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Abstract
s
~ fhe Aristifats diatreme is one of seven Seton age vol-

canic‘centres‘occurring in a linear belt between Taltheilei
Narrows and Utsingi Point in the East Arm of Great Slave
Lake, N.W.T. These diatremes cut Aphebian platform sedi-
ments agd volcanics of the Great Slave Supergroup, and are
controlled by a major basement fault trending 1I8° (az).
The emplacement of the Aristifats diatreme into the .
Proterozoic succession was contfolled by one of a set of

shear fractures related to compressional folding in the

East Arm orogen.

The vent agglomerate consists predominantly of mafic
volcanic (basalt) fraé%ents, with lesser, though locally
significant, concentrations of sedimentary, diabasic a‘
granitic rock. The volcanic fragments exhibit a variety of
textures from highly vesicular-and\pumiceous-lava to dark
viscous lava. Much of the basalt is thought to represent
accidental material from a pre-existing volcanic pile cut
by the diatreme. Juvenile volcanic material appears to
comprise a relatively small proportion of the total,
possibly less than 25 percent. The volcanics have under-
gone incipient low gradé regional metamorphism (prehnite-
pumpellyite facies). Propyllitic, potassium and carbonate

alterations are common., Silicification, hematitization and

chloritization are less prominenf®,




The origin of the diatreme appears to have involved
at least two pulses of volcanic activitys The final
phase, which was explosive and possibly phreatomagmatic,
.was followed by éollapse and subsidence within tpe.vent.
It can be inferred on the basis of sedimentary‘rock frag-
ments in the diatreme, that it intruded as high as the
basal part of the Pethei group. Model lead dating of
galena from mineralized zones indicates an,agé of 1870
+ 15 m.y. for the diatreme. It is therefore associated
with the middle Aphebian phase of intrusive/magmatic

activity in the East Arm.

The diatreme hosts a complex mineral assemblage which
has been related ‘to four separate phases of mineralizing

activity.

Phase I, which comprises primari;y Fe-Co-Ni sulfides
and sulfarsenides with minor U, Pb, Cu and Ag, is
attributed principally to hydrothermal leachiné of the
mafic parent ﬁhgma of the diatreme. U and Pb may have

been introduced by gaseous transfer from the mantle. .

Phase II is a sulfide phase consisting ,predominantly L
of. chalcopyrite and galena with minor Cu-Ag sulfides.
These minerals occur in zones which have undergone strong
potassium alteration, and represent tgf only economically

significant phase of mineralization.

T
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Phase III rises barite, specularite and possibly

minor chalcopyritd/

®©

Structural evidence suggests that these veins were depos-

ited relatively near the surface.

"
Oxygen isotope, fluid inclusion and lead isotope
studies sugBest that phases III and IV and possibly phase II
were deposited by connate brines. The metal content of

these brines was derived from argillaceous sediments within

the basin.

A model is proposed whereby late magmatic activity

and tectonism propogatea hydrothermal (connate) fluids
from deep basinal areas into relatively porous and permt
eable host rocks such as the diatreme. The minerals were
prec1p1tated within the dlatreme by chemical exhe .
between the fluid and the wall rock. The change from
reducing (sulfide) fluid;'ﬁb those with high oxidation
potential (specularite-barite) may have been related to
tectonic unloading and mixing of the fluid with oxygen-
ated surfaée waters. This change in chemistry may have
~been accompanied by a decrease in temperature as_ the .
system neared the surface. Corrected fluid inclusion

temperatures for phase IV quartz veins range from

150°C to 179°C. s

vi



A second and tentative date of 1110 + 20 m.y.‘has beéﬁ
established through model lead dating of galena from
mineralized zones. This approximates the age of a series
of major diabase g8ills in the East Arm, and it is suggested
that this major magmatic event may have provided the heat
neceésary to drive the hydrothermal system responsible

for at least part of the mineralization present in the

diatreme,.
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SECTION I

BACKGROUND



CHAPTER 1

INTRODUCTION



I. Scope of Study

The Aristifats deposit is a mineralized volcanic
diatreme cutting Aphebian sediments and volcanics of the
Great Slave Supergroup. The diatreme hosts significant
concentrations of copper, with lesser lead and barium,
and minor cobalt, nickel and silver. This mineralization
occurs intermittently in the diatreme andvis vafiable ig
grade. Deposition from hydrothermal fluids has been
brought about by ci.emical exchange with the wall rock,
and is primarily controlled by gross textural features
related. to the formation of the diatreme itself. These
features are randomly distributed, and the,locationsbof
potential zones of interest cannot be readily predicted.
These factors have made exploration difficult, and conse-

guently the deposit remains an economically unproven but

intrigquing prospect.



The purpose of this study is to document the
geology of the Aristifats depésit, through structural and
geblogical mapping, and studies of petrography, mineralogy
and chemistry. Based on these investigations, the hature,
origin and affinity of both the diatreme and the associated
mineralization, and the relationship of these features to

the geologic and tectonic history of the East Arm Synclin-

orium will be discussed.

It is beyond the Scope of this study to discuss
certain aspdcts of geology which are of particular inter-
est to the explorationist, Consequently, no attempt
has been made to correlate or extrapoiate drili hole data,
to speculate on the configuration of the diatreme at depth,
or to establish potential drill_hole locatioPs.- Neverthef
less, the study has three principal applications with

respect to exploration and evaluation of the deposit.

(1) It defines the economic mineralogy and alteration
assemblages. .

(2) It defines a paragenetic sequence and establishes the
relative economic importance of mineralizﬁgé events.

(3) It defines the factors controlling the distribution

of mineralized zones in the diatreme.

/



As will become evident in the following chapters, the
geoloéy of the Aristifats deposit is comﬁlex. While this
study has resolved many of the major questions, the inter-

pretation of others must remain to some extent ambiguous.

\’\,

\\

II. Location and Access —_

The Aristifats deposit is located near Taltheilei
Narrows, immediately north of the East Arm of Great Slave
Lake, approximately one hundred air miles east of Yellow-
knife, N.W.T. The deposit lies in N.T.S. 55—L—12 at

62°35' north latitude and 111°33' west longitude (Figure 1).

The study area, which comprises the mineralized‘dia—.
treme and adjacent<enwirons is shown in figure 2. Access
to the property is by floa£ or ski-equipped aircraft to
Aristifats Lake; In addition,ua large airstrip operated
by Great Slave Lodge lies approximately two thirdé of a

mile north of the diatreme (Figure 2).

III. Ownership €§

‘The Aristifats deposit is currently held as a mineral
prospect by Norcen Energy Resources Limited of Calgary,

XIberta. The company holds two principal blocks of claims

in the area; the BBX Group, and the JDA Group (Figure 3).
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trenching, diamond drilling, and IP, magnetometer and soil
geochemistry surveys. The salient aspects of this work,
which is chronicled in Appendix 1 of this thesis, are

discussed below,.

Although records of some of the earlier work are lim-
rited, data are available for 36 diamond drill holes compris-
ing a total drilled depth of approximately 7760 feet.

These holes which range in depth from 53 feet to 800 feet,

are shown on map 3 (in pocket).

Prior to the invélvement of Colby Mines in 1972, the
majority of drill holes were collared in the vicinity of
the maip surface showing, and in some cases intersected sig-
nificant amounts of chalcopyrite and galena. Unfortupately,
drill core from>these programs has been lost, and core
descriptions, which are not geologically oriented, are use-
ful only as a general indication of the presence or absence

e

of mineralization.

Diamond drilling undertaken by Colby Mines in 19?2 was
based on the assumpﬁigiuthat the deposit was stratabound
.and dipping in a souéhefiy di:ection (Nickerson, 1970, p. 4).
This-dr ling program in;grsectea relatively uhmineralized

volcanics and. /sediments, and was unsuccessful except as a

general guide in delineating the boundaries of the diatreme.

11



Diamond drilling by Great Plains Development in 1975
and 1976 was based on the premise that the mineralization
was hosted in a diatrémic breccia pipe (Nutter ah? Sawyer,
1975, pp. 66 & 77). These programs were successful in that
they further delineated the boundaries of the diatreme, and
intersected vent agglomerate to depths of as much as 450
feet. Significant coppér mineralization (chalcopyrite)
was fngersected in two drill holes (DDH 75-5 and DDH 76-1).

N -

~

V. Grades‘of Mineralization

-

The BBX prospect is primarily a copper deposit,

3

although significant concentrations of-lead occur locally.
. *
Cobalt, nickel and silver are minor constituents which

enhance. the potential value of the mineralization, Barite

&
is common as a gangue mineral in some zones, and concentra-

tions of barium as high as 6.5% have been recorded.

In addition to the above, numerous other elements have

been detected in very small quantities. This diversity is

=3

illustraéed in Table 1 which is compiled from semiquanti-

tative spectrographic analyses of seleFted samples from the
“main surface showing. This table clearly illustrates the
relative importance of copper and lead. Although the

wr.



Plate 1 View of the JDA group looking to the N.E.
Mafic Volcanic pile bordered on the west by a scarp
approximately 20 metres high.

10



The BBX claims cover the mineralized diatreme which is
1)
the principal subject of this study. The name "Aristifats
prospect” is used interchangeably with "BBX deposit" in

-

this thesis.

The JDA group which was staked sohewhat'later than the
BBX group, covers a minor copper showing associated with a

diatreme southwest of Aristifats Lake (Plate 1).

IV. Exploration History

Copper and cobalt mineralization was noted in the vic-
inity of Taltheilei Narrows as early as 1899 (Bell, Robert,
1900, P. 108A), but the actual date of discovery of what is

now the BBX deposit iS\gnknowh.

The méih surface showing, located at the southwest end
of the diatreme, was staked initally in l§48 by privaEe
interests;’ Since that time, exploration on the‘property
‘has been carried out by several organiiations, inclﬁding
the Béx Syndicate, Breston East-Dome Mines Limited,oColby
Miné:/ and Great Plains Development Company of Canada
Ltd. (now Norcen Emergy Resources Limited). Work carri-

ed out on the property to date includes geological mapping,



g 4
TABLE 1

Compilation of "Epigene” Elementé in Samples from the Main_

Surface Showingl

Abundance Elements
>l% Ti, Cu, Ba, Pb
0.1 - 1.0% ' ) cr, Th
-
0-01 - 0.1% Li' BO, v' CO, Ni' Zn, MO, Sn,
<0.001% Ga' Y" Cd' La, Ce’ Au, U
S

1 Data from Blackadar and McInnis, 1976, Appendix IX C-
semiguantitative spectrographic analyses of mineraliz-~

ed samples. Elements in each group are arranged in
order of increasing atomic numbet.

»



By

\\§;
concentration of elements in the table)may vary widely
between samples, their relative order of maghiﬁude remains
constant. It should be noted that certain of these
elements may occur as accessories in rock-forming minerals,

and hence may have no implication with respect to epigen-

i
etic processes. Titanium for instance, is present both as

leucoxene associated with basalt fragments, and as a hydro- |

thermal phase associated with the mineralization.

The grades of mineralization which have been encoun-
tered in the deposit are briefly illustrated in Tables 2

and 3.

14



TABLE 2

PpP. 24 & 25.
(b) This Thesis, Table 15.

15

Grades of Mineralization from the Main Surface Showing
BBX Diatremel
Element Abundance
(1) Channel Sample over
30 foot width Cu 4.77%
5 Ag 1.88 oz/ton
Au 0.02 oz/ton
(2) Grab Samples Cu 2.7 - 6.6%
: Pb 0.8 - 4.2%
Co 0.7 - 2.1%
Ni 0.04 - 1.23%
Ag 0.1 - 7.5 oz/ton
! Au Trace - 0.2 oz/ton
1 Data/compiled from (a) Blackadar and McInnis, 1976



TABLE 3

Average Copper Values of Mineralized Intervals from

Diamond Drill Hole 76--1l

Interval Length % Cu
114'8"-123'6" 810" 1.23
158" - 160" 2! 1.61
172" - 178'4" 614" .71
2626"-300"6" 38" 2.24
335 - 350" 15" 1.28

?

Data from Blackadaf and McInnis, 1976, p.15.

16



17

VI. Basis of Study

This study'is based on genlogical mapping, structural
mapping, and sample collection undertaken by the author
between June 3 and July 2, 1978. This work was focused
mainly on'the BBX diatreme,\and immediately adjacent areas.
The volcanic rocks of the JDA group were examined briefly,
as were sediments in the vicinity of Great Slave Lodge. In
addition, geological reconnaissance of selected areas of .

that part of Pethei Peninsula (Figure 1) south of Taltheilei

Narrows was undertaken for comparative purposes.

Diamond drill core from exploration programs carried

but by Great Plains Deve gpment in 1975 and 1976 (particu-
\ ' ,

larly DDH 76-1) was examined in detail and was an invalu-

‘able source of information on volcanic textures, alteration

4 -

and hydrothermal mineralization.



CHAPTER 2

REGIONAL GEOLOGY AND TECTONIC FRAMEWORK

18



’

I. Regional Geological Setting

The geology of the Great Slave Lake are has been sum-
marized by Hoffman and Henderson (1972), defman (1973)
and Hoffman et al, (1974). The prominent geological fea-
tures of the area, shown in figure 4 are discussed below.

(A) Phanerozoic Rocks

The Phanerozoip cover west of Great Slave Lake
comprises relatively thin, subhorizontal Paleozoic

and Mesozoic sedimentary rocks.- , (/—*

(B) Archean Basement Rocks

i. The Slave Province

The Slave Province comprises weakly ﬁorih-
trending synclinal belts of Archean suprécrustal
rocks of theerllowknife Suﬁ%rgroup, separated by
sialic batholiths. Theéé intrusives range in age

from 2300 to 2600 m.y.

The supracrustal belts generally contain
several thousand metres of basic, submarine lava
flows. These are overlain by a thick succession
of peliticlsedimeﬁts with greywacke turbidites,
and in places by miﬂor amounts of cross-bedded
sandstone, conglomerate, cherty carbonate, and

acid volcanics. These rocks are pervasively

~
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metamorphosed to greenschist facies. The sedi-
mentary rocks exhibit penetrative cleavage,

and commonly, refolded isoclinal folds.

It has not been conclusively shown
whether the belts of supracrustal rocks reére—
sent individual depositional tfoughs, or are
part of a much larger basin which has been

tectonically fragmented.

2. The Churchill Province

That part of the Churchill Province adjacent
to Great Slave Lake comprises Archean metamorphic
fdcks which have generally attained a higher ‘
degree of metam&rphism than is typical of the
Slave Province. This suggeété that the@Procks

/

have undergone greater subsequent uplift.

The Churchill Province rocks have also
experienced intense cataclastic and retrogressive
‘metamorphism which has resulted in a regional

northeast-southwest foliation. -



(C)

22

' The complex history of these rocks is indi-
cated by the wide range in radiometric ages,
from 1695 to 2460 m.y. (Hoffman and'Henderson,

1972, p. 7).  These dates generally reflect

‘deformational (i.e. shearing) rather than intru-

sive events.

RN

Early Proterozoic Supracrustal Rocks

=t

It is probable that Early Proterozic éupra-

crustal rocks once ‘covered the entire northwestern part

of the Canadian Shield (figure 4), but they are now

preserved in three main structural basins. These are”

the Epworth Basin, southwest of Coronation Gulf, the

Great Slave Basin, around the East Arm of Great Slave

Lake, and the Goulburn Basin, around Bathurst Inlet.

The latter twep basins are associated with regional

high-angle fault systems - the Bathurst fault system

of Bathurst Inléet, and the MacDonald fault system of .

Great Slave Lake.

1. The Coronation Geosyncline

During the early part of the Proterozic Era,
the Archean rocks of the-northwestern_Canadian

Shield formed an .extensive continental platform.



(1) The Bear Province

The Bear Province is divisible into
three principle belts: (Hoffman et al,

1974 p. 39).

(a) Great Bear Batholith and Volcanic
Belt

This westernmost belt comprises
a broadly folded, locally metamorphosed
series of acid to intermediate welded
ash-flow tuff énd andesite flows, with
</—f .interstratified mudstone, sandst%pg
and. porphyry-pebble conglomerate.:
These rocks are intruded by porphyriﬁic
) granophyric dyke and sill swarms
related to epizonal plutons 6f the
Great Bear Batholith. These plutons
are co-magmatic with the ash;flow tuffs
and range in, age from 1700 to 1780 m.y.

(b) Hepburn Batholith and Metamorphié
Belt -

These rocks are'separated from the‘
Great Bear Batholith by the north-.
' ~trending 400 km long Wopmay River fault,

of unknown displacement. This belt com-



§
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prises metamorphosed and penetratively
deformed pelites, turbidites and pillow
basalts which are the eugeosynclinal
facies equivalents of the Epworth Group
(Hoffman and Henderson, 1972, p. 8).
These rocks are intruded by porphyro-
blastic granodiorites of the Hepburn
Batholith, ranging in age from 1700 to

1870 million years (op. cit. p. 8).

(c) Epworth Foreland Thrust Belt

This belt comprises mingeosyn-
clinal ortﬁoquartzite and doloﬁite
overlain by qugogynplinal flysch.
.These rocks have Been~broadly folded
and thrust eastward ovér granitic

basement.

&

(ii) The Great Slave and Goulburn Basins’

The rocks of thé Great Slave and Goul-
burn Basins are brqadly correlative with
the Epworth Group, but are deposited in a
different tectonic setting (Hoffman and

Henderson, 1972, p. 8). These pasins have

A
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.CORONATION
GEOSYNCLINE/\

PLATFORM ? o ™__ 100
~ 0 KM 100
[ == o]

Figure 5: Aphebian tectonic elements of the Coronation
Geosyncline. Locations are GSL,Great Slave
Loke ; GBL, Great Bear Lake ; CG,CoronqNon
Gulf. ’ |
(After Hoftman and Henderson , 1972, Fig.3 |
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- The Coronation Geosyncline (Hoffman, 1973)
formed along the western margin of this plat-
form. The Slave and Bear Provinces represent
the foreland, and the orogenic/batholithic belt
of this geosyncline respectively. .The Churchill
-Province also formed part of the fore{and plat-
form during the evolution of thé Coronation
Geosyncline. Shortly thereafter however, it

was uplifted and dextrally displaced relative

to the Slave Province (Hoffman et al, 1974,

p. 39).

The Slave Provihce was overlain by a thin,
relatively little deformed cover of Proterqzoic
sédimentary.roék. Thick successions of sediments
accumulated onl}'in the Coronation Geosyncline,
and in the Great Slave and Goulburn Basins.
ﬁépbsition in the geosyncline is assumed to have

occurred in Aphebian times, between 2200 and

1700 million years ago (Hoffman et al, 1974; p.42).

The prominent tectonic elements of the Cor-

»

onation Geosyncline are shown in figures 4 and 5,

and are discussed below.

23
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been interpreted as aulacogens related to
the Coronation geosyncline (Hoffman, 1973),
and as grabens generated’'by transcurrent

faulting (Badham 1978b p. 213),

II. Geology of @reat Slave Basin

The geology/ of Great.Slave Basin has been described
and discussed by Hoffman (1968, 1969 and 1973) and Hoffman
- et ‘al (1977). The geology of the basin has been mapped in
detail by Hoffman (1977). Alternate theories on its origin
have been proposed by Hoffman et al (1974) and Badham

(1978b).

A, General Remarks (refer to figure 6)

The East Arm of Great Slave Lake is occupied by
more than 50,000 feet of unmetamorphosed sedimentary
and volcanlggggsk (Hoffman, 1968, p. 1), which accumu-
lated in a tectonic basin produced by the MacDonald
fault. system. The sedimentary rocks of the East Arm
were deposited predominantly in fluviatile, coastal
and shallow marine environments betweeﬂ approximately

2400 and 1600 m.a. (Badham and Stanworth, 1977, p 516).

‘The Great Slave Basin consists of a deeply subsid-
ing fault-controlled trough in the south, and the adja-~

cent Slave platform to the north. Sedimentary and

K
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volcanic rocks id‘the basin reached a great thickness

*'in the trough, but thinned considerably towards the

A

platform.. Changes in sedimentary facies and thick-
nesé across the basin were controlled by prolonged
subsidence in the trough. The geological history of
the East Arm is dominated by intermittent movements on
various splays of £he MacDonald fault system (Figure
6, inset). These movements controlled deposition,
deformation and preservation of sedimentary and vol-
canic rocks and acted as the locus for intrusion of
alkaline magma throughout the Aphebian (Badham, 1978b,

p. 201).

The supracrustal rocks withim the trough itself
thicken toward the southwest and are broag}y folded .
about northeast-trending axes and cut by :ycomplex
system of high angle faults that parallel the folds. -
The overall structural configuration of the basin is
that of an asymetric synclinorium. On the north side
of the synclinorium, gently dipping Aphebian strata-
o§erlie Archean rocks of th; Slave Province. On the
south side howevgr, Aphebian and possibiy Paleoheli-
kian strata are tightly foldeé and faulted and abut
against the Churchill Province along the MécDonald

fault, ’

29



Origin of Great Slave Basin

1. The Aulacogen Model

The possibility that the Great Slave and
Goulburn Basins are aulacogens related to the
Cornation Geosyncline was proposed by Hoffman
(1973). . This model was revised slightly bQ
Hoffman et al (1974). The name Athapuscow
Aulacogen, .which deriveé from the aboriginal
name for Great Slave Lake, was proposed by
Hoffman (1973, p. 560) for the Great Slave

Basin.

Aulacogens are defined as:

"long-lived, deeply subsiding troughs,
at times fault-bounded,. that extend
at high angles from geosynclines far
into adjacent foreland platforms.

" They are generally located where
geosynclines make reentrant angles
at the margins of the platforms, and
they gradually die out towards the

» interiors of the platfqorms. Their
fill is contemporaneous with, and

"lithologically similar to the fore-

"land sedimentary wedge of the

_geosyncline/.

(Hoffman et al, 1974, p. 38)
1 *
‘Based. predominantly og structural, geochem-

ical and geophybicalAconsiderations, Hoffman et

.
-
R A
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al (1974, p. 51) proposed that—aulacogens repre-
sent failed arms of triple rift systems. 'Essen-
tially, this model involves the formation of
domal uplifts related to plumes of hot material
beneath continents that are stationary with
respect to the plumes. Tﬁese domal uplifts break
into three-armed crestal rift systems dominated
by alkalic volcanism., Assuming that continental
separation occurs along a belt formed by two of
these arms, the third will remain as a transverse
trough located at a reentrant on a new continent-

al margin.

2. Permobile Tectonics

Based primarily on structural considerations,
Badham (1978b, p. 210), suggested that the East Arm
graben was in existence long before its supposed
genesis at é triple junction, and hence argqued
against the failed arm model of Hoffman et al. He
proposed instead, that the East Arm and Bathurst
'grabens are the result of a northwesterly-directed
compression between the Superior and Slave cratons,
and deflection of this compression along the'rigid
Slave craton. This deflection caused intermittent
and variable transcurrent faulting and resultedAin

formation of the grabens (op. cit. p.'213).
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Geological History of Great Slave Basin

1. Stratigraphy and Depositional History

The stratigraphy of the Great Slave Basin
has been divided into seven principle groups by
Hoffman (1969). These groups are shown with
litho{qgic‘descriptions in Table 4 and their

stratigraphic and facies relationships are

illustrated in Figure 7.

The Great Slave Basin has undergone eight

major phases of sedimentation; pre-quartzite,

-quartzite, dolomite,.pre~flysch, flysch, calc-

flysch, molasse and fanglomérate (Hoffman, 1973).
These phases are broadly correlative with those

in the Coronation Geosyncline. Their relation

to- geological férmétions in the East Arm is illus-

trated in Figure 7 and Table 5.

The Wilson Island Group is limited in dis-
t;ibution (Badham, 1978b, p. 205) and its precise
significance is unknown. It is younger than the
Archean, and has attained a significantly greater
degree of metamorphism than the Great Slave Super-
group which it unconformably,underlies,(Hoffman

et al, 1977, p. 119). It has been proposed



TABLE 4
STRATIGRAPHIC COLUMN?Y

EAST ARM OF GREAT SLAVE LAKE

Description
A nearly flat-lying sequence
of coarse-grained terrigenous
sedimentary rocks comprises
flaglomerate overlain by
sandstone,

A complex assemblage of red
beds - includes red mudstone
with stromatolitic mega- -
breccia, red laminated and
cross~bedded sandstone with
carbonate-pebble conglomerate,
red mudcracked mudstone with
buff siltstone beds, and colum-
nar basalt flows.

" Stromatolitic and oolitic lime-

°stone and dolomite, thin bed-
ded argillaceous limestone
and mudst;&e, stromatolite
mounds and¥graded greywacke
beds. '

Red and green fissile mud-
stone, granular hematitic
ironstone and spherulitic
limestone, flat pebble intra-
formational conglomerate and
red concretionary mudstone.
Pebbly crossbedded sub rkose,
stromatolitic limestone and s -
basalt ash and lapilli-fall
tuff fine cross bedded guartz-
ite and red platy siltsto e.

Arkose and granite rubble,
non=stromatolitic dolomite,
‘black mudstone, pillow basal
and gabbro sills, and cherty
dolomite. - A ‘

Basalt and rhyolite flows,
conglomerate containing base-
ment clasts, cross bedded
quartzite, feldspathic
quartzite, dolomitic quartz-
ite, impure dolomite, argilla-

' ceous quartzite and argillite,

porphyritic basalt flows.

Age - Group .
Helikian Et-Then Group
- Unconformity
Christie Bay
Group
o}
3
o
9]
o
M Pethei Group
Late . )
Aphebian a,
3
n .
o Kahochella
Group
>
- o
[aa ]
0
Sosan Group
4+
L] .
) .
. Unconformity
M Union Island -
? Group
?
l Unconformity
Early Wilson Island
Aphebian Group
_Unconformity
Archean R
1Column'adapted from Hoffman,
1978b.

Basement Rocks.,
1969, 1973 and 1977 and Badham
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TABLE 5 -

Relationship Between Sedimentation and Structural Evolution
Great Slave Basin

o

Geological  Phase of Stage :
Group Sedimentation Structural“Evolution
Et-Then Fangiomerate Postgeosynclinal

IV, Compressional
Deformation

R » .—n-‘/ .
Christie Bay

Mqlasse

Ed

Pethei III. Downwarping

Kahochella

. Pre-flysch II. Transitional

Sosan - Dolomite

Quartzite » I. Graben

At

Island Pre-quartzite
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that the Wilson Island Group was deposited in a
'precursor trough coincident with the Athapuscow
Aulacogen. This early rifting was separated

from the‘main dev;lopment of the aulacogen by ('4
intense myloniti@étion'and pérhaps thermal

metamorphism of %id—Aphebian age (op. cit. p. 119).

- | .

Thé majorit; of rocks which outcrop in
Great Slave Basin belong to éhe Great Slave

' _
Supergéoup, which comprises the Sosan, Kahochella,
Pethei and Christie Bay Groups, and possibly the

Union Island Group.

The Union Islahd Group, which‘repfesents
the pre-quartzite phase of deposition, contains
the oldest supracrustal rocfs in the aulécogen
that can be correlated with rocks;in the Corona— ~
tion Geosyncline (Hoffman et al, 1977, p. 120).
. The group outcrops only around Union Island, where
it is gently folded and preserved in fault blocks
(Badham, 1978b, P. 208). It is oveflain uncon~
formably by the Sosan Group (Hofﬁman et al, 1977,
P. 120) and bears little lithologic or genetic
resemblance to younger rocks (Hoffman, 1969,
pP. .444). The significancg of the UnionIIsland

Group remains speculative, but it has been
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into broad folds.

(v) Post Geosynclinal Stage

During the Fangiomerate phase of deposi-
tion, the aulacogen aéain becamekén active
fault zone. These faults formed a braided
network having dextral transcurrent and
vertical movement. ~Fanglomerate sedimenta-
tion of the Et-Then Group, which unconform-
ably overlies the Great Slave Supergroup, was
controlled by a complex pattern of uplifted-
and doWndropped blocks séparated by these
faults. Sediments Qere shed into the aula-

cogen mainly from the La Loche River uplift

to the south.

‘Igneous Activity and Geochronology

The major igneous events in the East Arm,

summarized in Table 6, are as follows (refer to

Figure 6).

(i) The Sosan Group is intruded by mafic
alkéline.dykes and diétremes having ages of
approximately 2200 m.y. (Badham 1978b,

P. 209).. These are emplaced along orbat
intersections of major faults, and are

’ - - e

related to intrusions along the north shore.’



TABLE 6

Great Slave Basinl

Major Intrusive Events and Geochronology

. ‘Dated
Group Events Age m.y.)
Mackenzie diabase
dykes ‘ dykes 1315
diabase
Helikian dykes 1295
J diabase
dykes 1250
Diabase diabase
Sills sill . 1020
Et-Then
Group
< Alkaline 1630 1795
Diorites 1845 1785
Christie Bay
Group
Pethei Group
Kahochella Seton 2
Group volcanics 1872
Upper Sosan
Group 2170
Mafic
A alkaline
P , \\\Eptrusions 2057 *
H Great 2200
E Slave Lower Sosan .
B Super- Group ‘
I group, o
A Union Island
N Group )
Wilson Islan ! -
Group ) )

After Badham, 1978b, Table I
A Rev;sed~to 1833 m.y. (refer to text, p.41).
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"fault-bcunded rift valley or graben.
Becauge f" 't three phases of deposition
are -ent from the northern.periphery‘of

"~ the ...sin, the graben is assumed to have had
elevated margins. Sediments were shed into

.

the trodgh from these margins. N

(ii) Transitional Stage

At the beginning of the pre-flysch
Phase, the aulacogen began to change charac-
ter with the margins sagging in towards the

_centre.

(iii) Downwarping Stage

During this stage, the flysch, calc-
flysch and molasse phases accumulated in a
broad synclinal depression centred over the

aulacogen.

(iv) Compressional Stage

Following deposition of the Great Slave
Supergroup, the aulacogen underwent mild

transverse compre531on. Sedlmentk\on the
~

Slave platform tilted toward the aulacogen,
while those in the aulacogen were~coﬁpreé§ed
2ol
P
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included in the Great Slave Supergroup (Badham,

1978b, Table 1).

L]
. oa

The rocks of the Sosan and KahOChélla Groups
-

are regarded as pre-orogenic ph#ses of sedimenta-

vy

tion within the Coronation Geosyncline, while
those of the Pethei and Christie Bay Groups are

thought to be syn-orogenic (Olade and Morton,

p. 1111).

The Helikian rocks of the Et-~Then Group lie
unconformably on folded rocks of the Great Slave
Supergroup, and are thought to represent post

>

orogenic sedimentation (op. cit., p. 1111).

2, Structural Evolution

The structural evolution of Greét Slave
Basin has beén divided into five-stages (Hoffman,
1973, Hoffman et al 1974), which are briefly dis-
cuséed~below. The relationship between these
 stages and depositional phases is summarized in

E

" Table 5.

(i) Graben Stage -

During this stage, which includes sedi-

mentation in the pre-quartzite through

» \

dolomite'phaSes, the aulacogen was a narrow



(ii) The Seton Formation comprises a var-
iety of rock types includinghvolcanics, iron
formation, and marine epiclastic sediments
(Olade and Morton, p. 1111). In the type
area on Seton Island, the volcanics have a
spilitic to keratophyric affinity (op. cit.
P. lllb). and have bheen dated at 1872 + 10
m.y. (Baadsgaard et al, p. 1580). This age — "
. has?ﬁéeh recalculated to 1833 + 28 m.y. us— .
ing a revised value for A®’rb (Cummlng,

1980, pers. com.). Other ages of Seton vol~
canics are 1804 + 23 m.y. (Cumming, 1980)

and 1805 *+ 16 m.y. (Loveridge).

Althoﬁgh rocks of the Seton Formation
are the main volcanics in the Eaét Arm,
alkaline volcanic act1v1ty occurred inter-
mittently throughout the dep051t10n of the

Great Slave Supergroup.v

(iii) Diorite iaccoliths yielding ages of
1845, 1795, 1785 and 1630 m.y. (Hoffman,
1969, p. 444), were intruded contemporan-

' eously’ﬁith, or after deposition of the

Christie’ Bay and Pethei Groups. \Th se high

level alkgllne intrusions are overlain
unconformably by the Et-Then Group. 4&'



(iv) Rocks of the Et-Then Group are inEFuded
by diabase dykes and sills. The northwest- .
trending dykes are classified as part of the
‘MacKenzie Dyke Swarm (Hoffman, 1969, p. 444),
and show éges of 1315, 1295 and 1250 m.y.

One of the sills in the East Arm has been
dated at 1020 m.y. (Hoffman, 1969, p. 444).
?his date provides a minimum age for the
Et-Then Group, alihough considefafions-of
regional geoloé& suggest that the minimum
age may‘be closer to 1600 - 1700 m.y.

(Hoffman, 1969, p. 446). |

ITI. Local Geology: Hearne Channel.and‘tﬁe Seton‘Vblcanic
Centres i . .
Volcanic rocks occurring in both the Sosan and Kaho;'

chellaUGroups are known collectively as the Seton Format}on

(Hoffman ét al, 1977, p. 122). These rocks are found ove;

a wide geographical area, but are concentrated along the

MacDonald - Wilson Island Fault (Goff and ‘Scarfe, 1978,

P. 129), and along the northwest margln of the East Arm (Op.f

Cit., p. 129). 1In the latter location, a ser1es of six,

possib1y~se6én, basalt breccia pipes extend in a linear -

south-southwest-trending belt from Taltheilei Narrows to

.

,Utsingi Point. These pipes occur along an old fault 1ihe
‘bordéring the basement high ég;t1.f Taltheilei Narrows ‘
(Hoffman et al, 1977, P. 122). This fault trends approxi-

: mately NlB'B (op. cit%, Figure 25,3).
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-

. The southern four basalt pipes all intrude the Gibral-
o
ter Formation (Table 7), whlch 1ncludes basalt flows at its

:base. At the top of the formation, beds of lapilli tuff

-

are associated w1th green shale and beds of red granular
ironstone. It has been suggested that these basalt pipes
may have acted ‘as feeders to the upper tuffs (Hoffman et
al, 1977, p. 125). This ma%xnot be true in all cases

however, as at least two of these' pipes also intrude the

McLeod Formation (Hoffman, 1977, sheet 4753J).

Y

The BB 1atreme’ which is the subJect of this study,
, 6‘*
is the nor@ nmost’ of t (3 S Qg and intrudes

sedlments of the Akadtcho Formationu the JDA Group to

thb sdhth, .rpoorly-deflned basa}t Lpg comprises part of
a Iarge mafic volcan1c pile, and~dg Also inferred to have

‘cut the Akaitcho. Formatlon, although rocks of this formatloh

do not outcrop in the 1mmed1ate v1c1n1ty. If these pipes-

‘ -

are the same age as those farther south, they are more’

deeply eroded (Hoffman et al, 1977, %. 123).



TABLE 7
PLATFORM SEDIMENTS OF THE GREAT SLAVE

1

SUPERGROUP ok

Formation

Groug

Pethei Hearne (Ph)

Wildbread (Pw)

Utsingi (Pu)

Taltheilei (Pt)

Douglas ‘. (Pd)

Rahochella Charlton  (kc)

”
McLeod {km)

Gibralter
Ogilvie

(kg)
. (ko)

Sosan ~ Akaitcho (Sa)

[y

Kluziai _(Sk)

. - '<k
s -

"N.B. Lithologic abbreviations

Stratigraphic Service Ltd.<£

>

. Mrist,

-
“

Adapted from Hoffman, 1977 (common legend hﬁd
475D ahd 475 J) and Hoffman et al,

Lithology

LS, pale gy, v thk bdd, fene-
strate, thn stromlt dol bd at
top.
LS, pale gy, thk fenestrate bd
at base, alternating stromlt
and ool bds in middle, thk
columnar stromlt bd at top.
LS, pale gy/bn dol mot, thk
bdd, fenestrate, p lam digi-
tate to columnar stromlts.
Dol, pale bn, chty, thk
mounded stromlts at base, m
ﬂ%g columnar and undulatory
tromlts in middle, thk colum-
nar stromlt bd at top.
rd, fis, v thn calc
lenticles, sh ptgs.

Sh, dk gy gn, lam, large

calc conc, thn grd sltst bds,
locally tuf, bd of coalesced
conc at top.

Sh, rd, lam, s calc conc,

thn bds of gran hem iron-
stone at top.
Sh, rd, lam,
Sh, dk gy gn,
locally tuf.

locally tuf.
lrg calc conc,

SS, rd, mica,’ low~angle
planar xbdg, mudcracked,
glau, locally tuf, in pt
intertongued/kluziai fm.*;
Qtzt, pk to pale gy,.

trough xbdg, heavy mnxl
bnds, mud chip cgqgl, jbchlly
tuf.

v

1974 (fig.~

are those used by’ C

44 . e
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"SECTION II

GEOLOGY OF THE STUDY AREA
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PREF RCE .

(1) Mapping Procedure

The study area is situated on an isolated block 6f
Proterozoic volcanics and platfo;m;sgdimept§,of the Great
Slave Supergroup. These rocks are boundeé oﬁ tfe west by
Archean Basement (Slave Province) and on the east by
Taltheilei Narrows and Hearne Chaﬁﬁél (Plate 2); This Pro-
terozoic block has been mapped from airphotographs at a

scale of épproximately l cm = 0.2 km (Map-l,’in pocket).

The mineralized'dia}reme and -immediately adjacent
parts of the BBx'pﬂﬁﬂgrty'weré geologically mapped on a
larger scale of 1"_= 30 m along a nortﬁeast-trendingugrid
(baseline azimuth 44°) which parallels the dominant geolog-

. .

ibal trend (Map'2, in pocket). Gridulines were éstablished

perpendicular'to the baseline every 60 metres.

(2) Overview of Geology

The area of interest (Map 2) is dominated by two promin-
I ) . ’
ant northeast-trending ridges which rise up to 50 metres
above the surrounding muskeg?’ﬁee frontispiece and plate 3).

RS _
The northernmost ridge’d‘éﬁﬂ!&es medium red to maroon- ' -

coloured siltstone and '?fine grained sandstone in the
- ‘ A , v
west, and a diabase plug in the east. The more elongate
e

T e - : '“‘;A



Plate 2 View of Hearne Channel -and Pethei Peninsula
(background) looking SSW from the BBX diatreme- (top of
ridge). Aristifats Lake i® in the right foreground.
Low-lying wooded areas are underlain by muskeg.

o

Plate 3 View of the BBX group looking NNE from Aris-
tifats Lake. The ridge on the left is the surface
expression of an olivine diabase plug. That on the
right is the diatreme.

\{.
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southerly ridge is dominated by the BBX diatreme and immedi-
ately adjacent outcrops of shale, silty shale, and mica-
ceous and argilléceous siltstone. East of the dfétreme,
this ridge is largely covered with overburden, but local
exposures of mafic tuff and lapilii tdff are evident. The
volcanic rocks and the diabase'stand out in marked relief

relative to the sediments which are more recessive.
’

All rock types on the BBX property are cut by a vari-
ety of quartz—carbonat;)veins. These range in size from
less than 1 mm to largé'quartz veins up to one metre wide
(locations N-3, 45 and 31, Map 2). In addition, a large

uqqartz and quartz-carbonate stockwork occupieé a linear
zone in the éediments which parallels the south margin of
thi d;abase (locationsv28rand 38, Map 2), Narrow cérbonate
a@d'ﬂuartz-carbonate veins have.been encountered at depth
dﬁring diamond drilling programs. These veins};yhich/are
generally less than 2 cm in‘w%gth; ocQur throughout the
_ . S :
diatreme, and at depths of as much as 800 feet in the
sediments (DDH 76-1). The.formatioﬁ of quartz.veips
,results in silicificatioh of the adjacent wall Fodk. This)

is particularly evident in sedimentary rocks, where red

hematitic siltstones are bleached to pink and light grey.

AN

E

49
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Outcfop exposure is generally restricted to the ridges
where it may be as much as 15% - 20% on the average. Out-
crop exposure elsewhere is minimal due to the exte--ive
cover of muskegbin areas of low relief, and occa.i s #1
glacial drift'(Map l). Glacial debris ié cOncehtrated par-
ticularly along the'base of the Archean platform (Map 1)
-where it consists predominantly of hummocky deposits of
sand. East of Arist@fats Lake, deposits of boulder till

and sand form small elongate ridges.
8 : .

Thé geology of the BBX property, shown on Maps 1, 2

and 3 ig discussed in detail in the following chapters. |
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AN

Plate 4 Photomicrograph showing a typical glauconitic
sandstone of the Akaitcho Formation. The sandstone is
very fine grained, and contains quartz® (white), glau-
conite (Khaki green and brown) and hematite (black).
(Transmitted light).



"‘:é
.

'(C) Sediments of the Akaitcho Formation wete encoun~

A .
'
‘:lf

"“ﬁnd_green to gteenish—érey fissile shales. These

(B) South éf the JDA Group, an extensive subcrop of
large anguiér sandstone boulders occurs along the
lake shore bordering Hearne Channel (Location R9,
Map 1). This sandstone is é white to buff colourga
grained, medium bedded quartzite witqf
occasionall glauconite and minor muscovite.,arﬁ—ého;s
abundant ripple marks and sole markings and occas-—

ional flat shale pebble horizons. This subcgop may

represent the basal part of the Akaitcho Formation

‘according to the description of Hoffman (1968, p. 13).

.

‘tered to depths of as much as 800 feet during diambnd

'i}ling programs. - These generally.comprisevred

ightly to moderately micaceous siltstones and shales,
aa . P ,

" rocks are thinly bedded and are interbedded on both

a large and a small scale. Occasional narrow horizons

of granular ahd oolitic hematite occur with the

red siltstone and shale. The hematitic Norizons are-
frequently associated with piéoli;?s (Dun%ém, 1969,
p. 183) of‘hematite, calcite ané'qdartz as much as
ngm in diameter. Thé’more hematite-rich horizons

are gut cut by narrow veinlets of specularite. Similar

‘hematitic horizons outcrop on the west side of

54



I. The Sediments o S

The geology of sedimentary rocks in the study area is
comple™, and a detailed description of ﬁhese rocks 1is
beyond the scope of this Eéudy. The important lithological
features of these rocks however, are summarized on Maps 1

and 2.

It is assumed that the majority of sedimentary rocks
exposed on the BRX property belong to the Akaitcho Forma-
tion.. This assﬁmption is based‘oh regional mapping
cgrried'out by the GSC (Hoffman, 1977, Map g?SJ), dﬁring
which outcrops of red siltstone near Great Slave Lodge
(Location R3, Map 1), and red, very fine grained glaucon-
itic sandstone at the northeast end of Aristifats Lake
(Location 37, Map 2, Plate 4) were assigned to the Aégitchb
Formation. On the basis of this assumption, the nature énd
occurrence of the Akaitcho Formation in the study arej is
~ described below. o .

| S
(A) Sediments which outcrop between the diatreme and
the diabase plug (Map 2) consist of red hematipic

slightly micaceous siltstones. These grade occasion-

ally into shales and vefy fine grained sandstones.



CHAPTER 3

GEOLOGY EXCLUSIVE OF THE DIATREME
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Pethei peninsula,‘approximately three miles south of
of Taltheilei Narrows. Heré, these hematitic sediments
are overlain by grey shales and are assigned to the
Ogilvie Formation (Hoffman; 1977, Map 4750).:
Although the mgjoriﬁy of sediments Whéch outcrop in
the study area are siltstones and shalqéféf_the'Akaitchbﬂ
& Formation, other lithologies are present afbund'the perimef
‘ter of the diatre@e and‘include gfey fissiie shale and _ -
-+* siltstone, black shale and réd”concretionary shale and
?7311ty shale. These llthologles are not consistent with
published descriptions of the Akaitcho Formut1on (Hoffman,
1968, p. 13, and 1977 "Table of Eormatlons ) and are tenta-~
tively interpreted as large blocks of sediment f;!% up o
section, which have subsided within the Jiatreme during its )
formatipn. The significance and imbliZations of this
phenomeqon are discussed at a later point in the thesis

(Chapter 6, p. 165), . »

-

Outcrops in question are as follows:

(A) Locations 19 and 49 (Map 2)

These rocks comprise red shales and silty shales

whlch generally exhibit massxve lrregular bedding,

"\



but are occésidnally thinly bedded and fissile, with

ripple marks and desiccation cracks. Lenticular shale

concretions up to approximately'S Cm across, occur *
in the_more,méssive zones., These outcropé are tenta-
tively assigned to the McLeod Formation. Outcrops

- of similar rock, belonging to the McLeod Formation

7

- occur on a small island in Hearne Channel, approximate-'

-.“ w‘..«'}

ly seven miles south of Taltheilei Narrows (Hoffmih

1977, Map 475J).

ukB)_ Eocations 16, 18 and 21 (Map 2)

W

The large outcrop of grey fissile shale at loca-
tion 21 is Eentatively assigned to the<OquIVE Forma-

tion (Hoffman, 1978, persbpal communication). Small

Y

outcrops of grey nicacpq?ﬁtstone and shale’'at the.
.- . > - . 3
southwest end of the diatrfme (locations 16 and 18) may
v

/

o B a
.Also belong to this formation.

At the northeast end of the dlatrene, red thinly

bedded shale and-silty shale overlie grey shale

(1°°ati°“3 44, 45 and 47). At location 48, a minor e

exposure of grey and black shale occUrs'at_;be‘basqoof
. a large outcrop of" ted shale. The . significance of
these Qutcrops is unknown, but they are aasuned to |

belong to the Akaitcho Fornation.

) . . . .
. P . . )
: ) . . .
- )
g . - s -
R S . :
. o h ) ) .

¢

7

9
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II. The Diabase
F
,(R) General Remarks

' .Y
-
oo ' v - (TR
. o e Ly 4

‘4 33
The mafic intrusion which occupies the nor‘thﬂeqv
.Nm’ .
section of the BBX property (Map 1) is variable: ,,J.n. ',‘_’_;"' ‘, .

. i

composition and texture, but can be generally de8cr1hdg%,§.,

&..
ed as a phanepitic, medium grained (ayerage 3 mm)

olivine diabase. This diabase Mh‘}é‘h is dark green
&

in color, consists mainlyt g@l; X

ene, serpentine (afterwaivine),ﬁchlorite and of aque

‘G\. ..
minerals. The intru,sipn &axh:i.hits‘g a ﬁude primary

zonation related to its cooling higtor}, whnch A w# ﬁ ‘
results in variations in texture, graﬁna‘he aﬁ§

L
mineralogy. Late-stage deuteric anﬁ hydr%thqrmamr"” w

\ fluids have altered the rock ta varying degrees @and. é;;

57

have further complficated 1ts petrography._ - o ﬁ. )

4 Y ‘. .
'.\ ’ B F “\17 : ’ Lo ‘ e P
i . r,.- ) s R \3,;‘ . a ‘Q, .
(B) Form - 4 ) _ o L

1y

The diabase, as shown on’ Map 1, is a roughly

v‘

wedge shaped or teardrop shaped plug. - Because
& Y o

geglogidal contact are not guposed in outcrop s

n ofphe intrusign ‘must be
¥ £ W

> however, the configu_
mferred. The \south’_
rquﬁented by a liriear "riﬁge trendmg 71¢ (az ), on

whic?gutcrop is e;posed mﬁe br less continuously L

e

S
4 B . o
, . - . - 4
. . L : . -

et et o

| dary of the diabase is’ w
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for 330 metre‘s. Adjacent outcrops of sediment help
to define- tfﬂfs boundary (Map 2). .The&northern
marglg (@f the 1ntru51on is thought to approxlmate
the- t;aése of a steep slope, perhaps 50 metres hlgh, )
;:?.r;“:h;ch sevepal smal; ouicrops of diabase occur\..
The rounded eastern contact is not exposed, and is .
interpreted er‘iti}'_elj} from 'a‘irphotbgraphs. L
o , e ®
(C) Petrography o : P o ‘
vl. - Mineralogy ; i
The follawing descrlpti@s pertxam to the
re,latlvely unaltered cenﬁ'tal p%rﬁ of the intru-~ .y
51gn (refer to Plates 5,. 6 agg 7). “ B ;_. : 4’ , 0
(1) Plagioclase . ' - s *‘;&
Plagioclase occurs 1n e&hedral unzone‘
laths which exh.:.bit well defg.ned lamellar
~ twinning (a1b1te).‘ These are locally 1n‘%er-—_}- ,
;f i grown and 11@“%1?1 gubgag&llel orierntation. . :
o The feldspar f#quent]ny has a brownish tint - tw
imparted by finely dlvfded hematlte. Most . &;p.s‘
. ‘ the‘lpl"agioclase has undergone some l:after- :
o aition tq sausser_ite, wh;ch is controlled by ‘
~ cleavage plane}s‘,. and loeally occyrs as. .
;.-"‘;" "
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Plate .5 Photomicrbgraph showing typical olivine
diabase (crossed polars). The minerals are plag-
ioclase (p), clinopyroxene (c), ‘serpentine after
olivine (s) ‘and titaniferous magnetite (black).
Note the mesh texture in serpentine grains.

'Plate 6 Photomicrograph showing Efpical_q}iviﬁg o
dIZSagg (plane polarjzed light). The midﬁrals_aré
plagiocl

" and titaniferaps magnetite (opaque)

ase (p), clinopyroxene (c),

Light.)
;.Qdi“ e LT

. i ‘f\;v

-serpertine (s) -

. (Transmitted j.‘
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Pléte 7§FPhotomicrogra§h showing titaniferous magne-
Tite with reticulate texture. Phases are magnetite

(black) and ilmemite which has altéred to leucoxene
(dark\brown). (*ransmitted light.) -

&

o
&
)

4

_rbase. Med;um gteen lava (L). occuples t) e
‘.1n erstices between hematltlcally altered 1abase T
fxagmeats (D). The rock is cut ‘by a carbonate vein

(vertical, C) related to late hydrothetmal activ1ty.'
(Transmitted light )

&
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minute fibrous radiating aggregates. Seri-
cite is develdped lqﬂhlly. The ¢omposition
of the plagioclase has been determined as

An 39 by the Michel Levy methed. e

(ii) Clinopyroxene

The clinopyroxene is colorless to very
pale brown in color, and is tentatively .
identified as augite. The perimetef of some
grains has undergone incipient alteration
to uralite. The pale brown color may sug-
gest the‘$resence of trace amounts of titan-
iuﬁ. but may also be;due to ferric iron ’H
(Moerehouse, i959, ﬁx 233). The,pyroxeneﬁ
‘tends to occur as iSoleted sd%hedral'siumpy
priems and squarekgrains in tﬁe,interstices
between plagioclase 1atﬁs. It alSo occurs
in clusters whlch may partaally to com--
pletely rim altered o vine cgigtals. )
Locally, it exhlblts Edﬁophltic ﬁHkture __ﬁ'i; -

'ith plamlase._ - Q; . . | - .

# razn\ . . : . ;‘
(%@%} Oﬁivine (now altafed to sqrpentine) o : .3’!

g Olivine gené?i%éy qccurs as altered, ’%

ﬂ" x " : a" g
:a ‘ o T ,,*.. %' -



ovoid to rounded anhedral grains in the
interstices between plagioclase'iaths.'
'A’E:; relic six sided grains were also
noted. The olivine .is pervasively alter-
ed to a variety of minerals, of which ser-
pentine is the mOs£ important. Serpenﬁine
commonly exhibits a dell-developed mesh0
structure along relic curving fractures in
the olivine. Iddingsite is generally

associated, and occurs as granular dark

rims of high relief-around'the perimeter

~ of the grains. This ‘may imply that the

" (iv) Chlorite =

in one instance.

original olivine was’ 4; ed, with.- 1ron~ricﬁ
rims (Kerr, 1977, p. 382' )

ces, the perimeter of._?

"~
<

Chlorite occqrs-in elongate irreguiar

; C e -
w» to interstitial patches, which suggests

Gft?ii an glteratipd.produét of glaes.

,;.
5 .

P
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contact of the intrusion however, the texture becomes
intersertal to hyalo-ophitic, with phenocrysts’of
plagioclase and olivine in a very fine grained to

glassy groundmass which has altered largely to chlor- _ _

ite. Plagioclase in these zones is generally ia$ .
random crientation and is less eahedral. These ‘

features are consistent with rapid chilling of -the

dlabase. In general, ferromagneslan mlnerals are

less ag%hdant 1n chilled zones due to the lack of

A

5

pyroxene which was apparently late to crystallize

and ‘is ‘thérefore quenched in the glass. : ‘,'-
: T : L ‘

-

Titaniferous magnetite is generally
dant -in the chilled margins, and may comprise-as
- much as 10% to 15% of a giyenmsample. These opaques

tend to be more euhedral and generally non reticu-

. in chilled-zcnes. This further attests to

ifd cooling along the margins, durlnq which Q

magnetlte-llmenlte phases were not able to ezsclvei'
RV | | T
Plagioclase crystals in border zones'exhibit at,
least weak a}teratlon to chlorite whlch replaces

them both externally and along cleavage planes._

- _ . re Z\,‘

To a lesser extent, thf‘bprimarx zopétlpn is” . G

.~ ) .; \“



expressed 1n samples whlch approach the postulated

northern margin of the 1ntrus1on. " Texturally, these

_samples are somewhat porphyritic to intersertal,
with phenocrysts of plagloclase and altered oliyine
fin a yery'fine grained groundmass, of plagioclaee and
chlorite. Poorly developed tabdlar to stubby draids

of chlorite are probably after pyroxene, andvare

nw

"*-«often assoc1ated with altered pllv1ne. As at the

o

t.

S

A

‘south margin, opaques are relatlvely abundant, ahd

exsolution textures are not developed. ,
. | :

4, Contact,Phedomena _

Immediately along its south margin, the d1ab$se

exh1b1ts a well-deflned brecciated texture, with: angu-

‘ilar‘blocks OF reddlsh dxabase in a featureless dark{
. gﬁbechhlorit1c matrix. The d1abase owes its red

color to a f1ne dusting of iron oxldes, partlcularly

» around’the edges of feldspar grains (Plate 8).

s

In thiﬁ-section,hthe chloriticimatrix between

_the diabase fragmewts is a porphyritic 1ava con- .

tainlng abundant microlites of untwinned plagf’;

©
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2. Color Indexl ¢ )

Two point counts were carried out on a sample
from the central part of the intrusion and are

. tabulated below.

Plagioclase Clinopyroxene Serpentine Chlorite Opaques Orthoclase

(i) 59 19 8 8 4 2
(ii) 61 12 15 ' 5 5 2
These indicate tH&t the ratio of feldspar to
mafics plus opaques is Approximately 60:40, and

<

suggest a color index of 40.

3. Zonation
The diabase exh}bits a crude zonation which is
.related to its cooling histery. Tpis zOnﬂtion_is
expressed through textural ané mineralogieal‘changes B
- between the chilled margins.and the more slowly

¢ .

cooled inner parts of the intrusion.

. " Texturally, the centre of the plug can be des—

cnbed as h°1°°tY8talli"e diabasie, andv’%kcally subo- AT

ph1t1c. Plag1oclase crystals arepgfiderally well v

. g’ developed and crudely al1gned; the south =
lcolor index is defined a‘ﬁthe percentage of" dark = *®
minerals in a rock (Will1ams, Turner and Gilbert, 1954

p..33)- ’ : © ‘ . ‘ ] ™

-« . . : ®
~ - 3 . . . . . *
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(v) .OEagues - i

VN
Titaniferous magnetite occurs as irreg-
ular and subhedral tabular grains inch
appeér to be preferentially associated with
serpenﬁine and clinopyroxeng. In most

instances, it occurs as reticulate grains

exhibiting triangular or rhombic patterns.

These are exsolution features suggestive of

slow cooling, during whictﬁ}ae original

mineral exsolved into an intergrowth of mag-

: § . .
netite and jilmenite. The ilmenite has sub-

sequently altered to leﬁcoxene (Plate 7j,

(vi) Othef}kinerals

Trace ambuﬂks of biotite and poss1bly

agftlte, andﬁmfnor orthoclase were identi- -

- fied in theﬁggabase. ,Blotlte'occurred as

»
¢

a sigble.slightly elongate ragged grain

which was highly éorroded, and clearly out
of equ111br1um with the surroundlng rock.

Orthocfase 1s probably related to a late
¢

B S

,hydrothermal event, and is descrlbed at a

. later point in this.chgptér (p. 71).

- i3
L e .\'f'- 37&
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\~sediments, Lo ; o 1a'

Y

\ : e
(trachytic texture) and exhibit™minor alteration to

chlorite and sausserite. Using the mi~rolite method

for plagioclase determination (MO““”@J 1959,

* diabase itself.

p. 55), the plagioclase was found ' 3 '~ Aa 39 which

identical to the, composition of plagioclaso in the

— "
. . ~y
}i

Opaques are present in minor amounts. These

have anhedral to square or rhombic outlines an‘ are

thought to be mainly magnetite.

L. -

.of the di 'se, or COhVQC,tiOh currents

within«the‘nagma, caus reccfltion of the chilled

‘and solidified\mgrgin 1 part of the intrusion.

.Immediately followi'

this brecciation, molten magma

from adjacent parts of the 1ntrusion filled these

ffractures. Autobrecciation suggests that the parent

~south margin of ‘the diabase st

_.magma. was highly volatile {Badham 1979, p: 69).

The restriction of hemati'fc altéra “on_to the -

lu

' - S . Lo ] . . vG‘ a - PR

is

_/ K4S P

del which best‘explains these features is -

ion,' Conceivably, stresses related ta

69



5.

Alteration

70

(i) Late Magmatic and Deuter.ic Alteration

The alterafi%n of oliviné to gerpentine, e
iddingsite and magnétite is probably a late

magmatic-avent (Hoorehouse,‘1959,'p. 179). 'Subse;

quent deute‘*c alterations probably include

.the developmgpt of uralite, chlorite, sausser-.

ite and leucoxent.l
o A

(ii) E*!é?fhetmal Alteration R v

14

The diabaaé‘tas undergone potassium and qft- K\g\

‘ bonate alterations which ale almost certainly

: (reﬁer to Chapter 477p, 108).

L gpptoach the pqatu.lat.ed nforthern margi.q of the o
"; *q1gbgqe, These feaﬁéres suggest thut lnte ?_vg‘1f;

related to a 1ate hydrotheLmal event. These | T
I - .

'intimately associated with mineralize

Y

-'altetatlons are strongly aevelope
’SQuth margin, but are absqnt fro‘ th‘ﬂlnggrljf

> of ‘the mtrusion~ Incipient carbonate altera ,

*»

alteirtion types are strongly develope7 in the; ‘

L . j

BBX diatreme where potassium alteratizn is
zones

N ,7'

tn the diabase, pota981um and carboqa;e

[:,

along

] L

tion is also evident in outcrops whlch NI N




o

N

~ :3

&—3 |
-
[

"Diatremes are pipe-like structures,filled with
brecciated country rocks that are almost invari-
ably admixed with juvenile, magmatic materials.’
They are formed chiefly by fluidized gas-solid
systems that initially rise along fissures,
joints, and newly opened fractures. Enlargement
of these initial channels into approximately
cylindrical pipes results from spalling and
slumping of the walls, abrasion and comminution,
and various kinds of subsidence." :

r 4

'~ Lorenz et al, 1975, p. 12.

'Diatremeg --<£~--~ ‘a general teérm for a volcanic
vent or pipe drilled through enclosing rocks
(usually flat-lying sedimentary rocks) by the
explosive energy of gas-charged magma."

American Geological Institute, 1962
Dictionary of Geological Terms
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hydrothermal fluids migrated from depth along
the relatively pervious contact between the

»
. [ % .
intrusion and the country rock. ’

(a) Potassium Alteration

Potassium alteratioirhas been identi-
fied throﬁgh thin section studies and
sodium cobaltinitrite staining of hand-

.specimens: Staining indicates that this altera-
tion is related to miération of fluids along ’
fractures in the diabase, and is therefore's
relatively localized. Altered zones contain
othoclase, sericite and quartz as siénificant

phases.

Orthoclase occurs as weéll developed
L rims around plagioélase crystals. These
rims contain abundant finely divided iron
oxide. fInternal replacement of plagio-
clase by orthoclase is Vvery regular and
occurs along'crystallographic directibns.
Locally, replacement antiperthite textures

are developed. ' =



i . o
Sericite is formed ‘at the expense bf

chlorite and plagioclase, thre“it;ia:begt

developed along cleavage planes,%.

Qua;tz and minor orthoclaséybcchgfaﬁ
small rounded grains in the anguléf_inter-
stices between plagioclase laths. These
grains are generally very fresh, and repre-
sen£ a later phase which vefﬁs and replaces,

metasomatically altered feldspar.

. These }eatures suggest that the hydro-~
thermal event commenced with the introduc-
tion of potassium-rich fluidé which
sericitizéd chlorite and plagioclase, and
metasomatically altered plagioclase to
orthoclase. As alteration proceeded,
quartz and orthoclase crystallized as ,

discrete phases in the chloritic inter-

stices between plagioclase laths.

Minor chalcopyrite and pyrite occur
in the diabase and are associated with

potassium alteration. -



L 4

«
(b) Carbonate Alteration

Carbonatization:postdates poeassium
alteration, and by comparison is continu-
ous and pervasive alohg tﬁ? south margin
of the diabasq. ;t is developed to a

lesser extent along the north margin.

Carbonate islparticularly evident in
the chloritic groundmass,” but is also
developed to sorhe eéxtent 'in plagigpclase.
The.addition ofAC':O2 has altered‘eerpentine
(after olivine) to a mixture of tglc and ,
minor magnesite (Deer ﬁowie.ahd ?ussman,
. 1970, p. 5). Carbonate also replaces eariier

hydrothermal orthoclase and quartz,

Staining of selected samples indicates

that the carbonate ranges from iron-free to
iron-rich calcite, ~

This phase of alteration does not

appear to be associated with mineraliza-

tion.
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6. Late Veining

’

A final pulse of hydrothermal activity is
indicated by late quartz and quartz-carbonate
veins, generdlly less-th#n two cm in diameter,
which occur 6cc§siona11y near the south margin of
the diabase.; Trace amounts of pyrite and chalco-

pyrite are associfited with these veins (Plate 8).

D. Affinitz

The diabase plug appears to be slightly anomalous in
composition. In particular, the association of andesine

which is typical of andesitic rocks, with olivine, more

typical of bgsalts is wnusual. Also, the presence of ,"

apatite (?) with olivihé‘ind pPyroxene is uncommon. Bjo-

tite is generally not found in maflc rocks, although it

may be quite common in alteféd basalts (Moorehouse, 1959,'-

.4 .

b-_ . _ .
The diabase has not been mapped by the GSC, but may

represent an intrusion of "Jackson Gabbro (Jg)"(Hoffman,

'1977). These irregular intrusions, which are highly vari-

74
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<

able in grain size and texture, occur in all formations of |

the Sosan and Kahochella Groups, around discrete volcanic
centres (op. cit., "Table of Formations®).

d




CHAPTER 4

PETROGRAPHY OF THEUDIATREME
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with rouhded edges. This reflects original bedding.
Harqér fragments tend to be more angular because of
lﬁéir more brittle nature. Sedimentary fragments range
considerably in size, but on the average tend to be
slightly larger than the volcanic fragments. Red shale
and &iltstone are particularly abundant, and locally

may give the rock a reddish tinge.

:“Granitic fragments from the Archean basement are

locally abundant, and are commonly equiaimensional and

rounded.

-Fragments of mafic intrusive are relatively minor.
These consist primarily of medium grained plagioclase-
rich tocké similar to the border phases of! the olivine
diabase to the north. Other fraéments comprise coarse
grained plagipclése phenocrysts set in a dark chloritic

matrix.

ST

(B) Matrix

The matrix, which comprises up to approximately

60% of the breccia, can be divided into two ﬁajor

groups.

\

1. Primary Matrix

4
\

: \
The original matrix in the diatreme is finely

comminuted rock debris or "rock flour" genérated



—_— - T - - o %ﬁ

by abrasion of volcanic and othar fragmentt du
formation of the diatreme. This material is a
pale brown color in thin section, where it has

not been extensively altered (Plate 10). In hand
specimen it has a waxy texture and a flesh to.pale

14

pink color.

2, Secondary Matrix

Following formazion of the diatreme, the
agglomerate underwent a~variety of alterations
related to deuteric and hydrothermal'processes
(refer to sect;;h\lt‘ this éhapter). Rock flour
is particularly susceptlble to alterat1on, and '
hence occurs rarely in its original form. It is
frequentlJ chloritized (Plate 11) and carbonatized
(Plate 12), and to a lesser extent hematitized,;
seriditfned and silicified. Minerals formed in
this wayvére generally very finely crystalline

ang ﬁﬁ?&gﬁrystall1ne and give the matrix a waxy

In addition to the above a variety of miner-
Y

: gﬂb of hydrothermal origin have crystallized as
minerals are generally finely ctyatalling
(approximately 1 to 3 mm), and include carbonate,

‘ﬁuartz and minor potassidm feldspar.




Plate 10 Photomicrograph of diatreme breccia showing
basalt fragments (hiack) and olivime xenocrysts . s
(green) in a matrix of comminuted rock debris (brown):
Rock flour is relatively unaltered. (Transmitted
light.)

s -

i) R
?Wh%% Photomicrograph of diatreme breccia showing

sa ragments, feld-par xenocrysts (white) and
sulfides (S) in a partially chloritized rock flour
matrix (green). A late quartz veinlet (Q) with
associated sulfides extends from the left'to the
right of the p:lcture. ('rrannittad light.) '
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I. Form
a

‘The surface expression of the BBX diatreme is an
elongate résistant ridge ti:ending-35° (az.) and rising
up to.approximately 50 metres above the adjacent lands-
cape. Because of limited outcrop, the precise boundar-
ies of the diatreme are not well-defined. Topography,
drill hole data (Map 3) and distribution of adjace;t
sediments however, suggest that the diatreme has a some-
what lobate plan. Tﬁe vent pinches to 75 metres in the
centre and forms two lobes of approximately equal size.
The more northerly lobe has a maximum width of approxi-
mately 145 metres, and that in the south is inferred to
be apprpximatel? iGS metres wide. The overall plan of
the'diatreme is an elongate lobate structure wﬁpse length
(450 metres) is approximately four times its aQeraée

»

width.

The diatreme is gzﬁransgressive pipe-like body of
vent agglomerate, but its preé&se configuration at é;pth
cannot be.infepred from limited drill hole data. It
. appears however,‘that the pipe tapers with depth and that
lobate pian is continuous in the subsurface (Map 3). The
possibility that these data reflect local irreqularities in

-

the vent wall must also be considered.
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Plate 9 Propyllitically altered diatreme breccia.

Volcanic fragments (dark green) and fragments of
maroon shale and granular hematite (red) are set in a

carbonate matrix (brown).

79
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II. .General Descjtption

’Lithologically, the diatreme is a heterogeneous
volcanic breccia, consisting predominantly of mafic
volganic fragments which are juvenile, accessory and acci-
dental in origin. Accidental fragments of sedimentary rock
and granitic and diabasic intrusive, derived from the
idjacent country rock during formation/of the diatreme are
';resent in varying amounts (Plate 9). Breccia fragments lie
in a matrix which varies widely in both'composition and
abundance. The variety and complexity of both breccia frag-

ments and matrix are briefly illustrated in the following

discussion. ..

(A) Breccia Fragments

L

Volcanic fragments include glassy lava, more
s

coarsely crystalline‘lava, pumiccous lava and vitric
tuff. Thébedges of the fragments tend to be quite
rounded, although their shapes’vary widely from almost
spherical to blocky and irregdlar or tabular. .They
range in size from a few millimetres to sevéral centi-
me;res. The §Etrography p} these gragments is dicusséd

in detail in section III of this chapter.,

Sedimentary fragments include red and grey shale,
red siltstone and ®wandstone, granular and pisolithic
hematite, grey chert, and light grey'bedded dolomitic

marlstone. These ffagments tend to be roughly tabular,

A

78



83




pPlate 12 Photomicrograph showing carbonatization of
' Tock Flour in the matrix. The basalt fragment (at
left) and the olivine grain, now altered to talc (T)
are set in a matrix of comminuted rock debris. The
matrix becomes increasingly more carbonatized away
from the fragments; i.e. unaltered rock debris (1),
carbonatized rock flour with abundant impurities (2),
relgtively clean carbonate (3). (Transmitted light.)

Vd
<

N ~

Plate 13 Photomicrograph showing basalt fragments
(black) and olivine xenocrysts (green) in a matrix
of comminuted rock debris. Note the late tongue of
carbonate (C). The abrupt contact between carbon-
ate and rock flour suggests that carbonate has
infilled open spaces. (Transmitted light.)

;:,//1
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’
Carbonate is by far the major component of

- the matrix (Plate 13), and varies widely in
composition, with iron-poor and iron-rich calcite
’

predominating (this chapter, section IV B 1(ii).

L]

Quartz may be clear and colourless, or tinted
by iron impurities, possibly through reaction with
adjacent basalt fragments. Locally, it occurs as

hexagonal crystals.

Occasionally, the matrix is microcrystalline,
and has a poorly defined ribbon structure, with

bands of clear gquartz and pink carbonate.

Chalcopyrite, galena and barite occur in the.

i

matrix in mineralized zones.

>

III. Petrography of Volcanic Fragments

The volcan}c fragments in the diatreme are basaltic
in composition and range from glassy, rapidly-chilled dark
lava to a more coarsely crystalline, li%pter colored lav;!
Tﬁese volcanics are porphyritic and contain plagioclase
microlites and olivine phenocrysts set in a cryptocrys-
talline tolfelsitic groundmass. The petrography of the
volcanics is complicated by the effects of devitrifica-
tion and deuteric and hydrothermal alterations which

have obscured original textures and mineralogy to vary-

L)

ing degrees: The petrography of the lava is further

86



complicated by the incorporation of abundant xenocrysts;

particulary quartz and microcline, and occasionally

plagioclase and olivine. Many xenocrysts are readily

identifiable by their irregular fragmentary shape. 1In

other cases however, they are difficult or impossible to

distinguish from juvenile magmatic material.

A,

Mineralogx

1. Plagioclase

Plagioclase is generally euhedral apd
untwinned and ranges from 50 to 450 microns
in size, with an avgnagé'of»approximately
120 microns. The plagioclase composition
wés determined by the microlite method
(Moorehouse, 1959, P. 57) from a population of

18 grains, as An 53.

Plagioclase crystals exhibiting lamellar
twinning are commonly irregular and may be

-

corroded by the lava. These grains are inter-

'preted as xenocrysts. Compositions of several of

the more euhedral twinned brystals were deter-
mined using }he Michel Levy method (Deer, Howie

and Zussman, 1970, p. 333, Fig. 123) as An 38.

This composition is very close to :hat of plagio-

clase from the adjacent diabase plug. The impli-

cations of this will be discussed in Chapter 6.

°
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2. Olivine

Olivine has invariably undergone deuteric
alteration to serpentine pseudomorphs. 1In
many instances, iddingsite occurs along relic
curving fractures, or rihming the phenocrysts.
Occasionally, the perimeter oﬁ the phenocrysts
is stained an orangy brown color by finely
di;ided iron oxides. Secondary magnetite also

occurs as an alteration product in some cases.

3. Quartz and Microcline ”

Quartz and microcline are generally
irreqular in shape and are thought to be
mainly,xenocrysts incorporated from/adjacent
granitic and sedimentary‘rocks. In many
cases powever, quartz occurs as rounded grains
and isyhydrothermaltin origin. Quartz occas- |
ionally occurs as reqular lath-shaped grains
which suggests that it has replaced plagioélase.

Quartz frequently exhibits undulose extinction.

Types of Volcanic Fragments

‘o The volcanics'eﬁbibit a widé variety of textures

which can be divided into three principle groups. It

" \ :
will become evident in the following discussion that

a .

a contiguum exists bgtweeh the-« -ztremes.
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1. Light Colored Lava (Plate 14)

This lava is a light to medium greyish
brown color and generally occurs as rounded
to oblong fragments of various sizes. These
fragments are often so highly altered that

original textures are difficult to discern.

The lava is primarily @ very finely
crystalline mosaic of optically irresolvable
grey birefringent material (mainly feldspar
and chlorite) and finely divided iron oxides®
and leucoxene, Randomly oriented plagioclase
micfolites can be recognized only occasion-
ally in this felsitic groundmass, Poorly
defined squarish-chlorite patches, possibly .

after pyroxene are présent locally.

The texture of this lava is best described
as hyalopilitic. A series of interconnected

rounded and polygonal structures occur in the

matrix. These structures contain radial or con--

centric massesiof colorless feebly birefr'ingent
'material which is probably an intergrowth of
plagioclase and possibly chalcedony. This
variolitic texture may be the result of devit-
rification of glass around scattered huclei

or may have been formed by rapid ctystaliization
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e !
Plate 14 Photomicrodgksph showing "light-colored lava".

(bottom right). The riateix (yellow-brown) comprises

very slightly chloritized rock flour. (Transmitted
light.)

,":} ) . b
") i ’ .

Plate 15 Photomicrograph showing pumiceous lava.
Note glass shards (G) and sideromelane (medium brown) .
The matrix is carbonatized rock flour. (Transmitted
light.) :

*:

»
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of viscous magma (Williams, Turner and Gilbert,
1954, p. 24). These Structures are generally

free of iron and titanium oxides.

Similar rounded and polygonal structures/
are filled with carbonate and weakly colored-
_chlorite. The boundaries of these structupés
vary from diffuse and irregular to abrupt//
and their precise origin is unknown. Thé;
may represent varioles which have been/éref-
erentially replaced by chlorite and c&%bonate
8r gas vacuoles which have been inf%fled by

"these minerals. ’ /

/

Some basélt fragments have a/medium/khaki
'color, The groundmass in these ﬁragmenté is
'sémi-opaque and non birefringen% and is pfob-
ably palagonite formed by deVi%;ification of
volcanic glass‘(Hatch Wells a%g Wells, 1972,

!

p. 458),

The light colored lava is generally more
coarsely crystalline than other lavd types in

the diatreme.
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Plate 16 Photomicrograph showing highly vesicular to
pumiceous lava. Basalt is oxidized (brown) . (Trans-
mitted light.)

Plate 17 Photomicrograph showing vesicular glassy
Tava set in a matrix of carbonatized rock flour.
Basal;idlass is altered to sideromelane (light bxown).
The anyular shape may suggest it is an accidental
fragment from a pre-existing volcanic pile. Note
‘(black). (Transmitted light.)




2. Pumiceous'Lava {Plates 15, 16 and 17)

Pumicgous, highly vesicular lava and glass
shards are present locally in the diatrémg.
These fragments are generally ligﬁt to medium
brown in c¢olor (Plate 15) and have a refractive
index greater than 1.54. This suggests that
the glass is sideromelane and is therefore
nearly anhydrous (Williamé, Turner and Gilbert,

1954’ pc‘ 39)"» ——

In some instances, pumice fragments may
be quite angular kPlate 17) and are inter-
preted as accidental or accessory fragments
from rocks intruded by the diatreme. Gener-
ally:however, the pumice fragments are small
highly abraded'grains, and are thought to be
juvenile in origin. These grains are particﬁ-
larly susceptible to hydrothermal alteration
(carbonatization), and ére more readily abraded
during formation of the diatreme. This is
evidenced by the fact that they often occur
supported in a.matrix of rock flour which hag

been subsequently carbonatized.
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- In some instances, more massive pgtphy-
ritic black lava fragments (refer to section 3
below) may have pumiceous and highly vesicular
appendages or fringes which are altered to

brown sideromelane.

, @
A Locally, tabular fragment3 of vitric tuff
with angular corners occur in.the diatreme.*
Thes; are composed almost entirely of glass
shards which are flattened and compressed para-
llel to the long axis of the fragment. :These
almost certainly represent bedded tuffs which
were incorporated into the diatreme from an
existing volcanic pile. Although they are now
largely altered to chlorite, sesicite and
p;mpellyite, their shape suggesgg*:hat these
tuffs were well indurated prior to their incor-

. <
poration in the diatreme.

3. Black Lava (Plates 18 and 19)

»

ent, and tends to occur as elongate sinuous

bodies wﬁich ffequently surround and embay other

Black lava is a relatively minor constitu- -
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Plate 18 Photomicrograph showing blagk lava (B)
enclosing a feldspar xenocryst (F). Not®& pumiceous ’ -
" - lava and matrix of comminuted rock debris. The
1light green mineral ocoupying vacuoles in the pum~
iceous lava is pumpellyite. (Transmitted light.)

Plate 19 Photomicrograph showing black ¢lava (B)
enclosing a fragment of glauconitic sandstone
(bottom of picture). The matrix of the agglom-
erate is carbonatized rock flour (medium brown).
(Trapsmitted‘light.) T

4
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[ 3
fragments including granite, shale, sandstone,

light colored lava and pumiceous lava.

The lava consjists of plagioclase micro-
lites set in a black.opaque microcrystalline
matrix. In addition to an hyalopilitic tex-
ture, the lava can be described as trachytic
because of the alignment of feldspar laths.
Also, gas‘vacholes, now filled with secondary
chlorite, &alcite and chalcedony are elogggl-
ed parallel to the feldspar laths.-- Both the
vacuoles and the feldspar laths are oriented
parallel to the elongation of the basalt or to
contacts between the lava and thé enclosed
fragments: In sometﬁpptances these feaiures
are paralleled by eigﬁéate sinuoﬁs bodies of
chlorite within the lava masi:- This probably

represents altered rock flour incorporated

during formation of the diatreme.
e

The above features suggest that the black
lava is a predominantly late molten phase

which incorporated accessory and accidental
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fragments of vent and wall rock during forma-
tion of the diatreme. That it 1is more finely
crystalline that the light colored 1§va
implies Lhat the magma was rapidly chilled.
The dark color of this lava results mainly:
from its relatively fine grain si;e, but may

reflect in part the failure of ilmenite to

break down to leucoxene.

C. Metamorphic Grade

Pumpellyite has b;en identified lacally filling
vacuoies in fragments of vesicular basalt (Platé 18).
It also occurs with pumiceous fragments and is well
developed in fragments of vitric tuff. Prehnite was

identified in one instance.

The association of prehnite and pumpellyite
is characteristic of low gradg metamorphism of mafic
volcanic rocks at low pressures (Winkler, 1979,
. p. 180, 181). The rocks have been only p;rtially
recohstituted and have not yet reachéd greenschist

facies metamorphism as evidegé?d by the presence of

100
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prehnite and pumpellyite (Turner, 1968, p. 268). The

asseﬁplage chlorite-prehnite~pumpellyite most closely

I

resembles the préhnite-pumpellyite-metagreywadke facies

(op. cit., p. 266).

Alteration Of The Diatreme -

A, General Remarks

At the surface, the agglomerate is generally dérk.
green in color. In the subsurface however, it may be
pale tp dark green, yellow-brown, medium brown, khakl,
off-whlte, red or- purple. This variation is primarily
a function of the alteration Qype, the iﬁtensity of
alteratioh and the degree to which alteration typés'are
superimposed. \

The study of alteration aSéémblages ipvtﬁe 0
diatreme is complicated by the difficulty in distin-
gu1sh1ng hydrothermal alteration products from those
related to deuterlc -and metamorphlc processes.

Mlnerals such as carbonate and chlorlte are readily
formed in a variety of envifonments and are difficult
to felate with certainfy to a particular -event. Tt
is apparent from a;varfgty of studies thaf the
pr1nc1ple alteration typés are propyllltlzatlon,
pota551um alteratlon and carbonatization. Minor

alterations are pematiti;ation, siiicification and

) chlofitization.»



Alteration in the diatreme is generally restrict-
ed to basalt fragments and finely comminuted rock
debris in the matrix. Accidental fragments of grani-

tic and sedimentary rock are relatively unaltered.

.,:L

B. Methodology , .

Alteration assemblages have been determined
primarily through staining techniques and X-ray

diffractometer studies, supplemented by thin section

examination. : .

1. Staining Techniques

(i) For Potaséiumb(Plates 20 and 21)

A represehtative suite of hand specimeﬁS'
and thin sections waé étained with a safurat-
ed solution of sodium cobaltjniﬁrité to test
for thé presehce.of’potassium‘feldspar~and
sericite. Most basalt fragments exhibit at
least some degree of potassium*éltefation,
‘although séme are notably unpotassic. Miner-
alized and visibly altéred poftions of ﬁhe
diatreme however, are highly potassic. This.

‘ algiggzion appears to be related to narrow
fractures cutting breccia fragments. Alter-
ation decreases. in intensity away from these’

fractures (Plate 20).

-
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Plate 20 Photomicrograph showing potassic alteration
of the agglomerate.. Note the narrow potassic veinlets
(yellow), and alteration around the perimeter of
feldspar xenocrysts (F). The yellow color .is sodiumv
cobaltinitrite stain. (Transmitted light.)

Plate 21 Photomicrograph showing potassic altera-
tion of basalt,fragments. Note potassic alteration
(yellow) of the perimeter of feldspar xenocrysts

(f), and of the plagioclase microlites in the lava.
(Transmitted light.) ' '
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(ii) For Carbonate

Antotal of 26 carbonate samples were

selected from the diatreme and stained to

determine their composition. The results

are tabulated below.

¢ "
" .
PN

Mineral . Form %ar Abundance (%)
Iron-free Calcite CaCo; . f‘ . 1;9 |
Iron-poor Calcite CaCO3 with‘Fe 32.7 Calcite Group
Iron-rich Calcite CaCO3 with Fe 38,5 73.1%
iron-free Dolomite Ca Mg (CO3)2 1.9
Ferroan Dolqmiﬁe Ca.Mg (CO3)2 '
‘ with Fe 15.3 Dolomite Group
Ankerite Ca(Mg,Fe) ~
(CO3)2 9.6 +26.8%

s

2. X~-Ray Diffractometer Studies

X-ray powder diffractogfams were run fo;
four basalt samples representing mineralized
énd unmineralized zones. Phyllosilicate
identificatioh was made according to the

system of Hathaway, in which each sample is

run four times; untreated, glycolated over-

.night, heated to 400°C for one half hour,

and heated to 550°C for one half hour.

.
/
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of chlorite, serpentine and .iron énd titan-
ium oxide§ is certainly suggestide of a .
propyllitic assemSlage. At least some
carbonate may also be related to this

alteration.

The petrography of chlorite in the
diat:eme is complex. It develops in the
matrix at the expense of finely comminuted
rock debris (Plate 11), and occurs rimming
basalt fragments, and infilling vacuoles

in basalt fragments. It also occurs with

| volcanic glass in the matrix of basalt

fragments,

Hydrothermal Alteration

(i) Potassium Alteration

Théiterm potassium alteration refers to
all processes in which new minerals are
formed by the introduction of potassium.
Included under this heading are pota551c
alteration and seric?tic alteration. Within
the limited scope of this study hoﬁever&
these alterations have'ﬁot been Spedffically
diﬁtinquished. | - -

ha ¥
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.The patassium alteration assemblage
includes potassium feldspar, muscovite .
[sericite, + lithium ()], and fine grained
pyrite. 'Potqssiuﬁ'feldspar is developed
both as a primary phase and as a producﬁ‘of

metasomatic replacement of plagioclase.

In the incipient stages of alteration,

plagioclase is replaced metasomatically by

potassium feldspar. Plagioclase phenocrysts

exhibit varying degrees of alteration (Plate

21).

As alteration proceeds,behe chloritic
groundmass of basalt fragments, and the o
chloritic matrix between basalt fragméntsh
is sericitized. This alteration is illus-\

trated in the following schematic reaction:

-

chlorite + Al + Si + K + H+ —>» ‘

2 2+

muscovite + Fe“¥s+ Mg“© + HZO (Meyer and

|

Varying amounts of iithiuﬂ‘are probably

Hemley, 1967, p. 207).

incorporated into the sericite lattice at ‘this
time. Sericite is also developed occasionally

in plagioclase phenocrysts.
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(iii) Silicates and Carbonate

Other minerals identified by X-ray
diffraction are ferroan dolomite, plagio-
clase, potassium feldspar and low quartz.
The precise identipy bf the potassium
feldspar is not clear from these studies,
which show it to be either iron-bearing

orthoclase [K(Al, Fe3+) Si308] or microcline.

C. Discussion of Alteration Assémblages

l.

Deuteric Alteration

(1) Propyllitizétion (Plate 9)

Thé proéess'of propyllitization is
generally assoc}gted with andesitic rocks
(Williams, Turner and Gilbert, 1954, p. 96)
where it is ascribed to hydrous carbon
dioxide-rich deuteric solutions. Propyl-
‘lites, in/their early stages of formation
‘are characterized by a drab green cdlor in
hand specimen, and the presence of secondary
chlorite, calcite, sphene, iron 6xides and
sérpentine (Wiiiiams;_Tdrner and Gilbert,
‘1954; P. 97).‘ Although the diatreme volcaﬂ-

ics are basaltic in composition, the presence
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The foliowing minerals have been identified.
(i) Chlorite

In the two samples in which it was
identified, thé\mineral was found to be
: O
a trioctahedral\ihlorite, but’the specific

isomorph is not wéfl defined.

The petrograpgk of chlori;e in the
diatreme is sufficiently complex that it
would be unrealistic to assume a spec1f1c

composition for this mineral.

(ii)‘MUscovite-(Sericite)

Muscovite is restricted to samples
from potassiéally altered and mineralized
zones. The best fitting isomorph of this

mineral is lithian muscovite (ASTM #14-11)

In normal muécovite, lithium substi-
‘tutes for ‘aluminum in the ocfahedral site.
Up to approxlmately 3.5% L120 may enter
‘the mineral. without alterlng its. structure
to lepldollte ( Deer, How1e and Zussman, 1870,
p. 202). This mineral may account for the

presence of. small but varying amounts of

lithium in the diatreme (Table 1). B Coe

LT i R —————-
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In advanced stages, potassium altera-
tion is characterized by bervasive serici-
tization and by the formaﬁion of pyrite,
Original textures are largely destroyed.

In thip section, these basalt fragments are
drab khaki’green and brown in color, and
appear as 'semi-opaque, homogeneous,

optically irrg§olvable masses. The fragments
have been com;letely reconstituted to a very
fine grained intergrowth aséUmed to consist
of sericite, potassium feldspar, quartz,

and iron and titanium oxides.

b

In intenéely altéred ;onés, where
original phases are completély modified,
potgésium feldgpar crystal{izes as a primary
mineral in the matrix, around the perimeter
of basalt fragmen;s, and in narrow veinlets

crosscutting the breccia.

1

In hand specimen, basalt fragments

'change in color from dark green (Propyllites)

to drab shades of light green, light brown,
and ultimately mediumlbrownnas potassium

alteratiop increases in intensity. Basalé
fragments in the more highly a;téqed zones.

have a powdery to somewhat foliated texture.

-
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Most basalt fragments in the diatreme
exhibit at least weak potassium alteration.
Basait fragments in mineralizéd zones
however, have undergone moderate to strong
potassium alteration. This alter;tion_is
therefore intimately associated with and
characteristic of mineralized zones in the
diatreme. In general, the'inténsity of
potassium alteration is Hirectly proportion-
al to the concentration of mineralization.

This relationship is discussed further in

Chapter 10.

(ii) Carbonatization

Carbonate is a common alteration pro-
duct, and may Jbe associatedrwith a wvariety of
alteration types, including propyllitizgtion
and potassium alteration. In the BBX dia-
treme however, carbonate is generaliy a

late phase, an® is so quantitétively

important that it has been established as

RS

a separate alteration type. . -

' 7
Carbonatization is:related a late,

non-mineralizing phase of”hydrotﬁerﬁal
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activity. This alteration postdates potas-
sium alteration and the main pulse of min-
eralization, and«predates the formation of
quartz and quartz-carbonate veins.

Carbonate alteration affects mainly
the basalt fragmenﬁﬁ and finely comminuéed
rock debris in the matrix. Accidental

-~

fragments of granitic.fnd sedimentary rock
are also q}tered thoug% to a lesser degree.
Zones which have undergone pervasive
potassium alteration afe generally very

ftesistant to carbonatization.

Carbonate'alteratién varies in inténs- ‘.
ity, and locally may be so pervasive that
basalt fragmgnts are barély recognizable.
Pumice fragments are particularly suscep-
tible to carbonate alteration. 1In frag--
ments of'porphyrdtic basalt, carbonate
developérfirst in vacuoles and replacing
feldspar phenocrysts, and ultimately
affects the entire rock. Serpentine in
carbonatized zones is altered to a mix-

ture of talc and carbonate (presumably

magnesite, Deér, Howie and Zussman, 1970,

pP. 5) (Plate 22), v



113

Plate 22 Photomicrograph showing carbonatization of
olivine. The olivine grain has been altered to
serpentine (dark green) by deuteric processes. Strong
carbonatization has subsequently altered serpentine

to a mixture of talc (t) and-minor magnesite.
(Transmitted light.)



Finely comminuted rock debris is
usually highly carbonatized. Carbonate in
these zo&es is geéerally very finely crys-
talline, tends to have abundant finely
'diyided impurities, and is only semi-
transpafent (Plates 12 and 19). Matrix car-
bonate is occasionally fine of medium crys-
stalline, in which case it is relatively
clean and transparent. Vuggy carbonate is
developed locally. These features suggest
that carbonatization commenced'with altera-
#ion of rock flour and breccia fragments.
As alteration proceeded, carbonate precipi-
tated as more coarseiy crystalline »

primary phases in the intersticed$ between

breccia fragments.

The presence of CO2 in an aqueous
solution gives\rise to varying proportions
of carbonic acid, H2C03 pBarnett and Wilson,
1958, p. 319). Althougﬁ H,CO; is a weak

acid, it is probable that it results in

breakdown of basalt.fragmehts, and in release

of Ca2+, Fe2+'and Mg2+. The combination of

ca?* and varying amoqnts of Fe* ana Mg?*

-2 ' ¢

with é03 results in the formation of the

variety of carbonates present in the diatreme

v

(see Table, p. 105).
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There is a possibility that the change
from iron-poor to iron-rich calcite isfﬁ, |
controlled by the degree of carbonatiza-
tion of adjacent basalt fragments. The
more highly altered fragments tend to be
associated with iron—rich calcite, while

less altered volcanics are associated with

iron-poor calcite.

AN

(iii) Silicification

The BBX diatreme4is cut by numerous
quartz-carbonate veins and-occasidnal
qﬁartz veins averaging 1 or 2 centimetres
in width. Large duartz veins up to 1 metre
wide occur at several locations on the
property (Map 2), and . one of these cuts
the northeast margin 65 the diatreme
(location 45). These veins contain minor
éhalcopyrite and pyriﬁe, postdate carbona-
tization of the diatreme. and represent the
final pulse of hydrothermal activity. Wall -
rock.surrounding these veins H;s been sili~.

cified to the point wheré it is either

unidentifiable, or occurs ly ‘as remnants.
Where these veins cut the Akaitcho Formation,

the sediments are b eached.
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Other Alteration Typés

(i) Hematitization

Hematitic alteration is localized in
the diatreme, and is particularly well-

developed in the matrix of comminuted rock

'debris; and to a lesser. extent in basalt

fragments, especially alohg their margins.
Where it is well developed, this alteration

gives the rock a pronounced reddish color.

The origin of hematite in the diatreme
is speculative. Because hematite is not

$patially related to mineralization in the

“diatreme, a hydrothermal origin is not
-

considered probable. A late - oxidizing phase
of hydrothermal activity has affected the

diatreme (Chéptef 10), but these zones are.

not hematitically altered.

& ’ .
The mode of occurrence of hematite,

- described abowve, suggests that it may be>the

result of oxidation of ﬁyroclastic ejecta-
menta by steam during formation of the
diatreme. Oxidation. of magnetife to form

hematite in this way is known as martitiza-

tion (Ramdohr, 1969, p. 907). Implicit in
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=
this postulate is that the diatreme was

vented at the surface during its formation.

The present limited distribution of
héﬁatitiza?ion is thought to be in part
original, but it mayvaléo'represent zones <
which for various reasons have not undergbne

deuteric or hydrothermal alteration.

?

(ii) Chloritization

«a

Several features suggest that the occur-
rence of chlorlte 1n the dlatreme 1s not due

solely to deuterlc process.

(a) Chlorite lines narrow dilatant
fractures which are generally
filled withvmedium"Crystalline
(1-3 mm) carbonate, and occasion-

k)

~ally rims basalt'fraéments in zones
where the matrix is predomj.nantlyf
carbbnatg. The occurfence of chlor-
ite adjacent to carb§néte suggests.
that it is a coﬁtact phenomenon

'developed in the presence of

carbonatizing solutions.
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(b) The d1atreme is cut by abundant
| chlorlte sllps and shears -

(slickensided) which crosscut both
the matrix and the basalt fragments
in zones of propyllitic, potassium,
hematitic and carbonate alteration.
“Mtst of this‘chlorite probably
postdates the main mineralizing
event as -evidenced bf the fact that
these shears cdt basalt :ragments

.L whtgh have undergone ﬁotassium

alterationd

Affinity Of The Diatreme

[

Determination of the composition and affinity of the

diatreme ‘is complicated by the following factors:

(A) Deuteric and hydrothermal solutions have altered
the orlglnal chemlstry, m1neralogy and textures of the
rock. This.makes clgssificatipn'on the basis of chemf
istry'ér‘miﬁerqlogy'unreliable. Cafbonatization is
generally So inténse that even rélétiﬁely.stable trace
eleménts such as Ti, 2r and Y woﬁld not be reliable

indicators.

(B) The petrograéhy of . the diatreme is complicated
by'thé presence of abundant xenoCrygts which .in” some
cases'éannot_be distinguisﬁed with certainty from

;

. 4T
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ﬁuvenile volcanic material. Moreove}, the signifi-
cance of.different lava types in-thz diétreme is
uncertain. To some extent, these may b; interpreted

as acceésory and accidental fragments ihcopporated:into
the diatreme from adjacent ‘country rock, but.they\may.
also represent textural varieties of lava from é single

volcanic event. These uncertainties make selection

of reliable samples for chemical analysis difficult.

In spite of these uncertainties howgéer, the

basaltic cOmposition of the diatreme is well estab-

~ lished.

The modal composition of the lava was detexminedv
from two point counts carried out oh relatively
unaltered basalt fragments.l The results, which are
tabulated below, were determined by suBtraéfing'iden-
tifiable xenocrysts from the t.otavl,i and;normalizing

[y

'the'remainder of 100%.- v . o .

Point Count #1 Point Count #2
\. Total Normalized Total Normalized
(%) (%) (%) (%)

Groundmass - 43~ 49.43 . 44 46.81
Plagioclase ’ ’ ’ ' '
Microlites 24 27.59 25 . 26.60
Olivine o . -
Phenocrysts 15 17.24¢ = .17 18.09
Xenocrysts _ 13 emee- ! I e
Spherulites, . ’ ' ’
Vacuoles .5 ‘ 5.75 8 8.51

'100% 100% ' 1008 100%
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I. Pufpose and Scope of Study

The primary purpose of this study is to identify
major structures and to determine the factors which control
significant geologic features; pParticularly the d1atreme,
the diabase plug, and quartz-carbonate veins and stockworks.
It is possible on this basis to propose a tentative chronol-

ogy of structural events in the area.

The anaiysis is based on measurement of all well-

" defined structures on the BBX property and 1mmed1ately
adjacent areas, with the exceptlon of the Archean plat-~
form. These structures 1nclude bedding pl!&es and
joints, veins, minor folds, shear zones and slickensides.
Many of these data have been plotted on stereograms,

and the resultant structural trends have-been interpreted,
in conjunction witu major airphoto liueaments shown "in

Figures 8 and 9.

Structural mapping was governed by two principle

limitations.

A. Beceuse of the Raucity of outcrop, structural
measuremeuts were not taken uniformly across'the
property. Also, structures. are well-developedfat
some outcrops and almost absent at others. The

resultant sampl1ng bias, and the small populations
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'CHAPTER 5
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This composition is consistent with that of a
typical olivine basait, which contains 20% olivine
phenocrysts and 25% plagioclase phenocrysts by vol-

ume (Williams, Turner and Gilbert, 1954, p. 40).

The possibility that this 5asalt has ‘an alkalihe
~_affinity can only be inferred. 1In the type area on
Seton Island, the Seton volcanics are chemically alka-

line (Giade and Morton, 1972, p. 1110).

Alkallne magmatism is characterlstlc of deep
contlnental fracture zones, of which the East Arm
graben is an example (Badham, 1979, p. 60); The
eﬁplacement of basaltic breccia pipes (Seton’volcanic
centres) in thé vicinity of_Taltheilei,Narrows was
ébntro;led by‘a major deep-seated fault (p. 42, this
thesis). That this fault &uts basement rocks is evi- .,'
dent frqm Ehe presehce of éranitid fragments‘in the
diatreme._mff is probable thereforé, that these dia-

tremes have a deep-igated origin., Most large clusters

- / -
of diatremes ar€é related to the rise of alkaline ultra-

- mafic and carbonatlte magmas (Lorenz et al, 1975,
p. 23). The juvenile fraction of the fragmental depos-
its of dlatremesrls most;commonly'related.to ultramafic’

and alkali—basaltic magma (op. cit., pK'SZ)f

‘
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II.

n

‘being studied,-l1imit the use of stereograms for

detailed analysis.

tN,
B. In general, structural interpretations are
based on data from sediments of the Akaitcho
Formation, where structures are relatively well-~

developed and wéll—defined.

\
Mapping of the di;treme was limited by the
difficulty in different}ating a wide variety of
po;rly-defined strtctures, including ioints,
fractures, small faults, and various é tures
related to the formation of the vént itS§e;f.
Structural mapping of the diabase was limited to
the*measurément of a few joint planes, fractures

, ~
and veins. In general, data from these intrusive

bodies are used only to complement interpretations

3

‘based on measurement of structures in adjacent

sediments.

Results of Study © N

A, Bedding and quor.Folds

L

The sedimentary rocks discussed in this- study

_ include those just north of the diatreme, those

around the perimeter of the diatreme'(uapiZ); and

o .
those: in the'vicinity of Great Slave Lodge (Map 1l).
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On the scale of a single outcrop, thgse rocks
are gEnerally not highly deformed, although bedding
ranges“ffom steeply éipping to nearly horizontal.
Occasionally, the rocks are plastically deformed
and exhibit small crenulations and drag folds, in
addition to the common presence of vertical joints

and small quartz-carbonate veins. ‘ . M

The structure of the sediments is occasionaily
complicated by the‘presence of large euartz veinsfand
quartz-carbonate stockworks'(p. 49, this thesis). .
Sedimentary rocks in these locations are commonly

brecciated, bleached and silicified.
L}

Figure 10 is a contoured stereogram contructed
using 40 bedding measurements. The diagram shogg one
well-defined and one poorly-defined great circle

labelled "A"™ and "B" respectively.
»

Great ciréle A defines a rounded isoclinal fold,
the axis of which trends 50° (az) and plunges IS°.‘
A small antdcline paialleling this trend can be
1nferred from beddihg ﬁeasurements at location 37,

immediately east of Aristifats Lake (Map 2). Great



.S
7 Y BX

24 5-9 >0

Percentage of points per
1% area of projection

Figure 10 Sre}ebgrq;n shoiwing Bedding ( 40 points )
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circle B is less.well-défined and somewhat discon-
tinuous, but shows’a fold trending '16° (az), and
plunging 6°. A small anticline paralleling this

axig can be inferred from bedding meésurements in the
vicinity of Great Slave Lodge (Map 1). It is
‘interesting to note that this fold axis closely
pérallels the major (basement?) fault (trend 18°
(az)) controlling the emplacement of diatremes in

the vicinity of Taltheilei Nagrows (p. 42, this

thesis).
, |
B. Joints ’ \
‘\
Figure 11 (53 points) shows all joints measured
in the study area, including those 6n the Béx and
- JDA Groups, and those in the vicinity.of Great Slave
Lodge. Measurements were taken from sediments, both
diatremes, anhd the diabase plug. It can be inferred
from this plot that the majority of joints have a
vertical dip. The stri}e of the joints varies widel&,
but maxim; occur at l32° and 144° (approximately

southeast). Less well-defined joint sets occur at 77°,

103°, 116°, 124° and 168°,



1% area of projection

n ,'Ste}eogrom showing'cll Joints ( 53 points )
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Figure 12 (26 points) represents only thosé
joints measured from sediments on the BBX property i »
and in the vié;nitylof Great Slave Lodge. As in the
previous case, maxima occur in a generally southeast
direction at 103° - 90°, 122° - 90° ‘and 132° - 90°,
In addition, three minor joint sets‘occur at 55° -
90°, 79° - 70° NNW and SSE, and 14° - 18° W. Bed-
ding joints, which occur occasionally in the sedi-
ments, are not shown on th;s stereogram. These joints
are commonly dilatant and conform precisely to,beééﬁﬁf%f
dingvplanes. Hence their orientation and configura-
tion (plénar versus cdrved) is dependent on the
intensity of deformation of the host rotck.

Figure 13 (15 points) represents only those \
\

A

points measured from the BBX diatreme. It shows a \

well-defined maxima,at 147° - 90°, and two less’ \
well-defined joint sets at 79°/f 90° and 168° - 90° whic;\\

are mutually perpendiculaf.

C. Veins //

.Qﬁargg-carbona veins are frequizfix,dilatant,
particularly where théy\ocgggx,gg;;9w  edding joints.
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Figure 14 (24 points) shows vein measurements
from all rock types in the study area. Five direc-
tions of veining are evident at 28° - 90°, 45° —.80°
SE, 71° - 90°, 98° - 90° and 130° - 90°, with maxi-

ma at 45° - 80° .SE, 71° - 90° and 98° - 90°,

Figure.ls (15 points) shows all veins in sedi-
ments on the BBX Group and in the vicinity of Great
Slave Lodge, exclusive of those between bedding
planes. This figure, which is very similar to fig-
ure 14, shows five directions of veining aﬁ 27° -
90°, 70° - 90°, 98° - 90° (maxima), 121° - 90° and

142° - 90°,

D. Minor Folds

Minor folds occur gé:;;Zonally in the study area.
The seven fold axesvﬁigéh were  measured are plo;ted on
a sfereog;am in Figure 16. Aithbugh these points
- show a wide scatter consistent with the structural
coﬁpiexiiy'of the area, two tentative great circles
can be coﬁstructed defining planes as follows:

l. St. 154° dip 42° NE

- 2. St. 32° dip 63° SE

-
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These olaﬁes are not well-defined, but it is

v interesting to note that their strikes are roughly
parallel to other structural features in the study
area. Moreover, the intersection of theselplanes
trends 607‘(az) and hence very roughly parallels the
orientation of the major fold axis. In view of the
structural eomplexity.of the area, it can be tenta-
.ively suggested that these minor folds are related
to the major folding event, but that later structur-~
al modifications have resulted in a certain amount

ot

of scatter.

" E. Shearing

Slickenside:data are plotted on a sterogram in
Figure 17, and show a moderately well-defihed east-

west trend, although some scatter 1s ev1dent.
. .

II. Discussion of Results

PR

The study area is strdcturally complex, and shows

evidence of several periods of deformation. The struc;

'tures which have been observed can be explaineﬁ in terms “

of episodic folding and related jointing. ‘These struc-//i

‘tures have been subsequently modified by the emplacement

I

e
&
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of the diatreme, and by late small-scale faulting and

shearing. S ,
[}

-

The major structural ttends gleaned from sterogr#ms
are summarized in Table 8 and their relation to major
lineaments is noted. 1In cons;ructing this table, struc-
tural entities having the s&me,,or very nearly the same
strike were includeé in the same row. The small'variaﬁiohs
which do exist are\ascri£ed to errors inherent in field
measurements and inl interpreging stereograms. This

table should be examined in conjunction with Figure 9

which shows major airphoto lineaments.‘

It is apparent from these da{a thé; structural'tre;ds R
determined fromfstéreographic plots. of minor structures | |
are remarkably consistent with mdior lineaments evideﬁt.oﬁ
air phoibgraphs. The majority of these structures are
either'aﬁproximately parallel to,'perpendicular ;o,,or
symetrically disposed about fold axes. . The foiloding ob-
vservat1ons and’ c;:;Iusions are based on thxs fundamental

relationship. . «*\_‘ ' * .

A. Folding along 50° (az) appears to be the mijor
structural feature in the area, and many of the

lineaments in Pigure 9. parallel this trend.‘ The fold

axis roughly parallelsrthe ttend of the East Arm
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v

Synclinorium (Figure 6), and closely patrallels the
Archean-Proterozoic contact north of Aristifé’ Lake
(Figure 8). This suggests that folding has taRen

place parallel to the basement edge. This folding

)

has given rise to several related structures (Figuz_'e

18a). |
17 She& Fractures

’ ¢ .
“,. , , ’ ) s
? .

Major lineaments trending at a_ppréximaéflf

! 471‘° and 35%° (az) ai:e\ symetrically disposed -
about the fold,,v axis and.areJ interpr:'eted as
co:ajugate shear fractures. Thé strain axes
resulting in the?e shears would be oriented

as follows (Billings, 1972, p. 166):

(i) Greatest Strain Axis -V, - NW-SE.
(ii) Intermedlate Strain Axis - j’- vert1cal.

(ii1) "?{Least Strain Axis - ¥, -LNMW. a
T AES

!
2 /s

4

‘k ! ‘?b : .

fhear fractures may fom in .sevetal ways

" (op. cit., p. 166), but in }_Qhe}lb;eseﬁwcase their

: symetri‘cal orientation abéut?’

gxis'
sugqests that they were fo"b A Cbmpression

along V'l, or perpendicular “o "ﬁlq gxis éf tﬁ'e .
PR M !3
East Arm Otogen. IR NEE S ,'-- : S < 8 «
N R L St e SR A
W . .- . s o, 1/'-* . P 3
~’v g . ’ o ° 1) N ) . ed
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(A FOLD AXIS
SHEAR FRACTURES
(© EXTENSION JOINTS

(© RELEASE JOINTS
V2 VERTICAL -

Vs : '
Fig.18a. Structural Features Related to Combmssionﬁl 'Folding along SQ'(Az)

 J

ooy .

@ fOLD AXIS -
EXTENSION JOINTS
(© SHEAR JOINTS

Vs VERTICAL

. Fig. 18'b. Structural Features Related 1o Minor Fold Systerh along 16° (Az)
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2. Exte931on Joints

~ a ‘w . Y .- ) [ )

A series of veins and joinfs (= 144°-90°)

which are approximately perpendicular to the «~ .

fold axis are interpreted as extensioh joints.

" 'These joints are common in orpgenic belts and
résult from slight elongation parallel to the

axis of folds (Billings, 1972, p. 168). -

e
-

.3, Release Joints

‘Minor joints (55°-90°) roughly parallel
to the fold axis are interpreted as release

joints formed perpendibular to the axis df.

compreseien_when the ioad is released. -

. B.. A lesser system of folds trends 16° (az) (Figure

18b). - Joints and veins trending 103°490° and ‘98°-9Q°

are approximately perpendlcular to thls trend and are’

- c A

1nterpreted[ xtension Joints. A mlnor set of

;shallow;ﬁi;, 4 ]01nts (14°-18°W) which strlke approxl—
‘mately{
shear j01nts developed dur1ng folding, under cqndx-

t:lons where the easlesc’,elief. was upwards (81111ngs, '
'..41972, p. 169). 'I‘hxsz-" '




*

. took .place relatively near the surface.

The fact

that this comparatively minor phase'of folding par-

allels a major (basement?) fault (p.

128,

this thesis),

suggests ’th'at it is related fo movement along this

fault.

o

‘It is temtatively proposed that this fold-

ing followed a period of uplift, and postdated

major folding along 50°

C. Joints and veins ranging from 116°-90° to

¢}

(az).

132°-90° are roughly perpendicular to the axis of

the diatreme.

These fractures also occupy an inter-

mediate zone between extension joints related to

folding along axes of 50° and 16°.

These features

may be'interpreted as extension joints related to

of the diatreme by an explosive mechanism.

!

folding, or as fractures relateé to the formation

‘Because

of the elongate form of the diatreme, these frac-

|
tures would tend to extend away from the source at

approximately 90°,

rather than in a radial pattern.

D. Joint sets at 79° and 168°, which are mutually

perpendlcuiar, may have been developed in reggpnse

to a sheapingﬁgouple established approximately paralf

lai,tb the majon shear tracture formed along 71° (az).
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In support of this hypothesis is the fact that large
quartz veins in trench 5 are slickensided; with a'
plunge of approximately 11°W. These slickensides
are consistent with shearing in a 1atéra1 rather
than a vertical séﬁﬁg,.and-indicate that shearing

postdated the formation of the large quartz veins

at this location.

A4
»

Structural Control of Igneous and Hydrothermal -
Activity -

-

Having tentatively determined the nature of promi-

nent.structures in the.study area, it is possiblé to

discuss the factors controlling major geologéggg fea-

tares. Of partlcular 1nterest are the diatreme, the’ ‘

diabase plug, and quartz—carbonaté veins and stockworks.

e

o~

The BBX diatreme is one of several Setonjyol—-

A, The Diatreme

"‘éihic cent:gsqgggurrin? along a major fault trending

'18° (az) (p. 42, this thesis).. This fault presum-
ably controlled the movement of alkaline magma

" beneath the Archean-?roterozoié‘unconformity. Aboyé

this'unconformity however, spe emplacement of the

'6'-*1.' .'o
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diaﬁreme (éxis'tgend 35° az) was evidently controlled.
by one of a conjugate set of shear fractures related
to a major phase of compressional folding (axis 50°
az). This is consistent with the observation that -
the major d}ameters of diatremes generally follow
lines of structural weakness in the roof récks

(Lorenz et al, 1975, p. 57). The following impli-

cations arise from this assumption.

9. The shear fractures are major structural

features, presumably extending to basement. -

2. The éiat;eme,was emplaced prior to hove-
ﬁeht albng the basement fault, and’hence pre-
ceded the minor phase of folding'(axis 16° az)
}related to this,@demen§, If this were not the
’ cése, and the fa' did affect the Proter0201c

succession, it is probablg'that the dlatreme

~ would K#ve been . emplaced along zones of weakness ’

related to the fault (1.ea 18° a;).

B. The Diabase Plug -A S

“'The.nortﬁérn margin of Ehe,diab;se is'hot,well
‘defined.(p. 58, this thesgs), bdt its abrupﬁ_lineaf
south margin.corresponds to the ﬁajér shéar“fracturé
trehding 71° az. This fracture and its cdﬁBhgate (3S°

- W e 7
I wloe 3
I . . B » - .
. ) v v B
S e .
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az) have controlled the emplacement of the diabase and
the diatreme respectively. The'n‘>"‘marginvof the
diabase is presumably controlled b, the Archean-

Proterozoic contact. .

c. Quartz-Carbonate Veins and Stockworks

The océurrence of quartz~carbonate veins in
ﬁhe study area is coﬁplex. Although'they are a pre-
dominanfly laté feature, there is no reason to
suggest that théy were all formed.contemporénebusly.

Indeed, structural evidence suggests that their

formation may have been episodic. This observation

is supported to some extent by the wide range in the

composition of the veins and stockwotks along a

- continuum between pure quartz and pure carbonate.

Attempts to determine the order invyhich quartz and
: ) el .
. - e
carbonage were deposited, on the basis of their

relationi%;pvin outcrop, were unsuccessful and the

e

results émbiguous{ Several stages of carbonate
veining, separated by intervals of brecciat%on,'can'
be inferred from drill core, particularly where thege

veins cut sedimentary rocks (DDH 76-1). .

N
0

In spite of these compiexities{‘the structural

cpnttdltof'éeins and stockworks is wellldeftngd. .,

Examples of this control; and implications redﬁtding

r
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5. The ocCurrenCe'of dilatant quartz velns-in
bedding joints is of considerable interest.“
These joints Qere presumably formed during tec-
tonic uplift‘inmresponse to residual stresses
generated‘during deformation at deep” levels.
Implicit in this model is that the quarté veins

occupying these joints were formed relatively

‘near the surface. - ' e .

/ 4
6. Pronounced quartz veining in the vicinity.
l'of_Great Slave Lodge, .and . small .quartz-carbonate
veins cutting volcanics of the JDA group have

an’ east-wéSt orientation, and are probably con=

o

trolled by lahn-shear planes hav1ng this atti-
tude. - .
S |

V. Chronologz .

Baséd'on the foregoing discussion, it is possible ,
to propose a tentatlve,chronology of structural events.
Although some events cannot be placed w1th certa1nty, and

-the chronology is somewhat 1ntu1t1ve, it conforms gener—

ally to the deformational hlstory of the Great Slave Basin..

,This deformation 1nvolved compre381on of - sedlments into

broad folds, £ollowed by uplifting and down-dropplng of

blocks, and transcurrent faulting pp. 37, this thesis).

L
4
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N

The proposed structLral history of the‘study area

[y

is as follows: . . | -

"A, CompreSSLOnal folding parallel to the basement
edge (axis 50° az)..

Thls‘major event probably oorresponds to the i? ’
Compressional Stage of structural evolutlon of the

Great Slave Basin (p. 38,‘this tﬁ%sis).

B. Emplacement of- the diatreme and the diabase
along major zones of weakness; spec1f1cally, shear

fractures related to major compressional foldrng.

[The temporal relationship between the diabase

and the diatreme is discussed at a later po1nt in
i

this thesis (p. 184)]

é; Up11ft related to movement along a major deep-
seated (basement?) fault (18° az), and related 'f

minor folding»(ax1s 16° az). ,
b o

D. Continued upl1ft and sllght tilting to the

northeast.,_ ' E . " _';k,

Dilatant zones ‘opened along,extension joints

rdn response to this tilting. 'The relief of suffi-

i

cient overburden pressure resulted in the dilation

_— T i



3. Major quartz-carbonate stockworks immedi-
ately/south of the diabage plug have an overall
trend of 71°, which suggests that they are
controlled by a shear fracture associated with
the majof phase of folding. Within these stock-
works however, quartz veins show a variety of
orientations, and in some cases parallel known
di;ectioné of joihtiﬁg. These features suggest
that thé shear;fracture is the major.f;ctor
controlling formation of the stockwork, but
that ‘the veins themselves are controlled by
smaller features such as joint planes.b It can
be inferred from this, that the shear fracture
is a major, probably deep-seated structuré
which has acted as the principle locug of move-
ment for hydrothermal fiuids. I

1 ‘e

4. éiant quartz veins exhibiting a meandering
or irfegular trend occur in two locations to the
northeast of the diﬂylgme. These dhusal f%é;
_tures appear to»be cSherlled by the intersec-

" tion of existingfzones of'weakness.‘jThé large
vein cutfing tuffs‘hortheast of the diatreme for
_ekgmpie, flhctuatgs between approximateiy 30°‘r
'and.509, and is ﬁresumabiy codtrolled‘Varipusly
.-by shear fractures abd_release jointé reléted to

thé major fold.system.

-

Reom
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the structural history of the area are dlscussed

below.

1. It can be inferred from-Tableb8 that minor
quartz-carbonate veins preferentially occupy
jornts and fractures trending in a NW-SE dLrééﬁ
tion. These features are extension joints
related to folding, and fractures related to
the formation.of the diatreme. It is probable!
that this preferential veining is the result
of better.eceess tovthesebzones'by hydrothermal
fluids. It is proposed that this access was
affeited through late tectonism which caused the
folds to plunge to the northeast, anq_exerted
ten51ons which dilated these 301nts. In support
~of this postulate 1s,that the major joint set in
" the diatreme'(l47° az) parallels one of these‘
extension Boints} and presumably developed par-

allel to an existing zone of weakness in response

,to a late tectonic event.

-~

2. A prominent set of steeply dlpplng quartz-
carbonate veins. (45°-80° SE) closely parallels
the major fold axls, and is probably controlled

by_releasé:)oints related to this structure.

R
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of bedding joints.

\ _ _ .
E. Quartz-carbonate Veining

'Hydrothermal agtivity resulted in the
fo;@ation of minor quartz-carbonaée veins in. T
dilatant zones, particularly bedding joints .
and extension Joints. Mwjor quartz veins and;g.
‘quartz-carbonate stockworks on the BBX pfqp— =

-

erﬁy"werevalso formed etjghis,time.
_ F. Small Scale Shearing .

) This shearing teék placefalong two
pninciple directions: approxxmately 90°. (az),
and approximately 78° (az) P;oughly parallelllng
‘the major shear fracture at 7l°(az)] Thls event
postdated ma;or quartz veins at locations 31 ahd 45
.(Map 2), as ev1denced by the, presence of sllck— Rl ‘
'endides on these veinsl, Although no major movementT\

C o E
, is indlcatea, strain was sufficiently large to ~

cause two mutually perpendlcular vertical joint

- gets at 79° and 168°. o o

,1

G. Renewed Hydrothefmal Activity

] .

}This¥fesuited*iéethe formation of ::" »




,‘whieh extend to the basement. The’ conjugate fractures

7evidenced by the folloving featufi;:

eeat-west direction. Veins having this orien-
tation occur in the vicinity of Great' Slave -
Lodge and cutting volcanics of the JDA gtoup

south of Aristifats Lake. .

H. Minor Shearing ' “\\\

The effect of late' small

\t/»

is part1cu1ar1y evident in the;&ﬁpttihe, where
numerous chloritic slips and sheﬁ&s are develop-
ed. These are presumably formed on a local

scale in responee to late tectonic stresses

(p. 118, this thesis). -

i

VI, .Conclqeiona V{fg

’ ' S
‘l'he postula‘g control of the diabase. the diatreme,
v

end major giartz-catbonate stockworks by eheer‘&tactures ‘

-.related to compressional folding at deep lev?lsﬁ suggeats',_

| that theee features are of fundamentel 1mportandegto our ‘L

understanding of the geologic history of the studx area.

Presunably, these are major zones of’ structurel weakness

o

%183

¥y

have acted as the major loeue for emplacenent of volcanic and .

”trolling the nigration of hydrothernal fluids.' !hil iu '

A Y

- hypabyssel rocks, and appear to have been a“ﬁajor fector con-'ie
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D. .

‘Minor’. chalcqpyrite associated wit,h ‘Q‘Xpieﬁ‘t

a _,potassium alteratiqn occurs along the south '

e E A e : J’::
Majolr;pqnaftz‘-ca;bﬁ\aﬁ;ﬁ;st

¢
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I.” General Remarks

The volcanics in the diatreme exhibit:a variety of

w .
textural and structural features¥ which provide clues as to

~ ’ N St o

its origin. The purpose«of this chapter is to describd

these features and to discuss tholr implications regarding

i

‘the formation of th?:‘%’iatreme. | . V- .

“» % !

ts . ' ' - o

It is evident thet the BBx diatreme has undergone a
‘complex eruptlve histor?, involv;ng at least two puflses of AN
‘ volcanism. The process of, fluldlzation played an 1mportant :

'role -i@nmatlon of the diatreme, and resulted in a variety

of textures and structureg both ’tuthm the vo ics and in "f /
,the' adjacent sedd.pentsﬂ | # ;’
| ' : C Yy
Several textures in t@e diatreme suggest that it or1g-» :’ g
1nated primarily by way’. o%' “a 'phreatomagmatic eruptlon, - ,&_ | » \‘Q“:“i
brought about by contai;t of magma‘ with wate'r-)s‘stura;ed sedi:-\"‘?" ) ’ .
’ ments orasea water. 'I'he prec:.se mec’ham.sm' by whi.ch this AR g’
) occurred is complex. Structural a@d stratigrapmc considera- g
| tions suggest that whfle groundwatég may heve played an ’ : " ¢
1mportant role, 1n' the eruptxon‘ the mLtial conduit must have ' |
-m"been formed either by opgninq of frsctures by tectonisn\, or - 5”‘*? _
by drilling by high presngases exsolved fer the under- "‘:,:;g:
gving magma. @ - {_‘ S .3_ . *Q* / & - | ‘:\‘
M“r%’ ﬁ'—":i_.ﬂ'. T e T & o e




Because the significance of certain textures is not
known with certainty, interpretation of the origin of the

diatreme is complicated and to somg extent ambiguous.
» . ’ .

IT. Nature of the Diatreme

A, The Role of Fluidization

Fluidization includes all processes in which

$denser particles are distributed within a rising.

'liquid or"gas phase, and comprises éas-solid,
gas-liquid, gas- llquld-sol1d, and 11qu1d-solid
i systems {(Lorenz ét al, 1975"p. 30)‘%1 Elu;dization

_results in tbree_main types of,particle distribution:
: . bt '

1. - Fixed beds, 1n which gas,rlses Qg%ouqykpartlcles

e ’h‘y‘
’

~ . ) . ‘ "&

'8

2. Nfluidized bqgsp 1h‘nh%ch pa¥t1cles a§e supported
, 5 . ot .

-ff;. . and agitated b@*g@%. ._' .

L B
;  3.:; Pneumatlc transporn, 1n whlch partlcles are .

ﬁtrained in the gas flow. e

: \
Fluidlzed systems are complex. The rate of;flow

q

in a volcanic vent may change with t1me, fnpm the -

. -

G A
bobtom upward, or from .the, marginé mward (op. cit., .

“f; p. 32). At a given locatipn, a. fluidﬁmed ped or .

el S

fixe‘beg m form,‘ or. 'pn‘eumatiq. transpgrt‘ may occm:. o

B ur ."‘ -»d. e . - " R -‘ (9
F . ) " S et ‘ e
. ERTR A P T .
. .. \'% - A e, &" . R LY
»- LT . . . e PR .-
: o, - a ‘ e R : l““A K ' el
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+ maih eruptiv? phase, "j"' o ’;;“ v ‘

.
- -

-

158

‘Mixing of fragd"ts is a very 1mportant.cﬂatpcter-.

istic of fluidized beds, and to a lesser extent ﬁp

pneumatic transport. It may be so thorough that-comT

gy A{ "-’

plete homogenization has occurred, and fragmentg‘from

.ﬁ different stratigraphlc levels occur together. Mixing

results in abrasion and grinding of the solid phase, *

e -

so that angular fragmggts tend to become spherical

(op. cit., p. 31). Rounding may also result from
o

th?imal spalling. . ) o
, < :

Textures in fluidized systems may be further com-
ﬁﬁi‘plicated by the presence of counter currents. These

develop particularly 1n pipes with- tapering walls,

such as the BBX~d1§treme.. Close to the walls of the - *

“pip gasqgisesvmore slowly than it does in the centre.

Gtfanular material here@,ay subside, be picked up at
o - . . N i . . .
- depth, carried.upward»in.ape central parts and subside

again:near the margins (op. cit;,’p: 32).

e 4‘ ﬁiu1dization is acthp during every phase of gas

flow.- Mature stages of fluidization are indicated by

grain size distribution, rounding of blocks, and homo—

RN

v

genization of vent contents. Maturation may be reachgd'

_. at the close of short-lived activity, or during the



In the BBX diatreme, a variety of features are

indicative of fluidization. These are described below,

and thelg?implicatlons regarding other aspects of the

formative process of thexdiatreme are discussed.’

-

1. Volcanic Bed Forms

VTV

L

Texturally, the diatreme ranges from zones of

well-defined breccia showing no preferred orienta-

tion, to zones which exhibit planar features some-'

3 . - ’ :

what reminiscent of bedding (Plate 23). The volcan- -

ic fragments in these zones are generally tightly

pPacked and elongate, and lie with their long axes in

parallel or subparallel aligﬁgent.a These "bed

forms" may comprise small angular fragmen%gl
in

. larger fragments with embayed contacts, ami

some cases, elongate undulatxng forms (this the81s,
P. 96). The prec1se origin of -these features is
not known with certa:nty, ‘but they are genérally

thought to be the result of "flow banding" or ,<
S

e
"chain stﬁgtxflcatlon" (Lorenz et al, 1975,h
¢ P
P 38). This feature 1s common in dlatrgnes,

where it tends to occur’ neangthe contact between

)
hdm%geneous pyroclastic deggis, and either wall

. rocks or senoliths. Flow ‘banding takes two main

forms, boﬁ?,of which occur in the BBX. diatteme.

>

)

3

o



Plate 23 Trench 2, showilig horizontal "bed forms"

(behlnd packsack). \_Note strong potassium alteration

altered basalt (Plate 9). Malachite
staln (llght green) - and ad- (black) are present on
the outcrop surface&v , C

%ht brown) which # “iA marked contrast to propy--
111
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(i) Variations in grain size, with relative-

ly fine pyroclastic debriskgrading into

c%frger debris away from the walls.

(ii) The alignment of elongqte fragments of .

country rock, juvenile lapilli and platy
‘minerals parallel to the walls.,

-~

Flow banding'in diatremes is usually retrict-

ed to zones less than one metre wide (op. cit.,

-

p. 39). Thiis ie_égnsisteﬁt with the occurrence of

these{feathr s in the BBXJdiatreme.

2

It can.bef;ssumed thab flow banqing is attri-

ition (thla thesis, P.

o

fromisucce551ve eruptlons ( renz et al, 1975,

<

~f‘ed to the crater or the upper parts of the under-
1ying conduit (op. cit.,‘p 50). Compaction of .
‘the ejecta,may accqunt in part for thg gelatively

K, " and f3 lback of ejecta.

pP. SOJ Tﬁis latter feature is g nerally restrict-

161
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. tight packing of fragments“in these zones. Pack-
Rl . . -~

Sy

.

ing may aisq pesult'fgom the process of defluidi-

zation (op. cit., p. 33).(‘TQ}S occurs when gas
flow diminishes markedly, or ceases. o
Y
"Bed forms"™ in phs BBX diatreme exhibit a

wide range in orid!¥ation from horizontal to

almost vertical,.and abrupt changes in attitude

?

over short intervals (i.e. one metre) are common.

1

This variation is attributable to slumping of

I4

pegdéa ejesta along.;hé mquin of the conduit, and

to subg}dehce within the vént,.possibly related to

‘{. \i
"the{;itpdrawal of magmatic support at depth (op.-
% ‘( .
cit., p. 50).. Similar subsidence struf&ures,

nscédﬁpanied by d;gferential\rotstlon of bedding

o

planes without disruption -of bedding, have been

noted in the Permian diatremes of southwest

‘Germany (op. cit.,-p.,Sl). :

o

Vertical or near vertical bed forms may also .
be attributed to the plastering of fine grained

wet e]ecta qga%nst the walls of the vent ‘during &
phreatomagmatic eruption (op. cit.;, D. 50) .
v - . 3 . . e TN -
T S - v AL S
b N . » -

ot
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2. Matrix-Supported Lapilli

L]

In contrast to tightly packed zones ("bed
forms"),with very little matrix, are interuals
containing as much as 60% matrin', usually carbon- ’ @
| ate. “In these zones, the fradments tend to be L v
relative{? small and well rounded; These frag-
ments are rarely in contact, and may be quite
widely spaced. vPrior to the 1ntroduct10n_of'

carbonate, they were supported in a matrix of

comminuted rock debris., : .

These features can be readily undegstood
in terms of the variougﬁprocesses involved in

fluidization (this Chapter, p.157). In particu-

1lar, they may represent fluidized beds ‘.f_ﬁ;:“

particles were supported and agitated«§;@ﬁ¥L7: i
,é . ' N
Mixing in these. zones égiulted in abrasion and

rounding of sol cta. Rounded fragmggts in

| fluidized brecc éiso suggest that.they

vented effectivel theusurface'(Bell, R.. T.,

”

19‘i?§p. 320). . S .

3



;4._ Therﬁél Metamorphi~r

’.’5
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v

3. Tuffisite Apophyses . «
The term tuffisite refers to the composite ";
juvenile, accéssory and accidental filling of

diatremes. It resembles tuff, but is differen-

tiated by its occurrence in a_vent rather than

v
at surface (Dennis, 1972, p. 451) Apophyses of .

tuffisite: in the sedimentary wall rock can be seen
occasxonally in drill core, but are rare in

outcrop. These "veins® suggest that the system

was fluidized during erupthn (Ollier,\1967,‘; $

p. 60). T S K 2

JoL, ountry Rocks ﬂ

LS.
e U

has been reduced, so that the rocks are green fh

'color. These alteratxon zonesdﬁre'only a few

a

New L TN
.

centimetres in width. RS N
[ t - ’

The virtual absence of metemorphic effects

' G
adjacent to the dlatreme is consistent with the

»_dissipation of thermal energy iﬁ doing the vork of
) “fluidizatiégh(natcha Wells‘qnd;uelas, 1972, _‘v.f_f
7-; p. 456)._ A ST | )

a”

> -ﬂ E‘ 5,
< *
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5. Attitude of Peripheral Sediments ,
. \ , . .\», /j
It is evident from Map 2 that fhe mﬁﬁo:ity

\ of the sediments immediately adjacent to the .»;-

"diatreme tend to dip in towards its. bentre. .

The 1nward dipping attitude of these sedi-

" ments is attributed to two~principle causes.

v
AR

(i) Outcrops representing the Ogilvie and
McLeod Formations have been tnterpreted as
large blocks of wallrock fram up section,_'

which have entered ‘the syatem (this the51s,. \, _
_p. 55). Because these blocks are too large \ , N

"to be fluidizeé €%ey sink and hence occur fﬂ
-.\\

(Lorenz et ‘al, 1975, p.. 31).‘ Subs:dence of | \\lxsf

. PN,
— \ N .

theqe Elocks occurs when.their terminal

beneath their original stratigraphic level‘*

R

ST SRR velocity exceeds that of the system “w,

'[(op. cit., P. 40)._

*”

(ii) Small outcrops of sediment adjacent to’ the

diatreme belong to the . :,aitcho Formation,

g

and ‘presumably %ccqr al-.heir original CoTTEL T I

T -




C e

‘stratigrephiﬁz&gj'
blocks is ATyt

4
magmatic suppurt“&n the waning stages of

f. The attitude of these

ble to the withdrawal of -

‘. ' ~ volcanic ectivity,

'B. . The Role .of Groundwater 13?‘i_ | //._(/;”//

tar

S

" Although the'g&eiphase plafuﬁh major' role in the

formation of diatrenal. little is known concernlng

'%

its composltion and origin. Three prznciple sources

of~gas havq}beenvpgoposed tLorenz et al, 1975, P 27).J

r - \ N
TN

matic sourcee, comprisiqg mginly water &

7' >

ed wﬁ?n rising megma eomes in contact with
;,ngUhéwatir; Eruptions brought about 1n this waytare

‘termed p.reatomagmatic f they expel- essential ejecta,
. and phreatzc 1f they do not (Ollier, 1974, p.\292

o ' Absorption.by magma of water vapor, GO2 and other“

t gases, and thelr subsequent :elease. Q'g o

A




When these rocks are detached from the‘wall‘s} and com=, '
minuted within the pipe, the water is absorbed into the
magma an&supplements magmatic gaaea (Lorenz et al,

1975, p. 22). T

& R
' co (g) may be derived through assimilation of

carbgnate wall rocks (op. cit., p. 23).

L

3. »Juve'n'i%e‘ gases of magmatic .oriqin.

.‘~'€§%§ ' In most eruptions, all tht;e of the above sourées *

| ‘are progably involved, but in widely ditferent propor~‘

y 'tions {op. cit., p. 17). The qas'ori?inates by ex-olu—,;ﬁmﬁ;;;
_tion from the. magma, or by contact of! the magna with '
water-beating wall toiks. Geochemical studies indicate
7that watet derived fron tho walls is generally th? \;
major constituent of volcanic gases and far out ighs ».; :

‘jthe contribution bf juvenile watet from greaterﬁz . |

" e . . " ] 2

. (Op. eit.' p- 22). .z" . . . L

- c L : 4 . \f.
R - 'rhe precis& nnture of i the ﬁphase res_f nsible i‘
- for- formation of the .BBX dixtreﬂb canﬁbt be /éetermined. S :

,'mere is, a stran suggestion however,. ghat /the dia- o

,_tre;ne formed by a ph;eatomagmatic mechani/‘sg.‘ 'ﬁfis ia /
:--'".'e"i&enced bx +he. gxesence in uhe diatreme of acf;re.. S

g ’,. LA

.4,'

”'il- tton;ny labilli" .se snrge bedvfbuﬂs, an? fragncnms~;,,w:
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In loose;xqfonsoiidated conglomerafes, shear .
fractures tend to cut indiscriminantly across pebbles,
while tension fractures break around the pebbles
(Billings,.p. 169). In view of this observation, the
conical fractures in trench 2 are interpreted as shear

planes, and the structure itself is interpreted as a

shattercone.

If this interpretation is correct, thenh it can be
inferred that the diatreme was formed.byfan explosive
mechanism such as.would be expected in phreétomagma-
tic eruptions. This postulate is supported by the

observation that the axis of the cone is roughly per- A s
-pendicular—to the diatreme axis and #arallels frac- I
tures in the aajacent‘gediments whiq£ have already
been related to its formation (this, thesiéq.!t 144 ).

Both of these features are consisgént with an explo- b
sive event in which,fogc; was exefﬁed more or less /
perpendicdla; to the axis of tﬁe diatreme, The fact |
that the cone opens to the west is consistent with j

this ppstulate, as the structure outcrops west of the

central axis of the vent.

.
~ - *

&

The truncation of "bed forms" in.the dia%reme, by



17¢

the‘;hattetcoqf, syggests that it postdates them, and
indicates thaé more than one,pulse of volcanism was
involved in forﬁation of the diatreme. The high
initial velocity and turbulent flow of base surges
results in high shear stress on thd surface beneath
the flow (Fisher and Waters, 1970, p. 159). It is

interesting to note that the shattercone occurs

- "beneath"™ the postulated base gnrée deposits in outcrop.

It can be suggested from this that the shattercone.is

the result of a late phréatomagmatic eruption and {ts
-t

associated base surge.

™

The Significance of Textural Varieties of Lava

Three lava types have been distinguished in the dia-

treme (this thesis, p. 88). These volcanics have been

termed black lava, pumiceous lava, and light colored lava.

The possible significance of these groups is discussed

A
[

below.

(1) Black Lava . ’ ~

Although biack lava is not abundant in the dia-
treme, it is apparent from petrographic studies that it
represents juvenile magmatic material. This lava
commonly occurs in elongate sihqous forms and enqulfs

accidental volcanic, sediméntary and granitic frag-




lé68

. : |
of sidLromelane (op. cit.,'pp. 18 and 47). In addi-
tion, structures'ih-the diatrﬁme and iﬂ the adjacent
sediménts suggest that its origin was*éXplosive.
This is consistent with a phreatic origin for the
diatreme, as sueh eruptions generally involve extreme

violence (American Geological Institute, 1962,

p. 379).

Features suggestive of a phreatomagmatic origin

for the diatreme are described and discussed below.

"

1. -Base Surge Deposits (?)

: In the vicinity of trenches 1 and 2, towards the
4 southeast margin of the diatreme, a varie;y‘éf curved
,surfaces are, recognizable upon close examination
(Plate 24). These surfaces are generally gently
curved and open downwards. They do not intersect, but
rathér, define a series'of overlapping moundlike bod-
ies of agglomerate. These surfaces resemble bedfforms

in base surge deposits (Fisher and Waters, 1970,

p. 165, Pf;te 3).

Base surges are qigh velocity density currents
which spread outward from the base of a vertically
rising ejecta column (op. cit., p. 158). They
deposit dune-like bed forms and thinly bedded, fine

ALY



Plate 24- Trench 1, showing base surge bed forms (?). R
A possible base surge deposit is indicated by the

moundlike bodies of agglomerate (by hammer). A

dune-like bed form of greater amplitude can be seen at

the upper right (arrow). Note strong potassium alter-
ation (light brown), malachite stain (light green)

andxéimonite (orange).



o

to coaége grained tuffs (op: cit., p. 157). These

L 4 .
deposits originate from Phreatomagmatic eguptions.

rd

2, Accretionary Lapilli (5)

Accretionary lapilli censist 52 a core of
lithic or juvenile material surrounded by one or
many concentric or slightly eccentric la?ers of ash
JLorenz et al, 1975, p. 46). Theirgorlgin is a matter
of some debate, but they gre genefal%y ascribed to
adhesion due to absorbed watfr.(qp. Eit., p. 46).
It has been proposed that the concentri@ seructdre
is due to downslope rolling of[lapilli on damp agh,
or to acctetion when raindrops fall through the ash
cloud (Walker and Croasdale‘ 1970, p. 308). A\Quch ,
more plausible origin however, appears to bé their
formation in eruption clouds associated with the
deveiopmené of volcanic vents (Lorenz et al, 1975,
P. 46). The eruption clouds are rich in water vapour,

especiall§ in phreatic eruptions of basaltic ash (Moore

and Peck, 1962, p. 190). ‘ .

. -
-

2

- .

[ -
Accretionary lapilli are not well-defined in the

BBX diatreme. Occasionally however, basaltic lapilll

are surrounded by relatively thick featureless rims
V)
¢ ! )

o
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of rock flour. These lack a concentric structure, but
)
this may be due in part to extensive carbonitization

which has obscured original textured?

Where oeveral of these rimmed fragments occur
together, their intetsticeo are filled with more
coarsely Crystalline carbonate, suggestive of crystal-
‘lizatioﬁ»in opep‘;paces. These factors imply that’
prior to tﬁe introduction of carbonate, rock flour
adhered to the ejecta. 1Itiis difficult to envleege
a mechanism other than that described above, by whiéh
this would occur. )
* The postulated presence of accretionary lapilli

in the diatreme holds two implications with respect to

its origin. '.. r

~

-

(i) That the rock epclosing the lapilli is

extrysive (Moore And Peck, 1962, p. 191).
v, 4 : .

(ii) Although accreﬁioneg;tlagilri are not by -
themselves dia;gzseic; tﬁeir odcetrence with
fragments of sideromelane (this thesis,

P. 93) and base surge bed forms is sugges-
tive of a phreatomagmatic origin (Lorene et

al, 1975, p. 47).

-
>

o



3. Sttuctutidilndicative of an Explosive Eruption
dl . L 2

An
occurs 1

Plates 2

unusual but well-defined cone-like‘ructu:e
n the agglomerate in trench 2 and is shown in

5 and 26. The structure tomprises at least
%

seven ‘concentric layers, some. of whicgggre discontin-

wous. The cone opels to the west, and its axis is

aoriented

at approximately 290° - 318°. The south part

ha of the cone is_‘vuncated by a joint plane (strike

314°, 4di

[ ]
p 84 SW).' -

The visible portion of the strﬁcture is 30

inches in length, and opens to a width of 15 inches

. from approximately 5 inches at the apex. Two obser-

vations

* ficance,.

(1)

(ii)

have some bearing on its origin and signi-

The conical fractures truncate "bed forms",

but are themselves truncated by late joints.

Accidental fragments of granite in the \

agglomerate are parted along these conical

\
surfaces.
r 4 .

1)
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Plate 25 *rench 2, showing shattercone -(?) ; d+11
view. Note truncation of the cone by a joint p

immediately to the left of the hammer. Note mala
(light greenish blue), limonito (orange) and wad

T o
(black). = # \

.9 ’
Plate: 26 Trench 2 showing shattercone (?); view along

axig. Noteé malachite (light greenish blue), limonite
(orange) and wad (blaok)
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ments. Fe par phenocrylts in the lava exhibit a
xtufe, with their long axes parallel to

trachytic

elongqtion of the lava or to the perimeter of the

bincluded fragment. These features are consistent

with the behavior of molten lava in a fluidizeg
system, and suggest that fluidization of liquid ang
solid‘paterials by gas has taken place (Lorenz et al, '’

1975, p. 34).

Accidental fragments engulfed by juvenile volcen-
ic matter have been ooted from diatremes ¥n several
locations, including southwest Germdny} Montana and

‘Missodri (op. cit., p. 34). These feetures have been
attributed to rapid exsolution of the gas phase, which
sprayed the liquid phase (magma) and the solid phase
(Phenocrysts and chips of wall rock) into open spaces,
The hot liquid coaleaced around the solid particles to
form free sutfaces. Surface tension and spi;ning of
the ejecta in the gas phase, produced rounded and
ovoid droplets ab*nagma with‘a solid nucleus. Trachy-

tic textures in the juvenile lava have also been attri-

buted to rotation of the fragments in the gas phase.

(2) Pumiceous.bava

/ ’ -
- Vesicular lava, pumiceous lava and glass



Vid

L ally 3 These have .been interpreted as

dar

shards occur occasionally in the .diatreme. These fea-
tures are formed by the expansion of gases {in the lava
(Williama, Turnet and Gilbert, 1954, P~ 23). The pre-
sence of granulated sidetomelaneAin the diatreme has
al;eady been noted (this‘ghesis;~p. 93). Siderome-
melane forms from the dzaégic chilling of basaltic’_
magma, and suggests that abundant water was present in

the system (Fisher and Waters, 1930, p. 180).
. ' N _

A continuum exists between lava containing occas-~

ional vésicles, and glass shards and dlusters of

fragments exhibiting a ugtroclastic texture (Plates

15 and 16). These ftagneatl'are presumably formed

by comminution due to effervescence of viscous magma

(Williams, Turner and Gilbert, 1954; p. 153). Where

glass shards are abundant, they tend to‘be supported

in a matrix of . comminuted rock debris, subéequently :

v,

d

carbonatized. Tﬂgs suggests that because khese frag-

ments are more, éﬁlicate, they ‘are more readily

_,44:( "\.

indu_ £ ftagments of a pre-existing volcanic pile



)

(3) Ligh h—Colorﬁ_Lava

L3

This is a diverse group and is the miin volclnié ’
constituent of the diatreme. It is ,Jightly more J
coarlcly cryltalline than othet lava types, occurs | ‘.
as rounded to irvegular griins, and shows_ no ‘align- L
ment of feldspar phdnocrysts. Nhile it is clcnrly a
different phaoe than the black lava, its precise
significance cannot be determined. 1Its coarser grain
size suggests that it cooled more slowly ﬁﬁan the
black lava, and the absence dof a trachytic texture
indicates that it was unaffected by £loﬁ during forma-
tion of the diatreme. These features, and Fho,irregu-
lar rather than elongate shape of the fragments may be
isierpretodlin two Qaysz B

(1) That they reére;ent a less viscous phase of

juvenile lava.

©(11) Thaf'théy'afé'der{yéd‘froﬁ‘a pre-existing
volcanic pile intruded by‘thg diatreme.

'y -
The fact that fragments of 1igHt colored lava are

-

engulfed by blackéiqya (this thésis,vp.'§9) suggests
that the fragments represent an earlier pulse of vol-

canic dbtivity. ; -
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. The amount of juvenile magmatic nnto:iql\f-ong

" "Tthe pyr‘élastic ejecta of‘diag?i-g§ ranges from close
td':efo to_ntarly 1008 (Lorenz étt;g;\;375. p; 53).‘ The
difficulty in distingUishing juvenile fr?h\gécidental

/ . and accessory volcanic material in the BBX di;h{gyd'
is evident from the above discussiom. It is clda;f' Vo
" howeugy,, that the black 1a§a and at least some of the
puﬁiceo;s 1iva is juyénile. Assh’}ng‘thaz fragments

[N

R < . R ) \‘.
of "light-colored lava®" are accidental, juvenile lay?
is thought to represent agrelativily small proportion
T ' q .

‘of the toté}, possibly lils than ?5‘. . - '
D. Venttqg,o£ the'DiiﬁronQ and Level of Intrusion
Q ;[/ . P 7 \
[P N ﬁ "/ .

c .Tﬁe BBX giatveue ﬂa an exhumed §olcan1c 3hnt which has .

been eroded’well below its origi'al lovel’ofuinétusion;: )
That the diatreme was érigigclly'vented at e iurQ.pe can

be’ inferred from the f&llowing cohsideiétions. e,
: gl : ‘ ' o

ﬁ. The presence pf spherical lapilli (this thesis,

- . _ . - V4 /
. P. 163). _ ] A § -
‘ . o+ * " . ‘. t
2. The presence of accretionary lapilli,(thip‘;hesiq,
Y L “v "'* L '
p. 170). , R
" *
> _ . e
- ‘
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3. The presence of glass shards and sideromelane

(th}s thesis, p. 93).

4. Martitization of basaltic ejecta (this thesis,

.p. 116).

The stratigraphic level at which the diatreme vented
at the surface can be inferred from the following considera- -

tions.

1. Sedimentary Fragments in the Diatreme

The following observations are relevant if it is
assumed that the process of fluidization reached
maturity, and fherefore that' the vent contents have
been hoﬁogenized (this thesis, p. 158). 1Implicit in
this assumption is that sedimentary fragmgnts seen.in
outcrop énd in drill core derive not only:fxom immed-

iately ddjacent sedihentary horizons,jbut also from

those above and below the present;levef'of erosion. .
- -, .‘.‘- . . »' L
(i) The abundance of red hematitic sediments in

2
L}

the diatreme presumably reflects the domin-
. . - . . »

ant horizons through which it passed. These
sediments are not present above ;ge McLeod

- Format;on (Table 7).
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(ii) The Pethei Group (Taple 7) consists entirely
of carbonates. Carbonate fragments are
relatively rare in the diatreme. They are
generally small and include featureless car-

bonate and light grey dolomitic marlstone.

The rela%ionship between diatremes and alkaline
ultramafic and carbonatite magmas has been ﬁoted (this
thesis, p. 120). According to Lorenz et al (19%5,

p. 23), calcite may be abundant among the é&roclastic

ejecta of diatremes. While some of the carbonate in the

BBX diatreme'méy be attributable to a{iﬁ§enile source,

the marlstone definitely dgrives from‘existing rocks

intruded by the diatreme. The fact thag carbonate
P

fragments are relatively rare in the diatreme,

suggests that it intruded only the relatively thin

basal formations of the Pethei Group.
>

2. Pressure Gradients-
P

Pressure gradients of éompressible gasés flowing
in long naprow conduits are not linear. Instead, pres-
sures drop only slightly thfoughout most of the length
then fall rapidly close to the outlet as the gas
accelerategllLorenzlet al, 1975, p. 38). Although the

relevance of these observations to volcanic vents is




<
.

complicated by variations in the configuration of the
pipe, wall Effebts, and internal friction, it can

be assumed that the highest‘pressure drop within dia-
‘tremes is near the surface (op. cit., pP. 38). For
this reason, most large blocks of‘wall rock are -
derived from near-surface levels where gas velocitie;
are the highest. This Suggests that large blocks of
sediment belonging to the Ogilvie and McLeod Forma-
tions originated close to the original surface of
eruption. No large blocks oﬁ carbonate have been

encountered in the diatreme.

» While thié is clearly a tentative conclusion, the
above observations suggest that the diatreme intruded
the Sosan and Kahochella Groups, and the basal'part of
the Pethei Group. This 1s consistent :#th the geologlcal
"setting of other dlatremes in Hearne Channel which
intrude at least to the level of the McLeod Formatlon'
(this thesis, p. 430 If thls interpretation is correct,
it can be assumed that the seven ‘(?) Seton basalt pipes in »
Hearne Channel are“coeval, but that the BBX diatreme is

&
more deeply eroded (this thesis p. 43).

183
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E. Relationship Between the Diatreme and the Diabase

The relative ages of the diatreme and the diabase are
not known with certainty. According to Lorenz et al, 1975,
P. 12), diatreme activity often closes with the intrusion of
magma as plugs‘ and dikes. While it can be suggested from
s

this that the diabase pPlug represents this~$éte magmatic

pulse, the following evidence is to the contrary.

(1) The diatreme contains occasional fragments of

medium érystalline porphyritic and diabasic intrusive.

These resemble the border phases of the diabase plug.

(2) The diatreme contains numerous xenocrysts of

twinned pl oclase having.ihe 'same composition
'as\éh@ diabase plug (thfg thesis, p. 87).

ver, these xenocrysts exhibit lamellar twinning
o those in the diabase, “whereas-the juvenile lava

, lites.

These features suggest that the diatreme intrudes a ma-’
fic body similar .in texture and composition to the diabase
plué.,ﬂIt is"tempting to suggest that the diatreme has incor-

poratea border phases of the diabase, and thereforé that it

plunges steeply to the north. While other evidence exists

to support this conclusion (this thesis, p. 185), it must be
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noted that the confiquration of the diabase at deptn is
unknown, and it may in fact represent a local plug related

to a more deep-seated sill or laccolith.

[N

Two conclusions arise from this discussion.

(1) The diatreme intrudes and therefore postdates

a pre-existing mafic intrusion of which the diabase

v -~

=

plug is a part. v 1)

(2) The juvenile lava in the diatreme has a consider-
ably different plagioclase composition than the dia-
base'(An 53 versus An 38), and the intrusions are

therefote-not genetically related.
’

. F. Orientation of the Diatreme

Three observations suggest that the diatreme may be

inclined steeply to the north.

(1) Doming of‘Sediments

While the majority pf sediments adjacent to the
diatreme dip in towards its centre, those at the
northeast endiappeaf\to dip away (Map 2). This doming !
is consistent with the p0351b111ty that the dlatreme
is not vertlcal An 1nc11ned diatreme mlgrating to
the surface would exert a vertical pressure on the

a

hanging wall, and cause doming. Sediments on ﬁhe foot~

,\ ' ‘ i




from the diabase into the diatreme has been discdéséd‘

®

wall would be relatively unaffected, except on cessa-
tion of volcanic activity,-when'they would tend to

sag in towards the vent. y

(2) Potassium Alteration and Mineralization

The highesf grades of m%neralizétion intersected
to date occur in the vicinity of trenches 1 and 2 at‘
the south-southwgst end of the diatreme (this thesié,
p. 9). This minerali;;tion is associated with
intense potassium alteration. Other outcropswof
agglomerate are generally.unmineralized'and only weakly
altered. These features are'cqnsistent with an
inclined conduit in which hydfothermal fluids migrat-

ed along the footwall, | ‘ -

(3) Diabase Iriclusions in the Diatreme'

=7
o8
i L

The incorporation of fragments and xenocrysts "
A

-

above. It is evident from Map 2 that if the diatreme

plunged to the north, it would encounter the diabase

—

plug at depth.




III. Origin of the Diatreme

L4

It is apparent from the abowe discussion tHat the BBX
diatreme has had a complex eruptive historyL involving
at least 2 pulses of volcan . The presence of textures

indicative of phreatOmaéahtic oruptions, suggests that

-
~

water vapor was probably an important constituent of the
gas phase. The role played by gases other than water
vapor. cannot be determined,,but it seems probable that
they were involved, etuleast initially in formation of

the conduit. : ' } ‘o

A model explaining the origln af the dlatreme must

take into account two princ1ple con81derat10ns. o

;
A, In their simplest form, phreatomagmatic erup-~
.tlons lnvolve the 1ntru81on of an igneous body into |
. weak water-saturated sediments at a depth of a few
hundred metres (Lorenz_et al, 1975, p..-18). ~When the
water in the overlying sediments is heated suffic-. .
ientiy, the system_becomes unsta?le and‘erupts (op.
«cit., p. 19). o ?
It has been shown that the emplacement of the

diatreme into the Proterozoic succession was controll-

i

r.a
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X ’ ‘ ~
' ed by a shear fracture related to cgmﬁressional

folding at deep leve@s (this thesis, p. 146)' It
is unlikely that thls type of plastic deformat1on
could occur in weak water—saturated sediments,

- The phreatomagmatic model.must therefore be modi-

~

fied to take .this into consideration.

RO

# e
The Sosan and Kahochella Groups comprise a

substantial stratigraphic thickness deposited over

ad considerable pe?iod'qf‘time. It is conceivable
S \ !

o .
therefore, that sediments in'thk lower parts of this

sequence werenln the advanced stages of diagenesis

w

and l1th1ficatlod$ whlle those highea\ln the section
&
were watér-saifrated,'loosely consolidated, and

p0551biy sub&erged in a shallow|sea. Hence, the
K ;
5 lower parts of .the. Seéquence would behave plastic- |

ally durlhg‘ﬂeformatlon, and gl e rise to the shear

fracturesewhlch/controlled emplacement of the dia-

3

treme., Water-saturated sediments in the upper

“part of\the\gggggngeeweuia/ngt“he similarly affect-

"ed. Thls suggests that the water necessary to cause
the phreatomagmatlc eru\tion_waswnot avaglable at

depth and therefbre, that another mechanism must have
been involved in the 1n1t1a1 formation of the plpe.
\ ,

\

I
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B. The pressure gradient of compressible gaées
flowing in long narrow conduits is non linear
(this thesis, p. 182). Because of this, the high
.gas velocities necessary to erode a channel are
unlikely to be achieved by steam or volcanic gas
rising along fractures, except in a short interval
very near the surface (Lorenz et al, 1975, p.‘27).
Regional stratigrapﬁic evidence suggests that the
diaf}eme rose through a;considerable thickness of
sedimentary strata, on the order of 1000 metres
(Figure 7), and is therefore unlikely to be a
phreatomagmatic eruption inAthe classical sense.
This agaim suggests that a mechanism other tha; a
phreatomagmatic eruption must have been involved in

the initial formation of the conduit.

The rise of alkaline magma along deep-seated basement
fractures°was probably related to orogenesis in the Great
- Slave Basin (for a/Qore detailed discussion, refer to
Chapter 2;;g.>39). In view of the above considerations
the formation of the diatreme may have been brought about
by one or a combination of the following mechanisms.

In each case, it is assumed that the shear fracture

‘controlling the diatreme was opened, if only briefly,



by tectonic stresses,

A,

~

Seepade of seawater into the fracture, and its

contact with magma at depth. ‘

The rise of magma along the"shear fracture, and
its ultimate contact with water-saturated sedl-

ments or,, seawater.

%
Drilling of a conduit g§\Pigh pressure gases
exsolved from the underlying magma. Fluid‘
inclusion studies of olivine crystals in alkali
basalts indicate that CO2 under extreme pressure
is availgble at great depths (Lorenz ét al, 1975,
pP. 23). Exsolﬁtion of this CO2 from the magma
could be bfought about by decreased pressure
resulting from opening of the shear frac-
ture. This high pressure CO2 would escape
violently and erode its wady to the surface.
This initial conduit coulgq then act as a locus

for movement of magma and surface water. -

;
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\
\

‘\ is considerable, and may be appraximately 500 metres
\

There is good evidence to suggest that the diatreme
“~_vented at a stratigraphic level equivalent to at 1ea§b} .
the basal part;ofithe Pethei Group, but has subsedueht Y

been eroded to the level of the Akaitcho Eormation.

Y

Regional stratigtaphy $§§gests that the eroded interval

\ (Figure 7). In view of this, the presence of base‘surge
\ textures, accretionary lapilli and $ideromelane at the
’ptesent level of exposure seems anomalous. These features
can be explained by oné or a cgmbinatfon of the following

B

mechanisms. ‘ N

\

\ A, Subgidence

The withdrawgi of m&ématic support in the waning
stages of volcanic activity may result in caldera-like
ubsidence of:both vent fillings and’adjacent’wéilA
r\cks. The walls themselves, or newly formed cyclin-
r‘cal or coniqai fractures function;as ring faults
- (Lorenz et al, 1975, p. 41). Spbsidence may result in

volcanics originally preéent at surface, occurring

at \depths of as much as 1 kimometre ih\volcanic pipes

\

®
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(op. cit., p. 52). Kimberlite pipes in Montana

contain inward-dipping tuff beds broken by uncon- - .
fo?hities, as deep as 1280 metres below the original
surface. This has been accounted for b;wrepeated b
eruptions, alternating witﬁ subsidence (op. cit.,

p. 51). r‘

B, Homogenization of Vent Contents

The various proceésses involved in fluidization
can conceivably result in mixing of vent .contents so
that they may occur beneath their original level of

deposition. While this may account for the presence

L ad

of accretionary lapilli and sideromelance at depth, it
does not explain the presence here of major features

\

such as base surge deposits. . %

c. Reactiviation of an Early Volcanic Vent

Mafic tuffs outcrop to the northeast of the dia-
treme. These are ﬁhought_to répresent part of a
Pre-exisitng volcanic pile cut by the diatreme. It
can be suggested that the base surge structure out~
cropping in the diafreme is related to an early phase
of volcanismwhich’ deposited these tuffs. Implicit
in this model is that the volcanism was followed by



deposition of a thick sequence of sedimentary strata

\ -
pr;or to reactiviation of the vent and formation J§ the

pfesent diatreme.

IV. Conclusions

The process of fluidization is e?sentially non-
explosive (Ollier, 1974, p. 307). The evédence that
fluidization was ﬁn importaﬁt fo;mative process in the
diatreme must therefore be resolved with the evidence of
explosive activity. It can be suggesied from fhe fore-
going discussion that the formation of the diatrepé'
involved an early phase of volcgnism in which fluidiza-
tion played an impoqtané role, and a late phteqtémagmatic
phase characterized by explosive activity. The complex
textures and structures in the diatreme, and the seeﬁing—
ly‘raéSbm distribution of "bed forms" and'matri:;gubported
lapilli, can be attributed to this periodicyvoicanlsg and
to the complexitiés'of the fluidization process. Subsi-
dence and coilapse within the vent in the waning stages of

volcanie activity have further complicated these textures.

&
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The BBX deposit has had a complex ﬂistory characteé-
ized by repéﬁted pulseé of hydrothermal activity. It will
be demonstrated in this and the following secfion that the
mineralizing fluids active in forming the deposit had di-

verse origins.

In this section, the chemistry and source of the fluid
responsible for depositing late-stage quartz veins will be
discussed on the basis of ‘fluid inclusion and oxygen iso-

topé’studies; While these iate-stage fluids deposited only

‘minor amounts of chalcopyrite, evidence exists to suggest

that the\@9in mineralizing phase had a similar chemistry

and derivation.
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&FLUID INCLUSION STUDY
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I. General Remarks

The formation of a majority-of"ore deposits is
ascribed to crystallization of metalliferous and gangue-
minerals from solﬁtions rich in volatiles and soluble
salts (Roedder, 1979, p. 684). The depoéition of minerals
from these solutions is brought about by encounters with
appropriate physical or chemical environments, and the
solutions themselves generally pass out of the system.
Hence, althouéh they are of fundamental impbrtance to our
ﬁnderstanding éf ore-forming processes, these fluids are
geherally not available for study excépt in rare casesJ
(e.g.'Réd Sea and Salton Sea brineé): Traces éf these
solutions that do remain in the system are thought to be
represented by fluid inclusions, which generally comprise
aqueous”liquid plus vapor, trapped as an homogeneoué-fluid
in irregularities in a crystal. Studies of these inclu-

sions make it possible to place certain limitations on’ the

conditions under which a mineral deposit formed.

The purpose of the present study is to determine the
‘natute of the fluid responsible for mineralizing the BBX
.diatreme, and on this basis to sp%culate on the origin and

affinity of the mineralization. In particular, on the

197
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basis of temperature of formation and chemistry, it is
possible to tentatively determine if the deposit formed
by magmatic hydrothermal or by other processes (Roedder,
1976, p. 100). ‘ R
II. Instrumentation

This study was carried out on a telev131on-equ1pped .//
Chalxmeca VT 2120 heatlng-free21ng microscope stage : //

(Poty et al, 1976). fThis device is capable of an accuracy

of + 0.1°C 1n the temperature ranges determined in thls

v

study.

III. Selection of Samples and Sample Descriptions

The mineralization in the BBX diatreme is generally
unsuitable for fluid inclusion studiés. The ma1n metallif-
erous minerals are OpPaque and hence of no use in freézing
and heating experiments. The' only minerals which are
potentially suitable for study are qué}tz, carbonate and’
barite, and the almost complete lack of vuggylcavities
;assocgated with these mineralc.precludes the selection of

optimum specimens for stUdy (Roedder, 1976, pP. 77).

A total of 30 specimens were selected from the dia-
treme and: adjacent areas in order to prov1de a representa-

tive sample from mineralized and unmineralized‘zones and
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“from quartz-carbonate veins. Polished thick sections of
these specimens were prepared and examined under a petro-

'graphic microscope, with the following results.

A, Carbonate is unsuitable for study as it gener-
ally contains abundant impurities, and is not suffic-

iently transparent,

" B. Barite occurs as clean, very tranparent gréins
in the diatreme. Unfortunately, only three fluid
inclusions could be found, and these were too small
for.heating ana freezing experiments (i.e. S 5

microns).

c. Quartz is present in at leagt 2 modes; as‘gan—
gue associated directly with the‘miheralizdtioh, and
. as late-stage quartz-carbonate veins. Although
QUartz_which occurs as gangue }nvthe main mineral-~ .
ized zones tends‘to be quite clean and transparent,
it is present in such small quantities that suitable
fluid inclusiohs are difficult to find.‘ Several
primary fluid inclusions were.located, but all were
too_émall for heaging and ffeezing studies (i.e. <

5 microns).
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Quartz which decurs in late-stage veins is far
more abundant and more coarsely_crystalline and
henee more amenable to studyf__Quartz in these
veins tends to contain abundant impurities and to
be highly fractuted.A Hence, although fluid 1nc1us-~
ions are numerous, they are difficult to see clearly,
‘and the vast majority are secondary. Nevertheless,
a total of 107 apparently primary fluid inclusions were
located for study. Of these, experimental data could

only be obtained from 38 (Table 9).

IV. Problems and Sources of Error

The major problem in this study arises from the”small
size of the fluid inclusions (this chapter, p. 203),
Although the inclusions could be seen .clearly under the
hetrographic microscope, the poorer resolution of the
heating lens precluded the use of many of these inclusions
for high temperature studies; Moreover, precise homogeni-

zation temperatures of the larger inclusions were often.

obscured as a result of poor resoiution.

The above features account for the fact that. in eertain
cases, it was not possible to determine both Th and Tf for

a given 1nclus1on (Table 9) .

Errors reported in this studxwhave been taken as one -

standard dev1ation from the mean. ' :
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V. Fluid Inclusion Petrography (Plates 27 and 28)

The fluid inclusions are: all appareﬁély primary as
détermined from the criteria outlihed Sy Roedder, 1976w
(p. 74). The inclusions exhibit a considefable fange of
shapes, énd can be described as elongate, equant, triangular
| and irregular. Nevertheless, many of the inclusions have at
least one liné;r boundary, which may éuggest that they are
related to growth pianes within the host mineral. In
' addition,[curved boundaries‘occur in some inclusions, al-
though none approach sphéri#ity; This curvature indicgtes

that limited recrystallization of the host mineral has

o

R

occurred in order to réduce the“high’surfaée energy of the
syséemaand suggests that the host mineral (qua:ﬁz) is sblf
uble in the included fluid (Roedder, 1979, p. 701). Inclu-
sions exhibiting neckin§ textures or obvious'pinéhing'of

- boundaries were avoid;d.

]

The majér axes of the fluid inclusions (as seen in two-

dimensions) range from 9.6 microns td/63.6 microns, with a
mean of 22.5 i_ll.? microns. The minor axes range from 3.6

to 48.0 microns, with a mean of 12.6 + 7.7 microns (Table 9).



o, vein (phase IV). Phase

Plate 27 Photomicrograph showing a typical three
phage fluid inclusion from a late-stage quartz

vein (phase IV). Phases are liquid (1), vapour

(v) and daughter crystal (halite, d). (Transmitted

light.) 5

‘Plate 28 Photomicrograph showing a.typical three

'phase fluid inclusion ﬁ;om a ‘late-stage quartz
are liquid (1), vapour
(v)- and daughter crystal (halite, d). ' (Transmitted

light.)
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Daughter crystals of anhydrite (7?) were tentatively

identified in two inclusions on the basis of their‘ani—

sotropy and elongate habit.

halite daughters but are extremely small and could not be

used for heating and freezing experiments,

VI.

Low Temperature Studies

A, Introduction

Low temperature studies ofvflﬁid inélusions are
undertaken ptimarily to determine the compositionh of
the mineralizing fluid. Interpretation of freezing
tempetaturé (Tf) data is continéent on a sound

understanding of the problems and limitations of the

. data gathering process and the complexities of the

system being studied. While it is evident from '

the present study that the fluids responsible for

”;mineralizing the BBX diatremé are both variable and

§ o .
complex, a rigorous interpretation of available data

is/noi possible for the foilowing reasons.

1. Clathrate Compounds

In most cases, the solid formed during

freezing of inclusions waé“found,to_pe;gist on

. rriag

‘ These same inclusions contain
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The fluid inclusions contain two principle visible
phases; an aqueous liquid phase, and a vapour éhase. The
vapouf éhase averages 9.2 + 3.4% of the area qf the inclu-
sion.l in addition to liquid and vapour phases, approxi-
. mately half of the inclusions studied contain a single
visible daughter crystal (Table 9). The cpbic habit and
isotropic nature of these crystéls suggest that they are
halite. Three of the inclﬁ;ions listed in Table 9 contain
two cubic daughter crystals. Because of the very small
distahces'in fluid inclusions, water sbluble daughter
.crysfals generally have time to reach minimuim surfase
energy. Hence the number of daughter mineral pﬁaseé i~
genetally equal to the number of crystals (Roedder, 1967,
.p. 541). This suggests that both halite and sylvite afe
>preseﬁt in these inclusions, although both are cubic and : -
cannot be distiﬁguished with certainty on the basis 6f _ \
morphology.

‘\

\ ' ~

|
|

i ~
- : ’ 2

lAreas were determined Qiéually from sketches of the fluid
inclusions drawn to scale on graph paper, and are there-
fore approximate. R

’
\S
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‘thawing to'temperatureq wéll ih excess of oecC.
The existence of sgoljq phases at . teﬁpetatures
sxgnificantly higher than the freezing point

of pure water, indicatea that clathraf? hydrateé
have formed, and suggests that gasges such as

C02 and CH4 are present in the system. 7

Clathrates are hon-gtoichiometric crystal- .
line compounds in which an expandeq ice. lattice
forms cages that contain gas molecules (Miller,

1974, p; 151). They resemble ice in appearance

and form both below and above the freezihg point

of water under specific f-T conditions (Hitchon,
1974, p. 195). The encaged molecui:s do

not intéract chemically with the water molecules,
but serve to@stabilize the water‘l;ttice by |
filling cavities. As this function is indepen-
dent of the composition of the gas, m&xed
.%ydtates will form where more than on: gas is
present in an inclus!on (Collins, 1979, p. 1442).

The interpretation of clathrate. melting temp-

e atures is complicated ky the followingr

1. A number of geologicaliybimpgftant
gases, includ;nq C°2' CH‘, 32§\ 802 2;
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various hydrocarbons and rare gases form
“hydrates with the same unit cell structure
(Hollister and Burrués, p. 165). Hence,
the identification of specific clathrates
on the basis of form and habit is extreme-
ly difficult. Moreover, complete multi-

~ component solid solutions are possible
. amongst all of these clathrates (Hollister
and Barruss, 1976, p. 165). Stability data
pertaining to tentatively identified
clathrates must therefore be used with

caution. .

iii The stability of g;s hydrates.is de-
‘ péndeﬁt not only on pressure and tempera-
ture, but varies according to the salinity
of thebaqueous solutio% (Collins, 1979,
p. 1442, Fig,‘l). As will be discussed
later, deterﬁinatibn of salinity in the pre-

sence of gas hydrates is extremely difficult

except under the most ideal conditions.

2. Availability of Stability Data

/

While abupdant information is currently

available on clathrates, their presence in fluid



inclusions is a special case requiring special
consideration, and is not well documented.
Recent papers by Collins (1979) and Hollister

- and Burruss (1976) provide useful information
on C02 and CH4 clathrates in fluid inclusions
and discuss the effect of salinity on the
stability of these compounds. To this author's
knowledge, a similar treatment of other geolog-
-ically important gases and mixtures of gases is
'mgt currently available. The data that are
~available are based on studies of CO,~H,0-NaCl
and CH,~H,0-NaCl systems. While NaCl is known
topbe the dominant salt, significant quantities
of Ca, K, Mg and B are well documented in'flqid
-inclusions (Roedder, 1976, p. 98). Moreover,..
the chem1stry of the 1nclus1ons in the present
study is known to be more complex than the

systems mentioned above. Interpretation of the

‘

the chemistry of these inclusions using pub11shed//

/

stability- dlagrams for pure systems is therefore

subject to some. error.

3. . Metastable Phenomena

+

The existence of metastable/phenomena in

fluid inclusions is well aocumeﬁted and" arises
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from the fact that the inclusions represent very
small systems, even from an atomic viewpoint.
Copsequently, failure to nucleate new stable
phases is often a problem (Roedder, 1967,

p. 533).

Metastability has also been documented in
the case of clathrage compounds, where small
amounts of the compound persist after dissoci-~
ation conditions of pressure and temperature
have been established (Deaton and Frost, 1946,
p. 10). Tp some cases, metastable compounds may
persist fgg a considerable period of time. Hence,
measurements of dissociation temperatures of
these cdmpounds, taken as they are alldwédwto
warm up to room temperature, may be anomalously

high.

4. _Optical Difficulties

1

The effectiveness of the present study was

-

severely limited by fhe small size of the inclu-
sions and by poor resolution at high magnifica-/w
-tion. In a recent study py Collins (1979), most’
of thé inclusions examined were of the order of

50 to 100 microns (lafgest'dimehsion). According



+ to Collins (1979, p. 1437), some of the detailed
obseryations regarding phase changes were not
possible on inclusions less than 20 microns
(largest dimension), depending on experimental

+ conditions. Moreover, in the case of the co,
hydrate, measurement of decomposition tempera-
tures is exceptionally difficult because of the
similarity in refractive index between hydrate
and aqueous solution (Collins, 1979, p. 1437).
The above d1ff1cu1t1es all but precluded the
observatlon of subtle phase changes and details

. of petrography which are necessary to the accur-
ate interpretation of complex fluid inclusion

{

systems.

B, Behavior upon Freezing

The following observations were made during

freezing of the inclusions.

1. .‘In all cases, fluid inclusions had to'be
supercooled to well below the1r actual free21ng
temperatures before v1sible freezing occurred.
Generally, 1nclus1ons were cooled to, less than

-100°C. In some cases, temperatures ‘as low as
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~160°C were achieved. This supercooling was

necessary in order to overcome metastability.
o~ ’ ;

Freezing of inclusions was observed in
only a few cases. Where it was observed,

inclusions became cloudy, and generally, but

not necessarily, underwent an abrupt shrinkage <.

Of the .vapor bubble. Frequently, inclusions
\-remained.clear and their frozen state became'4
apparent 6n1y with the development of a crystal
mush on thawing. Freezing occurred at tempera-
tures of approximately -80°C, often following
extreme supercooling. In several cases, inclu-

sions froze at -78 to -80°C after warming from

:supercooled temperatures of below -100°C.

2. In.sevefal instafes, cooling of fluid
inclusioné resulted in the appearance of a dark
border surrounding £he vapour bubb%e; ‘This
border, which appeéréa to increase the size of
the vapour bubble, disappeared abruptly at

-80°C on warming.

3. First melting temperaturesl could not

always be recognized. In some cases however,

First melting temperature is defined as the approximaté.
temperature during warming, at which liquid in appreci- /
able amounts is formed in the inclusions (Roedder, 1962, 5.

po 105‘2_- . !
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temperatures as low as ~-56°C to ~60°C were noted.

4. Freezing temperatures? were géﬁttally
greater than 0°C because of the Presence of
gases and clathration. In several cases, clath-
rates persisted to temperatures in excess of |
40°C. This data was discarded as being due

to metastable equilibria.

C.‘ Statistical Treatment of Data

- Freezing temperature data is summarized in
Table 9 and treated statisticélly in Table 10 and
Figure 19. Because of the small population invol-
-ved, the lack of a well-defined gaussian distribu-~
tion, ‘and the possibility of metastable equilibria,
interpretation of this data is clearly subjective.
Neverthelessy freezing temperatureS'appearxgo_fall"
into three gfoups havihg.mean valugs,of'-20.5\f

. 1.‘6'0-," 7.3 # 3.6°C and 26.9 + 4.7°C. The possibil-
ity.that population 2 is skewed towards higher |
§a1ues may be ihterprgtédfas the result of metat

stable equilibfia; in ﬁhich,case a mean of 7.3°C is- ~

4 .

2 Freezing_temperatupe is defined as the temperature at
which the last crystal, usually ice, melts in the inclu-
"8ion under reversible equilibrium conditions (Roedder,
1962, p. 1055). Because of the presence of hydrates >
in the system, the term is used somewhat loosely, and
here includes “decomposition temperature® of hydrates
(Collins, p. 1436). o :



TABLE 10

| STATISTICAL TREATMENT OF FREEZING TEMPERATURE bATA

Te(°C)

Frequency _ %8 Frequency
(-)24-(-)22.1 1 4.17
(=)22-(~)20.1 1 4.17
(-)20-(-)18.1 1 4.17
T 0=(+) 1.9 -1 4.17
2- 3.9// 2 8.33
4- 5.9 -4 16.67
. 6= 7.9 1 4.17
8~ 9,9 2 8.33
10- 11.9 2 8.33
12~ 13.9 2 . 8.33
14-. 15,9 - -
16=- 17.9 - --
18- 19.9 : 1 . o 4.17
20~ 21.9 -— . C -
22~ 23.9 1 4.17
24~ 25.9 - -
26~ 27.9 2 ’ ' 8.33
28— 29.9 -1 _ - 4,17
30- 31.9 . - 1 ‘ ' - 4,17
32~ 33.9 DY .4.17
l 24 o _ 100.02
®
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slightly high. Whilé it can be suggested that popu-
lation 3 is entirely\the‘résult of metastability in
'pppulatioh 2, this is not felt to be the case. These
populationsvappear to be felatively‘disﬁinct, with a
;p}ead of almost 20°C between their mean values, and

do not overlap within experimental error.

D. Discussion of Results

.1, Determination of Salinity

The behavior during freezing of fluia in-
cluSions_in'which gas iS'a constituent 'is com-
plex.J'Gas hydrates form in fluid inclusions
prior to freezing of the remaining aquedus
solution to ice. \iriﬁg their fo:matioﬁ, water
is.reﬁoved from the aqueous phase, and salts

. such as NaCl are rejected. These salts concen-
trate . in the residuqlvaquedus phase(anﬁ in-
crease iﬁs salinity. Conséqﬁéntly, salinity
estimates based onlﬁhe‘depression of the |

freezing point Qf.waterabyISéltsfwill be anoma;
lously high and'may'be in error by as much as

50% (Collins, 1979, p. 1443).
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The addition'of NaCl orva.similar electro-
lyte decreases the chemical po;ential of water
and thereby lowers the temperatute‘qf forma-
tion of hydraﬁesb(ﬂollister and Bur;bss, 1976,

b. 166). Because hydrate f;eezing temperatures
are sélinity dependent, a knowledge of freezing
temperétures can be uééd‘to determine the salin-

ity of the aqueous solution indirectly,»provided

fhe chemlstry of the inclusion is well under-

/%tood (Collins, 1979, p. 1441). In the present

case the complex chemistry of the inclusions and
uncertainties regardlng the composxt1on of the gas
phase ﬁake»sucﬁ a_determination impossible..
Nevertheless, a variety‘of'usefui_information

can be gleaned from the foregoing studies.

+

i. In the three cases in ﬁhicb clathrate
‘compounés did not.form and .daughter crys-f
bstals-were.not present, freezing toqk‘
‘place between -18.9°C-and -22.4°C, with a
mean of -20 9 +1.8°C. If we assume that‘
these are relatively simple 2 phase 1nc1u-
sions of the system-NaCl-Hzo, then a-salin-
itf of 23 Qt % NaCl equivalent is indicated

(Roedder, 1962, Figure 4, p. 1059). As
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pure NaCl can only depress Tf to =21.1°C
(op. cit., Figure 4), the presence of
other salts is indicated in at least one

instance.

ii. First melting temperatures as low as
-56°C to -60°C (this Chapter, p. 214)
appear to suggest a complex-solution,

- presumably with a significant calcium com="""

- pon@nt‘(noedder, 1963, p. 178),

-

111. Daughter crystals were present in 10
of the 24 inclusions for which freezlng
data are. available. Moreover, of the 38
1nc1u51ons examlned in this study-as.a
whole, 19 (50%) contained halite daughters
and are th?refore saturated with respect:
to NaCl (RAedéér, 1967, p. 533).

‘ \

In v1em of the tentatlve 1dent1f1ca— “
tion of sylvlte and sulphate daughter
vcrystals in s%me inclusions, high concen—
trations of KCh and CaSO (?) must be con-~-
sidered a poss1bility, at least in. some
instances. According to Roedder (1967,

p. 533), salt crystals generally nucleate,



even in very small inclusions, but other

phases present in smaller amounts may fail

to form daughter crystals becausé of meta-

stability. This lends some credence to
the idea that high concentrations of

potassium and sulphate are present in all

~inclusions, but that daughter crystals of

sylvitg and aﬁhydrite failed to nucleate

in all but a few. To some ;xtent, thﬁs is
supported by fhe fact that two of three
sylvite(?) daughtefs,tentatively'identified

in this étudy'were'found in relatively large

inclusions (Table 9).

Clathrate Cheﬁist;f

The formation of clathrates in the inclu-

sions during freezing has been well established,

and is a useful indicator of the presence of

even small aﬁbunts of gases dissoived in the

~aqueous solution (Collins, 1979,'p.‘1540);l¥0nf6r-

o

tunqtely, the complex chemistry of clathrates

discussed earlier, makeé precise identific#tion

of these gases all but‘impOSsiblé. In spite of

A
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these limitations however, seVeral tentative

observations can be made.

Freeziﬁg tempera&hres gréater than 0°C
have been shown to fallninto two reasonably
distinctvgroups. It is evident from Table 9
that clathrates in different incld}jons in a
given specimen may decompose within either of
the above.temperature ranges. It;ié reosonable
to assome tﬁat inclusiohs in a given specimen,
separated by distances of perhaps a few microns,
were trapped at the same pressure. Therefore,
if we assume that salinity is‘also constant,
this difference in decomposition temperature
may be attributable to a variation in the gas
composition and appears to suggest.that‘the
fluid chemistry variéd somewhét with respect to

gas content, even over short intervals.

o

ing‘the clathrates cannot be determined with
certainty,'it seems probable that CO (g) 1s .
present in at least some of the inclusians. In
support of this conclusion are the following:
observ&tioﬂs: - ' ' .

s

Although the composition of the gases form-

221



i. CO 'is theﬁcommoneat gas found in.
fluid inclusions (Stanton, 1972, p.- 167).
Unfortunately, its preaence is not always
“eagy to detect. According to Roedder
(1963, p. 195), unless the gas bubble is
squeezed very flat, even 10% liquid CO2
can be misse& optxcally because it clings
to the 1nt?rfdhe between the gas bubble
and water, and is hidden by total reflec-

tion. Mofeover, if the CO2 pressure in

inclusions is not'hiéh, a separate‘ligrid

Coziphaqé"may fail to develop, even o
cooling slightly below the critical point
| for CO,(+431°C) (Roedder, 1963, p. 188).

In some cases, the development of a liquid
C;Z phase on rapid cooling can only be
detected by a slight darkening of tﬁé bor-
ders and a rigoréﬁb motion of the gas |
bubble (Roedder, 1963, p. 195). In the

L

present study, .a slight darkening of the

border. and ap#irent enlargement of the gas

bubble on rapid cooling has been noted .

(this Chapter, pP. 213), and may suggest the
presenpe of = liquia CO2 phaaa. ‘Tpe‘sudden
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disappearance of this phase at -80°C may be
interpreted as a masking effect due tdé
freezing of water in the inclusions at

this temperaﬁure. In inclusions where

this darkening was not noted, the possibil-
‘ity that CO2 is present as a dissolved gas

in the aqueous solution must be considered.

ii. Of the major geologicali& iméortant»
.gases, HZS is readily detecteble by its
strongly sulphurous odour,'even in ver&
minute quantities. Crushing of specimens
used in this study did.hot reveai the pre-
sence of H S(g) and it is therefogi e}imin-

..

ated as a possibility. '*”-r}MWhA

iii. The abumdance of carbonate in the
‘diatreme suégests-that CO, was present; at
least during certain phases of hydrothermal

activity.

Although the presence of Coz”hes been ten-

’Eetively‘established in these inclusions, evi-

_ dence suggesta that the low temperature clath- -

rates are probegly hybrid compounds of B O and

223
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at least two gases, one of which may be C02.

Figure 20:8hows phase relations for the system
I/ . .

i

H,0-CO, and indicates that while clathrates of
pure H20 and C02(9) can exist up to +10°C,

pure CO2 clathrﬁtes in equilib;ium with a sat-
urated solution of Nafl such as that po;tuléted

. in this study, cannot exist above approximately
-10°9, regardleés of pressure. Although the chem-
istry of this system is clgarly more complex than
is 'indicated by Figure 20, a decomposition temp-
erature of +7.3°C in a saturated NaCl solution is

not consistent with pure Coz.clathrates.

Next to COZ,_CH4 is the most common gas
occurring in fluid inclusions (Collins, 1979,
P. 1442), and the CH, clathrate is complebely
miscible with the CO, clathrate (Hollister and
‘vBurruss, 1976, p. 165). Although‘the pfesenc% £
qcﬂ4 cannot be conclusively demonstrated, its 48
tion into the;Coz—Hzo system shifts the decomposi-
tion isochore to higher tgmberatures and bressures,
"and{effthively counteracts the influence of NaCl-
in the solution (Cdllins, 1979, p. 1442). A
hjbrid COZ-CH‘ clafhrate in a saturated NaCl solu-'
tionfé;n therefofe exist at temperatures greater

8 . ]



L 22

. G:CO2(gos)
Lw=H20(liquid)
Le £CO2 (liquid)
. " H =CO2 hydrate
" 20 Izlce - lwtle

CPCOr

o

(=]
'l

~.

o N
] I
s . ”‘lw’lc|l
E I ! Q2 .
P 404 lu*G
a
10% NaCl
- 5% NaCi
0% NaCt
20~
o L 4 1‘ ¥ L) L v
-3 -20 -10 0 10 20 0

Phase Diagram for the System
H20-CO2 The Dashed lines indicate
the shift to lower Temperatures

of the decomposition of CO2-
hydrate in equilibrium with §

mass %, 10 mass % and saturated
Nacl solutiogs (24.2 mass %)

* {after Collins, Fig. ), p.1436 )

Figure 20

-

.225;* g
o4




Y. 226

than -10°cC, although exact 3issociation conditions

of such a compound are not known, ) ,
C :

The pure methane clathrate can exist in a
highly saline solution at a temperature of
+7.25°C (45°F), though at a relatively high pres-

sure (Figure 21),

In light of the above discussion, the 1dent-

—

ity of the clathrates is.a matter of speculation.
-’

Although COZIS present in the system, it is

unlikely to occur in large amounts because its

- solubility in salt”solutions is heav1ly dependent

on the concentration of salt, and decreases rapid- = :
|

ly as salinity increases. It is unllkely there-

e

fore, that/a large quantity of CO2 would dlssolve

in a h othermal solutlon saturated or very near-
ly sat rated with NaCl (Takenouch1 and Kennedy,

1965, p. 451). Horeover because of the high sal-

inity of the 1nclu51ons, clathrates of pure CO2

cannot exlst at temperatures greater than o°c.
Therefore, it is tentatively cohcluded that the low .
-temperature olathrates (T = 7 3°C) are hybrid
_compounds of 320, co 2(9) and another gas, possibly

methane.
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The»posoibility that the range in clathrote
decomposiﬁion temperatures in closely spaced
inclusions within a given specimen is the result
of vafiations in gas content has élready been
discussed. In view of the potential for solid
solution amongst gases forming clathrates, such a
variation in decomposition temperature could be
the result of small fluctuations in the relative

‘

concentrations of CO, and CH,(?) in a given
inclusion. This postulated variation in gas con-
tont is supported:by the observation that those
inclusions having‘a méon Tf of -20.9°C (Figure 19)
appeéf to cohtain no gas whatsoever. Conceivably,

a wide range in gas .composition may exist between

the pure end members CH4(?) and COZ'

Those cyathrates having a meén decomposition
temperature of 26.9°C (90.6°F) are somewhat ﬁore
problemotic.- While metastability may have had
" some offect on the decohposition temperature of
ghose coﬁpounds, statistical considerations suggest
‘t#at this reiétively high temperature popUlation
is real. Even if it is assumed that metastability
" has resulted in an apparant Tf several degfees
higher th?n tpe actual‘Tf, ;he composition of

these_ciathtates remaino speculative.



p. 229).

The pure methane hydrate is stable up to
+21.4°C (koedder, 1963,'9. 193). Reference to
Figure 21 howeéer,'euggests that for highly
saline inclusions; this temperature ig consider-
ably lower. Moreover, extrapolation of Figure 21
suggests that even for a decomposition.temperature
as low as '20°C (68°F) in.a 20 wt % NaCl solution,
corresponding pressures would'be extremely high

and unrealistic (see "Geobarometry, this Chapter,
.. L. ) .

"

Although this is in qpparent contradlctlon to

the foregoing discussion, Holllster and Burruss

- (p. 165) have sthed that at a glven pressure, the

C02--CH4 clathrate melts at a hlgher temperature
than for the pure CH4 clathrate. The magnitude of

this effect is unknown however.

- According to Collins (1979, p. 1443) gas -
hydrate»melfing above 10°C may be”a useful
indicator of rhe presenéekof nydrocarbons in
fluid inoIUSions, and these mUst'be_consiqered a

viable poSsibility in this.instance. Unfortun~

v'ately, available data do not Justify further

speculation.

3. Geobarometry

/

Because clathrates are pressure-temperature

dependent, the decompositlon temperature can be

-t
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used in conjunction with phase diagrams to
determine the pressure within the fluid inclu-
sfon. Assuming that the inclusion has remained
a closed‘system,_tﬁis pressure should be equiva-

lent to the pressure on the fluid at the time it

was trapped.

*In the pfesent case, uncertainties as to
the composition of the cléthrétes makee such
pressure determinations difficult. Nevertheless,
by maklng certain assumptions, it is possible to
establlsh broad limits on the pressure regime

under which the quartz veins formed.

Referencg to F{gqre 20 indicetes that pure
coé clathrates in equilibrium with a ;;turated
solution of NaCllcannot exist above approximate-—
ly -10°C, regardless of'preesure. However, pure
-coz clathratés in equilibrium w1th pure Hzo can
exist up to approxlmately +10°C. The addltlon
- of methane into the C02-H20 system shifts the
.aecomposition isochore to higher temperatures
end'pressures; and counteraéts the effect of
NaCl in the solution (this Chapter, p. 224).
Hence if we assume that the low temperature
clathrates are COZ-CH4 hybrids, Figure 20 can be
useq to determine a minimum pressure on the sys-—

tem, using the O% NaCl isochore (Q,0,B).

[
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iﬁ.‘ Consideration of the regional strati-
graphy (F?gure 7) suégests that these veins
which now-cut the Akaitcho Forﬁafion, could
have been overlain by a maximum of 1000

N

metres of sedimentary and volcanic cover;

probably substantially less.

VII. High Temperature Studies

A, Introduction

| N o
The‘use of fluid inclusions as geothefmometers

is based on the homogenization‘temperature (Ty)
determined by‘he;ting the inclusions until liquid
and vapour phases homogenize, Unfortunatély, Th can

* only be considered a ﬁinimum temperature of formation
(Smith and Little, 1959, p. 380). Determination of the
true formation iemperature requires the applicatiph
of a pressure c¢orrection which can usually only be

estimated, and hence limits the usefulness of fluid

inclusions as geothermometers.

B. ° Statistical Treatment of Data’
Fluid inc}usions homogenized in the liquid phase

on heating. o ‘ . N

Homogenization temperatures determined in this’ .

-



234

study»are.listed in Table 9, and are treated statis-
tically in Table il and Figcre 22, .On the basis of this
data, there appears to be no well- defined difference
between homogenization temperatures in giant quartz
veins, and those in quartz-carbonate veins, and they are
therefore treated as a single populaticéhn. The mean homo-
genization temperature for this population is

145.7 + 9.3°C. .

C. Pressure Correction and Temperature of Formation

The applicatlon of a pressure correction is con=.
tingent on a knowledge of the depth at which the
deposit formed, and assumes that the total pressure
on the system is equal to the lithostatic pressure;'
While the magnitude of th1§‘correctlon is well known
for aqueocug NaCl solutions (Potter, 1977), the presence
of CO2 or other gases in the‘inclusibns complicatea the
icorrection somewhat (Smith and Little, 1959,s»p. 385).

: Unfortunately, published information perta;ning to

pressure correet1ons for the system HzobNaCl-CO do
- not appear to be avazlable. The sxtuation-is further

complicated by the postulated presence of CH“ the 0
- e£wmcﬁs not known. ‘ i
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evidence which suggests an intermediate to

shallowv 3Je' th of formation as follows:

he absence of boiling pheﬁomena, and

1€ preéence of gases in the inclusions
suggests that thé system waé not yentéd and
was therefpre probably not a surface phen-

.omenon.

ii, The postulated contfol of quértz-
carbonate Qeins by joint planes related to
tectonic unloading (this thesis, p. 150), and
the dilétant nature of many of the smaller
veins, particularly.along bedding planes,
suggésts that the event was relatively

‘'near surface,

iii. The presence of barite.innthe diatreme

may suggest near-surface deposition, as barium
in solution commonly migrates to the region

of sulphate stability and thus is often

bound to a narrow zone close tb thé,earth“s'
surface (Fischer_ané,Puchelt, 1978,




2}

. . . -

Using a mean decomposition temperature of
7.3°C, a pxessufe‘of approximetely 30 bars (435
psi) is indicated.' Assuming an average over-
burden pressure of 565'psi/16§6?fge§§ this

) . N - . ) y Pt Y
corresponds to a minimum depth of €ormation of
e e

770 feet (235 metree).

The possibility that at least some clath-
rates are pure CH4-H20 compounds, makes it
possible to determine a maximum pressure for the

r

system. Extrapolation of Figure 21 indicates -

that a decomposition temperature of 7.3°C corres-

ponds approximately to a pressure of 4000 psi

/

(276 bars) in highly saline (i.e. 20 wt %) NaCl
inclusions. Using an ‘average overburden pressure

of 565 psi/1000 feet, a depth of 7080 feet (2158

. metres) is indicated.

As the composition of the gas is not known
with Cerﬁainty and the chemistry of the aqueous
solution is somewhat more complex than that

shown in Figures 20 ané 21, the above pressure

. determinations are clearly subject to some

error. Nevertheless, a pressure range of 435

psi to 4000 psi (235 m to 2158 m) while con-

; siderable, is ip accqrd%nce with independent

231



TABLELY

'STATISTICAL TREATMENT OF HOMOGENIZATION TEMPERATURE DATA

T, (°C) " Frequency % Prequency

115-119.9 o 1l S 4.76

© 150-~154.9 L

4
¢
6
3 |
155-159.9 . 2 o . 9.52
B
21

120-124.9 . — ' o —
125-129.9 , - ' : ;' _—
130-134.9 | S D
135-139.9 ' o

140-144.9
145-149.9

‘._ ﬁ»‘

- 160-164.9 ° 4.76
| ‘ 100.00
o
- ' \. .
2 :
- .
ég’ o.



% Frcqu.nci

1004
904
80

704

8

“

Figure 22 u-fsfrom' ogram of Homos nizcmm
Temparanire V5% Fragoencyfor Guarts
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In spite of these limitaci\ons, ‘an ppproximate

. temperature of format.ion can be obtained from the

'Y

vdata of Pottern(F;gures 5 and 6). Although‘gases
are'knbrn to be'presenr &n.the inclﬁsions, the fact

that they were not visible, sdggests’th&t thé gas
pressure is relativgl} low and that gises are a 3 C

| miqpr consrituent. ~Thereforé, their effect on the
. ‘homogenization temperature of the ‘inclusions is felt

"+ to bé relatively minor, and a pressure correction

fq‘&e aystem @‘ﬁﬂ.r .tentatively assumed to

clo“ly approximat‘e t i’ft‘d for the ‘system pre-

[
t sen y under qtudy.
PR ' : \ : ""

I,n determining the pr uure correction (A 'r),

TN~

1it is assumed that the fluid is°- saturated with NaCl‘

(1.e. 23 3'41: 13 NaCl).

N -

(i) Minimum Pressure gqrreétion " .

. P = 30 bars, . ATmip = 4.7 + ;foc o
"wMinimum temperature of formation =

. (145.7 + 9.3°C) + (4.7 + 3°C)

, ‘ - ' ' 1 a
L  Tagp = 150.4 p12.3%C

L

—_—

1 AT valuea have an unc rtainty of + 3°C (Potter, 1977,
_p. 603). This uncerta nty has been added to the error

plrtm dotcr-ined for T he

o



*

Valley-type fluidas‘on~the basis of fluid inclusion

- for minerals in a single ‘deposit.- 'Inf

(ii) Maximum Pressure Correction

P = 276 bars, AT, = 33.4 #3°C

Maximum temperature of formation =
| (145.7 + 9.3°C) + (33.4 + 3°C)

Toax = 179.1 # 12.3°c. ‘

VIII. Implications

. om0

- A considerable volume of fluid 1nclu51on data is~
available from depqsits gdiverse origins. On the ba51s
of this data, generaldza ons can be made regarding the

nature of varioUB types of mineralizing fluids.. In partic- -.

&

‘ular, Roedder (1976, p- 87-95) has been able to dlStlthlgﬁﬁ

tentatively between magmatic hydrothermal and Mississippi

characteristics ‘such as temperature, gross salinity and

degsity.

A, Temperature. 's .

Y

Homogenization temperatures of 1nclutiogs in /
Mississjippi Valley-type deposits range from:1d0°c to
150°C and rarely“hs high: as 200°cC, whe:ags magmatic
hydrothurmal depdsits range from 100°C togfnxe tggp
sooog and frequently shqw a range of*r i'. RWE00°C

ONS o

% L
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study, the relatively low homogenization temperature
(146°C) and n- -nw temperature"range are consistent
.

with Mississippi Valley-type fluids.

B. Gross Salinity A .

The salinity of inclusions from Mississippi e
Valley-type deposits is seldom less than 15 wt % NaCl
equivalent, and freduently exceeds 20 wt 8. Moreover,
~ analyses of these inclusions indicate that the salts
consist mainly of Na and Ca chlorldes, with Cl-Na-Ca-
K-Mg and B in order of decreasing wt $ (Roedder, 1976,
p. 98). Magmatlc hydrothermal deposits generally have
~salinites of less than 10 wt ¢ NaCl equ1valent. The
very high NaCl content and the 1nferred-p:esence of

Ca and K in the 1nc1u51ons in thls study is consis-
tent w1th the composition of stszss1pp1 Valley-type

flulds.

c. Densit2‘ o O v \
Most M13$1581pp1 Valley—type fluids have densi-

ties very close - to or slightly greater than 1 gm/cc.

Magmaqic fluids on the other hand are generally s1gni4‘§

fiéantly less than 1 gm/cc.



The densityiof‘tﬂé fluid in this study was found
to be:1.23 gm/cc (Appendix 2). This 1s an approxi-
mate density because of\uncertainties regarding the
composition of the liqUid,vand the volume occupied by
the vapour bubble. Also, the bﬂbcence of gas in the
inclusions would reduce this figure slightly.<\ n

spite of~these“uncerfainties however, the density of

the fluid is felt to be slightly greater than 1 gm/cc,
which is consistent with Mississippi Valley-type
fluias. .

-

On the basis of the above considerations, the mineral-
izing fluid exiiined 1n this study appears to be consistent
‘with M1331331pp1 Valley-type fluids, although the possibil-
ity of & magmatic hydrothermal origin cannot be eliminated

.

with certainty. - , ) ' ‘f

The term "Mississippi Valley-type/deposit' 1nc1udes a
highly diverse assemblage of mineral dep081ts. The origin
of these deposits is a matter of some debate, but most

appear to result from one or more processes in which an

d"‘-

‘ore element is dissolv rom a dilute source area, trans-

ported to the futuﬁé_' of the mineral occurrence, and

deposited in a coi pated form (Roedder, 1976, p. 68).

e 4

PrOposed sources ofdore elements include sea water,_ leach-~

ing from sedimentary, metamorphiq.-.nd igneous rocks,
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expulsdpn from,recrystalllzing‘metamorphio minerals and
recrystallizing magmas, and voléanic éxhalations (Roedder;
1976, p. 68). Méteoric water, sea water, connate andA
decomposition fluids in sediments, and métamorphic and mag-‘
matic waters have all been proposed as sources of mineral-‘:

izing fluidé.

The precise origin of the fluld in this study, and
implications regardf%g the sources of the mineralization

are discussed in the following chapters.



CHAPTER 8

OXYGEN ISOTOPE‘STUDY

R4



I. Introduction

In the previous chapter, the temperature and chemistry
of the hydrothermal fluid responsible for the formation of
late-stage quartz veins were determined. On the basis of

these data it was concluded that the fluid was not of mag-

matic hydrothermal origin, but its'ppecise derivation could

not be defined, The purpose‘of this study is to com-
bine the ‘above data with the results of oxygen isotope

work, and so'determine as nearly as possibli, the origin

of this fluid. ° o o

! >

II. Theoretical Background

Water is the princ1ple constituent of hydrothermal

¢+ fluids and a knowledge of its origin is essential to any

theory on the formation of a mineral deposit. As oxygen
ifotopes are geochemical parameters based on the water

‘ molecules themselves, they are an ideal source of infor-

,. »
77777

‘of isotopic fractionation during natural chémical and

I

physical processes, natural waters_gf different origins

18

show -systematic differences in their O contentés. These

differences are\::iiiciently.wellunderstooé that the § 18,

243



244

'Value of the water can be used as an indicator of its
source; According to White (1974, p. 955), six major types
of water are active in the formation of ore deposits;
meteoric water, ocean water, connate water, metamorphic

‘water, ﬁagmatic water and juvenile water. E«')) ¥ these may
be altered 1sotop1cally and chemically by migration into
new phy31cal and chemical env1ronments. Indeed, the
formational history of many ore deposits is sufficiently

;comple#vthat more thah one of the above types of water
may have been involved at some point (op. cit., p. 971).

OThe £ 18 0! values of hydrothermal waters determined for a

given ore deposit are 1nterpreted in terms of the above

considerations.

III. Methodoiogy

$ 18O values have been determined for five specimens
of quartz for which homogenization temperatu:es are known
(Chapter 7, Table 9). The S 180 values of ﬁater in
equilibrium with this quartz at a given tempergﬁuye have
been determined usfhg the follow1ng isotope thermometry
equation for the qudﬁﬂi-water system (Knauth and Epstein -
1976): - o | |

§ 1%, = S8, - 13.09 x 106/22 - 3.2'9]'» TR .

-where T = equilibrium temperature in °K
- W = water v o | -

3;9 = guartz



&

The calculation of‘glaow was performed twice for each

sample in order to take into consideration the range in.

temperatures resulting from the application of pressure

corrections. The temperatures used are the maximum temper-

ature of formation (Th +£5Tmax) and the minimum tempera-

ture of formation (Th +£5Tmin) (this thesis, p.237).

The

12,

!

Iv.

results of these calculations are summarized in Table

Discussion
Zzscussion

R

The following observatlons are based on Table 12,

A,

S 18O values between the five'

The range of
samples is small qnd~suggests thatbquartz from ;
bobh quertzzgarbonate veins and-gient Quartz
veins crystallized from solutions whichvwere
isogopically18§nilar.r Fluid inclusion studies:
suggest that the chemistry of these fluids was

-also 51milar, at least with respect to dlssolv-

ed salts. ' v

The fact that the § 180& value of quartz from

‘quartz-carbonate veins is slightly more posi-

tive than that of quartz from giant quartz.,

. . v
-veins- is due to a mass balance effect between

quartz and carbonate, as the latter’ is enriched

3i 18
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TABLE 12

OXYGEN ISOTOPE DATA FOR QUARTZ

Samplel .: ' -1 II
No.. SIBOQ‘ Th(.°C) Tmin(-oc) Slaow Tmax(oc) ngOw
N3B | +13.09 | 146.2 | 150.9 ~0.82 | ~179.6 - +1.30
45B | +12.67 | 145.1 | 149.8 -1.33 | 178.5 +0.80
318 | +11.82 ] 150.0 | 154.7 -1.78 | 183.4  +0.28
267-10 | +14.22 | 138.0 | 142.7 -0.37 | 171.4  +1.86
362-6 | +14.21 [ 142.0 | 146.7 =0.04 | 175.4 42,13
' L . means: '-0.87 mean: +1'.V,27

{”
i
L
¢

I Sleow calculated using minimum temperature of formation
Tain+ ¥here AT i = 4,7°C

'Tm;n "-."I'h + mJ. ' min < \
|

O calculated using maximum temperature of forfnatlon

 Tpax = Tp % ATy, Where AT = 33, .4°c?

1 Samples from Quartz and Quartz—carbonate veins. cutting the
BBX diatreme and adjacent sediments

I1 g18



B.

C.

.}e”ﬁ>Seawater

The range in 8180 values whigh does exlst

: suggests either that the§¥luld evolved sllghtly
N\

with time, and/or that the system was closed.
In an open systemvwith)an_infinite reservoir
of water, Slsow would be eXpected to be the
same in all cases. The p0551b111ty that Th

values are sl1ghtly in error must also be

considered.

The &180 value of the hydrothermal fluid
ranges from slightly negative to slightly posi-
tive, dependlng on whether T min ©F Tmax was
used in the calculatlon. The 3180 value of the
fluid can be assumed to lie somewhere between

- ‘ _

these two extremes. The arithmetic mean of the

10 values listea“infqible-lz is +0;20%4, SMOW.,

B

f
/

It éan be concluded from this'that the mineral- |

r 4

tic or of metamorph1c orlgln (Taylor, 1974,

. PP . -850, 851,,855),4 Seawater and connate forma--

tion remain as p0351b111t1es.,

The'isotopic composition of present da§

seawater is. very unlform at 8180 = 0
$
(Taylor, 1974, p. 850)., If it is assumed

that the ieotopic composit1on of tnb ocean

-

1
1z1ng fluid was deflnltely not of primary magma—{

247
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has{remained constant through time, it is
reasonable to suggest that the fluid in o

question is seawater. . PO

" 2. Connate Foruntion’Water -

}.4
Connate water’ is initially ocean‘yater

which has been trapped in marine sediments
and has been out of contact with the atmos-
phere for at least an, apprecdable part of

a geologic period (White, 1974, p. 955). -
According to Taylor (1974, p. 852); these o
waters show a very wide range in both Sl?
and salinity. Isotopic eVidence cited by-
Taylor (1974, P. 853) suggests that meteoric -

waters are a ma;or constituent of these

obrines (especially 'Oil Field 3}ines ") in the

michontinent region of North America.

"V,  Conclusions o
. T . l

It is clear from the above that the precise origin of
the hydrothermal flu1d ‘cannot be resolved’on the basis of | %'
oxygen isotope work alone. ‘While the isotopic composition ' iikw

l, of the fluid is strongly suggestive of seawater, the pre- T
‘ __seﬁce of trapped gases and the absence of boiling phenomena |
‘, in ‘the flui,,inclusions suggest that the deposit formed at

some depth, and therefote rules out seawater per se as. the



mineralizing fluid.

It is concluded therefore, that the mineralizinq fluid

4 [

contained connate formation weter as its prineiple eompon-

ent. The possible slightiy negative _8_180 of this a,ol,utio :

may imply a small meteoric'component.”it is conceivabie
that® the very high salinity of the brine is in part originn >
al (from seawater) and in part due to the solution of
evaporites or to shale membrane filtrﬁiion (Taylor, 1974,

P. 852). Water which has undérgone’ theseﬂ:nemical and iso- :
topic changes is referred to as 'evolved connate water' ;

(White, 1974, p.. 955), andvthe fluid is a stratafugic brine
.1°riginating within the sedimentary pile.‘“\ o -



Closing Remarks to Section III

I. The qusrts veins which‘have beeh studied in the pre~
vious two chapters represent a very late phase of hydror

thermal activity, and contain only minor amounts of . ‘s;“"

mineralization (mainly chalcopyrite). 1Two principle lines
(N
_of evidence suggest that certain earlier phases of hydro-

thermal activity responsible fpr the deposition of substan—

tial quantities of copper and- lead mineralization,,gpp‘ e II,

P{ A

Ly
Chapter 10), and of barite (Phase Ill, Chapter lgiwhu ?

ave
had ‘a simiiar chemistry. and also o:iginated as coupete'- |
. brinqs within the sedtmentary pile.

N -

. 1. Fluid Inclusion Evidence’

)
o

.. Quartgz occurs as & gangue mineral in equilibrium
with galena and ehalcepyrite in the-haf%wpineralized

zones. Berite 1.8 ?e ated tn some 1ustances, Fluid ;

| inclusions in quartz~and.barite from these . zonss were

'found to be eiireuely small, and therefore unsuitigle
3r_.for ﬁbating and freeziqg .studies.” In spite ot,;htqhmall
\lk‘ size however,_e variety of quelitetive ihfptmqtion wls ;.
 obtatred from petrograhic stud:les.w Filling ratics is .

~w£luid inplusions in both quartz and barite suggest low

e,to modstate temperatures of’ honoqenization. In addi~
 ;'t1ln, the. presence of halite daughter erystsls in mhny
‘-iinclusions squesh thst ;he fluid was sstursheS‘vith

| :ftsspect to uqcl. As nany as four duughters ws:e ,“; fi,.,ﬁ'w?

L. - L " .
R e s . .
[ & R R .
. P . PN - ' . . . .- \* . -
. Selol ) : . S e - B A R
. o : e s . - R N A : . .
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e Quartz—c\a‘tbonhtgm%iu& ;&-"f. e ,; ,

:"3

) . )
"“?’ Chemiltgy o; AltprationPA;EgpblaQS_ ijwr’ "..T=i?:

observed in a single inclnsion in both ghartsz andfk\\
batite. Basad on the habit of these hry tals, sylvite

and anhydrite were tentatively identifi - in addition

“"u

to halite. In two instanpea, a small d40p1e§~o£ =
h-j‘{:‘o 2 “'x:-
unidentified immiacible liqoid was observeﬂiadj %&E

." «
g K .‘,.‘;, ot

to the vapour bubble in inclusions from bariteuq w
_ _ : ﬁ

ture. highly saline. chemica11y=e0mplex solution tv'; t,“,;;

J

containing = tgﬂrd fldidn.“A 8

are consistent witbt L ORPR
: 13‘*’:’ - e - \o

o

uf,,{»(.: f. .M?

Highly minenuzed zones .ﬂ- tﬁe a‘fqg tiig .are char-

vjer:"v;"

actetized by pnqnﬁuﬁded potaalium’&&&eyﬁtion.n Small 7 i
unta of ].ithium are auociated with mus&ovit&in

o

" these zonea (this thel is, pPe- 106) . It s clear ﬁ!ﬂh

stodiéa ofdgydrotherihl J%ieration ethis tngsis p. 108)‘

that X an&fLi have bacn inttoduced hydrothermally into 1 B
the dia :\.' '!ho abundancc of x and Li in various .

u"f. ;

S S 251 -

. L] ; .

- Y , . N : . e ‘l iy
+ -  These feaﬁures suggest a relatively 1ow téag%%h-_ﬂ e

- - ’<‘
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a. Abundan;.e' of Lithium and 'Potassium ‘in Natural Waters

L ) A : ) . ' v » 'Q X .b . L ey
‘fzuj" » L\i (ppm) " K (ppm)
Riw;ér . : | 23 6.5

' ‘Sﬁéawater . - , v 0.19 | 392 -
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1.
.p_.‘
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. e ' ‘ ‘,' "(:‘

and Sedlmentagyc Rocks 'ryges IR . ‘ . v ‘ . :
B o ‘ :

e e . .ou ,(ppm.)_ K,0(wt. %)

. Soils - - o ? s) "
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j
While this evidence is indirect, it supports the

pdtulate that the main mineralizing fluid was a

- - 4
. "

‘connate brine. W

".\

II.. The mineralogy and paragenesis of the BBx\de9981t is

\
complex (Chapter 10). It must be notedwthat the main min-

“‘eralizing event and the event responsible for depositing

late-stage quartz veins were probably separated by a con-

51derable time 1ntervaf° *mh!tefore, although th y may both
N BRI 3 1 TN .

be related to connate brihe#, at least subtle differences

in chemistry are to be ex} ecteq,«,This is evidenced in

‘‘part by the fact that the early ‘phase is assoc1ated with

substantial amounts of mlneralization, while the late-stage
i-. - i . ' ! 5
qUartz veins af i _ o
;‘{ _b ' ' y \\ . ‘ . R )
IIX. I%'has beeh suggested grom stddies bf styuctura:

'ogy that the late-stage quartz veins were dep081tbd follow-

1ng a period of uplift and tectoniz uﬁioading cthis the81s,

p‘a150). Implic1t 1n ‘this model is that the quartz veins

_!gggdggposited“relative1y closér to the'surfacefthan tbe W

' main phase of mimeralization. Homogenization temperatures

L4

in fluid inclusions in these veins would éherefore rgquf%e

a smaller pressure“ correctiom than thgse in iqx;artz from the

main minerahzed zones._ Because homog!nization temgeratures

e L
appear to be similar in’ each case, it is suggested that the
s '*‘@ - . ® T

".". ) '»- . . T ’ '.,‘ - 4 ) ’ S e 3
2 . . . .o . e .
B v - - BN
Lk ¥ TN
rlt'tt . * .- ' -9 = 7
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l main phase of mineralization was depOSIted at a higher
temperature than is indicated for the late-stage quartz

veins studied in the previous chapters.

IV, The mineralogy and geological env1ronment of the BBX

v -

dep081t preclude its classification as a 'Mississ‘ppi
Valley-type" deposit in the classical sense. Nevertheless,

it is suggested from the above that the late-stage quartz

© -~

veins and p0551bly the main phase(s) of mineralization

(phases ITI and III, chapter 10) were dep091ted from'

circui' | connate brines-which leached metallic elements -

out of ‘the sedimentary\pile and deposited them in concen=
. trated form in the diatreme. This model. ig- supported by
lead isotope studies (Chapf&r 9), and ’s dismﬁsed in

greater detail in Chapter. 10
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 PREFACE

In.the following égepters, the nature and ‘occurrence
of mineraliiation.in'the BBX diatreme and immediately
e@jacent areas is discussed. In order to facilitate
‘inteipretation of the economic .geology of the\?gposit,.
eight sampies of varying mineralogy were selected from’
mineralized zones, hqth Qn surface and at depth. The
ma%gr and accessory'element chenistry of these samples
was determined by quantitative XRF analysis, and. is shown
in Tables 14 and 15. These analyses represent the whole .
" rock chemistry of highly altered and mineralized volcan-
ics. - Becguse.of the late addition and depletioﬁ;of
certain elements, and the inhomoge€neous nature oflthe R
breccia initially, these enahyses‘eannot'be~used to gﬁ
determineydetaiied chemical trenée, or ‘for chemical )
.clasSifieation. They are of some use howevef% infbutlin- LU'L
‘ 'in; broad trends. and can be used to help interpret the - “7?
mineralogy of the deposit. Data pertinent to the 1nter- R
‘pgetation of these anarysesqlre shown in Table 16. The - .

major element chemistry of unaltered basalts of various

types. is shown for. comparative purposes;%n Table 17.°

N~ . - i Lo

‘ - A e
v , : . -

. . . . . L, - N

: PR . ) . . : . v Ll N
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*

The following points should be noted regarding these
B §

s

analyses, = X
1. The major element - chemi&y shown in Table '14 does -not
~total 100% because of the abundance of carbonate.

(hence CO‘) which is not deteécted by\the analytical
technique, Moreover,‘the samples contain substantial ?JJ ,
quantities of mineralizat;on (Table 15) which are not

shown in Table 14,

/’,
2. Table 15 is a selective anaiysis of the san%;es and
does not reflect all elements present. Co&glt for

1nstance may occur in signlflcant quant1ties (Table

2) but canno;vbe detected-by XRF analy51s,

Interpvetations baged on,these chemical analyses are

discussed in the following ch!pters.‘ ,
&
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I Genetal-nenerks« “ - | ‘ ’ o -

_— - - ‘e

~

_ The epplication of lead i%gtopes to the probléma of
'ore genesis has been reviewed by Doe and Stacey (1974). ‘The -

major use of these isotopes is ind " the provenance

- of lead and in determining the ages aiization (op.
. . ¥ "
~eit., p. 757) L “f T - 8 fbﬂf-

;7

i o In the present atudy, the. age of minerali
+ been determined by the model IQld method as out'v:iuzby'
Faure (1977, pPpP. 227-266)., Thl%Origih ind hi:gpry of the

._'«!

.mineralization has: been interptetqd on this basia. S .

Lo s

,,ser

3 £ il_ttene, and R

‘to thoee for which ch Ical analyses are availabis (!ablés\:
\14 and 15).Q Samples~ to E are fran theumain surface’ ‘

showing (TtenCh 1). Samples 284, 288-and 297 are - from

5

-

\ﬁia" the subsurface in DDE 76-1 (Tabie 16). j#”' S ‘

The leed analyzed from sample A (apebiméné'l;¢°}51 is
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zonation with a higher U:Pb ratio at depth. Sample

297 is very rad gent’. Although a‘reliable quanti-

"tative determination is not possible, this nggesta
that a tonsiderable amount of uranium was present in

“the system early in its history.
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galena (Table 16), lead is thought, to be derived from
anglesite developed after galena‘ in the oxidized zoné of
the geposit.‘ Accorqing to Faure (1977, p. 227), the
156topic composgition Of_lqu'in secéndary minerAls such as
anglesite is usually similar to that‘oé leaa in galena with

which they are associated.

Lead is a very minor cénstituent of samples from
depth (éamples 2§4, 288 and 297) and its source mineral

is unknown.

Lead isotope analyses were carried out on an Alder-

maston MM30 solid-source mass sBpectrometer.

IiI. Discussion of Results.

~

Lead isotope data for- the BBR deposit are plotted in
figure: 23 and 24. Best fitting straight lines for these
plots were calculated by.the method of Cﬁmming et al, w
(1972). The following observations are based on these'\g
diagraﬁs.

r‘

-~

A, A well-definéd four éoint isochron in figure 23
defines an age of 1870 + 15 m.y. for the lead

mineralizationd Although the mantle gtowth‘curve is
not shown on this plot; this isochron intersects the
gréwth curve at 1887,ﬁ.y.,/w1th an uppef time limit

of 1830 m.y., and a lower time limit of 1939 m.y.

~It also intersects the mantle growth curve at -35 m.Y.,

3

—~—
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with an upper time limit of 73 m.y., and a lower time~

/

Jlimit of '-138 m.y. Within the limits of error there-
fo;z: the 1876 m.y. isochron intersects the mantgle |
gtbwth curve at T = 1870 m.y. and at' T = 0 m.y. The
implications of this are discussed in th:rfollowing

section.

B. Points A, D, E &nd possibly 288 do not lie on
the ‘1870 m.y. i8ochron; and nggest that more than
ong mineralizing ivéﬁf haj,occurred. Unfortunately,

avajilable data are insufficient to determine a reli-

- A

able age for this event. Figuré 24 shows these data

.

on an expanded scale, plotted with reference to the
Stacey and K;amer—mantle grbwth cdfve. Two possible
tentative interpretations can be made. . .
"1, Points A, D and E dsfine an isocﬁron having
an age of lllbﬁt 20,i.y.‘ The Eoncentration of

»

the data at the two extremes of this isochron

~however, limits the_geliability of this interpre- .

.

tation. i e
[§ /-b
2. The cluster of poi‘ﬁs_relttéd to sample A

has an igochroﬁ age of approximately 1550 m.y.



Iv.

2
Implications :

A. The Seton Volcanics and Mineralizaflion

The intersectf®h of the 1870 m.y isochron with
the mantle growth curve at 1870 m.y, is consistent
with a two stdge model for lead evolution. 1In

the first stage, the lead isotopic composition

evolved from: ur um By'radioactive decay in the
mantle.~ At 1870 m.\\, the 2380/204Pb rati$ was

s
{

chan&ed into a variety 6f values resulting in a
seéohdary isochron (Doe'and Stacey, 1;74, p. 763)
having a® &ge of 1870 m.y. This change is asgociated
with the introduction .of this mantle-derived material

into the crust.

According to Badham (1978P, P. 1474), three separ-
ate periods of intrusive magmatic activity are recog-
niied in the East Arm; early Aphebian ( X 2100 m.y.),
middle Aphebian ( X~ 1870 m.y.) and late Aphebian
( = 1790 m.y.).. An isochron age of 1870 m.y. for the
le;d mineralization at BBX corresponds to the middle
Aphebian phase of matism of which the Seton volcan-

ics are the major expression (op. cit., p. 1481).

,This serves to confirm that the BBX diatreme is in

fact related to Seton Qolcanism, although an age of

v
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1570 m.y. is somewha£ élder than ages determined in
previous studies (i.e. 1533 m.y., 1804 LD nd |
1805 m.y., this thesis, \'p. 41). xmplfcit'#this‘
model is the probability tha!]it least gg-e lead and
perhaps other mineralization was, approximately coeval

with and related to Seton volcanism. The j

B. Late Hydrothermal Activi:y

Late hydrothermal activity again introduced lead
into the syeiem. Possible ages for ﬁhis activity are
1110 + 20 m.y. and l?SO ﬁ.y. (Helikien). An age of a
1110 m.y. corresponds roughly with ehe ageés, of the
dihppse Aykes and sills which intrude the Et-Then Group
(this thesis, p. 42); Ages of 1550 m.y. are not well
documented for the East Arm. Uranium mineralization
occurring in conglomeratic sandstones of the Hornby
Channel Formation however, has been dated at 1510 +
9 m.y. by the U~-Pb method (Bloy, 1979, pp. 7 and 50).
This age i; thought to represent an update or a date of

epigenetic mineralization much younger than the host

rock (op."cit., p. i).



‘L‘.

4}

¥

The oriein of this late-stage lead can be tenta-
tively inferred from its isotopic composition. - The
207/204 tatio of leqd from Sample A is higher thanqthat
of the Seton volcanics (Cumming, 1980), and hence this
lead is not related to the mafic parent hagma of the
diat;eme. Moreover, the fact the the 207/204 ratios
are higher than those of the mantle growth curve, may
suggest that this lead is of crustal origin and was
derived from sediments in Great Slave Basin (Cumming,
personal communication). While this is a tentative
conclusioh, tt is consistent with fluid inclusion aha
oxygen isotope evidence which suggests that late hydro-
thermal activ1ty was not magmatic, but rather, involved

the deposition of mineralization from connate brines

(this thesis, Section I11).

_ The fact that the 1110 m. Y. date corresponds w1th
a .known magmatic event in the East Arm maﬁ imply a,
2
caus1tive relationship which is discussed in Chapter 10

(p. 324), and chapter .ll (p. 342).
c. Zonation =

The lead from samples 284, 288 and 297 is con-
siderably more radiogenic than that from samples A
to E. This suggests that the initial U:Pb ratio was

higher in these samples.and implies a crude primary

271
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I. General Remarks :;)

The complex mineralogy and paragenesis of the BBX
;»déposit are attributable to a eeries of mineralizing events
ﬁ_uﬁich‘span a considerable time interval comprising much of
the geological history of Great Slave Basin. The minerali~
zation derives both from m;gmatic hydrothermal fluids rela-
ted to-mid-Aphebi;n intrusive activity, and froh connate
brines which leached metals from basin sediments. The
complex origin of the deposit is attributable to the rela—
tive porosity and permeability of the diarreme and to«its
control by a major structure extending to basement. Hence,
the diatreme acted repeatedly as a conduit for movement of

hydrothermal fluids of diverse 6rigins.

o \\
II. Mineralogy and Paragenesis

The m1nera109y of the BBX deposit has been determlqed
pr1mar11y through microprohe analysis (semiquant1tat1ve),
supplemented by ore microscopy. H1nerals which have been
identified in the diatreme :re l1sted alphabetlcally with
comments in Table 19. The paragenetic sequence of the\ru
deposit has been determined through ore microscopy, and i
consideration of the results of lead isotope work (Chapter

9), and fluid inclusion and oxygen isotope studies (Chapters

274
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280
(1) Gersdorffite is the principle Co-Ni-
bearing phase., Arsenopyrite and glaucodot
occur as minor constituents. Both gers-
dorffite and glaucodot exhibit consider-
able varijiation i; the ratio Fe:Co:Ni:As:S
as noted in Table 19. Arsenopyrite may

contain minor amounts of Co.
¢

4

(ii) Pyrrhotite and pentlandite are rare
minerals in the diatreme and have undergone
pervasive alteration to mércasite and braw-
oite'respectively,'in the zone of oxidation.
Theit fo:ﬁer presence has been inferred from
microprobe analyses and‘te;tural considera-
tions. Pyrrhotite occurs as narrow e*soiu-
t1on splndles in pentlandite, apparently

along octahedral parting planes (Plate 29),.

(1i1) Native silver was identified in only
one instance and occurs as tiny grains
randomly distriButed within siegenite (?).
This suggests that it pPrecedes -siegenite in

the paragenetic sequence (Plate 30).‘

(iv) Siegenite (?) has been completely
alteted to mlllerite in the zone of oxida-

tion (Plate 30)(this Chapter p. 311),




Plate 29 Photomicrograph showing pyrrhotite-pentlan-
dite exsolution intergrowth. Minerals are pyrrhotite
(po, now altered to marcasite) , pentlandite (pn, now
altered to bravoite), galena (gn) and chalcopyrite
(cp). (Reflected. light.)

/

Plate 30 Photomicrograph showing siegenlte (light
yellow) being replaced along crystallographic direc-
tions by chalcopyrite (dark yellow). Siegenite hds
altered to millerite in the zone of oxidation.
Disseminated bright white grains are native silver.:
(Reflected light.)

~
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(v) Rutile occurs occasionally as tiny sub-.
hedral to euhedral grains, commonly associ-

ated with glaucodot and pyrite.

3. Mode of Occurrence-of Mineralization

Phase I mineralization exhibits a variety of
interesting textures. These are described below,

and their possible significance is discussed.

(i) Co-Ni minerals (eepecially glaucodot,
gersdotffite"and bravoite) and rutile,
’)galena«and chalcdpyrite occasionally occur

in layered ipterg}oeths, whick in some

cases have a concentric structure (Plate 31),
The significance of these features is not
known. They may be ;;terpreted as accre-
tionary structures or as colloform struc-
tures. Their presence is consistent with
'Ag, Co-Ni arsenide ores in general, in

which zonal, accretionary and colloform
textures are commonly developed (Stanton,>
1972, pp. 603, 607). 1It should be noted that
the s gnificance of "colloform' textures is.
debatable, and that they do not necessarily

suggest colloidal deposition (Park and o

MacDiarmid, 1970, p. 129).
I

/



Plate 31 Photomicrograph showing layered intergrowth
of chalcopyrite (yel

low) , glaucodo®  (white) and galena
(greyish white). Greenish grey phase is limonite (L).
‘(Reflected light.) ‘ : :

#e

Plate 32 Photomicrdgraph showing a fine grained inter-
growth of glaucodot (white) and rutile (light grey).
(Reflected light.) . : :

\
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7 and §).

Four main phases of mineralizing activity have been

recognized, each differing in mineraloyy and in economic

importance (Table 20).

A.

ks

Phase I Ag, Co-Ni Mineralization

1. Introduction

Phase I is characterized by a series of
complex Fe~Co~Ni sulfides and sulfarsenides
prodely deposited at elevated (magmatic) tem-
peratgres. Minqr amounts of rutile, native
silver, and possible chalcopyritg and galena are

associated. Quartz and carbonate are present as

gangue. The presence of U and Pﬁ has been infer-

red from lead isotope studies. Th, REE, Bi, Sn
and W occur in minor quantities in the diatreme,

and may also be associated with this phase of

mineralization.
2. Minetalogx | ' ' - ;

-

~ The nature of phase I mineralization is

illustrated in the fé;lowing discussion.

-
-
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(i1) Fine grained clusters of glaucodot and
rutile occur rarely in the diatreme (Plate
32). Chalcopyrite is intimately inter~

. o
grown with glaucodot in these masses,

These clusters resemble the "framboidal
spherules™ described by Park and MagDiarmid
(p. 133), but their origin is not well

understood.

(iii) Gersdorffite, and to a lesser extent
arsenopyrite, glaucodot and pyrite, common-
ly occur aS finely disseminated grains in
chalcopyrite and occasionally in galena
(Plates 33 and 34). These grains vary from
anhedral to euhedral. As gersdorffite is
not kngwn to.form exsolution intergrowths
with chalcopyrite and galena, these emul-
sion textures (Ramdohr, 1969, p. 113) have

two possible origins.

(a) They may be undigested feplace-
ment relics. To some extent, this
interpretation is'supporﬁed by the
océasional occurrence'of gersdorffite
as crystal skeletons in galena:

(Plate 35).

(b) They may represent an originaly

"framboidal™ cluster which has been

286
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Plate 33 Photomicrograph showing emulsion texture with
gersdorffite (high relief, dark yellow) in chalcopyrite
(light yellow). (Reflected light.) .

-

v
|

Plate 34 PhotoMiqrograpﬁ showing émulsion téxture,
with gersdorffite (white to pale pink) in chalcopy-
rite (yellow). (Reflected light.).
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Plate 35 Photomicrograph showing skeletal crystals
of gersdorffite (pale pink) in galena (greyish-white).
Other phases are chalcopyrite (yellow), quartz (Q)

and ferroan dolomite (C). (Reflected light.)
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subsequently infilled and enclosed by;‘

"later sulfide mineralization.

. \
(iv) Fe-Co-Ni sulfides and sulfarsenides

also occur as fine grained disseminations’
in the matrix of basalt fragments and

around the perimeter of vacuoles.

(v) Accretionary (colloform?)’s:ructures
occasionéily appear t6 have undefgoné
slight cataclasis (Plate 30). This is
congistent(with Ag, Co-Ni arsenide
deposits in general, in whicg accretionary
structures are-coﬁﬁonly slightly disrupted,
perm§tting late~stage veins to develop in

earlier ore and gangue minerals (Stanton,

1972, p. 607).

4;? Paragenesis l’:u

Because Ag, Co-Ni phases are a relatively
minor constituent of the mineralization in the

BBX deposit, their exact paragenesis is difficult

. to determine. It is suggested by lead isotope

~studié§ however, that U (and Pb) are early.

J
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Textural relationships Qﬁggebt that nati?’ liivﬁt
‘is also an early ph;se. Fe-Co-Ni minetalslire '
generally late, but their precipe/réiatibnshipa,
are indeterminable. In\onq instance, pyrite
was found to be zoned, twith Co, yi and As.rela-
tively enriched in the core and absent Erom the
rim. This may suggest that Co-Ni-As ph;les
were early, and Fe-sulfide phases late; ’Tﬁib
is consistent with the general paragenesis of
this assemblage as illustrated by the Silver-
fields deposit at Cobalt, Ontario (Stantog; ' v

1972, 'p. 607, Figure 17-13). °

Chalcopyrite and galena are océasiona;ly <
intimately intergrown with Fe-Co-Ni phages (th}s
Chapter, p. 283, also Plate 31). Textural rela-’#)v
tionships suggé;t thatﬁthese minerals are late h |
to form, and that chélcdpyrite postdates ;aléna.
Because these mineralsd;re importaﬁl constitu-
ents of Phase I1I, their aSsociationﬁzith"rhaée o
I is uncertain and difficult to demonstrate.
The'suggestion that they are related tp'Phase
I is tentatively baﬁgd‘cn the following obser-

vations.

(i) Chalcopyrite commonly forms delicate

layered 1htergrowthq with gersdorffite,



with moderéte to intense potassium alteration
(Plates 23 to 26). The potaséium enrichment
associated with this event is illustrated in
Tables 14 and 18 which show a substantially
higher K:Na ratio in mineralized basalts

(Table 14) relative to unaltered basalts (%able

18).

2. Mineralogy and Paragenesis

.

The paragenetic sequence of phase II miner-
alization is shown in Table 20. The following

remarks pertain to this mineralization.

(i) Potassium alteration and the formation
of ferroan dolomite, precede the deposition
of sulfide phases. Potassium feldspar and

carbonate often occur along the perimeter of

mineralized zones.

(ii) Chﬁlcopyrite is the principal mineral
in this phase, and occurs in discfete zones
throughout the diatreme. Galena is appar-
ently restricted to the‘main surface showing
(trenches 1 and 2) where it is relatively"
abundant but is almost completely altered to
anglesite. Trace quantities of sphalerite

detected by microprobe analysis are assumed

/
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to be coeval with the deposition of chalco-~

pyrite and galena.

The precise relationship between chal-
copyrite‘and gglena is uncertain. Although
chalcopyrite generally replaces énd there~
fore .postdates galena, the reverse is
occasibﬁally true. This i; consistent

with the complex péragenesis of ‘lead miner-

alization suggested by lead isotope studies.

(iii) Silver-bearing phases are relatively
rare. Dyscrasite occurs in tréce amounts

as a "silver-bearer" associated with galgné?
Acanthite and jalpaite occur in minor
amounts ané'are commdnlf intef§r§wn, with
jalpaite forming narrow veinlets in écan-
thite (Plate 36). Digenitég wpich contains

minor quantities of silver, appears to

pPreferentially replace pyrrhotite (Plate 57)..

Textural relétionships suggest that silver-
bearing sulfide phases generally postdate
the deposition of chalcopyfite and galena.

Nevertheless, they appear to exhibit an

-~ affinity for lead mineralization and are

present only in samples containing galena

and/or anglesite,
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Plate 36 Photomicrograph showing acanthite-jalpaite
intergrowth. Minerals are acanthite (Ac; the light
green color is an oxidation product), jalpaite (J1;
llght blue veinlets, altering to covellite (dark blue)
in the zone of oxidation), chalcopyrite (vellow) and
galena (greyish-white). (Reflected light.)

Plate 37 Photomicrograph showing digenite (Dg)
preferentlally replacing pyrrhotite spindles. Dig-
" enite is altering to covellite (light and dark blue)
in the zone of oxidation. Other minerals are
bravoite (white; after pentlandite) and chalcopyrlte
(yellow). (Reflected light.)

1
a3t
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(iv) Pyrite ié'relatively common, both as
part of the potassium alteration assemblage,
and as primary euhedral grains which are

¥ commonly replaced by galena (Plate 38).

3. Controls of'Mineralization

Phase II minerélization occurs principally
in massive fine grained form in the matrix and
to a lesser but significant extent in veinlets

cutting both the matrix and breccia fragments.

The sulfides_appear to exhibit a marked
affinity for hematitic sediﬁentary rock frag-
| ments which they can be seen rimming and
replacing.interhally.d Fragments of oolitic and
pisolithic hematite particularly, very frequent- S
ly contain at least trace amounts of disseminated

chalcopyrite (and locally galena)ﬂ

Replacement of basalt fragments by sulfides
is limited.—'Where it does 6ccur however, it is.
éssociated particulafly with éerpéntine pseudo-
‘morphs of olivine. To a‘Iégser_e#teht, it occurs
in very fine grained form:thfoughQut the basalt

fraghehts. In one rathe; spectacular case,

o
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of the main surface'showing (trenches 1 and ).
Although Co, Ni and Ag may be relatively con-
Ccentrated in this zone (Table 2), their sporad-
ic distribution in the diatreme makes Phase I
of very little economic value. Moreover, it is
probable that these silver values are attriﬁut-
able mainly to the considerably more abundant
silver sulfide minerals associated with Phase

II. Chalcopyrite and galena are thought to be

- relatively minor constituents of Phase 1I.

Phpse II Cu-Pb Sulphides

1. Introduction

Phase II is characterized by the deposition
of sulfide mineralizatiog at moderate tempera-
tures (Th>l46°C, this thesis, p. 234 and 254),
This mineralization consists primarily of chalco-
pyrite, with lesser galena, and relatively minor
silver-bea;ing phases including%ﬁ%ﬁenite,
dyscrasite, jalpaite (?) and acaﬁlhite. Spha-
lerite occurs in exceedingly trace quantities,
Quartz, ferroan dolomite and possibly other

carbonates occur as gangue. 3

This phase of mineralization is associated
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even in the absence of significant concen-
trations of Phase II mineralization. It
seems unlikely that Phase II sulphides,
which §robably postdate Phase IJ;inerali-
zation by hundFeds of millions of years
(Chapter 9), would so selectively and

delicately replace isolated Fe-Co-Ni

phases,

(ii) The association of Pb with Phase I
mineralization has been demonstrated
through Pb isotope studies. The postu-
lated presence of chalcopyrite late in
Phase I, suggests that the conditions
necessary for sulfide formation (i.e. ga-
lena) existed at this time. This is also
consistent with the paragenesis suggested

by pyrite zonation as described above.

5. Economic Significaqﬁ@\\g

Co-Ni sulfides and shlfarsenides constitute

a relatively minor part of\the mineralization,

/

and their occurrence in the ?iatreme is sporadic.
Phase I minerals have not beén recognized outside

/
/

/
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Plate 38 Photomicrograph showing pyrite (light
yellow) being replaced by galena (white) . The pale
greenish-grey veinlets are anglesite (A; after
galena). (Reflected‘light.)

“
!

Plate 39 Photomicrograph showing preferential
replacement of glass shards by galena (white). The
yellow mineral is chalcopyrite. (Reflected light.)
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galena appears to have preferentially replaced

glass shards (Plate 39).

4. Economic Significance

Phase II represents a major pulse of hydro-~
thermal activity, and is thought to be respons-
ible for the bulk of mineralization déposited
in the diatreme. The economic potential of
Phase II mineralization is limited however, by

t

the following considerations.

(1) Galena and silver-bearing sulfides are Q\\
apparently restricted .to the vicinity of

trenches 1 and 2.

(ii) Ghalcopyrlte occurs both at surface and

at depth in the dlatreme but is restricted
to relatlvely dlscrete zones (see for exam-
ple Table 3). The nature'and s;gnlflcance
of these zones is discussed at a’later
point in this chapter (VIII "Deposition of

Mineralization®).

Phase III Barite-Specularite

l. Introduction

Phase III mineralization comprises predomin-
: f 4 . ‘ .

A
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antly barite and specularite. Quartz and
ﬁossibly chalcopyrite are associated. Fluid in-
clusion studies suggest that tgis phase of ' miner-~
alization was deposited at low to moderate
temperatures. These minerals 6ccﬁr in £he matrix
between breccia fragments, in narrow veinlets,
and to a small extent replace breccia fragments.
Hence the locus of mineralization is the same as
that  for éhalcopyrite and galena (phase II).
Moreover, barite and specularite appear‘to be
restricted to zones of sulfide mineralization, and

are therefore associated with potassium altera-

tion.

.2, Mineralogy and Pérageneéis_

N

-The following remarks characterize Phase

III mineralization.

(i) Speculariﬁe and barite may occur
together or separately. Where they are
intergrown} it is évident that‘barite
postdates specularite. An example of

9,
this relatlonshxp occurs: in DDH 76—~ 1,

where blaﬂed crystals of specular1te occur
along fractures. Barite has later infill-

ed ‘these fractures, resulting in rather




striking barite-specularite veins up to

1l cm in width (Platé 40). R

(ii) Ba}ite is orange in color, possibly
due to the presence of abundant finely
divided iron oxides. It occurs occasion-
ally in nafrow veinlets with quartz. These
veinlets are extremely fine grained, rela-
tively hard (quartz) and may be mistaken
for narrow veinlets of potassium feldépar

which also cut the volcanics.

rd

(iii) The association‘of\chalcopyrite with
phase III mineralization is uncertain.
Occasionally however, chalcopyrite occurs

with specularite on the perimeter of barite

veins (Plate 41). Spechlhrite also occurs -

on the perimeter of chalcopyrite veinlets.
These features suggest a paragenetic
sequence for phase III mineralization, with

specularite (early), fowlowed by chalcopy-

rite (intermediate) and

barite'(late)(T:;;é
20). Barite exhibits well-defined replace-

ment textures with chalcopyrite.

L

(3

-
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Plate 40 Photomicrograph showing a barite (white)-
specularite (black) vein. (Transmitted light.)

\

Plate 41 Photomicrograph showing a barite-
chalcopyrite-specularite intergrowth. Barite _
(medium grey); chalcopyrite (yellow); specularite

(light greyish blue, bladed crystals)., (Reflected
light,) , : -
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3. Economic Significance

Although barite and specuﬁarite may occur 1in
substantial quantities in the diatreme (Ta: les
1l and 15), they have no economic value. Chalco-

pyrite is felt to be a relatively minor consti-

tuent of Phase III and has little economic signi-

ficance.

D. Phase IV Carbonate-Quartz

A

4Phase IV is characterized by the depositioﬁ of
substantial(guantities of carbonate and quartz. The
early stages of this hydrothermal event were non-
mineralizing, and resulted in widespread carbonati-
zation of the diatreme. Later quartz-éarbonate veins
and quartz veins contain traces of mineralization, |
paftiéularly chalcopyrgte and pyrite. In the vicin-

ity of Great Slave Lodge, pyrite in these quartz

P

veins was found by mic;oéfobe analysis to contain
trace quantities of cobalt. Carbonate-rich veins
occasionally contain minor quantities of a'white sul-
farsenide (?) along:cleavage planes and fractures.
This mineral has not been positively ideﬁtified but
"méy be arsenopyrite. Silicification is the main
alteration type associated with Fhis later quartz-

carbonate veining. Crosscutting relationships in

306



these veins Suggest that several pulses of hydrother-
mal activity, alternating with brecciation, were
associated with thig pPhase [for a more detailed dis-
cussion, refer to Chapter 5, especially "Quartz-
Carbonate Veins ang Stockworks" (p. 147) ang

"Chronology" (p. 150)].

III. Remobilization of Hydrothermal Mineralization

A minor amount of remoblllzatlon has been brought
about by late tectonic events in the East Arm. These
events resulted in small-scale shearing in the dlatreme,
and in the formation of numerous chlorite slips (this
the51s, p. 118). Chalcopyrite is smeared out along these .
slips, whlch Suggests that it formegd prior to shearing.
Th1s stress also resulted in sllght deformation of galena,
as indicated by curved crystal surfaces, and of quartz,

‘Elch Occasionally exhibits undulose extinction.

A minor amount of remobilization of existing hydro-
thermal phases anpears to be assoc1ated with this deforma-

tion. This is Suggested by the follow1ng observations.

A, Pyrite ‘and unidentifieg sulfarsenidé¥ (?) form
crustlike masses along chlorite slips, which sug-

gests growth subsequent to shearing.

B. Colorless barite, red manganiferous’calcite and

Pyrite were noted in one instance as very fine grained
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euhedral crystals growing into narrow cavities lined

by chlorite.

C. Large pyrite grains occur occasionally in miner-
alized zoﬁes, particularly in association with galena.
These crystals are generally subhedral to euhedral, -
with somewhat rounded edges, and contain numerous
inclusions of galena and non-metalliferous minerals.’

This is tentatively interpreteé as a poikiloblastic
texture, and the pyrite crystals are thought to be

porphyroblasts formed by recrystallization. -

The formation of pyrite porphyroblasts is not
uncommon (Ramdohr, p. 65), and may result from
dynamic, contact of pure load metamorphism (op. Cit.,
P. 71). 1In the present case, it is probably the

. .
result of shearing (dynamic metamorphism).

RemobiliZation‘is attributed principally to heat .
generated during shearing, which resulted in "sweat- *
ing out" of the felatively more mobile constifuents.
The procesé;was presumably facilitated by minor

[3 .
quantities of water present in the diatreme.

\

Changes in the Zone of Oxidation

A pronounced gossan is associated with the mineraliza-

¢



tion at the main surface showing (trencheé 1l and 2). This
gossan contains malachite, azurite, limonite, erythrite and
wad as its principle visible phases (Plates 23 to 26). 1In
addition to their pPresence on the outcrop surface, thesé
minerals aré déveloped along joints, fractures, "bedding
surfaces", and oécasionally around the pefimeter of frag-
ments in the agglomerate. In addition to the above,
numerous other minerals formed in the zone of oxidation,
have been ideﬁtified by microprobe analysis. Secondary
minerals of particular interest are discussed briefly

below.

A." Anglesite occurs very commonly as an.alteration
~Product of galena (Piate‘38). ’Occasionally, the
relic cubic structure of galena is visible. The
economic importance of anglesite is suggested from
.- Tables 15 and 16, which show substantial quantitiesr
of lead in several samples containing no visiblei{

galena.

B. Arseniosiderite was tentatively identifieq in

only one instance. This mineral, which is a low tem-
perature oxidation prdauét of arsenopyrite, may range
in colbr from golden yéilow tb reddish brown and |

brownish black (Moote, 1974, p. 57);
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C. Bravoite (Plate 29) is a minor phas€” and is
tehtatively‘interpreted as an alteration product of

pentlandite (this Chapter, p. '280).

D. Covellite is a relatively minoruphase, and is
preferentially associated with galena, chalcopyrité,
and particularly with anglesite. The association of
covellite-with copper-free minerals is not unusual,

and has beeq documented from other deposits. Accord-
ing to ﬁamdohr, (1969, p. 642), covellite is often préﬁ
cipitated on galena in éeposits'ricﬁ in copper, some- i
times in the zone‘of oxidation, but normally in‘the zZone

of cementation.

It is interesting to note that where galenaland
anglesite”are absent, covellite is generally not
developed, even in the presence of chélcopyrite.
This suggests that the chemistry %F galena and
~anglesite is conducive to the‘fbrmation of covellite
in this deposit. It i¥ beyond £he scope of this:

: \
study however, to speculete further on this associ-
\“‘\ .

LS

ation. . N

Covellite is also developed (in the'presence of
galena) on minor coppef-bearing phases such as‘digen-

ite (Plate 37) and jalpaite (Plate 36).




311

E. "Limonite" denotes a mixture of fine grained
undetermined oxides of iron, after the usage of
Bateman (p. 25?). Limonite in the BBX deposit is‘
preferentially associated with chalcopyrite, and 'z
is presumably altering from this mineral along frac-
tures and grain boundarieé (Plate 42). The complex
chemistry of the deposit, and the variety of elements
liberated in the zone of oxidation, éuggest that
various trace elements may-be associated with this

oxide. .

F. Marcasite (Plate"29) is a minor phase, and has
tentatively been interpreted as an alteration product

of'pyrthotite (this Chapter, p. 280).

G. Millerite is chiefly a product of incipient
' weathering of Ni-rich sulfides (Ramdohr, p. 619).

gg;s.minerél (Plate 30) was positively identified in

e

only one_ instance, and was found by microprobe analy-

-

Isis to contain traces of Fe and Co. The presence of

" these elements suggests that millerite is after a
_ . ,

member of the linnaeite group, probably siegenxte

(op. cit., p. 686). | ' | .

H. Wad is a complex hydrou§ manganese oxide (Berry-
~and Mason, p. 375) and is black in color (Plates 23,
", 25 and 26). It may contain a variety of other metallic

oxides as noted in Table 19. The detailed chemical
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Plate 42 Photomicrograph showing alteration of
chalcopyrite (yellow) to'limonite_(ligh;xgreyish—
‘green) along grain boundaries and fractures. The
white mineral intergrown with chalcopyrite (upper
right) is an unidentified Fe-Co-Ni phase, pPossibly
gersdorffite. (Reflected light.)



\
composition of this oxide in the BBdeeposit has not
been investigated. Limited chemical teétsvhowever,
have shown that ft‘contains Fe and Cu in addition to
Mn) In view of the complex chemistry of the deposit,
and the strong oxidation, the presence of a variety of

other elements listed in Table 19 may be anticipated.

V. .Geochemical Inferences

A Variety of elements occur in trace quantities in
thé diatreme (Tables 1 and 15). Becaus; some of these
elements may subsﬁitute into'the lat;ices'of conmmon rock ’
forming minerals, speculation on their possible relation—'
ship to hydrothermal phases mdSt be made with caution.
The'folldwing is an attempt to account for some of the

more common e@Fments on the basis of chemical analyses

and other considerations..

A. Sr probably substitutes for Ba in the mineral
barite‘(Berry and Mason, 1959, p. 427). This can be
inferred from Table 15 which shows a dramatic increase

" in Sr content corresponding to an increase in Ba

' . \"\ . . M
between sample 288 and other samples analyzed.
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B. A relatively high Th content in sample A corres-
ponds to a relatively high Zr: content (Table 15).

This may suggest that Th has substituted for 2Zr in

the mineral zircon (Berry and Mason; 1959, p. 561).

Rare earth elements (REE) (Table 15), may also substi-

tute into the zircon lattice (op. cit., p. 561).

_ C. "~ Cr variesvsympathetically with Ti (Tables 14

and 15). This is consistent with the chemistry of
titaniferous magnetite, which is an important consti-
~ tuent of basalt; Cr substitutes for Fe>' in magne-
tite (Berry and.Mason, 1959, p. 354). The presence of

{ - R . |
V may also be accounted for in this manner.

D. Nb varies sympéth;tically with Ti (Tables 14 and
15) and %Exprobably associated with rutile (Berry and
Masqn,'1§59,' pP. 370). It is uncertain whether this
phase. is hydrotherma} in origin or is an original

-

constituent of the bésalt.

E. ‘Aéz,Ni;Cg ;fseﬁide'mineralizationvis often spat-
ially coincident with earlier Sn-w-tourmaline miner-
alization (Badham, 1976; p. 564). This is consistent
with the occurrehce of Sﬁ and W in the diatreme,
although these elemenfs occur only»in trace quantities
(Table 1). Beéause Sn may also be a conétituent of
rﬁtile (Dee;;.HOWie'and Zuésman, 1970, p. 416), its

precise origin is uncertain.
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F. Bi (Table 1) is a common constituent of Co-Ni
arsenide ores (Stanton, 1972, p. 603). However, it is
produced largely as a by-product of ores of other

metals, particularly copper and lead (Rathjen

Wyche, 1975, p. 147). Hence Bi may be associated wit
Phase I and/or Phase II mineralization. Its precise

origin remains uncertain.

Zonation

[

Because of limiped diamond drilling and geochemical

analyses, it is not possible to discern zonation patterns

with certainty, . The limited data that are avallable show

no horlzontal or concentric trends in mlneralong chemis-

try or hydrothermal alteratlon. The dep051t does however

appear to exhibit a crude vertical zonation Primarily

associated with Phase I mineralization. Thisg zonation is

suggested by the following observations.

at surface. This implies:that the or1g1nal U:Pb

A. Pb isotope studies (Chapter 9) suggest that lead

at depth in the diatreme is more radlogenlc than that

ratio was higher at depth.

]

B. Samples from the main surface shoWing contain

from 0.8 to 4.2% lead, whereas those at/ﬂépth contain
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-almost no lead (Table 15). Taken in consideration with

the lead isotope data cited above, this may indicate
that during Phase I, uranium was deposited preferenti-
ally at depth, and lead preferentially at higher
levels. At least some of this lead however is related
to Phase II (this Chapter, p. 293){

C. Nickel is common in samples from trenches 1

and 2 but is a very minor constituent 1n samples

from depth TTable 15). Although cobalt has not been
analyzed for, 1; can be assuméd to vary more 6r‘le‘s
directly with nickel content (Tables 1 and 2), This
again suggests a zonation, with Co-Ni minefalizatioh

deposited preferentially at higher levels.

Origin of Mineralization

The mineralization in the BBX diatreme is ascribed

to two principle sources.

‘and possibly Th, REE, Sn-W, Bi and Cu, Lééd_isotope'

A, Mlneralxzatlon Related to Emplacement of the
Diatreme

Phase I mineralization includes U-Pb~Co-Ni-Ag-Ti

evidence Suggests that lead and uranium were deposﬁied
s . _ i




4
in tﬁe diatreme coincident with its formation. It
can be assumed that the formation of the diatreme
involved relatively high (magmatic) temperatures.
Moderate to high temperatures of formation are
characteristic of arsenopyrite, glaucodot, gers-
dorffite,‘siegenite, Pyrrhotite and pentlandite
(Ramdohr, 1969). This Suggests that these minerals
are related in some way to the formation of the
diatreme. The Precise mechanism by which Phase I

mineralization was concentrated and deposited, can

only be speculated_upon.

Ag,+Co-Ni arsenide mineralization is assoc1ated

with each of the three periods of intrusive magmatic .

act1v1ty in the East Arm (this. the31s, P. 269). The
origin of' these depos1ts has been discussed by
Badhim (l978a, p. 1488), Based on studies of the

' mlnerallzatlon associated with‘the Easter Island
Dyke, he suggested that the arsenide fluids were gen-
erated at depth in the dyke by hydrothermal breakdown
of olivine, and possibly also clinopyroxene and prim-
ary sulfide pPhases. He postulated a convectxve
reécirculation of water which leached Ag, N1, Co, Fe,
As, Sb and Bi to form a metalllferous fluid depleted

in reduced sulfur Species.,

317
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The paragenetic sequence in the BBX deposit is
similar to that described for late Aphebian ( = 1790
m.y.) Co-Ni mineralization in the East Arm (Badham,
1978a, p. 1488). It has been suggested that magnetité-
apatite-actinolite mineralization ;ith associated REE
and U is related to fluids derivkd from late highly
volatile phases of ca;c-alkaline diorites. Silver-
arsenide fluids were relatively late to egcapé into

fractures and dilatant joints within the intrusions.

, Whatever the precise mode of origin, the associ-
ation in the BBX deposit of Ag, Co-Ni arsenide miner-
alization with mafic igneous rocks is consistent with
the geology of guéh,deposits elsewhere (Stanton, 1972,
p. 609). Ag, Co-Ni mineralization is probably relat-

ed to leaching of the mafic volcanics and'underlying

magma by late-staéé hydrothermal fluids.

The presence of U (and possibly Th:and‘ﬁEE)
early in the paragenetic sequehce may bé.attributable
to flu{dg derived from late highly volatile phases of
the:magma ag\described above. That the diatreme and
the uranium have a deep-sgated‘(i.e. mantle) origin
however, has been inferred from studies of structural
geology and lead %sotopeé. LThis is consistent with
the postulate that mantle de-gassing is a principal

means of radioelement trahsfer to the c¢rust, and that
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this transfer is effected through diatreme formation

(Gabelman, 1977, p. 31). It is possible therefore that \

this early phase of mineralization (U + Th, REE) is

the result of gaseous transfer from the mantle.

B.

Mineralization Related to Connate Brines

1. Source of Mineralization
. i
Oxygen isotope, lead isotope and fluid

inclusion studies suggest that 1ater phases of

\mlneral1zation (rhases IV and possibly phases II

and III) were deposited from hydrothermal flujids

consisting predominantly of evolved connate \\\

water, The term “evolved" denotes that 31gnifi-

cant chemical and 1sotop1c changes have taken

place relative ;o the original connate fluid
(White, 1974, p. 955). These changes include
ihcreased salinity, and the addition of various

ore-forming elements leached from'adjacent racks.,

In addition to evidence. from the above
sources, this model is supported by coqpiderae"
tions ©f the chemistry of sedimentary rocks and

# : :

'

modern day connate brines.
(1) _Li and K

The relatively high concentrations of -




322

the fluid may also derive fgom evaporites, or they
may be the result of shale membrane filtration

(this thesis, p. 249).

T 2. Movement of Mineralizing Fluids

Factors resulting in the movement of
hydrothermal brines into the diatreme from the
basin'can be inferred from the following con-

siderations.

N

(i) Temperature

Temperatures on the order of 150°C to
175°C have been postulated for these min-
eralizing events (Sect1on III). The average
geothermal gradient in older sedimentary
basins is 15°C to 40°C/km (Hanor, 1979,

P. 143). Using 40°C/km, and a maximum thick-
ness of platform sediments af 1.4 km jFigute
7), a temberature of 56°C cduld be generated
by hormal geothermal gradients. Signifi-
cantly higher temgeratures determined iﬁ this
study suggéest either that the fluids origin-

ated from deep within the basin, and/or that

AN

~
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an external source of heat (i.e. magmatic) is

required.

.

(ii) Structural Control of Mineralization

The presence of galena and chalcopy-
rite (Phase 1I), barite-sﬁecularite
(Phase III) and carbonate~quartz (Phase IV)
ip narrow veins'cross—cutting the diatreme,
implies- that these mineralizing events
postdated or were related to tectonlsm in

\

the ba51n.

(iii) 'Lead Isotope Datar

Late hydrothermal events have been
————tentatively-dated at 1110 m.y. and
| - possibly 1550 m.y. (this theais, p. 270).
While the relative importance of these
events cannot be determlned, 1t is inter-
estlng to note that an age of 1110 m.y.
corresponés roughly with late magmatic

activity in the East Arm (this thesis,

p. 42).
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It can pe suggested from the above that
tectonism and associatedvmégmatié activity in
Great Slave Basin, were responsible fot initi-~
ating the movement of hydrothermal fluids into-
appropriate sites of deposition, and that this
may havé occurred on more than one occasion
(i.e. 1550 m.y., 1116 m.y.). The mechanism by
which thi# occurred cannot;be precisely deter-

mined.

Faulting of a sedimentary basin caﬁ provide
a permeablevconduit for the movement ofcgluids
from depth under conditions where hydfostatic
pressure is exceeded By pressures at depth
(Hanor, p. 165). With a éreater degree of tec—
tonic deform;tioni particularly uplift, deep
nbrines can be driven towards sites of min%ral
deposition (op. cit., PP. 165-166), This‘is
consistent with. the Structural history of he

East Arm, and with the postulate that late \

quartz-carbonate veins were deposited followi

a period of uplift (this thesis, p. 150).

(

Magmatic activity results in an increased

geothermal gradient, and pfovideé_a potential
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means for inducing f‘b&d flow (Hanor, 1979,

P. 167); Sufficient thermal expansion of a brine
permits a convective current to be.established,
provided that permeability is adequate (White;
1974, p. 969). The elevated temperature of this’
fluid, and its movement through the ba31n, would

promote leaching of metals from the country rocks. ©

.

Evidence indicates thet mineralizing fluids
migrated from depth into relatively porous and
permeable zones, including the diatreme‘ené the
south margin of the diabase plug (this-thesis,b
P. 154). The control of these features and of
quartz—carbonete stockworks by major shear frac-
tures éresumably extending to basement, raises the
possibility that the flu1ds migrated from deep
.ba51na1 areas, along the Archean- Proterozlc con-
tact. If this was the case, the deposits can be
characterized as hypogene in origin, and.a latefal

secretlon hypothesis per se does not appear to be : |

valld.

Dewatering is not considered to be, an

flmportant factor in 1nit1at1ng the movement of 3

the hydrothermal flulds.' Studies have shown : B i
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these elements i’ formation waters has

already been noted (this thesis, p. 251);' #
Lithium is an important constituent of '
many modern subsurface brines, and is «
recovered economically from these brings

in some instances (Vine, 1975, p. 479).
Table 13b indicates that K and Li are
relativgly more concentrated in shales and
argillaeous sediments than in other types of

sedimentary rock.
(ii) Pb and Ba

Many subsurfnce brines contain from
1 to nearly 6000 PPM dissolved Ba (Hanor,
1979, p. 158), whereas 'magmatic hydrothermal
fluids generally dn\not contain signifi-
cant concentrations of this elment
(Fischer and Puchelt, 1978, p- 56-F-2).
Metal rich oil‘field brines containing up to.
92 mg/1 Pb have bﬁén fecopded (Hanor, 1979,

p. 156).

Pb and Ba can both substitute for K
in feldspars and mica's (op. cit., p. 139).

The highest concentration of lead in
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crustal rocks (80 PPM) is in deep sea clays

(Faure, 1977, p. 199).
(iii) Cu

Cu and Pb may be derived from andesite
and shale at elevated temperatures in saline

solutions (Ellis, 1979, p. 658).

The above observations suggest that éhe.
connate brine méy have derived its metal content
primarily from argillaceous sediments and possibly
to a small extent from mafic volcanics in the e
basin. Leaching experiments with shales indicate
that abundant calcium, the presence of sulfate;
and increased temperature, can-.all eqhance the
exfractionoof metals such as Cu,-Pb, Zn and Mn
 c5mpared to the extraction achieved by an NaCl
brine (Hitchon, 1977, p. 15). These three fea- .
tureéiare fbund in fluid inclus;ons in the BBX
depogif (Section II1I). The sul fur species
necessary for the extraction of metals and for . v .nga
their pré@ipitation in the diatreme could be a
derived fr&p'evaporités iﬁ.thg basin'fDunsmore

and Shearman, 1977, p. 197). Dissolved salts in
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deposition of sediments is flushed out within
the upper kllometre of burial (Hanor, 1979,
p. 165), and that seventy five percent of the
water in shales is normally expelled during
shallow burial from 0Om to 100 m (op. cit,,
p. 141) These observat1ons are not consistent
with the relatlvely late age of the mineraliza-
tion (lllO m.y.?) whlch con51derably postdates
depos1t10n of the Great Slave Supergroup ‘\More-
over, the temperatures and salinltles of - these
waters are generally much lower than those of
sedlmentary waters “known to contain high concen-
trations of metals, and of fluid 1nclu51ons from
}maln-stage mlnerallzatlon in M15$1551pp1

- Valley-type deposits (op. c1t., P. 165).

VIII. Deposition of Mineralization.. ' ' t,

A, IntrOduction

The complex mlneralogy of the BBX dep051t 1s the
result of four separate Phases of m1neralizxng activ-

ity. These phases are characterized by different




in some cases are derived from widely different
sources. It is somewhat surprising therefore,
that the minerals ascribed to these individual
events are generally spatially related. The main
surface showing for example,‘éontains~substan{iai
. quantities pf_mineralization_from Phases I'to Iv.
Immediately outside of this zone however, none of

these phases appear to be représenteg.

With the possible exception of Phases II and
III, this spatial association is felt to be largely
coincidental. Phase I mineralizafion is apparently
restricted to-thg main surfacé showihg. The fact
that Phase II mineralization has subsequently occu-
.pied the same zone, cénno; be juﬁged as significant
on the basis of the limited data available. Phase IV
quartz-carbonate véihs are structurally controlled \
and are;dependent‘on existing fractures in the dia-
treme. Their occasional association with earlier

mineralization therefore, is fortuitous.

The purpose of this section is to devise a work-
able model which will explain the distribution of

_minérali?ation in the diatreme, and the factors con-

trolling its deposition. The discussion is concerned .

mainly with Phase II mineralization because of its

327
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relative abundance and greater economic potential.

The deposition of Phase III mineralization is dis-

cussed briefly.

N . -
\Q‘

" B. Theoretical Background

Modern theories on the transport ofum@sals in
aqueous systems suggest that metallic elements travel
in solution as complex ions; partlcularly as chlorlde
complexes and bisulfide-polysulfide complexes (Stanton,
1972, p. 153). According to Barnes (1979, p. 438), the
chemical ‘efficiencies of each of these complexes are
similar. but factors influencing their stabilities,
particularly oxidation state ané&pH, may have opposite
effects. The relative geological%gmportance of these
complexes which are described br1e€%y below, has not

44*‘

been established. e

Chlorlde/sgmplexég/de;elop in the presence of

~high concentrations of chloride ion supplied by

compounds such as HC1, NaCl and KCl1 (Stanton, 1972,

P.. 153) Condltlons under which this mechanism

will operate are an abundance of the-chloride ion, -

moderately elevated temperatures, and a slightly

_ac1d pH (op. c1t., p. 154), One oﬁ the most effective

‘mechanisms of precipitatioanrom Ehese-compleXes,

is to increase the PH (Barnes, 1979, p. 436). As
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most hydrothermal fluids are weak acids, extraction’
of hydrogen ions tend; to::educe the stability of
chloride complexes, and leads to mineral precipita-
tion. The hydrolysict ~‘ feldspars and micas is one
of the most effect : 1eactions consuming hydrogen
ions. The altera. .n of plagiociase to sgriﬁite is

an exampl? of such a reaction.

The view that metals travel mainly as sulfide
complexes has been proposed by Barnes and Czamanske.
These authors suggest (p: 368) that current data do
not favor transport of ore metals as chloride com-
plexes, at least at low temperatures. They conclude
that the transport of base metals as bisulfide or
sulfide complexes is feasibie at temberatures up to
at least 250°C (op. cit., p. 377). Transporf would
take place inyalkaline solutions in thé presence of
abundant sulfide (Stanton, 1972, p. 154).' Above 250°C,
chloride complexes may become moré important because
comﬁounds such as HCl and KCl becémé'highly<associ~
ated in aqueous solutions at elevated temperatures.
Certain metal-chloride;complexes may also become

more stable with increasing temperature (Barnes and

Czamanske, 1967, p. 368).

'Of the more than 30 possible sulfur-containing

329



species, only S042—, H,S and HS™ appear to be. reason-
able as complexing agents (op. cit., p. 345).  Depos~
ition of metals carrled as sulfide complexes can be

brought about by decreasing the activities of sulfide

species in. the solution. Thls in turn w1llfdecrease

the solub111ty of metallic complexes (op. cit.

r

P. 374). The most effectlve reactions chemically,
but not hecessarily geologlcally, are brought about
by oxidation of the ore-formihg solution through
exposure to rocks or fluids(containing oxidized .
species (e.gq. magnetite, hematite and other ferric

minerals)(op.‘cit., P. 374.)

The act1v1t1es of sulfide complexes may also be
oeoreased by lowerlng the pH of the solutlon. To
some extent, oxidation and lowering of the pH may be
related. .In the follow1ng equations, the complex1ng
of aqueous sulfide species with oxygen liberates gt

and consequently lowers the PH, except where the -

Principal species is Sz_ (Barnes and Czamanske, 1967,

p. 375).
HyS + 20, —» 50,2 4+ o2yt
2% * <0, 4
HS™ + 20, -» s0,%" 4 gt
40, 4 4
2- 2-
$°7 + 20, — s0,
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The liberated H' may react with the ionized species

as follows:

s®~ + gt 5 ms-

BS® + 5t & H,S(gq)

The formation of HZS(g) in this way reduces the
activities of the stronger complexing agents and
brings about the deposition of metallic minerals.
Hydrogen ions may also react with tne wall rock to
form nicas and clay minerals.: An example of this

reaction is the alteration of chlorite to sericite,

C. Occurrence and Affinity of Mineralization

The factors which control the distribution of
mineralization in the diatreme are not well-defined.

Nevertheless, mineralized zones exhibit c rtain broad

features of texture and 1lit ich when con-

trasted with those of unmineralized zones, provide
some insight into the factors controlling minerali-
' . . - S

zation. These features are as follows, *

1. Wall Rock,Alterationﬂ

' 4
Basaltlc fragments in m1neralized zones

have undergone moderate to intense potassium

alteration. In general, the conoentration of
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mineralization varijes directly with the inten-
sity of alteration. It should be noted however,
that zones exhibiting strong potassium altera-

tion are occasionally unmineralized.
2, Packing of Breccia Fragments

Volcanic fragments in mineralized zones
are relatively tightly paoked The matrix in
these zones rarely comprises more than 15% of
the rock, and generally substantially less.
These zones correspond to "volcanic bed forms"

discussed in Chapter 6 of this the81s.
3. gffinity for QxidiZed Species

The sulfides appear to exhibit a marked
affinity for breccia constituents con;aining
'oxidized species. Fragments of OOlltlc and
pisolithic hematite particularly, frequently
contain at least trace amounts of disseminated
chalcopyrlte (and locelly galena) Replacement
of basalt fragments by sulfides is limited,
Whereé it does occur however, it has three:prin-

s

cipal habits. s '”,

(i) Replacing serpentine pseudomoqus of
olivine. During the alteration of- olivine

*
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to serpentine. iron oxides euch as magnetite
and in some cases goethite are formed (this

thesis, p. 64).

(ii) Fine disseminations in the metrix of
basalt fragments. These fraghentp contain
abundant finely divided oxidized epecies,
particularly magnetite. The pOSSlbility
that basalt fragments were hematitized
during formatioQ,of the diatreme (this
/ thesis, p. 116), suggesteﬁtnat-abundant hem-

atite was present prioryto_the hydrothermal

event, : .

(iii) Réplacing glass shards (Plates 17 and

39). Altered volcanic glasses such as pala-

gonite are amorphous mineraloids and contain
~ humerous oxides including Fe203 (Kerr, 1977{\

.. 424).

o

D. 'Discussion . i o o .
uewﬂ | | O o .
""" The association of,mineralization with tightly . -
packed zones«suggeets that its deposition was induc- -

ed by factors related to the reatriction of fluid

novenent. This restticticn would provide greater
time ﬁor reection with the wall rock. Horeover» the
- grei%er enrface area in these :onee uould facilitate IR

-
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chemical exchange with the wallvrock, and woald aigg .
foster heat loss from the hydrothermal fluid into |
the relatively cooler rocks of the diatreme. The
sympathetic variation of wall rock alteration with
mineralization however, suggests that it is a chem-

‘ical rather than a thermal exchange which is signifi-

cant.

Potassium alteration,.as illustrated in the
sericitization of chlorite,ﬁfnvolves the addition
of Al, Si, K and H from the hydrothermal fluid
(this thesis, p. 109). 0§ these elements, only
hydrogen may have an effect_on the stability of
metal compl:‘# inh al fluids. Changes in
the concentn’tion of H in the %tq#zn bring-

~about. precipitation of metals wheth&rx&hey are
: .carriég as é‘loride or as’ sulfida
sium alteration per se therefore, is‘somewhat 1nci-

\* - ' i q
dantal and develops only because of the relatively y o®
J

'féxes. Potas~

high concentration ‘of potassium in the fluid.

Changes in the pH of the solution, and the associ-
. *
ated loss of H (and K) to form sericite are the

principal.factors'controlling_the precipitation of .

mineralization. : ‘ .

The possibility that metals were carried as a4

ehloride qomploxes is supported only by the" rela-
o o
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'] .
tively high salinity of the fluid (this thesis,

pP. 218).' Such a saturated fluid would presumably

be relatively efficient at transporting metals.

The complexing of metals with sulfur spegies
appears to be a more viable alternative and is con-
sistent with the fdllowing featureé.“. ‘ ' .w'.

1. Relatively low temperatuges of formation

(150°C - 175°C).
2. The affinity of mineralization for o#idized

species. . . _ , ,

It is proposed therefpr!Ezhat metals were car-

ried in 501utionLasQbisulfide-polysuifide complexes,

~and that their deposi;ion was brought about by oxi--

Lo .

¥ dation of the>f1uid, which resulted in a change in
its pH. This model soilves the ptoblem of finding an-

external source of sulfur to combine with metallic
¥ ‘ S

elemed§§ to form sulfides. Thésfa¢;_£hat no H,S was

detected in fluid inclusions is not: felt to be partic-"
LI i ) R

ular;yvsigniﬁicantvas those inclusions which were

" tested were\&ram relatively barren late-stage quargtg;{v
v . ~ \ ,' . ' . ‘? . ’? o
veins (Phase 1IV), Moreober, it is conceivable thgttqs‘ s
' ‘ S

. i . JE . ';, N . R ) ~,".':/" K s
sulfide species were consﬁped in the formgtlon o@ﬁ“hjﬁ sl
sulfides or were.removed fﬁqm the'Syﬁtem;'
e _ »

| , .

- . .. . . ok




IX

Th?s model has two important implications.

1. nt liberated by oxidation could remain in

the fluid and recombine with sulfur.species to
reduce the activities of complexing agents and
bring about the cogsition of mineralization.
Conversely, it could migrate into the wall reck
and be used in the formation of sericite. This
would explain the fact that some zones exhibit-
ing strong potassium elteration,afe unmineralized.
These may also be intenpreted as alteration

haloes adjacent to mineralized zones however.

\

2. The breakdown of sulfide complenes would
result in a gredualvenrichment of'SO42- in the
fluid. 1In the presence of Ba, barite would pre-
cipitate. ‘This is consistent withlihe presence
of barite as a relatively late mineral in the,

paragenetic sequence. An alternate p0831bility

is discussed in the following section. <

Implications

-

O

It has been suggested (this the818, P. 150) that late-~

stage quartz-carbonate veins (Phase 1IV) were deposited

follow1ng’a period of uplift. It is_conceivable thegefore;

-y
L
*

~

Mﬁqsl

.
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that Phases II, IIIX and IV of the mineralization may have
been deposited in stages as the diatreme was brought
nearer to the surface by tectonic ugioeding. Although
the fluids responsible for each of, these phases have been

1nterpreted as connate brines, it is possible that they

‘evolved somewhat as unloading proceeded.

Sulfide-depositing solutions'genergliy‘ﬂﬂﬁé.e‘reducing
influence (Ramdohr, 1969, p. 907) and it is suggested that
they were active at depth. This is consistent with the
presence of sulfide mineralization relatively early in
the paragenetic.sequence. As the host rocks were brought
closer to the surface, the fluids would gradually oome
under the influence of ‘oxygenated surface@waters. This is
is consistentuwith thqq!eochemistry of barjite which is
commonly depositedgby_fluids‘with high oxidation potential
where sulfur is present es sulfate. "Such conditions occur
" close to the earth's surfaee (Fischer and Puchelt,_i378;
p;‘SépF-2). Phase IV quartz-carbonate veins were depos-
ited relatlvely near the surface .where overburden pres-

sures were suff1c1ent1y low to allow d11atant bedd1ng

“joints to form (this the51s, P 150). ’ \ -

It is concelvable that theschemlcal changes 1n these

ual decrease in tempera-

\\

fluids were accompanied by

ture as ‘the system neared ace. To SOme extent,

‘this is consistent with flu; 1nc1uslon and structural data -

(this thesis, pP. 253). -
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CHAPTER 11

SUMMARY AND CONCLUSIONS

e
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I. Summary

The BBX diatreme is one of seven Seton volcanic centres

occurring in the vicinity of Taltheilei Narrows and Hearne

/

Channel. These diatremes are controlled principally by a

“major basement fault, as indicated by their occurrence in a

linear belt (18°_az), and by the presence of granitic frag-
ments in the vent agglomerate. Within the Proterozoic -
succession however, the emplacement of these diatremes was
controlled by zones of structural weakness ln the roof -
rocks. The EBxddiatreme bs controlled by one of a set of

‘shear fractures related to compressional folding.

The diatreme consists primarily of mafic volcanic
fragments, with lesser amonnts of sedimentary and granitic
~countrv.rock7\al1~setfin3a~matrf¥ of finely comminuted
rock gebris. This "rock flour' is now present only
occasidnaaly in unaltered form. Generally, it has under-
gone pervasive chloritic and carbonate alteration»"I%e
volcanics themselves are thoughhx;o be.predomlnantly

accidental fragments from a pre-existlng volcanic pile.

Juvenlle volcan1c matter is felt to be a relatzvely

minor constltuent of the agglomerate, possibly less than \

25%. S N I
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The volcanics were originaliy hematitized by oxidation
during formation of the diatreme. Subsequent.deuteric
processes have altered the volcénics to a propyllitic
assemblage. Potassium alteration is intimately associated
with mineralization and occurs intermittently in the *°a-
treme. Late hydfothermal fluids have‘resulted in s«
carbonatization, and occasionally silicificétion of the

agglomerate.

4

Lead isotope studies sugges£ that the juvenile ffac-
tion of the BBX volcanics is mantle-derived, and that the
aiatréye was emplaced at 1870 + 15 m.y. This corresponds

to the middle Aphebian phase of intrusive magmatic activity

4n the Eas; Arm.

It has been suggested that the complex mineral assem-
blag% in_the diatreme is the result of several periods of

mineralizing activity which ére.summarized below .

oo

A. 'U-Pb: . These phases may have been intro@gced by
. : e
gaseous transfemy from the mantle during formation

of the diatreme.aﬁp

B. Fé-Co-Ni:vThése phéses were deposited as high
temperature sulfides and sulfarsenides from hydfo— 3

Pl
¥
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thermal fluids associated with mid-Aphebian
magmatism. The metals probably derive from
the mafic parent magma of the BBX diatreme, |
and were incorporated into the fluid by hydro-

thermal leaching.
Phases II, III and IV,

Chalcopyrite, galena, barite and specularite may

have been deposited from circulating connate brines.

The change from ducing (sulfide) fluids to those.
with high oxidati

# ,
may be related to tectonic unloading, and mixing of

potential (barite, spepularite) -

the fluids with oxygenated surface (meteoric) waters.
This change in chemistry may have been'accompanied by

. ’ . e
& a decrease in temperat\re. Late magmatic act1v1ty in

the East Arm (1110 + 20 m. yr) may have prov1ded the

.l ay,

thermal energy necessary to drive these hydrothermal

systems.

The faot that the BBX diatreme hosts mineralization of
such diverse origins is attributable to its relatively high -
original porosity and permeability, and to 1ts control by

a major structure extending to depth.
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II. Implications

The implications of this study regarding the geologic
history of the East Arm and the economic géology of the

deposit are discussed below.

A, Geotectonics

In view of the limited scope of this study, it
-would be inappropriate to discuss id‘deta{l the
relationship between the BBX diatreme an§ the tectonic -
history of the East Arm. The folloﬁing observations

however, arise from this study ‘and should be noted.

1.‘ Structural studies suggest that the emplace-
ment of the diatreme was controlled by a shear f
fracture related to compressibnal folding. It can
be'assumed that this folding is associated yiyh
the comp;éssional stége of structurallevolutioh

of the East Arm (this thesis, p. 38)." Tﬁis e
compression postdated deposition of the Great -
Slave Super’g\roup, and represents.«%ﬁte stage in

the.structural evolution of the ge 'ncline.

An age of 1870 + 15 m.y has been determined

for the BBX diatreme (this thesis, p. 269). In -



344

.
consideration of the above. i;%%an be suggested

that deposition of the Great Slave Supergroup was

completed by 1870 m.y. : ~ ,///

This is supported by the observation that alka-
line diorites dated at between 1845 and 1630 m;yt_~
_were intruded contemporaneously with, or after
deposition of the Christie Bay and Pethei Groups,
and are overlain unconformably by the Et-Then

Group (Hoffman, 1969, P. 444, this thesis, p. 41).
[ 3

2. It‘has been Suggested in Chapter 6 (p. 183f
that the BBX diatrehe intruded'the Proterozoic -
Succession as far as ghe basal portion of the
Pethei Group. This 1mp11e3‘that the formatlon of
the dlatreme occurreéed shortly after a _change 'in
the sedimentary regime (Table 5, p. 35) The
change from .the Flysch (Kahochella Group) to the
to the Calc-Flysch (Pethe1 Group) phase of Sedl\
mentation is related to the tectonlc evolution of
Great Slave Ba51n.. In partlcular, it reflects
the change from pre-orogenlc to syn-orogen1c.
sedimentation in the Coronation geosyncline

(this“thesis, pP.. 37).




4.

The above observations indicate on the one

hand, that the diatreme postdated deposition of

- the Great Slave Supergroup (point $1), and on _

the other hand that it considerably preceded

- deposition of the entire Great Slave Sugiﬁgroup.

These two points are-clearly incompatible. ~The
dilemma can be partlally resolved 1f the compres-

sional stage of deformation commenced durfbg,

vArather than after deposition of the Great Slave

' Supergroup.

A more difficult problem to resolve is the

relationship of the diatreme to the tectonic

A cle in the Coronation Geosyncline and Great

Slave Basin o It has been ‘suggested above (pblnt

- #1), that the dlatreme was emplaced at a late

£

'stage in the structural evolut1on of the geosyn-
cline. This is inconsistent with the ibference
of p01nt #2, that the diatreme formed a; a very
early stage in the structural edolution%of the

'geosggoline.

et
~

Because of the narrow scope of thls study,
e ‘
- the tentative nature of the above observations,

P
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and the lack of detailed knowledge of the tecton-
ic history of the area, further speculation is

not warranted.

~

The Mineralizing Events

1. Badham (1976) has suggested that the complei

polymetallic Ag, Co-Ni arsenide ore type is part
of a spectrum of late and post-oro?enic deposits.
These often include earlier Sn-W ﬁineraliéation,
and later Ag, Bi sulpoosalt and sulfide veining
(op. cit., p: 559). The -‘Ag, Co-Ni arsenide

mineralization in the Aristifats deposit is con-

- sistent with this model if it is assumed that the .

v

emplacement of the diatreme poStdated compress—

ional ‘folding (late‘orogenesis,.See above).'ir

. , .
2. According to Badham'(1976, p 564), the Ag,
Co-Ni arsenide ore assoc1ation‘is characterized

e
by a complex pag;gene318”tgatxusually takes the

7
o - \

following form. - -

Stage 1: U-quartz S - 3

Stage 2: bAg, Ni, Co; As + Bi +-carbonate§"

-Stage 3: 'Sulfides,-Ag + ﬁi-sulptosalts;'
. fluorite, barihe, carbonates,

quartz.

A4

346
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A

Consideration of Table 20 (this thesis,
P. 279) snowsdthat the mineralization in the

Aristifats deposit closely follows this paragene-

sis. It is not however, a typical Ag, Co-Ni ot

srsenide deposﬁt. According to Badham (1976,

p. 566), the major problem with Ag, Co-Ni arsen-
ide ore genesis is in the origin of the mixture
of "felsic® (Sn-W, and sulphides) and “basic"

(COeNi) elementsg ‘He proposes (p. 566) - that the kﬁ

X
A
f.. ’ »}

deposits form by means of a series of coincideﬁ** ‘f

tal orogenic events which result in the admixturgs
of'remnant granitic hydrothermal solutions and
newly generated‘nydrothermal fluids related to .
basic magmas. 'While this model may be.valid for
the Ag, Co-Ni association in general, iérappears)°‘
to- be inapplicable in_the present case. Studies
'have indicated with a%@&nable degree of cer-
tainty, that theifbasic"aspociation (Co-Ni) does
in fact derive from hydrothermal fluids related

. to mafic nagnas."Thei'felsic'f;ssooiationnnoveseé_-‘9
}sulfides,\barite) has been tentatively shown*tofl"
'have ‘been deposited from hydrothermal fluids con-
_»sisting prlaominantly of connate fornation water.“

‘The metal content of these btines has been leach-,

'f:_ed ftom argillaceous sediments in the basin wbich '

. r W
‘-cqntain;a_varisty'of metgllic erenents.in :rloe‘ o

[N . . . .
. Q
. . &

<
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. hnot felt to be applicable to the deposits he ‘

RN
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}-4
R e
-

quan,tities. The possibility that 'Tateral secre~
vtion may account for the "felsic" association..

Q:};has been noted by Badham (1976, ‘p.“ 566) but was

.'ﬂ;)

Ay e
. studied. While the mechanism ot 1aters1 secre‘»/'f,f f%ﬁ é
. 's w ¢ PN

tion may be operative under appropriate condi‘-*

.tions, the mineralizing fluids responsible for the o

BBX. depositw(Phases II to IV) probably originated
in distal deep~bssina1 sediments, and their RS

flow was v.:ontr:olled.'7 by ftact&‘;%fi;hnd iones of ' f S -

. structural weakness. _ t . A

) .
_% ) - ' %‘% N ‘ ':',:'\ T TS .}f.“ _’.._,_?’ji L
.gc gomic cOnsiderpt! ns«r . iy 5 m - o
; o o - i’ ) J:‘;vr "::y,\‘-' : ’;j
1. 1t is beyond the scepe of t'h'i’s studx ;o dv -
«n¢ .
cuss the econou\ic potent‘ial of the. d‘Bx dqpositt».‘w e o F
,in detsil.' Should thd.s be undertaken, iw&b&“ %x
future howeverl the following points should be -
Aeonsidered. S - . YR : \ — ﬂ‘
. “ 9‘ L . ) g‘w X o N
LA _' . - L\

“ Ay

(i) ‘l'he #cha\\ism by which distremss form,

t e

d,iscussed in Chepter 6, suggests that the
vent, pirﬁbes considerably witb depth Its i -
: .,, Y Cat
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» ;:“ ‘ :‘:(i ' 9

;oo {

Yoy at the surfaeé. This reduces the potential '

o . volume of mineralized rock, and also makes

‘drilling to depth within the diatreme diffi-

AL
cult.* This dxfficulty 1s comggunded by

“poﬁﬁable irregularitiqs in the vent wall,

by late structural modifications (tilting,

prteN
3 i'shearlng), and by the possibility that tﬁe
- o dlatreme is not vertlcal (this thesis,

! ‘r. © e 4

* . P. 185). S

\ ii) Theﬁfélaﬁively more valuable‘dbnstit- L 5 ';i

uents of the :mineral assemblagg% part;cu— %;%
larly Ag, Co and Ni, ocﬁur in significant -
quantities only in the vic1n1ty of txéﬁéhes

T X

1 and 2. Thcy haye not.. beéﬁ eagodhter d - - -
w W ‘ P

e . 5 ¢ 4

ST ¢

(1i1) Phbse I minefali&atibn (ch. yrxtg o

<

1glsewhere. W

~a

« b =l
.« and galena) locally reacbea signifiqant ﬁi*ﬁ'

“,rrancé,_ ‘ﬂ‘.b

‘of this phase however is lxmitéﬁ by its

cd‘centrations. Thdﬁeoonomic

. intermittent.occurrence, and by the fgct ry

-:?;¢4” ~ that gaiena appggﬁgﬁto be strgpted to
..:‘ . R ' Ew n ) .
fj‘-,f the vicinity ofvtrenahes 1 and 2.-,’ 7253

Tt e & . o IR Y R

R s -

.9 e a v . . S . ; -
\ R L. el e - 4 g
[P o PN ¢ gx_# . . oo, . ¢ A .

S R 4 : e o e B c
’ . e T o ST N LT T

v . AN . \ i o SR P
e e ; L Leote degee
- WELRAN . .
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Exploration for Phase II mineraliza-
tion is complicated by the following con-
siderationsx

X v
F ~ (a) Deposition of the mineralization. - SR

is brought about by chemical exchange
with the wall rock in tightly packed «
zoheS»interpreted as "volcaWic bed

_ forms". The complei origin of the
diatreme (Chapter 6), and éhf appar-
ently randam'h l

4 ibutioq/of these
-bed forhs maﬂEsQit\all but impos-'
81b1e‘to predict %bcﬁlocations of

potent1a1 zOnes of interest.

_‘ed forms' 1n some cases exhi- .

* f . g, i
‘%/J - bi?“only weak potassium aleeration.

Thié %ﬂbgestg'that the mineralizing o
‘_ fluid d1d not ﬂégrate throughout the

' diatreme, '‘but rather. ;pzlauea relad
:~;ji . tively diécrete pathways.‘ o

Ce - . e
» - . T . ; ] "

- - The posoibility that the vent is )
' f_{.r?71QClined and that'minerdlizlng fluras mi- A
';_grated pref&tentiaily along thovﬁootwﬁli jlz-";;
-";(this _thesxs, 'p. 185) mus{: he* cbnsidered. :

"J" * B ' v, ‘e e T T
P —‘*’ ‘. ’ . “-' . KR . ‘ ¢ '." " '-" ) o~ Y - P ¢ P
B - T i : S
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A : ) ~_
2&‘ ) ) A
'l lI" . . -
L

ﬁnfortunatley, this model does not explain
the locations of some of the more signifi-
cantvcogper showings encountered in o

DDH 76-1

1

2. Hoffman et al (1977, p. 123) have suggesred
- that if the basalt pipes on the BBX and JDA »
groups, which are mineralized, are the same age
as those to the sourh in Hearne Channel, they
are more deeply eroded. They 1nferred from this

that the southern pipes may be mineralized at

' deptn@he p0851bility that phase II minerali-

zation‘ as deposited at relatively deep levels

. lends some“credence to this inference, but itsv
validity cannot be adequaﬁely asseséﬂb on thg
basis of this study alone. The following

obServations however, do have some bearing on. . .
B B ’ $,! > . .s. . l"- Q” '.L“£ .
. i . . o L TN
the: matter. - , v . : P PO 4

PR ; ;
Ll . T

Yo o . . Yo
T - i

‘»

(1) Although both the BBX Aand JDA diss

h
(]

A{f.i _,tremes ate mineralizé%° irﬁgs important o gp

Y 2

to’ understand the nature and significande ’ .
.of this mineralization. Onishe JDA group, -

it comprf%%s minor amounts of chalcopyrite,’- ﬁ, a

L . p . . . N . ‘
T4 S e : M . \ - .
: N . . - .
] _ . R h cee b 4 : : C
. « Co. T s ? . - & .




- for late quartz-carbonate vglns on the BBX
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- o \

and pyrite associated with localized quartz-

- carbonate veining. These narrow veins,

which form an anastomosing network, are
evidently controlled by a,vértical east;west
shear zone. and are not asj‘Fiétsa with vis=-
ible_wall rock alteration; Although .the

weins exhibit rather pronounced malachite

' staining, they have no economic potential, .

and are interpreted as belonging to the same
[V )
y

phase of hydrothermal activity responsible o

property (phase IV). ’ Trace amounts of
-

chalcopyrlte associated w1th quartz-

-
carbonat!‘vexns were also hoted from one
of the southerly diatremes in Hearne

Chanﬁ&l

* . It does not appear val1d therefore to

distln u1sh the wo northerly d1atremes from
. 9 t

‘Jthose £ er south, on the 33815 of the

_presence or absence of mlneralxggtlon.

¢

.(ié) .\ large Subcrop of sandstone south of
.the JDﬂ%broﬂb (Map 1) has hgen %pterpreted

-~

as represent1ng the Qasal.part of the Akait- Y

cho Formation (this thesis,‘p. 54). This

: must be . resolvea with drill hole data from
vthe ssx deposit which shpws kkaitcho sedi-te" e

’ o ‘;'Q- o . _ T iy

R ‘
-‘—-'@.‘{‘ .
.

”»
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\ .
3‘

O

<

-

ments to depths ®f as much as 800, feet., \

This suggests either that a fault exists

between the JDA and BBX groups, or that the
affiliation of these sediments has been
m1s1nterpreted¢ Assuming ‘that a fault does
exist, it can be suggested that the‘JDA
diatreme is more deeply erod d than that on

the BBX property.

III. Suggestions for Further Work \

v The purpose of this study has been to document the

geology of the Aristifats (BBX) deposit, and to spéculate

~bh the nature, origin and affinity of both the diatreme

*dnd the associated mineralization. To a large degree this

Aobﬁective has been achieved. Future studies would bencfit

_ from two principle avenues of investigation.

A.

. treme was predicated on. the assumption that sedimentary

Much of the discuSSion on the origin of the dia-

-

o

récks at depth on the BBX property belong to the y

Akaitcho Formation. As noted in Chapter 3. there is'

some question as to whether these sediments are in

fact‘part of the Akaitcho Formation. In particular,

_pisolithic sediments do not appear to be consistent

"with published ﬂescriptions of the Akaitcho Formation, |
. s

E

)

w

I

353

A



ﬂ

of the diatreme, and may be of Jﬁhe use in resolving
the question of whether the southerly pipes in

Hearne Channel are mineralized at depth, . e

B. Sulfur 1sotope studxes carried 6ut on m1nerals
such as chalcopyrite, galena and barite may be-
guccessful,1n determining the source(s) of sulfur
in the ore—forming'fluid, pétficularlY\with respect
to phases II and III. This would provide useful
‘1nformation on the’ origin of the dep051t, and hope-
fully would lend suppgrt to the v1ews expressed

hereln..'

2
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(1) 1Induced Polarization

A Huntec Mark III Induced Polarization
System was used,. with electrodes arranged 4in
both gradient and pole-dipole arrays. Signifi-
cant I.P. anomalies were found to be associated
with the known copper mineralization in trenches
1l and 2. Similar I.P. anomalies outlined else-
where within the diatreme were proposed as
potential mineralized zones.

(ii) Magnetometer . .

A McPhar M700 fluxgate magnetometer was
used to test whether magnetics could be used
to outline the boundaries of the diatreme.
The survey was unsuccessful and did not
reflect any particular geologic model.

1975, (February~-April)

- Diamond Drilling - A seven hole 2859 foot dia-
mond drilling program was carried out by
Great Plains Development. Five of these
holes were drilled to test I.P. anomalies
defined during the 1974 survey. Two additional
holes (75-6, 75-7) were drilled to test the ®
possible extensions of copper mineralization
intersected in DDH 75-5. Of the seven holes,
significant copper values were encountered only
in DDH 75-5, which contained 7 relatively
discrete mineralized. zones. Copper concentra-
tions ranged from 0.84% over 14 feet to 2.0%
over 26 feet.

1976 (September)
~ Diamond Drilling - One vertical hole was

drjlled to a depth of 800' in order to test
the possible extertsions of mineralized zones
intersected in DDH 75-5. . The hole intersected
five discrete mineralized zones within the
diatreme with copper values ranging from 1.23%
over 9 feet to 2.24% over 38 feet (table 3,
this thesis).

v
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The following chronical summarizes mining éxplotation
carried out on the BBX pProperty to date. The review is
baged on inhouse reports of Great Plains Development
Company of Canada, Ltd., and on assessment records avajil-
able at the Department of Indian Affairs and Northern
Development in Yellowknife, N.W.T. This appendix is
intended only as a brief review of the extent of mining
exploration on the pProperty, and of the results which
have been achieved. While it is of general interest as a
¢omplement to Map 3 which shows the location and orienta-
tion of drill holes; it does not provide detailed
information on mineralized zones and grades of minerali-
zation.

1948 (November) - BBX 1 & 2 staked by G. Wonnacott.

: These claims which are now retained as leases
lie east of Aristifats Lake. BBX 2 contains
the main surface showing. The adjoining
property has since been staked under a variety
of names, but remains today as shown in figure
3. :

1949 - Diamond Drilling - three diamond drill holes
totalling 228 feet were drilled on BBX 2(?).
The exact location of these drill holes is
not known, hut it is presumed that they were
collared in the vicinity ofrthe main surface
showing. Drill logs and assays. are not
availab}e for these holes.

1950 (May/Juné) : , o

= Diamond Drilling - three diamond drtll holes

totalling 242 feet were collared in the vicinity

of the hmain surface showing. Although.drill

logs are available, they are very brief and of

little use except as a general in atioh of

the presence or absence of minerallzation.

Drill cores and assays are not available. These

holes all intersected agglomerate, and signifj-

cant amounts of galena and chalcopyrite were

noted as follows: : -
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Hdole . o
No. Footage Length Description-

AN
1 27-59 f¢t. 32 f{f "Vein zone-evenly dis-
’ seminatéd galena and
chalcopyrite - 25%
' mineralization®.

2 4§8-78 ft. 30 ft. *"Vein zone-chalcopy-
rite and disseminated
galena-30% mineraliza-
tion.

//- Trenching (2 Trenches) - These are assumed to be
trenches 1 and 2 covering the main surface
showing. - :

1952 - Diamond Brilling for J. McAvoy (?) - two diamond
drill holes totalling 676 feet were drilled in
the vicinity of ¢he main surface showing. Both
holes intersected mineralization within the
agglomerate, but its concentration was not noted,
and assays are not availabie. Chalcopyrite,
galena, pyrite, manganese stain and erythrite were
noted. )

1956 - BBX Property optioned.by Preston East Dome Mines
Limited. ' i

1957 . - Diamond Drilling - between January and March,
1957, 2083 feet of diamond drilling, in 13 holes,
was carried out by Preston East Dome Mines.
Agglomerate was intersected in all but two of
these holes (#9 & #11). At least %ome minerali-.
zation was intersected in- all holes, both within
the diatreme and in quartz-carbonate veins in .
the surmrounding sediments®. Significant miner-
alized horizons, réferred to as "vein zones® on
the logs, were interqscted as follows:

Hole No. - = . Footage Length
N N .
'3 <. .. 48 - 68 ft. 20 ft.
4 © 7 188 -194 ft. 6 ft.
5 79 - 86 ft. l6 ft.
6 75/~ 80 ft. 5 ft.
7 ‘46 - 49 ft¢t, 3 ft.




¢
The prominent mineral in these zones is chalco-
pyrite, but bornite, azurite, niccolite,

millerite(?) and cobalt minerals were also
described.l

The concentration of this minerafMzation was
not noted however, and if assays were carrjed
out, the results are not available.

1958 - Rio Tinto Canadian Exploration Limited briefl‘!'
took over exploration of the property from o
Preston Ea Dome Mines. Drill core was r
re-examined and re-assayed, but the option was
allowed to lapse.

1965 - Trenching - one rock trench, assumed to be
: TR-4 (map 2).

1970 - Geological report on the BBX claims for
J. McAvoy(?) (Nickerson, 1970).

1971 - A geological examination of the property was
carried out on behalf of the BBX Syndicate
(Argy, and Siega).
mented by a Ti

main Induced Polarization
Survey for Milner sources Limited of .
Edmonton, Alberta, by Eagle Geophysics Limited
of Vancouver, B.C. (Lloyd, .John). 2The -
conclusions of this repdrt are quoted below
(Lloyd, p. 10). '

(1) "The main mineralized zone carrying signi-

: ficant values in copper and silver is
relatively small, as demonstrated by the
weak IP response directly adjacent to the
trenches and the lack of IP response in
the interpreted direction of strike".

1Mineral identifications were based on hand specimen
examination and hence may be in error. 1In particular,
niccolite and bornite were not detected by ore micros- °
copy or semiquantitative microprobe analysis in the
present study.

ZPfesumably, Milner Resources was part of the BBX Syndicate

¢

This examination was supple-
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(2) "The vein-shears in the shale-sandstone
sequence give strong IP responses.
Insufficient data was collected over
these occurrences to determine accurately
their width, depth, strike direction and
length. These zones however, carry only
minor and sporadic values in copper.”

1972 (April)
-  Report on the BBX Claim Group, East Arm fold Belt
Great Slave Lake, N.W.T. (Olson, R.A., 1972)
- Soil Geochemistry Survey - indicates a possible
oval shaped anomaly (Nutter and Sawyer, 1975,
p. 80).

1972 (August) ‘
‘ - Between August 9 and August 26, 1100

feet (7 holes) of diamond drilling was carried
out on behalf of Colby Mines (Nutter and Sawyer,
1975, p. 67) and is described by Nickerson (1972).
Agglomerate was intersected in all holes except
No.'s 72-1 and 72-7. Diamond drill hole 72-4
intersected significant concentrations of
copper in the agglomerate with an average grade
of 1.63% between 75 and 85 feet. Minor cobalt,
and traces of gold, lead, and zinc were also
detected. Other diamond drill holes were

. relatively gnminefalized. Y

- . .
1973 (May) : ' . /
= BBX property geologically mapped by Great
Plains Development Company of Canada, Ltd.
(Nutter and Sawyer, 1975), °

1974 (January) .
- BBX property optioned by Great Plains
Development Company of Canada, Ltd.

1974 (June)

- Geophysics - Induced polarization and magne-
tometer surveys were carried out on the property
for Great Plains Development Company of Canada,
Ltd. by Kenting Exploration Services Limited
(Wyder, J.E.) - '
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Fluid density is given by . 2)

‘S,I.-Sw~~SV

oow gotel density -

‘= density of agqueous phase

= density of water (1 g/cc) + density of NaCl
(21.5 g/cc) weighted according to weight %.
It is assumed that the solution is saturated
with respect to NACl (23.3 wt & NacCl)

€ = density of vapour phase (water vapour) =
0.0008 g/cc = 0.00 g/cc.

Now: Vapour phase occupies 9.2% of the area of the
: incluision (p.206 this thesis). -“This is converted
N\ to volume % by assuming that the inclusions are *
\\ spherical. The vapour phase therefore occupies
- 2,8 volume % of the inclusion. The aqueous phase

occupies (100 ~ 2.8) = 97.2% of the inclusion by
volume.

Sy = [2.78(0) + .233 (97.2) (2.16) + .767 (97.2)(1)] g/cc/100

= [0 + 48.92 + 74.57)/100 g/cc

= 1,23 g/cc

sT
'
Conditions ‘
—_— R .
The calculation of fluid density is approximate for
- the following reasons: .

[
>

(1) The area of the inclusion occupied by the vapour phase
is an approximate value based on sketches of the ,
inclusions made to scale on graph paper. This approxi-
mation is compounded by assuming that the inclusions
are spherical when calculating volume % of the inclu-
sion occupied by the vapour phase. This assumption
is necessary however, as the configuration and depth
of inclusions in the third -dimension cannot be
readily determined.

N




(2)

(3)
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For the purpose of this calculation, the inclusions -2
were assumed to be saturated with NaCl. This is
clearly an over simpliciation as concentrations of
kCl and Caso‘(?) have also been inferred for these
iaclusions.

The presence o!\:mall quantities of gases such as

CO, and CH, in the inclusions has not been taken into
conlidoratton in this calculation, as their exact
composition and concentration is unknown. The
presence of these gases would decrease the density

of the inclusions slightly however.
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LITHOLOGIC UNITS

Mc Leod Fm (?) - Shale, red, in part silty , in part with massive
irregular bedding and shale concretions, in part
thinly bedded and fissile,with ripple marks
and desiccation cracks.

(a) Grey shale

(Ko) Ogilvie Fm (?) - Shale,rﬁedium grey, thinly bedded and very fissile,

3 l (Sa) Akaitcho Fm

(St)

(Kb)

{Jg)

grading into micaceous siltstane and shale
(a ) Shale, red, massive.

- Siltstone, red, hematitic, slightly to moderately
micaceous ;thinly bedded , groding into shale and
very fine grained sandstone. .

(a) Sandstone , red ,very fine grained , quartzose.
Comprises hematite '-ric_h bands with quortz
and glauconite in hematite cement',cnd )
hematite - poor bands. ‘

(b) Shole,red,in part silty , slightly hemotitic.

(c) Shale, medium grey , with ripple marks and
desiccotion cracks.

Bosalt tuff - Green , vitric - lithic airfall and lapilli tuff,
intrusive Racks i

Bosalt breccio pipe (diatreme) - unbedded yirregularly intrusive ,
locally contains exotic clasts, poorly sorted.

Jackson gabbro (?)- Olivine diobase.
Hydrothermal Veins

Large quartz vems up fo | meter wnde bearing minor Chclcopyrlte‘
ond pyrite. '

o - I Formation nomes after Hoffman 1977, "Table of ‘F&m

. 2.. Outcrops of red concretionary shale and grey fissile shal
the diatreme are femcmvely assigned to fhese formatic
(see text , chapter 3, pt 1)
. These rocks are inferpreted os blocks of sediment frc
sechon whlch subsided in the diotreme during its forma:

*  Rock descriptions from Hoffman 1977, "Table of Form
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Aphebian

. Latle

Siave

Supergroup

Great

Kahochella
Group

| | (Km)

Sosan
Group

4 | (St)

5 | (Kb)

6 j.(Jg)
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LITHOLOGIC UNITS

Mc Leod Fm (?) - Shale, red, in part silty, in part with massive
: irregular bedding and shale concretions,in part
thinly bedded and fissile, with ripple marks
and desiccation cratks.
(a) Grey shale

(Ko) Ogilvie Fm (?) - Shale, medium grey; thinly bedded and very fissile,

grading into micaceous siltstone and shale
(a) Shale, red, massive.

(Sa) Akaitcho Fm - Siltstone, red, hematitic, slightly to moderately

micaceous , thinly bedded ,grading into shale and
very fine groined sondstone.-

(o) Sandstone , red ,very fine grained, quartzose.
Comprises hematite - rich bands with quariz
ond glouconite in hematite cemeht,and

~ hematite - poor bands. _ :
(b) Shale,red,in part silty , slightly hematitic.

~ (c) Shale, medium grey , with ripple marks ond

desiccation cracks. |

Basalt tutf .~ Green , vitric - lithic airfall and lopilli tuff.
intrusive Rocks

B'o§alt breccio pipe (diatreme) - unbedded , irreguiarly intrusive ,
locally contains exotic clasts, poorly sorted.

Jackson gabbro (?)- Olivine diabase.
Hydrothermal Veins '

'
t

Laorge quartz veins up to Imeter wide , bearing minor cholcopyme

- and pyrite.

I.  Formation names after Hoffman 1977, "Table of Fo

2. Outcrops of red concretionary shale aond grey fissile s
the diotreme are tentatively assigned to these formc
(see text , chapter 3, pt 1)

These rocks are interpreted as blocks of sediment
section which subsided in the diotreme during its forr

* ‘%ck descriptions from Hoffman (1977, "Table of F
Other desc;ipﬁons refer to actual outcrops in study
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KEY TO DIAMOND DRILL

DIAMOND DRILL SECTIONS

DRILL HOLES VERTICAL HOLES
- . , 76 -1 3 2
&-z Great Plains : (-90°) (-90°) (~9C
- Development
(1975 and 1976) Q ﬁ g
Py Colby Mines
(1972)

.'2 Preston East Dome K
Mines (1957)
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. Approximate
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"N.B. Geologic contacts in diomond drill holes have been resolve




been resolved to horizontal before plotting on this map.
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LITHOLOGIC UNITS

SEDIMENTARY ROCKS -
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Undifferentiated (in drili core )
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