated at a field frequency of 750 Hz
and root-mean-square intensity of the field of 0.05 mT (0.5 Oe

= 40 A/m).
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Magnetic susceptibility ellipsoid.
Magnetization is not in general a 1linear function of
external field when a ferromagnetic (s. 1l.) phase is considered.

It usually obeys the Raleigh law :

M=y H+nH? , X - is a initial or reversible susceptibility

and 5 is Raleigh parameter ,when the external field is low
compared to coercive force and sample was initially demagnetized
(e.qg. Clark, 1984). If the initial remanent magnetization M,

exists the total magnetization M, of the sample in the external

field is given as : M,,;=M,*M, , , where only magnetization

M,n generated by external field can have a linear component with
the field. Usualiy also para- or diamagnetic minerals produce a
linear term in overall value of M,,. Therefore only when the
external field is small (usually of order 0.05 - 0.1 mT) is the
measured magnetization due to external magnetic field linear
with field, and susceptibility is not dependent on external
field. In case of whole rock composition susceptibility both
para- and ferromagnetic contributions to susceptibility exist.

Then the susceptibility can be represented by the second -

rank symmetric tensor { , where tensor components Xi; are

constant values not dependent on the intensity of external
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magnetic field (Hrouda, 1982).

X112 X12 Xais
£ = [X21 X2z X23
X31 X3z Xas
- where %; = %; - components of symmetric tensor.

Therefore only six different parameters are needed to define the
tensor matrix. As a symmetric matrix the susceptibility has 3
eigenvectors and usually 3 different real eigenvalues. In the
base coordinate system formed from the eigenvectors, the matrix
reduces to the diagonal one Qith eigenvalues: %,,., *u, %pin-

Thus the susceptibility tensor can be répresented as an tri-
axial ellipsoid with the length of its principal axes equal to
eigenvalues of the susceptibility matrix oriented along the

eigenvector directions (magnetization ellipsoid of Hrouda, 1982)

or by ellipsoid with principal axes of length 7% , Where ¥%; is
a principal susceptibility (Nagata, 1961, definition of
’‘anisotropy of MS; by Hrouda, 1982, Fig. 9.1.).

The second definition can be a little confusing as it is
not easily correlated with the strain ellipsoid representation
(especially in three- dimensional studies). Therefore the first
definition (with principal axis 1lengths equals to the

corresponding eigenvalues of %, e.g. Jackson, 1990) will be used

as the AMS ellipsoid in this thesis.




ex

On the definition of the susceptibility ellipsoid and the magnitude ellipsoid. Legend: OH ~
direction of external magnetic field H,;, OM - anisotropic magnetization induced by H,.. OC - com-
ponent of magnetization parailel to H,,, or the quantity measured by usual methods. If|H, .| = 1. OCis the
susceptibility parallel to A, (directional susceptibility). Loci of H. where OH = I/ OC, represents the
S}Jsceptibility ellipsoid (heavy line) and the loci of M (thin line) is the magnitude ellipsoid. The dashed
line represents the directional behaviour of the directional susceptibility (not represented by an ellipsoid).

Fig. 9.1. (from Hrouda, 1982).
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Parameters describing the anisotropy.

The anisotropy of magnetic suéceptibility can be
characterized by the shape of susceptibility ellipsoid as
prolate, when xmax>xint>1>xmin or oblate, when xmax>1>xint>xmin.
The degree of anisotropy (the deflection from spherical shape)
and the sense of shape was described with numerous anisotropy
parameters (see Hrouda, 1982 for detailed discussion), but two
parameters are sufficient to describe the shape of the

anisotropy ellipsoid.

One can an choose anisotropy ratio p= X , or magnetic
X min
lineation L and foliation F: L=3ﬁ£ ; F=jﬁﬂ , as analogues to
Xint Ximin

Flinn’s diagram parameters "a" and "b" for tectonic lineations
and foliations (Flinn, 1962) to characterize susceptibility
ellipsoid. However, we may alternatively use Jelinek’s (1981)

parameters P’ - T, where

|l il ) )]

1
with geometric mean of susceptibility X=(Xmu*Xum*Xmn) and

_1nF-1nL
InF+1inL
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The P’-T parameters are superior. The parameter P’ includes
information from the intermediate axis, contrary to P. Moreover,
the parameter T is symmetric and has the value T%I for prolate
ellipsoid and -1 for oblate one. The choice of Jelinek’s plot
P’-T (Hrouda, 1982) gives the better resolution between prolate
and oblate shapes of ellipsoids than Flinn diagram, especially
for low values of anisotropy (P’ of range 1-1.2).

Values of parameter P’ are almost equal values of P when samples
are not strongly oblate or strongly prolate. In these extreme

cases the difference is less than 10% (Fig. 9.2).

Factors controlling AMS.

The factors controlling the anisotropy of susceptibility of
single grains and of a crystal lattice were discussed in some
detail in Chapter 6. The overall magnetic fabrics of metamorphic
rocks (especially sedimentary) are controlled practically by two
of them :

1. magnetocrystalline anisotropy of grains located usually in a
lattice with preferred crystallographic orientation
(p.c.o.);e.g. paramagnetic silicates, hematite, pyrrhotite.

2. shape anisotropy of grains with relatively high intrinsic
susceptibility and significant difference in demagnetization
factors in principal directions of a grain (Hrouda, 1982), e.g.
magnetite, titanomagnetites.

The minerals with significant shape anisotropy controlling

AMS are ferrimagnetics : magnetite and some titanomagnetites
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Fig. 9.2. A comparison between anisotropy parameters P’ (Jelinek,
1981) and P=K,,/K., (e.g. Hrouda, 1982) for different shapes of AMS
ellipsoid (defined by lineation L and foliation F parameters).

The difference between P’ and P arises to about 10% for strongly

oblate or strongly prolate samples (from Borradaile and Sarvas,
1990) .
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with elongated grains (Hrouda, 1982, Jackson, 1990). In such
minerals SD grains have remanent magnetization parallel to their
long axes but maximum axis of susceptibility is perpendicular to
long axes ("inverse" magnetic anisotropy, Jackson 1990). It is
caused by the effect that external field applied along long axis
of a grain (and existing saturation magnetization of SD grain)
cannot rotate the magnetization away from this position of
minimum energy or increase the overall magnetization of already
saturated grain. Therefore the external field applied along the
long axis of a grain has no effect on this grain and minimum
axis of AMS is parallel to long axis of the grain.

In MD grains with shape anisotropy the AMS fabric is not
"inverse": they have the maximum axis of AMS parallel to the
long axis of the grain. Potter and Stephenson (1988) indicated
that when the effects due to shape anisotropy of a grain
interact with the overall orientation fabric of a group of
elongated grains, it results in four possible cases of bulk AMS
fabric:

1. MD grains with an S-fabric (planar alignment of grains):
the bulk minimum susceptibility is perpendicular to the plane,

2. SD elongated in a S -fabric: maximum susceptibility
perpendicular to the plane.

3. MD grains in an L-fabric (linear alignment of grains):
maximum susceptibility parallel to the direction of preferred
orientation.

4, SD elongated grains in an L-fabric: minimum
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susceptibility parallel to the fabric lineation.

The other common minerals which carry remanence are
pyrrhotite and hematite. They have their anisotropy degree
controlled mainly by magnetocrystalline anisotropy (anisotropy
degree for these grains is >100, Hrouda, 1982).
Antiferromagnetic (hexagonal) pyrrhotite usually has no shape
anisotropy at all, and the monoclinic variety can reveal only a
weak shape anisotropy in the basal plane due to its quite high
susceptibility (Hrouda, 1982). When even a weak preferred
orientation of these minerals exists in the rock, these minerals
contribute siénificantly to the bulk AMS of the rock (Schwarz,
1974). Worm (1991) indicates that the AMS of pyrrhotite
increases quickly with increasing field and although ymax,xint
and their ratio ymax/xint increases with field, x decreases and
becomes sensitive of field frequency. A field of 1 mT and
frequency 1 kHz can generate out of phase effects in the highly
conductive pyrrhotite (Stupavsky, work in progress).

Paramagnetic platy mineralé such as biotite, chlorite,
hornblende and actinolite due to their abundance in the rock,
contribute largely both to magnetic susceptibility and AMS
(Borradaile et al., 1987). Hrouda (1982) gave values of
anisotropy degree P’ for metamorphic rocks as of range 1.1-1.3
but the minimum AMS of such single minerals common in
metamorphic rocks can have P’ as high as 1.7 (Borradaile et al.,
1987). Magnetic fabric for these mineral is usually oblate

(typical T values for biotite, chlorite, phlogopite: 0.3 - 0.95)




224

with some possible prolate fabric for hornblende and actinolite
(Borradaile et al., 1987). However, Borradaile’s technique for
assembling and aligning individual grains in an approximate one
and, moreover, the grains probably contain ferromagnetic
inclusions. On theoretical grounds most of phyllosilicates
should have oblate magnetic symmetry (Borradaile, pers. comm.).
The minimum axis of susceptibility is usually perpendicular to
the c-axis of crystals, but inverse fabrics can be observed in
certain carbonate bearing rocks and in tourmaline- rich rocks
(Rochette, 1988). |

Mechanisms responsible for the formation of AMS fabric in
the paramagnetic matrix are those normally responsible for the
generation of p.c.o., e.g. rigid body (March) rotation in low
temperatures, dynamic strain controlled recrystallization in
higherb temperatures, and stress- controlled crystallization

during metamorphism.

The overall AMS of rocks.

In non-deformed sedimentary rocks, the initial AMS may be
quite strong due to depositional conditions, current directions
and compaction. The minimum axis of susceptibility in these
rocks is usually perpendicular to bedding with an oblate fabric.
However, in the case of current alignment, the maximum
susceptibility can be oriented along the current direction or
perpendicular to it (for some prolate grains, Hrouda, 1982) and

the fabric may not be oblate parallel to bedding. Such
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sedimentary AMS fabric can partly persist during later
deformation or metamorphism, which can adversely influence any
attempts at strain - AMS correlations (Borradaile, 1991).

AMS of volcanic rocks is rather low (P=1.0-1.05) and is
carried usually by titanomagnetites. It can correlate with lava
flow directions where magnetic foliation is subparallel to the
flow plane, but magnetic lineation can be oriented both parallel
or perpendicular to the flow direction (Hrouda, 1982). 1In
plutonic rocks low values of anisotropy ratio exist in plutons
with flow fabric. High AMS with P’ often greater than 2 are
characteristic for plutons affected by ductile deformation.
Ferrimagnetic minerals found in these rocks (magnetite,
pyrrhotite) are usually younger than silicates and their
preferred orientation and their shape is controlled by the
surrounding matrix (Hrouda, 1982). However, the large- scale

consistent magnetic fabric is rarely found.

The measurement method of AMS in this study.

Anisotropy of magnetic susceptibility of the collected
cores was determined with the use of Sapphire Instrument SI-2
susceptibility meter. The apparatus has 8 x 5 cm solenoidal coil
producing the relatively uniform field of 0.05 mT, with
frequency 750 Hz. The cylindrical specimen occupied only 6% of
coil volume, therefore the absolute precision of the equipment

for 10 repeated measurements is about 2.5 *10% SI vol. However

5 repeated measurements were only performed for each sample to
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determine bulk susceptibility in this study. The relative
neasurement error for MS was less than 2-3 % for samples of
susceptibility of order 107.

The AMS was measured with the use of Stupavsky’ (1984)
procedure in 12 positions (9 different positions, 3 repeated,
with 1 measurement in each position) shown on Fig. 9.3a.
Directions of applied field with respect to sample coordinate
system are given on the stereoplot (Fig. 9.3b).

The coil measured the intensity of the component of induced
magnetiZation along the direction of applied field, therefore at
least 6 positions were necessary to determine the components of
3x3 symmetrical tensor. The choice of 12 positions (9 different)
helped to increase the accuracy of fitting the anisotropy tensor
to data and gave the opportunity to estimate the error of
estimation 6f the components of the anisotropy tensor.

This design of chosen applied field directions is similar
to that of Girdler (1961) and a method analogous to the least
squares estimate for anisotropy tensor is used to calculate
principal axes of the tensor and their directions. The SI-2
algorithm calculates also the 95% confidence limit for the
orientation of each axis (R;; angle) and the standard deviation
for each principal susceptibility.

However, this method does not follow the estimation method
proposed by Hext (1963). The error estimation algorithm used in
SI-2 1is based rather on the comparison of the results of

calculation principal axes, when two sets of 6 measurements are
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used (from 12 measurements available). It can be the source of
unrealistically large Ry, values (usually 45 - 90°!) for the
directions of two principal values which are very similar in
magnitude (the oblate or the prolate case).

The chosen design of directions used in Stupavsky’ (1984)
applied field axes is not "rotational" (Hext, 1963), therefore

Hext’s formulae for a given design could be extremely

complicated.
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Chapter 10.

Results of BAMS studies in the area.

10.1. Earlier contributions to MS and AMS studies in the

area.

Magnetic susceptibility and AMS fabric were previously
studied at the margins of Quetico Belt in Calm Lake - Perch Lake
area by Sarvas (1988) and in Kashabowie - Huronian Lake area by
Spark (1991). Spark performed an MS survey with portable
susceptibility meter (Czech Geophysica KT42) along Kashabowie -
Huronian Lake traverse. He also determined AMS fabric for 57
samples from the area with the use of SI-2 susceptibility meter
(the same that was used in this study). The results (Borradaile
and Spark, 1991) did not indicate any distinct magnetic
isograds, e.g. "magnetite out"™ as found elsewhere by Rochette
(1987b) with increasing metamorphic grade . Measured bulk
susceptibility values were of 3-4*10* SI vol. for metasediments
and ranged from 2*10* to 8*10* for metavolcanics.

The susceptibility variation were interpreted as solely due
to lithological changes along the traverse. Borradaile and Spark
(1991) showed that magnetite is not the major susceptibility
contributor in the area, especially in metasediments, but MS is
controlled by biotite and chlorite. |

In Calm Lake - Perch Lake area the sampling in the area
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done by Sarvas (1988) gave about 400 cylindrical samples and
their AMS were determined with the SI-1 Sapphire Instrument
susceptibility meter. SI-1 was the portable version of SI-2
coil, without PC computer interface. The results of AMS were
accepted for 198 samples through the area (series PS*) and 42
samples from fold closures (FA, FB series) and beds with
refracted cleavage (PLR series). Borradaile and Sarvas (1990)
and Borradaile et al. (1988) accepted only samples with very
high principal axis direction accuracy (ry <5°) and sufficiently
high susceptibility y > 6.2%10° SI vol.

The magnetic minerals contributing to overall
susceptibility were found to be magnetite (<2% wt) and
paramagnetic sheet silicates (based on the study of separated
phases from 3 samples). The authors (Borradaile and Sarvas,
1990) disregarded pyrrhotite contribution to the susceptibility
as minor. However, they did not have access to equipment capable
of studying remanence and this study revealed significant
contributions from pyrrhotite to magnetic remanence.
Thermomagnetic curves for 4 samples shown the presence only
pyrrhotite as the magnetic phases carrying isothermal remanence
(see chapter 6). However, the other samples could be mostly
magnetite - bearing.

Some estimation of the multi-mineral contribution to AMS
~ was performed with the use of the Henry (1983) plot of principal
susceptibility versus mean susceptibility. The principal

susceptibilities 1lines (fitted to data from 45 similar
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greywackes) did not intersect in one common point, which usually
suggests more than one mineral phase ‘contributing to AMS
(sarvas, 1988, Fig. 10.1). However Henry’s method was originally
proposed for samples of a similar mineralogical composition of
all samples (they came from a single handspecimen). That
constraint seems unlikely to be realized in this case. Samples
in Sarvas’ (1988) study were taken from different outcrops of
metasandstones of 1low metamorphic grade. The inaccuracy of
fitting the linear function to the experimental data could also
effect the position of points of intersections.

Therefore the use of Henry’s method cannot be very conclusive in
a case of a set of samples from different locations.

The distribution of AMS fabric and bulk magnetic
susceptibility data are reviewed in next sections when compared

to AMS results from this study.
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10.2. Sampling and selection of results in this study.

Kashabowie Lake - Huronian Lake traverse was revisited in
this study to collect someiadditional material for NRM and
anisotropy of ARM studies. The additional drilling of previously
collected (Spark, 1991) hand samples was also performed. A new
set of total 119 cores was prepared for further studies.
Therefore additional MS and AMS determination were conducted on
this material.

Anisotropy of magnetic susceptibility was measured for all
119 samples with SI-2 apparatus according to Stupavsky’s (1984)
12 positions procedure without repetitions.

The accuracy of estimation of principal susceptibilities
was up to 5% for some samples with average of 1-2%. The accuracy
for the direction of the axes varied due to the shape of
susceptibility ellipsoid. For almost uniaxial oblate ellipsoid
the ry, angle (the angular error on the 95% confidence limit)
could have values up to 90° for x,, and x;,- There were also cases
where both x,,, and x,, were poorly defined. In cases where r, was
larger than 20°, the given principal axis data were rejected.
There was usually é correlation between large values of ry, and
standard deviation for principal susceptibility values. After
evaluating the AMS data only 81 directions of x,, and 61
directions of x,, were accepted (appendix B).

These criteria were used also for AMS and anisotropy of ARM

data for the other collections.
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Most metasedimentary samples collected along/the Hwy 11
from Atikokan to Huronian Lake throughv the zone of high
metamorphic grade (total of 195) had their anisotropy of
magnetic susceptibility studied prior to the AF demagnetization,
but after the measurement of the initial NRM in samples. The
procedure of AMS measurement does not disturb the magnetic
remanence of samples as the applied field is approximately 0.05
mT and the minimum field chosen for AF demagnetization treatment
was 1.5 mT.

The directions of maximum and minimum principal
susceptibilities were studied on equal-area projection plot (in
the same way as tectonic fabric). Their distribution was
analyzed by two algorithms: counting and PCA in SpheriStat
program (appendix E).

The problem remains, as to how to define the measurement
error for the counting procedure to be easily comparable to an
error ellipse from the PCA method. Therefore for comparison of
different fabrics the eigenvector analysis results are chosen.
Usually the 95% confidence cone for eigenvector analysis
includes the position of contoured peak, therefore the choice
between each method results seems to be insignificant in most

cases.
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10.3. The bulk magnetic susceptibility results.

The bulk mean susceptibility data for Calm Lake - Perch
Lake traverse replotted after Sarvas (1988) do not show any
substantial changes of susceptibility along the transect (Fig.
10.2). Susceptibilities are of order 4 - 8*10* SI vol. (mean
SI=5.3%10% + 1.9*103, N=199) without any distinct zones of higher
susceptibility (peaks of high MS were only noticed in single
outcrops). It suggests that susceptibility is mainly controlled
by phyllosilicates and confirms the minor content of highly
susceptible ferrimagnetic minerals. The MS distribution in low
metamorphic grade metasediments east of Afikokan is similar to
that from Calm Lake - Perch Lake area (Fig. 10.3).

In the higher grade metasediments in the interior of the
belt the bulk magnetic susceptibility calculated as the
geometric mean of principal susceptibilities was of order 2%10*
to 103 SI vol. for all but 6 samples (mean MS = 7.1%10%* * 3.,1*103
for N=201 samples, Fig. 10.3 and appendix B). No trend in
susceptibility changes or metamorphic isograds along the
traverse were noticed. The only higher susceptibility values (3-
5%103) were measured for the amphibolite sample (TWA 15). The
least susceptible samples (103 SI vol.) came from the nebulitic
intrusion near Eve Lake.

It is consistent with recognition that magnetite is mainly
absent from the composition. Borradaile (1987) showed that small

variations in magnetite concentration (around 1% wt base
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concentration) would be reflected in susceptibility. The
sampling procedure in the field (sampling more mafic parts of
outcrops) also ensured rather 1little variable composition of
para- and ferromagnetic minerals.

The high values of MS for outcrops RS11.7 and TW4 in the
migmatite zone can be caused by locally present, randomly
distributed magnetite or high content of paramagnetic minerals
due to low intensities of NRM and imposed ARM in tested
specimens.

In low. grade metasediments and metavolcanics at the
Kashabowie - Huronian Lake area combined MS values (N =57
samples from Spark, 1991 study and N=66 from this study) are in
the range 10* to 5*102 for metavolcanics (high values are
characteristic for outcrops RS4. - RS4.1, see Fig. 10.3 and
appendix B). The large scatter is due to variation in Fe -
silicates and magnetite content. In metasediments, the values of
MS are much more uniform, usually of order 10*, due to low
content of magnetite.

The histograms of MS values (Fig. 10.4) indicate that both
metavolcanics and the highly strained margin of the Quetico Belt
near Atikokan had higher values of susceptibility than
metasediments in Calm Lake - Perch Lake area and the interior of
Quetico Belt. It can be caused by the higher content of
magnetite (in metavolcanics) or phyllosilicates (in chlorite
schist near Atikokan) when compared to more quartz- rich rocks

from the other two areas.
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10.4. Distribution of AMS anisotropy axes.

Magnetic foliation - minimum axes of AMS.

Poles to magnetic foliations were plotted for samples from
all three suites, in the similar method as for tectonic fabrics.
However the data from Calm lake -~ Perch Lake area (within low
grade metasediments in the Atikokan area) were also considered
separately, as the magnetic fabric was almost perfectly oblate
there and magnetic lineations were poorly defined.

Magnetic fabric in the Calm Lake - Perch Lake showed that
the orientation of magnetic foliation was uniform through the
region (for N=116 samples, pole to plane: 163/17) with minimum
susceptibility x,, perpendicular to mean S, cleavage (Borradaile
et al., 1988). Data from larger collection (N=198, after Sarvas,
1988), without samples from fold closures gave the magnetic
foliation almost vertical (Table 10.5, Fig. 10.6a).

Table 10.5. The orientation of mean position of AMS minimum
axes.

Area N Contoured peak PCA - pole to plane
calm L.-Perch L. 198 | 348/3 (240) 168/2 (3/3)
east of Atikokan 24 171/2 (130) 351/0 (8/6)
Atikokan area-total | 222 | 351/2 (270) 168/2 (3/3)
Interior 168 | 164/20 (140) 165/23 (9/4)
Kashabowie area 91 155/5 (250) 154/3 (5/3)
Total: all 3 areas 481 | 163/8 (250) 164/7 (3/2)

Samples from chlorite schist rocks east of Atikokan have

also almost vertical AMS foliation (Fig. 10.6b) but the
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Fig. 10.6b.
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Fig. 10.6c. (combined data from Fig. 10.6a and b).
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Fig. 10.6d.
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Fig. 10.6e. (data partly from Spark, 1990) .

AMS minimum axes - Kashabowie - Huronian L. area

low grade metasediments and metavolcanics

N= 91 E= 4.10
k= 2222 Sigma = 1.37
(Peak - E)/Sigma = 25.0

Peak position : 154.8°/ 5.1°

Atkokan area Wabigoon Belt

RS10.7

/1 Interior Quetico Balf
TWAI 1

Kashaoowie orea

Calm Lake-
Perch Lake area

Shebandowan Belt




(combined data from fig. c, 4,e).
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direction of dip for an AMS foliation plane varies from one
outcrop to another (Fig. 10.10, outcrops near Atikokan).

In the interior of the belt the AMS determination was
performed for 175 samples and detailed results of calculated
principal susceptibilities and their directions are listed in
appendix B. The accuracy of measurement of principal
susceptibilities was at the range from 2% to 7% (appendix B).
It can be partly due to the influence of field frequency on
pyrrhotite 1in the samples and partly due to quite 1low
susceptibilities.

The mean foliation plane for the rocks from the interior of
the belt (for N=168 samples) has similar strike to that from
Atikokan area but is much 1less steep (dip of 70°) than in
Atikokan area (Fig. 10.6d), like for a mean schistosity planes.
The clustering of AMS minimum axes is weaker than at belt
margins (Table 10.5). A few individual samples had their AMS
minimum axes oriented in the directions of overall mean
direction of maximum or intermediate axes (mainly those from the
centre of the belt). Some of them have weak anisotropy
(amphibolite- rich ones - magnetite bearing), which may indicate
the contribution of inverse AMS fabric from SD magnetite. Some
others have weak overall susceptibility, therefore their
directions of axes are poorly defined.

In low grade metasediments and metavolcanics in Kashabowie
- Huronian Lake area the principal axes of susceptibility showed

tight clustering for x,,, With a steep mean magnetic foliation
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plane (dip of 85°), for N=91 samples (Table 10.5, Fig. 10.6e).
A few samples west of Kashabowie had their AMS maximum axes
oriented more like intermediate or maximum axes of other samples
but they had usually low susceptibility what can not explained
by the effect of the presence of SD magnetite.

The distribution of AMS minimum axes for the whole area
(N=481) reflects the consistent ENE-WSW direction of magnetic
foliation through the area and intermediate value (82° to the N)
of the dip of mean magnetic foliation is a result of changes of

dip from one suite to another (Fig. 10.6f, Table 10.5).

Magnetic lineations - maximum axes of AMS.

In Perch Lake - Calm Lake area AMS maximum axes do not
cluster, but show a 1local grouping in a girdle along the
magnetic foliation plane (Fig.10.7a, Table 10.8). No significant
correlation with the §S;/S; 1lineations (Fig. 10.7a, S,/S;
stereonet, from Borradaile at al, 1990) or the orientation of
fold axes was found. However, the accuracy of determination of
the direction of x,, is usually low due to almost uniaxial oblate
magnetic fabric.

The orientation of maximum susceptibility along the hinge
axis of the folds in the fold closure (FA and FB series) was
interpreted as a possible effect of superposition of the initial
sedimentary oblate magnetic fabric parallel to bedding with
later tectonically driven magnetic fabric along the cleavage

plane (Borradaile et al., 1988).




Fig. 10.7a. Data from Sarvas (1988).
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Fig. 10.7b.
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Fig. 10.7c. (combined data from Fig. 10.6a and b).
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Fig. 10.7d.
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Fig. 10.7e. (data partly from Spark, 1990).
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Fig. 10.7f. (combined data- from fig. ¢, 4q,e).
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Table 10.8. The orientation of mean AMS maximum axes.

Area N Contoured peak PCA - pole to plane
calm L.-Perch L. 196 | 79/67 (110) | 72/65 (23/4)
east of Atikokan 21 72/76 (70) 69/73 (19/6)
Atikokan area-total | 217 | 81/62 (11lo0) 72/67 (18/3)
Interior 106 | 72/13 (160) 70/14 (8/5)
Kashabowie area 77 63/26 (120) 63/32 (14/5)
Total all areas 400 | 69/24 (120) 70/33 (11/3)

In low grade chlorite schists east of Atikokan the position
of AMS maximum axes is also poorly defined as individual
directions of AMS lineations are distributed along the magnetic
foliation plane (Fig. 10.7b). However the mean directions of AMS
lineations are quite steep in Atikokan area (Fig. 10.7a-c ,
Table 10.8).

Within the interior of the belt AMS foliations are much
less steep, plunging about 13° to ENE (Fig. 10.7d). Some
individual inversions between AMS maximum and the other
remaining axes were observed for samples from the centre of the
belt.

In low grade metavolcanics and metasediments the gentle
plunge (26°) of AMS lineations to the ENE also exists (Fig.
10.7e, Table 10.8). The individual AMS lineations are more
scatter along the magnetic foliation plane than those for the
interior of the belt. Some magnetic lineations are oriented
similar to the mean direction of intermediate axes, but not
perpendicular to mean magnetic foliation plane. Therefore the

hypothesis of inverse AMS fabric (due to magnetite) in
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metavolcanic area cannot be supported.

Variations of the orientation of magnetic fabrics along
traverses.

The variations of AMS fabric along the traverse from one
outcrop to another was also studied, in an addition to fabric
plots for each suite. The diagrams of changes of declination and
inclination of AMS principal axes along the traverse for two W-E
traverses in Calm Lake - Perch Lake area (along CNR track and
along Highway 11) as well as for a W~E traverse from Atikokan to
Kashabowie Lake along Highway 11 are presented for magnetic
foliations and lineations at Fig. 10.9 and 10.10.

In low grade metasediments strikes of AMS foliations group
around the mean strike of this fabric. However, the scatter of
the AMS foliation directions increases toward the migmatite
zone, with generally less steep magnetic foliations (Fig. 10.9).

Magnetic foliations are very steep at low grade rocks near
Atikokan (Fig. 10.10 and Map 10.12), but are much more shallow
when migmatite zone is entered from Plateau Lake toward Sapawe.
They are steepened again around Eva Lake and again gently
dipping in granitic zone east of Eva Lake. Further east their
dips become more erratic. Strikes of magnetic foliations often
are at high angle to the strike of mean AMS foliation for the
interior of the belt but they are changing from one outcrop to

another.
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Fig. 10.9. Variations of strikes and dips of AMS foliation planes
along traverses in Calm Lake - Perch Lake area. (strikes in 0-180°
sector). Data from Sarvas (1988).
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In low grade metasediments east of Huronian Lake AMsS
foliation are oriented rather consistently, but in metavolcanic
zone they are again more scattered (Fig. 10.10).

The trends of magnetic lineations in Calm Lake - Perch Lake
area are much more uniform along the Hwy 11 traverse than on the
contact with Wabigoon metavolcanics along CNR track (Fig.
10.11) . However plunges of magnetic foliations in this area show
strong local variations. This effect can be explained by the
presence of late- tectonic sheath fold structures in the area
(Borradéile et al., 1988).

Along the traverse from Atikokan to Kashabowie Lake
magnetic lineations directions near Atikokan have rather uniform
trends (map - Fig. 10.13) but can plunge both to north-east and
south-west. Plunges of magnetic lineations are gentle in
migmatite zones and more steep in low grade chlorite - biotite
schist and areas with intruded granitoids and pegmatites (Fig.
10.12).

The distribution of AMS lineations becomes more erratic in
low grade metavolcanics east of Stetham Lake (Fig. 10.12). Both

steep and gently plunging AMS lineations are observed.
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Fig. 10.11. Variations of trends and plunges of AMS lineations
along traverses in Calm Lake - Perch Lake area. (trends in 0-180°
sector). Data from Sarvas (1988).
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10.5. The anisotropy ratios and shapes of AMS ellipsoids.

The shape of AMS ellipsoid was characterized in terms of

Jelinek plot parameters P’ and T. The anisotropy parameters were
taken under consideration even for these samples that had poorly
defined directions of principal axes due to almost perfect
oblate AMS fabric. Only when all three AMS principal axes were

poorly defined (with r,>20°), were those results rejected.

Table 10.14. Mean values of anisotropy parameters P’/ and T.

The area N P’ (meantstd.dev.) | T(meantstd.dev.)
Atikokan area 225 |  1.36 % 0.26 0.55 + 0.31
the interior 199 1.44 £ 1.11 0.42 + 0.38

Kashabowie area 123 1.29 £ 0.33 0.35 + 0.43

In low- grade metasediments in Atikokan area (Calm Lake -
Perch Lake samples and those east of Atikokan) samples showed
strong oblate fabric and substantial anisotropy ratio (mean
P’=1.36, Fig. 10.15a, Table 10.14, typical for anisotropic
chlorites and biotites, Borradaile et al., 1987). The highest
values of P’ parameters are characteristic for samples from
highly sheared area near Quetico Fault (stations TWA1-3, Fig.
10.15b). However, a few prolate fabrics were also observed
(Fig. 10.15a, see also Borradaile and Sarvas, 1990).
Thermomagnetic curve for one of those samples (PST63) did not
reveal the existence of magnetite but pyrrhotite only. |
Therefore the prolate shape of those fabrics cannot be

explained by a substantial content of magnetite.
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In higher grade metamorphic rocks (amphibolite facies
metamorphism) in the centre of the belt anisotropy ratios are
slightly higher than for belt margins. The minimum anisotropy
ratios P’ are about 1.2, significantly larger than those from
belt boundaries and maximum P’ are about 2. The histogram of
P’ values reveals that anisotropy ratios for the interior are
more tightly grouped than those for Atikokan area (Fig.
10.16).

The P’-T diagram indicates that most of 199 samples have
oblate fabric (Fig. 10.15b). However 28 samples revealed
prolate magnetic fabric. When P’/-T plot results are compared
to typical anisotropies for chlorite and biotite, observed
values of T parameter for whole sample anisotropy are here
somewhat smaller than for biotite (Borradaile et al., 1987),
and typical for chlorite and muscovite.

The quantitative mineral composition data are not
available for studied samples, but due to lower content of
biotite in higher metamorphosed rocks than chlorite-muscovite
matrix in greenschists and slightly more random p.c.o. of
biotite, its contribution to AMS is smaller (Hrouda, 1982
discussed the correlation between p.c.o. and grain
anisotropy) .

Prolate fabrics are grouped only in few outcrops:
amphibolites in TWA15 - TWA15.5, TWE6A, TWA18A, TWA1l9.5 and
more felsic TWC1l (Fig. 10.17b). These seem to be correlated

with later processes of an emplacement of felsic and mafic
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Fig. 10.16. A histogram of a distribution of anisotropy ratio P’
for 3 sub-areas. In all 3 areas 45-65% samples have P’ value from
the range of 1.2 - 1.4 - typical for sheet- silicates. 1In
metavolcanic Kashabowie area there is the largest fraction of low
anisotropic AMS (P’<1.2). See text for detailed discussion.
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intrusions in the area.

In the Kashabowie area anisotropy parameters P’/ and T
plotted on the P/-T diagram (for n=123 samples) indicate
mainly prolate AMS fabric. However, a substantial set (30) of
samples with prolate fabric exists (Fig. 10.15c). Values of
anisotropy ratio range from 1.05 to 1.9 (mean P’=1.29, and
maximum of P’/ distribution for P’= 1.2-1.4; these are typical
values for sheet silicates)..

Sample with prolate magnetic fabric (20 overall) grouped
mainly in more felsic metavolcanics (Fig. 10.17b). However
they were accompanied by samples with oblate fabric in the
same outcrops. Four of them had quite high susceptibility
(greater than 102 SI vol., Fig. 10.3) and thermomagnetic
curves from the outcrop RS3.5 revealed mainly magnetite as
remanence carrier. Therefore the prolate fabric together with
low anisotropy can be explained as due to the magnetite
content (Borradaile et al., 1987). However no inverse AMS
fabric was observed, that suggest that magnetite is not SD.
These specimen had also quite high anhysteretic susceptibility
and ARM fabric was also mostly prolate. Some more extensive
studies of correlation between different fabric will be

presented in chapter 13.
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The correlation between bulk susceptibility and AMS.

A correlation between the anisotropy ratio and bulk mean
susceptibility was tested for all three suites (Fig. 10.18a-
c). In low grade metasediments the overall magnetic
anisotropy is controlled by p.c.o. of sheet silicates, as
indicate the mean values of susceptibility and AMS anisotropy
ratio P’. However, there is a small group of samples with low
susceptibility but substantial prolate AMS fabric (T<O0, Fig.
10.18a). The knowledge of mineralogical composition of those
Samples is poor, as only a few samples from the whole
collection had their ferromagnetic phase determined. At least
one sample (PST63) showed the presence soiely pyrrhotite as
ferromagnetic minerals. Low values of bulk
susceptibility also indicate that it is not magnetite that
controls the susceptibility and the its anisotropy.

In the higher grade metasediments in the centre of the
Quetico Belt the correlation between P’ and MS indicates
mainly paramagnetic contribution to AMS (as in the previous
area, Fig. 10.18b). The group of prolate fabric is formed by
samples mainly of amphibolite composition, with some content
of MD or PSD magnetite. Some less susceptible samples (2-3*10*
SI vol.) show also weak prolate fabric (-0.25<T<0), but it can
be an effect of susceptibility measurement errors for weaker
specimens.

In Kashabowie area, although most samples have their AMS

fabric controlled by paramagnetic sheet silicates (Fig.
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10.18c), there is also a separate group of highly susceptible
mostly metavolcanic samples with both prolate and oblate
fabric present.

Those prolate fabric are believed to be controlled by
magnetite, those oblate are controlled by sheet silicates, but
with a substantial content of magnetite in the samples. There
is a possibility that the arrangement of late- metamorphic
magnetite can have weak preferred orientation, or that
arrangement is controlled by the overall p.c.o. of
paramagnetic matrix. In both cases the prolate fabric
associated with shape anisotropy of prolate grains of

magnetite may not be developed.
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Chapter 11.

Anisotropy of ARM method.
11.1. Anisotropy of remanence.

Contrary to magnetic susceptibility, the only magnetic
phases responsible for the existence of remanent magnetization
within the rock are ferromagnetic (s.1l.). Usually due to
chemical conditions only one or two ferromagnetic minerals are
mineralogically stable in the rock and are therefore capable of
carrying remanence (Jackson, 1991).

The maghetic fabric of ferromagnetic minerals can be tested
with the use of one of several kinds of remanence that can
carried by the sample:

1. thermomagnetic remanence (TRM) - when applied field is acting
on a sample during cooling in a defined range of temperature
(eg. Collinson, 1983);

2. isothermal remanence (IRM) - when a strong D.C. field is
applied to the specimen at room temperature (op. cit.);

3. anhysteretic remanence (ARM) ~ when a weak steady D.C. field
acts on the sample simultaneously with a decreasing A.C. field,
over a certain range of A.C. field or throughout the A.C. field
range (Collinson, 1983, McCabe et al., 1985).

These remanences can be easily imposed on the sample under

laboratory conditions.
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The bulk anisotropy of remanencé is therefore due to both
anisotropy of the grains and the preferred orientation
distribution of ferromagnetic grains.

The contribution of different ferromagnetic minerals to the
bulk anisotropy can be more easily studied because a simpler
mineralogical composition of ferromagnetic phases contributes to
remanence in the sample than in case of a paramagnetic matrix
contributing to low field susceptibility.

However the anisotropy of single grain can vary depending
on the different magnetization processes employed. Also the
different magnetic processes can generate magnetization in
slightly different ferromagnetic phases (e.g. of different
coercivity or blocking temperature), or in case of ARM in grains
of different size.

The theoretical dependence between remanent magnetization
~and applied field 1is generally similar to that for

susceptibility:

M =Kf (H)

where M, is remanent magnetization, k is second rank symmetric
tensor and f(H) is a function of applied D.C. magnetic field.
For a low intensity of applied field the relation is linear, but
for high intensities of applied field, due to the Raleigh law,
the overall increase of remanence with field is non-linear,

especially near saturation remanent magnetization. However, the
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space (anisotropic) dependence can still be described by second-
rank tensor (Stephenson et al., 1986). This is different from
the AMS case, where a dependence of AMS on intensity of applied
field was reported for certain ferromagnetic phases (e.g. for
pyrrhotite, Worm, 1991, Stupaﬁsky 1990/1991, work in progress).

The analogous approach to anisotropy of remanence tensor k
results in the definition of anisotropy of the remanence
ellipsoid with its principal axes to characterize this magnetic
fabric. To sustain similarity with AMS ellipsoid the anisotropy
tensor is given as isothermal, thermomagnetic or anhysteretic
susceptibility (without wunits) when the measured remanent
magnetization is normalized by the intensity of the applied
field.

However in this thesis to retain a correlation between
studied NRM values and imposed ARM, the calculated principal ARM
were not normalized, but expressed in mA/m. It holds as long as
the applied external field is the same for all studied samples
(here 0.1 mT).

In any case we are principally concerned with directions of
remanence, and ratios of magnitudes so that the absolute values
are immaterial.

Anisotropy of remanence is generally greater than AMS for
a given magnetic phase (Hrouda, 1982) as it is more difficult to
impose the stable remanent magnetization along a high energy
direction (hard axis) than to induce a magnetization in that

direction (Jackson, 1991).
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Ferromaghetic phases, that contribute to the overall
remanent magnetization, have often different p.c.o /p.d.o
fabric, different coercivity, blocking temperature or saturation
remanent magnetization due to different grain size, or variation
in composition (especially the 1latter in the case of
titanomagnetites or pyrrhotite). Thus each phase may have a
different contribution to the overall anisotropic fabric.

The dependence of anisotropy of remanence on the
constituent mineral phases can be studied for ARM or TRM when
partial TRM (pTRM) or ARM (pARM) are imposed in a defined window
(of temperature or A.F. field respectively, Jackson, 1991,
Jackson et al., 1988). For IRM, only the anisotropy of resultant
IRM can be studied with increasing applied field. The changes of
PIRM with increasing field can only be analyzed by examining the
derivative of the final curve or by using vector difference. The
imposing of partial IRM in window H;-H, is somewhat more
complicated than for ARM or TRM - the A.F. demagnetization step
with peak A.F. field H, should be performed after applying of D.
C. field of H, intensity.

Jackson et al. (1988) indicated that partial remanence method
produces less noise than differentiating of M=f(H) curve. In
this study I shall be concerned only'with ARM.

The results for partial ARM for 2 magnetite phases of
different size and orientation present in the same specimen
(Jackson et al., 1988) shows that the total anisotropy of ARM

fabric is a resultant tensor of both phases. Most ferromagnetic




275

minerals reveal the strong dependence of coercivity on grain
size (Dunlop, 1986 for magnetite, Dekkers, 1988 for pyrrhotite),
therefore the acquired ARM strongly depends on the intensity of
A.F. field during ARM acquisition.

The A.F. intensity for ARM also influences the number of
phases which acquire the remanence. Small grain, SD magnetite
with higher coercivities (e.g.80-100 mT) can contribute to ARM
fabric only if sufficient intensity of applied field is used to
energise their spin moments.

(N.B; For SD magnetite, AMS fabric is "inverse" (Stephenson et
al., 1986), but ARM fabric should give "normal" fabric: with

1991)).

maximum ARM along the length of a grain (Jackson,
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11.2. The determination of the anisotropy of ARM (=AARM).

The scenario of calculation of the anisotropy matrix of ARM
depends on the facilities to measure the remanent magnetization
after ARM acquisition in the sample. Two designs are useful:

1. When the component of ARM along the direction of applied D.C.
field is directly measured, at least 6 measurements in different
orientations are required to calculate symmetrical anisotropy
matrix (with 6 different elements in 3x3 matrix). A larger
number of measurements increases the accuracy of determination
of matrix component and allows one to calculate the errors of
determination of principal values and their directions. However,
the least squares method must be then employed to find the
anisotropy matrix. Similar schemes were constructed for the
anisotropy of MS matrix (Girdler, 1961 - 9 positions ,
Stupavsky, 1984 - 12 positions).

Hext, (1963) offered an approach to calculate confidence cones
Ry; for axis directions and standard deviation errors for
principal values of the matrix.

2. If the full remanence vector (3 components) is measured for
each step of ARM acquisition, then in theory only measurements
in 2 directions are needed to reproduce the symmetrical matrix.
Stephenson et al. (1986) proposed measurements in only 3
orthogonal planes as sufficient design for IRM anisotropy.

Jackson (1991) noted that the accuracy of measurement of

all 3 components of a remanence vector should be high to get




277
reliable values for off - diagonal components of anisotropy
matrix. This is possible in IRM acquisition, where the
intensities of remanence are large. This is more difficult for
ARM, however, the resolution could be improved with a larger
number of measurement orientations (e.g. 12 as in this study).

Jackson (1991) proposed a goodness-of-fit parameter to test
matrix fitted to experimental data as root-mean-square residual
normalized to mean susceptibility (or mean remanence). This

formula is probably of the form:

5T, %, P
NE e
b= X

mean

where |r,,-r.,| is the vector distance between calculated (r,,)
and measured (r,,) remanence for each orientation (along the axis
of applied field in method 1 and in 3 - dimensional space in
methbd 2).

In this study only samples which revealed stable NRM and
were previously successfully AF demagnetized were chosen for ARM
fabric studies. ARM was imposed in a Sapphire Instruments SI-4
AF demagnetizer with 0.1 mT D.C field along the cylindrical
shield axis. The employed peak A.C. demagnetization field was
set at 100 (for most samples) to 200 mT (for those with high
coercivity of remanence >100 mT revealed in AF treatment of

NRM). The D.C. field was applied in a window from 100 mT (a.f.)
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to zero (a.f.).

Step-wise ARM acquisition for test samples.

Initially, the dependence of ARM on the A.C. demagnetizing
field was investigated for two pyrrhotite bearing samples (TW17-
1 and TW19-1) from biotite schist - migmatite zone. The A.F. was
increased in steps of 5 mT when ARM was imposed (for the same
position of a sample in each step) and ARM was measured in
MOLSPIN spinner magnetometer. The intensities of ARM were as
high as 200 mA/m. The pARM diagram (Fig. 11.1) indicates that
the coercivity of remanence ranges up to 40 mT for both samples
with maxima at 20 mT for TW17-1 and 5 mT for TW19-1l. Above these
fields both samples became unstable. Secondary peaks in the ARM
spectrum were observed for both samples at 30 mT. These results
are approximately consistent with known mean destructive field
(MDF) values (usually 60% of H, for large pyrrhotite grains
(Clark, 1984)), here up to 20 mT. The maximum A.C. field window
in ARM acquisition set at 100 mT is therefore suitable to
produce ARM in all present ferromagnetic grains in all samples

with low MDF.

ARM acquisition and anisotropy tensor calculation in the study.
The sample was initially demagnetized with the AF peak
field of 200 mT which was sufficient for all but a few samples

(with high coercivity of remanence). The residual NRM was




Spectrum of ARM
Samples: tw17-1 & tw19-1

Intensity increase (mA/m)
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Upper limit of AF wind. for DC field-mT

—&— tw17-1 —— tw19-1

Fig. 11.1. Changes of anhysteretic remanence when a window of AF
treatment, in which DC field is applied, becomes enlarged. X - axis
- a value of upper limit of AF field for ARM acquisition. Results
for two samples (pyrrhotite bearing) indicate that ARM is carried
mainly by grains with coercivity of remanence less than 20 mT.
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measured for all samples with MOLSPIN magnetometer. The
sensitivity of the magnetometer is about 0.5 mA/m. Thus for ARM
determination purposes, all samples with intensities lower than
0.5 mA/m can have significant measurement error (up to 20-30%)
of each component of remanence vector. Therefore, only samples
with previously determined stable NRM of intensity higher than
10 mA/m were used.

The procedure of ARM acquisition employed 12 orientations
as designated by Stupavsky (1984). The change is orientation of
sample for all but 4th to 5th orientation was at angle 45°; from
the 4th to 5th position it was 90° (Fig. 11.2a,b). The full
vector of ARM was measured after each step of ARM acquisition
with the Molspin magnetometer. Each sample was AF demagnetized
in 3 orthogonal positions only after the 4th step, with the
assumption that in mostly multidomain ferromagnetics the applied
AF field of peak 100 mT during ARM acquisition is sufficient to
unblock existing ARM which was imposed previously at angle of
45° to the actual orientation of demagnetizing field.

Four samples had their ARM imposed with demagnetization
after every step of ARM acquisition. These tests did not reveal
noticeable differences from those using full a.f.
demagnetization after only the 4th step (see Table 11.3 and Fig.
11.4). Therefore further ARM acquisition was made with AF
demagnetization only after the 4th step to save time.

As a result of this procedure, 12 vectors of ARM for the 12

Stupavsky orientations were obtained. This yields 36 equations
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Table 11723, The comparison of ARM acqusition results for 2 discussed methods
' | - AF demagnetization after 4th step
Il - AF demagnetization after each step

Method Min Int Max Mean ARM (mA/m)
Dec Inc Int Dec Inc Int Dec Inc Int geom  aritm
TWS8 | 346.1 10.2 1.72E+02 221.0 725 3.41E4+02 78.6 14.0 7.10E+02 346.6 407.6
TW8 il 3457 5.5 1.62E+02 228.8 77.9 3.29E+02 76,7 10.7 7.23E4+02 338.0 404.8
TW14 | 6.7 7.0 6.11E+01 116.2 69.8 B8.25E+01 274.3 18.8 1.32E+02 87.3 91.9
TW14 I 109 13.7 5.49E+01 136.9 67.4 8.11E+01 276.5 17.6 1.28E+02 83.0 88.1
TW17 | 3180 44.6 8.94E+01 1753 389 1.21E+02 68.6 19.6 1.81E+02 1252 130.6
TW17 Il 313.1 481 7.96E+01 176.6 33.1 1.20E+02 70.8 226 1.76E+02 1187 1250
TWA2 i 177.3 0.7 4.24E+01 267.6 23.5 5.13E+02 858 66.5 643E+02 241.0 399.6

TWA2 Il 1773 0.8 6.03E+01 2676 19.2 5.42E+02 851 70.8 6.87E4+02 282.0 429.6




Q) TWI4-] ( AF demagnetisation
N

before each step )

AARM ellipsoid
% Max axis
® min axis

b) TWi4 - ( no AF demagnetisation
N between steps)

Fig. 11.4. ARM vectors after acquisition of ARM in each of 12
orientation. Two procedures were tested: a) with AF demagnetization
before each step; b) - AF demagnetization only before 5th step, no
AF demagnetization before the other steps.

The orientation of principal axes of AARM ellipsoid are shown as
well. Note that both method gave a similar orientation of acquired

ARM vectors and directions of AARM fabric.
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in the 1least squares method to find six parameters of the
anisotropy matrix. Therefore two approaches to‘estimate the
anisotropy matrix were adopted.

1. - The component of measured ARM along the direction of
applied field was calculated to reduce the number of equations
to 12 and to use the Stupavsky algorithm (SI-2 program) to
estimate the anisotropy matrix and the error of fitting the
matrix to experimental points.

2. - The full set of 36 equations was used to estimate the
anisotropy matrix with least - squares method based on Hext
(1963) approach. However the errors of calculated principal ARM
and their orientation could not be estimated, due to the complex
formulae necessary to be programmed for non - rotational design
of specimen orientations (Hext, 1963).

The directions and values of principal anhysteretic
remanences (ARM_,., ARM,,, ARM,, ) were calculated together with
confidence cones (ry) for the directions estimate and the
standard deviation (std) for an estimate of intensities of
principal remanences.

The goodness-of-fit parameter (Jackson, 1991) was also
calculated for both methods. These calculations were performed
with the use of program FAMS4.BAS of Borradaile & Stupavsky
modified by the writer. The comparison of results of both
methods do not show any superiority of one approach over the
other. The full vector approach employs many more exberimental

data therefore also goodness-of-fit can be affected by more
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scattered results. For further studies, the Stupavsky approach
(method 1) was used as it mor easily calculates the error of the
estimation of the principal values.

A total 89 samples from the Calm Lake - Perch Lake area, 30
samples from Atikokan - Huronian Lake traverse and 37 from
Kashabowie Lake - Huronian Lake traverse were measured and most
of them gave acceptable results for the ARM (with at least one
direction of principal anhysteretic remanences with ry less than
20°) - see appendix B for tables.

Data with confidence cone Yy >20° were rejected from
further interpretation of the distribution of directions of ARM,,,
and ARM,,. However they were used to determine the anisotropy
parameters P’, T. One should note that for samples with almost
uniaxial prolate or oblate fabric the determination of
directions of two principal axes (one of them is ARM,,) naturally
leads to high values of measurement "error".

Samples with substantial initial remanent magnetization
after AF demagnetization at 200 mT prior to ARM acquisition had
this remanent magnetization subtracted from the measured ARM
remanence, as this was assumed to be unaffected by ARM

acquisition.
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Chapter 12.

ARM and its anisotropy (AARM) in the area.
12.1. Intensity of ARM in the area.

The intensity of anhysteretic remanence can be used as a
indicator of variations of ferromagnetic content through the
transect. ARM intensity was calculated as a geometric mean of
three principal values of AARM.

In Calm Lake - Perch Lake area 89 samples were examined (30

of them came from fold closures - series FA and FB and graded
beds - series PLR and they were not used for further analysis of
ARM fabric in the area). All but three had ARM intensities
larger than 10 mA/m (the range 100-500 mA/m was the most common,
mean ARM intensity is 117 i 159 mA/m, N=59, Fig. 12.1).
One sample with very high remanences came from western part of
CNR track traverse from Wabigoon metavolcanic outcrops (Fig.
12.2a). It had also high susceptibility that can indicate the
content of magnetite. The ARM intensity for remaining 58
metasedimentary samples showed 1local variations and was
controlled by changes in pyrrhotite content and alignment. The
content of magnetite in these samples is probably minor as none
other extremely high ARM intensities were observed.

Samples from chlorite and biotite schist east of Atikokan

had mostly high anhysteretic remanence (mean ARM intensity: 211

+ 96 mA/m, N=10, Fig.12.1, Fig. 12.2b). They contain pyrrhotite
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only as ferromagnetic phase (see sample TWAS5, appendix C). -

ARM intensity for 33 samples from the interior of the belt
are generally lower than at the northern margin of the belt
(mean ARM: 73 + 79 mA/m Fig. 12.1) and 1local variations
(especially low values of ARM are observed in more felsic
outcrops, higher in amphibolites, Fig. 12.2b).

In low grade metasediments and metavolcanics of Kashabowie
area ARM intensity is also low (mean ARM: 79 * 71 mA/m, N=24,
Fig. 12.1). It is slightly higher in metavolcanics (Fig. 12.2b),
put even the presence of magnetite in some samples does not
cause higher ARM intensity. It can be explained by the fact that
observed magnetite is MD and produced remanence is therefore
low. None samples from felsic metavolcanics (stations RS 5.5 to

8) carried stable and consistent ARM fabric.
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12.2. The distribution of directions of AARM foliations and

lineations.

AARM foliationms.

In Calm Lake - Perch Lake area the ARM,; axes were accepted
for 87 samples and ARM,,, axes for 57 samples. However, data from
fold closures and graded bed station cannot be used for overall
distribution of directions as they may reflect combined
sedimentary and tectonic fabric. Therefore they were excluded
from thé overall directional analysis. Remaining data plotted on
the stereonet (Fig. 12.3a) indicate well developed AARM
foliation almost vertical steeply dipping to the north.

AARM foliation planes for 10 samples from east of Atikokan
suite group tightly around almost the same sub-vertical
orientation (see Fig. 12.3b-c and Table 12.4). At the centre of
the Quetico belt AARM foliation planes become less steep (mean
dip of 78°) than at northern margin (Fig. 12.3d and Table 12.4).
However the scatter of orientation of AARM foliations for

individual samples increases.
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Fig 12.3c. Data from fig. 12.3a and 12.3b.
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Fig. 12.3e.
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Table 12.4. The orientation of AARM minimum axes (poles to AARM
foliations).

Area N Counting method PCA method
Calm L.-Perch L.area 57 164/2 (180) 164/0 (6/5) ?
east of Atikokan 10 345/4 (80) 345/4 (10/6)
whole Atikokan area 67 344/2 (210) 344/0 (5/4) ?
interior 31 | 168/22 (70) 166/14 (19/9)
Kashabowie area 22 333/1 (100) 153/2 (10/7) ?
| All areas total 120 | 161/0 (210) 162/2 (5/4) ?

? - distribution 1s not of Bingham type, the results of PCA
method must be considered with caution.

On the southern margin AARM foliations become more steep in
the low- grade metasediments of Quetico Belt and ARM foliation
can dip to the north as well .as to the south (Fig. 12.3e) with
a mean foliation plane sub- vertical and striking slightly more
to N-S direction than in the interior of the belt.

The overall AARM foliation plane for a whole area is
subvertical (Fig. 12.3f) because there are more samples from
margins of the belt than from the interior contributing to

overall statistics.

AARM lineations.

In Calm Lake - Perch Lake area directions of maximum and
intermediate principal axes of AARM are better defined than
those for AMS axes. It is due to less perfectly oblate AARM
fabric. Directions of AARM lineations are scattered along AARM

foliation plane (Fig. 12.5a). However, a weak cluster of these

lineations exists. The mean AARM lineation for that area is
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Fig 12.5c. Data from fig. 12.5a and 12.5b.
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Fig. 12.5d.
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Fig. 12.5e.
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steep (plunge of 62°) like the mean AARM lineation for low grade
metasediments east of Atikokan (Fig. 12.5b).

In both remaining areas AARM lineations are very shallow
and well grouped around their means, plunging gently (4-5°) to
ENE (Fig. 12.5d-e, Table 12.6).

Table 12.6. The orientation of AARM maximum axes (AARM
lineations).

Area N Counting method PCA method
Ccalm L.-Perch L.area 46 |81/62 (60) 73/62 (55/7)
east of Atikokan 10 |90/77 (50) 110/84 (26/9)
whole Atikokan area 56 81/62 (80) 77/76 (33/5)
interior 32 75/4 (120) 73/4 (11/6) ?
Kashabowie area 22 65/5 (90) 63/5 (13/9) ?
All areas total 110 | 71/0 (1l20) 71/10 (15/5)

The variations of AARM fabric along the traverse.

In Calm Lake - Perch Lake area the orientation of AARM
foliation planes show variations in plunge that may be of the
order of up to 30° from one outcrop to another. However, these
changes aret not erratic but rather on a smaller scale the
foliation orientations are similar. If strikes of those planes
are normalized only to 0-180° sector, some consistent changes of
the strike directions can be observed for both traverses
(highway 11 and CNR track, Fig. 12.7a and Map 12.8).

On the traverse across the belt from Atikokan to Kashabowie
Lake low grade metasediments have a uniform direction of AARM

foliations (Fig. 12.7b and Maps 12.9 and 12.10). In the interior
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of the belt the orientation of AARM foliations become more
erratic and change rapidly from one outcrop to another (Fig.
12.7b, Map 12.9).

In the metavolcanic zone within Shebandowan Belt near
Kashabowie AARM foliations vary remarkably along the traverses

well (Fig 12.7, Map 12.10).

AARM lineations show large changes of its strike in Calm
Lake - Perch Lake area, but changes in their plunges are much
more ordered (Fig. 12.1la, Map 12.8). Going east those
variations are getting minor for a steeply plunging lineations
east of Atikokan and shallow lineations in the interior of the
belt and Kashabowie Lake area (Fig. 12.11b, Maps 12.9 and
12.10).

This uniform orientation of AARM lineations along the
traverse (except the narrow zone near northern margin of the
belt) indicates that the mechanism that generated the AARM

lineations fabric had to be also homogeneous throughout the

area.

The relations between sedimentary, tectonic and AARM fabric.
Samples from three series from fold closures (FA and FB)
and a graded bed (PLR) collected in Calm Lake - Perch Lake area

show close grouping of their ARM fabric within the series at

directions that are completely different than those of the whole
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Fig. 12.8. Map of AARM fabric foliations and lineations in calm
Lake - Perch Lake area.

ARRM foliations for 3 sections of the area (west, central and east)
and AARM lineations in eastern section of the area.'
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Fig. 12.9. Map of AARM fabric foliations
Atikokan - Huronian Lake traverse.
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region data (Fig 12.12 - 12.14). The ferromagnetic phase in
those rocks was recognized as pyrrhotite.

In fold closures AARM lineations group near Sy/S;
intersection lineations with some spread along the schistosity
plane (Fig. 12.12 and 12.13). AARM foliations are not quite
parallel to a pole to S, plane, but deflected of about 30°. The
orientation of bedding surfaces was not available, therefore the
relations between S, surfaces and AARM min axes were not
examined.

In a graded bed with refracted cleavage the relation
between AARM fabric and tectonic and sedimentary fabric is
similar. AARM foliations are oriented along schistosity planes
near S,/S; intersection lineations (Fig. 12.14). AARM foliations
are more tightly grouped than S, schistosity planes across the
bed and largely offset from the bedding plane. That clustering
suggest that AARM fabric is post-tectonic (and post-folding) and
the growth of pyrrhotite was probably controlled by the
orientation of recrystallized paramagnetic matrix. However,
some effect of a sedimentary fabric on AARM still can be
preserved as a weak grouping of AARM lineations near S;/S; exist.
It was more prominent in case of AMS fabric (Borradaile et al.,

1988) as paramagnetic phase is partly pre-tectonic.




Fig. 12.12. AARM fabric for a major fold in metasediment near
Flanders. a) AARM lineations are near S,/S, intersection lineation,
AARM foliation at low angle to S;. b) distribution of AMS fabric for
the same fold (from Borradaile et al., 1988).
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Fig. 12.13. AARM fabric for a minor fold in metasediment near
Banning Lake. a) AARM lineations are near S;/S; intersection
1ineation, AARM foliation at low angle to S;. b) distribution of amMs
fabric for the same fold (from Borradaile et al., 1988).
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Fig. 12.14. AARM fabric for a graded bed with refracted cleavage
near Perch Lake. a) AARM lineations are spread along S; plane near
a direction of S,/S, intersection lineation, AARM foliation between
s, of top and base of the bed; see text for discussion. b) AMS
fabric for the same bed (from Borradaile et al., 1988).
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12.3. Shape of AARM fabrics and anisotropy parameters.

The anisotropy parameters (P’ and T) were determined for

all samples which possessed at least one well determined
principal axis (that includes both perfect oblate and perfect
vprolate fabric).
The anisotropy parameter P’ for ARM in all three areas is
substantially larger than for suscepﬁibility and suggests that
the ferromagnetic phase carrying ARM may be mostly pyrrhotite
and not'magnetite (Fig. 12.15).

In the northern margin of the Quetico Belt (Atikokan area)
anisotropy parameters for this area show quite a consistent
distribution (Fig. 12.16). They are generally oblate with a high
anisotropy ratio (greater than 2) typical for metasediments with
pyrrhotite. High p.c.o. of pyrrhotite grains increases the
overall mean anisotropy (mean P’=5.7 * 4.1, Fig. 12.16).

The highest values of anisotropy ratio (P’>8) are typical
for those samples collected near the CNR track in the vicinity
of Quetico Fault. A few samples with weakly developed prolate
fabric (T>=-0.2) are not grouped together and are not significant
(Fig 12.17a).

A highly anisotropic oblate fabric was present in the zone
of the lowest grade metamorphic rock next to Quetico Fault near
Atikokan (P’ of values 15-20) due to very strong p.c.o. of
matrix controlling p.c.o. of pyrrhotite grains (Fig. 12.17b).

Within the interior of the belt both prolate and oblate
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fabric are detected (Fig. 12.16b, mean T=0!) with prolate ARM
grouped next to Sapawe and Eva Lake and east of Windigoostigwan
Lake (from station TW17 to the east) in lower grade migmatites
as well (Fig. 12.17b). These prolate fabric are associated with
lower anisotropy ratio (less than 4). Only some of these samples
had amphibolite composition (magnetite bearing, although the
anisotropy of ARM seems to be too high for magnetite only).
However most of them did not reveal the presence of magnetite in
thermomagnetic curves (see Appendix C). Therefore these prolate
fabrics may have formed late, when the shearing component of
deformation was much larger than the compressive one.
The other strong prolate fabric are reported invmetasediments
with very weak ARM as probably a measurement error (Fig.
12.17b).

In low- grade metasediments and metavolcanics in Kashabowie
- Huronian Lake area the Jelinek P’-T plot indicates that 5
(20%) samples have prolate fabric usually associated with low
anisotropy ratio (less than 2, Fig. 12.16c). Two (of four)
metavolcanic samples with substantial prolate fabric are
magnetite -bearing (stations RS1.1, Spark, 1991 and RS1.3).

The distribution of P’ parameter shows that for
metasedimentary outcrops, the anisotropy ratio is larger than
for metavolcanic ones (Fig. 12.16c). Metavolcanics do not
possess strong p.c.o. and are more often magnetite- bearing with
lower potential anisotropy of remanence for single grains.

However, even in the metavolcanic rocks, high anisotropy is
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observed in rocks with mostly magnetite (RS1.3, compare‘the

thermomagnetic data in Appendix C).

Anisotropy of ARM and ARM intensity.

The relation between the intensity of ARM and anisotropy
parameters was also examined.
The weak trend of the increase of anisotropy ratio with ARM
intensity can be postulated in all areas (Fig. 12.18). However
there is no linear correlation between P’ and ARM intensity.

Neither was a dependence found between the parameter T and ARM

intensity.
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Chapter 13.

Tectonic and magnetic fabrics - discussion.
13.1. The differences between fabrics in 3 separate suites.

The studies of tectonic and magnetic fabric were performed
for three separate areas: low dgrade metasediments at the
northern margin of Quetico Belt ("Atikokan area"); higher grade
(above staurolite isograd) metasediments ("Interior of belt")
and lower grade metasediments and metavolcanics on the southern
margin of the belt ("Kashabowie area"). The detailed results are

reported in chapters 5, 8, 10 and 12.

Tectonic fabrics.

At the margins of the Quetico Belt S1 foliations are
subvertical along the traverses. Only one pervasive schistosity
(S;) is observed in each outcrop. The mean strike ENE - SWS is
consistent along the traverses. In the centre of the belt s,
planes are less steep (mean dip is 68°), however the mean
direction of strike remains similar to those from the margins
(Fig. 13.1a).

Schistosity is well developed in most more mafic outcrops in the
pegmatite - migmatite 2zone and it is weak in pegmatite and

granitoid bodies. The more gentle plunge of schistosity planes

in schistose parts of outcrops are associated typically with the
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intrusions of more felsic bodies.

Observed lineations are mainly extension lineations in
schists in higher metamorphic rocks or §,/S; intersection
lineations in metasediments in Calm Lake - Perch Lake area
("Atikokan area").

S¢/S; lineations on the northern margin are weakly clustered
and spread along S; foliation plane. Extension lineations in
chlorite and biotite schist east of Atikokan cluster weakly
around a quite steep mean value (with a plunge of 52°). In the
interior of the belt and at the southern margin I, fabric plunges
gently to ENE (Fig. 13.1Db).

The large scatter of S,/S, fabric in Calm Lake - Perch Lake
area can be explained by the existence of a structure of sheath
folds south of the Quetico Fault with varying plunges of fold
axes and varying structural facing (Borradaile et al., 1988). A
steeper orientation of I, fabric in highly sheared zone south of
Atikokan can be correlated with a compressive component of

deformation in that area.

AMS fabrics.

AMS foliations at the northern margin of the Quetico Belt
(in Calm Lake - Perch Lake and east of Atikokan) are almost
vertical and near W-E striking (Fig. 13.1c). Also at the
southern margin this fabric is subvertical and strikes slightly

more to the south-west. In the interior of the belt AMS planes

are less steep but the overall ENE-SWS strike prevails.
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AMS lineations have a similar orientation to the tectonic
L, fabric (Fig. 13.1d). The plunges of these fabrics are steep
and poorly defined in the Atikokan area, but shallow and
consistent in the other areas (in the interior and in Kashabowie

area).

AARM fabrics.

Both AARM foliations and 1lineations show a similar
variations between three areas as AMS and tectonic fabrics (Fig.
13.1e,f). However due to a smaller number of samples the mean
positions of AARM fabric are worse defined than those for AMS

and tectonic fabric.

S, bedding at the belt margins.

Primary bedding 1is preserved only in 1low grade
metasediments at the belt margins. It is subparallel to later S;
schistosity and as the other fabrics subvertical in both areas

(Fig. 13.19g).

The orientation of ChRM girdle.

Planes fitted to ChRM directions of A & B classes are
subvertical in the margin of the belt areas and more gentle
dipping in the interior just 1like the other fabrics (Fig.
13.1h) . However, their orientations are poorly defined (angular
standard deviations of 30° or more). Those orientations exhibit

the strong correlation between observed ChRM directions and AARM
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foliations.

All fabrics, when their orientation in three areas is
considered, show the subvertical orientation of planar fabrics
at the belt margins and more gentle dips of these fabrics in the
centre of the belt (usually dips are of value of 60-70°).

Linear fabrics plunge géntly (plunges of values of 10-30°
are typical) in the interior of the belt and at southern
margin. However they are much more poorly clustered at the
northern margin and the plunges of their mean orientations are
quite steep (60 -70°). These fabrics usually are spread along
the foliation plane. Although the accuracy of determinations of
a mean direction of any linear fabric in the Atikokan area is

poor, the similar orientation (gentle plunge to ENE) of all

linear fabrics seems to be significant.
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13.2. Detailed correlations of orientations of planar and

linear fabrics.

It is not purpose of this study to examine the correlation
between final strain in visited three areas and anisotropy
ratios for ARM anisotropy and AMS. No strain data were available
from Calm Lake - Perch Lake area and in the interior of the
belt; reliable finite strain markers were not preserved due to
high metamorphism in the area. Therefore fabric correlations in
this study are based on the directional analysis of AMS, ARM and
tectonic fabric as well as the correlation of S;, AMS and ARM
foliations for individual samples with all three fabrics known.

The anticlockwise (to the north) offset of ARM and AMS
fabric with respect to tectonic fabric postulated in other
studies as a kinematic indicator of the déxtral shearing
component (e.g. Spark, 1991, Dehls, 1992) was reexamined here
for all three areas.

For each of three areas a relative orientation of tectonic
fabric, AMS  fabric and AARM were compared. The positions of
poles to foliation planes and directions of 1lineations are
plotted on the stereoplot. Positions of mean directions
determined by principal component analysis (PCA) method together
with a 95% confidence cone were takeh as a mean orientation of
each fabric. Confidence cones are drawn on the equal - area
projection plot only approximately, as this projection distorts

the shape of an ellipse.
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The position of pole to ChRM direction was determined by
PCA method as well with an angular standard deviation (ASD) cone
around it. However, the ASD parameter is different than 95% cone
limit. When the any planar fabric orientation is compared to
ChRM plane orientation, the eventual non-overlap of the
confidence cone for the planar fabric and an ASD circle for ChRM
cannot answer the question whether their directions are truly
different.
For any set of two planar fabric a such overlapping of
bonfidence cones cannot also be decisive; the cones on the

stereoplot are distorted.

The northern margin of the Quetico Belt.

Foliations for AMS, AARM and S; fabric have very similar
orientations, only about 5° apart one from another (Fig. 13.2).
AMS and AARM planes are almost vertical, S, plane dips steeply to
south. However, the S, fabric is not so well defined as the other
ones because only tectonic data from outcrops east of Atikokan
were available (measured in this study). AMS fabric is located
between S, and S, fabric that can suggest that some component of
primary sedimentary AMS fabric might persist. However, S; and S,
data are collected from a smaller area than AMS.

The size of an confidence cone around AMS planar fabric may

indicate that the difference between AMS and S; fabric is

significant. AARM fabric, on the other hand, is located closer
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to S, and their confidence cones overlap (Fig. 13.2).

Those observations are consistentv with Sarvas (1988)
correlations between AMS foliations and S; fabric in Calm lake -
Perch Lake area. His AMS data from Calm Lake - Perch Lake area
were used (198 of 222 samples) in this study as well. He found
AMS ;. axes perpendicular to S; mean plane. However, the accuracy
of determination of directions of both planar fabric was not
listed.

The intersections of S;/S, (after Sarvas, 1988) do not form
ény well developed cluster within S; plane like the distribution
of x... axes that are also scattered along the AMS foliation plane
(Fig. 5.3) . Also extension lineations east.of Atikokan form very
weak cluster (compare Ch. 5). Similarly, AARM lineations do not
cluster as well (compare Ch. 12). Orientations of mean
directions of AARM, AMS and L, lineations have large confidence
cones (>30° along the foliation planes, Fig. 13.2), but

generally are quite steep in the area (plunges more than 40°).

The interior of the belt - higher metamorphic grade rocks.
Orientations of tectonic fabrics: S, and L;,, AMS and AARM
magnetic fabrics were compared for metasediments from the
interior of the belt (Fig. 13.3).
The strike of planar fabric in the area is almost the same
with less than 10° variations. ARM foliation is parallel to

schistosity and both dip at 68° to the north. AMS foliation is

almost parallel to them as well. The difference of the
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orientation of AMS planar fabric with respect to two others may
be significant if sizes of confidence cones are concerned.
However AMS orientations in this area are further from S; than
the ARM foliations, as in the Atikokan area.

Linear fabrics are better defined than at the northern belt
margin (e.g. in Calm Lake - Perch Lake area), indicating that
the fabrics are not so uniaxially oblate as in the other area
(Fig. 13.3b). The offset of AMS lineation with respect to the
mineral lineation exists but remains within the confidence cone
area. ARM lineation may be offset to the W-E from the L,
direction, but it can be non -significant statistically due to

a substantially large confidence cone of AARM lineation.

Kashabowie area - low grade metasediments and metavolcanics.

Studies of fabric in the Kashabowie - Huronian Lake area
resulted in the estimate of S, and S, plane and AMS fabrics by
Spark (1990). My study led to the determination of ARM fabric,
additional data for AMS fabric and determination of an
distribution of ChRM directions for AF and thermal
demagnetization procedure.

The orientation of all planar fabric in this are is much
more consistent then at the northern margin of the belt (Fig.
13.4). Almost vertical planes of AMS and ARM foliations are
close to S,, and distances between poles to them are smaller than

their confidence cones. The mean AARM foliation is slightly

anticlockwise offset with respect to the AMS foliation when
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their strikes are compared. The same effect can be noticed for
AMs fabric when compared to the mean direction of tectonic S,
schistosity. The position of primary bedding S, is more offset
from the other planes, but the bedding was measured only in 11
metasedimentary outcrops.

The linear fabric are oriented to the NE with very gentle
plunges (Fig. 13.4b). The anticlockwise offset of ARM and AMS
fabrics with respect to L, (when their trends are considered) is
believed to be statistically significant. However, AARM
iineation plunges much more gently than other two fabrics, as in

the interior of the belt.

Relations between planar fabrics (8,, AARM and AMS) for
individual samples.

Relations between magnetic and tectonic fabrics of
individual samples were also examined. The angle between
corresponding foliations (AARM and AMS or AMS and S;) were
calculated. When AARM fabric was offset to the north
(anticlockwise) from AMS then the value of angle was taken as
positive; when the offset was of opposite sense, the angle had
a negative value (Fig 13.5a).

Orientations of the directions of intersections of two
planar fabric (e.g. AARM and AMS) were also examined. The down
plunge (filled circles on Fig. 13.6) of intersection line was

taken when AARM was offset to the N-S (anticlockwise), and the

plunge was up for an offset of an opposite sense (open circles
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respect to S, plane). Therefore, positive values of an angle may
indicate an effect of dextral shear. Tables below diagrams
summarize the statistics. See text for detailed discussion.
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on Fig. 13.6).

The effect of anticlockwise offset of AMS fabric with
respect to the S; schistosity plane is not more common than
opposite situation for any collection of samples from all three
areas (Fig. 13.5a). For single samples the angle between two
fabric can be more than 20-30°. However, neither clockwise nor
anticlockwise offset of one fabric with respect to another is
common for any area. The mean values of that kind offset are of
order of a few degrees (table on the Fig. 13.5a). Therefore
there is no statistical significance in the distribution of the
angles between individual AMS and S; foliations in any area.

The directions of axes of intersections of AMS and S,
foliation planes are distributed along the plane for samples
from the margins of the belt (Fig. 13.6a,c). However, because
both planes are at small angle each to other, such distribution
must be expected. In addition the error of determination of the
direction of those intersection axes may be a quite large value.
Therefore no significant conclusion can be drawn from such a
distribution of intersection axes. On the other hand, samples
from the interior of the belt have their intersection axes
clustered near directions of AMS and L, lineations (Fig 13.6b),
because the foliations are less steep and at higher angles to
one another.

The angles between AARM & AMS foliations for individual

samples are usually smaller than those between AMS and S,

fabrics. They are usually less than 15° for all three areas
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c) 192
Fig. 13.6. Directions of vector cross—products of poles to planar
fabrics (AMS%S, - fig. a-c and AARM*AMS - fig. d—-f) for individual
samples. They have a geometric interpretation as directions of
intersections of two planar fabric for an individual sample. When
they point down, a first fabric (from a pair) is anticlockwise with
respect to other. That may indicate an effect of dextral shear. See
text for discussion.
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(Fig. 13.5b). In Atikokan area an anticlockwise offset of AARM
planes with respect to AMS can be observed (44 samples with an
anticlockwise offset and 22 with a clockwise one), but in the
other two areas a weak opposite correlation exists (see table on
Fig. 13.5b).
More than 20 % of samples from the Kashabowie area had a
substantial angle (more than 30°) between AARM and AMS
foliations. It can be caused by the cases of inverse AMS fabric
in some metavolcanic samples.

The axes of intersections of AMS and AARM foliations are
scattered along the AMS or AARM planes (Fig. 13.6d-f). This
scatter can be explained by a large error of determination of
orientations of intersection axes for samples with almost

parallel foliations.

The relations between fabrics and a shear component of
deformation.

In earlier study some anticlockwise offset (of about 5°)
between mean directions of AMS and I, lineations was determined
by Spark (1990) for Kashabowie area (see also Borradaile and
Spark, 1991). However the accuracy of determination of each mean
direction was not reported. In this study two approaches are
employed to test whether the significant difference between two
fabric exists:

1. The comparison of mean orientations of examined fabrics

with confidence cones for each orientation;
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2. The comparison of angles between planar fabrics for

individual samples.

It can be concluded that AMS planar fabric is slightly
anticlockwise deflected from S; schistosity in the interior of
the belt and at the southern margin (based on the method 1).
However, the separation of those two fabric is at the margin of
overlap of their confidence cones. Method 2 does not indicate
any significant offset of one of these fabrics with respect to
another.

In Atikokan area AMS foliation is located between S; and S,
fabrics and therefore can be partly of sedimentary and not
tectonic origin.

AMS 1lineation show a substantial offset from I, only in
Kashabowie area. It confirms the observations of Spark (1990).
In the interior of the belt it is parallel to L,, in Atikokan
area poorly defined.

These conclusions support an anticlockwise offset of AMS
fabric with respect to tectonic fabric as a result of forming of
AMS fabric during dextral transpression, only in the centre and
on the southern margin of the Quetico Belt. However, for
individual samples, an offset of AMS fabric from S, fabric is not
consistent along the traverse.

Mean AARM foliations are oriented more closely to S; than
AMS as well as AARM foliations for individual samples (Fig.
13.5c). However, confidence cones around poles to mean AARM

foliations are larger and these relations can be artificial. An
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analysis of results of method 2 suggests a slight anticlockwise
offset of AARM planes with respect to S, at the belt margins as
well (table under Fig. 13.6c), compatible with dextral
transpression.

AARM lineations are much less steep than other two fabrics
(L, and AMS lineations) in the interior of the belt and in the
Kashabowie area. However, the confidence cones are quite large
and therefore the real plunges of AARM lineations in these two
areas can be steeper as well. In Atikokan area AARM lineations
are much steeper, but the AARM fabric is more oblate and AARM
lineations are consequently poorly defined.

The above observations suggest that although AMS and AARM
fabrics correlate with tectonic fabric in this area, they only
support dextral transpressive shear along the southern half of

the Quetico Belt (see also Borradaile et al, 1988 for AMS fabric

discussion).
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13.3. The correlations between ARM and MS intensities and

their anisotropy parameters.

The other parameters tested for <correlations were
anisotropy parameters P/, T for ARM and AMS fabrics and mean

susceptibility with mean anhysteretic remanence.

Anhysteretic remanence and susceptibility.

In the Atikokan area samples have a monotonic but non -
linear increase of ARM intensity with susceptibility (Fig.
13.7a). This effect was observed for susceptibilities from range
of 2*10* - 10? SI vol. It suggest that the relative content of
ferromagnetics and paramagnetics do not vary much from one
sample to another. The content of magnetite is probably less
than 2-3%, because susceptibilities are low. The small increase
in pyrrhotite content produces slightly larger susceptibilities
(of the same order as paramagnetic susceptibility, 10,). The only
sample with high susceptibility (>10? SI vol.) and remanence (>1
A/m) is PST1 from Wabigoon metavolcanics.

In the interior of the belt the variations in the
pyrrhotite content must be much larger, as from two samples with
similar susceptibilities one can have 100 times larger ARM
intensity than the other (Fig. 13.7b). Only two amphibolite
samples have substantially larger susceptibilities (magnetite
bearing).

In Kashabowie area variations in pyrrhotite content cause
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similar variations in anhysteretic remanence as in the interior
of the belt (Fig 13.7c). A group of magnetite- bearing
metavolcanic samples 1is present as well. The observed
correlations confirm that pyrrhotite is a major ferromagnetic
phase in these collections, although detailed mineralogical

studies were preformed for less than 20 samples.

The distribution of anisotropy parameters P’ and T.

Anisotropy of magnetic susceptibility increases from the
belt mafgins to the interior of the belt (mean P’/ is 1.36 for
Atikokan area, 1.29 for Kashabowie area and 1.44 for the belt
interior, Fig. 10.15). However, there is also a large group of
samples with highly anisotropic, almost perfectly oblate AMS
fabric in Calm Lake - Perch Lake area. Those are samples from
the vicinity of Wabigoon belt and shear zones of Quetico Fault.
The 1lowest anisotropy (P’ of order 1.05) is observed in
metavolcanics of Kashabowie area, where prolate fabric is common
(due to high content of magnetite).

Samples from Atikokan area have strongly oblate AMS fabric,
typical for chlorite and biotite (and pyrrhotite as well).
Within the interior of the belt a substantial set of prolate AMS
fabric exists. They were correlated mainly with amphibolite-
bearing samples with magnetite content and some samples with
weak overall susceptibility, where measurement errors are
important for determination of an AMS ellipsoid. Samples with

prolate AMS come mainly from metavolcanics or felsic intrusions




345
(e.g. station RS11.3).

The anisotropy of ARM is the strongest in Atikokan area
within metasediments with pyrrhotite as the only ferromagnetic
phase (P’=5.7, Fig. 12.16). It indicates strong p.c.o. of this
mineral. AARM fabric is almost entirely oblate there.

In the interior of the belt anisotropy of ARM is lower
(mean P’=3.5) and 50% of fabrics are prolate. Samples with
prolate AARM fabric were mostly pyrrhotite- bearing (see chapter
12 for discussion). It suggests that although a single
.pyrrhotite crystal has a strong oblate anisotropy of remanence
fabric (e.g. Dekkers, 1988), the p.c.o. of pyrrhotite assemblage
in the rock may be of prolate (L) type, with the zone parallel
to L.

In lower metamorphic grade metasediments in the Kashabowie
area anisotropy is similar to that from the interior (mean

’=3.4) but of oblate shape. In metavolcanics it is lower (méan
r=2) and more samples have prolate fabric (discussion and

details in chapter 12).

Correlations between anisotropy parameters for AMS and AARM.
The hypothesis whether anisotropy ratios of AMS and AARM
are correlated with strain in the area are beyond the scope of
interest in this thesis (there are few suitable finite strain
markers). However, it can be examined whether there is a

correlation between anisotropy ratios of both fabric and between

their shapes.




346

In the Atikokan area only samples with an anisotropy ratio
for AMS less than 1.6 can have both fabrics correlated (Fig
13.8a). There is a substantial scatter of anisotropy parameter
P’ for AARM when samples with very high anisotropy of AMS are
considered. It suggests that a mechanism of ordering of
pyrrhotite grains within some of these samples is much more
effective than in samples with weaker AMS fabric. The overall
factor of linear correlation R’ for that collection is only 0.38.
In higher grade rocks the ARM fabric was determined only for
samples with 1low AMS (P’<1.7, Fig. 13.8b), therefore the
correlation between anisotropy ratios for AARM and AMS is
slightly higher (R’>=0.50), but still insignifiéant. It also
indicates that 4 samples with high AMS did not produced stable
ARM. In Kashabowie area due to varying composition of
ferromagnetic phase along the traverée, the correlation between
ARM and AMS anisotropy ratios is negligible (R?=0.35, Fig.
13.8c). /

The shape of anisotropy ellipsoids can be easily examined
when Jelinek’ T parameters are compared for both (AMS and AARM)
fabrics.

In Atikokan area the sense of fabric (prolate or oblate) is the
same for all but 7 samples, that had prolate ARM but oblate AMS
(Fig. 13.9a). Those samples came from metavolcanics outcrops on
the contact with Wabigoon belt. The linear correlation between
T parameters is strong. In the interior of the belt the shapes

of anisotropy ellipses for both fabric were not correlated. 16
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of 34 samples showed prolate ARM fabric but oblate AMS (Fig.
13.9b). They were mainly amphibolite samples or with low
ferromagnetic phase content. In the Kashabowie area the shape
sense is often different for AMS and ARM fabric, with both cases
of prolate AMS with oblate ARM as well as prolate ARM and oblate
AMS observed (Fig. 13.9c). One almost uniaxially prolate ARM
fabric was associated with substantial oblate (T,\,>0.5) fabric

for a sample from a metavolcanic outcrop.
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relationship between fabrics. See
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13.4. The timing of development of the ferromagnetic phase

and AARM fabric.

The observations of grain - grain relations in thin-sections and
the comparison of different magnetic fabric suggest that mostly
large pyrrhotite grains are responsible for ferromagnetic
properties in metasedimentary units within three studied areas.

These grains are large but with low aspect ratios when
separated fractions are viewed under petrographic microscope.
They do not reveal well developed p.c.o. but anisotropy of ARM
studies indicate very high overall anisotropy ratios. Therefore
the p.c.o of grains must be substantial. It leads to suggestion
that they were formed during post-metamorphic retrogressive
conditions and did not experience any secondary reheating. The
thermomagnetic curves did not indicate secbndary magnetite in
fresh, not heated grains. The ARM fabric is well developed and
highly anisotropic what suggest that the alignment of grains was
mainly controlled by the p.c.o. of the matrix. However, the
stress conditions should prevail in the matrix during forming
the pyrrhotite phase to ensure the suggested high overall p.c.o.
of pyrrhotite. In the other situations, the crystallographic
axes of pyrrhotite grains could be oriented more randomly.

If the position of AARM foliation more closely to the S,
fabric than AMS foliation is significant, this effect can be
interpreted due to 1later formation of ferromagnetic phase

(pyrrhotite) as post-metamorphic. The oxidization of pyrrhotite
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takes place in temperatures more than 450° C, even when
atmospheric air is absent (Dekkers, 1990). The oxygen in the
matrix minerals can also cause oxidization of pyrrhotite to
magnetite or hematite. Therefore it can be assumed that
pyrrhotite was created in the matrix in retrogressive
metamorphism conditions and its preferred orientation was
controlled by the preferred orientation of highly deformed
biotite - chlorite rich matrix. The model of rigid rotation of
ferromagnetic grains does not apply here and the anisotropy of
remanence cannot be used as kinematic indicator in this area.
These speculations can be énly supported by more extensive
studies of ferromagnetic content of rocks through the area and
thin - section studies of grain - matrix relations.

AARM lineations within the belt and at the southern margin
are very consistent and almost horizontal. They can be produced
as an effect of a substantial shearing component during the late
stage of deformation. This can explain a different orientation
of AARM lineations from tectonic and AMS lineations (which are
steeper). The distribution of AARM lineation fabric in Atikokan
area is controlled rather by the late- formed sheath folds and
therefore generally steeper. In the Calm Lake - Perch Lake area
the development of isoclinal to tight folds obliterated the
direction of extension lineations. The flat fabric (T - +1) also
made it difficult to define the lineation, as both the larger
(maximum and intermediate) principal remanences (or

susceptibilities) are similar.
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This discussion indicates that both ARM and AMS fabric in
this area correlate well with tectonic fabric, but they did not
show features that could be helpful in the estimation of the
sense of shearing component over the whole region. Only the
southern half of the Quetico belt may be subject to consistent

dextral transpression.

This study confirms that the leading factor which decides
about the validity of use of magnetic fabric as the kinematic
indicator of the shearing component of the deformation is the
process'of forming of both ferro - and paramagnetic phases and
the development of preferred orientation in them. Because the
paramagnetic and ferromagnetic fabric is controlled mainly by
the processes of metamorphic recrystallization, for such rocks
any quantitative correlations between strain, AMS and remanence

fabrics cannot be undertaken (Stephenson et al., 1986).
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13.5. The distribution of ChRM mean planes.

The position of planes fitted to the ChRM data by PCA
algorithm is rather close to other planar fabric components.
However, the error in estimating these planes is substantial (of
the order of 30°), therefore the dip values are not very
precise. It can be postulated that both methods of
demagnetization gave approximately the same orientation of ChRM
girdle (within their measurement errors).

ChRM (after A.F.demagnetization) planes generally imitate
the orientation of the ARM, AMS and schistosity planes. However,
due to a much larger scatter of NRM vectors away from a girdle
distribution, their positions are not so well defined.

The orientation of NRM vectors was also examined with
respect to the ARM fabric orientation within samples. For most
samples, NRM is deflected less than 20° from the ARM foliation
plane (Fig. 13.10). The large overall anisotropies of ARM
indicate that the p.c.o. of pyrrhotite grains within the basal
plane is very high. The substantial deflection of NRM toward the
basal plane of anisotropy (at large angles - more than 30°-40°
from the Earth’s magnetic field) is quite possible theoretically
if the anisotropy of remanence is so high (see chapter 9 for a
more theoretical discussion). The effective angle of deflection
of ChRM direction from the magnetic field depends strongly on

the relative orientation of the plane of anisotropy of remanence

(determined) and external field (here unknown). For different
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samples such deflection can vary substantially (from 0° to 30°-
40°). This factor introduces additional_disorder to the ChRM
distribution.

Pyrrhotite grains do not have a substantial anisotropy
within the basal plane. This supports the observation that ChRM
vectors do not tend to orient themselves toward maximum or
intermediate principal axes of ARM (Fig. 13.10).

The above discussion suggests that the rotations of
ferromagnetic grains toward the S, plane during deformation was
a minor one, however ferromagnetic grains crystallized in that
orientation. Therefore the ChRM in this case should be post- or
syn-growth chemical remanence and post peak metamorphic. It is
not pre-deformational and rotated toward the principal plane of
finite deformation (e.g. Kodama et al., 1988, model). This leads
to the hypothesis that the orientation of ChRM is controlled

mainly by high baéal anisotropy of pyrrhotite.

Individual ChRM directions are distributed along a plane,
but with a weak clustering at high inclinations. The position of
this weak cluster can be correlated with an effect of deflection
of remanence away from Earth’s field direction (for 1late
Archean, see chapter 3.2) toward the anisotropy of remanence
plane (see discussion in section 8.5) caused mainly by the
anisotropy. However, a process of mechanical rotation of

remanence of even stress- controlled deflection toward the

principal plane of finite strain cannot be completely
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disregarded. Some ChRM directions had low (or negative)
inclinations (less than 30°). The mechanism of rotation could be
partly responsible for their final orientations.

However, any distribution of ChRM vectors for a given site
(with no deformation or no substantial anisotropy of remanence)
always has a significant scatter around a mean direction due to
the influence of field- or laboratory related factors and
measurement errors. Such a scatter was also observed for data
obtained by Dunlop for weakly deformed or not- deformed
granitoid bodies within the Belts. Therefore the presence of
low- inclined ChRM directions could exhibit also the effect of
these non-controllable factors. I did not find any factor
(mineralogical, such as blocking temperature or coercivity, or
site- related) to allow me to select low - inclined ChRMs as a
separate set of directions (e.g. indicative of later acquired

remanence) .
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Chapter 14.

Conclusions.

14.1. Metamorphism, deformation and fabric in the area.

The tectonic fabric and metamorphism of the interior of the

Quetico Belt.

1. The rocks along the transect from Atikokan to Huronian
Lake along the Highway 11 have a steep metamorphic gradient
between Atikokan and Sapawe ranging from low grade chlorite
schist derived from greywackes through biotite schist, garnet -
biotite schist, and locally staurolite- rich schist. Some higher
grade mafic amphibolite units are met west of Sapawe. The
interior of the belt contains mainly migmatites with well
defined differentiated layering. In the highest grade rocks the
effects of anatexis were observed, with abundant remnants of
mafic biotite schist as paleosomes. The intrusions of one-~ or
two- mica granitoid stocks are of size from tens of meters to 1-
2 km. Pegmatite bodies are common and they often locally deflect
the existing tectonic planar fabric in the surrounding schists

or migmatites.

For further studies the whole area from Calm Lake - Perch

Lake through Atikokan and interior of the belt to Kashabowie
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Lake was divided into 3 sub-areas:

1. low grade (below staurolite isograd) at the northern
margin of the Quetico Belt: "Atikokan area";

2. Higher grade metasediments with common granitoids,
pegmatites and migmatites in the interior of the belt:
"Interior";

3. Lower grade metasediments (below staurolite isograd) at
the southern margin of the Quetico Belt (east of Huronian Lake)
and low grade metavolcanics within Shebandowan Belt west of
Kashabowie Lake: " Kashabowie area". All studied fabrics were

examined separately in each sub-area.

2. Only one pervasive tectonic fabric (S;) striking NE-SW
was observed through the region. This is more consistent in
orientation and steeper in schists than in migmatites but
generally has the same orientation as the S; fabric in adjacent
belt margins. The more gentle dips (30-50°) of S, fabric in
higher grade rocks and more erratic orientation of tectonic
fabric are associated mainly with the intrusions of granitoid
and pegmatite bodies in the area. The intrusions produced a
mechanical tilting of existing schists and paleosomes in
migmatites. The tectonic lineation L, (extension lineations) are
much more uniformly oriented everywhere except in the Atikokan
area and plunge gently to north-east. In the vicinity of the
Quetico Fault, the L, fabric is steep. The local structures such

as boudins, ptygmatic folds, and minor folds were not
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extensively investigated in the area and no outcrops were
observed with two different tectonic fabrics (S, and 8,).
Therefore, Sawyer’s (1983) secondary fabric could not be
confirmed. The single penetrative fabric observed here (S; and
L,) can be thus interpreted as equivalent to the D, or D; fabric

in the OGS classification. (Williams, 1991).

Magnetic mineralogy of ferromagnetic minerals in all three

areas.

3. The main ferromagnetic phase in metasedimentary rocks is
pyrrhotite of sizes greater than 30-40 um. It is mainly pseudo-
single-domain as deduced from hysteresis parameters, but a
multidomain phase (with domains that have regions showing PSD
properties, Soffel, 1981) may be also present. High field and
zero - field thermomagnetic curves did not indicate significant
contributions of magnetite to remanence in those rocks. It is in
conflict with petrographic studies of Sarvas (1988) for 3
mineral separations from the Calm Lake -Perch Lake area; he
found mostly magnetite grains. The pyrrhotite seems to be mostly
a ferrimagnetic monoclinic phase, but the results can also
support the presence of a hexagonal phase (because for a few
samples, Curie temperatures are lower than 300°C). The

coercivities of remanences are low and samples can be easily

demagnetized by AF field.
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Susceptibilities are of the order of 10*-10% and typical for
chlorite, biotite and pyrrhotite. High field hysteresis studies
indicate that 50 - 80% of susceptibility can be carried by
paramagnetic matrix in those samples. Samples, that are
magnetite rich (metavolcanics  or amphibolites) have
susceptibilities of order of 10? - 107'. Susceptibilities do not
increase remarkably in low temperatures (<400°C), so that
thermal demagnetization is of less use.'In higher temperatures
oxidization of pyrrhotite to magnetite takes place with 10-100
fold increase of remanence. The content of pyrrhotite was
sufficient for ARM studies in more felsic outcrops from the
granitic intrusions in the area as well.

The presence of a highly coercive phase (hematite?) was observed

in a few samples, but thermomagnetic data were not available.

4. Samples from the metavolcanic Shebandowan Belt can have
both magnetite and pyrrhotite (as minor constituents) as
carriers of remanence and AARM fabric. Some samples with
magnetite only were found near Kashabowie Lake. The coercivities
and hysteresis parameters suggest that it is MD magnetite or
from PSD/MD transition range. Some traces of hematite were

noticed in a few samples.

5. The thin - section studies suggest that the orientation
of pyrrhotite grains is controlled by the overall p.c.o. of

biotite- rich matrix. The high p.c.o. of pyrrhotite was
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confirmed by ARM anisotropy studies. During heating of
pyrrhotite- rich samples above 450°C, pyrrhotite easily reacts
to magnetite in the laboratory, even in an oxygen - poor
atmosphere (Dekkers, 1990). The 1lack of magnetite in the
metasedimentary samples together with the orientation of p.c.o.
of pyrrhotite suggests that pyrrhotite phase is late to post-

metamorphic.

The AMS fabric in the studied areas.

6. The AMS fabric studies in the Kashabowie area confirmed
earlier results of Spark (1991) concerning the distribution of
principal axes. AMS foliation is almost parallel to S, fabric and
subvertical at both margins of the Quetico belt. In Atikokan
area AMS foliation is located between S, and S, fabric, and it
might therefore be of composite sedimentary- tectonic origin due
to transposition of bedding on isoclinal folds’ limbs.

AMS fabric at the belt margins is mainly oblate and has
anisotropy ratios (P’= 1.3-1.5) characteristic for biotite and
chlorite. Higher values of anisotropy were recorded in Atikokan
area, where AMS is strongly oblate (T near 1). Some prolate
fabrics with lower anisotropy were observed in magnetite- rich
as well as in some pyrrhotite- bearing metavolcanics near
Kashabowie Lake. The weak anticlockwise offset of mean AMS

lineation from I, lineation direction was observed only in




362

Kashabowie area, however the estimation error of both fabrics
must be taken under consideration when both fabrics are
compared. The approximate method of comparison of this offset
was proposed for a single sample fabrics. However it has also
statistical drawbacks, as the significance of the observed
distribution is difficult to estimate.

At the northern margin AMS lineations are poorly defined,
because of the almost perfect oblate fabric and stronger

transposition and flattening deformation.

7. The AMS fabrics in the interior of the belt correlate
with - tectonic fabric and AMS foliation is slightly offset
anticlockwise from S,. AMS foliation is less steep than at the
margins. AMS fabrics are generally oblate and have higher
anisotropy ratios <than those from metavolcanics in the
Kashabowie area and at low grade metasediments on the belt
margins. It is controlled by biotite and muscovite. The only
prolate AMS fabrics are obgerved in some amphibolite- rich
samples. There is no observed offset of mean AMS lineation with
respect to mean L, fabric, because the fabrics are dominantly

oblate.
The AARM fabric.

8. AARM fabrics for individual samples (planar and linear)

in all three areas are more weakly grouped than AMS fabrics.
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Therefore it produces larger confidence cones around mean
directions of the fabrics.

In the Atikokan area, AARM lineations for individual
samples are spread along the AARM foliation plane. It is not an
effect of a large error of determination of directions of AARM
lineations for individual samples (only those with Ry <30° were
considered). Such a girdle distribution 1is <caused by
heterogenous distribution in the area, that produces a similar
girdle distribution for AMS 1lineations and S;/S; intersection
lineations.

The principal axes of ARM correlate better with tectonic
fabric than AMS when mean positions are examined. ARM foliations
are steeper than those of AMS. ARM foliation is more erratic and
less steep in the belt interior than at the margins.

Mean orientations of ARM lineations are almost horizontal
in the interior of the Belt and in the Kashabowie area. In the
Atikokan area, the mean AARM lineation is steeper but poorly
defined due to a girdle distribution of individual AARM
lineations.

More shallow AARM lineations and more steep AARM foliations
than for AMS fabrics may confirm the later development of AARM
fabric than AMS and tectonic ones. AARM fabrics might develop in
subvertical position when earlier AMS and tectonic fabric were
reoriented sub-vertically by North- South compressive components

of deformation. Sub- horizontal plunges of AARM lineations can

be correlated with the dominant horizontal shearing in a late
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stage of deformation.

The comparison of AARM foliations with AMS and tectonic
ones for individual samples is inconclusive as it is controlled
by small - scale heterogeneous deformation; no statistically

significant offset of AARM was observed.

The AARM fabric is generally oblate where pyrrhotite is
determined as a ferromagnetic phase, and sometimes prolate in
magnetite bearing samples. However, in the interior of the belt

some pyfrhotite- bearing samples had also a prolate fabric.

9. Anisotropy ratios P’ for ARM in metasediments are very
high (typically 3 to 5) which indicates a well developed p.c.o.
of pyrrhotite. Extremely high values of P’ are typical for the
vicinity of Quetico Fault near Atikokan. These indicate that the
mechanism of development of p.c.o. in pyrrhotite was very
effective near the Quetico Fault zone. Since pyrrhotite is
believed to be formed as a late - metamorphic phase, this
confirms the widely held view that the high strain correlated

with faulting is also late - metamorphic.

10. The shapes of AARM and AMS ellipsoid correlate best in low
grade metasediments. In high grade metasediments about 50% have
prolate AARM fabric but oblate AMS fabric, although most of them
are pyrrhotite bearing. In metavolcanics in Kashabowie area,

AARM and AMS fabric often do not correlate when the shape of
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ellipsoid is considered, due to prolate shapes of magnetite
grains with strong shape anisotropy.

Weak correlations exist for anisotropy ratios P’ from ARM
and AMS fabrics for metasediments with AMS anisotropy less than
1.8, but there is no such correlation for metavolcanics and
highly anisotropic metasediments. Intensities of ARM generally
do not correlate with susceptibilities. It confirms the
observations of Spark (1991) and Sarvas (1988) that

susceptibility in the area is equally controlled by ferro- and

paramagnetic phases.
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14.2. The mechanisms of generation of ferromagnetic phase
and relations between natural remanence and tectonic

and metamorphic history of the area.
ChRM components in the studied samples.

1. The stable uni- or bi-vectorial demagnetization curves
were obtain for sufficiently large collections of samples from
all 3 areas. Determined vectors of ChRM during demagnetization
were usually removed in more than 7 steps of demagnetization
procedure (AF or thermal treatment were employed). Mean
destructive fields were small (usually less than 20 mT) and
blocking temperatures less than 350°C. Most samples were
unstable in AF field of 50 mT, however samples stable to AF
demagnetizations of up to 200 mT also were observed. These
observations are an agreement with an hypothesis that the
carrier of remanence is mostly pyrrhotite, as concluded from
studies of magnetic phases.

A few samples from the Kashabowie Lake area had a
substantial part of initial NRM not demagnetized after field.of

200 mT was applied, indicating the presence of hematite.

2. Determined ChRM directions do not cluster around a mean
direction for any suite but they form weakly- developed girdles.
The ChRM directions between neighbouring outcrops show also very

large differences. Their orientations are also quite closely
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correlated with the overall planar tectonic fabric for each
suite (especially for samples demagnetized by A.F. technique).
The dips of planes fitted to girdles formed by thermally
demagnetized samples differ more from the other fabrics.
However, the error of estimating of ChRM planes is substantial
(especially for thermal demagnetization data, usually more 30°)
and such a difference may be insignificant. It is
understandable, because the number of samples demagnetized
thermally is very small.

The elimination of the worst defined ChRM vectors (class C,
fitted to 3 or 4 points of demagnetization path) does not

decrease the scatter of overall distribution of ChRM directions.

3. The method of automatic fitting of directions with PCA
algorithm did not work well for some demagnetized samples which

demagnetization paths had substantial noise in many cases.

4. Several mechanisms were considered for the control of
the distribution of ChRM vectors. A high anisotropy (P’ of order
3 to 5) of ARM suggests that the deflection of NRM toward the
plane of maximum and intermediate anisotropy of remanence is the
most substantial effect. It can produce a 30-40° deflection of
NRM from the direction of Earth’ magnetic field. The mean NRM
direction recorded in other non-deformed units in the area
(005°/55°) for the late Archean is located at angle of 20-30° to

AARM foliation planes and the estimated deflection of NRM from
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external field direction due to anisotropy can be of 20-30°,
depending on the anisotropy ratio. However, low inclinations of
some individual ChRM directions cannot be easily explained by
this mechanism.

Observed low inclinations of some ChRM and overall poorly
defined girdles can indicate that other processes may have taken
part in controlling of the ChRM distribution. However, some
scatter of ChRM directions (around a mean direction) exists also
for weakly anisotropic and non- metamorphosed rock units in
general '(e.g. in Dunlop’ studies), due to numerous factors
originating in field or laboratory. A statistical analysis (as
Fisher’s statistics) helps to minimize their effect in such
cases. In the case of anisotropic and metamorphosed rock units
these factors can also contribute to a more scattered
distribution of ChRM. Therefore the observed low - inclined ChRM
may be statistically insignificant. There are too few samples
with determined ChRM (usually 20 - 30 for each area) to examine

a statistic significance for the observed distribution.

5. The model of rotation of rigid ferromagnetic grains
toward the principal plane of deformation is much less probable,
as the grains would have to be pre-tectonic. On the contrary,
mineralogical studies indicate that pyrrhotite is 1late-
metamorphic.. Magnetite present 1in some metavolcanic or

amphibolite-bearing samples is also probably late-metamorphic.
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6. The effect of deflection of remagnetization of some
components of primary NRM by late stress field cannot be
rejected either. It may explain the presence of gently inclined
ChRM directions in the collections as these directions can
reflect a different (later) Earth’s magnetic field direction.
However, no effects of incremental stress- controlled
remagnetization have been reported so far for pyrrhotite (only

for magnetite and hematite).

7. It can be suggested that NRM is probably of chemical
origin and could record an average magnetic field direction for
a longer time. The single grains can achieve their threshold (to
record stable remanence) size at different times as the rate of
growth of pyrrhotite grains might be different for each outcrop
and therefore record a different direction of magnetic field.
Therefore, the averaged (through time) magnetic field directions
for different grains can result in different directions of

acquired NRM (enhanced by anisotropy of remanence).

8. There is no method to determine the gquantitative
contribution of each possible mechanism for causing the final
orientation of ChRM vectors. However, it may be possible to
calculate the position of ChRM vector when the effect of the
anisotropy of remanence alone is removed (see chapter 8 for

details).
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The model of forming the magnetic phase in metasedimentary

rocks - other consequences.

It has been proposed in this study that pyrrhotite was
formed late during metamorphism - probably in temperatures lower
than 300°C, under reducing conditions. The p.c.o of pyrrhotite
was controlled by already existing penetrative cleavage in host
biotite-rich matrix. It explains the high correlation between
ARM anisotropy fabric and tectonic fabric and high values of ARM
anisotropy. The orientation of an almost vertical ARM fabric
with quite well developed ARM lineations corresponds to late
dominate shearing in the area during transpressive deformation.
It can explain also the different (almost horizontal)
orientation of ARM lineations and AMS and tectonic lineations
(steeper) in the interior of the belt and in the Kashabowie
area. The linear AARM fabrics (poorly defined for same samples)
in Atikokan area are not oriented like in the other areas (they
are scattered along the AARM foliation plane), because of
locally heterogeneous late- shearing and faulting deformation.
This deformation additionally enhanced the AARM anisotropy ratio
in the vicinity of the Quetico Fault.

The ferromagnetic phase was therefore developed later than
the paramagnetic one. It can be assumed that the biotite -
chlorite matrix was oriented along the schistosity plane and
formed planes of weakness for further development of shear

deformation in the area. This matrix (and not the direction of
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maximum extension in the increment strain, Ramsay, 1967)
controlled the orientation of crystallizing of ferromagnetic
graihs and allowed the development of a very high p.c.o. of

pyrrhotite matrix.

This model is not relevant for the formation of magnetite
which crystallized somewhat earlier during the metamorphism.
It also suggests that AARM pyrrhotite fabric can only reflect a
kinematic sense of deformation during the latest stages of

’primary deformation.

Finally, it is noted that an understanding of the process
of development of ferromagnetic phase in the rock is critical if
the method of determination of sense of shear based on AMS and

ARM fabric is to be valid.
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Appendix A
Sampling and structural data for two areas:

1. Kashabowie - Huronian Lake traverse - outcrops revisited
since Spark (1991) sampling.
2. Atikokan - Huronian Lake traverse - outcrops within the

interior of the belt and in lower grade schist towards Atikokan.

Tables include:
the name of locality:;
grid reference for topographic maps:;
additional descriptions of locations;
the description of rock unit, minerals, outcrop scale
structures;
bedding S;; schistosity s, and extension lineations L, data:
direction of dip and dip are listed with some remarks:;
the name and orientation marks of hand samples collected
for lab studies with some descriptions;

No of taken photographs.
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85.2/91.2
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83.8/91.6

83.4/91.6
827913
81.4/91.1
79.8/90.9
78.5/90.9
78.6/90.9
T1.5/91.2
76.9/91.2
75.0/91.2
5.1/91.2
70.4/91.5

69.9/91.5
67.4/92.0

63.4/933

Map
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Location

Kashabowie River
feldspar bombs

700m E from Rd 802 to it

W after powerline, S side
300m E from rt turn, N side
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It turn,200m E from Whitefish L.
1t turn , hilltop

W from Whitefish Lake

200m W from creck

300m E from belt bound

100m W from *, S side

* mark

before it turn, W of small creek
radioantenna

before RS 10.4
hill top

Atlantic watershed

Rock unit Minerals  Misc.
chlorite schist feldspar
greenschist feldspar bombs
greenschist chlorite

greenschist, more felsic
greenschist, granite layers(sec)
coarse felsic veins

greenschist, Qtz rich
greenschist Qtz coarse grains

hist, Fe rich,weathered

greenschist, granite?

granitic and some more mafic(amphib, oliv?)
pillow lavas metam. to greenschist
pillow lavas, slates,

slate,strong SO and S1

phyllite- actinolite, halos around feldspar
biotite phyllite or schist

initiat differentiation

Phyllite,metam nodules-actin

basic dyke- amphibolite metagabbroic
biotite schist

schist,staurolite in elong porphyroblasts
pegmatite,biotite schist

pegmatite- deflection of S1 in contact
migmatite augen structures

Structural fabrics

Bedding SO
divof  dip
dip

s

36 76
138 85
348 85

Foliation
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dip

m
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remarks Lineation Young
trend plunge

S-tect by feldspar

ext lin 6 25

weak §1

no ext lin

S1 varies

in schist layers

weak and varying 51

extlin by chlorite 66 20 340
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slickensides? 70

S0/S1 M 7T N

S0=51,extlin by act 8 64

no ext lin

S0/S1,graded bedding 54 30 N

schistosity 235 5

fayering.ext lin in biotite

init diff,boudins

S1in schist

Sample
name

™ 1

™ 21
™ 22
TWR 132
TWR 22
TWR 3.5

TWR 3.6
TWR 37A
TWR 3.7B
TWR 41A
TWR 41B
TWR SA
TWR SB
TWR 61
TWR 80
TWR 805

TWR 81
TWR 94

TWR 100

TWR 103

TWR 10.5

TWR 108
TWR 1125

™ 4

Sample remarks
coordinates
dir of dip/dip

346/15

H more Fe?
1215
20210
266/12

redishgreen

H Pict 6(2)

H
7516

H Pict 45,6

Pict 1,2

Pict3



Sampling sites
Locality Orid refer.
TWA 1 033/002
TWA 1 03.3/00.2
TWA 2 03.2/998
TWA 2 03.2/998
TWA 2 03.2/98
TWA 3 03.2799.2
TWA 3 03.2/99.2
TWA 3 03.2/99.2
TWA 3 03.2/99.2
TWA 4 03.0/989
TWA 4 03.0/989
TWA 4 03.0/98.9
TWA $ 027980
TWA 5 027/980
TWA 5 027/980
TWA 5 02.7/98.0
TWA 6 02.8/97.8
TWA 6 02.8/978
TWA 6 02.8/97.8
TWA 65 03.2976
TWA 7 033976
TWA 1.5 03.8915
TWA 7.5 0380975
TWA 75 0380975
TWA 75 03.8975
TWA 8 04.5/974
TWA 8 04.5/974
TWA 8 04.5/974
TWA 9 052971
TWA 95 05.9/9.8
TWA 95 05.9/968
TWA 10 07.4/9.5
TWA 105 029/96.4
TWA 105 07.9/96.4
TWA 1035 07.9/9%.4
TWA 11 09.6/93
TWA 115 1050967
TWA 12 111969
TWA 13 121915
TWA 13 121975
TWA 14 13.5/980
TWA 14 13.5/980
TWA 15 146982
TWA 155 15.4/982
TWA 155 15.4/982

Map

528/12
52812
528112
528112
528112
52B/12
s28n12
528112
52812
52B/12
528112
528/12
s2Bn2
52812
52812
528/12
528112
52812
52BN2
s2B/12
52812
2812
52Bn2
52812
52B/12
528112
528/12
s2n2
52812
212
52812
528112
52812
528/12
52B/12
22
52812
52811
528111
528/
28111
528111
528/
528/11
S8t

Traverse Atikokan - Huronian Lake - the interior of the Quetico Belt

Location
Huy 11b

Hwy11b

Hwy 11b; Voyageur Bait Tackle

Hwy 11b; before rt turn

on It turn Hwy 116 to 11 (34)

by 116 100m before Hwy 11

100m before TWA?

200m after TWA moosc sign
turn 600m before motel

100m before motel

motel

100m before antenns

antenns
100m after antenns

motel in construction
ft tura road

300m after TWAIL
300m before rt turn
200m after power line
Mucran Rd

Ken Daoard place Rd

hill top before barrice
Baptista place before It turn

Rock unit
biotite schist

biotite schist

biotite schist

paragneins,
biotite schist

biotite schist

biotite schist

biotite schist
biotite schist

biotite schist

biotite schist
biotite schist

biotite schist

blotite schist
biotite schist

migmatite

biotite schist/gneiss
biotite schist/gneiss
biotite schist/gneiss
biotite schist
biotite gaeiss
gueiss

gneins
pegmatite,schist

Structural fabrics

Migerals
352 84
168

360
4

288

qtzveins
extension gashes

Qtz veins, nodules

differ Inyering

differ layering

Qtz veins
170 82
167 71

Quz intrusions
and veins 11 §1

32 M

§ -tect,micas
initial it
large micas
qtz veins
felsic

biotite,amphibolite?,chlorite?
biotite,granite jotrusion
muse. and fibrous dark?green

Bedding S0 Foliation

dirofdip

n
350
348
330

169
167
154
178
162
162
170
166
m
165
185
170
1
170
156
136
12
160
1m
160
158
135
14
176
150
1m
6
346
350
343
k174
345
338
346
350
350
354
352
34
3

84
80
85
85

70
68
85
70
62
74
¥
76
80
82
»n
85
”
”
58
L
88
60
8
58
7

8

remarks Lineation
younging to N 62 60
80 60
52 20
$0=51
extlin 240 26
ext Jin dif to notice
8 38
8o ext lin
Slvarying 66 62
no extiin
no ext lin
weak folistion -varying
$1 varying
ext lin by micas % 50
m 45
(L]
weak S1

Sample
TWA

TWA

65

25

10
105

1
1s
12
13

13
155

Sample
orieat
H

H

27000

258/85

1328

17682

244/46
13447
1nsn2

170/86

[73]
40733

340/68
166724
30/67
241/86

256/80

85733
3}

schist

Pict 20

remarks



Locslity Oridrefer.  Map Location Rock unit Minensls Bedding SO Foliation remarks Liscation Sample Sample remarks

dirofdip orient
TWA 158 162934 52B/11 before TWAILS pranitic body,pegmatite,musc TWA 158
TWA 159 17.1/989 52811 biotite schist 342 36 50 12 TWA 159 35448
TWA 16 178992 52811 biotite schist lorge mican staurolite? 358 s 4 42 TWA 16 Ium
TWA 165 182993 52811 biolite/schist/pegmatite, farther granite 38 4 58 10 TWA 165 3312
TWA 17 19.499.7 $2B/11 400m after powerline biotite schist, amphibolites e & 80 19 TWA 17 239
TWC 7 205/993 528 staurolite schistinitisl diff next to pegm 358 69 S0=S1 B0 20 TWC 7 H Pict18,19
TWC 7 20.5/99.9 52811 kL ] n B
TWA 18 209998 52811 schist/gneiss 54 85 82 10 TWA 18 H prciss
TWA 18 209998 S2B/11 TWA 182 12042 schint
TWA 185 21.699.6 52811 blotite guelss, Qtz amphibolite? 37 M 80 18 TWA 185A H blotite schist Plet 21
TWA 145 71.699.6 S2BMm1 TWA 1858 H amphibolite?
TWA 19 224986 szam pegmalite 340 B85 S1verywesk TWA 19 342
TWL 10 23.2988 $28/11 Rd 623, to N 500m from Hwy 11 migmatite,some pegmatic pebbles,musc slick. e 8§ 70 14 TWL 10 106
TWL 10 23.2/388 s 16 N L]
TWA 195 2.5/982 528711 pepmatite,biotite schist 1m & TWA 195 8612 Picaz
TWL 9 B.I92 $2B/11 Rd623,to N 2km before dump biotite schist,initial differ. 346 36 $6 18 TWL 9 210v84
TWL 9 B2 s28m 6 20
TWA 20 239978  52B/11 pegmatite, blotite schlst 148 30 layeriagmicas lin M W TWA 20A 9010 Picti517
TWA 0 D98 s TWA 208 012
TWA 21 447540 s28m pegmatite schist 178 18 Slinmschlat 70 16 TWA 21 2720
TWA 22 25.4980 $2B/11 200k afterrond to st blotite sckist % N 114 12 TWA 2ZA 12410
TWA 22 254940 5811 TWA 28 138
TWA 215 268541 52B/11  100m west [rom TWCS pegmatite,gacins? 17 ™ 5 30 TWA 2235 9212
TWA 223 258981 2B 176 76
TWA 225 268981 s28m 36 38 otherside of road
TWC 6A 214979 52B/11 Sside buasic graywacke,pegmatite epldote #o schistosity TWC 6A H
TWC 6A 776919 S8/ granitic veining amphibolite?
TWC 6 7171920 2811 biotite schist/granite gueiss 188 8§ 100 18 TWC 6 1214
TWC 5 282989 5811 migmatite, pegmatite, biotite rich Jayers 30 M 70 18 YwC SA H
TWC 5 22969 s28n1 ELI I TWC 5B H
TWC 5 82969 528711 TWC 5C w0
TWC 4 3000968 52Bn1 migmatite from graywacke, new biotite 334 MU cxtlininschist M 8 TWC 4 H Pict13,14
T™WC 4 300968 52811 334 86 plane W
TWC 4 30.0/96.8 s28/11 M5 N 68 10
TWC 4 30,068 s28/11 68 14
TWC 4 300968 52811 62 14
TWL 3 310882 528/11 Rd 633, 200m N from Hwy 11 pegmatite, large schist pebbles 340 80 wmearpepm Sidip=30 TWL 8 15434
TWC 3 3SpRsE 52811 greaite, granitic gacius- K feldspar, Pe rich shear zanes TWC JA H
TWL T 315998 528/11 Rd 633, 1km S from Quetica Ceatre pegmatite body with large biotite Inyers 168 80 TWL 7 25014
TWL 7 315921 52811 164 68
TWC 2 3200955 sl granitic nebulite, bomogesuous,musc second. na Iayering TWC 2 1946 Pial2
TWC 15 323955 bri:N pegmatite, some biotite gnelss,schist layers 350 78 layering TWC 15A H
TWC 135 323955 5281 TWC 158 16418
TWC 1 326948 52811 pegmatite,schist layers,bouding 33 40 lhayering varies M 10 TWC 1 108710  schist layer Picx 10,11
TWC 1 326948 s2Bm TWC 1A H more [claic gncisa
TWE 1 347938  52B/11 100m afterittura pranitic body, some palecsome?pebbles TWE 1 1202¢ malic
TWE 2 ¥5.2938 528/11 O0mtoB pegmatite,granite,malic layers TWE 2 165/50
TWE 3 36928 52B/11  500m from Quetico park eatrance pegmatite 352 70 weak layering TWE 3JA 22020
TWE 3 376928  528/11 B TWE 3B H




Locatity

32739272222233222924239997399922399323222939333233¢

SEERBREEBaovoanaa

- e
© ®wo

17
16

16
15
15

- bt g bk
SESESRT AR WS

ke e
VAR N W L UDROO OO

Grid refer,

39.9/92.2
39.9/92.2
40.5/93.9
40.5/93.9
4.2/91.4
41.8/91.8
41.8/91.8
42.5/92.0
42.5/92.0
43.7/92.6
4.7/926.
44.8/93.0
44.4/93,0
45.8/933
46.9/93.4
47.0/93.9
42.8/93.0
47.8/83.0
49.3/93.4
50.6/93.2
50.6/93.2
50.6/93.2
51.793.5
51.7/93.5
52.0/94.2
520/94.2
52.8/93.5
54.2/93.7
542937
$5.6/93.8
55.6/93.8
55.6/93.8
56.6/93.8
36.6/93.8
56.6/93.8
52.5/93.7
52.5/93.7
58.3/93.9
58.3/93.9
59.6/94.4
59.6/94.4
60.3/94.4
60.3/94.4
61.2/94.4
61.3/94.0
61.3/94.0
61.494.7
621/93.1
62.8/93.4
62.8/93.4

Map

528111
st
528/11
528/11
52811
528/11
52B/11
52811
528/11
528/1t
528/11
5281
528/11
2B
51B/11
528/t
sane
528/10
$2B/10
52B/10
528110
$2B/10
528710
52B/10
528/10
528110
528110
52B/10
528710
528/10
528110
52B/10
528110
52B/10
52B/10
52B/10
528110
528110
528710
528110
528710
52B/10
528/10
52B/10
S2B/10
52810
52B/10
52B/10
528110
52B/10

Location
100m W from Freach River
Barier R4 to N, 2 km from Hwy

it turn of Hwy 11, S side

in the middle of Lake Windigoostigwan
small outcrop, S side

beginning of Lake Windigoosti

300m before It turn

JD Hackman road to rt, N side

ID Hackmaa Rd N under powerline
sign 90 km/k, gravel piton it

200m before sign:et tura

200m before rt turm

50m W ot rond to N

gravel pit on shore

700m before rd to et
small outcrop before hill top

100m after it bend

before hilt top, S -side

after st bend, S side

Top of hill after bridge on Arbour Lake
on it turn,before Burn Creck

before It turn, S- side

23 2, 300m from EHwy
300m west from watershed

login road to Huronian Lake,800m from Hwy 11

700 m west from watershed
Arctic watershed

Rock unit
migmatite
migmatite,pegmatite intrusions

migmatite
migmatite, biotite schist layers

pegmatite, 4m bigh, larg: set of joints
migmatite, felsic

pegmatite with some migmatite
in pegmatite graias of amphiboli

pegmatite, Qtzpink granite
pegmatite body ,very felsic, small
migmatite

pegmatite

Migmatite, wide schist laycrs
migmatite, pegmatite intr.

migmatite, wide schist layers
boudins in ext dir,
migmatite,bigh differ, biotite layers

granite, pegmatite
migmatite

migmatite, minor fold on N side

migmatite Iayered

migmatite, layered
migmatite

migmatite,granitic
& Qtzintrusions
migmatite,pegmatite
intrusions

biotite schist
migmatite/pegmatite

biotite schist,migmatite
migmatite, only top visible
migmatite
migmatite/pegmatite

Minenals

boudinages,porphyroblasts

more mafic fayers,musc. incl.

amphibolite (yellow-green)?

boudins in flow plane

muscovite

biotite layers
biotite,smphibolite
biotite,amphibolite

boudins, ext Il layering
muscovite, biotite

1¢cond muscovite,biotite

Bedding SO Foliation
dirofdip

340

146
340
148
140
142
150
140
32
331
334
330

]

B0
7
8
80

8;

&8

60

45
%

58
70
85
10
36
62
52
58
n
7
K
85

81
7

68
65
s
88
%
K
80

remarks

layering.ext lin

Iayering,ext lia
N- layer.ext lin.
S- layer.ext lin.

ext lin in muse,

in migmatite

on cont with pegmatite
80 layering

weak laycring

varying layering

ext lin in micas

layering
layering

S1-layering,

<xt tin by muse
layering in fold
A- bottom,B-top
layer. N side
layering

fayering

ext lin in biotite

schistosity

schistosity,ext lin
Sl in biotite
layering
schistosity
tayers steep

layering

Lineation

28
7

54
52
56

48
0

62
35

50

82

35

16
24

18

12

o
347 2 2 2

o«ua;

10

Sample

23

17
16

22 332224 7 239¢ 2

15

1
13

12A
128
12C
n

222 22 3 2

10

TWL 2
ao sample

-

™ 5B

Sample
orieat
y2rik]
34
336724

H
3201
14218
35018

H

330732
320120
24130
240
iz
34614

remarks

more mafic Pict 23-25
more fehic

mafic
felsic
from paleosome?

Pict4(2)

Pict23(2)

Pict1(2)

Pict 5(2)
Sidepleted



Appendix B

Magnetic fabric AMS and ARM data :
X

1. AMS data for Kashabowie - Huronian area:
The axes of principal susceptibilities;
The anisotropy parameters (Flinn A and B and Jelinek
P' and T).

V2. Aﬁé data for Atikokan - Huronian area:
The axes of principal susceptibilities;
Measurement errors for AMS data;
The anisotropy parameters (Flinn A and B and Jelinek
P' and T).

3. ARM data for all three areas - principal axes with errors and
anisotropy parameters.

RS collection -~ Kashabowie - Huronian Lake traverse

TW collection - Atikokan - Huronian Lake traverse

PS collection - Calm Lake - Perch Lake area.




AMS data for Kashabowie - Huronian Lake traverse
N=119

Sample

™ 14
™ 1.2
TW 21
TWR 1.3a
TWR 1.3b
RST 1.31a
RST 1.31b
TWR 1.32-1a
TWR 1.32-1b
TWR 1.32-1¢
TWR 1.32-1d
RST 1.33-ta
AST 1.33-1b
RST 2ca
RST 2.1a
RST 2.ib
RST 2.1c¢c
RST 2.d
TWR 2.2
TWR 2.2-2
RST 3a
RST 3b
TWR 3.5-1
TWR 3.5-2
TWR 3.7a-1
TWR 3.7b-1
TWR 4.1a-1
TWR 4.1a-2
TWR 4.1b-1
TWR 4.1b-2
TWR 4.1b-3
TWR 4.1b-4
RST 4.2a
RST 4.2b
RST 4.2¢
RST 4.2d
TWR 5a-1
TWR 5a-2
TWR 5a-3

Dec
3359
344.4
179.7
1863.1
1821
333.7
173.4
159.6
145.5
323.5
147.9
320.5
333.8

8.4

350.4
178.4
186.8
326.1
167.3
158.8
317.6
242.1
287.4
it1.8

38.8

309.9
178.3
336.3
353.6
351.4

8.0
8.5
164.8

339.9
1714
284.1
2025
206.2
1566.4

MIN
Inc
1.7
3.2
8.2
7.6
27.9
11.7
16.3
13.0
£8.0
10.9
3.6
7.6
11.5
13.0
28.8
3.8
18.0
9.6
16.2
1356
0.2
23.7
1.5
4.0
6.3
i2.8
35.8
4.7
4.9
8.3
5.9
6.6
26.3
21.8
211
31.7
6.6
5.1
9.5

Susceptibility
elfass Int

0.6 1.29E-02
0.7 4.88E-03
252 1.19E-04
489 2.47E-04
3.3 2,38E-04
49.4 1.82E-04
17 1.89E-04
739 2.73E-04
90.4 2.76E-04
26.4 2.23E-04
12.4 2.40E-04
30.4 3.33E-04
422 3.27E-04
19.8 4.49E-04
26.4 3.95E-04
36.6 4.63E-04
3.2 4.58E-04
448 4.30E-04
52 7.23E-04
13.4 6.31E-04
47.6 1.27E-04
60.7 7.80E-05
0.7 2.72E-02
1.1 2.74E-02
9.7 4.72E-05
36.1 1.17E-05
41.7 2.97E-04
24.4 3.94E-04
0.3 2.10E-02
0.5 1.80E-02
0.8 1.38E-02
06  1.93E-02
54.6 1.94E-04
48.1 1.73E-04
63.9 1.69E-04
17  1.88E-04
1.5 1.75E-02
0.6 1.70E-02
1 9.85E-03

std dev

1.08E-05
1.23E-05
2.66E-08
4.26E-06
5.91E-07
6.37E-06
7.2E-06
5.18E-07
1.08E-05
1.1E-05
1.68E-06
6.29E-08
1.81E-05
8.21E-06
1.34E-08
5.43E-08
6.92E-06
1.95E-06
68.57E-08
7.39E-06
8.34E-08
1.12E-08
3.02E-05
3E-05
3.08E-05
1.72E-05
1.77€-05
2.83E-08
9.56E-06
1.7E-05
1.56E-05
2.67E-08
1.02E-05
3.82E-06
3.37E-08
9.75E-07
1.18E-068
4.75E-06
2.48E-05

Dec
243.3
249.5
276.8
263.8
285.5
149.2

30.6

65.2

39.4
227.4
243.9
215.6
190.4
266.9
221.8
273.8
7.2
226.5

44.7

61.2
227.0
3425
194.1
210.2
278.6
190.6
305.6
2245
261.6
258.9
276.4
274.5

65.5
115.5
282.0
183.7
111.9
115.5

66.0

INT
inc

56.4
56.9
48.9
54.3
23.5
78.3
69.8
185
98
29.0
68.5
62.6
75.8
40.6
48.5
54.0
63.4
448
54.8
28.8
784
225
65.7
64.3
79.6
65.1
39.3
775
216
16.7
16.2
31.0
18.0
60.7
42.4
16.3
5.6
8.3
2.2

int

1.59E-02
6.11E-03
1.29E-04
2.79€E-04
2.61E-04
2.08E-04
2.23E-04
3.04E-04
2.88E-04
2.52E-04
2.68E-04
3.82E-04
3.93E-04
4.76E-04
4.39E-04
4.77€-04
4.83E-04
4.76E-04
7.47E-04
6.60E-04
1.41E-04
8.70E-05
3.05E€-02
3.05€-02
1.09E-04
2.44E-05
3.14E-04
4,45E-04
2.76E-02
2.25E-02
1.70E-02
2.50E-02
2.24E-04
1.97E-04
1.76E-04
2.12E-04
1.81E-02
1.77E-02
1.02E-02

Dec
67.1
76.4
84.4
67.8
493

243.5
266.6
282.7
303.6
79
65.7
54.3
65.5
112.4
86.7
85.6
980.4
65.4
266.7
271.2
47.6
1109
18.1
19.9
129.6
44.9
64.3
67.3
95.8
106.8
118.8
109.3
305.1
242.2
62.4
705
341.7
327.2
322.9

MAX
Inc

33.6
329
40.4
34.6
52.0

0.9
11.6
67.1
30.1
58.6
31.2
26.1

83
48.5
270
35.7
18.9
43.7
30.9
67.6
11.9
56.3
24.2
253

8.9
21.0
30.4
1.8
67.8
7.2

73.7

§8.1
573
18.6
401
53.5
81.3
80.2
80.3

" alfags Int
13
0.6

73.8
20.1
6.9
41.3
34.2
36.7
42.4
16.5
21.1
79.7
52
15.6
39.2
61.8
20.9
84
153
776
23.7
16.1
0.5
05
a5.1
24.7
9.1
26.7
14

1.4
1.6
58.2
58.4
203
59.1
0.5
0.5

1.68E-02
6.38E-03
1.33E-04
3.28E-04
3.23E-04
2.31E-04
2.32E-04
3.25E-04
3.29E-04
2.88E-04
2.97E-04
3.92E-04
4.11E-04
5.12E-04
4.42E-04
5.03E-04
5.26E-04
4.87E-04
8.30E-04
6.64E-04
1.77E-04
1.16E-04
3.50E-02
3.61E-02
1.58E-04
4.40E-05
3.69E-04
4.73E-04
2.90E-02
2.47E-02
1.87E-02
2.69E-02
2.41E-04
2.04E-04
2.09E-04
2.24E-04
2.19E-02
2.13E-02
1.25E-02

std dev

6.16E-06
4.37E-07

1.2E-08
3.79E-06
8.78E-06
1.56E-05
9.88E-07
2.21E-05
4.41E-06
1.12€-08
7.7T1E-06
1.54E-05
5,68E-06
8.24E-08
6.18E-06
9.78E-06
8.26E-08
5.37E-08
6.59E-06
3.63E-06
1.36E-05
7.78€E-07
7.77E-05

9.2E-05
5.01E-05
1.97E-05
8.14E-06
6.97E-06

3.2E-05
7.35E-08
4.79E-05
3.84E-05
5.83E-06
1.43E-05
1.63E-08
8.84E-08

1.8E-05
2.29E-05
1.75€-05

" Mean

aritm

1.62E-02 -

5.79E-03
1.27E-04
2.85E-04
2.74E-04
2.07E-04
215E-04
3.01E-04
2.98E-04
2.54E-04
2.68E-04
3.69E-04
3.77E-04
4.79E-04
4.25E-04
4.81E-04
4.89E-04
4.65E-04
7.67E-04
6.52E-04
1.48E-04
9.36E-05
3.09E-02
3.13E-02
1.05E-04
2.67E-05
3.27€-04
4.38E-04
2.59E-02
2.17E-02
1.65E-02
2.37E-02
2.20E-04
1.91E-04
1.84E-04
2.08E-04
1.92E-02
1.87E-02
1.09E-02

Mean
geom
1.51E-02
5.75E-03
1.27E-04
2.83E-04
2.72E-04
2.06E-04
2.14E-04
3.00E-04
2.97E-04
2.53E-04
2.67E-04
3.68E-04
3.75E-04
4.79E-04
4.25E-04
4.81E-04
4.88E-04
4.84E-04
7.65E-04
6.51E-04
1.47E-04
9.23E-05
3.08E-02
3.11E-02
9.32E-05
2.32E-05
3.25E-04
4.36E-04
2.56E-02
2.15E-02
1.64E-02
2.35E-02
2.19E-04
1.91E-04
1.84E-04
2.08E-04
1.81E-02
1.86E-02
1.08E-02

Rejected data

min
max,min

max,min
Rl

max,min

max

max
max,min

max
max,min
min
max,min
min
max
min

min

max
min
min

max,min
max,min
min

max



Sample

TWR
TWR
RAST
RST
RST
RST
TWR
TWR
AST
RAST
AsT
RST
RST
RST
RST
AST
RST
RST
AST
RST
RST
TWR
RST
RST
RST
RST
AST
RST
RST
RST
RAST
™w
™w
TWR
TWAR
TWR
TWR
TWR
TWR
TWR

5b-1
5b-2
5.1a
5.1b
5.5a
5.5b
6.1-1
6.1-2
6.2-3a
6.2-3b
6.2-3¢
6.2.3d
7-1a
7-1b
7-1¢c
7-1d
7-2a
7-2b
8.1
8-2
8c-1
8.05~f

9.1a
9.1b
8.2-2a
9.2-2b
8.2-2¢
9.2-2d
9.25a
9.25b
341

9.4-1
9.4-2
9.4-2
0.4-4
10.0-1
10.0-2
10.3-1

Dec
347.0
3348
124.2
1105
185.8
187.0
2433
288.2
129.5
152.7
47.2
155.5
139.4
1226
153.6
143.1
149.3
141.0
280.3
137.7
156.5
120.8
140.9
160.2
1626
184.2
151.8
157.9
164.9
326.9
140.7
203.8
3141
319.2
137.8
307.6
143.7
3179
3345
157.9

MIN
Inc

9.9

8.t
438
458
404
308
57.7
423

5.9

2.4
34.4
139
18.2
16.8
118
18.4
176

23
348
233
222
138

85
107

Susceptibllity

alfads
176
24
49.7
555
2t.7
81.5
87.3
3.8
828
a8.9
87.5
7.2
8241
18.6
155
735
333
14.4
109.6
18.2
74.2
249
78

Int
3.57E-04
4.56E-04
2.07€-04
1.60E-04
1.27E-04
8.34E-05
6.85E-04
0.55E-04
2.16E-04
2.65E-04
2.36E-04
2.80E-04
2.59E-04
2.85E-04
2.60E-04
2.83E-04
2.96E-04
3.09E-04
8.10E-04
5.85E-04
8.47E-04
7.10E-04
3.30E-04
4.88E-04
4.85E-04
4.67E-04
4.09E-04
4.50E-04
4.41E-04
2.65E-04
2.92E-04
§.73E-04
5.58E-04
2.83E-04
2.57E-04
2.83E-04
2.70E-04
3.79E-04
3.59E-04
2.30E-04

std dev
1.56E-05
3.22E-06
3.85E-08
9.48E-06
5.55E-06
2.09E-08
7.82E-06
6.21E-08
3.83E-05
3.14E-08
1.99E-05
9.65E-08
237E-06
2.15E-06
3.05E-06
1.32E-05
8.45E-08
6.66E-06
3.19E-08
5.44E-08
8.57E-08
1.03E-08
4.83E-08
9.37E-08
4.65E-06
4.69E-08
1.22E-06
9.06E-06
1.02E-05
1.37E-06
1.18E-05
1.19E-07
9.78E-08
1.84E-08
3.8E-08
3.3E-07
3.32E-06
8.32E-08
4.97E-08
1.14E-05

Dec
2359
190.2
247.4
203.8

785
2833
1291

35.6

34.1
256.0
142.2
2514
235.1

20.6
243.9
237.8

444

50.1

33.2
2543

57.8
225.7
2327
288.1
268.7

43.0
258.2
357.1
2016

718
242.2

7.2

70.0
202.2
2443

58.2

45.8
2073
241.4
293.0

INT
inc

84.2
80.1
29.7

3.0
19.3
105
14.5
18.2
423
41.0

7.3
227
18.9
10.0

15
14.0
39.8
218
20.4
46.1
209
46.8
11.9
729
617
75.2
658
855
81.4
a8.1
55.0
35.9
67.3
74.6
68.5
57.3
54.6
49.1
ara
67.3

Int

4.02E-04
5.22E-04
2.39E-04
1.74E-04
1.79E-04
1.08E-04
8.68E-04
8.80E-04
233E-04
3.00E-04
2.66E-04
3.31E-04
2.70E-04
3.13E-04
2.84E-04
3.14E-04
3.56E-04
3.62E-04
8.22€.04
8.09E-04
8.70E-04
7.73E-04
3.40E-04
5.71E-04
5.87E-04
§.49E-04
4.91E-04
5.25E-04
5.26E-04
3.22E-04
3.48E-04
5.98E-04
5.89E-04
3.23E-04
3.26E-04
3.27E-04
3.36E-04
4.13E-04
3.96E-04
2.64E-04

Dec
81.4
85.8

358.0
296.4
329.2
30.0
at.1
1429
226.0
§7.3
242.7
36.5
114
269.9
3408
3.0
257.9
236.7
152.9
303
288.7
19.0
16.0
67.6
68.2
256.0
585
248.0
743
216.8
453
182.1
2203
51.0
455
2103
237.8
60.7
703
63,3

MAX
Inc

238

5.7
3.7
444
433
571
28.2
421
471
475
54.8
63.0
84.7
703
781
86.8
451
68.0
413
4.7
58.7
40.2
75.3
13.2
26.8
125

524
15.2

alfag$ Int

36.8
26.7
64.6
4.2
64.7
58.2
a8
223
253
74.1
44.3
216
128
61.1
223
a1.8
457
117

74
50.3

28
51.8
5.7

77
50.8
16.3
24.8

166.6

4.37E-04
5.35E-04
2.52E-04
2.01E-04
1.03E-04
1.17E-04
8.67E-04
6.86E-04
2.73E-04
3.23E-04
2.85E-04
3,63E-04
3,19E-04
3.22E-04
3,13E-04
3.41E-04
3.88E-04
3.69E-04
6.25€-04
8.19E-04
8.85E-04
7.74E-04
3.51E-04
6.04E-04
6.23E-04
5.98E-04
5.18E-04
5.67E-04
§.52E-04
3.23E-04
3.50E-04
8.30E-04
6.42E-04
3.48E-04
3.51E-04
3.40E-04
3.45E.04
4.80E-04
4.16E-04
2.79E-04

std dev
1.41E-06
4.77E-08
1.03E-05
2.49E-068
7.97E-06
2.28E-07
1.12E-05
4.62E-07
3.93E-06
1.5E-05
1.27E-05
7.89E-06
4.54E-08
3.28E-06
5.85E-06
9.83E-08
2.57E-05
1€-07
5.46E-06
9.15E-08
4.57E-07
4.52E-06
1.86E-05
5.18E-07
6.97E-08
1.42E-05
9.1E-08
9.28E-08
1.54E-08
4,38E-07
1.39E-05
3.46E-06
8.86E-06
4.56E-068
1.33E-05
7.25E-06
1.4E-06
1.86E-05
2.08E-05
1.85E-08

Mean

arltm
3.98E-04
5.04E-04
2.33E-04

1.78E-04°

1.66E-04
1.03E-04
6.73E-04
8.73E-04
241E-04
2.86E-04
2.62E-04
3.25E-04
2.83E-04
3.07€-04
2.85E-04
3.126-04
3.40E-04
3.47E-04
6.18E-04
6.04E-04
8.67E-04
7.53E-04
3.40E-04
5.54E-04
5.65E-04
5.38E-04
4.72E-04
5.14E-04
§.06E-04
3.03E-04
3.33E-04
6.01E-04
5.96E-04
3.18E-04
3.12E-04
3.17E-04
3.17E-04
4.17E-04
3.90E-04
2.58E-04

Mean
geom
3.97E-04
5.09E-04
2.32E-04
1.77E-04
1.64E-04
1.02E-04
6.73E-04
6.73£-04
2.40E-04
2.95E-04
2.61E-04
3.23E-04
2.82E-04
3.06E-04
2.85E-04
3.11E-04
3.39E-04
3.46E-04
6.19E-04
6.04E-04
6.67E-04
7.52E-04
3.40E-04
5.52E-04
5.62E-04
§.35E-04
4.70E-04
5.11E-04
5.04E-04
3.02E-04
3.32E-04
6.00E-04
5.95E-04
3.17E-04
3.09E-04
3.16E-04
3.15E-04
4.16E-04
3.90E-04
2.57E-04

Rejected data
max

max,min
max,min
max

max,min
max,min

min
max,min
min

min
max

max,min
max,min

max,min
max
min

max
max,min

max
max
max

max

max
max

max,min



Sample

TWR
TWR
TWR
TWR
TWR
TWR
TWR
TWR
AST
AST
AST
RST
RST
RST
AST
RST
TWR
TWR
RST
AST
RASTY
RSY
AST
AST
RST
RST
RST
RAST
AST
RST
RST
AST
RAST
RST
AsT
RST
RST
™
™

10.3-2
10.5-1
10.5-2
10.5-3
10.8-1
10.8-2
10.8-3
10.8-4
10.8-5
11-1a
11-1b
11.1-1a
11.1-1b
11.2-1a
11.2-1b
11.2-1¢c
11.2-1d
11.25-1
11.25-2
11.3a
11.3b
11.3¢c
11.35a
11.4-2a
11.4a
11.45a
11.5a
11.5b
11.5¢
11.5d
11.6-1a
11.6-1b
11.8-1c
11.6-2a
11.7-1a
11.7-3a
11.8-1a
11.9a
41

4-2

Dec

130.9
137.9
1471
1427
157.3
1374
1723
183.0
181.0
1735
153.3
169.4
165.5
168.9

828
3446
174.7
157.8
154.7
168.7
177.5
1715
1785
160.1
3106
1717
279.1
248.8
2729
281.2
188.9
1747
167.9
178.7
345.0
3346
1447
336.0

' 164.8

165.1

MIN
fnc

20.2
127
10.0

75

15
19.8
145
RRR:]

86
68.8
58.7
319
307
203
87.5
224
165
32
300
418
418
48.7
320
53.1
10.8
47.9
62.3
751
60.9
85.5
438
459
62.9
51.1
48.7
19.0
80.6
115
114

5.9

alfads

115
8.2
19
48

2.1
77
6.9
58
77

203

41
8.3
19

18.3

60.8

45.7
77

114

143

19.9

167
8.2

108

104

51.8
86

215

227

144

14.4
15

a7s
7.5

5.6
0.4

649

ar4

284

Susceptibility

2.31E-04
4.47E-04
4.79E-04
5.35E-04
3.08E-04
3.36E-04
3.27E-04
3.31E-04
3.12E-04
3.80E-04
3.80E-04
2,68E-04
3.63E-04
1.77€-04
1.75€-04
1.93E-04
1.70E-04
232€-04
261E-04
231E-04
2.28E-04
2.20E-04
2.84E-04
2,44E-04
2.54E-05
2.90E-04
2.74E-04
2.96E-04
2.80E-04
2.71E-04
2.58E-04
3.39E-04
3.41E-04
2.94E-04
2.70E-02
3.09E-08
1.47E-04
4.62E-04
261E-03
7.77€-03

std dev

5.44€.08
7.14E-06
9.81E-06
6.56E-07
1.01E-05
8.04E-06
8.94E-06
5.62E-06
2.02E-08
5.51E-08

4.3E-06
1.11E-05

8.2E-08
3.92E-08
5.12E-06
3.62E-08
4,27E-08
1.88E-06
1.75E-05
$.85E-08
1.87E-05
1.84E-05
1.01E-06
5.68E-08
1.87E-08

7.8E-08
1.02E-05
1.89E-05

1.2E-05

1.9E-06
4.83E-08
3.28E-08
4.04E-07
6.15E-06
0.000309

1.3€-06
2,69E-08
1.84E-05

Dec

2722
327.1
10.8
101
2985
43.7
277.2
483
79.4
343.0
3448
282.0
301.8
287.7
338.7
158.1
275.0
288.4
283.2
0.0
3137
3304
8.3
327.2
655
57.3
763
103.9
143
943
308.6
3525
335.2
128
187.2
774
2748
2358
3485
323

64.8
77.2
763
78.9
8.0

95
450
73.2
60.2
20.9
328
31.7
50.8
541

08
67.5
a1.2
470
a7.2
474
389
39.3
57.4
38.2
66.0
205
259
120

8.2
213
273
4.1
23
38.0
414
329
18.9
a5
786
81.4

2.81E-04
5.78E-04
8.78E-04
7.42E-04
3.82E-04
3.99E-04
431E-04
4.13E-04
3.65E-04
4.68E-04
4,32E-04
4.17E-04
5.75E-04
2.23E-04
1.80E-04
2.20E-04
2.23E-04
291E-04
3.24E-04
252604
2.92E-04
2.63E-04
3.55E-04
3.49E.04
3.63E-05
3.50E-04
3.39E-04
3.74E-04
3.76E-04
3.26E-04
3.19E-04
3.81E-04
4.04E-04
3.19E-04
4.40E-02
2.63E-05
1.84E-04
4.99E-04
3.48E-03

1.03E-02

Dec

35.5
228.4
2388
2338

67.3
2803

69.1
275.4
2747

743
251.4

45.8

615

85.5
248.7
253.8

60.9

50.4

473
2628

64.4

69.2
269.2

61.8

‘2164

3122
170.8
120
107.7
185.5
58.9
83.5
710
2773
87.2
219.7
125
78.2
255.0
255.7

MAX
Inc

14.4
20
9.3
8.1
1.2

68.1

414

18

89
a5
5.2

41.8

222

28.2
24
23

538

263

274
6.8

236

108
5.8
8.2

21.2

349
9.3
8.7

28.3
26

338
1.1

13.1
6.9

1.2

50.7

20.7

46.2
07
8.3

alfa95

29.2
8
9.1
23
38
429
79.2
238
8.1
48.4
348
14.2
20.3
22.2
453
315
453
283
52.2
1.4
85,5
29
86.1
244
59.5
8.7
9.5
415
78.9
317
6.8
36.4
548
313
0.5
58.5
57.8

6.1

2.93E-04
6.27E-04
7.87E-04
8.40E-04
3.86E-04
4.11E-04
4.34E-04
4.32E-04
3.91E-04
4.76E-04
4.74E-04
4.38E-04
6.08E-04
2.33E-04
2.09E-04
2.37E-04
2.34E-04
3.18E-04
3.43E-04
2.83E-04
3.11E-04
2.83E-04
3.60E-04
3.70E-04
4.89E-05
3.97E-04
3.74E-04
3.82E-04
3.80E-04
3.53E-04
3.39E-04
3.86E-04
4.31E-04
3.43E-04
6.14E-02
4,36E.05
2.03E-04
6.10E-04
4,26E-03
1.28€-02

std dev

9.79E-08
1.77E-08
1.34E-05
5.52E-08
1.58E-08
8.96E-08
1.76E-07
1.19E-05
8.83E-07
8.52E-08
3.66E-06
5.16E-06
1.64E-08
8,85E-08

7.9E-08
9.64E-08
3.68E-08

1.2E-05
1.15E-05
2.84E-08
1.56E-05
7.83E-08

1.4E-08
1.32E-08
1.45E-05
3.46E-06

5.8€-07
4.36E-08
8.53E-07
6.92E-08
9.01E-08
5.69E-06

1.4E05
2.36E-06
2.98E-05
4.05E-07
4.56E-07
5.12E-06

Mean
aritm

2.88E-04
5.51E-04
6.48E-04
7.06E-04
3.58E-04
3.82E-04
3.97E-04
3.92E-04
3.56E-04
4.41E-04
4.29E-04
3.74E-04
5.15E-04
2.11E-04
1.88E-04
217E-04
2.09E-04
2,80E-04
3.09E-04
2.59E-04
277€-04
2.56E-04
3.33E-04
3,21E-04
3.69E-05
3.46E-04
3.29E-04
3.51E-04
3.49E-04
3.17E-04
3.05E-04
3.72E-04
3.92E-04
3.19E-04
4.41E-02
2.43E-05
1.78E-04
4.90E-04
3.44E-03
1.03E-02

Mean
geom
2.867E-04
5.45E-04
6.34E-04
6.93E-04
3.57E-04
3.80E-04
3.94E-04
3.89E-04
3.54E-04
4.39E-04
4.27E-04
3.66E-04
5.03E-04
2.10E-04
1.87E-04
2.18E-04
2.07E-04
2.78E-04
3.07E-04
2.57E-04
2.74E-04
2.54E-04
3.31E-04
3.16E-04
3.56E-05
3.43E-04
3.26E-04
3.48E-04
3.46E-04
3.15E-04
3.03E-04
3.71E-04
3.90E-04
3.18E-04
4.18E-02
1.52E-05
1.76E-04
4.90E-04
3.38E-03
1.01E-02

Rejected data

max
max
max

max
max,min

max,min
min
max
max
max
max
max,min

max
max

max,min
max
max,min

max,min
max,min
max



1
-

AMS parameters - Flinn and Jelinek - Kashabowie - Huronian lake traverse

Sample

™
™
™

-1-1
1-2
2-1
1.3a
1.3b
1.31a
1.31b
1.32-1a
1.32-1b
1.82-1c
1.32-1d
1.33-1a
1.33-1b
2ca
2.1a
2.1b
2.1¢c
2.1d
2.241
2.2-2
3a
3b
3.5-1
3.5-2
3.7a-1
3.7b-1
4.1a-1
4.1a-2

41bt
41b2

4.1b-3
4.1b-4
4.2a
4.2b
4.2¢
4.2d
Sa-1
Sa-2
5a-3
5b-1
5b-2
S.1a
5.1b
5.5a
5.5b
6.1-1
6.1-2
6.2-3a
6.2-3b
6.2-3c
6.2-3d
7-1a
7-1b
7-1c
7-1d
7-2a
7-2b
8-1
8-2
8c-1

AMS file code
C SN

O O ONNNSNNNDDOOODOODOORN OGO GGOALDIAEDLDDLEDLDLDLDLDDLDWODWWOOOOPRDLRLRODNNDNMN = = = @ oot oo

- -

31
32
311
312
3211
3212
3213
3214
3311
3312
3

1
12
13
14

21
22

51
52
61

721,

111
12
121
122
123
124

TBRE

11
12
13
21

11
12
51
52
11
12
231
232

11
12
13
14
21
22

A

Mean
geom
1.51E-02
5.75E-03
1.27E-04
2.83E-04
2.72E-04
2.06E-04
2.14E-04
3.00E-04
2.97E-04
2.53E-04
2.67E-04
3.68E-04
3,75E-04
4.79E-04
4.25E-04
4.81E-04
4.88E-04
4.64E-04
7.65E-04
8.51E-04
1.47E-04
9.23E-05
3.08E-02
3.11E-02
9.32E-05
2.32E-05
3.25E-04
4.36E-04
2,56E-02
2,15E-02
1.64E-02
2.35E-02
2.19E-04
1.91E-04
1.84E-04
2.08E-04
1.86E-02
3.97E-04
5.03E-04
2.32E-04
1.77€-04
1.91E-02
1.08E-02
1.64E-04
1.02E-04
6.73E-04
6.73E-04
2.40E-04
2.95E-04
2.61E-04
3.23E-04
2.82E-04
3.06E-04
2.85E-04
3.11E-04
3.39E-04
3.46E-04
6.19E-04
6.04E-04
6.67E-04

K1/K2

1.06
1.04
1.03
117
1.23
1.1

1.04
1.07
1.14
1.14
1.1

1.03
1.05
1.08
1.01

1.0
1.09
1.02
1.11

1.01

1.26
1.33
1.15
1.18
1.46
1.80
117
1.06
1.08
1.10
1.10
1.08
1.08
1.03
t.19
1.05
1.21

1.20
1.23
1.09
1.02
1.06
1.16
1.08
1.08
1.03
1.0t

1.17
1.08
1.07
1.10
1.18
1.03
1.10
1.09
1.03
1.02
1.01

1.02
1.02

K2/K3 In(A)
123 005
1.25 004
1.09 0.03
113 0.1
1.10  0.21
115  0.40
118  0.04
112 007
1.04 0.3
1143  0.13
141 0.0
1.15 0.03
1.20 005
1.06 0.07
111 0.01
1.03 005
1.05 0.09
1141 002
1.03 0.0
1.05 001
111 023
112 029
142 014
111 047
230 038
2,09 059
1.06 0.16
113 006
131 0.05
1.25 009
1.24 0.09
1.29 0.08
115 0.08
114  0.03
1.04 0147
113 005
1.03 0.9
1.04 0.8
1.04 021
113 008
1.14 002
115  0.06
1.09 0.4
1.41 0.8
128 0.08
1.00 0.03
1.04 001
1.08 0.6
1.13  0.08
11438 007
118  0.09
1.04  0.17
110 0.03
109 0.0
141  0.08
1.20 0.03
117 0.02
1.02 0.0t
1.04 0.2
1.04 0.02

in(8)

0.20
0.22
0.08
0.13
0.09
0.14
0.16
0.11

0.04
0.12
0.11

0.14
0.18
0.06
Q.11

0.03
0.05
0.10
0.03
0.05
0.10
0.11

0.11

0.11

0.83
0.74
0.06
0.12
0.27
0.22
.21

0.26
0.14
0.13
0.04
0.12
0.03
0.04
0.03
0.12
0.13
0.14
0.08
0.35
0.26
0.00
0.04
0.08
0.12
0.12
0.17
0.04
0.09
0.09
0.10
0.19
0.16
0.02
0.04
0.03

P

1.31
1.33
1.12
1.33
1.37
1.27
1.24
1.19
1.20
1.29
1.24
1.19
1.28
1.14
1.14
1.09
1.15
1.14
115
1.06
1.40
1.50
1.29
1.32
3.45
3.78
1.25
1.20
1.41
1.39
1.37
1.42
1.26
1.19
1.25
1.19
1.27
1.27
1.30
1.23
1.19
1.23
1.26
1.57
1.42
1.04
1.05
1.27
1.22
1.21
1.30
i.26
1.14
1.20
1.21
1.27
1.22
1.03
1.06
1.06

T

0.58

0.50
-0.12
-0.38

0.15

0.57

0.25
-0.54
-0.03

0.02

0.67

0.60
0.1

0.89
-0.30
-0.24

0.64
-0.52

0.76
-0.38
-0.45

-0.10

0.21
0.38
0.11

-0.48
0.33
0.69
0.41
0.39
0.54
0.30
0.61

-0.62
0.40

-0.73

-0.66

0.71
0.18
0.69
0.43

-0.27
0.64
0.52

-0.72
0.63

-0.33
0.24
0.28
0.29

-0.60
0.52

-0.03
0.11
0.69
0.79
0.58
0.38
0.22

Rejected

min
max,min

max,min
max,min
max

max
max,min

max
max,min
min
max,min
min
max

min

min

max
min
min

max,min
max,min
min

max

max

max,min
max,min

max
max,min
max,min

min
max,min
min

min
max

max,min
max,min

max,min
max
min




AMS parameters - Flinn and Jelinek - Kashabowie - Huronian lake traverse

AMS file code

Sampie C SN Ki/K2 K2/K3 In(A) In(B) P T Rejected
TWR 8054+ 8 51 100 109 000 008 110 096 max
RST 9c 9 3 103 103 003 003 106 -0.04 maxmin
RST 9.1a 9 11 106 117 006 016 1.25 047

RST g.1b 9 12 106 121 008 019 130 052

RST 9.22a 9 221 109 1.18 009 016 129 031

RST 9.22b g 222 106 120 005 0148 1.28 054 max
RST 9.22c 9 223 108 {147 008 015 127 033

RAST 9.22d 9 224 105 119 005 048 127 057

RST 9.25a ¢ 25¢ 100 121 000 049 125 098 max
RST 9.25b 9 252 103 119 003 017 1.25 068 max
TW 341 3 1 105 1.04 005 004 110 -ON

TW 32 3 2 108 106 009 005 1.15 -0.22 max
TWR 9.4-1 9 41 107 114 007 0143 123 030

TWR 9.4-2 9 42 108 127 007 024 138 053

TWR 9.4-3 9 43 104 115 004 044 121 057 max
TWR 9.44 9 44 103 124 003 022 130 079 max
TWR 10.-1 10 1 142 109 041 008 121 -018

TWR 10.-2 10 2 105 111 005 040 116 035

TWR 1031 10 31 106 145 006 044 122 044 maxmin

TWR 1032 10 32 1.04 121 004 019 129 065
TWR 1054 10 51 1.08 129 008 026 1.42 052

TWR 105-2 10 52 1.6 142 045 035 166 040

TWR 1053 10 53 1.13 139 012 033 159 045

TWR 1084 10 81 101 124 001 021 129 080 max
TWR 10.82 10 82 103 149 003 017 124 070 max
TWR 1083 10 83 101 132 001 028 138 094 max
TWR 1084 10 84 105 125 005 022 133 066

TWR 1085 10 85 1.07 147 007 016 1.26 039

RST 114a 11 11 1.02 123 002 021 128 085 mex .
RST 11-1b 11 12 140 144 008 043 125 0.7 maxmin
RST 11.41a 11 111 1.05 156 005 044 1.72 080

BRST i1.11b 11 112 106 158 006 046 176 0.78

RST 11.21a 11 211 104 126 004 023 134 070

RST 41.21b 11 212 1.6 103 045 003 121 -0.65 max,min
RST 11.21c 11 213 1.08 1.44 007 043 123 0.27 min
RST 11.21d 11 214 105 1.31 005 027 1.41 070 max
TWR 11.25-1 11 251 109 125 009 022 1.38 043

TWR 11.25-2 11 252 1.06 1.24 006 022 134 059 max
RST 11.35a 11 351 1.02 1.25 002 022 131 087

RST 113a 11 31 146 1.09 045 009 1.28 -0.25 max
RST 11.8b 1t 32 107 1.28 006 025 1.39 059

RST 413c 11 33 108 149 007 018 130 041 max
RST 11.42a 11 421 1.06 143 006 036 157 072

RST 11.45a 11 451 143 1.21 043 049 137 0.20 max,min
RST 114a 11 41 135 143 030 036 183 009

RST 1152 11 51 110 124 040 021 138 036

RST 1185b 11 52 102 1.26 002 023 133 084 mex
RST 41.5¢c 11 53 101 130 001 026 1.36 092 max
RST 4115d 11 54 108 120 008 018 131 039

RST 11.6ia 11 611 108 123 006 021 133 054

RST 11.61b 11 612 104 143 004 042 1.18 052 maxmin
RST 11.6ic 11 613 107 119 006 017 1.27 045 max
RST 11.62a 11 621 1.08 1.08 007 008 1.7 003 maxmin
RST 11.71a 11 711 140 163 033 049 229 049

RST 11.73a 11 731 1.66 &51 051 214 1664 062 maxmin
RST 11.81a 11 811 140 1.26 040 023 140 040 max,min
RST f18a 11 91 102 108 002 008 141 055 max
41 4 1 423 132 021 028 163 015

42 4 2 {24 133 021 028 165 0.4




Station
TWALO
TWALO
TWA2.0
TWA2.0
TWA3.0
TWA4.0
TWA4.0
TWA4.0
TWAS.0
TWAS.0
TWA6.0
TWAG.0
TWAGS
TWAG.S
TWATO
TWATS
TWA7ZS
TWAS.0
TWAS.0
TWA9.0
TWA9.0
TWA9.S
TWA9.S
TWA10.0
TWA10.0
TWA10.5
TWA10.5
TWAI1LO
TWA1LO
TWAILLS
TWAILS
TWA120
TWAI12.0
TWA13.0
TWA13.0
TWA14.0
TWA14.0
TWAI5.0
TWA15.0
TWA1L5.5
TWAL15.5
TWA15.9
TWA15.9
TWA16.0
TWA16.0
TWA16.5
TWA16.5
TWA17.0
TWA17.0
TWC7.0
TWC.0
TWA18.0
TWA18.0
TWAI18.0
TWA18.0
TWAI18.5
TWA18S5

py data - Atikokan - H
MIN

GridX DEC INC INT
1 1 33 3434 16 32TE-04
1 2 33 3512 10 46TE-04
2 1 32 18L0 59 468E-04
2 2 32 1718 55  S5.09E-04
3 1 32 3437 195 3.66E-04
4 1 3 1548 100 2.08E-04
4 2 3 1523 04 2.05E-4
4 3 3 1627 “114  212B-4
5 1 27 3431 186 431E-4
5 2 27 3293 41 2.89B-04
6 1 28 3464 31 T.9E-04
6 2 28 3506 30 7.08E-04
65 1 32 239 313 27IE-M
65 2 32 3066 447 299E-04
7 1 33 3364 128 648E-M
15 1 38 251 294 2.49E-04
75 2 38 1179 80  2.66E-04
8 1 45 1723 168  9.16E-04
8 2 45 1647 158  9.66E-04
9 1 52 1876 130 79TE-04
9 2 52 1907 65 83I9E-M4
9.5 1 59 3554 59 6S8E4
95 2 59 3531 &5 T.05E-04
10 1 74 3542 05  2.69E-04
10 2 74 3397 21 250E-04
10.5 1 79 1696 162 495E-04
105 2 19 1679 134 S5.06E-04
1 1 96 1481 209 325E-04
11 2 96 1595 192 287E-04
115 1 105 1691 351 475E-04
115 2 105 3388 110  S.OSE-04
12 1 1.1 1471 342  288E-04
12 2 1L1 1478 242 2TIE-04
13 1 121 1574 265  249B-04
13 2 121 1725 302 21SEM
14 1 135 645 385 403E04
14 2 135 518 236 3.61E-04
15 1 146 1975 534  420E-03
15 2 146 1963 476  2.80E-03
15.5 1 154 1675 333 634E-04
15.5 2 154 1556 314 403E-04
15.9 1 171 1758 287 343EM
15.9 2 171 1891 34  385E-4
16 1 178 1754 323 287E-4
16 2 178 1759 393  3.01E-04
165 1 182 1508 475  4.05E-04
16.5 2 182 1645 446 394E-04
17 1 194 1827 86  254B-04
17 2 194 88 04 250B-04
7 1 205 16L8 41 268E-04
7 2 205 1803 28 284E-04
18a 1 209 15 162 4T8E-04
18a 2 209 122 67 A4NEH
18b 1 209 3575 111 3.99E-04
18b 2 209 3453 96 416E-04
185 1 216 1IM8 649 6STE4
185 2 216 1783 517 680E-M4

Lake

DEC
2519
2603

899
268.6
832
618
2434
2826
819
2266
76.6
260.3
213
154.9
8179
126.1
241
802
nBI
289.2
286.5
264.6
2625
2633
7.0
2702
2639
262.6
2547
67.9
7.1
315.2

INT

INC
418
40.2
102
84
35.3
16.5
.6
68.0
245
n7

INT
5.03E-04
7.58E-04
821E-04
9.51E-04
4.50E-04
2.29E-04
2.30E-04
244E-04
5.37TE-04
3.51E-04
L18E-03
L16E-03
3.03E-04
3.09E-04
T.T9E-04

2.63E-04

271E-04
120E-03
132603
8.95E-04
9.24E-04
7.88E-04

4.00E-04

3.01E-03
805E-04
4.91E-04
4.16E-04

3.71E-04
3.84E-04
5.30E-04
5.20E-04
3.25E-04
3.34E-04

3.11E-04
5.24E-04
S.09E-04
4.63E-04

T.61E-04
7.58E-04

MAX

DEC INC INT
5.2 482
824 498
3003 782
549 M99
2304 481
2748 705
621 184
688 186
2198 585
60.6 178
215 846
1079 &4
8.2 s5L0
515 146
848 541
2440 541
242 633
3294 L9
3307 MBI
8.7 461
936 4715
1225 803
1311 813
844 294
2463 583
5§72 528
505 626
426 351
195  65.6
3183 507
2229 659
533 5.6
540 84
567 204
547 387
3172 205
2022 486
760 212
827 201
- 535 318
498 240
849 L6
877 180
1.0 567
2907 271
4.7 167
364 320
888 243
2783 512
2542 303
900 52
1005 103
1103 503
956 359
791 2L6
266.0 L0
834 30

Mean susceptibility

aritm
4.76E-04
7.6TE-04
7.10E-04
825E-04
4.28E-04
2.29E-04
2.25E-04
237TE-04
5.16E-04
3.37E-04
1.08E-03
L07E-03
297E-04
3.16E-04
7.52E-04
267E-04
2.70E-04
1.15E-03
1.28E-03
8.80E-04
9.20E-04
7.64E-04
8.27E-04
3.13E-04
2.83E-04
6.43E-04
6.58E-04
3.61E-04
3.19E-04
5.14E-04
5.22E-04
3.25E-04
3.15B-04
2.87E-04
261E-04
4.5TE-04
3.92E-04
5.20E-03
3.28E-03
8.54E-04
4.88E-04
4.03E-04
4.41E-04
3.44E-04
3.64E-04
5.00E-04
4.91E-04
3.06E-04
3.12B-04
3.10E-04
3.12E-04
5.13E-04
5.08E-04
4.50E-04
471E-04
T.46E-04
7.68E-04

geom
4,62E-04
7.25E-04
6.86E-04
7.89E-04
4.25E-04
2.28E-4
224E-04
237E-04
5.128-04
3.35E-04
LOGE-03
LO3E-03
2.96E-04
3.16E-04

4.95E-04

3.03E-04
3.09E-04
3.08E-04
3.11E-04
5.13E-04
5.08E-04
4.48E-4
4,69E-04
T43E-04
7.65E-04

max
min
min

max

min,max

min,max

max

max
max
max
max
max -
max
max

min,max

max

max

mifn,max
max



Station

TWAIRS
TWAIAS
TWA19.0
TWA19.0

TWL10.0
TWL10.0
TWA195
TWA19.5
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py data - Atikokan - Hi
MIN
GidX DEC INC INT
a 1 216 17L2 188 338E-04
a 2 216 1455 239 3S1E-04
1 228 28 571 3.88E-04
2 228 1104 414 4.05E-04
1 BI 1450 165 252EM
1 232 1495 i3 4.95E-04
2 22 1560 78 S5.19E-04
1 25 3406 300 LS4ED3
2 N5 338 566  S.95E04
a 1 229 1610 489 2.18E-4
a 2 B9 IWE 655 239B04
b 1 29 1712 74D 268E-4
b 2 29 M98 T52 296E-4
1 248 2629 59 3B4EH4
2 248 741 684 3STE4
1 258 2102 125 3WE4
2 258 242 185 3.05E-04
a 1 258 2080 251 2.96E-04
a 2 258 290 291 307EM4
1 28 70 640 31.55E-04
2 268 2454 768 3S59E-04
a 2 716 3284 387 L94E04
a 1 276 3366 308 LB4E-04
2 217 3129 07  4BIE-4
1 277 3157 701 T4E-04
c 1 282 1563 190 3.0E04
b 2 282 3351 129 38SEM4
b 1 282 3494 91 285E-04
a 2 282 454 184 IDEM
a 1 282 1698 223 299504
1 315 372 S&1  43EM
2 315 3427 255 44TE-D4
1 31 1459 107 277E4
2 3 1412 BB 235E-M4
2 30 1578 130 428E-04
1 30 3136 157 42E0
a 1 315 2045 147 7.86E-05
1 32 234 264 4.83E-05
b 2 323 161 179 327EM
b 1 323 1610 221 3.28E-04
a 1 123 1599 68 289E04
2 326 1615 128 346E-M4
1 326 1754 145 3.18E04
1 347 3116 414 33BEM4
2 347 2996 489 3.61EMM
1 352 2L8 385 235E05
2 352 228 25 LREDS
a 1 376 195 6.0 28B4
a 2 316 1794 658 27EM
b 1 376 SB2 700 33EM
b 2 376 1B 661 33EM
1 405 165 521 257TE04
2 405 1456 673 23BEM
a 1 399 33L1 35 230E-04
b 1 399 1437 s 2.76E-04
b 2 399 3289 Q7 3.03E-04
1 412 3169 131 356E04
2 412 2T 12 3mEM
a 1 418 2773 128 45BE4
a 2 418 2901 26 9.43E-04
a 3 418 2699 165 G6SEM4
b 1 418 3BS 102 3MEM
b 2 418 1486 10 34IE04
b 3 418 3211 108 448E4
2 425 3193 103 76EM
1 @25 3258 143 S94E04
2 497 1494 21 368E04
1 @7 3154 113 296EM

Lake

DEC
2919
307.4
115.9
3161
3124

49.8
2532
195.8

3234
160.6
3561
3438

219
2409
3328

83.1
10L7
3526
2148

INT
INC INT

563 3.93EH4
65.0 4.21E-04

20 419804
45.7 439E-04
732 295EH4
708  658B-04
423  G4TE-M
548  174E-03
291 G6IE-4
398  239E-04
5 258E-4
159  3.07E-04
144 345E-04

82 435E04
211 431E-4
617  3.69E-04
668  356E-04
3L0  349E-04
448  1S4E-04
234  A00E-04

42 4Al4E04
142 230E-04
580 205E-04
109  55TE-04
1.7 853E-04
422 3.64E-4
69.6 4.62E-04
T86  3.40E-04
415  3.76E-04
590 352E04

9.8  456E-04
599 4T71E-04
605  3.18E-04

47  2LT5E-04
564  4.66E-04
547  449E-04
454  9.70E-05
511  G46E-05
65.8  5.00E-04
505  4.98E-04
353 3ISEH
763  S.1SE-04
S5 A9TE-04
311  ALE-M
W1 429E-04

13 416E-05
119  5.3BE-05
20 3.16E-M4

17  324E04
200 427E-04
123  418E-M
335 321EH4

92 3.10B-4
102 293E-04
549 356E-04
304 3.69E-04
T2 441E04
587  3.69E-04
596  5.18E-04
60.7  LOSE-03
5§12 7.42E-04
797 434E-M4
868 4AZE04
1  GI2E04
423 L01E-03
420 T47E-04
823 443E04
786  3.B3E-04

DEC
L3
524

207.2
2123
540

MAX
INC

300

5.4

459

74
o7

INT

Mean susceptibility

aritm
3.81E-04
4.10E-04
437E-04
432804
2.B6E-04
6.10E-04
6.14E-04
LBSE-03
6.89E-04
242E-04
263E-04
3,08E-04
3.58BE-04
423E-04
411E-04
352804
3.44E-04
335E-04
3.50E-04
1.98E-04
4.04E-04
2.20E-04
201E-04
6.02E-04
937E-04
31.52E-04
4.76E-04
31.27TE-4
3.63E-04
3.44E-04
4.59E-04
4.75E-04
3.098-04
2.67E-04
4.626-04
4.4TE-04
9.36E-05
G43E-05
447E04
4.46E-04

4.64E-04
4.43E-04

4.24E-04
4.49E-05
455E-05
3.10E-04
3.09E-04
3.98E-04
397E-04
3.04E-04
2B9E-04
275E-04
335E-04
3.55E-04
417E-04
3.58E-04
5.44E-04
L13E-03

4.08E-04
4.15E-04
5.74E-04
9.46E-04
T.01E-04
429604
3.63E-04

geom
3.80E-04
4.07E-04
434E-04
4.32E-04
285E-04
604E-04
610E-04
LB3E-03
683E-04
241E-04
262E-04
3.06E-04
3.54E-04
4.22E-04
4.09E-04
3.50E-04
342E-04
334E-4
3.49E-04

4.03E-04

219E-04
201E-04

3.50E-04

max

max,min

BEEE

max,min

EE

max
min,max

B

B

max,min




AMS anisotropy data - traverse Atikokan - Huronian Lake

MIN INT MAX Mean susceptibility

Station Sample Grik DEC INC INT DEC INC INT DEC INC INT aritm geom Rejected
TW21.0 tw 21 a 2 443 1720 690 262E-04 2928 111 3.17E-04 264 176 3.44E-04 3.08E-04 3.06E-04 max
TW21.0 tw 21 a 1 448 1555 556 267E-04 3308 343 319E04 623 22 331E-04 306E-04 3.05E-04 max
TW2L0 tw 21 2 48 2338 T22 27TIE04 3208 19 281E-04 604 177 327E-04 293E-04 2.92E-04 min
TW21.0 tw 21 1 448 1726 522 2S56E-04 2788 122 282E-04 175 351 3.05E-04 281E-04 231E-04

TW20.0 tw 20 2 458 2324 564 303E04 3293 45 3.64E-04 623 332 378E-04 3.48E-04 3.47E-04 max
TW20.0 tw 20 1 458 2158 661 298E-04 39 206 3.61E-04 983 116 3.69E-04 3.43E-04 3.41E-04 max
TWLS.0 twl S 1 47 1391 216 28SE-04 2466 372 3.15E-04 257 450 3.28E-04 3.09E-04 3.09E-04 min,max
TWLS.0 twl s 2 47 1649 420 286E-04 610 149 3.02E-04 3160 442 327E-04 3.05E-04 3.04E-04 min max
TW19.0 tw 19 2 469 2541 666 631E04 1636 04 6.4TE-04 734 234 71.66E-04 6.81E-04 6.79E-04
TWI19.0 tw 19 1 469 2007 645 S531E04 3282 162 S30E-04 640 191 663E-04 S91E-04 S589E-04
TWI3.0 tw 18 2 478 1587 02 242F-04 2488 59 333E04 667 341 337E-04 3.04E-04 3.00E-04 max
TWI18.0 tw 18 1 478 3511 25 280E-04 819 159 328E-04 2525 739 347E-04 318E-04 3.17E-04 max
TWI17.0 tw 17 2 493 3258 467 S53TE-04 1607 423 582E-04 638 7.5 6.64E-04 5.94E-04 5.92E-04
TW17.0 tw 17 1 493 3287 503 456E-04 1512 397 53SE-04 601 12 561E-04 517E-04 S5.16E-04
TW16.0 tw 16 2 506 1843 242 277E-04 919 53 344E-04 3503 652 3.58E-04 3.27E-04 3.25E-04 max
TWI60 tw 16 1 506 ‘1774 390 3.14E-04 2898 251 3.62E-04 434 406 398E-04 358E-04 3.57E-04
TWIS.0 w 15 1 517 1551 147 317E-04 382 599 364E-04 2523 256 4.04E-04 361E-04 3.60E-04
TW14.0 tw 14 2 528 1971 46 - 392E-04 817 793 459E-04 2879 9.6 S.O7E04 4.52E-04 4.50E-04
TW14.0 tw 14 1 528 1881 19 346E04 830 790 401E-04 2784 109 445E-04 397E-04 3.95E-04
TWI3.0 tw 13 2 542 1422 377 188E-04 318 243 235E-04 2773 425 245E-04 223E-04 221E-04 maxmin
TWI3.0 tw 13 1 542 1486 508 238E-04 3373 333 271E-04 2439 43 293E-04 267E-04 267E-04 max,min
TWI2Z0 tw 12 ¢ 2 556 1785 291 3SIE-04 326 555 330E-04 788 168 3.93E-04 3.75E-04 3.74E-04 max,min
TWI20 tw 12c¢ 1 556 1712 438 326E-04 3209 420 3.77E-04 656 157 3.95E-04 3.66E-04 3.65E-04 max
TWI20 tw 12b 2 556 1791 656 206E-04 413 186 252E-04 3060 153 279E-04 245E-04 244E-04 min
TWI20 tw 12 b 1 556 2874 743 212E04 1449 126 251E-04 528 93 2.80E-04 248E-04 246E-04

TWI20 tw 12 a 2 556 3244 66 234E-04 2170 689 2.88E-04 568 199 298E-04 273E-04 272E-04 max

T TWI20 tw 12 a -1 :556 3172 210 240E-04 636 364 273E-04 2037 461 281E-04 265E-04 264E-04 max
TWI1L0 tw 11 72566 1374 332 26SE-04 3567 498 314E-04 2412 200 333E-04 3.04E-04 3.03E-04 max
TWILO tw 11 1+ 566 1603 211 211E-04 535 369 251E04 2735 456 277E-04 246E-04 245E-04 max
TWI10.0 tw 10 ©2° 575 1525 219 299E-04 Si1 261 349E-04 2772 547 3.64E-04 338E-04 3.36E-04
TWI10.0 tw 10 1§75 1508 86 283E-04 3202 814 320E-04 607 02 3.64E-04 3.22E-04 3.21E-04 min
TWLAO twi 4 1 52 1360 391 253E-04 2573 326 297E-04 128 340 3.05E-04 285E-04 284E-04 min,max
TWI.0 tw 9 2 583 1423 347 227E-04 3448 531 273E-04 2400 109 284E-04 261E-04 260E-04 max
TWO.0 tw 9 -1 583 1934 386 282E-04 3050 247 333E-04 588 413 3.60E-04 325E-04 3.23E-04 max
TWS.0 tw 8 2 596 3467 44 1.86E-04 187 808 1LI3E-03 773 81 135E03 1.09E-03 1.06E-03

TWS0 tw 8 1 596 3495 04 693E04 2577 772 9.80E-04 796 128 10SE-03 9.21E-04 9.04E-04

TW7.0  tw 7b 2 603 1477 187 284E04 2701 577 307E-04 485 253 3.86E04 326E-04 3.23E-04 min
TW7.0 tw 7b 1 603 1546 200 335E-04 2557 279 3.93E-04 337 546 414E-04 3.81E-04 * 3.79E-04

TW.0 tw 7a 2 603 329 30 255E-04 2300 668 341E-04 582 23.0 371E-04 3.22E-04 3.19E-04

TW7.0  tw 7a 1 603 3309 136 3.02E04 2139 620 355604 671 240 3.73E-04 344E-04 342E-04
TWL20 twl 2 1 614 1802 74 452E-04 2897 688 S30E04 875 198 S564E-04 SI1SE-04 S5.13E-04
TWL2.0 twi 2 2 614 1615 118 417E-04 160 758 S.09E-04 2531 7.3 S.1SE-04 4.31E-04 4.79E-04
TWL3.0 twl 3 1 612 3433 154 250E-04 824 286 3.02E-04 2289 569 3.1SE-04 289E-04 2.88E-04
TWL3.0 twl 3 2 612 1709 15 258E-04 799 334 311E-04 2632 56.6 3.46E-04 3.05E-04 3.03E-04

TW6.0 tw 6 2 613 2160 281 279E-04 183 216 3.70E-04 1403 532 3.75E-04 341E-04 3.38E-04 max
TW6.0 tw 6 1 613 2707 77 28TE04 299 744 346E-04 1789 134 3385E-04 339E-04 337E-04

TW5.0 tw Sa 2 628 3405 49 206E-04 833 690 270E-04 2486 204 285E-04 254E-04 252E-04 max
TW5.0 tw Sa 1 628 1679 212 216E04 2643 160 227E-04 285 630 283E-04 244E-04 242E-04 min
TW5.0 tw S 2 628 129 445 160E-04 173 152 23TE-04 2734 415 342E-04 246E-04 235E-04 maxmin
TW5.0 tw 5 1 628 1641 406 213E-04 327 376 278E-04 2798 268 233E-04 260E-04 2.58E-04 max




AMS data for Atikokan - Huronian area:

Measurement errors for AMS data




SANPLE qyp 11 § CORE 1 SPEC 1 UNITS= SI v M= 12 NR= 2

TWa |-

TWA -2

Twa2-|

TWA 2-2
S
TWA L—|
TNA L-2
TWA -3
TWAS-|

TNARS-2

suscC. DEC INC - RS9S BV SDEV

MIN 343.38 1.61 3.2 3.2677E-04 2.840E-03
INT 251.94 41.78 3.8 S.032BE~04 1.348E-05
MAX 75.18 48.18 4.5 5,9891E-04 1.711E-03

TWA SITE 2 CORE 1 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC R9S EV SDEV

MIN 351.20 1.01 2.5 4.68725E-04 4.861E-06
INT 260.35 40.15 1.8 7.5758E-04 6.534E-06

MAX 82.39 439.83 1.8 1.0776E-03 1.314E-0S

TWA SITE 3 CORE 2 SPEC 1 UNITS= SI v M= 12 NR= 2
susc. DEC INC R9S 1 3% SDEV

MIN 180.96 5.86 3.3 4.6792E-04 1.003E-05

INT 89.87 10.17 24.4 8.2053E-04 2.031E-06

MAX 300.29 78.16 24.6 B8.4150E-04 1.03S6E-0S

TWA SITE 4 CORE 2 SPEC 2 UNITS= SI v M= 12 NR= 2

susc. DEC INC RS5 EV SDEV

MIN 177.81 S.53 3.6 ©S5.0881£-04 5.372E-06
INT 2€8.62 8.43 19.5 9.5122E-04 7.523E-06
MAX 54,90 79.89 19.9 1.0184E-03 1.483E-0S
TWA SITE S CORE 3 SPEC 1 UNITS= SI v M= 12 NR= 2
susc. DEC INC R3S EV SDEV

MIN 343.66 19.55 17.9 3.6609E-04 1.246E-05
INT 88.24 35.34 37.6 <4.4392E-04 3,477E-07

-MAX 230.37 48.08 33.3 4.6670E-04 4,967E-06

TWA SITE 6 CORE 4 SPEC 1 UNITS= SI v M= 12 NR= 2

susc. DEC INC R9S EV SDEV
MIN 154.80 10.05 35.4 2.0778E-04 4.333E-07
INT 61.79 16.53 35.8 2.2947e-04 6.815E-06

MAX 274.82 70.50 16.6 2.4861E-04 1.720E-06

TWA SITE 7 CORE 4-SPEC 2 UNITS= SI v M= 12 NR=2
suse. DEC INC R39S EV SDEV ’
MIN 152.27 0.37 59.8 2.0456E-04 5.207E-06
INT 243.37 71.60 79.5 2.2967E-04 7.841E-06

MAX 62.15 18.40 6€8.4 2.3950E-04 6.392E~07

TWA SITE 8 CORE 4 SPEC 3 UNITS= SI v M= 12 NR= 2
susc. DEC INC R9S EV SDEV

MIN 162.71. 11.36 15.7 2.1239E-04 8.428E-06

INT 282.56 68.01 60.3 2.4382E-04 1.193E-06

MAX €8.84 18.57 58.7 2.5562E-04 1.636E-05

TWA SITE 9 CORE S SPEC 1 UNITS= SI v M= 12 NR= 2
susc. DEC INC R39S EV SDEVY

MIN 343.10 18.63 '14.1 4.3114E-04 2.724E-0S

INT 81.92 24.45 S53.4 O5.3676E-04 3.466E-06

MAX 219.75 ©B.47 52.1 S.7884E-04 9.946E-06

TWA SITE 10 CORE 5 SPEC 2 UNITS= SI v M= 12 NR= 2
suscC. DEC INC RSS EV SDEV

MIN 323.27 4.14 17.2 2.8851E-04 1.920E-0S5
INT 226.65. 71.66 75.7 3.5132E-04 2.175E-06
MAX 60.60 17.83 74.0 3.7143E-04 2.900E-06



TWA SITE 11 CORE 6 SPEC 1 UNITS= SI v M= 12 NR= 2

SuscC. DEC INC R3S gv SDEV
TwA 6-| MIN 346.36 3.09 4,6 7.9920E-04 2.166E-06

INT 76.60 4,40 23.3 1.1802E-03 6.580E-06

MAax 221.46 - 84.61 23.2 1.2473E-03 2.096E-06

TWA SITE 12 CORE 6 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC  R9S EV SDEV
TWA6-2 mMIN 350.58 3.03 2.5 7.0831E~04 2.S46E-06
INT 260.27 S5.83 6.6 1.162BE-03 1.707E-05
MAX 107.93 83.42 6.3 1.33826-03 4.184E-06

TWA SITE 13 CORE 6 SPEC S1 UNITS= SI v M= 12 NR= 2
susc. DEC INC R3S EV ) SDEV
TWAGCS -] mMIN 223.87 31.35 9.8 2.7085E-04 7.946E-06
INT 327.26 20.82 27.2 3.0270E-04 4.623E-06
MAX 85.21 50.95 26.7 3.1716E-04 2.581E-06

TWA SITE 14 CORE & SPEC 52 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS EV SDEV

TWA6.5-2 uin~ 206.56 44.74 78.7 2.9906E-04 1.206E—06
INT  154.94 41.59 93.2 3.0886E-04 4.039E—06
MAX 51.55 14.62 47.9 3.4028E-04 1.196E-06
TWA SITE 15 CORE 7 SPEC 1 UNITS= SI v M= 12 NR= 2
y susc. DEC  INC RIS  EV SDEV
TWA F—| MIN  336.40 12.84 8.9 6.4803E-04 4.952E-06
INT  237.93 32.86 18.6 7.7883E—-04 7.279E-06
MAX 84.76 S4.10 19.9 8.2969E-04 S.B825E-06
TWA SITE 16 CORE 7 SPEC S1 UNITS= SI v M= 12 NR= 2
susc.  DEC  INC R9S  EV SDEV
THA $.5-] min 25.13 29.39 21.2 2.48SSE-04 4.488E-06

INT 126.11 18.689 2B8.9 2.6321E-04 9.81SE-07
MAX 243.98 54.12 29.3 2.8858E-04 1.143E-0S5

TWA SITE 17 CORE 7 SPEC 52 UNITS= SI v M= 12 NR= 2

suse. DEC INC  R9S gV SDEV
TWA +5-2 mIn 117.94 8.01 116.3 2.6617E-04 3.391E-07
INT 24.14 25.24 96.7 2.707SE-04 6.063E-07

MAX 224.23 63.34 84.8 2.7237E-04 7.146E-06

TWA SITE 18 CORE 8-SPEC 1 UNITS=-SI v M= 12 NR= 2

susc. DEC INC RIS  EV SDEV
TWA -1 MIN 172.27 16.79 6.5 9.1577E-04 4.897E-06
) INT 80.25 6.66 7.8 1.1987E-03 2.212E-06
MAX  329.36 71.86 4.8 1.3459E-03 1.217E-05
TWA SITE 19 CORE 8 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC R3S &V SDEV
TNRA £-2 MIN 164.71 15.83 3.4 9.6554E-04 1.126E-05
INT 73.65 3.73 7.9 1.3241E-03 1.222E-0S
MAX 330.74 73.72 7.1 1.5444E-03 1.922E-06

TWA SITE 20 CORE 9 SPEC 1 UNITS= SI v M= 12 NR= 2

suUSsC. DEC INC R95 EV SDEV
TWAq9-} MmN 187.61 12.99 12.3 7.9738E-04 9.669E-06

INT 289.17 40.97 19.5 B8.9468E-04 1.454E-05

MAX 83.73 46.12 17.2 9.4943E-04 5.832E-06

TWA SITE 21 CORE 9 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC RS EV SDEV
TRAG-2 ™MIN 190.70 6.50 7.0 B.3852E-04 7.671E-07
INT 286.54 41.77 S.0 9.2448E-04 1.640E-0S
MAX 93.56 47.43 8.2 9.9718E-04 2.409E-06
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TWA SITE 22 CORE 9 SPEC S1 UNITS= SI v M= 12 NR= 2
] sUSC. DEC INC R9S EV SDEV
1 TWA-4,5-( MIN 355.39 S5.86 3.9 6.5793E-04 5.3913E-06
3 INT 264.60 7.66 7.6 7.88B25E-04 1.866E-07
MAX 122.47 80.33 6.7 8.4461E-04 S.813E-06
TWA SITE 23 CORE 9 SPEC 52 UNITS= SI v M= 12 NR= 2
susc. DEC INC R3S EV SDEV
TWAAE-2mIN 353.12 6.52 9.4 7.0483E-04 1.848E-05
INT 262.46 5.80 14.2 8.4186E-04 3.252E-06
MAX 131.09 81.25 12.6 9.3563E~04 3.5S00E-06
TWA SITE 24 CORE 10 SPEC 1 UNITS= SI v M= 12 NR= 2
sUSC. DEC INC R9S EV SDEV
TWA Q-] mMIN 354.18 0.46 18.7 2.6907E-04 6.863E-06
INT 263.35 60.64 100.3 3.3282E-04 4.772E-06
MAX 84.44 29.36 101.1 3.370SE-04 1.247E-0S
TWA SITE 25 CORE 10 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC R3S EV SDEV
TWAI0-2 mIn 339.70 2.11 18.4 2.4960E-04 4.221E-06
INT 71.00 31.539 21.7 2.8639E~04 1.452E-0S
MAX 246.28 58.32 15.3 3.1309E-04 5.927E-06
TWA SITE 26 CORE 10 SPEC S1 UNITS= SI v M= 12 NR= 2
susC. DEC INC R95 = EV SDEV
TWA lO.S-i MIN 169.62 16.15 . S5.4 4,9509E-04 1,473E-06
INT 270.24 32.37 5.0 6.8957E-04 7.286E-06
MAX 57.15 S52.84 6.8 7.4566E-04 2.487E-05
. TWA SITE 27 CORE 10 SPEC 52 UNITS= SI v M= 12 NR= 2
3 — susc. DEC INC R39S EV SDEV
~JAR10.S~-2 MIN 167.94 13.44 5.5 5.0613E-04 8.257E-06
INT 263.87 23.39 9.2 6.9211E-04 1.651E-05
MAX 50.47 62.61 8.8 7.7457E-04 6.087E-06
TWA SITE 28 CORE 11 SPEC 1 UNITS= SI v M= 12 NR= 2
susc. DEC INC R9S EV SDEV
TWA i~ mMIN 148.10 20.86 11.2 3.246%E-04 7.107E-06
INT 262.62 47.45 31.1 3.7247E-04 9.S577E-06
MAX 42,57 35.10 33.0 3.8S510E-04 2.940E-07
TWA SITE 29 CORE 11 SPEC 2 UNITS= SI v M= 12 NR= 2
_ susc. DEC INC  R9S EV SDEV
TWR 1)-2 mMIN 159.50 19.21 26.0 2.B69ZE-04 1.163E-06
INT 254,68 14.52 49.2 3.2833E-04 3.141E-06
‘MAX 19.45  65.56 45.2 3.4139E-04 4.0%0E-06
TWA SITE 30 CORE 11 SPEC S1 UNITS= SI v M= 12 NR= 2
susC. DEC INC RIS EV SDEY
1 TWANG-] MIN 169.09 35.11 12.0 4.7487E-04 6.816E-06
; INT €7.94 15.39 44.4 S.2801E-04 5.529E-06
] -MAX 318.29 S0.69 42.8 5.3832E-04 2,124E-06
E TWA SITE 31 CORE 11 SPEC 52 UNITS= SI v M= 12 NR= 2
4 susc, DEC INC  R95 EV SDEY
1 TWAI.E-2 MIN 338.76 11.05 58.0 5.0S08E-04 5.923E-06
_ INT 73.10 21.18 77.9 5.2980E-04 6&.3S0E-06
: ~MAX 222.93 65.86 71.1 5.3245E-04 5S.967E-07
3 .. " TWA SITE 82 CORE 12 SPEC 1 UNITS= SI v M= 12 NR= 2
4 —T}01§ 2 suUsC. DEC INC R9S5 EV SDEV
(2= MmN 147,08 34.17 11.9 2.8848E-04 4.B75E-06
INT 315.23 55.25 53.3 3.4086E-04 7.917E-07
_MAX 52,30 S.56 52.7 3.4618E-04 2.975E-086




SAMPLE

WA 2-2
TR 13-
TWAI3-2
TWA4-|
THA I z
THATS-)
TW&)IS—Z
TAAE, S~
TRAISS-2

TWAI59-)

TWAI15.9-2

TWA SITE 33 CORE 12

susc. DEC INC
MIN 147.81 24.21
INT 306.21 64.19
MAX 54.00 B8.41
TWA SITE 34 CORE 13
susc. DEC INC
MIN 157.41 26.54
INT 294.00 55.50
~MAX 56.72 20.38
TWA SITE 34 CORE 13
susc. DEC INC
MIN 172.47 30.18
INT 288.15 36.69
MAX S54.74 38.66
TWA SITE 36 CORE 14
suUSC. DEC INC
MIN 64.47 38.52
INT 205.73 44.41
MAX 317.18 20.47
TWA SITE 37 CORE 14
susC. DEC INC
“MIN S51.75 23.55
INT 157.46 31.84
—MAX 292.17 48.56
TWA SITE 38 CORE 15
susc. DEC INC
MIN 197.49 53.44
INT 333.98 28.27
MAX 76.01 21.17
TWA SITE 39 CORE 1S
susc. DEC INC
MIN 196.27 47.56
INT 337.63 35.53
MAX 82.74 20.06
TWA SITE 40 CORE 15
susC. DEC INC
MIN 167.52 33.30
INT 291.55 40.44
MAX 53.47 31.82
TWA SITE 41 CORE 1S5
susc. DEC INC
MIN 155.60 31.43
INT 289.49 48.61
MAX 49.82 23.99
TWA SITE 42 CORE 15
susc. DEC INC
MIN 175.76 28.73
INT 351.98 61.22
MAX 84.88 1.60
TWA SITE 43 CORE 1S
susc. DEC INC
MIN 189.13 31.36
INT 332.49 S2.78

- MAX 87.74 17.95

i
,

SPEC 2 UNITS= SI v M= 12 NR= 2
R35 . EV SDEV
24.2 2.7718E-04 1.737E-05
67.9 3.2584E-04 7.742E-Q8
_62.9 3.409BE-04 4.098E-06
SPEC 1 UNITS= SI v M= 12 NR= 2
R9S EV SDEV
13.9 2.4865E-04 7.496E-06
50.9 2.9832E-04 S.457E-06
51.9 3.1269E-04 1.317E-06
SPEC 2 UNITS= SI v M= 12 NR= 2
R9S EV SDEV
6.5 2.1541E-04 1.240E-07
9.5 2.6408E-04 1.121E-05
7.1 3.0278E-04 6.620E-06
SPEC 1 UNITS= SI v M= 12 NR= 2
R39S gV SDEV
3.9 4.0335E-04 2.596E-06
14.2 4.7300E-04 2.623E-06
14.1 4.9398E-04 1.255E-05
SPEC 2 UNITS= SI v M= 12 NR= 2
R9S EV SDEV
7.4 3.68103E-04 7.055E-06
82.6 4.0023E-04 1.362E-05
59.9 4.1348E-04 2.248E-06
SPEC 1 UNITS= SI v M= 12 NR= 2
RIS EV SDEV
0.6 4.2000E-03 2.072E-05
0.7 4.9247E-03 6.97SE-07
0.8 6.4766E-03 S.710E-06
SPEC 2 UNITS= 8I v M= 12 NR= 2
RIS EV SDEV
3.5 2.8013E-03 8,093E-05
3.9 3.0068E-03 5.776E-05
2.0 4.0435E-03 2.931E-05
SPEC 51 UNITS= SI v M= 12 NR= 2
R39S EV SDEvV
3.6 6.3388E-04 1.228E-05
4.1 B8.0454E-04 5.503E~-06
2.4 1.1241E-03 4.633E-06
SPEC 52 UNITS= SI v M= 12 NR= 2
R9S EV SDEV
3.4 4.0312E-04 3.S37E-06
3.3 4.9119E-04 1.210E-05
3.4 S5.7022E-04 7.197E-07 i
SPEC 91 UNITS= SI v M= 12 NR= 2
R93 EV SDEV
14.2 3.4305E-04 3.604E-06
19.8 4.1584E-04 1.094E-05
19.0 4.4904E-04 9.989E-06
SPEC 92 UNITS= SI v M= 12 NR= 2
R95 EV SDEV
14.3 3.8476E-04 95.852E-06
37.4 4.5149E-04 B8.495E-06
35.0 4.8548E-04 8.232E-06




TWA SITE 44 CORE 16 SPEC 1 UNITS= SI v M= 12 NR= 2

susc. DEC INC  R9S EV sSpev

TRALE - MIN “175.40 32.33 3.6 2.8731E-04 3.422E-06
INT 263.94 7.13 80.4 3.7109E-04 1,424E-06
MAX 11.01 56.69 80.3 3.7302E-04 1.13BE-06
TWA SITE 45 CORE 16 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC RSS EV SDEV

THA (G -2 MIN 175.94 33.28 8.0 3.0091E-04 1.710E-07
INT 44.95 38.73 S1.8 3.8382E-04 1.144E-05

MAX 230.70 27.12 S1.2 4.0688E-04 1.273E-03

TWA SITE 46 CORE 16 SPEC 51 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS EV SDEV

TUOALE.S-| min 150.75 47.48 5.0 4.0454E-04 7.237E-06
INT 298.33 37.74 16.4 S.2969E-04 7.865E-06

MAX 41.72 16.65 15.7 ©5.6536E-04 2.114E-05
TWA SITE 47 CORE 16 SPEC 52 UNITS= SI v M= 12 NR= 2
- 3 SUSC. DEC INC R9S EV SDEV
l NA’ (652 MIN 164.51 44,863 4.4 3.9358E-04 1.347E-06
INT 286.64 28.32 7.1 S.1998E-04 3.560E-06
MAX 36.35 32.04 7.3 S.5990E-04 5.539E-07

TWA SITE 48 CORE 17 SPEC 1 UNITS= SI v M= 12 NR= 2

_rw A ‘}_| Susc. DEC INC R3S EV SDEV
f MIN 182.73 8.56 19.3 2.5420E-04 1.147E-05
INT 290,73 64.03 81.5 3.2457E-04 6.878E-06

_MAX 88.83 24.32 59.4 3.3852E-04 2.944E-07
TWA1 SITE 49 CORE 17 SPEC 2 UNITS= SI v M= 12 NR= 2
— susc. DEC INC R9S BV SDEV X
RA13-2 min 8.77 0.39 7.6 2.5027E-04 S.963E~06
INT 99.08 38.76 14.4 3.3438E-04 3.747E-06

MAX 278.28 S1.24 12.8 3.5200E-04 6.086E-07

‘ 4 TWA SITE SO CORE 18 SPEC 11t UNITS= SI v M= 12 NR= 2
E SuscC. DEC INC R3S EV SDEV

] TWA 18A~| mIn 7.47 16.18 30.8 4.7793E-04 9.S5SE-06
1 INT 221.56 70.70 60.1 S5.2389E-04 5.034E-07
] MAX 100.48 10.25 S7.2 5.3807E-04 2.963E-06
1 TWA SITE S1 CORE 18 SPEC 12 UNITS= SI v M= 12 NR= 2
1 susc. DEC INC R95 EV SDEV
TRAIE A2 1N 12.24 6.688 46.5 ¢,9227E-04 2.877E-07
INT 276.82 38.94 95.7 5.0926E-04 1.546E-06
MAX 110.34 S0.27 87.7 S5.2370E-04 2.062E-06
. TWA SITE S2 CORE 18 SPEC 21 UNITS= SI v M= 12 NR= 2
g 1 susc. DEC INC  R9S EV SDEV
1 TN I€B-] MIN 357.45 11.09 7.7 3.9895E-04 3.328E-06 .
' INT 253.00 S51.86 42.8 4.6271E-04 9.083E-06
MAX 95.62 35.94 43.4 4.86B9E-04 1.964E-07

TWA SITE S3 CORE 18 SPEC 22 UNITS= SI v M= 12 NR= 2
TWA \g B_z suscC. DEC INC R3S EV SDEV
MIN 345.27 9.60 13.6 4.1637E-04 4.115E-06
" - INT 232.75 66.18 12.4 4.7697E-04 6.075E-07
MAX 73.11 21.59% 12.8 S.1911E-04 3,1S0E-07
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TWA SITE S4 CORE 18 SPEC S1 UNITS= SI v M= 12 NR= 2
susC. DEC INC R39S EV SDEV
TWR IS - MIN 173.81 64.88 3.0 6.5680E-04 2.218E-07
g ( INT 356.439 25.10 22.5 7.6068E-04 7.518E-06
MAX 266.00 1.03 22.3 8.2157E-04 6£.477E-06

TWA SITE S5 CORE 18 SPEC 52 UNITS= SI v M= 12 NR= 2
— . SUSC. -  DEC INC R95  EV SDEV
A IBS2MIN 178.26 S57.73 2.0 6.79S0E-04 2.631E-06
INT 351.52 32.09 4.4 7.5799E-04 4.663E-07

MAX 83.43 3.04 4.4 8.6799E-04 3.318E-06
TWA SITE S6 CORE 18 SPEC 511 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS EV SDEV
—Tmﬂ € S'A"i MIN 171.22 18.81 10.6 3.3829E-04 1.083E-05
* INT 231.93 56.30 87.3 3.9312E-04 1.195E-05
MAX 71.30 26.85 88.0 4.1129E-04 7.185E-06

TWA SITE 57 CORE 18 SPEC 512 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS EV SDEV
THA IBSA~2 mMIN 145.47 23.89 7.6 3.5138E-04 3.040E-06
INT 307.39 65.02 8.9 4.2069E-04 6.298E-06
MAX 52.40 6.88 10.5 4.5696E-04 1.241E-06

TWA SITE S8 CORE 19 SPEC 1| UNITS= SI v M= 12 NR= 2
susc. DEC INT R3S EV SDEV

T8 1a-1 MIN 22.82 57.11 67.8 3.8755E-04 3.030E-0S
INT 115.89 1.99 59.6 4.1912E-04 1.362E-05
TAX 207.18 32.81 61.6 5.0413E-04 1.S43E-05

TWA SITE 59 CORE 139 SPEC 2 UNITS= SI v M= 12 NR= 2
TOA lq -2 SuscC. DEC INC R39S EV SDEV

MIN 110.40 41.35 10.4 4.0483E-04 3.603E-06

INT 316.11 45.67 30.0 4.33938E-04 4.029E-06

MAX 212.27 13.15 30.0 4.5327E-04 2.785E-06

TWA SITE 60 CORE 19 SPEC 51 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS  EV SDEV

TROA 9.5 MIN  340.58 29.98 1.8 1.5428E-03 7.892E-06
INT 195.83 S54.77 1.9 1.74226-03 1.712E-05

MAX 80.59 16.76 1.4 2.2972E-03 6.849E-06
TWA SITE 61 CORE 19 SPEC 52 UNITS= SI v M= 12 NR= 2
susc. DEC INC RSS EV SDEV
TNA_ |q‘s_2 MIN 313.73 56.56 6.0 GS.9519E-04 1.733E-06
INT 166.49 29.06 11.3 6.6342E-04 8.742E-06
MAX 67.88 15.08 10.1 8.0734E-04 1.104E-0S5

TWA SITE 62 CORE 20 SPEC 11 UNITS= SI v M= 12 NR= 2

susc. DEC  INC R9S  EV SDEV '
ToA Q0A-\ MIN 160.96 48.87 22.5 2.1832E-04 1.307E-05
323.41 39.78 27.1 2.3941E-04 3.495E-06

MAX 60.79 8.77 20.9 2.6790E-04 2,017E-07
TWA SITE 63 CORE 20 SPEC 12 UNITS= SI v M= 12 NR= 2
.l suUSsC. DEC INC R9S EV SDEV
T €9 MIN 322.76 65.46 23.8 2.3884E-04 1.477E-06
IWA’&OA' _INT 160.58 -23.49 31.1 2.5794E-04 3.35S3E-06

MAX &7.686 6.69 23.4 2.3274E-04 3.687E-06
2
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THA 2031

THA20B-2

TR L~

TWA21-2 -

T8 22-1.
TOWA 22-2

TWAL2A-|

TWA 22A8-2

TOA22 5-1

' TiA22.5-2

TWA SITE 64 CORE 20

SuUSsC. DEC INC

MIN 171.139 74.03
INT 356.07 15.92
MAX 265.70 1.29

TWA SITE 85 CORE 20

susc. DEC INC

MIN 143.81 75.21
INT 343.83 14.37
MAX 252.35 3. 44
TWA SITE 66 CORE 21
susc. DEC INC

MIN 262.92 75.89
INT 27.88 8.20
MAX 119.54 11.41
TWA SITE &7 CORE 21
suscC. DEC INC

MIN 74.13 68.38
INT 240.86 21.09
MAX 332.861 4.53
TWA SITE 68 CORE 22
susc. DEC INC -
MIN 210.15 12.47
INT 332.81 67.71
MAX 115.99 18.17
TWA SITE 69 CORE 22
susc. DEC INC

MIN 224.23 18.46
INT 83.12 66.78
MAX 318.85 13.57
TWA SITE 70 CORE 22
susC. DEC INC

MIN 208.02 25.11
INT 101.66 31.01
MAX 329.55 48.13
TWA SITE 71 CORE 22
Susc. DEC INC

MIN 228.97 29.15
INT 352.58 44.79
MAX 119.32 31.09
TWA SITE 72 CORE 22
susc. DEC INC

MIN 7.00 63.95
INT 214.84 23.37
MAX 120.09 10.85
TWA SITE 72 CORE 22
susc. DEC INC

MIN 245.42 76.77
INT 353.79 4,24
MAX 84.73 .12.51

SPEC 21 UNITS= SI v M= 12 NR= 2
R3S EV SDEV

18.8 2.6774E-04 3.946E-06
23.0 3.073SE-04 4.772E-0&
14.7 3.4864E-04 2.043E-06
SPEC 22 UNITS= SI v M= 12 NR= 2
R3S EV SDEV

19.5 2.9624E-04 1,162E-0S
20.2 3.4536E-04 1,827E-06
13.4 4,3335E-04 8,054E~06
SPEC 1 UNITS= SI v M= 12 NR= 2
RIS EV SDEV

46.5 3.8419E-04 3.93BE-06
85.0 4.3533E-04 2.661E~-06
72.8 4.491SE-04 9.468E-06
SPEC 2 UNITS= SI v M= 12 NR= 2
R9S EV SDEV

12.8 3.S5711E-04 7.807E-07
25.1 4.3077E-04 3.393E-06
26.3 4.450SE-04 1.652E-06
SPEC 1 UNITS= SI v M= 12 NR= 2
R3S v SDEV

20.1 3.0304E-04 1.308E-05
44,1 2.6913E-04 3,810E-06
40.0 3.8273E-04 7.146E-06
SPEC 2 UNITS= SI v M= 12 NR= 2
RIS EV SDEV

10.6 3.0S513E-04 4.0S1E-06
66.9 3.S603E-04 4,999E-06
66.4 3.6979E-04 3.817E-06
SPEC 11 UNITS= SI v M= 12 NR= 2
RS EV SDEV

5.6 2.9630E-04 3.982E-06
48.9 3.4901E~-04 9.9I10E-07
49.0 3.6001E-04 1,362E-05
SPEC 12 UNITS= SI v M= 12 NR= 2
RYS EV SDEV

22.4 3.0655E-04 3.093E-07
30.1 3.5448E-04 5.17SE-06
20.1 3.8980E-04 5.306E-06
SPEC 51 UNITS= SI v M= 12 NR= 2
RIS EV SDEV

8.5 3.5528E-04 6.225E-06
15.5 4.0011E-04 9.78SE-06
17.0 4.3992E-04 4,.193E-06
SPEC 52 UNITS= SI v M= 12 NR= 2
RIS EV SDEV

16.0 3.58390E-04 1.011E-0S
41.2 4.1350E-04 7.80SE-06
40.1 4.3943E-04 1.S56E-05



$PMPLE

Twe-14

TWW6 -2

T FA-I
TW #A-2
TW $B —{-

TiO $8-2

T 8-
% i TR 82

W q-|

TW Q-2

TW SITE 12 CORE 6 SPEZ 1 UNITS= SI v M= 12 NR= 2

susc. DEC INC R3S EV SDEV

MIN- 270.72 7.75 18.9 2.8703E-04 3.824E-07
INT 29.90 74.41 17.9 3.4631E-04 4.717E-06
MAX 178.85 13.45 13.7 32.8464E-04 1.220E-QS
TW SITE 13 CORE 6 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC R3S EV SDEV

MIN 276.04 28.15 12.3 2.794BE-04 1.013E-0S
INT 18.27 21.61 ©67.0 3.6972E-04 2.412E-05S

- MAX 140.31 53.24 67.1 3.7S01E-04 S.417E-06

TW SITE 14 CORE 7 SPEC 11 UNITS= SI v M= 12 NR= 2
susc. DEC INC R95 EV SDEV

MIN 330.95 13.58 15.6 3.0238E-04 3.313E-06
INT 213.91 62.02 22.3 3.S5547E-04 2.162E-05
MAX 67.12 23.97 22.2 3.7277E-04 2.772E-06

TW SITE 15 CORE 7 SPEC 12 UNITS= SI v M= 12 NR= 2
sSusc. DEC INC R3S EV SDEV

MIN 326.94 2.%96 S.1 2.5544E-04 1.224E-0S
INT 230.01 66.77 13.6 3.4090E-04 6&.308E-0E
MAaX 2B.20 23.02 18.9 (3.7106E-04 1.605E-0S

TW SITE 16 ©CORE 7 SPEC 21 UNITS= SI v M= 12 NR= 2
Susc. DEC INC R39S EV SDEV

MIN 154.58 20.04 6.2 3.3464E-04 1.810E-0S
INT 255.69 27.86 16.9 3.9306E-04 1.047E-06
MAX 32.72 S5S4.59 16.5 4.1420E-04 2.964E-05

TW SITE 17 CORE 7 SPEC 22 UNITS= SI v M= 12 NR= 2
susc. DEC INC R9S ev SDEV

- MIN 147.70 1B8.68 61.7 2.8445E-04 4.98B0E-08
INT 270.11 57.71 66.7 3.0687E-04 2.425E-0S
MAX 48.51 25.29 25.7 3.8587E-04 1.172E-05

TW SITE 18 CORE 8 SPEC 1 UNITS= SI v M= 12 NR= 2
SuscC. DEC INC R3S EV SDEV

MIN 343.51 0.41 6.2 6.9304E-04 1.169E-0S
INT 257.70 77.21 15.5 9.8035E-04 1.356E-05
MAX 79.60 12.78 15.3 1.0882E-03 2.275E-05

TW SITE 13 CORE 8 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC. INC R3S EV SDEV

MIN 346.68 4.36 1.8 7.8623E-04 9.176E-06

INT 228.75 '80.76 2.0 1.1253E-03 8.255E-06

MAX 77.31 8.14 2.2 1.3459E-03 3.7S7E-06

TW SITE 20 CORE 9 SPEC 1 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS EV SDEV

MIN 133.40 38.62 16.1 2.8B186E-04 8,.418E-08

INT 304.95 24.69 29.5 3.32739E-04 5.892E-06

MAX 58.80 41.32 30.7 3.6016E-04 4,926E-07

TW SITE 21 CORE 9 SPEC 2 UNITS= SI v M= 12 NR= 2

Susc. DEC INC R3S gV SDEV

MIN 142.31 34.73 30.2 2.2727E-04 3.048E-06

INT 344.83 53.12 88.5 2.7284E-04 35.3922E-06
- MAX 239.98 10.89 G§57.7 2.8401E-04 1.674E-06




48HPLE

[N

TW SITE 22 CORE 10 SPEC 1 UNITS= SI v M= 12 NR=

SsuscC. DEC INC R9S EV SDEV

-rFOIO —‘ MIN 150.78 8.57 40.8 2.8298E-04 2.027E-0S
INT 329.20 Bl.42 46.3 3.2031E-04 1.669E-05
MAX €0.74 0.23 27.4 3.6410E-04 3.583E-06
TW SITE 23 CORE 10 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS £V SDEV

-TPO K)‘;l MIN 152.50 21.94 5.5 2.9932E-04 3.3245E-06
INT S1.12 26.10 18.8 2.4839E-04 1.787E-06

MAX 277.24 54.75 18.5 3.6444E-04 S5.693E-06

3N

TW SITE 24 CORE 11 SPEC 1 UNITS= SI v M= 12 NR=

susc. PEC INC R3S eV SDEV
-TLOll’( MIN 160.31 21,10 13.8 2.1068E-04 6.750E-06
INT S53.48 36.87 45.2 2.5135E-04 9.537E-06
MAX 273.51 45.59% 45.5 2.7726E-04 3.233E-06
: TW SITE 25 CORE 11 SPEC 2 UNITS= SI v M= 12 NR= 2
— l] P susc., DEC - INC R3S EY SDEV
\ \3 ‘;L MIN 137.41  33.1% 11.0 2.6529E-04 5.8EEE-06
INT 356.72 49.83 72.2 2.1383E-04 7.562E-06
MAX 241.17 20.00 73.2 3.3347E-04 1.731E~05
TW SITE 26 ©CORE 12 SPEC 11 UNITS= SI v M= 12 NR= 2
T‘\) lQ A__. susc. DEC INC RIS EV SDEV
MIN 317.20 20.97 18.5 2.4005E-04 3.165E-05
INT 63.62 36.42 76.8 2.7235E-04 S5.019E-06 b

MAX 203.72 46.12 75.3 2.8075E-04 1.105E-0S

TW SITE 27 CORE 12 SPEC 12 UNITS= SI v M= 12 NR= 2
_ susc. DEC INC R39S EV SDEV
T I2AA-2 MIN 324.44 6.58 23.5 2.3422E-04 9.S5BE-06
INT 217.03 68.94 66.4 2.8826E-04 6.89I8E-06

MAX S56.84 19.92 €5.6 2.9757E-04 1.080E-06
{
TW SITE 28 CORE 12 SPEC 21 UNITS= SI v M= 12 NR= 2]
sUSC. DEC INC R9S EV SDEV f
TWIQ B-l MmN 287.41 74.27 19.5 2.1221E-04 1.027E-05
INT 144.87 12.60 18.6 2.5071E-04 2.275E-06 |
MAX 52.78 9.26 10.4 2.8025E-04 2.818E-07 |
TW SITE 29 CORE 12 SPEC 22 UNITS= SI v M= 12 NR= 2.
T susc. DEC INC  R9S EV SDEV ! : :
WiaR -9 MIN 179.07 65.60 Si.1 2.0571E-04 7.127E-06 j
INT 41.31 18.57 56.9 2.S5208E-04 3.191E-06 . ° -

MAX 306.05 15.26 31.8 2.7864E-04 2.472E-05

i




TR~

T3 2

= TR b

BLLULSS

T# 15—

TW 16|

TW 16 2

TW 13-

TW SITE 30 CORE 12 SPEC 31
SuscC. DEC INC R29
MIN 171.22 43.77 17.8
INT 320.86 42.01 67.8
-MAX 65.56 15.73 67.7
TW SITE 31 CORE 12 SPEC 32
suscC. DEC INC R3S
MIN 178.46 29.11 76.8
INT 322.65 55.53 79.2
-MAX 78.77 16.82 40.8
TW SITE 32 CORE 13 SPEC 1
susc. DEC INC R3S
“MIN 148.62 50.85 43.7
INT 337.31 38.82 54.95
-MAX 243.87 4.26 36.9
TW SITE 33 ©CORE 13 SPEC 2
SuUsC. DEC INC R3S
~-MIN 142,22 37.72 3S.86
INT 31.75 24.32 83.9
_MAX 277.30 42.48 8.0
TW SITE 34 CORE 14 SPEC 1
SuscC. DEC INC R3S
MIN 188.07 1.92 10.7
INT 87.397 78.96 10.6
MAX 278.44 10.85 6.3
TW SITE 35 CORE 14 SPEC 2
suscC. DEC INC RYS
JMIN 197.14 4.64 12.8
INT 81.67 79.30 25.3
aMAX 287.92 9.61 23.4
TW SITE 36 CORE 15 SPEC 1
SuUsC. DEC INC R3S
MIN 155.07 14,66 21.2
INT 38.21 S539.32 25.1
MAX 252.28 25.63 13.5

TW SITE 37 ©CORE 1€ SPEC 1

suscC. DEC INC RrR9S
MIN 177.43 39.04 20.2
INT 289.77 25.11 21.0
MAX 43.43 40.58 10.4
TW SITE 38 CORE 16 SPEC 2
susiC. DEC INC RIS
MIN 184.29 24.19 1.7
INT 91.89 S5.33 34.9
-~ MAX 350.27 65.16 33.1

TW SITE 32 CORE 17 SPEC 1

susc. DEC INC R9S

MIN 328.66 50.28 10.5

INT 151.17 3%9.69 14.2
. MAX 1.23 12.2

60. 14

UNITS=
EV .
3.2578E-04
3.7672E-04
3.95139E-04

UNITS= SI v
EV
3.5095E-04
3. 7985E-04
3.9285E-04
UNITS= 81 v
v .
2,3831E-04
2.7074E-04
2.9343E-04

UNITS= SI v
EV
1.8761E-04
2.3540E-04
2. 4434E-0¢

UNITS=
EV-
3.4557E-04
4. 0033E~04
4. 4475E-04

SI v

UNITS= SI v
EV -

3.9179E-04
4.5884E-04

S.0666E-04

UNITS=
EV
3. 1655E-04
3.6374E-04
4. 0372E-04

SI v

UNITS= SI v
EV
3. 1417E~04
3.6235E~-04
3.9822E-04
UNITS= SI v
EV
2.7746E-04
3. 445S0E-04
3.5786E~-04
UNITS= SI v
EV
4,5647E-0¢
5. 3503E-04
S.6100E~04

SDEV
9.424E-06
6.222E-08
9.105E-06

M= 12
SDEV
1.207E-05
S.566E-06
1.982E-0S

M= 12
SDEV
&.038E-0Q7
&.303E-06
1.014E-0S

NR=

M= 12 NR=
SDEV

1.501E-05
9.948E-06

1.180E-035

M= 12 NR=
SDEV
4.942E-06
3. 90BE-06
1.328E-06

1z
SDEV
1.057E-05
1.686E-06
1.017E~-0S5

NR=

M= 12 NR=
SDEV
7.480E-06
3.116E-06
2.194E-035
= 12 NR=
SDEV
2.075E-05
3.504E-06
1.471E-Q05

M= 12 NR=
SDEV
1.009E-05
S.976E-07
9.B840E-06
= 12

SDEV

8.808E-06

9.587E-06
8.495E-06

NR=

SI v M= 12 NR=

NR=

N

2

-

<



CAMPLE!

TW SITE 40 CORE 17 SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS  EV SDEV
Th 13+2 MIN  325.80 46.73 13.2 5.3725E-04 7.714E-06
INT 160.73 42.29 28.7 S.8206E-04 2.080E-06
MAX 63.85 7.50 26.1 6.6397E-04 1.777E-05
Tw SITE 41 CORE 18 SPEC 1 UNITS= SI v M= 12 NR= 2
T 1€ susc. DEC INC RS  EV SDEV
MIN  351.15 2.47 28.1 2.7984E-04 8.400E-06
INT 81.85 15.89 30.2 3.2825E-04 2.384E-06
- MAX 252.54 73.91 36.7 3.4677E-04 9.158E-06
TW SITE 42 CORE 18 SPEC 2 UNITS= SI v M= 12 NR= 2
TN 182 sust. DEC INC RS  EV SDEV
MIN 158.74 ©0.21 15.1 2.4178E-04 2.023E-06
INT  248.76 S5.89 53.4 3.3253E-04 5.953E-06
-MAX 66.72 B84.09 55.0 3.3739E-04 2.035E-05
TW SITE 43 CORE 19 SPEC 1 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS  EV SDEV
Tiv 19— MIN  200.67 6&4.49 14.5 S.3086E-04 8.886E-06
INT  3228.22 16.21 13.9 5.8012E-04 8.402E-06
MAX - £4.01 19.14 4.9 6.6302E-04 8.116E-06
TW SITE 44 CORE 19 SPEC 2 UNITS= SI v M= 12 NR= Z
sust. DEC INC R3S EV SDEV
TW 19-2 MIN  254.14 66.59 30.1 6.3077E-04- 4.B854E-06
INT 162.60 0.44 30.0 6.4733E-04 1.787E-06
MAX 2.40 22.41 8.0 7.6581E-04 8.659E-06
TW SITE 45 CORE 20 SPEC 1 UNITS= SI v M= 12 NR= 2
Tw 20— susc. DEC INC R35  EV SDEV
MIN  215.76 66.07 7.0 2.9756E-04 1,153E-05
INT 3.85 20.64 75.5 3.6108E-04 3.678BE-06
- MAX 98.29 11.57 75.8 3.6921E-04 1.181E-05
TW SITE 46 CORE 20 SPEC 2 UNITS= S§I v M= 12 NR= 2
- susc. DEC INC RS  EV SDEV
TWao 2 MIN  232.41 S6.43 5.9 3.0312E-04 3.815E-06
INT  329.28 4.54 56.1 3.6411E-04 2.518E-06
~MAX 62.26 33.18 56.0 3.7781E-04 2.582E-06
TW SITE 47 CORE 21 SPEC 1 UNITS= SI v M= 12 NR= 2
TR~ susc. DEC  INC R95  EV SDEV
MIN 172.60 52.24 22.2 2.S5617E-04 8.603E-06
INT  278.80 12.20 30.2 2.8213E-04 6.314E-06
MAX 17.53 35.08 26.3 3.0546E-04 1.561E-05
TW SITE 48 CORE 21 SPEC 2 UNITS= SI v M= 12 NR= 2
T2 ) sust. DEC INC RIS  EV SDEV
“MIN  233.76 72.23 77.5 2.7100E-04 1.2B87E-05
INT  329.77 1.94 72.4 2.8144E-04 7.952E-06
MAX £0.29 17.66 28.0 3.2671E-04 1.597E-06
TW SITE 49 CORE 21 SPEC 11 UNITS= SI v M= 12 NR= 2
TWAIA-| susc. DEC INC RIS  EV SDEV
MIN 155.54 S5.61 7.4 2.6714E-04 8.521E-07
INT  330.84 " 34.30 49.6 3.1908E-04 2.925E-06
MAX £2.33 2.19 49.1 3.3138E-04 S.277E-06




osMPLE

TW 2182

Tw22-1

TW22-2

TW A3~

THa3-2

TW SITE SO CORE 21 SPEC 12

suscC. DEC INC R3S

MIN 172.04 68.97 7.1
INT 292.83 11.13 32.7
MAX 26.41 17.60 32.5
TW SITE 51 CORE 22 SPEC !
SuscC. DEC INC R3S

MIN 215.35 11.3+4 6.3
INT 138.92 78.63 26.1
MAX 45.43 0.69 26.1
TW SITE S2 CORE 22 SFEC 2
Susc. DEC INC R3S

MIN 149.36 2.07 21.6
INT 254.91 82.35 99.%2
MAX 59.10 7.28 52.6

TW SITE 52 CORE 23 SPEC 1

suscC. DEC INC R3S
MIN 325.79 14.26 S.3
“INT 69.02 41.98 75.7
MAX 221.31 44.54 735.7

TW SITE S4 CORE 22 SFEC 2

suse. DEC INC RIS

MIN 219.29 10.29 2.3
INT 58.80 42.31 8.7
MAX 218.50 45.86 8.1

UNITS= SI v
EV

2.6167E-04
3.1717E-04
3.4381E-04

UNITS= SI v
EV
2.9613E~04
3.8266E-04
4,1110E-04

UNITS= SI v
(Y
3.6782E-04
4,4257E-04
4,7674E-04

UNITS= SI v
EV
S.9416E-04
7.469€E-04
7.6313E-04

UNITS= SI v
eV
7.64239E-04
1.0123E-03
1.0623E-02

M= 12 NR
SDEV

8.586E-07
6.246E-06
1. 150E-06

M= 12 NR=
SDEV
1.459E-06
1.104E-05
8.401E-06

M= 12 NR=
SDEV
1.014E-06
1.381E-03
1.567E-05

M= 12 NR=
SDEV
3.849E-06
1.207E-05
8.243E-06

M= 12 NR=
SDEV
4.526E-06
1.718E-06
3.415E-06

N

| 8]

]

[




SPHPLE YU —
TWC SITE ! CORE 1 SPEC 1 UNITS= SI v M= 12 NR= 2
— susc. DEC INC RIS  EV SDEV
TWe 1= 175.39 14.48 5.1 3.1B02E-04 2.460E-06
INT  277.25 38.53 6.5 4.968SE-04 1.018E-06
MAX 68.82 47.84 - 4.6 5.13B0E-04 5.783E-06
TWC SITE 2 CORE 1 SPEC 2 UNITS= SI v M= 12 NR= 2
TWC |-2,  susc. DEC INC RIS EV SDEV
MIN 167.55 12.83 5.3 3.4551E-04 1.997E-06
INT  326.25 76.26 36.9 5.1539E-04 1.078E-05
—MAX 76.44 4.83 37.2 5.3201E-04 5.042E-06
TWC SITE 3 CORE 1 SPEC 511 UNITS= SI v M= 12 NR= 2
susc.  DEC INC RIS  EV SDEV
TWC WSA~ min 159.90 6.77 23.2 2.8898E-04 6.386E-07
INT £5.08 35.23 86.7 3.5S306E-04 6.10SE-06
-MAX  259.26 S53.87 84.5 3.7169E-04 7.582E-06
TWC SITE 4 CORE 1 SPEC 521 UNITS= SI v M= 12 NR= 2
susc. DEC INC R9S  EV SDEV
TWEC (.SR-| MIN 160.96 22.14 4.0 3.2793E-04 2.067E-06
' INT  280.53 50.49 42.3 4.9823E-04 3.072E-06
- MAX $6.91 30.82 42.4 5.1060E-04 7.S526E-07
TWC SITE 5 CORE 1 SPEC 522 UNITS= SI v M= 12 NR= 2
susc. DEC INC R3S EV SDEV
TWC.gB-g MN 165.11 17.89 3.8 3.273BE-04 8.23SE-07
: INT 29.15 65.82 S52.6 S5.0016E-04 2.672E-06
. MAX 260.33 15.72 52.6 S5.1393E-04 1.686E-06
TWC SITE 6 CORE 2 SPEC 1 UNITS= SI v M= 12 NR= 2
TWwC 2 -1 suscC. DEC INC R9S EV SDEV
-MIN 223,43 26.43 53.2 4.8254E-05 9.250E-06
INT 3.53 57.06 69.1 €.4630E-05 2.S85E-06
- MAX 124.02 18.20 44.3 7.9982E-05 7.737E-08
TWC SITE 7 CORE 3 SPEC 11 UNITS= SI v M= 12 NR= 2
TWC 34 ~| susc. DEC INC R9S EV SDEV
.MIN  294.52 14.66 35.2 7.8573E-05 1.283E-05
INT 189.12 45.43 72.9 9.6360E-05 1.42S5E-06
- MAX 37.62 40.89 70.5 1.0517E-04 6.854E-06
TWC SITE 8 CORE 4 SPEC 1 UNITS= SI v M= 12 NR= 2
susc. DEC INC R9S  EV SDEV
IWC 4 —| “MIN  313.57 15.74 40.8 4.2174E-04 2,033E-06
INT  200.16 54.65 41.4 4.4866E-04 9.611E-06
MAX S3.22 30.73 11.6 4.7156E-04 1.330E-0S
TWC SITE 9 CORE 4 SPEC 2 UNITS= SI v M= 12 NR= 2
TRC 4 - susc. DEC INC RIS  EV SDEV
2 MIN 157.78 13.01 8.6 4.2765E-04 4.855E-06 .
INT  268.09 56.37 68.7 4.6598E-04 8.373E-06
- MAX 59.99 30.41 68.7 4.9133E-04 3.086E-05
TWC SITE 10 CORE 5 SPEC 11 UNITS= SI v M= 12 NR= 2
susc. DEC INC R9S EV SDEV
TRNC 554~ mMIN 169.82 22.31 16.6 2.9910E-04 4.830E-06
INT  302.94 59.02 9.7 3.5210E-04 4.369E-06
MAX 71.07 20.34 13.7 3.7372E-04 6.027E-06
TWC SITE 11 CORE 5 SPEC 12 UNITS= SI v M= 12 NR= Z
TWEC S A~ Suse DEC INC RIS  EV SDEV
MIN 145.43 18.39 20.2 3.2317E-04 B.640E-06
i INT  256.73 47.54 35.3 3.73588E-04 1.356E-05
MAX 41.11 36.65 31.3 3.8986E-04 2.946E-07




SAHPLE

-TwC 58~

TAC5B-2

TWC SeA|

TWC SITE 12 CORE S SPEC 21 UNITS= SI v M= 12 NR=

suscC. DEC INC R3S EV SDEV

MIN 349.38 F3.13 23.1 2.84€3E-04 4.360E-06

INT 206.26 78B.64 46.3 3.4022E-04 1.284E-06

-MAX 80.46 6.71 42.3 3.5566E-0% 1.023E-0S

TWC SITE 13 CORE S SPEC 22 UNITS= SI v M= 12 NR=
SuscC. DEC INC R35 EV SDEV

MIN 335.13 12.86 12.9 3.8517E-04 3.928E-06

INT 207.37 6£9.56 12.5 4.6249E-04 3.764E-06

MAX €8.79 15.82 3.2 5.7978BE-04 1.723E-06

TWC SITE 14 CORE S SPEC 31 UNITS= SI v M= 12 NR=
SuscC. DEC INC R9S EV SDEV

MIN 156.27 12.01 S.2 3.0156E-04 7.401E-07

INT 264.47 42.19 GS3. 3.6367E-04 1.213E-05

MAX 48.38 41.72 S52.4 3.3030E-04 1.137E-06

TWC SITE 15 CORE & SPEC 1 UNITS= SI v M= 12 NR=

susc. DEC INC R3S EV SDEV

MIN 315.687 70.14 3.4 7.1374E-04 3.991E-06

INT 190.78 11.68 3.7 8.5343E-04 1.268E-05

MAX g97.41 15.84 1.9 1.2446E-02 1.567E-05

TWC SITE 16 CORE & SPEC 2 UNITS= SI v-M= 12 NR=

susc. ‘DEC ~ INC R3S EV SDEV

MIN 312.88 70.83 5.7 4.8133E-04 S.778E-06

INT 183.57 10.90 4.2 5.5723E-04 5.536E-06

MAX 96.46 15.75 S.1 7.6647E-04 1,431E-035

TWC SITE 17 CORE & SPEC 11 UNITS= SI v M= 12 NR=
‘SuUsc. - DEC INC R35 EV SDEV .

MIN 336.62 30.82 63.1 1.8400E-04 8.884E-06

INT 173.74 58.02 73.1 2.0463E-04 3.136E-06

MAX 71.24 7.69 48.8 2.1486E-04 2.547E-06

TWC 3

Twe 2

TWC SITE 18 CORE & SPETC 12 UNITS= SI v M= 12 NR=
susc. DEC INC RIS EV SDEV

MIN 328.43 38.686 15.0 1.9414E-04 1.374E-0S5
INT 226.77 14.18 §53.9 2.2936E-04 3.€57E-07

MAX 120.55 47.85 55.0 2.3576E-04 7.8S2E-07
TWC SITE 19 CORE 7 SPEC 1 UNITS= SI v M= 12 NR=
susc. DEC INC R39S gv SDEV

MIN 161.83 4,10 24.5 2.6B46E-04 3.967E-06
INT 64.88 52.36 19.6 3.2245E-04 3.792E-06
MAX 254.23 30.31 22.8 3.376BE-04 1.416E-05
TWC SITE 20 CORE 7 SPEC 2 UNITS= SI v M= 12 NR=
suscC. DEC INC R39S EV SDEV

MIN 180.31 2.83 24.7 2.8367E-04 4.253E-08

INT 298.79 84.07 30.0 3.1104E-04 3.171E-07
MAX 90.08 S.21 22.3 323.4080E-04 1.874E-07

[ 8]
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s5aMPLE:!
TWE SITE 1 ©CORE 1| SPEC 1 UNITS= SI v M= 12 NR= 2 1

—0E -\ SUSC. DEC INC R9S EV SDEV
! MIN 211.57 41.40 13.0 3.3338E-04 S.152E-06
INT 173.67 37.13 31.1 4.1283E-04 3.S64E-06
MAX 67.48 26.36 30.1 ¢.2848E-04 6.308E-06
TWE SITE 2 CORE 1 SPEC 2 UNITS= SI v M= 12 NR= 2 1
_ susc. DEC INC R3S EV SDEV
e -2 i 299.64 48.92 5.7 3.6106E-04 2.869E-05
INT 184.85 20.08 19.7 4.2919E-04 4.648E-06
MAX 80.54 34.08 20.1 4.8B222E-04 3.180E-05
TWE SITE 3 CORE 2 SPEC 1 UNITS= SI v M= 12 NR= 2 1
susc. DEC INC R9S EV SDEV
TWE 2 -1 MIN 221.81 38.49 18.0 2.3482E-0S5 2.S594E-06
INT 130.75 1.34 38.9 4.1SS8E-05 1.312E-05
- MAX 39.06 S1.48 41.1 6.9657E-05 6.029E-06
TWE SITE 4 CORE 2 SPEC 2 UNITS= SI v M= 12 NR= 2 1
susre. DEC INC R3S gV SDEV
TWE -2 -MIN 292.80 22.54 29.5 1.92F1E-05 7.B82SE-06
INT 197.78 11.92 68.5 S.3789E-05 6.141E-06
_MAX 81.90 64.18 65.3 6.3374E-05 6.Q43E-06
: TWE SITE S5 ©CORE 31 SPEC 1 UNITS= SI v M= 12 NR= 2
T susC. DEC INC R9S EV SDEV
E 3A-| mIN 172.50 66.39 20.2 2.8183E-04 1,359E-0S
INT 341.31 21.96 52.0 2.1602E-04 5.103E-06
' - MAX 73.94 6£.50 S1.8 2.3256E-04 1.,703E-06
TWE SITE 6 CORE 21 SPEC 2 UNITS= SI v M= 12 NR= 2
_ sust. DEC INC R3S EV SDEV
THE 3A-2  MIN 179.43 65.79 9.6 2.7277E-04 1.3SEE-06 -
INT 273.19 1.69 34.5 2,.2865E-04 7.468E-06
_MAX 3.97 24.14 34.5 3.309SE-04 3.831E-06
TWE SITE 7 CORE 32 SPEC ! UNITS= SI v M= 12 NR= 2
TWE 38 SuSsC. DEC INC R3S EV SDEV
= -1 MIn 58.24 70.02 7.5 3.31S6E-04 Z.S28E-06
INT 238.35 19.98 38.9 4.2728E-04 6.980E-0E
- MAX 328.28 0.00 38.5 4¢.3608E-04 1.620E-06
. TWE SITE 8 CORE 32 SPEC 2 UNITS= SI v M= 12 NR= 2
TWE 3B-Q susc. DEC -~ INC R3S  EV SDEV
MIN 18.76 66.07 9.6 3.3222E-04 &.BO00E-06
INT 138.22 12.32 34.6 <.1838E-04 5.182E-06
- MAX 232.83 20.19 34.3 4,4128E-04 1.019E-05
TWE SITE 9 CORE 41 SPEC 1 UNITS= SI v M= 12 NR= 2 °
TWE 4 A-| Susc. DEC INC  R9S EV SDEV :
' —MIN 331,09 2.54 28.2 2.3018E-04 1,428E-05 .
INT 61.72 10.15 67.5 2.9346E-04 1.792E-05
_MAX 222,10 79.23 61.0 23.00S7E-04 4.621E-06

TNEAB -5 TWE SITE 10 CORE 42 SPEC i UNITS= SI v M= 12 NR= 2
sust. DEC INC RIS EV SDEV
MIN 143.73 3.46 12.6 2.7641E-04 5.8SSE-06
INT 238.66 54.89 11.8 .3.5648E-04 4.206E-06
MAX 51.32 34.89 15.3 3.7255E-04 6.688E-06




SAMPLE

TWE SITE 11 CORE 42 SPEC 2 UNITS= SI v M= 12 NR=
susc: DEC INC R9S  EV SDEV
TWE 48-2 NIN - 328.90 0.71 7.1 3.02576-04 1.291£-0S
INT  238.48 30.35 22.2 3.6915E-04 1.442E-06
MAX £0.10 59.64 21.7 3.9255E-04 1.920E-0S
TWE SITE 12 CORE S5 SPEC 1 UNITS= SI v M= 12 NR=
= sust. DEC  INC R3S gV SDEV
TWE 51 MIN 516.94 13.10 9.5 3.S5609E-04 1.526E-06
INT 171.79 74.16 90.5 4.4088E-04 1.114E-05
-MAX 48.98 B8.72 90.2 4.5308E~04 1.347E-05
TWE SITE 13 CORE S SPEC 2 UNITS= SI v M= 12 NR=
susc. DEC INC R9S5  EV SDEV
TWE 5-2  MIN  327.74 12,23 1S5.0 3.0249E-04 1.659E-0S
INT  216.82 58.72 24.4 3.6895E-04 1.207E-06
MAX E4.44 28.29 20.0 4.0361E-04 2.134E-05
2 TWE SITE 14 CORE 61 SPEC 1 UNITS= SI v M= 12 NR=
] , susc. DEC INC RIS  EV SDEV
4 , TWE 6A - MIN 277.27 12.81 21.8 ¢.57B0E-04 1.306E-05
= i INT 164.49 53.57 20.8 S.1816E-04 &.03IE-0E
2 : e MAX 13.95 27.09 8.6 6.S474E-04 7.366E-06
" TWE SITE 1S CORE 61 SPEC 2 UNITS= SI v M= 12 NR=
susc. DEC INC R35  EV SDEV
TRWE R MIN  290.12  2.62 3.2 9.4346E-04 1.430E-05
i - INT 195.44 60.6% 3.6 1.0766E-02 1.337E-05
T MAX 21.59 29.17 2.2 1.3651E-03 3.294E-06
TOEGA TWE SITE 16 CORE 61 SPEC 3 UNITS= SI v M= 12 NR=
-3 susc. DEC  INC R95  EV SDEV
MIN  269.92 16.54 12.0 6.67S8E—04 3.789E-06
INT 152.57 57.17 12.1 7.4196E-04 7.023E-06
MAX 8.82 27.49 2.2 1.0098E-0Z 1.EB9E-05
] TWE SITE 17 CORE €2 SPEC 1 UNITS= SI v M= 12 NR=
i susc. DEC  INC R95  EV SDEV
] TWE @B MIN  2328.50 10.21 4.3 3.3421E-04 1.254E-05
] INT 154.49 79.74 33.6 4.3420E-04 1.653E-07
MAX 58.69 1.04 33.4 4.SSS0E-04 2.530E-06
TWE SITE 18 CORE 62 SPEC 2 UNITS= SI v M= 12 NR=
. susc. DEC INC RIS  EV SDEV
,; TRWE GR -2 MIN 148.64 0.99 7.6 3.4135E-04 6.899E-06
1 INT  256.19 86.76 14.6 4.2198E~04 <.I26E-06
] MAX 58.59 3.11 14.4 4.814BE-04 1.S8ZE-05
TWE SITE 19 CORE 62 SPEC 3 UNITS= SI v M= 12 NR=
T‘Q E 6 g -3 susc. DEC INC RIS EV SDEV
MIN  321.11 10.79 3.2 4.4813E-04 2.032E-07
INT 147.80 79.14 19.6 6.1177E-04 1.083E-05
MAX S1.35 1.23 19.3 6.6132E-04 1.109E-06
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SAMPLE

TAL 2-1

TAL 2-2
TWL 3-—I
T
TRL 4=
TWL 5|

TWL 52

TWL €
TWL 6-2

TWL SITE 1 1ZORE 2 SPEC 1| UNITS= SI v M= 12 NR= 2

SUsC. DEC INC R3S EV SDEV

MIN 180.21 7.37 8.8 4.5163E-04 4,342E-06
INT 283.68 68.79 10.8 5.3014E-04 3.338E-06
MAX 87.54¢ 19.77 13.7 S.63%96E-04 1.110E-QS
TWL SITE 2 CORE 2 SPEC 2 UNITS= SI v M= 12 NR= 2
SusiC. DEC INC R3S EV SDEV

MIN 161.46 11.78 19.3 4.1669E~04 6.263E—-06
INT 15.98 75.80 34.2 5.085SE-04 2,244E-06
MAX 253.10 7.84 32.5 5.1815E-04 1.088E-06
TWL SITE 3 CORE 3 SPEC 1 UNITS= SI v M= 12 NR= 2
susc. DEC INC R3S EV SDEV

MIN 243.7% 15.35 20.2 2.4975E-04 7.373E-06
INT B2.35 28.57 36.9 3.0170E-04 . 203E-05

fmx 228.88 S6.86 33.8 3.1540E-04 €.811E-06

18]

TWL SITE 4 CORE 2 SPEC 2 UNITS= SI v M= 12 NR=

susic. DEC INC R3S EV SDEV

JMIN 170.393 1.3 21.6 2.,579SE-04 3.673E-06
INT 79.92 33.38 18.2 3.10685E-04 3.165E-08
MAX 263.24 ©E.58 12.3  3.456ZE-04 4.521E-06
TWL SITE 5 CORE ¢4 SPEC L UNITS= SI v M= 12 NR= 2
susc. DEC INC RSS EV SDEV

" MIN 135.99 33.11° 36.6 2.35339E-04 8.474E-06
INT 257.26 32.56 91.1 2.966%9E-04 1.131E-05
MAX 12.76 '33.99 87.1 3.0548E-04 1, 148E-05

TWL SITE 6 CORE S SPEC 1 UNITS= SI v M= 12 NR= 2
susc. DEC INC R3S EV SDEV

MIN 139.06 21.64 45.2 2.8467E-04 3.323%E-06

INT 246.56 37.16 S5.4 3.1458E-04 1.224E-05

MAX 25.73 44,96 32.1 3.2845E-04 3.010E-06

TWL SITE 7 CORE S SPEC 2 UNITS= SI v M= 12 NR= 2
susc. DEC INC RIS EV SDEV

MIN 164.85 41.96 S1.2 2.8552E-04 7.340E-06

INT €1.00 14.91 77.7 3.0199E-04 1.148E-05

MAX - 315.98 44.24 74.2 3.2738E-04 2,.334E-06

TWL SITE 8 CORE 6 SPEC 1 UNITS= SI v M= 12 NR= 2

sustC. DELC INC RIS EV SDEV
MIN 165.51 S52.07 18.6 2.5726E-04 3.73TE-07
INT 17.47 33.47 63.3 3.2063E-04 3.063E-06

*MAX 276.72 15.75 60.3 3.3391E-04 9.267E-06

TWL SITE 3 CORE & SPEC 2 UNITS= SI v M= 12 NR= 2
suscC. DEC INC RIS EV SDEV

MIN 145.58 67.30 17.0 2.383SE-04 3.773E-06
INT 258.26 9.17 44.4 3,.1027E-04 3.8%6E-06
MAX 351.72 20.58 41.8 3,1788E-04 1.097E-06




SAMPLE !

THL +

TWL L

THL £

THL 82

- TWL-9-

TWL 9-2

TWL 10|

TWL log

TWL SITE 10 CORE 7 SPEC 1 UNITS= SI v

susc. DEC INC RIS
- MIN 37.25 58.11 48.4
INT 143.30 3.78 48.8
MAX 233.01 320.02 23.2
TWL SITE 11 CORE 7 SPEC 2
susiC. DEC INC R95
- MIN 342.66 25.53 35.7
INT 197.15 §59.91 37.1
MAX 73.93 14,85 21.6
TWL SITE 12 CORE 8 SPEC 1
susc. DEC INC RIS
MIN 145.87 10.69 29.6

EV
4.3471E-04
4,35567E-04
4.8711E-04

UNITS= SI v

EV
4.4689E~04
4.7129E-04
S.0S532E-04

UNITS= SI v

EV
2.7700E-04

INT 255.36 60.50 8%.9 3.183SE-04

- MAX 50.32 27.14 86.5 3.3135E-04
TWL SITE 13 CORE 8 SPEC 2 UNITS= SI v
susc. DEC INC RSS EV

~MIN 141.16 13.80 B8E.7 2.3435E-04
INT 49,99 4.75 B87.6 2.7543E-04
MAX 301.42 75.37 27.7 2.908%E-04
TWL SITE 14 CORE 9 SPEL i UNITS= SI v
susiC. DEC INZ R95 EV

-MIN 268.26 45.48 85.3 5.0360E-0S
INT 175.62 2.53 50.3 2.7637E-04

- MAX 83.07 44.41 67.3 5.S43I7E-04
TWL SITE 14 CORE 9 SPEC.d UNITS= SI v
SUSC. DEC ING R3S EV

- MIN 144.98 16.46 35.5 2.5243E-04
INT 312.36 73.15 639.3 2.9537E~04

- MAX 53.95 3.48 58.0 2.1140E-04
TWL SITE 1S5 CORE 10 SPEC 1 UNITS= SI v
susc., DEC INC R9S EV

MIN 149,48 3.34 2.5 4.9534E-04
INT 43,80 70.82 S3.8 6.584S5E-04

~ MAX 240.62 18.87 53.8 6.7702E-04
TWL SITE 16 CORE 10 SPEC 2 UNITS= SI v
suscC. DEC INC R95 EV

MIN 156.04 7.77 5.3 S.1885E-04
INT 253.19 42.35 45.8 6.494724E-04

-MAX 57.74 46.60 45.5 6.7617E-04

M= 12 NR=
SDEV
1.680E-0S
4.939E-06
1.285E-05

M= 12 NR=
SDEV
1.205E~-05
1.270E-05
1.378E-06

M= 12 NE=
SDEV
1.283E-05
4,771E-06
3. 43BE-06

M= 12 NE=
SDEV
1.639E-Q5
1.612E-06

9.813E-06

M= 12 NR=
SDEV
2.430E-04
1.0683E-0S
2.516E-04

M= 12 NR=
SDEV
1.913E-05
4.,597E-06
1.808E~05

[

8]

8]

]

M= 12 NR=

SDEV
9.528E-06
3.071E-06
2.833E-06

M= 12 NR=

SDEV
1.944E-06
1.971E-05
&.954E~086

2




AMS data - traverse Atikokan - Huronian Lake

AMS file
code Ki/K2 K2/K3 In(A) In(B) P T
Station Sample X grid CN SN
Station Sample X gnid CN SN
TWAI0  TWA 1 1 a3 1 1 119 154 017 043 1.87 043
TWAL.0O  TWA 1 2 33 1 2 t42 162 035 048 231 0.16
TWA20 TWA 2 1 32 2 1 103 175 003 056 194 091
TWA2.0 TWA 2 2 32 2 2 107 187 007 063 215 081
TWA3.0 TWA ] 1 32 3 1 104 123 004 021 1.30 0.70 max
TWA4.0 TWA 4 1 3 4 1 .08 140 008 040 120 0.1 min
TWA40 TWA 4 2 3 4 2 104 142 004 042 118  0.47 min
TWA4.0 TWA 4 3 3 4 3 105 115 005 044 1.2 0.49 max
TWAS.0 TWA 5 1 27 5 1 1.08 125 008 022 .36 049 max
TWAS.0 TWA 5 2 27 5§ 2 106 122 006 020 130 056 max
TWA6.0 TWA 6 1 28 6 1 106 148 006 039 162 075
3 TWAG.0 TWA 6 2 28 6 2 145 164 044 050 195 056
3 TWAES TWA 6.5 1 32 6 51 105 112 005 0.1 1.18 0.4t
- TWAB.5 TWA 6.5 2 32 6 52 110 1.03 040 003 114 -0.50 minmex
TWA7.0 TWA 7 1 33 7 1 107 120 006 018 1.29 049
TWA7.5 TWA 75 1 38 7 51 110 106 003 006 1.16 -0.23
TWA7.5 TWA 7.5 2 38 7 52 1.0 102 001 002 1.02 048 minmax
TWABO TWA 8 1 45 8 1 1142 131 012 027 148 040
E TWAS.0 TWA 8 2 45 8 2 147 137 015 032 161 0.34
TWAS.0 TWA 9 1 52 9 1 106 112 006 042 119 032
b 4 TWAS.0 TWA 9 2 52 9 2 {08 110 008 010 149 013
3 i TWAS.S TWA a5 1 59 9 51 107 120 007 018 129 045
3 TWAS.S TWA 9.5 2 59 9 5 1N 119 041 0148 133 025
' 3 “ TWA10.0 TWA 10 1 74 10 1 1.01 t.24 001 021 1.20 089 max
9 . TWA10.0 TWA 10 2 74 10 2 109 115 009 014 126 021
: TWA10.5 TWA 105 1 79 10 51 108 139 008 033 154 062
4 TWA10.5 TWA 105 2 79 10 52 142 137 011 03t 1.5 047
% 3 TWA11.0 TWA 1 1 96 11 1 103 145 003 014 120 061 max
4 TWA11.0 TWA 1 2 96 11 2 104 114 004 013 120 055 max
[ 4 TWA11.5 TWA 115 1 105 11 51 1.02 111 002 011 114 069 max
3 TWA11.5 TWA 115 2 105 11 52 1.0 1.05  0.01 0.05 1.06 0.81 max
T i O TWA120 TWAT T 12 1 111 12 1o n02-- 118 - ©0.02 047 - 1.22 - 0.83 -max S e
3 TWA12.0 TWA 12 2 114 12 2 105 1.8 005 0146 124 056 max
. TWA13.0 TWA 13 1 124 13 1 105 120 005 018 127 059 max
1 TWA13.0 TWA 13 2 124 13 2 145 123 044 020 1.4 0.20
; ; TWA14.0 TWA 14 1 135 14 1 105 147 005 046 1.24 054
4 TWA14.0 TWA 14 2 135 14 2 1.03 - 441 003 040 115 0.52 minmax
: ] TWA15.0 TWA 15 1 146 15 1t 132 147 027 016 155 -0.26
3 TWA15.0 TWA 15 2 146 15 2 134 107 030 007 148 -0.61
TWA155 TWA 155 1 154 15 51 1.40 1.27 033 024 1.78 -0.17 |
TWA1ISS TWA 155 2 154 15 52 116 122 015 020 142 014 ?
TWAIS9 TWA 1589 1 171 15 ot 108 121 008 019 132 043
3 . TWA1IS.9 TWA 159 2 174 15 92 1.08 1147 007 016 127 0.38 max
] TWA16.0 TWA 16 1 178 16 1 1.01 129 001 026 135 096 max
4 TWA16.0 TWA 16 2 178 16 2 106 128 006 024 138 061
4 TWA16.5 TWA 165 { 182 18 51 107 131 007 027 143 061 mex
4 i TWA165 TWA 165 2 82 16 52 108 132 007 028 145 058
TWA17.0 TWA 17 1 19.4 17 104 128 004 024 136 071 max
TWA17.0 TWA 17 2 194 17 2 105 134 005 029 144 070
TWC7.0 TWC 7 1 205 7 1 105 120 005 048 127 060
TWC7.0 TWC 7 2 205 7 2 110 110 008 009 120 000
TWA18.0 TWA 18 a 1 208 18 11 103 110 003 009 1.3 055 max
TWA18.0 TWA 18 a 2 209 18 12 103 103 003 003 106 0.0 minmax
TWA18.0 TWA 8 b 1 209 18 21 105 146 005 045 123 049 max
TWA18.0 TWA 18 b 2 209 18 22 109 145 008 014 125 023
TWA185 TWA 185 1 216 18 51 108 146 008 015 126 031 :
TWA185 TWA 185 2 216 18 52 145 112 014 O 1.28  -0.11 :




AMS data - traverse Atikokan - Huronian Lake

0.18

AMS file
code K1/K2 K2/K3 In(A) In(8) P T
Sample X grid CN SN
TWA 185 a 1 218 18 511 1.05 1.18 0.05 0.15 1.23 0.54 max
TWA 185 a 2 218 18 512 1.09 1.2 0.08 0.18 131 0.37
TWA 19 1 28 19 1 1.20 1.08 0.18 0.08 1.31 -0.40 max,min
TWA 19 2 228 19 2 1.03 1.09 0.03 0.08 1.12 0.45 max
TWL 9 1 237 9 1 1.05 147 0.05 0.18 1.24 0.50 max
TWL 10 1 282 10 1 103 133 0.03 0.28 1.41 0.82 max
TWL 10 2 22 10 2 1.04 1.25 0.04 0.22 1.33 0.67 max
TWA 195 1 235 19 51 132 1.13 0.28 0.12 150 -0.39
TWA 195 2 235 19 52 1.22 i1 0.20 0.1 138 -0.29
TWA 20 a 1 269 2 1 1.12 1.10 0.11 0.09 123 -0.10
TWA 20 a 2 239 20 12 1.13 1.08 0.13 0.08 123 0.4
TWA 20 b 1 29 20 21 1.13 1.15 0.13 0.14 1.30 0.05
TWA 20 b 2 239 20 22 1.28 117 0.23 0.1 147 -0.18
TWA 21 1 248 21 1 1.03 1.13 0.03 0.13 1,18 0.60 max,min
TWA 21 2 248 21 2 1.03 1.21 0.03 0.19 1.7 0.70
TWA 22 1 258 22 1 1.04 1.22 0.04 0.20 1.28 0.68
TWA 2 2 258 22 2 1.04 1.17 0.04 0.15 1.23 0.61 max
TWA 22 a 1 258 2 1 1.03 1.18 0.03 0.16 1.23 0.68 max
TWA 2 a 2 58 22 12 1.10 1.18 0.10 Q.18 1.27 0.2
TWA 225 1 288 22 51 1.10 1.13 0.09 0.12 1.24 0.11
TWA 225 2 268 22 652 1.08 1.15 0.08 0.14 1.23 0.40 max
TWC 6 a 2 277 6 {2 1.03 1.18 0.02 0.17 1.24 0.74 min,max
TWC 6 a 1 2717 8 11 1.05 111 0.05 0.1 147 0.37
TWC [-] 2 217 6 2 1.38 1.16 0.32 0.15 1.61 -0.37
TWC 8 1 277 8 1.48 1.20 0.38 0.18 176 -0.36
TWC 5¢ 1 282 5 3 1.07 1.21 0.07 0.19 131 0.45 max
TWC 5b 2 282 § 22 1.25 1.20 0.23 0.18 151 -0.11
TWC 5b 1 282 5 2 1.08 1.20 0.04 0.18 127 0.60 max
TWC 5a 2 282 5 12 1.04 1.18 0.04 0.15 1.22 0.61
TWC 5a 1 282 5§ 1 1.08 118 008 0.16 1.28 0.37
TWL 7 1 315 7 1 1.07 1.05 0.07 0.05 112  -0.17 min
TWL 7 2 315 7 2 1.07 105 0.07 0.05 1.13 -0.13 min
© TWL 8 1 31 8 1 1.04 1.15 0.04 0.14 1.2 0.55 max
TWL 8 2 a8 2 1.08 1.17 0.05 0.18 1.25 0.49 min
TWC 4 2 3| 4 2 1.05 1.09 0.05 0.09 1.15 0.24 max
TWC 4 1 3 4 1 1.05 1.08 0.05 008 112 011 min
TWC 3a 1 315 3 1" 1.08 1.23 0.08 0.21 135 0.44 max,min
TWC 2 1 2 2 1 1.24 1.34 0.2t 0.29 1.68 0.16 max,min
TWC 15 b 2 323 1 522 1.03 1.53 0.03 0.42 1.66 0.88 max
TWC 15 b 1 323 1 521 1.02 1.52 0.02 0.42 1.65 0.80 max
TWC 15 a 1 323 1 51 1.05 1.22 0.05 0.20 1.30 0.58 max
TWC 1 2 326 1 2 1.03 1.49 0.03 0.40 1.62 0.85 max
TWC 1 1 268 1 1 1.03 156 0.03 0.45 1N 0.86
TWE 1 1 U7 11 1.04 1.24 0.04 0.21 1.3t 0.70
TWE 1 2 M7 1 2 112 1.19 Q.12 0.17 1.34 0.19
TWE 2 1 B2 2 1 1.68 177 052 0.57 297 0.05 max
TWE 2 2 B2 2 2 1.18 2.80 0.18 1.03 3.85 0.73 max,min
TWE 3 a1 376 31 1 1.05 1.12 0.05 0.11 1.18 0.38 max
TWE 3 a 2 378 31 2 1.02 1.19 0.02 0.17 1.24 0.77 max
TWE 3b 1 378 32 1 1.02 1.29 0.02 0.25 1.38 0.85 max
TWE 3ab 2 a7e 32 2 1.05 1.28 0.05 0.2 135 0.62 max
TWE 4 a 1 399 41 1 1.02 1.28 0.02 0.24 1.34 0.82 max
TWE 4 b 1 399 42 1 1.05 1.28 0.04 0.5 1.38 0.70 max
TWE 4b 2 388 42 2 1.08 1.2 0.08 0.20 1.31 0.53 min
TWL 8 1 405 6 1 1.04 1.25 0.04 0.22 1.32 0.69
TWL 8 2 405 8 2 1.02 1.30 0.02 0.26 1.38 0.83
TWE 5 1 412 5§ 1 1.03 1.24 0.03 0.21 1.30 0.77 max
TWE 5 2 412 5 2 1.09 1.2 0.08 0.20 1.34 0.38
TWE 8 a1 418 61 1 1.28 1.13 0.23 0.12 144 0.1
TWE 86 a 2 418 61 2 1.27 1.14 0.24 0.13 145 029
TWE 6 a 3 418 61 3 1.38 1.1 0.31 0.11 154 049
TWE 8 b 1 418 62 1 1.05 1.30 0.05 0.28 1.40 0.69 max
TWE 6 b 2 418 62 2 1.14 1.24 0.13 0.21 141 0.23
TWE 8 b 3 18 62 3 1.08 1.37 0.08 0.31 151 0.60
™ 2 2 425 23 2 1.05 1.33 0.05 0.28 1.43 0.74
W 23 1 425 28 1 1.02 1.28 0.02 0.23 132 0.83 max
™ 22 2 @97 2 2 1.08 1.20 0.07 0.19 131 0.43 max
™™ 2 1 4237 2 1 1.07 1.29 0.07 0.28 1.41 0.58
™ 21 a 2 48 21 12 1.08 1.21 0.08 0.19 132 0.41 max
™ 21 a 1 48 21 1N 1.04 1.19 0.04 0.18 1.26 0.65 max
™ 21 2 48 21 2 1.18 1.04 0.15 0.04 122 -0.80 min
™ 21 1 448 21 1 1.08 1.10 Q.08 0.10 1.18 0.10
™ 2 2 458 20 2 1.04 1.20 0.04 1.27 0.68 max




Station
TW20.0
TWL5.0
TWLS.0
TW19.0
TW19.0
TW18.0
TW18.0
TW17.0
TW17.0
TW16.0
TW16.0
TW15.0
TW14.0
TW14.0
TW13.0
TW13.0
TW12.0
TW12.0
TW12.0
TW12.0
TWt2.0
TW12.0
TW11.0
TW11.0
TW10.0
-TW10.0
“TWL4.0

© TW9.0
" Twe.0

TW8.0
TW8.0
TW7.0

T TW7.0

TW7.0
TW7.0
TW6.0
TW6.0
TWL2.0
TWL2.0
TWL3.0
TWL3.0
TW5.0
TW5.0
TWS5.0
TW5.0

AMS data - traverse Atikokan - Huronian Lake

AMS file

code
Sample X grid CN SN
™w 20 1 458 20 1
TWL 5 1 a7 5 1
TWL S 2 47 5 2
T™™W 18 2 469 18 2
™ 19 1. 469 19 1
W 18 2 478 18 2
™ 18 1 47.8 18 1
™W 17 2 493 17 2
™ 17 1 493 17 1
™ 16 2 506 16 2
™ 16 1 506 16 1
™ 15 1 51.7 15 1
™ 14 2 528 14 2
™ 14 1 52.8 14 1
™ 13 2 542 13 2
™ 13 1 542 13 1
™ 12 ¢ 2 556 12 82
™wW 12 ¢ 1 556 12 3
™ 12 b 2 556 12 22
™ 12 b 1 5§58 12 21
™ 12 a 2 556 12 12
™ 12 a 1 55.6 12 11
™ 11 2 566 11 2
™w 11 1 56.6 11 1
™w 10 2 575 10 2
W 10 1 575 10 1
TWL 4 1 52 4 1
™™ 9 2 583 ¢ 2
™ 9 1 583 9 1
™ 8 2 596 8 2
™ 8 1 596 8 1
™ 7b 2 603 7 22
™W 7b 1 603 7 2
™ 7 a2 603 7 12
™ 7 a i 603 7 1N
W [} 2 613 6 2
™ 6 1 613 6 1
TWL 2 1 614 2 1
TWL 2 2 614 2 2
TWL 3 1 612 3 1
TWL 3 2 612 3 2
™ 5 a2 628 5 12
™ 5a i 628 5 1
™ § 2 628 5 2
™ s 1 628 § 1

Ki/K2 K2/K3
1.02 1.21
1.04 1.1
1.08 1.06
1.18 1.03
1.14 1.09
1.01 1.38
1.06 1.17
1.14 1.08
1.05 117
1.04 1.24
1.10 1.15
1.1 1.15
1.10 1.17
1.11 1.16
1.04 1.25
1.08 1.14
1.03 1.08
1.0 1.16
1.1 1.23
1.12 1.18
1.03 1.23
1.03 1.14
1.06 1.18
t.10 1.19
1.04 1.17
1.14 1.13
1.03 117
1.04 1.20
1.08 1.18
1.20 1.43
1.1 1.4
1.26 1.08
1.05 "~ 117
1.09 1.33
1.05 1.18
1.04 1.32
1.1 1.21
1.06 117
1.02 1.22
1.05 1.21
1.11 1.20
1.06 1.3
1.27 1.058
1.45 1.48
1.04 1.31

In(A)

0.02
0.04
0.08
0.17
0.13
0.01
0.05
0.13
0.05
0.04
0.09
0.10
0.10
0.10
0.04
0.08
0.03
0.05
0.10
0.11
0.03
0.03
0.06
0.10
0.04
0.13
0.03
0.04

0.08"

0.18
0.10
0.23

0.05 -

0.08
0.05
0.01

0.11

0.06
0.02
0.04
0.1

0.08
0.24
0.37
0.04

In(B)

0.19
0.10
0.06
0.03
0.09
0.32
0.16
0.08
0.16
0.22
0.14
0.14
0.16
0.15
0.23
0.13
0.08
0.15
0.20
0.17
0.21

0.13
0.17
0.18
0.15
0.12
0.16
0.18
0.17
0.36
0.35
0.08
0.16
0.29
0.16
0.28
0.19
0.16
0.20
0.19
0.19
0.27
0.05
0.39
0.27

pr

1.27
1.16
1.5
1.23
1.25
1.46
1.25
1.24
1.24
1.32
1.27
1.28
1.30
1.29
1.83
1.23
1.12
1.22
1.36
1.32
1.30
1.18
1.27
1.32
1.23
1.29
1.22
1.27
1.28
1.73
1.60
1.37
1.25
1.48
1.25
1.39
1.35
1.26
1.27
1.28
1.34
1.41
1.86
2.13
1.39

0.79
0.40
-0.18
<0.73
-0.20
091
0.49
-0.24
0.54
0.70
0.20
0.14
0.23
0.18
0.70
0.23
0.40
0.50
0.34
0.20
0.73
0.64
0.47
0.29

- 0.56

-0.02
0.69
0.64
0.36
0.33
0.54

-0.50
0.51
0.55
0.55
0.90
0.28
0.44
0.83
0.62
0.27
0.67

-0.65
0.03
0.77

max
min,max
min,max

max
max

max

max,min
max,min
max,mirn
max
min

max
max
max
max

min
min,max
max
max

min

max

max
min
max,min
max




(o}

mmo

g2434422524

-

-
_- w90
O LOMO®@mNDON -

15.5
16.5

18.5

- ek h ad ck ke ah b b ek b b ok b b b ) S mk ok ek b ek b ek ch b A ek

Min

ARMTW* sp Dec

ARMTWA1
ARMTWA2
ARMTWA3s
ARMTWAd4s
ARMTWAS
ARMTWAS
ARMTWA?7
ARMTWAs
ARMTWA9
ARMTWA10
ARMTWA11
ARMTWA12
ARMTWA13
ARMTWA14
ABRMTWA1S
ARMTWA16
ARMTWA17
ARMTWA18
ARMTWC3
ARMTWC2
ARMTWC1s
ARMTWE2
ARMTWE3
ARMTW10
ARMTW?
ARMTW6
ARMTWS
ARMTW2
ARMTW{
ARMTWL1s

330.1
1773
3445
340.2
334.1
164.5
180.1
344.2
351.7
160.4
62.2
200.4
173.5
148.2
346.4
187.4
339.9
210.8
154.9
162.9
177.0
1113
319.3
315.2
318.0
156.8
6.7
346.1
335.4
358.4

ARM anisotropy axes - TW collection
File: ARMtwsum.wq(1

Inc

10.8
0.7
174
5.7
175
16.0
7.2
10.7
8.9
8.4
259
58.1
38.7
29.2
24.9
629
28.5
29.3
8.2
13.2
9.7
18.6
171
5.1
44.6
23
70
10.2
235
21.3

alfa95

16.4
4.5
5.1
1.7
3.6
4.6
6.7
3.9

10.6
5.2

7
6.6
71
3.9

131
6.9

29.8

59.5
6.4
8.6

3

19

116
1.6
3.8
7.8

1.1
29

60.7

18.3

Int

2.49E+01
4.24E+01
7.81E+01
1.59E+02
1.17E+02
1.43E4-02
1.44E4-02
68.33E+01
1.97E+01
6.70E+01
1.15E4+-01
9.75E+01
3.67E+01
6.07E+01
1.03E+0
7.22E+01
2.06E+01
9.43E+00
2.11E+01
3.66E+01
1.567E+01
1.57E4+02
3.09E+01
1.94E+02
8.94E+01
3.36E+01
6.11E+01
1.72E+02
7.30E+00
2.20E+01

Int
Dec

232.0
267.6
83.7
74.0
2a41.2
739
275.0
253.9
87.9
254.4
201.2
328.8
287.1
302.0
164.9
3.1
151.9
22.7
268.2
294.1
3121
234.2
16714
153.4
175.3
40.1
i16.2
221.0
151.1
128.7

Inc

36.2
235
27.3
33.9
8.0
i8
34.4
1.7
34.7

'26.0

§7.2
211
26.6
58.1
65.1
27.0
61.3
60.5
68.4
703
76.5
68.2
70.9
84.6
38.9
849
69.8
725
66.4
58.9

Int

1.30E+4-02
S5.13E+02
1.90E+02
7.18E+02
2.59E+02
3.75E+02
2.80E+-02
1.45E+02
2.82E+01
2.32E+02
2.04E+01
1.26E+02
9.52E+01
1.23E+02
1.94E+01
1.03E+02
2.73E+01
1.12E+01
3.49E+01
1.25E+02
1.07E+02
2.27£+02
7.76E+01
2.58E+02
1.21E+02
4.89E+01
8.25E+01
3.41E+02
7.75E+00
3.05E+01

74.1
85.8
226.3
241.8
125.2
336.8
78.9
154.7
249.3
53.2
3228
68.1
41.6
51.5
256.2
94.0
248.1
118.8
61.9
89.5
85.4
12.3
51.9
45.3
68.6
247.1
2743
78.6
244.7
259.5

inc

51.7
66.5
57.0
585.5
70.2
74.9
54.6
79.2
53.9
63.4
18.7
22.7
39.8
11.8

0.6

1.8

3.4

3.5
19.8
14.3

9.4
24.8

8.4

1.7
19.6

45
i8.8
14.0

1.6
215

alfags

5.9
8.5
4.7
244
103
4.6
3.1
8.6
235
109
5.2

4.6
8.4
16.5
6.7
8.7
225
114
6.8

23
55
45

9.7
35
3.7
228
13.2

Int

3,68E+02
6.43E+02
3.09E+02
8.52E+02
4.73E+02
6.09E+02
4.07E+02
2.44E+02
3.64E+01
2.94E+02
3.10E+01
2.35E+02
2.01E+02
2.96E+02
a,18E+-01
1.77E402
7.26E+01
1.79E+01
6.29E+01
2,02E+02
1.51E+02
4.90E+02
1.21E402
4.06E+02
1.81E402
7.68E+01
1.32E+02
7.10E+02
9.89E+00
4.46E+01

Mean ARM (mA/m)

geom

106.2
241.0
166.0
459.7
2426
319.8
253.9
130.9
24.2
166.0
19.4
142.3
88.9
130.2
16.3
109.4
345
12.4
35.9
97.4
63.3
259.3
66.2
241.2
125.2
50.2
87.3
346.6
8.2
31.0

aritm

1745
399.6
192.2
576.1
2828
375.7
276.8
150.8
26.1
197.7
21.0
152.6
i11.0
159.8
18.4
117.2
40.2
12.8
39.7
121.3
91.1
291.2
76.4
266.0
130.6
63.1
91.9
407.6
8.3
323

Ki/K2

2.82
1.25
1.63
1.19
1.83
1.63
1.45
1.68
1.29
1.26
1.52
1.86
2.11
2.42
2.36
1.72
2.66
1.60
1.80
1.62
1.41
2.16
1.56
1.58
1.50
1.57
1.60
2.08
1.28
1.46

K2/K3

5.24
12,10
243
4.52
2.22
2.61
1.95
2,30
2.05
3.47
1.78
1.29
2.59
2,02
1.31
1.42
1.33
1.19
1.65
3.42
6.79
1.45
2,51
1.92
1.35
1.46
1.35
1.99
1.06
1.39

In(A)

1.04
0.23
0.49
0.17
0.60
0.49
037
0.52
0.26
0.24
0.42
0.62
0.75
0.88
0.86
0.54
0.98
0.47
0.59
0.48
0.35
0.77
0.44
0.45
0.40
0.45
0.47
0.73
0.24
0.38

In(B)

1.66
2.49
0.89
1.51

0.80
Q.96
0.67
0.83
0.72
1.24
0.57
0.25
0.95
Q.70
0.27
0.35
0.28
0.17
0.50
1.23
1.92
0.37
0.92
0.65
0.30
0.38
0.30
0.69
0.08
0.33

P

15.13
20.45
4.03
6.35
4.07
4.36
2.87
3.90
2.75
4.90
2.72
2.47
5.50
4.89
3.24
2.47
3.75
1.04
2.98
5.84
11.43
3.9
4.02
3.05
2.03
2.29
217
413
1.38
2.03

T

0.23
0.83
0.29
0.80
0.14
0.33
0.28
0.23
0.47
0.68
0.16
-0.42
0.12
0.1
0.52
-0.21
055
-0.46
-0.08
0.44
-0.69
-0.35
0.35
0.18
-0.15
-0.09
0.22
-0.03
-0.61
-0.07

Rejected

data

max

max

min
max,min

max,min



ARM*.SPN

ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM

rs

rs

£
rst
s

DU AWDENW- =N~

DO - - - o
N0 O0ONOOWBWLN®

23
24
25
26
27

28
29

30
31
32
33

Station

11
1.3

24
22

35
4.1

8.05
8.1
8.1
9.2
9.3
9.4

10.05

10.1

10.15

10.2

10.3

10.4

10.45
10.55

10.9

111

1.3

11.35
11.35
11.4
11.4
11.45

1.5

11.6

119

1.9

12

Sample

3gag

aaaaaagaaaaaggggaga

I

rst

rst

1-1

1.1
1.3a
2ca
2.1
2.2-1
3c
3.5-1
4.1b-1
Sa-1
8.05-1
8.1
8.8
9.2-2
9.3
9.4
10.05-1
10.1
10.15
10.2
10.3
10.4
10.45
10.55
10.9
11.4-1
113
11.35a
11.35
11.4-2
11.4-2a
11,45
115
11.6
119
11.9a
4-1

Arm anisotropy axes - RS collection
File: ARMrssum.wq1

Min
Dec

338.8

157.1

65.1
145.7

22.2
102.2
348.3
353.0
125.2
350.6
166.3
159.3
153.6
3173
3223
313.8
329.3
328.3
1529
325.4
348.0
146.5
359.1
170.0
170.7
1705
169.1
162.4
157.8
167.8
291.9
180.0
324.8

172.4

inc

5.6

6.9

68.7
145
6.2
30.5
3.1
4.0
8.8
3.9
19.3
8.0
64.0
2.7
1.8
8.7
16.0
9.5
20
10.8
3.1
4.6
16.1
31.2
377
22.2
15.7
51.5
47.8
51.0
62.6
33.0
11.2

139

alfags Int
68 385
181 395
39 384
728 20
193 74
141 400
99 442
184 708
4.2 1058
211 1628
13.7 411
83 623
185 9t.1
1.8 462
232 50
9.0 344
8.0 104.7
1.5 207
98 48
6.4 153.1
28.2 242
89 92
187 48
18.7 44
5.7 439
27 532
35 98
83 109
128 110
47 159
54 191
76 86
84 156
385 1.6
601 2.4
4314 24
80 76

Int
Dec

218.5
325.7
333.3
3.5
332.4
258
180.4
261.3
254.5
83.4

195.4
288.4
295.6
334.2
220.5
88.5
213.7
208.3
206.0
53.4
1229
93.0
225
175.8
306.1
15.7
13
563.3
17.0
348.6
356.8
100.9
67.8
151.2
176.0
323.0

Inc

79.0
22.5
83.1
5§9.0

1.1
62.6
83.4
57.8
50.7

5.4

85.8
56.6
79.0
26.0
68.4
87.1
48.9
62.2
725
78.3
783
78.1
81.9
739
49.9
49.5
66.4
571
33.2
41.6
38.6
27.0
39.5
78.7
249
74.1

Int

59.3
40.5
67.5
2.2
7.9
72.3
48.8
89.6
2175
185.5
86.1
115.0
185.0
92.6
9.0
67.6
219.8
59.6
6.2
296.0
81.1
20.9
121
9.6
75.9
152.6
20.4
228
224
75.1
73.8
15.3
33.1
26
29
2.2
120

Dec

69.7
ni7
67.0

2028

241.9

241.9

201.9

6.6
80.9

226.5
15.5
80.7
66.4
68.2

244.1
483

2323
5.2
66.0
60.7

243.4

234.6

257.4

237.0

268.9
65.5

270.6

263.6

267.7

275.3

253.8

263.3

193.2

305.2
55.0
68.6
80.6

Inc

9.4
33.6
0.5
24.9
21.2
228
26
9.4
39.2
83.3
65.2
i8
26.1
75
0.3
21.4
2.4
39.8
221
14.5
118
4.4
115
6.7
0.9
224
126
7.6
28.1
17.2
5.4
4.4
4.5
33.2
1.2
329
75

alfa9s

23.0
10.9
2.1
30.8
22.6
25.7
5.7
24.2
17.4
3.1
54.3
20.8
8.8
6.1
50.3
9.9
2.2
a3
5.4
7.2
27.5
29.6
4.6
1.3
1.8
10.7
8.8
9.8
"7
8.0
1.0
23.7
8.2
59.7
29.9
20.4
88

Int

64.1
68.8
170.9
24
8.4
81.0
51.9
100.4
2204
2451
980.3
144.0
286.1
137.2
10.2
91.0
408.7
107.5
9.0
402.9
191.3
238
20.1
6.4

'167.0

217.2

28.7

32.4
26.5
93.0
105.1
24.8
60.4
3.6
4.6
3.4
19.5

K1/K2K2/K3 In(A)

mean ARM
geom

627 1.08
479 1.70
76.2 253
22 1.0
7.9 1.06
64.1 1.26
48.2 1.06
859 1.12
1741 1.05
-184.9 1.32
68.4 1.05
101.0 1.25
169.0 1.55
83.7 1.48
1.7 1.14
59.4 1.35
2111 1.86
57.5 1.80
65 1.47
263.3 1.36
72.2 2.36
166 1.14
10.6 1.66
88 1.7
822 220
120.8 1.42
179 1.4
20.0 1.42
187 t.18
48.0 1.24
529 1.42
149 1.62
315 1.82
25 1.43
3.2 159
25 153
121 163

1.54
1.02
1.76
1.09
1.07
1.81
1.10
1.27
2.06
1.14
2.09
1.85
2.03
2.01
1.78
1.08
2.10
2.00
1.2
1.93
3.35
2.27
2.51
2.20
1.73
2.87
2.08
2.10
2.03
4.73
3.86
1.78
212
1.57
1.22
1.05
1.58

0.08
0.53
0.83
0.10
0.05
0.23
0.06
0.1
0.05
0.28
0.05
0.22
0.44
0.39
0.13
0.30
0.62
0.59
0.38
0.31
0.86
0.13
0.51
0.54
0.79
0.35
0.34
0.35
017
0.2%
0.35
0.48
0.60
0.35
0.46
0.42
0.49

In(B)

0.43
0.02
0.57
0.09
0.07
0.59
0.10
0.24
0.72
0.13
0.74
0.61

0.71
0.70
0.58
0.68
0.74
0.69
0.22
0.66
1.21

0.82
0.92
0.79
0.55
1.05
0.73
0.74
0.7

1.85
1.35
0.58
0.75
0.45
0.20
0.05
0.486

P

1.73
1.87
4.52
1.20
1.13
233
1.18
1.43
237
1.62
2,42
2.38
3.17
3.04
213
274
3.01
3.62
1.85
2,69
7.97
2,81
4.25
3.79
3.83
4.32
3.00
3.05
2.54
6.88
6.04
2.88
3.88
2.24
1.97
1.68
2.59

T

0.69
-0.01
-0.24
-0.04

0.12

0.44

0.22

0.36

0.86
-0.36

0.88

0.46

0.24

0.28

0.63

0.38

0.09

0.08
-0.27

0.36

017

0.73

0.29

0.19
-0.18

0.50

0.36

0.35

0.61

0.76

0.58

0.09

0.11

0.12
-0.41
-0.80
-0.03

Rejected

min

max

max

max
min
min



ARMps*

file:

ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM
ARM

pst
pst
pst
pst
pst
pst
pst
pst

ARM anisotropy axes - PS collection

Fite : armpssum.wqi
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Sample

psb 2
psb 5
psb 8
psb 9
psb 11
psb 12
psb 13
psb 18
psb 27
psb 28
psb 33
psb 34
psb 35
psb 38
pss 1
pss 3
pss 7
pss 11
pss 16
pss 17
pss 18
pss 20
pss 24
pss 27
pss 28
f1 2
f1 3
f1 7
] 9
f1 13
fi 14
f1 15
1 16
f2 1
f2 3
2 4
f2 5
pst i
pst 4
pst 9
pst 10
pst 11
pst 12
pst 13
pst 22

Min
Dec
341.6
144.1
151.0
15.8
183.0
179.4
349.3
338.0
186.1
3.3
322.0
333.4
3569.5
338.2
172.4
180.0
182.2
164.3
332.7
348.2
336.3
139.8
197.3
148.2
?
86.4
77.5
268.5
260.3
256.1
255.8
B4.9
162.0
85.5
88.7
89.8
86.3
3.5
186.7
167.5
140.6
155.1
132.3
173.4
172.9

- method 2

Inc

19.5
8.4
9.4

18.9
5.0
1.7
5.0
33
3.5
2.9

148
0.8

123
21

14.9

§9.8

26.9

10.8

227
8.3
6.2

10.7

101
3.0
0.0
6.6
6.4
0.6

1.3
7.6
0.8
2.2

79.9

39.3

335

3.9

44.0
7.7

39.3
6.3

31.0

17.4

18.6

111

20.6

Int

11.0
2.7
528
85.9
14.9
81.3
i11.8
79
16.6
80.1
23.2
76.7
486.5
3.2
8.7
78.4
51.2
180.1
46.4
39.7
39.6
19.6
26.9
219
79.8
22.0
1741
50.0
720
18.8
78.4
45.6
88.7
14.0
62.8
70.5
30.4
826.7
528
18.8
57.5
9.5
26.9
52.4
64.3

Geographic coordinates
Int
alfa9s Dec Inc Int
25,6 2468 127 23.1
74 419 549 5.6
45 60.2 48 96.8
46 1074 37 207.8
33.9 871 49.2 25.0
3.7 840 720 436.6
16.5 81.7 249 215.3
13.2 2443 274 15.7
27.2 279.7 456 235
39 2682 61.0 377.0
9.8 2229 308 516
74 645 544 3281
146 2636 254 1221
9.4 728 659 46.3
6.9 293.2 625 28.2
11,2 - 331.7 27.2 209.4
3.4 3543 B28 81.3
115 53.7 44.2 283.3
3.8 2332 21.7 212.0
17.3 2561 146 63.0
13.3 664 1.0 63.3
118 482 86 55.8
74 2881 4.2 415
8.2 2500 75.9 96.4
38 ? 0.0 160.4
54 178.7 19.3 84.8
85 1684 85 37.0
40 1783 119 110.0
33 1701 96 165.8
13.4 1646 24.7 333
65 1653 326 167.7
3.2 1785 583 164.9
1.6 2779 44 350.0
25 2851 49.0 1261
1.7 2680 56.56 218.1
64 2681 58.1 190.4
56 289.1 436 179.6
1.8 1119 666 13156
5.2 2045 205 t77.0
2.7 23.1 8t 109.1
6.8 30.2 30.0 2341
55 2566 322 34.3
8.1 2831 689 1454
100 278.3 529 222.1
56 2694 16.7 264.4

Dec
126.2
239.8
303.4
207.9
2773
269.6
248.7
72.2
92.6
94.9
74.2
2428
113.4
2473
76.0
68.1
254.7
254.8
104.2
1068.9
166.3
280.1
40.6
57.4

338.3
310.8
14
358.0
4.0
346.9
353.5
8.6
183.6
358.5
359.3
i87.8
2703
45,4
248.2
266.2
41.2
39.0
75.5
35.4

Inc
66.2
33.8
79.4
70.7
40.3
17.9
64.5
62.4
442
28.9
55.1
35.6
61.4
24.0
225
123
5.0
43.8
§7.7
73.2
83.8
76.2
79.1
13.8
0.0
69.5
79.3
78.0
80.3
64.0
574
31.6
9.0
9.8

03 -

0.8
11.6
22.0
43.6

8.3
441
52.4

9.6
34.9
63.0

Int

32.7
6.5
175.2
430.5
373
615.1
475.4
23.2
33.1
386.1
89.6
6191
207.7
51.7
38.7
758.4
145.9
420.4
337.9
113.7
112.6
92.9
68.3

99.7 .

275.4
97.0
52.1

140.5

204.8
478

228.5

1974 °

388.7

2010
3706
420.6
443.7

1638.3 .

261.5

1774 .

240.0

68.0
272.8
2975

504.8

‘alfads
32.6
. 825
39
78
27.2
3.7
3.6
20.2
103
88.7
6.8
46
8.0
35.4
340
46
8.8
13.6
2.4
9.7
14.2
48
1.6
59.8
6.0
5.0
8.6
174
6.3
8.9
13.6
73
19.3
21.8
1.8
14.2
18.8
26
a4
102
81.0
2.7
8.4
5.1
14.9

Min
Dec
236.0
208.0
255.3
28.6
338.6
351.5
327.8
256.8
327.4
353.5
159.1
13.2
130.2
170.0
1426
63.6
166.0
212.3
143.0
171.2
178.4
212.4
175
237.9
109.8
86.4
775
268.5
260.3
258.1
255.8
84.9
162.0
85.5
88.7
89.8
86.3
27.3
38.7
322.9
63.6
307.6
3178
43.3
26.4

Sample coordinates
Int
Dec

inc

36.8
67.6
78.2
63.1
76.1

78.8°
79.0

81.0
81.8
88.7

69.2°

86.5
81.7
78.0
86.8
78.7
81.0
62.2
64.0
73.2
68.4
77.0
72.1
86.5
86.0

6.6

6.4

0.6

1.3

7.6

0.8

2.2
79.9
30.3
33.5
31.9
44.0
88.4
73.5
80.6
88.9
86.7
80.7
85.5
76.5

357.9
58.9
4.7
187.5
229.5

25241

206.8
1625
134.0
1180
323.0
234.4
333.3

66.0
246.0
253.4
2711

48.4
331.2
3428
358.7
347.7
186.1
103.9
359.9
178.7
168.4
178.3
170.1
164.6
165.3
1785
277.9
285.
268.0
268.1
289.1
248.0
216.4

97.2
3246
2146

82.2
234.9
201.7

Inc
35.2
19.5
4.0
253
4.7
1.9
5.7
22
8.2
0.8
20.0
26
7.6
29
[1X:)
1.2
24
28.9
25.7
16.6
21.6
9.3
17.6
24
1.4
19.3
8.5
11.9
9.6
24.7
32.6
58.3
4.4
48.0.
56.5
58.1
43.6
1.2
16.5
6.6
0.2
0.3
53
4.4
13.4

Max

Dec
116.0
325.1
95.5
281.8
138.4
161.7
115.8
62.2
224.3
209.0
54.9
144.3
242.9
335.4
336.0
163.0
1.4
315.0
239.8
73.5
268.6
79.2
2771
13.8
270.0
338.3
310.8
1.4
358.0
4.0
346.9
353.5
8.6
183.8
358.5
359.3
187.8
158.0
306.6
187.9
234.6
124.6
173.0
144.8
292.0

Inc

338

10.7
111
8.4
13.4
141
9.4
8.7
1.8
1.1
53
23
3.2
118
3.1
1.9
8.7
6.6
3.2
23
0.1
9.0
3.3
25
3.8
69.5
793
78.0
80.3

64.0

574
316
9.0
9.8
03
0.8
11.6
1.1
0.6
6.6
1.1
3.3
76
0.9
1.4

" Str

280
74

81

78
70
68
89
92
72

95

265
260
262

95
a8
241
270

© -~
Brxrxxrxzxxxxzxxxx 3

g

240
230
243
215
260
250

2.1
2.08
1.83
2.42
1.67
5.37
1.93
1.99
1.42
4.18
223
4.28
2.63
14.68
3.25
2.67
1.78
1.49
4.57
1.59
1.60
2.85
1.55
4.39
2.01
3.85
217
2.20
2.30
1.78
214
3.62
3.95
9.03
4.13
2.70
5.81
1.69
3.36
5.79
4.07
3.62
5.40
4.24

Dip Mean ARM
geom Ki/K2 K2/K3

64 202 1.42
88 46 117
88 964 1.89
83 197.3 207
80 244 1.49
80 279.4 1.41
79 2254 2.21
78 142 1.47
89 234 1.4
87 2359 1.02
82 475 1.74
90 249.8 1.89
84 1057 1.70
20 186 112
7 212 137
40 2317 362
65 88.0 1.60
88 2829 1.48
B2 149.3 1.59
84 658 1.80
84 658 1.78
72 467 1.66
85 424 1.64
9 595 1.03
? 1522 1.72
56.6 1.14
321 t.a
91.8 1.28
134.7 1.24
310 1.43
1443 1.36
1140 1.20
2204  1.11
800 2.3
1622 1.70
1784 2.2
1343 247
83 11871 1.7
60 1345 1.48
7 714 163
60 147.8 1.03
70 281 1.98
65 1022 1.88
82 1512 1.34
75 2047 1.9

4.1

In(A)
0.35
0.16
0.59
0.73
0.40
0.34
0.79
0.39
0.34
0.02
0.55
9.63
0.53
0.11
0.32
1.29
0.47
0.39
0.47
0.59
0.58
0.51
0.50
0.03
0.54
0.14
0.34
0.24
0.21
0.36
0.31
0.18
0.10
0.84
053
0.79
0.90
0.16
0.39
0.49
0.03
0.68
0.63
0.20
0.65

In(B)
0.74
0.73
0.61
0.88
0.52
1.68
0.66
0.69
0.35
1.43
0.80
1.45
0.97
2.69
1.18
0.98
0.58
0.40
1.52
0.48
0.47
1.05
0.44
1.48
0.70
1.35
0.77

.0.79
0.83
0.57
0.76
1.20
1.37
2.20
1.42
0.89
1.78
0.46
1.2t
1.76
1.40
1.20
1.69
1.44
1.41

P
3.05
2,58
3.32
5.03
2.51
8.73
4.26
2.97
2.00
5.29
3.89
8.51
4.56

23.75
483
8.78
286
2.21
797
287
285
4.89
255
5.63
3.46
5.16
3.14
294
3.02
2.56
3.01
4.95
5.20

23.04
7.50
5.99

15.34
1.91
6.32

10.58
5.14
7.39

10.96
6.42
8.23

T

0.65
0.04
0.10
0.13
0.66
-0.09
0.28
0.01
0.97
0.18
0.39
0.29
0.92
0.58
-0.13
0.11
0.01
0.53
-0.12
-0.10
0.35
-0.07
0.96
0.13
0.82
0.39
0.53
0.60
0.23
0.42
0.75
0.86
0.45
0.46
0.114
0.33
0.50
0.51
0.57
0.66
0.30
0.46
0.66
0.37

Rejected

max

min,max

max

max
max

max

max




ARM anisotropy axes - PS collection
File : armpssum.wql - method 2

Geographic coordinates Sample coordinates

ARMps* Sample Min Int Max © Min Int Max Str  DipMean ARM

fite: Dec inc - Int alfa9s Dec Inc Int Dec Inc Int alfa95 Dec Inc Dec Inc Dec Inc geom K1/K2 K2/K3 in(A) in(B) P T Rejected
ARM pst 10 pst 45 3381 6.1 14.2 13.6 745 465 22,7 2424 429 41.0 8.5 1558 824 464 25 3161 74 75 87 236 1.81 160 059 047 290 -0.11%

ARM pst 11 pst 51 158.2 7.8 122 127 2531 325 450 656.3 564 86.1 7.3;1 2139 75.8 30.2 142 1204 0.9 260 74 36.2 191 369 065 130 7.31 0.34

ARM pst 12 pst 52 1826 6.8 4.5 0.3 2864 634 126 893 256 16.7 30.0 5.5 B80.4 2456 48 1549 8.3 263 84 98 134 280 029 1.03 4.0t 0.56 max
ARM pst 14 pst 59 1511 16.2 225 71 56.5 15.4 41,1 2852 674 68.7 9.7 1764 575 3304 208 673 11.8 275.73 399 1.67 1.83 051 0.60 3.06 0.08

ARM pst 15 pst 62 3502 6.6 224 4.2 2540 43.1 1723 87.2 461 257.8 70,0 79.4 833 3168 37 2264 57 79 90 999 1.50 767 040 204 13.70 0.67 max
ARM pst 16 pst 63 330.1 154 50.4 13,7 233.0 240 750 89.8 609 2743 9,'6 206.3 486 308 41.3 2088 22 278 88 101.2 366 149 130 040 589 -0.53

ARM pst 17 pst 65 1689 13.7 13.9 239 2683 33.7 18.8 60.1 529 254 10i9 159.8 754 329 89 3011 11.5 273 81 i8.8 135 135 030 030 1.83 -0.01

ARM psp 1 psp 1 352.2 48 59.7 94 859 378 1055 256.0 51.8 1235 77,7 3522 48 859378 2560 51.8 H 820 117 177 o0.16 057 215 0.57 max
ARM psp 2 psp 9 ‘3106 9.1 31.9 356 2174 19.2 61.2 64.7 686 723 411 3106 9.1 2174 192 647 686 H 521 148 192 017 065 237 0.59 max
ARM psp 4 psp 13a 3427 39.4 75 260 2104 393 124 966 263 16.3 48.1 3427 394 2104 393 966 263 H 115 131 {165 027 050 220 0.30 max
ARM psp 5 psp 26 3449 318 2.3 15.2 113.1 449 4.5 2355 28.2 6.4 141 3449 31.8 1134 449 2355 282 H 41 142 192 035 065 277 0.30

ARM psp 6 psp 26a 1664 13.1 70.3 85 724 17.7 2211 281.% 67.7 2771.7 238 1664 134 721 {7.7 2911 677 H 1628 1.26 3.44 023 115 436 0.67

ARM psp 7 psp 32 3443 8.1 27.4 5.8 2495 30.2 97.1 877 585 108.7 174 3443 841 2495 30.2 877 585 H 661 112 355 041 1.27 463 0.84

ARM psp 8 psp 38a 354.8 105 26,5 i1.8 106.0 629 169.5 2599 24.7 255.5 16.2 354.8 10.5 106.0 629 259.8 247 H 1013 160 625 047 183 11.40 0.59

ARM psp 9 psp 39 349.2 1.8 33.2 9.7 911 81.0 1929 259.0 8.8 308.9 141 349.2 1.8 911 81.0 2500 88 H 1256 1.60 581 047 1.76 10.49 0.58

ARM psp 10 psp 60 1569 125 54.1 23 613 198 97.4 2762 66.3 233.1 44 1559 125 613 198 2762 663 H 1074 239 180 087 059 435 -0.19

ARM psr 1 psr 5 - 3370 18.6 775 69 1504 713 209.3 2463 2.0 401.3 9.8 1100 701 2654 182 3580 7.7 74 90 1867 192 270 065 099 524 0.21

ARM psr 2 psr 7 347.0 223 9.2 69 2481 20.6 17.8 119.7 588 25.0 14.3 1317 718 3351 168 2430 6.8 90 81 160 1.40 184 034 0668 277 0.32

ARM psr 3 psr 10 353.8 156.7 76.8 48 178.6 743 216.2 841 13 385.8 8.4 3042 731 940 147 1862 81 74 60 1858 1,78 281 058 1.03 513 0.28

ARM psr 4 psr 15 3555 6.3 26.0 9.3 240.7 75.3 599 870 133 103.0 19.4 286.2 699 755 174 1685 96 260 77 544 172 230 054 083 4.00 0.21

ARM pstr 5 psr 17 160.2 12.2 79.4 46 2916 718 203.1 673 13.2 300.8 9.1 163.2 820 2550 03 3450 8.0 258 80 1691 148 257 039 094 394 0.41

ARM psr 6 psr 18 3449 273 20.7 5.7 1208 543 65.5 243.4 211 129.1 9.1 288.4 57.8 1121 320 211 17 244 87 631 197 221 068 079 436 0.08

ARM psr 7 psr 20 182.8 19.2 38.8 8.2 25.1 69.4 211,7 2763 7.2 335.6 13.0 285.0 51.6 768 349 1768 139 83 72 1378 1.59 6575 048 1.75 10.20 0.58

ARM psr 8 psr 24 327.2 169 56.2 23 2071 58.8 1265 655 254 197.5 22 251.1 584 621 333 1548 42 248 75 1120 156 225 045 081 3.57 0.29

ARM ps 1 ps 1 159.0 10.6 418 48 2492 15 162.0 3474 783 3201 6.2 1585 741 02 148 2688 657 264 85 1308 203 388 071 1.36 8.15 0.31

ARM ps 2 ps 6 161.7 389 54 6.1 67.8 44.7 245 2556 450 329 123 3428 830 1356 6.2 2259 3.2 245 84 16.4 135 449 030 150 6.88 0.67

ARM pir 1 plr 1 3246 39.3 2394 31 1027 423 9174 2148 224 961.5 206 324.6 39.3 1027 423 2148 224 H 5955 1.05 383 005 1.34 485 0.93

ARM pir 2 pir 2 139.6 35.1 66.6 42 3394 53.2 3136 2364 95 374.2 173 139.6 351 3394 532 2364 95 H 1985 1149 471 018 155 6.68 0.80

ARM pir 3 pir 3 127.4 36.8 45.4 3.6 7.5 336 4133 2494 353 462.5 7.7 1274 368 75 336 2494 353 H 2055 1.12 941 041 221 13.74 0.90

ARM plr 4 pir 5 1450 38.0 26.0 as 1.7 457 1854 250.8 19.2 235.7 20.2 1450 38.0 1.7 457 2508 19.2 H 1043 127 744 024 197 11.25 0.78

ARM pir 5 pir 6 120.5 40.7 23.2 69 3406 449 713 2339 164 90.6 21.4 1295 40.7 3406 449 2339 1641 H 531 127 307 024 142 429 0.65

ARM pir 6 plr 7 1379 377 316 43 3404 50.1 110.2 236.7 11.2 124.4 265 1379 37.7 3404 50.1 2367 112 H 756 113 349 042 125 455 0.83

ARM plr 7 plr 11 1341 234 19.9 22 3.9 56.2 54.6 234.7 230 61.1 48.9 1341 234 3.9 56.2 2347 230 H 405 142 274 041 101 3.44 0.80 max
ARM pir 8 pir 12 139.8 29.7 9.9 14.4 73 498 26.5 244.8 245 34.7 43.7 139.8 29.7 73 498 2448 245 H 209 131 268 027 099 3.74 0.57 max
ARM pir 9 plr 13 1476 21.3 88 13.9 247.7 243 19.2 21.2 56.8 24.4 27.7 147.6 21.3 247.7 243 21.2 568 H 160 1.26 216 0.23 077 284 0.54

ARM pir 10 pir b 1411 403 28.4 a7 16,7 343 84.8 2616 308 108.6 49 1411 403 157 343 2616 308 H 638 1.28 299 025 109 4.7 0.63

ARM plir 11 pir d 145.0 349 33.5 3.5 140 433 1321 255.6 26.8 150.9 63 1450 349 140 433 2556 268 H 875 1144 394 0143 137 529 0.82

ARM pir 12 pir -} 141.0 39.3 234 5.4 8.5 395 73.5 2547 2641 91.9 33.8 141.0 393 8.5 395 2547 2641 H 541 125 3.44 022 114 4.33 0.67 max
ARM pir 13 pir f 149.4 36.2 31 3.3 111 455 100.2 256.7 22.1 139.6 5.8 1494 36.2 111 455 256.7 221 H 78.0 1.28 351 0.25 1.26 5.01 0.687

ARM pir 14 plr [+] 128.8 37.0 40.3 4.2 339.8 48.7 1363 231.0 158 160.7 13.0 128.8 37.0 339.8 48.7 231.0 158 H 959 118 339 016 1.22 454 0.76

ARM pir 15 pir h 142.3 303 9.3 6.7 17.7 444 30.4 2526 30.7 34.9 60.5 1423 303 17.7 441 2526 30.7 H 214 115 328 044 119 430 0.79 max
ARM pir 16 pir i 134.2 36.1 33.4 3.4 3521 47.2 306.1 2394 19.7 366.1 9.8 134.2 36.1° 3521 47.2 2394 19.7 H 1553 1.20 916 018 222 1440 0.85

ARM plr 17 plr k 3327 36.3 24,0 41 1004 39.7 1034 2183 294 107.7 61.7 332.7 36.3 100.4 39.7 2183 294 H 644 104 431 004 1.46 554 0.95 max
ARM pir 18 pir 1 1419 367 495 23 3332 527 1625 2360 55 1740 182 141.9 36.7 3332 527 2360 55 H 1095 114 3.08 043 113 308 079




Appendix C

- Petrographic data and magnetic mineralogy data

1. Thermomagnetic curves in zero field for SIRM:
Kashabowie - Huronian Iake: TW1,RS1.3,TWR3.5,TWR4.1 -
metavolcanics; TWR10.5 - metasediment in the Quetico Belt.

Atikokan - Huronian Lake: TWA5,TWC1l,TWE6A,TW8 - pyrrhotite

in metasediments; TWA1l5 - magnetite in amphibolite (3

pieces);
-Calm - Lake- = Perch Lake: PSB38,PSR1,PSS17,PST63 -
pyrrhotite.

2. Thermomagnetic curves in high field for M, (Curie balance),
2 curves during heating - cooling cycle:
Kashabowie — Huronian Lake: TWR4.1l - felsic rhyolite;
Atikokan - Huronian ILake:TW8 - biotite schist, TWE6A -
migmatite, TWA1l5 - amphibolite;

3. Susceptibility changes monitored after heating during step-

wise thermal demagnetization

- see diagrams for descriptions




Thermomagnetic curves in zero field for SIRM:




Thermomagnetic curves for SIRM
Kashabowie - Huronian - sample TW1
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Thermomagnetic curves for SIRM
Kashabowie - Huronian - sample TWR3.5
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Thermomagnetic curves for SIRM
Kashabowie - Huronian - sample TWR10.5
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Thermomagnetic curves for SIRM
2 heatings - sample TWC 1
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Thermomagnetic curves for SIRM
2 heatings - sample TW 8
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Thermomagnetic curves in high field for M, (Curie balance), 2

curves during heating - cooling cycle:
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Susceptibility changes monitored after heating during step-

wise thermal demagnetization
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Susceptibility changes after heating

1.1E-03

1.0E-03 ._—\

9.0E-04 >

7.0E-04

6.0E-04 / >
5.05-04-—"——*"4""\*
4.0E-044—~ —— —

3.0E-04+ = T : : T r T ——
0 50 100 150 200 250 300 350 400 450 500
Temperature of heating (deg. C)

Vol. susceptibility (Sf)

—m— TWA2-2 —+— TWA3-2 ~*— TWAS-2
—=— TWAE-2 —»— TWA6.5-2 —&— TWAB-2

Susceptibility changes after heating

1.1E-03

1.0E-03 ‘e

9.0E-04 /

8.0E-04 —

7.0E-04 ‘ f
| L2

6.0E-04 -__-_\.4‘/
5.0E-04+5— ::’///L

4.0E-04

Vol. susceptibility (Sl)

0 50 100 150 200 250 300 350 400 450 500
Temperature of heating (deg. C)

—u— TWA10.5-2 —— TWA14-2 —» TWA185-2
—=— TWA15.5-1 — TWA16.5-2 —h— TWA18B-2

Metasediments from the Quetico Belt



Vol. susceptibility (S)

Susceptibility changes after heating

7.0E-04
6.5E-04
6.0E-04
5.5E-04
5.0E-04
4.5E-04 .——-\//7/;4_—“
4.0E-04 £
3.5E-04-
—
3-OE.04 L ¥ L] L] L L L L L}
0 50 100 150 200 250 300 350 400 450 500
Temperature of heating (deg. C)
—=— TWA19.5-2 —— TWA20B-2 —~%— TWA22B-2
—— TWC1-2  — TWC1.5B-1 —h— TWC58-2
Susceptibility changes after heating
1.4E-03
1.3E-034—5— =, e
. 1.2E:03 N
2 1.1E-03
£ 1.0E-03 =
K]
= 9.0E-04 B/a_—)\s\g
2 8.0E-04
3 7.0E-04
5 6.0E-04
3 g:l==——.<\_
5.0E-04 —_—
4.0E-04 4= - e
3-0E'o4 T ; L : 1 1 + L} L]
0 50 100 150 200 250 300 350 400 450 500

Temperature of heating {deg. C)

—m— TWCE-2 —+— TWE4B-2 —»— TWEBA-2
—=— TWEGA-3 —— TWE6B-2 —&— TWEEB-2

Metasediments from the Ruetico Belt




Susceptibility changes after heating

1.4E-03
1.3E-03 ~ —
1.2E-03 ~

1.1E-03 / -
1.0E-03 T // ——
9.0E-04 {

8.0E-04 1——

7.0E-04 = ﬁ
6.0E-04 1= :r/
5.0E-04
4.0E-041= > ==
3.0E-04

Vol. susceptibility (S!)

50 100 150 200 250 300 350 400 450 500
Temperature of heating (deg. C)

—— TW17-2 —— TW19-2 —»— TW22-2
—=— TW23-2 —> TWAQ9.5-2 —&— TWAQ-2

Susceptibility changes after heating

9.0E-04
8.0E-04

7.0E-04 — //\/:// >
6.0E-04 ;’ : 7./\”/
5.0E-04

4.0E-04

3.0E-04 : /

2.0E-04

Vol. susceptibility (SI)

0 50 100 150 200 250 300 350 400 450 500
Temperature of heating (deg. C)

—m— TWL2-1 —— TWL3-2 —»— TW14-2
—=— TW8-2 —— TWR10.5-2 ~—&— TWR10.5-3

Metavolcanics from Shebandowan belt
(except TW4 - metasedimentary)




Appendix D

Natural remanent magnetization (NRM) studies data

A set of table for samples from each of three areas.

1. Initial NRM : declination (optional), inclination
(optional), intensity, treatment (AF or
thermal demagnefization).

2. Lines fitted to demagnetization path by

Kirschvink's algqrithm - AF treatment and thermal

treatment.

Note that lines classified as C were rejected from

further analysis.




ALL SAMPLES FROM KASHABOWIE - HURONIAN TRAVERSE - NRM INTENSITY

Sample NRMint NRM dem file Sample NRMint NRM dem file Sample NRMint NRM dem file
{mA/m) (mA/m) ' (mA/m)
™ 11 5287 TW 011 - A TWR 412 e RS 106 02 RS 10P6 SPN A
™ 12 1495 TW 12 T RS 621 3409 RS 6P21 SPN A RS 10652 094 RS  10P652 SPN A
RS 11 61613 RS 1P1 SPN A RS 623 030 RS 6P23 SPN A RS 107 051 RS 1P7 SPN A
RS 12 055 RS 12 SPN A RS 71 Q2 RS 71 SBN A
RS 122C RST 71A 013 TWR 1081 0.49
™ 2A1 065 RST 7-1B 0.60 TWR 1082 032
TW 2B 0.56 RST 7IC 037 TWR 1083 153.76
W 2B2 627 RST 71D 0.54 TWR 1084 101
RS 13 108 RS 1P3 SPN A RS 72 031 RS 72 .SPN A TWR 1085 09
TWR 13A 2054 RS 1P3A A RST 72A 0.59 RS 109 5676 RS  10P9 SPN A
TWR 13B 15.14 RST 728 116
RS 131 020 RS 1P31 SPN A RS 71 198 RS 7P1  SPN A RS 111 03t RS 111 SPN A
RST 131A 0.35 RST &1 138 RST 111A 0.24
RST 131B 0.40 RST 82 266 RS 82  SPN A RST 1L1B 012
RST 131C 0.6 RS 80 1307 RS 80 SPN A RS  ILL1 23509 RS 11P1-1 SPN A
TWR 1321A 03 RS §C RST 1L11A 3431
TWR 1321B 0.24 RST 8C-1 128 RST 1L11B 4631 ‘
TWR 1321C 0 TWR 805-1 5581 TWR 8P051 A RS 1121 061 RS 11”21 SPN A
TWR 132-1D 0.26 RS &1 101495 RS 81  SPN A RST 1L21A 018
RS 2¢ 064 RS 2 SPN A RST oC 48TT RS 9C SPN A RST 112B 0.18
RST 2CA 075 RS 2CA SPN RS 91 235 RS 91 SPN A RST 1121C 012
RS 21 180 RS 2P1 .SPN A RST 91A 210.83 RST 1L2-1D 051
RST 214 = 213 RST 91B 214.04 TWR 11.25-1 029
RST 21B 26 RS 9IS 31606 RS 9PIS SPN A TWR 11252 0.13
RST 21C 328 RS 92 100 RS 92 SPN A RS 113 1146 RS 11P3  SPN A
RST 21D 308 . RS 921 106 RS 9P21 SPN A RST 1IL3A 3.80
TWR 221 43553 TWR 2P2-1 A RS 922 10935 RS 9P22 SPN A RST 1L3B 7.42
TWR 222 126 RST 9224 107.25 RST 113C 0.60
T 3A 3.58 RST 9228 64.42 RS 1135 8125 RS 1IP35 SPN A
RST 3B - 234 - - RST- 9.2:2C- 82.23 RST 1135A 7108 RS  1IP35A SPN A
RST 3C 366 RS 3C SPN A RST 922D 120.81 RS 1L42 7390 RS 11P42 SPN A
TWR 351 93.58 TWR 3P5-1 A RS 925 738 RS 925  SPN A RST 1L42A 1862 RST 11P42A SPN A
TWR 352 11064 TWR 3P5-2 T RST 9.25A 325 RST 114A 0.21
TWR 361 077 RST 9258 489 RST 1148 0.16
TWR 37A-1 0.17 RS 93 38 RS 93 SPN A RS  1Ld4S 1424 RS 11P45 SPN A
TWR 3.7A2 0.51 RS 94 11805 RS 9P4  SPN A RST 1L45A 979
TWR 37B-1 0.32 TWR 941 115 RS 115 1677 RS  1PS  SPN A
TWR 3.7B2 0.2 TWR 942 0.95 RST 1LSA 16.62
TWR 41A-1 219 TWR 943 155 RST 115B 25.79
TWR 4.1A-2 642 TWR 944 7.52 RST 11S5C nn
TWR 41B-1 3227 TWR 4PIB1 A RST 115D 1691
TWR 4.1B2 2518 TWR 101 042 RS  1L61 212 RS 11P61 SPN A
TWR 4.1B3 17016 TWR 4P1B3 T TWR 102 051 RST 1161A 159
TWR 4.1B-4 19132 TWR 4P1B4 T RS 1005 129 RS 10P05 SPN A RST 1L6&1B 244
RST 424 338 RS 101 6681 RS 10P1 SPN A RST 1L61C 4.66
RST 428 405 RS 1015 625 RS 10P15 SPN A RS  1L62 074 RS  11P62 SPN
RST 42C 235 RST 1L7-1A 13026
RST 42D 22 RS 102 159165 RS  10P2 SPN A RST 1L7-3A 0.48
RST 428 58 RS 103 568170 RS  10P3 SPN A RST 11.73B 035 ‘
TWR $5A-1 16432 TWR 5A-1 A TWR 1031 599 RST 1L7-3C 038 |
TWR 5A-2 21898 TWR 5A2 T TWR 1032 8 RST 1L7-3D 028 |
TWR 5A-3 11353 TWR 5A-3 T RS 104 677 RS 10P4 SPN A RS 1181 097 RS  11P&1 SPN A
TWR 5B-1 23 ™ 31 021 RST 1181A 032 RST 11P81A .SPN
TWR $B-2 491 ™ 32 05 RS 119 293 RS 1P SPN A
TWR 61-1 408 RS 10411 081 RS 10P411 SPN A RST 1l9A 0.94 RST 11P9A .SPN
RS 1045 1004 RS 10P45 SPN A RS 121 639 RS 12P1 SPN A
W 41 1726 TW 041 A
TWR 105-1 11268 TWR 10P51 ATW 42 38 TW 42 T
TWR 1052 10647 TWR 10PS2 T
TWR 105-3 3487 TWR 10PS3 T
RS . 1055 277 RS 10PSS SPN A

A - demagnetized by AF field ‘
T - demagnetized by heating |




Initial N i R Magnetization for ples from the interior of Quetico Balt

3 Sample Dec Inc Int Treatment Sample Dec inc Int Treat Sample Dec Inc Int Treatment
i TWA 05-1 2415 2.4 322 A TWA 18.5A-1 285 68.4 19 TWE 06B8-1 209.1 -204 2102 A
1 TWA 05-2 241.0 -6.1 284 T TWA 18.5-1 2183 -26.2 1121 A TWE 08B-2 3029 315 1853 T
. TWA 08-1 235.1 82.8 36859 A TWA 18.5A-2 320.1 781 29 TWE 06A-2 204.5 674 2997 T
'; TWA 08-2 238.3 77.2 4802 T TWA 18.5-2 199.0 -29.1 1357 T TWE 06A-3 310.9 703 2088 T
TWA 04-1 180.4 80.3 1.0 TWA 18-1 2813  -68.1 0.5 TWE 06B8-3 2073 385 7T
TWA 04-2 129.4 705 0.9 TWA 18-2 161.1 78.1 0.7 ™ 231 200.8 746 1189 A
TWA 043 159.2 71.3 1.3 WL 10-1 0.0 534 0.4 ™ 23-2 250.0 354 955 T
TWA 021 86.2 -79.9 2107 A T™WL 10-2 2089 -55.1 0.3 ™ 22-1 111.8 -1.0 216 A
TWA 02-2 875 452 1865 T TWA 19.5-1 150.0 634 3.0 ™ 22-2 1123 -118 2145 T
TWA  03-1 17.3 66.4 29 TWA 19.5-2 134.3 88.7 43 T ™ 21A-1 87.9 713 0.5
TWA 03-2 1199 -75.8 1214 T TWL 09-1 85.6 333 3.1 ™ 21-1 1475 68.5 18
k- TWA 06.5-1 58.5 823 44 TWA 20A-1 161.8 320 0.4 ™ 21A-2 248.1 377 0.6
9 TWA 08.5-2 310.0 729 84 T TWA 20B-1 83.1 620 278 A ™ 21-2 177.5 52.2 1.5
3 TWA 01-1 79.9 60.0 1083 A TWA 20B-2 2758 80.5 87 T ™ 20-1 338.9 39.2 1.1 :
E TWA 01-2 83.4 515 184.2 TWA 20A-2 213.1 67.0 20 ™ 20-2 85.3 623 0.8 “
4 TWA 07-1 96.7 325 3755 A TWA 21-1 2829 8.9 1.3 ™ 19-1 285 49.8 3848 A !
p: TWA 07.5-1 281.3 81.5 0.8 TWA 21-2 755 79 1.7 ™ 19-2 38.6 414 3479 T
E TWA 07.5-2 2551 711 0.4 TWA 21 2046 18.2 49 TWL 05-1 555 88.7 56 T |
9 TWA 08-1 249.0 €4.9 2609 A TWA 22A-1 45.1 754 6.9 TWL 05-2 520 50.0 10.5
3 TWA 08-2 2529 64.1 2742 T TWA 22-2 146.4 29.3 21 ™ 18-1 287.5 546 0.2
TWA  09-1 261.0 -6.4 713.0 A TWA 22A-2 354.7 123 74 T ™ 18-2 255.5 8.2 01
TWA 08-2 2559 -104 7810 T TWA 2251 244.1 74.8 0.7 ™ 17-1 12.2 475 63.9
TWA  09.541 266.4 49.9 816 A TWA 225-2 168.0 41.8 0.4 ™™ 17-2 184 684 1020 T
TWA 09.5-2 3511 80.3 897 T TWC 08-1 73.0 20.5 2013 A ™ 16-1 25 73.7 0.4
TWA 101 346.3 15.6 322 A TWC 08A-1 258.9 -13.1 0.3 W 16-2 240.0 -8.7 0.4
TWA 10-2 23317 490 0.1 TWC 08A-2 268.2  -20.1 0.1 W 15-1 357.3 775 458 A
TWA 1051 86.4 10.0 3500 A TWC 06-2 3482 -i76 22T TWL 04-1 313.0 38.6 1.3
TWA 10.5-2 83.7 6.2 5011 T TWC 05B-1 274.6 -18.4 26 A T™W 14-1 276.2 77.8 1080 A
TWA 111 2701 45.0 0.1 ’ TWC 05C-t 60.4 733 56 ™ 14-2 324.6 795 1055 T
TWA 112 198.1 -20.1 11 TWC 05A-1 357.3 -1.8 1.9 ™ 131 142.1 358 0.8
TWA  11.5-t 266.2 53.8 1.9 TWC 05B-2 302.9 315 318 T ™ 13-2 221 -83.9 0.7
TWA 115-2 2155 365 2.1 TWC 05A-2 299.4 -88.3 268 A T™™W 1261 276.0 314 55
F: TWA 1241 304.5 513 0.7 TWC 04-1 280.9 -43.8 05 ™ 12C-1 86.7 -15.3 22
3 TWA 12-2 2745 765 14 TWC 04-2 198.3 -57.1 0.5 ™ 12A-1 219.9 73.5 35 A
2 TWA  13-1 29 67.1 14 TWL 08-1 101.8 56.8 0.2 T™W 128-1 299.0 30.7 8.2 A
TWA 132 219.8 63.9 0.3 TWL 08-2 2823 81.0 0.2 ™ 12C-2 809 -153 1.5 A
TWA 1441 322 520 10.7 A TWC 03A-1 255.1 65 0.4 ™ 12A-2 204.9 353 a5
TWA 142 38.3 48.3 1086 T TWL 07-1 922 55 0.5 ™ 1141 248.6 53.1 28 A
TWA  15-1 §6.6 41.2 22715 A TWL 07-2 70.8 32.1 0.6 ™ 11-2 202.8 54.1 25
: TWA 15-2 67.4 38.0 1148 T TWC 02-1 247.2 388 0.2 ™ 1041 250.5 44.9 0.8
3 TWA 15541 2623 454 6654 T TWC 01,58-1 2528 45.1 4071 T ™ 10-2 2004 53.3 0.5
: TWA 155-2 2568 434 1960 A TWC 01.5A-1 310.4 275 0.4 ™ 09-1 76.8 38.3 0.4
| TWA 159-1 684 774 0.9 TWC 01.58-2 246.3 39.1 2485 A ™ 08-2 3328 46.4 1.0
TWA 15.8-2 1964 -449 24 TWC 01-1 58.8 505 21783 A ™ 08-1 147.8 -76.9 1055 A ‘
TWA  16-1 17.9 78.7 4.3 TWC 01-2 61.2 539 22554 T ™ 08-2 1600 579 850 T
TWA 16-2 38.7 59.6 3.0 TWE 01-1 0.0 70.8 0.1 ™ 07A-1 349.9 44,2 148 A }
TWA 16,51 323.7 7041 358 A TWE 01.2 259.8 4.2 0.4 ™ 078-1 135.0 845 0.8 i
TWA 16.5-2 16.1 50.7 543 T TWE 021 2386 -56.2 0.2 ™™ 078-2 a3 8.2 0.9 !
TWA  17-1 2813 77.8 0.4 TWE 02-2 141.9 58.8 1.2 ™ 07A-2 24.5 57.0 25.0
TWA 17-2 5.0 8.4 0.1 TWE 03A-1 311.8 68.5 0.9 ™L 03-1 133.8 78.2 4.3
3 TWC 07-1 343.7 78.1 41 TWE 03B-1 3023 16.9 8.4 T™L 03-2 207.9 729 100 T
' TWC 07-2 355.1 76.2 4.1 TWE 03A-2 205.5 47.3 05 ™ 08-1 84 -28.3 0.7
- TWA 188-1 265.6 7.0 518 A TWE 038-2 305.7 18.9 63 T ™ 08-2 208.8 8.7 0.3 !
t TWA  18A-1 3475 56.2 0.3 TWE 04B-1 58.2 22 7.8 TWL 02-1 818 -6853 5715 T j\
TWA 18A-2 3164 -339 1.1 TWE 04A-1 354.8 50.2 1.9 TWL 02-2 762 -848 6458 A |
TWA 188-2 258.8 4.7 502 T TWE 04B-2 21.4 705 78 T ™ 05-1 208.3 722 0.6 “‘
1.9 TWL 08-1 827 773 28 ™ 05A-1 335 80.8 0.8 .
1121 TWL 08-2 103.8 78.8 27 ™ 05-2 1940 -31.2 0.0 i
, 29 TWE 05-1 511 482 565 A TW 05A-2 2825 827 03 iy
135.7 TWE 05-2 49.2 49.4 39 B
3 0.5 TWE 06A-1 300.6 75.2 1419 A




Initial NAM - Calm Lake - Perch Lake area

Semple Dec Ine Int Trtmn Semple Dec Inc Int Trtmnt Semple Dec inc int Trtmn Sample Dec Inc Int Trtmnt
PLA sariws PST series OWN COORD PS series OWN COORD PSR series OWN COORD)
PLA 01 1077 7186 15145 A [pST 0% 1335 [+ ©40 A ps  Psot EoX} 10, 2028 A |Psm 1 1040 294 26
PLA 2 2898 618 2050 A [PST @2 283 (3] 23 PS  PSQ2 438 198 48 PSR 2 384 208 26
PLA 03 196.8 79 478 A [PST 0 818 %68 148 Ps PS03 80 99 o |rsm 3 @as 152 03
PLA 03 264 610 1353 A |PST o4 M09 197 2796 A ps  Pso4 2238 819 94 PS4 0.0 38 [X]
PLR 06 2003 %23 578 A [PST o8 284 24 14 PS  PSOS 2719 419 IX] PsR 5 197 123 127 A
PR 07 2890 %87 1007 A |pst  os %62 204 1.0 ps Psos 840 .38 1529 A |psr 8 84 227 03
PLR 08 2248 454 158 psT 07 760 149 44 PSR 7 38 177 278 A
PLR 09 2089 &2 18 PST 08 2558 149 1282 T F2 sories PSR 8 2302 27 [T
PLR 10 1403 763 13406 T [PST 0 2514 93 088 A PSR 9 2812 %03 07
PLR 11 1370 722 3O A [pST 10 289 45 139 A F2 1 281 432 17260 A |rsR 10 2089 -103 1488 A
PLR 12 1356 728 23 A {PST 1 2059 08 5.6 A F2 3 263 404 20017 A [PSR 11 329 779 1.0
PLR 13 1449 708 1204 A [pST 12 e 30 T A F2 4 128 341 082 A PSR 12 129 233 05
PLR 14 705 735 13 PpsT 13 2BE 113 119131 A F2 s 182 263 a2 A [|psR 13 238 231 [
PLR 15 2992 - 888 1.4 PST 14 1893 23 1290 T PSR 14 3081 79 21
PLR B 2807 %27 1049 A JPST 18 B9 44 0s Fi series PSR 15 3574 3.1 200 A
PLR ©C 2815 %4 %8 T [psT 18 .2 97 05 PSR 18 230 -104 02
PLR D 2803 25 1241 A [psT 20 1R2 -6 1.0 F1 1 1987 810 168 PSR 17 2117  -300 1647 A
PLA E 2892 517 ®3 A [psT 21 2580 319 48 F1 2 s24 T84 1015 A |psR 18 1797 100 26934 A
PLA F 2037 848 1189 A  [pST 22 248 112 “a2s A F1 3 08 732 204 A [PSA 19 3422 5.0 23
PLR G 2463 477 1085 A [pST 23 1048 533 a9 F1 4 480 26 s PSR 20 2703 292 9020 A
PLR  H 259.1 488 24 A [PST 28 2041 624 108 F1 ] 582 28 124 PSA 21 1089 24 1748 A
PLR  HA 2707 %93 (1] PsT 26 2018 607 02 Ft [ 12862 192 1218 T fpsA 22 714 124 0s
PLR | 2766 570 . 2831 A |esT 27 1183 992 09 F1 7 1048 10 818 A [pSR 23 717 99 09
PLR K 1332 %62 955 A |psT 28 24 208 [X] Ft [] 153 127 107 PSR 2¢ 213 135 3332 T
PLR L 2018 527 1839 A [PST 29 78 %4 02 Ft ? 128.1 24 1075 A |psR 25 2889 88 [X]
PLR M 260.7 439 2002'T _|pST 2 2538 28 2829 A Ft 10 1995 852 41 PSR 26 326 630 02
nST 3t 2470  -380 12 Ft 1 1132 798 108 PSR 27 3137  -124 128
PSB series PST ;2 2292 07 09 F1 12 ses 832 08
PST 34 3140 -5 4.6 F1 13 1264 44 638 A PSS series
PSB 1 168 68 22 PST 38 B4 8 04 F1 14 18.1 59 4882 A
PS8 2 2345 638 269 A [pST 3 s 87 19 F 15 1428 249 2008 A fpss 1 1004 181 18486 A
PSB 3 1750 242 32 PST 488 148 02 F1 18 7 121 143 A [pss 2 184 43 07
Ps8 4 330 208 05 PST 3 1539 78 106 F1 17 ms 308 08 T Jess 3 39 02 28630 A
Pss 5 78.1 53 28 A [PST 40 “2 98 04 PSS 4 404 763 21
Pss 6 333 43 1.8 PST 4 T2 283 as PSP serins Pss 8 tes.o 3z 648 T
Pss 7 2048 820 1.0 PST 42 19 487 12 pss 7 2483 3e 72 A
Pss o 269 721 :e A |fpsT 43 1012 189 20 pse 1 1242 812 848 A |pss 8 2457 46 03
Pss o 2340 135 2015 A [PST 43 2089 243 22189 A psp 3 1203 N4 (] PSS 9 280 -8 0.0
PsB 10 7.0 28 3732 T |psT 48 75 720 08 PSP 5 224 88 20 PSS 10 1088 453 04
Pss 11 386 126 207 A [psT 47 2017 152 108 Psp 6 58 633 13 PSS 11 105 .7 478 A
PSB 12 1313 108 1866 A [PST 48 1408 190 3] PSP 9 007 117 7007 A [pss 12 %7 223 12
Pss 13 178 -zas 1207 A [PST 49 82 156 es PSP 11 258 170 23 Pss 13  3ss0 %64 07
Pse 18 1029 s3 18860 A [PST 5t 283 219 LIKRYY PSP 12 Q7 23 1787 A [pss 15 450 78 13T
Pss 17 812 487 17 PST 32 2907 %67 1033 A PSP 13 208 %07 244 T |Pss 18 4ee 74 1362 A
PSB 18 2384 83 4“3 A [pST % 740 A4 09 PSP 13A 1988 023 5040 A [PSS 17 22 80 52504 A
Pss 18 1974 NA 19 PST 54 2959 79 30 A PSP 14 248 638 28 PSS 18 77 172 1228 A
PS8 20 1000 %06 20 PST 5 1413 35 28 PSP 15 2501 679 oe PSS 19 1020 67 1.3
PS8 21 914 185 04 PST s 24 400 (] Psr 18 1373 e 18 PSS 20 733 189 265 A
PsB 22 %21 399 12 PST 57 1211 L1 a8 pse 17 Q7 W9 29 Pss 22 276 33 40
PS8 23 237 273 13 PST %8 202 401 15 psp 18 181 820 11 Pss 23 1880 269 03
PSB 24 2745 104 177 PST %% %09 0.1 87 A PSP 18A 2443 080 33 PSS 24 570 353 99 A
PSB 23 %3 0s 04 pst o1 1124 684 ®o T Psp 188 .1 189 0.4 Pss 28 949 173 [T
PsB 26 2370 2.4 24 PST & 243 22 2033 A PSP 19 702 88t 04 PSS 27 1089 81 208 A
PsB 27 %62 -7 208 A [psT 1184 158 a8 A PSP 20 010 e L1} PSS 28 379 618 14
Pss 28 965 151 1805 A |psT & 2170 89 87 psp 22 00 ;e 07 PSS 20 208 24 207 A
Pss 28 614 131 1669 T [PST &5 7] (1] 29 A psr 224 1634 858 8.t PSS N 2784 204 13
PsB 20 1048 184 74 PST o8 es1 283 (Y] pse 28 198 798 479 A
PSB R 1e2.4 108 05 PST 67 1188 43 14 PSP 28A 29 450 @3 A
PS8 33 2423 32 w9 A ST @ “o1 190 15 rsP 27 24 62 09
PSB M 2934 60 1984 A [PST 70 2892 78 19 PSP 28 %87 %09 o8
PS8 33 2109 44 213 A pST 7 =4 27 4041 A PSP 29 ne o4 [T ]
PS8 a7 141 112 103 psT T2 347 489 123 PSP 0 14T 47 27
Pss e 1130 233 4020 A _lesT 7 14 723 24 psr ® 2972 -1 20564 A
PST 74 38 N7 246 A psP 33 s ese 120
PST 73 Y] A7 [X] PSP M 23 423 19
PST 78 92 183 47 PSP 33 184 57 09
PSP I7A M8 203 04
psr w8 104 888 14
PSP 38A 2006 24 43627 A
psp 208 2478 .30 Ry Y
PSP 749 12 82961 A
PSP 43 21 81 52
PSP X 27t 468 39
psr & 2778 060 142818 A




Lines fitted to demagnetization path by Kirschvink’s

f ' algorithm - AF treatment




Traverse Kashabowie - Huronian Lake

NRM directions for RS collection - lines fitted to AF demagnetization paths

Sample Dec Inc H1 H2 Noof ASD INT Class Peak AF Residual NRM
points of comp. in % MDF

TW1.0-1 248 764 0.0 2.0 3 29 20 ] 40.0 12 5.0

TW1.0-1 61.2 726 2.0 7.0 5 23 20 B

RS1.1 310.3 72.9 40.0 190.0 20 3.1 703 A 190.0 4 100.0

RS1.3a-1 279.8 406 00 25.0 11 4.8 12 B 40.0 19 15.0

RS2.1 353.6 857 25 150 6 89 1 C

RS2.1 300.7 59.7 125 300 6 54 1 B 80.0 10 30.0 ‘

RS2.1 330.9 644 500 800 § 56 1 Cc :

RS2.2-1 218.7 -57.1 0.0 150 12 28 443 A 15.0 6 3.5

RS3C 215 669 25 175 7 49 3 B 100.0 6 6.0 |

RS3.5-1 324.9 96 1.0 7.0 6 5.1 79 B 30.0 12 4.5

RS4.1b-1 106.7 869 0.0 30.0 16 53 254 A 30.0 5 4.5

RS5a-1 276.4 797 0.0 150 12 2 174 A 15.0 6 3.5

RS6.2-1 3104 494 50 200.0 20 24 36 A 200.0 5 50.0

RS7.1 167.6 579 15 35 3 09 1 Cc 10.0 63 10.0 :

RS8.0 60 537 00 275 13 15 1020 A 175 8 5.0 ‘

RS8.05-1 314.8 -67.1 1.0 170 11 5.1 53 A 25.0 20 9.0

RSs8.1 61.4 -185 25 125 5 4 12 Cc 275 0.3 3.0

RSeC 58.3 52.8 0.0 160.0 23 1.9 49 A 160.0 5.6 12.5

RS9.18 90.2 54.1 00 200 11 5 310 A 225 3 2.0

RS9.25 159.7 69.1 0.0 6.0 6 7 5 B 75 46 5.0

RS9.2-2 252.2 -30.2 0.0 6.0 6 3.8 79 B 15.0 4 35 i

RS9.2-2 265.2 5 50 85 4 49 17 C |

RS9.4 - 715 165 100 40.0 8 63 47 B 50.0 14 10.0 i

RS10.1 494 203 35 225 12 6.5 21 B 225 10 5.0 [

RS10.15 71.8 628 15 12.5 7 6 3 B 30.0 18 10.0 1‘1

RS10.2 273.8 254 0.0 25 3 4.2 437 Cc 15.0 1.5 4.0 ‘N

RS10.2 2718 182 25 15.0 10 441 1220 A i

RS10.3 55 39 00 100.0 17 22 5840 A 100.0 0.6 8.0 ’

RS10.4 201.2 713 15 175 9 88 4 B 30.0 73 13.0 j:“
1 RS10.45 10.7 94 00 10.0 7 74 6 B 25.0 44 12.5 ‘“
3 RS10.55 262.6 38 00 1100 17 23 42 A 110.0 3.2 10.0 | ‘
2 RS10.5-1 §3.2 -41 0.0 7.0 7 35 80 B 25.0 32 14.0 U‘

RS10.9 304.1 43 00 75 5 52 31 B 175 23 10.0 M‘

RS11.1-1 312 519 0.0 5.0 5 25 23 B 10.0 68 10.0 M

RS11.35 9.9 826 0.0 75.0 19 38 77 A 75.0 24 12.0 \‘

RS11.35A 12.9 816 0.0 450 18 3.2 66 A 60.0 14.5 125 ‘ [ ‘
[ RS11.4-2 9.4 344 00 150 11 5.6 60 A 30.0 10 4.0 i |
: RS11.4-2 355.2 574 00 6.5 6 65 21 B 12,5 99 125 ‘[

TW4.0-1 297.2 768 1.0 100 8 44 13 B

20.0 12 4.0 l

H1,H2 - range of demagnetization path, where lines were fitted
] Peak AF - maximum field used in AF demag. before sample were unstable i
| Residual NRM - Intensity of NRM remained after use of peak AF
] A,B,C - my own classification of reliability of NRM directions

ASD - angular standard deviation (error) of fitted lines

Int - intensity of fitted component in mA/m-




Lines fitted to AF demagnetization paths for TW collection i
File: AFtwline.wql i
Residual : }

i
Station Sample Kirsch. Dec Inc HlI H2 Noo ASD INT' Class Peak AF NRM
file sample coord points of comp. in% MDF ;
|
TWALO twal 1 ta0l 1 785 598 6 10 4 55 3% C i
TWALOQ twal 1 ta01 1 8309 431 1 5 4 75 41 C 20.0 16 7.0 F
TWA20 twa2 1 ta02 1 2705 --229 5 7 3 41 38 C ‘
TWA20 twa2 1 ta02 1 1.4 <76 0 6 6 42 171 B 125 2 20
TWAS.0 twa$ 1* ta05 1* 2409 <73 0 130 19 19 3250 A 130.0 1 1.5 !
1 TWAG.0 twab 1 ta06 1 53.6 6.3 8§ 12 3 49 24 C !
3 TWAG.0 twaé 1 ta06 1 249.7 69.5 0 10 9 49 335 B 125 11 20 |
3 TWAT7.0 twa7 1 ta07 1 90 27 3 10 6 36 155 B
TWAT.0 twa7 1 ta07 1 122 66.1 0 2 3 36 151 C 175 6 3.0
TWAS.0 twa8 1 ta08 1 255.6 61.3 0 12 10 68 288 A 17.5 11 20
TWA9.0 twa9 1 ta09 1 262.8 -7.8 0 50 17 25 6383 A 60.0 5 5.0
TWAI.S twad.5 1 ta09 51 2393 623 3 7 4 46 21 C
TWA9.S twad.5 1 w09 51 2957 513 1 5 4 384 17 C 125 36 6.5
TWAI10. twal0 1 tal0 1 2105 79.2 8 12 3 89 6 C
TWALO0. twal0 1 tald 1 354.6 53 1 5 4 51 28 C 20.0 N 3.0
TWAI0. twal0.5 1 tal0 51* 845 0.3 1 15 11 28 436 A 15.0 2 3.0
A TWAIl4. twal4 1 tal4 1 6 56.6 0 12 16 45 7 A 25.0 31 9.0
4 TWALIS. wals 1* tals 1* 667 403 0 25 15 28 204 A 25.0 2 35 }
TWALS. twal5.5 1 tals 52 67.1 184 12 20 3 36 15 C ‘
» ) TWALIS. twals.s 1 tal5 52 253.8 437 1 12 9 39 191 A 20.0 16 4.0 }
2 TWALIL6. twal6.5 1 talé 51 616 654 1 3 3 43 8 C 17.5 83 10.0 :
. TWAIS. twal8 b1 alsh 1 258 -5 20 70 7 17 19 B
: TWAIS8. twal8 b1 al8b 1 3042 288 100 140 3 51 4 C
TWAI18. twal8 b1 al8bh 1 273.5 8.6 1 6 5 97 9 B 200.0 12 220 I
g TWAILS8. twal8 b1 al8b 1 2692 194 8 12 3 45 5 C !
| TWAIS. twal8.5 1 tal8 51 2137 =31 0 8 8 4 8% B . 150 7 3.0 ‘
1 TWA20. twa20 b1 a2b1 2235 65 0 6 6 51 23 B 125 30 40
TWC6.0 twcé 1 tc06 1 848 149 1 3 3 1 126 C 125 18 3.0
TWCS5.0 tweS a2 tcSa 2 328 -378 1 8 7 171 21 B 25.0 27 10.0
TWCS.0 twes a2 tcSa 2 2361 431 7 12 4 16 12 C ‘
TWC5.0 twcS a2*tcSa 2* 2383 118 15 25 5 85 17 B !
TWCS.0 twcs b1l tcSb 1 2574  -11.9 7 10 3 65 15 C i
TWCS.0 twes b1 tc5b 1 3508 -13.1 1 3 3 23 6 C ‘
TWCS5.0 twes b1l tcSh 1 24.6 8.9 5 7 3 42 6 C 17.5 41 18.0 |
TWCLS twelS b2 clsb 2 2824 667 17 25 3 84 21 C
TWCLS twel5 b2 cl1Sh 2 202.1 30 8 12 3 65 37 C
TWCLS5 twel5 b2 cl5b 2 249 363 1 7 6 3 168 B 50.0 10 4.5
3 TWC1.0 twel 1* twel 1* 58.6 50 0 200 24 11 2230 A 200.0 2 8.0
1 TWES.0 tweS 1 t051 422 68 8§ 12 3 17 5 C
E TWES.0 tweS 1 telds 1 3533 43 0 7 6 4 47 B 15.0 14 3.0
TWE6.0 twe6 al teba 1 2711 708 1 3 3 42 54 C 30.0 1 3.0
TWES6.0 tweb b1 te6b 1 2596 -349 12 17 3 31 15 C
1 TWE6.0 tweé b1l te6b 1 3036 -30.3 0 8 8 45 182 B 15.0 15 3.0 i
TW23.0 w23 1 w31 2158 74 0 7 7 49 8 B 500 15 35 ‘
3 TW20 w22 1 w21 1101 444 8 12 3 37 3 C
TW220 w22 1 w21 99.1 -4 0 7 7 56 18 B 20.0 2 4.0
TW19.0 twl19 1 w191 312 449 0 12 9 35 387 A 200 4 3.0
TWI19.0 twl9 1* twi9 1* 2455 397 17 20 3 29 32 C
] TWI17.0 twl7 1 wl7 1 348.1 54 2 8 6 67 34 B i
1 TW17.0 twi7 1 w71 3575 53 0 2 3 23 9 C 15.0 12 5.0 :
| TWI15.0 twls 1 twls 1 64 384 7 12 4 95 1 C
TWI5.0 twls 1 twis1 2817 685 5 7 3 54 6 C
TW15.0 twls 1 twis 1 64 723 0 8 8 65 2 B 250 2B 85 K
TW14.0 twld 1 twi4 1 2502 268 15 20 3 4 10 C G
TWI4.0 twld 1 w41 2976 782 0 17 12 35 93 A 50.0 6 40 I
TWI12.0 twl2 c2 wi2x2 86.9 =20 3 7 4 32 2 C 7.5 8 5.0 ‘f“'i
TW11.0 twll 1 twil 1 264 717 2 5 3 87 1 C 125 30 8.5 H
] TWSO0 tws 1 w081 2863 272 10 15 3 95 4 C !
- TW8.0 tw8 1 w08 1 119.6 -67 1 3 3 32 12 C 15.0 21 3.0 1\‘1
TW7.0 w7 al twial 11 555 0 17 12 54 12 A 80.0 16 85
TWL2.0 wi2 2+ tlo2 2* 732 651 0 200 21 21 645 A 2000 53 200
H1,H2 - range of demagnetization path, where lines were fitted
Peak AF - maximum field used in AF demag. before sample were unstable ;
Residual NRM - Intensity of NRM remained after use of peak AF §
A,B,C - my own classification of reliability of NRM directions i
ASD - angular standard deviation (error) of fitted lines 1
Int - intensity of fitted component in mA/m 11
i
I




PS collection - traverse Calm Lake - Perch Lake

Lines fitted to AF demagnetization path - all ct A-C . I
Residual Sample i
Sample Dec Inc H1 H2 Noof ASD INT Class Peak AF NRM orient Dec Inc
sample coord points of comp. in% MDF Strike Dip geogr. coord
PsB2 235.3 -58.7 1.0 156.0 7 6.2 16 400 120 125 280 64 37.0 -49.3 i
PSBS 86.6 4.6 0.0 40.0 16 21 29 400 150 75 74 88 36.5 85.7
PSBS8 2829 29.4 0.0 3.0 4 2.1 27 125 46.0 10.0 64 88 3545 -66.9
PsS8s 297.4 13.4 0.0 10.0 9 3.8 201 12.5 6.0 3.5 81 83 44,2 -566.0 [
PSB 11 529 124 1.0 100 ~ 8 3.8 38 125 17.0 3.0 80 90 99.6 51.2
PSB 12 109.5 9.1 a.0 3.0 4 1.5 192 125 140 2.0 78 90 283.6 68.6
PSB 13 66.4 -10.8 0.0 3.0 4 1.3 136 200 110 7.5 70 79 1121 58.0 ‘l
PSB 13 2043 -123 5.0 7.0 3 8.7 35 70 79 75.6 -66.2 ,
PSB 16 104.2 7.2 2.0 2000 19 a5 1890 200.0 8.0 350 80 86 2734 75.5 “‘
PSB 18 236.5 -3.8 1.0 50.0 12 4.9 34 80.0 100 25.0 68 78 259.1 -55.9 |
4 PSB 27 89.4 37.7 0.0 7.0 7 74 9 160 §3.0 125 89 89 359.8 53.3 i
3 PSB 28 g5.6 13.4 0.0 7.0 7 4.5 116 25.0 6.0 5.0 92 87 3343 78.2 I
i PSB 33 2441 -2.6 0.0 200.0 21 1.4 3280 200.0 1.4 125 72 82 2624 -83.7
PSB 34 202.3 4.7 0.0 7.0 7 7.3 104 60 90 72.2 -67.2 :
PSB 34 280.2 -11 12.0 17.0 4 107 51 30.0 13.0 10.0 72 82 107.7 -76.0 : 1
PSB 35 210 2.2 0.0 25.0 14 3.5 281 20.0 5.2 4.0 95 84 281.0 -29.5 i
PsB38 120.4 26.2 0.0 25.0 13 4.8 436 50.0 1.8 6.5 80 90 304.2 50.7 '
PSB 38 56 175 20.0 30.0 3 4.9 26 80 90 50.6 52.2 i
PSP 1 116.6 -65.6 5.0 140.0 18 2.2 834 140.0 3.0 100 H 1166 -65.6 '
PSP 9 280.1 -53.2 3.0 7.0 3 6.4 173 140.0 3.0 16.0 H 280.1 -83.2 ;
PSP 9 277.5 389 100 140.0 15 33 583 H 277.5 38.9 w
PSP 12 60.4 50.8 1.0 180.0 18 2.1 179 180.0 10.0 26.0 H 60.4 50.8 i
PSP 13a 129.9 62.5 0.0 180.0 20 1.1 504 180.0 10 110 H 128.8 62.5 | \‘
PSP 26* 179.7 78.7 0.0 180.0 20 1.9 48 180.0 7.0 200 H 179.7 78.7 ! ““
PSP 26a 293.5 50.9 1.0 3.0 3 1.6 27 6.0 240 3.5 H 293.5 50.9 i
PSP 26a 270.9 38.3 3.0 6.0 3 4.7 17 H 270.9 38.3 ‘ ;;}
PSP a2 269.3 -25 0.0 '190.0 20 1.9 3020 180.0 3.0 10.0 H 269.3 -25.0 ) b
PSP 38a 268.2 2.7 0.0 180.0 22 1.4 4480 190.0 1.0 6.5 H 268.2 2.7 ) i
PSP 39 73.6 -2.4 0.0 180.0 23 1.8 5520 190.0 3.0 7.5 H 73.6 -2.4
PSP 80 2574 -864 0.0 190.0 23 1.4 14800 190.0 10 11.0 H 257.4 -86.4 :
PSR S 28.4 9.7 0.0 8.0 8 3.4 135 80 21.0 3.0 74 90 83.0 28.0 i|!
PSR7 575 -16.6 0.0 20.0 13 4.7 17 40.0 28.0 20.0 90 81 1284 48.9 ‘ '
PSR7 185 7.7 250 400 2 4 90 81 843 144 g

150 350 11.0 60 313 -59.2
100 390 6.0 260 77 226.7 0.7
120 190 3.0 258 80 431 -205 , ‘\

258 80 1325 -76.3 ‘i
1900 40 50 244 87 744 0.7
400 20 110 8 72 1635 -81.8 j‘
200 140 75 248 75 143 637 i

248 75 964  47.5 !

N

3

PSR 10 202.3 ~7.4 20 15.0 9 53 93
PSR 15 352.4 325 2.0 10.0 7 4.3 54
PSR 17 188.1  -36.1 0.0 8.0 8 5 140
PSR 17 262.1 1.2 8.0 12.0 3 10 20
PSR 18 181.3 10.3 0.0 180.0 21 1.6 3070
PSR 20 2715 -2641 0.0 40.0 17 25 1010
PSR 21 105.3 -6.5 0.0 15.0 1 4.9 149

PSR 21 133.4 298 150 20.0 3 3 12

PSS 1 109.1 -8 00 1800 22 2 2090 190.0 20 150 265 77 26.7 83.7 ‘f‘ }
PsSs 3 336.9 0.8 0.0 30.0 16 21 2980 30.0 1.0 35 260 40 2414 -140 i
PSS 7 249.6 10 0.0 17.0 9 5.9 43 60.0 50 250 262 €5 1899 -49.7

262 65 1765 -53.6

PSS7 2727 113 200 300 3 16 17 ,
36 262 65 1044 -54.8 W

il

|

PSS 7 237.4 -84 300 60.0 ] 87

PSS 11 372 113 00 20 3 3 240 30 40 40 8 8 768 372
] pPSS11 8598 78 20 800 12 1.9 846 88 8 802 0.3 ¢
PSS 16 439 44 00 60 6 1.8 128 60 180 20 85 82 866 44.1 |
PSS 17 505 42 00 2000 24 32 6010 2000 20 90 95 84 957 506 |
PSS18 3348 157 00 250 14 47 176 250 100 55 88 84 683 -223
PSS 20 752 187 00 30 4 33 7 80 550 175 241 72 2480 75.7 dlr|
PSS20 1092 -45 60 80 3 55 5 241 72 129 806 ‘J‘
PSS 24 578 -554 00 400 17 18 102 400 60 55 270 8 3407 24.0 Il
PSS27 1943 -66 00 170 12 42 85 1200 250 55 60 S0 233.2 -14.2 ‘
PSS27 1773 -74 1.0 30 3 o8 25 60 80 2326 27
PSs27 2011 -58 30 120 7 18 56 60 90 2338 -21.0 it
PSS 28 74.8 -22 0.0 5.0 4 53 146 50.0 200 30.0 ? ‘
PSS 29 256.8 10.1 5.0 50.0 14 28 384 ? .
PST 1 1563 84 1.0 3.0 3 27 ” 500 20 70 92 8 2599 221 i ‘;
PST 1 131 472 30 500 16 34 236 92 83 2002 487
PST 4 3456 21 00 80 7 42 262 80 80 25 20 60 2721 -223 |
PST 9 3103 38 00 20 3 6 16 60 430 50 240 78 231.8 -49.3 i
PST 9 2452 118 20 60 4 19 43 240 78 576 -65.7 A1
PST10 2806 1.9 00 100 8 67 62 100 470 75 230 60 1595 -56.5
PST11 2348 167 00 20 3 98 1 300 31.0 120 243 70 107.2 -39.6 ‘:’
PST11 3116 -46 20 170 10 6 243 70 227.8 -46.7 ’\‘
PST11 3023 -39 200 300 3 a7 6 243 70 2202 -54.7 ‘
PST 12 895 18 1.0 60 5 33 70 210 3.0 215 65 3037 668 )
PST 12 674 05 50 70 3 1.6 16 215 65 261.0 56.4

80.0 1.0 70 260 82 2689 -34.0
90.0 1.0 65 250 75 2524 -374 l

PST 13 3268 -11.8 0.0 80.0 22 1.5 12300
PST 22 3239 -109 0.0 90.0 22 1.6 4560
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Residual Sample

Sample Dec Ine H1 H2 Noof ASD INT Class Peak AF NRM orient Dec Inc
sample coord points of comp. in % MDF Strike Dip geogr. coord
PST 30 2528 -2.4 0.0 17.0 12 2.6 232 A 17.0 9.0 4.0 279 78 1272 -705
PST 45 331 -159 2.0 5.0 3 5 1850 c 200.0 10 20.0 7 87 815 -28.7
PST 45 2853 -23.3 5.0 200.0 30 59 2140 A 75 87 130.2 848 )
PST 51 228.2 -21.2 1.0 8.0 7 6.8 30 B 70 430 65 260 74 659 -50.2
PST 52 286.5 6.5 0.0 20 3 4.6 3 c 1000 140 20.0 283 84 226.1 -69.3
PST 52 2885 -544 5.0 1000 18 43 91 A 263 B84 3406 -39.8
PST 54 2064 8.3 0.0 180.0 17 34 40 A 1800 18.0 500 257 80 223.1 -58.0
PST 59 77.4 -2.9 0.0 12.0 10 4.7 37 A 120 370 85 275 73 3318 68.5
PST 82 239.4 23 0.0 5.0 5 2.2 182 c 100 33.0 2.0 79 80 2835 -593
PST 62 57 -29 5.0 100 4 8.3 42 [+ 7 80 84.3 56.9
PST 63 1162 -164 0.0 100.0 17 1.8 841 A 100.0 3.0 100 278 88 61.6 58.3
PST 65 65.1 29 0.0 40.0 14 52 38 A 60.0 70 170 273 81 2853 64.5
PST 65 102.7 18.4 40.0 80.0 3 6.8 8 c 273 81 1348 738
PST 74 34.7 33.6 1.0 100.0 16 24 25 A 100.0 40 180 85 90 58.1 28.3
f1 2 138 87.1 0.0 20 3 2.2 26 o] 50 340 35 H 138.0 871
o2 8.1 52.4 20 5.0 3 2 55 [ H 6.1 52.4
o2 202.9 40.4 6.0 8.0 3 4.9 1 c H 202.9 40.4
H 3 243 73.2 0.0 7.0 7 7 14 B 7.0 370 6.5 H 243 73.2
fi 3 8.1 872 S0 7.0 3 541 7 C H 8.1 87.2
f1 7 107.8 4.6 0.0 7.0 7 5.3 49 B 70 13.0 3.0 H 107.6 48
#H 8 113.7 -124 0.0 3.0 3 4.1 122 [+ 6.0 220 3.0 H 113.7 -124
H 9 131.5 1.9 3.0 8.0 3 13 53 [#] H 131.5 1.9
1t 13 1273 -46.2 0.0 3.0 4 4.7 25 c 8.0 30.0 5.0 H 1273 -46.2
i 13 1422 -28.3 3.0 6.0 3 18 18 Cc H 1422 -263
. 1 13 128.2 -5 6.0 8.0 3 41 7 [} H 128.2 -5.0
H 14 130.2 121 3.0 8.0 5 24 250 B 8.0 17.0 4.0 H 130.2 121
1 15 116.4 133 1.0 3.0 3 3.8 48 c 150 120 5.0 H 116.1 133
1t 15 142.9 26 3.0 10.0 6 45 112 B8 H 1429 26.0
f1 15 151.9 4.4 100 15.0 3 1.3 36 Cc H 1519 414
f1 16 83.5 228 0.0 2.0 3 4.5 43 c 120 18.0 75 H 83.5 228
fi 16 728 0.2 8.0 12,0 3 8.2 54 (o] H 72.8 -0.2
f2 1 285 -44.7 0.0 130.0 21 14 1810 A 130.0 3.0 7.0 H 285 -44.7
fa 3 311 405 0.0 1100 22 23 3050 A 110.0 4.0 7.5 H 31.1 -40.5
fa 4 1682 -34.2 0.0 1100 22 1.8 3590 A 110.0 1.0 8.0 H 18.2 -34.2
f2 5 205 385 0.0 1100 2 189 470 A 1100 20 85 H 205 385
pir 1 885 66.1 20 200 11 28 1080 A 200 80 35 H 88.5 661
pir 2 2809 46.8 3.0 10.0 (-} 5.9 77 B8 35.0 3.0 5.5 H 260.9 46.8
pir 2 277.4 422 20.0 35.0 3 49 48 Cc H 277.4 42.2
pir 3 1873 -18.8 0.0 5.0 5 4.4 380 [} 120 18.0 3.5 H 1873 -188
pir 3 2204 103 7.0 120 3 39 3B C H 2204 103
pir § 318 44.9 0.0 2.0 3 6 42 Cc 120 30.0 8.0 H 31.8 449
pir § 2774 387 30 8.0 5 33 54 C H 2774 38.7
plir § 326.3 58.2 8.0 120 3 4.9 22 c H 326.3 59.2
pir 6 314 478 1.0 3.0 3 47 o] 150 53.0 18.0 H 31.1 478
plr 6 3128 49.2 6.0 15.0 8 8.3 19 B H 312.8 49,2
pir 7 275.7 548 5.0 27.0 1 75 81 A 270 340 21.0 H 275.7 54.8
pir 11 1174 713 7.0 1000 15 2 213 A 100.0 2.0 8.0 H 1174 713
plr 12 1223 -714 5.0 80.0 16 1.7 203 A 80.0 2.0 85 H 1223 714
pir 13 1413 723 1.0 35.0 14 29 123 A 35.0 5.0 6.0 H 1413 -723
pir b 312 50.7 3.0 8.0 3 48 10 (o} 20.0 34.0 15.0 H 312.0 50.7
pir b 2839 403 150 200 3 48 2 C H 2639 403 ]
plr d 282.5 55.9 0.0 17.0 9 45 w B 350 17.0 13.0 H 282.5 559
pir d 283.3 458 200 35.0 4 6.6 a7 (o] H 283.3 458
pir e 2919 503 1.0 350 13 58 88 A 350 220 21.0 H 2019 503
pir 298.6 60.2 0.0 60.0 17 54 118 A 60.0 70 170 H 299.6 60.2
pir g 237.8 32 2.0 8.0 8 59 38 B 200 450 18.0 H 237.8 320
pir g 2866 418 80 120 3 49 i3 C H 2968 416
pir g 253 475 170 200 3 137 38 C H 253.0 475
pir h 2624 38.3 2.0 5.0 3 54 2 (o] 250 30.0 160 H 2624 38.3
pir h 3048 607 150 250 4 48 8 C H 3048 607
pir i 208 707 00 20 3 54 89 C 250 280 85 H 208 707
pir | 2548 438 20 170 10 69 149 A H 2548 438
pir i 3228 331 170 25.0 3 0.8 41 c H 322.8 33.1
pir k 148.5 87.8 0.0 8.0 8 8.4 42 B 300 10.0 110 H 148.5 87.6
pir k 198 853 20.0 30.0 3 8 20 [+ H 196.0 85.3
pir | 295.9 59.1 1.0 15.0 9 57 72 B 300 28.0 175 H 295.9 59.1
pir | 2717 471 20.0 30.0 3 88 26 o] H 2.7 471
ps 1 679 11.7 0.0 7.0 7 4 144 B 200 40 S50 284 B85 2455 671
ps 1 7.2 24 100 20.0 L] 43 48 Cc 284 85 27M1.2 7a
ps 6 88 -13.2 1.0 40.0 1 23 143 A 40.0 8.0 60 245 84 3522 89.9

H1,H2 - range of demagnetization path, where lines were fitted

Peak AF - maximum field used in AF demag. before samples were unstabie
Residual NRM - intensity of NAM remained after use of peak AF

A,B,C - my own ciassification of reliability of NRM directions

ASD - angular standard deviation (error) of fitted lines

Int - Intensity of fitted component in mA/m



Lines fitted +to demagnetization path by

algorithm - thermal treatment.

Kirschvink’s




Sample

twO1
twO1
twr03.5
twr04.1b
twr04.1b
twr05a
twrO5a
twr05a
twr05a
twr05a
twr10.5

Lines fitted for Th. demagnetization path for RS collection
File: thrsline.wqg1

N WWWwMNDNNDDWNONND

Kirsch
code

twix 2

twix 2

twr3 52
twrd 123
twra 124
twrs 12
twrs 12
twr5 13
twrs 13
twrs 13
wri0 52

Dec
geogr coord

354.6
235.4
322.8
206.2
282.6
249.8
266.7
343.7
2911
346.8

33.6

Inc

79.1
60.8
-3.2
715
853
81.6
73.7
76.1
76.2
79.5
3.1

H1

200
100

150

150
500
100

H2

100
275
325
375
425
100
350
100
300
550
250

- -
H WO WNWHLHL =W

points

2.8

11
6.4
3.6
6.2
4.6
5.3
5.5
7.7
2.8
4.8

10
5
80
154
190
64
110
39
45

48

OO0OmWmOwmOP>»>wWOO

No of ASD INT Class Peak
of comp.

325

600
425

425

600

375

350

[S2 B (ol o> I o . ]

Resid
NRM
in %

16

18




Sample

f1

f1

f1
pir
pir
plr
ps
ps
psb
psb
psb
psb
psb
pPsp
Psp
psp
psp
psr
psr
psr
pss
pss
pss
pst

06
17
17
10

03
03*
10
10
10
29
29
13
13*
38b
38b
08
08
24*
05
15
15*
08

Lines fitted to TH. demagnetization paths for PS collection
File: THpsline.wg1

Kirsch Dec Inc Hi H2 Noof ASD INT Class Peak
‘code sample coord points of comp. T
fixx 6 1341 133 50 300 7 4 128 B 325
fixx 17 2678 -28.8 100 200 3 46 114 C 300
fixx 17 2586 -30.9 250 300 3 3.9 82 Cc

pirx 10 1244 -75.9 0 350 11 1.4 1570 A 350
pirm 1 2519 316 100 300 6 3 183 B 325
plrm 1* 318.8 58 275 325 4 1.7 50 Cc

psxx 3* 851 108 &0 325 9 48 113 B 325
psxx 3* 851 108 50 325 9 48 113 B

psbx 10 56.5 7.3 50 200 4 2.9 201 C

psbx 10 734 49 200 275 3 2 138 C 350
psbx 10 144 33 275 325 3 3.7 42 Cc

psbx 28  56.1 15 0 300 8 3 140 B 350
psbx 29 105.1 5 275 325 3 34 23 c
pspx 13 218 475 100 200 3 3.2 9 C

pspx 13 2186 482 50 250 6 76 28 B 250
pspx 38 2485 -42.1 0 300 8 1.7 6760 B 425
pspx 38 2475 -43.8 325 425 6 3.1 880 B

psrx 8 224.9 4.2 0 325 4 7.3 44 C 325
psrx 8 2306 -79 50 200 4 2 40 Cc .
psrx 24 26 181 100 425 12 43 555 A 425
pssx 5 183.2 3.1 100 200 3 0.6 31 C 300
pssx 15 46 -11.2 50 200 4 49 121 C 350
pssx 15 453 1.7 200 350 7 8.3 138 B

pstx 8 261.1 43 150 325 6 54 129 B 325

Residual
NRM

3.0
6.0

2.0
0.7

4.0

1.0

9.0

10.0

0.1

16.0

3.0

12.0

2.0

11.0

Orient
Strike
Dip

IITIIITXITT

278 80
278 80
75 80
75 80
7% 80
93 84
93 84

93 84
250 88
250 88
257 88
257 72

80 85

80 85
277 55

Dec

Inc

geogr. coord

134.1
267.8
258.6
124.4
251.9
318.8
268.1
268.1
101.2
91
80.9
75.1
269.9
218
218.6
248.5
2475
779
60
237.9
80.9
100.5
82.6
173.2

13.3
-28.8
+ -30.9
-75.9
31.6
58
85.1
85.1
52.4
72,7
13.6
55.5
74.9
47.5
48.2
-42.1
-43.8
-44.5
-60.3
253
2.1
43.3
45.3
-49.8




Lines fitted for demagnetization paths for TW collection

THermal demagnetization i
File: thtwline.wql : Resid. i
Sample Dec Inc Hl H2 Noof ASD INT Class PeaKkNRM ‘
geogrcoord  (C) points ofcomp. T in%
twa2 2 395 -582 50 150 3 35 31 C 300 8
twa2 2 992 410 150 250 3 4 133 C
twa3 2 1578 671 0 100 3 26 1 C 275 28
twa3 2 66.0 -581 200 275 3 45 8 C
twa$ 2* 2417 80 0 425 14 23 307 A 425 0.8
twab 2* 2380 746 0 35 11 33 514 A 350 3
twab.5 2 157 781 0 100 3 51 3 C 275 78
twa8 2 2480 633 0 250 6 21 213 B 350 4
twa9 2* 2544 -131 0 35 11 31 768 A 350 2
twa9.5 2 651 810 0 250 6 48 79 B 350 15
twal0.5 2 434 393 50 150 3 3 136 C 350 2
twal0.5 2 715 171 150 350 8 31 318 B
twal4 2 720 438 0 300 8 42 31 B 325 6
twal5 2 2084 395 0 250 6 54 8 B 575 4
twals 2 885 56.0 300 350 3 72 13 C
twalS 2 378 168 350 400 3 39 9 C
twal$ 2 934 366 400 475 4 68 27 C
twal5.5 1 2727 446 150 325 6 43 483 B 350 2
twal5.5 1 2695 -468 200 300 4 1.7 350 C
twal6.5 2 2845 442 50 150 3 42 37 -C 32 12
twal6.5 2 3261 437 150 250 3 18 18 C
twal8 b2 2572 15 0 300 8 55 54 B 325 41
twal85 2 698 242 0 100 3 44 19 C 325 25
twal8.5 2 1959 428 150 250 3 21 45 C
twal8.5 2 1517 32 250 325 4 69 47 C
twal9.5 2 2511 215 0 200 5 44 6 B 275 17
twal9.5 2 1237 581 200 275 3 116 1 C
twa20 b2 1140 168 50 150 3 28 12 C 325 53
twa20 b2 605 -156 200 300 4 69 14 C
twa22 a2 843 316 0 200 5 61 6 B 300 38
twco 2* 2710 59 0 35 11 16 2350 A 350 1
3 tweS b2 2751 328 0 400 12 38 728 A 400 3
twelS b1 2365 327 0 35 11 1.7 1960 A 350 05
twel 2* 704 546 0 350 11 14 251 A 350 08
twed b2 2188 282 0 150 4 26 12 C 250 23
twed b2 1794 669 150 250 3 23 14 C
tweb a2 2458 269 0 375 12 25 1560 A 450 3
tweb b2 1699 232 0 100 3 49 26 C 325 4
tweb a3 2060 235 0 200 5 48 303 B 275 4
tweb b3 2392 -54 50 150 3 55 75 C 375 6
tweb a3 2198 408 100 275 6 44 343 B
tweb b2 2920 -322 100 325 8§ 31 123 B
tweb b3 2840 -320 150 300 5 49 24 B
twe6 a2 326 238 350 400 3 16 64 C
tw23 2 2369 791 0 100 3 67 48 C 2Is 29
tw22 2* 1137 95 0 35 11 23 228 A 350 2
twl9 2 47 445 0 275 7 49 281 B 375 4
twl7 2 150 712 0 300 8 65 119 B 300 7
twld 2 3128 828 0 200 5 59 6 B 325 10
twl4 2 99 565 200 275 3 64 8 C
tw8 2 1499 713 50 200 4 52 100 C 200 16
twl2 1 717 607 0 400 12 31 532 A 450 3




Appendix E

Computer programs and algorithm review.

Program COORD2.BAS

The program converts a vector orientation, measured in the
sample coordinates into geographic coordinates.
ﬁsually such quantities as NRM vectors and the principal axes of
anisotropy are measured with respect to the sample itself in a
standardrcoordinate system, where +2Z axis vertically down the
sample and +X is north and +Y is east with respect to an
arbitrary specimen orientation.

When a sample is drilled not from a horizontal surface but
an inclined one, an arrow on the top of the sample marks one of
three directions:

a) - the direction of strike - then an arrow traces a horizontal
line;

b) - the direction of dip - then an arrow points down the dip
direction;

c) - the direction antiparallel to dip direction (Molyneux, 1971
convention, "Newcastle convention") - the arrow traces the up-

dip direction.

The orientation of the top surface of the sample is also

recorded in one of two methods: strike and dip or direction of

W




dip and dip. The program allows the user to choose the proper
convention used during field drilling.

Next the direction of a vector, a line or a_normal to the
plane under consideration, is rotated around the strike axis of
the plane to restore the inclination of the vector in the real
inclined position of the sample. Finally, the rotation along the
vertical axes is performed to restore the declination of vector
(line, etc.) with respect' to geographic North and not the
direction of arrow on the sample.

If the structural data are concerned the "right-hand"
convention used is that which present the data with its strike
direction anticlockwise from the dip direction.

The program was used to restore the true orientation of NRM
vectors and principal axes of ARM and MS for some series from

the Calm Lake - Perch Lake area.

Program Spheristat (Frontenac Wordsmith) - remarks.

The program uses two techniques to evaluate the
distribution of data on the lower hemisphere: a contouring
procedure and the principal component analysis (PCA) method.

The procedure of contouring calculates the distances from
a given station to all points on the hemisphere. It uses the
adjustable Gaussian spherical function as continuous (not
discrete as céunting circle) weighting function w = exp [k(cos#
-1)] to multiply the weight by the distance from the station for
all data on the sphere (Robin and Jowett, 1986). The function

value decreases rapidly with an angular distance away from the
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Peak position :  18.4°/ 30.4° ‘
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than 2c. M
I
il
|




F T |

weight

I
I
!
l

L L | s

0 .
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angle from station (degrees)

Two contrasting weighting options which can be used for counting. schematically represented in

" two dimensions. The dashed line corresponds to the conventional counting circle. A= 0.005 (fractional

area of the whole sphere for polar data) or 4 = 0.01 (non-polar data), i.e. a=38.11°. The full curve is a

spherical Gaussian curve (eqn. 10. k =100), with the same expected count value £ as the conventional
counting circle for points extracted randomly from a uniform population.

Fig. E2. (from Robin and Jowett, 1986).

Three principal directions with
" their associated 95% confidence
cones. The long (major) axes
of the elliptical cones are
shown with zero orientation
angle (measured relative
20 the line tangent to the
great circles joining the
principal directions).
Note: this diagram is for
| illustration only; when
plotied on an equal-area
net, the cones will not ap-
pear as ellipses.

Fig. E4. A concept of confidence cone orientations for principal
directions of Bingham orthorhombic distribution (from Stesky,

1990).




counting station (see Fig. E1 and E2). It produces smoother -

contours than the counting circle technique. The size of
counting circle A is related to k value as A=1/k. Parameter k -
the kurtosis of Gaussian function can be taken as a fixed value
(k=100) which produces the same count expected from a i%
counting circle for non -polar data (distributed on the half-
sphere). This definition gives smoother contours for N > 450
data points. For N < 450 it is better to choose smaller k=
2(1+N/9). This is equivalent to the Kamb method (see Robin and
Jowett, 1986 for discussion) and produces the expected count
E=30, where o in a statistical dispersion of data.

If 0 is a statistical dispersion of data, then contours for
every 20-step are drawn, starting from E - the expected value of
the point density for random distribution. The program
calculates the value of highest peak of point density in terms
of multiples of o above E value.

For an example of a given distribution of poles to S1
surfaces (the data from the centre of the Quetico Belt) the
results of contouring are:

number of points N=106;
E = 4.15
o= 1.38
(peak value - E)/o = 20.8
for a peak at 168° - 22°,
It corresponds to mean S1 surface at 258°/68° NW (Fig. E3).

The eigenvector technique determines eigenvectors of the

sum matrix of products and cross-products of the directional

|
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Poles to S1 schistosity - the interior of Quetico

Medium and high metamorphic grade metasediments

N = 106 ' E= 415

| | k= 25.56 Sigma = 1.38
(Peak - E)/Sigma = 20.8

| Peak position : 167.9°/ 21.5°

| Fig. E3. Results of contouring procedure for a set of ' ‘
: schistosity for interior of the Quetico Belt. Compare orientation

i of a peak with the orientation of principal direction: 166/17 with
confidence cone 6/3.




cosines of each data point. The minimum eigenvector (correlated -

with minimum eigenvalue) indicates the direction normal to best-
fitted plane to data and maximum eigenvector points into the
direction of best-fitted line to data points. 95% confidence
cones around these directions are determined from the Hext
(1963) algorithm. The cones projected on the equal - area plot
do not preserve their elliptical shape, however it can be
approximated that the long axis of cone for the pole to best-

fitting plane points toward that plane and the cone for maximum

axis has its long axis approximately parallel to the trace of

best fitting plane in that projection (Fig. E4).

The program calculates the real angles between cone axes and
great circles joining the eigenvector directions as in general
the cone can be deflected from the position listed above. If
this deflection is greater than 2-3° it indicates that the
distribution of points is not orthorhombic (Bingham
distfibution) and the positions of eigenvectors should be

interpreted with caution.

Program RMANISTW.BAS.

The program calculates the positions and intensities of
principal remanences when the anisotropy of remanence is
studied.

It assumes that the applied field was imposed in 12 orientations
as designed by Stupavsky (1984). The specimen should be oriented
as shown at Fig. 11.2 with respect to the magnetizing D.C.

field. The resultant remanence vector should be known in full;

|




all three ‘components ‘are required_ (as measured by MOLSPIN
spinner magnetometer).

Two methods can be employed to calculate the principal
remanence. The first utilizes the Stupavsky (1984) algorithm to
find principal axes with angular confidence 1limit ry, and
standard deviation for intensities of principal remanences, when
the component of each remanence vector along the applied field
direction is determined. The second,’designed by the writer,
uses the least sgquares method based on the all 3 components of

remanence vector for each position.

Stupavsky method:

Let us take R, as the remanencevvector measured after the
sample has the field applied in i-th position. H; is the vector
of applied D.C. magnetic vector. The component of remanence
along the direction of applied field S, is calculated as a scalar

product of a remanence vector and a direction cosine of the

applied field.

Those products are used to construct the anisotropy matrix k:

R,k

S ]

(a combination of two S; values to get 6 diagonal and off-

diagonal elements of the matrix). The matrix is diagonalized and




eigenvectors and eigenvalues are determined. The method of .
calculation of errors of eigenvectors and eigenvalues in the
Stupavsky procedure is original and was not fully understood by
the writer. It creates two other anisofropy matrices for 6
measurements positions each and then compares the results of
calculations of eigenvectors for them with the results for 12

positions’ results.

Least squares method.

The method is based on Girdler’s (1961) approach. The

relation between the remanence and the directional cosine h; of
applied field (R=kh;) for a given directions of applied field
gives three equations where 6 elements of anisotropy matrix k
are unknown. The total of 12 measurements gives 36 equations
with 6 unknown parameters. The least - squares method can find
the expression for these parameters to minimize the sum of
squares of differences between experimental values of R, and the
calculated ones. This was done algebraically as the design of
directions of applied field is quite simple.

Then once the estimates of anisotropy matrix parameters are
known, the eigenvectors and eigenvalues can be determined.
However, the design to calculate the errors of those estimates
is much more complicated, following the Hext (1963) approach.
Therefore the program does not calculate the confidence limits
and standard deviations for found principal remanences.

The only way to estimate the accuracy of anisotropy matrix

\_mi




in this method is to verify the differences of calculated and
measured remanence vectors for a set of 12 directions. This
estimation is based on Jackson’s (1991) parameter - see chapter
9 for details. The same estimate is additionélly used for

Stupavsky’s design to have the possibility of comparing the

results of both method.




COOI2.BAS

10 CLS : RBM - Direct calculations; strike & dip mode; Writing and printing of results

20 PIF = ATN(1) / 45: 'rad to degq conversion factor

30 LOCATE 5, 10

40 PRIRT 'Vectors conversion frol sanple coordinates®

50 LOCATE 6, 10

60 PRINT 1nto geographical coordinates."

10 LOCATE §, 15: PRINT ® Choose one of options:®

80 LOCATE 10, 20: PRINT *1 - Dec, Inc - direct calculations®

90 LOCATE 11, 20: PRINT "2 - Dec, Inc - calculations for data in file"

100 LOCATE 12, 20: PRINT "3 - structural data: planar & linear"

110 LOCATE 15, 20: PRINT "4 - QUIT®

120 LOCATE 17, 10: INPUT "Give me your option: %, op

130 CH = (op - 1) * (op - 2) * fop - 3) * (op - 4): IF CH = 0 GOTO 160: 'checking input number

140 CLS

150 LOCATE 5, 10: PRINT "WRONG CHOICE - TRY AGAIR*: GOTO 70

160 IF op = 4 6070 1320

170 1F {op - 1) * {op - 2} O 0 GOT0 1220

180 DECT$ = "DEC*: INCS = "INC": S0P = 0

190 IF op = 1 GOTO 270

© 200 CLS : LOCATE 5, 10: PRINT "Dec & Inc conversion for directions located in * <pn file"

210 LOCATE 7, 10: INPUT *Give me path for INPUT file {* - to repeat old path): "; pin$

211 TF pin§ = "** THEN pin$ = pinl$ ELSE pinl$ = pin}

" 212 LOCATE 8, 10: INPUT "INPUT file name vithout extension *; infile§: infile§ = pin§ + infile§ + ".spn'

220 ON ERROR GOTO 240: OPEN °I®, 2, infile$: lin = 0: IF EOF(2) GOTO 1170

230 Goto 270

240 CLS ¢ CLOSE $2: LOCATE 9, 10: PRINT "FILE DOES NOT EXIST - try again®

250 LOCATE 11, 10: PRINT "press any key to continue®: CON$ = INKEYS: IF CON§ = *" GOTO 230

260 GO0 200

270 CLS : 'Choice of calculation mode

280 LOCATE 4, 20: IF op (> 2 THER PRINT op; * - *; DECT§; " & "; INC§; " - direct calculations" ELSE PRIRT *1 -
Dec, Inc calculations for *.spn file*

290 LOCATE 6, 20: PRINT "For given *; DECT$; ® & "; INC$; " in sample coordinates"

300 LOCATE 7, 20: PRINT "and sample coordinates - *; DECTS; " & ®; INC§; " are recalculated"

310 LOCATE 8, 20: PRINT "in geoqraphic coordinates"

120 LOCATE 10 20: PRINT "Choose sample coordinates mode:"

330 LOCATE 12, 20: PRINT "1 - strike & dip": LOCATE 13, 20: PRINT "2 - azimuth tovard dip direction & dip*

340 LOCATE 14, 20: PRINT 3 - azimuth antiparallel fo dlp direction (Moleneaux) & dip": LOCATE 16, 20: PRINT "

-RETURN T0 HAIN MERU*

350 LOCATE 18, 20: INPUT "¥hich mode 2 *, mo

360 IF o = 4 GOTO 10

370 HOCHK = (a0 - 1) * {10 - 2} * (mo - 3): IF NOCHK <> 0 GOTO 320

180 CLS

390 IF mo <> 1 GOT0 420

400 LOCATE 3, 20: PRINT "STRIKE & DIP MODE"

£10 LOCATE 4, 20: PRINT "Arrov on sample along strike line": GOTO 470

20 IF no = 3 G0T0 450

430 LOCATE 3, 20: PRINT "AZIKUTH =dip direction & DIP NODE

140 LOCATE 4, 20: PRINT "Arrov on sample along direction of dip*: 60T0 470

450 LOCATE 3, 20: PRINT "ALINUTH =direction antiparallel to dip & DIP MODE®

460 LOCATE 4, 20: PRINT “Arrov on sample antiparallel to the direction of dip"

470 LOCATE 6, 10: INPUT *Should I print data (1/0) "; pr

480 IF (pr - 1) * pr <> 0 GOT0 470

190 LOCATE 8, 10: INPUT *Should T write results into file (1/0) *; WR

500 IF (WR - 1) * ¥R <> 0 GOTO0 430




510 IF ¥R = 0 GOTO 600 ,
520 LOCATE 10, 10: INPUT "Give me path for OUTPUT file (* - to repeat old path): . pout$
522 IF pout§ = *** THEN pout§ = poutl§ ELSE poutl{ = pout}
523 LOCATE 11, 10: INPUT "0UTRUT file name vithout extension? *; fileout§: fileoutd = pout§ + f11eout$ +"spn"
530 IF flleouts infile$ THEN LOCATE 12, 10: PRINT “Names of input and output file are the same *: GOTO 520
BLSE OPEN "A*, 1, fileount$
540 IF pr = 1 THEN LPRINT "Calculation results located in file : "; fileout$
550 IF op = 2 GOTO 600
560 IF no =1 THEN YRITE }1 *Sample strike & dip mode®: PRINT §1, "Sample Strike,dip"; ".ODECTS; Y
INC§; * i DECT§; "G*; " *; INC§; "G": GOTO 600
370 IF mo = 2 THEN WRITE ll, *sanple dip direction & dip mode"
580 IF 0 = 3 THEN VRITE #1, "Sample Azinuth = direction antiparallel to dip & dip mode; Moleneaux convension”
590 PRINT §1, "Sample Azinuth,dip"; * °®; DECT§; * *; INC§; * *; DECTS; "6*; " *"; INCE; *6"
§00 IF op = 2 THEN IF EOF(2) GOTO 1170
10 0§ ERROR GOTO 240

%20 IF_op = 2 THEN INPUT 12, SAM§, DAT§, TIM§, DEC, INC, INTEN, VOL: lin = lin + 1: 6OT0 670
630 CLS : LOCATE 11, 10: PRINT “input X in %; DEC”S, " (' DECTs, =X} to stop calculations®: LOCATE 12, 16
§40 IF mo = 1 THEN PRINT "(Saaple Strike = G ) to repeat sample coordinates™ ELSE PRINT "(Azimuth = G ) to
repeat sample coordinates®
650 IF op = 1 THEN INPUT "SAMPLE NAME :*, SAMS
§52 LOCATE 14, 10: PRINT DECTS; * = ": LOCATE 14, 20: INPUT DECS: IF {(DECS = "¥* OR DEC$ = "s") THEN GOTO 1190
BLSE DEC = VAL{DEC})
§55 IF DEC$ ¢> "0" AND DEC = 0 THEN CL§ : GOTO 630

© 660 LOCATE 15, 10: PRINT INC$; " = ": LOCATE 15, 20: INPUT INC
§70 IF op = 2 AND lin > 1 GOTO 740
§80 LOCATE 16, 10: IF mo = 1 THER INPUT "Sample Strike = *; ST§ ELSE INPUT "Sample Azimuth = "; AI§
6§90 IF mo = 1 THEN IF (ST$ <> "G" AND $T§ <> "g") 'HEN STRS = STR: STR = VAL{ST$) ELSE LOCATE 17, 10: PRINT
*sanple strike = "; STR; * Sample Dip = *; DIP: GOTO 720
§95 TF 87§ (> *0" AND STR = 0 THEN STR = STRS: GOTO 680
700 IF (22§ <> “G" AND AI§ ¢ “q") THEN A7 = VAL{AI§) ELSE LOCATE 16, 10: PRINT "Sample dzimuth = % 2; °®
Sample Dip = "; DIP: GOTO 720
710 LOCATE 17, 10: IKPUT "Sample dip = "; DIP
720 1P op = 1 THEN IF pr = 1 THEN LPRINT SAM§
725 IF pr = 1 THEN 1F wo = 1 THEN LPRINT USING "sitii.i#aii}.H®; ® sample strike = *; STR; " dip = "; DIP ELSE
LPRINT USING "cdiit.thabil. HE"; " sample azimuth = "; AI; " dip = "; DIP
730 IF op = 2 THEN PRINT "Sample dec inc decq incg *: IF pr = 1 THEN LPRINT "Sample dec inc decq incg "
740 IF mo = 1 THEF COSSTR = COS(PIF * STR): SINSTR = SIN(PIF * STR): ELSE COSAZ = COS(PIF * A%Z): SINAL =
SIN(PIF ¢ A7)
750 DEC1 = DEC: INCl = IEC
760 REM ' in next 2 lines Poles to planes are calculated
770 IF (S0P - 1) * (S0P - 2) = 0 THEN INC = 90 - INC
780 IP SOP = 1 THEN DEC = DEC - 90 ELSR IF SOP = 2 THEN DEC = DEC - 180
790 COSDIP = COS(PIF t DIP): SINDIP = SIN(PIF * DIP}: SININC = SIN(PIF * INC): COSINC = COS(PIF * INC): COSDEC
= COS(PIF * DEC): SINDEC = SIN(PIF * DEC)
800 IF mo > 1 GOTO 850
810 'strike mode
820 16 = COSSTR * COSINC * COSDEC - SINSTR * COSDIP * COSINC * SINDEC + SINSTR * SINDIP * SININC
830 16 = SINSTR * COSINC * COSDEC + COSSTR -+ COSDIP * COSINC * SINDEC - COSSTR * SINDIP * SININC
840 26 = SINDIP * COSINC ?* SINDEC + COSDIP * SININC: GOTO 950
850 IF mo = 3 G070 910
860 'dip dir & dip mode
870 XG = COSAZ * COSDIP * COSINC * COSDEC - SINAZ * COSIKC * SINDEC - COSAZ * SIKDIP * SININC
880 16 = SINAZ * COSDIP * COSINC t COSDEC + COSAZ * COSINC * SINDEC - SINAZ * SINDIP * SININC
390 26 = SINDIP * COSINC * COSDEC + COSDIP * SININC: GOTO 350




900 ' Moleneaux convension :

910 XG = COSAZ * COSDIP ¢ COSINC * COSDEC - SINAZ * COSIRC * SINDEC + COSAZ * SINDIP * SININC

920 Y6 = SINAZ * COSDIP * COSINC * COSDEC + COSAZ * COSINC * SINDEC + SINAZ * SINDIP * SININC

930 26 = -SINDIP * COSINC * COSDEC + COSDIP % SININC

940 'angular parameters calculakions

950 ASIN = ATN(ZC / SOR(1 - 3G * 2G)): INCG = ASIN / PIF: IF Y6 = 0 THEN IF XG = 0 THEN DECG = 0: GOTO 330

960 IF XG = 0 THEN IF Y6 > 0 THEN DECG = 90 ELSE DECG = 270: GOTO %80

970 DECG = ATN(YG / XG) / PIF: TP X6 < 0 THEN DECG = DECG + 180 BLSE IF Y6 < 0 THEN DECG = DECG + 360

980 INCGL = INCG: IF (S0P - 1} * (80P - 7) > 0 GOTO 1030

990 'Recalculation Plame and line parameters for structural data

1000 IF S0P = 3 AND INCGL ¢ 0 THEW DECG = DECG + 180: INCG = -INCG: GOTO 1020'for lines

1016 INCG = 90 - ABS(INCG): IF SOP = 1 THEN IF INCG1 ¢ 0 THEN DECG = DECG - 90 ELSE DECG = DECG + 30 ELSE IF
INCG > 0 THEN DECG = DECG + 180

1020 IF DECG < 0 THEN DECG = DBCG + 360 ELSE IF DECG > 360 THENW DECG = DECG - 360

1030 'Printout for option ?

1040 IF op = 2 THEW PRIRT USING ™ \HELH B MHEH L1 ", SaMg; DEC; INC; DECG; INCG:
IF pr = 1 THEN LPRINT USING "\ \BRRE.BE HEECHE BHEECHE HELLIR "; SBMS; DEC; INC; DECG; INCG

1045 1P op = 2 GOTC 1140

1050 'Printout for options 1 & 3

1060 LOCATE 19, 10: PRINT USING "saddMd. Hiasatdd. Hesaddd). Hassddd. 1", DECTS; " = *; DECL; * ", INC§; * = %)
INC1; " ™; DECT$; "g = °; DECG; " "; INC§; "g = "; INCG

1070 IF pr =1 THEN LPRINT USING "sadddd. Haseld. HisasHid Haseldl 1"; DECTS; " = "; DECL; v NG Y oS
Y: [NCI; " *; DECT$; "g = "; DECG; " *; INCS; *g = "; INCG: LPRINT **

1080 LOCATE 21, 10: PRIKT "press any key to continue®

1090 IN§ = INKET§: IF ING = *" GOTO 1090

1100 IF mo = 1 THEN $TRI = STR EBLSE STRI = 11 oo ' i
1110 1F ¥R = 1 THEN PRINT i1, USING "\ \HELH B H L LY L H HEL Y saNg; STRE;
DIP; DECL; INC1; DECG; IKCG ‘

1120 CLS : GOT0 830

1130 'printout for option 2 - continued

1140 IF ¥R = 1 THEN WRITE {1, SAM§, DATS, TIM$, DECG, INCG, INTEN, VOL:

1150 G070 600

1160 'closing a loop for direct calculations

1170 IF op = 2 THEW CLOSE #2: PRINT : PRINT "  press any key to continue *

1180 CON§ = INRETS: IF CON§ = *® GOTO 1180

1190 IF ¥R = 1 THEN CLOSE 1

1200 CLS & GOTO 30

1210 CLS & GOTO 270

1220 CLS ¢ LOCATE 7, 20: PRINT *Rotation of planes & lines"

1230 LOCATE 9, 10: PRINT "1 - planes - STRIKE & DIP*

1240 LOCATE 10, 10: PRINT "2 - planes - DIR of dip & DIP"

1250 LOCATE 11, 10: PRINT "3 - lines - TREND & PLUNGE"

1260 LOCATE 13, 10: IKPUT "Choose option: ®, S0P

1270 IF (S0P - 1) * (SOP - 2) * (SOP - 3) <> 0 GOTO 1260

1280 IF SOP = 3 THEN INC$ = *PLUNGE®: DECT$ = *TREND" ELSE INC§ = "DIP": IF SOP = 1 THEN DECT$ = "STRIKE" ELSE
DECT$ = "DIPDIR'

1290 60TO 270

1300 IF INKEY$ = ** GOTO 1300

1310 coto 10

1320 CLS

1330 END




PROGRAN : RMANISTW.RAS

10 VERSS = "RMANtv2.BAS :ARN/IRM ANISOTROPY PROGRAM October 1992°
15 REM "Changed by T. Wermer - nev anisotropy matrix calculation"
20 DEFDBL A-1

30 DUKMY = 1: REM 70 CONFORM 70 SI2 DATA FILE FORMAT

40 VIDTH 80: KEY OFF - )

50 DIM X1{4}, Y1(4), z1{4}, V1(4), V2{4), B¢(4)

70 DIN ¥(4), T(4), TL(4), T2(4), XM{4), YH(4), M4}, s(12)

80 DIN xs{12), ys(12), zs{12), intx(12), decx{12}, incx({12}

85 DIM aniz(3, 3}, NAL§{12), DT1§({12), TH1$(12)

86 DIM e{3, 12), dece(12), ince(12), inte(12]

89 DIN rc(3, 12}, res{3, 12}

90 B${1) = "NIN": B${2) = "INT": B§{3) = "MAY": BB = 2: fac = -1/ SQR(2)
100 s§ = "4 0

110 REM 8§ = * HLEHM HLHEH HLH HOBH BB B ap

115 PHT$ = "\ A VA HiLHOHEH HEHLH B
120 x8 = "\ \ BB R BLL HLP Hoieee
130 X2§ = x§

140 U$ = * md/n": REM units of remanence

150 pi= 57.296:m =12:0L3 =0: a= 0;Al =0: a2= 0:§R =1: REM M = no. of orientations, NR =
no.seasurennts

160 CLS : PRINT : PRINT VERS$: PRINT

170 PRINT "Initially vritten by G. Borradaile January 1391 after Stupavsky's aMS methed.!

180 PRINT : PRINT : PRINT

190 PRINT "Calculate ARM/IRM anisotropy ...... b

v 200 PRINT " Enter <> to type in data (12 values per specimen)®
T N0 PRINT ™ Enter <20 to call input data file (zust be in SPINGBLO format)"
220 eeINT * (filename must be in form IRM??2?7.SPN or ARM2?222.5PN)"
230 PRINT *  Enter <3> to rum test data®
240 PRINT "  Enter <4> to SHELL out to DOS (Type EXIT to return to this prograa)®
250 PRINT " Enter <5 to go to SIZ memu"
160 PRINT * Enter <6> to quiT*

170 PRINT : INPUT gn

280 IF qn = 4 THEN SHELL

290 CLS 5 IF qn = 4 THEN GOTO 180

300 IF gqn = 6 THEN SYSTEM

310 IF qn = 5 THEN RUN "C:MENU®

320 CLS

330 REM INPUT "Is this ARM {press 1) or IRM <(press 2> data "; RMTYP

340 BMTYP = 1

350 IF RMTYP = 1 THEN TIPS = "ARK"

360 IF RNTYP = 2 THEN TIP§ = "IRM"

370 PRINT "On which drive and path do you vant to SAVE RESULTS as In foraat <C:\path\> *
371 PRINT * INPUT '#' 7O REPEAT PREVIOUS DESTINATION ": INPUT DRY

375 IF DR§ = "™ THEX DR§ = DR2§: 6070 380

377 DR2§ = DRY

380 INPUT "Save RESULTS under collection Name (<= 5 CHARACTERS)="; CN$
390 INPUT "site I; will be file extension "; XK

100 1§ = STRS(XN): 19 = LEN{i$): 1§ = 00" + RIGET§(i§, 19 - 1): XN§ = RIGHT§(i§, 3)
{10 POUTS = DR§ + TYPS + CN§ + "." + XN§

420 PRINT " Data will be saved under *, FOUTS

4§21 ON ERROR GOTO 426

425 OPEN *0", 12, POUT$: CLOSE #2: GOTO 430

426 PRINT "Incorrect path or file": RESUME 370

430 PRINT : INPUT *Do you vant to print out results <1> or <> *; prin




440 PRINT : PRINT "Core Orientation Data, -- press numeric key for selection”

150 PRINT : PRINT "<1) set CDEC=30, CINC={'

160 PRINT *  (Above is convention for arrov due North and horizontal on core top)"
170 PRINT "(2) then enter CDEC, CINC in program"

480 PRINT
490 PRINT "  WNote mathematical convention, core axis inclination is complement of plunge!®

500 PRINT " Declination anticlockvise from due East !": PRINT
510 PRINT * SET POSITION <1)": PRINT ; a$ = "1": REM INPUT A}
520 IF a§ = "1" THEN HO = 0: GOTO 550
530 IF a§ = *2" THEN §O = 1: GOTO 530
540 REM GOTO 510
550 IF M0 = 0 THEN CD = 30: IC = 0: GOT0 570
560 INPUT "Core Declimation, Core Inclination ='; CD, IC
570 CT=1C/pi:a2=0:0J=1:81=0
™ 580 REX nov enter data, S1 to 56 for each specimen
590 OF qn GOSUB 1430, 1510, 1760
600 REM wmeasurements are S{1) to S(M) vhere M=6 or 12
fI0FOR j=1T01
§20 s(j) = 100 * s(j)
630 NEXT j
§35 IF meth = 3 GOTO 630
§40 3 = ,5: dof = 12 _
(650 k1 =a * (s{l) +s(T)})
660 k2 = a * (s{3} + s5(11))
6§70 k3 = a * (s{5) + s(9)) , e
6§80 k4 = a * (5{2) - s(41): k5 =a * (s{6) - 5(8)): kb =a t (s(10} - s(12)): GOSUB 2580
§90 GOSUB 940: GOSUB 1960: GOTO 700: REM calculate principal values and directions ...
700 IF prin = 1 THER LPRINT DATE§; * ™; TIMES; " "; CH§; ® Saved as "; FOUTS
710 IF prin = | THEN LPRINT *Core declination = "; CDEC; "Core inclination = "; CINC; "F of directions used -
e | ‘
720 IF prin = 1 THEN LPRINT ®Value Dec Inc RIS Magnitude St.dev.®; US
130 FORi=11703
740 IF prin = 1 THEW LPRINT USING X2§; BS(i); X1(i); Y1(i}; VI(i); zL(i); v2(i)
750 IF i = 1 THEN PRINT "Saved as "; FOUTS
760 IF 1 = 1 THEN PRINT "Value Dec Inc RY5  Magnitude St.Dev.®; U§
170 PRINT USING x$; BS$(i); X1{i}; YU{i); Vili); 21(i); v2(i)
180 BEXT i
781 IF prin = | THEN
782 LPRINT "Anisebropy matrix :"
183 FORiI=1103
784 LPRINT USING s$; aniz{i, 1); aniz(i, 2); aniz(i, 3)
185 NEXT i
786 END IF
i 187 IF gqn = 2 THEN GOSUB 2600: REX calculation of residua
| 790 IF prin = 1 THEN LPRINT
f $00 PRINT : PRINT "Press any key to continue®
| 810 a§ = INKBY$: IF a§ = " THEN GOTO 810
820 REM ...save data to disk in Stupavsky SI2 format
§30 OPEN "0, k2, FOUT§
§40 PRINT #2, DUMNY
850 PRINT #2, U§: PRINT 12, DUMMY: PRINT §2, DUMMY
860 FOR i = 1103 §
$70 PRINT ¥2, X1(i) |
880 PRINT #2, 11{i) 3

Ut




890 PRIN? 12, zl(i)

900 NEXT i

910 CLOSE #2: IF prin = 1 THEN LPRINT

920 CLS : GOTO 140: RE¥ input more data

930 REM SUBROUTINE TO CALCULATE PRIKCIPAL VALUES AND DIRECTIONS

940 P = -kl - k2 - K3: Q =Kkl k2 + kKLt k3 + K2 ¥ k3 - K& * k4 - kS + k5 - k6 * kb
950 R=K1 t X6 * k6 + k2 + X5 ¢ RS+ kK3 t k4 * k4 - K1 k22K -2 k4t kS KE
960 a=Q-P*P/B=(2tprptp /2T +R-P2Q/]

870 R =8/ {2 *a *sQR(-a/ 27))

980 Aa = 1.5708 - ATN(R / SQR(1 - R * R})

990 A = 33/ 3: BB =2t SQR{-a/3}:RR=P /3

1000 ¥1 = BB * COS(AR) - RR: W2 = BB * COS{AA + 2.0944) - RR: W3 = BB * COS{AA + 4,1888) - RR
1010 IF ¥1 > W2 AND W2 > W3 THEN A1 = ¥1: a2 = ¥1: A3 = W3: GOTO 1070

1020 IF ¥1 > W2 AND W2 ( W3 THEN Al = ¥1: a2 = ¥3: A3 = ¥2: 6070 1070

1030 IF ¥2 > ¥1 WD W1 > W3 THEN Al = W2: a2 = ¥1: A3 = ¥3: G0T0 1070

1040 IF ¥2 > W1 AND W1 ¢ W3 THEN Al = W2: a2 = ¥3: A3 = ¥l: GOTO 1070

1050 IF ¥3 > W1 AND W1 ) W2 THEN 21 = ¥3: a2 = W1: A3 = ¥1: GOT0 1070

1060 TF ¥3 > ¥1 AND W1 < W2 THEW Al = ¥3: a2 = ¥2: 13 = 71

1070 w(1} = A3: W{2} = a2: ¥(3) = Al

1080 FOR i =170 3

1080 B = 1E-16

1100 3 = 05 A1 = 0: a2 = 0: R=k4 * k6 - k5 * {k2 - W(i})
1110 IF ABS(R) ¢ B THENW 1140

120a=a+ 1021 = (k4 2 k5 - k6 * (kI - W(i}}] /R

1130 a2 = ({k1 - W(i)) * (k2 - W(i)) - k¢ * k4) / R

1140 R = k4 * (k3 - §(i)) - X5 * k6

1150 IP ABS(R) < B THEK 1180 _

1160 a =a+1: 31 =31+ (kS *k5- (k1 - W)t (k3-W(i)))/R
1170 a2 = a2 + (k6 * (k1 - W(i})) - k4 2 k5) / R

1180 B = (k2 - W(i)) * (k3 - W(i}) - k6 * k§

© 1190 IF ABS{R} ¢ B THEW 1220

12003 =a+1: 21 =20+ (k52 k6 -k4 ¢ (k3 -9(i})) /R

1210 a2 = a2 + (k4 t k6 - K5 2 (k2 -W(i)) /R

1220 1P a = 0 THEN B = 100 * B: GOTO 1100

12001 =21 fas a2 =a2 [/ a

1240 dec = ATN(Al}: inc = ATH(a2 * COS{dec)) '

1250 a = COS(inc): Al = a * COS{dec): a2 = a * §IN{dec): A3 = SIN(inc)

1260 x = A1 ® COS{CI) + A3 * SIN(CI): z = A3 # COS(CI) - AL * SIN(CI): IF ABS(z) = 1 THEN z = §GN(z) * 1.00001
1270-dec = €D - (90 * x / 1BS(x)) + pi * ATN(a2 / x}: inc = pi * ATK(z / SQR(ABS(1 - z * z}})
1280 IP LJ > 1 THEN 1370

1290 1F dec ¢ 0 THEN dec = dec + 360

1300 IF dec > 360 THEN dec = dec - 360

1310 IF inc >= 0 THEN GOTO 1340

1320 inc = -inc: dec = dec + 180

1330 IP dec > 360 THEN LBT dec = dec - 360

1340 11{i) = dec: Y1{i) = inc: zl(i) = .01 * ¥(i)

1350 XM(i) = x: TM{i) = a2: IN(i) = 23 T(i) = 0: ?1(i) = 0: T2(i} = 0

1360 IF LJ = 1 THEN GOTO 1400 ,

1370 a = ABS(XM(i) * x + YM(i) * a2 + IN{i) * z): IP 2BS{a) = 1 THEN a = SGN(a) * 1.00001
1375 Ad = 1.5708 - aTH{a / SQR{ABS(1 - a * a}))

1380 T(i) = T(i) # A2 * AA: TU(i) = ML(E) + W{Q)s T2} = T2} + V(D) t W()

1390 REN LPRINT *i="; I, T(I}; T1{I}); T2{I)

1400 NEXT i

1410 RETURN




1420 EXD

1430 REM input data for ome specismen manually

1440 CL$

450 FOR i =110 m

1460 PRINT * §("; i; ")= ": PRINT -
1470 1NPUT s{i}: CLS

1480 NEXT i

1430 GoSuB 1800

1500 RETURH

1510 REK input data for ome specimen from-file
1520 PRINT "ACCESS rav input data on drive and path of format as: <C:\path\»*
1522 PRINT " INPUT 't' 70 REPEAT PREVIOUS DESTINATION ": INPUT DRS
1525 IF DR§ = *#¥ THEN DR = DRL§: GOT0 1530
1527 DR1§ = DRS
1530 INPUT "Give input file nmame (=(5 chardcters)®; FM$
1540 Pin§ = DRY + TYPS + FM$ + ".SPN*
1550 PRINT "Data vill be from file *; Fin{
1555 inp§ = Fin§
1556 OF ERROR GOTO 1568
1560 OPEY Fin$ FOR INPUT A5 §1: GOTO 1570
1568 PRINT *Incorzect path or £ile": RESUNE 1520
1570 FOR 1 =1 T0 2
1580 THPUT B, NA1§(i), DT1$(i), THI§(i), decx(i), incx{i), intx{i}, VOL
1590 xs{i) = 1ntx(1) t cos(decx{i) / pi) * cos{incx{i) / pi): ys(i} = intx(i) ¢ SIN(decx(l) / pl\ t Cos{incx(i)
/ pi): zs(i) = intx(i) * SIN{incx(i) / pi)
1610 PRINT USING "\ \ HEHHEH HHEHRE Y R B RALS(E); xs(i); ysli); zs(i)
1620 s{i) = intx(i)
1630 NEXT i
1640 CLOSE #1
1645 PRINT *press any key to continue®
1646 ans§ = INKEY§: IF ans§ = "" GOTO 1646
1650 CLS
1651 PRINT "Do you vant to SUBTRACT any RESIDUAL vector from all dats <1/i) 2" .
1652 IKPUT subtr$: IF subtr$ = "1" OR subtr$ = "y" THEN GOSUB 2100
1655 PRINT "Choose method of calculations of anisotropy matrix elements:®
1660 PRINT "intensity as component along field direction - 1°
1670 PRINT "Component along field direction calculated - 2°
1680 PRINT "Least - square method -3
1630 INPUT meth
1700 IF meth = 1 GOTO 1740

1710 s(1) = -xs{1): s{3) = -ys(3): 5(5) = -zs(5): s{7) = -xs(7): s{3) = -zs(9): s{11} = -ys(11)

1720 fac = -1/ SOR{2): s{2) = fac * {xs(2) + ys(2)): s{4) = -fac * {xs(4) - ys{4)): s(6) = fac * {xs(6) ¢
25(6))

1730 s(8) = fac * (xs(8) - zs(8)) s{10) = fac ¢ (ys(lO) + zs{10)): s{12) = fac ¥ (ys(12) - zs(12}) :
1735 IF meth = 3 THEN GOSUB 2500 |
1740 GosuB 1800

1750 RETURN

1760 RE¥ #* input test measurements for an ellipsoid
1770 s(1) = .0003621: s(2) = 3.8368E-04: s(3) = 4.1942E-04: s(4) = .0004147: s(5) = 4.1065E-04: s(6) =
3.99538-04: s{7) = 3.6379E-04: s(8) = 3.80648-04: s{9) = 4.2982E-04: s(lO) = 3.98188-04; s{11) = 4.3459E-04:

i




s{12) = 4.4302E-04
1780 GOSUB 1800
1790 RETURR

1800 IF prin <> 1 THEN GOTO 1300

1810 IF qn = 2 THEN LPRINT "Fros *; inp$

1820 IF qn = 1 THEN LPRINT "Data entered from keyboard vere: '

1830 TF qn = 3 THEW LPRINT "Test data for 12 direction measurement"

1840 IF meth = 1 THEN LPRINT "Intensity as component along field direction®

1850 IF meth = 2 THEN LPRINT "Coaponent along field direction is calculated *

1855 IF meth = 3 THEN LPRINT "Least -square aethod"

1860 TF aeth ¢> 3 THEN LERINT USING s$; s(1); s(2); s{3]; s{4); s{5); s(6)

1870 IF meth <> 3 THEN LPRINT USING s$; s(7); s{8); s{9); s{10); s(1l}); s{12})

1§80 R E N *TE ST D 3 T} FOR 12 DIRECTIONST S:
3.62100-4,3.8368D-4,4.1942D-4,4.1470D-4, 4, 1065E-4,3.9953E-4,3.63798-4,3. 806454, 4.2582E-4,3. 981884, 4, 345984, 4
J4302E-4,

1900 RETURN

1510 REM DEC  INC R95  MAGNIT, SDEV

1920 REK  MIN 191,35 4,68 12.8  3.5904E-4 $.545E-8
1930 RE¥  INT 95.40 51.73 12.8  3.99938-4 9.129E-6
1940 REX  MAX  285.00 37.88 3.1 4.4922E-4 6.813E-6

1950 END
i) 1960 L7 = 2
C o L9T0 KD = s(1): KD = s(3): K3 = s(5): kd = s(2) - .5 ¢ (kLKD)
1980 k5 = s(§) - .5 * (K1 # k3): K6 = s(10) - .5 * (K2 + K3}: GOSUB 940
1990 k1 = 5(7): k2 = s(11): K3 = 5(9): k4 = .5 ¢ (K1 + K2) - s{4)

2000 k5 = .5 % (k1 4Kk3) - s{8): k6 = .5 % (k2 + K3} - s(12): GOSUB 940
2010 GOSUB 2030
2020 RETURN

Wa=12/W

2040 V1(1) = a * SQR(T(1)): V1(2) = a * SQR(T(2)): V1({3) = a * SQR(T(3))

W0a=1/Li:Ah=ata

2060 V2{1) = .01 * SQR(ABS{a * 72(1) - A2 ® T1(1) * TL{1))}: V2(2) = .01 * SQR{ABS(a * ?2({2) - AA * T1{2} *
T1(2)}): V2{3) = .01 * SQR(ABS{a * T2(3) - XA * T1{3) t 71(3)))

2070 RETURN

2090 REM - subtraction of high coercive residual magnetization
2100 PRINT * input dec, inc and intensity of vector to be subtracted"
2110 INPUT "DEC = *; decr: INPUT "INC = *; INCr: IKPUT "Intemsity = "; INMx
2115 PRINT *Vector to be subtracted:": IF prin = 1 THEN LPRINT "Vector to be subtracted:*
' 2117 PRINT " dec inc int ": IF prin = 1 THEN LPRIRT " dec inc int *
R 2120 PRINT USING ™ #HE}.EF RRL.E} BHERL.H *; decr; INCr; INTI
o 2130 IF prin = 1 THEN LPRINT USING " HHHI.HD HE.3: YHILH ; decr; INCr; INTr
2140 xr = INTr * COS(decr / pi) * COS{INCr / pi): yr = INTr * SIN(decr / pi) * COS(INCr / pi): zr = INT t
SIN{INCr / pi)
2145 REM IF prin = 1 THEN LPRINT * X7 comp. of subtracted vector:": LERINT xr, yr, 21
2150 PRINT * Save BEW remanent magnetization data ? <y/m> *
2160 INPUT sav§: IF sav§ <> "Y" AND sav$ <> "y* THEN GOTO 2190
T 2170 sav = 1: PRINT :
T ; 2171 PRINT ®SAVE File in the path as: <C:\path\) '
YT : 2172 PRINT " INPUT '#' 70 REPEAT PREVIOUS DESTINATION ®: INPUT DR3$

_.; |



2173 1F DR3§ = "t™ THEN DR3§ = DR4§: GOTO 2175
2174 DRE§ = DR3§
2175 TNPUT "Give file name to save recalculated data({=<5 characters}"; savefiles
2176 savi$ = DR3§ + TYP$ + savefile§ + ".SPN"
1177 0N ERROR GOTO 2185
2180 OPEN savfs POR OUTPUT AS #3: imp§ = savi§: 6070 2190
2185 PRINT "Incorzect path or file": RESUME 2171
2190 PRINT : PRINT "Recalculated data are saved in file "; savi$
7195 IF prin = 1 THEN LPRINT "Recalculated data are saved in file "; savi§
2200 FOR i =110 12
2210 xs{i) = xs{i) - xx: ys{i} = ys{i) - yro zs{i) = zs{i} - 2t }
2220 xss = xs{i): yss = ys{i): zss = zs{i}: GOSUB 2300 ;
2230 PRINT USING FMT§; NA1$(1); DTL§(i); THL4(i); decn; incn; intn; VOL
2235 IF prin = 1 THEN LPRINT USING FXTS; NAL§(i); DTI§(i); TML§{i); decn; incn; intn; VOL
2240 IF sav = 1 THEN WRITE 13, ¥Al§(i), DT1§(i), TMI§(i), decn, incn, intn, VOL
1245 decx(i) = deca: incx{i) = incn: intx(i) = intn: s{i} = intx(i)
1250 §EXT i
2260 IF sav = 1 THEN CLOSE §3
2270 PRINT
2290 RETURN

rs

2300 REM Calculation of dec, inc and intensity of corrected data
2310 sq = SQR{xss * xss + yss * yss)

2320 IF sq = 0 THEN decn = 0: inc = SGN{zss} * 90: intn = ABS{zss]: RETURN
2325 intn = §0R{zss * zss + sq * sq): incn = ATH{zss / sq) ¢t pi
2330 ds = .0081; sn = yss / sq: ¢S = ¥s5 / 5¢

2340 IF cs = 0 THEN ¢5 = ds

2346 decn = ATN{ABS(sn [ cs)) * pi

2348 IF sn > 0 AND cs < 0 THEN decn = 180 - decn

2350 IF sn ¢ 0 AND cs < O THEN decn = 130 + decn

2352 IF sn < 0 AND ¢s > 0 THEN decn = 360 - decn

2355 RETURN

2500 REM Calculation of anisotropy matrix elements by least- square sethod
- 2510 m = 6: dof = 3§

xs{10) + xs{12))) / 8

2560 k5 = 100 * (-xs{5) - %s{9) - zs(1) - zs(7) + fac * (z5(2) - 2s(4] + z5(6) + 25{8) + xs{b) - xs(8) + xs(10)
- xs{12))) / ¢

2570 k6 = 100 * {-ys{5) - ys(9) - zs(3) - zs{11) + fac * (ys{6) - ys(8) + ys{10) - ys{12} + zs(2} + 2s5{4) ¢
2s(10) + 2s{12)}) / 8

2572 GOSYB 2580

2575 RETURN

2520 k1 = 100 % (-xs{1) - xs{7) ¢ fac * (xs{2) - gs{4) ¢ xs(6) + xs(8))) / 4 j
2530 k2 = 100 ¢ (-ys(3) - ys(11] + fac * (ys{2) + ys(4) + ys(10) + ys{I2}}} / 4~ %
2540 %3 = 100 * (-25(5) - zs(9) + fac * (zs(6) - z5(8) + 2z5{10) - 2s{12}}) / ¢ i
2550 k4 = 100 * {-xs(3) - xs(11) - ys(1) - ys(7) + Fac * (ys(2) - ys[4) + ys(6) + ys(8] + xs(2} ¢ xs(d) + |

1579 REM Anisotropy matrix

2580 aniz{l, 1) = k1 / 100: aniz(2, 2)
2585 anizll, 2) = X4 / 100: aniz(l, 3}
2590 aniz{2, 1) = k4 / 100: aniz(3, 1)
21595 RETURK

k2 / 100: aniz{3, 3) = k3 / 100
k5 / 100: aniz(2, 3) = k6 / 100
k5 / 100: aniz(3, 2} = k6 /7 100

2600 REM Calculation of sums of residuu betveen experisental and calculated data




2601 FOR i
2602 FOR k
2603 e(i, k)
2604 HREXT X
2605 NEXT i -

2620 e{1, 1) = -1: e(1, 7) = -1: e(2, 3} = -1: el2, 11) = -1: e(3, 5) = -1: (3, 9) = -1
2630 e(1, 2) = fac: e(l, 4) = -fac: e(l, 6) = fac: e(1, 8) = fac

2640 e(2, 2) = fac: e(2, 4) = fac: e(2, 10) = fac: e(2, 12) = fac

2650 e(3, 6) = fac: e(3, 8) = -fac: e(3, 10) = fac: e(3, 1I) = -fac

2660 FOR 1 =1 T0 12

2670 REM IF prin = 1 THEN LPRINT USING “F.HRHE"; e(l, 1); el2, i) e(3, 1)

n n
"
=33
ol el

LTU TR T B 1

1680 NEXT i

2695 res? = 0

2696 PRINT " Neasured magnetization Calculated magnetization®: PRINT "No Dec Inc Int Dec
Inc Int ertX err¥  erri®

2697 IF prin = 1 THEN LPRINT ® Heasured magnetization Calculated magmetization '
2698 IF prin = 1 THEW LPRINT "No Dec Inc It Dec  Inc Int errX err!  errl'
M0 FOR1=1717012
2710 FOR j =1 70 3
M2 re(j, i) = 0
M5 FORk = 117013
2720 rc(d, 1) = reld, 1) + aniz(j, k) ¥ e(k, i)
2721 NEXT &
2725 NEXT j
2726 res(l, i) = xs(i) - rc(l, i}: res(2, i) = ys(i) - rc(2, i): res(3, i) = zs(i) - rc(3, i)
MTFRk=171013
1728 res? = res? + res(k, i) ¢ res(k, i)
1729 BEIT k
2737 RBM PRINT USING s§; xs(i); rc(l, i); res(l, i): REM IF prin =1 THEN LPRINT USING s§; xs{i); rc(l, i);
res(1, i)
2738 REM PRINT USING s$; ys(i); rc(2, i); res(2, 1): REN IF prin = 1 THER LPRINT USING s§; ys(i); rc(2, 1i);
res(?, i)
2739 REM PRINT USING s§; zs(i); rc(3, i); res(3, i): REN IF prin = 1 'THER LPRIRYT USING s§; zs(i); rc(3, 1);
res(3, 1)
2740 xss = rc(l, i): yss = rc(2, i): 2ss = rc(3, i): GOSUB 2300: dece(i) = decn: ince(i) = incn: fnte(i) = intn
2750 PRINT USING " #F HERL. B BRE.HD MERRLHE DHRL.HE MELLHD HERRLLHL BRRLD BHELD HRRLLR % 0, decx(l);
' incx(i); intx(i); dece(i); ince(i); inte(i); res(l, 1) * 100 / intx(1); res(2, 1) * 100 / intx(i); res(3, i) *
100 / intx(i)
2760 IF prin =1 THEN LPRIFT USING * #§ #3813 Bt 8 PRRRE.ER HERRHE HRLOMY BRERL.BE BHELY HELD HHLA
. i; decx(i); finmcx(i); intx(i); dece(i); ince(i); Inte(i}; res(l, i} * 100 / intx(i); res(2, i) * 100/
intx(i); res(3, i) *# 100 / intx({i _
)
2785 NEXT i
2786 gof = SQR(res2 / (dof - 6)): nl = SQR(dof - §) / dof: amean = (z1(1) + 21{2) + z1(3}) / 3: ares = z1{3} -
21(1): ares = gof * 100 / ares: qof = gof * 100 / amean
2787 BRINT USING "Residuval sum of squares: * +s§; res2: IF prin = 1 THEN LPRINT USING “"Residual sum of
squares: " + s§; res?
2788 PRINT USING "Goodness of Eit (8) : #1L.% H{1.1%; qof; qof * nl: IF prin = 1 THEN LPRIN? USING "Goodness
of fit: HEE.F HHE.1"; qof; gof * nl
2789 PRINT USING "Resolution of anisotropy (%) : HiHi.} HHEL.I"; ares; ares * nl: IF prin = 1 THEN LPRIFT USING
"Resolution of anisotropy: HIEL.1 EHIL.1"; ares; ares * nl
2890 RETURN
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