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GEOLOGY OF THE NOZL PAUL'S BROOK AREA
CENTRAL NEWFOUNIDLAND
by
John Mullins

Abstrect

This thesis is oconcerned with a study of the generel geologio
features of the Noel Faul's Brook area in Central Newfoundland, with
emphasis on the systematic deascription and classification of rock types.

In the gently rolling terrein the remmants of two Cenzoiec erosion
surfaces my still be recognized. 4s a result of Pleistocene glaciation
the countryside has been left with a thick mantle of boulder elay, but
becsuse of two oconflicting lines of evidence no definite conolusion as
to the direction of glacial ice motion could be reached,

The bedrock geology is characoterized by narrow - often persistent -
bands of clastic sedimsntary rocks and volocanic formtions striking
approximately northeast. Their total thickness, if the posaibility of
repetition through isoclinal folding is disregarded, is over 30,000
feot., #With the exception of one conglomerate member the sedimentary
rocks are fine greinsd., The volecanic rocks consist of metamorphosed acid
and intermediate flows and tuffs., The intermediate rocks are associated
with thin bands of slightly mstamorphossd limestone, limy shale and
greenstones of sedimentary origin.

A large granite batholith lies along the southern boundary of the
map area, and mmaller intrusive stooks, sills and dikes, ranging in com=-
position from diorite to micropegmatite also occur,



No fossils were found in the sedimentary rocks, dbut by lithological
correlation with rocks beyond the thesis area the formations mapped are
believed to range in age from Middle Ordovician to post-Ordovician,

It is believed that the rocks were deformed by two major orogenies:
one in the late Ordovician, the other late in the Devonien pericd. The
conglomsrate member mentioned above may have foarmed in connection with
the late Devonian upheaval,

The se.iimentary rocks have steep dips, generelly in a southeasterly
direction, but the bedas are often overturned. These high dips are in-
dicative of ticht, isoclinal folding, and observation of minor folds
tends to support this assumption., Faults are not conspicuous, but shear-
ing and brecciation of outorops in some arees suggest that faulting has
taken place in the vicinity of these outecrops.

The greet thickness of the stratigraphic sequence and the abundance
of volcanic rocks, some of which show pillow structure, indicate a
eugeosynclinal environment. However, most of the sedimentary roocks have
charsoteriastics shich suggest deposition in a deltaic or terrestrial

environment.



CHAPTER I

INTRODUOTION

Area and materials studied

Tally Fond, in the center of the Noel Faul's Brook area, lies 24
miles in a southwesterly direction from the town of Buchans in Central
Newfoundlemd (fig. I in text and fig. 2 in pocket, at back), and the
coordinates 56°29' west longitude and 48°38¢ north latitude intersect
at a point in the pond,

The boundaries enclose an area of over 100 square miles; the average
width is eapproxinately five miles and the distance between the southwest
and northeast corners is over 22 miles.

This thesis deals with a description of the general geology of the
area, with emphasis on the systemmtic description and clsssificetion of
rock types, and iz tho rosult of two summers' field wark and a study of
over 600 hand speciuens ané 130 thin sectious during two academic years
at Memorial University of Newfoundlend.

Purpose of the investization

One of the larger bese-metal deposits in Canada is that found at
Buchans in Cemtral Newfoundland. For many years the imerican Smelting
snd Refining Company (ASARCO), Buchans Unit, attempted t0 extend the area
of known mineralization in their 7000 square-mile Concession Area, which
included much of the central and southern portions of the islsnd, by
means of a well organised mineral exploretion program. In 1958 the leese
on the Concession Area expired, dbut ASARCO applied for, and was granted,

an extension of $§ years on 1000 square miles with the provigion that 200
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square miles be qumnderod each year,

On the strength of previous geologicel mapping, the discovery of a
pumber of mineralized boulders, and the encouraging results of several
preliminary geochemical soil traverses, it was decided that resumption
of exploration in the Noel Paul 's Brook area was warranted, As a result,
a detailed geochemiocal prospecting program was launched in the spring of
1959, and a party of 12 men under the supervision of the writer was
assigned to the area. #Work was rosumed in the spring of 1960 with a
party of 17 men, and continued through to October of that year.

The program consisted of methodical sampling of B-horizon soils and
snalysis of the samples in a field laboratory for zinc and copper content,
in order to detect adbnormally high values which might indicate the
presence of base metal deposits in the underlying bedrock. The geochemical
program was supplemented by prospecting for mineralized outerops and
boulders. In addition, the writer carried out detailed mapping, which
involved a thorough search for outerops and a study of the geology of
the area, in order to determine the existence of any geologic structures
that might be favorable for the localization of base metal deposits.

Field work

Field work occupied the sumners of 1959 and 1960, a total of about
7 months. Mapping was dome with the aid of aerial photographs on a
scale of 1000 feet to the inch, and field work was plotted on unoon-
trolled base maps of the same scale., Traverses between ocutcrops were

mde by means of pace and compass,
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Accessibility
The area is accessible both by automobile and small, float-equipped

airoraft. DBy road it is 41 miles from Buchans to Lake Ambrose via the
Buchans Highway, the iiillertown Road and Anglo«Newfoundland Development
Compeny woods road. The latter begins on the west side of kxploits Dam
where the «xploits River leaves Red Indien Lske, the dam being orossed by
a rail ferry operated by the i, li. De Companye.

From Lake Ambrose, the road continuss south to Haven Steady on Noel
Faul's Brook. At Haven Steady it branches: one branch follows the river
in a northeesterly direction for 20 miles, with a side roed to Tally Pondj
the other follows the river in a southwesterly direction to Snowshoe rond,
a distance of 14 miles.

Previous work

Unlike the ocastal areas which have attracted many workers in the
field of geology because of the ease of ascessibility and extensive ex-
posures of dbedroek, the interior of Newfoundiand has beem ractiocally
ignored.

Ae He lurray, former Newfoundland Government Geologist, journeyed
from the south cocast $0 the Bay of £xploits by way of Noel Paul's Brook
in 1882, but he made fow notes of the geologiocal features which he
encountered,

About 70 years later Norman Brown of MeGill University was employed
by the Buohans Mining Company, Limited, to map en area extending from
Buchans Junction in the north to lLake Douglas in the south. Brown spent

the summers of 1951 and 1952 in this area, and the results of his work



were outlined in an umpublished M.So. thesis (1952). _

In the smi‘ of 1953 Raymond C. Murray of the University of Wisconsin
was employed by the Buchans Mining Company, Limited, to map the eastern
half of the present thesis area. Murray's base map shows that he discover-
ed only a few scattered ouSorops, and he wrote nothing about the geology
of the area apart from & discussion on the direction of glacial ice motion
(Fournal of Geology, vole. 63, no. 3, May, 1955).

General outline of geology

The overall distridbution of the rocks in the thesis area and the
relative positions which they ocecupy may best be understood by refereance
to the accompanying geological map (plate I, in pocket). It shows
alternating bands of sedimentary and volecanic rocks, & large greaite
batholith along the socuthern boundary, and two smaller intrusives in the
southwestern and northsastern corners, respsstively. Other intrusive
rocks were mapped in the field and are desoribed in this thesis, but their
dimensions are so small that they oan omly be shown on the geologiecal map
by means of a sy‘ol' or line.

If a gemexal 4dip direction exists it might be said %0 de towmrd the
south, but most of the dips approach the vertical and often the deds are
overturned toward the north., It is therefore plausible that the sedi-
mentary rocks have been subjected to tight, isoclinal folding, whiech the
more oompetent volecanic rocks were able to resist,

Proceeding from North to south aoross the thesis area 8 formations

have been {dentified. In the extreme nartheast cornsr the Burnt Pond

forme tion outorops for approximately 3000 feet along Bumt Pond Brook.



1
It consists of a tightly folded sequence of black shales, with some silte

stones and thin tuff bends, which have been dated as Middle Ordovicisn om
the basis of correlation with similar rocks nsarby.

Immediately to the south of ths Burat Fond farmmtion, and extending
as far west as Tally Pond, are the aphanitic flow rocks with thin tuff and

mudstone bands which constitute the Tally Pond volcanics. Although ex-

posures are poor in the sastern extensions of the formation, it is apparently
folded into an open syncline which converges south of Tally FPond,
The West Tally voleanic forme tion, consisting of felspar porphyry,

acid turf, and lesser agglomerate or flow brecoia, outcrops on the west
side of Taelly Pond and also protrudes as islands in the pond. Its
boundaries have not been accurately determined because of the paucity of

outcrops, and its exact relationships with the Tally Pond formation on the

opposite side of Tally Fond and the Chickadee lava formation to the south

are somewhat obscure,

Intermittent exposures of the Chickadee lava formation, the most

northerly rock unit in the western mprt of the area, have been found to
extend westward for about 6 miles from the shore of iiest Tally Pond,
Originally the flows must have had a composition approaching dbasaltioc
andesite, but they have been drastically altered by chloritization, car-
bonatization and epidotization. Several outorops exhibit pillow structure,
suggesting that at least some of the flows were eoextruded on the sea floor.

The lake Ambrose forme tion extends unbroken acros s the whole length
of the map area, a distance of over 20 miles., Throughout its western

half the formation consists of a rediish, mixed-pebble conglomesrate



8
member to the nor;h and a fine-greined, grey-weathering sandstone mmbe.r
to the south. In its eastern half, however, the furmation is composed
predcminantly of sandstons , anxl conglomerate exposures are Jrere,

The Fine Falls formation, which is composed mainly of intermediate

flows and tuffs, is the only other unit occurring north of the river,

Like those of the Chickadee lava formation the flows have been subjected

to alteration: chloritization, serpentinization and epidotization, and
to a lesser extent uralitization. Occasional exposures of aslightly

me tamorphosed limestones, limy shale and greenstonss of sedimentery
orizin are also found within this formation.

Three seperate units of black siltstones, slates and phyllites, in
addition to those in the Burnt fond formation, were mapped in the area
north of the brook. These units are so limited in extent that they do
not deserve formational names, but will be grouped and described together
in the final section of the ghapter on sedimentary rocka,

The area south of Noel Faul's Brook is underlain by the Loon Brook

formation and the Carter lLake volcanics. The former unit can be separate

ed into two divisiona: a Northern Division of grits, slates, phyllitiec

shales and quartzites, and a Southern Division consisting mainly of massive

quartzites with numerous thin bands of phyllitic shale and schist. The
Carter lake volcenics are composed rimarily of massive tuffs, with quartz
anl felspar eyes, which are quite similar in composition and appearance

to those of the West Tally formmntion mentioned above. These volcanic rocks

are apparently conformable with the sedimentary rocks of the Loon Brook

formation, because although the Northern and Southermn Divisions are



separated by over 2000 feet of the Carter Lake volcanics to the east, .
only thin, conformable bands of tuff are interbedded with the sediremnts
to the west in the vicinity of Veneer Brook.

The area was heavily glaciated during the Wisconsin stage of the
Pleistocene period, so that most of the bedroek is oconcealed bensath a
thick blanket of boulder clay, and erratic boulders are scattered through-
out the eountryside. Murray (1955) established that the ice approached
the contact between the Boyd'!s Fond batholith and the Loon Brook formation
from a direction of S54¥, but the present writer discovered red conglomer-
ate boulders from the Lake imbrose formation far to the south, as well eas
$o the northesst, of their site of deposition. The significance of this
discovery will be discussed in chapter 2,

In ths subsequent c¢hapters of this thesis the chisf physiographio
features and Pleistocens geology are first deseribed. Thean follows a
desoription, emphasizing mineralogical compositions and textures, of the
sedimentary, volcanic and intrusive rocks, in chapters 4, 5 and 6 respective-
l1y. The final 3 chapters deal, in turn, with the strustural geology,

geologic history and economioc geology of the area,



CHAPTER II

FPHYSIOGRAPHY, (AACIAL GEOLOGY AND

PRE-GLACIAL GEOMORFPHOLOGY

Drainage
Generally speaking, the erea is poorly drained. This condition is

due partially to the fact thet most of the land is covered with a mantle
of drift left by the ice sheet which advenced over the area at the end of
the Pleistocene, but another contributing factor, particularly in the
northern part of the area, is the low relief of the land. Boggy areas
are prevalent here, and it appears from a study of aerial photos that some
of them are the remnants of lakes which have filled up since the ice sheet
retreated. In testing this assumption, the writer ocollected ssmples from
the edges of several of these bogs with an auger, and in many cases the
samples were found to be a greyiah quartzose sand, probably deposited
on the beach of the original lake. This assumption is also supported by
the fact that the shorelines of soms amell ponds follow almost exmotly the
configuration of the outer edge of the surrounding boge.

The only major drainage feature within the immediate boundaries of
the map area. is Noel Faults Brook (plate 2, in pocket). The river has
its origin in Blizzard Pond, which lies close to the divide between the
White Bear River = Grey River waters draining to the south coast and the
Lxploits River waters draining to the Bay of Exploits in Notre Dame Bay.
From Blizzard rPond the river empties into Snowshoe FPond, then flows in &
aorth-noartheasterly direction through its lower reaches until it widens

10
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intc Lake Douglas. liorth of Laks Do uglas the course of the river changes
in direction, and from Haven Steady to Noel Paul's Steady, a distence of
some 23 miles, its direction of flow is east-northeast. Reference to a
amell scale map reveals that to this point the river follows a somewhat
arcuate course which is roughly parallel to the south shore of Red Indisn
lLake. From its outlet at Noel Paul's Steady until it joins with the
waters of sxploits River, 13 miles below Exploits Dam, Noel Paults Brook
follows the entirely different direction of NISE,

For most of its course the river flows through a wide velley with a
gentle gradient (fig. 5), but repids do ocour at several localities, the
most notable of which is at Pine Falls, Between Blizzard Fond and the
outlet of Noel raul's Steady, the inglo-~Hewfoundland Development Company
has built a series of seven dams to oontrol the flow of water in the river,
The two largest dams hold back the waters of lLake Dougles and John Paul's
Steady respectively.

In the remainder of the map area only five other streams of any oon-
sequence are found, and are important in that better bedrock exposures are
found in them than anywhere else in the area, These are the southward
flowing wWest Tally Brook andi the northward flowing Rosie, Veneer, Loon
and Carter Lake brooks.

Relief

Gensrally apeaking, the area has low relief. HNorth of the drook
lies a gently undulating, plateau-lilke region, having an averege elevation
of 1000 feet above sea level and sloping gently southward toward Noel

Fault's Brook, which has an average altitude of about 700 feet (plate 2 aml
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fige 4, in poeket). This monotonous landscape is interrupted by ocoamsional
ridges and hills which have formed on the more resistant rocks of the Tally
Pond, Wiest Tally and Pins Falls formations.

South of the brook the terrain is more highly dissected. The land rises
fairly steeply away from the valley of Noel Paul's Brook to a central ridge
which roughly bisects the area betwsen the brook and the granite along the
southern boundary. At its summit the ridge has an average height of 1000
feet and a maximum height of 1339 feet. The micropegmatite dike which
rises abruptly above the southern shore of Haven Steady is probadbly the

southwestern extension of the ridge; it attaine a height of over 1300 feet

above sea level.,

Strustural comntrol of physiographiec features
The major xelief features, stream courses and lake basins of the

thesis area were ultimmtely shaped by the work of the Pleistocene glacier.
The general trend of the features, however, is for the most part dependant
on the atrike of the wnderlying dbedrock farmations. Their strike is

about N50E to H60OE in the area under investigation as well as in many

parts of Ceatrel and South=-Central Newfoundlend which the author has visit-
ed. This result is not in agreement with the statement made by Twenhofel
(1912, later quoted by Snelgrove, 1928), that the gensral structural

trend approximates a direction of N28E and this latter figure camnot,

therefore, be regarded as typiecal.

Glsoial geology

In the Roel Paul's area practically all the lend is covered by a
fairly thick mentle of glaseial drift. Good exposures are found in many

gravel pits and road cuts, end in one losation along #West Tally Brook a



13
section approximately 25 feet thick can be seen (fige. 7). Sections of
drift were also revealed east of Veneer Brook in several trenches which
were excavated in the course of exploratory work. It was found that the
bedrock in the vicinity of these trenches is covered to an average depth
of 1 %o 3 feet, with local sccumnlations, up to 5 feet thigk, which fill
depressions in the bedrock surface.

This drift is composed mainly of clay and sand, but dboulders up to
several feet across are common constituents. It has a characteristio
light greyish-brown color when dry, turns dark brown when moistened, and
has a very fresh appearance suggestive of a youthful age.

All but one Of the deposits examined by the writer were composed of
typloal boulder clay (fige 6)¢ The lone exception was found in a gravel
pit 6f miles sast of Five Mile Camp on the Noel Faul Road; at this point
the material appears t0 be outwash gravel, as the pebbles show a fair
degrea of sorting and clayey materisl is almost entirely absent. Cone
siderable amounts of outwash send were also found by Brown (1952) just
outside the thesis area, about two miles northeast of Lake Ambrose.

Much of the area underlain by the Carter Lake volcanies supports
only sparse vegetation, and the overriding effects of the ice sheet are
expressed and even emphasized by the ubiguitous outorops and the many
enormous boulders, torn from the underlying bedrock, which dot this pare
ticular part of the countryside (fig. 8).

Examination of a glacial deposit 300 feet south of the dem on Noel
Faul's Steady led Murray (1955) to conclude that "approximately 80 per-

Gent of the fragments larger than 2 inches in diameter were carried less
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than 10,000 feet by the ice.” Murray and his associstes also mapped
granite bonldorn' north of the contact between the granite and the sedi-
mentary rocks in the area south of Noel Faul's Brook, and Murray conclud-
o4 from the distribution of the erratics that the ice had moved in a
direotion of N56&, 4o Ae Swanson (oral communication, 1960) also believes
that the ice moved northeasterly in the area south of Red Indian Lake, be-
cause ore boulders from the Victoria line area have been found some distance
to the northeast of known outorops.

The present writer found evidence indicating southerly movement of
the ice and therefoxre conflicting with Murrayf?s and Swanson's findings.
Firstly, boulders of the typical red conglomsrate of the lLake Ambrose
formation are scattered over much of the southern portion of the map area
(1. to the south of the oconglomerate outorop), and some of these boulders
have been carried southward for at least 11,000 feet., Secondly, glacial
atriaes of a general north~south direction were observed. On an outerop
about 2 milea south of Lake Ambrose these striations are striking northe
southj on a quartzite surface east of Veneexr Brook, where stripping
operations had bared the bedrock, a directicn of the strise of S5E was
messured,

The authorts observations agree more c¢losely with those of Browmn
(1952), who stated that "the generally southern direction of glacial move-
ment is indicated by boulders of red conglomerate oscurring only to the
south of the conglomerate.,” To a lesser degree, however, conglomerate
boulders were evidently also carried nartheastward over the intrusive

stock on the eastera boundary of the map area.
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Owing %o the lack of sufficient faocts, the actual significance of

these conflictinz obserwvations defies interpretation, and further studies
are needed before the problems of the direction of glacial ice motion in
the licel Jaul's Erook area can be properly understood.

Fre-glacial geacmorphology

Twonhofel and MacClintock (1940, ppe. 1718-1723), from their studies of
the surface of Newfoundlsnd, recognized 3 peneplains of pre-glacial origin
in the western mountains although only two are recognized elsewhere(fig. 3).
The highest upland surface of slight relief, the Long Range Peneplain, is
found on the west coast and renges in elevation from about 2000 to 2600 feet.
This erosion surface may be represented in iiest=Central Newfoundland by the
sumnits of the higheat hills but is absent in ssst-Central and Lastern New-
foundland, According to Twenhofel and MaoClintock, the second peneplain
has an elevation ranging from 1300 to 1700 feet in Western Newfoundland,
from 1200 to 1600 feet in the western part of the interior, and falls
gradually eastward until on the Avelon Peninsula it lies at an elevation of
700 to 800 feet. This surface has been named the High Valley Peneplain.

The writers point out that a third erosion surface, represented by
the dissected upland surfece and wide, mature wvalleys, is found at ele-
vations from 500 to about 1000 feet, In Central Newfoundland and on the
Avalon Peminsula this third surface ias between 500 and 1000 feet high.

The southern part of the High Cemtral Plateau (which includes the
present thesis area) was interpreted by Twenhofel and MacClintock as
follows:



Gsd :
< ~
Y. i
b fe
:’. {6
oY

b

Figure ¥ Prefile Jrom the Gulf of JSé lawrence South of Bonne Bay to the At/antic Ocean af S§t.Tehn's.
CAFter Twankefe/ and MacClinock ,/19¢40. Exaggerated x2).



17

Three surfaces of erosion may be preseant in the southera part of the
High Uentral Plateau: the highest points of land (1.e. above 1500 feet)
represent monadnocks ; surfaces of 1400 to 1500 feet and less represent ti»
peneplain surface of the High Centreal I'lateau; and surfaces with an
glevation of 1000 feet or less correspond $0 the Hind's Lake Flats in the
Grand Lake = Jhite Bay Basin. In the Red Indian lLake - ixploits River
Valley -~ Notre Deme Bay region the writers postulated two erosion levels: the
higher level is represented by monadnocks which have an elevation of abowt
1200 feet in the Red Indian lake region; the lower level corresponds to
the upland east of Red Indian lLake at an elevation of 500 to 700 feet.

The writer suggests the following correlation for the relief features
of his area with the erosion levels of Twenhofel and MaocClintoock:
(1) The summits of the highest hills, which renge in height from 1000
to 1300 feet (fig. 4a, b, 4), may correspond to & high level of pene~-
plantation which can be compered with the High Valley Peneplain of Twenhofel
&nd MacClintock, It can be ocorrslated with the second highest erosion
surface in the southern part of the High Valley Flateau which was dis~
cussed above, and is probably the same peneplain as that in the Red Indian
Lake region which was reported to bave an elevation of about 1200 feet,
(2) A more or less flat, slightly dissected plain, whieh lies between
800 and 900 feet above sea level (fig. 4¢), and slopes gently southward
toward Nosl Paul's Brook, and noxrthward toward Red Indian Lake and the
£xploits River Valley where it is only 500 feet high. This surface can
be correlated with the Lawrence Peneplain of Twenhofel and MacClintook,

which they describe as lying between 500 and 700 feet in the upland east
©of Red Indian Lake,



CHAPTER I1I1I

SEDI. ENTARY ROCKS

General statement

The sedimentary rocks of the Noel Paul's Brook area are found mainly
in threes formations - the Lake imbrose, Burnt Pond and Loon Lake formations -
which comprise about 50 percent of the stratigraphic sequence, the remsin-
der being of volcanic origin. The Pine Falls formation also contains
several limestone bands and some greenstoness of sedimentary origim, but
the greater part of the formation consists of sheared snd altered, inter-
mediate to basic, volcanie rooks,

These sediments have a persistent northesasterly strike and are steeply
dipping throughout the whole area., i statistioal analysis of hundreds o
attitudes shows that the gensral 4ip direction is southeest, but often
the beds dip vertically or at high angles to the narthwest. Top and
bottom determinations are difficult - 4if not impoesible - to maks, because
of the absence of primary features, but the writer suspects that the rocks
have beean isoclinally folded.

Lake Ambrose formation

a, Separation into members
The lLake Ambrose formation oconsists of two divisions: the lower
(northern) division is desoribed here as the songlomerate member, and the
upper (southern) division as the sandstone msmber. The term "member” is
used here as e matter of convenience in discussing the two units, for in

18
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{ts most acourate sense it designates "comparatively unimportant and more
or less local rock units included within formetions . . * (Weller, 1960,
Pe 434). As both the conglomsrate and sandstons are fairly thick and
widespread, they will be described in some detall in succeeding pages,
be Name and type area

There is no single place where the formstion is sufficiently exposed
to say that 41t has a precise type "locality”, Dnodiat'oly to the south
and southeest of lLake Ambrose there are possibly more freguent and ex-
tensive exposures, both of conglomerate and sandstone, than elsewhere;
hence, this general area may be c=lled the type "area” of the formation,
and the name is derived from the large lake nearby.

ce Conglomerate number

(1) Chief rock types: ooccurrence and boundaries

The lower member of the Lake Ambrose formation is a massive, reddish
to purple conglomerate consisting of small pebbles in a gritty matrix
which comprises only & small amount of the rock in any given outorop (fige 9)e

The conglamerate 1s traced easily from the southern end of lake Ambrose
for some ten miles eastward. South of Lake Ambrose it reaches a thiockness
of about 5200 feet, and a tongue of thinly bedded, pink sandstone inter-
Tingers with the oconglomerate through an intermediate zone of pebbly sand=
-mna'. The maximum extent of this sandstone tongue is not known because
1% extends westward out of the mep ares, /ithin the mapped portion it has
& fthiclkness of epproximetely 1200 feet,

“1sh¢ miles northeast of this zone the conglamsrate again attains a

thickness of about 5200 feet, but between the two areas of maximum
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preservation it averages only 2400 feet in thickness. The 5200-foot thick-

ness to the east also inocludes same 1600 feet of thiakly-bedded, pink silt-
stone, as well as pink and grey sandstone, which outecrops in a band sbout
2k miles long. This fine-grained band may belong to the sandstons member,
for, in the 10 or 1l miles remaining %411l the boundary of the area is
reached, only a few widely separated exposures of red conglomerate were
seen. Two of these outcrops were found interbedded with the sandstone
member, ¢lose to the top of the formation. 'Booauu of 1ts very limited
occurrence in the sastern half of the map area the conglomerate has not
been distinguished as a separate unit here. Boulders or it are widespread,
however, and tlwir'distnbution eastward indicates thet the coarser member
persists throughout the area underlain by the leke Ambrose formation, but

probably only as small lenses interbedded with the dominent sandstone
member.

(11) Strustures

Primary structures are not common: the only suggestion of bedding
is a Tough anmt of the pebdles, and even that is laoking in meny out-
crops. Red sandstone bands, 1 t0 4 inches thick, are seen in a few ex-
posures (fige. 9) and less frequently bands of pebbles, much smaller than
those in the main conglamerate, can be found. There are usually sharp
contacts between these different layers, but at least one example of
graded bedding was observed. About 2 miles southeast of Chickadee Pond,
rising in a mound out of a bog, & steeply dipping outerop in whioch a
30-foot section of the conglomerate is exposed, exhibits a gradatiom

from conglomsrate at the bottom t0 a sandstone, containing a few small
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pebbles, at the top.

Outorops of ﬁxe contact between the two formmtions were not observed
anywhere, nor of that with the underlying formetions with the one ex-
eeption: on the northern edge of the large bog which lies on the east
side of the Tally Pond Road patches of conglomerate were found filling
depressions in fine~grained, acid voloanic rocks of the Tally Pond formetiom.
If shis conglomerate is of the ssme age eand composition as the main body of

conglomsrete in the Lake Ambrose formation, as it appears to be from

- vyisual inspection, then sedimentation must have proceeded on the eroded

surfece of the Tally Pond formation, eand an unconformity oeould be assumed
to exist between the conglomerate and the wvolcanic rocks.,
(111) Conglomerate of different composition

There also oexists a somewhat different type of oconglomerate., Lesa
than two miles from the mapped eastern end of the fornmtion end olose to
the oontact with the Fine Falls formation is an oocurrence of sheared,
green conglopsntc whioch outerops intermittently foxr 700 feet. This
conglomerate is very poorly sorted, and the ceconstituents renge from
pebbles less than 1 inch in diameter to boulders a foot across, In
addition to the andesite fragments which give this rock its greeanish
cast are pebbles of red sandstone and siltstone, vein quartz, red chert
and grey limestons,

A thousand feet to the west of this outerop is an exposure of grey
conglamerate, consisting mainly of pebbles of a grey weathering green-
ish sandstone in a grey, gritty matrix. Boulders up to 15 inoches across
Gre found in this conglomerate, which is probably a facies of the greean

tonglemerate jJjust desoribded,
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(iv) Composition of the mainm conglamerste

The pebbles making up the conglomerate are moderately wellerounded
and rarely exceed 2 inches in diameter, although in several outcrops
pebbles as long as five inches were observed and, in an outerop on the
shore of Chickades Fond, boulders 2! feet long are preseant,

The chief constituents of the conglomerate are fragments of red
shale and sandstone, although in some outcrops pebbles of light-green
andesite constitute a large percentage of the rock, and elsewhere gquarts
porphyry is the dominant canstituent. Less common are fragments of grey
sandstone, vein quartx, grey limestone and quartz-felspar porphyry. The
ma$rix, which comprises only a smmll percentage of the rock, is composed
of angular quarts and felspar grains, and flakes of sericite. Soms of
the constituents are almost completely eovered with hematite, but as ad-
Jecent fragments are comparatively fresh it may be assumed that this coat~
ing , rather than being selective, toock place prior to deposition. Aprarent-
ly the henntite is seocondary, decause it is present in many pedbbles without
regard to their original composition. Caleite ocscurs in irregular grains
and in veinlets outting through some of the pebbles, and often the mineral
replaces the quarss,
(v) Origin end environment of deposition

Twenhofel (1947) has said that because coarse clastics are deposited
under many environmental oconditions, a conglomerate has no environmental
significance beyond the fact that the transporting agent was competent
snough t$0 place its constituents where they were found. However, the

sams writer states that the thickness of beach gravels may be as great
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as 50 fest and is less than that in most places, and only = very rapid

rise of sea level could bring beach gravels below the level where they
eould not be erodsd, . deposit of glacial origin would not be expected
to have such a narrow range between the sizes of the largest and smellest
fragments, and 1t would have a much higher retio of matrix to pebbles
than is found in the Lake ambrose oonglomerate; neither would a gravel de-
posit likely acoumulate to any great thickness in the bathyal nor abyssal
environments.

The extreme thickness, moderate degree of sorting, and the nature
and composition of the components in the conglomerate member, 1limit both
its source area and its environment of deposition to a very few possibili-
ties. These characteristics, tocether with the wedge~lils outerop pattern
and absence of fossils, are indicative of depoasition in either a terrestri-
al or transitional enviromment. Irettijohn (1957, p. 253) has stated

that:

Under conditions of low relief the gravel yield

is both amall and mature 1.6., the mmterials are chemically

inert residues., Only vein quartz, quartzite, and chert

remain; the bulk of the source rocks are reduced to sands

and clays., High relief ani rapid erosion produse coarse,

{umzmture gravels.
Although the small size of the pebbles which maks up the conglomerate ias
11dicative of low relief in the source area, their extreme diversity is
characteristic of an immature gravel. 4 slowly rising terrain such as
is provided by gradual uplift can therefore be invoked to agcount for this
seeningly conflicting set of conditions, and, as pebbles of erystalline
basement rocks in the conglomerate are extremsly mre, a thick cover of

sedimentary end voleanic rocks must have exiasted over the source area,
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The conglomerate thickens toward the southwest and uplift was probdably

moat intense in ﬁhat direction, but the presence sastward of pebbles which
were probably derived from the iest Tally, Chickades lave and Pine Falls
formations indicates that a more gentle regional uplift was going on at
the ssme time,

It will be shown in a later section of this theais that after the Bumt
Pond formation was deposited a whole geologic period may have elapsed be-
fore the resumption of sedimentary processes resulted in deposition of the
lLake Ambrose formation.

#hat was the transporting medium from which the original gravel was
deposited? A terrestrial or transitional environment has already been
eatablished, and the subrounded ocutlines presented dy meny of the pebbles
suggests transportation by a fluid medium. The author is of the Ppmon
that the gravel was transported along a river course by fast~flowing
water and deposited in a deltaic environment,

d. Sandstons member
(1) Ocourrence and chief rock types

The sandstone member of the Lake Ambrose farmamtion extends across
the map area from southwest to northeast, a distance of over 20 miles,
#here the oconglomsrete msmber is thickest ths overlying sandstone comprises
only 2000 feet of the formetion, but elsewhere the conglomerate thins or
is ebsent and the sandstone attains thicknesses up to 8000 feet.

» The term "sandstone” is not used here in its atrict sense, but as a
desoeriptive term for an assemblage of sediments which is composed largely

of sandstones but also contains interdbedded shales and muistones., The
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entire division ;ma been subjected t0 mild metamorphism so that some of
the finer-grained sediments show develomment of mica along bedding planes,
and they may be more accurately described by the metamorphic terms "schist"
or "phyllite",

The rocks of the sandstone mermber weather to a distinctive light-grey
or buff color (fig. 10), and are grey to green on the fresh surface.
iihere weathering has penetrated to any depth below the surface the rock is
often pitted with small, rusty spots which sometimes are large emough so
that the term '"spotted sandstone™ can be applied. 3South of Tally Pond,
and lying to the north of the oconglomerate member, is a small ocourrence
of black t0 grey siltstone which may be connected with the sandstone
member. This unit will be discussed, together with two other similar
occurrendces, in the final section of this chapter,

(11) structures

Like the conglomerate whioch underlies it, the sandstone is remarikabdbly
devoid of mrimary features. No ripple marks, graded bedding or mud oracks
were observed, and oanly a oouple of relatively odbsoure examples of current
bedding on a very small scale were seen. Interpretation of this current
bedding indicates that the top of the Lakes Ambrose farmation is tavard
the south,

Although same of the mulstones and sandstones are thickly bedded,
their usual renge in thickness is from O.1 inches $o 1 inch with 0.2
inches being the mean. In a single outerop beds of sandstone 8 inches
thick alternate with green mudstone bands and thinner sandstone bands

ranging in thickness from O.1 t0 0.3 inches. The bedding planes are sharp
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and no gradation can be seen fiom the coarser to the finer bands.
Two outorops were ocbserved in vh ieh bands of green mudstone, one 12

inches wide (fig. 11) and the othey ¢ yngnes wide, are interbedded with

the sandstone. In both cases the Tiner-grained rook has a cleavage whid
strikes at an angle of about 20 q.m“ to the strike of the enclosing

ssndstone bed. The whole rock mag, probably suffered deformation dbut the

more resistant sandstons was not iy, g45ed with any noticesble planar

feature such as was developed in ¢, finer-grained bands.

Another mmllescale feature oy orved in the field consisted of a
lineation, trending across siltstong pangs, from 0.3 inches to 1 inch

wide. The strike of this l.in.ntlo.t also differs by about 20 degrees from

that of the boddins. but there ia \ﬂ.ﬁontly no connection wish the cleav~
age desoribed above. The lineatlon 4, gaused by yellowishe-green stringers,

and probably represents some -tnn\m which originated when the beds
were still uncompected.

(111)Grain size

Measurement of the maXimum Zre4, gize in the rocks which can be iden~

tified megascopiocally as sandstoney reveals that it averages about 0.2 mm.,

Classification on

the basis of the Wentworth 8cals therefore places these rocks into the

category of very fine~to msdium=grasnes, The muistones contain soms clastic
quartz grains but they are never hrgor than the silt grade.

falls as low es 0,09 mm., and neVen gy geeds 0.35 mm.

(1v) Composition and. textures (see .,p1e 1)

to 55 pm.nt of the roeck (m. 12). The nionty of the wiu .mbit
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angular to subangular outlines: because of their amall size there was

1ittle abrasion dﬁring transportation, i few minute ligquid globules may
te seen in most of the quarts grains, while meny of them display undulatory
extinotion and evidently have been subjected to strain effects,

Felsper is the next most common detritsl mineral but it never exceeds
7 percent of the roock. Livet of it is orthoclase, but plagioclase, mioro-
line and an ocoasional grain of perthite areo also present in most of the
thin sections. 4is a genersal rule the felapars are remariadly unsltered
and cnly their low birefringence and & aslight turbidity distinguishes the
untwinned felspar from quartz.

Leucoxene is usually present in a measurable percentage and in KISI
{table 1) it comprises 4 psroent of the rosk. -This minersl occurs as
irregular disseminated grains and is probvably detrital in arigin, Tour-
maline and zircon are the only stable acocessories which were identified
in thin sections. '

The content of matrix in these sandstones renges from 23 peraoent to
40 percent, and is composed mainly of detrital silt which was welded
together during dhgonosh. Any argillaceous material which was present
has reecrystallized to sericite and chlorite, and with the highest power
tiny composite crystals of alternating eolorless muscovite and light-green
chlorite may be seen. Occasionally the extremely fine-grained material
of the matrix has reacted with the detrital oconstituents, and casea are
seen where the barders of quartz grains are being penstrated by tiny
needles of chlorite and sericite, Not all the mica in these rocks is

authigenic, however, and both chlorite and muscovite occur in tabular



TABLE I

Mineralogical composition of sandstomes in Lake Ambrose farmatiom.

M51
Quarts 41,6
Orthoclase 40
Ne-felspar r
Limonite 940
| Leucaxene 40
Muscovite 2,0
Chlarite Tr,
Matrix 39.6

Rock fragnents -

Celecite -

Zircom r

Tourmaline r
100,2

MLI9A

%47
8,0
.
7:0
1.0
7.0
2.0

35.6
3.0
r
r

100.3

ML62C

60,2
3.0
1,0
640
1.0
5.0
1.0

22,5

Tr
r
9.7

M1l
5546
6.0
1.0

2,0
253

9.0
1.0

99.6

M62c

542
r
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and elongated orystals which are detrital in origin,

One of the most interssting aspects of these sandstones is that
although some of them ocontain a fairly high percentage of carbonate others
are carbonate-free, Two different minerals appeer to be present: (s) or-
dinary ocalcite and (b) a ferruginous carbonate which could be either an
iron-bearing caloite, or ankerite, the iron-bearing mineral of the dolomite
group. The oalcite occurs in clear, irregular grains and mey have had its
origin in the reorystallization of calcareocus mud contained in the matrix;
or it may have arisen through the destrustion of csleium-bearing minerals
of which no trace may now be seenj or have been precipitated from casloiume
bearing solutions pexreoclating through the rock. The iron-bearing carbon-
ate also occurs in irregular grains dbut is aften found in rhombohedrons,
and may be distinguished from the c¢alcite in that it 1is usually dbordered
by or contains a surface coating of limonite. Alteration of this carbon-
ate to limonite is usually so advanced that the process has goms to
campletion and rhombohedral pseudomorphs of limonite after the ocarbonate
my be seen, Figure 13 is a photomicrogreph of ons of the "gpotted
sandstones” desorided earlier (p. 19) in which esach spot is a smmll area
cemented by limonite (black) formed dy oxidation of pre-existing ankerite (7)
grains., Some of the finer grained sedimsnts contain more than 40 percent
limonite (table 1).

These rocks have a wide range in size of the mmllest and largest
fragments and hence may be said to be poorly sorted. In the carbonate-
free and low=-garbonate types there is no cementing material, and the

grains and matrix have been welded together durinz compaction, In others,
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cementing is only local (e.g. the spotted sandstone in figure 13) while in
the rocks with a ‘hi.@or limonite content cementing appears to be very
extensive,

One thin section which was examined shows two bands of very fine-
win.d sericitic material cutting through the sandstone and making sharp
boundaries with 1t (fige 14). One of these is about 0.5 mm, wide, the
other 0.2 mm,, and they represent minor interruptions in the normal progress
of sedimentation. The bands are folded on a microscopic scale and have a
cleavage which makes a high sngle with the margins. This feature resembles
¢losely the "false cleavage" descrided by Harker (1932, pege 157).

(v) Definition of sandstone types

There are many sandstone classifications in the literature and all are
based on the various proportions of quartz, felspar, rock fragments, matrix
and cement, The sandstones of the Lake Ambrose formetion have the follow-
ing ocharacteristics:

(1) The quartz/felspar ratio is very high.

(2) Rock fragments are virtually adbsent, '

(3) In contrast to the apperent mature aspect of the rocks as indieated
by the quartzs/felspar ratio, the high percentage of matrix is indicative
of an immature sediment. Rather than being a reflection of immaturity,

however, the high content of matrix is probably due to the poor sorting

which i3 usually evident in fine-grained sediments,

(4) The content of iron-bearing cerbonate and of limonite derived from

its alteration is extremely high in some cases,
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According to Pettijohn's classification (1957, p. 291, table 48), a

rock in which the quartz content 1s generally lower than 75 percent, fels-
par exceeds rock fragments, the detrital matrix exceeds 15 percent and
chemical cemsnt is sbsent, is ealle:! a felspathic greywacke, The tem
ngreywacke® , however, conveys the misleading impression that there are

hizh percentages of both felspar and rock fragments., The actual compositi ons
of the i=zke .mbrose sandstones are closer to, but not the same as, the rock
galled "subgreywacke" by Krumbein and Sloss (1956, p. 134, table 58).

The writer therefore prefers the more general term "impure ssndstones®
for those rocks which are carbonate-free, "calcareous irpure sandstones”
for those containing 10 percent or more of caloium carbonate and ankerite,
end "ferruginous impure sandstones” for those in which the content of
linonite 1s 20 percent or more,

(vi) invironment of deposition

As we have seen in the previous paragraph the sandstone member has
characteristics both of a mature and an immture seiiment, and in this wey
it resembles the conglomerate member. The contact betweean the two members
was nowhere observed so it cannot be stated with ecertainty whethex the ane
grades into the other, or if the conditions which prevailed at the time the
econFlomerate was deposited came to an abrupt halt before the sandstone was
lain down,

By $his time the highland which had provided the gravel for the con-
glomerate member had been reduced so that the sedimentary processes con=-
tinued on a much milder note, but the source area still consisted pre~
dominantly of sedimentary rocks, and fine sand was the main constituent

Sransported by the rivers which mesndered across the ever-growing delta.



sedimentation procesded rapidly emough, or conversely, the depositional
area sank at such a pace, that there was no time for the finsr-grained
mterial to be winnowed out.
Burat Pond formation
The most northerly fommmtion in the thesis area is the Burnt Pond
formation, which outerops in Burnt Pond Brook in the extreme northeast
corner of the map area. It oconsists of a tightly folded sequence of black
slate and grey siltstone with thin bands of tuff, and is intruded by sills
of dioritic composition. Burnt Pond Brook runs more or less parallel to
the genersl strike of the formmtion, and as only a few cutorops were found
in the wooded area north of the brook it is not possible to estimate its
thickness, However, it is interesting to note that Howley (1868) was the
firat writer to mention these rocks. After his description of the lime~
stone bands interbedded with the greenstones below the Main Dam, he astates
that the limestone
e o o i8 succeeded at interwvals by dluish-grey

slate, but at the lower falls, about two miles from

the junotion with the main Exploits river, the slates

are interstreatified with beds of diorite and here

assums a hard flint nature approaching feldsites , . « «

Theso slatea and associated limestones, sandstones, eto.,

are clearly of ons geoclogiesal horizon and sorrespond

80 o6losely in character with those of the Exploits

Valley proper, that there is little doudbt of their being

identical.
This formation is probably the seme one reported by Murray (1881) to out=~
Srop along the snxploits River above Badger Brook, nearly all the way to
the upper falls of ths river. Outorops were also recognized at several

Places between the upper falls and Red Indian Lake, and again near the
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entrance to Victoria Brook., The present writer observed an outerop in a

road-cut several miles north of Lake Ambrose, sbout 20 miles to the south-
west of Burnt Pond Brook, and the black pyritiferous slates in that out~
crop beer such a close resemblance to those in Burnt Pond Brook that there
can ba little doubt that they are part of the same formmtion. Davia
Cetherall = a student from the Royal School of Mines, who was working under
the direction of the writer in the summer of 1959 - mapped over 5000 feet
of black shales along Harpoon Brook, and he found similar rocks outoropping
far to the northeast, near Exploits River., There can be no doudt that this
black shale formation is one of the most widespread in the interior of
Newfoundland, _

These slates have a high organic content and contain a great deal of
pyrite in the form of thin beds, ranging in thickness from 0.2 to 0.5
inches; irregular veinlets alse cut through the rock, and concretionary
or nodulsr forms up 0 0.5 inches in diameter are abundant in some areas,

In contrast to the other farmations in the area, which have steep
southerly dips, the rocks in Burnt Pond Brook dip to the north at angles
ranging from 55 to 80 degrees. The whole formmtion is tightly folded
and many small synclines and anticlines can be seen along the dbrook, The
strike of the formation is more northerly than that of the formations to
the south.

In the vicinity of the dikes the slates weather more rusty than
elsewhere, It is not improbebdle, therefore, that the coross-cutting vein-
lets of pyrite in the sediments were introduced during the intrusion of

these dikes. However, no cases were observed where the bedded pyrite
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The black slates of the Burnt Fond formation are much more massive
than those in the formations to the south, In spite of the high organis
econtent, whioh can be seen by the way in which the rook soils the hands,
no fossils were found in the slates.

The tuffs are found in bands about a foot wide, They are very tough
roocks, greyish-green in oolor, and contain small fragments of black shale.
4 thin section from one of the bands shows that the rook has a very fine-
grained matrix composed largely of white mica and voloanic ash. Imbedded
in the matrix are small rounded fragments of black shale, angular quartz
graine, caleite orystals, and disseminated pyrite in eubes and irreguler
grains (fige. 26)+ In contrast with the highly angular shape displayed by
the quartz grains, the felspars exhibit some erystal feces. Fregments
are also present whioh are composed of interlosking quartz greins, and
could be ei ther sedimentary or volcanic in origin.

a. Environment of deposition

It is a well established fact that black shales can fomm in a number
of depositional environments, Dunbar and Rodgers (1958, p. 202) state
that:

Since the acocumulation of organic matter in mud
depends simply on the relative rates of supply and
destruction rather than on the totel amount supplied,
black shales have surely ascumilated under a wide range
of g¢onditions, The preservation of adbuundant ocarbonecesous
material sets certain limits to the possible environments
of deposition but we must depend on other features to
narrow down the possibilities for each particular black
shale.

Dundbar snd Rodgere point out that a black shale band occurs in the Middle
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end Upper Ordovician deposits from New York to Alabama, and it does not
pequire much effort to pisture the black shales of the Burnt Pond formation
as being the same types of deposit. It was Ulrich's belief (Dunbar and
Rodgers, P. 206) that since the various species of graptolites range all
the way from north to south, ocean currents must have streamed through

the geosyncline and hence the bottom om which the bdblack shale accumulated
ecould not have been stagnant,

However, the black shales which are now the slates of the Burnt Pond
formation may have accumulated in a part of the trough where water cireu~
lation was much restricted., This theory is supported by the fact that the
thin beds and nodules of pyrite which are so commonly interbedded with the
shale could have formed under extremely reducing conditions when no oxygen
was available on the bottom of the trough. Dunbar and Rodgers (p. 206)
postulate that subsidence was uneven along the floor of the geosyncline,
and as a result:

e « « the shallower places must have been thresholds
preventing free circulation at the bottom in the deep-
er basins even though surface currents flowed through
the trough.
Pettijohn (1957, pe 452) has noted that:
e ¢« o the association of pyrite with carbonates and with
organic matter . « « is rether genexral. « .  The black
shales or slates have the most pyrite. This suggests
that the source of the sulfur is the nitrogenocus com-
ponent of the organic matter; it is possible also that
the association is due primarily to the redusing environ-
ment needed for the preservation of organic matter and
the bacterial reduction of the sulfates of sea water,
That some of the pyrite is mush younger then the enclosing sediments is
& possibility that must also be consideredi, for nodular dodies composed

of one mineral or an aggregate of several minersls are often precipitated
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from meteoric waters whioh percolate along fresctures and pore-openings in

sedimentary and Sﬁur TOCKSs.

Loon Brook formetion

a, Divisions and type area

The Loon Brook fommation extends across the map area in a band which
outocrops mainly south of Noel Paul's Brook, although it does extend north
of the river in a thin dand along approximately half 1ite length. Its
name is derived from its type area along the course of Loon BErook, in which
continuous exposures anl intermittent outorops mmy be seen over a total
distance of 4 miles., The formation can be separated into two divisions
on the basis of lithology, dut the omly evidence of a break between the
Northern and 3Southern divisions is a nax;row conglomerate band which lies
to the south of Veneer Brooke. To the east where the farmation is in con-
tact with the Carter's Lake volcanios, the Southern Division is missing
from the sequence,

be Northern Division

(1) Outorops and rock typss observed

The Northern Division consists of about 4500 feet of sedimsmtary rocks
wvhich have undergone a moderate degree of regicnal metamorphism. The best
exposures are found aleong the south shore of Haven Steady, in Veneer
Brook, Loon Brook, and Carter lLale Brook, and in seversl places along
Noel Paults Brook.

Along the shore of Haven Steady are black phyllitic shales (fig. 15),
greenish phyllitio shales snd grits, and a minor amount of sericitic
achist, The black shales are th.i.nly laminated and contain thin, silty
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{nterbeds approximmtely O.3 inches in thiockmess, Oeccasionally, thin pyrite

pands are found 1n the shale and smmall quartz stringers cut across the beds.
The green grits contain thin, shaley lenses which pinch out at each end
over very short distances.

In Vemser Brook the Noxrthern Division is represented by green grits,
pink quartzitea, pyritiferous blaock slates with thin siliceous bands, end a
highly sheared quarts~felsper orystal suff in whioch the original orystals
are barely visible, About 4500 feet from the mouth of Venser Brook the
sheared orystal tuff 1is intruded by a mstadolerite sill over 100 feet thick.

In Loon Brook an almost continuous section of the Northern Division
is found outeropping for about 4500 feet. The section displays green,
greenish-grey and pink phyllitic shales, siliceous shales, grits, and sthick
beds of pink quartzite similar to those in Vemser Brook.

In Carter Lake Brook at the eastern boundary of the area mapped to
the south of Noel Paul's Brook, rocks of the Northera Division ocuterop ine
termit tently for about 7000 feet diagonally aoross the striks, Grey and
greenish-grey quartzites, grits, silty shales and phyllitic shales are the
predominating rock types, and considersble amounts of black shale are also
present. Further upstream are found outcrops of erystal tuff belonging
to the Carter Lake farmation, but the coantact betw2en the Carter Lake
Yolecanics and the Loon Brook formation is ceoncealed,

In eddition to the rocks already mentioned the Narthern Division con-
tains sericite phyllites, sericite schists, rusty guartzites (vith ex-
cellent cleavage), altered guarszites and felspar corystal tuffs. The
latter are highly sheared.
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The quickly changing conditions of sedimentation which prevailed
during the deposition of the Northern Division are aptly illustrated in a
small outerop north of Noel Faul's Brook. From top to bottom the rock
types and their respective thicknesses are as follows:
Greyish-green quartzite - 18 inches
Grey phyllite - 1 inch
Greyishegreen quartzite -~ 8 inches
Grey phyllite - 5 inches
The boundaries between these different rock sypes are sharp in each case,
snd no gradation is seen between the coarser and finer beds.
(111)Structures
The rocks of the liorthern Division display great contrasts ian dedding
from the paper-thin beds of some of the shales t0 massive bedding in
certain of the quartzites. Apart from normal stratification not a single
primary feature (e.g. mud cracks, ripple marks, oross bedding) was observe
ed; either existing examples have been destroyed by recrystallization amd
shearing, or else none were formed during deposition.
(iv) Fetrographic deseription
Grits. The grits of the Northern Division range from light-greea to
light-grey in color and display a slight foliation in the hand specimen.
In thin section this foliation is much more promounced and the celastic
grains have assumed a preferred orientation with their longest dimensions
parallel to the planes of ﬁmtton. The rooks are composed, on an aver-
age, of 28 percent quarts and 2 percent orthoclase, with some plagicclase

and disseminated grains of leucoxene and limonite. The mat$rix, which
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gomprises 70 percent of the rock, consists of silty material and sericite,

which undoubtcdlf has arisen through recrystallization of the finest-graine
od components.

Shearing has been fairly intense and the larger quartz orystals have
become enveloped in a mantle of finely-orushed material (mortar structure,
£ige 16)s 4As a result of this shearing many of the quartz greins have de-
veloped undulatory extinction.

In the finer-grained grits the guartz grains are barely visible in
hani specimen, and only when light is reflected off them, but they are much
more evident in the coarser-grained rocks. On the wWentworth scale these
rocks range from medium~-to coarse-grained, _

Arkoses. In hand specimen the arkoses are obviously coarser-grained
than any of the other sediments in the Northern Division. These rocks,
which are grey in ¢0lor and more or less massive, consist approximmtely
of 19 perecent quartz, 6 perceant orthoclase, 6 pesrcent plagioolase and 39
percent matrix. The matrix consists of finer-grained quartz snd felspar
and fine-grained sericite, Leucoxsne grains are scattered throughout the
rock end there is a small emount of chlorite with anommlous blue birefring-
ence, The maximum grain size does not exceed 1 mm, in diameter,

Apparently the greins in this rook were not transported very far,

The grains are angular, the felaspars have not undergons much alteration,
and sorting is poor.

Shearing is evident: the amaller gquartz grains have an interlocking
Sexture which suggests that reorystallization has taken place, and mortar

strucsture has been developed.
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Juartzites. The quartzites of the Northern Uivision are usually

1izht-grsen to gfeyinh—greon in color. There is every gradation in grain
gize from the small, recrystallized quartz greins in the matrix to those
which are medium~grained according to the Wentworth socale, and hence 1t
15 Aifficult to set a size limit for the greins of the matrix., Froint
counts reveal that these rocks have an average composition of 78 percent
quartz, 4 percent orthoclase, 1 percent plagiocclase, 3 percent calcite
and 14 perceat "matrix", Caleite occurs in irregular greins and as vein~
lets outting through the rock, and in outcrop is visible along some of
the bdedding planes.

One very rusty type with an excellent cleavage parallel to the bdedding
consists mainly of quartz grains with some orthoclase and plagioclase, mmd
accessory zircon, Its color is dus t0o a high limonite content.

Sericite phyllites. In hand specimen these rocks are highly schis-

tose and in scame cases are paper-thin, lMicrosoopic examination reveals
that they are compossd almost entirely of sericite with very thin, silty
bands (fige. 19). One section has numerous tiny specks of mmgnetite,

while another contains tiny grains of leucoxsne and lirzonite. .any elastio
texture which these rocks may have possessed has been completely obliter-
ated by reorystallization.

Sheared felspar orystal tuffs. In the hand specimen these rocks are

¥ory schistose, weather grey, end contain barely visible felspar orystala,
Thin-section examination reveals that the rocks are composed of euhedral
Plagioclase and orthoclase erystals in a groundmass consisting of inter-

locking quartz grains and serioite, with possibly some orthoclase (fig. 18).



TABLE II

of Loon Brook formation.

Quarts

Orthoclase
Plagioclase

Matrix
Calcite

Limonite

Arkose

(a)M202

19.0
35.0

6.0
39.0

Grit
(b)}a78

28,0
2,0
70.0

100

Grit
(c)M22

28,0
5.0
68,0

100

(a) Minerslogical composition of sandstonss in Northern Division

Quartsite Quartsite
(A6 (e)Ma2
78.0 73.0
4.0 7.0
1.0 1.0
%40 1O
3.0 1.0
- 3.0
- 2.0
100 100

B84
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some of the felspar corystals show the effects of ¢rushing end are fracture
ed =nd rounded; ahoaring stress has revolved some of the felspars so that
pnow they are at right angles to the schistosity. Tyrrell (1956, p. 286)
points out that sheared quartz porphyry in which the guartz and felspar
phenoorysts escape grenulation, and persist as porphyroolasts in a very
fine textured, sheared quartz-sericite matrix is called "porphyroid”,
Qther minerals present are scattered greins of limonite, and ilmenite
altering to leucoxens.

Sheared quartz-felsper orystal tuffs. These rocks consist of quartz

and felsper phenoorysts in & matrix consisting of very fine«grained quarts
and sericite, Like the reiap.r tuffs they are highly schistose and dark-
grey in the hand spedimen, and except for barely=-visidble quartz eyes they
are scarcely distinguishable from a metamorphosed shale.

The quartz and felapar crystals have undergone granulation, and in-
dividual pieces of the quartz crystals have been pushed apart dy subsequent
movements. The plagioclase crystals are in an advanced state of alteratiom
and the end-product appears to consist largely of a brown, strongly
pleochroic biotite. 48 1s usual for moat of the rocks of this formation,
limonite end leucoxene grains are scattered throughout them and they are
often traversed by tiny intrusive veinlets of quartz.

6. Southern Division
(1) Outorops and rock types observed

The Southern Uivision of the Loon Erook formation is best exposed in

Loon Brook, where intermittent outorops are found in the upper 12,000 feet

of the stream course, lany good exposures are also found in the upper



43
part of Venser Brook $o0 the west, but eastward in Carter Lake Brook the
gouthern Division does not appear $0 be present end the Nortshern Division
4s in contact with the Carter Lake voloanics.

South of the Carter Lake formation smother band of sedimentsry rocks,
which is probably the time equivalent of the Southern Division to the west,
bhas accumulated to thicknesses ranging from 500 to 5000 feet. Black and
groy slates and phyllites redominate in this band, but quartzites occur
frequently, and injeoction gneisses sre found in inoreesing quantities south-
ward toward the Boyd's Pond granite.

The Southern Division consists dominantly of massive Qquartzites which
range in color from greyishegreen in the west t0 light-grey and dark-grey
in the east. Interbedded with the quartsites are numerous silty and schis~
tose bands., In the part of the map area east of Loon Brook the quartsites
are somestimes 50 massive in appearanse that they dear a striking similar-
1%y to aplite, but associsted with them ere considersble amounts of slight-
1y mstamorphosed, light-green sediments and darke-grey to blask phyllitic
ahales. :

Alteration has taken place in the gquartzites but it has been selective
80 that only thin bands have been affected. The slteration appears to be
of two types: (1) the quartzite has become more or less porous and
usually weathers to a distinctively rusty color; and, (2) the quartzite
has been silicified and bleached, and pyrite and chalcopyrite have been
introduced., Bands of this typs of alteration up to five feet in width

wore noted in the vicinity of Veneor Brook,.
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Some pyrite is usually associated with the quartzites, and although
i¢ i2 not present >1n very great quantities the large amount of rust pro-
duced through weathering of the pyrite gives the impression that it is very
plentiful. In some cutorops there are rusty patches having a diemeter of
§ or 6 feet but no apparent minerslization is associated with them., Small
stringers of chaleopyrite were cbserved in the quartzsite immediately to
the eant of Vemeer Brook.

In some areas the division is highly intruded by quartz stringers
(£ig. 63) whioh are often thrown into small folds - a phenomencn which
suggests that the guarts had a certain degree of plastiocity at the time
the deformational effects were in progress. The amount of quarts intrude-
ing the rocks appears to increase as the csontact with the Boyd's Pond
granite is approached,

(11) Petrographic deseription

wuartzites, The quartzites of the Southern Division are poorly sort-
ed, medium-grained rocks in which the maximum grain size ranges between
Oe3 and 0.5 mm, In most of these r00ks it is practically impossidble to
distinguish individual grains with the naked eye but a thin-section study
shows that they fall into several groups.

The purest quartzites in the area contein over 80 percent quartz
(fige 21). There is no "matrix" in the strict sense of the word; i.e.,
practically all of the quartz and felsper grains are greater than 0,01 mm,
in diameter, Tiny flakes of sericite and chlorite are disseminated
through the rocks, together with a few clastic quarts greins lsss than
0,01 mm, in diameter. Orthoclase makes up not more than 9 perceant of the
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rook, and there is some plagioclase, an occasional grain of perthite, dis-
speminated grains of leucoxene and magnetite, and & fair number of zircon
greins in irregular shapes. Recrystallization has taken place and the
quartz grains have been welded together, giving a orystalloblastic texture
(fige 21)« In many cases the mmall greins encroach upon the larger ones
and partially replace them,

The micaceous quartiites are not as well sorted as those descoribed
sbove, but they also have a orystalloblastic texture (fig. 22), The mica
content exceeds 30 percent end is predominantly sericite, but there is
also a considerabls amount of light-gresn chlorite, dboth intergrowa with
sericite and disseminated in minute flakes throughout the rock. Inter-
gromn with both the sericite snd chlorite is a strongly pleochroic biotite,
Much of the mica may be authigenic but some of the coarser erystals are
probably detritel in origin.

There are also felspathio quartzites in whioh the felspar ocontent,
most of which is orthoclase, exceeds 10 percent and ferruginous quartsites
in narrow, rusty-weathering bands, with more than 10 percent limonite,

Quartz-mica schist. This rock type is found in omly one losation =-

southwest of loon Lake = where it cocurs in an outerop over 200 feet wide,
The grains in this rock are fairly well-sorted, have a maximum greain
size of 4 mm, and consist, as in the quartsites, mainly of interlocking
quarts grains with some plagiocclase and orthoclase. In the field, however,
this rock was readily classified as a schist decause of the presence of
prominent bands of dark misa. In thin section these bands, which have been
throwa into tiny folds (fig. 23), are found to consist predominantly of



mscovite with only subordinate amounts of chlorite and biotite.
Seriocite phyllites. These rocks are usually found as thin bands in

the quartzites. Although they 4o not have the silky appearance of many
of the phyllites of the Northern Division some of them are very aimilar
4n thin ses3tion and consist almost entirely of sericite (compere figs. 19
gnd 24), Others, however, sontein high percentages of clastic quartz
grains in the silt renge, and 1t would probably be more accurate to refer
to them as phyllitiec siltatones.

Siliceocus bands. The gquartazites contain numerous siliceous bands up

to 5 feet wide, composed of milky quarta. These bands are especially
prevelent in the vicinity of Veneer Brook where they contain considerable
percentages of pyrite and chalcopyrite.

A thinegection examination shows that the rock consists mainly of
enhedral quartz orystals. Portions of the roek are highly micaceous,
however, and appear $0 be of sedimentary origin. 4is the dands show con-
formable relationships with the quartzites it is not unreasonadle to sus-
pect that they were formed by a rocess of replacement, and that the
growth took place by transfer of material in the s0lid state, The presence
of rock portions which still have & sedimentary aspect can be explained
by assuming that the replacement process did not proceed to completion.

The pyrite occurs as cubes, anhedral orystals, and aggregates of
grystals. Inelusions of gquartz are found in soms of the pyrite corystals,
indicating that the pyrite formed later. The force exerted by the grow-
ing pyrise orystals has given rise to & peculiar texture ian whioh the

surrounding quartz grains have assumed elongate shapes, flaring out from



TABLE II
(b) Mineralogical composition of rocks in Southern Division of
Loon Brook formation,

(1) (11)  (111) (iv) (v)
M(2)18, MI92 MI98A M98B W73

Quarts 55.0  83.0 8.0 Tl 7.0
Orthoclase 2,0 57 9.0 - 14.0
Pla gioclase = 1.9 - - 1,0
Matrix 9.0 8.5 6,0 13.0 14.0
Leucoxense - 0.9 1.0 1.9 -
Nmenite - - - - -
Magnotite 4.0 - - - -
Zircon - - - - -
Muscovite - - - 1.0 -
Limonite - - - 13,0 -

100 100 100 100 100

i) Mocaceous quartsite
11) Quartsite

(111) Quartsite

iv) PFerruginous quartsite
v)  PFelspathic quartsite
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the boundaries of the pyrite (fig. 25).

Some of the quartz grains are traversed by small veinlets of sericitio
material, and their turbid appearance sets them off markedly from the otis rs.
such a texture is quite uncommon and may be attributed to a type of select ive
glteration by the mineral-bearing solutions whish introduced the pyrite.
(111) Origin and enviromment of deposition

A fair amount of contrast exists between the Horthern and Southern
pivisions of the Loon Brook formation; hence they must have been deposited
under contresting environmentel conditions. The Southern Division, while
it contains numerous thin bands of phyllite and schist, is charescterized
by a persistent, monotonous quartsite sequence, which indicates that the
conditions under which it sacocumulated remained fairly constant throughout
extended periods of geologiec time.

What was the origin of these relatively clean quartzites of the Southern
Division? On the one hand, both the soursce area and the site of de~
position may have been teotonically very stable so that there was ample
time for reworking snd winnowing prior to final durial. On the other hand,
the wide range in grein size which is found in many of the quartzsites shows
that there was insurficient time to attain a high level of sorting. In
this connection, ascording to Dunbar and Rodgers (1957, pe 522), Folk has
found that:

e « « o the passage from an initial clayey, poorly sorted,
angular sediment to a completely matured, rounded and
sorted sand is marked by threes stages. . . « These are

(1) removal of elay, (2) attainment of good sorting of
the nonolay fraction, and (3) rounding of the quarts
greins. The first two steps are quickly achieved, even

by ths brief transpors of ephemeral streams, The last
stage is attained only after prolonged transport and



49

characterizes only the mineralogically mature mualti-
cycle sands or the sands of certain beaches,

There has been some recrystallization of the grains in the quartzites, but
4t is still evident that they had never been well-rounded. All the evidence
taken together - thickness of the division, poor rounding end relatively
poor sorting of the grains - precludes the possidility that we are dealing
with a beach deposit and favors the assumption outlined above, 1.e0,, stream
erosion of a testoniocally stable source area and deposition in a stadble~
basin environment. Periodic fluoctuations in the sompetency of the streams
eould asccount for quiescence in the dbasin and the settling of olay-sise
particles to produce thin shale bands.

There is a greater prepondereance of shales - dlack, gresnish and grey-
in the Northern Division, grits are widely distributed especislly in the
western part, and the overall impression imparted to the observer is that
of instability in the depositional basin, The high content of matrix and
the angularity of grains in the grits, and the presence of arkosic bands
indicate that repid durial took place during some periods. Opposed to these
eonditions were more quiescent times which allowed the acoumulation of mud,
sometimes in stagnant basins so that pyritifercus shales were produced.

Black slates, phyllites end siltstones

Three widely separated cscurrences of black slates, phyllites and
siltstones are found in the area narth of the river. Ons of these units,
which has already been mentioned in connection with the occurrence and
ehief rock types of the sandstone msmber of the Lake Ambrose formation,
was obmserved in two exposures: one near the extreme southern shore of

Tally Pond, the other close to the southeast shore of West Tally Pond.
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fhe former exposure has beenzwarped into small folds with an amplitude of
about 1 foot, whiie the axial planes strike about 15 dezrees north of west
end are vertically dipring. The other outerop has been highly weathered
end e¢rumbles into small frazments when eny mttamptiis made to procure a
specimen, but close examination of the beddinz planes reveals that it, also,
i1z tightly folded.

The second occurrence is found inmediately to the east of Five liile
Jamp, and oonsists of 3 exposures, each about 1000 feet from the other,
which outcrop between the rine Falls formation and the sandstone member of
the lLake Ambrose formation.

The third unit, also, is found between the Pine Falls and Lake Ambrose
formations and oconsists of widely separated outerops of black phyllite,
and black and groy.ahglea which are of ten pyritifercus. The westernmost
exposure was found just to the west of the junction between the Telly Pond
and Noel Paul roads, while the sasternmost outorop wes observed just to
the nar theast of the camp at rine Falls, the two outcrops beinz thus separe-
ated by a distance of nearly 3 miles.

The writer sees the main problem presentec by these black sediments
as follows: were they deposited in their present positions? or are they
erosional remmants of larzer blocks which were thrust over from the south?
Laclk of fossils in the black shales and siltstones, as well as in the
formetions which enclose them, only serves to intensiiy the problem, and
its solution is hampered alsc by the absence of outcrops at the contacts,
Until it can be proven otherwise, it must be assumed that these isolated

bodies of sediments are resting in their originel sites of deposition.



CHAPTER IV

VOICANIC ROCKS

General Statement

The volcanic rocks in the Noel Paul's Brook area are approximately
equivalent to the sedimentary rocks in warioty and thiockness if not in
extent. In addition to narrow bands of tuff in the Northern Division of
the Loon Brook farmation, 5 formmtions of volcanic rocks were mapped.

These are: the Pine Falls formation, the Tally Pond volcanics, the West
Tally volcanies, the Chickadee lava formation and the Carter Lake volcanies.
Although separated by a distance of over 3 miles, the Carter Lake and West
TPally volcanics show a marked similarity both in the field and in thin
section, but the Tally Fond and Pine Falls formations are decidedly differ-
ent, both from esach other and from the other two fomations.

None of these formations have a precise type loocality; ell o them
received their names from a pond or lake close to, or within the boundaries
of, the formation. Their relative ages could not be determined and the
formations are not dealt with in any speeific order in the discuasion which
follows., As no chemical analyses of thess voleanic rocks were made, they
have been named striotly on the basis of their minseralogical compositions
as determined with the aid of the petrographic mioroscops.

Pine Falls formation

The main body of the Pine Fells formation is found to the east of
iest Tally Brook, but a thin band extends as far west as Haven Steady and
is cut off from the main dody by a marrow band of sedimentary rocks belong-
ing to the Northern Division of the lLoon Brook formation. The FPine Falls
51
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formation has a thickness of over 5500 feet in the area south of the Tally
pond Road, thins to 3200 feet in the vieinity of Pine Falls, and thickens
gradually eastward to more than 2 miles, It is oomposed dominantly of
highly altered end sheared green flows and tuffs with interbedded lime«
stones, silicified limestone breccias, limy shales, and green sohists,

The greenstones show much variation in competence, color, grain size
and weathering charecteristics from one ocuterop o another and even between
points in the same outerop. Locally, shearing has converted these rocks
%0 schists, The color varies from light greenish-grey, through yellowish-
green to dark green. The heterogemeity observed suggests that the form-
ation consists of a oconsiderable number of thin flows and turf dbeds, The
boundaries have been more or less obscured, and mineralogical assemblages
altered, by metamorphic effects; it is evident, however, that the green-
stone voloanics of the Pine Falls formmtion were originally intermediate
%0 basic lawvas,

In the greenstones epidotization has been the most common type of
alteration, the epidote being found as small pods, stringers, veinlets
averaging 0.3 inches in width, and nodules a foot or mocres in diameter,
Serpentinization has also been fairly intense, and asbestos veinlets,
which average 0.1l inches in width and usually pinoh out within less than
a foot (fig. 28), ocour in many outorops. Fezmatite is present in veins
varying in width from a fraction of an inoch to 2 inches, and in lenses
of larger dimensions (fig. 29). These bodies are composed of quartz and
felaspar and often contain small fragments of wall rock. The writer be-

lieves that they probably are of the replacement type.
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Limestones are found at several locations within the formation and were
s{rst noticed by Howley in 1888 on a trip from the south coast of the islend
by way of Bay dtest River and Noel Paults Brook. In his report for that
yoaxr he stated that: " ., . . on the course of the river downwards at about
a mile and an half below the ateady, strong bands of bluish-grey limestome
strike across the river.," The writer investigated the river below Noel
Paul's 3teady, the waters of which are now kept back by a large dam, For
the first third of a mile below the dam the only rock type observed is
greenstone, but about 1600 feet downstream there is a bed of limestone over
100 feet thicke. The top and bottom parts of the bed are demnse, dblack,
strongly banded rock, but the main part of the outorop consists of light-
grey, silicified limestone~breccia. Similar ocutorops are found further
dowmstream and one of them contains interbedded quartzite bands. Limeastones
were also found in two outcrops south of the Tally Pond Road. In one of
theam a vertically dipping bed of lightegrey limsstone about two feet thiock
is interbedded with maassive greenstone (fig. 30), and large inclusions aml
small stringers of caleium carbonate are found in the surrounding rock.
In the other ocuterop, half a mile to the eaat of the first the writer
found a bed of darkegrey to black limestone about 150 feet thick,

Striking obliquely across Noel Paul's Brook just above © ine Falls
are several beds of grey to purple limestone interbedded with grey, greyish-
green and pink limy shales. One of these limestone beds is about 30 feet
thick and is highly contorted, a feature which has been emphasized by the
eroding effect of the river water (fig. 31). As the beda above and below

are not even mildly folded, it is possible that the contorsions are a
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prinary features imposed upon the limestone before consolidation.

Of all the rocks in the Noel Paul's Brook area the limeastones of the
i'dine Falls formation evoksd the greatest hopes for finding fossils, but
many hours of painstaking examination unfortunately yielded no trace of
any.

Petrographic description

a. Metamorphosed laves

Except for a single occurrence of agglomerate, a microscopic study
of the greenstones of the Pine Falls formation revealed that they consist
of metamorphosed lavas, tuffs and impure sandstones. Ais the intensity
of metemorphiam was not everywhsre the same, and as the greenstones con-
sist of many separate flows which undoubtedly had variations in com=
position, the rocks show great differences of texture and composition.

Where the greenstones have undergone only mild metamorphism and
still present a massive appearance, they consist of anhedral pyroxene
grains, plagioclase laths and minor amounts of epidote and leucoxene,
The originsl texture of these rocks is still preserved (fig. 32) and
the pyroxene grains enclose small plagioclase felspar laths, giving an
ophitic texture. In other areas the alteration has advanced to a stage
where the rocks consist mainly of a fine-grained aggregate of cloudy epi-
dote grains and fibrous orystals of uralite, with occasional quartz
grains and patches of chlorite. Interme iate between those two types
is 2 schisatose rock ocomposed of large, clear, euhe ral felspars and large,
irregular, shredded grains of urslite, some of which are almost entirely

altered to dhlorite (fig. 33).
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That the original flows must have wvaried in composition is demonstrat-

ed by the fact that one rook typs which is easily distinguished from the
others in the field by its light greenish-grey color and its softness, con-
sists almost entirely of a noa-pleoghroiec urelite, which ocscurs mainly in
tiny shreds (fig. 34). A few anhedral grains of this mineral, however,
still show the two cleavages, almost at right angles, of the pyroxsne from
which they were derived. Disseminated throughout this rock are minute
greins of epidote, and a few amall orystals of quartz may be observed in
the groundmmss.

Although some of the rocks have undergone & fairly high grede of
alteration, shearing stress must have been generally low as the original
texturea are often beautifully preserved: o.g., the greenstone shown in
figure 35 has e texture in which the felspar laths are associated in
radiating, shearflike aggregates ¢alled "keraunoids® by Washington
(quoted by Johnnsam, 1952, vole. 3, P« 253). The large number of calcite
grains, both singly and in aggregates, which are found in this rock
suggest that 1t may have been carbonatized,

b. Impure sandstones

Interbedded with the metamorphosed voleanics and well exposed in the
bed of Noel FPaul's Brook at Pine Falls, are schistose greenstones which are
quite similar to the others in hand specimens, but ocan be recognized as
being of sedimentary oarigin by mioroscopic study. These schists are also
fine grained, but differ from the rocks of volcanic origin in that they have
a stronger banding end consist dominangly of interlocking grains of quarts

and Tlakes of chlorite. Some of the latter are almost isotropie, with the
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me jority displaying peculiar reddish~brown ancmalous birefringence, Fel-

spar crystals are also preseat and they range in size up to O.4 mm., while
minute greines of epidote are disseminated throughout the rock., In one of
the sections examined celcite grains maks up about 5 percent of the rock,
while in another only a trace of calcoite is present and' inatead there are
about 5 perceat of fresh euhedral ilmenite crystals showing cubic, tri-
angular, and 6-sided croass=-sections (fig. 38). That the ilmenite is
authigenic is shown by the fact that the quartz surrounding soms of the
crystals has been reocrystallized and shows a texture similar to that in
figure 27. It is not unlikely that the calcite is also authigenioc, being
formed in situ from peroolating solutions saturated with caloium
carbonate,

¢e Tuffs and agglomerate

The tuffs are very fine grained and similar to the altered lavas in
apl-aoannce s but they show a primary banding and have a streaked and spotted
appearance arising from the presence of bands and clots darker than the
main body of sthe rock. These rocks consist of angular greins of quartz
and felspar, a high percentage of turbid epidote grains and aggregates,
and a considerable amount of an unidentified isotropic material (fig. 36)
which is white when viewed in reflected light and is possibly the mineral
forming the dark streaks ani spots in the hand spscimens.

The agzlomerate has a greyish-=brown color on the weathered surface,
has a psculiar pitted appearance (fig. 37), and contains fragments of
basic lava up t0 3 inches in length, composed of tiny felspar laths
and large euhedral felspar phenocrysts. The matrix ocontains ssaller rock
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fragments, euhedral felspars and angular greins of quartz, epidote and

calcite grains.‘ end patches of chlorite, loceally the mmtrix is not clas-
tic but is made up of basic or intermsdiate lava showing a well-defined
flow texture, An unusual fragment embedded in the matrix consisted of a
granophyric intergrowth of qguartz and orthoclase.

Telly Pond volcanics

The Tally Pond formation lies immesiiately to the east of Telly Fond
and extends northeastward to within a mile of Noel Paul's Brook, a
distance of scmne 12 miles, The formation is composed of numsrous rhyqlito
flows and others of less acid composition, with interbedded thin bands
of tuff and some mudstone.

Individual flows range from 1 inch to several feet in thicknesas,
while tuff beds are usually less than a foot thick.

An exposure observed approximstely one mile east of Tally P ond is
shown in figure 39. At this looation the individual flows and tuff beds
have straight and well-defined boundaries, whereas elsewhere in the Tally
FPond formation the rocks are massive., From bottom to top this outerop
contains:

(1) Very fine-grained, greyish~green quartz latite -« 2 feet

(2) Very fine~-grainec, greenish quarts latite = 5 inches
(3) Very fine-grained, greemish quartz latite « 8 inohes
(4) Aeid tuff - 4 Teet
(5) Very fineegrained quartz latite - 2 teeot

The rocks of the Tally Pond formation gave much trouble in the field

because of their extremely fine grain and absence of primary features, and
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some of them whioh were mapped as siltstones were eventually proven to be
volcanios on the dbasis of examination in thin section,

Petrographic desoription

a. Flows

The flows renge in color firom light greyish-gresa to darkegrey and
brownish, dbut practically all ocuterops are white on the weathered surface,
Some Of the rocks are extremely fine grained and display a conchoidal
fracture; other varisties are slightly coarser grained and break with a
subconchoidal fracture,

The majority of the flow rocks cannot be scratched with a knife blade
and it may be safely assumed that they heave 2 highly acid composition,
Their cryptocrystalline neture, however, makes it impassidble to determine
their mineral ocomposition under the microscope., The finest grained
varieties contain much material which is practically isotropic but
occasionally shows aggregate polarisation, so that the rocks can be con~
sidered as probably eeilsilting of a partially devitrified glass, The
lamination or flow banding which is fairly well expressed in one of the
hand specimens studied cannot be seen in the corresponding thin section.
All of the thin sections examined show tiny fractures that have sub-
sequently been filled with quartz.

All flow rocks of the Tally Pond formation contain microlites, and
it is only on the basis of the composition of these microlites that it is
possible to distinguish different rock types. Two such types ocour in
the finer grained flow rocks and a third in the rooks of coarser grain.

In the rirst group the miorolites are muscovite, In the second group they
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are horanblende of an almost needle-like appearance, but large enough to

allow optical idemtification (fig. 40).

In the third group of rocks the microlites are a mineral showing
pleochroism from yellowish-brown to almost black, which is either biotite
or cossyrite, These microlites are stubby in contrast to the elongated
shapes assumed by the muscovite and hornblende microlites. They form
sheaf~like orystels, broader on the ends than in the middle, which are
often associated in aggzregates of stellate patterns (fig. 41). The third
group are much fresher in appearance than those of the two others and con-
tain no isotropic material; their microlites oonstitute a much higher
percentage, and with their larger size may be readily seen in the hand
specimens to which they impart a browniah hue,

be Turfs

The turf beds are tough, have a greemish-grey color, ani contain sube
rounded greenish to black rock fragments amd greins of quartz eand felspar
visible with the unaided eye.

In thin section the tuffs are found to0 consist of fragments of very
fine~grained voloanic rocks containing hornblende miorolites, and others
which are apparently more acid in composition. In addition there are
very turbid orystals of plagioclase and orthoclase, angular greains of
quartz, and a few irregular grains of ferruginous carbonate. There is a
fair perceatage of pyroxens grains scattered throughout the roock, and a
few patches of an unidentified mineral with low birefringence. The matrix
is composed mainly of isotropic material, probably glass, and a chlorite

with anomalous blue interference colors.
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Cce Nomenclature of rock types

Because thi rocks of the Tally Fond formetion are so fine grained
that 1t is impossible to estimate the relative percentages of the minerals
constituting them, and because no chemical analyses were made, they have
to be named as best as possible with the evidence available,

4ll types are definitely acid, The fine-~greained rocks with muscovite
or bhornblende microlites are almost certainly equivalent to sither quartz
latite, rhyodacite or rhyolite. 1t is, however, impossible to choose one
of these names in preferense to the other two as nsither orthoclase nor
phgioohu are developed, on whose relative percentages alons the choice
can be made,

The rocks with biotite (or cossyrite) misrolites present are the
least acid types, but even they are by no means close to andesite in com-
position, and can rather be compared with quartz latites,

West Tally voleanics

The West Tally volcanic formation is found to the west .of Tally and
West Tally ronds, on two islands in Telly rond, and in one outorop north-
east of this pond to ths north of the Tally rond voleanies. The formmiti on
consists dominantly of rocks looking like quartz porphyry, but it also
includes felspar porphyry, flow breceia and very fine-grained, aheared
rhyolites (which were not studied in thin section). The paucity of out=-
crop within the boundaries of this formation renders it impossible to

determine the relationships between ths differemt rock types.
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a. Petrographic descoription
(1) Felspar Porphyry

The felspar porphyry is grey on the fresh surface and weathers grey.
Phenoorysts of buff to pink felspar are visible with the unaided eye.
Under the microseope the rock is holoorystalline and consists of ortho-
clase end plagioclase in a fine-grained matrix of quartz, plagioclase,
orthoclase and & few grains of perthite (fig. 42). The plagioclase
orystals were found to have a composition of Ab90 AnlO, but the plagio-
clase in the matrix is twinned so poorly that it is impossible to deter-
mine its composition. (uartz not only occurs in the matrix, dut also
in segregations of anhedral grains. Leucoxsne is disseminated throughe
out the rock, and there are many pseudomorphs of limonite after pyrite.
Rutile is also present in the form of small acicular orystals, sometimes
associated in clusters, On the basis of this microscopic study the rock
may be called latite porphyry.

(11) *Quarts porphyry”

The rocks that look like quartz porphyry renge from light grey to
almost black in color end contain small, glassy quartzs eyes in an aphanitioc
groundmass. In some cases small, brownish orystals can also be seen
especially where intense weathering has given them a very rusty aspect.

In thin section these rusty patches were found %0 consist of an aggregate
of iron-bearing carbonate, quartz, and sericite, and are robably the
remnants of original felspar éry-tah. The quartz grains are usually
rounded, but as a result of the moderate metamorphism which the rocks have

undergone some of them are shattered into mmaller fregments, The spaces
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between the fragments are filled with quartz "powder®,

na‘grom:- is holoerystalline anl consists of fineegrained quartz
and orthoclase with disseminated sericite (fig. 43). Other minersls
occurring in minor amounts are magnetite, leucoxene, small acicular
orystals of rutile, and long prismatic orystals of zoisite,

Judging from composition and texture as seen under the microscope
these rooks oould be called rhyolite porphyries, but a recent study made
of similar rocks in the vicinity of Buchans casts considerable doubt on
their flow nature. The members of the geological staff had this to say
about their results;

A Took exposed at Luoky Strike and westerly from there
in conaideredble quantity, has been descrided in the past
es quartz porphyry and stated to dbe intrusive., This is
in error. This formation is dominantly e coarse acid
tuff with soms agglomesrate areas and lava sheets, The
most noticeadble feature of the tuff is the presence in
sbundance of quartz grains up to 1/3 and felspar grains
up to 1/10" in size. The matrix is fine-grained ash.

The presence of a flow horizon such as was discussed above tends
to suggest that the iest Tally formation is elso, at lesast partly, of
tuffaceous origin. '

In view of this recent result and the presence of flow breccia such
as described below, the writer concludes that ths "quartz porphyries” of
the iWest Tally formation might also be of pyroclastic origin and could
be called rhyolite tuffs,

(111)Flow breccia
The flow breccia found in one only outerop, not far from the shore

of West Tally Pond, has e massive appearance and conteins fragments up $o



63
a foot in length. Some of them seam to be acid voloanic rooks; they are

almost white and contain tiny quartz eyes. Other fragments of dark green
eolor are apparently less aoid in composition. The fragments are set in
a matrix of acid appearance which includes small quarts eyes and tiny
white felspar phenocrysts.

Examination of a thin section from this outcrop reveals that the
matrix contains cmul_- of gquartszs, orthoclase and plagioclase of doth
euhedral and broken outlines (fig. 45). The felspars are very turbid
as their surfaces are covered by a dlack opaque minersl, They are also
in part altered to sericite and chlorite.,

The presence of banding which is observed in thin seotion, the varied
nature of the larger fragments, and the contrast between angular fragments
and euhedral orystals in the matrix suggest that this rock is an acid
flow breccia containing foreign fragmenta,

Chiclkadee lava formmation

The Chickadee lava farmation extends westwerd for about 6 miles
from the shore of 7est Tally FPond, and has en average thickness of about
4000 feet. The mass is somewhat heterogeneous: the grein size varies
from aphanitic to phaneritic and the color from light green, to dark
green to slmost black.
No primary flow banding was seen in the lava, but locally there is
poorly developed pillow structure. The pillows range from a foot to
three or four feet in diamster, but they are usually irregular in shape.
In at least one outerop their arrangement nevertheless suggested that
the top of the lava formation is toward the north, If this interpretation is
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correct then there may be overturning, at least locally, within the

formation. In one exposure a small patoh of red chert was seen in the
interspaces between two pillows, indioating that some sedirent was mixed
with the lava at the time of its eruption.

spidotization is not prevaleat in the Chickadee lava formation, but
a few outcrops show many epidote blebs and stringers. Near one of these
epidotized ocutorops a flow=breccia zZone mbout 3 or 4 feet thick was observe
od. liost of the fragments in the breccia are angular though some are
rounded, probably through reaction with the enclosing lava,

The lava is amygdaloidal in some outcrops and whilst one exposure
santains only reddish siderite amygdules, another was seen whose numerous
vesicles have been fille: with calcite and anksrite. Tre amygdules do
not often exceed 0,1 inches in diameter and are usually smeller.

A fTew outerops of very fine grained, light-green, rusty-weathering
lava were found to ocontain a small percentage of pyrite. It is possible
that the pyrite was introduced by mineralizing solutions which bleached
the 100k to its present light color. The pyrite may, however, be primary
and hence the bleaching could have been caused by H,50, resulting from
intensive weathering of the minersal.

Petrographic study
Although the Chickadee lava formation has not been subjected to any

apparent shearing, it has been moderately metamorphosed so that all of
the original ferromagnesian minersls have been destroyed. It now ocon~
sists dominantly of plagioclase felspar sad prochlorite, but carbonate
minerals sometimes constitute a high percentage of the rock. A mioro-
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scopic study showed that no one texture is dominant, the rock changing
greatly in its élmnoteriatioa from place to place. Like greenstones
of the rine Falls formation (pe. 34) the Chickadee lava formation probably
consists of a large number of flows, and one example of flow banding was
seen in thin section (fig. 46) al though it is not readily apparent in the
corresponding hand specimen .,

The plagloclase occurs as elongated mierolites end leths, less
gommonly as more or lo.as equidimensional larger crystals., In some speci-
mens only mic¢rolites are foundj in others miorolites ocour in addition to
laths; while in still others microlites, laths and the larger crystals
are found together. The leths and microlites usually have a random
criss=oross arrangement, giving rise to the familiar felsy or dolerite
texture (fize 47).

The composition of the plagioclase felspar wes deteminsd by 3 methods:
(1) Measurement of maximum extinction anzles from the direction of elon-
gation in miocrolites,

(2) Determination of maximum extinction angles of albite twins in
sections normal to (010).
(3) Ekstimation of refractive index,

The result was: An35 Ab65S (andesine).

The interstices between the felspar laths are occupied by a fine~
greined aggregate of nearly isotropic prochlorite., Coarse, tadbular corystals

of this minerel occourring here and there made its optioal identification
pPossible. In some specimens the matrix contains a finely divided aggregate

Oof sericite €nd felspar in addition to the chlorite,
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The Chickadee lava is fairly highly carbonatized and calcite, ankere
4te and siderite have developed. Calcite is found in irregular grains;
ankerite usually displays good cr-ystal outlines and is surrounded by a rim
of limonite; siderite occcurs as vesiocular fillings and is charscterized by
g heavy coating of iron oxide.

The rock also contains a small amount of secondary quartz which ocours
as subround orystals and aggregates of interlocking greains. Calcite often
ococurs &s replacement of gquartz but much more commonly it replaces plagio=-
clase., There appears to be a very close relationship between the caleite,
gquartz and prochlorite, and in one instance a grain of ocalcite is aurround—
ed by a corona composed partially of prochlorite anml partially of quarsz.
Chlorite also fills cracks in, and replaces, plagioclase,

The samples whioch are darkest in color contain a high pesrcentage of
iron oxide. The ankerite«bearing types are characterized by small,
elongated magnetite grains, which assume a8 more or less dendritic pattern
(fiz. 48). Soms ilmenite is also found and most of tie= spscinens contain
disseminated small grains of leucoxene, Ais a rule, minor accessory
minerals are lacking but in two of the thin seotions which were examined,
tiny acioular crystals of rutile are found in great profusion. They
ococur in clusters of crystals, less commonly in irregular greins, and
alaco as knee-shaped twins,

Many writers would call the Chickadee lava an andesite because the
plagioclase has a composition less caleic than An50, but because of the

absence of porphyritic emd flow textures usually associated with andesites,
the writer prefers the name "basaltic andesite’,
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. Cartexr lake volocanics

The Carter 'Lako volcanic formation couterops in a band which extends
westward from the eastern margin of the map area for a distance of some
six miles and has an average thickness of about 8500 feet. The formation
eonsists of a group of grey-weathering volocanic rocks in which the dominant
type is “quartz-felspar porphyry". Also present are black rhyolite, buff
rhyolite with associated coarse tuff, very finee-grained black volcanic ash,
and coarser volcanic tuffs with quartz eyes.

The "porphyry" is locally sheared, bleached and silicified, and the
bleached outcrops usually display a rusty ocolor due to the weathering out
of pyrite.

A detailed desoription of the petrography of the Carter Lake formation
is unnecessary because most of them (the "porphyries”) closely resemble
the tuffs of the iwest Tally formation described above (p. 61). Others are
identical to the tuffs which are found in the extrems southern part of
the liorthern Division of the Loon Brook formation, in the wvicinity of

Veneer Brook, which were also describec above (p.40).



CHAPTER ¥V

INTRUSIVE ROCKS

General statemsnt

A variety of intrusive rocks are found within the thesis area, They
econsist of bodies renging in size from a batholith msasuring at least 36
miles across, to sills and dikes no more than 100 feet thick. The follow=
ing intrusive rock types were mmpped in the field and are discussed in
this chapter: a, granite, b, orushed grancdiorite-greisen, 0. sericitized
quartz monzsonite-grencdiorite, 4. diorite, e. micropegmtite, £, syeno~
diorite, g. metadolerise.

Some of the larger intrusions, or iantrusions of medium size -
espscially the large micropegmatite dike and the quartz menzonite-grance
diorite stock - are quite probably linked to a granite at depth, and it
is not unlikely that the smaller dikes are differentiates of the game
grenite mass,

Dikes and sills

a, lijieropegmatite dike

A large dike, intrusive into the Loon Lake formstion, strikes parellel
t0 the shore of Haven Steady in the southwest corner of the thegis area
(fige 49)¢ The dike, which rises 400 feet above the waters of the steady,
is about 2 miles long and ranges in thickness from 800 to 2300 feet, To
the west it terminates at the shore of lake Douglas and apperently plunges
beneath the leke, as it does not appear on the opposite side,

The rock has been highly sheared and displays a foliation parallel
t0 its mergins. At its northeastarn extremity it is also highly

68
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brecciated., An ouscrop near the mouth of Rosie Brook contains angular
to rounded fregments renging from O.1 to 5 inches in length (fig. 65),
and nearby, on the shore of Haven Steady, crushing has reduced the frage
ments t0o an average diameter of 0,1 inches,

llost of the rock consists of intergrowths of quartz and orthoclase
giving it & micrographic or micropezmatitic texture (fir. 50). Quartz
is usually the dominant mineral and occurs as blebs, drops, angular rods
and linear forms within the orthoclase. Tabular orystals and extra-
ordinarily elongated laths of plagioclase are found whioch appear to have
orystallized prior to the micropegmatitio constituents, Ococasional
intergrowths of quarts and plagioclase are also x;rcmt.

The ferramagnesisn minerels in the rock are intergrowths of deeply
pleochroic biotite and chlorite (var. penninite)., A few greins of
calcite may be seen and on a mmaller scale the mineral is found to replace
plagioclase, Scattered greins of leucoxene, hematite and limonite are
also present. Much $wisting and freeturing of the individual components
is evident, especially in the case of the long felspar laths, and are a
reflection of the shearing stress which the r»0ock has undergone,

Mineralogically, the brecciated rock differs from the sheared micro-
pegmatite only in that it oconteins broed muscovite flakes in addition to
sericite., In the section examined (fig. 51) the orushing effects have
actually progressed beyond the stage of brecciation, and the rock is com=
posed of rounded relica of the original fragments embedded in a zrounde

mass of smaller elements - dominantly sericite.
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be Syendiorite sills

Three sills, having an average thickness of about 100 feet, in-
srude the sedimsntary rocks of the Burnt Pond formation in Burnt Fond
Brooke. They have a porphyritic texture aml are 'coayoaod of white,
anhedral felspar orystals in a greyish-green matrix.

i microscopic study reveals that the rock consists meinly of fele-
spars snd pyroxene (fige 52). About 28 percent of the felspars are
oligoclase, the remainder is orthoclase. Most of the plagioclase and
orthoolase are turbid as a result of alteration to sericite, PFPyroxene
(ver. pigeonite) makes up about a third of the m0ok. In addition to
penninite, which comprises sbout 15 percent of the rock, grains of zoisite
and calcite occur in the interstices Letwsen the felspars and pyroxene,
A few zrains of accessory quartz are also found, while ilmenite, alter-
ing to sphene, is the most common aoccessory mineral,

Ascordins to Johannsents classification a rock with the above
camposition is called a syendiorite,

c. Metadolerite sill

A metadolerite sill intrudes rocks of the Loon Broock formation in
Veneer Brook, but is nowhere else exposed. The sill has a thickness of
over 100 feet and is composed of a fine to medium-grained rook, light
green in color, with oclearly visible amphibole orystals. Contact effects
in the visinity of the dike are slight and there is noticeable change
in grain size at the borders,

The sill has been subjected to moderate metamorphism and the present
mineral assemblages is only a reflsotion of the original composition.



The rock consists mainly of tremolite phenocrysts with minor amounts
of enthophyllite end plagioclase in a matrix oomposed of zoisite,
chlorite, and small needles and sheaf-like agsresates of tremolite
(fize 53)« Ilmenite and epidote ars aacessories.

The tremolite is probably a uralitie pseudomorph of pyroxsns, ale
though no orisinal pyroxene remains to support this sssumption, and the
tremolite in turn shows alteration to chlorite. Zoisite occurs as
euhedral erystals, agzregates of anhedral crystals snd irregular grains.
Some of the greins are enclosed by larger coryatals of tremolite., Its
frequent euhedral developmemt and its relationship to the tremolite
sugzest that zoisite orystallized at an early stage., Skeletal crystals
and irregular grains of ilmenite are disseminated throughout the rock,
and in contrmst with its usual tendency to alter to leucoxsne it has
given way to sphene in this case,

Plutonic rocks

a8, Boyd's Fond grenite

The Boyd's fond granite was first named by N, L, Brown in 1952
(unpudlished M.S5c. thesis, iL0Gill) end is part of = large batholith
which extends fur into the southerm part of Newfoundland, This granite
outcrops adjacent to the Southexn Division of the Loomn Brook formation,
The contact between the two is nowhere exposed in the thesis area but
can be assumed to be latrusive,

The granite is medium grained anxi usually grey in color, but some
outerops show a tinge of pink, and many boulders of dark, hybrid granite

are found in the vicinity of the contact. In many outerops mmll,
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quarts eyes can be seen in the rock.

Two thin ﬁotio'n- were ocut from semples of the Boyd's Pond granite.
One of them consists almost emtirely of euhedral misroperthite and an-
hedrel quarts grains, with only an occasional smsll flake of muscovite
(fige 54)« A fow grains of perthite have reached an advanced stage of
alteration to sericite, while the odd grain of plagioclase does not appear
t0 have any orthoclase intergrown with it.

In the other thin section the quartz and perthite are intergrown %
give a granophyric texture (fige 55). A fow ¢rystals of quarts and ortho-
clase have not takem part in any intergrowths, but the most peculiar
feature in this rock is the presance of spherical grains of quartz and
perthite with absolutely sharp boundaries (fig. 54).

be Orushed granodiorite-greisen

A amall intrusive body is found slightly north of the Chickadee lawva
formation in the area just to the west of the #West Tally formmtion. Its
size could not be determined exmotly because of the scarcity of outorop
in this area.

The rock consists of about 45 percent quartzs and a similar amount of
felapars which are represented by about equal amounts of orthoclase and
a plagioclase of composition AD90O AnlO., The only mafic Flmnl is pro-
chlorise which is found in several mmall patches. Under crossed nicols
i1t shows purple halos formed by rediocactive particles emitted by tiny in-
olusions of sireon (fig. 56). Some of it is found es inclusions in the
felspar but much of it is concantrated in veinlets £illing cracks in,
and at the boundaries between, the felspar and quartz, Irregular greins
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of pyrite altering to limonite are scattered throughout the rock, and
ghere are a few grains of leucoxsne and calcite as well as accessory
apatite and zircon. About 6 perceat of the rock is fine-grained
misoovite and sericite.

4 rock with this composition, if named in the manner prescribed by
Johannsen, is a granodiorite-greisen. Johannsen, himself, prefers the
nsme qQuartz-granodiorite, as he objeocts to the qualifying term '"greisea®
for unaltered rocks.

The order of crystallization in this intrusive seems to have depart~
ed somewhat from the normel because large blebs of quartz are sometimes
found in the orthoclase, indicating that at same stage in the cooling o
the rock the two minerals orystallized side by side. One example wes
seen where small offshoots from a quartz grain are invadi.g, and apparent~
ly replacing, a plagioclase coryssal.

The ro¢ck has been subjected o Mirly strong dynamic metamorphism,
and crushing effects have drastically altered the original igneocus
texture, Some of the quartz grains were broken into many smsll pieces
which became welded together again, giving an interlocking texture similar
to that found in sedimsntary rocks.

C. Sericitized quartz monzomnite - greanodiorite stock

A small intrusive stoock, just over 2 miles long and a little more
than a mile wide at its widest part, is found at the extreme eastern margin
of the map area, The stock is in contact with the Tally Fond farmation on
its western boundery and the lake Ambrose formation on the south, but

because of the extrems scarcity of outerop in the area no contacts can dbe
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seen. However, it is possible that the stock has intruded both these

formations,

In the field two main roock types may be found within the astook.

(ne is characterized by rusty patohes in a finee-grained groundmass which
{5 light greenishegrey in color with black atreaks. A microscopic study
shows that the groundmass, which comprises about 35 percent of the rock,
consists of an agzregate of finely divided sericite (fig. 57). Approxi-
mately 20 percent of ths rosk is quarts which shows undulatory extinction
and has been fractured by dynamic metamcrphism, while orthooclase, with

42 percent, is the predominant mineral, The remining 3 percent are
plagioclase, and there are a few grains of leucoxene.

The surfaces of the orthoclase orystals are covered with tiny
irregular greins sand esuhedral rhombdbs of ferruginous carbonate, and this
explains why the rock weathers with rusty patches. The groundmess has
obviously been formed through the alteration of plagioclase, because
some remnants of the crystals may bde seen under strong magnification.

It is strenge, therefore, that some plagioclase escaped the alteration
suffered by the me jority of the corystals.

If it 1is assumed that the groundmmas was indeed made up originally
of plagioclase then the ariginal roock must have been a quartz monzonite.

The other rock type found in this stock is similar to the cuartz
monzonite desoribed above, dbut in the field it ashows anhedral pheno-
orysts of pink felspar instead of rusty patches. It also differs in
that cuartz is readily visible in the hand specimen, end the groundmess

contains more dark material than that of the rusty rock.
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Thin-section examination reveals thet the groundmmss is similar

to that in the quartz monzonite and comprises sbout 45 percent of the
rockes It appears that the rock originally contained a high percentage
of >ned felspar and that the cores of the orystals, which originally
were potash felspar, were highly sericitized; the rims, comprised of
albite, are still fresh (fig. 58)., ixamples mmy dbe seen, however, of
fresh potash-felspar crystals surrounded by a rim of aldbite. Unaltered
potazi. felspar orystals and potash felspar forming coarse perthitie
intergrowths with albite comprise about 17 percemt of the rock, and
there are about 20 percent quartz, 8 perceant chlorite, 5 percent ealcite,
accessory sphene and apatite.

The quartz often presents sharp orystal boundaries in contrast with
its usual poor development, and it is not unreasonahles to assume that it
c:rystallized with the felspars at an early stage in the cooling of the
magma, Caleite occurs in scattered irregular greins and is often
associzted with the chlorite whioh, locally, shows purple s=nomalous in-
terfercnce colors. —phene occurs in evhedrsl crystals showing the
characteristic diamond-ghaped cross section, while apatite is found in
both hexagomnal and prism=.ic seotions.

Assuming that the altered {elspars constituting the youn;!mee con-
sisted originally of equal amounts of plagioclase and potash felspar,
then this rock, in contrast with the rusty rock, is a grenodiorite.

d. Diorite plug
A smmll diorite plug intrudes the greenstone of the Pine ialls

formation oclose to its contact with the Lake imbrose formation. The rock
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48 dark grey and coarse greined, and contaisns large laths of white fel-
spar. This particular rock type was found in enly one loocation, where it
forms a amall knod sbout 50 yards across, but a short distance to the
wost, in the bed of the drook which runs aprroximmtely alon: the contact
between the Lake Ambrose formation end the Pine Falls formation, an out~
erop of similar composition, but much finer in grein, was seen,

4 mderoscopic study showed that the rock contains 57 percent plagio-
olase, 14 percent pigronite, 1l pervent ansigorite, 5 percent ealcite mad
12 percent of ilmenite plus sphens., In addition there are amall erystalis
of apatite,

The plagioclase has a composition of approximstely AD90 AnlO and
ocours in euhedral $o subhedral eryssals, some of which are twinned only
on the Carlsbad law while others show albite Swinning, emd s$ill others
are untwinned.

Some of these plagioslase orystals contain meny small inelusions,
some of which appear t© be an earxlier generation of plazioclase while
others are quartz. In apite of the larze number of inclusions, most
of the felspars have a very clear and limpid appearance (fig. 59);
scme erystals, however, have bdeen highly altered to caleite, and a few
others to chlorite.

Aantigorite is found in fine-grained aggregates dbut a few fidbrous
orystals are also preaent. It fills spaces between the other minerals
and frectures in the felspars. The percentage of ilmenite is unusually
large. It ooccurs in skeletal orystals end irregularly shaped grains,
and 18 intimetely associated with a consideredble amount of sphene which
bas probably arisen through the alteration of the ilmenite.



CHAPTER VI

HISTORICAL GEOLOGY

Problems encountered

In attempting to work out the historical geology of the thesis
area, the writer was confronted by two ma jor problems:
1, No fossil remains were found in the sedimentary formations,
2. No exposures exist at the contaots between the different formations,
with one only exception.
Consequently, the age relationships between some of the formmtions
remain in doubt.

Relative ages inferred from cbservations in thesis area

It bas been mentioned above (pp. 62 smd 67) that the West Tally and
Carter lLake voloanic formmtions are composed partially, if not predomin-
antly, of massive tuffs with discontinuous flow horizons. No contacts
were found between these voloanic rocks and adjacent formmtionas, but
mapping revealed that in the western section of the Loon Brook formation
thin bands of sheared tuff (p.40) are conformably interbedded with the
sedi ents above and below., As these tuffs are very similar to scme of
the rocks in the Carter lLake formamtion, the writer believes that the
latter, in spite of their dominantly massive aspect, may also be conform=
able with the Loon Brook rocks. Depending upon the interpretation of
the large-scale strusture in this zone (see p. 84 ), the Carter Lake
volcanics are either intercalated between the Southern and the Northern
Divisions of the Loon Brook formation or perhaps younger than the whole
unit.

7
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All intrusive rocks are, of course, younger than the formamtions into
which they are intrnd.od. Most of them have suffered moderate metemorphism
after their emplacement, except the Boyd's Fond granite and the small
diorite plug near the boundary between the lake Ambrose and the Pine Falls
formations. The grenite and diorite can therefore be aassumed to be the
youngest of the intrusive rocks.

Fleld evidence suggests that the sediments of the lale Ambross forme
ation are the youngest rocks of the area. As was stated above (pe 21),
an ocutcrop was discovered in which small pods of conglomsrate of the Lake
Ambrose formation have been deposited upon an erosional surface cutting
rocks of the Tally Fond formation. The presence in the conglomerate member
of the lake Ambrose farmation of pebbles resembling rock types in the
Chickadee lava, West Tally and FPine Falls formations, andi of fragments
with grenophyric texture that may have come from the micropegmatite dike,
shows that the conglomerate is also younger than all these formations.
The fact that, in ocontrast with the other fomations in the area those
of the lLake Ambrose formation have hardly beemn subjected to mstamorphism,
and that no stretched pebbles occur in the conglomerate member exocept
in areas of local shearing, likewise demonstrates the younger age of
this formetion. |

As no pebbles derived from the Boyd's Pond grenite were found in the
Lake Ambrose conglomerates it oan, perhaps, be assumed that the intrusion
of this granite (as well as that of the diorite plug mentioned above) 1is
the youngest major event in the development of the bedrock geoclogy of

the area,
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Relative ages inferred from camparison with other ares 3

Some similarity exists between the assemblage of rocks in the Noel
Faul's Brook area and those of the Buchans area to the northwest; the
main difference is that the rocks in the vicinity of Buchans are dominant-
1y of volcanie origin, whereas the thick Loon Bxook amd Lake Ambrose form-
stions and the Burnt Pond formation of the thesis area are composed of
sedimsntary rocks, No fossils have been found in the Buchans series, but
the members of the geological staff of the American Smelting and Refining
Company have stated (unpublished paper) that "the Buchans series is be-
lieved to be of Ordoviocian age on the basis of petrographic similarity
to the rxploits series of Heyl" (1936). '

As mentioned earlier (p. 33), the Burnt Fond formation of black slate
and siltstone with minor tuffacecus bands is probably the most extensiwe
formation in Central Newfoundland. It is not unlikely that siuilar
atrata in Black Duck Brook, which has 1§a source about 4 miles to the
northeast on the eaat side of Noel Faul's ﬁmok, are an extension of , and
hence equivalent $n age to, the Burnt Pond formation. Heyl (1936, pp. 11-12)
has pointed out that Howley reported the presence, at Little Red Indian
Falls, of the common Normanskill graptolite Dioranogrsptus remosus in

black slates. In the black graphitic slate and argillite at Black Duck
Brook, Snelgrove (psrsonal communication with Heyl, 1936) collected the
following forms: Climacograptus caudatus and Orthogreptus caloaretus.

Rusdemsnn (1947, pe 66) lists a ocolleotion of fossils from Exploits Bay

which he considers to be "clearly a lower NHormanskill fauna", but he also

states that:



Other faunules were found in thes interior of New~
foundland in the Exploits River section. These were
Dicrenograptus ramosus in the lower beds and Ortho-
greptus calcaratus Lapworth and Climsgogreptus
caudatus Lapworth; these probadly indicate a horizon
above the Normanskill Magog beds of Mohawkian age,

Rusdemann's reason for plaeing these beds above the Normanskill is that

he had found Climacograptus caudatus in the Snake Hill shale (New York)

of early Trenton age, The Burnt Pond formation is therefore assumed to
be of an age similar to that of the Snake Hill beds, that is, upper
Middle Ordoviocian,

Only one other formmtion anywhere near the thesis area has been
accurately dated. It was first desoridbed by Newhouse (1931), and the
msmbers of the geologicel steff of the imwerican Smelting and Refining
Company {umpubllished paper) have atated that:

On the weat shore of the lower part of Red Indian lake
and along the south ahore for a distance of 25 miles
are red sandstone beds ., . « Fossil plants in these beds
prove them t$0 be of Carboniferous age.

Reasons were given above (p. 78) for believing that the youngest
rooks in the thesis area are those of the Lake Amdrose formetion, More-
over, the reddish color of the conglomerete member is unliks that of
any of the Ordovicien strata in Newfoundland, and it is much less meta-
morphosed than, for example, the Burnt Pond fomme tion of upper Middle
Ordovician age. To the best of the writer's knowledge only one other
eonglomerate in Newfoundland attains a comparable thickness: f.e., the
Devonian Great Bay de l'Eau conglomsrate in the Fortune Bay area, which
is 3000 feet thiock. Red conglomerste is also known in the Devonian Clam

Bank series of the west coast, and in the Springdale group of Exploits
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Bays The Springdale group was originally (1939) assigned to the Silurian

py Twenhofel and Shroek, but in a more recent peper Twenhofel (1947, p.ll4)
expresses his belief that the original conclusions were incorrect. He

states the reasons for his change of opinion:

The strata of the Springdale«-Botwood formation have
been folded and the somposing rocks somewhat meta-
morphosed , but the metamorphism has not been severe
and is far less than of all Silurian in lotre Dame

Bay « « « The orogeny which first deformed the Sile
urian may be the Caledonian in which case the Spring-
dale formm$ion is Devonian or younger. The red sand-
stones in Central Newfoundland on Red Indian Lake con=-
tain fossil plants of lkilssissippian age « . . and
contain pedbdbles, ocobbles, snd boulders derived from
the Springdale formation which is tshus older in soms
parts of the Mississippien. A pricd of orogeny must
have intervened between the deposition of the Spring-
dale formation and the red sandstons and oonglomerates
of Red Indian lake as the rocks of the former are meta-
morphosed and the latter ere not. This prodbadbly was
the Acadian orogeny toward the end of the Devonian in
which case the deformation responsibls for the metamor-
phism of the Silurian strate must have been the
Caledonian and the Smringdals formation must be Devonian
or perhaps very early Mississippian.

The foregoing remarks could dbe applied with equal weight to the
Iake Ambrose formation. It is obviously less defarmed than the basal
Silurien conglomerate on the noxrth ahore of Sir Charles Hamilton Sound
in Notre Dame Bay, which "ias really & schist and execept for the stretch~
ed and fractured pebblea, cobbles, and boulders, there is little resemb-
lance to a conglomerete”. (Twemhofel, 1947, pe 75). The Lake Ambrose
fomation thus appears % be approximmtely equivalent in age to the
Springdale formation, and lils the thick Devonian conglomerate in the
Fortune Bay area snd that of the Western Clam Bank series it reflects
sharp uplift immediately preceding, and modably continuing through,
the periocd of deposition. The uplift could have been provided
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4n all areas named by the teminal Devonian orogeny. On the strength of
the arguments outlined above the writer proposes that the Lake Ambrose
formation be assigned to the Devonian,

The relative ages of the Loon Brook formmtion and the Chickadee lava~
Pine Falls greenstone formations are somewhat obscure, but the Betts Cove-
Tilt Cove area offers a basis for correlation. Snelgrove (1931), quoted
by Schuchert end Dunbar (1934, pe 101), found that:

e o ¢ the shallow-wuter marine conditions of late
Lower Oxdovician time were attended and succeeded
(and possibly preceded) by the ejection of andesitics
from volcanoes of the central type, and also by the
extrusion along fissures of lavas which solidified
largely into ellipsoidal farms on the sea bot tom.

The presencs of rhyolitic flows and tuffs interbsdded with the sedi-
mentary rocks of the Loon Brook formmtion suggests that the greenstones
of the thesis area are older, for the acid volcanics of both the Notre
Dame Bay area (Snelgrove, 1931) and the Buchans area (geological staff,
Anmerican Smelting and Refining Company, unpublished paper) suoceed the
m jor intermediate and basic flows,

Sequence of geological events in the thesis area

As no 100cks older than the Ordovician are found in the Noel Paul's
Brook area, its kmown geologic history begins with that period. It appears
likely that prior to ths earliy liiddle Ordovician most of Central Newfounde
land was & highland area which rovided much of the clastic material for
the Cambrian and Lower Ordovician formations preserved along the west and
southeast coasts, Late in the Lower Ordovician, however, the present
interior began to subside, and Central Newfoundland beceme the site of
broad geosyncline which throughout its existence was repeatedly racked

by orogenic movements.
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Early Middle Oxdovician time was a period of volcanic activity which
gesulted in mt outpourings of intermediate lava., The presence locally
of pillow structure in, and the association of red chert with, the Chicka-
des lava suggests relatively quiet intrusion under water, but the Pine
Falls formation contains considerable quantities of tuff and agglaomerate
which are indicative of more violent volcanic activity, probadbly from a
number of centres along a zone of weakness. #While the Iaster farmation
wag collecting, thin limestone and limy shale deposits formed losally
during periods of volcanic rest, and on occasion impure sandstones were
dorived from the islands which protruded above the surface of the sea,
ith the waning of volcanic activity sudbsidence began along a different
zone whioh became the site of acoumulation of the lLoon Brook formation.
Settling of the basin floor pmroceedsd at a slow rate, while rivers erod-
ing a sedimentary terrain, situated robadbly to the southeast, caused a
thick succession of cleanly washed sands, now reflected in the quartszites
of the Southern Division, t0 accumulate., The quickly changing nature of
the sediments in the Northern Division of the Burnt Pond formation fu ir-
dicative of Tapid clastio sedimentation, but the frequent ococurrences of
black shale indicates that the basin of sedimentation decame landlocked
and stagnant during some interwvals,

At this time conditions may have becoms favorable for the deposition
of the Burnt Pond formation. Pettijohn (1957, P« 363) quotes James (1954)

as saying that:

e o o Dlack shales and related produsts of strongly
reducing environment seem to appear in the geosynclinal
oyole just after the sediments formed on ths aerated
shelf and those derived from the rising geanticlinal
i{sland aroc., The rise of the latter, priar to emergence



within the geosyncline, produces the semi-
isolation required for black shale deposition,

Sedimentation over the trough in which the lLoon Brook formation was
beinz deposited may have been interrupted for an interludes at one stage,
and explosive volcanoes spewed farth a great volume of acid tuff in the
east, producing the Carter ilake voloanics. The volcanic activisy was
much more subdued toward the west and produced cnly thin tuff bands, while
sedimentary processes continued over the center of the trough. The West
Tally voleanics may have been extruded contemporanecusly with those of
the Carter lake formation, while the finer grained volcanios of the Tally
Pond formation probably were ejected during the waning phases of this
period of vulcaniam,

Alternatively, it is possible that extrusion of the acid volsanics
followed the deposition of the Loon Brook and Curnt rond formtinas. The
apparent interbedding of the Qarter Laks volcanics with the lLoon Brook
fomation ocould be attributed to pointed, and perhaps thrustedi, synelines,
thus accountin: for the eappearance of the volcanic rocks in both the
eastern and western parts of the formation and their absence in the
central portion,

As we have seen sbove (p. 80), the Burnt Iond formation was deposi ted
late in the Middle Ordovician psriod. Afterwards foliowed a pricd of
folding and uplift which constituted the chief phase of orogenesis in
the thesis area, It cannot be stated exactly when this movement took
place, but it probably began in the early stazes of the Taconie orogeny,
late in the Ordovician periocd, Little can be said of events during the

S{lurian, as no strata belonging to that period are known in Central
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savfomdland. It is possible, however, that the ZSilurian sedimentary
rocks of Eastern and Northesastern Newfoundland were derived partially
from an interior highland area which existed during at least part of the
Silurian, The folding of these Silurian streta may have taken place
just prior to the Devonian period, and the movement which caused the fold-
ing may have cantributed to ths formation of the trough whioch, in the
Devonian, received the sediments of the lake Ambrose formation.

Toward the end of the Devonian the whole of the Northern Appsalachians
were intensely disturbed by the Acadian orogeny. During the latter stages
of this upheavel many of the grenite plutons of the Maritime Provinces
and Newfoundland, including the Boyd's Pond batholith, were intruded.

Since the Devonian period most of Newfouniland has existed as a
positive area, subject to wrocesses of erosion. Toward the latter pars
of this time (Mesosoiec 7) the land was reduced to a level plain whose
rempnants may be seen today in the Hizh Valley FPeneplain, After a period
of uplift and valley incision, the cou:tryside was once more peneplained,
except for some higher hills whioch were incidentally spared. Since that
time Newfoundland has, on the whole, been rising further out of the ocean,

At the beginning of the FPleistocene, for reasons which are still
dark, the climate becams cold and ice caps, one of which was located in
labrador, began t0 spread out from several centers on the North Amsrican
continent., Some writers, including Coleman (1926), belisve that the
Labrador ice sheet spread southward end covered Newfoundland, but in recent
years accumalation of new evidence has led more and mare geologists to

reject this idea, and the theory that Newfoundland supported its owmn ice



cap is gaining groumd.

The ice sheet eroded a large emount of bedrock and left a thick
dlanket of drift which disrupted the drainage and left, at the time of
4ts withdrawal, many smmll lakes which have subsequently filled in to
form bogs.

No other post=glacial events of significance have otherwise taksn

place,



CHAPTER VII
STRUCTURAL GEOLOGY

Introduction

Summarizing statements made in earlier chapters, the general
features of the Noel FPaul's Brook area may be desoridbed as follows:

The area is underlain by sedimentary and voleanic formations strik-
ing in a gensral northeasterly direction and dipping steeply to vertieal.

A major unconformity separates the older (Oxdovieisn 7) formations from

a younger (Devomian ¥ ) one. Older, more or less mestamorphosed intrusives
can be distinguished from younger, unaltered ones of pmobable late Devonian
.

The more detailed struotural snalysis of the area was as hgndicapped
as the stratigraphiocal and petrographic studies by the scarcity of out-
orop. While small-seale structural features can be cobserved at many places,
and some larger structursal elements can also be defined, it was difficult
or even impossidble t0 gain full understanding of the relationships exist-
ing between these elsments, of their position within the geoclogic time
soale, and of the major orogeniec happenings.

Minor structural features

Tiny asymmetric folds, msasuring only an ineh or two from orest to
orest, are found at several losations in the Loon Brook formation, but are
most evident in the area south of FPine Falls, Usually the axes of these
folds have vertical plunges, but in one instance the plunge was found to
be 45 degrees to the southwest.
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Other minor folds were observed in the Burnt Pond, Telly Pond and
Loon Erook formations. The smplitude of these folds ranges from a fow
inches (fig. 60) to several feet (fig. 61), and their plunge varies from
one formation to another, as well as from pace t0o place within the same
tomation, Minor folds are especially prevelent in the loon Broock forme
ation around the shore of Loon lake (fiz. 62), close to the contact with
the [oyd's Fond grenite. They do not appear to form any particular
pattern, and probably resulted from deformmtional) effects exerted during
the intrusion of the gramite. Fytgmatically folded quartz veins (fig. 63)
are another common structural feature in the Loon Srook formation.

As was stated above (p. 68), the micropegmatite diks south of Haven
Steady displays a foliation which trends parallel to its borders., cCon=-
sidexring the deformmtional effects whioh were observed in thin section,
1% ia likely that the foliation, rather than havins formed during the
orystallization of the megma, is of secondary origin.

In seversl outcrops within the Loon Brook formation cleavage was
observed to intersect thc bedding planes at varying angles, but every-
where else in the formation either no cleavage has formed or it is parallel
$0 the original bedding planes., In at least ones instance, the cleavage
is parsllel to the axial plane of a minor fold (fig. 64), but elsewhere
it is apparently unrelated to minor folding.

Althouzh many of the voleanic rocks of the Carter lLake formation are
massive, a rude cleavage exists locally. This cleavage is prodably the
result of shearing, and although the attitudes are approximately parallsl
to the other linear features in thes area, they locally depart from the

general trend,
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The Pine Falls greenstons formation possesses a schistosity which has
a goneral trend of epproximmtely N50E, In scmne outcrops this schistosity
is well developed, in others it is less diatinct, and in an arsa south of
the Tally Pond Road, close to the dlorite plug intruded into the Pine Falls
formation, the rocks are still massive,

It is prodabls that faults are numerous in tho'thos:l- area, but they
are dirficult to detect because north of Noel Paul's Brook outerops are
rare, and because the major faults are parallel t0 the bvedding planes.

One fault is suspected to exist immediately to the east of Louis Lake
on the western border of the map area, Movement is indicated by the high~
1y sheared nature of several outorops along & northesouth line parallel
40 the shore of louis lake, and also by erratic strikes cbserved near the
zone of shearing. Another north-south fault 1s indicated in the lower
part of Rosie Brook by the highly crushed nature of the granophyre near
the brook (fige. 65). The amount of displacement on these faults could
not be measured because of insufficient exposures near the fault =zones,
but 4t is not believed to be very great. Smmll strilke faults, some of
which may have involved aslight thrust movements, are common in the Loon
Brook formation south of Noel Faul's Brook, their presence being suggest-
ed by locslly intensive shearing. _

Joints are not common in the rocks of the thesis area., In the Tally
Pond fommtion about & dozen examples, trending approximately at right
angles to the synolinal axis mentioned below (pe. 90) were recoxrded.

Only a few sets of joints were observed in the Lake Ambrose formation,

including amall tension joints in several outocrops of the sandstone memis r,
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and none were found in the other formmtions.

Structural features of larger dimensions

e, Partition of thesis area into struotural units

It can be seen by reference to the geologiocal map (plate I) that it
is possible to subdivide the thesis area into 3 major belts or units, as
follows:

l. A central unit consisting of the Devonian? Lake Ambrose formation.

2 and 3, Northern and southern units consisting of Ordovician? rocks

and separated from one another by the lLake Ambrose farmation, To these

a fourth major unit might be added; namely, the Boyd's Fond grenite.
Although it does not constitute a structural division in the same sense

as the first 3 units, it is nevertheless distinot from the others, and

its importance lies in the fact that it has contributed to the metamorphism
of the adjoining Oxrdovician rocks,

The first, or youngest, unit is the clearest of the three; it has a
generally aynolinal nature. There is evidence that the ma jor fold
structure has been modified by at least 2 synclines: one in the vicinity
of Chickadee Fond, the other in a smmll area lying on both sides of the
Tally Pond Road.

The northern and eouthern units are similar in that both of them
contain intermediate and acid volcanic formations. The intermediate vol-
canics = the Chickadee lava and Pine Falls formations - seem t0 form anti-
olinsl ereas with lateral plunges. A synclinal axis can be inferred from
the dips in the Tally Pond volcanic formation in the northern unit; this

syncline seems to plunge eastwards, A4 similar east~plunging synocline may
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pe present in the Carter Lake voleanios, which occur wi thin the sediments
of the Loon Brook formation in the southern unit.

be Tentative structural snalysis

In reconstructing +L> structursl events which have taken place in
the thesis area, it is convenient to begin with the younger (Devonian?)
events and proceed backwards in time,

It is obvious that the synclines in the younger rocks of the central
unit originated with the Acadian orogeny in late Devonian time. The larg~
er, plunging synclines and antieclines of the two Ordovician belts, how-
ever, probably all origimmted during one periocd of structural deformation
prior to the Devonian period.

It 1s difficult to separate the pre-Devonian movements from the
above-msntioned late-~Devonian ones, That such movements have ocoourred
is clear, however, because:

a, Higher metamorphism exists in the Ordovician rocks.

be There is a pre-Igke Ambrose angular unconformity.

The writer suspects that some of the earlier movements took place
shortly before the Devonian sedinentation. These movements contributed
to the formation of the tasin in which t_ho Devonisan sediments were de-
poniﬁod. and initiated the erosional-depositional cycls whioch produced
the sediments. It is possidle that still earlier movements occurred, as
we heve mentioned above, toward the end of ithe Ordovician periocd.

The stronger metamorphism in the Southsrn Diviesion of the Loon Brook
formation can obviously be attributed to its position adjacont to the

late~Devonian Boyd's Pond granite,
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6. Thrust faults

As Newfoundland belongs to the Appalashian orogenic belt in which
overthrusting 1s common, the thesis area was scanned for thrust faults.
No oclear evidence was found, however, so any thrust faults present must
be high angle faults parallel to the general strike, with movement along
the direction of the dip. The small-scale strike faults mentioned above
are porhaps an indication that large-scale faults of similar attitude
eould exist.

Brown (unpublished M.Sc. thesis, L 0Gill, 1952) has postulated a
thrust fault, along Noel Paul's Brook, below Haven 3teady, detween the
Pine Falls formation and the Loon Brook formstion, However, such a
fault certainly does not persist throughout the whole area, as further
downstream the Loon Brook formation can be seen striking eaoross the

brook (fige. 66), without any sign of faulting.



CHAPT=R VIII

ECONOMIC Gu0LOGY

The decision of the geological staff of the American Smelting and
pefining Company %0 proceed with a detailed mineral exploration progrem
4n the Noel Paul's Brook area was made because a rospecting party had
discovered mineralized bdoulders near Loon Leke in 1952 and had, more-
over, reported traces of mineralization in the ocountry rock. The alternat-
ing sedimentary and volcanic rocks provided conditions somewhat similar to
those at the prodming lead<zinoc=-copper mines of Buochans and, usually,
where minexelization occurs in intermediate lavas, they have undergons
alteration similar to that which has affected the intermeiiate roocks of
the Noel Paul's Brook area, However, it was evident that while the time-
honoured and proven method of prospecting by painstaking searching-out
and methodiocal examimation of outorops could be retained to0 a limited
degree, the serious lack of exposures cellesd for a different approach.

It was therefore decided that geochemical prospecting methods would be
used, and B-horizon s0oils were collected and amalysed.

During the summers of 1959 and 1960 more than 15,000 semples of B=
horizon soils and some stream sediments were collected. Many of these
were analysed for their zinc and ocopper ocontent in a field labomtory,
but because of the inadility of the laboratory staff to keep pace with the
large number of samplea being brought in, the testing of samples and
evaluation of reaults is still going on at the time of writing.

Previously, in the fall of 1958, a number of preliminary traverses
were run in an area bounded by Noel Paul's Brook on the north and Loon
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jake on the south. Analyses of the soils revealed that high background
yelues prevailed, and when the results were compiled it was found that
ancmalous areas were resampled early in the summner of 1959, and when high
wvalues persisted in one of them, detailed prospecting was begun and a
ground electromegnstic survey was conducted. Aigain the results were en~
eouraging, and it was decidedi to expose the bdedrock, in a number of places,
by Srenching. Although only small stringers of pyrite and chalcopyrite
were revealed by trenching operations, two drill holes were put down bdut

no mineralization of any consequsnce was sncountered,

The discovery of two mineralized boulders neer Haven Steady in 1959
gave added impetus and encouragement to the prospecting program, but
throughout that summer and the next all efforts t© treck down their source
met with failure. Interest was revived in 1960 when one of the prospectors
found a2 mineralized river pebdle among the ballast in a bridge at Pine
Falls, but the summer ended without any olus as to its origin.

A microssopic stuldy was made of two polished sections from the siliceous,
mineralized bands whioh are found in the Southern Division of the Loon Brook
famation. The pyrite sometimes exhibits good orystal boundaries and is
evidently younger than the surrounding chaloopyrite, which in turn is young-
er than the quartz. Tiny inclusions of chalcopyrite are found in the
Ppyrite and appear $0 replace the latter mineral., It is unlikely that any
considerable amount of minerelization will de found in the oountry rock
which contains the siliceous bands, as quartzites are very unfavorable
host rocks. No trace of mineralization was found in the quartz-felspar

orystal tuffs which occur to the norsh of the Southerm Division of the
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Loon Brook formation and which are too localized in extent to be showm
on the geologiui map, but their porous character would be ideally suite
ed to the circulation of minereal-bearing solutions,

The voleanic rocks of the Carter lake formation also show evidence
of a period of mild pyrite mineralization, and geophysiocal work within
the formation would liiely give more gratifying results than were obtain-
od elsewhere in the thesis area, Any anomalous values encountered in
the soil samples collected within the dboundaries of the Carter laks
formation should 'bo checked carefully by ground geophysios.

Strangely enough, the two greenstons formatiocns produced little
evidence of pyr:u';o-or other sulfide mirermliization but again, all high
values appearing in the geochemical wark warrent a careful cheeck.
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Figure 5. Noel Faul's Brook, View from the
west, looking downstream.

;- a

Figure 6. Typical glacisl-drift exposure in gravel
pit, 64 miles east of Five Mile Camp.
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Figure 7.

Thick deposit of glaci

s,

exposed in bank of West Tally Breok.

Figure 8. Ilarge
lain by Carter's lake formation.

terrain in the dbagkground is, in ocomntrast, underlain
by sedimentary rockse.

tuff erratics in open country under-

The heavily forested
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Figure 9. Conglomerate outerop in Iake
Ambrose formmtion., licte thin sandstone
band towards the top.

\-r R
Figure 10 Typiocal sxposuro of grey-

weatlering sandstone in Lake Limbrose
fomation.

A

Figure 11, Clsaved mudstome band inter-
bedded with sandstone in Lake /Axbrose
formmtion,
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Figure 12, FPhotomicorograph. Impure sandstone in
Ialke Ambrose formation. Angular $o0 subrounded band
grains of quartz, with some plagiocclase and ortho-
clase in a silty matrix. Crossed nicols. X 38,

Mgure 15, Fhotamicrograph. Sandstone from lake
Ambrose formation, showiug spots where grains are
cemanted together by limonite derived from weather-
ing of ferruginous carbonate., Crossed nicols. X 38,
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Figure 14, FPhotomicrograph. 3Siltstone in lake
Ambrose formation with interbedded ¢lay band dis-
playing false cleavage. Crossed nigols. X 38,

Figure 15. Phyllitic to schistose shale in Northera
Division of Loon Broock formation, ocuteropping on
shore of Haven Steady.
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Figure 16. Fhotomiorogreph, Schistose grit,
Northern Division of Loon Brook formation show=-
ing development of morter structure around large
quarsts grain in centre, Crossed nicols, X 38,

! e i
i 1 (r
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Figure 17. PFPhotomierograph. Arkose in Narthern
Division of Loon Brook formation consisting mainly
of angular quarts grains (clear) and felspar
(tux'bid). Crossed micols, X 12,
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Figure 18, Fhotomicrogreph. Sheared felspar
orystal tuff, lying to the south of, or inter-
bedded with, the Northern Division of Loocn Brook
formation. Crossed nicols. X 38.

Figure 19. Photomicrogreph. Sericite schist with
silty bands in Northerm Division of Loon Brook
formation. Crossed nicols. X 38.
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Figure 20, Fhotamicrogreph, FPoorly sorted, slightly metamorphosed
impure quartzite in Northern Division of Loon Brook formation, con-
sisting dominantly of quartz grains in a 8ilty and sericitic matrix.
A twinned plagioclase grein may be scen toward the centre of the
picture. Crossed nicols., X 38.

Figure 21. Fhotomierograrh. FPoorly sorted quartzite in Southerm
Division of Loon Brook formation composed predominantly of quartz
grains. Interlocking nature of smaller grains is suggestive of
orystalloblastic texture, Crossed nisols. X 38.
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Figure 22, Fhotomicrograph, Micaceous quartzite
in Southern Division of Loon Brook formmtion.
Crossed nicols. X 38,

4 s ATy ~~ ' _
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FMlepure 23. FPhotomie

rogrephe Quartze-mioa schist in

Southern Division of Loon Brook formation, Note 5
the contorted nature of the micaceous bands., Crossed

nicols. X 38,
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Figure 24, rhotomicrograph, Sericite
schist in Southern Division of Loon Brook
formation. Crossed nicols. X 38.

]

Figure 25. Fhotomicregraph. anhedral pyrite
orystals bordered by flaring quartz grains,
Thin section from gsiliceocus bend in Southern
Division of Loon Brook formation, Crossed
niecols, Xe 12,
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Figure 26, Fhotomicrograph, Tuff from
Burnt Pond fomation, consisting mainly
of rock fragments and angular quartz
grains in a sericitic matrix., Cressed
nicols. X 12.
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Figuro 27. 'rypioal greenstons outcrop in
Pine Falls formation.



Figure 28. asbestos veinlets in greenstone

of Pine Falls formation.

Figure 29,
greenstome of Pine Falls fommation,
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Figure 30. HNarrow, slightly mestamorphosed
limestone band (centre) interbedded with
greenstone in Pine Mlls formmtion,

Figure 3l. Crumpled, slightly metamorphosed
limeston® band in FPine Falls formation. Note
erosiocnal effects of river water,
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Figure 32. Photomi

o+

orograph. Massive greenstone
in Fine Fells foarmation consisting of anhedral
pyroxsne grains (white), plagioclase laths, minor
epidote and leucoxene, Orossed nicols. X 12,

Figure 33, Fhotomicrograph. Coarse-grained uralite

schist in Fine Falls formation, consisting of large,

clear, anhedral plagioclase laths and shredded grains
of uralite., Black grains are ilmenite, Flane polar-
ized light. X 1l2.
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Figure 34, Photomicrograph. Fine-greained uralite
schist in Pine Falls formmtion, Consists mainly
of tiny shreds of non=plecochroic uralite with $iny
disseminated grains of epidote and a few mmmll
erystals of quartz. OCrossed micols. X 38.

Figure 35. FPhotomicrograph. Oreemstone from Fine
Falls formation exhibiting kerauncid-texture in which
the felspars are assocciated in radiating, sheaf-like
agesregates, Orossed nicols. X 38.
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Figure 36. FPhotomiorograph. anr trom Pine
Falls formation eonsisting of angular quartz
and felspar greins (white), epidote (turbid),
and a high percentaze of devitrified glass
(black). Orossed nicols. X 38.

Figure 37. Asglmuu outarop in
Pine Falls formation.,
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Figure 38. PFPhotomicrograph. Greenstone of sedi-
mentary oxrigin in Fine Falls formation consisting
of interlocking quartz grains, same felsper, tiny
flakes of c¢hlorite, snd anhedral ilmenite coryssals.
Crossed nicola. X ,8. )

Figure 39, Flow=banded ocutcrop in Tally Fond
formation,
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Figure 40, Fhotomicrograph. Very fine-grained
quartz latite in Tally Pond formation, showing
tiny hornblende microlitea. Crossed niocols. X 38,

Filgure 41. 7Fhotomicrograph. Fine-grained quartz
latite in Tally Fond formation with biotite
(cossyrite 7) microlites forming stellate-like
Patterns, Flane polarized light. X 171.



Figure 42, Fhotomicrograph Fels porphyTy
in West Tally formation, showing phemnocrysts of
plagioclese in a finer grained matrix, Crossed
nicols., X 12,

Figure 43, Fhotomiorograph. FRhyolite tufrf in West
Tally formation, showing shattered quarta grain (left
of centre) and altered felspar orystal (dark) in fine-
grained matrix. OCrossed mnicols., X 12,
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Figure 44, Acid agglomerate or flow brescia
outerop in West Tally formation.

Figure 45, Fhotomiorograph, of agglamerate in
Figure 44 exhibiting angular to rounded quarts
orystals and altered felspar orystals embedded
in flow-banded matrix, Orossed mnicols., X 12.
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Mgure 46, Fhotomicrogreph -h.tng Tflow=banding
in Chiclkades lava fommation. Crossed nicols., X 12,

;":. Yo s -E-v

Flgure 47, Fhotamicrograph. Doleritic texture, typical
of many roocks in Chickadee lava fommation, Crossed
niools, X 38.
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Figure 48. Fhotomiorograph. Ankerite-bearing

rock in Chickadee lava formation showing large
felspar laths and tiny elongated magnetite grains
forming a dendritic pattern, FPlane polarized light.

X 38,
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Figure 49. Micropegmatite dikes on the south shore
of Haven Steady, as viewed from the northwest.



Figure 50, rhotomiorograph of thin section
from dike shown in figure 49, exhibiting mioro-
regmtitic intergrowths of quertz and orthoclase,
end an elongated plagioclase lath, which is broken
at one point, tremding through the centre of the
section. Crossed nicols. i 38,
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Figure 51, Fhotomicrograph of sample from sheared
micropegmatite in viecinity of fault zone near Rosie
BErook,. Rounded relics of originally angular frage
ments are embedded in matrix of smaller particles.
Plane polarized light, X 38,




Flgure 52. Fhotomiorograph of thin section
from syenodiorite s=ill in BEurnt Pond formation,
consisting mainly of pigeanite, oligoolass and
orthoclase., Orossed nicols. X 38.

Filgure 53, Fhotomicrograph. MNeteadolerite, show-
ing large tremolite orystal enclosing greins of
Z0isite and one anhedral plagicolase cerystal which

it partially replaces. The more irregular dark
patches in the tramplite zre the result of alteration
to chlorite. Crossed nicols. X 38.



Figure 54. Fhotomicrograph, Boydts FPond granite
eonsisting of microperthite (turbid) smd quarsz
(clear) with tiny disseminated flakes of muscovite.
Crossed nicols. X 12,

Flgure 55. Photomicrograph. Boyd's Pond granite
exhibiting granophyriec intergrowths of guarts and
perthite. Note the peculiar, rounded shape of quartz
and perthite greins which orystallized prior to the
intergrowths and show corrosion effeets. Crossed
nicols. X 12,
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Figure 56. Fhotomicrograph, OCrushed granocdiorite-
greisin outeroppins to the north of the Chickadee
lava and showing fracturing of the plagiocsclase and
irregular outlines of the gquartz grains, Note tiny
halo in prochlorite above the large plagioclase
orystal, Crossed nicols, X 12,

Figure 57. ~rhotomiorograph, Sericitized guartz-monzonite
from stock on eestern boundary of map area showing high
content of matrix derived through alteration of the
plagioclase and a fraoctured gquartz grein at centre., The
dark patches in the top right - and bottom left-hand
corners are orthoclase orystals covered with ferruginous
carbonate. Crossed nicols, X 12,




Figure 58, }hotcmicrograﬂx. qaricitiztd grano-
diorite from large stock on eastern boundary of
map area consisting of fine~grained matrix, quarts
(vhite), and showing fresh albite rim bordering
sericitized felspar orystal, Fresh felspar aerystal
at bottom left. Crossed nicols. X 12,

Figure 59, Photomicrograph of sample from diorite
Plugz in Pine Falls formation showing large plagioclase
erystal surrounded by pyroxens., Orossed nicols. X 12.
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Figure 60. Tiny minor folds in quartzite of Loon
Brook formation, Northern Division (plan view),

d "\.‘-“. P

- .
Flgure 6l, larger minor fold in siltstone of lLoon
Brook formation (plam view),

-
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Figure 62, Minor fold in Southern Division of Loon
Brook formation near the shore of lLoon lake, probably
related to deformmtional effects of intruding granite
(phn 'l'.l")o

Figure 63, Ptygmatic folding of cuartz veins in
Southern Division of Loon Brook formation near the
shore of Loon lake (plan view).



Figure 64, Ninor fold in quartzite and siltstone
beds in Southera Division of Loon Brook formation,
showing development of axialeplane cleavage in less

competent beds (plan view),

Figure 65. lMylonitized micropegmatite in wvicinity of
fault along southern part of Hoaie Erook, near South
Shore of Haven Steady.
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Mgure 66, Sedimsntary rocks striking obliquely
across licel Paul?ts Brook, about a mile below Seven
Mile Dam,
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