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THE METAMORPHISM OF THE ROCKS OF THE

ALDRIDGE FORMATION

KIMBERLEY B,C.

BY

J.W, HOADLEY

ABSTRACT
The area near the Sullivan Mine, Kimbérley B.C., is
yunderlain by rocks of the Pﬁrcell series which consist of two
sedimentary formations of late Pre-Cgmbrian age, thé Aldridge
and the Creston. Both are composed of argillite, siltstone,
snd quartzite. -

The Sullivan ore body is & replacement deposit in certain
favourable horizons ih the Aldridge formation. The only known
igneous rocks'ﬁear the" mine aré the Purcell intrusives of late
Pre-Cambrian age. These intrusiVes occur as large sheéts, ér
sills; 2% a small angle to the bedding of the Purcell series.
They are chemicall§ abéut the same &s gabbro.

The object of this research was to determine the changes
induced in the sediméntary rocks of the Aldridge formation near
thé Sul;ivah Mine by thé intrusion of thse Puréell sills;_to
compare the alterations found with the alterations known to be
present in the wall rocks of the Sulliven ore body; and from
this comparison, determine whether there is any justification'

for relasting the mineralizatioﬂ of the Sulliven ore body to the
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intrusion of the Purcell sills.

In order to obtain the information reguired the writer
made a petrographic examination of thirty-six thin sections of
specimens of the coré'of the Sylliven ULiamond Drill ﬁolé 249
located just east of the mine. The hole was drilled vertically
through a sixty foot sill, and on iﬁto the underlying sediments
of the Aldridge formation. |

The results obtained from this examinstion indicate:w Ehét
the sediments adjacent to the sill have been subjected to low
grade thermal metamdrphism, which has resulted in the develop-
ment of a prohounced biotite spotted contact zone. Late
magmatic emanations, either from‘the partially consolidated
sill,‘or‘from fhe paerent magma chamber caused metasomatism in
the sedimentary rocks of the qontact zone,'and the effects of
the metasomatic action are super imposed upon the effects of
the thermal metamorphism. Tourmaline, albite, pyrrhotite,
sphalerite, sphene and rutile are the main minerasls produced
bj the hydrothermal action.

of

A comparison ax the alteretions found in these

P
’

sedimentary rocks examined,’gggﬁfhe alteration present in the
Sullivan ore body and its wall rocks,'réveals a distinct
similarity. This similarity, plus the fact that the drill
hole is within one half mile of the mine suggests é common -
origin for the magmatic solutions.

Theréfore, the solutions which produced the Sullivan Mine
ore body may hé&% been genetically reléted to the Purcell

intrusives.
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INTRODUCTION

Object of the Research

The geology of‘thé Sulliven mine has been studied in
detail by officers of the Geological Survey of Canads, and
by geologists employed by the owners, thé Consolidated Mining
and Smelting Company. The vérious workers are not in complete
sgreement regarding the age of the mineralization.

H.M.A. Rice (1) believes that the ﬁineralization occurred
during &Cretaceous or early Tertiary time, and is génetically
related to the granite intrusivés of that age.

C.0. Swanson and H.C. Gunning (2), feel that the
assignation of the age of mineralization to the Cretaceous
or Tertiary period is open to question. They suggest, as an -
alternative, tﬁat it mayE%elated to the Furcell Intrusives
that are of Pre-Cambrian age.

It was suggeéted ﬁhat a study of the alterstion occurring
in the sedimentary rocks near one of the Pur0911 sills, and a
comparison‘of this alteration with that found in the wallvrock;

\

. of the Sullivan ore body,might reveal further ihformation
'regarding the age of the ore forming solutions. \

The writer, therefore, undertook a petfological examin-
ation of specimens of the core of a diamond drill‘holé,
located just easﬁ of the Sullivan mine. The hole was drilled
vertically through a sixty foot'sill and continued on into the
underlying sedimenﬁs for‘approXimately five hundred feet,

. 1. Rice, H.M.A. 1937, G.S.C. Mem. 207

2. Swanson, C.0. and Gunning, H.C. 1945, Geology of
~the Sulliven Mine, C.I.M.M. Vol. 48, pp €45 - 667
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The work consisted of a détailed petrogfaphic examination
of thirty-six thin sections and the intserpretation of the
results obtained from this examination.

~ The extremely fine-grained nature of the rock made it

difficult to determine and estimate the relstive amounts of
the minerals in the thin sections, |

An important part of the interpretation was to decids how
much of the alteration was caused by reconstitution of

original matefial and how much was due £0 the introduction of

meterial from some outside source.
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GENERAL GEOLOGY

The Sullivan:mine is located in the south-east corner
of éritish Columbia, about one and one half miles north-sast
of the town of Kimberlevy, B.é.

The area in the vicinity of Kimberley is underlain by'
gently folded sediments of the Purcell series, of Pre-Cambrian
age. These sediments were intruded by a large number of sills,
known as the Purcell sills, in late Pre-C?mbrian time, |

The Sﬁllivan ore body is a replacement deposit, in the
lower member of the Purcell series, called the Aldridge
formetion, This formatiog ié an .assemblage of thin bedded
quartzites, siltstones, aﬁd argillites approximately 16000
feet thick.

The ore body conforms roughly with the strike and dip of
the sediments, and grades into them. The horizons replaced
represent a stratigraphic thickness of about 200 feet.

The ore 1is an intimate, fine-grained mixture bf’galena,
and §pha;erite, with minor amounts of pyrrhotite, -pyrite,
magnetite, and ijesonitej the scant gangue contains manganese
garnet, garnet, tourmaline, diopside, actinolite, and biotite,
with subordinate calcite. Sdme cassiterite is present.
| In the vicinity of the mine, the regional dip is east,
the region as a whole being on the east side of a broad
anticline which has an axis lying a few miles west of the
area shown in fig. 1. However, the regional dip is modified

'by several gentle warpings and by minor folds which are

COorvarwonly. . .
ﬁeeqaeaéiy gquite sharp.
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Figure 1 portrays the nature of the gentle warpings by
means of subsurfacé contours of the footwall of the ore zone.

The Kimberleyffault isvone of the major features of the
area. As shown in Figure 1, 1t strikes about E.W. and dips
45 to 55° N.

The Sullivan fault, together with a number of similar
ones‘which form a well defined set, constitute the only other
important fault structures. Of these, the Sullivan, Eest and
Lois faults‘are shown on the ﬁap.

The Purcell intrusives, locally called diorites are the
only large intrusives known in the immedliete vicinity of the
mine., Typically they obcur as large sills or sheets at a -
small angle to the_bedding of the Purcell series. Many of
them are approximately uniform in composition, and are
chemically about the same és Gabbro. In the upper part of
some of the sills there is a gradgation to a type that is
definitely more acid. | |

A1l the 1arge sills (see figure i) near the'Sullivan )
mine are accompaniéd by a contact zone 100 feet or so thick.
in which the sediments have developed a spotted character.

WALLROCK ALTERATION OF THE SULLIVAN ORE BODY

The formation of the Sullivan ore body was accompanied

by considerable alteration of the wallrock. ‘Briefly, this

wallrock alteration may be described as tourmalinization of

P
1

the footwall sediments and albitization and chloritization of

the hanging wall members,
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PETROGRAPHY OF THE UNALTERED SEDIMENTS

In order that the alterstion in the sediments in the
vicinity of the Sills may be properly appreciatea it will
be necessary to givé a brief description of the unaltered
sediménts. .

l“Strictly speaking, the beds are not unaltered sediments,
8s they have all suffered more or less recrystallization.
Howéver, the changes so producéd have been slight in compar-
ison with those cauéed by replacement and contact metamorphism .
in-the sedimenté adjacent to the ore body, and are in genéral
less than the changes encountered in the contact zones of the .
Purcell Sills. | |

The beds are largely composed of sericite flakes 01 mm.
to .05 mm., in diameter, and quartz grains of silty to sandy
sizes. The sericite flakes have random orientations and
evidently represent clayey material that recrystallized under
static conditions. The guartz grains are usuaily irregular
in outline but new growth has not matérially changed the size
of the coarser grains. However, the smaller ones, less than
O;OSImm. in diameter, which arelintergf0wn with sericite,,
owe their shapes and sizes entirely to recrystallization.

Lithologic types which range from argillite to siltstone
form a large part of the sediments, and can be arranged into
a linear series. It has been found convenientvto classify as
argillites those which are more than 75% sericite, and as

siltstones those which are more than 75% quértz occurring as



grains up to .01 mm." (3)
This classificaetion will be adhered to throughout this

report.

}(3) Swanson, C.0. and Gunning, H.C. 1944 - Op. Cit:
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MINERALS OCCURRING IN THE SECTION OF THE

ALDRIDGE FORMATION CUT BY DRILL HOLE 249,

In the following paragraphs, the minerals are listed

according to Dana's c¢lassification.

SULPHIDES

PYRRHOTITE: Fe,:iS,

Pyrrhotite is very wide spread throughout all the
sediments of the Aldridge formation. It occurs in varying
amounts iﬁ practically all the thin sections examined.
| It is found as fracture filling and, or, replacement of
certain favourable horizons (éee Appendix thin section 289A),
as concentrations of irregular shaped grains in the spots'bf
the spbtted bands, and aé'small, more or 1leéss evenly distrib-
uted.grains in certaiﬁ horizons.

fflhere a pyrrhotite-rich layer or veinlet occurs in or
near a spotted horizon, the concentration of the pyrrhotite in
the spots varies directly with the distance from the
pyrrhotite~-rich zones.

- The most commoh associates are biotite and ‘clinozoisite,

SPHALERITE Zn S.

A bright orange yellow variety of sphalerite was
identified in most of the thin sections of specimens taken
within ten feet of the contact with the Sill. In most cases
it occurred és very minute grains which were only positively
identified with fhe aid of a microchemical test for zinc..

However, thin section 154B contains a coarse biotite and
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spnalerite-rich zone in which the sphalerite was found in
large grains replacing calcite. It was associated with soume
pyrrhotite, clinozoisite, and chlofite.
OXIDES
QUARTZ; 810,

This is the most abundant mineral in'the sedimenté of
the Purcell series, It occurs as very‘small irregular’shaped'
interlocking grains generslly less tﬁan..01 mm, in diameter.
Spots or concentrations of larger grains up to .05 mm. in
diameter are common in some of the bedé.

The interlocking grains and the presence of mény
inclusions indicate that the quartz has been largely
:ecrystal{?zed. (

RUTILE: Ti04 »

There is abundant development of rutile throughout the
majority of the thin sections examined. It most cd@monly
occurs as clusters or aggregates of short stubby euhedral
‘crystals, which often show good geniculated twinning.' It ;s
also fouﬁd as minute needles rep;acing biotite. |

There is 2 marked increase in the concentration of rutile
in the spots and along the contaéts between argillaceous and
silty layers. It/appéars tb be closely associated with the

biotite in the spots and is not found in the bleached zones,

CARBONATES

CALCITE: CaCo5

o Calcite occurs in appreciable amounts in a number df the

sections examined. It is always associated with chlorite -
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either as vein filling or as irregular patches in the more
highly chloritized areas.
SILICATES
' ALBITE: i

There appears to be a fairly abundant develbpment of
Albite in the thin sections studied. It occurs as small
grains'sqattered throughout the general matrix, or &s vein
£illing material. Albite twinning was observed in a few
cases. The maximum extinction anglé measured was 12-l/é to
13°. A biaxial pOSitive interference figure with a large
2V was obtained on a few gfains.

An attempt was made fo determine the amount of feldspar
present in the sections by selective stairning of the feldspar
grains, Detailed explanation of the process used is included
in the sppendix. The results indicate that there was g
greater degree of fef%pathization than was apparent in the
unstained sections. The stained sectiohs showed'that'there
was a tendency for the concentration of feldspar to be greater
in the spots than in the general ground mass. -One section
revealed the presence of a strongly fef%pathic‘layer parallel

to the bedding.

CORDIERITE: -Hz (MgFe)4 A185110057 ;

The presence of cordierite was suspected in some of .the
thin sections, but no definite proof was obtained. See
appendix thin section 146A.

WOLLASTONITE Ca Si 05

One fibrous grain of wollastonite was identified in thin
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section 340B, The optical properties were found to be as
follows: Index 1.60 %, Birefringence 0.010, orientation
length slow, biaxial negative with 2V moderate to large.
The crystal identified Qontéined numerous small |
inclusions of tourmaline,
CLINOZOISITE: CazAl

5 (OH) (510,)

This mineral is common in the thin sections examined.

It is generally found intimately assoéiated wilth pyrrhotite
and biotite and quite oftén forms & rim around grains of the
former mineral. It was noted that it occurred in greater
”‘concentration in the spots than in the matrix, and that-those
spots high in pyrrhotite contained more than those which |
showed a deficiency of pyrrhotite.
EPIDOTE: Ce, (A1 Fe)z(OH)(S104)5

This mineral is found replacing muscovite and biotite in
some of the spots. It 1s commonly associlated With‘clinozoisite._
Epidote is much less widespread in occurrence than clinozoisite.

TOURMALINE: A complex borosilicate of aluminum and other
metals.

Tourmaline is of widespread occurrence in the sediments
cut by drill hole 249. It is commonly found as minuﬁe
euhedral crystals which asppear slightly greanish in thin
section. A number of larger crystals of pale yellow
tourmaline were encountered which showed marked pleochroism,
with maximum absorption parallel to the analizer. Cross.
fractures were well developed. .

Large\51evg§ anhedra of this yellow pleochroic -
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tourmaline were found in séme of the more spotted bands. |
In thin sections 160 A & B, these anhedra range up to0.3 mm.
in size and occur within the spofs, in some cases, occupying
as much as 25% of the total area of the spot. On the whole,
the concentrafiog of tourmaline was found to be greater in
the spots than in the fine-grained ground mass,

MUSCOVITE:  HoKAL (Sio-4)5

Well crystallized muscovite is rare in the sections
examined, Where present, it bccurs as 1arge sievey fiakes
up to .4 mm. in size, assoclated with epidote and chlorite.

The_fine—grained variety'sericite is second to quértz
invorder of abundance. It occurs as minute, evenly
distributed, lath-shaped grains, generally less than‘.Ol mm.
in length.

. It was noted that thefe is a cOns;derably lower con-
centration of sericite in the spoté fhan in the surrounding
matrix. ‘ |
’ BIOTiTE: H K (MgFe) r1(S10,),

Biotite is the most common accessory mineral, It occurs
in three distinct ways; (a) As gqﬁidimentional grains,
averaging .04 - .06 mm. in diameter, more or less evenly
distributed throughout some of\the beds, 1In some cases, it
comprises 25% of the minerals present; (b) as concentrations
of larger grains, up to .2 mm..in diameter, in more or less
circular spéts, associated with large grains of quartz énd
feldspar. In some cases, the biotite clusters form a central

core in the spots, and are surrounded by a ring of biotite-
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free quartz gra{ns. In others, the whole spot consists of
closely packedvbiotfée flakes, while in still other spots,
the biotite grains form a ring around the periphery of the
spot leaving a more .or less bleached dbre of quartz grains;
(¢) In small veinlets containing biotite grains more or
less oriented with their long axis parallel to the length of
the Yeinlet. The‘veinlets cut all structures inciuding the
spots. In all cases the biotite is more or leéess chlofitized.
CHLORITE:.'Hé(Fe,Mg) A128107

The sediments examined have been considerably chloritized.

Pale gfeenish chlorite occurs in small veinlets and in

relatively large irregular patches., It is commonly associated

with calcite and pyrrhotite.

/ TITANOSILICATES
SPHENE: caTis10,

This mineral was identified in only one thin section,
It occurrsd witn albite‘in a small veinlet wnich cuts é
biotite-richh Zone in thin section 241B. The grains average
.04 mm. in size and exhibit typical diamond-shaped outlines.
The index was 1.80 + and the birefringengenée very high. The
grains were optically positive with 2V= 20° %, \
It is thought that some small isolated grains with high

index seen in thin section 340A are probably sphene but no

positive determination could be made.
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ALTERATION OF THE ALDRIDGE FORMATION

The development of the pronpgnCed spotting is the most
noticeable change induced in the rocks of the Aldridge
formation by the intrusion of the Purcell sills. Other
changes have occﬁrred which.arg equelly important but which do
not materislly alter the megaécopic character of the rocks.
They are, toufmalinizatioh, chloritization, carbonatization,
and introduction of the sulphides, pyrrhotite, and sphalerite.

The following few pages will be devoted to a detailed
description of these and other chenges.

DESCRIPTION OF SPOTTING:

The spotting is characterized by the pronounced develop-
ment of areas largely composed of coerse guartz and.biotite.
The amount of biotite varies from almost %QO%,to almost zero.
The grain sizg of the mein minerals occurring in theése spots

1]

is consistently coarser than that of the same minerals

occurring in the ground mass.

| The spots are usually roughly circular in outline;and
gradually increasé in size from-approximately’.Z mm, in
diameter in thevbeds near the contaect with the sill'- to aA'
maximum of 6 wm. in diameter in the béds 500 feet below the

sill. However, as the size of the spots increasei the

number of spoté per unit area decreases proportionally, so -that
the total area occuplied by spots is approximately the same

throughout the section. (See stratigraphic section)in appendix)
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VARIATION IN TEXTURE AND COMPOSITION OF.THE SPOTS WITH
REGARD TO THE FOLLOWING MINERALS.

Biotite: ¢

The distribution of the biotite within the spots varies
coﬁsiderably. in éome cases.the greins are concéntrated in
the centre of the spots and are surrounded by a distinct rim
of guartz. In other caées the bilotite is Qongentrated around
the periphery of the spot 1eaving.a barren central éoré.

The latter type is very well developed in specimens 540, (éee
plates z and 5), The gréins forming the outer portion of the
rim are noticeably finer-grained than those occurring,closér e
to the‘centre.‘ fhezbiot;te rim grades into the barren core : -

and shows definite radial arrangement, ,

{

Pyrrhotite:

Thefe is a distinct tendency for the pyrrhotite in the
spotted layers to be concentrated within the spots. .The
. amount of pyfrhotite in the spots appears to vary~ihvérébﬂy
with the distance between the spots and e pyrrhotite-rich
layer or vein. o -

Tourmaline;

There is, in general, a wide distribution‘of tourmaline
throughout the rocks examined. 1In most of the spots there
apéeérs to be a slight increaée in concentration.  Inisome,
the increase is very pronounced, in which dase, the
tourmaline assumes the role of the major constituent of the
spots. This is best illustrated in sections 160 A & B where

large sievey grainslof tourmaline occupy approximately 25%
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. of the spots. See Plates‘26>and'1u.
Rutile:

Rutile is probably.the most common accessory mineral.
- Ite eédstributien is not confired to the spots but is found
in greater amounts in the spots than elsewhere. Rutile
appears to be more closely associated with biotite than with
ahy other mineral, Minute needlés are found replecing biotite
aiong cleévage planes; clusters of lerger stubby crystals sre
common in the well developed spots, such as appear in thin
section 340, and are found in thé biotife rims sand not in the
barren core. See pletes ¥4 and 5.

Clinozoisite:

\Ihe ceeunrenee—of C€linozoisite is very closely associated
with pyrrhotite, thus it is more commonly found in the spots
and in the pyrrhotite-rich zones., %t

Chloritization:

Chloritization is not confined to definite areas but it
was noted to be more pronounced where the concentration of

pyrrhotite is high.
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FORMATION OF THE BIOTITE

Sediments of the type found in the Purcell series are
formed by pronounced chemical and physical dsgomposition of
pfe-existing land masses, It is therefore unlikely that thev‘
amount of biotite now found in the contact zone_couid be of
detrital origin.

Argillaceoué sediments are‘potably low in lime and
soda, high in potaésié& magnesia and alumina, and usually
contain some iron,Agenerally present as limonite. These
constituéents, ‘with the possible exception of ifon; ére(largély
rééonstituted to form sericite and minerals of the serpentine
end chlorite groups. Under conditions of rising tempersesture,
'temporarybsolution would be initisted &t isolated points in
the rock. With continued elevation of temperature this process
wéuld gradually spread and would be followed by recrystall-
izetion and the prodﬁctioh of new minerels. According to
Harker (1), biotite is very often the first impOrtant new
product., It is formed from thorite, sericité, iron ore and
rutile of the original sediment. Asg ité first appearance this
mineral is in numeroﬁs-very small elements, shapélesé, or some-
times rounded, but it soon devélops: characteristic flakes
which may have criss-cross or pafallel arrangement.

This, therefore, gives a probable explsnation aé to the
source of the biotite, but it does not explein why its
development in somé layers is very prbnounced while in others
it is entirely lacking.

(1) Harker, Alfred Metamorphism 2nd Edition P 49
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Harker states that the mineral formed at any given point
depends uﬁoh the composition Qf the rock within a very small
radius about that point. The>1imit of efféctive diffusion
‘thus iﬁdicated isbcommoﬁly a small fraction of an inch. It

may, therefore, be assumed that meterisl dissolved in one thin

-
N

bed wouid not be transported by diffusion from that béd‘into.
another; and so, while biotite might have been produced in
one layer thch conteined the requisite minersls, it would nbt
have formed in an adjacént'bed‘whiCh lacked one of the
essential original components. | |

The increase in temperature need not héﬁe been great,
indeed, it could not have been great, otherwisé there would
héve been a development of the medium and higher_temperatureg
‘silicates such as hypersthene, garnet, etc.’ However, although
the rise in temperature was not great;~the duration éf‘the |
temperature elevation must have been quite prolonged. This
is evident from ﬂhe fact that the Spotting‘occufs nundreds of
feetifrom the sill coﬁtact. It is thought that the actual.
spotting may have resulted during this prolonged elévation
in tewmperature, due to iséléfed local increases in the amount
of solvent, giving rise to solution of the biotite over small
areas, 'and diffusion of the dissolved.méterial towards a |
common centre where recrystallization took place. Continued
aétion would tend to form a corerf large grains surrounded by
an ares comparétively free of biotite.} Slight veriations in

any of the controlling factors would have z decided effect on

this tendency to form spots, and upon the shape of the spots.
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Iﬁ~those spots which exhibit an outer ring of biotite
surrounding a barren core, there must have been solution at
what is now the centre of the spot and diffusion outward from
this centre. This might -account for the radial arrangement
of the biotite noticed in 'some spots. | |

It has been noted that there is a gradational chahge
in the size of the spots throughout the length of’the drill
hole. Near the sill are numerous small'spbts, whereas at
the farthest point.from the sill, the spots are fewer in
number end cénsiderably larger in diameter. However, it seems
that the overall areal extent;of the spotting is approximetely
the same throughout the length of the drill hole. The change
in the number of spots per unit aresa may'be'dué to the fact
that near the contact, solution and recrystallization was
initiated at a large number of points, aﬁd that the number of
centres of solution decreased as the”distaﬁCG from the contact
incressed, Why there should be an increase in the‘size‘df the
ééots as the'diStance from the sill increases 'is not undef-
sfopd} | -

ORIGIN OF TOURMALINE AND SULPHIDES

The'developmentkof>biotité‘and spotting can be attributed
to L.z reconsti£utioﬁ'under-the influence of low grade thermal
mstamorphism,
| However, thistprocess does not explain the presence of
'appreciable amounts of tourmeline, pyrrhotite, and in some

’

cases,'sphalerite;'foung throughout the sediments examined.

Moreover, the_quantity-of'tourmaline present appears to be too
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. great for it to be merely recrystallized detrital material
and the possibility of the pyrrhotite and especlally the
sphalerite being formeéd from original material in the rock
seems remote., It therefore, must be a;sumod that material
has been introduced from outside to form these minerals. It
" is thought that late magnetic emanstions from the sills,
possibly partly pneumatolyﬁic in oharacter'were responsible
for this introduction. Whether the tourmeline and- the
‘sulphldes were formed contemporaneously is not known. It is
known, however, that the pyrrhotite is oefﬂnltely later than
the spotting.

In order to form these minerais, the aécending solutions
muét have contained appreciable qguantities of noron,sulphur
and water, plus some zinc and titanium.

The selutions appoér to heve entered along fractures
and elong more permeasble layers in the sediments, and to have
penetrated extensively into the surrounding rock, giving rise
to solntion and subsequent formation of the new minerals in
the more porous areas. Evidence to support thlq theory is
found in the fact that in the spotted zones both pyrrhotlte
~and tourmaline are found in greater concentration in the
spots then in the gnound mass. 1t was also noted that where
a veinlet of pyrrhotite cuts through a.spotted 1ayer; or
Whero a pyrfhotite-rich layer occurs in contact with a spotted
1ayer, the. percentage of pyrrhotite in the spots 1is inversely
proportlonal to the distance the spots are from the pyrrhotite

veinlet or band. The tourmaline content in the spots does not
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~show any relatEOnship to pyrrhotite veinlets.. In faét it is
greatest in thé spots in sections 160 A & B which contain
little or no pyrrhotite. There does notAappear to be any
apparent connection between the concentrations of pyrrhotite
and toﬁrmaline in any one layer, and the distance of the layer
from fhe diorite contact. -

ORIGIN OF ALBITE

J V4
During the ekamlnatlon of the sections a Sbrbein amount

of albite was identified. 1In 5§¥3§&ﬁ instances ﬁralns were
found to occupy veinlets whicih were younger than the spotting;
In éne case 1t was found in alsmall veinlet associateé with
sphene. Selective steining indicatedzthat some sections were
q&é%s highly felspathized.

A—eeféggg:;meaﬁ% of this albite is, qulte probably the .
result of recrystalllzatlon of‘detrltal feldspar but there
seems to be a giedsinet poss1b111ty that some of it may have
been 1ntroduced

Harker (1) belleves tnat)arglllaceous sedlﬂents borderlng
certain bas1c 1ntru81ons may have been albitized and converted
to adinoles by the action of juvenile liquids carrying sodic
compounds. He postulated that since the igneous rocks
reéponsible for the transformation are themselves rich in'
soda ske$ they have been albitized by the juvenile liquid after
their first consolidation, and that the same liquid soclutions
nave invaded the adjacent rock, and have brought about radicel .

metasomatic changes.

(1) Harker, Alfred, Metsmorphism 2nd Edition P.128
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The albitized asrgillaceous rocks contain othef minerals
in varying proportions, such as chlorite, epidote, actinolite,
"iron ore", sphene and rutile. At Dinas 'z Head, Cornwall, the .
‘adinoles grade into rocks composed essentially of dravite. |

AJcomparisOn pf the sedimentary rocks adjacentvto»the
Purcell intrusive with the adinoles described by Harker
reveals eer%&igggggﬁ%s—cf similarity.

In both cases, the original sediments were notably
argillaceous. Both contein albite and have similar accessory
minerals. Both are assocﬁated with basic igneous intrusives.

| The iﬁtrusivss associated with the adinoles are rich in
soda and it has been postuiated that the liquid magmatic
solutions responsible for this increase in soda content were
also responsible for the albitization of the adjacent
sedimentary rock. .

'It is known that granophyric rocks are associated with'
many of the Purcell intrusives and that these graﬁophyric rocks
are richer in ecid plagioclase than the normal type.

It is, therefore, suggested that the albite in the
sedimentary rocks of the Aldridge formation adjacent to the
Purg?ll intrusives may also be of magmatic origin, and thaf the -
same magmetic solutions which caused the albitizatidn, were

responsible for the increase in soda content of esxéadin’

portions of the adjacent intrusives.
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ORIGIN OF RUTILE

The widespread distribution of rutile throughout theée
sediments coupled with the fact fhat it is a very common
détrital mineral in argillaceous sedimehts/weaéé4eeeﬁ—%e -
indicates that it is due>to recrystallization of rutile in the
original rock. However, the fact that sphens is associated
with albite in veinlets, weulé—seosm—te6 suggests that the
ascending solufions carried a certain amount of titanium,

- Thus, there is a possibility thaf a part of the rufile present
is not‘authoggnic, but has resulted from the introdﬁction

of titanium bearing solutions after the rocks were subjected
to low grade thermsl metamorphism, The féct thet it is ewibe
Corrmrron

often agsociated with pyrrhotite and clinozoisite substant-

iates§ this theory.
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CONCLUSIONS

v

| The intrusion of the Purcell Sills has resulted in iow
grade thermal metamorphism of the adjoining beds of the
Aldridge formation. This thermsl metamorphism has resulted
in the formation of biotite in a large number of the thin
beds by reconétitutiqn of original minerals in the rock. Thse
metamorphlism caused the spottihg which occurs in the'contact
zone, but the reasoﬁ for the increase in the size of the
spots as thetdistance from the confact increases, is)not‘known.
The thermalw metamorphosea rocks Wefe further éltered'by
the action of magmatic e@anations from the adjaéent intrusive,
It is thOught that these emanations wers essentially hydro-
thermal, but they may have been partly pneumetolytic. . The
metasomatism resulted in the production of tourmaliﬁe (dravite)
albite, pyrrhotite, sphalerite, sphene, and possibly somé of
the rutile, The formation of{the new minerals was sccompanied
by chloritization, carbonatization, and the widespread
productioh of clinogoisite plus minor epidote. .
A comparison between the élteratioh in the wall rocks of
. the Sullivan ore body and the alteration found in the sediment-
ary rocks of the Aldridge formation adjacent to the Furcell
sill, reveals that while the alteratioh in the wall qocks is
much more pronounced tinan that found in fhe roéks near the
sill, the wineralogy of the alteration. in béth'cases is
essentially similar.
This similafity combined with the fact thet the drill

3

hole is less than half a mile from the ore body may indicate



26
that the magmatic solutions which caused the chéngés may have
had a common source. If this is true, and if it is concedea
Jthat the alterations found in the rocks near the sill resulted
from the action of magmatic solutions thaﬁ originated eithef
in the sill, or in the parent ma.gma chambef of the sill, then
. it may be postulated that the Sullivan ore body is geﬁg%ically

related to the Purcell sills.
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DESCRIPTION OF THIN SECTIONS

THIN SECTION 138 A

This section appears to be normal silicéous argillite
grading to argillaceous siltstoné. The main constituents
~are quartz, sericite, and biotite., The qua;tz grains show
very irregulaf outlines and range from .Ol'—’.02 mm. in
diameter. The sericite occurs asyinterstiti@.flakes 02 - .04
mm, in size, between grains of quartz. The biotite appears
Ias relatively large equidimenfional grains .04 - .10 mm. in
‘diameter and occupies approximately 25% of the élide. The
grains are generally more or less chloritized.

Rutile‘occurs as very small scattered grains and fine
aggregatés of crystals. In places it appears as fine needles
in the biotite. The sgction pas been fracfured, and the
fractures subsequently filled with an intimate mixture of
calcite_and chlorite. Pyrrhotite occurs as isolated
irregular grains ub to .05 mm in size.

THIN SECTION 138 B - .

- This Eection is very similar to 138 A but contains a
greater amount of biotite,.approximately 20% - 3 Thergfis ?ne
vague biotite enriched layer.

Vague ontting in the form of slightly enlarged biotite
and quartz grains plus a concentration of pyrrhotite is
discernable. In general, the pyrrhotite is more abundant and
in larger masses (greater than .2 mm.) than in 138 A.. There

is a vague suggestion of a concentration of pyrrhotite in
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streaks parallel to the bedding.‘ Rutile is the most abundant
R
accessory mineral. Tourmaline and possibly zircon are present:

in very small amounts,

THIN SECTION 138 C

Similar to 1%8 A and B buf showing gradational thin bed-
ding, so&e lamellae contain guartz up to .05 mm in Qiameter./

The section contains feldspar of approximately albite-
oligoclase coﬁposition. It could only be detected where the
grain size was large enough to obtain a figure. 2V was found
to be large- approaching 90°.

In some. cases it is possible to see the cleavage by'
using oil immersion., Rutile is the most abundant accessory
mineral, occurring eithef 2s short prismatio euhedral crystals,
which sometimes show excellent geniculated twinning,‘or s
long slender needles, .02 - .03 mm. in'length, in thé.grains
of biotite, .They lie in random orientation on the cleavage
planes and can only be seen distinctly in basal sections,
Sphalerité occurs as very small euhedral grains less than ,0l
. mm, in size. Itsvpresence was confirmed by a micro-chemical

test for zinc.

THIN SECTION 146 A

This is a section of spotted siltstone. The matrix is
composed of irregular quartz and feldspar graihs .02 - .04 mm
in diameter)with very minor amounts of interstitim_séricite.
The quts are roughly circular in outline and range in size

from 0.3 - 0.8 mn, They are composed‘of quartz grains

averaging .05 - .1 mm., biotite flakes up to 0.1 mm. and
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sievey grains of muscovite showing poikiloblastic structure.
The chadocrysts are, quartz feldspar, and fourmaline. An
attempt. was made to determine the type of feldspar présent,
and the approximate percentage. It was noted'thatia few
grains showed albite twinﬁing. The maximum extinction angle
was found to be 12-1/2 - 13°, These grains were optically
positive, with a large 2v; Under oil immersion 90° cleavage
was evidsnt. These grains werse concluded to be albite.

The section also contains a number of faifly large
gfains of what appeared to be quértz. 'These grains were
most commonly clouded by minute inclusions. The index was
found to be just slightly above that of balsam and greater
than the albite. The birefringence appeared to be slightly
 higner than that of the albite. The latter showed a dark
grey interference color whereas the former showed a light
grey to cream color, giving a birefringence of approximately
.010. A careful check of several grains proved that the
mineral was biaxial negative with 2V from 60° - 70°. One or
two gréins gxnhnibited what was thought to be a type of radial
twinning. It.ié thoughﬁ'that this minerzl may be cordierite.
The section con@éiné considerable tourmaline. It occurs sas
pale biue-gréen short stubby. -crystals which show good euhedral
outlines. The 1afger grains show pleochroism with absorpfion
greatest when parallel to the analizer. Cross fractures are
common, Large sievey anhedra of chlorite occur commonly
through\this seﬁtion. They are fréguently associated with

clinozoisite. The clinczoisite is also associsted with
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muscbvite, where it is found replacing the muscovite‘along
cleavage planes, Cplcite 1s fairly abundant in the chloritized
areas; Rﬁtile is present in small amounts.as an accessory

minereal.

THIN SECTION 146 B

This section consists of banded, biotite specked ahd
spotted argillaceous siltstone. The main ground mass of the
slide is composed of approximately 50% guartz grains
averaging .01 - .02 mm. in diameter and 50% biotite grains
averaging .02 - .04 mm, in diameter. The spots occur with
random arrangement throughout theAgeneral‘matrix. They are
roughly circular to ellipsoidal in outline and range from
~approximately .6 - 2 mm. in diameter. They are frequently
isolated from one another but in many casés it is possible
to trace a direct connection between two or more spots,
giving a chainlike effect. The spots quite commonly exhibit -
a central core or cluster of large biotite grains up to .2 mm.
in diameter. Surrounding this core and separating if from
the genéral biotite rich ground mass is a bleached rim of
quartz grains. In practically all cases fhe biotite grains
" in the spots have been more or less altered and replaced by
clinozoisite. 'he spots nave notably higher percentage of "
pyrrhotite than the rest of the section. Tourmaline is a
common acceéssory mineral throughout the slide but it appeérs
in greater amounts end in larger crystals in the spoté than

in the general ground mass.
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The section is traversed by an irregular pyrrhotite
rich band containing clusters of biotite in .a coarse silty
ground mass., This layer is similar to the spots previously
descrived, except that it is.continuous'across the whole
width of the section, is parallel to thelbedding rlane, and
contains a much higher concentration of pyrrhotite then is
found in any of the spots. A veinlet of coarse biotite
crystals cuts across all the structures including the spots
and the pyrrnotite rich layer.

THIN SECTION 153 A

This section is éonsidered'to be a relatively pure
siltstone since it conteins practically no séricifé. The
matrix consists of guartz and feldspar grains with a small
percentage of biotite evenly distridbuted throuéhout. The
slide is vaguely spotted with irregular shaped clusters of
biotite grains, but no clearly marked bleached rimming can
be seen, -lLarge sievey flakes of muscovite are common and
a 1argé percentage»show replacement by chlorite and epidote.
The b;otite in the spots is more or less replaced by chlorite
and epidote and possibly soume clinozoisite. The most notable
feature of this section is .the presence of a layer which
contains a relativély'high concentration of pYrrhotite. The
pyrraootite appears to have entered the section along small
transverse fractures. From these fractures it hés spread out
and permeated a considerable amount of the surrounding silt-
stone, It is commonly:found replacing biotite, The intro-

duction of the pyrrhotite appears to have been accompanied by.


http://co.ar.se

- 33
the formation of chlorite ana carbonéte. ‘Thé carbonate,
probably calcite, is veined‘and replaced by sphalgrite. A
dark olive'green mineral o¢curs in the parts of the section
where pyrrhotite is present. It is thought to be chloritoid.
It occurs as wague. rims on calcite grains and in a few cases
as isolated aggregates of very small grains, Tourmaline

occurs as a minor accessory mineral,

THIN SECTION 1564 A

In general, fnis,section is classed as a spotted silty
argillite. The matrix is approximately 80%‘sericite. There
is little distinct quarﬁz. The spots average 1 mm. in
diameter and occupy roughly 20% of the total area., They.are
circular.in outline and exhibit 2 bleached rim and biotitei
rich central cores. Some of the spots contain up to 25% °
pyrrhotite and most have coarser quartz grains than is found
in the surrounding matrix, The pyrrhotite in the spots is
very commonly intimately associated with biotite, gnd in
. general it appears that the pyrrhotite has selectively
replaced the biotite. Quite frecuently the spoté contain fair’
.sized clusters of clinozoisite grains and short stubby’crystals
of rutile. Tourmaline is present as an accessory mineral.

N
THIN SECTION 154 B

The greater part of this section is very similar to 154 A,
The rock 1is a spotted silty argillite. The majority of the
spots show the biotite cores, but a few are largely composed
of coarse quartz grains averaging 10 mm. in diawmeter.  The

above silty argillite is in sharp contact with a layer of
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biotite rich (55%)'argillaceoﬁs siltstone with quartz greins
.05‘mm. in size; having a larger coarse biotite and sphalerite
rich patch. The sphalerite occurs in 1argé irregular masses
and as smaller euhedral crystals (dodecahedrons). 1t
penetrates slong cleavage planes in the biotite grainé and
-in some places appears to almosf entirely replace some of the
biotite grains. It also occurs interstitiallybetween grains
of quartz. The sphalerite enriched ares contains a consider-
able,amount of carbonafe, probably calcite. It is commonly
found rimming the grains of sphalerite,

THIN SECTIONS 160 A and B

Both thin sections show a fine grained massive layer
and e épecked or spotted -layer. The latter has round biotite
rich spots 1 wm. in diametér.with thin pale rimé .04 mm. wide
_plus interstitial cryptocrystaliline matérial similar’to thét
found in the massive layer. The'spotfing is more pronounced
in 160 B than 160 A.

The massive cryptocrystalline layer is almoét entirely
composed of quartz eand sericite grains .0l - .03 mm. in
diameter. The ratio of the quartz to sericite varies.frém
1.2 to 1.1. |

Biotite occurs.as scattered grains,.aqeraging .02 mm. in
size. Rutile and tourmaline are commdn_accessory minerals
occuring as écattered euhedral crystals, the former often
~ showing ‘good twinning. WWhat is thought to be zircon appears
as = véry minor accessory mineral.

The spots contain biotite grains resnging from .03 - ,12 mm
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in size, which are more or less chloritized -- the chlorite
penetrating along cleavagé planses.

Tourméline is f5Und as an accessory mineral throughout
both sections. It occurs in two distinct ways. In the
massive cryptocrystalline layer it appears as small isolafed-
euhedral grains generally colourless to light greenish. It
occurs in the biotite cores of the spots as large sievey
anhedra up to .2 - .3 mm. in size, ané forming in some cases
as much as 25% of the area of the spots.

Clinozoisite and rutile occur quite a%undantly as
accessory minerals in some of the spots.’

THIN SECTION 182 A ’

This section consists of‘two predominately silty layers
separated by a_thin finer-gréined highly argillaceouévlayer.

The silty 1ayers are biotite rich., In one layer the
biotite is largely confined to irreguler spots, while in the
other, it is more or less evenly distributed throughout. The
spbts invariably contain coarser guertz grains thgn tﬁe
surroundinglmatrix.

A number of the spots ha&e_a concentraﬁion of rutile.cry-‘
stals .02 - .04 mm. in size. These rutile grains show no
common'orientation, buf rather exhibit complete r;ndom
arrangement. - |

One part of the sectionhhaé been highly chloritized by
solutions penetrating along minute frsctures. Within thg
vicinity of these veinlets the biotite has been severely

chloriﬁized. The aslteration appears to have been accompanied
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by the formation of rutile needles, which are found along
cleavage planes in altered biotite. The rutile found in the
chlorite does not resemble that préviéusly described. - It
occurs in long acicular needles.

The argillaceous layer is relatively devoid of spotting,
but it‘is characterized by the presence of éonsiderable
- amounts of small stubby rutile crystals Which occur in small
aggregates in streaks, more or less parallel to the bedding.
The concentration of the rutile is greatest'aldng the contacts
with the silty layers..

THIN SECTION 182 B

This section shows banded silty argillite grading to
almost pure argillite. Small clusters or spots of biotite
occur scattered throughout thé highly argiilaceous‘métrix.

The slide conteins irregulsr areas of what appears to be
coarse recrystallized quartz grains. They are more numerous,
and the gpains of guartz are larger, in the more argillaceous
layers, where they occupy 50 - 75% of the total area.

These areas or spots are devoid of bioctite and contaein
only very small améunts of sericite. The quartz grains conta?1
a large number of small inclusions. Two irregular streaks
of rutile crystals traverse the section more or léss parallel

to the bedding. There is a slight amount of chloritization

of the biotite close to these streaks.

THIN SECTION 182 C

This is a section of silty argillite similar to "A" and

"B", but lacking pronounced thin bedding and areas of
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recrystallized quartz.
The section shows‘a slight amount of normal spotting, i.e.

biotite rich core, with bleached rim. Pyrrhotite grains

occur in some of the spots.

\

THIN SECTION 190

This is a section of mottled siltstoﬁe mainly composed
-of gquertz grains less than .02 mm. in diameter.

The matrix contains approximately 15 to 20 per cent
biotite, more or less evenly distributed throughout as
equidimentional grains averéginé .02 mm., With a few grains
up to .1 mm.

Several‘veinlets.of chlorite approiimately .2 mm, wide

cut the éection. The areas adjacent to the veinlets are
intensely chloritized, resulting in several highly
chloritized bands separsted by layers in which the biotite-is

only slightly altered.

THIN SECILION 19§"A

This slide consists of two bands of argillaceous silt-
stone. One is biofite“enriched and conteins large spots of
biotite,'coarsé quartz and pyrrhotite. In sharp cqntact with
this layer is & more argillaceous band, noticeably deficient
in biotite.

The ﬁOSt prominent mineral is tourmeline. It occuré'in
three ways: as very small grains generslly less than .01 mm.,
in diameter, fairly evenly distributed throughout the section:

as large isolated pleochroic grains: and as aggregates of very

small greins.
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THIN SECTION 195 B

4

This is fine grained spotted siltstone. The'quartz in
the mafrixvvaries from .0l - .04 mm, in diameter. The spots
are composed of coarser gquartz grains averaging .05 -~ .1 mm.
in diameter, and grains of biotite more or less chloritized,
up to ;4 mm in size. A few large, (up to i.5 mm, ) sievey
anhedra of musnovite‘bccur scaftered throughout the section.

The biotite in the spots has been partielly replaced by
clinozoisite. Subsequent to the formation of this mineral a
1arge.percentage of thé remaining biotite has been highly~
chloritized. The result is that approximately 50 per cent of
the spdts are now'qomposed of an intimate mixture of chlorite,
clinozoisite, andiooarse grained quartz. ‘

- Tourmaline is the most common accessory mineral. It
bc¢urs as very swall scattered grains and as large isolated

sievey anhedra.

THIN SECTION 195 C

This argillaceous spotted siltstone has a matrix
composed of sericite, quartz, and biotite averaging .01 - .02
mm, in size., The spots range from .2 - .6 mm. in diameter and
show central cores of biotite surrounded by a rim of coarse
gquartz grains. In some cases the spots aré joined togéther
‘fofming irregular bands. One veinlet containing large grairns
“of biotite and guartz cuts across the section at an angle to
the bedding. The biotité grains are more or less oriented

parellel to the veinlet. They are considerably chloritized

and in some cases replaced by clinozoisite.
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Pyrrhotite is found concentrated in the spots and is
always in close association with the biotite and often
replaces it. Rutile 1s also a common conétitﬁent of the spots
and appears to be more abundant in»the spoté~whére chlorit-

ization and development of clinozoisite is more pronounced.

THIN SECTION 210 A

(1) This section shows ‘three distinctly different bands;:
.cryptocryétalline layer composed of quértz,and\seriCite in
equal amounts. Grain size ,01 - .02 mm. Rutile grains

.02 - .04 and coarse (.04 - .10 mm.) flakes of biotite are
scéttered throughout. There is a definite alignment of the
sericite and rutile grains parallel to the banding.

(2) 1In sherp contact with the crypto 1éyer is & dark band

.5 mm. wide which contains a high(percentag@ of pyrrhotite

(10 2 ) occurring as scattered grsins ,03 - ..10 mm. in size.
This band is approximately 85% quartz in .02 - .04 mm. size
grains and 15% sericite. The 1atter_océurs in 1érgergrains
‘than in (1).

(3) The pyrrhotite-rich lajer grades into a coarsely spotted
band. The matrix is similar ;o number 2. The spots vary in
size up to approximately 3 mﬁ. in diemeter. Théy contain
pyrrhotite in considerable quantity. The percentage decreasss
as the distance‘from number 2 layer incresses. The biotite in
the spots is more or less chloritized. Clinozoisite and rutile
are present in considerable quantity. In genersal the layer

is quite strongl& tourmalinized, but there is a'distiéct

increase in gonéentration of this mineral in the spots as
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compared to the surrounding matrix, In some spots the amoﬁnt
is over 50% of the total.

A veinlet of quartz and feldsper cuts all layers. The
feldspar 1s-thought to be albite, ‘biaxial positive - 2V = 1afge
index 1.54. Where’the veinlet crosses thé pyrrhotite-rich
layer, it confains large grains of pyrrhotite.

‘ . .

tA number of grains of albite were identified throughout
the section, aﬁd it is thought a coﬁsiderablé proportion
of the ground @ass is feldsbathic, rather than purely guartzose.

THIN SECTlON 210 B

The same series of three layers are observed here as 1in
210 A.
(1) The cryptocrystalline sericite band in this case is
Vaguely spotted. There are occasional/muséovite sieves up to
2 mm. in size with included rutile needles, and scettered
feldspar sieves ,1 mm. in diameter which are most proﬁébly
albite (+) 2V large. |
(2) Dark beand 1.5 mm wide similar to one in & containing
approximately 10 - 12% pyrrhotite. The remainder is largely
quartz .02 - .05 mm. with 10% ¥ sericite. . = -
(3) The biotite spbtted bandthas a fine silty matrix of
quartz (.01 - .03) plus minor seficite. The biotite spots
contain a considerabie amount of tourmaline. It occurs as .
small greins (.0l mm.) more or less évenly distributed
'thréughout the spots and produéeé noticeable rims. Some of
~ the smaller spots show a greater_coﬁcenﬁration of tourmaline

’and a much lower concentration of biotite than is observed in |
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.the large spots.
Pyrrhotite is associated with the biotité in the spots.
One albite grain was‘ideﬁtified near a spot, but most of the

colourless mineral with the bictite is quartz.

THIN SECTION =241 A

This seétién is composed of three well defined layers.

A éilty argiliaceoﬁs band, made up of cryptocrystalline
sericite plus 5 - 10% scattered quartzAgfains 02 - .04 mm, in
diameter. 'This highly sericite layer grades.into a biotite
and pyrrh&tite—rich band which in turn grades into a coarsely
spotted layer.

The zone between the cryptocrystalline seriCite-layer and
the biotite-rich layer is charscterized by abundant rutile
grains which occur in 1isolated streaks parallel to the general.
bahdiné. The ground mass, in the spotted layer is largely
quartz and sericite, of approxiﬁately .5 - .6 mm. in size,
Their mostéstriking feature is the high concentration of
,pyfrhotite, which amounts to over 75% in some cases. The
pyrrhotite is almost alWays intimately ésSOciated with
biotite. The spots show some coarse (.1 - .4 mm) sievey
greins of albite. In somé caseés, these greins are entirely
surrounded and engulfed by pyrrhofite.

The section is cut by a veinlet of pyrrhotite and
chlorite. One side of the veinlet is occupied by pyrrhotite,
the other by chlorite plﬁs & small amount df carbonate. Where

the veinlet crosses the larger spots the pyrrhotite has spread

out to form large irregulsr masses within the spots,

‘
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THIN SECTION 241 B

This section is very similar to A. There are two
coarsely spotted btands separated. by a non-spotted biotite-rich
layer. The<matfix is quartz and sericite in approximatély 1:1
proportions.,. |

The spots are large -- up to 2-4 mm., They consist of
coarse grains of quartz .05 - .1 mm. in diameter, large flakes
of biotite .05 - .2 mm, and'a considerable amounﬁ of é@arse
pjrrhotite.' There is a marked decrease in the amount of
sericite as compared to the matrix. Clinozoisite is found’
as an accéssory mineral in the éppté and is often very closely
assocliated with pyrrhotite. Sphene occurs in & veinlet of
albite which cuts the biotite-rich layer parallel to the
banding. It was recognized by its high index, high bire-
fringence, and diamond—shéped crystal outline. 2V=20 % viaxial
positive, grain size approximately .04 or less.

»Rutile and'tourmaiine (some sievey crystals) are aiso
present as accessory minerals,

THIN SECTION 246 A

Three distinct layers are fecognizable in this section.
A mottled layer composed of numerous small spots of quartz
grainslin a cryptocrystalline sericite matrix occurs in sharp
contact with a pyrrhotite-rich band containing about 10%
scat%ered pyrrhotite in a mstrix composed of 50% sericite and
50% quartz grains. |

The pyrrhotite layer grades into one that is quite

- strongly spotted. The spots are largely coarse quartz'and
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biotite grains. Quite commonly the biotite flakes in the
centre. of the spoté are considerably laqger than those on the
peripnery. This produces'a noticeable rimming effect.

The most common accessofy mineral is.rutile. It is
found scattered throughout the whole slide, but is,most
abundant along the contact between layers 1 and 2, and in the
spots.

Clinozoisite and pyrrhotite are present in most of‘the
) spots: Tourmaline occurs 2s & minor accessory mineral.

THIN SECTION 246 B

This section is very well spoﬁted. In general, it
consists of large, well-rounded, biotite-rich'spots up to
3 mm, in size in,é 8lightly argillaceous siltstone matrix.

. The most characteristic thing about the spotting is the
high concentration of both rutile and clinozoisite in the
spots. -

The latter shows a tendency to océur in the cenfre of the
| spots replacing some of the biotite whereas the former is
Auite often found as a ring of small crystals around the
periphery of the spot. However, this is not always the case.

The sscfion is strongly tourmelinized thfoughout.

THIN SECTION 264 A

This section is a fairly uniform argillaceous biotite
enriched siltstone with en "Aplitic" texture., Both the quartz
and the biotite graihs average .01l - ,02 mm. in diameter,
‘Rutile, elinozoisite and tourmaline are common accessory min-

erals and are found more or less evenly distributed throughout
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the section,

THIN SECTION 264 B

' This section is well banded with-large clearly defined
spots in two of‘the layers. Other layers show an “"aplitic"
.texture similar to 264 A. |

The "aplitic" bands are notable for the abundant
development of very minute grsins of rutile and tourmaline.
These minute crystals give the band a dusty apbearance.

- Another characteristic of these layers is that they are
cut by oné or more very narrow irregular black bands more or
less parallel to the bedding. Examination under high magnif-
ication reveals that these bands consist of a concentration
of small rutile crystais iess than .01 mm in size, extremely
fine grains of tourmaline approximately .002 mm. in diameter,
and grannular clinozoisite in close association with the
rutile crystals.

One of the “aplitic“ bands contains a pyrrhotite-rich
zone. The pyrrhotite 'is intimately associated with
clinozoisite. Small rutile crystals are scattered throughout
the layer.

In general, the spotted laminae consist of 1arge well-
rounded aggregates of éoarse quartz and biotite, apprdximately
2 mm, in diameter, plus varying amounts of rutile, pyrrﬁotite,
and clinozoisite, |

In some cases, the spots are almost entirely made up of
biotite.: ﬁowever, it is moré common to find the biotite form-

ing a thin peripheral ring, leaving a more or less barren core
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of quartz grains,

Rutile is commonly found as élusters,of small euhedral
grains associated with the Hiotite. One spot may have up to a
dozen sﬁch clusters. They -are not found in the barren cores.

One 'spotted band located near the previously described
pyrrhotite-rich zone has spots which cbntain a very high
percentage of pyrrhotite. Clinozoisite and rutile are coémon

associates of the pyrrhotite. 'See plate 3.

THIN SECTION 264 C

This section is very similar in all its fractures to the
one just described. It is well banded with alternating '
“aplitic" and spotted layers. It lacks the pyrrhotite-rich
zoné and the spots do not contain any appreciable amount of
pyrrhotite. They do, however, show a tendency towards

bleach@d rims,

THIN SECTION 289 A

This section is moderately well banded. It grades from
a2 highly sericitié'“mottled“ layer into a biotite-rich
argillaceous siltstone bahd, Which is cut by two irregular
velnlets of.py;rhotite. It also contains numerous scattered
grains of pyrrhotite,

,The most notable features of the slide are the pyrrhotite
~veinlets. They are parallel to' the bedding and appear to
follow a set of parallel fractures, or porous zones. Somé of
the quartz gréins closely associaﬁed with the veinlets are
considerably coarser than found elsewhere.

The veinlets are very irregular and tend to pinch and
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swell. One of the beds near the veinlets show a .3 mm. right
hand offset caused by pre-mineral movement, Upon encounteéring
this feature, the pyrrhotite follows the joint plane for a
distance esqual to the offset and then continues along the same

1ayervas before. See plates 1 and 2.

THIN SECTION 289 B

Thgs seétion is coarsely spotted and banded siltstone .
with spots ranging up to 4Hmm. in diameter, In general, they
exhibif markedly rounded outlines, and are mainly composed of
bidtite and.quartz. In some cases, the biotite is almost.
entirely 2ltered to chlorite, while others show very 1little
chloritiZation.. Some spots show a marked reduction in grain
size around the borders, giving a pronounced rimming effect.

The percentage of pyrrhotite in the spots varies greatly;
It'is almost alwéys assoclated with clinozoisite and rutile.
The degree of‘chloritization of the biotite in the spots seems
to be directly related to the amount of contained pyrrhotite,

THIN SECTION 315 A

This slide shows well spotted siightly argillacéous silt-
stoné in which the spots range up to 6 mm. in diameter. The
ground mass is composed of qugr%z and biotite grains generally
ieés than .04 mm. in diameter. The proportion of guartz to
biotite isvapproximaﬁely 60 - 40. The ground mass cont2ins
sparsely scattered grains_of'pﬁrrhotité with aséociéted
clinozoisite, |

Thers i; a- notable lack of biotite in the spots. What

there is, is concentrated in the centres, The remainder is
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.almos£ all quartz grains over .2 mm. in diameter plus access-
ory minerals. There 1is a deciﬁed concentration of pyrrhotife,
epidote, and tourmaline, in practically all the spots.

The epidote occurs as clusters of small stubby crystals.
The tourmaline occurs as (a) small isolated euhedral crystals,
and (b) as anhedral cloudy masses or aggregates of small
~crys£als_wnich appear to be replacing bilotite.

The spotted band is in sharp contact with a highly
argillaceous layer. This layer shows a cohsiderable smount of
scattefed rutile crystals. They do not stop at the contact
with the spotted layer, but continue 3 - 4 mm. into the
spotted layer before fading oubt.

THIN SECTION 315 B

This section is made up of twovdistinct bands. The
contéct between them 1s marked by a thin ssam of chlorite.
On one side is a Jlayer of coarser argillaceous siltstone which
was originally biotite enriched. The biotite is now largely
altered and reblaced by chlorite. |

Thé argillite layer gradually assumes & mottled appear-
ance due to the presence of small clusters of gquartz grains
embedded in a cryptocrystalline sericitic ground mass. The
size and number of quartz clusters increases as the distance
from the contact with the silty band increases.

The argillacedus matrix contains scattered rutile crystals
and irregular areas of éafbonate. The percentage of rutile

appears to be greatest near the contect with the silty band.
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THIN SECTION 340 A

| This specimen is classified as a vaguely spotted
siltstone. The majority of the slide consists of a fine-
éfained matrix of quartz grains with a few irregﬁlar clusters
of biotite flakes. There is a pronounced development of
rutile cryétals associated with the bilotite and.rutile. One
Apart of the slide has been carbonatized to a slight extent.

Several small blue-grey grains occur in the sectioh.
They have a very high index (1.80 * ) and are either positi&e
uniaxial or biaxial positive with.-a low 2V. The bire- )
fringence appeared to be approximately .030 - {040, but since
the grains ere less than .03 mm. in size this cannot be taken
as accurate., They show dié@oﬁd shapes to pyrahidal outlines
and may possibly be sphene -~ the colouf does not'seem to be
that of .sphene positively identified in seétion 241 B.

The carbonated area previously mentioned contains two
calcite grains which appear to be pseudomorpﬁs. The shape of
the original crystals is outlined by an unidentified greenish
mineral. Iﬁ is thought that these grains may be pseudomorphs
>after sphene. .

THIN SECTION 340 B

This section appears to be a relatively pure siltstone
conﬁaining large well-rounded spots up to 5 mm. in diameter.

The silty ground mass con%ains some albite which shows
good twinning. 3 /

‘The spots show a distinct tendency towards more or less

barren cores surrounded by thin rings of biotite. In some
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cases the biotite has been bleached ana;partially replaced
by what is thought to be epidote.

The'spoﬁs are éharacterized by clusters of small rutile
crystals assoéiatéd.with the biotite and by a-mafkeq increase
in the concentration of tourmaline. The latter generally
occurs in.isoléted euhedral crystals up to .04 'mm. long, but
it was also found as minute inclusions in a colourless fibrous
mineral., This mineral was found to have the following
propertieé. Index 1.60 I, prismétic cleavage, birefringence
6.010, length slow, piaxial negative, 2V moderate to large.v
The mineral is thought to.be(wollastonite. One one grain
was idéntified.

THIN SECTION 340 C

This specimen is classified as an argillaceous siltstons.
It resembles the mOre‘highly altered parts of the one just
described. The spotting is not as prongunced,'but the
alteration of the biotite and the formation of’rutile is
eXactly similar.

The most interesting feature is the selective alteration
of the biotite. It has been strongly bleached, so that it is
now colourless, and has been selectivély replaced along
‘cleavage planes by very thin needle-like yellow-brown crystals.
They aré thought to be needles of rutile.

THIN SECTION 415

This section shows a vaguely spotted pyrrhotite-rich
argillaceous siltstone showing a general enrichment of biotite

in small evenly distributed grains.


http://to.be

, 50

The spotting ;ffect is 1argely due %o more or less
circular areas which have a marked increase in phe concen-
tration of pyrrhotite. The pyrrhotite is very nearly always
associated with clinozoisite which tends to form as an outer
sureole around groups of pyrrhotite giving the whole “spot"
‘a circular outline, |

The clinozoisite occurs as ~granular aggregates which
_show a distinct tendency to. be elongated parallel to the
overall banding. |

The péripheries of some of these vague spois are‘marked
by a distinct rim of rutile grains,

The spots contain close grains of quartz and feldspar
(aibite). The latter is general in larger and more
irregular grains.

THIN SECTION 606 A

This section contains large well-rounded spots in a
biotite-rich, slightly argillaceous, siltstone;

The spots.are largely composed of boarée ifregular‘
Vgrains of quaftz up to 2 mm, in diameter and large irregular
grains of pyrrhotite .5 - .6 mm. in size. The percentage of‘

biotite in the spots is low and isvgeherally only found
closely associated with grains of pyrrhotite which in some
cases appears to replace the biotite. Practicéliy all grains
of pyrrhotite havs associated clinozoisite. Ay times;,if is
also found éssociated with rutile,

There is & general increase in the concentration and
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size of the tourmaline greins in the spots as compared to
the surrounding ground mess,

THIN SECTION 606 B

This slide is very similar to 606 A showing well defined
spots with concentration of pyrrhotiﬁe, rutile, and
tourmeline centre énd a barrehvfim of coarse quartz. The
spots are connected by irregular stringers composed of
pyrrhotite grains and associated clinozoisite, and occasional
-rutile. These connecting stringers are parallel to the
geﬂeral faint banding seen in thé arrengement of the biotite

grains on the matrix,
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SELECTIVE STAINING

The following method of selective staining of feldspar
was émployed.

The specimen to be_stainéd was first ground to épprox-
imately 1l mm. in thickness., It Was then etched with hydro-
fluoric acid for one minute, washed, and placed in a ﬁot
solution of a.sddium-silicate for five minufes. The excess
sodium silicate was removed by washing gently, and the
specimen was then placed in & bath of Fuchian dye. After
ten or fifteen minutes éhe chip was. removed, zllowed to ary,
and made into a thin section in the usual manner.

A number of standards - -were run on specimenslof rocké
Which,were known to contain feldspar.

The tests were successful in that they proﬁed that the
dye stained feldspar, but héd no effect on quartz; and that
‘it could be concluded that any stained material was most
probably feldspara

The tests indicated, however, that in one rock a certain
feldspar would react positively to the staining while in
another rock, the same feldspar under exactly the same treat-
ment, would remain unaffected. Therefore it must be concluded
that while the method used, may, in some caéés help in
determining the presenée of feldspar thé fact that the specimen
dées not react positively is no guarsantee that it does not

contain feldspar,



Plate 1. Photomicrograph of pyrrhotite-rich layers in thin
section 289A. lMag.l6X. Note how pyrrhotite follows left-

hand oeffset.

Plate 2. Photomicrograph of lens of pyrrhotite connected with

veinlet shown in Plate l. llage.l6X.
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Plate 3. Photomicrograph of pronounced spotting in thin
section 264A. Note concentration of biotite in the centre
and rim of biotite~free quaptz and feldspar. Dark mineral
in ground mass is biotite. lMag.l6X.

Plate 4. Photomicrograph of large spots in thin section 340A.
Note pronounced concentration of biotite around the rim of the
large spot. The small black grains are crystals of rutile.
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Plate 7. Photomicrograph of tourmaline grain in larger of two
spots seen in Plate 6. Predominent gramnular mineral iis
by b 5

tourmaline. Black grains are rutile. liag.50X.
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STRATIGRAPHIC SECTION OF THE ALDRIDGE FORMATION CUT BY SULLIVAN
IBRARY ' DRILL HOLE 249.

Umﬁrkf' T1llustrated by photograohs of available specimens.
Ersiy

of British Columbia

Vancouver, Cbads potographs illustrate the thin bedding that is characteristic
of these sesdimentary rocks. They also show the general character
of the spotting and the gradual increase in the size of the spots
with increasge in depth.

FOOTAGE

134 C¢ontact with sill. ©No specimen available.

138 8illicious argillite. No visible spotting.
Prominent fractures.
Thin bedded siltstone with numerous small
spots. :

146
Spotted argillaceous siltstone.
Vaguely spottsd siltstone.

155
Sootted siltstone grading into a pyrrhotite-
rich layer.

Vaguely spotted siltstone.
Vaguely spotted silty argillite.

154
Biotite-rich argillaceous siltstone
containing a patch of coarse biotite and
sphalerite.

Strongly spotted argillaceous siltstone;
spots up to 1 m.m. in diameter.

160 Argillaceous siltetone. Note absence of
spotting.

Spotted arglllaceous siltstone.

182 Interbedded silty and argillaceous layers.
The gilty layere are rich in biotite and
contain numerous small spots.

195 Uniformly spotted argillaceous siltstone.
The spots are largely composed of biotite
flakes, which in some areas, have a bleached
appearance caused by chloritization.
Fine-grained argillaceous siltstone.

210 Strongly spotted siltstone. The spots are
largely composed of biotite and pyrrhotite.
Fine-grained argillaceous siltstone.
gilty argillite.

241 Spotted argillaceous siltstone. The spots
contain a high percentage of pyrrhotite.
Silty argillite.

8ilty argillite.

246
Well-spotted argillaceous siltstone.
Argillaceous siltstone.

264 Spotted pyrrhotite-rich layer.
Interbedded spotted and non-spotted beds.
The spots are largely composed of coarse
biotite flakes.
Highly argillaceous band.
Argillaceous siltstone layer containing two
parallel veinlets of pyrrhotite.
Argillaceous siltstone.

289

j Coateely sﬁotted gsiltstone. Spots are

largely composed of coarse quartz and
biotite.
Slightly argillaceous siltstone containing
coarse irregular spots which show bleached
rir effcet,

515
Highly arglllaceous layer.

340 et s : = S
Very coarsely spotted siltstone. The spots
have a core of quartz surrounded by a rim
of blotite flakes.

Argillaceous siltstone layer with large

415 irregular spots. The spots contain large
amounts of pyrrhotite.

606 Very coarsely spotted argillaceous siltstone.
The spots are largely composed of coarse
quartz grains and large irregular grains ol
pyrrhotite.




