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 ABSTRACT - &

The Haycock iron-alkalic rocks ;re members of a serfes of
deposits extending from near éatineau, Québec, far 16 km in a
northeasterly direction, approximately parallel to the regional'
trend formed by the metasedimentary rocks. The hostrock is
Precambrian'biotite gneiss, agqﬁphlogopite in the Hayeock
" hematite occurrences gives a Grenviilian K-Ar age.
Individually deposits are small, the largest being;a'mass of
solid hematite-magnetite 20 metres long and about 1 metre wide
maximum., | |

Petrological study indicates a typical occurrence can be
divided into three concentric zones. The core zone is
characterized by hematite-magnetite, the inner zone by

aegirine, eckermannite and phlogopite ;nd the outer zone by
'phlogopite_and aegirine.

The Haycock iron-alkalic rocks believed to represent
assemblages of minerals formed du;ing metamorphism at low to
medium temperature metamorphism at- moderate depth by
recombination of -elements already present in the rock but
perhaps.with a limited migration (inward) of sodium, magnesium
and titanipm._ Hematite-aegirine deposits are now located in

pre-existing iron-rich, stratabound horizons.
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CHAPTER 1

INTRODUCTIQN
-

1.1 General Statement ﬁva/,}

The Ottawa-Hull:region contains several bodies of

alkalic rock. For exanple, along the Hull-Templeton
township line there are hematite~magﬁetite deposits
associated with alkalig magnesian gneiss (Fig. 1,
localities 2 and 3), with the Haycock Ming area (3)
contaimiy the largest iron-oxide bodies and alkaiig/)
zones. Other alkalic rocks in the area are Meacﬁf
Lake-McCloskey s Field (1), viau's Lot (2), Flynn s Lot
(4), Rainv1lle Creek (5), Little Dam Lake (6) and Francon
Quarry (7). "They are shown on Figs. ‘1 and 5 and ‘'will be_
mentioned later in the text.

This study ﬁill.be concerned with rocks and minerals
characterizing tﬂe alkalic zones of the Haycock iron
deposits. Coexisting mineral phases‘will be studied in an
atE;mpt to evaluate PTX conditions rn'oréer to.determine

geochemical processes involved in the origin of these

rocks. Finally, relationships with other alkalic complexes

o

The study area is 16 kilometres (km) northeast of

will be discussed.

1.2 Location and Access

-~

Hull, Quebec and covers 24 square km. The Hull-Templeton
. . o
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Township boundary divides the area in half (Fig. 2). The
Haycock hematite-magnetite deposits and associated
alkalic-magnesian rocks are included in an area of about

400 acres in lot 1, range XI of Hull Township and lot 28,

range VI of Templeton Township. The area is easily

accessible by car, and both municipal and forestry roads
€ross the entire region. The physiography is characterized
by low relief with gently rolling hills and extensive
intervening marshlands. This low relief alsé results in
poor rock exposure, approximately 70 percent of the-arga

being drift or swémp—covered.

Mining History

 The Haycock Mine was worked for iron_by Edwérd Haycock
from 1872 to 1874. It was described by Cirkel (1909,
PP. 61) as follows: ‘ -

' "Iﬁ;April, 1873, extensive operations were started,
which lasted, with few interruptions, until the fall
of the following year. During this time.a number of
dwelling houses, offices, storehouses, residence for
manager, stables, and powderhouse were built, and the
property pdt in shape éenerally for work on an
extensive scale. There werekgf;o built four charcoal
kilns, a forge of four fires in which very good blooms
were made, a crusher house, and all accessories for
combined mining and smelting operations. A tramway, 3

feet gauge, 6 1/4 miles in length, was built from the
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pr?ncipal pits, through the property along the town
line between Hu}l and Templeton, to the Gatiﬁeau
River, where the connection was made with the Canadian
Pacific Railway and all connecting railway and
'streamship lines at Ottawa and Montreal. In addition
to the above, a'steam sawmill of_20.horse—power was
erected, with all facilities for cutting timber and
logs. As to the results of these operations, which
extended over several years, no authentic information
“can be obtained. It appears, however, that while the
quality‘of the ore Qas excellent, the quantity
necessary to keep the furnaces permanently in
operation seems to have been lacking."

I£ should be noted that this was one of the earliest

mines in central Canada and the mining industry contributed

to the opening-up of the Ottawa Valley district.

Research Methods

Sample collecting and geological mapping were done in
the fall of 1972 and spring and summer of 1973. 1In total 5
weeks were spent in the field, about 3.5 weeks mapping and

collecting in the mine area and vicinity (area of Fig. 6),

-the remaining 1.5 weeks in a general geological

reconnaissance (area of Fig. 3) by examining outcrops at or
near roads and trails. Plotting was on black and white

aerial photographs (1:12,000 scale). . Figure 6 is from



6

personal observation whereas the geology'of Figure 3 is
from Dr. Hogarth's unpublished manuscript map w1th
generalizations and alterations aftéﬁhobservatlons of the

) L)
writer.

On Ehe mine property, sampiing was done by two o
techniqueé: by collecting block samples and -by coring.
From a large selection of block samples (2-3 kg) 40 were
selected for detailed whemical and petrological study.
Considerable care w@s taken to ensure representativity but

in some instances, O extreme coarse grain and
bl

_inhomogeneity, this ed impossible for a reasonably

~
sized sample. Effects of this inhomogeneity will be

appaéent in analyses quoted in Section 5.

Polished and thin sections were cut from these block
-samples for detailed petrographic investigation. The
remainder was crushed to 200 mesh for chemical analyses.
About 100 cores (2.5 cm diameter, 15 cm in length) were
dfilled in the immediate area of the Haycock Mine with a
portable gas driven drill. From these, 20 were selected
for detailed examination and it was from these cores that
the polished thin sections for electron microprobe analyses
were cut. No cores were drilled outside the area of

Fig. 6.
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CHAPTER 2

.
o

.
REGIONAL GEOLOGY.

2.1 General Statement

2.2

Rocks of the Ottawa-Hull area were formed both'in

A

Precambrian and Phanerozoic time. The St. Lawrence
Lowlands are covered by Paleozoic and Quatérnary '
sedimentary rocks. The flanking hilly godntry is'mainly
underlain by Precambrian regional metéﬁbrphic rocks with
grades up to granulite facies. The latest metamorphic

episode was the Grenvillian Orogeny which gives K-Ar ages

of 900 to 1100 m.y. (Baird, 1972).

Previous Geological Work

The first geological description of the Haycock Mine
area wés by Loéan (1866, pp. 20-22). This was followed by
recdnnaissance mapping by Vennor (1878) and Ells
(1901a,b)}. .Historical and descriptive infqrmation was
presented for most iron deggsité ih the Gatineau area by
Cirkel (1%09, pp. 60-72). The.aréa.;as mapped on a scale
of 1/63,360 by M.E. Wilson (1920) and described in a
preliminary report‘TW{lson, 1916). The economic mineral‘
deéosits of the same aggh, were described by A. Ledoux
j1916). General geology of thg_region northwest and west

of the thesis area is found in tﬁé\;eports of the Wakefield

area by Beland (1954, 1955). A guide\bgsk by Hogarth
. - -
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(1962) describes the Haycock Mine and other localities.

The nearby area, Gatineau Park hag been described and
mapped by Hogarth (1966, 1970). A B.Sc. thesis by Cockburn
(1966) describes the ore deposits of the Haycock Mine. A
good resume of the Ottawa-Hull general geology and a
summary of the Haycock Mine geology can be found in the
24£h International Geological Congress Guide Book to

excursions B-23 to B-27 edited by D.M. Baird (1972).

Rock Descriptions

Rocks are classified genetically as metasedimentary and

meta-igneous units.

.3.1 Meta-sedimentary Unit

This unit consists of marble, paragneiss and
quartzite. The marble consists of coarse-grained
calcite and varies from a relatively pure marble
(southwest corner Figq. 3) containing dolomite,
phlogopité and apatite to a very impure marble
(northeast corner Fig. 3) composed of calcite (45%),
apatite (20%) and phlogopite (35%). This rock has
undergone strong serpentinization. Xenoliths congist
of quartzite and paragneiss. No regular alignmeﬁf of
these blocks was found. The quartzite is massive and
coarse. grained, containing quartz, biotite, iron |
oxides, hornblende and feldspar. Paragneiss is

associated with, and gradational into,
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s 11
quartzite as layers and. lenticular masses. No w;—
extensive area of outcrops was found. The gneiss
varies greatly in composition but generally is composedr
of quartz, biotite and microcline locally with |
considerable @lmangine and/or hypersthene (rarély

sillimanite). ¢

The Meta—iéneohs Unit .

This unit is composgd'of meEagabbro, metasyenite
granite, pegmatite, and a carbonate-sulfate rock!
Throughout the area dikes and irregular masses of
pegmatite are found. They consist of microcline-
albite or microcline-oligoclase and varying amounts of
quartz and.ferromagnesian minerals. Their appearance
is fresher than other rocks. They were probably formed
at a late stage bf magmatism. Biotite gneiss,
containing varying amouﬁts of quartz, is the wall rock
of the Haycock iron deposits. It perhaps belongs with
this unit and will be discussed in later sections of
the thesis. & smail-(Z meter-diameter} isolated rock,

crops out at location 15.(Fig. 6, figure caption). The

small size of this outcrop and its unexposed field

, relationships with surrounding rocks preclude any

definite conclusion on its origin. The rock is
inhomogeneous and consists of calcite (45%) , dolomite
(20%) and barite (35%). Large crystals of magnetite
are sparsely distributed through the rock. This
mineralogy is not inconsistent with either igneous

(carbonatite) or hydrothermal origins.



CHAPTER 3

"FENITES AND ALKALIC ROCKS

3.1 Definition A -
The term fenite’will be empléyéd throughout the thesis

and should therefore be defined at the outset. Originally
"fenite” was applied to thé contact metamorphic aureole of ///
t;L Fen eruptive rock, Norway (Brogger, 1921). It was
defined as: ieucometasomatite of altered granite developed
through the action of solutions derived from an
ijolite-melteigite magma and cbntaining up to 25 percent
aegirine-augite and a minimum of 52 percent ofksioz. It
was later found around many carbonatite complexes. The
usage of the word has broadened and it was defined by Gary
et al. (1973)‘as a "quartz-feldspathic rock which has been
altered by alkali-metasomatism at the contact of a
carbonatite intrusive complex".

\In the present study no alkalic intrusions or
carbonatites were found, although these may not crop out on
the surface. Fenite will therefore be used for a rock with
similar mineralogy to the fenite of Fen (i.e. containing
such minerals as aegirine, iron oxides and alkali
amphiboles) resulting from the alkali action on the country
rocks. Although the word fenite is used, it is clear that
one has to be careful, and that alkaline iron-rich rock

might be more appropriate.

7N
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Since the recognition of the eé@nomic potential of
Carbbnatifes and alkalic rochs (for example those from Oka;
Quebec and the Kola Peninsula, USSR) the‘study of these
rocks has been intensified. The. bést references covering
fenites are the Alno Memoir by Von Eckermann (1948), the
two basic texhbooks on carbonatites by Heinrich (1966) and

Tuttle and Gittins (1966), the symposium on alkalic rocks,

G. Perrault editor (1970) and the textbook on alkalic rocks
by Sgrensen (1974F.

Regional Setting

The tectonic setting of the Ottawg-Hhil'area is the
Ottawa graben, a down-dropped block of basement rock mostly
covered with Paleozoic sediments (Fig. 4). This graben is
considered to be an arm of the St. Lawrence rift system
(Kumarapeli, 1970). The correlation between this rift
system, or its extension arms, with alkaline activity in
time and space, was established by Kumarapéli and Saull
(1966) , Kumarapeli .(1970) and Doig (1970). They proposed a
Precambrian origin of the rift system with later episodic
alkaline igneous activity at around 120 m.y. {Monteregian
intrusion), at 350-450 m.y. (Rigaud stock) and 500-600 m.y.
(Buckingham intrusive complex). Other alkaline rocks  are
found, in northeastern Ontario, representing episodes at
1000-1100 m.y. and 1650-1750 m.y. (Tuttle and Glttlns,
1966). Some are thought to be related to the Kapuskasing

gravity high, and correspond closely to the’ Grenvillian and

Hudsonian events. , o
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Figure 4, Distribution of dated alkaline 1gneous
rocks ‘of Phanerozoic age in Eastern Canada.

(shown as full dot).The boundaric¢s of ‘the
St. Lawrence rift system aré shown in heavy lines
from Kumarapeli and Saull (1966).They concluded
that the origin of the rift system may have bLeen in
Precambrian time.
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The eoundaries of the Ottawa Graben in the study area
are poorly defined due to lack of good outcrops.
Geographlcally, the Haycock Mine appears to lie close to
the north boundary of the graben and this suggests a
p0581b1e genetic relation between the two, though 1ack1ng
further evidence, this relationship is tenuous. The
Haycock occurrences, hoﬁever, give Precambrian ages (next

section) and this would require the fault system of the

graben to be in existence over a very long period of time. /

r

Alkalic Rocks in Hull and Templeton Townships

Three types of alkalic rocks are known in the n /

»
Ottawa-Hull area (Fig. 1). _ . ’

1) Aplites and carbonatites near Meach Lake, northeast

of Hull, Quebec (Béland, 1951; Hogarth, 1966; and
Baird, 1972).

2) CarBenatite dykes in the Francon Quarry, Orleans,
Ontario (Baird, 1972). -

3) Fenite and associated roéks at Haycock Mine;-Little
Dam Lake, Rainville Creek, and Darby's, Viau's and
Flfnn's Lots (Cirkel, 1909; Cockburn, 1966, Baird,
1972, Erdmer, 1977).

The Meach Lake carbonatite complex is associated with
the late stage of the Wakefield Batholith and consists of

dolomite-calcite bodies associated with richterite and
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magnesioriebeckite, and as minor constituents, apatite,
phlogopite, strontianite, barite, fluorite, betafite and
other minerals. Two ages (K-Ar) were determined on

phlogopite (D.D. Hogarth, 1966}:

a) Brown phlogopite selveage‘from a dolomite-calcite
dyke (930 + 25 m.y.).
b) Green phlogopite selvedge from a calcite dyke

(910 + 25 m.y.).

The Francon Quarry.dolopitic carbonatite dykes cut
Middle Ordovician limestone and may be contemporaneous with
Montefegian intrusives to the east. The carbonatite dykes

occur in a regionally developed shatter zone which cuts the

:: ‘ ttawa Formation. Besides a dolomltlc -calcite matrix the

dykes contain scattered phenocrysts of phlogoplte and
apatite. They are parallel to a regional set of normal

faults and trend 900/85? S. The matrix is dolomitic

and the rock—is rich in réfe_earths (La, Ce) and Nb, Mo, Sr
// Bt

(Baird, 1972). \

B /l o .
Fenites near the Hull<Templeton township line have a
different mineralogy. All contain hematite (either as red
/‘ LY

hematite or spégﬁiarite), aegirine and Na-amphibole. All
have high titanium content; rutile is recorded at the
Haycock Mine, Rainville Creek, and Little Dam Lake. Barite

is seen at the Haycock Mine, Rainville Creek and Little Dam

Lake. At the Haycock Mine, minerals are arranged in zones

1 v
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around iron-oxide lenses, Proceediqg outward, the zongs'
are characterized by hematite-magnetite icore),
aegirine-eckermannite-phlogdpite (inner), and
aegirine-phlogopite (outer).: They will be described in
1? detail in Chapter 5. "

Two K/Ar ages on brown phlogopite from the Haycock

Mine give a mean age of 921 m.y. They are:

1) Brown phlogopite from fenite dump (980 + 52 m.y.)
’ (M. Shafiquillah, Carleton University, Ottawa for
o _ D.b. Hogarth, 1971).
25 Brown phlogopite from fenite from the Haycock Mine
Adit: (862 + 31 m.y.) (Wanless et al., 1974, pp.

Fl

72-88

3.4 Spatial Relationships of Occurrence

Two spatial relationships are apparent. First is the
regional north-northeast alignment of iron oxide
occurrences (Fig. 1). 'This north-northeast trend
correlates with the magnetic high (>2800 gammas; Fig; 5)
which'corresponds to an area underlain by biotite gneiss
(Fig. 3). Secondly the flanking magnetié lows (42800
gammas) correspond to typical metasedimentary rocks. This

alignment suggests a stratigraphic control.



“Figure 5

18~

e A AR ANKARALEELLEIE] YT YTV I rTYY LS
sasdtdtvsdsagsrane oa....oo-----.c.-cc--.--

-.......‘.... ----- LY
ARARKSEELENY )

Aeromagnetlc map cof the study area (Map 196-C, G.S8.C.).
Numbers in this figure are defined in Fig. 1. The high
area signifies a total intensity greater than 2800

.gammas and the low, less than 2800 gammas. Flight

altitude 150 metres above ground level Scale is
1:63,360.
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CHAPTER 4

MINERALS

4.1 Introduction

This chapter will be devoted to the description of
~minerals found in the ore zone, fenites and in various
surrounding rocks. The minerals found are divided in four

groups: silicates, carbonates, oxides and others (Table 1).
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TABLE 1
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HAYCOCK MINE AREA

Silicates:

Carbonates:

Oxides:

Others:

Aegirine
Almandine*
Augite*
Biotite*
Chlorite*

Eckermannite
Calcite

Hematite

Ilmenite

Apatite

Barite

Feldspars
Grunerite*
‘Hornblende*
Hypersthene*
Magnesioriebeckite

Phlogopite
Dolomite

Maghemite

Magnetite

Fluorite

Pyrite

Quartz
Scolecite
Sericite

Sillimanite*

Pseudobrookite

Rutile

Pyrrhotite

*Minerals marked with an asterisk (*) have been found in the

surrounding rock only.
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Silicates
Aegirine

After phlogopite, aegirine is the most abundant
gangue mineral. It is found in the fenite zones
associated primarily with phlogopite, eckermannite,
hematite and apatite in the inner and with phlogopite
in the outer zone. It is also seen with calcite and
barite in late veins, When aééociated with phlogopite;
eckermannite and hematite, it occurs in two crystal
habits: first as short, euhedral greén crystals,
gsecond as small, bent light-green fibres. When
associated with calcite and barite it occurs as short
to long, commonly radiating fibres. Aegirine from

‘40 .
different locations (Fig. 6) has been analyzed and

chemical data are presented in Table 2. Very little

variation in chemical composition from one zone to
another is seen.

The name aegirine, as defined by Deer et al.
(1963, pp.'280), will be used to describe this
species. Mossbauer and optical spectroscopy runs fere
made on aegirine crystals,-results‘are presented in
§?pendix I. Diffractometer and camera X-ray studies

were made and data are presented in Appendix II.

e
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TABLE 2

MICROPROBE ANALYSES OF AEGIRINE

FROM DIFFERENT AREAS OF FENITE ZONES

Location 01 02 07 09
5102 52.67 54.23 53.05 52.57
TiQ, ) 0.18 0.44 0.80 0.05
A1203 . 2.91 1.46 1.74 2.37
Feglqa** 32.44 29.89 31.17 31.582
MgO 0.25 0.35 0.68 0.24
Cao0 0.34 0.22 0.39 0.19
Nas0 13.11 13.78 14.68 14.17
Ko0 0.37 0.11 0.29 0.01
TOTAL 102.27 100.48 102.80 101.52

* Analyst Tariq Ahmegdali. Localities shown in Fig. 6. All
inner zone samples -
**Total Fe as Fep03.

NUMBERS OF CATIONS BASED ON 6 OXYGENS.

Si 1.962 2.038 1.972 1.974
2.00 } 2.04 - } 2.00 } 2.00

artt 0.038 0.000 0.028 0.026

Al*® , 0.09 0.06 0.048 - 0.079

Ti 0.005 0.012 0.022] - 0.001
- 1.02 0.94 0.98 0.99

Fe 0.909 0.845 0.872( .,  0.902

‘Mg 0.014 0.020| 0.038| 0.013

Ca 0.01 0.009 0.016 0.008

Na 0.947 . 1.00 1.058) | 1.032
N 0.98 1.2 } 1.09 .} 1.04

K 0.018 0.005 0.014 0.000

MOLECULAR PER UNIT

Acmite " 90.91 93.99 . 93.46 90.97

Jadeite 4.20 3.86 2.83 8.56

Rem.* 4.88 2.16 3.70 1.38
*Includes CaTiAlj0g, Mg3Siz0g end members.

Calculations according to the PYROX program, University of Oslo.

-
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Almandine and Sillimanite
These minerals are found insthe
sillimanite-garnet~biotite gneiss only. Sillimanite is
sparsely distributed in the gneiss, occurring as prisms
within quartz and microcline.? Garnet is rare near the

Haycock mine but is common in the northeast corner of

‘the map area associated with quartz, biotite,

sillimanite and microcline. Garnet (almandine) is
found as rounded crystals. x—fay data for sillimante

and the garnet, identified as almandine are presented

in Appendix II.

"Augite, Biotite, Chlorite, Hypersthene and Grunerite
These ferromagnesian minerals are constituents of

the meta-igneous unit but chlorite and biotite are also

seen in the'mejasedimentary unit. In the marble, a
o

minor amount chlorite and phlogopite can be

detected. Chlorite and biotite are common near the

mine area. In syenite near the mine, chlorite appears

to decrease with distance from the mine but any

_ conclusions are speculative owing to the scarcity of

the outcrops. Grunerite is seen in the northeast edge
of the mine but rarely outside the mine area. Augite

and Hypersthene '‘are minor constituents.
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4.4.2.4 Eckermannite

Eckermannite occurs exclusively fn the fenite
zones where it is always associated with phlogopite and
aegirine. In hand specimens it is easily recognized by
its fibrous appearance, its light blue color and its
characteristic mineral assemblages: aegirine (green)
and phlogopite (brown to black). 1In thin section, its’
pleochoism is from purple to blue, anomalous
iﬁ%erference colors (from Berlin blue to brown, with a

sharp changp).which are easily recognized.l It is

difficult t;\determine éptical properties owing to its
fibrous form. Chemical analysesufroﬁ different areas
(Fig. 6) within the inner zZone are presenéed tn Table 3.
As seen from these analyses there are no

. appre&iableachanges within the zone itself. The main
variation in amphiboles appears to be in the different
species found at and near the Haycock mine
(eckermannite)‘and that\ﬁgynd in the surrounding area
(magnesioriebeckite). This conclusion, is however,
based on a single analysis of magnesioriebecﬁité.

X-ray diffraction studies were precluded due to the

difficdzzy in purifying the mineral. Mossbauer spectra

runs were made on eckermannite and the pertinent data

are tabulated in Appendix I.

{
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MICROPROBE ANALYSES OF ECKERMANNITE*

01 09
Si0gp 57.08 56.04
Ti0>p 0.10 0.12
Alp03 0.44 0.45
Fep03** 7.76 8.13
Fel 3.28 3.46
Mg 0 16.75 16.30
Ca0 0.52 0.34
Naz0 8.71 9.06
Ko0 2.41 2.38
TOTAL 97.05 96.28
NUMBERS QF CATIONS BASED ON 46 CHARGES

Si 8.099 8.121

v 8.10 8.12
al 0.000 0.000

VI
Al 0.074 0.077
Ti 0.011 0.013
Fe 0.829 0.985

4.85 4.97

Fe - 0.389 0.377
Mg 3.543 3.521
Ca 0.079 0.053
Na 2.396 2.91 2.545 3.04
K 0.436 0.440

* Analyst Tariq Ahmegdali
** Analysed total Fe was resolved in Fe0 -and Fe03 from

Mossbauexr data.

Sample locations shown on-Fig.

6.

v IR
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Feldspar and Sericite ‘

Alkai;jggldspars (microcline) from different
areas of the inner and outer fenite zones (Fig. 6)
were analysed (Table 4) and confirmed by X~-ray
diffractién (Appendix II). Little chemical variation
was detected. It must be noted that the increase in
fenitization is characterized'by an increase in
sericitization of the feldspar and by the formation of
a new plagioclase, in the form of fresh subhedral
crystals of composition Anlo {(optical
dete;minaéion). The formation of‘this new feldspar
implies that calcium needs to be brought in. The

origin of the calcium addition is unknown.

Magnesioriebeckite
Magnesioriebeck@te was identified in the second
type'fenite, i.e. that found outside the immediate
area of the Haycock Mine, filling fractures and
coating joints and slickensides. It is assdciated
witﬁnﬁTﬁGr.hematite and calcite. The mineral is
present as very fine blue needles and was never founa

in any other crystal habit. In thin séctions it is

recognized by its strong Pleochroism (blue to green) .

and anomalous deep blue to brown interference colors.
X-ray data and chemical analyses for
magnesioriebeckite are presented respectively in

Appendix II and Table 5., The occurrence of
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TABLE 4

MICROPROBE ANALYSES OF MICROCLINE*

FROM DIFFERENT FENITE ZONES

Location 1 2 7 9

ZONE INNER INNER OUTER OUTER
5i0s 64.28 64,26 64.60 62.38
Alo03 18.25 18.77 o 17.91 18.52
FeQ** 0.25 0.19 0.35 0.06
Mg0 0.02 0.00 0.01 T 0.00
Cal 0.04 0.09 0.01 0.07
Nas0 0.50 1.04 0.40 ' 1.25
K»0 16.42 lA.68 16.23 15.50
TOTAL 99,76 . 99,23 99,51 97.78

* Analyst Tarig Ahmegdali. Location fkom Fig. 6.

** Total Fe as Fel

NUMBERS OF CATIONS BASED ON 8 OXYGENS

3.082) .- 2,995 2.940
4.14 4.00 3.96

1.058 1.005 1.019
0.008 " 0.0l4 _ 0.002
0.005 . 0.001 . 0.003
. 1.00 1.04 1.04
0.096 0.037 0.113

0.896 0.986 0.924
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TABLE 5 oy
ATOMIC ABSORPTION ANALYSES OF MAGNESIORIEBECKITE*
Si02 55.15
Alo03 1.14
Fep03 13.60
Fel ' B2 8.24
Mg0 10.04
-Cao 2.23
Mn0 0.14
Naz0 ‘ - 5.43
K70 0.28

TOTAL . 96.25

NUMBER OF CATIONS PER 46 NEGATIVE CHARGES

si , 8.055} \  8.06
A1V - | 0.000 -
a1Vl - 2 0,196

FetIll S L 1.495

Fetll : 1.006 4,90
Mn 0.017

Mg " 2.186 .

Ca | : 0.349 3
Na . 1.538 1.94
K 0.052

*Ferri& and Ferrous iron resolved. by method of Jen (1973).
Location 17 in Fig. 6.

v i wisciaadicaid
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magnesioriebeckite is of prime importance since it has
" been recognized in many areas of tectonic activity
like the’Great Glen Fault in Scotland where

crocidolite f£ills joints and shear zones and coats

‘slickensides (Deans, 1970).

4.4.2.7 Phlogopite ‘>
Phlogopite.iS'thg most abﬁndant gangue mineral.

It is a major component of veinlets, lenses and pods

» 1in both core and fenite zones. In the core zone ik is
associated with ore ﬁinerais, in the inner zone 1 is
associated with aegirine and eckermannite. In- |
outer zone it is found with aegirine. 1In addition it
is invariably present in small amounts in late calcite
veins. When in contact with the ore minerals it tends
to form large euhedral crystals; when associated with.
fenite mine:als, it tends to form small crystals
lacking side terminations. Chemical variation among

+

analyses f?im\the different zones is small (Table 6).

4.4.2.8 Quartz

Quartz is a minor constituent (less than 1% per
volume) in the ore zone. It also occurs as late veins
cutting the ore and fenite.

4.4.2.9 Scolecite

'Scolecite (zeolite mineral) was recorded by Baird

-uf'(1972) but was not identified in the samples collected.
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TABLE 6

MICROPROBE ANALYSES* Qp PHLOGOPITE,

FROM DIFFERENT AREAS OF FENITE ZONES

Locagions ~o01 7 9
ZONE ORE INNER . . INNER
$i0, © 41.99 45.26 45.86
Ti0, 0.27 0.16 0.12
Aly03 . . 11.63 9.27 _ 9.97
FeQ** 6.49 0.96 3.11
Mg0 ié.sl 24.17 24.60
Ca0 B 0.00 0.04 0.00
Nago ~S 1.06 0.65 0.43
K50 . 8.80 11.52 10.48

.

TOTAL - 92.85 - 92.03 94.49

* Analyst: Tariq Ahmegdali, locations from Fig. 6.

** Total Fe as Fe(

NUMBERS OF CATIONS BASED ON 22 OXYGENS

-

Si 6.127 6.548 6.471
Iv 8.00 A.00 8.00
Al 1.873 1.452 ~1.529
VI .
Al 0.127 0.129 0.129
Ti . 0.029 0.017 0.013,
5.88 . 5.48. o 5.69
Fe 0.792 0.116 0.368
Mg 4.919 . 5.217 5.177
Na 0.150 0.108 0.118
2.15 2.24 1.19
K 2.000 2.127 1.873
Ca - 0.006 ' -
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4.3 Carbonates

4.3.1

Calcitel : . s
Calcite is commohly associated with barite and
fills cavities in hematite and magnetite. It is also
found as late phase veinlets cutting the ore and
fenite zones. Outsfde the complex, it,is*a major
constituent of mafble associated with minor dolomite,
phlogopite and apatite, As descriﬁed earlier under
carbonate rocksj calcite occurs with barite dolomite
and magnetite in an unusual rock in one location
only. Chemfcal'analyses of calcite from different

areas are presented in Table 7. These analyses were

made from carbonates in different veinlets cutting the

fenite (Location in Fig. 6).

Calcite associated with the 0;e zone is white to
pinkish and anhedral. The calcite from the carbonate
rock is red and in large crystals when in contact with
the surrounding gneiss, and sﬁall anhedral érains with -
increasing dolomite and barite content near the
central part of. the outcrop. Calcite from the core
zone was tested by X-ray powder diffraction and data

are presented in Appendix III.

AW X,
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TABLE 7

PARTIAL MICROPROBE ANALYSES OF CALCITE

FROM DIFFERENT AREAS OF FENITE ZONES*

1 2 3 4 5

0.06 0.15 0.16 0.10 0.14
0.13 0.17 . 0.02° 0.01 0.05
0.11 0.13 . 0.20 0.08 0.37
1.75 0.09 0.00 0.01 0.05

* Analyst T. Ahmegdali

Sample locations in Figure 6.

**Total Fe as Fe(.
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bolomite

Dolomite is a constituent .of two rock units: It
is a major constituent of marble with calcite;
phlogopite and apatite. It is found in a carbonate
rock unit associated with calcite and barite in the

central part of the outcrop as large euhedral crystals.
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Oxides

. Hematite

Hematite is the predominant ore mineral found in
the mine area. There are two types of hematite: the
first type, large euhedral crystals with a rutile
intergrowth, the second type as anhedral martite
grains, with magnetite and maghemite. Chemical
analyses are presented in table 8 but’ will be discussed
in the Chapter on fenitization. The two associations,

hematite—rutile,\Bematite—magnetite are from different

parts of the same polished section (G.H.C. 28).

Magnetite

Magnetite crystals are large euhedral and, evén,
if brecciated, the small fragments retain their
original orientation which suggest insignificant
bending. Chemical analyses are given in Table 8.
Maghemite

Maghemite in hematite was identified during a

Curie point analysis. The sample was from location 1.

Rutile 4 L

Epitaxial grains of titania wefe established by
microprobe analyses (Table 8) and probably represent
rutile, The grains are microlamellae oriented in a

single plane in hematite possibly with an orientation

(010) {101) rutile || (0001) [1010] hematite (Palache
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TABLE 8

MICROPROBE ANALYSES OF OXIDE MINERALS* .o e
Oomxwmﬁwnm .

Pair Hm-~-Ru-1 Hm-Ru-2 Mgt-Hm-1 Mgt-Hm-2 Hm-Mgt-1 Hm-Mgt-2 Ru-Hm-1 Ru-Hm-2
Phase Hm* * Hm Mgt*** Mgt Hm Hm Ru Ru
Fe0 6.13 9.76 39.35  38.63 8.92 7.11 0.57 0.65
mmmou 87.00 78.81 50.84 .51.64 8l.67 85.49 - -
awow p 6.82 10.85 g.16 8.56 9.92 7.91 100.18 100.64
TOTAL 99.96 99.42 ' 99.35 98.83 99.01 100.51 101.18 101.29
* All three phases coexisted in this polished section (GHC 28)

=FeZt4pid*

*% Charge balance assumed to be maintained by the coupled substitution mwmu+
*** Charge balance assumed Fe
Hm = Hematite

Ru = Rutile

Mgt = Magnetite

2+ 3+ 4+

2+

+ wwm = Ti + 2Fe

/_

Location of Specimen, 1 in Fig. 6.

ban%mﬁ Ms. P. Morton, Carleton University
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et al. 1944, p. 556). The significance of this mineral
is described in Chapter 5. F
4.4.5 Pseudobrpokite(?)
Pseudobrookite'grows epitaxially within
K-_\\ .
hematite. It was identified optically as lamellae
oriented iq“three directions. 'Pseudobrookite.was
chosen becaﬁse of its.assoéiatio; with rutile.and
hematite (Haggefty and Lindsley, 1970). The proportion
of pseudobrookite to rutile lamellae in hematite cannot
be determined since many of the interérowths apparently
are submicroscopic. Pseudobrookite identification was
done optically and was chosen over a possible ilmenite
mainly because of its associatioﬂ with rutile-and
hematite.
4.4.6 Ilmenite
Ilmenite inéerg;owth were {dentiﬂiéd optically
along, octahedral planes of magnetite, especially in
areas of strong martitisation., Ilmenite intergrowths

extend into the martite.

4.5 Other Minerals

4.5.1 Apatite
Apatite is the third most abundant gangue
mineral. It is observed with hematite, magnetite, and
calcite as subhedral grains. Its distribution is
sporadic but when calcite is present, the apatite

content 'always increases. This effect was also

report?i\iy Cockburn (1966, p. 33).
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.4.5.2 Barite

Barite is as;ociated with calcite, First
filling cavities in heﬁatite and magnetite crystals and
second as late phase veinlets with calcite. It occurs

also with dolomite and calcite in carbonate rocks.

arite is easily recognized by its white or pink color,
itd high density and its association with calcite.

X-fay data for barite are presented in Appendix II.
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CHAPTER 5

FENITIZATION AT THE HAYCOCK MINE

Introduction ) (f

Two types of fenite (alkaline iron rich rock) are
recognized. The first is spatially related to the central
hematite-magnetite deposit'as_a replacement envelope of the
surrounding biotite gneiss. The replacement envelope is

characterlzed by aegirine, eckerm}nnlte and phlogoplte.

The second type is found principally in the meta—lgneous

unit, as mineral (magne51or1ebeck1te, hematlte, calcite)
infillings of fractures, joints and coatings on
slickensides.

Rocks derived by the first process-resemble fenites
associated with _carbonatites (Fen, Alno, Oka). The second
type is similar to fenitization (or metasomatism) near the
Great Glen Fault (Deans et al., 1971) where crocidolite,
aegirine and hematite occur on joints and slickenside.

1

Fenite Associated with the Main Deposit of Iron Ore

Based on characteristic mineral associations, rocks of
the ﬁaycock alkalic-iron mineralized area were_divided into
three zones; the core, the inner and outgr fenites zones.
(Fig. 7). 1In the core zone, the hematite-magnetite content

of the rock exceeds 30 percent by volume. The inner fenite



o

N
W)
QD
-
©
&
O

WALL ROCK

1

|

L
p e—

Approximaie. Contact
—— Zone defined Mineralogically

Inner Zone
Quter Zone .

L]

]
A
P

-
2
-

§

Schematic diagram of fenite zones.Based on

‘Figure 7.

localities 1 to 5 in fig. 6.A total of 40
samples {cores) were used to defined thgse

Zones

40



a1’

zone is based on the association of aegirine, eckermannite
‘and phlogopite. The outer fenite zone is defined by the
assemblage phlogopite and.aegirine. The phlogopite content
is normally greater than that of aegirine. Differences in
modal and chemic®l analyses (Table 9) can be explained by_
the non-representativity of the bulk samples used for
chemical analyses and even less in the case 'of thin
sections. The metallic minerals were verf.coarse grained-
and irfegularly distributed and theréfare extremely
difficult to sample.

To minimize this uneven distribution thin and polished
section data were statistically weighted by a factor
represénting the proportion of opaque/sili;ate which was
estimated to be 80/20.

Biotite gneiss is not considered a fenite although
minor effects of fenitizatiop may be locally pfesent.
thorite appears to decrease away from the fenite zones,
although this pattern.cannbt definitely be linked with the
fenitization process due to poor outcrop. The maximum
chlorite content was seen to be 15 modal percent.

5.2.1 Quter Zone
Stable association: -phlogopite-aegirine
This zone 1s comparatively large (Fig. 7)‘and.is
defined by the presence of pthgoplte and aegirine or,
more appropriately, the absence of eckermannite. The
rqck is composed of phlogopite, aegirine, cloudy
feldspar (extensive sericitization), and a

characteristically low hematite content. At the éontact
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with late stage feins,phlpgopite is always more
abundant than aegirine.cﬁemical and modal ana}yses
of this zone are presented in Table ll{which can be
compared with'country rock anélyses,Table 10).
Inner Zone k o
Stable association: aegirine-phlogopite-eckermannite

The inner zone is characterized by the aegirine-
phlogopite-eckermannite assemblage (Fig.?)iThe
phlogopite is epriched at the éonﬁact with the ore,
and aegirine-eckermannite relatively enriched away
from it.The width of the micaceous rock is variable
but phlogopite at some distance from the enriched zone
is stil; noticeable.Textural characteristics of'this
zone aré-variable,changing from a rock of alternating
aegirine—eckérmannitg—phlogopite and cloudy feldspar
(alternating without any consistency),to a mixture of
all these minerals without any patterns {(plate 2).
ﬁbdal and chemicai analyses of this zone are presented
in Table 12. '
Core Zone
Stable association: hematite-magnetite-rutile

This zone consists mainly of hematite and
magnetite with ;ubordinate phlogopite,rutile,
fluorite,aegirine,eckermannite,apatite and calcite.
Veinlets of calcite,barite and apatite,and veins
of quartz cut the ore zones.Fluorite and barite

are minor constituents associated with the ore.

\

2
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TABLE 9

. CHEMICAL AND MODAL ANALYSES Oﬁ THE CORE - ZONE

A) Chemical Analyses (weight $)l,

Locations 1 2 - 37 . -4 ‘ 5
Fes03 - 89.65 91.25 86.32 88.08 89.80
Fel 6.12 6.96 5.40 ‘ 6.86 7.06
Ti0 2.81 . 1.76 2.86 3.17 o - 2.34
Nao0 0.36 0.12 0.26 - -
K0 0.11 0.06 0.15 - -
Cal 0.40 0.00 0.80 0.55 ¥ 0.00
Mg0 0.05 0.05 0.00 0.13 0.22
P505 - - - 0.16 0.00
5103 0.52 0.14 0.25 - - -
TOTAL 100.02 100.34 96.04 . 98.15 99.32
B) Modalff;;lyses (volume %)2,3

: 1 2 3 ‘
Hematite 59 60 . 55 °
Magnetite 7 8 8
Other opaques 8 5 . 8
Rutile 6 7 9
Fluorite 4 9 4
Aegirine 2 - 2
Phlogopite . 12, 11 14
Eckermanite 2 - -
TOTAL 100 100 100

1 Analyses 1, 2, 3 this work, 4, 5 Cirkel. (1909, p. 73).
2 Each ana1y51s weighted to 80% opaquesfand rutile, 20%
silicates (see text p. 41).

3 Other opaques.= oxide minerals except hem, mag. and rutlle.
Analyses (1, 2 3) refer to location in Fig. 6.

- . PN
\ S
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TABLE 10

CHEMICAL AND MODAL ANALYSES OF HOST ROCK (BIOTITE GNEISS) *

A) Chemical Analyses (weight %)

Locations 12 13 14

Si0, | 57.67 60.20 62.46
Al,03 10.47 10.83 10.22
Fes03 5.46 4.80 5.09
Fed 2.76 - 2.18 2. 49
ca0. 2.65 2.46 2.60
MgO N : 1.84 2.01 1.36
MRo - 0.14 0.25
Na,0 5.52 5.23 5.62
K50 | 9.47 10.33 10.07
70, 0.17 0.20 0.36

TOTAL 96.01 98.38 10052

B) Modal Analyses (volume %)

Biotite 10 11 14
Chlorite 8 6 2
Hornbklende 3 4 B
Quartz 24 25 - 28
K~-Feldspar 40 38 36
Plagioclase ' - o 4 3
Hematite 13 10 7
Apatite-Rutile- 2 .2 2
Calcite : :
TOTAL ] -63» 100 100 100

*Sample locations are given in Fig. 6.
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TABLE 11

CHEMICAL AND MOBRAL ANALYSES OF THE OUTER ZONE*

A) Chemical Analyses {weight %)

45

*Sample locations are given in Fig. 6.

Location _ 6 1o 11
5i09 40.65 41.10 40.18
Al,03 6.76 3.46 - o 7.66
TiOg 3.14 4,20 0.80
Fes03 - 10.36 10.11 10.64
Fel 3.49 4,26 1.12
Cal 3.42 3.84 2.76
Mg0 - 10.64 11.72 16.25
Mn0 ] 0.08 0.15 0.14

. Nas0 8.73 10.20 14.50
Ko0 4.47 5.46 6.34
TOTAL 91.74 94.50 100.39
B) Modal Analyses (volume $%)
Aegirine 34 . 36 42
Phlogopite 22 ‘ 24 20
K-Feldspar 18 _ 16 19
Plagioclase 7 2 3

" Quartz 1 1 1
Calcite 1 1 g 1
Barite 1 1 1
Apatite 2 2 2
Hematite 11 14 9
Fluorite 1l 1 1
Rutile 2 2 2
TOTAL 100 100 100
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TABLE 12

CHEMICAL AND MODAL ANALYSES OF THE INNER.ZONE%

a) Chemical Analyses (weight §).

- 46

*Sample locations are given in Fig. 6.

Locations 4 ‘ ‘ 7 8

- 8i04 . "28.20 - 48.64 45,12
Aly03 ) 5.08 o 2.10 3.20
Ti0o 14.10 //‘ ) 3.46 3.15
Fes03 - l6.46 - ‘ 18.75 .16.42
Fel 4.12 , . 3.26 4.12
Can . 5.49 ) 3.46 2.05
Mg{ 11.27 . 9.49 8.75
Mno0 0.19 0.00 0.15
Najs0 1.42 2.15 4,32
K»0 3.84 4.36 7.75
Bal 2.92 1.40 1.65
Sr0 . 1.55 o 0.70 0.85
TOTAL " 94.64 96.77 97.53
B) Modal Analyses (volume §)

Aegirine 14 24 32
Phlogopite. 7 10 12
Eckermannite 16 12 6
K-Feldspar 14 _ 28 30
Plagioclase 6 R - 13 10
Quartz 1 1
Calcite 2 1 1
-Barite 2 1 1
Apatite 2 1 1
Hematite 18 6 4
Fluorite 5 1 1
Rutile 12 2 1
TOTAL 100 _ 100 100
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It should be pointed out that the distribution of
_apatite, rutile, calcite, barite and fluorite are
restricted to small pods or lenses. Their content in
modél analyses is an approximation and does not
represent an homdgéneoﬁs distribution within the whole

2
rock.

Three typeé of ore emplacement are recpgnized in
the Haycock Mine property (Fig. 6):

1) shear zone emplacement (ore on slickensides);
trends vary, dips vertical to subvertical.

2)  +Small discontinuous veins and stringers cutting
the foliation of the granite gneiss; trends vary,

dips vertical to subvertical. .
3) veins concordant with the foliation (NNE to NE

| vertical dip of the granite gneiss.

The largest single mass of solid hematite-
magnetite, encountered during mining opérations was a
lens 20 metres 10n§ and at least 1 metre wide in its
widest part, from whiqh 2000 tons of high grade ore
were extracted to a depth of 8 metres (Cirkel, 1909,
pp. 63-72). The remains of this occurrence are now
water covered.

The massive ore and most extensive fenitization is
associated with the shear zone type. This zone is at
maximum 20 metres wide its extent in length is
undeterminable. The second and third types have

similar ore mineralogy (similar core zone also). The
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fenites associated with these veins are much smaller.
The ore veins are generally less than 0.5 meters in
width. These smaller fenite zones show the
disappearance of eckermanni£e and a marked decrease ih
aegirine content. On the other hand, the phlogopite
content (with respect t9 total mineralogy)} increases
and in certain small veinlets is almost the only
mineral of the fenite. Chemical ‘and modal analyses of“
the ore zone rocks are presented"in Table 9. "Two
analyses from Cirkel (1909, p. 73) are included for

comparison.

5.2.4 Mineralogical Variation Within the Fenites

-

Micas are of two types. Bioctite is found in the
paragneisses and in the meta-igneous unit and
iron-rich phlogopite in the fenites. Hornblende, *
augite and chlorite are ;séociated with biotite.
Chlorite replaces biotite and hornblende in the
surrounding rocks and they completely disappear in the‘

outer fenite. Ore minerals decrease rapidly from the

core toward the surrounding rocks. Aegirine and

logopite have a similar distripution occhrring ih

he two fenite zones and the core zone. The
phloéoﬁite contené is greater in contact with the ore -
and decreases away from it. The aegirine content is

normally smaller than that of phlogopite but also

. decreases away from the ore zone. Eckermannite occurs
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4

only in areas of intense fenitization and its content

. rarely exceeds aegirine or phlogopite.

=R e e e e e e e e e e

Primary quarfz is seen in country rock where its
content is about 25 percent. It digappears in the
outer fenite zone.. Secondary quartz is seen as small

‘veinlets cutting the or@ zone. Feldspar from the
quartzo-feldspathic gneiss is a mixture of microcline
and plagioclase (An40) in the fenite zones.

?lagioclase (Anl0) is present in area of intense

>

fenitization.

5.3 Fenite Qutside the Main Ore Zone

This sécond type appears in different forms. The most
common is an infilling of joints, fractures and coating of
slickensides with a mixture of Na-amphibole, hematite and
calcite. On some slickensides the Na-amphibole occurs
alone. Similarly, in some poorly foliated
quartz—felséathic gneiss, Na-amphibole seems to replace the
ferromagnesian minerals. Characteristic of this type of
fenitization is the reddening of the affected rocks.
Na-amphibole is the pPrincipal mineral on the structural
surfaces; red calcite is not always present. At one
location (ﬁo. 17, Fig. 6), chemical analysis (Tabie 5)
showed the amphibole to be magnesioriebeckite. This fenite
also appeafs as veiﬁletS'of red carbonate and red feldspar

in highly brecciated quartzo-feldspathic gneiss.
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The regional fenites are similar to those in other
parts of the world (Deans et al., 1871). For examéle, the
Haycopk "red rock" strikingly resembles the fenites
describéd by Heinrich and Moore (1970) from Colorado and
New Mexico, U.S.A. A metasomatic origin has been
tentatively proposed for such rocks, but in this particular

case, obscure field relations permit no further conclusion.

5.4 Fenitization Processes: Temperature, Pressure and Oxygen

Fugacity
Conditions of mineral formationlincluding temperature,
.total pressure and oxygen fugacity, will be considered
using chemical analyses of rocks previously presented in
the Appendix. Attempts will be made to fit the data to
known systems and analyse their implications.

Mahy detailed works are available on geothermometers
in the sy;tem Fel - Fe,0, - Ti02, (Buddington and
Vlisidis, 1955), Buddington-(l95§), Lindsley (1962, 1963),
Buddington and Lindsley (1964), Verhoogen (1962), Vincent
et al. (1957), Lindh (1972) and Haggerty & Lindsley '
(1970). All of these geothermometers are applicable if
ilmenite and magnetite are in mutual equilibrium.

The system hematile—rutilg—magnetite has hot been

~ defined and the system ilmenité—magnetite (Lindsley, 1962,
1963) was not applicable as tgis coexisting pair- was not
analysed. Therefore no PTX determination could be made

with the available data.



Figure 8

51

hematite, Q = quartz,

fluid, Mt = magnetite, R = riebeckiteﬁ

A = arfvedsonité

!
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Silicate systems were also investigated. The
mineralogy was referred to the phase diagraﬁ of Ernst
(1962, 1968) involving iron oxides, riebeckite, 3102 and
H20 at 2000 bars fluid pressure (Fig. 8). In genergl,
this phase diégram may be applicable to the Héycock-Mine
rocks and may be used as a guide to define the probable
sequence of events. Assuming‘virtual isothermal
transformations, four paths can be postulated to account
for the mineral association.
m. — from hematite + aegirine passing through a
magnetite + aegi%ine field.before the appearance
of riebeckite. .H

n. - from riebeckite + arfvedsonite field through
magnetite + aegirine toward an heﬁatite +
aegirine association.

o. - directly from hematite + aegirine to fiebeckite.

p. - directly from riebeckite to aegirine + hématite.

Because the association magnetite + eckermannite
(arfvedsonite), is absent at the Haycock Mine, we Fight
eliminate high temperature routeé (m,n). Thé.sporadic
distribution of eckermannite suggest several fluctuations
across the line & - A', and the dominance of the

association hematite + aegirine suggest predominance of

high oxygen fugacities.
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No geothermometer appears applicable; available phase
diagrams-do not extend into the mineralogy under
consideration. Aegirine and eckermannite were examined
which, because of their restricted occurrences, might be
helpful in formulating a model of formation.

Aegirine in fenite can be formed by at least two

Y.

different processes.

-

a) metasomatically by‘reaction of sodium and iron
with quartz and thelco-precipitation of iron’
oxides. Metasomatic aegirine was produced
by SieEer and Freeman (1968) and is described
by the following equation:

1+ 3+

Na + Fe 4+,

+ 3Si059NaFe51206 + Sit .

b) reaction of alkalic-silicic solutions with

magnetite or hematite.

Reaction a is at equilibrium at 485°C at a total
pressure of 50 bars. From petrological evidence it is seen
that at the Haycock Mine aegirine is always associated with
hematite suggesting a related origin. Aegirine and
hematite could be hydrothermal products (shown by the
syntheses of Ernst, 1968) and/or could have been
metasomatically produced: eg. the ﬁetamorphiém of iron

formation, in a high oxidation, low temperature environment

(postulated by Ernst, 1968).
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8
Phase diagrams for eckermannite are not available

although the mineral was synthesized but found unstable in
the range of temperature and pressure studied (Phillips and
Rowbotham, 1968). However, alkali amphibole (crocidolite,
the fibrous form) is commonly associated with hematite in
iron formations in South Africa, Australia, India, Bolivia
and USSR. Most authors believe Ehat certainn"layers of the
original iron formation were peralkaline, hence
compositions were approprtate for crystallization of
members of the riebeckite—magnesioriebeckite series"”
(Ernst, 1968, p. 98). In these iron formations, the
association hematite + crocidoligg is an’indication of high
oxidation and low temperature. ' | B

This éﬁaﬁter has outlined several mechanisms to
explain the origin of the Haycock ores and fenites. There
is no uniquely applicable system, and parts of several
theories may be combined as will be attempted in the
following chapter. It should be pointed out that there is
some restriction to any conclusion owing to the fact that
chemical analyses variationsare in some cases drastic.
Especially in the case of Kzouhere compariéon of the same
zone (outer) from one area to the other shows a difference
in the order of 10 per cent. No explanation is proposed
but detailed microprobe analyses wiéhin zones and on

different zones would provide more data for an answer.
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CHAPTER 6
CONCLUSION
— U

.'From the evidences derived in earlier chapter the Haycock
fenites could have formed by two different mechanisms: {1)
Introduction of materiallemanating from plutonie rock or (2)
Mobilization of elements from an iron-rich strata.

Basically, four elements need to be concentrated iron,
'sodlum, titanium and magnesium. According to option 1, these
elements would have been supplied by the 1ntru51ve and
concentrated along fracture surfaces. In option 2, these
elements woulé be present in the original rocks and
concéntrated through an isochemical transformation. Fracture
surfaces would favor this transforﬁation.

Examples for the first model are the alkalic metasomatites
of the Great Glen Fault area in Scotland (Deans et al., 1971).
These fenites are the Tesult of the metasomatlc transformation
by alkaline solutions which emanated from some unknown source
(presumably a carbonatlge lnagma at depth) on the adjacent

country rocks. 1In these cases an alignment of fenites would be

possible.

+

a theory embodylng parts of optlon 1 and optlon 2 has been
proposed by Ellseev et al. (1961) for certain dep051ts at
Krivoi' Rog, USSR and Glagolev (1966) at Kurst, USSR. These
authors propose alkallc metasomatism, associated with granitic
‘or syenitic magma, Eeacting with an iron formation to produce a

~

fenite aureole.
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Optioﬁimplies that an iron rich horizon, such as an iron
formation be remobilized. Effects of thermal metamorphism
would probably aid this remobilization,

Since the Haycock deposits do not involve large amounts -of
iron (a few thousand tons of_hematite—magnetite at most) the
source could be an iron formaiion, an iron-rich sedimentary
layer. Although these iron-rich focks may be of igneous
origin, the sediﬁehtéry origin is fa&oure65

There are two points that favour an iron-rich strata
_(opt;on 2): 1) the alignment of the iron deposits of the
general area (occurrences.z to 6 in Fig. l)x appéoximately
parallel to the regional foliation as diséerned.frdm Wilson's
map (Wilson 1920) and 2) lack of a suitable igneéus intrusive
which could have provided the required materials. Quite
possibly the deposits are linked to an intrusion hidden at
depth, although there is absolutely no evidence for it.
On-this basis, option 2 is f;voured.

Burial at moderate depth, low to moderate temperature,
thermal ﬁetamorphism and growth of new mineréls (aegirine and
eckermannite) in é solid state or through the agency of
solutions” would facilitate the mineralpgical geochemical

changes including the oxidation of iron. Sodium, titanium and

magnesium elements concentrated with respect to the surrounding

iy e

-

gneisses, may have been present in the original layer or they

may have migrated from nearby wallrocks to form new minerals.
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. APPENDIX 1 \

A.l METHODS

-

Minerals and rock analyses included, electron microprobe,

wet chemical methods (atomic absorption, spectrophqtometer),

. - . ! N .
optical absorption spectroscopy, Mbsspauer.resonance studies
. ’ L

. and X-ray diffraction., Methods and instruments will be

described.

A.l.1l

Electron Microprobe Methods

Two different instruments were used. First
silicates and carbonates were analysed at McGill
University with the acton electron microprobe by Tarig

Ahmegdali in May 1973. The data were processed using

'versio% VII of the Empadr computer program originally

written by J.C. Rucklidge anﬁ E.L. Gasparrinni

(1962). A spébimen currentf&f‘30 nanocamperes and a
volfage of 15 kV were used throughout the‘analysis.{;.
é%andards were McGill internal standards: Aegirine
23, Aﬁphibole 202, and Anorthite 205. Their chemical
analyses are given in Table '13. Two grains-per
mineral per section were analyséd. On each analysis,
5 shots were made on each grain, 2 grains for each

mineral were analysed for each polished thin section.
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Analyses of magnetite, hematite and rutile were
made at Carleton University on a Cambridge MKS
electron microprobe By Mrs. Penny Morton in December,
1974. Data were reduced with a version of Rucklidge.
program moQified by Watkinson and Mainwaring {October,
1972). The sampie current was 30 nanoamperes with 15
KV acéeleration voltage. Standards used for
calibration and their analysés are given in Table 13.
In additién,'pufe‘iron was used as an iron standard at
Carleton University, in the microprobe analyses of

rutile and opagque minerals.

A.l.2 Wet Chemical Analysis Method

Wet chemical analyses were made Qith the atomic
‘ ébsprption apparaéﬁs Tectron A.A. and Unicam series 2
Spectrophoﬁémeter. Both types of analyses were made
using standard methods used in the Geochemical
llaboratory of the Geology Department of the Universit&
of Ottawa and is described below.
) ' A schematic diagram outlines. the various steps of
ﬁ///,ﬁf\\\ : ' analysis for‘different elements: {Fig. 9). Rocks were
. & analysed by using internal standards- and cal.ibrated
against USGS rock standérds.
» The hydrofluoric-perchloric acid attack on rocks
is a standard@ method consisting in mixing rock powders

\ with acid until a solution is produced. Solution is

\\\\\‘_fffisged\with different steps of cooling and remixing
/’ - ’
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. TABLE 13

INTERNAL STANDARDS USED FOR MICROPROBE ANALYSES

(element weight %)

T i

AMP 202(1)  ANOR 205 (1) AEGIRINE 23(1) RUTILE (2)
Na 1.21 6911 8.37 '
Mg 5.23 0.01 0.85
Al 6.40 10.81 0.83
si 19.70  30.88 24.18
K 0.76 2.91 0.28 .
ca 8.26 0.56 1.83
0.56 - 0.79 59.68
Mn 0. 49 - 0.16
Fe 14.81 0.16 “ 20.13 0.02
Ba - 0.13 -
Sr - 0.33 -
0 42.90 47.98 42.58 41.30
- TOTAL 100. 32 (f 99.88 100.00 101.00

! !

(1) Internal Standards: McGill Univeréity, Montréal, Quebec.

(2) Internal Standards: Carleton University, Ottawa, Ontario.
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FIGURE 9

SCHEMATIC DIAGRAM FOR

CHEMICAL ANALYSES

p————Na, Li, Fe, Mn, K (low)

1 to 10 dilution high Fe, K

+ 1% Lanthanum High Mg

Atomic 100 mg sample
Absorption HF + HC1l04 + 1% Lanthanum —————— Ca, low Mg
Method made up to'lOO ml
\
— + 1% 1000 ppm Na Sr
L ~with N30 ————— Ba
+ 1% 1000 ppm Na i
with N30 Al
Tiron method 7 Ti
7 \
Spectro- 1.5 g Nal
photome- 50 mg sampgle A -
ter fused, made up Molybdenum blue method —— Si
‘ to 1 liter
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with acid. Values of atomic absorption and
épectr0pﬁotometer were.calibrated with known
standards, and calibration curves for different
elements were used to derive analyseé proportions.

+3

Fe and Fe2 were. resolved using method of Jen

(1973).

MOssbauer Analysis

The Mossbauer effect may be defined as the
recoil-free emission and resonant absorption of
nuclear ¢ rays in solids. It can provide information
on the magn;tude ané symmetry of the crystal‘field'at

the lattice site, the number of non-equivalent sites

occupied by the nuclear isotopes, the site population,

. oxidation state and ordering of the isotopes in

complex crystal structures, Mossbauer analyses were
done at the Mossbauer Laboratory at the Mines Branch,
Department of Energy, Mines and Resources, Ottawa,
under the direction of Dr. M.G. Townsend; co?’ in
copper was used as & ray source. The samples fere
crushed to 250 to 300 mesh: and a caﬁe of 2.5 ¢cm
diameter ;nd about i mm thickness was then fixed in a
slot of a brass plate to fit the Mossbauer apbaxatus.
The sample was run for 3 hours ét room temberature-
(2p°C).. Energies were resolved utilizing the

Doppler effect, and analysed by a Univac computer -

program, available ‘at’ the Mines Branch, EMR, Ottawa.
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Optical Absorption Spectroscopy

When light is passed thrOugh_a mineral containing
transition metal ions with unfilled 3d shells (the
most widespread -is iron), it causes certain
wavélengths to be selectively absorbed, resulting in
an observed colour‘in transmitted light. The cause of
this absarption is the excitation of electrons between'
th split’ 3d orbital energy levels and electron

4
transitional between ions. 1In the present case, a

- polished thin section (a -cor X -2 plane), 0.02 mﬁ

thick, of an aeglrlne crystal 4.5 cm qug and l cm

wide was used. The spec1men was run on a Cary, model
14 spectrophotometer by Dr. P.G. Manning, Inland
Waters Branch, Environment Canada, Ottawa. Two

different spectra (polarized and unpolarized llght)

were colleqted from. each specimen. The spectra were

* plotted as absorbance\agaiEEE wave number on the step‘

charge recorder.

X-ray Camera and Diffractometer

0\ .
Mineral identifications were made by x-ray powder
L]

camera (57.3 mm diameter) and x-ray diffractometer.

The Ievegs—Straumanis film-mounting method was used
with x-ray photographs. The x-ray tubes had copper
and iron targets and nickel and manganese- filters

depending on the mineral analysed.
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" APPENDIX 2 '

' ' A.2 RESULTS

A.2.1 Optical Spectroscopy of Aegirine

Aegirine (NaFe+3Si206) spectra are shown in

Figs. 11 and 12 and a qualitative energy-level diagram
for a 3d° ion in octahedral and tetrahedral field in
Fig.‘12.

The free ion spectroscopic studies pléée the 4G

state 32,600 cm ! above the ground state. 1In a

. crystal £field, tﬁe energfes of the Russell-Saunders
, _ states are always iowered, hence the Fe+3 transition
GAl—agAiE(G) should be observed below
32,000 cm * (Manning, 1972), in fhis case octahedral
re*3 transition is seen at 22,880, 22,830, 22,800

em t in Fig. 10. It compares to 22,700 em™ T in

andradite (Manping, 1967). This feature (2?,800

c -cm_l) is identified on, the basis of its sharpness.
Sharp bands are typical of field independent
transitions. Note in Fig. 12 that the feature around
22,800 cm T has 2 componenté reflecting the slight
separation of the 4A1(G) and 4E(G) levels (Fig. ///
13).{ These two components are typical'spectra of ‘an ’fﬂﬁ\}
octahedral Fe+3 field-~independent traﬁsition‘
(Manning, 1967). The unresolved peaks near 22,800

em™l (4500 A) were noted by Schuller (1958) who
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withcfeq.= 0.205 mm/sec = 0.328 mm/sec.

‘M(1) and M(2) (8-fold site) is assigned to Na®

R i
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3

ascribed them to a Fe+.....,.Fe+2 electron transfer .

but multiplicity of peaks and their sharpness argue

against this conclusion,

Note also in Fig. 12 the second absorption band at
26,920 em™1. This band is due to transition’
(octahedral Fe+3) to the field independent GAl

4E(D) levels (Manﬁing, 1968) .

Mossbauer Study of Aegirine

’
1.

MOssbauer spectra of aegirine is shown in Fig. 14

and data summarized in Table 14. The two inner peaks

3

are assigned -to Fe+ in M (1), an octahedral site ¢

#

Observations and interpretations of the Mossbauer

-

spectra yield the follbwing conclusions.
(1) No hyperfine splitting was observed,
indiéaeing that aegirine ; a paramagnetic selid. ‘. A
(2) Isomer shifts are‘shown in Table 14. The
iron in aegirine is in the higﬁespin-ferric state inew\
i e
(Clark et al., 1969). - ' | ) -
(3) Quadrupole splittings are shown in Table 3a,
they ‘show that(g%obably both M(1) and M(2) are
distorfed. o ‘ 1 - . B
The resolution of the epeqtra is insufficient to

make further conclusions.
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" .
Mossbauer Study of Eckermannite _ =
Mossbauer spectra of eckermannite is shown in

Figure 15 and results éfe summarized in Table 14. The

~variations in the values of quadrupole splitting may

reflect the degree of distortion in octahedra around

transition elements (Hafner, 1968). Site allocations

-

are as follows:

Fe+2

in M(1) with Jeq 2.856 mm/sec,

= 1.074. mm/sec
+3

in M(2)" with § eq = 0-445 mn/sec,

= 0.370 mm/sec

Fe+2 in M(3) withJeq.

2.142 mm/sec,

= 0.994 mm/sec ' .-

As the refinement of the spectra is incomplete
further conclusions would be only tentative., It is

worthwhile noting the similarities of the spectra of
9

this eckermannite and the magnesium crocidolite of

Bancroft and Burns (1969), where spectra were refined

more extensively.

h.

X 7

W
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, ' TABLE 14
MOSSBAUER RESONANCE PARAMETERS
FOR AEGIRINE AND ECKERMANNITE
- AEGIRINE
POSITION CHEMICAL QUADRUPOLE _F\j?OUNT x 107
mm (sec) SHIFT * . SPLITTING
J L
: (®&, mm/sec) (Jeq, mm/sec)
. T
A, 0.014 . _ 0.319 0.608 0.13
B’ ©0.226 S 0.328 0.205 0.35 ©
| 3 . ‘
e '0.431 ‘ 0.31
i D 0.623 ™~ _J~ L 7 0.18
- . L : A
‘ ECKERMANNITE
¢ A
B - -0.077 0.994 .  2.142 L 0.11
c 0.583 -~ .. | 0.37
B - 2.066 - .- 0.01
o . i " .
P 2508 - o g 0.04
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CHEMICAL ANALYSES OF ROCKS OUTSIDE

THE COMPLEX (Location in Figure 6)

AND X-RAY AND DIFFRACTOMETER DATA

’k
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Mineral assemblages of samples used in chemical

analyses, Samples are located in Figure 6.

4

Locations 1 td'Q refer to mining pits or trenchs at the
Haycock.mine and are compatible with Cirkel's (1909) numbering
system. Locations 10 to 17 refer to sampliqg sites which show
a representative rock related to that specific rock unit.

. Locations 1 to 5 are the best exam?les of where a core zone
can be found. Locations 4, 7, 8 show the best of the inner
zoneé and similarly at" locations 6;;10 and 11 are well develoged
outer zones. Locations 12, 13 and 14 were samﬁled and ana}ysed
as host rock’(biotite'gnéiss). Locations 15 to 17 as country

rock. Location 4 has the besgt example of the presence of the

]

core and innér zone within a small area. It has been analysed

for core and iﬂger zones chemically, and recorded under the

same location number.

»

Location:

‘|
1 - This location represents'the most coﬁplete examﬁle of the
éofe zone, The rock is‘abgut 80% ore minera}s and theirest
consists of aegirine, eqkermannite} phlogopite, Apatite and
' quartz. The rock is cut by late veins of calcite with minor
barite and hematite. The chemida} analyses for aegirine,
eckgrmannite, microcline qnd phlogopite are f}om'the Ssame
sample. This sample was choseh for its most égmpleté"

) S

-

b
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mineralogy and its proximity to the ore sample. The ore sample
was chosen for freshness. It was collected about 1 metre away .
from the inner zone sample. The calcite veinlet from which the
samples was chosen is about 5 meﬁres 5way from the ore sample.

, o \
The veinlet is 0.2 mefre thick.

2 - This location was (with number 1) one of the two largest
pits of the mine. This location belongs tox{&iﬁifre zone, A
block sample about 1 to 2 kg was ¢hemically analysed. A

polished thin sectipﬁ}Was obtained from a sample which showed

larger aegirine crystals. From the same section microcline was
- ‘"

analysed.

3 - This area is characterized by numerous veinlets of

‘calcite. It belongs to the éore zone and has been analysed for
whole rock from'a sample cored 2.5 c¢m in width and. 10 cm in -
length. Ll '

4 - Location 4, as.p;eviously defined, has been analyzed for
whole rock for both core And inner zoﬁé. A small calcite vein‘
was sampled and calcite‘has been analysed. The core zone in b
this aﬁea is fairly restricted 20.1 metre in width and extends
for about 20 metres). It consists of ore minérals (100%). On

each side of this zone,'the inner éone'is lérge, in some
instances up to 5 metres. It-consists in large'proport%on-of
phlogopite (80%), aeg{rine and microcline being minor.

| 5 —téim@laély to location 3, this location is a small area of

the core zone. It was sampled for whole fgck chemical analysis

of the core zone from a cored sample. This area is cut by a

-

/\, -
-

o

A
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vein of calcite. One polished section from one vein was

analysed for calcite. No inner zone has been identified near’

this core zone,

6 ~ Location 6 is near™ the east end of.the ?ine property. It
does not contain any large amount of ore minerals and is
considered oubside of the complex. 1It consists of a prominent
outcrop of syenitic gneiss. A core (2.5 cm by 10-cm) was .

analysed. No separate minera

analyses were performed at this /
,‘ .
location.

7 -~ Location 7 is best described as %n adit. Tt does show a

.

large amogffmig.phlogo ite} The eckermannite .sample used in

Massbauef analysis was collected in this location. A large
block was collected fér whole rock analysis f From the same <

block a pollshed thln section wasfobtalned and mlcﬂ%probe

*

~ analysis was performed on microcline and phlogoplte.

8 - This area is a small isoclated outcrop of the inner zone.

It does not contain any veins of calcite, It is rich in

aegirine and-phlogopite. Only a whole rock chem1cal analys1s

was performed on this sample.

I

9 - This area is a trench‘ghlch was cut durlng the m1n1ng

operatlon. The well developed iTiner zone is 1ens01d.
'Eckermannite, microcline and phlogoplte (the main mineral) have
“been chemlcally analysed Also a whole rock analyses was

Rl

performed on a 2 kg sample.

» e L
R I s

a4t
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10 and 11 - Both of these locations are in syenitic gneiss with

superimposed fenite effects. These fenites belong to the outer
o

zone and have been chemiéally analysed. Aegeriné and

-

phlogopite are common but the rock retains evidence of its

»
primary minerals,

12, 13, 14, 16 and 17 - These locations belong to the granite ?
: ‘ . s

.and syenitb gneiss unit. They show no or minor trace of

fenitization except for filling of the different structures.
. T

Loca{ion 17 is characterized by a large amount of fibrous o

magnesioriebeckite. All of these locations have been

chemicaily analysed. At location 17 ‘the magne51or1ebeck1te was
separated and chemically analysed and it was also X—rayed B
15 - This area is where the carbonate rock was found. This
rock conFaiﬁs calcite, dolomite’and barite. It contains also
minor magnetite and is p;fght red.’ The outcr0p is rather émall

{(5mx 3 m) and field reiationship difficult to establish. The

outcrop is now buried under a house basement.

*
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TABLE 15
: r
WALL ROCK CHEMICAL ANALYSES AREA 17 (Fig. 6)
Location 17A 178 17C 17D 17E
Si0q '56.49 51.28 67.70 67.30 62.04
* AL 0, 17.59 15.08 10.92 . 14.91 13.79
< »
Fe0* 13.69 8.19 - 7.05™ % . 4.66 6.60
. Mgo 5.85 . B.50 4.46 4.03 7.88
Ca0 - 2:39 11.18 0.66 3.55 1.88
Naz0 0,56 2:11 0.91 4.90 4.39°
Ko 0 ~ 3.55 1.00 7.13 2.10 2.38
“%Mn0 #  0.18 0.10 - 0.06 0.04 ' 0.05
) s - . ] N .W' e bl .
TOTAL  100.30" 97.44 - 98.89 101343 X | 99,01
TABLE 16 '
WALL ROCK CHEMIGAL ANALYSES AREAS 13, 14, 16, -(Fig. 6)
(\//.Location 13. ‘ ?14, lea 16B LI
PR : ‘- ) lJ. , ()
" 8105 g 70.20. -62:38 607-35; 61.20
- -«*' . L T .
AL, 0,- ™ ;11.80 14.82 12,10 9.88.
¥ oo a - e
. FeO* 4,27 8.64. . 7.53 7.25 -
- MgO 2,63 4.63, .. +7.34 7.29 ' ,
S . gL e :
. ca0 1.59 3.83 6.46 8.49
v . . ) . N - - - ,C'/ i )
Naq0, 3.19 3.28 © - - 4.03° 2:66~ ‘
K0 4.45 »  0.0% 2.41, 2.05
@ - ‘ B . T s |
« MpO e.05. ~ - . 0,10 0.10 !
) v, l . ' "- ' . , . ,
TOTAL 98.13-1\;/$9.20' 100.32.  99.02 ’
' g ‘ ‘ vy . <.
' *Total iron expressed ds FeO.. .~ )

- *

)
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TABLE 17

X~RAY DATA FOR AEGIRINE

26° d(a°)
17.50 - 6.36
25.49 439 .
26.25 4.26
31.10 3.61
33.65 3.35
34.25 3.28
34.70 3,24
35.50 3.17
36.45 3.09
37.85 3.06
39.05 2.89
40.60 2.79
41.60 2.72
44.80 2.54
45,05 2.52
46.20 .46
50.90 2.25
52.30 2.19
54,45 2.11
55.15 2.09
57.50 2.04
58.55 //”* 1.98
60.20 = 1.93
62.00 1.88
64,30 1.82
65.05 1.80
68.30 1.72°
74.05 1.60
75.08 1.58
78.40 1.53
78.80 1.52 _
82.75 1.46
88.05 1.39
96.35 1.29

s

Film 72-295, Radiation CuK«, Filter Ni
Diffractometer 74-33, Radiation Fek«, Filter Mn
Specimen Location 1 in Fig. 6.
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Plate I. X-ray diffrdction photograph of aegirine.
Cu/Ni,Camera dia. 57.3mm.
Specimen No:0P 1,location 1,Fig. 6.
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TABLE 18
X-RAY DATA FOR AiﬁANpINﬁ |

20 - a@’y ' I
26.65 . C 3,34 o5
31.00 . 2.88 - 60
34.75 ' 2.58 . 100
36.50 | 2.46 .10
38.15 2.35 | 20
40.05 2.25 | 10
43.10 - - 2,09 ' | 05
44.60 ‘ 2.03 05
8.7 1.86. ' 20
55.30 . 1.86 10
57.80 ' 1.59 » 60
© 60.20 1.53 - ‘ 80
64.85 _ 1.43 10
73.65 1.28 ' 10
75.80 . : 1.25 ‘ 20

<
Film 74-006, 74-10, 74-16

Radiation CuK«

Filter Ni

Specimen Location: OP-2, in contact with marble zone,
northeast corner Fig. 3.
- Almandine from Biotite Gneiss.

o

Lt

Y
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Plate II. X-ray diffraction photograph of almandine.
Cu/Ni Camera dia., 57.3mm. .
Specimen No:OP 2

Location:near northeast corner of Fig.3.
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TABLE 19

X-RAY DATA FOR BARITE

90

Specimen Location 15 in Fig. 6.

/.

20’ g_(é)__ S I
25.15 4.44 - 10
25.85 4.33 15
128.75 3.90 25
©29.65 3.78 10
31.45 3.57" ' 50
32.75 3.43 80
" 34.00 3.31 , 50
36.40 3.10 45
"40.00 2.83 25
‘41.65  2,72 25
46.10 2.47 . 05
149.35 2.32 05
49,70 2.30 05
50.30 2.27 05
52.00 ' 2.20 10
54.45 2.11 30
'55.90 2.86 , 25
56.25 2.05 , 10
60.30 1.92 10
63.80 1.83 05
. 65.45 1.79 y 05
1 66.95 1.75 05
70.80 1.67 05
72.45 1.63 - 05
Diffraction:74-1 Radiation: FeK¢, Filter: Mn
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TABLE 20

X-RAY DATA FOR CALCITE

28 ey L L
. : ~, T
23.00 : 3.86 . 10
29.25 . 3.05 | 100
'31.30 2.85 ' .05
35.75 ' : 2.51 . _ 30
39.40 .. 2.28 ) - 50
43.10 ‘ . -2.09 - o 40
47.30 1.92 ' 80
48.55 - 1.37' 70
57.65 - 1.59 ' 10
60.70 ‘ 1.52 - | 20
64.70 1.44 ] .10
65.80 1.41 10
70.80 ' 1.33 | C10
73.00 7‘ 1.29 N - 1q
Film 72-294, 72-298 e

Radiation Cukot
Filter Ni

Specimen Location 2 in Fig. 6.

( |
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Plate III. X-ray diffraction photograph of cglcite.

Cu/Ni Camera dia. 57.3mm,
Specimen from location 4 in ‘Fig. 6.
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TABLE 21

X-RAY DATA FOR MAGNESIO-RIEBECKITE

28" d(a®)
12.25 9.07
13.20 8.42

22.80 4.90 :
24.75 4.51

28.90 3.88 -
33.00 3.41
34.50 3.26

36.30 3.10

38.15 2,96
40.60 2.79

41.80 2.71

43.90 2.59

44.95 2.53

49.40 2,31

439,95 2.29

50.70 2. 267
53.10 2.16

57.25 2,02

65.20 1.79

71.85 1.65 —
75.25 1.58 '

93

G|
o

80
10

- 20

05
15
20
50
10
10

40

10
10
lb
05
05
10

05

05

05
05

Diffractometer: 74-2, 72-26, 72-297
Radiation: FeKet ‘
‘Filter: Mn

Specimen Location 17 in Fig. 6.
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Plate IV, X-ray diffraction photograph of magnesio-
riebeckite.Cu/Ni Camera dia. 57.3 mm.
Specimen from-location 17 in Fig. 6.

-
e .
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TABLE 22

X-RAY DATA FOR MICROCLINE

28° | d(a’) 1

.21.05 ' 422 20
22.45 . 3.96 05
23.45 3.89 ' . 30
25.50 L 3.53 20
27.20 . | 3.27 100
29. 80 2.99 | 30
30.85 : 2.89- ' 20
32.35 o 2.76 . 10
34.85 T sy 40
41.70 | 2.16 ' 05
44.00 - 2.05 10
46.15 1.96 : - 10
50.55 : 1.80 50
Film 72-303

Radiation: CuK'ﬂL

Filter:Ni

Specimen Location 1 from Fig. 6.
- ‘f’.a
P
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TABLE 23
X-RAY DATA FOR SILLIMANITE

28° ' d(a°) - I
17.70, . 5.01 | . A as:
19.70  4.50 ‘ 05
20.80 _ o 4,27 : 10
24.25  3.67 -~ 20
26.65 ' | 3.34 100
27,70 3.22 .05
29.05 3.07 - .10
35.85 - - 2.50 . | 40
38.20 . 2.35 - 20
39.85 . 2.26 0s
41.30 . 2.18 10
45.25 , 2.00 : 05°
50.20 -7 l.al 70
54.90 , 1.67 S 20
160.00 | 1.54 70
61.90 T 1.49 | .05
68,10 . . 1.36 . 80
Film 74-3

Radiation;CuKi
Filter: Ni

Specimen Location: 200/ m southwest of Location 12 in Fig. 6.

=/
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Plate V.,

I

X-ray diffraction photograph of sillimanite.
Cu/Ni Camera dia. S7.3mm. h
Specimen: OP-5

Location:200 metre'southwest-of No. 1i2.

~
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Photomicrograph, in polarized light,

—_—

ARGl Pr e
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magnification X 25, showing difference

iﬁ texture (small scale feaFure) from

crystalline (phlogoPiteP,_microcline);

'y

to ‘banded (aegirineA, hematite) to

fibrous (eckermaﬁniteE).

Location 3 Fig. 6
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PLATE VII

Photomicrograph in unpolarizéd
light, magnification X 25 of sample
from the outer zone.
Location 11 Fig. 6

P

phlogopite"

M microcline
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PLATE VIIIX

Photomicrograph, unpolarized light,
magnification X 25, showing'phlogopiteP
and aegirineA in hematiteH-magnetiteM.

Location 2 Fig. 6
a
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