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of the synform overlain by the pluton.

In the inner volcanic belt one unit of mafic metavolcanics is mapped within the trondhjemite.
The measured susceptibility of a sample from this unit is 0.6 x 10® SI and the apparent
susceptibility (Fig. 5.18.1) is about -3.0 x 10 SI. The apparent susceptibility map and the AS
and HGPG maxima suggest a sharp contact of a low susceptibility unit extending to the
northwest, folded by the Manitouwadge synform and also extending to the the east along the
fold’s southern limb. Also traceable on these maps and the vertical derivative map is a higher
susceptibility unit in contact with the mafic metavolcanics and towards the outer part of the fold.
This magnetic unit coincides generally with Zaleski’s Unit 4, mixed mafic and felsic
metavolcanics. Three measured susceptibilities of the this geological unit are 2.3 x 107 SI
(mafic), 4.1 x 107 SI (felsic) and 29.3 x 10 SI (felsic), and the apparent susceptibilities range
from 5.0 to 10.0 x 10® SI. The magnetic signature of the more felsic unit is more quickly
attenuated along both north and south limbs of the Manitouwadge synform. Both units 3 and 4
display complicated discontinuous patterns near the synform’s axial trace, perhaps indicating
local folding (M-folding?) not well resolved by the magnetic survey due to line spacing and

orientation.

5.2.10 BLACK PIC BATHOLITH (UNIT 14)

The Black Pic batholith is a multiphase tonolitic to monzodioritic intrusion that is the
youngest of the major rock types within the Manitouwadge greenstone belt. Zaleski etal. (1995)
have not differentiated the known phases on their map, but recognize the Everest Lake pluton,

and the Banana Lake monzodiorite as such phases. The batholith on their geology map
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encompasses everything south of the Quetico metasediments and outside the Manitouwadge
greenstone belt. The presence of inclusions of supracrustal rocks within the Black Pic batholith
is noted as largely discontinuous, non-mappable units. The batholith has not been mapped in as
much detail as the supracrustal units of the greenstone belt.

The residual total magnetic field map (Fig. 5.20.1) shows that the magnetic signature of the
area mapped as Black Pic tonalite (Fig. 5.20.3) is highly varied, with variations consistent from
north to south. The northern area is dominated by alternating linear magnetic highs and lows
subparallel to the contact with Quetico metasediments. Toward the south, the linear features
curve more to the southwest, decrease in number and decrease in intensity.

Measured susceptibilities of samples of the Black Pic tonalite range between about 1.0 x 107
SI and about 5.0 x 1073 SI, with values of 21.8 x 10® SI and 12.2 x 107 SI in samples with
accessory magnetite. Only two samples, with values of 2.5 x 10 SI and 2.7 x 107 SI, are from
north of N49°1 1" and none is available north of N49°12'. The apparent susceptibility (Fig. 5.20.2)
also indicates highly variable, but linearly continuous, bands of alternating high and low apparent
susceptibility values.

In a previous discussion on mixed intermediate and mafic volcanics, a second vertical
derivative linear anomaly (Fig. 5.17.1 and 5.17.2) north of the Nama Creek pluton within the
mapped Black Pic batholith was interpreted to represent extensions to the east and west of a
metavolcanic unit mapped to the east and west of southern Fox Lake. By extension, subparallel
linear magnetic features adjacent to the north are interpreted to represent supracrustal rocks
invaded and possibly somewhat digested by the late tonalite. Similarly, linear magnetic highs

are seen within the Black Pic tonalite trending subparallel to mapped mafic metavolcanics of the
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southern limb of the Manitouwadge synform. The source of the magnetic striping within the
tonalite is attributed to the presence of included supracrustal rock. The variation in intensity of
the striping from the north to south reflects the development of secondary metamorphic
magnetite, which is controlled largely by the amount of total iron and the metamorphic grade.
Across the map sheet from north to south, the overall decrease in magnetic intensity within the
Black Pic tonalite is interpreted to reflect the decrease in metamorphic grade from near granulite
facies in migmatized tonalite near the Wawa-Quetico boundary to mid-amphibolite facies south
ofthe Manitouwadge synform. Locally, variations causing the alternating high and low magnetic
stripes reflect the availability of iron for the development of magnetite, generally controlled by
the presence or absence of included supracrustal rock.

5.3 DIP DIRECTION DETERMINATION

Following the method of Hansen et al. (1987), the dip directions of magnetization contrasts
defined by AS and HGPG maxima were investigated. Figure 5.21 contains eighty-three
interpreted dip direction indicators. Near vertical dips, defined by coincident AS and HGPG
maxima, are marked as such, but all other dip indicators have no estimate of the dip angle.

The method of dip direction determination requires that the source of the AS maxima be the
same as the source of the HGPG maxima. This is not always straightforward to interpret. Thin
steeply dipping layers and thin dykes may be imaged by the AS maxima on either edge, the
centre of the unit or any combination of the three, while HGPG maxima may only image the edge
with the greatest horizontal gradient. As a result, an apparent offset between the two types of
maxima may be an artifact of the method. Care must be taken to interpret maxima only from

sufficiently thick and homogeneous bodies.
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As with most magnetic interpretation methods, the interpretation of the dip direction is greatly
enhanced by comparison with known dips, allowing extrapolation to areas of sparser geological
sampling. Where known dips are shallow and the geologic strike is subparallel to the magnetic
survey flight lines, suitable AS and HGPG maxima for dip direction determination are rare.
Higher gradients provide more maxima of both types and thereby allow more opportunities for
interpretation. For example, the contact of the Loken Lake pluton with the Dead Lake suite has
a high gradient and dip direction determinations were possible, however, the Black Pic batholith
south of the Manitouwadge synform has high gradients only where cut by Proterozoic dykes and
dips of Archean inclusions were difficult to determine.

For more accurate and reliable dip direction determinations, the usual increases in grid and
data fidelity apply to reduce noise. Dips of units perpendicular to the survey flight lines will be
more reliable, as will be the interpreted dips of bodies with greater apparent thickness and
homogeneity. However, Figure 5.21 shows a reasonable indication of the dip direction is
possible with finer grid intervals, from thin units and where the geologic strike is at a low angle
to the flight line direction.

5.4 FOLDS

The style and form of folding within the study area have been well described by Zaleski et al.
(1995) and much, but not all, of her information can be confirmed from the magnetic data (Fig.
5.22).

The mapped D, Manitouwadge syncline is not easily interpreted from the magnetics.
Although magnetic units are repeated on both limbs of this fold, their distribution and apparent

thickness are different. The lack of sufficient magnetization contrast of the metasediments in
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the hinge zone with the felsic metavolcanics within the area make magnetic interpretations
locally difficult.

The synformal character of the Manitouwadge synform is borne out by the folding of
interpreted units and the AS and HGPG maxima-derived dip directions. The north and south
limbs dip to the south and within the hinge zone along the axial surface trace the units dip to the
northeast, defining a concave-up, synformal shape. Assuming from the series of roughly east
west axial surface traces of the Banana, Manitouwadge, Blackman Lake and Jim Lake folds that
they define a fold train, and from less definitive, yet consistent, dip directions, the folds can be
assigned synformal or antiformal character consistent with the mapping of Zaleski et al. (1995)
from their magnetic signatures alone.

Along the axial surface trace of the Manitouwadge synform at the west end of the Loken Lake
pluton, the Dead Lake Suite interpreted contact undulates. This may be an artifact of the
magnetic survey as the flight lines are parallel the strike of the unit or it may represent a second
order M-fold.

D, folds generally have sharp closures except about the Manitouwadge synform between the
western end of the Loken Lake pluton and the outer volcanic belt. The rocks in this area are
dominated by synvolcanic trondhjemite and felsic volcanics which are more competent than the
more mafic volcanics seen elsewhere. This area includes the D, Manitouwadge syncline. The
presence of felsic volcanics and VMS deposits indicates the proximity to a volcanic centre. The
coincidence of the D, and D, fold hinges and the volcanic centre indicate the more competent
centre may provide a focus for folding with in the volcanic sequence.

The Blackman Lake antiform hinge area east and north of One Otter Lake is much more
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complicated than originally mapped by Zaleski et al. (1995) as indicated by mapped folded units
traversed by non-dyke related magnetic lineaments. The area is cut by northeast and northwest
trending dykes and faults, complicating the magnetic signature. As well, One Otter Lake overlies
a magnetic low that terminates magnetic lineaments. The interpretation of a Z-fold defined by
a unit of the Dead Lake suite due east of One Otter Lake is an attempt to account for the presence
of a discontinuous, segmented second vertical derivative lineament, but the relationship to the
folded magnetic lineament due north of the Z-fold and S-fold slightly farther north is unclear.
The Z and S folds may be parasitic, higher order folds related to the Jim Lake synform, the
Blackman Lake antiform or another fold between these two not yet defined.

The interpreted eastern extent of the Jim Lake synform based on the folding of reasonably
continuous supracrustal units is limited to Appelle Lake. Folded magnetic lineaments, however,
can be used to extend the fold to at least another 4km to the west.

5.5 MAGNETIC FEATURES WITHIN THE BLACK PIC BATHOLITH OUTSIDE THE
STUDY AREA

From the first vertical derivative magnetic map of the entire surveyed area (Fig. 5.23), east-
west trending magnetic lineaments or stripes are obvious over the northern mapped areas of the
Black Pic tonolitic-dioritic batholith. Zaleski et al. (1995) interpret the striping as due to
inclusions of supracrustal rocks, as well as the sheeted Everest Lake pluton. Sparse and isolated
units of mafic to intermediate metavolcanics and iron formation are mapped within the northern
Black Pic tonalite by Zaleski et al. Williams et al. (1991) describe the supracrustal inclusions
as abundant and link them to strong linear magnetic anomalies. The intensity of the magnetic

field over this area is significantly higher than that seen over the supracrustal rocks of the
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Manitouwadge greenstone belt, excepting iron formation.

Mapping by Coates (OGS Map 2192, 1970) identifies outcrop of biotite-hornblende
migmatite within biotite granite gneiss northeast of Vein Lake (Fig. 5.24) . To the north about
4.5 km, Coates maps biotite-hornblende migmatite as a unit separate from the granitic gneisses.
Williams et al. (1991) in their compilation interpreted this more northern unit as migmatized
supracrustal rocks and extend the unit to the southeast about 9km, to include the area mapped
by Coates as granitic gneiss and two northeast trending units of mafic to intermediate
metavolcanics, also mapped by Coates. The magnetic signature of the biotite-hornblende
migmatite unit mapped by Coates can be traced to the western end of the eastern part of the
Blackman Lake antiform. To the west, the unit is faulted by a north ﬁrending fault with about
600m of sinistral strike-slip offset and then isoclinally folded with a rounded closure. Coates
also mapped metavolcanic rocks of the northeastern Schreiber-Hemlo greenstone belt that are
represented by linear magnetic highs that can be traced semi-continuously to the magnetic feature
near Janet Lake, previously interpreted as iron formation, based on its high apparent
susceptibility. The mafic metavolcanic sub-units that are the source of this linear magnetic high
have a high magnetic susceptibility and may be analogous to the high susceptibility mafic
metavolcanics of the outer volcanic belt or the Dead Lake suite. The tracing of the first vertical
derivative linear anomalies representing units of mapped metavolcanics in the Hemlo-Schreiber
greenstone belt to the Janet Lake area confirms the interpretation of Williams et al. (1991) that
the Manitouwadge greenstone belt may have been continuous with the supracrustal rocks of
northern edge of the Schreiber-Hemlo greenstone belt.

The northern Black Pic batholith has a high percentage of included supracrustal rocks.
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Progressively lower amounts of supracrustal inclusions are seen to the south, with more open
folding and more tonolitic intrusion. The northern metavolcanics/migmatites have significantly
more secondary magnetite developed by higher grades of metamorphism than similar inclusions
to the south.

South of the Manitouwadge synform, the sheeted contact of Black Pic tonalite with mafic
metavolcanics produces curvilinear magnetic lineations within the tonalite due to the inclusions
of metavolcanics. Tracing the supracrustals through the tonalite by their magnetic signature is
difficult as there is little or no secondary magnetite developed due to the lower metamorphic
grade. Furthermore, there are numerous dykes and faults, generally trending both northeast and
northwest, and line-to-line levelling errors and gridding effects complicating the magnetic signal.
However, the mafic metavolcanics of the outer part of the southern limb of the Manitouwadge
synform have very low measured magnetic susceptibilities, generally less than 1.0 x 10° S, while
the Black Pic tonalite has higher measured susceptibilities, generally between 1.0 and 4.0 x 10°
SIL. Giguerre (OGS Map 2219, 1972) maps a NNE trending quartz-plagioclase-hornblende schist
(Fig. 5.25.2), interpreted by Giguerre as a metavolcanic rock, on the southeast limb of the
magnetically interpreted Banana Lake antiform. The unit coincides with a linear magnetic low
(Fig. 5.25.1). The low is interrupted by a local broad magnetic high, but appears to continue to
the southeast as wispy first vertical derivative curvilinear features, eventually abutting at an
elliptical magnetic high.

Supracrustal units from the Moshkinabi greenstone belt east and south of the Manitouwadge
greenstone belt, are strongly represented in the first vertical derivative of magnetics trending

WSW in the eastern central portion of the map (Fig. 5.25.1). These features become less intense
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and trend more to the south towards the southwest. Here the units are traceable as curvilinear
segments of magnetic lows often subparallel to Biscotasing dykes. These magnetic features are
seen to be folded southeast of N49° W85°15". Giguerre (1972) mapped metavolcanics striking
parallel to the low magnetic features just northeast of the interpreted fold hinge area (Fig.
5.25.1). The linear vertical gradient highs and lows, interpreted as representing supracrustal rock
included in the Black Pic batholith, are segmented and reoriented between the northwest trending
Matachewan dykes and their subparallel faults. The apparent reorientation of these magnetic
features is interpreted to reflect the effect of vertical offset of the faults.

The fine wispy magnetic anomalies, interpreted to represent supracrustal inclusions with the
Black Pic batholith, define broad open folding patterns continuous with the D; folds of the
Manitouwadge greenstone belt. The axial surface traces of the folds within the southern Black
Pic batholith trend to the northeast. Toward the north, the axial surface traces of the D, fold train
rotate to an orientation roughly parallel the Wawa-Quetico boundary. Within a transpressive
regime folds will form at right angles to the maximum principle stress direction and, as they are
in an oblique zone, the folds are en echelon structures (Fig. 5.26). With progressive closing of
the zone, the axes of the folds rotate to more parallel to the oblique zone (Harland, 1971).
Coupled with the Z asymmetry of the folds (as noted by Zaleski et al., 1995), the rotation implies
that a dextral transpression regime at the boundary drove the deformation.

The residual total field magnetic map (Fig. 5.27) has a series of lobate magnetic anomalies
with northeast trending axes, repeated en echelon across the centre of the sheet. A broad, lower
intensity anomaly occurs trending to the northeast south of the Manitouwadge synform within

the Black Pic tonalite and mimics the lobate pattern. It is truncated to the southwest by the large,
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roughly rectangular, late Fourbay intrusion (arrow Fig. 5.27). The linear magnetic features
within the northeastern part of the anomaly can largely be attributed to dykes and faults. The
area appears to have limited amounts of included supracrustal rock. The anomaly may represent
a higher susceptibility phase of the Black Pic batholith or perhaps a folded greenstone belt,
similar to the Manitouwadge synform, but underlying the batholith, with the high frequency,
folded magnetic signature of folded greenstones attenuated due to the depth of burial. No
measured susceptibilities of the tonalite in this area are available to attribute the anomaly to

either possibility.



6.0. SUMMARY AND CONCLUSIONS

The purpose of this study is to investigate and improve advanced processing and
interpretation techniques for aeromagnetic data and to apply them to high resolution, detailed
surveys over the Manitouwadge greenstone belt. The aim is to optimize the data quality and
maximize the utility of the interpretation techniques. The Manitouwadge area is an excellent
region for such a case study because of the availability of high resolution, detailed aeromagnetic
data as well as recently published detailed geological mapping. The ultimate goal is to extend
geological interpretation from areas of detailed mapping to areas where the geology is not as well
known, due to limited outcrop and/or lower mapping priority.

In this study, it is assumed that data acquisition and primary data processing effects on the
magnetic field sampling have been reconciled. The next greatest source of error in magnetic
interpretation is derived from gridding. The process of interpolating 2D high resolution magnetic
data to a 3D representation introduces lower magnetic gradients to the grid where it is not
supported by actual data. Furthermore, the 2D data will usually have more high frequency
information than can be reasonably interpolated into a grid. If the ratio of flight line spacing to
flying height above the magnetic source is too great, upward continuation must be applied to the
gridded data in order to reduce aliasing to an acceptable level. The gridding interval must be
chosen judiciously to maximize the frequency content of the grid and minimize the relaxed
gradients generated by the gridding algorithm. As noted by Reid (1980), the problems
introduced by gridding can be reduced by flying surveys at higher altitudes and gridding at wider
intervals, but this improvement comes at an intolerable loss of high frequency information.

Any line-to-line levelling errors will be evident in derivative-filtered grids of the data. Micro-
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levelling is generally an important step in improving the quality of the data and is specifically
useful when the quality of the line-to-line levelling is low. It has been clearly shown that the
method reduces effects that are paraliel to the flight lines and represent some error in the
levelling process. The method is flexible enough to remove longer wavelength errors in the case
of very poorly levelled data. Micro-levelling may not be warranted on data that has been
properly levelled line-to-line and when there has been limited short term variation in the Earth’s
magnetic field.

Survey-to-survey levelling was performed to produce a seamless grid. The vertical derivative
of the master grid of all eleven surveys displays no edge effects at the boundaries of the sub-
surveys. The method as developed here is simple, effective and powerful. The high frequency
corrections must be limited to a zone no wider than the flight line spacing to avoid introducing
errors to the data.

The trend reinforcement used in this study improves the gridding by reinforcing all trends
(outside the exclusion angle), but cannot reinforce linear features striking at low angles to the
flight lines. In addition, this method only reinforces maxima and minima. Away from the
reinforcement points, the gridding algorithm will still produce relaxed gradients. The method
could be improved by extending trend reinforcement to include inflection points of anomalies
associated with reinforced maxima and minima, to better define the reinforced anomalies. As
trend reinforcement methods improve, the grid interval can be reduced producing grids which
contain more of the high frequency information available in the flight line data.

Filtering gridded data enhances different frequency components, which can facilitate

interpretation, and is the basis of many 3D interpretation techniques. Careful attention must be
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paid to the choice of filters and filter parameters to avoid introducing error generated by Gibb’s
phenomenon to the filter products. Gibb’s phenomenon, also caused by sharp gradients or
discontinuities in the input data, can be reduced by using well-levelled input grids, low pass
filtering (or upward continuation) and adequate padding or tapering of the data.

3D interpretation techniques have become popular over the last ten years. Euler
deconvolution and analytic signal are becoming widely available tools for the interpreter. As
these methods are based on derivatives of the magnetic field, high quality gridding is essential
to their utility. As a result, examples of the methods (Reid et al. 1990, for example) are usually
presented using gridded data with small ratios of line spacing to grid interval. However, it has
been shown here that geologically significant interpretations of magnetic data using these
techniques can be made even when the input gridded data has a high ratio of line spacing to grid
interval. This allows for significantly higher resolution interpretation. However, a critical limit
was reached where this ratio was greater than about 6:1 and flight line related features became
unacceptable.

The features enhanced by the interpretation techniques used in this study are commonly
visible in the total magnetic field. The techniques serve to break the magnetic field down to
components or characteristics of the field that may not be obvious, especially to non-experienced
interpreters and to quantify or define features. These techniques focus the interpreter on the
feature of the magnetic field required for the interpretation at hand.

The apparent susceptibility reduces the magnetic intensity to a measurable rock property that
can be characterized for a given lithological unit.

The analytic signal maxima provide a semi-quantitative indication of the boundary between
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domains of sufficiently contrasting magnetization. This derivative-based method accentuates
noise as well as the high frequency signal. This results in a discontinuous alignment of AS
maxima along seemingly continuous magnetic features. The method is very sensitive to aliasing
effects in the grid and significant noise reduction was achieved by using a 2D filter to generate
the vertical derivative used in calculating the analytic signal. This approach is reasonable for
anomalies that trend perpendicular to the flight line direction and appears to provide acceptable
results throughout the study area.

The horizontal gradient of pseudo-gravity is the derivative of the integral of the magnetic
field and is, as aresult, alower order representation of the magnetic field than the analytic signal.
It is less noisy than the analytic signal and has more continuous maxima. The HGPG maxima
act as a guide for the theoretically more accurate AS maxima.

The combination of the analytic signal maxima and the horizontal gradient of the pseudo-
gravity maxima provide information on the dip of the boundary defined by the analytic signal.
Determining dips of magnetic units in this manner is complicated by the different sensitivities
of the two maxima. It is of prime importance to ensure that the AS and HGPG maxima are
responding to the same source.

The potential field tilt map, although based on the same orthogonal derivatives, appears less
noisy than the analytic signal. It is excellent for marking faults where the faults are demagnetized
linear features.

Euler deconvolution has limited application when the depth to magnetic source in the area
of interest is relatively constant. The depth solutions in that case are too sparse, discontinuous

and unfocused to be useful for marking magnetic boundaries near the surface. They can be used
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to investigate contacts at depth not imaged by AS or HGPG maxima.

Conventionally, inadequacies in gridded data are acknowledged and accounted for by
experienced interpreters. The high frequency information contained in the original flight line
data were maintained by performing the interpretation techniques on 2D data and allowing the
interpreter to decide how to continue trends across lines, rather than using a minimum curvature
surface to dictate the interpolation. Both Euler deconvolution and the analytic signal methods
were originally derived for the 2D case. As most surveys are designed to have flight lines
perpendicular to the local geologic strike, the 2D case would be sufficient for most features.
Generally, a 2D interpretation would maximize the use of the frequency content of the data and
3D interpretation interpolates the magnetic features best where the across line component is
constant. This means that a 3D interpretation is most reliable where a 2D interpretation is
defined. Still, it remains to the interpreter whether it is more useful to have all the available
frequencies or to have a 3D image of the aliased field.

Using known geology to calibrate the interpretation of the high resolution magnetics within
the study area offers insights into areas of limited outcrop or mapping. To make a reasonable
extrapolation from the known to the unknown based on magnetics requires information on the
magnetic petrology of the area and the geological controls on the magnetization of the rocks, as
well as an understanding of the limitations of the interpretation methods.

To interpret the map pattern and extent of geological units from magnetics with the aid of
limited areas of well-mapped geology, one must characterize the magnetic signature of the
known and project extensions of the units into areas with possibly different signatures due to

metamorphic effects, variable depth to source and geological/environmental conditions. The
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magnetic intensity differences between Quetico metagreywackes and those found in the D,
Manitouwadge syncline are an example of metamorphic conditions altering the magnetic
signature. Attenuation of signal over lakes and swamps can lead to truncation of magnetic linear
features, as seen in the mixed mafic and intermediate metavolcanics under Fox Lake.
Demagnetization of highly -magnetized units due to circulating ground water along faults can
complicate interpretation if the faults are not recognized.

Extrapolation of the known geology, largely limited to the supracrustal rocks of the
Manitouwadge greenstone belt, to the less well known areas, principally poorly exposed areas
of the greenstone belt and the Black Pic batholith, allows targeting of areas of interest for further
study. The magnetically interpreted Z-fold east of One Otter Lake is such an area, where
resolving the geological and magnetic interpretation may have local and regional deformation
implications. Interpreting the location of significant, previously unrecognized volumes of iron
formation, given its association in the inner volcanic belt with VMS deposits, provides useful
exploration targets. Extrapolating supracrustal rocks into the Black Pic batholith provides an
opportunity to look at the D, tectonic regime.

The magnetic interpretation map (Map 6) compares favourably with the mapped geology of
Zaleski et al. (1995). Certainly the interpretation was affected and biased by the a priori
information on the geology map and large portions of the geology map were interpreted from the
preliminary magnetic data. In areas of good exposure where the geology has been mapped in
detail, the 150m line spacing aeromagnetic survey data interpretation only roughly approximates
the resolution of the geological mapping. Conversely, in areas of poor exposure and more

complex deformation, the magnetic interpretation offers an improvement on the mapped
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geology. The interpretations are documented as being based on the components of the magnetic
signature as accentuated by the various interpretation techniques.

The magnetic interpretation, together with in situ magnetic susceptibility measurements,
indicate the magnetic striping of the Quetico metasediments is locally explained by the
preferential development of secondary, metamorphic magnetite in certain strata of those rocks.
This could be extended to all east-west oriented linear magnetic features within the Quetico
metasediments, however, with the high degree of infolding of the Quetico subprovince with the
Wawa subprovince, the presence of Manitouwadge greenstone belt supracrustal inclusions is
highly probable.

Curvilinear magnetic lineaments within the northern Black Pic batholith clearly represent
inclusions of supracrustal rock, highly metamorphosed, with variably developed secondary
magnetite. These linear features offer the opportunity to interpret the variable deformation of
the greater Black Pic batholith and it’s relationship to regional tectonic evolution. Future work
based on the recognition of included supracrustal material within the Black Pic batholith from
the magnetic data has bearing on regional deformation and the relationship between the local
greenstone belts. The relationship between the Schreiber-Hemlo and Moshkinabi greenstone
belts with the Manitouwadge greenstone belt is not as simple as the latter’s relationship with the
Faries Lake greenstone belt. Complex deformation, both brittle and ductile, complicate the
relationships.

The folding of the Nama Creek pluton, mixed mafic to intermediate metavolcanics, and the
synvolcanic trondhjemite about the Blackman Lake antiform are more complicated than can be

mapped geologically. The geological interpretation indicates folding that contradicts the
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magnetic pattern and the magnetic interpretation of the map extent of these units contradicts the
geological evidence. A reasonable explanation must resolve the two opposing views of the same
rocks. The geological mapping appears to extend the Nama Creek pluton to the east and south
to include a single outcrop. If there is only one isolated outcrop, it may represent a local
intrusion of the Nama Creek pluton into the metavolcanics, a glacially transported boulder or a
misidentified local intrusion related to the Thompson Lake or Loken Lake plutons or the Black
Pic batholith. Location errors in the magnetic data seem unlikely given the electronic positioning
used for horizontal control. A sudden change in the magnetic character of the Nama Creek
pluton also seems unlikely given its relatively homogeneous pattern seen elsewhere. As the
magnetics sample the rock to some depth, a thin sheet of the Nama Creek pluton overlying the
metavolcanics may be undetected in a magnetic interpretation. If there is sufficient interest in
this area, it would be a good example of using magnetic data to target followup geological
mapping.

The proposed Thompson Lake pluton is well supported by the magnetic interpretation. The
very different magnetic signature of the Thompson and Loken Lake plutons and the presence of
rather well defined contacts with each other and surrounding units support the interpretation.
On the other hand, the proposed Davis Lake pluton is at the limit of plausibility.

The utility of the 3D interpretation techniques presented in this study will improve as the
quality of the input data improves. Aeromagnetic survey quality has improved greatly as a result
of GPS horizontal and vertical control, modern processing techniques and an increased
awareness of the importance of quality control, including smaller tie line to traverse line ratios.

The quality of older data will continue to be improved by the application of new techniques such
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as decorrugation (a longer wavelength version of micro-levelling) and trend reinforcement. The
3D interpretation techniques will become more important and useful as gridded data approaches

an accurate representation of the magnetic field.
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APPENDIX | - MEASURED MAGNETIC SUSCEPTIBILITIES

This appendix contains measured magnetic susceptibilities of rock samples from the study area
provided by Dr. Eva Zaleski, Geological Survey of Canada. The measurements are grouped by
units as defined by Zaleski et al. (1995) for the rocks of the Manitouwadge greenstone belt. The
‘code’ field describes features of the sample and a list of code terms follows the list of
measurements. Each group is summarized by the minimum, maximum, average and standard
deviation. These statistics must be interpreted with the clear understanding that the populations
are undersampled and may be biased toward non-typical members of the unit.

UNIT CODE k(10-3 si) LATITUDE LONGITUDE
2 AL 2.410 49 9 23 -85 48 38
2 AL 2.890 49 12 25 -85 32 52
2 AL 27.900 49 14 22 -85 37 30
2 AL 4.550 49 12 34 -85 32 58
2 AL ly 2.200 49 14 22 -85 37 30
2 AL ly 5.280 49 14 22 -85 37 30
2 ALFLcm 12.500 49 10 23 -85 41 23
2 ALFLsu 0.790 49 14 22 -85 37 30
2 FL AL, 0.400 49 10 26 -85 41 21

Minimum = 0.400000

Maximum = 27.9000

Average = 6.54667

Average deviation = 6.06815

Standard deviation = 8.78419
UNIT CODE (10-3 si) LATITUDE LONGITUDE
3 GB 0.394 49 8 39 -85 51 54
3 GB 2.031 49 8 9 -85 57 16
3 GB 45.213 49 8 34 -85 49 34
3 GBF 0.752 43 8 35 -85 47 36
3 v 0.837 49 8 25 -85 53 51
3 MF 0.387 49 7 52 -85 59 44
3 MF 0.504 49 8 42 -85 51 54
3 MF 0.643 49 9 36 -85 47 55
3 MF 0.710 49 10 33 -85 41 16
3 MF 0.755 49 7 53 -85 57 20
3 MF 0.776 49 7 52 -85 57 40
3 MF 1.029 49 8 8 -85 58 39
3 MF 1.046 49 8 36 -85 49 36
3 MF 1.880 49 9 10 -85 57 0
3 MF 2.200 49 8 7 -85 57 13
3 MF 27.676 49 8 39 -85 47 36
3 MF 32.700 49 8 34 -85 49 34



UNIT CODE k(10-3 si) LATITUDE LONGITUDE
3 MF 76.125 49 8 8 -85 58 39
3 MF 1Im 0.623 49 10 21 -85 39 18
3 MFpw 0.685 49 8 35 -85 47 36

Minimum = 0.387000

Maximum = 76.1250

Average = 9.84830

Average deviation = 14.2321

Standard deviation = 20.2018
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
4 FL 29.300 49 9 48 -85 49 55
4 FLg 4.159 49 9 55 -85 49 31
4 MF 2.329 49 9 44 -85 49 53

Minimum = 2.32900

Maximum = 29.3000

Average = 11.9293

Average deviation = 11.5804

Standard deviation = 15.0712
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
5 Bts 10.400 49 14 1 -85 42 54
5 CS 0.650 49 14 22 -85 37 30
5 MF 0.790 49 12 4 -85 33 34
5 MF 0.960 49 12 53 -85 33 20
5 MF 1.010 49 11 43 -85 59 49
5 MF 12.980 49 14 3 -85 43 1
5 MF 26.300 49 14 6 -85 43 7
5 MF 3.600 49 15 56 -85 40 49
5 MF 49.800 49 14 34 -85 39 18
5 ME 1.230 49 14 3 -85 43 1

Minimum = 0.650000

Maximum = 49.8000

Average = 10.7720

Average deviation = 11.3528

Standard deviation = 16.0051
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
6 Cb,cs 0.182 49 9 25 -85 52 41
6 FL 10.552 49 9 47 -85 51 21
6 FL gcs 0.183 49 9 45 -85 52 17
6 FLQ 0.276 49 9 26 -85 52 52
6 v 0.199 49 8 13 -85 58 13
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UNIT CODE k(10-3 si) LATITUDE LONGITUDE
6 v 0.273 49 8 16 -85 58 19
6 Ivtft 1.070 49 8 21 -85 57 9
6 TN 0.120 49 8 21 -85 57 9
Minimum = 0.120000
Maximum = 10.55200
Average = 1.60687
Average deviation = 2.23628
Standard deviation = 3.62737
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
7 FL 0.104 49 7 55 -85 57 27
7 FL 0.140 49 7 56 -85 56 53
7 FL 0.593 49 7 52 -85 57 40
7 FLDb 8.112 49 8 43 -85 51 33
7? FLg 0.265 49 8 50 -85 47 1
Minimum = 1.04000E-0
Maximum = 8.11200
Average = 1.84280
Average deviation = 2.50768
Standard deviation = 3.50989
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
8 FLg 0.113 49 9 37 -85 49 58
8 FLg 0.248 49 9 28 -85 49 20
8 FLg 2.840 45 9 24 -85 49 38
Minimum = 0.113000
Maximum = 2.84000
Average = 1.06700
Average deviation = 1.18200
Standard deviation = 1.53695
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
9 IF 91.967 49 13 24 -85 31 40
9a IF 108.960 49 9 27 -85 50 21
9a IF 42 .221 49 9 42 -85 51 11
9b IF 287.890 49 8 42 -85 51 33
9b IFs 244 .333 49 8 44 -85 51 53
Minimum = 42 .2210
Maximum = 287.890
Average = 155.074
Average deviation = 88.8298
Standard deviation = 105.418
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UNIT CODE k(10-3 sgi) LATITTUDE LONGITUDE
14 TN 4.870 49 14 6 -85 43 7
l4c TN 0.043 49 8 55 -85 53 21
1l4c TN 0.148 49 9 12 -85 52 33
l4c TN 5.990 49 12 29 -85 46 58
l4c TNE 0.160 49 9 26 -85 50 22
l4c TNE 0.280 49 8 39 -85 47 36
1l4c? TN 0.120 49 11 26 -85 47 30
l4c? TN 11.900 49 11 44 -85 47 20
14c? TN 13.900 49 12 2 -85 47 10
Minimum = 4 .30000E-02
Maximum = 13.9000
Average = 4.15678
Average deviation = 4.45175
Standard deviation = 5.46637
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
BpP-14 FL 0.108 49 7 52 -86 1 O
BP-14 GTE 2.790 49 16 29 -85 46 31
BP-14 ™ g 0.170 49 9 16 -85 59 14
BP-14 ™ g 1.230 49 9 20 -85 59 18
BP-14 TN g 2.750 49 9 17 -85 59 8
Bp-14 ™ g 3.310 43 9 12 -85 59 2
BP-14 ™ g 3.840 49 8 47 -85 59 11
BP-14 ™ ly 4.760 49 8 43 -85 59 8
BP-14 T™NE ly 1.830 49 16 19 -85 46 20
BP-14 TNE 1y 2.030 49 16 26 -85 46 30
BpP-14 TNgHbl 1.890 49 8 33 -85 59 5
BP-14 TNgHbl 3.650 49 8 40 -85 59 8
BP-14 TNgMag 12.200 43 9 8 -86 0 41
Bp-14 TNy 2.487 49 11 38 -85 54 43
BP-14 dt 0.383 49 7 52 -86 1 O
BP-14 pg Mag 21.800 49 16 29 -85 46 31
BP-14 or 1 TN 0.080 49 10 23 -85 41 25
BP-14d4 DT 2.820 49 11 43 -85 59 49
BP?-14 or TNE 0.000 49 14 11 -85 34 22
BP?-14 or TNg 8.190 49 14 13 -85 34 27
Minimum = .
Maximum = 21.8000
Average = 3.81590
Average deviation = 3.17105
Standard deviation = 5.1459690
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47
46
46
47
38
46
34
33
40
34
33
32
32
47

36
31
17
22
52
20
58
22
52
58
44
58
47
27
46
20
22
58
58

5
26

LONGITUDE

-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85

48
48
48
48
48
45
48
46
48
48
48

UNIT CODE k(10-3 si) LATITUDE
Dead Lk eqg FL 61.600 49 8 23
Dead Lk eq QT Mag 65.333 49 8 24
Dead Lk su DT Mag 26.400 49 11 49
Dead Lk su GB 0.940 49 11 37
Dead Lk su IV 230.667 49 12 30
Dead Lk su IV 6.660 49 11 44
Dead Lk su QT Hbl 15.300 49 14 2
Dead Lk su QT al 137.000 49 11 37
Dead Lk su QT al 142.000 49 12 30
Dead Lk su QT al 143.000 49 12 29
Dead Lk su QT al 350.000 49 11 12
Dead Lk su QTal 91.500 49 13 49
Dead Lk su QZ 1.330 49 12 36
Dead Lk su DT 37.203 49 14 13
Dead Lk su MF 0.710 49 14 O
Dead Lk su MF 16.790 49 15 58
Dead Lk su MF 270.000 49 14 11
Dead Lk su MF 3.700 49 14 11
Dead Lk su QTg/al 337.667 49 12 34
Dead Lk su QTg/al 36.650 49 13 17
Dead L1 su DT 1.230 49 11 31

Minimum = 0.710000

Maximum = 350.000

Average = 94.0800

Average deviation = 90.6451

Standard deviation = 113.264
UNIT CODE k(10-3 si) LATITUDE
Everest Lk DT an 0.970 49 16 39
Everest Lk DT an 18.100 49 16 39
Everest Lk DT an 2.240 49 16 39
Everest Lk DT an 3.060 49 16 39
Everest Lk DT an 5.110 49 16 39
Everest Lk GB 43.900 49 16 54
Everest Lk GB 6.820 49 16 39
Everest Lk GB an 0.310 49 16 40
Everest Lk GB an 1.000 49 16 39
Everest Lk GB an 18.300 49 16 39
Everest Lk GB an 7.790 49 16 39

Minimum = 0.310000

Maximum = 43.9000

Average = 9.78182

Average deviation = 9.26446

Standard deviation = 12.9881

48
48
48
48
48
50
48
17
48
48
48



LONGITUDE

-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85

40
39
39
47
39
33
33
33
38
49
49
48
39
39
39
47
46
38
49
38
47
47
39
38
33
38
33
46
47

UNIT CODE k(10-3 si) LATITUDE
Geco trdj- GTE 12.120 49 15 58
Geco trnj- FLQT 23.900 49 11 3
Gecoc trnj- FLgMag 59.700 49 11 O
Geco trnj- GT 12.600 49 11 3
Geco trnj- GT 25.400 49 13 498
Geco trnj- GT 36.100 49 13 52
Geco trnj- GT 46.650 49 13 40
Geco trnj- GT Mag 26.500 49 12 O
Geco trnj- GT Mag 28.300 49 13 47
Geco trnj- GTE 12.602 49 10 6
Geco trnj- GTE 15.260 49 10 5
Geco trnj- QT 0.051 49 9 31
Geco trnj- QT 0.130 49 12 55
Geco trnj- QT 0.250 49 12 55
Geco trnj- QT 0.760 49 12 55
Geco trnj- QT 1.300 49 11 12
Geco trnj- QT 13.100 49 12 29
Geco trnj- QT 24.000 49 14 11
Geco trnj- QT 28.744 49 9 47
Geco trnj- QT 7.370 49 14 4
Geco trnj- QT 7.770 49 11 57
Geco trnj- QT 8.360 49 11 31
Geco trnj- QT Hbl 91.200 49 13 51
Geco trnj- QT Mag 14.700 49 13 48
Geco trnj- QT Mag 50.733 49 12 24
Geco trnj- QT 0.460 49 13 13
Geco trnj? GT 8.190 49 12 4
Geco trnj? QT 0.080 49 12 30
Geco trnj? QT 0.100 49 11 29
Minimum = 5.10000E-02

Maximum = 91.2000

Average = 19.1872

Average deviation = 15.8736

Standard deviation = 21.3135

10
43
50
53
11
39
41
36
46
40
29
32
23
28
14
44
58
41
42
56
11
26
16
33

3

5
34
52
27
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UNIT CODE k(10-3 si) LATITUDE LONGITUDE
Loken Lk p GT K 0.420 49 12 45 -85 40 O
Loken Lk p TN K 0.140 49 11 48 -85 44 22
Loken Lk p TN K 0.640 49 11 53 -85 44 38
Loken Lk p TN K 1.220 49 12 5 -85 44 40
Loken Lk p TN K 1.450 49 12 36 -85 45 44
Loken Lk p TN K 1.600 49 12 13 -85 44 59
Loken Lk p TN K 1.610 49 12 13 -85 45 18
Loken Lk p TN Ka 0.025 49 12 9 -85 36 14
Minimum = 2.50000E-02
Maximum = 1.61000
Average = 0.888125
Average deviation = 0.581875
Standard deviation = 0.658906
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
MBG msdm-6 SD 0.370 49 8 36 -85 57 47
MGB msdm-1 SD 0.290 49 9 15 -85 51 43
MGB msdm-1 SD 0.370 49 8 51 -85 50 9
MGB msdm-1 SD 0.573 49 8 45 -85 47 30
MGB msdm-6 Mcs 0.260 49 8 18 -85 57 18
Minimum = 0.260000
Maximum = 0.573000
Average = 0.372600
Average deviation = 8.01600E-02
Standard deviation = 0.122143
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
Marathon 4@ db 14.500 49 12 4 -85 33 34
Marathon 4 db 23.600 49 8 47 -85 59 11
Marathon? db 19.400 49 14 6 -85 43 17
Marathon? db 33.720 49 9 35 -85 49 31
Minimum = 14.5000
Maximum = 33.7200
Average = 22.8050
Average deviation = 5.85500
Standard deviation = 8.17183
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UNIT CODE k(10-3 si) LATITUDE LONGITUDE
Matachewan db 26.500 49 14 1 -85 42 54
Matachewan db 8.040 49 9 12 -85 59 2
Matachewan db 8.796 49 8 31 -85 58 11
Minimum = 8.04000
Maximum = 26.5000
Average = 14.4453
Average deviation = 8.03644
Standard deviation = 10.44649
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
Nama Ck pl GT K 2.480 49 10 9 -85 54 58
Nama Ck pl GT K 9.830 49 14 34 -85 39 18
Nama Ck pl GT k 1.247 49 11 36 -85 53 53
Nama Ck pl GT k 2.056 49 10 16 -85 54 54
Nama Ck pl GT k 5.980 49 9 49 -85 55 48
Minimum = 1.24700
Maximum = 9.83000
Average = 4.31860
Average deviation = 2.86912
Standard deviation = 3.57317
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
Quetico mg Mcs ly 0.130 49 15 53 -85 34 15
Quetico mg Mcs ly 0.730 49 15 53 -85 34 15
Quetico mg Mcs ly 8.400 49 15 53 -85 34 15
Quetico mg pg 0.020 49 16 57 -85 45 42
Quetico mg pg 0.070 49 16 57 -85 45 42
Quetico mg pg 0.080 49 14 59 -85 31 13
Quetico mg pg Mag 180.000 49 16 39 -85 48 48
Quetico mg GT 7.350 49 16 39 -85 48 48
Minimum = 2.00000E-02
Maximum = 180.000
Average = 24 .5975
Average deviation = 38.8506
Standard deviation = 62.8886
UNIT CODE k(10-3 si) LATITUDE LONGITUDE
Quetico ms McsGrt 22.500 49 15 48 -85 40 7
Quetico ms Mcs 0.251 49 14 59 -85 31 13
Quetico ms Mcs 0.260 49 16 57 -85 45 42
Quetico ms Mcs 0.280 49 16 57 -85 45 42
Quetico ms Mcs 0.320 49 14 59 -85 31 13
Quetico ms Mcs 0.340 49 16 26 -85 59 4
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UNIT CODE k(10-3 si) LATITUDE
Quetico ms Mcs 0.350 49 14 59
Quetico ms Mcs 0.630 49 16 26
Quetico ms Mcs 1.640 49 15 48
Quetico ms Mcs 1.970 49 16 57
Quetico ms Mcs 11.600 49 16 26
Quetico ms Mcs 13.800 49 16 26
Quetico ms Mcs 15.500 49 16 57
Quetico ms Mcs 26.600 49 16 26
Quetico ms Mcs 3.100 49 16 57
Quetico ms Mcs 38.600 49 16 57
Quetico ms Mcs 8.750 49 16 26
Quetico ms Mcs 9.140 49 16 26
Quetico ms Mcs ly 0.240 49 16 57
Quetico ms Mcs ly 0.290 49 15 53
Quetico ms Mcs ly 0.590 49 15 53
Quetico ms Mcs ly 16.700 49 16 26
Quetico ms McsGrt 0.333 49 15 7
Quetico ms SD 0.429 49 15 15
Quetico ms SD mg 0.340 49 14 56
Quetico ms SDs 0.402 49 15 12
Quetico ms SiMcs 0.060 49 16 26
Minimum = 6.00000E-02

Maximum = 38.6000

Average = 6.48204

Average deviation = 7.76679

Standard deviation = 9.98412

LONGITUDE

-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85

31
5¢
40
45
59
59
45
59
45
45
59
59
45
34
34
59
32
32
30
32
58

altered
orthoamphibole~garnet
plagioclase-~rich
breccia

biotite schist
chert
cummingtonite
calc-silicate
diabase

diorite dyke
diorite

foliated

felsic volcanic
gneissic

gabbro

13
4
7

42
4
4

42
4

42

42
4
4

42

15

15
4

12

33

28

45
4
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Grt - garnet

GT - granite

Hbl - hornblende

IF - iron formation

Ifs - quartz-poor iron formation

v - intermediate volcanic

K - K-feldspar

1m - laminated

ly - layered

Mag - magnetite

Mcs - mica schist

MF - mafic volcanic

mg - migmatitic

my - straight gneiss (annealed mylonite)
jole} ~ pegmatite

pw - pillowed

a - quartz eyes

Q - quartz phenocrysts

Qmss - quartz-muscovite schist

Qt - trondhjemite

QZ - silicic or quartzose

s - schistose

SD - metagreywacke

SiAL - sillimanite-biotite+\-garnet+\-cordierite schist
su - sulphides

SY - syenite or hornblendite, appinite suite

TN - tonalite
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Map 2 — Apparent Susceptibility, Manitouwadge study area.
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Map 3 - Analytic Signal and Pseudo-Gravity HGMAG Maxima (min=0)
Manitouwadge study area
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. Map 4 — Magnetic TILT, Manitouwadge study area.
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Map 5 - Euler deconvolution depth solutions - Manitouwadge study area.

Window=10, SE=1.0, tol=0.3, grid cell size=40m
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