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ABSTRACT

The magnetic characteristics and the ore genesis of
the Algoman-type iron formation (IF) and host rock (HR) at
the Adams Mine near Kirkland Lake were determined from a
study of 171 IF blocks and 45 HR sites oriented in situ.
The mean specific gravity (SG) of the IF specimens is
3.24 gm/cms, i,e., mixed ore and lean IF. The low field
magnetic susceptibility perpendicular to'bgdding (kl) for

the IF gives a lognormal mean of 4.520 x 1O""2cgs/cm-3 which is
192KHR.-such that the HR values can be neglected in the

magnetic anomaly computation., The relationship 5l=0.0698SG-
C.179 gives a correlation coefficient of +0.73 and gives

k:_l_IF.-.O.O6L(.5cgs/cm3 for economic iron ore. The magnetic
susceptibility in the IF bedding plane (k11) is 1.69@l
indicating strong anisotrovy. Both the HR and IF natural
remanent magnetization (NRM) intensities are lognormally

6 2

and 1.12 x 10~ >

distributed with means of 5.97 x 10~ emu/cm
respectively giving Koenigsberger ratios (Q) of 0.013 and
0.67. In computing the magnetic anomaly for the ore zone
the HR NRM and induced magnetization can be neglected and
the IF NRM augments the induced magnetization (Ji) by 17%.
Stability tests show that NRM is not laboratory-écquired
viscous remanence. Shock tests show that blasting may have
reduced the NREM intensity by 4O% in certain specimens close
to where blasting had occured,

After AT cleaning, thermal cleaning and chemical

Y
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cléaning, the remanence of 50% of the IF samples survive
statistical screening>tests. Smoothing and contouring of the
remanence vectors on a stereonet isolated a stable prefolding
A remanence component of 256°, 7°. 3°, (declination, inclination)
cone of 95% confidence) which indicates an age ofa2.7Ga.

It is thought to represent the primary remanence that the

IF acquired during deposition. After smoothing and con-
touring, the HR shows two stable post-folding remanence dir-
ections. The B component isolated at 3059 799 ° gives an

age of~2,15Ga and is associated with the intrusion of the
Otto syenite stock. The C component isolated at 19C° 59,

P gives an age of~1.85Ga and is possibly associated with

the emplacement of the Abitibi dike swarm or possibly the
Hudsonsion orogeny. The diabase dike shows a D component

of 1769 339 =®°which gives an age of~1.83Ga.

Using a computer model which incorporates the
induced conponent, the anisotropy of susceptibility, the NRM
component, the demagnetizing factor of 21, and assuming
an infinite depth extent for the IF. The computed peak
values for the South pit aeromagnetic anomaly at the Adams
Mine is in excellent agreement with the observed anomaly.
Other pits give similar results, Also, if the deposits
were flat-lying the anomalies would be reduced to 32% of

their present peak values,

vii
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CHAPTER I
INTRODUCTION

1«1 DPROBLEM AND PROPOSAL

Airborne and ground magnetic surveys to measure
the magnetic field intensity have been the primary
methods used in the exploration for iron ore deposits
in Ontario. The most intense anomalies are then sur-
veyed in greater detail and sampled. These anomalies
are usually found over vertically dipping béds of iron
formation (IF). The magnetization of the IF depends on
the nature and abundance of the magnetic minerals, the
attitude of the bedding with respect to the Earth's
magnetic field (EMF), the direction and intensity of
the remanence, and the anisotropy of magnetic suscepti-
bility., |

The purpose of the study is twofold: 1) to define

the magnetic properties of the IF at the Adams Mine with
the ainm of constructing a magnetic model to assist in
the interpretation of aeromagnetic and magnetometer sur-
Veys; and 2) to measure the paleomagnetic properties of
the IF and host rock (HR) so that the ore genesis of
the deposits can be determined. These two factors will
help in proposing a more meaningful and successful ex-
ploration rationale.

T

This study examines the Adams Mine deposit near

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Kirkland Lake in Boston Township (Figure 1). The
geographic co-ordinates of the mine are longitude

79.90°W, and latitude 48.,01°W.

1.2 HISTORY OF THE MINE

The Adams Mine is located in the Boston Township

iron range. The iron range was discovered in 1902,
The earliest geologic report is attributed to Dr.
G.A. Young (Ratcliffe, 1957). However, ehe deposit
lay dormant for the next 46 years because of its low

iron (Fe) content.

In 1948 the Dominion Gulf Company cdnducted an air-
borne magnetometer survey over the area at an elevation
Oof 150m which revealed a'17,0003 anomaly. The strong
magnetic anomalies were cau;ed by- a number of rather con-
tinuous beds of banded IF up to 180m wide. Unfortunately
few beds exceeded a 20% Fe content over a width of 30m
and so exploration interest diminished.

In 1954, Jones and Laughlin Steel Corporation
optioned the property from Dominion Gulf and continued
the exploration work in response to an increasing demand
for iron. ‘

In 1962 Jones and Laughlin announced the decision
to develop the property at a production level of 1,000,000
tons of iron ore pellets per year. Over the next two

and a half years, the South and Central orebodies

were prepared for production while the plant was'being
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FIG. 1, Location of the Adams Mine
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constructed. The first shipment of pellets was made in

December 1964,
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CHAPTER II
GEOLOGY

2.1 REGIONAL GEOLOGY

The geology of the mine area has been studied
by Dubuc (1965) and Lawton (1957) (Figure 2. The
following is a brief summary from their reports.

The rocks of the Boston Township are Precambrian
in age (Table 1). They consist mainly of Archean vol-
canics, sediments and intrusives. The Archean rocks are

- 1ntruded by Proterozoic diabase dikes.

The oldest Archean rocks in the area are a series
of Keewatin-type lava flows,.volcanié fragmental rocks
and sedimentary rocks. The IF is an important member
Oof this series. Unconformably overlying the Keewgtin-type
rocks are the Timiskaming-type clastic sediments which

- are dominately conglomerates and greywackes..

There are two groups of Archean basic intrusives of
pPost-Keewatin age. The older group is composed of
diorite and metadiorite and the younger group is composed
Of serpentinite, horneblendite, diorite and minor diorite
porphyry.

These Archean rocks underwent folding and faulting
Which resulted in an easterly striking syncline with its
south 1imb removed by faulting -and erosion. After deformation
the rocks were then intruded by Haileyburian—type‘diorites,
Sérpentinites and gabbros. These were followed by Algoman-

5 -
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FIG. 2. Regional geology of the Adams Mine area
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TABLE 1. Table of lithologic units (K.D. Lawton., 1957)
Approx.
Radiometric
Age (Ma)
CENOZQIC
Recent and Clay. sand, gravel and
Pleistocene: boulders
——————————————— Unconformitymmmmmmen e e e
PRECAMBRI AN
PROTEROZOIC L
Abitibi: Diabase 2140
--------------- Intrusive Contactmmmmmmeccc e
ARCHE
) Aﬁgoman: Syenite Intrusion-Lebel 24005
’ Syenite stock
Syenite and lamprophyre
dikes
_______________ Intrusive Contactememmmma e
Haileyburian: Diorite; gabbro
_______________ Intrusive ContaCt—memmam
: 2
Timiskaming: Fine grained sedimentary 2418
rocks
Conglomerate
_______________ Unconformitym——memmm e e
Post-Keewatin: Diorite and Metadiorite
e e e e e e e e Intrusive ContaCtmmmmmcmmm e
: 1
Keewatin: Cherty Quartzite 2703
Iron Formation ) .
Basic and Intermediate Volcanic
NOTES: 1, ©Nunes and Jensen (1980); 2. Fairbairn et al
21966); 3« Purdy and York (1968); 4. Hurley and Gates
1973).
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type granites, syenites and finally by Abitibi-type dikes

including .more basic derivatives.

2.2 BOSTON TOWNSHIP IRON RANGE

The iron deposits in Boston Township are low-grade
Algoman~type banded IF. They are confined to a single
range which is 9.6 km long and varies in thickness from
850-to 1100 m. The range is not of economic interest

throughout its entire length. The generai shape of the

. range is an arc which is more or less conformable to the
southeastern boundary of the Algoman-type_Lebelﬂsyenite
stock. The stock is a large circular intrusion of ~6.4 km

diameter which is situated~ 1 km northwest of the iron range.

The range is made up of several horizons of IF
and cherty quartzite separaﬁéd mainly by basic to in-
termediate lava flows of basalt and andesite composition.
Minor interbeds of tuffaceous sedimentary rocks and acidic
Volcanic rocks are also present. Irregular intrusive
bodies of Haileyburian-type diorite or metadiorite,
Algoman-type syenite and lamprophyre cut the IF strata
wWithin the range.

2.2.1 Iron Formation

‘The IF is typical of that found in the Keewatin
Series of Precambrian rocks in the Superior Geologic
Province (Moore and Armstrong, 1946). It is a well-banded

sedimentary rock consisting essentially of alternating

kS
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layers of magnetite and chert. The magnetite beds are
black with a very fine grain size of less than 1 mm.,

The magnetite layers have an average thickness of 1 cm
and rarely exceed 2.5 cm. The chert beds vary from grey-
ish to reddish in colour, Their grain size is generally
very fine also, but occasionally a sugary texture can

be detected. The chert layers occur as fine laminae or
massive beds several centimetres thick.

Minor amounts of other minerals are also found in
the IF, Reddish garnet occurs as isolated masses of
anhedral grains. In places, the garnet is accompanied
by epidote., Within the magnetite layer, hematite occurs
as small irregular lenses and as thin individual beds.

It is found where the chertﬁlayers are reddish in caolour.
Tremolite and actinolite needles are generally present
within or adjacent to the magnetite layers. Chlorite is
abundant and occurs as massive beds from the alteration
of basic volcanic rocks. Pyrite is invariably found with
the chlorite either as thin layers or as scattered cubes.

2+2.2 Cherty Quartzite

The cherty quartzite, predominately silica, is
similar to the chert of the IF and likely has the same
origin, The magnetic iron content rarely exceeds 5%
and therefore the cherty quartzite is usually considered
to be a highly siliceous facies of the IF. The magnetite

occurs mostly as disseminations in the silica., Graphite
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is found as a fine dissemination and generally imparts
a black colour to local chert bands. Pyrite and pyr-
rohotite are quite common. They are found in beds up
to 15 cm thick. The higher the percentage of chert,
the poorer the bedding definition, and thus the
cherty quartzite is not-as well bedded as the IF,

On the average the cherty quartzite beds are only 6 to
9 m thick, but they may reach 305 m in surface width
over a length of 1.5 kn,

2e243 Basic and Intermediate Volcanics

The Keewatin-type volcanic rocks within the iron
range are basic to infermediate in composition. They
are found as massive flows which vary in texture from very
fine to coarse. Pillow séructures, where present, have
been used for stratigraphic top determinations. Fine
grained, very well bedded tuffs are most abundant at the
east and west ends of the range. In some places, the
contact between the IF and lava flows is separated by
a zone of light greenish sedimentary rock, generally
3 to 4.5 m wide, which is probably tuffaceous in origin.
222,4 Intrusives
222slta  Lamprophyre Dikes

The lamprophyre dikes are greyish green and char-

acterized by biotite phenocrysts in a fine grained

matrix. Small isolated chloritized zones are common

in the dikes., These zones probably represent altfered
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Volcanic inclusions. The 1amprophyre dikes were intruded
late in the Archean and may represent the last igneous
activity of the terminal Algoman orogeny (Lawton, 1957).

In the South and Central orebodies.(Figure 3) there
are northeast. trending lamprophyre dikes up to 1 m in
thickness, Lamprophyre dikes up to 3 m wide also occupy
a well defined east-west fracture pattern, with a few
thin dikes trending northwesterly. At leas? two differ-
ent ages of lamprophyre have been established because
the east-west system is cut by the northeast trending
systen,

2.2.4b Syenite Stock and Dikes

The Lebel Syenite stock is located 4.6 km to the
"WSW of the iron range. It clgéely resembles the Otto
Syenite stock. They are probably comagmatic and may be
upward protuberances of a large body of syenite or granite
(Lawton, 1957).

The Lebel syenite is composed of an aggregate of
Coarse feldspar crystals set in a sparse groundmass of
mafic minerals and fine feldspar grains. Marginal phases
of the stock may be more basic than the interior of the
mass owing to assimilation of country rock. |

The syenite dikes are composed predominatelely of med-
ium grained feldspar. In places, separate intrusions of

lamprophyre and syenite dikes occur side by side. In
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other places the 6omposition of the dike is gradational
between a lamprophyre and a syenite. Presumably the
parent magma :has differentiated to give rise in most
cases to eilther an acid or basic dike but in a few cases
to an intrusion of some intermediate composition (Dubuc,
1965).

2.2s4c Diabase Dike

Diabase dikes of Abitibi age intrude.the Archean
rocks, A steeply-dipping diabase dike of 50m 1in surface
width has intruded the South orebody at about its mid-
point, The diabase consists of a typical dark greenish-
grey massive diabase which weathers to a dark brown colour,
It shows diabase texture with chilled margins and a coarse-

grained central portion.

2.3 GEOLOGICAL HISTORY
The IF in the Boston Township is a sedimentary

deposit, The main constituents.of the IF are silica and
iron. Their source is thought to be from the weather-
ing and leaching of the earlier volcanic flows and tuffs
(Armstrong and Moore, 1946). The silica and iron were
transported, probably in the colloidal state tﬁ basins
of accumulation where they were deposited as chemical
sediments., The general sequence of deposition appears
to be lean iron formation, followed by magnetite oxide

facies IF, and finally cherty quartzite. Consolidation
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and metamorphism followed during which the IF was re-
crystallized to its present state.

Thick volumes of IF and pyroclastics are evidence
for considerable volcanic activity during deposition of
the IF, The intercalated volcanic flows appear to have
invaded only part of the sedimentary basin at any one
time. In the western portion of the range, where only
small detached lenses of IF occur, volcanic flows like-

ly covered the whole area.

2.4+ STRUCTURE OF THE BOSTON TOWNSHIP IRON RANGE

The presence of a syncline in the northeast end
is indicative of the structure of the iron range. The
axis of the fold strikes NS?’E and plunges steeply at
~60°sW,

In. the east and northeast portion of the range the
limbs dip BOQuaﬁﬁf%o the soubh-and southeast. However,
at the extreme northeast end the dips change from vert~
ical to northwest. At least two main horizons of IF in
the northeastern portion are overturned and facing north-
northwest as indicated by pillow structures. It would
therefore appear that the IF series is the result of
isoclinal folding to yield aﬁ overturned southeastern
limb of.a major synclinal structure. Most of the north-
eastern limb is truncated by the Lebel syenite stock.

Several faults, radial to the Lebel syenite stock,

are found cutting the iron range, Where these faults have

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15

cut the IF, very little displacement appears to have

taken place,

2.5 OREBODIES

Enlargements of the IF horizons caused by folding
and brecciation led to the development of the ore-
bodies., A total of eight different orebodies have been
outlined on the Adams Mine property of which seven are
located in the eastern portion of the range.

The orebodies are essentially made up of IF which
grades up to 26% magnetic Fe over widths exceeding
90m. In some places, especially along the hanging
walls, there are minor amounts of lean IF grading from
12 to 18% magnetic Fe. “

Structurally the individual arebodies are quite
complex, Contacts are quite irregular and often re-
Verse their position locally without the influence of
faulting. Such situations are caused by severe fold-
ing and the pinching out of beds. It is also believed
that considerable dislocation of the beds took place
during the period of sedimentation and a certain amount
0f slumping must have taken place prior to indﬁration

(Dubuc, 1965).
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CHAPTER III
EXPERIMENTAL METHODS

3.1 SAMPLING

In order to ensure as complete a coverage of the
Adams Mine as possible 171 hand-oriented iron form-
ation (IF) samples and 45 drilled host ro¢k (HR)
sites were collected.

The 171 IF samples were collected as uniformly as
possible throughout the four pits (Figures 4 a-d).
Each sample was hand oriented in situ using topo-
graphic sitings and a modified inclinometer to an ac-
curacy of~ 3%. _

At each of the 45 HR sites (Figure 3), 5 cores
were drilled several metres apart. The cores were or-
iented in situ using a solar compass along with a Brun-

ton compass and topographic sitings to an accuracy of ~ 2%

3.2 SAMPLE PREPARATION
The HR sites were drilled using a 2.5cm d;ameter
barrel, Each core was cut into at least two 2.:54cm
long core specimens yielding a total of 529 HR specimens.
From each of the 171 hand samples,at'least L spec-
imens of lcm diameter and 0,86cm length were drilled for
alternating field (AF) cleaning. An additional 2 spec-

mens were drilled from each sample where possible‘for

16
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FIG. 4a, Outline of Peria Pit, Adams Mine, showing
locations of block samples of iron formation.
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FIG. 4b., Outline of North Pit, Adams Mine, showing
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locations of block samples of iron formation.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission



21

thermal and chemical cleaning along with other stab-
ility tests,

Because it is possible that the small IF cores
could be confined to one band of the IF and hence be
unrepresentative of the IF as a whole, 15 large 2.50cm

diameter specimens were drilled from some hand samples.’

3«3 SAMPLE TREATMENT

3+3.1 Specific Gravity

The specific gravity was measured with a modified

picnometer on 547 IF specimens to an accuracy of + 0.001

8m/cm3.

3¢3.2 Magnetic Susceptibility

The 524 HR specimens, the 589 small IF specimens
and the 15 large 1F specimens were measured using a
toroid bridge (Christie and Symons, 1969) to find their

low-field susceptibility perpendicular to bedding (XK1).

3e343 Anisotropy of Magnetic Susceptibility

The low-field magnetic susceptibility of the 592
small IF specimens and the 15 large IF specimens was
measured on the toroid bridge along 9 directions. The
Principal axial directions and magnitudes of the sus-
ceptibility ellipsoid were computed from the matrix
elements., It is important for this measurement that

the length to diameter ratio is 0.86.
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3e34.4 Natural Remanent Magnetization

The natural remanent magnetization (NRM) of 1476
specimens was measured on a Schonstedt SSM-1A spinner
magnetometer using either a 3-spin or 6-spin mode de-
rending on the strength of their magnetic signal. The
NRM intensity and direction for each specimen were com-
puted from the measurements made along t?eir three

Principle directions.

3¢3.5 AF Demagnetization

A total of 70 IF pilot specimens with a homogeneous
NRM direction and an average intensity were selected for
cleaning by AF demagnetization., The specimens were se-~
lected to equally represent.the four pits that were
sampled, Each specimen was step &emagnetized in AF
fields of 5,10,15,20,30,40,50,60,70,80,90 and 100mT peak
intensity using a Schonstedt GSD-1 AF demagnetizer.

One pilot specimen was selected from each HR site
which had a representative NRM direction and intensity
for that site. The pilot specimens were cleaned by AF
step demagnetization.in the same peak alternaping
fields as used for the IF,

Because it would be too time consuming to AF step
demagnetize and measure .all of the specimens, the pilot
Specimens were used to select the optimum AF peak intensities

for demagnetizing the remaining IF and HR specimens for

1
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each site or sample. The optimum values for ‘AF cleaning
were chosen by using the Paleomagnetic Stability Index
(PSI) method of Symons and Stupavsky (1974) for direction-
al analysis, and the intensity decay curves of the pilot

specimens (Table 2 and 3).

3¢3e6 Thermal Cleaning

A total of 22 IF pilot specimens with an average
NRM direction and intensity were selected to equally
Tepresent each pit. The specimens were thermally de-
magnetized at temperatures of 100,200,300,400,500, 550, 600
and 650°C. using a furnace having a non-inductive heat-
ing element. The furnace is housed in a nested series
of five mu-metal shields in a shiélded room. The spec-
imens were placed in inverted directions on successive
steps in order to .detect the acquistion of remanence
components caused by the incomplete elimination bj
shielding of the EMF during the cooling stage when the
magnetic domains are reset., Because of high PSI values
and scattered remanence directions, the remaining IF
Specimens weren't thermally cleaned. ‘

Also 24 representative HR specimens were therm-
ally demagnetized at the same temperature increments

as for the IF.
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TABLE 2, Sampling and remanence data of Iron Formation sites

AF Data Remanent magnetization
Sample Pit intensity screening N Length Decl, . Incl. A95
mT a b c R o +d8wn o

1 Peria 50 L 3,845 301.52 =15.51 21.43
2 Peria 50 L 30923 329-19 3067 114-087
3 Peria 50 1 3 2.916 199,79 3.68 25.85
L{' Peria 50 1 3 2.9?3 27979 -2038 14440
> Peria 70 0
S Peria 50 0

7 Peria Lo L 3,867 338.71 3,06 19,77
8 Peria 40 0
) Peria LO 0

10 Peria L0 1 3 2,909 109,00 46,08 26,91
11 Peria L0 1 3 2,966 144.45 =10,69 16,13
12 Peria 20 L 3,863 122.85 20.19 20.08
13 Peria LO 1 2 1.967 269.83 -=8.91 L6.77
14 Peria LO 0

15 Peria 40 0

16 Peria 30 L 3,860 238,61 15,66 20.33
17 Peria L0 0

18 Peria 30 0

19 Peria 30 0
20 Peria 50 o)
21 Peria 50 0
22 Peria 20 0
23 Peria 50 1 3 2.923 276.85 Tolily 24,72
= Peria 20 0
25 Peria 50 1 3 2.914 65.27. LoL45 26,11
26 Peria 60 1 3 2.959 129.76 68.99 17.89
27 Peria 70 0
28 Peria 50 0
29 Periag 50 0]
30 Peria 50 0

1 Peria 50 1 3 2.845 312,33 11.42 35,76
2 Peria 50 0
33 Peria 50 1 3 2.873 5,84 —2.14 32,22
3L Peria LO L 3,940 346.13 2454 13.14
35 Peria 30 4 3.840 134,30 46.29 21.77
36 Peria 50 1 3 2.984 217.35  7.42 11,07
37 Peria 30 1 3 2.867 155,63 =6.64 33,02
38 Peria 0 ‘
39 North 50 0
40 North 50 1 3 2,888 269,69 3,20 30.01
L1 North 60 L 34852 311.29 =8.13 20.93
La North 60 4 3.819 225.58 2.59 23.23
43 North 60 0
Ly North 70 1 3 2,980 280.18 10.84 12.47
45 North 60 0
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IABLE 2, (contd,)
AF

Data Remanent magnetization
Sample Pit dintensity screening N Length Decl. Incl. A95
mT a b c¢ R o +d%yn o

L6 North 60 1 3 2,964  244.80 ~-13.,13 16.74
Ly North 60 0
48 North 50 1 3 2.823 256,41 2.60 38,53
49 North 50 0
50 North 50 1 3 2.938 271,90 22.25 21,99
] North 50 1 3  2.850 198.26 =5.42 35,22
2 North Lo 0
53 North 60 o
54 North 70 L 3,935 117.60 32.81 13,66
55 North 60 0
56 North 60 o
57 North 60 o)
58 North 60 0
59 North 60 L 3,886 268.41 =6.18 18,29
60 North 60 0
61 North 70 0
62 North 60 1 3 2.930 290.99 9.21 23,459
63 North 50 1 3 2.976 279.73 3.32 13.66
64 North 50 0
65 North 50 0
66 North 50 0
67 North 30 L 3,836 281,22 10.76 22.07
68 North LO L 3,893 280,15 1.73 17.68
69 North 4O 0
70 North 50 0
1 North 50 0
73 North * )
I North 60 0 '
75 North 70 3 24859 317.10 =2.21 34,09
76 Central 60 0
77 Central 60 1 2 14991 217,98 34414 24,49
"8 2 14920 346.54 Lo76  78.02
79 Central 60 0
80 Central 60 1 3 2.824 162,25 19.15 38,37
81 Central 60 0
82 Central 60 O
83 Central 60 0
84 Central 70 0
gg Central 70 4 3,850 13.39 8.36 21,07
7 Central 4O 1 3 2,895 275,78 5,40 29,10
88 Central 60 o)
89 Central 60 4 34835 299,09 31,04 65,17
90 Central 60 0
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TABLE 2, (contd.)
AR Data Remanent magnetization
Sample Pit intensity screening N Length Decl., Incl, A95
mT a b ¢ R o +down o

— o
91 Central 70 0
93 Central 60 0
9L Central 60 0
95 Central 40 L4 3,900 189.70 =79.81 17,05
96 Central 30 L 3,785 243,18 3.69 25.49
97 Central 60 0
98 Central 80 L 3.850 328,75 =1.72 21,07
99 Central 60 L 3,985 3l 47 11,22 6449
100 Central *

102 Central 50 0

103 Central 60 L 3,846 270.25 5,00 21.34
104 Central 50 1 3 2,904 254416 20407 2777
105 Central 4O L 3,937 248,30 14.58. 13,47
106 Central 50 L 3,816 202,27 =0.64 23.48
107 Central 60 0

108 Central 60 0

109 Central 60 L4 3,800 263,35 14.98 24.50
110 Central 60 L 3,979 12014 =3.50 7.73
111 Central 50 1 3 2.968 254,01 22.53 15,84
112 Central 50 1 5 24858 298,43 -0.02 34,16
113 Central 60 1 3 2,905 277.36 28.45 27.63
114 Central 60 1 3 24898 269,83 =12.00 28.63
115 Central 50 0

::16 Central 50 Ll' 30788 333.60 5089 25032

17 Central 30 L 3,821 240,09 7.11 23,10
118 Central 50 L 3.914 243,76 0.64 15,73
119 Central 50 L 3,766 263,70 39.72 26.70
120 Central 50 L 3,864 237,88 22.20 19.99
121 South 50 0

122- South 60 0

}23 South 70 L 34896  176.4L =22.10 17,41

=2 South 50 1 2 1.974 204,65 =2.36 41,52

5 South 50 0

}26 South 50 0

157 South 60 0

]28 South 60 0

139 South 60 1 3 2918 359,31 =3.50 25.46
]30 South 50 L 3,96 225,42 =3473 10,67
]31 South 50 1 3 2.829 191,03 15.56 37,74
132 South = 4O : L 3,808 245,68 =4.53 24.01
133 South 50 1 3 24922 186432 25.54 24491
134 South 50 \\\\\Ji_____—~f/////

35 South 50
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IABIE 2, (contd,)

AF Data Remanent magnetization
Sample Pit intensitvy screening N Length Decl, Incl. A95
mT a b ¢ R o +q$wn o
7 South 0
138 South ZO 1 2 1,888 253,06 =17.63 82477
2 1.999 109,26 -42.96 6.30
}ig South 60 g 2.8;2 291‘;&_ ?15}4 23327
South 50 1 . 230, . .
141 South 50 1 2 2.893 2%4.91 =0.68  29.29
}ﬁ% gouth 50 8
outh 50
1Ly South 50 1 3 2.870 339,79 =1.12 32,62
145 South 50 1 3 2.967 320,46 2.86 15.91
146 South 50 0
147 South 50 0
148 South 50 0
149 South 50 1 2 14970  258.49 5.95 44457
2 1,907 32,78 35.74 85.56
150 South 50 0
151 South 60 0
}gg South 70 g 3895 248,08 =1.63  17.49
South 70
:gg South 60 g 3.929 339,25 1.33 14,30
South 0
156 South ;O L 3,819 54 .60 5.33 23.23
157 South 50 0
}gg gouth 50 8
outh 0
160 South go 1 3 2.843 20.49 32.28 36.03
161 South 60 L 3.835 303,24 0.24 22.13
162 South 60 0
]63 South 70 L 30918 286098 11073 15057
164 South 20 o)
165 South 50 0
166 South 50 0
167 South 50 0
168 South 60 0
169 South 80 0
170 South 50 0
17 South 30 0

NOTES: R is the length of vector resultant. A95 is the
radius of the cone of 95% confidence (Fisher 1953) in
degrees, * is sample where no cores were obtained. Data

o]
to
as
by

Screening: (a) core rejected as anomalous with respect
t

remaining cores from the sample, (b) sample considered
contain two direction populations, (c) sample rejected
Specimen directions diverge from sample mean direction
more than 20°.
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i ta of Host Rock sites
EABLE 2 Sampi;ng ang reg:?:nce fata o Regznent magnetizitionA95
Site Pit iggﬁ%glgy §§£g%g;%g N Leﬁgth Difl' Eggwﬁ 2
[o]
1 North 20 4 1 0
2 1.966 190,51 48.31 L7.89
§ ﬁgiﬁﬁ gg > 1 3 2820 212452 ~=15.,37 38.98
L North 30 g 8
2 wemR o 9 A 2 1.916  80.42  -73.32  80.33
7 North 30 L 1 0
g gorth 30 g 8
eria 30
1 i 2 2 1973 .311.73 55.21 42459
15 pema 30 3 2 1.877 339.5% 2252 35.83
12  Perig 20 1 3  2.922 250.47 76.93 35,33
13 Perig 20 5 0
4 North 30 5 0
15 North 30 5 0
'}6 Peria 20 L1 8
1§ Gemizal 30 2 3 2,922 283.21 -41.02  35.33
ég ﬁorth 30 % 1 8
orth 30
21 ¢ 1 2 2  1.943 45,14 50,96 64,01
22 cZEiiii 28 2 2 1.932  2L5.11  70.19 70.82
23 Central 30 5 o .
2k Central 30 5 0
25 , 30 5 0
26  South 30 L 1 0
27  South 30 5 0
28  South 30 5 0
29  South 30 4 1 0
30 South 30 2 3 0
g; gouth 20 5 1 8
33 sgﬂiﬁ 28 2 1 2  1.921 21.32 55.84 61.85
3 0
3% ggﬁgﬁ 38 ? 4 3,785 297.15 69.25 2547
36 South 30 5 0 :
%g gouth 30 g ) 8 .
39 Seuin 29 5 4750 193.29 50.95  19.70
O —
i1 South %8 2 5  4.821 188.60 45521 15.34
42 20 2 3 2,966 336,65 82.52 16.22
43 L0 3 2 1.975 338,43 76.73 17.85
by 30 L 1.0
45 20 5 0
NOTES: R is the length of the vector resultant, 495 is

the radius of the cone af 99% confidence (Fisher 1953) in
degrees,

Data screening:

(a) core rejected begause the
2 specimen diractions diverged by zore than 20°, (b) core

rejected as sole remaining direction %o inadequately

represent the site,

and (¢) core rejectad as ancmalous
with respect to remaining cores from the site.
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2+.3.7 Chemical Cleaing

A total of 18 representative IF pilot specimens
were selected for chemical cleaning. The specimens
were immersed in fresh 12N HCl and stored in a mu-metal
shielding can between measurements. The specimens were
washed in water and allowed to dry before their re-
manence was remeasured, The specimens were measured

after 21,87,180,271,385,525,668,830,1017,1161 and 1641

hours,
An additional 79 IF specimens were selected for
chemical cleaning and measured after 600,985 and 1465

hours of immersion.

3¢3+48 Stability Tests .

Storage tests were done to assess the degree of
stability of the remanence caused by the aquisitipn of
Viscous remanence (VRM) components by IF.

First,the NRM of 18 IF and 18 HR specimens were
measured, Then the specimens were taken out of the
shielded room and exposed to‘the Earth's magnetic field
(EMF), Half of the specimens were placed perpendicular
to the EMF and the other half were placed paréllel to
the EMF, The specimens were remeasured after storage
periods of 12,23 and 37 days.

A shock test was performed on 26 IF specimens to

a5sess how dynamite blasting used in mining the rock

Y
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could affect the NRM response. After measuring the
NRM of the specimens, they were hit 20 times on an
aluminum plate and their remanence remeasured. The
test was performed first with the specimens oriented
parallel to the EMF and then repeated perpendicular -
to the EMF,

5e4 COMPUTATIONS

In order to handle thea 20 quantitative variables
for the 1476 specimens, it is mandatory to use a com-
puter for the computations and data analysis. Exist-
ing laboratory computer programs, stored on disk in the

Comput?r library, were used for this purpose. .In-

Put data included specimen identification., longitude

and latitude, ki susceptibility and specific gravity.
These programs calculate and plot: 1) the declination,
inclination and intensity of the remanence; and 2) the
deClination, inclination and magnitudes of the axes of
the anisotropy of susceptibility ellipsoids. Additional
statistical programs were used to calculate the means
and confidence limits. _

BMDP5D programs (BMDP-77) were used to plot the output in
histogram form for analysis. The program has been
adapted to calculate the means and confidence limits
using both normal and lognormal statistics for the var-
lous output parameters,

1Y

The BMDP&D program was used to correlate between
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two data sets, plot the data and do regression fits
With correlation statistics. These statistical tests
help define the limits of each of the parameters that

are required for the magnetic model to be proposed.

3.5 MAGNETIC MODEL

The magnetic model program was compiled and test-
ed in studies of the Sherman Mine by Symons and Stu-
pavsky (1979) and the Moose Mountain Mine by Symons,
Walley and Stupavsky (1980)., The program (Walley, 1980)
incorporates all the important factors for interpreting
magnetic anomolies over a magnetic sheet, Most mag-
netic model computer programs used to calculate the
induced magnetic components of a sheet include a var-
iety of thicknesses, magnetite coﬁtents, and strike and
dips relative to the Earth's varying geomagnetic field.
Some programs also incorporate the remanence and/or the
demagnetizing factor. No previous programs-incorporate
all of these plus the effect of magnetic anisotropy,

The magnetic model used in.this study follows the
standard theoretical equations for the induced.com-
bonent, The demagnetizing factor and the anisétropy of
Susceptibility equations follow Gay (1963) and the re-
manence equations follow Strangway (1965). See Appendix

1 for the model computations.,
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CHAPTER IV

RESULTS

Le1 SPECIFIC GRAVITY

The specific gravity (S.G.) of 547 IF specimens
have a mean value of 3.24L gm/cm3 (Standard Deviation (s.d.)
= 0.51) (Figure 5). This value is lower than the ex-
pPected ore value because the pit sampling'includes low
grade and barren wall-rock samples. The mean SG
for the individual pits range from 3.06 to 3.44 (Table 4).
The calculated SG of the economic ore at Adams Mine,

With a 22% magnetic Fe content is 3.49.

4.2 MAGNETIC SUSCEPTIBILITY-

A total of 524 HR specimens ~show a lognormal
distribution for k;, with a lognormal mean of
2.35 x 10~4 cgs/cm3 (Figure 6).

A total of 592 IF specimens show a loghormal dis-
tribution for ky; with a lognormal mean of 4.52 x 10™2
cgs/cm> (Figure 7). The mean values range from 3.57
to 6.09 x10-2 cgs/cm> for the individual pits (Table 4.

Because klIF = 192 leR, it is reasonablefto neg-
lect the ELHR in calculating the IF magnetic anomaly.

A total of 592 IF specimens show a good regression
fit between the SG and glIF with a correlation coef-

ficient of +0.73 (Figure 8) and give the relationship:

ELIF = 0,06985G - 0,179

32
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TABLE 4, Summary of regression fit between $.G. and k;

Number of -
Pit Specimens S.G Mag, susC., Regression Fit: gl=mS.G.+c
N /cn;5 cgs/ccxi0” m c r
Peria 129 3,14 3 76 0.0540 -0.1321 0.613
Central 158 3,06 3. 57 0.0476 =0,1097 0,562

NOTES: Regression fit calculated by BMDP6D program.
r is the correlation coefficient.

404 ’ . 5

0 Illl“ MIHIHII

3.0 _ 4. 0 5.0
Specific Gravity

FIG. s, Histogram of the specific gravities of 547
iron formation specimens. .
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FIG..7. Lognormal histogram of k, susceptibility for
592 IF specimens.
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This is rather different from the relationships
obtained at the Moose Mountain Mine (Symons, Walley and
Stupavsky, 1980) and Sherman Mine (Symons and Stupavsky,

1979):

Moose Mountain : ELIF 0.091258G = 0,249

Sherman Mine : klIF = 0,09068G - 0,245

The regression fits for individual pits are
shown on Table 4. Economic ore at the Adams Mine

glves a value of 0.0645 cgs/cm 5 for'gl.

4¢3 ANISOTROPY OF MAGNETIC SUSCEPTIBILITY

The expected anisotropy of susceptibility pattern
for banded IF is that the minumum (k,i,) axial.direction
O0f the ellipsoid is perpendiﬁular.to the bedding plane
and the intermediate (k; ¢) and maximum (k ) di-
rections are parallel to the bedding plane. In this
study, the specimens showed a bimodal distribution of
directions with not all specimens conforming to the
exXpected values (Figures 9a-9b). On inspection it was no-
ticed that some specimens were too long with lengths
of 0,95 cm, A total of 50 specimens were recut to
0.86cm and remeasured. Their anisotropy of suécept;
ibility values then conformed to the expected pattern
(Figure 10),

The mean magnitude ratio of kint/k

(Figu
gure 11) and the kmax/k

min is 147
min ratio is 163 (Figure 12).
The ratios were not effected by the recutting.
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The mean bedding plane susceptibility is:

kg = (kmax * kipy) = 1455 k.
2

A total of 15 large IF specimens gave a mean

1,57 and k /kmin

magnitude ratio of k; ./ k max

min "
= 1.80. The mean bedding plane susceptibility is:

These results show that the small cores may be
confined to one band of IF and hence appear more iso-
tropic than the IF as a whole as shown with the high-
€r value obtained in the 2.54cm specimens. A combined
average of the two gives the bedding plane susceptibil-
ity of kyy = 1.625l which is reasonable for a medium
grade regional metamorphism, This anisotrony wvalue
18 slightly higher than the 1.60 k, value obtained
at the Sherman Mine (Symons and Stupavsky, 1979) which
Suffered low greenschist grade metamorphism, and it is
Slightly lower than the 1.70 k, value at the Moose
Mountain Mine (Symons, Walley and Stupavsky, 1980)

Which suffered amphibolite grade regional metamorphism,

Le4 NATURAL REMANENT MAGNETIZATION
LeLs1 Host Roclk NRM

LeLh,1a NEM.Intensity

A total of 524 HR specimens show a lognormal dise-

tribution for the NRM intensity (Jo) with a lognormal
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mean of 5,970 x10™° emu/cm> (Figure 13).

Leli,1b Koenigsberger Ratio

The Koenigsberger ratio (Q) of the remanent to induc-
ed magnetization alsc has a lognormal distribution with
a lognormzl mean of70.015 (Figure 14)., The mean induced
magnetization of the IF is~ 4,300 times greater than
the mean HR NRM, Thus it is reasonable to omit the
HR NRM from anomaly calculations although in a num-
ber of places its NRM contribution is important,

LebL,1c Storage Test

A storage test run on 16 HR specimens show an
gverage NRM change of 6.75% in intensity (Figure 15a)
and of 6,2°(Standard Deviation = 4.4°) in direction
OVer a 5 week period (Figuré 15b). These small changes
show that the HR's NRM is stable with a small viscous

componento : °

4.4.2 Iron Formation

Lalie2a NEM Intensity

The NRM intensities of 592 IF specimens also show
a lognormal distribution (Figure 16) with a lognormal
mean of 1,21 x10'2 emu/cmB. ‘

4o.4,2b Koenigsberger Ratios

-7

The Q ratio has a lognormal distribution with a
lognormal mean of 0.67 (Figure 17). The mean NRM
direction of 92.8°, 52.3%°, ag5 = 7.4° has a devia-
tion angle (8) of 42.6° from the EMF direction of
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FREQUENCY

INTENSITY CHANGE (%)

FIG, 15a, Histogram of NRM intensity change of
HR specimens over five weeks, -

90°

FT 180° .
G' 15b, Directional changes of NRM vectors of HR spec1mens‘
over five weeks.
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352°, 76°, The ratio of the vector resultant (R)

to the number of specimen directions (N) gives an
effective Koenigsberger ratio (Qe) of Qe = Q x (R/N).
The NRM increases the induced magnetic intensity (Ji) by
(Qe x cose) Ji to give an augmenting factor of 0.17 Ji.
This value is slightly lower than the values 0.24 Ji

and 0,22 Ji obtained for the Moose Mountain Mine and
Sherman Mine deposits respectively.

Leli.2¢c NRM - ki Relationship.

The relationship between NRM intensity and %l has a
Correlation coefficient of O.41 for 592 specimens (Figure 18).
Results for individual pits are shown in Table 5. The
NRM to k, relationship obtained in the Adams Mine is:

NRM = 0.215 k; +0.016 _

This NRM intensity is. lower than the values obtained at
Moose Mountain Mine of NRM = 0.439 Kl.+ 0,023 and at
Sherman Mine of NRM = 0,434 k, + 0.005.

Lele2d Storage Test

A storage test run on 18 representative IF spec-~

imens show an average NRM change of 3.6% in intensity

(Figure 19a) and of 4.8+ 3.0°(s.d,) in direction over a
5 week period (Figure 19b). These small changes show

that the IF's NRM is stable with a small viscous comp-

onent,

Leliv2e Shock Test

The shock test run on 26 IF specimens show a 40%
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TABLE 5. Summary of regression fit between k, and NRM
.. Number of NRM Mag. suscC, . _
Pit Specimens emu cgg/ccxlo Regression Fit: NRM=mk. +c
N m c
Peria 12 0.0101 3,74 0.3031 0.0295 0.220
Central 159 0.0156 3,57 -0,1097  0.0223 0.214
South 180 0.0119 6.09 0.2697 0.011L4 0.616

NOTES: Regression fit calculated by BMDP6D program.’

r is the correlation coefficient.
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FREQUENCY

: INTENSITY CHANGE (%)
FIG. 19a, Histogram of NRM intensity change of IF sp801mens

:-over four weeks. - ..

eros 90°

S

180°
FIG. 190, Directional changes of NRM vectors of IF specimens .

over four weeks.
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mean reduction in NRM intensity aﬁter 40 shocks

(Figure 20a) and a 20° (s.de-= 18,6 ) change in

direétion afteruaO shocks (Figure 20b), These re-
sults suggest that the blasting may have affected

the NRM in the IF specimens. Shapiro and Ivanov (1966)
found that the resulting shock remanence can be erased

by low alternating field and partial ther@al demag~
netization (Cisowski and Fuller, 1978).

4.5 STATISTICAL ANALYSIS
4e5.1 IF Statistical Analysis

The following conventional tiered statistical
tests were performed to select reliable IF specimen.ﬁir—
ections after AF demagnetization gTable 2)., The screening
test consisted of using Fisher (1953) statistics to
determine the degree of specimen deviation from the
Sample mean, If the specimen:direction diverges by
more than 20° from the sample mean direction then the
Specimen direction was rejected., Thus a homogeneous
Sample mean direction was formed from 2,3; or 4 spec-—
imen directions. |

A total of 43 samples gave a homogenous direction,
an additional 38 samples gave a homogeneous direction
after 1 specimen was rejected. An additional 4 sam~
Ple groups were formed where two directions were re-

Cognizeq, Thus, of the original 171 samples, a tqtal
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FIG, 20a. Hlstogram of NRM intensity change of IF
specimens after induced shock. T
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of 85 samples yiélded acceptable sample mean directions
after screening tests, |

L.5.2 HR Statistical Analysis

The .homogeneous site mean directions for the HR

were determined in a similar manner to the IF (Table 3).
There are three steps by which a homogeneous site mean
direction was determined; 1) core data were rejected
if only one core specimen direction was aﬁailable,
2) a core mean direction was accepted if the two core
Specimen directions diverged by <20°, and 3) at least
two core mean directions had to be acceptable to cal-
culate a site mean direction.

A tbtal of 231 HR cores were obtained at the 45 HR
sites, A total of 57 cores,ﬁere rejected because only
One core specimen-was obtained. In 117 of the remain-
ing 180 cores, their directions diverged by more than
20°and thus they were rejected. An additional 5 sites
Were rejected because there was only one acceptable
Core direction. A total of 15 sites survived the

SCreening tests.

Le6 AF DEMAGNETIZATION OF IF
4.6.1 Pilot Specimens

A total of 70 IF pilot specimens were AF step de-
Mmagnetized up to 100 mT such that the nature of the IF
Témanence can be studied and an optimum AF cleaning

+

field can be selected for the remainder of the samples.
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On examining the pilot specimens, they showed
that they could be grouped into one population, The
PSI curves of representative specimens are shown in
Figure 21, The curves show the removal of the un-
stable viscous remanence (VRM) components in the pres-
ent steeply inclined EMF direction in the O0-15mT steps.
The specimens showed a 20-30 deg/T direct?onal change
in the 5-15mT steps which decreased to less than 5
deg/T between 20 and 70mT steps. Above 70mT there is
& slight increase in the ra*e of directiqnal change
because the random anhysteritic remanence (ARM) com-
Ponents are becoming more pronounced. The intensity
decay curves (Figure 22) support this interpretation.
The majority of the specimegs show a rapid intensity
decay up to 30-40mT as significant VRM components are
removed and then there is a slight intensity decay
throughout the remaining cleaning fields. Specimen
120 shows a slow intensity decay with only 65% of its
intensity removed after 100mT. An additional 5 pilot
SPecimens exhibit this behaviour which might be caused
by the presence of hematite or of single domai? mag-
netite,

The directional.changes of representative pilot
Specimens'during'AF cleaning can be seen in Figure 23,
The Stereoplots show a movement away from a vertical

i tet A
direction following a counterclockwise movemen
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FIG, 22, IF AT demagnetization curve-relative intensity
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90°

180° x

FIG. 23, Directional changes of AF demagnetization on
an equal area projection for IF pilot specimens

NOTE: Change in direction on progressive AX demagnetiza-

tion in fields of O, 5, 10, 15, 20. 30, 40, 50, 60, 70,
80. 90, 100 mT, for IF pilot specimens. Solid symbols

indicate up direction.
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further calculation was done in which all the pilot
Specimens were grouped into each AF demagnetizing
field and the mean direction calculated (Table 6),.
Even though the results are not statistically signi-
ficant due to the overlapping of the radius of con-
fidence there was a counterclockwise movement (Figure
24) with step increase in the AF field. There was
also a shift towards a shallower inclination showing
the removal of the VRM components. After 80mT the
direction becomes random due to ARM. These results
show that the optimum cleaning field selected for most
Samples was possibly 10mT too low, Because the AF
Cleaned specimens have a mean direction of 256.2°,
7.4°and these pllot specimens show continued move-
ment towards 230°, 17 at higher cleaning fields.

The optimum cleaning fields (Figure 25) were se-
lected on the basis of PSI minima. At the optimum
Cleaning field the relative intensity (Jn/Jo) has
been reduced to less than 10% of its original inten-
8ity (Jo) in most specimens (Figure 26).°

Least square model analysis was attempted using
the IF pilot specimens, but this method was unable
to isolate the characteristic remanence directions be-
Cause of the erratic nature of the data.

4.6.2 Smoothing Method

The smoothing method is a single step screening
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TABLE 6, Pilot specimens grouped into each AF demagnetizing

field

————

AF Number of

Field specimens: Decl. Incl. Intensity A95

mT N . +down emu o
0 o' 253 .4 47.8 0.0349 242
> ;o 25063 48.6 0.0214 27.0
10 70 251,0 4249 0.0146 28,4
12 70 219.2 41 .0 0.0106 27.6
20 70 248.8 43 ol 0.0086 2743
30 70 2L645 45,2 0.0055 2641
40 70 243,0 45.0 0.0038 23,0
50 70 23845 3243 0.0028 2149
60 20 245,.6 2549 0.0021 1849
70 70 231.8 2L 0 0.0016 1947
80 70 231 414 1649 0.0013 23.2
90 90 21343 26.6 0.0010 20.2
100 70 239,8 -143 0,0012 22.5

NOTE: A95 is the radius of 95% confidence (Fisher 1953)

in degrees.,

270°

FIG. 24, Mean directional changes during AF demagnetization
steps for IF pilot specimens
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method at the population level, The procedure is to
pPlot the specimen directions on a stereonet with the
positive down directions on one plot and the neg-

ative up directions on another plot. The directional
data can be smoothed and contoured by using a method
proposed by W,B. Kamb (1959). The concentration of
directions identify the various remanence components
Present in the rock. The difference between this
method and conventional point density percentage
contours is that the smoothing area (A) depends on

the number of directions (N). The contour intervals
are in terms of the standard deviation (o) and expected
density (EB): for random sampling of N randomly directed
vectors, Thus any anomaly outlined having more than

E + 2e-directions than the number expected for a random
distribution of vectors will be highly significant especial-~
1y if it is in one localized area of the stereonet,

The mean direction can be obtained from the anom-
aly maxima or by using Fisher statistics selecting
directions within a given anomaly contour. The smooth-
ing method was performed on AF cleaned IF spec?mens
that were corrected for bedding tilt and then on AF
Cleaned homogeneous IF sample'means. The AF IF spec-
mens after smoothing and contouring (Figure 27) formed
an anomgly, The mean declination and inclination were

Calculated using the specimen directions which fall
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IG. 27, Smoothing and contouring of AF cleaned IF
Specimens corrected for bedd-ing tilt

(down direction ; Area = L4.5cm<)
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FIG. 27a, Smoothing and contouring of AF cleaned
IF specimens corrected for bedding tilt
(up direction; Area = L4.5cm~)
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within the E + 20 contour, The anomaly designated component
A yielded a mean direction of 256.2°% 7.4°, 495 = 3,3°,

The AF cleaned homogeneous IF sample means
(Figure 28) show a mean direction of 262.20, 7.20,

A95 = 6.5°which is similar,

L.7 TFOLD TEST AF CLEANING

A fold test was performed by grouping the spec-
imens from a population within an anomaly. The spec-
imen directions corrected for bedding tilt were com-
rared with the uncorrected directions using the angular
variance test,

The ratio of the variances in dispersion (V:éAZAJSZ)
Was caloulated and compared to the corresponding theo-
retical statistic: Fy(Ny=1), 2(Ng-1), 0.05. IfV >F,
then the two populations have significantly different
distributions and hence probably reflecf different
conditions of remanence acquisition or removal. A
Second test of Watson (1956), computes the statistic :

Fc = N=2[ R, + R, - R

1 - R

N - R >

Where R is the length of the vector sum of the re-

Sultants of the R, and R, populations, and N = (N1+N2)

1
is the total number of samples in the two populations,
This is compared to the theoretical statistic: Fé,E(N-Z),

0.05, 1If Fc=>F, then the two populations define signi-
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Smoothing and contouring of homogeneous AF
cleaned IF samples corrected for bedding tilt
(down direction; Area = 38.4cm2)
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FIG, 28a. Smoothing and contouring of homogeneous AF
cleaned IF samples corrected for Bedding
tilt (up direction; Area = 38.4cm<)
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ficantly different directions, possibly as a result
of folding.,.

All the IF specimens falling within the E + 20~
smoothing contour of the corrected and uncorrected
directions (Figure 27 and 29) were compared. The var-
iance test indicates that there is a significant dif-
ference in the dispersion of directions because the
variance ratio of 1.20 is greater than the theoretical
statistic of 1.1 at the 95% confidence level. In add-
ition, the precision parameter, k (Fisher, 1953) is
greater for corrected direction ‘population (Table 7)
showing that their population is less dispersed. There-
fore the remanence isolated in the IF predates the fold-
ing. |

Another test was done using the homogeneous block
means of the samples., The two anomalies (Figure 28 and
30) were compared using only sample directions within
the E + 24 smoothing contour, The variance test indicates
that there is a significant difference in the dispersion
of directions because the variance ratio of 2,00 is
greater than the theoretical statistics of 1.90 at the
95% confidence level., The precision paramétar 6f 19.5
for the corrected direction was greater than that of
11.5 for the uncorrected (Table 7 ). This agrees with
the first test and shows that the isolated remanence in

the IF predates the folding.
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FIG. 29. Smoothing and contouring of AF cleaneq IF
specimens not corrected for bedding tilt
(down direction ; Area = 4.6cme)
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TABLE . TFold Test

‘uolssiwiad Jnoyum paugiyoud uononpoidal Jeyung -Jaumo JybuAdoo ayp Jo uoissiwiad ypm paosnpoiday

Number of Mean Remanence Direction
Groups Compared  specimens Length Decl, Incl, k  A95 V. Fo,05
R o +down <)
Anomaly Specimens
Corrected : ]5] | 139075 256021 7-’-}1 13055 3027
1,20 1.10
Uncorrected 242 218,20 98.25 85.43 11.97 2.75
Homogeneous Block
Means
Corrected 26 25.66 - 262125 7.21-}- ]9049 6.46
| 2,00 1.90
Uncorrected L6 42,08 7024 81,81  11.48 6.49

NO?ES: R is the length of vector resultant,
k is Fisher's (1953) precision parameter,
A95 is the radius of 95% confidence (Fisher 1953),

V is the variance ratiod'corr/cfuncorr of the two populations,

FO.05 is the theoretical statistic FE(N

-1),2(N -1),0,05 thereby setting
the test at the 95% confidence level, COFF - uncorr~!)s0s05
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FIG. 30. Smoothing and contouring of homogeneous AF

cleaned IF samples not corrected for _bedding
tilt (down direction ; Area = 38.4cm~)
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4.8 THERMAL CLEANING OF IRON FORMATION
Le+8e1 Pilot Specimens

A total of 22 IF pilot specimens were thermally
step demagnetized up to 650°C. The intensity decay
curves of representative specimens (Figure 31) show
an initial rapid drop in intensity up to 400°C as
unstable VRM components are removed, The curves then
show a blocking temperature '"knee" of some grains at

47500 above which the magnetization carried by such
grains is destroyed. The thermal coercivity spectrum
of the stable direction is probably carried by mag-
netite that is blocked predominantly - above 475°C.
When pure, magnetite has a Curie temperature (Tc) of
585°C. * _

The PSI curves (Figure 32) show high PSI values
which remain relatively constant up to AOOOC. Above
400°C the curves record an increasing rate of direct-
ional change as the partial thermoremanent (pTRM) com-
ponents dominate the specimen response. In Figure 33
large directional changes can be seen above 500°C as
the characteristic directions are isolated.

Because of the poor isolation of a stable:unit
mean direction above SOOOC, the remaining specimens

were not thermally cleaned.
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4,9 CHEMICAL CLEANING OF IRON FORMATION

4,9.1 Pilot Specimens

A total of 13 out of 19 IF pilot specimens didn't
disintigrate after 1641 hours in 12§ HCI. Within the
first 200 hours, 4 specimens disintigrated, The di-
rectional changes (Figure 34) of representative spec-
imens show the removal of unstable steeply-inclined
components, presumably carried either by relatively
soluble, coarse-grained magnetite or by fine grained
magnetite within magnetite bands. These are attacked
faster than magnetite distributed within the cherty
bands., The surviviné specimens also show a counter-
clockwise movement in remanence direction with dur-
ation of submergence in the 12N HCI, This counter-
clockwise movement reveals the presence of a westerly-
directed component of magnetization, The PSI curves
(Figure 35) show large initial rates of remanence di-
rectional change within the first 100 hours as VRM is
removed, Between 100-1200 hours the rate of directional
change.remains relatively low with the lowest PSI values
for the last measurement at 1641 hours, The intensity
decay curves (Figure 36) show that chemical cleaning
removes up to 70% of the magnetization in most spec-
imens, However two specimens show a gradual movement
towards 240° with 99% of their magnetization removed be-

fore their directions became erratic,
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FIG, 34. Directional changes during chemical cleanink
for IF specimens :

NOTES: Equal area projection showing the change in
direction on progtassive chemical leaching at
times of 0,21,87,180,271,385,525.663.830,1017,
1161 and 1641 hours for IF pilot specimens,
Closed symbols indicate down direction and owven
symbols indicate up direction. )
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4L.,9.2 Remaining Specimens

A total of 54 out of 85 chemically cleaned
specimens retained coherency after 1465 hours in 12N
HCl. These surviving specimens showed scattered re-
manence directions and most specimens rather curious-
ly showed an increase in intensity. This could be
the result of the removal of an oppositely directed re-

manence component.

4.10 BAKED CONTACT TEST

On the intrusion of a diabase dike the host rock
near the contact is heated above the Curie temperatures of
its magnetic minerals and the host rock acquires the dike
direction on cooling. The diabase dike located in the
South pit (Figure 3 ) was sampled perpendicular to the dike

(Figure 37 ). All samples collected fell within the baked

contact zone assuming that a dike of~50m would heat a

zone ~30m of the HR intruded (Pullaiah et al., 1975).
4,10.,1 AF Demagnetization of Dike and Baked Contact zone

L.10.1a Pilot Specimens

One specimen from the dike and 10 from the baked
contact zone were AF step demagnetized up to 100mT such
that an optimum AF cleaning field could be selected for the
remainder of the specimens.

The PSI curves in Figure 38 show the removal of the
unstable VRM components in the present steeply inclined

Y

EMF direction in the 0-15mT steps. The specimens showed

—
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v35 deg/T directional change in the 0-15mT steps which
decreased to less than 5 deg/T between 20 and 50mT steps.
Above 50mT there is an increase in the rate of directional
change because the ARM components are becoming more pro-
nounced. The intensity decay curves (Figure 39 ) support
this interpretation. The majority of the specimens show a
rapid intensity decay up to 30-40mT as significant VEM
components are removed and then there is a slight intens-
ity decay throughout the remaining cleaning fields. The
vector removed components from the AF demagnetization steps
were plotted on the stereonet along with the AF cleaned dike
directions (Figure 40). Two anomalies were formed after
smoothing and contouring of the data. One of the anomalies
for the baked contact zone showed a similar remanence dir-
ection but with a steeper inclination, possibly caused by

a bias of the viscous remanence component. The second
anomaly may be a hybrid direction between that of the dike
and the IF,

4L,10.2 Thermal Cleaning of Dike and Contact zone

A total of one dike and 17 HR specimens were thermal
step demagnetized up to 65d%h The intensity decéy curves
(Figure 41) show an initial drop in intensity up to 450%
as unstable VRM components are removed. The curves then
show a blocking temperature of some grains at 47§%Zabove
which the magnetization carried by such grains is‘destroyed.

Above 550C the intensity drops to<3% of the NRM intensity
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and the remanence directions scatter as the Curie temperature
of magnetite is exceeded. The remanence is a secondary

TRM in the magnetite acquired when the dike was emplaced.

L.11 AF DEMAGNETIZATION OF THE HOST ROCK

4L.11,1 Pilot Specimens

A total of 45 HR pilot specimens, one from each
site, were AF step demagnetized up to 100mT. The di-
rectional changes of representative speciﬁens are
shown in Figure 42. The PSI curves (Figure43) show
the removal of unstable VRM components in the present
steeply-inclined EMF direction (353°, 76°) during the
0-15mT steps. Inxthe 0-15mT steps the specimens show
~120 deg/T rate of directional change. The specimens
then show~ 30 deg/T rate offairectional change between
15=30mT, Above 4OmT there is a rapid increase in the
rate of directional change because random ARM com-
ponents are becoming more pronounced. The intensity
decay curves (Figurell4) show a range of decay rates for
the pilot specimens, Between 0-15mT, 33% of the spec-
imens show a slight increase, 33% show a slow decay
rate, and the remaining 33% show a rapid decay rate in
remanence intensity. Most of the specimens sﬁow 70%
of their NRM intensity removed by 40mT and 90% re-
moved by 100mT.

The optimum cleaning field was selected by in-
spection of the PSI minima, The pilot specimens show

an optimum AF cleaning field (Figure25) of less than
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FIG. 42. Directional changes of AF demagnetization
for HR pilot specimens

NOTES: Change in dirction on srogressive AF dema;netiz-
ation in rfields of 0,5,10,!5,20,30,40,50,50,70,
80,90 and 100mT, for HR pilot specimens.
30lid symbols indicate down direction and ovpen
symbols indicate up direction.
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LOmT at which point the relative intensity of stable
remanence (Figure 26) ranges from 10% to 90% of its

original NRM intensity.

Least square model analysis was attempted using
the HR pilot specimens, but this method was unable
to isolate the characteristic remanence directions.

Lo11.2 Smoothing Method

The smoothing method (4.7.1) is a single step
screening method at the population level, The spec-
imen remanence directions showed a better grouping
when uncorrected for bedding tilt (Figure45) than when
corrected directions (Figure46). Because the tilt-~
corrected directions showed a large scatter, it was
not possible to perform a fold test. However the un-
corrected directions showed two good anomalies., Spec-
imen directions falling within the E + 20 level for each
anomaly were combined to compute fhe mean direction,
One anomaly designated component B(Table 8) yielded
a mean direction of 305.0°, 79.1° , A95 = 4.2° (de-
clination, inclination, cone of 95% confidence) and
the second anomaly designated component C yielded a
mean direction of 189.9°, 53.9°, 495 = 3.7°(Table 8 ).
The A component direction is close to the original NRM
direction (Figures?) of 356.4° , 87.1° , 495 = 3.3°
(Table 8). Component C was isolated by the AF clean-

ing process.
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TABLE 8. Summary of host rock remanence direction

Number of Mean remanence direction

Group specimens Length Decl. Incl, K A9S
N R ° +down °
2B component
AF cleaned L6 LL.3 305.0 79.1 25.9 4.2
R 110 104.6 356.4 87.1 17.3 3.3
C component 30 13.8 189.9  53.9 50.2 3.7

NOTES: R is the length of vector resultant.
K is Fisher's (1953) precision parameter, _
495 is the radius of 95% confidence (Fisher 1953) in degrees.
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4L.12 THERMAL CLEANING OF HOST ROCK

L,12.1 Pilot Specimens

The 24 HR pilot specimens show scattered remanence
directions., A total of 3 specimens change very little
in direction throughout the cleaning process. Another
14 specimens show a stable direction up to~~300° C and
thereafter yield scattered directions. The remaining
7 specimens show scattered directions throughout the
entire cleaning process. Because thermal cleaning was
unable to successfully isolate any directional component,

the remaining specimens were not thermally cleaned,

ILe13 POLE POSITION

4L,1%3.1 Iron Formation

As previously discussed the IF gives a stable pre-
folding A remanence component. Its corrected direction
gives, therefore, the pole position for the time of
primary remanence acquistion upon deposition or of
post depositional alternation prior to deformation
during the Algoman orogeny (Table 9). Figure 48 shows
this pole position superimposed on the apparent polar
wandering (APW) curve for this period (Symons et al,
1980), Its location gives an apparent age of~ 2.70 Ga.
This is considerably earlier than the~2.,5 Ga Algo-
man orogeny and therefore likely represents the pri-

mary remanence that IF acquired during deposition.
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TABLE 9. Pole positions of the Adams Mine

Number of Mean Remanence Direction Pole Position
Group specimens Length Decl, Incl, K A95 Long, Lat, d dm
N R o +dgwn o (ew) éN) of 0
IF A component 151 139.75 256.21 Telt1 13433 3427 37,88 6.35 1.65 3,29
HR B Component I-|-6 44.26 304.96 79.08 25090 4.21 111 099 56025 70 6] 8.01
HR C component 30 29.4k2 189.91 53.91 50,18 3.75 88.12 =7,06 3,67 5.25
Dike D component 14 13,77 © 175.84 32,98 58.50 5,24  75.57 -23.91 3.37 5.94

NOTES: Tor the pole position the longitude and latitude are in degrees west
(Long,°W) and north ?Lat.°N) respectively, with d_ and dm being the semi-axes
of the oval of confidence along and perpendicularpto the site-pole great circle,
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L,13.,2 Host Rock

. The HR shows two stable post-~folding remanence
directions. Therefore these directions were acquired
after the Algoman orogeny. FigureL9 shows these poles
superimposed on the APW path of Irving (1979). The B
component pole indicates an age of~2,15Ga, This
age is indistinguishable for the Rb/Sr age of 2.16 Ga
that dates the intrusion of the Otto syenite stock (Bell
and Blenkinsop, 1976). Furthermore Pullaiah and Irving.
(1975) determined a remanence direction of 330° , 71°
for the Otto syenite stock which corresponds to this
B component direction. Thus it seems the B component
pole is a metamorphic overprint acquired when the Otto
and Lebel syentite stocks we}e intruded.

The C component gives a pole position with an

age 0f~ 1,85 Ga. This post-folding metamorphic over-

print is possibly associated with the emplacement of the

Abitibi dike swarm, D component, which gives an age

of 1.83Ga or possibly due to the Hudsonian orogeny.

-

L.14 MAGNETIC MODEL
L1441 Infinite Depth Extent

The total intensity of the EMF at the Adams Mine
is 59, 760% (gammas) (CDM, 1965).
The magnetic anomaly produced by the South pit will

be used as an example of comparison between the theoret-
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ical and actual anomaly calculation. The ore zone

has an average width of 165m. For the South pit, the
input values are: k; = 0.067 cgs/cmE;'kH/k__L = 1.57;
the demagnetizing factor is F = 24r (Gay. 1963); the
augmenting factor is 16% for the remanence effect; and
the terrain clearance is 305m for the aeromagnetic
anomaly. The theoretical model anomaly was then cal-
culated for a variety of strike directions and dip
values (Figure 50 and51 ).

The South pit strikes at N93°E and dips at 60°S
giving a computed peak anomaly of 10,000 ¥ . The
measured peak value over the South pit is 70,250%
(GSC, 1975), /Subtraction of the background value of
59,500¥ gives a peak anomaly of 10,750¥ , Thus the
calculated and measured peak Valués agree to within 7%.
If the South pit is rotated to the horizontal, then the
computed peak anomaly is reduced to~ 3,200% or 32% of
its present value, This result is similar to that found
in the Sherman mine study (Symons and Stupavsky, 1979)
and Moose Mountain mine (Symons, Walley and Stupavsky,
1980). Because of the close similarity of the magnetic
characteristics of the three deposits (Table 1Ca-10b),
the type curves also take a similar form. Calculated
and measured peak values for'the other pits are shown _

in Table 17,
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TABLE 10a, Summary and comparison of magnetic properties of the Sherman mine, Moose
Mountain mine and Adams mine iron formation

Sherman Moose Mountain Adams
1. Metamorphic grade low greenschist upper greenschist mid greenschist
amphibolite
2. Magnetic susceptibility ‘
1 bedding plane, kjfcgs/cc) 0,096 0,110 0,065
3, Anisctropy of magnetic
susceptibility , k;,/k; | 1.60 1.75 1,62
iy NRM remanence magnetite 2.5 x 10:2 4,8 x 10:2 1.21 x 102
(emu/cc) hematite 4,0 x 10 3.9 x 10
5. Koenigsberger ratio, Q O0.46 0.63 0.67
6, Effective Q, QezR/N coSO 0,22 0,24 0.17
7. AF demagnetized remanence (170, O 0 105 Pr  (3.7% 08. ) Pr (256.2?7-40,3.3%131‘
(N and R components (96. —6 6,9. Pr  (80.656.1%6,8)Pr
combined) (278.18,77.7516.7)Pr

NOTES: Remanence directions given as (Decl., Incl., A95),
Pr, = Pre-folding at 95% confidence level, I, = Inconclusive fold-test.
For details of the results listed, see text,
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TABLE 10bSummary and comparison of magnetic properties of the host rock at the Sherman,

Moose Mountain and Adams mines

Sherman Moose Mountain Adams
1. Magnetic susceptibility 4.9 x 1077 5,0 x 10~ 2,35 x 107k
bedding plane, kl(cgs/cc) :
2. NRM remanence (emu/cc) 2.94 x 10'6 1.99 x 10'6 5.97 x 10’6
3, Koenigsberger ratio, Q 0,104 0.063 0.013
4, AF demagnetized remanence (168 L & pr (5%??39%% (30557931
(N and R components combined) (854319 I - (82%,39%28)1 (1908518 191

NOTES: Remanence directions given as (Decl., Incl., A95),

Pr, = Pre-folding at 95% confidence level, I, = Inconclusive fold-test.

For details of the results listed, see text,
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TABLE 11. Summary of aeromagnetic response of IF

. Peak aeromagnetic re
Pit Strike Dip Width @ 305 m x)

o o m Observed Computed
Peria 48 80 180 8,500 8,100
North 0. 90 200 11,750 10,000
Central 113 50 200 11,000 10,650
10,750 10,000

South 93 60 160

NOTES: Observed response from Map 20,137G Kirkland Lake,
Ontario (GSC 1975).
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

From the preceeding discussion, a number of con-
clusions can be drawn:

1) The close agreement between the Adams Mine mag-
netic parameters and those of the Sherman and Moose Mount-
ain mine ( Table 10) suggests that the genesis of the three
ore bodies was similar. The NRM intensity and anisotropy
of susceptibility at Adams Mine are thought to be the re-
sult of the medium grade regional metamorphism.

2) The similarity of magnetic characteristics
for the three Algoma-type banded IF suggests that the values
may be representative of Algoma-type IF as a whole and
may therefore be used in magnetic anomaly computation for
exploration purposes.

3) For anomaly interpretation purposes the HR NRM
can be omitted because the induced magnetization of the IF
is~ 4,300 times greater.

L) If the IF NRM directions were entirely aligned
with the Earth's field, then the remanence would increase
the induced anomaly by 67%. Thus the remanence intensity
and direction is an important factor,

5) Computation of the magnetic anomaly curves, incorp-
orating the effects of anisotropy, demagnetization and
remanence show that if the IF were flat-lying, the peak

anomaly would be reduced to32% of its present value.

107
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6) Variation in IF strike has little effect on the
value of the peak anomaly.

7) Close agreement between observed and expected
anomalies is achieved using a model of infinite depth extent.

8) The present explorational rationale of only
using the most intense vertical magnetizations as targets
for examination is insufficilent and unjustified.

9) A more logical approach to exploration is out-
lined:

i) Locate potential area of interest from
regional geology,
ii) Determine regional strike and dip,

iii) Using realistic values of susceptibility,
anisotropy., demagnetization, remanence and depth, compute
the type curves for the aeromagnetic anomaly for a number
of thicknesses and depth extents,

iv) Match observed magnetic anomalies with
type curves, and

v) Use detailed mapping and diamond drill-
ing to put restraints on thickness, depth of burial and
depth extent.

10) AF and chemical demagnetization of the IF re-

sults in the isolation of one stable, well defined pre-
folding A remanence component at 256? 7?

11) This A component - is different from those isolated
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at the Sherman and Moose Mountain mine IF after tectonic
correction (Table 10a).

12) AF demagnetization of the HR results in the
isolation of two stable, postfolding remanence components,
a B component at 305°, 79%°and a C component at 190°, 54°,

13) AF demagnetization of the diabase dike results
in the isolation of a D component at 176°. 33°.

14) The inferred paleomagnetic pole position for
the IF is 38°W, 6'°N..(dp = 2° 4, = 3®). This pole is
based upon smoothing and contouring method of AF demagnet-
ization data. This pole position. superimposed on the
apparent polar wander (APW) curve for this period (Symons
et al., 1980), gives an age of~2.,85Ga and likely represents
the primary remanence that IF acquired during deposition,

15) The inferred paleomagnetic pole position for
8%, d = 8°) and

m

C component is 88°W, 7°S (dp = 4%, d = 5°). This pole

is based upon smoothing and contouring method of AF de-~

the HR B component is 112°W, 56°N (d,,

magnetization data. The B component gives an age of~2.15Ga
and is associated with the intrusion of the Otto syenite
stock. The C component gives an age of 1.85Ga and is
possibly associated with the intrusion of the Abitibi dike

swarm or the Hudsonian orogenye.
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APPENDIX I
Computer program for the calculaticn of the
magnetic anomaly over a thin sheet of

infinite strike and depth extent,
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