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ABSTRACT

This thesis presents the results of a general geological
study of a belt of Archean rocks in the Indin Lake district,
N.W.T. The summary results of a summer's field work are '
incorporated with a brief petrographical investigation of -
different rock types.

Intermediate to acidic lava flows and pyroclastic rocks

. overlain conformably (%) by a succession of clastic sediments
are invaded by minor acidic intrusives and a plexus of basic
dykes and sills. Isoclinal folds in sediments, broader
flexures in volcanics, bedded shear zones, and regional
foliation and lineation are all attributed to a single system
of powerful tangetial forces that affected all stratiform
rocks in the area, Zones of weakness at contacts are imputed.
to differential competence between volcanic and sedimentary
rocks, snd a theory of folding of rock units of differing
competency is applied in modified form to the origin of the
Indin "break" - a gold-bearing shear zone close to a major
contact. Evidence is presented to suggest that "cross-faultst
clean-cut ‘dislocations that transect the regional structural
trend - and emplacement of late basic intirusives are quasi-
contemporaneous events that progressed over a protracted
interval of time and may have been consequent upon a single
deformational .pattern. An attempt to explain the propinquity,
and thus the possible structural relation, of gold mineral-
ization to cross-faults is embodied in a theory relating the
control of mineralization by channeling of ore-solutions in
structures developed during the period of strain accumulation
that culminated in cross-faulting. An almost completely
reconstituted mineral assemblage is ascribed to a moderate
grade of regional metamorphism consisting of dynamic
metamorphism during orogeny and relatively minor effects of
superimposed thermal and retrograde metamorphism,

Metacrysts of ankeritic carbonate, believed to be hydro-
thermal, are discussed, and their superficial genetic or
structural association with gold mineralization is offered

as a possible guide to future ore'discovery. : '

Rather detailed descriptions are submitted of ankeritic
carbonate, an umusual "hornblende" occurring in amphibolite,
and a green mics, tentatively called phengitic-muscovite, from
a carbonate zone,



ACKNOWLEDGMENTS

The writer is greatly obligated to Trans American
Mining Corporation for providing liberal access to maps and
aeeial photographs, and in particular to Dr. A.F. Beavan of
that company who guided the writer in his field work and
contributed valuable informetion pertaining to dfilliﬁg re-~.
sults aﬁd other geolﬁgical aspects of the area,

Special indebtedness is owing Dr. H.C. Guhnihg, of the
-Departmeht of Geology and Geogréphy, who gave a comprehenéive
" outline of the problem, directed and assisted with laboratory
investigations, snd offered constructive criticism of the
preliminary ﬁgnuscfipt. Great thanks are also owing Dr. K.
DeP. Watson who kindly sﬁppliéd helpful informstion and
literature relating to the many petrographical problems

encountered by the writer.



CONTENTS

Introduction
General Statement
Description of the Area
Object of the Field Work
Field Methods

-General Geology

Summary

Table of Formations

Volcanic Rocks
Problem of the Volcanic Kocks
Description of Volcanic Rocks

Sedimentary Rocks

Relation of Volcanic and Sedimentary Rocks
General
Nature of the Contact Zone
Conclusions

Intrusive Rocks
General
¥Bird-FPorphyry" and Similar Rocks
Altered Dykes
"Metadiorite®
Minor Acidic Intrusives
Gabbro and Dlorlte
Diabase

Structure
General Statement
Folding
Regional Foliation and Llneation
Faulting
Shear Zones
Thé Indin "Break"
"Cross-Faults"
The Ince Fault -
Relation of Cross-Faulting and Mineralization

Regional Metamorphism

Carbonate Alteration

PAGE

WOWO-J~I OBOHH



Figure
Figure

Figure

Plates

ILLUSTRATIONS

1 Sketch Mep Shewing Location of Indin Lake
2 Generalized Geological Map of Indin Lake District

3-12 Phdtographs

1-16 Photomicrographs

Geological Map



! e = —p——— T e e —— —— S - —_— —_— S — e e —_— e —- —— —— ——e e T —— S — e e - ——— ————— — —_—— — — - e - — e — —— - -
! - - - ——— = — e —
,
_ =
1 L ,
| |
| |
|
|
|
|
|
= 4 |
|
|
|
| -
| -
|

] |
| (
| | |
ﬁ ] o , ;
i A & N 3 |
| | ] 5 s ~ 3 - | pr =
| N— 4 — e
i A \ﬂJ..
| | e
1 A )
| T 3 g - 5 € 3 o=
{ - TNy i o 3 i =
| N ]
| { LS | |
i i ! |
| — ; :
y
{ § y } -
5 |
~ A — ] - =
= — )
. = . = Sy — ———
| = L i 2 | o
— = |

i v, k = = =) i 2

P, / ” " ~—t . = & ] Foz =3

: - § \ | - L 5 2

~ i \ B = f -
| 2 y = -~ = =
| ; 3 . |
1 - -
| B r - 3 ; = >
| 2 — =
| 7 = K = = % T
w 7 = J ~ : &
{ ~ 2 / J - —
| ~ ~ ~
, : — - - z = = oy = B
: i — ™ Sl — 7 ~ - A 2L
{ f i - - = ® —
{ e =R 5= - = = s

¢ 1 | — ~ —
H L - 3 £ = = ~ - = _— =
) B e - . i i
i . Ll = Y s =
| ) — i
] - ) - —~
_ = ¥ ——— :
| —_— j] = r 5% =
| < o =
| Z e = = - _ A 7
| L SO g h = =
| ; ﬁ
j !
i < N
¢ o T 23
| ~— o
= — = i )
{ — — <
/ )
| T 3 - S
| ] ) ~ =
[ == ‘. N
—— y =

| |
| g
|
| f




THE GEOLOGY

OF THE
INDIN " BREAK " N.W.T.

INTRODUCTION

GENERAL  STATEMENT

The Indin Laeke gold-besring area, about 125 miles north

" of Yellowknife, N.W.T., is in the southeast corner of the

Ingray Lake Map-Area. The location and regional geological

picture, summarized on figs. 1 and 2, can be found on Map

697 4, Ingray Lake, District of MacKenzie, N.W.T., of the

Geological Survey of Canada. Prospecting and exploration

have been widespread in the area since the first gold

discovery in the summer of 1938. No ma jor gold production

has ensued, but recent diamond-drilling and underground work
by mihing companies active in the area have developed several

promising gold deposits, and the distriét currently

‘attracts considerable attention as a potential gold-mining

campe.

Initial geological mapping of the area was conducfed by

‘Wilson end Lord in 1939 and 1940, and the results of their

:work appear in Geological Survey of Canada Memoir 235, and

jMap.69'7 A. which covers the Ingray Lake Map-Area. The Indin

‘Lake section was re-examined in greater detail by the

'Geological Survey during the summers of 1946 and 194%7,but at

the time of writing the results of this work have not been
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published.

Dur;ng the field season of 1947 the wrlter was employed
by Trans American Mining Corporatlon in the Indin Lake dlstrlcu
and carried out geological mapping in the interests of that
company. Information gathered in the field; together with the
_pesults of a brief laboratory study of the rocks. form the
basis of this thesis, The laeboratory work is designed'to
subply additional, but by no means exhaustive, information
on the main rock types in the area, Results are almost wholly
those of the wriﬁex;but some informetion was drawn from the
scant literatube aveilable on the area when dealing with
problems of a regional nature. In addition, .the géblogy on
Ince Peninsula and parts of Johnson and Tartan islands was
'previoﬁsly mepped by Trans American and only partially re-
examined by the wrifer. |

- The geology on the accompanying map embraces a strip of
.country about 15 miles long from south to north and 2 to 3
ﬁiles wide from weét to east. The map-erea, which straddles a
major cdntact betweep sedimentary and volcanic rocks, extends
from south of Johnson Island in Indin Lake to a point about
510 miles north.of Lex Bay. The southern portion includes thé
’1gold properties of Lexindin Gold Mines, Diversified Mining
;Interests, and North Inca Gold Mines., Development of the
latter property is in the hands of Trans American Mining
Corporation. | o

DESCRIPTION. OF THE AREA

The area is serviced from Yellowknife, 125 miles to the



south, by aeroplanes operating on floats in summer and skis
or_wheelé in winter; A projected air-strip will; when
completed;.provide year-round landing facilities for aircraft
on wheels. 'Indin Lakevmay also be reacﬁed by canoe, via
Russell Lake anq Snare River, but the trip is long and arduous,
.with ﬂﬁmerous portages; so that aircraft is the usual means of
entering the area.

The topography reflects the general charsacter of the
» undérlying rocks. Sediments occupy low, featureless areas with
gently rounded hills; while volcanics usually outcrop as
.relatively high ridges pgpalléling the north~south structure
and rising 200 feet or more above adjacent lakeé. Many
=sédiment-volcanic contac£s are marked by an abrupt scarp
visifle on aerialnphotograpﬁs. Drift-filled depressions,
parallel and transverse to the north-south structural trend,
are occﬁpied by faults, shear zones, or basic dykes and sills.
In the northern part of the area topographic expression'Bf'
‘bedrock geology is masked considerably.by widespread deposits
.of glacial debris.
, Rock exposure 15 good in the southern part of the area,
Ebut 1s undesirably scarce in the central and northern parts.
TIn many areas it is 11m1ted to broken rubble or scattered
‘frost-heaves and outerops of volcanics so small and discon-
:tinuous as to be improbably répresentative of the entire
volcanic assemblage. ‘

Indin Lake is the largest body of watef,and no major

rivers cross the map-area, Chains of small lakes drain



southward intohlndin Lake through a series of small streams
.connecting adjacent lakes. Althdugh close to the westérn
fringe of the barrenlands the area is well-wooded with stunted
spruce and birch up to 12% in diameter. Sméll,.isélated stands
of good timber. up to 2! 6r'more in diameter:. occur along some
of the stream beds. Cariboﬁ are plentiful in the spring and

fall, and most of the lakes are well-stocked with fish,

" OBJEGCT OF THE FIELD WORK

The main orébodies of.Lexindin, Diﬁersified and North
Ince, lie, in that order from north to south, aloﬁg a "shear-
zone" in sediments close to a major contact with volcanics.
What ishpresumably the southerly extension of the same
structure was cut in a drill-hdle off the north end of
Johnson Island, giving an over-all possible length of
approximatelﬁ 12,000 f% fo the'structure. The “shear-zoné"
is termed locally the Indin "break', and has been regarded by
somé as & major crustal dislocation. Map 697 A shows a fault,.
. stated to have been traced for 46-mile§ (Lord, 1942, P. 43),

that roughly coincides with the Indin "break®, This, of

— -

lcourse, suggests that the orebodies lie in, or are closely
‘associated with, a major north-south trending fault.
Conditions are complicated by well-esteblished, northwest-
?striking "eross-faults", and the presence. at North Inca. of
'Tat least one high-grade orebody. in volcanics rather than

'sediments, and conceivably related to "cross-faulting".

However, as the Indin "break", whatever its origin, is



apparently the main structural coﬁtrol of most of the ore
deposits,_é clear understanding of its nature is of vital
importance 2s an aid in developing known orebodies and in the
search for hew‘deposits. Accordingly, a program of geological
. mapping was initiated involving -the coVerage-of a section along
the assumed ﬁain'?break“. Emphasis was placed on structure,
but the areal distribution and relationships of associated

rocks were considered in some detall.

FIELD - METHODS

Gedlogical observations were recorded directly on aerial
-photographs having a scale of 400 feet to 1 inch. These were
;enlafgements,of_original Royal Canadian Airfdrce photos flown
at approximétely 1800 feet to 1 inch. Two methods were
.émbloyed to locate ground points on the photographs:

(1) Recognition of ground toﬁographic features on the

‘photos.
(2) Use of base-lines tied to. recognizable ground feat-
ures Qn'the photos. . |
The first method was used whenever.ﬁossible as it is
%quick and accurate, and bonsists mefely of correlating
';promihent ground featureé, such as outcrops and lake-margins,
with their positions on the photo.  Because enlargements tend .
Ito be hazy it proved helpful to'carry the originals into the
:field to assist in location. A point located on the original

is readily transferred to the enlargement. In addition,

original photographs with considerable overlap provide a ready



means of obtaining the third dimension, Whibh fecilitates the
1oéation of ground points in areas of much relief. Three
dimensions may be readily obtained from auplicate photos,
without resorting to the ste%?scdpe; once the technique has \><;\
been mastered. In areas of heavy bush or overburaen base-
lines were cut and tied to points redognizable on the aerial
,photographé. Such lines, when plotted accurately, assist
materially in locating outcrops on the photogfabhs.

So far as possible; outcrop boundaries were delineated,
:buf areas of numerous'smali outcrops were depicted as 2 single
:exposure.. Observations on contacts, attitudes of bedding and
.cleavage, quartz-veining etec., were recordeq directly on the
aerial photographs. Information on the photographs was |
-agsembled on a 400-scéle outcrop map embracing the section
from the southern boundary of the area to Negus Lake., The
‘outline map and geology were traced directly from the o
:photographs. Noteworthy here is the slight decrease of scale
:on'photos from'cenffe to margin and the desirability of
providing considerable overliap betweén adjacent photos and
:cpnfiningg mapping to the central portion of each photo where
?distortion is é minimm.,

The accompaﬁying map .of the entire area ié.a compilation
‘of field déta on =a scale of about 1800 feet to 1 inch, or more
:exactly, on the scale of the original phofographs. Individual
ioutcréps ere not shown, minor details are eliminated, and -
‘'some inferences have been made to complete the structural and

lithological piéture.
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" GENERAL GEOLOGY

SUMMARY

The area is underlain by Precambrian rocks of the Archean
Yellowknife group. A heterogeneous volcanic assemblage of
andesite, dacite, rhyolite, pyroclastics and altered rocks are
overlaln conformably (?) by = monotonous su006831on of clastic
sediments comprised wainly of interbedded greywacke, slate and
.impuré quartzite. Volcénics and ‘sediments are locally
intercalated at contacts., One band of predominantly coarse-
.grained sediments may be older than some of the volcanics.
Volcanic terrain includes some acid porphyry and dioritic
-rock probably, in part, intrusive., Volcanic and sedimentary
rocks have been intruded by acidic to basic dykes.and sills
of sevemral ages, including fresh diabase dykes of possible -
Proterozoié age. Granitic intruéives, which surround the
region, are not exposed in the map-area. _

Rocks of the Yellowknife group have been disruptéd by
intense folding and faulting,and have been subjected to a
moderate degree of metamorphism. Intense folding, reflecting
;érustal adjﬁstments to great lateral stresses. may have
fculminated in the development of shear-zones in incompetent
frocks,witﬁ possible attendant: thrust-faulting-along some of
:the shears. Folding was succeeded by at least one periéd of
‘ma jor faulting accompanied by the formation of -small, stéeplyh,
'plunging drag-folds. Faulting probably extended .over a long

‘time, and was quasi-contemporaneous with intrusions of basic



dykes. Dymemic mgtamorphism-accompanying folding, with
relatively minor effects of superimposed thermal and retrograde
metamorphism, have modified or obliterated primary structures
and reconstituted most rocks to an assemblage of new»minerals;
No record exists for the depositidn of Paleozoic or
Mesozoic strata, and since Precambrian time the history of the
-area may have been one of erosion down to the present level,
with slight modifications attributable to the Pleistocene

period of glaciation,



TABLE OF FORMATIONS

Intrusive Rocks: Diabase dykes -
Diorite and gabbro dykes and 31113
' "ietadiorite®
Altered dykes (carbonate and chlorite)
Acidic dykes and sills
"Bird-Porphyry" and similar rocks.

Sedimentary Roéks: Greywacke, slate, arkose, gquartzite
' -Graphitic slate, slaty greywacke
Tuffaceous sediments. :

Volcanic Rocks: Agglomerate and tuff
Rhyolite, porphyritic rhyolite, rhyolite
breccia
Quartz-feldspar porphyry
Dacite, porphyritic dacite, fragmental
dacite
Andesite-massive, fragmental, pillowed,
amygdaloidal
Amphibolite
Carbonate, sericite, and chlorite schists

The units listed in the foregoing table do not necessarily-
read in the correct age seqﬁenge. ‘Too much remains to be
learned about the structural set:hp and age relationships to

permit such a tabulation.

VOLCANIC ROCKS

Problem of the Volcanic Rocks

Volcanic rocks proved difficult to deal with in the field
gas regards both structural relationshipé and pefrogpaphic
classification; and microscopic study does 1little towards
;solving the problem. To begin with, rocks in the area have
;been subjected to great deformation and intense alteration.
iVolcanic rocks proved particularly susceptible to alteration,
and, in many places, have been converted to sericite, car-

bonate, and chlorite schists to which it is impossible to assign



any precise original composition. Relatively fresh-looking
specimens show an almost completely reconstituted mineral |
assemb;age that is strikingly similar in many apbarently
dissimilar rock types in the field. Primary minerals, with
the exception of quartz, are rare or entirely lacking.
Feldspar can seldom be positively identified- if so it is
usually a sodic-variety- and ferromagnesian minerals have
been largely converted to chlorite.

Another problém is the separatioﬁ of intrusive from
extrusive. Certain dioritic intrusives closely resemblé some
facies of massive, recrystallized andesite, and much rock
classed as porphyritic rhyolite is very similar to bodies
of quartz-feldspar porphyry believed to be, in part,
intrusive,

In addition, structural criteria in volcanics are rare
and unreliable. Definﬁte horizons can seldom be traced with ><\
any degree of certainty beyond a single outcrop, and primary
flow structures are either obliterated or so highly deformed
as to require cautious interpretation as structural indicators.

Flow rocks were named in the field mainly on the basis
of color and quartz content.. Typical basaltic lavas were not
encountered in the map-area, so -that flows range from andesite
to rhyolite; the former dark green and quartz-free, the latter
light shades of cream or grey aﬁd quartz-rich, Intermediate
facies are dacites with light-green or grey colof and
aphanitic or porphyritic texture. nyoclastics are

agglomerates if fragments are mumerous and over one inch.
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and tuffs if fragments are less than one inch, However, one
aggravating feature of all the volcanic rocks is their
imperceptible gradation from one type to another, and since
divisions are arbitrary to begin with, it is impossible. in
practice. to adhere to any rigid system of classification.
Such rocks can only be described, agnd grouped as large units
for mapping purposes. until they are studied in much greater
detail. '

The writer does not propose to enter into any detailed
descriptive or petrographic discussion of rock types.
Innumerable accounts of similar rocks appear in the literature,
and an exhaustive treatise here would be largely repetition
and of doubtful merit in connection with the present probiem.
Moreover, a compiete petrographic study. to bé of any value.
would demand consideration of many more than the few typical
rock types chosen by the writer for microscopic study.

Description of Volcanic Rocks:

Volcanic rocks are a heterogeneous assemblage of flbws,
pyroclastics, and altered equivalents. At one place or another
most tjpes of volcanics can be seen to grade along or across
the strike into another type of the assemblage. Various
members of the volcanic pile convey the impression of being
~lenticular and discontinuous, as if no particular horizon
had spread over a wide area of the volcanic fleld. Save for
one band of “rhyolife“ that may be intrusive, not a single
marker horizon was traced more than a few thousand feet.

Andesites are brown to green weathering, aphanitic to
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finely crystalline rocks. They are light to dark green or
almost black on the fresh surface,and frequently streaked with
elongate patches of chloritic material darker than the main
rock mess. Well-formed pillows are 1oba11y abundant, and
amygdules are widespread but seldom restricted to any
particular horizon in a flow. Pillows have their long axes
"parallel with the foliation and averaée € to 5 feet,although
"mattress" pillows up to 16 feet long are locally developed.
The present pillow alignment and accentuated elongation may
be due #s much to defor@ational stresses as to original
attitude in the approximate plane of the flow. Largest pillows
are noticeably restricted to the more basic andesites, |
pPillows frequently exhibit a fine-grained, brown to black
weathering, peripheral selvage 1/4 to 1 inchwide. Inter-
pillow fillings are of the -same composition as the pillows,
Amygdules show no consistent patterh within pillows and Qay
occur in greatest abundance at the periphery, at the core,
or towards the top. of individual pillows. Amygdaloidal
fillings are chiefly carbonate and quartz with lesser amounts
of chlorite, epidote or clinozoisite, and hematite. Where
carbonate amygdules are abundant the rock weathers with a
- pitted surface. Andesites are infregquently fragmental; if
so fragments are of about thé same composition as the main
rock mass and the rock is presumably a flow-breccia.
Andesites are composéd almost entirely bf secondary
minerals., Chlorite is the most abundant colored mineral-

present in felted aggregates, irregular flakes and minute,
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prismatic grains., It exhibits anomalous "Berlin-Blue" ‘and
.peculiar, dirty-greenish, interference colors.- Carbonate is
plentiful along with varying amounts of green amphibole,
epidote, clinozoisite, biotite, and quartz. Original feldspars
.are occasionally evident, but are so highly shot with inclusions
of other minerals that their determination is impossible.
Numerous very small, clear grains are ppobably quartz and
albite, but the relative abundance of the two minerals hag
not been determined. Where biotite is present it is always
in cloée association with chlorite. Most minerals show ragged
outliﬂes and numerous inclusions of other minerals. Highly
chloritic andesites grade into rocks with considerable amounts
of fibrous amphibole. These rocks are classed as amphibolites
and are developed mainly in the northern part of the map-area.
They may be recrystallized portions of thick flows but, as
‘already staeted, are difficult to separate from some intrusive,
dioritic rocks. In the field they are massive to schistose,
dark green rocks with a green or brown weathered surface. A
section from a typical specimen reveals a rock composed of
about 60 percent amphibole and the remainder quartz, epidote,
altered feldsﬁar, carbonate, magnetite, and biotite. The
amphibole ié in fibrous aggregates and idioblastic crystals
with local sieve structure. It is very strongly pleochroic
with absorption Y)»2Z)X. The pleochroic scheme is;

X -~ pale yellow

'Y - desep olive-green

Z - Dblue or greenish-blue
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Individual grains show variations in color bﬁt no correspondirg .
variations in optic properties., The interference figure is
biaxial negative and 2V = 45° ., Elongate grains are length-
slow; the optic plane is parallel with 010; and the angle

ZaC is approximat61§ 17°, The mean refractive index (B) is
about 1.67. The amphibole resembles common hornblende in
some respects but has a smaller extinction angle, smaller
optic angle, and different pleochroism. Undoubtedly, the
'proportions of the various oxides in the hornblende molecule
effect its optic properties,and the writer hoped to estimate
the composition of the hornblende using the fofegoing obtic
data. ﬁowever, no suitable diagram was found for estimating
the composition from the optic properties obtained for this

- particular hornblende, and 2 cﬁrsofy review of writings by
Deer (1938), MacCarthy (1926), Graham (1926), Billings (1928),
and Wingheil (1924) 1leads the writéf to conclude that no
satisfactory relations. between optic properties and chemical
composition of hornblende have been established. These
writers mention such factors as Fejs0z-Fe0O ratio, MgO-FeO ratio
A1203—Sioz ratio, tétal iron tenor, and valence state of
tttanium. as affecting optic properties Qf hornblende, but
snpow.. no general agreement as to how these effects are
manifest in the optic properties. They make no mention that
soda content has any influence on optic properties; an idea
entertained by the writer as a possible explanation of the
unusual blue pleochroism of his hornblende, Riée (1935) and

Hutton (1938) describe amphiboles with, for the most part,
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optic properties similar to the amphibole described here.
Rice believes his is an uncommon type of hornblende and
Hutton styles his an actinolitic amphibole &nd shows, by
chemical analysis, that the formula is nearly that of
tremolite. Both amphiboles are high in iron but the ratios
Fe203-FeO do not correspond. The writer concludes that his
amphibole is probably a variety of highly ferruginous
hornbiende with unusual optic properties attributable to
abnormal proportions of cbnstituent oxides, but before
pursuing the subject any further it would be desirable to
obtain a complete analysis and carry out a more exhaustive
optical examination of the mineral.

Dacites are porphyritic to aphanitic, streaked rocks
that weéther pale-green to grey with lighter-colored streaks
and patches, On the weathered surface they may show white
feldspar phenocrysts that uéually disappear on the fresh
fracture. They locally exhibit pillows and scattered
amygdules of quartz and carbonate. Dacites are frequehtly

fragmental and grade in this direction to rocks classed as

. agglomerate. Where undeformed, fragments are round to

angular and average 3 or 4 inches. They are occasionally of
the same composition as the main rock mass, but more often
are light, cream-weathering lenses of felsitic matefialf
-usually resembling common facies of rhyolite in the area,
and occasionally amygdeloidal or containing prominent quartz
phenocrysts. Undoubtedly, some of these fragmental rocks

were produced by brecciation during the advance of the flow,
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but the majority of fragments, quite foreign to the matrix,
must have been introduced by some means during vulcanism.
The uniform size and distribution of fragments through large
volumes of lava seems difficult to explain,

Most dacites are so fine-grained that few minerals are
recognizable under the microscope. They are strongly foliated,
with abundant lenses and étreaks of a white, opague material
and long, narrow shreds of pleochroic chlorite parallel to
_ foliation., The siliceouws-looking metrix shows zones of
differing grain-size that may be a reflection of primary flow-
banding. Most sections show abundant carbonate and some
biotite and small flakes of sericite., A porphyritic specimen
shows numerous grains of sodic albite having a preferred
orientation. Round to elliptical amygdules, which deflect
planes of foliation, are filled with quartz, chlorite, -
carbonate, biotite, and clinozoisite. One section reveals
smallé amygdeloidal fragments with a cloudy "reaction-rim";
amygdules are round or elliptical (plate 1), some show
concentric banding of minerals or dusty inclusions, and are,
filled with quartz, carbonate, clinozoisite, and a mineral
with grid-twinning, low relief, and low birefringence.
Carbonate appears as metacrysts in one aphdnitic specimen,
(plate 2). Metacrysts contain numerous small inclusions, and
some have remarkably sharp boundaries: They tend to be
concentrated somewhat along lines parailel to the foliation
and, although they show some evidence that their orientation

was influenced by the direction of foliation, they obviously
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grew after relaxation of the étresses that developed the
foliation,

Acidic volcahics vary from aphanitic to highly |
porphyritic and from massive to intensely sheared. They
weather light shades of yeliow, cream, buff, -grey and green,
and to a minor extent dark green to almost black. Darker
varieties resemble some dacites and andesites, but can
" usually be distinguished'by the presence of prominent quartz
Weyes", Dense, cherty, aphanitic varieties were termed
rhyolite in the field to.distinguish them from highly
porphyritic types classed as quartz-porphyry; but the
division of many intermediate facies is purely arbitrary.
Rhyélites locally show primary flow structures in the form of
brecciation, amygduies, and sinuous, discontinuous flow-
layers. Much rhyolite is fragmental and grades into rocks
composed almost entifely of frégments. Fragments are rounded
.ta sharply angular, felsitic to porphyﬁitic, and ususally of
-about the same composition as the matrix. In one place flow-
lsyers were observed to curve around fragments, .
Porphyritic rocks tend to bresk to a darker shade of the same
color as the weathered surface. Visible phenocrysts are
usuélly rounded quartz “eyes™ up to 1/4 inch and averaging
2 mm., but locally grey, fractured feldspars are conspicuous -
on the weathefed-surface.

All acidic volcanics studiéd under the microscope are’
porphyritic, including varieties that‘appear aphanitic in

the hand specimen. Feldspar phenocrysts predominate in the
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'fine-grained ones, but in coarser facies quaftz becomes-
abundant untii phenocrysts constitute over 20 percént,of the
rock (plates 3 and 4). Feldspar phenocrysts are stubb&,
ﬁnzoned, suhedral to subhedral crystals of coarsely-twinned
" albite charged with small inclusions of sericite, Quartz
phenogrysts are rounded to irregular grains with locel
embayments and inclusions of the matrix. Some of them are
fractured, and they usually show undulatory extinction,
The matrix is fine-grained, allotriomorphic, quartz and
feldspar impregnated with sericitic mica. Sericite shows
strong directive orientation. except when deflected by
phenocrysts, and constitutes up.to nearly half of the matfix.
The matrix of some specimens exhibits, ih addition, irregular
patches of green chlorite that imparts‘the dark green color
to. the rock in the field. Carbonate, és anhedral patches
and euhedral rhombs, has an exceptionally high relief and
well-developed cleavage. Some euhedral crystals, or
metacrysts, show a brown alteration afound margins of crystals
"and working along cleavage cracks (plate 15).. The largest
‘metacrysts have developed in the matrix but some.small,
zperfectly euhedral rhombs were observed within feldspar
phenocrysts. | . |
The foregding acid rocks ﬁéve been described under éﬁe-
head of volcanics,\but the writer is not convinced they are
:all extruéive; Contacts are usually sheared or under over-
‘burden so that field relations are ébscure and inconclusive,

Coarsely porphyritic phases are locally less foliated than
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aphanitic varieties but, in general, all have been subjected
to the same degree of metamorphism. All of these rocks
studied under the miéroscope are composed of the same
essential minerals, énd textural differences could be
attributed to rate of cooling as a function of, say, thickness
of flﬁws or crystallization a2t depth or on the surface.
Briefly, coarsely porphyritic facies could be the central
portions of very thick flows, or intrusive bodies emplaced

at some distance below the surface and derived from the same
magma chamber as the surface flows. Of significant importance
in connection with the problem is the mineralogical and text-
ural similarity of coarsely-porphyritic facies to an acid
stock. mapped by the writer. to the south of the map-area,

The 2cid stock invades sedimentary strata and is, therefore,
much younger than the volcanic rocks.. Evidence in favor of an
extrusive origin for these rocks could be summarized as
follows:

(1) Primary flow-structures locally developed definately
establish some acidic rocks as lava flows.

(2) Elongate bodies conform with the regional structure- does
not preclude the possibility of sill-like intrusives.

Evidence for an intrusive origin is;

(1) ILack of fluidal structures and textures in coarsely-
porphyritic facies.

(2) Some small masses of dense, cherty rock, superficially
resembling fine-grained “flows", show intrusive relations.

(3) Similarity of porphyries to intrusive stock of quartz-
feldspar porphyry south of the map-area,

(4) Coarse, holocrystalline porphyries indicate slower
cooling than expected in normal flows, unless very thick.



Obviously, more work is necessary to unravel the true
nature of these acidic rocks, and present evidence suggests
they include rocks of more than one origin, and possibly more
than one age.

Pyroclaestic rocks prpbably constitute nearly half of the
exposed volcanic strata in the map-area., They grade from
coarse, highly fragmental agglomerates to dense, very fine-
grained tuffs, They include numerous, diverse, nondescript
rocks classed as pyroclastics for want of a better name.

Some may be fragmental or brecciated flows; others may be
devitrified and altered portions of flow-banded lavas; but
the majority are probably accumulations of volcanic debris
intermixed, in part, with flow material. Close to contsacts
with sediments, locally, a transitional zone grading from
fine-grained tuff through tuffaceous sediments to normal
clastic beds. is so highly sheared, silicified and otherwise
altered that separation of.tuff from sediment is impossible.
Whenever feasible, the writer used the presence of nunerous,
rounded, quartz grains on the fresh surfece as indicative of
sedimentary materia;. Much rock classed as agglomerate
consists of scattered, rhyolitic fragments~ weathering light-
cream, grey or greenishe in a dark-green, chnloritic mafrix;
Many fragments break to show small, green patches; some

have quartz phenocrysts. A few are amygdeloidal. These
rocks shear to.a green and cream, streaked rock locally
resembling some varieties of streaked ryholite. Fragments

increase in number until they constitute 50 percent or more.
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of the rock. They iocally occur in crude, discontinuous bands
with intervening rock relatively poor in fragments. Other
agglomerates exhibit fragments set in a very coarse "white-
flecked", tuffaceous matrix. Occasionally, fragments become
so abundant that they comprise most of the rock. Such rocks
usually appear to have been silicified and some may be
highly brecciated, rhyolite lavas. Fragments are angular

to rounded or bomb-shaped, and verﬁ rarely show rims that
weather lighter than cores., The majority of fragments sre
acidic, and many resemble the rhyolite and acid porphyry in
the srea,.

Tuffs are extremely variable rocks, and range from
coarse, crystal tuffs with occasional fragments over one inch
to very fine-greined, sometimes slaty rocks with no
discernible minerals. Crystal tuffs weather shades of grey,
green, or brown, and show numerous, ragged, grey-weathering
grains of feldspar on the exposed surface. These phenocryst-
like feldspars render the rock difficult to distinguish from
porphyritic volcanies. A very few tuffs are finely laminated,
~or are intercalated with narrow bands or lenses of grey to
black, cherty material, but the majority are unstratified
and show 1ittle evidsnce of sorting. Good contacts with
flows are seldom visible. At sediment-volcanic contact-.
zones tuffs are extremely variable - probably as a result of
concurrent vulcanism and sedimentation‘— and are usually
sheared to a rusty, greenish, grey,or.black, slaty rock

impossible to distinguish from fine-grained sediments.
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A typical crystal tuff is composed of 20 to 60 percent
twinned feldspar grains, averaging several millimeters, set
in a dirty-looking, tuffaceous groundmass containing patchgs,
lenses, and veinlets of 8 quartz mosaic with interstitial
chlorite and carbonate (plate 5). The feldspar is albite
highly charged with tiny flakes of sericite. PFeldspar grains
‘almost diseppear in the matrix at extinction,and many are bent
or fractured and filled with chlorite and carbonate., 1In
more-altered crystal tuffs the feldspar is largely converted
_to an aggregate of secondary sericite and clinozoisite (%)
and other alteration products. Elongate zones of chlorite
and associated muscovite or biotite. are invariably'present.
L fine-grained tuff (?) examined reveals a very finely-
divided rock with plentiful minute shreds and prisms of
chlorite and sericite, and a few scattered, sub-rounded grains
of quartz and feldspar of probable clastic origin.

Before leaving the subject of pyroclastics the writer
would point out'the preponderance of acidic, pyroclastic
deposits, and the common obcurrence of -acidic frsgments in
flows d a more basic composition. If the area mapped by the

~writer is representative of the entire volcanic field it
appears that during valcanism. much acidic magma was expelled
from volcanic vents with explosive viélence while more basic
material-poured'out as flows., Tanis exeaplifies the relative
high viscosity of acidic as compared to basic magmas, and the
consequent release with explosive violence. of volatile

constituents from acidic melts.
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Volcanic terrain includes numerous bands of schistose
rocks impossible to relate. with any assurance. to their
unaltered eguivalents., Original structures and textures have
been obliterated by intense deformation, and primafy minerals
almost'completely replaced by seconaary products., These
altered rocks are principally chlorite, carbonate,and sericite
schists. Genefally speaking, basic rocks have altered to
chlorite schists and acid rocks to sericite schists;‘
carbonate shows no preference for any particular kind of rock.
However, rhyoiites do become chloritized, dark-green rocks
distinguishable from altered andesites only by the presence
of primary quartz. Numerous highly carbonatized rocks
weather with a deeply-pitted or ribbed surface, others have
crumbled to a rusty rubble. Many narrow bands of very fissile,
~ light-colored, sericite-carbonate schist,, locally termed
"prown-paper schist", are probably highly sheared and altered
rhyolite flows or acidic tuffs, Although chlorite, sericite,
and carbonate schists appear throughout the volcanics they are
probably most abundant closeé to major contects with sediments.
Many bands of schist are the loci Qf concéentrated shearing,
and some may be zones of movement. with the total displacement

distributed over a large number of closely spaced slip-planes.

SEDIMENTARY ROCKS

A prolonged period of sedimentation produced a
monotonous succeéssion of clastic sediments consisting of
alternating beds of predominantly greywacke, slate, and impure

guartzites with minor interbeds of arkose, slaty-greywacke,
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and graphitic schist. Primary sedimentation features are rare
with the exception of quite widespread grain-gradation. which
is locally evident in all kinds of beds except some pure
slates and uniform quartzites and arkoses. Many beds grade
from a light-colored, sandy base to a dark-colored, muddy top.
The different types of sediments are interbeddéd,and.although
one type may predominate in a certain locality other types

are usually well represented. Most beds vary from 6 inches

to 2 or 3 feet thick, but widths up to 30 feet were observed
in some quartzite beds. Despite the persistence of individual
beds and the contrast between contiguous beds, the over-all
similarity of the sedimentary assemblage and the lack of
distinctive horizon markers seldom permits a positive
correlation of sedimentary strata between adjacent outcrops.
The writer might mention that the so-called “rusty arkose"

and certain, wide zones of massive quartzites offer
possibilities as marker horizons, but their utilization as
such would require more detailed study than was exercised in
the present work.

Greywackes are medium to fine-grained rocks that weather
dark-grey to greenish-grey or buff, Minerals are difficult to
identify megascopically, but some of the coarser-grained
varieties show swall, rounded quartz and white feldspar grains
in an altered, greenish to dark-grey, limonite-specked matrix.
Dark, fine-grained greywacke, still somewhat gritty, is
classed as slaty greywacke to distinguish it froﬁ typical

slates. A very foew greywackes show dark, indistinct spots on
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the fresh-surface.

| Slates are very fine-grained, compact, usually black
rocks witn a well-developed, slaty-cleavage. Slate occurs
as individﬁal beds and as the fine-grained tops of some sandy
beds., A few siate beds are finely laminated, but most are
uniform in color and texture.

A very few slate beds are "dappléd" or spotted with small
nodules of unceftain composition and never over 3 mm. in
diameter. They locally appear as tiny protuberances on the
weathered surface. Dappled slates were noted in two places
very close to the contact with volcanic rocks, At several
places delicately dappled slates very close to contacts of
basic dykes may be'a fortuitous relationship, but the writer
suspects they are the product of vsery local, thermal
metamorphism associated with the emplacement of the dykes.
The dappled slates are reminiscent of the incipientiy—nodular
"hot sediments" outside the map area. that are the products
of thermal metamorphism related to granitic intrusives.

Graphitic horizons are 1ocall§ developed in slate beds
that have been the locus of concentrated shearing. One such
horizon, up to 15 feet wide, was traced at intervals for 800
feet along the strike. Graphitic zones usuzlly have rusty-
weathering patches. They are locally veined by quartz or
brown carbonéte, and are freguently heavily minefalized with
pyrite. In many places they exhibit peculiar, white or grey.
weathéring circular to'elliptical patches of siliceous

material that resemble quartz pebbles. Shear-planes curve
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around the patches, which have their longest visible axis
parallel witn the direction of shearing. Small, irregular
.patches, less than 1/8 inch in diameter are composed of
fine-grained, sugary quartz, but other larger, compact patchés
up tq several inches' have a smooth periphery and suggest
pebbles of quartz. These guartzose patches could conceivably
be deformed quartz pebbles; But are more likely secondary
gquartz, possibly injected under pressure as rods and kidneys
along plenes of weakness 1in highly sheared slate beds.

Quartzites and impure quarﬁéites are medium to coarse-~
grained, well-cemented rocks that weather very dark grey to
almost black, light-grey, greenish-grey, or buff. They are
characterized by prominent, rounded, highly vitreous, dark,
quartz fragments on the fresh fracture. The thickest beds
are the coarsest-grained, and show no recognizable
stratification and 1little or no grain variation. Guartzites
are typically maésive, and have tended to fracture rather
than shear. Fractures are usually filled with quartz,
resulting in a haphazard network of reticulating veinlets,
bedded veins, or enjschelon quartz lenses approximately
paralleling the regional foliatioﬁ. Zones of fine, pebble-
conglomerate occur locally in some guartzite beds. They
consist of rounded pebbles, predominantly white quartz,
everaging 1/16 to 1/8 inch but up to 1/4 inch in diameter
and comstituting 25 to 75 percent of the rock. Conglomeratic
zoﬁes afe discontinuous and appear to-be restricted,

intraformetional lenses and pockets 1in the quartzite beds.
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In some places wide bands of massi&e quartzite beds can be
followed up to nearly a mile. They may grsde along the strike
into other sedimentary types but their scattered occurrence
over most of the map-area  suggests that they represent a
fairly extensive period of deposition of coarse, detrital
material. Individual beds in such bands average 8 to 10 feet
wide, are usually coarse-grained, massive, light-weathering,

- and well-fractured. Bands as & whole are mofe resistant to
eroéion than surrounding sediments and stand up as low,
rounded, elongate outcrops.

Rocks termed “rusty.arkose“ in the field weather buff
with a rusty hue. Beds average 5 to 10 feet wide and are
massive with little perceptible stratification. On the
broken surface they are grey or bleached-green, veined by
tiny, rusty seams, and show a few small, vitreous quartz
grains in a dense, ashy-looking matrix. They locally show
indistinect color-banding that mey be & reflection of
stratification. These rocks are not abundant, but are
conspicuous when encountered in the field, and very careful
work might prove them to be valuable horizon markers,

Mention must be made here of the band of sediments lying
between volcanics and extending from west of Lex Bay to
Cranston Lake, wita possible faulted extensions both north
and south. On straight lithological grounds these rocks are
markedly different than the main belt of sediments to the
east. They are comprised mainly of coérse, massive,

frequently ferruginous, quartzite and arkose beds, with minor
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slates and finely fragmental beds. Coarse rocks weather
variegated shedes of green, brown, reddish, buff, and grey.
Slates are greenish-grey, tan, brown, and black, the latter
occasionally purplish-red on water-worn surfaces. Some
unusual, light-colored, "buff-beds" are largely repladed by
carbonate and silica; and may be acid tuffs or acidic, sill-
iike intrusives. Close to volcanics beds locally get very
coarse, and may carry various kinds of round to angular
fragments up to 1 inch in diameter. This band of sediments
may represent an interval of équeous deposition before the
close of vulcanism, or may be a belt of in-folded sediments
of the same age as those to the east. The problem will be
discussed later under structure.

Sedimentary rocks were not studied in any detail under
the microscope and the following observations, recorded as a
brief adjunct -to field descriptions, were obtained from the
study of a very few thin-sections,

No sediments examined show profound recrystallization,
but all have been altered and deformed. Slates show a strong
foliation, or slaty cleavage, accentuated by oriented shreds
and flakes of micaceous minerals. They consist of very
finély-divided, sub-microscopic material impregnated with
white-opaque alteration, chlorite, and sericite. Abundant
minute crystals with very'high rélief and yellowish color are
probably rutile. Dappled slates show a maculose structure,
with round to ovoid patches (plate 6),-main1y of quartz (?),

much coarser-grained than the rest of the rock. These
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recrystallized patches are unfoliated and practically devbid
-of sericite. Chlorite is coarser snd hss apparently diffused
outwards from the centre of the patch to give-a peripheral
zone enriched in chlorite. | |

Greywackes show rounded to angular grains, mostly quartz
with some sodic plagioclase, set in a fine grewdmass
containing abundant chlorite and sericite. Quartz and
feidspar grains are original élastic constituents little
affected by processes that have altered the fine-grained
groGndmass, Very minor toufmaline, in elongaté crystals-
j may be recrystallized, allogenic téurmaline,or may have been
introdﬁced. Spots, which are rare in greywackes and probably
analogoué to “dappling" of slates, are indefinate zones '

enriched in chlorite and depleted of sericite.

RELATION OF VOLCANIC_AND SEDIMENTARY ROCKS

General:

Though very unsatisfactory;-ﬁhe evidence for the
structural relationship between vblcénic and sedimentary rocks
proviaes no sound basis for any marked angular discordance,

' Accordingly, volcanics and sediments are tentatively
regarded as constituting a conformable successibn of rocks,
Beds in sediments close to volcenic contacts always face
away from, and nearly always strike parallel to, the contact
zone. Sediments and vblcanics show the same degree of
metamorphism, and both possess a folilation with the samé
general trend. Traceable horizons in volcanics, contact

zones, and beds in sediments are essentially pafallel.
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Nature of the Contact Zonel

Sediment-volcanic contacts are usually'obscufed by
overburden, and the contact zoﬁe_is commonly marked by a
drift-filled depressioﬁ that rises in an abrupt scarp to
volecanics. At many places contacts are sheared.' Shearing
.was.probaﬁly initiated during'folding, with possible later
adjustments;gs witnessed by local shearing in a basic dyke
where it traverses a rhyolite-sedimehﬁ contact on the
southwest shore of -Lex Bay. Coqtégts appeéf to be steeply-
dipping,‘but surface observations on such poofly-defined
featurés as contact zones are seldon reliable. ;

| In some places: sediments and voldaniés are intercalatéd
‘at contécts. In other places, as southwest of Slit Lake,
there is a trahsition from fragmental volcanics, through
tuffaceous sediments ana peculiar bedé of intermixed sandy
and argiliaceous material, to normal sediments. -‘In still
other places, as on the central-east side of Johnson Islaﬁd,
the rock grades upwards from volcanics; through a twelve-foot
zone with sub-angular to rounded boqldersg up to 12 inches or
more scross, in a tuffaceous of sandy métrix; through rusty
beds; and finally.into interbedded slates and greywacke.
Boulders are mostly of volcanic rocks, but include some

grey chert, |

Thus, there is evidence on the one hand to suggest an
erosional interval between vulcanism and sedimentation, and
on the other hand to suggest a progressive change from-

vulcanism, through a transitional period of intermittent and
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concomitant vulcanism and sedimentation, to sedimentation.
Other featurés observed commonly, but by no means

universally, at contacts are:

(1) Blaék to brown, pulverulent “g@gge“.

(2) Abundant, coarsely-crystalline pyrite;

(3) Carbonatization, as disseminated carbonate and
metacrysts of a ferruginous carbonate,

(4) PFerruginous breccia of diverse, round to angular, volcanic
: and sedimentary fragments - probably recently
consolidated debris cemented by iron salts provided by
oxidation of pyrite in the contact-zone.

(5) Minor acidic intrusions (?) injected along contacts,
usually pyritized and sheared to a light-colored,
rusty, very-fissile schist of uncertain composition.

(6) Basic intrusives injected along contact zone.

Conclusions:

The foregoing data supply no evidence. of a major
stratigraphic break betwsen volcanic and sedimentary rocks.
FPield evidence indicates contacts have actéd as zones of
weakness along which shearing, énd.érobably movement, have
taken_place, and hydrothermal solutions have moved; so that
they may be the loci of major structural breaks. The problem
will be reconsidered in connection with the Indin "break"
which, as already mentioned, is postulated to coincide

approximately with a main sediment-volcanic contact.

INTRUSIVE ROCKS

General:
No large intrusive masses are exposed in the area, but

numerous, small, hypabyssal dykes and sills invade sedimentary
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and volcanic strata. They range in compoéition from acidic
to basic and in age from pre-sediments (%) to Proterozoic (2)
Relatiye ages of the different intrusives are poorl& known,
as clear-cut relations are discoﬁragingly rare in the field.
Relative age can. in most cases. be assessed only on the
basis of the degree of alteration. The oldest intrusives
probably include some small, highly-altered, chlorite-
carbonate dykes and sills. Others of these dltered intrusives
probably belong to a later period. Cerfain types of acidic
rocks are probably intermediate in age, and the youngest
consist of a plexus of basic dykes and sills that cut all
other focks, and probably include dykes of sevefal different
ages, The possibility of quartz-feldspar porphyry intrusives
has already been considered. In addition, "Bird-Porphyry"
and similér rocks{keasily mistaken for crystalline flows. are
" of ﬁncertain origin and age. | |

Late basic djkes are divided ' into two types - altered
gabbro and diorite and relatively unaltered diabase. Since
these basic dykes may shed some light on the problem of age of
faulting in the area they will be described here in some.
detail.

"Bird-Porphyry" and Similar Rocks:

Under this head are included massive to schistésé,
crystalline rocks with dioritic pexture and composition.
Theipr areal distribution is limited to volcanic rocks in
the northern quarter of the map-area, with the exceptién of

one dyker in volcanics, on the southwest side of Negus Lake.



33

Within thesenlimitSp they increase in ébundance from south to
north. These rocks were not recognized in sedimenﬁs although,
admittedly, some rocks in sediménts, classed as late diorites,
are very similar. Over wide areas in the north the
"porphyries" constitute nearly half of the rock exposure, but
their apparent'abundance maﬁ be a reflsction of superiqr
resistance to efosion oﬁer.enclosing strata.- Some show
definate chilled marginé and apophysés against volcanics, but
ﬁost occur as isolated dutcrops that tell nothing of their
relation or origih. Meagre structurgl date imply that at
ieast some bodies of this rock conform with the general
structure in volcanics. The rock may be, in part, the
intrusive counterpert of  andesite flows, intruded along
structure planés in the volcanic pile, and contemporaneous
with outpourings of andesite lava. " However, the freﬁhness of
these rocks.compared to most volcanics suggests they belong
to a much later pepidd of igneous activity; theirlcdnfinement
to volcanics is due to structural control rather than
contemporaneity. Exceedingly ﬁoor ekposure permitted no
lfield separation of these pocks on maps so they are grouped
with volcanics, but the writer feels they are largely
intrusive and should be described under that heading.'

They are mottled, green or b?own weathering rocks‘
frequently characterized by anhedral, light-weathering,
felsic patches. or small. quartz “eyes". They are dark-
green on the fresh surface, massive to schistose,

hblocrystalline, with a2 poorly developed diabasic texture.
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The felsic patches afe white, cream, or greenish, altered
feldspar, avefage_1/4 to 1 inch across, and probably are large,
"partly adsorbed phenoérysts. They are erraticélly distributed,'
peﬁer constifuting more than & or 10 percent of the rock and.
usually very widely scattered or almost ehtirely absent.

Rocks with fhese felsic patches-wer.e called "Bird-Porphyry"

in the field bécause of marked similarity to rocks of that
neme seen by the writer from the area around Yellowknife.
Quartz Yeyes™, which occur with or without felsic patches,

are rounded blebsvof opaléscent, bluish qﬁartz thét_average
about 1 mm. in diameter. Occasionally these rocks show abun-
dant, scintiilating flakes of black mica. Outcfops a?e
featured by lenticular fractures filled with’white, usually
barren, quartz. Quartz veins are up to 2 feet wide,but seldom
more than 20 feet long..

Microscopic examination reveals the rock is composed
mainly of hornblende, altered feldspar, chlorite, and quartz,
Hornblende is green to almost colorless, mddérately pleochroic,
and shows extensive alteration to chlorite. Original lathy
feldspars with random orientatioh remain as épaque'masseé of
secondary products. Clear quartz;-as irregular grains up po
-1 mm. , showing undulstory extinction,'and scattered smaller
grains, composes 15 percent or more of the fock. Some quartz
is'intergrown with altered éodic.(?) feldspar and resembles
interstitiel granophyre. ILocally, howeﬁer, oguartz is seen
penetrating the mergins of feldspars, suggesting that the

intergrowths may be of replacement origin and unrelated to
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late-stage crystallization.of the rock. Some large quartz
grains show parallel trains of minute, colored inclusions.
'Much of the_quartz has probably been introduced, or possibly
'rgleaéed ffom the preakdown of primary constitueﬁts.
Chlorite, as aggregates and scattered flakes, usually shows a
dark, purplish-blue or.pufplish;red, interference color. A
seim-opaque material, white in reflected light, has except-
ionally high relief aﬁd constitd@s over 5 percent of the rock.
It shows élmost total reflection; sb that no optical
propérties are obtainable. Some well-defined, wedge-~shaped,
cross-sections suggest that it may be spheme parfially/
altered to leucoxene. It frequently carries snell kermels
of a black, opaque minersl. Other minerals'present in
varying proportions are carbonate,-epldote, pyrite and apatite.
The felsic patches show definate, but very irregular
outlines; and consist of feldspar almost entirely converted to
a semi-opaque aggregaté of secondary minerals inciuding
cliﬁozoisite or epidote, carbonate, sericite and dhlorite, and
possibly some kaolin mineralé.' |
Varieties containing biotite show less hornblende, more
chlorite-showing a-dirty-greenish-ihterference color - and
an abundance of the leucoxene-1like material.' Biotite,
constituting around 5 percent- of the rock, is strongly
pleochroic and invariably lies within,-or closely associated
with chlorite. -

Altered.Dykes:

Numberless highly altered, ususlly small, intrusive

~
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podies are included under this héading. Their origiha_l
bompositiop is unknown for they are now compoged almost
entirely of éecondary minerals. They probably include rocks
of different compositions and ages. Some are known -to cut
" acidic intrusives in sediments, and some are cut by late basic
dykes. Others resemble altered phases of late basic dykes,
and may themselves belong to that same period of igneous . |
activity. |

| They weather brown, reddish-brown, or green, are
infrequently cut.by veinlets of a green, fibrous mineral, and '
usually show sharp contacts against the confining rock. On
freshly-broken surfacés they are grey, green, or brownish,
and aphanitic or studded with small, glistening, cleavage-
faces of éarbonate. .Otheré show Well-developed, euhedral ..
crystals of ferruginous carbonate up to several millimeters‘
scrqss; énd still others are almost completely carbonate.

In thin-section they consist of a structureless aggregate
of carbonete and pale-green chlorite, with lesser amounts .of
miscovite, quartz, and & plagioclase believed.to be albite.
nyite is usually present; alohg with iron-ores and brownishe-
white; opaque, altéfation material. Muscovite im secondéry and
shows a sieve structure. One variety exhibits evenly-
distributed, rounded clots of deep-green-chlofite with minor
quartz and carbonate. Opaque minerals ére very abundant in the
main rock mass. but practicéily absent in the clots of chlorite.

Since carbonate metacfysts are linked with metamorphism

and alteration, their discussion will be withheld until a 1a%er
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page. In passing, the writer would mention that dykés.ana sills
of the present;considered rocks have apparently offered very
ﬁermeablé "channels" for the pa#gage of carbonate solutions, :. -~
- and frequently they have been highly carbonatized while thq‘
adjacent rocks have been buf slightly uffected.‘ This suggests
that carbonatization is c&ntrolled, at least to some extent,

by the composition of the dykes and sills; a composition
probably considerébly more basic than the adjoining rocks.

“Metadioéite“

Intrusive rocks classed as “metadiorite" are found only
in sediments, and these mainly in that narrow stretchqu land
separating Indin énd Float lakes, None of these rocks were
recognized in the northern half of the ‘area. "“MetadioriteV
occubs'almost invariably as.sill-like.bodies intruded along
bedding-planes and conforming in strike and dip with the
endiosing stréta. Numerous small sil;s from one to three
féet wide aré difficult to prove as intrusive. They possess
sharp contacts with no appreciable chilling or other
intrusive criteria, "However, one such smail body was observed
trending at right angles to bedding élong the axial plane
of a.small syncline in thinly-bedded sediments, so other
similar rocks were concluded to be intrusive and correlated
with larger, somewhat similar bodies of typical "metodiorite.
Sills of "metadiopite" occasionally attain widths of 30 feet
or more, but are usually exposed along-édges of drift-filled
depressions so that true widths are indeterminate. Some

have been intensely cracked and filled by a network of smoky
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to milky quartz veins that rarely penetrete the énclosing
rocks. Others are highl& schistose, or show a poorly-
developed augen structure, pParallel to the regional
foliation; Thus‘these rocks have yieided to stress conditions
by both fracturing and shearing, and appear to have been
subjectéd to at least some of the forces that caused folding.
The weathered surface of larger bodies is usually reddish-
btrown or greenish, with myriads of tiny, white flecks that
project slightly above the surface. Least deformed varieties
show, on the fresh surface, a granitoid texture and about
equal amounts offelgic and mafic constituents. Schistose'
varieties break with a waxy sheen along irregular cleavage.
surfaces, and show lenses of light-colored minerals in an
altefed, greenish-grey matrix specked with brown alteration,
Under tﬁe microscope unsheared varieties (plate 7) are a
medium-grained,'granulaf rock composed mainly of plagioclase
feldspar and chlorite. " Chlorite is interstitial to"feldspaf,
and was probably derived from the breakdown of pfimary,
ferromagnesian minerals. It is in large, optically-continuous
masses locally intergrown with coarse sericite. Plagioclasé
is = fwinned, very-sodic albite, host to numerous coarse
inclusions of carbonate,ﬂsericite, and chlorite. Some
untwinned feldspar grains showing good clegvage may be
orthoclase, Feldspar grains are iocélly fractured or bent,
with arcuated twin lamellae. Strained quart2 consfitutes less
than ten percent of the rock. . Apatite is very abundant as

primmatic, cross-fractured crystals up to 1/2 mm. Carbonate,
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comprising about. .15 percent of the rock, magnetite, and
skeletal frameworks of white, opaque material mainly in
chlorite complete the mineral assemblage,

Sheared varieties (plate 8) show increased amounts of
carbonate and chlorite and a lesser amcunt of sericite.
Schistosity is accentusted by long, sub-parallel strings of
shredded chlorite that curve around lenticular zones of
feldspar, qﬁartz, and carbonate. Quartz and feldspar have
been crushed to granular aggregates that have Been drawn out
in the direction of séhistosity and impregnated with carbonate
and chlorite. Some quartz is in grephic intérgrowth with a
.feldspar of much lower refringence. Irregular grains of
opaque, brownish material aresabundant in chlorite. Delicate,
acicular to filiform crystals. appearing as inclusions in
feldspar and chlorite. are'arranged locally in a crude sort
of schiller-structure. Apatite is abundaﬁt and sericite is
absent, except as a few minor -inclusions in feldspar.

The name "metadiorite" was adopted in the field for the
foregoing rock. and has been retained in this report.
Obviously, the rock has been'altered and deformed,but
probaBly initially approached a diorite in composition - with
subsequent albitization of the felaspar, conversion of
ferromagnesian constituents to chlorite, and introduction of
carbonate (or at least of COg).

Minor Acidic Intrusives:

With the exception of quartz-feldspar porphyry, already

discussed; and very numerous quartz veins, many of them
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feldspathic, acidic intrusives in the area are limited to a
few small, sill-like bodies in sediments. These bodies are
.exposed as a single sill on the small island off the southeast
end of Johnson Island, and again close to the eastern shore
of Indih Lake as several, discontinuous sills extending from
a point directly across the lake from North Inca to half way
up the shore of Lex Bay. It is not known whether these
exposures are parts of the same intrusive system. Other so-
called "buff-beds" in sediments west of Lexindin may be
similar intrusives. In addition, some volcanic-sediment con-
tacts o2re locally merked by a light-colored rock, usually
pyritized and sheared to a rusty, very-fissile schist that
was thought to represent minor acidic intrusives injected
info contact-zones. Clear-cut relations of theselrocks were
not encountered in the field, and petrographic similarity,
under the microséope, to sericitized rlyolite leads to the
idea that they are sheared acidic lavas rather than minor
intrusives.,

The sill-like acidic intrusives in sediments uSually
conform with the attitude of the enclosing strata, but
locally cut the beds at a small angle, and very infrequently
swing at right angles to bedding for a few inches. Along
strike they pinch and swell from less than a foot to m&re
than eight feet in width. They are locally mineralized and
cut by irregular stringers of quartz. In a few places they
are almost completely replaced by quartz. Smooth slicken-

sides covered by a sericite film, at contacts with sediments
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and within the rock itself, give evidence of movement along
the sills after their emplacement. The rock is aphanitiec,
white to light-grey, dense to sugary, and in some places
speckled with limonite or patches of green chlorite.

In thin-section the rock is comprised of an inequi-
granular, interlocking, allotriomorphic aggregate of albite
and quertz, with possibly some orthoclase. Ferruginous
carbonate altering to limonite is abundant. The rock is
veined by coarsely-crystalline quartz associated with a
lesser amount of albite. Quartz is fractured znd highly
strained. Sericite occurs as interstitial films between quartz
grains, as fracture-fillings in quartz, and as a few small
inclusions in feldspar grains. Coarse lines of dusty
inclusions traverse the rock and quartz veinlets, with no
regard for crystal boundaries.

Gabbro and Diorite:

These are the most widespread and abundant intruéive
rocks in the aréa. They have been intruded in several well-
defined sets, and their emplacement probably took place over
a long period of time., One set trends in a northwesterly
direction, appfoximately parallel to Yecross-faults%, and
another set trends, in general, a few degrees east of north,
approximately parallel to the regionzl structure. Some
northwesterly-trending dykes appear .to follow, and be younger
than, "cross-faults"; and other northerly-trending dykes are
offset by, and older than, “cross-faults". Dykes usually

show weak resistance to erosion, and weather to drift-filled
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depressions, but in some places in contact with the same
rocks. they stand well above the surrounding strate, Dykes,
which attain widths of 100 feet and average 20 to 30 feet,
vary considerably in thickness along the strike, and in

places become quite irregular, witii numerous off-shoots and
ramifications. They show indistinct contacts against fine-
grained sediments,and. against all rocks. a chilled, marginal
fecies freguently lighter-weatnering tnen the interior. Fine-
grained sediments close to the contact are usually baked to a
cherty, buff, grey, or greenish hornfelsic rock in which ali
signs of foliation are obliterated - signifying that these
intrusives are later thén the.development of folistion. The
location of a dyke can be detected frequently by the presence
of baked sediments on the edge of a lineal depression. Cofrse
grained sediments and volcanic rocks heve not been appreciably
altered by thg dyke-intrusions.

In the field different dykes, or specimens from the same
dyke taken at different localities, vary somewhat in deteil;
but in general these rocks all show sufficient similarity
to be classified under the same head. For that matter, some
of these rocks are so like the previously described “"Bird
Porphyry" and allied rocks that the velidity of creating the
two divisions is guestionable, and can be justified with some
degree of certainty only by seeing the two types of rock in
the field. |

The rock, noticeably heavy in the.hand, is massive,

fresh-looking, green to brown weathering, and hcs a mottled



dioritic to diabasic texture. It is dark-green on the fresh
surface, and shows varying amounts of mafic and felsic
constituents, the former usually predominant. Pyrite is
usually visible in the hand specimen. A few dykes are cut

by veinlets of salmon—pihk feldspar, or contain irregular
segregations of coarsely-crystalline quertz and pinkish or
white feldspar. Others are frectured and filled with white to‘
grey, vitreous qguartz, occasionally well-minerslized with
chalcopyrite and pyrrhotite. Still others are cut by small,
seldom-persistent. stringers of white, vuggy quartz. Large,
irregularly-distributed, yellowish-green to cream patches
appear in some of the dykes. They may constitute up to &5
percent'of the rock 2t one expdsure cnd be entirely absent

on the next exposure of the same dyke., They never show
crystal outlines, and for the most part are very irregular in
shape.

In thin-section the freshest rocks are composed mainly
of amphibole and altered plagioclase witn lesser, varying
amounts of chlorite, quartz, epidote, clinozoisite, biotite,
carbonate, magnetite, pyrite, leucoxene (?) and apatite -
(pleste 9). Amphibole, which probaﬁly includes hornblende and
tremolite~-actinolite, is brown, green,.and colorless. It is
weakly to strongly pleochroic in tints of green and brown.
Variegated shades of green and brown appear locally in a
single grain. MNuch amphibole,reminiscent of a secondéry origh,

exists in fibrous eggregates wita or witaout chlorite.

Other optically continuous, occasionally twinned, subhedral






44

grains may be primary. Feldspar is lathy plagioclase,
locally fresh, witan regular, polysynthetic twins; but usually
altered and charged with inclusions of clinozoisite or epidote
and chlorite. Chlorite locslly replaces feldspar along zones
parallel to lamellation, and occasionally feldspar is "cleared
up" where in contact with chlorite. Positive identification
of feldspar is not easy but the index of refrsction and
meximum extinction angle favor an andesine of composition
about Ab55. Epidote or clinozoisite and chlorite are always
plentiful, and pyrite, magnetite and leucoxene (?) are
usually present. Other minerals noted in some slides are
biotite, carbonate, apatite, quartz, and micropegmatite.
Quartz, when present, is never over 10 percent,. and in some
sections appears to have been introduced. Biotite, which is
absent in most sections but quite plentiful in a few, occurs
as small flakes associated with awphibole and chlorite. It
is strongly pleochroic from tan to almost colorless. The
relaetion of biotite to amphibole is not clear, but in a few
places amphibole appears to be altered to biotite through an
intermediate stage in which éreen emphibole turns brown,to a
final stage in which the brown mineral takes on the optical
properties of biotite., Both biotite and amphibole are
altered to chlorite.

Light patches, which were originally composed of
plagioclase, now consist of a mass of secondary products and a
very few cloudy remnants of the original feldspar. The

secondary mass consists primarily of an equigranular aggregate
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of one or more of the epidote minerals (probably meinly
clinozoisite) -with minor amounts of chlorite, and could
probably be termed "saussurite"., The original feldspar was
not identified, but could be expected to have been quite
calcic.

Two sections taken from altered portions of these rocks,
one from close to & mineralized zone and the other from the
sheared portion of a dyke where it crosses a sediment-volcanic
contact, show greatly increased amounts of chlorite and
carbonate,and diminished amphibole. and clinozoisite or epidote.
Diabsse:

Diabase dykes are probébly the youngest rocks in the srea,
although nowhere were they found intersecting gabbros and
diorites. They are not abundant and in no case was a single
dyke traced any great distance. In several localities they
ere intruded parallel with, and only several tens of feet
away from, a diorite or gabbro dyke; in all instances both
dykes are in sediments and strike approximately parallel with
bedding. A very short section.of a diabase dyke was found in
a silicified breccia-zone believed to be the locus of a
"eross-fault". The dyke was perfectly freshy and apparently
post~-dated faulting and silicification..

Typical diabase has a smooth, brown, weathered-surface, and
sharp, regular contacts with a chilled, marginal selvage., The
rock 1s nearly black on the broken surface, with myriads of
tiny feldspar needles that sparkle when the rock is rotated in

the hand. Less typical verieties weather greenish, are dark-
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green on the fresh surface, and difficult to separate from
fresh diorite and gabbro in the field.

The rock has a disbasic texture, and consists of about
equal amounts of pyroxene and feldspar. and abundant accessory
magnetite, (plate 10). Marginal facies are porphyritic (plate
11), witn phenocrysts of pyroxene and feldspsr in a fine-
grained, mepocrystalline matrix of the same minerals and
magnetite. Pyroxene, witn an optic angle of about 40 degrees,
is a pigeonitic augite. It locally shows incipient
uralitization or altération to chlorite. Feldspar is
labradorite, occasionally zoned, and replaced by chlorite (?)
along narrow seams predominantly transverse to the length of
the feldspar grain, Megnetite is evenly scattered through the
rock in anhedral, nighly corroded grains., Small flakes of
biotite partly altered to chlorite probably belong to a
late, aeuteric stage of.crystallization. Biotite is brown,
strongly pleochroic, and usually surrounded by chlorite. The
diabase. as a whole. is a fresh rock, and epparently has not
been exposed to the same vicissitudes as thef%asic intrusives

in the area,
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STRUCTURE

General Stetement

When dealing witn such regionel features as structure
the fragmentery data gathered from the study of a small érea
Jas inadequate to formulate a sound analysis of the structural
set-up. Apart fﬁom this, the general cheracter of the rocks
and thepaucity of nock exposure in some areas, imposed severe
restrictions on the number of reliable structural determinetions
available, and consequently, conclusions must be based on
undesirably few observations. The scale of the accompanying
map of the entire map-area precludes the inclusion of numerous
minor details of structure recorded on the 400-scale ﬁap.

The writer offers here a few ideas of structure in the ares,
with the réalization that the theoretical phases mey have
several equally valid interpretations, and in the hope that
additional field work will lead to a clearer understanding of
the structural pattern in tne area, The ensuing discussion.is
not intended as an exhaustive treatise of structure in the area,
but rather &s a preliminary consideration of a topic that
necessitates considerable sdditional information before it may
be dealt with in any great detail.

Structure in the area is complex. Sedimentary rocks have
been thrown into a series of tight, isotlinal folds with axial
planes trending, in general, a few degrees east of north. All
sedimentary strata dip from 70 degrees to verticalbpnd in meny

places beds ere overturned as much es 10 or 15 degrees.
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Folding eappears to have been less EOmplex in volcanics. Théy
have resisted intense buckling by the development of zones
of shearing in incompetent members of the assemblage and, in
general, probabiy behaved as a competent unit unéer the
influence of tectonic forces to which the rocks wefe subjected.
Movement, if any, along shear zones was probably mainly vert-
ical, and took plece as a very late-stage adjustment to
stresses; consequent upon the relaxation of stresses; or
even during a later period of deformation. Many small-scale
folds in sediments mey be minor flexures related to the main
periocd of folding, but some, and probably the mejority, aré
related to later earth movements that developed steeply-
plunging dragfolds and imposed crenulations upon regional
.foliation produced during the main period of folding.
Regional stresses_  subsequent to folding. culminated in
ma jor northnwest-trending "cross-faults" of considerable
magnitude. “Cross-faults" é%fect ali rocks in the srea with

the possible exception of some Jlate bssic dykes.

FOLDING
Apparent structural conformity between volcanics and
sediments leads to the assumption that these rocks have been -
subjected to a single period of regional folding. Discussion
of the nature and origin of the forces that ceused this
folding will be withheld from this report except for saying
that the fold pattern suggests compressional stresses

operating in a general east-west direction perpendicular to
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the trend of fold axes,and incidentally, perpendicular to
the long axes of granitic intrusives and a belt of rocks of
the 8nare group (Proterozoic) to the west. .
Generélly speakfng, the map area lies astride a volcanic-
sediment conéact, with volcanics on the west and sediments on
the east. To %he east end out of the map area. a second
band of volcanics is exposed. The 5elt of sediments is about
a mile wide at its nerrowest part. The contact strikes & few
degrees east of north over most of the area, but swings to
about north 30 degrees east above Cranston Lake, Lord (1942,
p. 41) regasrds the volcanic bands as, in part, the cores of
complex, anticlinal structures. If so, the sediments, flanked
on either side by older volcanics, would occupy the trough
of a synclinal structure, and the map area would lie
essentially on the western limb of this syncline, Field
observations, while not vitiating the fundamentals of this
concept, introduce many complications.
That the sedimentary strata do not occupy a simple,
synclinal trough is shown by numerous reveréals of tops-
best explained. in such steeply~-dipping beds by tight,
isoclinal folding. Divergence in strike of beds from the
regional trend may reflect plunging folds, or iater fleiing
or dragging of strsta already standing on edge as a result of
isoclinal folding. 1In many places beds can be followed
around the noses of small snticlines and synclines. In some,
regional foliation is perpendicular to bedding on the crest

or trough, and in others the foliation follows bedding around
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the nose or has been crumpled into a series of closely-
spaced crenulations or tiny foldlets. Some of these folds are
probably drag-folds contemporaneous with major folding, and
others are probably associated with one or more later periéds
of deformation. Since the two types of folds cannot be
distinguished with confidence they are of little value as é
guide in interpreting the major structure. The axes of some
of these folds are shown dn the accompanying map. In no case
were they traceable for any great distance, and in most cases
could be followed only a very few tens of feet,

the axis of the major structure is indeterminate, and its
rlunge is a matter of some uncertainty. Most small folds
plunge steeply (usually to the nofthx but as already stated,
the me jority are probably genetically unrelated to major folds.
For reasons given later, secondary linear features were’not
considered reliable indicators of regional plunge. However,
the essential parallelism of sedimentary and volcaniq belts
suggests gentle regional plunge. The belt of volcanic rocks
along the eastern edge of the map-aréa appears to plunge to
the north aﬁd south-under younger sedimentary rocks, and
éuggests an elongate dome structure. with gentle northward
plunge in the northern part of the area, reversing to a
southward plunge in the soutngrn part of the area. These
relations, however, are not duplicated®ss to be readily
apparent by volcanics in the western part of the map-area.

To what extent the picture is complicated by unrecognized

faults,especially strike-faults, is not known.
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The narrow band of sediments in volcanics west of the
main contact zone deserves some consideration here. That
portion extending from west of Lexindin to Cranston Lake, on
the basis of structural criteria, appears to be the trough
of a narrow syncline. Stratigraphic tops on the west side
face east, and on the east side face west. 1In addition, a
. rusty-weathering. Y“buff-bed', either an acidic sill or a tuff-
aceous bed, 1is exposed wesf of Lexindin on each side.of the
sedimentary belt at approximately the same stratigraphic
horizon, as if it were being repeated on each 1limb of a
syncline. On the other hand, as slready discussed, sediments
constituting this band are not similar, 1itﬁologically, to the
main belt of sediments on the east. Also, rhyolite lying
on the western side of the sediments does not appear on the
eastern side as it should if the structure were a simple
-syncline, and discounting any complications possible through
discontinuity of the rhyolite horizon or unrecognized faulting.
Thus, there is on one hand evidence to suggest a shallow
syncline or infolded band of sediments, and on the other hand
evidence to suggest the sedimentary band is the result of a
major interval of sedimentation before the close of vulcanism,
and thus'a wide sedimentary interband within the succession of
volcanics.

The writer is extremely dissatisfied with the fold
picture established'by mapping end summerized briefly on the
foregoing pages. However, when we consider that the rocks now'

exposed at the surface are the cores .of what were presumably
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great mountainous belts produced by crustal orogeny and
modified by later disturbances, it is not surprising that the
structural constitution of the rocks is complicated to such an
extent that structural information accumulated in the course of

2 single field season leaves much to be desired.

Regional Foliation and Lineation

Compressional stresses to which the region was subjected
imposed a schistose or foliaste structure upon mosﬁ rocks in the
area, The writer applies the term "regional foliation" in a
broad sense to include the approximately parallel disposition.
in layers, lenticules,or undulating lamellae, of rock elements
and minerals., In general, it inciudes schistosity, flow-
cleavage, and augen-like structures - secondary featufes
probably developed during folding by stresses transcending the
limits of the map-area, and consequéntly conforming to a
regional "grain" or trend of such structures that compares in
extent to the extent of the causal stresses. '

The degree of development of regional foliation varies in
different rocks, and in seperate bodies of the same rock.
Pre-folding intrusives are frequently somewhat less foliate
then the enclosing rocks. Some bodies of one rock type may
be highly foliate, and other bodies of the ssmeé rock be quite
messive., Coarse-grained sediments and some intrusives have
fracturea rather tﬁan sneared. Slate beds 1ying between
relatively competent greywackes and quartzites. are usually

more highly sheared than adjacent formations. Late basic
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dykes, introduced after most of all of.the folding, nave not
been affected except where late movement. unrelated to stresses
~causing regional foliation has developed some local shearing.

Foliation strikes between northwest and northeast,
predominantly a few degrees east of north, and dips very
steeplﬁ to vertically. In sediments it is usually parallel to
beds, or cuts bedding-plenes at a small angle. (Cleavage plenes
passing from coarse-bottomed to fine-topped beds are refracted
towards closer parallelism with bedding upon entering the fine-
grained top.

Secondary linear features are developed in some parts of
the arez, usuelly in rocks where foliation is strongly
developed. Linear features are elongate elements whose long
axes ere oriented parallel with foliation, and include pillows,
fragments, and streaks of chlorite in volcanics, and & few
pebbles in sediments, and "quartz patches” in graphitic beds.
Fragments in egglomerates are locally deformed into irreéular,
ellipsoidél bodiés, or squeezed asnd flattened into “pancake-
shaped" bodies that may reach a foot in length and less than
an inch in width on the surface of an exposure. Such extreme
deformetion, which is of rare occurrence, must have taken place
when tne rocks were iﬁ 8 very plestic condition -as‘there is no
visible evidence of catacleastic structures associated with the
deformation. Pillows in volcanics invariably have their
longest visible axis parallel with foliation, and the same can
be seid for pebbles in coarse sediments end "ouartz pstches"

in graphitic sletes, However, pillows mey owe their elongation
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and orientation a2s much to primery shape and disposition in
the flow as to secondary processes, and “quartz patches" in
graphitic beds probably owe their shape a2nd orientation to
control by pre-existing ;tructures rather than to deformation
subsequent to their formetion.

Fragments in agglomerate ecnd numerous,.elongate lenses
and streaks of dark-green, chloritic material in volcanics,
when viewed‘in the plane of foliation, usually show a very
steep to verticel inclination on their longest axis. In
the field +this was interpreted as indicating a steeply
plungiﬁg regional structure. However, since such elongate
elements may be conceivea to have developed by more than one
mechenism, either as a étretching perpendicular to fold axes
or as a8 squeezing of rolling-out parallel with fold axes, the
interpretetion reached on the basis of 1iﬁeation depends upon
which mechanism is adopted by the interpreter. If stretching
perpendicular to fold axes is presupposed, steeply inclined
lineal elements indicate gentle plunges; if squeezing or “roll-
ing-out" parsllel with fold axes is sdopted, steeply inclined
lineal elements indicate steep plunges.

In an area of intense folding there is considerable
lengthening along the folded belt psrallel witnh the fold axes,
Such lengthening is relieved by tne development of salients or
plunging folds, the latter probably the usual metnod of relief.
If the apparent lengthening of a few observed fragments be
taken as a quantitative index of the total lengthening along

the folded belt. the resultant plunge would be considerable,
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assuming, of .course, stretching of fragments to be parallel
with fold axes. However, extreme stretching is probably
confined to relatively small areas of greztest stress intensity,
so that highly deformed elements in these restricted areas
are not representative of deformation of the entire srea.
Since there 1s no unanimity regarding the genesis of elongate,
lineal elements, and since proof to the contrary is lacking,
the write; prefers to think of the major fold axes as being
gently undulating lines rather than lines that stsnd nearly
vertically, as would be indicated by the attitude of the
ma jority of lineal elements in the planes of foliationm.

In conclusion, lineal features are elongated essentially
in‘the plane .of regional foliation, and lineation, foliation,
end folding are probably contemporsneous features developed

by a single system of tectonic forces.

FAULTING

Faults in the area may be divided into two main clssses:
(1) 'Shear zones, usually paralleling the regional stfucture.
(2) Northwest-striking “crbss-faults“, oblique to the regional

structure.

Although the shear zones are cleassed as faults no positive
evidence exists of appreciable displacement along them, and all
that cén be said is they are zones of intense shearing roughly
parallel with the regional structure and usually accompanied
by carbonatization and other kinds of alteretion. Included

with them are the Indin Y"break' and other zones of shearing
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localized at mejor contacts.
"Cross-faults" are definate crustal breaks attended by
considerable displecement but practically no intense shearing.

Shear Zones:

Exposed shear zones in volcanics sre ill-defined bands of
schist that grade laterally into less-schistose rocks.
Pronounced shear zones are not abundsnt in sediments, and when
they do occur there are frequently localized in slaty horizons
between coarser'beds of a more competent nature. The attitude
of the schistosity in shear zones seldom shows much deviation
from the attitude of regional foliation in the surrounding
rocks, and for this reason are thought to be a late-stage
adjustment to stresses that caused folding, or at least to
have been controlled by zones of weakness initiated during
folding.

Shear zones are frequently accompanied by quartz-veining,
especially in sediments, and by carbonate in veins, interlscing
stringers, and carbonatized wall-rock. Highly carbonatized
shears, or “carbonate-zones", are widespread in volcanics, and
although sometimGS'mineralized, seldom contain appreciable
precious-metal values, Many outcrops weasther rusty from the
decomposition of the carbonate. Other snear zones in volcanics
are composed of highly schistose sericitic and chloritic rocks.
The walls are poorly defined, and the shear zones grsadually
lose their identity in the regional foliation. Chlorite 2znd
sericite probatly developed mainly as a result of dynamié

was prouably
metamorphism, and their presence and sabundsnce ¥e dependent
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upon the composition of the original rock, but as already
discussed, certain chloritized rhyolites attest to the fact
that during deformation. soﬁe of the constituents necessary
for the formation of chlorite, and for that Qatter other
minerals generated Ty dynamic processes, must have been
introduced. |

No.attempt has been made to show shear:zones on the
accompanying map. For the most part they are obscured by
drift and muskeg and their delineation, to be of any vslue,
would aave required more time than was available in the
present -work.

The Indin “BreakV .

Paradoxically, the Indin "break", which is economically
the most significant structural feature in the area, is not
indiceted on the accompénying map. There:are sevéral good
reasons for this. In the first place, the only positive
evidence within the map-area to support the existence of éuch
a "break" is to be found in the results of diamond-drilling
at and around North Inca, and since drilling results were not
incorporated with field studies this record is lost for the
purpose of this report.

Tne wriﬁer does not intend, at this point, to disagree
with the results of mapping set forth on map 697 A showing,
at intervals, a north-trending fault that coincides. at North
Inca and vicinity. witn the position of the ore-bearing shear
zone or "break" established by drilling. This fault has been

postulated from field work having a much wider scope than thé
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writer's investigations. Neverthueless, mepping slong the
assumed position of the fault produced little evidence to
support the existence of a fault having a displacement to the
right even approacning the magnitude indicated by the offset
sediment-volcanic contact éouth of S1it Lake. Careful mapping
at this point revealed the contact to maintain essential
continuity, with little likelihood of being displaced, if at
all; more than a few tens of feet. This, of course, still
admits the possibility of a.fault having & large vertical
component of movement - a possibility enhanced by a deep,
lineal depression extending from S1lit Lake to Leg Lake. and
poor correlation between volcanic rocks on adjacent sides of
the depression. Several obscure exposures of late basic
intrusive along the depression, togethér with numerous ex-
posures of the samé rock to the south. and approximately in
line with the depression, suggest that it may be the result of
differential erosion of a basic dyke, since basic igtrusives\n*Meomq
are known to offer relatively weak resistance to weathering.
Turning to positive evidence of the "break" . one.cannot
deny the existence of the zone of shearing esteblished by
drilling to extend from its intersection with-the Inca fault
northwards almost to Lexindin cemp, a distance of about 9000
feet. This zone of sheering, hitherto termed the Indin "break!
would probably be better described as the Indin "shear" until
positive evidence of movement, if any, is obtaineq. Of course,
the most important structural problem of the area is whether

this zone of sheasring is & compsratively small structure, the



limits of which have been pretty well defined, or whether it is
a major structure that continues a considerable distance north
and south of where it has been detected by drilling. Field
work was extremely disappointing insofar as results that have
any bearing on the problem, and no direct evidence was
obtained either for or against extending the structure beyond
its presently-defined limits. At North Inca the shear is in
sediments close to their contact with volcanic rocks, and is
believed to dip steeply to the west with the contact, which
lies e few feet west of the shear. If it be asgumed to
maintain this essentially bedded character, and especially if
movement elong the shear is not great, it might continue for

a greaet distance without being detected on the surface. Its
southerly extension would lie under the waters of Indin‘Lake
and could be located only by drilling. In this connection, a
" hole drilled from the northeast shore of Johnson Island, about
3000 feet south of the Inca fault, intersected a zone of
mineralized schist’in sediments at about the same horizon as
the main shear at Nortn Inca. This suggests that the main
shear extends south of, and is displaced by, the Ince fault.
Going north of where the shear was last identified by Lexindin
its path easily could follow the low ground that merks the
volcanic~sediment contact from Lex Bay to south of Cranston
Lake. Here the shear would presumably be displaced to the
northwest by a "cross-fault", and extend northwards along
Cranston Lake. The structural conditions nortn of Cranston

Lake are not at all clesr. It is not known whether the belt
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of volcanics between Cranston Lake snd the leke to the west
is in faulted contact against, or plunges beneath, the younger
sediments on the north, so it would be folly to attempt even
an assumed position of the shear beyond Cranston Lake. As

2 matter of fact, sediments are highly sheared cver widths up'
to a mile norta of Cranston Lake, and it is unlikely that

any concentreted zone of snearing does exist. It may be thet
this marks tne transition from a more or less well-défined
shear zone into a wide belt of distributed shesring in which
minerslizetion, if preéent, would be so widely spread thet its
concentretion in economic amounts would be unlikely.

Before leaving the subject, the writer would point out the
obvious fact that additional information is sorely needed before
" the nature and origin of the Indin "break" may be evaluated.
However, the none too valid suggestion 1s made tnet the Indin
Ypreak", locelized as it seems et a major contact, may hsave
been initiated during folding, and reflect zdjustment to
stresses ceusing folding of rocks of different competency.
Prior to folding the rock assemblage can be thought of ss 2
competent volcanic basement overlain by a relafively incom-
petent succession of sediments., Shortening across the folded
belt, after the pcsition of major folds was determined, wés
accomplished by intricete bﬁckling of the sediments and
broader warping snd shearing in the volcanic basement. Such
deformation, in an intermediate stage, would probably
necessitate slippsge or shearing along, or close to, major

contacts between volcanic and sedimentary rocks which, in an
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advanced stage, might develop into high angle thrust faults
along steeply inclined or overturned limbs of mejor folds.

At any rate, adjustments during folding likely develop zones
of weakness at contacts between rock units of different
competency which, in themselves, may prove favorable N
structures for ore deposition. Or, zones of weaknessr;?“::;a
tacts Inevsureded during folding may determine the position
of later faults unrelated to the stresses csusing folding.
Carrying this idea further, a fault, co#trolled in its
location by structures aeveloped during folding. may be an
aftermath of, and indirectly related to, folding. With the
relaxation of lateral compression and the cessation of foléing:
gravity maﬁ attempt to compensate for the crustal shorteniﬁg
during folding by active crustal extension in the form of
gravity faults. Such faults would tend to follow zones of
wealness pre-detefmined: éa;zﬁg folding.

.Hhether the Indin "orcak" is merely a zone of shearing
or a fault of some magnitude is not known. It is, howevér,
closely related in space to a major contact between rocks of

“different competency that have been intensely folded. The
foregoing hypothesis, relating the origin of such a structure,
or at least its control, to folding. is entirely speculation,
and its application to the genesis of the Indin "break" may
be found invalid\when more information is obtained.

"Gposs-Faults:¥

Boross-fault" is the term used to denote those structural

breaks that cross the map-area in the northwest quadrant and
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intersect the regional strike at a large angle. Cross-faults
invariably possess a left-hand offset, or in other words,
rocks on the northeast side of a fault have moved northwest
relative to those on the southwest side. Little is known of
vertical movement along cross-faults, but the greater part of
tae displacément is probably in & horizontal direction.
Fault-planes, or more correctly fault zones, are seldom
visible in tze field. In the soutnern pert of the area
cross-faults are marked by narrow, lineal depressions,.
usually apparent on aerial phptographs. Cross-faults appezar
to be clean-cut breaks. Pronounced snearing is not evident,
and indications of ﬁovement are limited to a local crumpling
of regionsl foliation and dragging of beds in the immediate
vieinity of a fault. Drag-folds and axes of crumples usually
pitech steeply.

North of Negus Lake, the surface expression cross-faults
may have nad ié maesked by a heavy mantle of overburden, and.
althougn faulting meay be_indicated by displaced norizons
the delineation of the surface trace of a fault is largely a
matter of inference, |
| At one place, nortn of Corner Lake, what is believed to
be a short section along a cross-fault zone is exposed in
sedimentary strata. The sediments are brecciated, intensely

silicified, and veined by quartz_ over a width of more thnan

100 feet. A breccia-zone cemented by quartz. is probably the

locus of most of the movement along the fault. Breccia

fragments are sub-angular, highly silicified, and show no
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evidence,of foliation that presumably existed prior to the
introduction of silica. On both sides of the breccia-zone
'rocks are highly silicified and cut by reticulating stringers
and ﬁeins of white to grey quartz., Altaough quartz veins
trend in every direction one set of north-trending veinlets
is cut and offset to the right by another set trending
about northeast. GCuartz locally exhibits depositional
bandiné and vuggy structure that may be attributable to low
pressures prevailing at the time of deposition. 'Silicified
wall-rock varies from a grex to black, flinty rock composed
almost entirely of cryptocrystalline silica +to a rock that,
though silicified, maintains its essential sedimentary
.character. Quartz veins are barren, but silicified wall-
rock is locally mineralized with finely disseminatqd pyrite.
Farther nortnwest along the probable extension of the same
zone small, irregular quartz stringers exposed on the edge
of several outcrops of sediments are probabiy relsted tohthe
samé cross-fault. Brecciation and silicificetion, if prescnt,
are obscured by overburden.

The zone just described is similar in many respects to
the "giant guartz veins' occurring in various parts of the
Northwest Territories. Descriptions by Purnival (1935) 2nd -
Kidd (1936) of giant quartz veins around Great Beer Lake
reveals them to be zones of guartz and ocuariz-cemented breccia
flanked by stockworks of quartz stringers. Many occupy large
faults, and there is evidence of twb or more generations of

quartz, geparated by long time intervals end deposited in an
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environment of low pressure and temperature. The zone
described by the writer, and believed to occupy a cross-fault,
exnibits features vastly different from cross-faults in the
southern part of the area where wall-rock elteration is
negligible and brecciation is largely supplanted by drag.
However, if its origin be ascribed to the same stresses that
produced otner cross—faultsf end if it be considered en
'analogue of giant quartz veins, the conclusions of Furnival
and Kidd, that giant cuartz veins represent a very prolonged
period of deformation and siiica deposition. might offer some
support for the contention to be put forth later that cross-
faulting represents adjustment to stresses applied over a very
extended interval of time.

In the soutaern part of the area tnree cross-faults, the
Inca, Aztec, and Leta faults, are fairly well established.
The Inca fault, which is closely associated spacially with
gold mineralizatioﬁ at Nortn Inca, will be considered later in
some detail. The Aztec and Inca faults are inferred to
converge at the southern end of Float Lake and to continue
southeast as a single zone of movement. Between Lexindin and
Cranston T.ake several probable cross~faulits sre indicated by
displaced sediment-volcanic contacts that, in some cases, may
be irrsgularities in the contact rather than genuine offsets.
North of Cranston Lake the faulting pattern is not clear.
Probably several cross-faults are responsible for the apparsnt
left-hand displacement of the main sediment~volcanic conﬁact,

but unusually scarce exposure, heavy overburden, and poorly
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'.understood structural conditions render their delineation
impossible.-

The Inca Fault

The Inca fault is the best understood cross-fault in the
area. It is under wazter except where it crosses the narrow
neck of land separating Indin and Float lakes, and again on
the mainland west of Inca Peninsula. In the field an offset
of approximately 1000 feet (a2 horizontal displacement along
the fault of epproximately 1800 feet) along the Inca fault is
indicated by two dykes, one of "metadiorite" and the other of
“gabbro", that intersect the south side of the fault on the
southern tip of Float Lake and reappear on the north side of
the fault on the soutnwest shore of Float Lake. On bota sides
"of the fault the dykes are essentially parsllel, and on the
north side the two dykes strike parallel with north-striking
sediments, and both sediments and dykes are dragged to the
east upon approcching the fault zone. The two dykes are
approximetely the same distance apart on both sides of the
fau;t which, unless tney have identical dips, would imply that
the vertical component o; movement along the fault is very
small. However, the attitudes of both dykes are probably
‘controlled by steeply-dipping beds, or in other words they
are sill-like bodies with almost identical dips. If this is
so, and assuming no pronounced rotation along the fault, a
vertical component of movement would have 1little effect on tae

relative positions of tne two dykes on opposite sides of the

fault. A rough measure of the offset along the Inca fault is
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afforded by a shift to the left of the east shore of Indin

Lake where it crosses the fault. That the lake margin
represents épproximately the same horizon in the sediments

is indicated by a series of very closely-spaced fold axes

along the shore for some distance on botn sides of the fault.
The fault traverses Indin Lake, where it presumabl& Gisplaces
the Indin "break", passes close to the southwest shore of

the Inca Peninsula, and enters the western.shore of Indin Lake
in sediments. Close to the shore the sediments show pronounced
drag on both sides of the fault zone. Going inland, the

locus of the fault is markéd by a poorly defined lineation

that dissasppears when the fault approaches volcanics. From
here, 35 far as the fault was followed, rocks on the south

side are dominantly sediments and those on the north volcanics,
leading to the conceptioﬁ that volcanics are in faulted contact
against the sediments. However, one small exposure of rhyolite
was seen south of where the fault is believed to pass.

Relation of Cross-Faulting and ilineralization:

The age of cross-faulting, or at least of the final
movement along cross-faults, cannot be defined more exactly
than post-Archean and pre-Pleistocene. Cross-faults appear to
bear no relation to the system of forces thaet caused folding,
and are undoubtedly later than the bedded shear zones
developed during the final stages of folding. On map 697 A
cross}faults are snown penetrating for three miles the main
granite mass to tne west, so that if they be assumed to have

formed as a result of stresses activated by the intrusion of
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the granite a sufficient time lag between emplacement of
granite and formation of cross-faults must be allowed for a
thick shell of granite to crystallize and become sufficiently
‘brittle to fail by rupturing. It is likely that cross-
faulting resulted from a system of forces unrelated to, and
mich later than, either folding or intrusion of granite.
Likewise, the age of gold mineralization in the ares is
not known. No intrusive bodles are exposed with which
mineralization can be associated with any degree of assurance.
With the exception of basic dykes, the most proximate
intrusives are a few small, acidic sills that are probably
much older than gold mineralization. However, it is
interesting to note that many of fhe known gold occurrences
in the area, including those at North Inca and vicinity, are
closely related in space to cross-faults, and although cross-
faults apparently displace the ore-bearing structures and
carry no auriferous lodes themselves. it is not eas& to dispel
the notion that cross~faults played some role in the
localization of ore. The spacial relaﬁionship between gold
mineralization and cross-faulté certainly lends support to
the idea, but the timing factor presents a serious obstacle
to any theory relating gold deposition to cross-faulting.
Structural conditions ét North Inca, although not
necessarily representative of the entire area, will be
elaborated upon here to present some of the details, So far as
kmown, concerning the relation between cross-faults and gold

mineralization. The main ore-bearing shear or Indin "break?,
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in sediments under the waters of Indin Lake, strikes about
north-south, roughly parallel to the sastern shore of Inca
Peninsula, Its possible origin and relation to the contact
have already been discussed. In addition, the gold-bearing
Brown veins are exposed in the volcanics on the southern tip
of Inca Peninsula. The main, or Nd..l, B}an vein is
approximately parallel with shearing along the contact, and
thus with the main shear, but appears to dip steeply in the
opposite direction, i.e. to the east., The main shear is
probably offset by the Inca fault, certainly the reverse

is not true. The No. 1 vein is offset by several minor
parallel faults, notably close to the best ore shoot in the
vein, but drilling south of the Inca fault has thus far failed
to pick up the faulted extension of the vein. This éuggests
that the vein may be confined to the north side of, and
possibly genetically related to, the Inca fault. If so, it
would not be the normal gash-fracture type of vein-filling
frequently associated with faulting, as such a structure
related to a left-hand, northwest-trending fault should
strike in an approximate east-west, rather than north-south
direction. The Brown veins are more likely controlled by
subsidiary structures related to the formation of the main
shear-zone. Mineralization and quartz are similar in the
Brown veins ana the main shear zone, so that tﬁey were both
probably mineralized by hydrothermal solutions having a
common origin. The Inca fault itself shows practically no

quartz, mineralization, or wasll-rock alteration, and evidence
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of movement is restricted to drag, minor brecciation, and
crumpling of foliation in the wall-rock.

'To recapitulate briefly, the north-south, ore-bearing
structures (Brown veins and main shear or Indin "break") are
intersected by the northwest-trending Inca fault and, although
the ore appears to be pre-faulting,its disposition in
relation to the cross-fault suggests thet its localization may
have been influenced by the cross-fault. As alread& noted,
drag is considerable along the fault zone - an indication that
the present level of erosion truncatés the fault zone where
plastic deformation and bending were considerable prior to
any actual rupture along the fault. In other words, the
strain, ;;;;h culminated in faulting. may have accumlated
over a long period of time before the advent of rupture.
During the accumulation of strain the effect on steeply-dipping
strata may have been to develop steeply-pitching, highly-
appressed drag folds that might act, in some manner, as
channels for ascending hydrothermal solutions; and orebodies
might be developed wherever such chandels" intersected
structures favorable for the deposition of ore. This, of
course, necessitates coincidence in time snd space between
tne formation of ore-solutions and adequate strain
accumulation to develop permeable dhannels for the movement
of the ore-soiutions. With the consummationfbre deposition.
strain accumulation would not necessarily cease, and might
continue until the elastic limit of the rock was reached snd

dislocation occurred along the line of maximum strain. Such a
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conception requires a long time interval between the initial
application of stress a2nd the final movement along the fault,
but the time factor is probtably commensurate with modern
views on rates of faulting movement and application of forces
that produce the faulting.

The relation of cross-~faults to basic dykes in the area
suggests that dyke intrusions and cross-faults are quasi-
contemporaneous events that proceeded over a long period,
Dykes and cross-faulté conceivably could represent adjustments
to a single set of stress conditions., In some pleces, as
exemplified by the Aztec fault, intrusions of diorite and
gabbro spparently follow cross-faults. In the previously
described silicified fault-breccia zone north of Corner Lake
fresh diabase is exposed in silicified wall-rock, itself
apparently unaffected by the alteration. Other dykes show a
considereble change in trend as they approach the cross-fault
to whicn the silicified breccia is believed associated, as if
there is large-scsle drag connected with the fault. These
seme dykes apparently aré older and younger than the cross-
fault. In this connection, Kidd (1936) finds late basic
intrusives older and younger thaﬁ giant quartz veins which,
if the analbgy already made between giant quartz veins and
the silicified breccia-zone is genuine. and the breccia-zone
occupies a cross fault, could be offered as additional

support to the close time relationship assumed between cross-
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faulting and dyke intrusion.

A gabbroid dyke north of Cranston Lake is chilled against
ferruginous gougé that may, or may not, be related to cross-'
faulting. The same dyke, a few hundred feet south of the abow
locality, is nighly carbonatized and altered where it passes
a few feet from the foot-wéll of a mineralized zone carrying
minor gold values,

Basic dykes are definately offset in the southern part
of the area by the Inca and Leta faults, No shearing or
alteration were observed in the dykes where they cross the
fault zones, the actual intersections being obscured by drift,
and there is always the remote possibility they are post-
faulting and occupy structures‘that were displeced by the
faults before being filled by the dyke-rock. However, a more
logical explanation is to assume more than one age of dyke-
intrusion, or faulting, or both; or. as already stated, that
dyke emplacement and faulting are more or less contemporaneous
events that took place over a protrected time interval.

The foregoing discussion does 1little to elucidate the
problem of the reletion between cross-faulting and
mineralization, but might serve to strengthen the idea thet
cross-faulting reflects a very slow adjustment to regional
stresses, and help justify the theory that ore-solutions
may have been chanheled by structures developed during the
accumulation of strain that culminated in cross-faulting; and
that. between initial application of stress and final rupture

a sufficient time interval elapsed for minerslization to be
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effected. Such a conception, to advance beyond-a proposed
theory, requires a great deal more informstion than at the
writer's disposal, and drilling must be relied upon to supply
much of this information. Resolﬁtion of the problem would
necessitate an extremely detailed examination of cross-fault
zones and any subsidiary structures. In particular, the
validity of the theory would be enhanced by evidence for the
control of mineralized lodes by steeply-plunging stfuctures,
such as drag folds related to cross-faﬁlts; and evidence for
the control,in mineralized lodes (such as the Indin "break")
intersected py cross-faults,of mineralization by fractures
(say earlier quartz fractured and veined by metallics) whose
pattgrn could be releted to the assumed stress pattern oper-
ative during strain accumulation, mineralization, snd faulting.
Undoubtedly, as drilling and underground work proceed
in the areé, and more is learned of the geology. many of the
present ideas will be revised, and any conclusions based on
evidence available at present should be regaerded as tentative

and of use only insofar as they prove %0 be correct.
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REGIONAL METAMORPHISM

The writer classes under "regional metamorphism" those
changes induced in the rocks by the interaction of heat and
pressure operative on a scale transcending the limits of the
map-area; and excludes such effects as hydrothermal
alteration associated witn mineralization, thermal metamor-
phism related to minor intrusives, and weatnering related to
the.present level of erosion. The present minerslogy and
internal structure of the rbcks reflect an attempt to attain
physical and chemical equilibrium with a new environment |
resulting from changes in heat and pressure. The tremendous
tangential forces to which the region was subjected during
folding developed powerful differeﬁtiai pressures or shearing
stresses that, in conjunction with any frictional heat
evolved by shearing and crushing, constitute the principal
agents of metamorphism. Any frictional heat generated in
situ by shearing may have been augmented by heat associated
with the invasion of granitic batholiths that surround, and
presumably underlie, the map-area.

Changes effected by metamorphism consist of mineralogical
transformations and internal structural rearrangements or
mechanical changes. The latter nave already been discussed,
and include regional foliation (flow cleavage, schiétosity,
and augen-like structures) and the development of linear
elements such as elongateh fragments and lenses of mafic
minerals, as well as permsnent strain effects and cataclastic

deformation of individusl minerals as exemplifdied by strained
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quartz, bent or frectured feldspar. grains, and twinned
carbonate.

Most rocks have been partially or wholly reconstituted to
& new mineral assemblage that is relativeiy simple for a suite
of such diverse rock types. @Guartz, chlorite and carbonate
are almost universal, and are usually supplemenited by
clinozoisite, zoishte (?) or epidote and amphibole in basic'
volcanics, and sericite in acid volcanics and.sediments.
Feldspar, except in late basic intrusives, when identifiable
is almoét invariably albite. In most rocks albite occurs as
small, clear, untwinned grains intergrown with other minersls
and difficult to distinguish from quartz, and primary
phenocrysts in flows, fragments in tuffs, and detrital grains
in sediments. The former albite was probably either introduced
or released by tne break-down of primary minerals; and the
latter were probably plagioclases of varying composition that
were albitized by molecular replacement that failed to destroy
the form and lamellation of the original feldspar grain,
The writer does not feel qualified to theorize on the basis of
the few sections studied under the microscope, but suggests
thet the apperent prevalence of albite feldspar may denote
either that the rocks belong to a sodic province, or the
%pilitic suite of British petrologists, or that. subsequent
to their formation the rocks were "soaked" by soda-rich
emanatioﬁs, possibly éoncomitant with intrusions of grenitic
magmas, that converted all feldspar to sodic varieties. At

any rate, such an association of minerals as chlorite, elbite,
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epidote and sericite are typical of a fairly low grade of

metamorphism in which the dominant factor was differential

stress somewhat abetted by elevated temperatures and
accompanied by material introduced from meteoric, and
possibly abyssal, sources. Chlorite, sericite, and albite (%)
are diagnostic stress minerels whose abundance, coupled with
the absence of abundant typical anti-stress and high
temperature minerals, attests to the pre-eminence of dynamic
forces of metamorphism under low or intermediate temperature
conditions,

Up to this point no mention has been made of biotite,
which is widespread and in some -places abundant, and which
is most 1likely of metamorphic origin. in'the field, biotite
became conspicuous in volcanics in the northeast corner of
the map-aresa, but unfortunately mapping was suspended here so
that the extent and significance of the "biotite zone" were
not pursued to completion. 'In the field, the sudden
appearance of biotite suggestéd a2 discontinuity in the
regular disposition of metamorphic grade as might result from:
(1) unrecognized faulting bringing a zone of higher grade

| metamorphism to the surface.

(2) a fortuitous irregularity in isograd surfaces as could
‘result from an unexhumed intrusive (possibly satellite
to the main granitic intrusives) or & summit 3ﬁépola in
the roof of a deep-seated granitic basement.

Also significant is the spacial relation between the

"biotite-zone" and tourmalinized sulfide deposits and quartz
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veins, as well as the only pegmatitic vein observed in the
map-area, Thus the higher metamorphic grade indicatea by
the presence of biotite is accompanied by a higher temperature
type of veining and the apparent derivation of boron ffom a
éource not far removed from the same locality. |

Field conclusions, however,'are somewhat complicated by
microscopic examination of the rocks. In thin-section. biotite
was observed in most rock types - exceptions being minor acid
intrusives, some of which may post-daté the formation of
biotite, and acid volcanics. where the necessary constituents
for its formation probably were not present. Biotite in
basic intrusives may be primary or the alteration product of
ferromagnesian cbnstituents, but in other rocks its features
are characteristic of a metamorphic. origin, It is the brown,
ferruginous variety of biotite, strongly pleochroic from brown
to pale tan or almost colorless. The optic angle is very smally
approximately zero for most grains tested. In some places
biotite is relatively free of inclusions and possesses
regular margins, but in other places it exhibits a well-
develoﬁed poikiloblastic structuré and sutured margins. The
one festure in the hébit of biotite that seldom varies is its
intimate association with chlorite. It is almost invariably
surrounded by, or in.contact with chlorite. The problem
arises of which is the older mineral and whether one is an
altération product derived from the other., Contacté between
biotite and chlorite vary from very sharp to relatively

gradational across the contact, and from linear to irregular
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along the contact. Various relationsnips between the
minerals may be summed up as follows:
(1) irregular, diffuse patches of chlorite within biotite

.grains, |
(2) small “residuals" of biotite surrounded by chlorite

(plate 12) |
(3) chlorite "eating into" the margin of biotite grains
(4) parallel intergrowths of alternate bands of biotite

and chlorite,

(5) wedges of chlorite penetrating biotite grains from the
margin and tapering out within the biotite grains

(plate 13).

The writer interprets the foregoing as evidence favoring
the formation of chlorite after biotite.

In many sections are minute, prismatic grains of a
greenish mineral with parallel extinction and very low
birefringence. The habit suggests biotite but the 6ptic
properties indicate chlorite or a mineral closely allied to
chlorite; so that these small prismatic grains may bé
pseudomorphs of chlorite after biotite. In one section grains
of chlorite showing en anomalous "Berlin-Blue" interference
color are quite defingtely pseudomorphs of chlorite after ;><;
biotite. The chlorite maiptains the same form and cleavage
orientation as the parent biotite (plate 12).

Therefore, although none too well founded on the basis
of such a limited scope of work, the writer concludes that .

biotite is of metamorphic origin, formed at the expense of
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minerals developed mainly by dynamic processés'dufihg folding,
and that,‘since its formation, much has partly or wholly
" peverted to chlorite. The writer is not prepared toisay how
mich of the chlorite now present in the rocks was .developed
by metamorphism accompanying folding, and how much was
derived from biotite. Presumably, the biotité formed largely
at thé expense of chlorife, which would exert considerable
influence on the abundance and disposition of biotite in the
rocks; It is‘unlikely that the chlorite, which would provide
the starting-pbint for biotite, and the chlorite derived frpm
bibtiteg_wpuld vary markedl& in optical properties; and it
cannot be assumed that all-of'the later'éhlorite presents
| itself as pseudomorphs after biotite. 1In short, the extent.
.Fo which the rocké weére biotitized previous to retrogréssion
to~chlorite is difficult to evaluate, and the appearance of
more biotité in some areas than others might be a reflection
of irregularities in the degree of bilotitization, différences
in the degree.of‘retrogression to chlbrite,'or be dependent
on other factors set forth earlier in this discussion.
Turning to the probable genesis of biotite. some
consideration must be given its relation to'regionai foliation.
Where developed in considerable qﬁantity: biotite occurs,.
with chlorite, in lenticular zones elongated parallel with
foliation. Individual grains of biotite rarely show evidence
of bending or contortion and have grown at all -angles to
-fqliation. 'Admittediy, a=great meny biotite flakes lie

closely parallel to the direction of foliation, but an almoét
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equal number 1ying athwart the foliation lends support to the

contention that most of the biotite developed subsequent to

foliation, i.e. after relaxation of the stresses causing
folding (plate 14). The extent to which biotite orientation
conforms with foliation might be the combined effects of the
influence of chlorite, oriented with the foliation and provid-
ing a nucleus for biotite; of any recurrent stresses con-
current wilth the growihh of biotite; and possibly of early
growth of biotite, before cessation of folding and before the
main spreadAof blotitization, in local zones of above- |
average heat intensity.

Biotite may be attributable_to a rise in temperature
.during the ebbing stages of folding when mechanical and -
frictional heat developed by folding would likely reach its
maximum. Or, ié may be related to a rise in teﬁperature
accompanying the invasion of large, plutonic messes of gfanitic
rocks whqse emplacement was sooh after, or much later than,

' the consummation of folding.

To summaﬁize, regioﬁal metamorphism in the area may be
divided into three categories: |
(1) Dynamic metamorphism associated with folding and

accompanied by the éeneration of stress minerals.

(2) Thermal metemorphism due to a %emperafure rise and
tending to substitute anti-stress minerais for stress
minerals. ‘

(3) Retrograde metamorphism - a degradation process including

the reversion of biotite to chlorite,
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The writer is aware thaf the foregoing is an exceedingly
incomplete treatise of such & complex mechénism as regional
metamorphism, particularly where more than one kind of
metamorphic process ié involyed., Along with the transformations
describéd, gnalogéus'changes would take place in other members
of the mineral assemblage. The changes that have been
described are intended only asfgndex to. the types and
intensity of the mepamorphic process involved.

Then, too, some of the changes noted could not have
obtained without the intervention1of some element of _
metasomatism, probably involving additions of some material
from both abyssal and atmospheric sources, andlpartial
elimination of other material. Any changes in the bulk
composition of the rocks have been omitted in the foregoing

discussion on metamorphism.
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CARBONATE ALTERATION

Widespread carbonate altération of rocks in the area is
of sufficient.interest to warrant a brief consideration here.
Its relation to gold mineralization is not known, so the
following discussion will be mainly descriptive.

As already stated, in the field “carbonate-zones" are
abundant in volcanic rocké, usually assoclated with zones of
intense shearing. They vary from rocks-almosﬁ completely
replaced b& carbonate to rocks highly impregnéted with
disseminated carbonate but maintaining their essential original
characteristics. Carbonate zoneszusually weather rusty, and
locally break down to a rusty gossan. Carbonate also appears
in veins, with or without quartz. Vein-carbonate is usually
in .coarsely-crystalline, cleavable masses, and is white, buff,
or brown and to a lesser extent pinkish or grey.

The most unusual occurrence of carbonate, and fhe one on
which thé'greater part of this discussion will be centred, is.
as metacrysts. Carbonate metacrysts, although most abundant
in volcanic terrain, are not limited in distribution to any
particular rock type. They were observed only in the. southern
‘half of the map-area, where they are localized, to some extent,
in rocks close to volcanib-sediment contacts. They reach their:
maximim development in altered dykes and sills, but were .
oBserved in all kinds of volcanic foéks and in fine-grained
sediments., The altered, so-called "carbonate-dykes have

apparently proved the most favorable site for the development

of carbonate metacrysts. The “dykes" were probably originally-



quite basic in composition, but ére now composéd.essehtially
of chlorite and carbonate. They are definately intrusives
that have been sﬁbsequently carbonatized. rafher than regular
zones of élteration; as they frequently traverse the structural
trend and show intrusive relations against the adjacent rocks.
They vary from rocks.that are almost entirely carbonate,
through rocks that show large metacrysts set in a green or
gre& groundmass, to metacryst-bearing rocks that resemble some
varieties of diorife and gabbro dykes. The latter occasionaliy
have metacrysts concentraped in the marginal zone of the dyke.
It is not- knownwhether "ecarbonate-dykes" represent one kind
of dyke, or ﬁhether they include dykes of several kinds and
ages. In‘méhy places rocks adjacent to dykes carrying
carbonate metacrysts exhibit metacrysts that diminish in size
and peter out a few inches away from the dyke. It is as if
the agehts that formed the metacrysts.ascended aiong the
. dyke fissure, affecting the dyke-rock and at the same time
exerting a minof influence upon the wall-rock. In many
-localities, however, metacrysts in volecanic rocks show no
particular spacial relation to Ycarbonate-dykes™, but these
sameé localities are usually not far removed from a major
volcanic-sediment contact.

The metacrysts vary ffom a fraction of a millimeter to
nearly 1/4 inch across. They usually weather to form a
square or rhombic pit partiadly filled with indigenous
limonite. Where metacrysts are_small and abundant their

tendency to weather.out imparts a porous appearance to the
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surface of the rock. Carbonate metacrysts are light brown
to pale tan when fresh, but weather dark brown or rusty for
1/4 to 1 inch below the ,surface of an exposure.

Metacrysts are revealed under the microsgope in rocks
where they are quite;ﬁnépparenf megascopically. They
usually show pﬂominent_cleaﬁage and an extremely high
birefringence and préﬁounced change of relief, and _
occasionally exhibit vepy'coarse twinning 6f brown alteration
at crystal margims and working along cleavage planes (plate
15). Some have sutured boupdaries and a'sieve structure
(plafe 16), while others, from which 21l inclusions have
been expelled, have sharp, regular boundaries, Metacrysts
" usually have grdwn in the fine-grained'portion of rocks, but
many were observed completely enclosed.in feldspar grains.
With the exception of twinning, metacrysts shéw no evidence
of deformation, have not been affected by or exerted any .
effect uﬁon foliatibn, and appear to have grown passively
after the develobment of foliatioh.

The metacryst-forming carbonate'exhib;ts_an idiomorphic
tendency not displayed by normal calcite, Since the opticak
properties of the various members of the calcite group are not
distinctive,. the writer attempted to ascertain the composition
of the carbonate by specific gﬁé;ity.and chemical methods.

K series of nine specifie.gravity.déterminations were made on
fragments of “the miﬁefai picked as clean as possible under
binoculars. The results gave a value of 2.87% .03 (with an

average of 2.88) for the specific gravity of the carbonate.
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However, undue emphasis cannot be placed upon specific grevity
measurements owing to inevitable contamination by minute
inclusions of other minerals., Extremely slow effervescence of
the carbonate in cold acid is accelerated rapidly by heat.

A fragment heated to red heaf becomes strongly magnetic upon
cooling. Chemical tests confirmed the presence of Ca,Fe,Mg,
Mn, and COs. Tests for Mg and Mn were not as conclusive as
might be desired, but the writer feels certain the two
elements are present in considerable amounts. The results of
the foregoing tests indicate the carbonate is a type of
dolomite intermediate between magnesiodolomite and
ferrodolomite, with some menganese probably replacing
magnesium in the molecule. Its composition could be

represented by the formula Ca CO.. (Mg,Fe,Mn) €Oz, and it

3
would probably be correctly termed en ankerite, The specific
gravity obtained by the writer (2.87 ) agrees with that of
dolomite (2.8-2.9) rather than the accepted value for
ankerite (2.95-3.1)., as given by Dana (1932, pp. 516 and 517)
The discrepancy could probably be imputed to minute inclusions
of feldspar, sericite, and quartz tnat, incidentally, were
observed in a thin-séctién of the same rock'from which the
carbonate for specific gravity determinations was . obtained.
Inclusions of such minerals having a 1owéf specific gravity
than the carbonate would tend to lower its average specific
.weight, and yet if uniformly distributed would yield fairly

consistent results to specific gravity determinations.

Ankerite is by no means limited to euhedral crystals, or
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metacrysts, but exists rather commonly as highly sutured,
poikiloblastic greins (plate 16) and mosaic patches in various
kinds of rocks. It is abundant in acid ®molcanics, where it has
a marked tendency to replace feldspar grains,

On the southwest shore of Negus Lake an exposure of
volecanics reveals a highly carbonatized zone with abundant
flakes of a brilliant green, micaceous mineral not observed
elsewhere in the area, In the fiela the green mineral was
thought to be & chromian mica of the mariposite-fuchsite-
muscovite series, especially in view of the fact that
chromium-bearing micas frequently accompany zones of
ferruginous carbonate alteration adjoining prominent faults.

Rock from the carbonate zone exhibits inherent regional
foliation, has a rusty, finely-pitted, weathered surface,
and a variegated grey to buff fresh surface that shows
myriads of tiny, sparkling, cleavage-faces of carbonate, The
green mineral occurs in narrow streaks elongated pasrallel
wita the foliation.

The micfoscope reveals the rock is composed of over 50
percent ankerite as euhedral rhombs, mosaic patches, and
irregular grains with a very pronounced sieve structure,
Quartz and pale-tan, opaque, Qlteration material are plentiful
along with varying amounts of colorless chlorite (?), fine
crystals of rutile (%), sulfides, and minute, prismatic
crystals of an unidentified minersl with very low birefringence
The green mineral constitutes about 5 to 10 percent of the

rock. Its optical properties are:



86

(1) one perfect cleavage; parallel extinction; length-slow
(2) pele green color; very weakly pleochroic
(3) prominent chenge of relief
(4) biaxial (-); 2v = 35°
(5) birefringence = .035
(6) 1.599) B.)>1.588

The optical properties indicate that the mineral belongs
to the mica group of minerals, and more particularly. to the
potash micas. The green color is not typical of normal
miscovite. The moderate optic angle'and mean index practic-
ally eliminate the possibility of mariposite. The optic
properties correspond closely to those of fuchsite, reputed
to contain from .27 to 4.81 percent Cry04 (Wnitmore, Berry
and Hawley, 1946, p.15), although fuchsite carrying only =
trece of Crzd3 has been noted (lWhitmore, Berry and Hawley,
1946, p.13). In testing for chromium, the writer, cognizant
of the inseparability of ankerite from the green mineral
and the consequent adulteration with iron, felt that the
inconclusive positive bead-test obtained for chromium could
not be relied upon. A check was made by spectrographic
analysis and yielded negative results for chromium, practically
eliminating all possibility of the mineral being chromiferous.
The writer then concluded that the mineral is probably a member
of the muscovite-phengite system, the small optic angle
attributable to a high tenor of phengite and the unusual green
color possibly thne result of an appreciable iron content |

contributed by the phengite molecule (%Winchell 1932, P 268).
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In conclusion, the writer might add that the problem of
carbonate alteration in the area might lead to significant
results_if pursued to completion. Carbonate-zones and
carbonate metacrysts should probably be divorced from the
minor carbonatization of all rocks as a result of the break-
down of primary minerals during regional metamorphism. The
former are the result of hydrothermal action, probably oper-
ative after regional dynamic processes. and possibly quite
late as indicated by the presence of metécrysts of carbonate
in some of the diorite-gabbrq‘intrusives. Also worth
reiterating is the fact that some of these same basic dykes
have been affected by carbonatization (not as metacrysts)
associated with sulfide mineralization accompanied by very
minor gold values. Proof is lacking of whether carbonate
metacrysts represent an early stage in the conversion of rocks
to carbonate-zones. Certainly the carbonate of both is the
same ankeritic variety. On one hand, abundant metscrysts in
altered basic dykes (barbonate-dykes") suggests that the dyke
fissures, after they were filled by dyke-rock, proved in
some menner permeable condulits for the ascent of'carbopate-
bearing solutions. On the other hand, the apparent close -
relation of carbonate metacrysts in other kinds of rock to
the main sediment-volcanic contact suggests that the
phenomenon is a phase of alteration controlled in some measure
by the contact, and not restricted to any particular rock
type. The general proximity of metacrysts to the best, known

ore-bodies in the area, ie, their restriction to the southern
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part of the map-area, if genuine, suggests that the metacrysts
are in some way genetically associated with gold mineraliz-
ation or controlled by the same structures that have 1ocalized
mineralization. If carbonate alteration, particularly meta-
crysts, could be related spacially or genetically to gold
mineralization, it could conceivably become a useful indicator
of gold potentialities in other parts of the region.
Admittedly, it would not be decisive evidence and its
application would be on a broad sca}e, but it might lend
assistance in the selection of favorable prospecting and

testing ground.
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