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ABSTRACT V~~' V

The Bathurst-Newcastle Mining District is in the 
eugeosynclinal part of the northern Appalachian geocyncline. 
In the present study an area of ahout 200 square miles 
across the center of the district was mapped. The purposes 
of the study were (1) to map the geology and determine all 
possible geological relationships during the three summers 
available, and (2) to study the metamorphism of the acid 
metavolcanic rocks, with particular emphasis on the devel­
opment of augen schists and quartz-mica schists. The 
present work is the first comprehensive regional study of 
these acid metavolcanics.

The region has low relief and dense forest cover.
Much of the area is covered by a veneer of glacial drift. 
These factors combined with a complex structure, lack of 
marker horizons, and moderate but variable degrees of 
netamorphism necessitates mapping on a iithologic basis 
mainly*

G-ross stratigraphic relations were established for 
the Ordovician complex. The oldest of these units con­
sist of rhyolite flows and tuffs and form the central 
part of a domal structure approximately 2r miles in

vradius. This core is rimmed by quartz and feldspar augen 
schist with assorted netasedimentary rocks. The youngest 
of these units form an outer rim of dominantly intermediate
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volcanic rocks with thick sequences of metasedimentary units
The principal period of deformation, the Acadian oro­

geny (late Devonian), has produced pronounced structural 
features that trend northeast-southwest. major folds are 
prominent with axes plunging steeply northeast and south­
west. I.Iinor folds appear to be associated with shearing 
along major fault zones. Acadian structures have been 
superimposed on northwest-southeast striking laconic 
(late Ordovician) structures.

Two directions of faulting have been recognized, 
one northeast-southwest ana a second northwest-south- 
east. Displacements are not apparent from the data 
available and only relative movements can be indicated. 
Although in the past there has been a tendency to explain 
structures In the area by folding alone, the present work 
suggests that faulting may be equally important.

Hetavolcanic and metasedimentary rocks display a 
prominent schistosity which has developed as bedding 
plane foliations apparently through compaction and later 
dynani c met amorphism.

Granitic intrusive rocks occurred during the Acadian 
orogeny, but no Ordovician granites have been recognized 

in the area, massive rhyolite porjEyry bodies in the 
central part of the structure are here interpreted as 

remnant cores of Ordovician volcanoes; however, gabbroic
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rocks intruded during the Taconic and Acadian orogenies 
have been recognized. Other narrow diabase dykes may be 
of Triassic Age.

Regional metamorphism associated with the Taconic 
and Acadian orogenies has been largely of a dynamic nature 
in the greenschist facies. Equilibrium was not estab­
lished so that subfacies cannot be recognized, but it is 
possible to observe varying metamorphic intensities. On 
a local scale increase in metamorphic intensity can be 
related to shear, and on a regional scale it can be rela­
ted to rock type. In this respect there appears to be an 
increase in intensity from southeast to northwest.

Metamorphism has locally destroyed most of the origi­
nal features of the rocks. However, available textural 
and mineralogical evidence indicates the augen schists 
have been derived largely from tuffs by dynamic meta­
morphism. Present variations in chemistry and physical 
appearance of the augen schists are accounted for by 
variation of depositional environments, weathering and 
varying degrees of dynamic metamorphism. Augen schists 
resulting from the metamorphism of flows and pyroclastics 
have also been recognized.

Massive intrusive rhyolites and flows represent the 
least metamorphosed rocks of the acid volcanic series. 
Associated tuffs have reacted more rapidly to dynamic
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metamorphism. Increase In shear is evident in more pro­
nounced schistosity and production of small augen from 
the quartz and feldspar phenocrysts of the original rock. 
Y/here shearing is extreme the augen schists are converted 
to quartz-mica schists.

Deformation in response to shear has been both brittle 
and plastic. Phenocrysts tend to be destroyed by crushing 
with resultant alteration effects. The matrix has been 
re crystallized and is indicative of failure by plastic 
means. There appears to have been no appreciable addition 
of material during metamorphism.

I.IIneralogically, the acid volcanic rocks are simple0 
They are composed predominantly of quartz and low tempera­
ture forms of IC-feldspar and iJa-plagioclase. Various 
features of the minerals.are indicative of igneous origin. 
In the series massive rhyolites - augen schists, sericite 
forms at the expense of K-feldspar. In the more highly 
reconstituted rocks secondary albite and biotite also 
become prominent. The appearance of biotite porphyro- 
blasts and garnet in increased amounts in some rocks 
may indicate increasing grade of metamorphism or only 
compositional variations. Rocks of the dacite group 
have been altered through propylitization and epidote 
is a major product.
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INTRODUCTION

Purpose and Scope of the Investigation

The purpose of this report is twofold; first, to 
present the geology of a part of the Bathurst-Newcastle 
mining district in northern New Brunswick, and second, 
to present the results of a detailed field and labora­
tory study of certain acid volcanic rocks which occur 
in this area. These porphyritie rocks are of particular 
interest because of their close spatial relationship to 
the massive, stratigraphically controlled, sulphide 
deposits of the area. It has been contended, since the 
discovery of the first sulphide deposits, that this 
rock sequence bears some genetic relationship to the 
emplacement of the massive sulphides.

The writer has spent five summers in the Bathurst- 
Newcastle district, mapping certain areas as part of a 
detailed program being carried out by the New Brunswick 
Mines Branch* Through the summers of 19&0, 19&1 QĴcl 
1962 the writer was engaged in mapping the N - 6, 0 - 7* 
and the 0 - 8  "quarter-mile" sheets (Plate I). These 
three maps constitute areas of primary economic interest 
within the mining district and have been published by 
the New Brunswick Mines Branch on the scale of Ij. inches
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to the mile (Jones, 19&1, 19&3» 19^)* Each sheet 
encompasses 12 minutes of longitude and 6 minutes of 
latitude, or a total area of approximately 6o square 
miles. Together they (Plate I and Plate VII) traverse 
a section across the whole of the mining district in a 
northwest-southeast direction and include all the major 
lithologic units in the district.

These three maps are fundamental to the understanding 
of the geology of the district, show the contributions to' 
the geology of the writer, and form the framework for a 
study of the acid volcanic units.

The summer of 19&3 was spent in the field studying 
the acid volcanics on a regional scale, collecting 
samples, and studying the lithologic variations in the 
porphyritic units.

Laboratory studies involved mineralogical and 
textural study of numerous rock samples of the acid 
volcanic types. The work entailed the preparation 
and study of two hundred thin sections, heavy mineral 
separations, identification of minerals by x-ray diffrac­
tion and chemical analysis by flame-photometry. Feldspar 
mineralogy was in special cases determined by the use of 
Rittman zone methods, utilizing the universal stage*
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Previous Work

This study represents the first attempt at a 
regional study of the acid volcanic sequence in the 
Bathurst-Newcastle area. Earlier work on this rock 
unit by Sawyer (1957)* Loudon (19&0), and Pearce (19&3) 
dealt with specific areas. Sawyer (1957) made a petrogra- 
phic study of rock samples from drill core at the Bruns­
wick Number 6 and Number 12 sulphide zones. Loudon (19&0) 
described the nporphyriesn and related rocks on the 
Devils Elbow mining property of the American Metal 
Company (Plate VII). Pearce*s (19&3). work entailed a 
study of "porphyritic” units from the Brunswick Number 
6 property and areas immediately east of there.

There are several earlier papers on the general 
geology of the Bathurst-Newcastle area. Skinner (1956) 
mapped the Tetagouche Group for the Canadian Geological 
Survey, and his study summarizes the general geology 
with special attention to the porphyritic units. Smith 
(1957) compiled the latest and most complete map of the 
general geology. This map, which has been reproduced 
as Plate I from Roy (1961), has been the standard 
reference since its publication. Earlier work on the 
geology of northern New Brunswick was conducted by 
Ells (I88I-I883), Young (1911), and by Alcock (19^1)*
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Since 1955 the New Brunswick Mines Branch has 
conducted a mapping program in areas of economic interest 
(Plate I) in the Bathurst-Newcastle district. The re­
sults of this work have teen published as a series of 
maps on the scale of I4. inches to the mile.

TOPOGRAPHY

The Bathurst-Newcastle mining district is situated 
in the Central Highlands of New Brunswick. This region 
is composed of rolling hills and wide valleys. Heavy gla­
ciation accounts for the rounded nature of the hills. 
Although the region is an extension of the Appalachian 
mountain chain, there are scarcely any hills which reach 
the proportions of mountains. The highest elevation,
Mount Carleton (2690*), is west of the headwaters of the 
Nepisiquit River, not far beyond the west border of 
Plate I. Other elevations above 2000 feet are common.
The highest hills are in the western part of the region. 
Figure 1 (Plate V) shows a view west and northwest from 
the summit of Little Bald Mountain (N - 8)® Mount 
Carleton is visible on the south side of the photo. It 
is notable that the majority of high hills in the western 
extremity of the area are underlain by granitic batho- 
liths of Devonian age.
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Prom Little Bald Mountain, elevations decrease 
northeastward toward the Bay of Chaleur. This area, 
according to Young (1911)>may be considered as a tilted 
plain, rising out of the Bay of Chaleur and attaining 
higher altitudes to the west*

Figure 2 (Plate V) is a view north from the summit 
of Little Bald Mountain, looking across the wide expanse 
of the Nepisiquit River Valley. Mt. Fronsac (elevation 
2100 feet), on the N - 7 sheet, is visible on the horizon 
north of the Nepisiquit River* The topographic expression 
is caused primarily by rhyolitic rocks, which are typical 
for the district, and the youthful character of the 
tributary streams to the Nepisiquit system.

Figure 3 (Plate VI) is a view east over the tilted 
plain towards Bathurst, from the Tetagouche fire tower 
in the south-east corner of the 0 - 5  map. The topo­
graphy is nearly featureless and is an expression of 
glaciation and underlying bedrock, which consists of 
softer sedimentary and basic volcanic rocks*

Figure (Plate VI) is a view southwest onto the 
N - 6 map from the same locality as above* Again the 
topography appears featureless.

The mining district is drained by two major water 
systems (Plate I), the Nepisiquit and the Mir ami chi 
Rivers. The former has been adversely affected by the
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PLATE V : TOPOGRAPHY OP 'THE BATHURST - MEW CASTLE
DISTRICT.

Figure 1 . View west from Little Bald Mountain, south­
west corner of N - 8. Rugged topography is characterized 
by granite batholiths.

Figure 2 . View north from Little Bald Mountain. Ne­
pisiquit River valley runs east-west across the photo 
behind first range of hills. Western edge of map sheet 
0 - 8 is visible in east side of photo.
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PLATE V

Figure I

Figure
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PLATE VI : TOPOGRAPHY OF THE BATHURST - NEWCASTLE
DISTRICT

Figure 3. View east from Tetagouche fire tower, southwest 
corner of 0 - 5 map sheet. Topography relatively flat.

Figure 4. View southwest from Tetagouche fire tower 
over the N - 6 map area. Topography relatively flat.
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P L A T E  VI

Figure 3

Fig u r e 4
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glacial period and shows many characteristics of a 
youthful stream flowing in a mature valley. The 
MireLmichi River has reached a higher state of equili­
brium and approaches the stage of maturity.

HISTORY OF THE BAT HURST-NEWCASTLE MINING- DISTRICT

The history of mining development in the Bathurst- 
Rewcastle area of Hew Brunswick is relatively short, 
although mineral occurrences have been known for over 
one hundred years. Two factors combined to restrain 
the early discovery and development of mineral deposits 
in this area. The region is covered not only by a 
dense forest cover, but also by a relatively thin, 
uniform layer of glacial drift. Prior to the advent 
of geophysical instruments and their use as exploration 
tools, the only means of exploration and discovery was 
through direct surface outcropping or through the 
tracing of mineralized.glacial float.

The earliest date of mineral discovery is listed 
as 1837 (Gesner, 19^7) when the Gloucester Mining 
Association gained rights from the Provincial Government 
to explore and mine a copper deposit on the Uepisiquit 
River south of the town of Bathurst. Between 1837 and 
1900 government geologists and prospectors explored the
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area for mineral wealth. A few showings were discovered, 
but for the most part they were not economical or were 
not conducive to further work.

The first major mineral discovery in the Bathurst- 
Hewcastle area' was made by William Hussey, who in 1902 
located a hematite-magnetite deposit seventeen miles 
south of Bathurst near the junction of Austin Brook 
and the Uepisiquit River* This iron-rich deposit lies 
immediately south of, and in contact with, the massive 
sulphides of the Brunswick Mining and Smelting Humber 
6 ore zone (Plate I)* Between 1907 and 1913 a total 
of 181,127 tons of ore were shipped from this property 
to the steel mills in Philadelphia* The property 
closed down but was reopened during 19 4̂-2 and 19ij-3 to 
supply iron ore to the steel mills at Sidney, Nova 
Scotia,

Prior to 1950 a few base metal occurrences were 
known, and some development work was completed.' However, 
active prospecting was greatly curtailed by lack of 
trained personnel and the ineffectiveness of surface 
prospecting. A few of these early discoveries merit 
attention as they were forerunners of later discoveries 
and served to keep prospectors interested in further 
exploration. Prior to 1900 lead and zinc deposits were
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known to occur in the Slmtree River area (Mackenzie,
1958 )> *>ut it was not until 1952 that any extensive 
work was done on them. At this time the M.J. Boylen 
interests optioned the Elmtree G-roup, and, encouraged 
with the results of a diamond drilling program, Keymet 
Mines Limited was incorporated to operate the mine. 
Production began in 195̂ 4-* and, although it ceased 
operations in 195&* it was the first mine to produce 
base metal concentrates in the Province of New Brunswick.

A base metal boulder, discovered in i860 on 
Armstrong Brook, aroused periodic interest. However, 
it was not until 1938 that a large base metal deposit 
was discovered on Orvan Brook. Tracing of copper-rich 
float in a boulder train led to the discovery. The 
ore body is narrow, but it is significant in being over 
6000 feet in total length and in being stratigraphically 
controlled. The sulphide zone is presently held by the 
Tetagouche Exploration Company Limited (New Calumet 
Mines Ltd.) which in 1953 outlined 150,000 tons of ore.

Between I9U-O and 1952 work was concentrated along 
the Rocky Brook-Millstream break between the Ordovician 
and Silurian systems (See Plate I). A number of small 
ore showings were discovered. One of these is the 
property presently held by Sturgeon River Mines Limited.
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G.S. MacKenzie (1958)# writing on the post-war period 
19ll.5-1952 states:

It had long been realized that development of 
natural resources in New Brunswick was hampered 
by a lack of information. The provincial 
government took steps in the post-war period 
to overcome this deficiency .... Adequate 
base maps for various types of surveys, some 
of them geological, were a first requisite.
A program of aerial photography was instituted 
and maps soon followed. The photographs them­
selves, of course, aided greatly in later 
geological interpretation and provided specific 
guidance to some discoveries .... (Notably the 
Anaconda-Caribou deposit on N - 6).

The New Brunswick Resources Development 
Board was instrumental in securing an aero- 
magnetic survey of much of northern and central
New Brunswick in 1950 and 1 9 5 1  The first
maps appeared in 195l» The aeromagnetic survey 
helped to overcome the problem of the over­
burden, greatly aided geological interpretation 
and gave guidance to exploration.

In 1951 Brudon Enterprises Limited of Montreal 
received a concession covering the area of the Drummond 
Iron Mine at Austin Brook. The main interest was a source 
of sulphur, and in 1952 the M.J. Boylen organization 
optioned the property to investigate the occurrence of 
base metals in association with pyrite on the footwall 
of the iron mine. The company conducted an electromag­
netic survey further north, and the testing of anomalies 
by diamond drilling led to the discovery of the Brunswick 
Mining and Smelting Number 6 zone, the largest massive 
base metal occurrence to this time. The Boylen organi­
zation quietly staked a large area of ground and incor­
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porated a number of companies to explore it. So success­
ful was this enterprise that it was not until January of 
1953 that word of the initial discovery leaked cut. A 
larger discovery by the same company followed closely and 
was again the result of a geophysical survey. This deposit 
is located six miles northwest of the former and is known 
as the Brunswick Mining and Snelting Number 12 ore zone.
At the present time this body is being developed, plans 
are complete for production, and a smelter is being built 
north of Bathurst, primarily to handle the ore from this 
mine.

The announcement of sulphide discoveries in the 
Bathurst area set off a staking rush in northern New 
Brunswick which surpassed any ever witnessed in Canada, 
Whereas most mining regions were primitive wastelands 
at the outset, the Bathurst-Newcastle region supplied 
ample accessibility routes and local access to needed 
supplies.

After the initial rush in the winter of 1953 several 
new properties were discovered, and development work was 
carried out on the more promising. Among these were the 
New Larder '’U” property (No. 12, Plate I) and the Nigadoo 
Mine (No. 2, Plate I) both discovered in 1953* During the 
summer of 1953 a broad systematic airborne electromagnetic
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survey of northern New Brunswick was conducted by the 
American Metal Company Limited. Immediate ground study 
of airborne anomalies led to the discovery of the huge 
Little River ore-bodies in 1951+ (No. 15* l6, 17, Plate I). 
The Middle River Mining Company Limited and Conwest Explo­
ration Company Limited discovered base metal orebodies in 
1955 near the head of the Northwest Miramichi River (No.13* 
Plate l)o In late 1955 the Anaconda Company (Canada) 
Limited discovered the large Caribou deposit on the head­
waters of forty Mile Brook (No. 6, Plate I).

Since 1956 exploration has continued on a diminished 
basis. The Anaconda Company continued its study outward 
from Caribou and discovered two deposits in the same belt 
of rocks, one near the head of Armstrong Brook (No. 7* 
Plate I) and a second near Rocky Turn (Map 0 - 5 )  on the 
Tetagouche River. Other discoveries include two by the 
American Metal Company, one near Forty Mile Brook and the 
other north of Devils Elbow on the Nepisiquit River (Plate 
VII); two by Kennco Exploration, one on Eighteen-mile 
Brook (No. 18, Plate I) and the other along the middle 
course of the Nepisiquit River, and the Consolidated 
Mining and Smelting ’Wedge (No. 10, Plate I), west of 
Forty Mile Brook. To date the Wedge Mine is the only 
one actively producing lead-zinc-copper concentrates.
Later discoveries include the New Jersey Zinc property
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near Portage Lakes (No. 5, Plate I) and a nieke 1-bearing 
meta-norlte staked by Noranda Ivlines Limited near C-oodwin 
Lake on sheet N - 9»

During the early phases of the mining rush a detailed 
geologic picture of the district was beginning to emerge. 
Since that time company, federal and provincial geologists 
have combined to present a fairly comprehensive picture of 
the geologyo

REGIONAL GEOLOGY AND TECTONIC HISTORY

The Maritime Provinces form the northerly extension 
of the major physiographic division termed the Appalachian 
Mountains in the United States. Young (1911) states:

The Appalachian mountains extend from Alabama 
northeastward into New York state. Farther 
northward they are continued by the Green 
mountains of Vermont, the White Mountains of 
New Hampshire, and the mountainous country 
of the State of Maine. In Canada they are 
represented by the Notre Dame mountains in 
the Eastern Townships of Quebec, and by the 
Shickshock mountains of Gaspe peninsula. In 
New Brunswick and Nova Scotia, on the other 
hand, though much of the two provinces are 
much broken and relatively elevated, they 
can scarcely be termed mountainous, and the 
propriety of including the Maritime Provinces 
within the Appalachian region is to be justi­
fied by the general northeasterly trend of the 
major physiographical features, and the general 
geological structure and history of the two 
provinces.
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Locally, the Bathurst-Newcastle district lies in an 
area of highly deformed rocks of the early Paleozoic 
which Skinner (1953) placed within the Tetagouche Group 
of Ordovician age. This belt of early Paleozoic rocks 
has been regionally metamorphosed and intruded by granitic 
batholiths. The linear trend of granites and folded 
Paleozoic rocks compose the Central Highlands, which 
traverse the province in a northeast-southwest direc­
tion from Bathurst to the Maine border. This feature 
is illustrated in figure 5» from Neale, Beland, Potter 
and Poole (1961)#

The Central Highlands of Hew Brunswick are flanked 
to the northwest by the Horthwest plateau consisting of 
less-folded and less-metamorphosed rocks of Silurian- 
Devonian and Ordovician age. To the east the area is 
flanked by the flat, sedimentary rocks of the Carboni­
ferous 3asin.

In reference to figure 5> from ITeale, Be land, Potter 
and Poole (1961), it is seen that Ordovician, Silurian 
and Devonian rocks are common in the northern Appalachians. 
According to Neale, et al*, the rocks in the central part 
of New Brunswick can be correlated with beds in the New 
England States, which occur in the inner deformed zone 
of the Appalachians, and which appear east of the Green 
Mountain axis in Vermont#» The rocks of this sequence
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are largely of eugeosynclinal type0 The northern 
Appalachians differ from the southern Appalachians in 
that they contain abundant eugeosynclinal rocks, whereas 
the rocks of the southern Appalachians are mainly mio- 
geosynclinal. The rocks in the central deformed zone 
of the Northern Appalachians probably are also eugeo- 
synclinalo

King (1954), in discussing the northern Appalachians 
in the Vermont and New Hampshire regions states that as 
one proceeds southwest across the structure the complexity 
increases through increase in metamorphism and that 
relationships between rock units become obscure. The 
rocks in the northern areas of New Brunswick have not 
been as highly metamorphosed and deformed as those of 
New England. Correlation with rocks in the New England 
states is difficult because of the lack of fossil evi­
dence and marker horizons.

In some areas of the northern Appalachians three 
periods of orogenic movement have been recognized. In 
northern New Brunswick, on the other hand, only two 
major orogenies occurred during Paleozoic time (figure 6). 
The first, in late Ordovician time, is referred to as the 
Taconic revolution. The effects of the Taconic orogeny 
are most evident in the northwestern extremity of the 
chain where the rocks, for a large part, have not been
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affected by later orogenies. By reference to Figue 6 
(Neale, et_ al., 19&1), it can be seen that the Taconic 
orogeny affected the rocks of the Bathurst-Newcastle 
area, but that the orogeny is more clearly indicated 
in the rocks south of the St. Lawrence River. This far 
western zone of the Canadian Appalachians can be traced 
southwestward into western Vermont and eastern New York 
state. Toward the central part of the Canadian Appala­
chians the effects of the Taconic orogeny are largely 
overshadowed by the succeeding Acadian orogeny, but 
results of the first orogeny are evident. For example,
Smith and Skinner (1958) indicate that there have been 
two major periods of deformation in the Bathurst-Newcastle 
area and that the first period of folding (Taconic) is 
responsible for the structures which display a northwest 
trend.

Neale, at al. show that in the Canadian Appalachians 
the Taconic zone affects the broad area from the St.
Lawrence River southeastward to the Bay of Fundy. The 
assemblage of rocks in the middle Taconic zone (Bathurst- 
Newcastle area) are indicative of deep water deposits 
with an abundance of intermediate pillow lavas, greenstones, 
cherts, greywackes, argillites, and graptolitic slates0 
Neale, et al. state:
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No typical calc-alkaline granitic rocks 
of undisputed Ordovician age are known in 
the Canadian Appalachian region, whereas 
Ordovician granites have been recognized 
in New Hampshire and Maine.

The appearance of Ordovician granites to the south­
west, in the northern Appalachians, apparently contributed 
to the higher degree of metamorphism and compfexity of the 
region towards the Central Appalachians.

The whole New Brunswick region was affected by the 
Acadian orogeny which culminated in the middle or late 
Devonian time. It is the effects of this orogeny which 
are most evident in the central area of the province.
Smith and Skinner (19^8) state that the second phase of 
orogenic development produced the dominant northeast 
trend in the structure. Large granitic intrusives 
accompanied the orogenic period and can be traced south­
west into the New England States.

King (195^) states:

Deformation is least toward the northeast, 
in G-aspe and northern New Brunswick. In 
Gasp& only one large granitic intrusive, 
that, of Tabletop Mountain, is present.
The Silurian and Devonian rocks, in contrast 
to those of the Quebec Ordovician sequence 
which underlie them to the north, are thrown 
into broad open folds assymetrical toward 
the northwest. Sharp folding and cleavage 
occurs only locally (Alcock, 193&)•

Southwestward along the strike, into 
New England, the rocks of the central belt 
become progressively more and more meta-
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morphosed, and from New Hampshire southward 
they include middle-rank to high-rank schists 
containing garnet, staurolite, sillimanite, 
andalusite, and other metamorphic minerals. 
With the increase in metamorphic rank, 
fossils hecome poorly preserved and more 
and more difficult to discover. Fossils are 
abundant at some localities in Maine, a few 
have been found in New Hampshire and Massa­
chusetts, and none are known in Connecticut.

.....the southward increase in degree 
of metamorphism expresses an increase in 
this direction of both dynamic and plutonic 
activity; that is, an increase in the amount 
of deformation, an abundance of igneous 
rocks, and the spread of hydrothermal solu­
tions through the country rock.

This was the last great orogeny to affect the 
Bathurst-Newcastle area. Later orogenic movements 
at the end of the Paleozoic period affected the rocks 
in southern New Brunswick, as well as parts of Nova 
Scotia and Newfoundland. This period of uplift, the 
Appalachian Revolution, was responsible for the forma­
tion of the southern Appalachian mountains.

In summary, the following sequence of events 
occurred in the Bathurst-Newcastle area. The first 
major occurrence was the deposition of great thicknesses 
of sedimentary and volcanic rocks in an eugeosynclinal 
environment. The age of this sequence is vague, but 
the association of volcanics with sediments indicates 
that deposition was probably going on at the start of 
the Taconic orogeny. After, or during, the deposition
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of acid volcanics the whole area was sinking and the 
metasedimentary rocks of the middle unit, along with the 
associated acid tuffs and flows, were deposited in an 
environment that featured a rugged volcanic coastline 
(McAllister, i960). A variety of depositional conditions 
existed, ranging from oxidizing to extreme reducing. It 
is within this central metasedimentary unit that the 
massive sulphide deposits may have been deposited in 
restricted basins along the shoreline. This environ­
ment, with sedimentation occurring both above and below 
water level, could account for pre-metamorphic variations 
in the augen schists of the district.

Subaqueous conditions were attained with the accumu­
lation of intermediate volcanic units of the outer zone 
(Plates I and VII)* Some of these rocks exhibit pillow

i'f lstructures, ■‘■he basic volcanic units were probably de­
posited just prior to the culmination of the Taconic 
orogeny. The area was uplifted above sea level, ^uring 
this stage quartzose sedimentary rocks (Unit I, Plate 1) 
were deposited as elastics from the erosion of the land 
surface.

During Silurian time the region was depressed below 
sea level. Conglomerates, sandstones, limestones and 
shales were deposited over the region. Devonian sedi­
mentation followed the Silurian with no apparent break 
in the sequenceo
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During the Acadian orogeny the area was elevated 
above sea level, and most of the Devonian and Silurian 
rocks were stripped off. The Acadian orogeny superim- . 
posed prominent northeast trending fold axes on the north­
west Taconic structures (Smith, 1957)• At the same time, 
the area was domed by the intrusion of large granitic 
batholiths. Most of the features of primary deposition- 
and earlier periods of orogeny were masked by dynamic 
metamorphi sm •

After the Acadian orogeny the area was leveled by 
erosion. It was re-submerged during Pennsylvanian time 
and partially covered by conglomerates, sandstones and 
shales of shallow water origin. In deeper parts of the 
basins, or in restricted zones, evaporite sequences were 
laid down. At the end of the paleozoic the region was 
little affected by the Appalachian orogeny, but was once 
again elevated above the sea as part of a stable craton. 
Subsequently, the region has been undergoing erosion.

GENERAL GEOLOGY OP THE 3ATHURST -NEWCASTLE DISTRICT

General Statement
Geological mapping in the Bathurst-Newcastle area 

has tended to parallel periods of interest in the economic 
feasibility of iron ores and interest in the search for 
base metal deposits.
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Ells (l$8l-l883) first described the geology of the 
Bathurst-Newcastle area. Subsequently, Young (19H)»
Shaw (1938) and Alcock (1935* 19̂ 4-1) added more to the 
picture. The Geological Survey of Canada in 19̂ 1-9 initi­
ated a program of mapping on the scale of one inch to 
the mile. Several maps have been published culminating 
in those of Smith (1957) and Anderson (1962). The 
Province of New Brunswick, Mines Branch, has been con­
centrating since 195 4̂- on geologic mapping at the scale 
of four inches to the mile. The sheets completed to 
date are indicated on Plate I.

On a regional scale three structural units can be 
recognized and described. Plate I shows these units as 
mapped by Skinner and Smith (1958)* The three units are:

1. The Ordovician Folded Belt.
2. The Silurian Folded Belt.
3. The Pennsylvanian Cover.

The Ordovician Folded Belt
Highly folded metamorphosed volcanic and sedimentary 

rocks of Ordovician age (Tetagouche group) underlie the 
central area and form the dominant structure of the 
Bathurst-Newcastle region. It is within this complex 
of metamorphic rocks that the large, economic, strati- 
graphically controlled bodies of massive sulphides occur#
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Although, the rocks of the siliceous volcanic core have 
suffered from moderate dynamic metamorphism, as compared 
to the outer metasedimentary units, there is no apparent 
orogenic break or apparent age difference between the 
various horizons, suggesting no major break in the whole 
Tetagouche Series. The present accepted stratigraphic 
sequence is indicated in Table I.

Dating of the pre-Silurian rocks has presented a 
problem which has only been partly solved. Skinner 
(1953) places the sequence within the Tetagouche Group 
of the Middle Ordovician period. Age was fixed from the 
occurrence of graptolites within shale units north of 
Bathurst along the Tetagouche River. Other fossil locali­
ties within the Tetagouche sequence are scarce. Simms 
(i960) reported a brachiopod occurrence in limestones on 
the west slope of Camel 3ack Mountain, which substantiates 
an Ordovician age. Crinoid stems found in a slate horizon 
near the Anaconda-Caribou sulphide deposit ( 6, Plate 1) 
indicate the rocks to be post-Cambrian. These fossil 
discoveries were both within the metasedimentary rocks.
The siliceous volcanic core has not been dated radiometri- 
cally. Potassium-argon or strontium-rubidium age deter­
mination would be of little value because of the several 
periods of orogenesis and metamorphism the area has 
experienced.
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Siliceous metasedimentary rocks of unit 1 (Plate I) 
cover a wide area in the south and southwest. Towards 
the east and north unit 1 is replaced abruptly by the 
slate division, unit 5« There is considerable contro­
versy as to the relationship of these two units. Smith 
(1957) places the siliceous sediments of unit 1 at the 
bottom of the Tetagouche Group and the slates of unit 5 
at the top of the Tetagouche Group. Loudon (i960) points 
out that the confusion over what are presently mapped as 
lower and upper members of the Tetagouche Group may be 
the result of marked sedimentary facies changes. Loudon 
(i960) also postulates that these rocks may have been 
silicified by the granites with the development of quartz 
veins. Although such a development is conceivable, no 
such bodies of highly silicified rocks have been mapped 
in the vicinity of the batholith immediately south and 
west of Bathurst. The writer feels that if a facies 
relationship exists between these two units it is an 
original sedimentary feature with the clastic rocks of 
unit 1 representing deposition in relatively shallow 
water environments, whereas the graphite schists of unit 
5 are the deeper water equivalents. An alternate hypothesis 
accounting for the sudden change in lithologic character 
would be the presence of a large northwesterly trending 
fault separating the two units. Such a fault was postu-
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lated by Smith and Skinner (19.58), and the writer's own
experience north of the Heath Steele property confirms 
the presence of northwesterly trending fault zones.

Siliceous volcanic rocks of unit 2 appear to underlie 
the metasedimentary rocks of units 1 and 5« Smith (1957) 
states:

The siliceous volcanic rocks (2) are grey 
to white weathering, blue, green or buff 
aphanitic rocks. These rocks are generally 
schistose. In thin sections they are seen 
to be composed of ragged feldspar pheno- 
crysts with or without embayed, brecciated 
quartz phenocrysts, in a fine, schistose 
groundmass of quartz, feldspar, chlorite 
and sericite. In many places it is difficult 
to determine whether the schistose acid 
rocks are sheared flows or tuffs. In some 
places the phenocrysts in the above rocks 
are particularly large and abundant and there 
the rock is mapped as part of the quartz- 
feldspar porphyry unit (3).

More detailed mapping within this area of dominantly 
siliceous volcanics show this sequence to be very com­
plex and to consist of rocks ranging from acidic vol­
canic intrusives to metamorphosed equivalents of flows, 
tuffs and sediments. Considerable interbedding of acid 
rock types becomes evident when mapped on the scale of 
four inches to the mile. This is discussed later in 
Chapter II, on the geology of the. U - 6, 0 - 7  and 
0 - 8  sheets.
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The structural relationship of units 1 and 5 to unit 
2 is also incompletely known. In reference to Plate I,
Smith (1957) indicates that the metasedimentary units 
underlie the volcanic sequence (2) in the area along the 
northwest I/Iiramichi River, south of Heath Steele. Simi­
larly, Smith (1957) points out that the siliceous volcanic 
rocks (2) underlie and are intercalated with porphyry 
units (3) south and north of Little Bald Mountain, in 
the southwest corner of the IT - 8 sheet. In the Teta­
gouche Lake area (IT - 6) the writer’s experience indicates 
that the siliceous volcanics (2, of Plate I) are the 
oldest rocks in the area and that they underlie the 
younger metasedimentary sequences (Figure lip, Plate XI).
In this area (IT - 6) the sequence is fairly simple and 
is confirmed by a major unconformity between the Ordo­
vician rocks and the overlying Silurian sequences.
Skinner, as reported by Smith (1957)# also agrees that 
in all cases the rocks of units 1 and 5 are younger than 
the rocks of the siliceous core (2), and he concludes that 
the apparent reversed sequence to the south of the structure 
results from the overturning of the section during one of 
the major orogenic cycles.

The rocks comprising unit 3# of Plate I, have assumed 
great importance in the area through their close spatial 
relationship with all of the major sulphide deposits
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TABLE I
Stratigraphic Sequence,as Represented in Plate I.

Pennsylvanian 9 Undivided Sedimentary Rocks - 
sandstones, shales and conglomerates

Devonian 8 Mafic Intrusive Rocks - 
gabbros and diabase.

7 Pelsic Intrusive Rocks - granites.

Silurian 6 Undivided Sedimentary and Volcanic 
Rocks of the Chaleur Bay Group.

Ordovician
(Tetagouche
Series)

5,1 Sedimentary Rocks. (5) Graphitic 
slates in the northeast and eastern 
regions. (1) Silicious sedimentary 
rocks in the south and southwest 
region.

k Greenstones - Andesites, basalts 
and green felsites. Minor associ­
ated green sedimentary rocks.

3 Augen Schist Units - Quartz and 
feldspar augen schist with associ­
ated graphite schists and minor 
volcanics and sedimentary members

2 Pelsic Volcanic Division - Largely 
undifferentiated acid volcanic flows 
and tuffs with scattered intrusive 
Mayolite masses.
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within the Tetagouche Group, These rocks are mainly
porphyritic acid volcanics which are of major importance
in any work on the Bathurst-Hewcastle area. They have
previously been treated by Skinner (195>6), Smith and
Skinner (19£8), Holyk (19f>7)> Loudon (i960) and Sawyer
(1957) and form the basis for the present study. Smith
(1957) points out that this sequence of porphyritic rocks
behaves locally as a series of normal stratigraphic units,
but on a regional scale they occur in various stratigraphic
positions, either above or below or interbedded with the
main body of volcanic rocks of unit 2.

Definition of the term ’’porphyry” as applied to the
rocks of the Bathurst-ilewcastle area is dependent to a
large degree on the individual using the term. What
constitutes a ’’porphyry” to one familiar with the region
may not to one less familiar with the local rock terms.
Therefore, it is felt that the use of the term ’’porphy*^”
for rocks of this sequence is not justified, and it is
probably of greater value to designate these rocks by their
mineral constituents and their morphological features.

The type of acid volcanic rock represented by unit 3
of Plate I is a close associate of the rocks of unit 2.
Smith (1957) states:

It is a light grey rock with quartz and/or 
feldspar phenocrysts up to one-half inch 
long in a microcrystalline or schistose
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matrix of quartz, feldspar, sericite, and 
chlorite* As the size and abundance of 
phenocrysts decrease it grades into 
•porphyritic rhyolite*; both rocks 
having much the same origin*

In the Bathurst-Newcastle district several distinct 
varieties of acid volcanics can be recognized, and are 
described in Chapter III.

The acid volcanic rocks of units 2 and 3 are overlain 
by the greenstones of unit Ij., and in several instances the 
two rock types are interlayered, especially in the northerly 
areas (N - 6). The rocks of unit J4., as outlined by Smith 
(1957)# consist of brown weathering, dark green, schistose, 
fine-grained to aphanitic rocks with rare megascopic 
structures* These rocks are responsible for many of the 
high magnetic anomalies in the area. The writer found 
the magnetic anomalies helpful in working out the gross 
structure on the N - 6, 0 - 7 ,  and 0 - 8  maps. When- 
mapping at the scale of four inches to the mile, unit I4. 
of Smith’s (1957) compilation (Plate 1) can be sub-divided 
into dark green to black basalts, green andesites, light 
green felsites, and dark green chloritic sedimentary rocks* 
Primary features in the rocks of this unit are scarce, but 
megascopic features such as pillows and amygdules have 
been recognized by the writer. Rocks of this unit have 
undergone the same degree of metamorphism as the other
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units with the result that epidotization and propyliti- 
zation are common. It is possible in detailed mapping 
programs to distinguish between basic flows and basic 
tuffs with some degree of success. Prom the close inter­
layered nature of many of the rocks of unit if with the 
deep water sediments of unit 5 above, it is concluded that 
many of these basic volcanics are subaqueous in origin.

The youngest rocks of the Tetagouche Group appear to 
be the graphite-rich slates and schists of unit f>. Mapped 
generally as argillites, these rocks show a well-developed 
cleavage, are often highly crinkled and crumbled and show 
varying degrees of quartz-veining and pyritic dissemination* 
The greatest thickness of argillaceous rocks occurs along 
the eastern and northeastern margins of the area. However, 
graphite-rich schists are interlayered with the other 
rock units of the area. Graphitic sedimentary rocks are 
common in areas of sulphide occurrence, in particular 
at the Caribou (H - 6) and Wedge ( 0 - 8 )  properties.

Large to small, conformable to disconformable bodies 
of basic intrusive rocks (8) are quite common in associ­
ation with the rocks of the Ordovician volcanic complex. 
Several of the larger bodies are shown on Plates I and VII, 
but smaller bodies are widespread and are shown only on 
larger scale maps (Plates II, III, and IV). The basic 
bodies, many showing diabasic textures, are thought to
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be of two, or possibly three, different ages. They cut 
both Ordovician and Silurian rocks of the central struc­
ture, and basic dykes are known to cut flat-lying Carboni­
ferous strata to the east. Detailed mapping, particularly 
in the 0 - 7  and 0 - 8  areas, has shown the basic intrusive 
bodies to be both conformable to the structure and intruded 
along fault zones. It is probable, therefore, that both 
Ordovician and Devonian intrusives are present. In many 
instances what is interpreted as a basic intrusive outcrop 
might well be the coarse-grained phase of a slowly-cooled 
flow. Several such bodies were observed on the IT - 6 and 
0 - 7  sheets.

Granitic batholiths and stocks are common in the 
Central Highlands which traverse the province northeasterly 
from the Maine border. These intrusives are of undoubted 
Devonian age, whereas no granites of Ordovician age are 
present (Neale, et al., 1961). Smith (1957)# however, 
recognized two types of granite; (1) gneissic varieties 
emplaced during deformation of the area (possibly Ordovi­
cian?) and (2) massive varieties which were emplaced 
subsequent to the main period of deformation. Examples 
of the latter are the bodies to the north in the Silurian 
strata and the large body south of the town of Bathurst. 
Smith (1957) states:
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Many of the biotite granite bodies are 
surrounded by a distinctive thermal meta- 
morphic aureole characterized by the devel­
opment of biotite in both sedimentary and 
volcanic host rocks. Contact metamorphic 
effects may extend as far as a mile or more 
from the nearest granite outcrop. Near the 
granite the sedimentary rocks are altered 
to a fine-grained, rusty weathering, purplish 
biotite hornfels carrying cordierite and 
andalusite. In places quartz - biotite 
gneiss is found. The quartz-feldspar 
porphyry (3), west of Little Bald Mountain 
(N - 8), is altered to a gneissic biotite - 
quartz - feldspar rock resembling a granite 
gneiss*

Structure of the Ordovician Folded Complex

At the present time no definite strati.graphic sequence 
has been established for the area so that all interpreta­
tions are of a conjectural nature. Uncertainty over the 
stratigraphic succession of the Tetagouche Group makes 
interpretation of the main structure as a dome or basin 
purely hypothetical. In most of the area, primary features 
in sedimentary and volcanic rocks have been destroyed by 
metamorphism, and this coupled with a strong regional 
development of a nearly vertical schistosity makes it 
most difficult to determine tops and bottoms of horizons.

Smith (1957) divides the Ordovician folded belt into 
two distinct units by a line running northwesterly from 
the area immediately south of the Heath Steele property 
(See Plate VII). On the northeastern side of this line
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the dominant structural features are two major anticlinoria, 
one immediately west of the Bathurst batholith (Brunswick 
anticline) and the other further west, south of the head­
water lakes of the Tetagouche River (Tetagouche anticline). 
These two structures are separated by a major syncline 
(Nine Mile Brook Syncline) containing great thicknesses of 
intermediate volcanic rocks (Plate VII). These structures 
are very complex within themselves, but the regional struc­
tures plunge steeply northeast and southwest, ^or the 
most part the schistosity seems to parallel the limbs of 
the folds as bedding schistosity. Locally, this may not 
be the case, as detailed mapping of mine properties has 
shown. In the gross picture schistosity is an invaluable 
guide to regional structure.

Reconnaissance and detailed mapping has established 
that both northeasterly and northwesterly structural axes 
exist. This is shown, for example, by the faulted and 
drag-folded patterns shown on the N - 6, 0 - 7 and 0 - 8  
sheets (Plates II, III and IV) which the writer has mapped.

Smith (1957) describes the northwesterly structure 
axis (Plate VTI) as a fault zone along which schistosity 
has been developed parallel to the fault zone, and along 
which the northeasterly-trending beds have been deflected 
towards the southwest. Other major faults in this same 
general direction do occur, and it Is the writer’s con-
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tention that much of the structure so laboriously inter­
preted in the past by folding should be redefined in the 
light of transcurrent faulting.

The writer is unfamiliar with the structure in the 
area south of Smith’s axis (Plate VII), but it has been 
described (Smith, 1957) as being similar to that above, 
with northeast trending fold axes, characterized by both 
northeasterly and southwesterly plunging axial lines.
Low angle cleavage is common in this area and may reflect 
recumbent folding or thrust faulting.

Holyk (1956), McAllister (i960) and several other 
writers all refer to Isoclinal folding in the area, 
especially in areas of thick graphite-rich sedimentary 
rock sequences.

To the west the Ordovician structures are obliterated 
by Devonian granite intrusions. To the south, the 
structures are also obliterated by granitic bodies or 
are covered up by the later Paleozoic sequences. To 
the east the Ordovician rocks pass under the Carbonifer­
ous basin. In the northerly region the main Ordovician 
structure is separated from the younger Silurian folded 
belt by the Rocky Brook-Millstream break.

This contact is interpreted as a thrust fault 
(Skinner, 1953)» or as an unconformity (Alcock, 19̂ -1
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and Jones, 1960)0 In some areas the contact constitutes 
a zone and is invariably present as a major topographic 
expression. Skinner (1953) states:

The contact between the Ordovician and Silurian 
rocks appears to be a thrust fault0 Numerous 
high-angle faults intersect both Silurian and 
Ordovician strata, and are commonly expressed 
by long, straight valleys. The more conspicu­
ous of these indicate strike faults, but trans­
verse faults are not uncommon. The so-called 
Rocky Brook-Millstream ’break* is a series of 
normal en echelon, strike faults intersecting 
Silurian greywacke.

On Plate I the contact has been interpreted as a fault, yet 
nowhere is the contact exposed, and field evidence in the 
N - 6 map sheet area indicates that the contact is most 
probably an unconformity (Plate V H  and Figure llj., Plate 
XI).

In summary, Skinner (195&), who mapped the whole 
Tetagouche sequence, postulates that the region was 
folded along northwesterly trending axes (Taconic) and 
was later refolded around northeasterly trending axes 
(Acadian).

The Silurian Folded Belt

The Silurian beds are not as highly deformed as the 
Ordovician beds but do occupy a well-defined, northeast 
trending syncline, in agreement with the last major
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compressions in the Ordovician system (Smith and Skinner, 
1958)• The Silurian beds have also been highly intruded 
by basic sills and by small granite stocks.

The Silurian rocks belong to the Chaleur Bay Group 
and consist predominantly of fossiliferous, greenish- 
grey, limy slate and greywacke with assorted volcanics.

The Pennsylvanian Cover

On its eastern margin the Ordovician folded belt 
disappears under flat-lying beds of Penn^rlvanian age. 
These beds unconformably overlie the Silurian rocks to 
the north and the Devonian granites to the south. The 
basal Pennsylvanian beds, belonging to the Bathurst 
formation, are mainly light red to pink conglomerates, 
with intercalated arkose and grit, in which pebbles 
are rounded to sub-rounded fragments of greenstone, 
greywacke, quartzite, and quartz up to two inches in 
maximum diameter. Red sandstone, siltstone and shale 
of the Clifton formation conformably overlies the 
Bathurst Formation.
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THE N - 6, 0 - 7, and 0 - 8  MAP SHEETS

Mapping Program

During the summer field seasons of i960, 1961, and 
1962 the writer was employed by the Hew Brunswick Mines 
Branch as a party chief in a program of detailed geologic 
mapping in the Bathurst-Hewcastle area. Each summer one 
map sheet on the scale of four inches to the mile was 
completed. The three sheets M - 6, 0 - 7  and 0 - 8  lie 
within the area of economic interest described in the 
preceding chapter. As soon as possible after the comple­
tion of the geologic mapping of a sheet, the Mines Branch 
proceeds with the publication of the map and a brief 
geologic description. The present sheets are listed in 
the bibliography (Jones, 19&1, 19&3> 19&4)•

This mapping allowed the writer to become familiar 
with a section across the center of the Ordovician folded 
belt (Plates I and VII). All of the rock types and their 
original and metamorphic variants were studied. Enough 
knowledge of the complex structure of the region was 
acquired to show that it will take many years to solve 
some of the basic tectonic problems. The area mapped 
includes a wide range of lithologies in the rhyolitic 
suite, from little metamorphosed rhyolite porphyries to
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"augen schists”. The origin and history of these acid 
rocks is of special concern in the present paper.

The location of the three map sheets is indicated by 
heavy line on Plate I. Their geographic coordinates are 
listed in the following table:

The whole area is readily accessible from Bathurst 
and Newcastle via a network of secondary roads shown on 
the three geologic maps (Plates II, III, IV). A first 
class road from Newcastle to the Heath Steele Mine goes 
on to connect with other roads and eventually with the 
Bathurst Power and Paper Company road crossing the 0 - 7  
map sheet in a southwesterly direction from Bathurst. 
Logging, drilling, and fire roads greatly aided access to 
the '’bush” from the secondary network.

Topography

The mature topography., of the region has been modified

Location and Accessibility

:!ap Sheet 
N - 6

Limiting Latitudes Limiting Longitudes
117030*, 1|7°36*N 6o°12», 60°21l*W
l|>7°2lf’ , l(.7o30»N 6 6 °0 0 » ,  6 6 ° 1 2 ’ W

I f 7 ° l 8 « ,  lj.7°2lj., JT 6 6 ° 0 0 » ,  6 6 ° 1 2 ’ W

0 - 7
0 - 8
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by glaciation, which scoured the higher areas and left 
behind a thick cover of drift. Platter areas, like those 
around Canoe Landing Lake ( 0 - 7  sheet) are swampy, with 
abundant beaver ponds. The Mepisiquit River, crossing the 
0 - 8  sheet, is a youthful stream flowing in a mature 
valley. The valley is relatively deep and wide, with 
youthful tributaries entering at a steep gradient. The 
highest elevation in the area mapped is Camel Back Mountain 
(2100 feet). The average relief of the region is J00 to 
800 feet.

Outcrops are scarce except in areas of resistant rock 
types, along stream beds, and along spurs close to the main 
valleys. In areas burned by forest fires ( 0 - 8  sheet 
especially), outcrops are more abundant because of the 
removal of the forest cover and subsequent erosion.

Field Procedure and Mapping Problems

Mapping parties consisted of four or five men 
including a party chief, senior assistant and two junior 
assistants. The fifth man was a Colombo Plan student on 
loan to the Provincial Survey from the Federal government. 
Mapping was generally conducted by one or two man field 
teams, traversing by pace and compass at intervals of 800 

feet or less across the gross structure. Where available
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mining company picket lines were utilized for traverse 
purposes. Roads and the main streams were covered in 
detail. Stream mapping in this region generally consti­
tutes traversing both the stream bed and the banks, as 
many of the outcrops occur high on the slope back from 
the stream.

Aerial photographs prove to be a great asset when 
mapping in northern New Brunswick. Photos supplied on 
the same scale as the base map were used in the field to 
plot outcrop locations and for traverse ties. Photos are 
also valuable for the interpretation of structure in this 
type of topographyo

Base maps on the scale of four inches to the mile 
were supplied by the New Brunswick Photogrammetry Branch 
of the Department of Lands and Nine s. r’ield data was 
plotted each day as the work progressed.

Also utilized for interpretation purposes were 
regional aeromagnetic maps produced by the Federal 
government and the geophysical and diamond drill reports 
of private companies, filed at the Nines Branch office.

To date the Mines Branch has conducted its mapping 
program on a purely iithoiogical basis. There are several 
factors which make this type of mapping most feasible in 
the Bathurst-Newcastle area. These factors are listed 
below:
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1. Because of the glacial drift, swamps, and heavy forest 

cover,’ outcrops are limited to ridges, stream bottoms, 
road cuts, mine clearings, and areas of old forest 
fire burns.

2. Outcrops are generally deeply weathered.
3. Metarnorphic processes have in many places obliterated 

the original structures of the sedimentary and volcanic 
rocks. Dynamic metamorphism has masked primary features 
by the superposition of one or more directions of cleavage 
or schistosity. Determinations of tops of beds and flows 
are few.

i|_. The original fabric of most rocks has been destroyed by 
recrystallization and migration of components.

5. Correlationalong strike or down dip is virtually im­
possible over any distance. This condition is accen­
tuated by the glacial cover and the metamorphism.
However, correlation is a typical problem in any area 
of sedimentary - volcanic sequences.

6. Fossil remains are extremely rare within the sequence.
7. There have been several periods of metamorphism so that 

radiometric age determinations would be unreliable.
8. Specific rock types, distinguishable in the field, recur 

throughout the section as thick sequences or as inter­
calations in other rocks. S’or example, the presence of 
augen schists is most mapped units is confusing and is
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in itself suggestive of more than one origin for that 
rock type*

9. The structure is complex. In addition to folding of 
several generations, faulting is known to be prevalent.

The complex geology of this region will continue to 
be solved by detailed mapping of key areas. The need for 
a stratigraphic sequence is evident. When it is estab­
lished, the structural complexity of the area will be 
unraveled with greater success.

It was not until the summer of 19&2, after having 
mapped the Itf - 6 and 0 - 7  areas, that the writer decided 
to use information from these map areas as an integral 
part of this dissertation and as a prelude to study of 
the acid volcanics of the region. Prior to this time 
emphasis was placed on making a study of the basic in­
trusive rocks. This project was dropped because of lack 
of exposures and the altered condition of outcrops.

The legend of each of the accompanying map sheets 
was established on a lithologic basis. As indicated 
above, this type of mapping is standard procedure for 
this area. When mapping the h - 6 sheet the writer was 
able to establish a broad stratigraphic sequence in the 
area from the oldest to the youngest rocks around the 
margin of the dornal structure, however, editing during the
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subsequent reproduction resulted in loss of the strati­
graphic significance of the legend. The legends of 0 - 7 
and 0 - 8  are strictly lithological.

The three quadrangles were mapped and prepared for 
publication separately. Their legends, therefore, show 
marked differences, in part the results of increasing 
general knowledge of the region. The augen schists are 
distinguished as a separate unit on each sheet. In addi­
tion, individual outcrops of these rocks occur in areas too 
small to map within other units. Thus, these schists are 
mapped as unit 2a on IT - 6, unit 7 on 0 - 7 and. unit 6 on 
0 - 8 .  On a minor scale they are also indicated by units 

3c on IT -6; 3e> 5a and 6c on 0 - 7; and 2a, 3d, 4C> 5a 
and 7b on 0 - 8 (See Table II).

Lithologlc Units .

General Statement

The rocks of the areas under consideration are primari­
ly of Ordovician age. They are highly deformed, Unfossili- 
ferous, and metamorphosed to the greenschist facies. Age 
relations were established by apparent structural position, 
lithologic comparison, and correlation with the rock units 

of adjacent areas previously mapped by Skinner (195&)*
Davies (1958) and Sims (1959)* A small area in the
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northwest corner of the IS - 6 sheet is underlain by folded 
Silurian conglomerates, greywackes, and limestones# Devon­
ian basic intrusive rocks are common over the three sheets 
both as concordant and as discordant bodies. Petrographic 
descriptions of the acid volcanics of the Ordovician com­
plex are included in Chapter III.

In the following descriptions of lithologies of the 
Ordovician rocks reference will be made to the ’'core area,” 
"intermediate area," and the "outer area” of the structure. 
These terms require a brief explanation. In reference to 
Plate I it can be seen that the structure of the area is 
outlined by a domal feature. In order of succession the 
oldest rocks occur within the central area and the young­
est towards the outer rim. The rocks may be divided into 
three rough stratigraphical units which are (Plate VII):
1. The core area, consisting of rocks of unit 2, Plate I.
2. The intermediate area, consisting of rocks of unit 3 

and many of those included in unit
3 o The outer area, consiting of rocks of unit Li and unit 5*

As a further caution the writer wants to make clear the 
fact that Plate I is a lithological map, so that there is 
considerable intercalation of the above 'units, but when 
restricted to sheets II - 6, 0 - 7  0 - 8  the above
division is satisfactory.
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The oldest rocks of the area mapped are the rhyolitic 
rocks of the central cores of the Ordovician folded struc­
ture (See Plate VII). These rocks are a complex of flow 
rocks, tuffs, and their metamorphic equivalents, most 
abundant in the If - 6 and 0 - 8  areas. Higher in the sec­
tion are thick zones of augen schists derived from the meta­
morphism of rhyolitic tuffs and flow rocks, in part mapped 
in the field as dacites. Above and interbedded with these 
rocks are various metasedimentary rocks: argillite, meta- 
greywacke, graphite schist, and cherty iron formation.
The outer and higher structural zones are occupied by 
andesitic and basaltic flows and tuffs and their meta- 
morphic equivalents, by other intermediate rocks pro­
visionally classified as felsites, by chloritic meta­
sediments and tuffs, and by manganiferous slates. Various 
intrusive rocks cut the intermediate and higher parts of 
the section. The general sequence of rocks in the region 
mapped is given in Table II, which also lists all the rock 
types and their designations on the three maps.

In a very general way, the order of the following 
lithologic descriptions is from oldest to youngest. The 
rhyolites to be described first are among the least meta­
morphosed rocks of the area in spite of their location at 
the deepest structural position. It will be seen that 
such apparent anomalies are largely due to the original
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physical properties of the rocks. Because the legends of 
the three geologic maps (Plates II, III, IV) are incon­
sistent with each other and because certain lithologic 
types appear at various levels in the stratigraphic se­
quence and are represented by several map units (Table II), 
numerous references to map sheets and mapped units are 
included in the text.

Rhyolites and rhyolite porphyries

In the southern, or core, area of the IT - 6 sheet 
the rhyolites are massive grey-green and black rocks 
(unit 3). Other rhyolites in the same area (unit 3a) 
are highly contorted and folded. Primary structures 
such as flow bands have been destroyed in most outcrops 
but are discernible in some where weathering has not been 
very active and where the rock has withstood metamorphic 
processes. The rhyolites usually contain many short, 
narrow, contorted quartz veins. Discordant pegmatitic 
veins of quartz and orthoclase are common, generally being 
lens-shaped, not exceeding a foot in thickness and five 
feet in length. The rhyolites are characterized by their 
brilliant white weathered surfaces and their subconchoidal 
fractures. Pinkish-white porphyritic rhyolite is mapped 
separately as unit on map N - 6.
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TABLE II

Post-Silurian
Gabbro

Silurian
Conglomerates
Limestones
Greywackes

Ordovician
Quartz trachyte, syenite 
Manganiferous & Hematitic Slates 
Chloritic metasedimentary rocks 
Pelsites
Coarse Grained Volcanic Rocks
Basalt
Andesite
Metasedimentary Rocks 

Iron formation 
Cherts and Metabentonites 
Greywacke 
Argillite 
Graphite Schist

Intrusive Rhyolite Porphyry
Quartz-chiorite-sericite schist

Dacite

Augen Schist

Rhyolite Tuffs

Rhyolite and Porphyritic 
Ryolite

IT -  6 0 - 7  0 -
Major Minor Major Minor Major Minor

6 11 kb . 11 la

- §a£b - - - - -
- - - - -

Iia ■m
Iff 2gflta 10 - 9 10a
la 2f - - -
- - 3 2a, 6e - lb
1c 3"a . k 2c,11a - Id, lie
lb 2c,3d 1 2e mm la
lb 2c, 3d,

kb
2 3a,l}.a, 

of,11b
1

11b

lh 10
- ke - 2f - 10
- - db - - -
- Id 8 9a - 8a,^e
2b ld,3f

i}.c
0 oa 8

•* ■* 7 2 Cj 3 ̂
ka,ob

2e le,3b 2d,3d, 
6d,7c, 
8b

5 2d, 3s 
kd,od
7A_. . .

2 lb, 3a 
ke,5b

2a 3c 7 3e,pa
6c

6 2a, kb 
kc,5b 
oa

3a,6a 3 2e, kb 
5d,oe 
7c _

3a If, 2d 
kd

6 3b,5b, 
7b 5 2b, 3b 

5c,6c 
7a

Table II - approximate Stratigraphic Section for sheets IT - 6, 0 -7 
and 0 - 8
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Acid volcanic rocks of the core area are limited on 
the 0 - 7  map sheet (Plate VII). However, younger rhyo­
lites (unit 6) are commonly interbedded with the rocks 
higher in the sequence (Plate III).

I.Tinor rhyolites are common, interbedded with all of 
the other volcanic members in the region as indicated in 
Table II. In each case the rhyolites are typical of those 
described.

As a result of dynamic metamorphism mild schistosity
has developed in some rhyolites, and in others schistosity

»
is so strong that the rocks are transformed to quartz- 
sericite schists. Schistose varieties of rhyolites may 
represent either intercalated relatively soft rhyolitic 
ash flows or massive rhyolite flows which have developed 
schistosity in areas of structural weakness where folding 
and faulting have been intense.

Rhyolite tuffs

Although rhyolite flows predominate in the IT - 6 
area, the rhyolites of the core area of the 0 - 8  sheet 
are tuffaceous. The tuffs are included in unit 3 of both 
the IT - 6 and 0 - 8  sheets. On the 0 - 8  sheet rocks 
mapped within this unit can be differentiated into fine­
grained tuffs and tuffs with abundant large rock fragments.
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This unit occupies most of the area south of the ITepisi- 

quit River and appears locally on the 0 - 7  ^ap sheet.
The tuffaceous rocks are variable in appearance. They 
range from pale pink through grey and green to black, are 

fine-grained, and contain broken rock fragments along with 
fractured quartz and feldspar crystals. The tuffs range 
from very schistose and sericitic to massive with fresh 
outcrops often showing original bedding. Tuffaceous rocks 
can be distinguished by the presence of rubbly weathered 
surfaces and the lack of subconchoidal fractures charac­
teristic of the flow rocks.

The rocks of unit 3 west of Otter Brook on the 0 - 8  
sheet contain an abundance of ellipsoidal rhyolitic rock 
fragments up to six inches in length. The rock fragments 
impart a knobby surface to the weathered rock and in any 

one outcrop tend to be oriented in a single direction.
The rock fragments may have been wrenched from the rock 
conduit during violent eruptions.

Acid tuffs are less common as minor constituents of 
other mapped units than are the rhyolite flow rocks. The 
tuffs were recognized only in unit 3 on the IT - 6 map, but, 
as indicated in Table II, are present in several units on 
the other sheets.

Augen Schists
Although rhyolitic flow rocks and tuffs are dominant
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in the central part of the structure, quartz and feldspar 
augen schists are most abundant in the surrounding younger 
sequence (Table II)# These schists are very variable in 
physical appearance and show gradational contacts with 
adjacent rhyolitic units, with considerable intercalation* 

The augen schists of the IT - 6 area are characteristic 
of those in the northwestern part of the Ordovician complex. 
In this area the well-developed schistosity of the augen 
schists, due to the abundance of sericite and chlorite, 
gives the rock a flaky appearance in weathered exposures# 
Relict phenocrysts of feldspar and quartz, in smaller 
amounts, form small augen structures in the rock. The 
unequal size and Irregular distribution of the augen are 
notable features of this rock. Augen structure has been 
observed to vary, in a distance of twenty feet, from 
microscopic to one inch in length, harrow lenses of 
feldspar augen schist are invariably interbedded with 
chloritic and sericitic schists and dark green argillites, 
a feature especially evident north and east of the Ana­
conda - Caribou Mine. Figures 7 and 8 (Plate VIII) show 
this interbedding with argillite in an outcrop north of 
Forty-Mile Brook where the Caribou Mine road crosses the 
brook#

The lens-like nature of the augen schist and the
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PLATE V I I I  : EXPOSURES OF AUGEN SCHIST

Figure 7. Extremely schistose feldspar augen schist. 
Light colored rock in the foreground is augen schist. 
Dark colored rock in background is green argillite. The 
two rocks are interbedded.Outcrop near Forty Mile Brook 
at the Caribou Mine road.

Figure 8. Fine interbedding of dark green argillites 
and extremely schistose augen schists. Q,uartz veining 
is prominent in the argillite. Same locality as fig.7.
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interlensing of augen schist with micaceous schists indi­
cates that the schistosity in this area has been developed 
parallel to the bedding. The interbedding allows one to 
map original sedimentary structures.

The best sections of augen schist are along Forty- 
Mile Brook and the road leading to the Anaconda-Caribou 
Mine. At the mine adit the augen schist varies from a 
dark green, massive, chlorite-rich rock with white blocky 
feldspar augen to a light green, sericitic, highly schis­
tose variety containing crushed, small to minute, augen 
of feldspar and quartz elongated along the schistosity 
planes. The latter type is illustrated by Figures 9 an(i 
10 (Plate IX). ^igure 9 shows the extreme schistosity 
of the rock. Offsets along a crosscutting quartz veinlet 
in the central region of the slide indicates that there 
has been slippage along the schistosity planes. Individual 
feldspar and quartz phenocrysts have been crushed. This, 
together with newly crystallized grains, causes the augen 
texture. In the top central area of the slide a small 
feldspar cleavage fragment lies with its long dimension 
nearly at right angles to the schistosity. Fine-grained 
quartz has recrystallized inthe lenticular areas sheltered 
by the large feldspar phenocrysts. In many instances re- 
crystallization of quartz is thus responsible for the 

augen texture. Quartz also commonly occurs as recrystallized
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material in light-colored lenses, separated by darker 

mica-rich lenses.
Minor chevron crenulations, which are also charac­

teristic of the augen schists of the Anaconda-Caribou 
area, are illustrated in Figure 10. The development of 
quartz-rich and sericite-rich bands is more pronounced. 
Secondary quartz, which has been recrystallized in areas 
of low chemical potential, particularly in the nose areas 
of the micro-folds, is shown by the light grey patches and 
stringers. On the r! - 6 map augen schists are rather common 
as narrow beds (3c) within the older rhyolites of the 
central core•

To the southeast ( 0 - 7 )  these schists are again 
closely associated with allied rock types. They vary 
from extremely schistose varieties typical of the rT - 6 
area to more massive and siliceous types. The more 

schistose varieties, common in the western and north­
western part of the 0 - 7  sheet, contain abundant feld­
spar augen with little or no quartz. They represent a 
continuation of the highly-sheared unit which is prominent 
in the Tetagouche anticline to the north and on the h - 6 

map.
In the southern part of 0 - 7* along the Theriault 

Road, the schist unit appears to be more massive and 
siliceous. Quartz eyes increase in abundance and tend
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PLATE IX  : PHOTOMICROGRAPHS OP SCHISTOSE AUGEN SCHIST

Figure 9. Stained thin section. Schistose variety of 
augen schist from Anaconda Caribou region. Sample N - 6 
- 1. Feldspar augen-dark grey. Quartz augen-light grey. 
Matrix consists of microcrystalline sericite,chlorite 
and quartz. Narrow quartz veinlet exhibits slip along 
the schistosity planes. Crossed nicols.

Figure 10. Stained thin section. Same general area as 
Figure 9. Micro-folds have developed by shear. Feld­
spars appear as dark grains. Quartz (light grey) is 
prominent in the noses of the Micro-folds. The matrix 
illustrates quartz-rich (light grey) and sericite-rich 
(grey) banding. Crossed nichols.
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to rival the feldspars in number and size. The distinc­
tion between augen schist and porphyritic rhyolite becomes 
difficult to discern, Ivlany quartz crystals retain em- 
bayment structures typical of igneous phenocrysts. There 
is a gradation from rocks with euhedral or subhedral quartz 
and feldspar phenocrysts to those, in which a distinct augen 
structure has developed.

The augen schists of the 0 - 7  sheet are intermediate 
between extremely schistose types to the northwest and the 
very massive varieties such as those at the Brunswick !To.6 
clearing to the east. It is within these rocks that pri­
mary tuffaceous structures are observed in thin section, 
and in Chapter II these rocks have been classed as rhyolite 
tuffs.

In the 0 - 7  area, as in IT - 6, the augen schist 
units grade laterally into quartz-rich schists with a 
noted lack of phenocrysts.

Along the southern border of the 0 - 7  sheet, a 
variety of rock was mapped which had been, up to this 
time, Included in the gross augen schist. The matrix 
is markedly chloritic and contains large phenocrysts of 
pink feldspar. The phenocrysts are highly fractured, and 
the rock tends to weather white like most of the rhyo- 

lites. Later mapping on the 0 - 8  sheet further south
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has shown this rock to belong to a suite of rocks quite 
different from the typical augen schists. These rocks, 
mapped as "dacites” on 0 - 8 are discussed at a later time.

Augen schists (unit 6) occur in wide distribution on 
map sheet 0 - 8  (Plate IV). The greatest concentration is 
in the southeast sector, where they are interbedded with 
quartz-sericite schists and reach a maximum thickness of 
one mile. This band of rock encompasses the sulphide 
deposits of the Heathe Steele I,line (0 - 9)» Augen schists 
are common south of Tonogonops Lake, around the Stratmat 
ore zone and west of Forty-mile Brook in association with 
the sulphide ores of the Wedge Wine.

Variation in the physical appearance of the various 
augen schist bands on 0 - 6 possibly reflects an original 
heterogeneity of origin. Feldspar forms the most prominent 
phenocrysts which range in size from small fragments to 
auhedral grains one half inch long. The feldspars vary 
from white to pink and do not appear to show any linear 
arrangement. Quartz crystals are subordinate in size 
and number and are generally rounded. The more massive 
rocks often show deeply embayed quartz phenocrysts. In 
some of the narrow bands of augen schist quartz phenocrysts 
outnumber the feldspars, and the rock takes on a darker 
color.
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In the thick sequence north of the Heath Steele 
property, the augen schist is light-colored and has a 
fine-grained, siliceous and unaltered matrix* Quartz 
and feldspar are about equal in size and number. In the 
weathered rock the larger feldspar crystals tend to be 
rust stained along fractures and crystal boundaries.

In some areas the augen schists become extremely 
schistose, with microcrystalline folia of sericite and 
scattered feldspar augen. In such rocks the quartz 
phenocrysts take on a crushed appearance, the sericite 
content increases, and the rock develops a ’’sugary” 
texture.

Some of the augen schist units, as mapped, have 
been derived from pyroclastics. This is particularly 
true of the rocks in bands north and west of HcComack 
Lake, In these rocks the matrix is fine-grained with 
the quarts and feldspar crystals showing varying degrees . 
of rounding.

’’Dacite”

The rocks in unit 2 of map 0 - 8  were classified 
as dacites in the field. They are a mappable unit, 
recognized for the first time by the writer (Jones, I96I4.) • 
These rocks are generally associated with augen schists, 
but in the three sheets mapped they occur almost exclus-
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ively on 0 - 8. In work prior to 1962 the ’’dacites" were 
not distinguished from the augen schists.

"Dacites'’ of the area are light green to greenish 
black, highly chloritic and sericitic and range from 
massive to very schistose. The schistose varieties 
display waxy surfaces resulting from the development 
of micaceous minerals in the schistosity planes. Feld­
spars are invariably present in several forms, ranging 
from large subhedral pink to white phenocrysts, through 
broken and crushed fragments, to small whitish crystallites 
and thin, splintery grains that appear to have been drawn 
out and aligned in the schistosity planes. The feldspars 
in many cases have undergone extreme alteration, often to 
the point where the crystal is either a sericite or an 
epidote pseudomorph. Such rocks appear to be more the 
rule than the exception.

An outcrop of typical ’’dacite” is located approxi­
mately three miles south of the ITepisiquit River where 
the stream which drains Rogers Lake crosses the power- 
line.

’’Dacites" display the most evident tuffaceous texture 
seen in this area. Figure 11 (Plate X) illustrates a relic 
texture of possible tuffaceous origin. The abundant rod­
like structures are patches of sericite which, are thought 
to be the product of the devitrification of glass shards.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE X : PHOTOMICROGRAPHS - TUFFACEOUS TEXTURES IN 
DACITE AUGEN SCHISTS.

Figure II . Relic shard structures in the matrix of 

dacite augen schist from 0 - 7  map (0 - 7 - 1).Matrix 
is microcrystalline with abundant sericite. Crossed 
nichols.

Figure 12. Stained thin section.Plane light. Embayed 
quartz phenocrysts. Metamorphic rims on quartz grains 
gives them a lace-work contact with the matrix. Quartz 
stringers are evident connecting phenocrysts. Rock is 
highly epidotized (dark patches).
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Rounded, to subhedral grains of quartz with embayment 
structures are seen in many "dacites" (Figure 12, Plate X)• 
Siliceous and massive "dacites" invariably contain both 

quartz and feldspar as phenocrysts.
In outcrops of schistose "dacite1' where two dimensions 

can be viewed, it is evident that movement has occurred 
along the schistosity planes. This has led to the elon­
gation of the feldspars and quartz phenocrysts in the 
plane of the rock cleavage, forming rods which constitute 
a b-lineation in the minor folds. Such features can be 
observed on the outcrop along the power-line at the stream 
which drains Rogers Lake.

Ilore detailed work will be needed to determine the 
exact relation of this rock to augen schists. "Recites” 
now appear to be common over wide areas of the district 
and are especially common along the harrows of the ifepisi- 
quit River, six or seven miles east of the 0 - 8  sheet. 
Similar rocks occur quite commonly in the other units of 
the 0 - 8  map (Table II) but were not mapped on the 0 - 7  

and N - 6 sheets.

Chlorite and Sericite Schist

Chlorite and sericite schists increase in abundance 
from the 0 - 8  area, in the southeast, to the If - 6 area,
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in the northwest. They are associated with volcanic and 
sedimentary rocks throughout the Ordovician sequence and 
are not confined to any stratigraphic position. Schists 
associated with rhyolites are rich in sericite,whereas 

those associated with graphite schists and andesites are 
chlorite-ri ch.

In the.!>! - 6 area the chiorite-sericite schists 
closely resemble the matrix material of the augen schists. 
Since the two rock types are so closely associated, the 
augen-free variety is thought to represent a facies of the 
augen-bearing type. Quartz-sericite schists are associated 
with the massive rhyolites and in this case are apparently 
schistose varieties of acid volcanics.

On map 0 - 7  chlorite and sericite schists (unit 5>) 
are mainly in the western and southwestern regions as thin 
beds in association with acid volcanic rocks. They are 
also common as thin bands associated with other volcanic 
and sedimentary rocks (Table II).

Although sericite schists are common on sheets IT - 6 
and 0 - 7 *  they are relatively uncommon on the 0 - 8  
sheet (Table II). The quartz-sericite schists associated 
with the acid volcanic members are light in color, sili­
ceous, and contain abundant sericite along planes of 
schistosity. The quartz-rich schists display a sugary 
texture, and some contain scattered feldspar and quartz

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



65

phenocrysts. It appears from field observations that the 
quartz-rich schists are the product of dynamically-altered 
quartz and feldspar augen schists. Pearce (1963) substan­
tiates these observations by chemical analyses of rocks In 
the vicinity of the Brunswick sulphide deposits.

The chlorite-rich schists (le of H - 6, 2d of 0 - 7> 
and 2d of 0 - 8) are associated with the intermediate 
volcanics and graphite schists and appear to be dynamically 
metamorphosed basic tuffs. These rocks are dark green, 
soft, flaky and highly schistose. Calcite is common as 
veinlets and as replacement masses.

Intrusive Rhyolite Porphyry

Massive porphyritic rhyolites are prominent in the 
less deformed areas of the map sheets and in areas where 
there appears to have been a great amount of acid volcanic 
activity. This rock type Is pronounced on the 0 - 8  map 
(unit 7)> less common on 0 - 7 and scarce on '! - 6. The 
rhyolites commonly form hills and ridges, mainly within 
the acid tuff and volcanic core area. An example of such 
a topographic feature Is Razor Back Ridge, a linear ridge 
in an old fire burn approximately one mile west of Rogers 
Lake. Here a rhyolite porphyry mass, presumably offset 
by faulting, forms a group of ridges at least two miles 
long and a mile wide (Figure 13, Plate XI).
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PLATE XI : VOLCANIC CORE AND SKETCH OP ORDOVICIAN - 
SILURIAN CONTACT.

Figure 13. View east from top of Razor Back Ridge in 
central part of 0 - 8 map. Rogers Lake in background. 
Rhyolite mass (white) which composes the ridge represents 
the remnant core of an Ordovician Volcano.

Figure 14. Hypothetical sketch across the Ordovician- 

Silurian contact on map N - 6. Assumed contact is an 
unconformity. Illustrates gross stratigraphic units.
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The intrusive rhyolite occurs in isolated masses 
throughout the district. They appear to represent the 
necks, or cores, of the volcanoes which must have been 
active during the period when great sequences of acidic 
volcanics were accumulating. These rock masses, being 
composed of a denser and more resistant material, were 
able to withstand the various periods of deformation and 
still show many of their original structures and textures. 
Examples of massive intrusive rhyolites are the large 
isolated masses at the ITine-Hile 'Fire Tower (P - 7) 
on Little Bald Mountain (IT - 8) (Plate 1),

The intrusive rhyolites are generally massive and 
blocky with a dense, hard, fine-grained matrix which 
typically fractures along subconchoidal breaks. They 
are generally cut by many quartz veins and transected 
by numerous joints. The rocks range from green through 
brown to a maroon-red, and generally contain abundant 
small pink and white feldspar phenocrysts and small 
rounded quartz grains. Quartz phenocrysts are embayed and 
clear albite rims perthitic feldspar phenocrysts (Figure 
15, Plate XII), The dense matrix material is evident. 
Figure l6 (Plate XII) illustrates the igneous texture of 
the rock and suggests the presence of flow bands.

Phenocrysts are not always present in these rocks, 
but where they occur they show a random distribution and
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PLATE XII : PHOTOMICROGRAPHS OP MASSIVE INTRUSIVE 
RHYOLITE.

Figure 15. Stained thin section. Massive rhyolite 
porphyry from Razor Rack Ridge. Sample 0 - 8 - 3 .
Clear quartz phenocrysts show embayment structures. 
Deeply stained feldspar phenocryst in center of slide 

is rimmed by clear Na-feldspar.Veinlets are composed 
of quartz (light) and K-feldspar (grey). The matrix 
of the rock has taken on a high potassium stain and 
is indistinct. Rounded black spots are bubbles in the 
mounting media.

Figure 16. Massive rhyolite with typical quartz pheno­
crysts which are embayed and which show metamorphic 
rims. P'eldspar phenocrysts are rare. The matrix con­
sists of microcrystalline quartz, orthoclase and seri­
cite. Flow banding is evident. Rock samp3.e is located 
near Razor Back Ridge, map 0 - 8  (Sample J-776).
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orientation.
Flow banding is commonly evident on the weathered 

surfaces of rock exposures. Some of the outcrops show 
rare inclusions of rock, which are generally elongated 
and lie with their long direction parallel to the flow 
bands*

Whereas the above rocks are described as intrusives, 
it is concluded that porphyritic rhyolite flows also exist 
and occur in association with other acid volcanics of the 
area. For example, on the 0 - 8  sheet porphyritic rhyo­

lites occur as minor members with the ’’dacites,” acid 
volcanics, rhyolites, and augen schists (Table II)*

The Intrusive nature of some of the porphyritic 
rhyolites was not recognized during mapping of the 0 - 7  
sheet. Porphyritic rhyolites of 0 - 7 are more highly 
deformed than those of 0 - 8 and contain an abundance of 
euhedral to fragmental quartz and feldspar phenocrysts.
In the northern part of 0 - 7, porphyritic rhyolite flows 
grade into augen schists. Similarly, on the IT - 6 map 
sheet, no massive porphyritic rhyolites were mapped, but 
possible schistose examples were included within the augen 

schist unit So

Metasedimentary Rocks 
G-raphite Schist

Associated with the augen schists and related acid
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volcanic rocks are various metasedimentary rocks. Graphite 
schists, the most common rock type, is associated with 
minor amounts of argillite, greywacke and metabentonites.
In combination with the volcanic units, this metasedimen­
tary band forms the middle member of the stratigraphic 
sequence (Plate VII).

The writer found no fossil remains in any of the 
sedimentary rocks from these regions, but graptolites 
are abundant in the graphite schists near Bathurst.
Graphite schists form topographic lows, and the best out­
crops are found along road cuts or in the beds of streams. 
Although this schist seldom outcrops in the bush, it is a 
good conductor and can be traced with success in areas of 
no outcrop through the interpretation of electromagnetic 
surveys•

Graphite schist, argillite and augen schist seem to 
form a common association with several of the massive 
sulphide deposits in the area. Graphite is the foot wall 
rock of the Anaconda-Caribou sulphide zone, whereas ar­
gillites are prevalent at the Wedge Hine, and both occur 
at several other smaller sulphide occurrences.

Graphite schists are one of the major rock types of 
the 0 - 8  sheet, -'or the most part, the schists are black, 
soft, very schistose and highly graphitic. These incompe­
tent rocks are generally highly contorted and injected by
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concordant and discordant quartz veins. Pjrrite is common 
as disseminated cubes and films along joint surfaces. 
Argillite, greywacke, and quartz-chlorite-sericite schist 
form minor members of the graphite schist unit.

G-raphite schist crosses the northern part of the 0 - 8  
sheet from east to west as a band several thousand feet 
thick. In the eastern half of the area the Hepisiquit 
River has cut its valley within this unit. To the west 
the graphite schists have been partially obliterated by 
faulting and tend to disappear as a result of interfingering 
with volcanic units, pinch-outs, and faulting all In 
combination.

G-raphite schists of the 0 - 7  sheet (Table II), like 
those of 0 - 8, are commonly associated with siliceous, 
fine-grained and laminated argillites. In some areas, as 
along South Porty-liile Brook, the graphite schist unit is 
represented by paper-thin shales*

The incompetent graphite schists are favorable loci 
for the intrusion of igneous rocks. This is illustrated 
on the 0 - 7  sheet (Plate III) where the intrusion of a 
large basic body caused considerable flowage in the 
schists.

Similar graphite schists are common in the IT - 6 
area associated with augen schist and as minor beds with 
acidic and basic volcanics (Table II).
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Argillite

Argillite is common in the region around Forty-Mile 
Brook and the Wedge Mine ( 0 - 7  and 0 - 8  maps), where it 
is closely associated with greywacke. The argillite is 
siliceous and less schistose than the graphite schists* 
Siliceous argillites form the footwall of the ore zone 
at the Consolidated Mining and Smelting 7/edge property.

Argillites were not mapped as a separate 'unit on 
the 0 - 8 or the h - 6 sheets. In the II - 6 region 
chlorite-rich metasedimentary rocks were mapped and 

might be equivalent to the 0 - 7  argillites.

Greywacke

Greywackes are confined to the 0 - 7  and 0 - 8  
areas. They are coromonly associated with argillites and 
are most prevalent in a band immediately east of the 
Wedge Mine (0 - 8). Greywackes are evident in the workings 
at the mine. The rock outcrops on the south side of the 
road 300 feet east of the gate. In hand specimen the 
rock appears massive and medium-grained with a "dirty" 
matrix composed largely of feldspar and quartz fragments. 
Angular rock fragments up to 2 inches in .length are common, 
Greywacke is rather massive and, minus the large rock 
fragments, would be difficult to distinguish in hand 
specimen from many rocks in the area which are presently
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■being included in the acid volcanics.
The texture and mineralogy of the greywacke is best 

studied in thin section, and two examples have been in­
cluded (Plate XIII). The rock appears relatively unal­
tered in relation to the amount of deformation that the 
area has undergone. It is composed of approximately 
clear, highly angular quartz grains up to 1 mm. long. 
Quartz grains show no apparent orientation or lineation, 
and much of it is strained. Angular quartz grains 
apparently have not been transported any great distance. 
Feldspar forms a minor clastic fraction and occurs as 
angular to rounded grains, usually showing well-developed 

albite twinning (Figure 18, Plate XIII). Angular to 
rounded rock fragments also form clastic constituents, 
with shale forming the most prominent (Figure 17, Plate 
XIII). The shale fragments are extremely fine-grained 
and sericitic with minute quartz inclusions. Other rock 
fragments consist of rounded rhyolite pebbles. The 
matrix of the greywacke is a finely crystalline mass of 
quartz and sericite with some calcite. Pyrite is fairly 
common as replacement blebs and as films along fractures.

Cherts and Hetabentonites

The graphite schist sequence on 0 - 8 contains inter­
beds of green, weakly magnetic, cherty, sedimentary rock.
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PLATE XIII : PHOTOMICROGRAPHS OF WEDGE GREYWACKE

Figure 17. Greywacke from the Wedge Mine. Sample 0 - 7  

- 12. Rock is dominantly angular quartz (light) with 
rock fragments in an argillaceous matrix. Large shale 
fragment is bottom of photo,with other dark and scat­

tered fragments common(S). Rounded rhyolite pebble (R) 
appears in center of slide.

Figure 18. Stained thin section. Same locality as above 
Illustrates the nature of greywacke matrix. Matrix dom­
inantly angular quartz (light). Rounded grain of unalte 
red albite displays well developed twinning. Rounded 
rhyolite fragment is southwest corner. Fine grained 
material has absorbed the potassium stain.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



74

P L A T E  XI I I

Fi gu re 17

F ig u re  18 7 0 x

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



75

The chert commonly occurs as narrow 1 to 3 inch beds but 
has been observed in beds up to twenty feet thick. Their 
most common occurrence is along the ITepisiquit River near 
the east edge of the 0 - 8  map*

Some of the cherty sediments may be metabentonites. 
The metabentonites are extremely fine-grained, dense, 
siliceous, and under high magnification structures 
characteristic of glass shards are suggested by laths and 
patches of micaceous material. Further detailed study 
would be required to more fully establish this rock as a 
metabentonite.

Iron Formation

On the 0 - 8  map iron formation is associated with 
graphite schists along the TTepisiquit River, as extremely 
cherty and fine-grained beds, ranging from weakly magnetic 
varieties to totally non-magnetic cherts and quartzites. 
These rocks are closely associated with the apparent meta­
bentonites. In other areas they were also observed to 
grade into red hematitic slates.

The second type of iron formation is a magnetite- 
bearing rock associated with basic intrusive rocks, 
notably along the power line three miles south of the 
Nepisiquit River. These rocks are sedimentary, display 
red and green laminated beds, are magnetic, contorted,
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and display abundant quartz veins. Magnetite is visible 
in hand specimen and in thin section as small euhedral 

crystals.
The only outcrop of iron formation mapped on the 

IT - 6 sheet is north of the Tetagouche River and west of 
the Caribou Road. The iron formation at this locality is 
a green, hard, and extremely fine-grained cherty sediment 
with streaks of magnetite along the fractures. Pyrite is 
common as disseminated blebs along fractures and within 
the rock. The iron formation in this area is also closely 
associated with basic volcanic rocks.

Andesites

In contrast to the oldest rocks of the Ordovician 
complex, the youngest rocks are predominantly basic to 
intermediate volcanics and occur near the outer rim of 
the folded structure (Plate VII). Andesites are common 
on the il - 6 and 0 - 7  sheets and only slightly less, so 
on 0 - 80 Andesite flows and tuffs are fairly constant 
in physical appearance over the region.

Inthe east-central part of 0 - 7 andesites form a 
thick sequence in the nose of the ITine-Mile Brook syncline. 
The andesite is green, fine to medium grained, massive to 
extremely schistose and slightly calcareous. Calcite 
occurs as finely disseminated blebs, as fillings in vesi-
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cles and as films along veinlets and fractures. These 
andesites continue southwest onto the 0 - 8  sheet»

Andesites of If - 6 are somewhat more schistose than 
those of 0 - 7 with a higher development of micaceous 
minerals along the planes of schistosity. Hematitic 
staining, with the secondary mica, imparts a glossy red 
appearance to the rock.

Many of the andesites are tuffs. These tuffaceous 
rocks are usually green, medium to coarse-grained, with 
an ashy or spongy texture caused by the presence of pumi- 
ceous material and abundant rock fragments in the aphahi- 
tic matrix. The tuffs are generally more highly chlori- 

tized and epidotized than the flow rocks and weather to 
a pale green which contrasts with the darker green of the 
flows. The tuffs display a rubbly surface as a result of 
differential weathering of the softer chloritic matrix and 
the more resistant fragmental material. The andesite 
tuffs also show a bedding lamination not characteristic 
of the flows.

In the intermediate flows and tuffs, veining is 
common with abundant concordant and discordant veins of 
quartz and epidote. Disseminated pyrite is a common con­
stituent of the andesites.

Andesites are commonly associated with other volcanic 
rocks on a minor scale and have been included within the
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other units, as indicated in Table II.

Basalt

3asalt was mapped as a distinct unit on the 0 - 7  
sheet but was included as a minor unit in the andesites 
of N - 6 and 0 - 8 .  Basalts are dark green to black, 
fine to medium grained, and usually very massive with a 
blocky fracture. They are commonly amygdaloidal, the 
vesicles being filled with white and pink calcite. pyrite 
is a minor constituent as disseminated blebs.

On the 0 - 7  map the most prominent occurrence of 
basalt is east of Forty-I.Tile Brook in the north-central 
area of the sheet, Ilany lone basalt outcrops occur in the 
andesite unit. Although the above description fits the 
basalts associated with the andesites, those associated 
with more siliceous rocks are dark red, dark green and 
brown, with epidote in veinlets along fractures. The 
lighter basalts are locally tuffaceous In appearance and 
are commonly associated with thin beds of green laminated 
chert up to 6 inches thick. I/I any of these less common 
basalt types are slightly magnetic.

Coarse-Grained Basic Volcanics

Associated with the andesites in many areas are 
other basic extrusive rocks which differ from the andesites
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in having a coarser grain size. Rocks mapped as coarse­
grained basic flows are common in unit 1 of map IT - 6 
(Plate II). This rock has been highly altered, and 
secondary chlorite is pronounced, a feature which dis­
tinguishes it from the gabbro intrusives in the area.

On the 0 - 7  sheet coarse-grained basic flows are 
also rather common. They are generally dark green, medium 
to coarse-grained, massive to schistose, with an ophitic 
texture. Disseminated pyrite is common. Quartz, calcite, 
epidote and chlorite are common along fractures and joint 
planes.

Some of these rocks may be pyroclastic, as suggested 
by fragmental texture and the apparent susceptibility of 
the rock to alteration. In the 0 - 8 area, where outcrops 
are more abundant, fine-grained andesites 'were seen to 
grade laterally into coarse-grained varieties. Where 

such variation could be observed the coarser-grained rocks 
were mapped as equivalents of the andesites and were ob­
served in some instances to comprise the central parts of 
flows.

Light G-reen Pelsites

In the 0 - 7  map area rocks mapped as light green 
felsites make up the dominant lithology of unit 3* Light 
green felsites are associated with andesites, and consider­
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able practice in the field is necessary in order to differ­
entiate between the two on the basis of color*

Recognition of the felsites as a mappable unit re­
sulted from attempts to sub-divide the thick sequence of 
greenstones within the core of the Nine-Mile Brook syn- 
cline (0 - 7)«

Light green felsites were not mapped on the IT - 6 
sheet, and are very minor in the 0 - 8  area*
—  Felsites are light green, fine to medium-grained, 

generally massive, and in some cases siliceous to such 
an e xtent that they have a "sandy" appearance. Many fel­

sites are bedded, fragmental, quite schistose and are 
seen to display ellipsoidal structures which may represent 
flow features, harrow beds of felsite occur with other 
rock types (Table II).

Ghloritic Lletasedimentary Rocks.

In the IT - 6 area the intermediate volcanic rocks are 
associated with fine-grained, chlorite-rich rocks which are 
interpreted as representing primary sediments* The sedi­
mentary rocks are dark green, often sericitic, and display 
concordant and discordant veins of quartz. They generally 
display bedding, and epidotization is common along bedding 
planes.

They also occur as a harder, more massive, silica- 

rich variety. Some are tuffaceous and can be differenti­
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ated from the sedimentary rocks by a characteristic 
rubbly weathered surface. These rocks have been inter­
preted as the silicate facies of sedimentary iron forma­
tion (McAllister, i960; Jones, i960). Chloritic sedi­
mentary rocks have not been mapped in the 0 - 7 or 0 - 8 
areas, but it is suggested that green argillites in these 
areas are equivalent.

lianganiferous and Hematitic Slates

Red manganiferous and hematitic sedimentary rocks 
are associated with intermediate volcanic rocks of all 
three sheets. These rocks are typically red, laminated, 
fine-grained, soft, and interbedded with some green 
varieties. Small one-inch knots of pyrolusite and 
rhodochrosite are common. The slates are generally con­
torted and cut by many quartz veins.

In the 0 - 8  area red slates were seen to be associ­
ated with basic intrusive rocks and were also observed to 
be confined to the contact area of the inner core acid 
volcanics and the intermediate sedimentary members. The 
best exposures were observed along the stream which flows 
out of Rogers Lake, approximately one mile east of where 
the stream crosses the power line. It can be said that 
these slates are similar to the iron formations in this 
area (0 - 8) but are non-magnetic.
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Q.uartz Trachyte and Related Intrusive Rocks

Rocks in unit Ij. (3ST - 6) are practically impossible to 
correlate with the other units of the same sheet. These 
rocks are confined to the western and southwestern region 
(IT - 6) where considerable faulting has occurred.

The dominant rock type is quartz trachyte, which sup­
ports prominent land forms such as Camel Back Mountain 
(2100»). The trachyte is massive, fine-grained, light 
red to dark greenish-black, and is characterized by laths 
of pink and white feldspar, with scattered flecks of mag­
netite and hematite. At one locality, on Camel Back Moun­
tain, an occurrence of red cherty jasper was mapped in 
association with the quartz trachyte. The trachytes 
extend in outcrop and drill core to within two miles 
of the Anaconda-Caribou sulphide deposit where they 
abruptly disappear. The disappearance is believed to 
have been caused by displacement along a major north­
easterly trending fault.

Other scattered outcrops of related rock types 
occur within the core area of the R - 6 map and re­
present syenite or monzonite dykes.

Silurian Rocks
Rocks of Silurian age were mapped in the extreme 

northwestern corner of the R - 6 sheet. Silurian rocks
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are separated from Ordovician rocks by a major unconformity. 
Rocks of Silurian age consist of conglomerates, limestones, 
and greywackes. The conglomerate overlying the unconfor­
mity is very massive with large angular pebbles of quartz, 
manganiferous slates and basic volcanics up to two inches 
in cross-section. The matrix material is fine to medium 
grained, green, and slightly calcareous. Limestones are 
grey-green, fine to coarsely crystalline, and are gener­
ally slightly fragmental. Greywacke is fine to medium 
grained, slightly calcareous, and consists principally of 
small fragments of manganiferous slates and basic volcanics 
similar to the underlying Ordovician sequence. The grey- 
wackes contain fragments of brachiopods and corals which 
serve to place the rock sequence above the non-fossili- 
ferous Ordovician complex.

Post-Silurian Rocks

Post-Silurian rocks of IT - 6, 0 - 7 ,  and 0 - 8  are 
represented by massive gabbro intrusives.

In general the gabbros are dark green to black, very 
massive and coarse-grained. Individual outcrops of 
gabbro show notable degrees of variation. Where the 
width of outcrop permitted, a gradation in grain size 
could be seen from coarse-grained interiors to finer 
grained border areas.
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The gabbros show their greatest degree of variation 
texturally. Hypidiomorphic textures are common with well- 
developed euhedral crystals of feldspar and pyroxene.
Other gabbro bodies, such as the ones north and west of 
California Lake (0 - 7)j present a glomero-porphyritic 
texture in which the matrix is fine-grained, altered and 
contains large irregular to rounded patches of feldspar 
crystals up to one-quarter inch in dimension.

The gabbros appear to have been forcefully intruded 

along fault planes, into the noses of folds, or into areas 
of incompetent beds. Along the eastern margin of the 0 - 7  
sheet a large mass of mobile basic magma was intruded into 
a thick sequence of incompetent graphite schists causing 
them to be squeezed outward and to outline the shape of 
the igneous mass.

Happing to the south (Jones, 196k), where outcrop 
are more plentiful, substantiated the earlier view that 
much of the faulting in this area pre-dated the intrusion 
of the basic bodies. Since two main periods of faulting 
occurred, during Ordovician and Devonian time, it is then 
conceivable that the gabbros are Devonian in age. It is 
postulated that a more schistose variety of coarse-grained 
basic rock, which has been mapped as flows (page 79)* 
might represent gabbro sills of Opdovician age that have 

been later metamorphosed by subsequent periods of deformation.
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Diabasic dykes were observed (0 - 8) cutting the acid 
volcanic rocks. In some instances the entire width of the 
dyke (h. feet maximum) could be observed in outcrop. It is 
possible that these rocks might be Triassic in age, since 
very similar occurrences have been recorded in the Carbon­
iferous 3asin east of Bathurst,

Structure

General Statement

Interpretation of structure from the available evi­
dence is very speculative. Lack of outcrop, destruction 
of primary features by metamorphism, lack of marker hori­
zons, the complexity of the structure, and the scale of 

mapping followed necessitates indication of gross struc­
tural trends only. In the mapped area the strucutal 
picture is one of extreme faulting and folding. Whereas 
folding is more prominent in the IT - 6 and 0 - 7  areas, 
faulting is more pronounced in the 0 - 8  area (Plate VII).

Structures from at least two major orogenies, the 
laconic (Ordovician) and the Acadian (Devonian), have 
been superimposed on the area. It appears that the 
major folded structures, which display prominent north­
east trends, have developed during, the Acadian orogeny. 
The trend of the structure prior to the Acadian deforma-
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tioh was probably northwest, as evidenced by lesser north­
west trends still evident in some areas.

From the scarce amount of data obtained the writer 
was unable to relate structure to periods of deformation. 
The description of folds and faults to follow is, then, 
geometri cal.

Host of the tuffaceous and sedimentary rocks within 
the Ordovician complex display a prominent schistosity 
which has developed as a bedding foliation in the rocks 
through compaction and dynamic metamorphism. Schistosity 
was utilized in mapping lithologic trends.

Dips on the schistosity planes vary from very steep 
to nearly vertical. However, in the southwest region of 

0 - 8 ,  dips are low. Smith (1957) interprets these 
particular low dips as an indicator of his structural 
axis, which runs through the area (Chapter I). Smith’s 
axis, with its northwest trend, has not been clarified in 
any previous publication.

Major Folds

In the area mapped by the writer the major folds are 
associated with axes that strike in a northeast direction 
and plunge steeply northeast and southwest off the flanks 
of the dome.
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In the northwest (IT - 6) the structure is dominated 
by the west limb of the Tetagouche anticline (Plate VII) 
which strikes northeast and plunges in the §ame direction. 
The east limb of the same anticline extends southerly into 
the 0 - 7  area.

Within the boundaries of the IT - 6 sheet the principal 
structure Is the broad Caribou syncline which has been 
developed on the west limb of the Tetagouche anticline.
The axial trace of the Caribou syncline is curved but 
strikes approximately IT 20° S. The plunge of the axial 
line is steeply to the northeast, and the axial plane 
dips steeply west. This structure may be outlined by 
lineations on.aerial photos and was mapped from the 
schistosity of the rock units (Jones, i960).

The trace of the axial plane of the Caribou syncline 
curves northward out of the augen schist sequence and 
leaves the II - 6 map sheet striking slightly west of 
north. Since east-west faults are prominent in this 
area, it is thought that the curvature of the axial 
trace has resulted from horizontal displacement along 
the faults.

Folding is tightest in the vicinity of the Anaconda- 
Caribou sulphide deposit and opens to the north. The 
folded structure dies out south of Forty-Hile Brook 

where it passes into the acidic volcanic rocks of the
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central core (Plate II),
The east limb of the Caribou syncline passes onto the 

0 - 5  Kiap sheet as the west limb of the Tetagouche anti­
cline, The west limb of the syncline is partly cut off 

two miles northwest of the Caribou sulphide deposit by a 
series of prominent southwest striking faults.

Folding is prominent in the 0 - 7  map area, where 
the tightly compressed ITine-Mile Brook syncline lies 
between the Tetagouche anticline to the north and the 
Brunswick anticline to the east (Plate VII), The struc­
ture again plunges steeply northeast. The ITine-Mile 
Brook syncline is suggested by the few top determinations 
that were available in the basic volcanic sequence. Plate 
I, compiled by the Geological Survey of Canada, shows the 
folded structure much as outlined on Plate III (Jones, 1963).

The synclinal pattern is the northeast quarter of 
0 - 7  can be traced over the whole of the map sheet, where 
it broadens out rapidly in the acid volcanic rocks to the 
south.

Folding is not as pronounced on the 0 - 8  sheet as in 
the IT - 6 and 0 - 7  areas. The broad synclinal structure 
from 0 - 7  hies out but can be traced as far south as the 
assumed contact between the core acid volcanic rocks and 
the sedimentary units where it is terminated .by faulting.
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In the northwest sector of the sheet an open fold was 

traced by the mapping of a swarm of basic sills which 
are post-folding. A synclinal axis lies close to the 
western border and strikes north-northwest. The west 
limb was mapped by McMutt (I96I1.) on map IT - 8.

Major folded structures are traced more easily in 
the outer two stratigraphic units and are generally lost 
in the central acid volcanic core. In contrast, faults 
can be traced through all of the stratigraphic units.

Minor Molds

Minor folding is interpreted as being associated 
with shearing along faults, Intrusion, refolding, or 
crinkling within major folds.

The central part of the Mine-Mile Brook syncline 
(0 - 7) has been tightly compressed and has buckled into 
sharp chevron folds in the centre of the trough. This 
folded pattern is open to interpretation, since it is 
apparent that a north-south fault through the trough of 

the fold would give much the same structural pattern and 
has been postulated on Plate I (G.S.C.). Isoclinal 
folding has been noted in other parts of the district and 

would also present much the same pattern (Pearce, 19&3 
and Skinner, 1956). However, the interpretation shown 
on Plate III is reasonable and adequately accounts for
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the great thickness of intermediate volcanic rocks in 
this area.

In many outcrops over the district small folds have 
been mapped with amplitudes from one foot to several tens 
of feet. These folds parallel the major structure, plunge 
steeply northeast or southwest, and occur in less competent 
beds as the result of flow during formation of the major 
folds.

Minor shear folding is common in areas of faulting. 
Attempts have been made to explain the complicated struc­
ture in the•southwest quarter of the 0 - 8  map sheet by 
isoclinal shear folding.

Intrusions of igneous bodies into the stratified 
layers of tuffs, flows, and sediments has resulted in 
these beds being warped into small doubly pltanging 
anticlines which surround the intrusion. This feature is 
evident on Plate IV (Jones, I96L.).

Many minor crenulations have been observed, and 
are associated with slip cleavage. In these cases the 
amplitude of the folding is less than one inch. The 
most common crenulation is associated with a near 
horizontal slip cleavage.

Fault s
Two major fault systems, one striking northwest- 

southeast and the other approximately at right angles,
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are apparent in the area mapped. The northeast-southwest 
system appears to be the more pronounced and terminates 
the northwest-southeast set in most instances. The more 
prominent set parallels the direction of the major oro- 
genic axis as postulated by Smith and Skinner (1958)*
In most cases the type of faulting involved and the dis­
placement cannot be determined accurately with the data 
available.

On the IT - .6 sheet three major faults extend from 
the western border of the area, across the west limb of 
the Caribou syncline and intersect the east limb where 
they trend parallel to the beds (Plate II). This series 
of faults possibly represents a continuation of a large 
east-west shear zone mapped by Sims (i960) on the Ivl - 6 
sheet. Mapping of these faults on the II - 6 map represents 
a major contribution to the geology of the area, since 
faulting adequately accounts for the sudden disappearance 
of the thick sequence of augen schist which is prevalent 
in the nose of the fold. Skinner (1958) attributes the 
disappearance of augen schist to interfingering of 

several narrow extensions of the augen schist into rocks 
of Smith's (1957) greenstone division (Plate I). Detailed 
mapping in the area two miles northwest of the nose of 

the Caribou syncline confirmed the presence of faulting 
and further indicated that the augen schists disappear as
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- a result of displacemsnt..along the faults* The west limb 
of the Caribou syncline passes through the fault zone into 
the east limb of a broad anticlinal structure the axis of 
which strikes approximately north-northwest•

Another area of faulting in the southwest corner of 
the N - 6 sheet is related to the system of faults with 
northwest-southeast trends. The most prominent is a large 
fault which extends from the M - 6 sheet (Sims, i960), 
crosses the southwest corner of the H - 6 sheet (Plate II), 
and extends for a considerable distance south along the 
valley of Forty-Mile Brook. This fault is characterized 
by a deep linear depression where it crosses the iT - 6 
map and rocks south of the fault appear unrelated to the 
rocks north of the fault. The amount and direction of 
displacement along the fault is unknown. It has been 
postulated that the above fault may form part of a major 
fault zone which follows the Forty-Four liile Brook valley 
southeast to the Hepisiquit River and on along the Tomo- 
gonops River to the edge of the Pennsylvanian cover. Part 
of this fault zone is indicated on Plates I and VII.

Camel Back Fountain (IT - 6) is flanked by fault 
zones, and only relative movements have been indicated. 
However, it is proposed that significant vertical movement 
has elevated the trachytic rocks of unit Ij. into their 
present position.
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The same fault systems as those outlined on I - 6 
contribute to the complex structure of the 0 - 7  map*
The great thickness of intermediate volcanics in the 
northeastern area^are terminated to the south by east- 
west faults and are partly cut off to the west by a 
major north-south fault*

Faulting is more important than folding in con­
trolling the structure in the acid volcanic core of the 
0 - 8  sheet. The most notable feature is that faulting 
does not appear to offset basic intrusive bodies which 
are located in and along areas of mapped fault zones. 
Several of the basic intrusive bodies are confined to 
areas of fault intersections. In the II - 6 sheets 
and 0 - 7  sheets faults are shown to cut basic intrusives, 
but these maps with their interpretation were published 
before these relations were established (Jones, 196k).

Conclusions

The writer is of the opinion that much of the struc­
ture in the Bathurst-Newcastle camp has been interpreted 
in the past to be folding because of the implication 
that folded structures in conjunction with suitable rock 
types imply favorable conditions for the presence of 
sulphide deposits. Happing of the II - 6, 0 - 7  and 0 - 8  
sheets has been convincing that much of the folded struc-
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ture can be better defined by faulting*
The contact between the Ordovician and Silurian 

sequences is variously interpreted as a fault (Skinner, 
1956) or unconformity (Smith and Skinner, 1958), Prom 
reliable field evidence the writer interpreted the con­
tact as an unconformity (Jones, 1961). The contact is 
irregular (Plate II), and the rock assemblage of the 
Silurian immediately above the Ordovician contains frag­
ments and pebbles lithologically similar to the uppermost 
Ordovician (unit 1) of map sheet P - 6. Assuming that 
the Ordovician complex is a domal structure, the inter­
pretation of the Silurian-Ordoviclan contact as an un­
conformity is the basis whereby a gross stratigraphic 
sequence can be established for the Ordovician rocks 
(See Pigure 1I4., Plate XI),

Economic Geology

Gene ral St at ement

During the mapping period (I96O-I96I4.) one mine was 
in production, and several areas of interest were being 
actively investigated. The producing property is the 
Consolidated Mining and Smelting-lVedge Mine, immediately 
west of Porty-Mile Brook on the north side of the Nepisi- 

quit River (0 - 8),
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The only other major sulphide occurrence of economic 
interest within this area (U - 6, 0 - 7, 0 - 8) is the 
Anaconda-Caribou deposit on IT - 6 (Plate I). At the pre­
sent time the property is dormant, and development work 
includes the completion of an adit intersecting the western 
limb of the sulphide zone.

Descriptions of Sulphide Occurrences

The reader is referred to -Tones (19&0) for detailed 
information concerning the geology and origin of sulphide 
deposits in the Bathurst-TTewcastle area. However, the 
deposits do have several features in common which are 
listed below:
1. Sulphide zones are conformable to sedimentary and 

volcanic horizons in association with augen schists0
2. All of the massive sulphides show bedded and banded 

features.
3. The deposits are elongate, lens-like bodies parallel 

to the local bedding.
I].. Metal ratios appear consistent.
5* Regional zoning is lacking.

Mineralogically the deposits consistently fall into 
one of two major types. The most common type is fine­

grained and massive, consisting of 70 - SO per cent pyrite
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and up to 7 P©? cent sphalerite and smaller amounts of 
galena. The second mineral assemblage is composed mainly 
of pyrrhotite and chalcopyrite with little or no galena 
and sphalerite. These two types of ore may occur separate­
ly or in conjunction with each other.

The reader is referred to Jones (1961, 1963, 196I|-) 
for descriptions of minor sulphide occurrences scattered 
over the IT - 6, 0 - 7  and 0 - 8  maps.

Contributions Made to the Local Geology

During the field work several observations were made 
which constitute contributions towards a better under­
standing of the geology of the district. These observa­
tions and contributions are listed below:
1. Recognition of reliable data for the existence of a 

major unconformity between the folded Ordovician 
complex and the overlying Silurian sequence.

2. The establishment of an unconformity allows for 
recognition of relative age relationships in the 
rocks of the Ordovician complex. Assuming a domal 
structure, the core rocks are the older, with de­
creasing age outwards towards the rim.

3. Large displacement faulting in the west limb of the 
Anaconda-Caribou syncline has accounted for the disa­
ppearance of the great thickness of augen schists that
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occur in the nose of the fold. Prior to this interpreta- 
uion the problem was solved by interfingering of augen 
schists with basic volcanics (Smith, 1957)°

Ij.. An additional acid intrusive rock type, ’’quartz trachyte,” 
was recognized in the Camel Back Mountain area {IT - 6).

5. Establishment of a ’’chloritic sedimentary rock" unit 
associated with basic volcanics in the northern sections 
of the IT - 6 sheet. It is possible that these rocks 
represent the silicate facies of iron formation.

6. The development of "quartz-sericite" schist by dynamic 
metamorphism of augen schist. On map h - 6 quartz- 
sericite schists and augen schists are closely associated 
and often interbedded so that the quartz-sericite schists 
appear to be nonporphyritic varieties of augen schist. In 
other cases it is evident that as the degree of shearing 
increased phenocrysts disappeared with the production of
a sericite-rich schist. This relationship has been 
suggested by other workers and has been fully established 
in the progress of mapping the three sheets in the parti­
cular order followed (IT - 6, 0 - 7  and 0 - 8).

7. There is a physical gradation in the "augen schist" band 
from the N - 6 sheet to the 0 - 8  sheet. whereas the 
rocks of 0 - 8 are very massive and contain equal numbers 
of quartz and feldspar phenocrysts, the rocks of IT - 6 
contain relatively few quartz phenocrysts and an abundance
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of feldspar* augen. This gradation can be followed on the 
0 - 7  sheet. In the north-central area (0 - 7 )  the augen 
schists are similar to those of IT - 6, although they are 
not as schistose and the feldspars are not as altered. 
Following the same bands towards the southeast (0-7) 
the rocks become more massive and appear similar to these 
of 0 - 8.

8, Happing the intermediate volcanic sequence on the 0 - 7  
map resulted in the sub-division of this unit into ande­
sites and light green felsites, which could be traced as 
a mappable unit,

9* Recognition of the light green felsites aided in interpre­
tation of chevron folds within the tightly-compressed nose 
of the iline-Hile Brook syncline (0 - 7)* Chevron folding 
has resulted from flexure and shearing within this tight 
structure.

10. Three possible ages of gabbro were recognized from field 
relations and relative degrees of alteration. Ordovician 
gabbros occur as altered, conformable bodies that resemble 
sills or flows. These rocks have been deformed by subse­
quent periods of deformation. Devonian gabbros are mas­
sive, fresh, and undeformed. They occur as massive intru­
sive stocks and smaller cross-cutting bodies. Some of the 
massive, narrow uiabasic dyke rocks are possibly Triassic 
in age.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



99

11* Devonian gabbros have been intruded along planes of 
weakness; in areas of graphite schist or ’’dacite” 
occurrence and in areas of faulting and foldingo

12. The quartz and feldspar augen schists were success­
fully subdivided, and a new mappable unit was recog­
nized as ndacite,f on the 0 - 8  sheet. ’’Dacite” has 
characteristics which are recognizable on a regional 
scale, and it is felt that future mapping of this 
unit may lead to a better understanding of the gross 
structure.

13* napping the 0 - 8  sheet has substantiated the writer’s 
contention that many of the porphyritic rhyolites re­
present necks or plugs from volcanoes of the Ordovi­
cian terrain. Rhyolite intrusives are relatively 
unmetamorphosed in comparison to rhyolite tuffs, and 
it is proposed that they formed competent masses that 

7/ere able to withstand the effects of several periods 
of deformation. An alternative would be that massive 
rhyolite intrusions might represent Devonian or 
younger intrusive rocks. On a regional scale rhyolite 
intrusive masses tend to follow linear trends, 

lip. As a corollary to 13, above, lithic tuffs were recog­
nized in the southwestern region of the 0 - 8  sheet in 
association with the intrusives. These rocks are 
quite distinct from other tuffaceous units mapped in
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the region by their rock fragment content,,
15. Some success was obtained in subdividing the central 

volcanic core rock into flows and tuffaceous units.
16. Two major fault systems were established, one striking 

north of west and the other northeast-southwest.
17. Possible metabentonites were recognized on the 0 - 8  

map in association with graphite schists.
18. During the early history of the district there was

a tendency to associate massive sulphides with folded 
structures. This led to "overfolding” the structure 
in the region. This recent mapping program suggests 
that faulting may have played a larger role in 
shaping the structure than did folding. Many of the 
earlier structures that were solved by complicated 
folded patterns have been solved more easily in the 
light of faulting.
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PETROGRAPHY OF THE ACID VOLCANIC ROCKS

General Statement

The purpose of this chapter is to discuss the petro­
graphy of the acid volcanic rocks,.utilizing information 
obtained from thin section study of abundant rock samples 
and heavy mineral studies from a few selected rocks. The 
sheets IT - 6, 0 - 7 and 0 - 8  were a basis for the study9 
but additional material was used from widely-spaced locali­
ties over the entire area.

Locations for the samples illustrated are indicated 
in the captions for each figure. Samples are listed by 
map and number for the particular sheet. For example, in 
each figure a notation such as (0 - 8 - 3) has been made. 
This indicates that the reader is referred to sample 3 
from the 0 - 8  quarter-mile sheet. Sample locations have 
been plotted in the same manner on Plate I.

The acid volcanic rocks have been divided into four 
main divisions, ranging from the least metamorphosed types 
to the most metamorphosed types. These are:
1. massive rhyolite intrusives and flows.
2. Massive and bedded rhyolite tuffs
3. Augen schists.
[).. Q,uartz mica schists.
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It is the writer’s intention to show the progression 
of metamorphism as expressed in the texture and mineralogy 
of the rocks.

All of the rocks of the area have been metamorphosed 
to the greenschist facies of Turner and Verhoogen (1960).
Not enough evidence is available to subdivide the area 
into subfacies within the main facies. However, it is 

felt that various intensities of metamorphism can be 
recognized v/ithin the greenschist facies. It is proposed 
that the existence of a varying metamorphic intensity 
results because equilibrium has not been reached, since 
intense deformation (shearing) has had varying effects 
on a rock assemblage that contained various physical 
rock types (tuffs, flows, intrusives).

Various thin sections and rock slabs were stained 
to show tectural and nineralogical relations better.
Staining affected the appearance of the minerals both 
under the microscope and in photomicrographs. A short 
note is inserted here to explain the methods used and 
the results obtained.
Staining: Several techniques for the staining of thin 
sections have appeared in the literature. The one utilized 
by the writer consisted of a combination of various methods, 
and the steps are outlined as follows:
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(1) A small po lye the line container was filled to within 
one-quarter inch of the top with 52 per cent hydro­
fluoric acid,

(2) Thin sections were etched over the HP fumes for three 
minutes,

(3) Sodium cobaltinitrate powder and water were mixed in 
- 5:3 proportions and poured over the etched samples

after the HP condensation was allowed to dry. The 
K-feldspar was coated with a bright yellow stain 
after about one minute. The thin section was then 
washed thoroughly.

(if) Thin sections were quickly dipped into a 3 percent
barium chlorite solution and rinsed to remove the ex­
cess barium chloride.

(5 ) 0.05 grams of rhoaizonic acid potassium salt was 
dissolved in 20 ml. of water. The solution was 
poured over the thin section and after 15 seconds 
a brick-red stain formed on the olagioclase feld­
spar. The sample was immediately washed and allowed 
to dry.

In thin section the K-feldspar phenocrysts and many 
of the plagioclase feldspar phenocrysts appear heavily 
stained. In the accompanying photomicrographs of stained 
thin sections the feldspars appear as dark grains. In 
some the matrix has been heavuly stained and in photo-
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micrographs appears as a dark, indistinct mass.

Rhyolite

General Statement

The rocks of this unit represent the least metamor­
phosed types in the district. Their groundmasses have 
been re crystallized, and they show little indication of 

being deformed.
As pointed out in Chapter II, these rhyolites are 

interpreted either as flows or as the cores of Ordovician 
volcanoes. In areas where they are highly concentrated, 

such as around the ITine-Mile fire tower (P - 7) of on 
Razor Back Eidge ( 0 - 8), they are interpreted as core 
structures, and in areas of sparse occurrence they are 

flows.
Rhyolites of this group are both porphyritic and non- 

porphyritic. Where the two occur together there seems to 
be a gradation from one to the other.

Individual bands of rhyolite are difficult to trace.

Megascopic Description

These rocks are very massive, dense and aphanitic; 
they weather white. The presence of abundant joint 
planes causes the rocks to be blocky. The rhyolite 
fractures with a typical subecnchoidal break. Quartz 

veins are common and in areas where weathering has not

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



105

been too extreme, original flow banding is evident.
Phenocrysts are quartz and feldspar, generally less 

than 2 urn, in dimension. Quartz phenocrysts are clear, 
glassy and euhedral. Feldspars range from pink to white 
and vary from good euhedral forms to broken and fragmental 
grains. 'The phenocrysts do not show any preferred orien­
tation.

Microscopic Description

As stated earlier, the rocks have been metamorphosed, 
and the mineralogy and texture have been affected to vary­
ing degrees. Any discussion of mineralogy must consider 
the effect of netamorphism• Whereas the mineralogy of the 
whole acid volcanic sequence is similar, the discussion of 
detailed mineralogy is postponed to a later time.

Texture - The texture of the rhyolite is modified by 
re crystallization. The groundmass is composed of a micro­
crystalline mosaic of quartz and K-feldspar, with grain 
size not exceeding 0.5 mm. The matrix is dense, and mica 
minerals are not abundant enough to impart schistosity 
to the rock (See figures 15 and l6, Plate XII; and Figures 
20 and 21, Plate XIV).

VShere present, quartz and low temperature feldspar 
phenocrysts make up the most prominent feature of the 
rock.
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Mineralogy - Mineralogically the rocks are simple.
Both igneous and metamorphic assemblages are present.
The former is expressed in the phenocrysts, where low 
temperature inversion K-feldspars predominate. The 
metamorphic assemblage is expressed by the matrix, where 
recrystallization has been prevalent.

Rhyolite Tuffs

General Statement

Rhyolite tuffs are more altered and metamorphosed 

than are the flows and intrusives. However, in many cases 
the alteration effects have not been extreme enough to 
destroy the original tuffaceous structures, and it is 
this group of rocks which present the best evidence for 

origin of the sequence.
The rhyolite tuffs are varied in physical appearance 

and for convenience may be divided into massive and bedded 
types. In the former, microscopic evidence of origin is 
present, whereas in the latter field evidence provides 

the best information.
Rocks from this group have invariably been placed 

within the augen schist unit in any mapping program. For 
example, the massive tuffs include rocks which have been 
mapped by the writer as ” da cite” from their megascopic
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PLATE X IV  : PHOTOMICROGRAPHS OP MASSIVE RHYOLITES.

Figure 19. Porphyritic rhyolite. Stained thin section. 
Sample J - 776A from Razor Back Ridge, map 0 - 8 .  Mas­
sive recrystallized matrix. Small patches of recryst- 
alliz'ed quartz show serated grain boundaries. Large 
strained quartz phenocrysts show suggestion of crystal 
outline and embayments.

Figure 20. Massive, non-porphyritic rhyolite flow. Sample 
N - 8 - 2, north of the Nepisiquit River. Rock is relative­
ly unaltered. Feldspar occurs as small laths. Quartz appears 
recrystallized as anhedral and sutured masses interstitial 
to the feldspar.
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P L A T E  XIV

Figure 19 21 x
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appearance in the field (Jones, 196Ij.)« These rocks were 
earlier mapped as augen schists. The term ”daciten was 
found convenient for sub-dividing the acid volcanic series, 
but in the remainder of the work these rocks will be re­
ferred to as rhyolite tuffs unless necessity requires that 
they be differentiated as '* da cite s.11

The ”dacitesM and other augen schists which show 
microscopic tuffaceous structures make up the massive 
rhyolite tuffs. The bedded tuffs are represented by 
■types referred to inihe field as "greywacke augen schistM 
and lithic tuff. The term, "greywacke augen schist,'1 
will be discarded, and the two rocks will be referred to 
henceforth as pyroelastics.

Megascopic Description

Rhyolite tuffs, since they are composed of several 
rock types, show wide variance in megascopic appearance* 
Each is considered briefly.

"Dacite" - is dark green, aphanitic, often cherty 
and generally massive but in local areas can be extremely 
schistose. Epidote is a characteristic mineral as re­
placements of feldspar phenocrysts. Dacites are porphyri­
tic with K-feldspar forming the most common phenocrysts, 
ranging from large pink fragmental crystals to small 
white splintery grains. In the more schistose variety
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of rock, small subhedral quartz phenocrysts are common.
Rhyolite augen schists are characteristic of the 0 - 7  

sheet and have been included within the augen schists 
(Jones, 1963). They are light green, generally massive 
(some are extremely schistose) and appear more siliceous 
than the "type” augen schist. Phenocrysts consist of 
both quartz and feldspar with the latter being the more 
abundant and ranging from small broken fragments to large 
euhedral crystals up to one-half inch in long dimension. 
Potassium feldspars are more common than albite. They lie 
with their long dimension parallel to the planes of schis- 
tosity. The pink color of the feldspar is characteristic 
of this rock and of the massive rhyolites. The feature 
which distinguishes this rock from the augen schists is 
that the feldspar phenocrysts are not lens-shaped but tend 
to show euhedral crystal outlines.

Pyroclastics represent the bedded rocks in this 
group. The lithic tuffs are characterized by rock frag­
ments, which are predominantly rounded rhyolite pebbles, 
with lesser amounts of angular and splintery shale frag­
ments. The fragments seldom exceed two inches in length 
and lie.with this direction parallel to the schistosity 
of the rock and to the primary bedding. Rhyolite frag­
ments, being more resistant to weathering than the matrix, 
impart a rubbly surface to the rock. In an outcrop west
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of Brunswick Number 12 (Sample P - 7 - 7) angular rhyolite 
fragments in excess of six inches in length are common.

The matrix is characterized by an abundance of small 
fragmental quartz and feldspar grains in a finer mosaic 
with an abundance of mica. The bedded nature is brought 
out by the rock fragments and mica-rich bands in the matrix.

"Greywacke" augen schists of Lee and Rancourt (1958) 
represent original sedimentary rocks. The matrix is 
extremely fine-grained, and mica is pronounced. Angular 
quartz and feldspar crystals up to 5 across are 
common and show no preferred orientation. Bedding is 
imparted by thin (six inch) interbeds of massive, rhyolitic, 
volcanic rocks. The absence of rock fragments distinguishes 
these rocks from the lithic tuffs.

The massive rhyolite tuffs apparently originated as 
ash flows. The lithic tuffs have incorporated materials 
over which they have flowed.

Pyroclastic rocks are very localized within the 
acid volcanic sequence and cannot readily be traced from 
one outcrop to the next.

Microscopic Description

Each rock type has microscopic features which are 
characteristic and which will be discussed individually.
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Texture - The rocks of this group have been, meta­
morphosed to a higher degree than have the massive intru- 
sives and flows. The higher degree of metamorphism is 
thought to have depended on the original composition of 
the rock. That is, vitric tuffs react more rapidly than 
do crystalline flows under conditions of dynamic shear.
The textures are, therefore, more indicative of meta­
morphic rocks than they are of volcanic rocks. It is 
evident that the phenocrysts are preserved but that the 
matrix has been largely reconstituted.

The matrix of the dacites Is composed almost entirely 
of micaceous minerals and quartz. The 1*0cks appear massive 
in hand sample, but the occurrence of sinuous, microcry­
stalline, sericite-pich bands imparts appreciable schis- 
tosity to the rocks in thin section (Figure 2l\.t Plate XVI). 
In other cases the texture is dense, and the schistosity 
is not as pronounced (Figure 23, Plate XVI). Quartz in 
the matrix is highly recrystallized. Under plane polarized 
light the matrix of the dacites appears "dirty11 with 
abundant minute opaque particles. By direct comparison 
of Figure 21 to Figure 22 (Plate XV) similarity is noted 
between the matrix of the metamorphosed tuffs from this 
district and the matrix of more recent, unmetamorphosed 
tuffs. Shard and pumice type outlines are still evident 
in the altered material (Figure 22).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE XV : PHOTOMICROGRAPHS OF FRESH AM) ALTERED 
TUFFACEOUS TEXTURES.

Figure 21. Tertiary rhyolitic ash flow, southern Peru. 
Rock consists of fine glass shards and pumice fragments 
cf.Jenks and C-oldich (1957). Rock sample AR-342.

Figure 22. Altered tuff from the Bathurst-Newcastle 

area. Possible relic shard and pumice fragments are 
evident. Shard-S.Pumice-P. Sample 0 - 7 - 5.Compare
with Figure 21, above.
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Figure 2 2  2 lx
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PLATE X V I : PHOTOMICROGRAPHS OP MASSIVE DACITES.

Figure 23. Massive dacite. Sample 0 - 7 - 1 0 .  Quartz 
phenocrysts (white) are typically embayed. K-feldspar 
phenocrysts (grey) are being replaced by epidote(dsrk 
grey). Replacement is partial. Matrix consists of micro- 
crystalline quartz, sericite and epidote.

Figure 24. Massive dacite. Sample 0 - 7 - 11, in close 
proximity to sample in Figure 23. Replacement of feld­
spar phenocrysts by epidote is complete. Epidote ap­
pears as dark,fractured patches. Light sinuous bands 
are microcrystalline sericite. Matrix consists of 
quartz, sericite and epidote.
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PLATE XVI

Figure 2 3 4 -2  x
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Quartz and feldspar phenocrysts within the dacites 
vary in shape and degree of alteration. Many of the 

quartz phenocrysts show growth rims, and the contacts 
with the matrix are often vague with considerable inter­
fingering of the two (Figure 12, Plate X), Feldspars 
have commonly been epidotized. (See section: Alteration 
of "Dacite”,)

The massive rhyolite tuffs are distinctive in not 
containing epidote and in approaching the augen schist 
in physical appearance. They are generally massive with 
large phenocrysts of quartz and K-feldspar scattered 
throughout a fine recrystallized matrix of quartz and 
feldspar. In the massive tuffs (Figues 25 and 26, Plate 
XVTI) the large phenocrysts are unoriented, crystal out­
lines are sharp, and -there has been little reaction bet­
ween the phenocrysts and the matrix.

Other tuffs are roughly banded (Figures 27 and 29, 
Plate XVIII), and sericite is now a common constituent 
of the matrix. Feldspar.phenocrysts show tendencies to 
be oriented and unmixed, Quartz is a common filling of 
the feldspar phenocrysts along fracture planes. Many 
of the quartz phenocrysts show embayment structures.

In the massive rhyolite tuffs several relic features 
were observed which represent evidence of tuffaceous 

origin. These features have been documented in a series
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PLATE X V I I  : PHOTOMICROGRAPHS OP MASSIVE RHYOLITE

TUFFS.

Figure 25. Stained thin section. Crossed nicols.
Sample 0 - 7 - 1. Large phenocrysts are K-feldspar 
(black). Rims of clear Na-feldspar are evident.Matrix 
is massive and recrystallized. Matrix is composed of 
quartz, orthoclase and sericite. Small patches of de- 
vitrified glass impart a mottled appearance to the rock

Figure 26. Sample 0 - 7 - 2. Crossed nicols. Massive 
rhyolite tuff. Large, euhedral patch perthitic feld­
spar phenocrysts have been altered,fractured and ro­
tated in the soft matrix. Scattered, small patches of 
devitrified glass are common. Matrix consists of quartz 
feldspar and sericite. Phenocrysts are being rotated 
into the plane of the developing schistosity.
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Figure 2 5

Figure 2 6  4 -2  x
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PLATE X V I I I  i PHOTOMICROGRAPHS OP RHYOLITE TUFF.

Figure 27. Stained thin section. Crossed nicols. Sample 
0 - 5 - 15. Rhyolite tuff. Fine grained massive tufface- 
ous matrix. Large quartz phenocrysts (Q) are embayed. 
Patch perthitic feldspar phenocrysts (K) are present. 
Phenocrysts are generally aligned along the schistosity 
direction.

Figure 28. Stained thin section. Crossed nicols.Sample 
0 - 8 - 2 .  Rhyolite tuff. Matrix relatively unmetamor­
phosed. Sericite bands(light) are developing around 
the phenocrysts. Large euhedral to subhedral patch per­
thitic feldspar phenocrysts have been heavily stained. 
Broken fragmental quartz phenocrysts(white) are abund­
ant. Small unstained and twinned albite phenocrysts(A) 
are common. Albite displays bent twin lamellae.
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PLATE XVili

Figure 2 7

Figure 2 8
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of photomicrographs and are:
1# Embayed quartz phenocrysts. See Figure 27 (Plate XVIII) 

and Figures 29 and 30 (Plate XIX). These can be compared 
to the embayed quartz from fresh unaltered tuff seen in 

Figure 31 (Plate XX).
2. Devitrified lapilli (Figure 33# Plate XXI). Johnston 

(i960) and others have interpreted these structures 
in the same way.

3* Axiolitic structures (Figure 34# Plate XXI). These 
are small patches of devitrified glass.

4o Small pumice particles. Figure 60 (Plate XXIV) 
illustrates an example.

5. Possible rock fragments. Figure Ip. (Plate XXV) is an 
example.

The pyroelastics are characterized by rock fragments 

in a recrystallized matrix (Figure 3b# Plate XXII). The 
fragments consist of both rhyolite and shale particles 
that lie with their long direction parallel to the schis- 
tosity of the rock. The matrix is sericitic and contains 
an abundance of fine clastic material.

Whereas, in the sample cited above, rock fragments 
are very pronounced, others show an abundance of large 
quartz and feldspar fragments. Such is illustrated by 
Figure 36 (Plate XXII). The rock is massive, and the shale
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PLATE XIX : PHOTO MI CROGRAPHS OF EMBAYED QUARTZ PEE HO - 
CRYSTS.

Figure 29. Sample Q -'7 - 1. Massive rhyolite tuff.
Deep embayed volcanic quartz phenocryst in a recryst­
allized matrix. Dark oval inclusions represent embay- 

ments entering the grain from out of the plane of the 
thin section. Matrix material has been heavily stained. 
Microcrystalline quartz is recrystallizing in the 
shadow area of the phenocryst.

Figure 30. Sample Q, - 7 - 2. Massive rhyolite tuff. 
Deep embayed quartz phenocryst,as Figure 29. Embay- 
ments filled with material representative of the or­
iginal magma. Phenocryst has been rotated, with quartz 
and sericite re crystallizing in the shadow areas.Dark 
crenulated mineral flowing around the phenocryst is 

biotite •
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Figure 3 0  21 x
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PLATS XX : PHOTOMICROGRAPHS OP EMBAYED QUARTZ ART) CHEQUER- 
BOARD ALBITE.

Figure 31. Typical volcanic embayed, quartz phenocryst 
in a Tertiary rhyolitic ash-flow, southern Peru, 
(sample MO - 10, Jenks and Goldich,1957). Photo by 
Jones, 1964.

Figure 32. Chequer-bcard albite phenocryst from a pyro- 
flow. Sample Q - 7 - 6 . Albite twinning well developed 
with chequer-board structure on end of grain. Phenocryst 
has been heavily stained. Clastic quartz(white) evident 
in the matrix.
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Figure 31
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PLATE X X I : PHOTOMICROGRAPHS OP TUFFACEOUS STRUCTURES.

Figure 33. Stained thin section. Crossed nicols. sam­
ple 0 - 7 - 2 .  Recrystallized tuffaceous matrix.Round­
ed, recrystallized quartz and orthoclase patches are 
interpreted as devitrified glass lapilli. Grains show 
typical sutured boundaries. Matrix is heavily stained, 
with a high sericite content. Schistosity is pronoun­
ced.

Figure 34. Stained thin section. Crossed nicols .Sample 
0 - 7 - 7 .  Recrystallized rhyolite tuff. Small axiol- 
itic structures are evident in the top central part 
of the figure (circled). Large K-feldspar phenocryst 
has been fractured along cleavage planes. Secondary 
quartz (white) fills the separated fractures. Chequer- 
board albite(A) appears in the central part of the fi­
gure. Feldspars show clear and mosaic type growth rims 
around the boundaries and in shadow areas.
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PLATE XXI

Figure 3 3 2lx
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PLATE X X I I  : PHOTOMICROGRAPHS OF PYROCLASTICS.

Figure 35. Stained thin section of lithic tuff. Cros­
sed nicols. Sample P - 8 - 5, from the Narrows of the 
Nepisiquit River. Rock fragments consist of angular 
shale(black), rounded quartzose shale (S), and round­
ed rhyolite(R) pebbles. Matrix is clastic and highly 
sericitic. Schistosity is developed parallel to the 
bedding.

Figure 36. Stained thin section of lithic tuff.Cros­
sed nicols. Sample P - 7 - 7, west of Brunswick Mi- 
ining and Smelting Number 12 Mine. Clastic material 
predominantly angular embayed quartz grains(white)• 
Plagioclase feldspar phenocrysts(A) are deeply stain­
ed, and some contain clear inclusions of K-feldspar 
(K) and quartz. Shale(S) makes up the rock fragment 
material and is seen to flow around the phenocrysts. 
This feature may be pre-lithification.
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Figure 3 5

Figure 3 6
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.particles are observed to have flowed around the frag­
mental particles.

Figure ij.7, Plate XXVIII, illustrates a pyroclastic 
that has been metamorphosed almost to the state where it 
is representative of an augen schist.

Mineralogy - The rhyolite tuffs display a mineralogy 
that is indicative of both igneous and metamorphic 
assemblages as in the massive rhyolites (page 1 0 6 ), 
However, since a metamorphic progression is present in 
the acid volcanic rocks, the mineralogy of the tuffs 
will be discussed later at which time the whole assem­
blage will be considered.

Alteration of ffDacites11 - The ’’dacites" have been 
altered by a process that is not related to the main 
period of deformation. The nature of the alteration 
has been the replacement of feldspar phenocrysts by 
epidote accompanied by epidotization, silicification 
and pyritization of the matrix.

Figures 23 and 2ip (Plate XVI) illustrate the 
replacement of feldspar phenocrysts. Dark grains of 
epidote replace lighter feldspars. In some phenocrysts 
the replacement is complete (Figure 2if), in others only 
partial (Figure 23)• Much of the epidote appears in 
book form, with thick leaflets being separated by thin 
lenses of quartz which has recrystallized along separated

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



123

cleavage planes, probably after epidotization.
In some instances it appears that epidote has re­

placed small oval pumice fragments, and that these might 
be confused with totally replaced feldspar phenocrysts.

Epidote commonly occurs in the matrix as small 
rounded granules (Figure 12, Plate X) and together with 
minute pyrite flecks impart a "dusty” appearance to the 
matrix.

Pyrite also occurs as anhedral masses within the 
matrix and as stringers along fractures.

Quartz veining is common, and quartz also appears 
in the matrix in micro-crystalline mosaics. Quartz 
phenocrysts commonly show the effects of silicification 
in that they exhibit secondary rims that show lacework 
in contact with the matrix (Figure 12, Plate X).

Chlorite is a common matrix constituent of these 
rocks in association with quartz and calcite.

In view of the evidence supporting epidotization, 
pyritization and silicification it is concluded that the 
alteration is characteristic of propylitization and that 
it was accomplished prior to the main period of deformation.

Augen Schists
General Statement

The augen schists in the Bathurst-Newcastle area have
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been subdivided into several different types in the field* 
These include rocks mapped as quartz-feldspar augen schists, 
quartz augen schists and feldspar augen schists, along with 
other derivatives, most of which have been included by the 
present writer within the rhyolite and rhyolite tuff series. 
The above three rock types are closely associated in the 
field as original types, whereas in other instances the 
occurrence of quartz and feldspar in any one rock depends 
on the degree of shearing that the rock has undergone.
The writer draws little distinction between the three and 
refers to the whole assemblage as quartz and feldspar 
augen schists.

During the early studies of the region (1953-1957) 
the augen schists that occur in the southeast, around 
the Brunswick properties, were considered as the "type” 
rock for the sequence. This conception has been dis­
credited by detailed mapping in other areas, and it now 
appears that the variations seen in this rock assemblage 
over the area depend on the conditions of original de­
position and the varying amount of dynamic metamorphism 
that the area has undergone.

Augen schists have developed through the dynamic 
metamorphism of massive rhyolites and rhyolite tuffs, 
and many of the features displayed have been carried 
over from the original rocks.
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Megascopi c Description

There Is a wide range of perfection in the develop­
ment of the augen schists. This is the main reason why 
there has been such a discrepancy in the naming of the 
various volcanic members. Since the augen schists are 
thought to be genetically associated with sulphide min­
eralization, there has been a tendency to overuse the term*

Augen schists in the southeast are massive and fine­
grained and bear little resemblance megascopically to the 
average augen schist. This is true in the area around 
the Brunswick properties where the term "porphyry” was 
established (Smith, 1957 J Smith and Skinner, 1958)* In 
this area both quartz and feldspar phenocrysts do occur 
and form prominent crystals up to 3/I4. inch in size.
Figure 37 (Plate XXIII) illustrates the massive nature of 
the augen schist from this area. In this example large 
K-feldspar phenocrysts up to one inch in length are pro­
nounced. The surface weathers rubbly. Cross fracturing 
is evident, but no displacement has been involved.

In contrast to the massive augen schist, schistose 
varieties occur in the same local area. Figure 38 (Plate 
XXIII) is a surface exposure of the schistose variety*
In this instance the bedding .strikes at 35° with light, 
narrow 3 inch beds being separated by bands of darker
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PLATE X X I I I  : EXPOSURES OF MASSIVE AUGEN SCHIST

Figure 37. Massive augen schist,Brunswick Number 6 
clearing. Pencil in scale is approximately 6 Inches 
long. Large K-feldspar phenocrysts stand out on the 
weathered surface and impart a ruhbly surface to the 
rock.

Figure 58. Massive augen schist, Brunswick Number 6

clearing. More schistose than Figure 37 with lack of
o

large K-feldspar phenocrysts. Bedding strikes at 35 .
o

Slip cleavage strikes at 355 . Intersection of the two 
planes imparts a ropey structure to the weathered sur­
face •
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Figure 3 7

Figure 3 8
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chlorite-rich material up to -J- inch thick. Development 
of a slip cleavage at 3 5 5° offsets the bedding, and the 
intersection of these two planes gives the rock surface 
a ropy appearance.

As a summation to the massive augen schists it may 
be said that their most pronounced feature is the occurrence 
in them of both quartz and feldspar in good crystalline 
form. Augen are not well-developed, and most of these 
rocks more closely approximate tuffs in appearance.

In contrast to the massive rocks are other types 
where schistosity development has been extreme and where 
augen structures are well-developed. Rocks of this type 
are best seen in the northwestern part of the area, 
particularly in the immediate vicinity of the Anaconda- 
Caribou sulphide zone and around the nose of the Teta- 
gouche anticline.

Whereas the massive types seem to represent thick 
flows, the more schistose varieties are seen to be commonly 
interbedded with other rock types, particularly argillites 
(Figures 7 and 8, Plate VIII). In this area also, the 
augen schists are seen to grade along strike into sericite 
schists over a distance measured in tens of feet. The 
sericite schists contain few, if any, phenocrysts.

Figures £3 and 5>i|. (Plate XXXI) illustrate the physi­
cal appearance of the schistose augen-bearing rocks.
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Figure 53* from the vicinity of the Caribou Mine (N - 6 ), 
shows the bedded nature of the rock. This particular 
outcrop represents the most schistose in the area. Quartz 
augen are practically non-existent, but both K-feldspar 
and albite are abundant as small (up to 5>mm.) grains that 
have been oriented parallel to the schistosity. The feld­
spars are authigenic. Milky quartz veins are common.
Figure 54 illustrates the best example of bedding seen 
in the augen schist from the whole district. Beds are 
represented by alternating dark and light bands of 
chlorite-rich and sericite-rich material respectively.
Close examination of the figure shows the long direction 
of the feldspar phenocrysts to parallel the bedding planes. 
Slip cleavage has developed nearly at right angles to 
bedding and has caused offsetting of the stratification.
The feldspar phenocrysts have also been fractured and 
offset by the slip cleavage. Bedding in the original 
tuff has apparently been rhythmic. Is is also possible 
that long periods of leaching between deposition of suc­
ceeding beds has accounted for the sericite-rich bands 
in the tuff sequence.

In summary, it is pointed out that whereas both 
quartz and feldspar phenocrysts are common to the massive 
rocks, feldspars are more characteristic of the schistose 
rocks. This feature has resulted from the effect of
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shearing on quartz as opposed to feldspar. It is also 
evident that there must have existed marked differences in 
the conditions of deposition for the tuffs. As pointed 
out in Chapter II, the volcanic centres are in closer 
proximity to the more massive augen schists, so that these 
rocks may be indicative of ash flow deposits, whereas the 
finer-grained, more schistose rocks further from the 
source are indicative of air-deposited tuffs.

Microscopic Description

The greatest variances in the rocks of the acid 
volcanic unit are evident in the microscopic features*
The development of augen schists from rhyolite tuffs can 
be traced with considerable success in the texture and 
mineralogy of the rocks*

Texture - Several textural changes have resulted 
from the effects of dynamic metamorphism during the devel­
opment of augen schists. These changes have been listed 
below and will be discussed in that order*
1. Development of Schistosity.
2. Destruction of Phenocrysts.
3. Rotation of Phenocrysts.
Ij.. Neomineralization.
5. Reconstitution of the Matrix.
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1. Development of Schistosity: Schistosity is a feature 
of all the rocks but is more pronounced in some members*
In the massive rhyolites (intrusives and flows) schis- 
tosity is vague* In the rhyolite tuffs ("dacites” and 
pyroclastics) schistosity is more pronounced and is 
thought to be a pre-metamorphic character of the rock*
That is, the tuffs, varying in physical and chemical 
properties, were more conducive to re crystallization, 
devitrification and compaction with the result that a 
bedding foliation was developed before metamorphism.

In the augen schists the development of schistosity 
is seen to parallel bedding in tuffs or flow banding in 
flows. Schistosity has been greatly emphasized by shearing.

Schistosity is imparted to the rocks by parallel 
flakes and layers of mica which have grown parallel to 
the bedding planes, oriented grains (possible b-lineations), 
and other lens-shaped masses of rock material.

The range in schistosity development from the mas­
sive rhyolites to extremely sheared augen schist can be 
seen in the following series of figures. The massive 
rhyolites of Figures 19 and 20 (Plate XIV) show no 
appreciable schistosity. The rhyolite tuffs of Figures 
25 through 23 (Plates XVII and XVIII) show some suggestion 
of orientation of the matrix materials, but the large
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phenocrysts have been undisturbed. With the beginning of 
shear in the tuffs the phenocrysts and matrix start to 
show the effects (Figure 39 and 1̂.0 (Plate XXIV) and Figure 
ij.2 (Plate XXV). Figures 55 and 5& (Plate XXXII), Figures 
9 and 10 (Plate IX) and Figure 57 (Plate XXXIII) illustrate 
extreme schistosity and well-developed augen.

Figures 23 and 2l\. (Plate XVI) illustrate massive 
”dacite,? textures. In contrast Figures I4.9 and 50 (Plate 
XXIX) show maximum development of schistosity in this 
rock type through shear.

Figure (Plate XXVIII) represents a sheared pyro- 
clastic flow in which micas have been formed parallel to 
the original bedding.
2. Destruction of Phenocrysts: During the production of 
augen schists the phenocrysts of quartz and feldspar have 
been destroyed by the effects of dynamic metamorphism, 
mainly shearing.

The defect of shear pressure has been largely disre­
garded in consideration of the effects it produces in re­
crystallization and breakdown of mineral components.
Fyfe, Turner and Verhoogen (1958) point out that the 
general impression is that it would be small in compari­
son to load pressure at depths greater than 5 km* Experi­
mentation has shown that deformation under high confining 
pressures is largely by plastic flow.
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Under conditions of low confining pressure deformation 
is probably both plastic and brittle. The range of tempera­
tures associated with the greenschist facies appears in the 
range of 250-500°C and pressure ranges from 5 kilobars to 
10 kilobars (Fyfe, Turner and Verhoogen, 1958)• However, 
Ramberg (1952) states that the greenschist facies may start 
to form during diagensis as low as 100° C at very shallow 
depths o

Quartz and feldspar react in different ways to the 
stresses as an expression of their crystal structure.
Quartz phenocrysts crush and rupture along uneven frac­
tures, and the result is an elongated mass of fine quartz 
particles. Turner (1958) states that quartz will fail by 
brittle means at extreme confining pressures. Figure lj.8 
(Plate XXVIII) and Figures 51 and 52 (Plate XXX) illus­
trate quartz phenocrysts that have been crushed and sep­
arated by shear. The shearing component has not had the 
effect of compressing the crystal but has smeared it along 
the shear planes. In other cases the rock has largely 
retained its massiveness, and the quartz phenocrysts have 
been crushed and compressed between schistosity planes 
(Figure 57* Plate XXXIII, and Figures 9 an& 10» Plate 
IX), Crushing effects on quartz phenocrysts can be seen 
in almost any of the samples studiedo
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PLATS X X IV  : PHOTOMICROGRAPHS OF RHYOL IT E  TUFFS OR

MASSIVE AUGEN SC HIST.

Figure 39. Stained thin section. Crossed nicols.Samp­
le P - 7 - 4. Massive rhyolite tuff, represents the 
first stage of development for augen schists. Large 
quartz phenocrysts(Q) show crushing action and tend­
ency to be elongated in plane of developing schistos­
ity. Shear planes are prominent. K-feldspar pheno­
crysts (K) have been little affected. Matrix consists 
of a microcrystalline mosaic of quartz and orthoclase 
with sericite.

Figure 40. Stained thin section. Crossed nicols. Sample 
0 - 6 - 19. Rhyolite tuff,as Figure 39. Embayed quartz 
phenocrysts are being crushed. Heavily stained K-feld­
spar phenocrysts have fractured along cleavage planes. 
Sericite(S) and biotite(B) are forming patches parallel 
to the developing schistosity direction (direction of 
shear). Matrix is highly recrystallized.
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Figure 3 9

Figure 4 0
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PLATE XXV : PHOTOMICROGRAPHS OP RHYOLITE TUFFS

Figure 41. Crossed nicols. Sample P - 9 - 12. Rhyol­
ite tuff, or massive augen schist. Quartz(Q) and K- 
feldspar(K) phenocrysts have been broken in situ. 
Rock displays a vague flow banding. Dark elongated 
patches (R) may represent rock fragments or areas 
of devitrified pumice.

Figure 42. Crossed nicols. Sample Q - 7 - 2. Massive au­
gen schist or rhy lite tuff. Rock shows the development 
of schistosity with mica-rich bands(dark) alternating 
with quartz-rich bands(light).Large embayed quartz pheno 
crysts have been relatively unaffected by the shear. Bi- 
otite patches (B) are very pronounced developing around 
the phenocrysts.
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P L A T E  XXV

Figure 41

Figure 4 2
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Feldspar phenocrysts react differently to shearing 
stresses than do quartz phenocrysts. The feldspars tend 
to fracture along cleavage planes which are in the closest 
proximity to the shear planes. As rupture occurs the 
grains slip along the planes and are elongated in the plane 
of shear, parallel to the schistosity. In Figure I4.O 
(Plate XXIV) several feldspar phenocrysts show the effect 
of being separated along cleavage planes nearly parallel 
to the developing schistosity (shear planes). Figure 
l|i{. (Plate XXVI) illustrates the same feature on a more 
pronounced scale where fracturing has occurred along two 
sets of cleavage.

Hgures 55 and 56 (Plate XXXII) illustrate well- 
developed augen schists. Large feldspar crystals in 
the bottom left of Figure 55 show slip along cleavage 
planes, and these grains have been elongated parallel 
to the schistosity, The same features are exhibited by 
the feldspar phenocrysts of Figure 56. It can be seen 
that if the shearing were continued the initial feldspar 
phenocrysts can become obliterated in the rocks. Figures 
9 and 10 (Plate IX) are indicative of very elongated feld­
spar augen which have developed through shearing of pheno­
cryst s •

It is realized also that shearing has had chemical as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



135

well as physical effects on the feldspar phenocrysts.
This will be considered in a subsequent section on 
mineralogy of the acid volcanics.
3 . Rotation of Phenocrysts: As a corollary to the above 
discussion of crushing and elongation of phenocrysts, 
the effect of shear has also tended to rotate the pheno­
crysts. Rotation is not apparent within the crystals 
themselves but is shown by the nature of the "soft11 
matrix surrounding the hard grains. As the phenocrysts 
are rotated low pressure zones result in the ’’shadow*1 
areas of the phenocrysts. Secondary quartz is deposited 
in the shadows. In areas where rotation has been extreme 
quartz forms long tails, much like the tail of a comet.
In areas where rotation has not been extreme and where 
little re crystallization has occurred the matrix simply 
appears disrupted around the grain.

Examples of rotation are included within the follow­
ing list of figures. Figures 26 (Plate XVII) illustrates 
large feldspar phenocrysts that have been slightly rota­
ted with disruption of the matrix. Figure 30 (Plate 
XIX) shows a large quartz phenocryst that has suffered 
considerable rotation, in which secondary quartz has 
been deposited in the shadow areas with secondary biotite 
forming projections away from the crystal. Figures 55 
through 57 (Plates XXXII and XXXIII) represent cases of
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extreme rotation in which, the operation was accompanied by 
fracturing and displacement within the grains*
!{.. Heominerali2ation: This process is closely associated 
with the deformation of the rock mass and with the devel­
opment of schistosity, destruction of phenocrysts and ro­
tation of grains. The higher the amount of deformation 
the greater is the amount of neomineralization which the 
rock displays*

Daring the development of schistosity sericite is 
the most common mineral which forms* The development 
of sericite results from the chemical breakdown of the 
matrix and feldspar phenocrysts in response to deforma­
tion. The sericite crystals form parallel to the plane 
of least resistance, which is the plane of schistosity.

Silica released by recrystallization of the matrix 
and from the destruction of phenocrysts during shearing 
has migrated into the low pressure areas and has recrys­
tallized as fine sutured grains. Low pressure areas 
exist along fractures and at the ends of developing augen.

Other examples of neomineralization will be further 
discussed in a later section on the mineralogy of the 
various rocks* These include the production of albite and 
biotite as porphyroblasts in the rocks which also show 
high degrees of deformation.
5. Re crystallization of the matrix: The matrix of the
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massive rhyolites and tuffs appears to have been little 
affected by metamorphism. Many primary features are 
still evident. However, in the augen schists the primary 
features have all been destroyed by recrystallization and 
the neomineralization of new minerals in response to 
dynamic stress. This is accompanied by an increase in 
grain size0

In the massive augen schists, as those seen in the 
southeastern area, the matrix is composed predominantly 
of anhedral quartz and orthoclase grains which average 
0.01 to 0.05 mm. in dimension. Serate grain boundaries 
are distinctive. With increase in schistosity the seri- 
cite content of the matrix increases, and the mica is seen 
to occur as thin plates and bands which fold around the 
large phenocrysts (Figure if3 , Plate XXVI).

In the augen schists where the megascopic schistosity 
is pronounced, the matrix is seen to consist of segregated 
bands of quartz-rich and sericite-rich material (Figures 
55 and 561 Plate XXXII). In these instances the sericite 
occurs in the planes of shear, and the quartz occupies the 
interspace areas. Grain size increases to near 0.1 mm. 
diameter. The expressed difference from the more massive 
types is in the spacing of schistosity planes.

Mineralogy - The mineralogy of the augen schists is 
simple and similar to that of the rhyolites. The differ-
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ences that exist are due to the effects of metamorphism 
on the primary rhyolite mineralogy and to the addition of 
new minerals through metamorphism.

Quartz-Mica Schists

General Statement

Quartz-mica schists of the acid volcanic series 
appear very similar to the more schistose variety of 
augen schist (as pointed out in Chapter I, the two rocks 
are interbedded in the area around the Tetagouche anti­
cline). It is postulated that the quartz-mica schists 
have been derived by the dynamic metamorphism of augen 
schist rocks. In other words, these rocks form the last 
step in the destruction of rhyolites and rhyolitic tuffs 
through the agencies of dynamic metamorphism.

Megascopic Descriptions

In outcrop the rocks are extremely schistose and 
alternating sericite-rich and quartz-rich bands are evi­
dent. These rocks resemble the augen schist matrix without 
the presence of phenoerysts. Quartz veining is very common 
as concordant and discordant masses in the rock. The 
quartz in the segregated veins is thought to have been 
released from the rocks during metamorphism and has been 
caused to migrate to its present site along a pressure
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gradient* This is an example of metamorphic different!- . 
ation*

Microscopic Descriptions

Texture: In thin section quartz-mica schists are 
microcrystalline with recrystallization being pronounced. 
Finely interbanded quartz-rich and sericite-rich bands 
are very prominent, with individual bands generally less 
than 0*5 mn, thick*

Texturally there is a transition between the quartz- 
feldspar augen schists and the quartz-mica schists. With 
increase in shearing there is further failure by plastic 
flow, re crystallization and brittle defoliation. Increased 
slippage along the shear planes has accentuated the elon­
gation of the phenocrysts (Figures 6l and 62, Plate XXXV)* 

Feldspar phenocrysts are further destroyed in re­
sponse to the shearing stresses. They respond by greater 
alteration to sericite and quartz as the grains are 
smeared out along the shear planes (See Figures 9 
10, Plate IX and Figures 6l and 62, Plate XXXV)*

Mineralogy - The final product of the dynamic 
metamorphism is a rock that is composed almost entirely 
of quartz and sericite. Chlorite and biotite are common 
constituents. In many of the quartz-mica schists the 
feldspars have not been completely obliterated so that
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fragments still persist, although they are highly recon­
stituted. The feldspar is highly sericitized and in some 
cases shows abundant calcite along fractures.

Mineralogy of the Acid Volcanics

Within this section it is the writer*s intention to 
discuss the common mineralogy of the acid volcanic se­
quence and to follow the changes which occur as a result 
of dynamic metamorphism. That is, to show the changes 
which take place in the breakdown of the rhyolite assem­
blage to form augen schist and finally quartz-mica schist.

Quartz and K-feldspar are the main constituents of 
all the rocks. Sericite becomes more common with devel­
opment of schistosity, and at the same time the feldspar 
is being destroyed so that the quartz-mica schists are 
composed almost entirely of quartz and sericite.

The mineralogy of the acid volcanic suite can be 
treated in three parts: phenocrysts, matrix,and acces­
sories.

Phenocrysts

K-feldspar forms the most prominent phenocrysts of 
the rhyolites and augen schists. In the massive intrusive 
rocks the crystals are perthitic and seldom exceed 2 mm. 
in long dimension. The perthitic feldspars in the massive

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



lip.

rocks are crypoperthitic in nature and are evident from 
the staining techniques used. Perthitic structure is 
not common in thin section, but where seen it occurs in 
patch form. The feldspar phenocrysts of the massive rhyo­
lites have not been deformed to any extent but have been 
affected by metamorphism as shown by clear rims of albite 
around many of the grains (Figure 15, Plate XII).

In the rhyolite tuffs and massive augen schists the 
K-feldspar phenocrysts are similar to those of the massive 
rhyolites but have been adversely affected by higher meta­
morphism and shearing. It Is in the augen schists where 
the greatest variance is seen in the phenocrysts, and this 
is to be expected for two reasons. First, these rocks 
have been affected by metamorphism of a shearing nature, 
and, secondly, because the writer concentrated his studies 
mainly on this group of rocks.

Whereas the K-feldspar phenocrysts were relatively 
small in the massive rhyolites they attain a size in 
excess of 15 mm. in the tuffs and augen schists. Per­
thitic structures range from cryptoperthitic through 
microperthitic to patch perthites. The latter are the 
more abundant. The feldspar crystals of the massive 
augen schists and rhyolite tuffs (Figures 25 and 26,
Plate XVII and Figures 1+3 and ijlj., Plate XXVI) range 
from euhedral shapes to highly fragmental types which
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Figure 43. Stained thin section. Crossed nicols.Sample 
Q - 7 - 1. Quartz-feldspar augen schist east of Bath­
urst Mines. Large K-feldspar phenocrysts have been 
fractured and affected by alteration. Quartz(Q) and 
albite(A) inclusions are common within the large patch 
perthitic grains. Small embayed quartz(Q) and albite 
(A) phenocrysts are common. The matrix is highly ser- 
icitic and schistosity is well developed. Schistosity 
planes flow around the large phenocrysts. Matrix is re­
crystallized.

Figure 44. Stained thin section. Crossed nicols. Sample 
Q - 7 - 3.Same location as above. Massive augen schist. 
Large rounded patch perthitic feldspar(black) is partly 
replaced by quartz and sericite in fractures along 
cleavage planes. Quartz phenocrysts range from large 
embayed and subhedral grains to small and highly fract­
ured grains. Large biotite patches(B) are developed 
parallel to the schistosity.
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represent original fragments* The euhedral feldspar 
phenocrysts in both the tuffs and augen schists have been 
fractured by deformation and show varied degrees of al­
teration* With increased schistosity the degree of frac­
turing increases* The nature of the fractured pheno­
crysts indicates cataclasis during deformation.

Patch perthites are characterized by the presence 
of small, clear, twinned and untwinned patches of albite* 
This feature was made evident by staining of the crystals 
for potassium. (In most of the accompanying photomicro­
graphs the rocks have been quite heavily stained so that 
the potassium feldspars appear black; quartz appears 
white, and sodium feldspar which was etched but not 
stained appears as light grey patches within the host 
grain.

Patch perthitic textures are thought to have origi­
nated from the separation of high temperature components 
on cooling and metamorphism (Emmons, at al*, 1950)• 
Loudon (19^0) has recognized patch perthitic textures in 
feldspars from the Elbow area (IT — 7• He states:.

All perthites do not show the marked, patch-type 
structure described - - - -• Phenocrysts oc­
casionally show a mottled appearance under 
crossed nicols. In these, the contact between 
albite patches and potash feldspar host is not 
sharp since difference in refractive index are 
not always observed. Differences in the ex­
tinction, and the near absence of dusty in­
clusions in the albite component, may be all 
that indicates a difference in composition.
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This mottled variety of perthite does, 
in part, result from the angle at which the 
section is cut relative to the contact of the 
alhite and potash feldspar, but it may result 
also from the incomplete separation of the 
albite molecule from the host, so that there 
is a gradational change in composition*

If this is the case, then there would 
appear to be a gradation between phenocrysts 
of micro-perthite, showing complete separa­
tion of the potash feldspar and albite com­
ponents, and instances where their relation­
ships are vague and poorly defined* More 
commonly, complete segregation has taken 
place, indicating that the perthitic inter- 
growth, as it is displayed in the phenocrysts 
of the Elbow ’porphyries,’ has attained a 
stable condition*

This statement adequately describes the patch perthitic 
structures observed by the writer from the augen schists 
over the whole of the Bathurst-iTewcastle area.

Other included material, common to the perthitic 
feldspars, is quartz, calcite, and finely crystalline 
mixtures of quartz, feldspar and sericite. Quartz most 
commonly occurs as replacement masses along fractures 
between separated cleavage planes (Figures if3 through 
ij.6, Plates XXVI and XXVII). The secondary quartz is 
inclusion free and unstrained. The second type of 
inclusion consists of a fine-grained mosaic of quartz, 
orthoclase and sericite which is seen to fill original 
embayments within the crystal, and is thought to repre­
sent devitrified glass. This type of inclusion is 
characteristic of the euhedral and subhedral pheno­
crysts seen in the massive augen schists (Figure I4.5,
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Plate XXVTI). In many of the K-feldspar phenocrysts, 
similar fine-grained aggregates are seen to fill ovoid 
areas up to 0.5 am. in cross-section. These are simply 
embayments that enter into the crystal from a plane that 
is above or below the plane of the thin section. Calcite 
is common, associated with quartz, as replacement masses 
along fractures. (Figure l±b, Plate XXVII).

The presence of devitrified glass in embayments of 
the feldspar crystals indicated that the grains, and hence 
the rocks, are of igneous origin. Combined with other 
textural features they represent clear evidence of a 
volcanic origin for the rocks.

perthitic feldspars of the massive rhyolites and 
the feldspars of the more deformed rocks commonly show 
thin clear rims of sodium-feldspar. This feature is 
interpreted as r epresenting the deposition of the albite 
molecule* which, being geochemically more active than 
potassium, has moved out of the perthitic feldspars, or 
out of the matrix, in response to rising temperatures 
during metamorphism (Orville, 1962).

Hot only does shearing cause physical destruction 
(crushing, rotation and slipping along cleavage planes), 
but it also promotes destruction of the phenocrysts by 
alteration to quartz and sericite. This is the main

feature of the perthitic feldspars in areas of schistose
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PLATE XXVII : PHO TO MIC SO GRAPES OP PATCH PERTHITIC 
• FELDSPARS.

■Figure 45. Stained K-feldspar phenocryst. Sample Q, - 7 - 
3, as Figure 44. Clear, unstrained quartz(Q) replacing 
dark K-feldspar along fractures which parallel the clea­
vage planes. Microcrystalline mosaics of quartz and ser­
icite (Q.S) fill original embayment structures. Bands of 
biotite(B) surround the feldspar.

Figure 46. Stained patch perthitic feldspar phenocryst. 
Crossed nicols. Sample 0 - 8 - 2 .  Quartz (Q) and calcite 
(C) replacement masses appear confined to cleavage 

planes. Albite(A) has separated out of the K-feldspar 
to form patches within the structure. Matrix is com­
posed of finely recrystallized quartz,feldspar and ser­
icite .Rounded structure in the centre of the crystal 
is a bubble in the mounting medium.
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rocks* However, the original patch nature of the grains 

is usually retained*
Whereas the above discussion has been concerned with 

the changes in K-feldspars going from rhyolites and tuffs 
to augen schists, other changes are characteristic of the 

minerals within the "incites.'' K-feldspar in various 
stages of fracture and alteration is present. It com­
monly occurs as small untwinned grains up to 3 mm. in 
diameter and ranges in shape from fragmental grains to 
subhedral crystals with evidence of rotation being 
common. Some grains show Carlsbad twins, and other 
grains show a vague microcline twinning which may be 
more indicative of a patch pethitic structure. In the 
augen schists derived from "dacites” the K-feldspar 
phenocrysts show a high degree of alteration and in many 
cases are completely altered and replaced by sericite and 
quartz. For example, Figure I4.9 (Plate XXIX) illustrates 
a large K-feldspar pseudomorph that has been completely 
replaced by quartz, sericite and epidote. Prior to the 
last alteration the grain was separated along cleavage 
planes with quartz re crystallizing in the fractures. 
Whereas in the above case the feldspar has been des­
troyed largely by alteration, other cases exist in the 

augen schists derived from ’'dacites” (Figure 50, Plate 
XXIX) where the phenocrysts have been destroyed by de-
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formation and slippage along shear planes. Sericite is 
again a common product both in the matrix and within the 
feldspar grains.

It was difficult to trace the trend of feldspar de­
struction in the pyroelastics, since no good examples, 
other than Figure lj.7 (Plate XXVIII), were studied of 
augen schists derived from this rock type. In the massive 
pyroclastics K-feldspar grains are commonly angular and 
fractured, with quartz and calcite forming replacement 
masses along the fractures. The grains do not appear as 
altered as those of the volcanics and characteristically 
show Carlsbad twinning. Microcline is also evident, 
free of inclusions and showing characteristic twins.
Patch perthitic types are common.

Quartz forms the second most pronounced pheno- 
crystic constituent. They are more abundant than K- 
feldspar but much less conspicuous.

Within the massive intrusive rhyolites quartz occurs 
as euliedral crystals to angular fragments, generally less 
than Ij. mm. in diameter. Host of the subhedral grains show 
deep embayment and corrosion features typical of many 
rhyolites (Figures 15 and 19, Plates XII and XIV). In 
smaller grains the embayments are not as common, and the 
crystals tend to show a higher degree of fragmentation. 
Quartz phenocrysts are strained. They commonly show a
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PLATE X X V I I I  : PHOTOMICROGRAPHS OF AUGEN SCHISTS.

Figure 47. Stained thin section. Crossed nicols. Sample Q 
- 7 - 8 .  Augen schist derived from a pyroclastic rhyolite 
tuff. The original bedding is exemplified by the schist­
osity. Angular and embayed quartz grains make up the do­
minant clastic fraction. The matrix has been recrystalliz 
ed and calcite(C) occurs as a common replacement mineral. 
No rock fragments are evident. Quartz-rich and biotite- 
rich stringers impart the schistosity to the rock.

Figure 48. Stained thin section.Crossed nicols. Sample 
0 - 8 - 1 ,  from along power-line south of the Nepisi- 
quit River. This rock is characteristic of augen schists 
derived from ,fdacite”. Small rounded quartz phenocrysts 
(white and black) are abundant. Feldspars haVe apparent­
ly been destroyed by alteration. Quartz phenocrysts have 
been extremely crushed. Schistosity is well developed. 
Matrix is dusty and consists of microcrystalline masses 
of quartz and sericite with common epidote and pyrite.
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PLATE X X IX  : PHO TO MICRO GRAPHS OP AUGEN SCHISTS DERIVED

FROM D A C ITES .

Figure 49. Stained thin section. Crossed nicols. Sample 0 
- 8 - 7.Tuffaceous dacite augen schist. Large feldspar 
phenocryst-, Im the center of the slide has been complete­
ly destroyed and replaced by sericite(dark) and quartz 
and sericite(light). Oval patches of epidote(black) re­
placing feldspars are common. The matrix consists of a 
microcrystalline growth of quartz and sericite, with 
possible devitrified glass. Quartz is also common form­
ing narrow concordant veinlets.

Figure 50. Stained thin section. Crossed nicols. Sample P 
- 8 - 6 .  Augen schist derived from extreme cataclasis of 
a dacite tuff. Remnant feldspar phenocrysts exist as small 
fragments(black) along the schistosity planes. They have 
been partially replaced by epidote. Secondary quartz is 
abundant as small white augen structures that have resul­
ted from the breakdown of feldspar and quartz phenocrysts 
by shear. Mica rich layers have absorbed a deep stain.
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secondary rim of clear microcrystalline quartz, which 
causes the contact between phenocryst and matrix to be 

gradational. In other cases the crystals are partially 
rimmed by secondary quartz in optical continuity with the 
main grain.

Quartz phenocrysts within the massive rhyolite tuffs 
(other than "dacites} are typical of those in the massive 
augen schist. In these rocks quartz phenocrysts retain 
the deep embayments common to the rhyolites (Figures 
27 and 28, Plate XVIII; Figures 39 and 1̂.0, Plate XXIV).
On a larger scale deep embayed quartz phenocrysts are 

illustrated by Figures 29 and 30 of Plate XIX. Of 
special significance is the comparison of the quartz 
embayments as seen in the augen schists with the same 
feature as displayed in more recent unmetamorphosed 
¥/elded tuffs (Figure 31» Plate XX). Corroded and embayed 
quartz grains are common in lava flows and ash flows. It 
seems unlikely that these quartz grains could have formed 
in any way other than by growth in a magma. The embay­
ments are seen to be filled with microcrystalline masses 
of quartz, feldspar and sericite.

A high percentage of the quartz from the augen 
schists consists of fragmental grains. In instances 
where phenocrysts have fractured in situ the components 
form a cluster of particles. This feature is indicative
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of advanced deformation and the brittle response of 

quartz to shear (Figures 51 and 52, Plate XXX).
With increase in schistosity much of the quartz 

occurs in splinter form, very similar to that seen in the 

pyroclastic flows or metasedimentary rocks. In such 
cases it becomes difficult to decide whether the rock is 
a sediment or whether the clastic appearance is the re­
sult of cataclasis. The presence of matching fragments 
affords support for the latter origin.

All of the quartz phenocrysts show increasing de­
grees of straining with increase in deformation and 
schistosity. In the sheared rocks Boehme lamellae are 
common and are easily confused with strain features. In 
other cases the same feature has been confused with 
twinned albite grains. Boehme lamellae result from 
directed stress along the 001 direction of the crystal 
lattice (AGI Glossary).

In augen schists that show extreme schistosity the 
quartz loses most of its primary features. As discussed 
in an earlier section, quartz grains react in a brittle 
manner when subjected to directed stresses under confining 
pressures. In rocks such as those in the Tetagouche anti­
cline where deformation is extreme, quartz phenocrysts 
are fractured, crushed, and recrystallized to a coarse 
grained mosaic of serrated particles that have assumed 
a noted augen shape (Figure 9> Plate IX and Figures 57
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PLATS XXX : PHOTOMICROGRAPHS OP AUGEN SCHISTS.

Figure 51. Stained thin section. Crossed nicols. Sample P 
- 8 - 4 .  Highly schistose augen schist. Matrix highly ser- 
icitized, Quartz(white and grey) and K-feldspar(K) pheno­
crysts are highly fractured and crushed. Limonite stain­
ing is evident along the fractures. The matrix exhibits 
the same cataclastic nature as the phenocrysts.

Figure 52. Stained thin section. Crossed nicols. Sample 0 
- S - 6 . Highly schistose augen schist, as Figure 51. 
Large K-feldspar phenocrysts(K) appear black. Patch per­
thitic structure is evident. Quartz phenocrysts have 
been crushed and separated. The matrix is highly recryst­
allized.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



153

P L A T E  XXX

Figure 51

Figure 52  4-2 x

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Inl­

and 58> Plate XXXIII)* Secondary growth phenomena are 
evident in the shadow areas at the ends of the pheno­
crysts. Many of the quartz augen exhibit lengthening 
attributed to shearing.

Although quartz is usually the only mineral in the 
augen, it is in some instances associated with secondary 
albite (Figure 59 > Plate XXXV). In these structures 
the quartz grains are smaller than those of albite.

Many of the quartz augen in the extreme schistose 
rocks still maintain relatively unaltered quartz pheno­
crysts as a core structure. These grains are fragmental 
and many still show embayments (Figures 57 and 58, Plate 
XXXIII).

Figure 10, Plate IX represents a special case in 
which quartz has formed secondary lenticular structures 
in low pressure areas in the crests of the micro-folds.

The ’’dacites” are noted for their susceptibility to 
alteration. In the massive rocks no free quartz is evi­
dent, however, in the extremely sheared rocks free 
quartz is abundant as small, rounded phenocrysts up to 
2 mm. in diameter. The majority of the grains are strained. 
Embayed grains have been observed, which rules out the 
possibility of peet&yroblastic growth for at least some of 
the material. QUartz grains commonly show secondary 
growth rims and often display serrated edges forming
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interfingering contacts with the matrix (Figure 12,

Plate X). Figure I4.8, Plate XXVTII also illustrates 
the quartz phenocrysts in a schistose dacite.

Quartz commonly forms the most prominent clastic 
material of the pyroclastic flows. It ranges from angu­
lar and splintery fragments to rounded grains that attain 
lengths up to 6 mm. and are aligned parallel to the 
schistosity (Figure 36, Plate XXII and Figure If7, Plate 
XXVTII)* In the latter example rounded and embayed 
quartz grains are evident.

Yifhereas much of the clastic quartz in the augen 
schists was formed in situ, it is apparent that the 
clastic quartz of the pyroclastics was introduced in 
its present form.

Orthoclase feldspar phenocrysts were observed in 
the rhyolite tuffs and augen schists but form minor 
constituents. Staining techniques, which were utilized 
in bringing out the textures of the rock, proved helpful 
in distinguishing orthoclase from perthites. The per- 
thite grains absorbed the potassium stain, and on further 
application of the plagioclase stain were seen to absorb 
it as a masking effect on the former, indicating the 
presence of both the potassium and calcium molecule.
In unstained slides cryptoperthitic phenocrysts are 
easily mistaken for orthoclase.
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In the schistose, augen bearing rocks, the ortho- 
clase maintains its clear appearance and is characterized 
by the lack of quartz and albite inclusions. Small ovoid 
areas of devitrified glass are common, and the grains show 
Carlsbad twinning. Orthoclase grains appear quite common 
in the pyroclastic rocks.

Sodium plagioclase occurs in minor amounts in the 
intrusive rhyolites and flows where it was seen within 
the patch perthites and as clear thin rims around many 
of the large K-feldspar phenocrysts. It also appears 
commonly as small crystals, with quartz, in narrow veins 
which cut the rocks (Figure 12, Plate X).

Within the pyroclastic rocks (Figure 32, Plate XX 
and Figure 36, Plate XXII) albite occurs as small angular 
fragments and as larger grains up to 5 mm, in length that 
have been heavily fractured and altered.

Sodium plagioclase forms common phenocrysts within 
the rhyolite tuffs and massive augen schists. In all 
cases they are smaller than their potassium counterparts, 
reach a maximum length of 5 mm. (Figure 28, Plate XVIII) 
and do not show the degree of euhedral outline exhibited 
by the K-feldspars. Albite and Carlsbad twin lamellae 
are present without exception. Several phenocrysts in 
the above example exhibit bent twin lamellae. This 
feature represents pre-tectonic formation of the feld­
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spars (Turner, p. 2if0, I9I4-8) • In the massive rocks the 
feldspars contain an abundance of sericite along fractures* 

Two criteria were utilized in determining the compo­
sition of the plagioclase feldspar. First, although many 

slides were stained to bring out the rock and mineral 
texture, it was found to be impossible in most instances 
to stain the albite components. This indicated that the 
plagioclase feldspar contains less than 5$ of the calcium 
molecule (Bailey and Stevens, i960). Second, Rittman 
zone measurements (Emmons, 19^3) on 2 samples of plagio­
clase from massive augen schists or tuffs (Q, - 7 ■* 1 and 
Q, - 7 - 3) showed the plagioclase crystals to have the 
composition of An^Abg]^. Measurements from the tuff of 
Figure 28, Plate XVIII (Sample 0 - 8 - 2} showed the 
average plagioclase composition to be An^Ab^*

Albite occurs in several ways in the schistose 

ro cks:
1. As subhedral to rounded phenocrysts up to 5 long. 

The grains have be'en corroded and show secondary 
quartz around their margins (Figure 60, Plate XXXIV). 
Albite twinning is common, and the grains appear un­
altered to any degree. Some internal rearrangement
is displayed by the bladed chequer-board type twinning.

2. A more distinctive variety of albite occurs as small 
porphyroblasts associated with sutured quartz in small

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



158

augen. This albite exists as small euhedral crystals 
(0.5 mm. in length) which show Carlsbad twinning and 
which are randomly oriented within the augen (Figure 
59> Plate XXXIV). Quartz and albite aggregates repre­
sent the destruction and replacement of original 
alkali feldspar grains through shearing stresses. The 
average composition of the above albite was determined 
as An^Ab^.

3. Albite also occurs within the sheared rocks as inclu­
sions within the large K-feldspar grains and as secon­
dary rims. These features were discussed earlier when 
considering the massive non-sheared rocks.

Matrix

Basically the mineralogy is very similar to that 
of the phenocrysts, but has been variously affected by 
recrystallization and the productions of new minerals 
as a response to shearing and other metamorphic pro­
cesses.

The matrix of the massive intrusive rhyolites and 
flows is composed of a microcrystalline mass of quartz and 
K-feldspar. Grains are typically anhedral, stitured and 
have been re crystallized. Sericite is a common component 
, and occurs as randomly oriented plates within the quartz- 
feldspar mosaic. Small (0.5 mm.) oval patches of micro- 
crystalline quartz are rather common and are thought to
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r e p r e s e n t  d e v i t r i f i e d  g l a s s  l a p i l l i .

T h e  m a t r i x  c o n s t i t u e n t s  o f  t h e  r h y o l i t e  t u f f s  a n d  t h e  

m a s s i v e  a u g e n  s c h i s t s  a r e  q u a r t z ,  K - f e l d s p a r ,  N a - f e l d s p a r ,  

s e r i c i t e ,  b i o t i t e  a n d  c h l o r i t e .  E a c h  o f  t h e s e  m i n e r a l s  

i s  a l s o  p r e s e n t  i n  v a r i a b l e  a m o u n ts  i n  t h e  m o re  s h e a r e d  

r o c k s .

Q u a r t z  i s  t h e  m a j o r  c o n s t i t u e n t  o f  t h e  m a t r i x  i n  

a l l  o f  t h e  a u g e n  s c h i s t s .  I t  i s  a s s o c i a t e d  w i t h  K - f e l d ­

s p a r  a n d  s e r i c i t e  a s  s m a l l  a n h e d r a l  c l e a r  g r a i n s  w i t h  

s e r r a t e d  e d g e s .  B o t h  t h e  d e g r e e  o f  r e c r y s t a l l i z a t i o n  

a n d  t h e  g r a i n  s i z e  i n c r e a s e s  w i t h  t h e  i n c r e a s e  i n  s c h i s -  

t o s i t y .  W h e r e a s  t h e  m a t r i x  q u a r t z  o f  t h e  m a s s i v e  r h y o -  

l i t e s  a v e r a g e s  b e t w e e n  0 . 0 1  a n d  0.05 m m . t h e  q u a r t z  o f  

t h e  m o r e  s c h i s t o s e  a u g e n  s c h i s t s  a v e r a g e s  a r o u n d  0 . 1  

m m . i n  s i z e .

W i t h  i n c r e a s e d  s c h i s t o s i t y  t h e r e  i s  a  g r e a t e r  t e n ­

d e n c y  f o r  a u g e n  f o r m a t i o n ,  r o t a t i o n  o f  g r a i n s  a n d  f r a c t u r e  

o f  g r a i n s .  A l l  o f  t h e s e  f e a t u r e s  a i d  i n  t h e  m e t a m o r -  

p h i c  d i f f e r e n t i a t i o n  o f  m a t r i x  s i l i c a  i n t o  t h e  r e s u l t i n g  

l o w  p r e s s u r e  a r e a s  w h e r e  i t  I s  d e p o s i t e d  a s  c o a r s e r  

( 0 . 5  t o  1 . 0  m m .)  q u a r t z  m o s a i c s .

O r t h o c l a s e  i s  m o r e  co m m o n  i n  t h e  m a t r i x  o f  t h e  a u g e n  

s c h i s t s  t h a n  a s  p h e n o c r y s t s .  I t  i s  s i m i l a r  t o  t h e  q u a r t z  

i n  o c c u r r e n c e  a n d  h a b i t ,  b e i n g  a l s o  c l e a r  a n d  f r e e  o f  i n ­

c l u s i o n s .  T h e s e  f e a t u r e s  a r e  i n d i c a t i v e  o f  i t s  S e c o n d a r y -
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origin by re crystallization. In the more schistose rocks 
orthoclase seems to occur as a spongy, micro crystalline 
intergrowth with quartz and sericite. In rocks that show 
narrow quartz veining the orthoclase is seen to be a 
common vein component with quartz.

Albite of the matrix is very hard to distinguish 
from quartz and orthoclase. Staining of the thin section 
aids in identification. Small anhedral grains are un­
twinned and do not exceed 0.0£ mm. in dimension.

Sericite probably represents the most characteristic 
mineral of the matrix of the augen schists. It is charac­
terized by its platy structure and low order birefringence. 
With increase in schistosity there Is a marked increase 
in the sericite content and there is a tendency for segre­
gation of quartz-rich and sericite-rich bands. Segre­
gation is related to shear. Sericite production is in 

response to shear by breakdown of matrix and phenocrystie 
feldspar with sericite concentrated along the shear planes. 
The higher the shearing the closer spaced are the sericite 
bands. It can then be seen that in extreme cases of shear 
the final product is a quartz-mica schist.

In the schistose rocks the mica bands are often 

sinuous and are seen to flow around the quartz and feld­
spar augen. In the more massive rocks sinuous bands are 
not as well developed, and sericite commonly occurs as
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shorter "bands and lenses (Figure 28, Plate XVIII)* In 
the massive rocks and tuffs, sericite also occurs as 
plates and flakes interstitial to quartz and feldspar*

In the massive rocks sericite commonly forms small 

individual masses less than 1 mm. in length. These 
patches have been interpreted (Johnston, i960; Loudon, 
i960) to represent the product of devitrification of 
glass or pumice in the original rocks*

Sericitization of feldspar phenocrysts is a common 
process, especially along fractures and cleavage planes* 
It also occurs at the ends of the feldspar cores within 
augen, where the grain is in contact with the quartz 
mosaic which forms the lens structure. Minute plates of 
sericite are common rimming altered feldspar phenocrysts 
and under high magnification these same flakes are seen 
within the edges of the grains where the breakdown has 
begun.

Sericitization is related to shearing. However, 
in some areas of massive rocks there would appear to be 
marked changes in sericite content from one rock to an­
other where the mineralogy is much the same and where 
there appears to have been no-pronounced, shearing action. 
In such cases it is suggested, as an alternative hypothe­
sis, that the rocks showing the highest content of seri­
cite are probably the ones which originally contained 

the greatest amount of glass and dissolved water and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



162

that the sericite content is a product of devitrification, 
Sericite also is abundant in the "dacites." In the 

massive rocks (Figure 2l|, Plate XVT) it occurs as sinuous 
bands of microcrystalline nature. These bands commonly 
grade into more tabular stringers that impart a suggestion 
of schistosity to the rock. In the augen schists derived 
from the dacitic rocks (Figure 50, Plate XXIX) the sericite 
has been segregated into bands that separate wider quartz- 
rich bands.

B i o t i t e  i s  n o t  a  c o n s t i t u e n t  o f  t h e  m a s s i v e  r h y o l i t e s .  

I t  o c c u r s  i n  m i n o r  a m o u n t s  i n  t h e  m a s s i v e  t u f f s  a n d  m a s s i v e  

a u g e n  s c h i s t s ,  i s  c o m m o n  i n  t h e  p y r o c l a s t i c  r o c k s ,  a n d  

b e c o m e s  a  m a j o r  m i n e r a l  I n  t h e  a u g e n  s c h i s t s .  I t  o c c u r s  

i n  s e v e r a l  w a y s :

1. As fine, thin, flakes associated with sericite and 
chlorite. Individual crystals of biotite are aligned 
parallel to the main schistosity.

2. A s  i r r e g u l a r  m a s s e s  i n  a s s o c i a t i o n  w i t h  p y r i t e .  T h e s e  

a r e  m o r e  c o m m o n  i n  t h e  m a s s iv e  r o c k s .  I n  t h e  m o r e  

s c h i s t o s e  r o c k s  t h e  a s s o c i a t i o n  i s  s e e n  t o  o c c u r  a lo n g  

f r a c t u r e s  i n  t h e  r o c k s .

3. As stringers partially rimming large K-feldspar 
phenocrysts. Such stringers originate from the 
migration of potassium during metamorphism and 
shearing of the phenocrysts. This feature is illus-
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trated in Figures lj-3 and iflj. (Plate XXVI),

J4.. As micro crystalline flakes, commonly formed at right 
angles to the main rock schistosity, and associated 
with areas enriched in sericite and chlorite, Biotite 
of this type may indicate the biotite isograd. The 
reaction is expressed as:

Muscovite (Sericite) Chlorite 5=^Biotite * Chlorite.

The above occurrences are common in both massive and 
more schistose augen schists. They are apparently indica­
tive of reactions which took place late in the metamor­
phic history.

Biotite also occurs as probable porphyroblasts in 
the augen schists. This seems to be- true of more massive 
types and especially the tuffs where shearing has not been 
too extreme. In these instances the biotite occurs as 
large patches or books which parallel the schistosity 
(Figure I4.O, Plate XXIV and Figure ij.2, Plate XXV). In 
the more schistose rocks the porphyroblasts are exceed­
ingly elongated and appear to be masked by sericite and 
chlorite.

B i o t i t e  a p p e a r s  t o  b e  a  s e c o n d a r y  m i n e r a l  i n  t h e  

p y r o c l a s t i c s  a n d  f l o w s  a r o u n d  t h e  l a r g e  c l a s t i c  g r a i n s  

a n d  r o c k  f r a g m e n t s .

Chlorite content increases with increase in schis­
tosity. In the volcanics around the Tetagouche anticline
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chlorite is common and imparts a light green color to the 
rocks. The chlorite is pleochroic from pale yellow to 
bright green, commonly with a deep blue interference 
color characteristic of the iron and magnesium chlorite, 
penninite. The chlorite in these rocks seems closely 
associated with biotite, apparently as an expression of 
the chlorite-biotite subfacies of the greenschist facies.

Accessories

Accessory minerals form a very minor percentage of 
the rock. In thin section they are almost completely 
masked by the microcrystalline nature of the matrix and 
particularly by the high mica content. To aid the study, 
rock samples were dissolved in hydrofluoric acid, and 
several were crushed and separated by heavy liquids. The 
accessory minerals are zircon, garnet, pyrite, magnetite, 
apatite, epidote, calcite and limonite.

Zircon shows the same physical properties in all of 
the rocks studied. They are extremely small and range 
from doubly terminated crystals to broken and rounded 
fragments. The grains characteristically form thin rod­
like crystals. Zircon crystals most commonly occur in 
association with the fine matrix mosaic but are also 
common as inclusions within feldspar phenocrysts. The 
zircons from the extremely schistose rocks in the Teta- 
gouche anticline are more abundant and smaller than those
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of the massive rocks in the southeast.
Garnets are also typical of all the rock types 

except massive rhyolites. However, they appear more 
abundant in the more schistose rocks and in particular 
in the "dacites." The presence of greater abundances 
in any one rock type is accounted for by the higher 
iron content of the rock. It is suggested that shear 
has been a great aid in promoting faster reaction rates 
in the rocks during metamorphism. The garnets are charac­
teristically small, rounded, orange-pink and extremely 

clear. The largest grains occur within the t,dacites.n 
X-ray analysis of the garnet fraction has shown it to 
be the high iron-bearing member, nearly pure almandine 

(?e3Al2(SiO^)3)o
Pyrite is a common accessory. In the massive rhyo­

lites it occurs as small striated cubes and as anhedral 
masses. In the augen schists and tuffs it occurs in 
much the same manner but also appears associated with 
fracturing and as replacement masses within ruptured 
pheno crysts.

Magnetite in the massive rhyolites, tuffs, and their 
schistose derivatives occurs as small euhedral crystals 
in clusters in the matrix.

Apatite and epidote were recognized as accessories 
in the massive augen schists and in the rhyolite tuffs
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but were masked completely in the more schistose rocks.

These two minerals are commonly associated with quartz in 
the matrix. Grains are very minute. Apatite grains are 
anhedral and distinguished by their relief.

Calcite is a common accessory of the tuffs and augen 
schists where it is most commonly associated with quartz 
as replacements within K-feldspars (Figure lj.6, Plate XXVII). 
Within the matrix calcite occurs as minute irregular blebs 
and as short narrow veinlets. Under high magnification 
calcite is distinguished by its characteristic twinning. 
Since the calcite is all secondary, It is thought to be 
the product of destruction of plagioclase feldspars with 
release of the calcium molecule. Calcite is much more 
common in the pyroelastics than It is in the augen schists 
(Figure , Plate XXVIII) and is thought to be indicative 
of higher calcium content in the original rock.

As an alternative hypothesis it is suggested that . 
apatite, epidote, calcite and pyrite may be the products 
of propylitization.

Limonite is common in all of the rocks as weathering 
stains along fractures and around the phenocrysts. In 
areas where pyrite is common limonite is, of course, 

more abundant.
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PLATS XXXI : EXPOSURES OP SCHISTOSE VARIETY OP AUGEN
SCHISTS.

Figure 53. Augen schist with well developed foliation. 

Located on N - 6 map sheet. Small feldspar phenocrysts 
(augen) lie in the plane of the schistosity. Alternating 
dark argillaceous and lighter feldspar-rich hands impart 
bedding to the rock. Narrow white quartz veins are com­
mon. Pencil is approximately 6 inches long.

Figure 54. Schistose and bedded augen schist from the 
Devils Elbow area, map N - 7. Bedding is displayed by 
alternating dark chlorite-rich bands and lighter feld­
spar-rich bands. Slip cleavage offsets the bedding near­
ly at right angles. Large feldspar phenocrysts have been 
disturbed by development of the cleavage.
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P L A T E  XXXI

Figure 5 3

Figure 5 4
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PLATE XXXII : PHOTOMICROGRAPHS OP AUGEN SCHIST.

Figure 55. Stained thin section. Crossed nicols. Sample 

N - 6 - 4, one mile south of Tetagouche fire tower.Large 
perthitic feldspar appear as black crystals(heavily stain­
ed). Feldspars are relatively unaltered but have been frac­
tured and rotated in the matrix. Quartz phenocrysts have 
been destroyed and form augen composed of microcrystalline, 
sutured grains (white). Quartz has recrystallized in the 
fractures(feldspars) and in the pressure shadow areas of 
large phenocrysts. The matrix is composed of microcrystal­
line quartz and sericite. Staining has exemplified the 
quartz-rich and mica-rich banding.

Figure 56. Stained thin section. Crossed nicols.Sample 0 - 
5 - 2 .  Typical schistose variety of augen schist. Sericite 
bands flow around large K-feldspar(black) and crushed 
quartz(white) augen. Feldspar phenocrysts have been frac­
tured along cleavage planes. Some K-feldspars show Carls­
bad twins. Patch perthitic structure is evident in some 
crystals. Quartz is common as small fragmentary grains and 
as recrystallized material in pressure shadow areas. Stain­
ing exemplifies the schistosity.
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P L A T E  XXXI !

Figure 5 6  4  -2  x
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PLATE XXXIII : PHOTOMICROGRAPHS OP AUC33N SCHISTS.

Figure 57. Stained thin section.Crossed nicols. Sample 
0 - 6 - 21. Quartz-feldspar augen schist. Augen of 
quartz(white) and K-feldspar(black) are exemplified by 
staining. Large quartz augen is crushed but still shows 
volcanic embayments. Large K-feldspar augen Is patch 
perthitic and has been rotated in the soft matrix. Matrix 

largely recrystallized quartz and sericite.

Figure 58. Stained thin section. Crossed nicols. Sample 
0 - 6 - 2 4 .  Matrix appears cataclastic. Abundant angular 
quartz(Q) as phenocrysts and as small matrix components. 
K-feldspar phenocrysts(K) are patch perthitic. Albite(A) 
occurs as smaller relatively unaltered and twinned cryst­

als. Clear secondary quartz rims are evident around the 

dark feldspar crystals.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



169

PLATE XXXIII

Figure 5 8 4  -2 x
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PLATE XXXIV : PHOTOMICROGRAPHS OF ALBITE PRIMARY AND 
SECONDARY ALBITE.

Figure 59. Stained thin section.Crossed nicols. Sample 
N - 6 - 2, from the area of the Caribou Mine. Quartz 
augen in a fine grained, schistose, sericitic and extreme­
ly stained matrix. Small 0.5 microlites of albite have 
developed at a large angle to the schistosity. Albite 
crystals are well developed.

Figure 60. Stained thin section. Crossed nicols. Sample 
0 - 5 - 9. Tuffaceous matrix of augen schist. Rounded 

phenocryst. of albite in right center of figure. Albite 
shows slight chequer-board structure. Matrix is composed 
of quartz,feldspar and sericite. Abundant secondary quartz 
grains(white) are evident around the albite phenocryst and 
in the matrix. A possible pumice fragment may be seen in the 
left central part of the. photo.
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P L A T E  XXXIV

Figure 6 0  21 x
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PLATE XXXV : PHOTOMICROGRAPHS OP QUARTZ-MICA SCHISTS.

Figure 61. Stained thin section. Crossed nicols. Sample 
0 - 6 - 4 .  Quartz-sericite schist. Schistosity well de­
veloped. Remnant feldspar phenocrysts ('black) are evident 

along the schistosity planes. Quartz(white) forms elong­
ated augen and stringers alternating with dark sericite 
rich hands.

Figure 62. Stained thin section. Crossed nicols. Sample 
0 - 5 - 5 .  Quartz-sericite schist, as Figure 61. Feldspar 
augen are still evident. K-feldspar(K) and alhite(A) are 
rimmed by bands of sericite(S). Quartz(white) occurs as 
segregated stringers. Patches of sericite(S) are common 
in the matrix.
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Figure 6 2  4 -2 x
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ORIGIN AND METAMORPHISM OP THE AUGEN SCHISTS

Introduction

General Statement

The present uncertainty over the origin of the augen 
schists and their close spatial relationship to strati- 
graphica-lly controlled sulphide deposits warrants the 
undertaking of this study. This is the first attempt 
at a regional study of the augen schists, although sev­
eral works have appeared on local areas, for example, 
Loudon (i960) conducted a petrographic study of acid 
volcanic rocks from the Devils Elbow property (N - 7)» 
whereas earlier yjork by Sawyer (1957), Lee and Rancourt 
(1953) and later petrochemical work by Pearce (1963) 
has all been confined to the immediate area of the Bruns­
wick Mining and Smelting Number 6 ore deposit. It has 
been contended that the "type” augen schist occurs in 
the southeast area, but the present work considers the 
augen schists over the whole district as representing a 
continuing series of volcanic and tuffaceous rocks which 
have been variously affected because of their depositional 
and metamorphic histories.

The regional geology of the area has been presented 

by Skinner (1953# 1956), by Smith (1957)* and hy Smith

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



173

and Skinner (1958). In each, the augen schist is treated 
in a general manner, and several broad generalizations 
have been made. The present work involves a study of 
acid volcanics over the region and a more detailed study 
from selected areas.

The writer mapped an area of approximately 200 square 
miles, 7/hich traversed a complete stratigraphic section 
across the rock units of the Ordovician complex (Plates I 
and VII). Additional reconnaissance field work outside 
the three maps allowed the writer to study the augen 
schist sequence over the gross structure and to collect 
samples for laboratory study on a regional basis.

Laboratory studies were confined to textural rela­
tionships and mineralogy within the rock units in tracing 
the development of augen schists through the dynamic 

metamorphism of rhyolite flows and tuffs.
Prior to discussion of the origin of the augen 

schists it is felt that some background material should 
be presented for readers unfamiliar with the geology of 
the area and the problems presented by this rock unit.

Previous Terminology and Descriptions

Young (1911) recognized the augen schists south of 
the present site of the Brunswick Humber 6 sulphide 
deposit as possible tuffs. He states:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



nk

The rock (quartz-free porphyry) is usually 
of a dark, greyish black colour, but in not a 
few instances green; it is usually very fine­
grained, dense, but showing scattered tiny 
cleavage faces. In most cases the rock has 
at least an irregular schistose parting, and 
in many instances has been sheared to a 
glistening or dull sericite and chlorite 
schist.

Examined in thin section, the quartz- 
free porphyry consists of a very finely cry­
stalline base, holding a few, very small 
phenocrysts of plagioclase. In some in­
stances the fine-grained base consists largely 
of minute laths of plagioclase, but more 
commonly the ground is finely granular, with 
much quartz present. At times the general 
structure suggests that the rock is a tuff,
.... Various secondary minerals, chlorite, 
sericite, calcite, etc., occur in varying 
quantities, apparently directly proportional 
to the amount of shearing the rock has 
suffered.

•...The quartz porphyry always has a 
hackly parting plane, and varies in colour 
from nearly black to dark, greenish grey, 
the lighter colours being characteristic of 
the more schistose varieties, which grade 
into sericite schists. The rock, when not 
too much sheared is crowded with crystal 
fragments of glassy quartz and white feld­
spar, that lie in a dense base. The crystal 
fragments, or phenocrysts, vary widely in 
size from exposure to exposure, though fairly 
uniform over considerable areas. In many 
instances the feldspar individuals measure 
over one-half inch in length, in others they 
are not above the size of small shot.

In thin sections, the quartz porphyries 
are seen to be composed of angular individuals 
of quartz, orthoclase, and acid plagioclase, 
crowded together in a finely granular ground 
of quartz and orthoclase. In most cases the 
phenocrysts are broken, and others of shearing 
are usually visible. In more schistose vari­
eties, sericite, biotite, etc. are plentifully 
developed.

 the general structure at times sug­
gested a tuffaceous origin for the rock, the 
shearing to which the rock has been subjected 
masking their true origin....
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Whereas Young studied more massive rocks, Alcock 
(19i|l) was familiar with the more schistose types to the 
northwest where he recognized them as possible tuffaceous 

members. He states:

The best sections .... exposed along the main 
Tetagouche and its chief tributary, the South
Branch the dark slates and limestones
have associated with them banded, greenish 
rocks and zones of sericitic schist, which 
apparently represent volcanic tuffs. In 
thin section the massive green rocks are 
found to consist of a mass of secondary 
minerals .... They pass into chlorite 
schists .... These vary from hard, cherty 
types containing but little sericite to 
highly schistose types containing much.
Many show crystals of feldspar, giving them
a pseudomorphic appearance they are seen
to consist largely of quartz and sericite 
with large, irregularly shaped crystals of
orthoclase and plagioclase ....  Similar
grey rocks with feldspar and quartz crystals 
developed as metacrysts also occur....

Smith and Skinner (1958) refer to the augen schists 
as ’porphyry* from their descriptions of massive rocks 
around the Brunswick properties. They state:

Some of the less deformed types of ’porphyry’ 
have an igneous fabric... Other thin sections 
show rounded and embayed quartz grains as well 
as euhedral feldspars in a hydrothermally 
altered groundmass of felsic material ....
They are interpreted as shallow sills or 
flows derived from the same magma as the
siliceous volcanic rocks....

.... other rocks containing conspicu­
ous quartz and feldspar grains have a sedi­
mentary fabric. Where undeformed they may 
be bedded and contain rock fragments. Their
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larger grains are angular, and the groundmass 
is poorly sorted and fine grained in contrast 
to the microcrystalline groundmass of the 
igneous type.

.... The growth of large grains as por- 
phyroblasts is of negligible importance in 
explaining the origin of the great bulk of 
rocks with conspicuous quartz and feldspar 
grains.

Confusion over the nature of the *por­
phyry* has arisen because in most cases the 
rock is deformed and genetic criteria are 
destroyed. In ordinary one-mile mapping it 
has not been possible to separate the various 
types in the field, and the name ’porphyry* 
has been used for the hybrid unit. In future 
detailed mapping, however, the name chosen 
for this unit should be based on local con­
siderations in the area mapped rather than 
on analogy with other parts of the district. 
It is not reasonable to try to force a single 
name on the ’porphyry’ unit as it is present­
ly nappedo

Lea and Rancourt (1958) describe augen schists from 
the Brunswick area also, and describe a rock type they 
refer to as a chlorite schist, as:

characterized by about 15 per cent of moder­
ately coarse quartz crystals (up to 0.5 Em­
in diameter) showing strong evidence of 
milling, cracking, and fracturing in meta- 
morphism. These quartz grains are essentially 
the same as the quartz eyes of the quartz eye 
schists. The groundmass is approximately 60 
per cent very fine quartz and 15 to 25 per 
cent deep-green chlorite in tiny flakes. It 
is suggested that these rocks are moderately 
aluminous fine grained sediments. They are 
strongly suggestive of a progressive sedi- 
mentational gradation from coarser and more 
impure greywaeke toward more purely siliceous 
and finer grained material.
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This rock type is later considered to be the metamorphic 

derivative of augen schists (Pearce, 1963).
McAllister (i960) points out the association of the 

augen schists with sulphide occurrences in the area.
Q,uot e :

Rocks characterized by the presence of euhe- 
dral crystals, angular fragments, or rounded 
grains of quartz and/or feldspar are associ­
ated with every massive sulphide deposit in 
the Bathurst-Newcastle camp....

Plow structures and igneous contacts 
have certainly been identified in quartz- 
feldspar porphyries of the district. It is 
suggested that most of the rocks'.of known 
magmatic origin (i.e., not tuffaceous) of 
the district are hard, brittle and of blocky 
or conchoidal fracture.

On the other hand most of the rocks in 
close association with the ore bodies show 
features suggestive of tuffaceous origin, 
such as bedding, associated agglomerate, 
presence of shards, glass, pumiceous tex­
ture, etc. Considerable variation is also 
found in the matrix of the tuffaceous mem­
bers. Some are chloritic, some are fine 
grained and sericitic and some have a mat­
rix resembling grey phyllitic argillite.
The variation in matrix reflects, among 
other things, the variation of environ­
ments in which the tuffs were deposited.
As compared to the rocks of known mag­
matic origin the tuffs are more schis­
tose, having generally a matrix rich in
soft sericite • and/or chlorite .....
*Porphyry-Tuff1 ... is distinguished from 
rocks in the ’Acidic Volcanic unit ... 
mainly on a basis of grain size. In the 
(former) unit many of the rocks carry crys­
tals of feldspar up to one-half inch in 
diameter. Many of the rocks of the ’Acidic 
Volcanic’ unit are similar except for the 
much smaller size of the augen of quartz 
and feldspar.
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Smith (1957) describes several types of augen schist 
that he was able to recognize from a regional mapping pro­
gram. These include:
1. Rocks considered to be contemporaneous with the rhyolitic 

flows in the area. Such exist either as flows or as 
shallow sills and grade into rhyolites as the number and 
size of phenocrysts decreases

2. Gross-cutting dykes, such as a body at the Nigadoo 
Mine, which cuts both Ordovician and Silurian rocks 
and which is thought to be related to the granite 
intrusions. A narrow quartz-feldspar porphyry dyke 
was mapped by smith and McAllister (1956) on the P - 7 
map sheet.

3* An arkosic or tuffaceous rock which appears to be 
highly sheared and which has a fine-grained rather 
than a microcrystalline matrix. This type also 
contains rock fragments.

1|. A type containing ’blue* quartz eyes, in a matrix 
that appears to be sedimentary. It is questionable 
whether the eyes are sedimentary or metasomatic*

The foregoing discussion has been presented to bring 
attention to the ambiguity that exists in dealing with the 
augen schist sequence. The contention that detailed 
mapping will solve many of the problems has been true.
The contention (Smith and Skinner, 1958) that the rock
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should be given an applicable name to fit specific occur­
rences may be valid, but since this sequence of rocks in 
its various forms had a similar origin, a common termin­
ology is desirable. Variance in physical and chemical 
properties result from changes in the depositional en­
vironment, and in the local conditions of metamorphism.
This area was one of great volcanism during Ordovician 
time (McAllister, i960) and was relatively unstable.
Rocks such as the different chemical iron facies, graphitic 
schists and greywackes are common associates and indicate 
that the area was one of shallow seas, deeper lagoonal 
basins, and terrestrial highlands. Such a physiographic 
setting testifies to the amount of diversification that 
should be expected in the rock assemblage.

Present Terminology

A controversy exists as to v/hether this particular 
rock assemblage should be referred to as porphyry or as 
augen schist. The classic definition of a porphyry in 
the past has been used to describe all rocks containing 
conspicuous phenocrysts in a fine-grained matrix. The 
resulting texture is described as being ‘porphyritic.1 
This term is, at present, used to define any igneous or 
neta-igneous rock that has two or more distinct grain 
sizes. The term ‘augen1, in the classic sense, was used
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to refer to ’eye shaped’ structures, especially in meta- 
morphic rocks, and further the use of the word ’augen 
schist* implies a sheared rock characterized by the pre­
sence of recrystallized minerals in schistose streaks 
and lenticules. The term ’augen gneiss’, furthermore, 
incorporates such rocks containing phacoidal crystals ' 
or aggregates, with the augen representing either un­
crushed fragments or porphyroblasts»

The writer prefers the term ’augen schist’ for the 
following reasons:
1, The term ’porphyry’ denotes igneous rocks, whereas 

these rocks are metamorphic. They show recrystalli­
zation, with the development of abundant mica which 
imparts a schistosity to the rock*

2. Rocks that are massive may appear as ’porphyries’ su­
perficially; however, in thin section all of the rocks 
show augen development with mica minerals character­
istically moulded around the phenocrysts*

3* Hany of the rock types within the unit are not charac­
terized by a porphyritic texture, but in thin section 
folia of eye shaped material is invariably present, 
sometimes even as mica aggregates*

Field Characteristics of the Augen Schists

Detailed napping on the scale of i|. inches to the mile
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has allowed the writer to make observations and draw con­
clusions concerning the augen schist units» 
lo Several types can be recognized inthe field. They 

differ slightly in mineralogy, the amount of shearing, 
and their over-all physical appearance. The various 
types are representative of rocks derived from flows, 
tuffs or sediments.

2. Augen schist forms the dominant rock type of the 
intermediate stratigraphic unit of the Ordovician 
sequence (Plate VII).

3. Augen schists often form long sinuous beds ?/hose
stratigraphic lengths greatly exceed the thickness.
For example, in the IT - 6 area 100 to 200 foot thick 
beds can be traced laterally for over three miles. 
Since these rocks are rhyolitic, it is difficult to 
visualize such as flows, for magma of rhyolite com­
position is assumed to form short, thick, bulbous 
flows. This is considered as evidence that the rock 
units were deposited as air-deposited tuffs.

i].. Augen schists are often considered to be a sediment
of the greywacke-sandstone type. It is difficult to 
visualize the sedimentary environment needed to pro­
duce a rock containing large crystals of feldspar in 
an argillaceous matrix without including volcanic 

events.
5. The augen schists are not the intrusive equivalent
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of rhyolites as suggested by Smith (1957) or Skinner 
(1956). The writer has not observed any instance where 
intrusive relations were indicated.

6. Augen schists vary from extremely massive to very 

schistose within local areas. This feature is 
associated with areas where local deformation has 
been quite variable.

?. Rocks of the augen schist family occur interbedded
with all of the rock units in the Ordovician sequence, 
from the outer basic volcanics to the innermost acidic 
volcanic core rocks. The association of augen schist 
with such a wide variety of rocks, including graphite 
schists, greywackes, andesites, and rhyolites reflects 
a complex origin for this rock type.

8. Augen schists, with successive degrees of dynamic 
metamorphism, are converted to quartz-sericite schists.

9. Schistosity has developed parallel to the bedding 
planes. This feature has been used with considerable 
success in tracing out the trends of the lithologic 
units.

To arrive at a conclusion regarding the origin of the 
augen schists, several lines of evidence other than field 
criteria must be considered. All of the rocks have been 
affected, more or less, by metamorphism and weathering, 
but many still retain original features which are indica-
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tive of their origin*

Petrography

General Statement

Complete petrographic descriptions of the rock types 
studied are included in Chapter III, with emphasis on the 
development of augen schists.

This section includes a discussion of the mineralogy 
and texture of the augen schists and the significance that 
these features have in determining the original character 
of the rocks and in describing the metamorphic changes 
which have occurred. This is, then, a summary of the con­
clusions arrived at from the petrographic study of Chapter 
III.

Texture

Low grade metamorphism has, for the most part, des­
troyed the original fabric of the rocks. Where metamorphism 
has been most intense the resulting texture is typical of 
schists with segregated bands of mica-rich and quartz-rich 
material. Mica-rich bands flow around augen of quartz and 
feldspar in typical fashion. In areas where dynamic meta­
morphism has been lower the rocks are massive and in many 
cases tend to retain their original texture or fabric.
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During the mapping program the writer was able to make 

subdivisions within the gross.augen schist unit partly on 
the basis of the texture observed in outcrop. For example, 
augen schists could be distinguished from porphyritic 

rhyolites, and volcanic members of the augen schist se­
quence could be distinguished from pyroclastic derivatives.

Metamorphic and igneous textures are both prevalent 
in the matrix material, whereas an igneous texture pre­
dominates in the phenocrysts.

Matrix_

Recrystallization has tended to increase the total 
grain size and to produce a clear metamorphic assemblage. 
The matrix is invariably a mosaic of anhedral grains of 
quartz and feldspar with varying amounts of sericite, 
depending on the degree of schistosity developed in the 
rock. The anhedral grains display vivid serrated boun­
daries and where in contact with larger phenocrysts the 
contacts become vague or gradational with interfingering 
between the two in typical lace-work fashion (Figure 12, 
Plate X). This feature is often advanced in support of 
porphyroblast growth, but is the nonaaOL result of re­
crystallization of the rock components. Evidence to 
support secondary addition of material to the grains is 
present. Many large quartz phenocrysts display clear
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unstained met amorphic borders, and many feldspar phenocrysts 
exhibit clear untwinned rims.

Re crystallization of the matrix and metamorphic 
differentiation supplies excess silica for redistribution 
as veins within the rocks and as fracture fillings in the 

phenocrysts.
The rocks of the augen schist series are unique in 

that they show many features that are not evident in the 
massive rhyolite intrusives and flows of the same volcanic 
suite. The nature of the matrix implies a tuffaceous 
origin. The most prevalent feature is the development 
of abundant sericite and the apparent ability of the rock 
to be easily recrystallized. This feature is indicative 
of the augen schists in the northwest and indicates that 
they were originally composed of a material that was easi­
ly altered and reconstituted. It is the writer’s conten­
tion that the sericite content is not only dependent on 
the amount of shearing but is also indicative of the 
amount of water contained in the original rock. Fyfe, 
Turner and Verhoogen (1958) state that tuffs can contain 
up to 10 percent water within the mineral structure 
(clays, sericite). In this respect the rocks in the 
northwest could represent air-blown and water deposited 
tuffs, in contrast to the more massive types closer to 
the volcanic source (southeast and central regions).

Evidence of original glass has been observed and 
recorded, with examples, in Chapter III.
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Pheno cryst_s

Metamorphism has been low grade and dynamic resulting 
in the original phenocrysts having been crushed and strained 
to varying degrees, with most suffering fracture and separa­
tion® The degree of destruction varies from areas where 
shearing is low and the phenocrysts are merely strained 
to areas of extreme shearing where the phenocrysts have 
been completely obliterated and smeared along planes of 
shearing (Contrast Figure 63, Plate XXXVI with Figure 66, 
Plate XXXVII).

Although metamorphic effects are pronounced, the ori­
ginal texture and origin or the rock is illustrated by 
several features.

Deep and rounded embayments within the phenocrysts, 
and especially quartz, are indicative of a volcanic origin. 
Embayments in the quartz grains are generally tunnel-shaped 
with smooth curved edges that do not appear rough and 
jagged (Plate XIX). Embayment features have been observed 
in quartz phenocrysts from the augen schists, "dacites*1 
and pyroclastics from the whole area and have been noted 
in grains that have been almost completely destroyed by 
cataclasis (Figures 57 and 58, Plate XXXIII). The materi­
al which fills the embayments consists of a microcrystal­
line mass of quartz, sericite and feldspar, which repre­
sents the composition of the original magma. Embayed
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quartz grains have been seen not only in the augen schist, 
but also in the massive intrusive rhyolites of the area 
(Figure 19, Plate XIV). Many large potash feldspar pheno­

crysts also contain deep embayments (Figure 1(.3# Plate XXVT) 
similar to those seen in quartz grains. Survey of the 
literature has shown that embayed structures are indica­
tive of igneous porphyries and crystal tuffs (Figure 19, 
Plate XIV and Figure 31, Plate XX).

The shapes of the phenocrysts are indicative of 
igneous rockso Study of tuffs and flow rocks from various 
areas and a survey of tbs literature indicates that euhe- 
dral and subhedral phenocrysts are common and similar to 
the phenocrysts in the augen schists of the Bathurst- 
Newcastle area. The size and shape of the quartz and 
feldspar phenocrysts indicates that both were growing 
simultaneously in the magma. Furthermore, the presence 

of abundant fractured and angular grains of both quartz 
and feldspar, of the same composition as the larger 
euhedral phenocrysts, indicates a common origin. That 
is, all of the phenocrysts, both euhedral’and fragmental, 
have originated in a magma and reached their present 
position through the action of forceful extrusion.

In many instances the texture of the rock is indica­
tive of a pyroclastic (Plate XXII and Figure Ij.7, Plate 
XXVIII). The rocks consist of small angular quartz grains
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a n d  r o c k  f r a g m e n t s ,  n o t a b l y  s h a l e  a n d  r h y o l i t e  i n  v a r i o u s  

s t a g e s  o f  r o u n d i n g ,  s e t  i n  a n  a r g i l l a c e o u s  m a t r i x .  T h e  

a n g u l a r  q u a r t z  h a s  n o t  f o r m e d  i n  s i t u  t h r o u g h  d e f o r m a t i o n .  

I n  m a n y  i n s t a n c e s  t h i s  r o c k  h a s  b e e n  i n c l u d e d ,  d u r i n g  m a p ­

p i n g ,  w i t h  t h e  a u g e n  s c h i s t s  f r o r n  s u r f a c e  a p p e a r a n c e , a n d  

o f t e n  m i c r o s c o p i c  a n a l y s i s  i s  n e c e s s a r y  f o r  r e c o g n i t i o n  

o f  t h e  o r i g i n a l  r o c k .

T h e  m a s s i v e  t e x t u r e  o f  t h e  r h y o l i t e  p o r p h y r i e s  i s  

f u n d a m e n t a l  i n  e s t a b l i s h i n g  t h e  i n t r u s i v e  a n d  u n a l t e r e d  

n a t u r e  o f  t h i s  r o c k  ( P l a t e  X I I ) .  I g n e o u s  q u a r t z  a n d  

f e l d s p a r  p h e n o c r y s t s  a r e  p r e s e n t  a n d  t h e  m a t r i x  d o e s -  n o t  

s h o w  f e a t u r e s  o f  t u f f a c e o u s  o r i g i n .  T h e  r e l a t i o n s h i p  

b e t w e e n  m a s s i v e  r h y o l i t e s  i s  o b v i o u s  f r o m  t h e  n a t u r e  o f  

t h e  p h e n o c r y s t s .

C o n  c l u s i o n _

M e a g r e  a s  t h e  t e x t u r a l  e v id e n c e  i s  a t  t h i s  s t a g e  i t s  

v e r y  n a t u r e  i s  s t r o n g l y  s u g g e s t i v e  t h a t  m o s t  o f  t h e  a u g e n  

s c h i s t s  a r e  t u f f a c e o u s .  I t  w a s  o b s e r v e d  t h a t  t h e  t u f f a ­

c e o u s  n a t u r e  i n  a n y  o n e  a r e a  i s  f u r t h e r  e n h a n c e d  b y  t h e  

p r e s e n c e  a n d  d e v e lo p m e n t  o f  a b u n d a n t  s e r i c i t e .  F ro m  a  

g r o s s  t e x t u r a l  a s p e c t  i t  i s  c o n c lu d e d  t h a t  m a n y  o f  t h e  

m a s s i v e  r o c k s  a r e  i n d i c a t i v e  o f  a s h  f l o w s  w h e r e a s  t h e  

h i g h l y  s c h i s t o s e  ,Td a c i t e s ”  i n  t h e  sam e  r e g i o n  a r e  m o r e  

i n d i c a t i v e  o f  o r i g i n a l  b e d d e d  g l a s s y  t u f f s .  S i m i l a r l y  

m a n y  o f  t h e  r o c k s  m a p p e d  a s  r h y o l i t e  t u f f s  s h o w  r e l i c
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t e x t u r e s  t h a t  a r e  m o re  i n d i c a t i v e  o f  b e d d e d  t u f f s  t h a n  a r e  

t h e  m o r e  m a s s i v e  t y p e s  d e r i v e d  f r o m  f l o w s #

M i n e r a l o c t ~

A s  e m p h a s iz e d  i n  C h a p t e r  I I I ,  t h e  r o c k s  o f  t h e  a c i d  

v o l c a n i c  s e q u e n c e  a r e  m i n e r a l o g i c a l l y  s i m p l e .  A l l  o f  t h e  

c o m p o n e n ts  a r e  s a l i c ,  w i t h  f e m i c  m e m b e rs  f o r m i n g  m in o r  

c o n s t i t u e n t s .  T h e  r o c k s  a r e  c o m p o s e d  l a r g e l y  o f  q u a r t z ,  

l o w  t e m p e r a t u r e  a l k a l i  f e l d s p a r s  a n d  s e r i c i t e ,  w i t h  m i n o r  

c h l o r i t e ,  b i o t i t e ,  a n d  a c c e s s o r y  z i r c o n ,  e p i d o t e ,  a p a t i t e ,  

c a l c i t e ,  g a r n e t  a n d  i r o n  m i n e r a l s .  T h e  m i n e r a l  a s s e m b la g e  

i s  i n d i c a t i v e  o f  r h y o l i t e s ,  w i t h  t h e  e x c e p t i o n  o f  l o w  

t e m p e r a t u r e  f e l d s p a r s .

T h e  w id e  o c c u r r e n c e  o f  a  m i n e r a l o g i c a l l y  s i m i l a r  

r o c k  s e r i e s  l e n d s  a d d e d  s u p p o r t  t o  t h e  h y p o t h e s i s  t h a t  

t h e  a u g e n  s c h i s t s  a n d  a s s o c i a t e d  r o c k s  r e p r e s e n t  a  v o l c a n i c  

s e q u e n c e  w h i c h  o w e  t h e i r  t e x t u r a l  d i f f e r e n c e s  l a r g e l y  t o  

o r i g i n a l  d e p o s i t i o n .  T h e  d i f f e r e n c e s  im p o s e d  o n  t h e  r o c k  

s e q u e n c e  i s  t h o u g h t  t o  b e  a  r e f l e c t i o n  o f  t h e  o r i g i n a l  

c o m p o s i t i o n ,  t h a t  i s ,  w h e t h e r  t h e  r o c k  i s  a  f l o w ,  a s h  

f l o w ,  a i r b o r n e  a s h ,  o r  s u b a q u e o u s  d e p o s i t  o f  s m e  n a t u r e .

Q u a r t z  f o r m s  t h e  d o m in a n t  m i n e r a l  o f  t h e  a u g e n  

s c h i s t s ,  b o t h  a s  p h e n o c r y s t s  a n d  i n  t h e  m a t r i x .  T h e r e  

c a n  b e  l i t t l e  d o u b t  t h a t  t h e  q u a r t z  o f  t h e  p h e n o c r y s t s  

i s  i g n e o u s .  M a t r i x  q u a r t z  o f  t h e  s c h i s t o s e  r o c k s  h a s  b e e n  

r e c r y s t a l l i z e d ,  w h e r e a s  i n  t h e  m a s s i v e  f l o w  r o c k s  t h e
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quartz appears relatively unaltered and igneous,

Sericite is very common as a matrix component and as 
an alteration product of feldspar grains. In general seri­
cite is indicative of low grade metamorphism and is common 
in the metamorphic products of acid volcanic rocks. The 
abundance of sericite in the augen schists in this area 
is variable over very short distances and is a product of 
variances in the original water and glass content of the 
rocks combined with extremes in local deformation. During 
shearing stresses water-rich rocks are very susceptible 
to re crystallization and the production of sericite. 
Sericite is especially abundant in the "dacites," both 
massive and sheared.

probably of most significance is the presence of 
abundant phenocrysts of low temperature perthitic feld­
spar in all of the acid volcanic rocks. Such a feature 
is not indicative of fresh rhyolites or tuffs. On the 
other hand such a mineralogy is indicative of plutonic 
rocks, and it may be the reason why some writers consider 
the augen schists to be intrusive equivalents of the 
rhyolites (Skinner, 1956). This interpretation cannot be 
seriously considered in view of the overwhelming evidence 
to support a tuffaceous texture and origin. Loudon (i960) 
classifies the augen schists as quartz keratophyres, indi­
cating tuffs and flows of pre-Tertiary age that exhibit
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low temperature feldspar mineralogy. The feldspar is recog­
nized in keratophyres as not having originated in a magma 

hut as resulting from metasomatic action (mainly albiti- 
zation) after consolidation of the rock. An example of 
this type of feldspar is the patch perthites and chequer- 
board albites.

Perthitic feldspars form the dominant phenocrysts of 
the volcanic suite. The various types, with descriptions, 
have been included in Chapter III. A controversy exists 
over the origin of the perthitic structures exhibited by 
the feldspars. Pour possibilities exist:
1. The classic theory of exsolution of a high temperature 

form on cooling and through metamorphism.
2. Replacement of perthitic potash feldspar by albite.
3. Replacement of albite by crypto-perthitic K-feldspar. 
if. Simultaneous crystallization of albite and li-feldspar

in crystals in the magma.
The first case is the easiest to explain and represents 

the most common acceptance of perthite formation. However, 
the last three cannot be discounted. Emmons, et_ al.(1953) 
recognizes the various ways by which perthitic structure 
can be formed and discusses it at some length, and follow­
ing are quotations from this work (page f?6):

The formation of some perthitic textures by 
unmixing in the solid state of the plagio- 
clase fraction of an originally homogeneous
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potash-soda feldspar was first proposed by 
Vogt .... The fine, regular perthitic inter­
growths are still explained in this way .... 
(page £8) The secondary or replacement 
origin received little attention in the 
early studies of perthite but now is being 
considered an increasiqgLy important process 
in the development of certain perthitic 
textures The mobility of sodic feld­
spar materials is well illustrated by its 
selective concentration in feldspar frac­
tions and its absence in areas adjacent to 
such fractures. The obvious interpreta­
tion is that the fracture became an area 
of low pressure to which mobile material
- unmixing plagioclase was drawn .....
If the fractured crystals constitutes a 
a locally closed system, a perthitic 
crystal results. If, however, the fracture 
is one of a connected series of fractures, 
the aggregate of fractures becomes a 
drainage system by which the mobile sodic 
plagioclase materials may be channeled away, 
possibly to be ponded elsewhere ....  Per­
thite s characterized by plagioclase occurr­
ing as films and shadow may be the result 
of a hydrostatic pressure change during the 
last stages of crystallization, whereas by 
contrast those of the many other varieties 
(vein, plume, patch) may result from dif­
ferential pressures and the consequent 
migration of sodic material. Even where 
fracturing is not evident the plagioclase 
lamellae may penetrate the contiguous 
crystals.

Many of the perthitic structures seen in the augen schists 
from the Bathurst-Newcastle area are recognized as patch 
types, and it is the writer's opinion that they probably 
formed through the remobilization of the soda complement 
of original cryptoperthitic feldspar through the agencies 

of metamorphism. The feldspars of the rocks have been 
fractured and staining processes have greatly aided in
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exemplifying the patch nature of the sodic material,,
Whereas Emmons, et al. (1953) considers the sodium molecule
to be the mobile material, Battey (1955) considers that the
formation of perthitic structures in keratophyres results
from the replacement of albite by potash cryptoperthite.

Battey (1955) states (page 107):
The phenocrysts of the keratophyres are remark­
able also for the stages they show of replace­
ment of albite by orthoclase-cryptoperthite 
.... of variable optical properties. A com­
plete series of examples can be found in New 
Zealand rocks, and replacement around the 
margins and along cracks to almost complete, 
and finally complete elimination of the is­
lands of albite remaining in the potash feld­
spar.

This description may also be applied to the feldspars 
from the acid volcanics of the Bathurst-Newcastle area, 
but it requires that one prove the presence of potash 
metasomatism over the area. At the present time no 
such evidence is available. The former case is the 
easiest to apply and is the one favored by the writer.

Whereas K-feldspars are common, Na-feldspar is 
less common as phenocrysts. It occurs in two forms.
First, as rounded phenocrysts that have characteristic 
tv/in lamellae running across their full extent and, 
secondly, as a type referred to in the literature as 
"chequer-board” albite. The latter type Is commonly 
referred to in modern terms as "chess-board” albite.
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The convential albite forms the more common type, and
the chequer-board type forms the lesser fraction*
Chequer-board albite is characterized by the type of
twinning which it exhibits. Twin lamellae, unlike that
of normal plagioclase feldspar, do not pass completely
through the grains. Battey (1955) describes the chequer-
board albites from the northern hew Zealand keratophyres
as (page 105):

those with well-developed chequer structure, 
which ax’e usually of water-clear albite. The 
chequer-albite is twinned on the albite-law, 
but with short lamellae which, after continu­
ing for a little greater than their width, 
either wedge out or are abruptly truncated 
by planes parallel to (001); such short 
lamellae, in the same orientation but offset 
from one another, occupy the whole area of 
the phenocrysts and, in sections cut normal 
to (010) when one part of the twin is at ex­
tinction, produce a chequered pattern.

Battey (1955) ascribes a primary origin to the chequer- 
board albites, envisioning it as a process of accumulation 
and welding together of individual albite laths. Others 
ascrihe chequer-board structure to irregular deposition 
of albite during the growth of a crystal or to the pro­
cesses of unmixing, metamorphism and soda-metasomatism.

Few examples of chess-board albite (Figure 32,
Plate XX) were seen in the writer’s area, and any attempt 
to conclude the origin seems to be of little value at 
this time. However, since this feature is exhibited in 
rocks which show wide variances in perthitic structures,
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a common origin for the two would seem to be in order. In 
this respect it seems most logical, from the standpoint of 

total history of the reck, to attribute all perthites to a 
combination of high temperature formation and subsequent 
exsolution, combined with later effects of metamorphism 
and local metasomatism.

All of the rocks of the Eathurst-hewcastle district 
lie within the greenschist facies as outlined by Turner 
and Verhoogen (i960), within the main facies they recog­
nize three subfacies based on the presence of biotite, 
epidote and almandine in rocks of a stable metamorphic 
assemblage. It is the writer »-s contention that the three 
subfacies cannot be recognized in the augen schists of the 
Bathurst-l'Tewcastle district, but that an increase in meta­
morphic intensity can be recognized.

The presence and relative abundance of chlorite, bio­
tite, epidote and garnet in the acid volcanic rocks may be 
used to indicate increasing metamorphic intensity. The 
rock assemblage has not reached equilibrium, and the in­
tensity of metamorphism Is related to the amount of shear 
in the area and the response of the rock type in pro­

ducing a new mineralogy under shear conditions.
■whereas massive rhyolites show an absence of biotite 

and almandine, they fall generally within the quartz- 

albite-muscovite-chlorite subfacies of the greenschist 
facies (Turner and Verhoogen, 1960). All of the other
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rock assemblages, showing biotite and almandine, are 
placed in higher subfacies representing higher conditions 
of temperature and pressure.

In summary it may be stated that a study of the 
mineralogy and texture has been useful in determining 
something of the history of metamorphism and that the 

two features form strong evidence that the augen schists 
represent a continuing metamorphic series of volcanic 
flows and tuffs.

Metamorphism

General Statement

Dynamic metamorphism (deformation and shearing) has 
been responsible for the production of augen schists, and 
finally quartz-mica schists, from rhyolite flows and tuffs. 
This process is described and documented in Chapter III.

In the section on mineralogy,above, It has been em­
phasized that the presence and relative abundance of 
biotite and almandine in particular enables one to recog­
nize different intensities of metamorphism from one rock 
sample to another. In this respect, several generalities 
can be made:
1. The mineral assemblages have not reached equilibrium.
2. The rocks in the northwest part of the area are more 

schistose and show greater abundance of almandine than
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do the massive rocks in the southeast* Therefore, 
metamorphism (shearing) has been more intense in this 
area, and there may be an intensity gradient from 
southeast to northwest*

3. "Dacites” contain the greatest abundance and largest 
individuals of almandine. This indicates that the com­
position of these rocks was such that they reacted more 
rapidly to the shearing stresses than did the other 

rock types.
iletamorphism has been responsible for changes in the 

phenocrysts and matrix which tend to obscure the .origin of 
the rocks. All of these changes, with illustrations, have 
been discussed in Chapter III. In summation, under con­
ditions of dynamic stress and low confining pressure:
1. Quartz phenocrysts have failed by brittle means, such 

as strain, crushing and smearing along shear planes.
2. Feldspar phenocrysts failed by unmixing, fracture and 

chemical alteration through promotion of mobile 
action of both hagO and K^O.

3. The matrix is affected by devitrification, recrystal­
lization and alteration with production of schistosity.
The reader is referred to Chapter III for a compre­

hensive discussion of each.
Phen£cryst_s and matrix^

It seems evident that the main effect of metamorphism
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has been to reduce the size of the phenocrysts and to in­
crease the grain size of the matrix constituents. This 

tendency was discussed by Pearce (1983)? who considers it 
a case of mylonitization, and states (page ij.5):

The rocks of this study have undergone extreme 
brecciation, volume increase, re crystallization 
under directed stress and chemical alteration.
The preferred orientation of the major minerals 
in the most sheared rocks suggests that these 
features were developed under similar stress 
conditions and hence were, at least partly con­
temporaneous. That is, brittle deformation, 
plastic defoliation and metasomatism took 
place concurrently in the same rock.

.... it becomes plausible if we consider 
the size difference between the large quartz 
grains (5 nmi« diameter) and the small grains 
in the groundmass (0.02 mm.). Since some 
physical and chemical properties are a function 
not only of the intensive properties of a materi­
al but also the amount (size) of the material, 
it follows that large and small grains will 
behave differently under the same conditions 
of stress. For example, the rate of reaction 
is proportional to surface; therefore, given 
equal weights of the two grain sizes mentioned 
above, the small grains will react 250 times 
more rapidly than the large grains, all other 
things being equal. In addition, the free 
energy of the small grains will be greater 
than that of the larger grains and they will 
tend to be more chemically reactive (unstable). 
Because of the square-cube law, the greater 
grains will be weaker than the smaller grains 
by a fa.ctor of 250 and hence will be more 
readily fractured under applied stress. Thus 
as mylonitization proceeds and grain size is 
reduced, a certain critical grain size will 
be reached below which failure by fracture 
does not take place .... instead failure is 
by plastic deformation (recrystallization)• 
Coherance of the rock as a whole would be 
maintained by the plastic deformation of the 
fine grain sizes which are affected by cata- 
clastic deformation. Once this critical grain 
size is reached further compression or shear
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stress will not tend to disrupt the rock but 
to make it more coherent by aiding re crystal­
lization. Any grains which result through 
fragmentation and have a grain size smaller 
than the critical size will have a tendency 
to grow larger by re crystallization with 
other grains or with material introduced 
from other sources and hence reduce the free 
energy. If by crystal growth and re crystal­
lization the critical size is exceeded, the 
grains will be subject to reduction in size 
by granulation. Thus the critical size is 
the only mechanically and chemically stable 
grain size for a given mineral under a given 
set of conditions, and is determined by the 
strength of the mineral, the maximum rate of 
re crystallization, the confining pressure and 
the magnitude and rate of application of the 
directed stress.

This statement sums up concisely what is evident from thin
section analysis. The amount of mechanical breakdown and

the amount of re crystallization of the matrix are both seen
to increase with transformation of massive flows and tuffs
Into augen schists and mica-rich schists. The presence of
water in these rocks greatly facilitates the reaction and
the production of micaceous minerals.

The writer has seen local areas where massive augen
schist has been transformed into quartz-sericite schist
over a stratigraphic distance of approximately 2000 feet.
Such an occurrence is represented by the samples IT - 7 - 1
to IT - 7 - 4 and is illustrated by Figures 63 to 66 of
Plates XXXVI and XXXVII. In this case the development of
mica schist is different from those described earlier in
that a slip cleavage Is seen to develop at a sharp angle
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to the bedding and schistosity. Figure 63 represents the 
augen schist as this series appears in its most massive 
form. It is characterized by rounded to euhedral feld­
spar phenocrysts that reach a length of 8 mm, generally 
aligned roughly parallel to the schistosity. Quartz eyes 
are much less common, subhedral, smaller, and, in most 

cases, crushed.
Sample IT - 7 - 2 (Figure 61f) was taken approximately 

800 feet east of IT - 7 - 1. In hand specimen this rock 
shows more shearing than the previous rocks. The large 
feldspar phenocrysts have been fractured and separated 
by a shear that has developed at right angles to the long 
direction of the grains. The outcrop represents one of 
the rare instances where cleavage is seen to cut the 
primary bedding (Figure 5ij., Plate XXXI). In thin section 
the rock is extremely deformed and flowage has occurred 
within the matrix where sericite and biotite are common 

components. Individual mica bands flow around quartz • 
mosaics and fractured feldspar phenocrysts. A notable 
feature of Figure 6I1 is the tendency of the long feldspar 
phenocrysts to be rotated into the plane of the newly 
developing slip cleavage. Similar to the feldspar pheno­
crysts quartz mosaics, evident in the previous slide, have 
been partially rotated into the plane of the newly devel­
oping cleavage with an apparent coarsening of grain.
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Figure 65 represents a thin section of the rock sample 
IT - 7 “ 3» which was collected at a distance of 650 feet 
east of U - 7 - 2. In the outcrop bedding and cleavage 
are seen to be almost at right angles and both well- 

developed (Figure %\\, Plate XXXI). The bedding is accen­
tuated by the occurrence of alternating dark and light 
bands of chlorite-rich and feldspar-rich layers respective­
ly. The newly developed slip cleavage is prominent as 
closely spaced planes. Whereas in the former two cases 
feldspar grains were seen to transect the cleavage planes, 
such is not the case here. In thin section (Figure 65) 
feldspar phenocrysts have been almost completely destroyed 
and are made to stand out through staining. Individual 
fragments appear to be randomly oriented and show features 
suggestive of albitization. In contrast to the feldspars, 
quartz shows a high degree of reconstitution (Figure 65), 
and vein type segregations are starting to be prevalent 
along the slip cleavage planes.

Sample IT - 7 - ^ (Figure 66) was collected 550 feet 
east of IT - 7 - 3 and represents the maximum schist de­
velopment seen in the sequence. The schistosity is exem­
plified by the presence of abundant chlorite, sericite, 
and biotite. Small fragments of feldspar and quartz are 
abundant with their long directions parallel to the 
schistosity, and to the direction of the slip cleavage.
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PLATE XXXVI : PHOTOMICROGRAPHS OP QUARTZ-MICA SCHIST 
DEVELOPMENT.

Figure 63. Stained thin section.Crossed nicols.Sample 
N - 7 - 1, from near Television tower. Massive type 
augen schist. Abundant perthitic K-feldspar(black) 
and embayed quartz phenocrysts(grey and white). The 
original bedding parallels the schistosity from left 
to right. Matrix has been re crystallized and feldspar 
phenocrysts have been fractured.

Figure 64. Same sequence as Figure 63. Sample N - 7 -2. 
Stained. Crossed nicols.Rock has been deformed by a slip 
cleavage developed at right angles to the original bed­
ding. Bedding: east-west.Cleavage: north-south. Large K- 
feldspar phenocrysts are fractured,separated,and are be­
ing rotated into the plane of the cleavage.
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PLATE XXXVI
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i'LATB X5DS M -I : niOTOiaSSOG-HAPHS-OF QUAH'£Z.-._.MI£A SC HI ST 

DEVELOPMENT.

Figure 65. Same sequence from Figures 63 and 64. Stained 
thin section. Crossed nicols. Sample N - 7 - 5. Slip 
cleavage planes are pronounced(east-west). Movement along 
the slip cleavage is indicated by the sericite band pa­
rallel to the bedding (north-south). The large feldspar 
phenocrysts from Figures 63 and 64 have been reduced to 
small fragments (dark). Quartz phenocrysts have also 
been highly crushed and separated. Matrix is starting 
to segregate into quartz-rich and sericite-rich bands.

Figure 66. Same sequence as Figures 63,64 and 65. Stained 
thin section. Crossed nicols. Sample N - 7 - 4. Near 
final stage in production of a quartz-sericite schist 
from an augen schist by dynamic metamorphism.Slip cleav­
age is north-south. Bedding completely destroyed. Slip 
cleavage planes are closely spaced. Relic feldspars 
(black) and quartz(white) phenocrysts lie with their 
long direction parallel to the schistosity planes.
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Quartz and mica minerals have been segregated in the matrix 
and the rock approaches a quart.z-sericite schist®

In this action the tendency has been much as described 
by Pearce (19&3), with phenocrysts being reduced in grain 
size through mechanical breakdown, and the matrix being 
coarsened through neo-crystallization#

Porphyroblasts

Albite is the stable sodium-bearing mineral in the 
greenschist facies. Within the more highly sheared rocks, 
metamorphism has promoted the development of small albite 
porphyroblasts in association with quartz augen (Figure 
59j Plate XXXIV). These have formed either as a response 
to the breakdown of former feldspar phenocrysts or from 
the crystallization of aLbite in areas of low chemical 
potential. In the same rocks, biotite also forms por­

phyroblasts as elongated and platy structures parallel 
to the planes of schistosity.

Metasomatism

Thin section evidence indicates that metasomatism 
has been active on a small scale. The abundance of secon­
dary quartz is one of the best criteria. Quartz is pre­
valent in low pressure areas, such as cracks in the pheno­
crysts, in shadow areas of augen, and in areas of rotational 
movement. On a larger scale, metamorphic differentiation
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has promoted the development of quartz veins in the rocks.
Alteration of feldspar, with the production of micas, 

is pronounced. In this process potasium moves into the 
mica structures from the perthitic feldspars, with release 
of silica and sodium. The redistribution of silica is 
well documented, but the redistribution of sodium is less 
well known. However, sodium is seen forming stable albite 
grains and forming rims around larger potash grains.

It has been postulated by other observers that the 
sodium has migrated from the volcanic augen schists into 
the pyroclastic rocks. It Is then interesting to note 
the dominance of potassium over sodium in most augen 
schists which appear in chemical analyses (Loudon, 19&0; 
Pearce, 1963). It would then appear that much of the 
soda may have migrated out of the rocks, but this has 
not been documented by chemical analysis.

It should also be pointed out that the abundance 
of chequer-board albite is also indicative of soda migra­
tion, providing a metasomatic origin is accepted for the 
mineral.

The differential retention of potassium compared to 
sodium is to be expected in view of their relative mobili­
ties which is a reflection of the smaller ionic radius of 
sodium (O.98I) to potassium (1.33-&)• Orville (1962) 
indicates that during a rise in temperature and the estab-
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lishment of a thermal gradient that potassium will migrate

to the hotter areas*.

Conclusion

In summary, the significance of dynamic metamorphism 
has been to produce a low temperature mineral assemblage 
from a high temperature assemblage, to develop the augen 
schists, and to finally destroy the augen schists by 
further shearing, with the development of quartz-mica schists. 
Metasomatism has occurred on a local scale, and the evidence 
gained from the petrographic study indicates that the effects 
have been local.

Conclusions

As a result of this study several conclusions are 
made concerning the origin of the augen schists as re­
lated to acid volcanic rocks. These conclusions and 
observations are summarized below.
1. Textural evidence indicates that the majority of rocks 

of the augen schist unit are representative of tuffs. 

Differences in rock type, differences in original 
depositional environments, surface weathering and 
varying degrees of dynamic metamorphism account for 
the variations seen within the rocks classed as augen 

schists.

-areas of -a. rrrck~ mass and sodium will migrate
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2. Metamorphism is dynamic and representative of shearing 
stresses set up during perTo‘ds~T7i deformation.— Various 
rock units have reacted differently to the stresses.

3. Massive augen schists in the area around the Brunswick 
properties and the Heath Steele properties are thought 
to be indicative of ash flow origin, whereas the more 
schistose types in the M - 6 map area are indicative 
of airborne ash deposits. This conclusion is further 
substantiated by the local geology, where the centers 
of extrusion are in close association with rocks of 
the southeast area.

4. Textural and mineralogical evidence and metamorphic 
history indicates that the augen schists mapped as 
"dacites” might be representative of subaqueous flows. 
The preponderance of potassium over soda in the augen 
schists (Loudon, 19&0; Pearce, 19&3) results either 
from a primary potassium-rich magma, melting of sedi­
ments forming the magma, potassium metasomatism, 
weathering prior to burial, or removal of sodium
by metamorphic differentiation.

6. Intrusive rhyolites are recognized as the centers of 
extrusion. Mineralogical evidence indicates a close 
tie between these rocks and the augen schists. Massive 
augen schists may be derivatives.
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7* Minor metasomatism has occurred in response to the 
dynamic met amor phi sm and the production of quartz-

 ooricito schio-t-s—-from-rhyolite flows and tuffs*
80 Metamorphism has been responsible for the exsolution of 

high temperature feldspars to low temperature forms, 
typical of quartz keratophyres. Subsequent minor mobili- 

ation of potassium, sodium and silica within the feld­
spar grains, and in the immediate surroundings led to 
the production of patch perthitic structures*

9* The original textures of most of the augen schists 
have been destroyed and metamorphic textures are 
prevalent*

10* Textural studies of certain augen schists show that
these particular rocks were of an original pyroclastic 

nature. The original rock is thought to have originated 

as a pyroclastic flow, or from the deposition of ash 
material washed into shallow basins from surrounding 

highlands,
11, During extreme shearing albite phenocrysts are destroyed 

by crushing and alteration. However, since albite is 

the only stable sodium mineral in the greenschist facies, 

it forms small pophyroblasts.
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< E Chloritic and sericitic schist , phyllite 
f Rhyolite. porphyritic rhyolite 
G Red MANGANIFEROUS AND HEMATITlC SLATES 
h Iron formation

SYMBOLS

0 “  tJ ’ 3* Rock OUTCROP (DEFlNEO . PROBASl E )

X ^ a Float

Schistosity i inclined , vertical , dip unknown )

Bedding i inclined, vertical , dip unknown)

Jointing ( inclined , vertical)

Dragfold ( plunge known, plunge unknown)

Assumeo geological contact

U hcohformity
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PLATE J11
LEGEND

P R E - S I L U R I A N

10

INTERMEDIATE VOLCANIC ROCKS 
26 Green felsite
29 Mafic luffs
2 C  Coarse mof/C volcanic rocks 
20 Cn/onhc and/or sencihc schist 
2E  Basalt 
2 F  Chert
LIGHT GREEN FELS/TE 
3 6  Andesite
30 Rhyohte and rhyohte porphyry 
3 C  Siliceous tuffs
30 Chlonhc ond/or sencitic schist 
3E  Quartz ond/or feldspar augen schist
COARSE GRAINED MAFIC VOLCANIC ROCKS 
4 6  Aades/fe 
4 9  GoPpro equivalents
CHLORlTlC AND/OR SERlC/T/C SCHIST 
3 6  Quartz ond/or feldspar augen schist 
S B  Rhyohte and rhyohte porphyry
RHYOL/TE AND UNDIFFERENTIATED SILICEOUS VOLCANIC ROCKS
6 6  S'hceous tuffs
60 Rhyohte porphyry
6 C  Quartz and/or feldspar augen schist
60 Chlonhc and/or sencihc schist
6 E  Light green felsite
6 f  Intermediate volcanic rocks
CHLORlTlC AND SER/C/TlC QUARTZ AND/OR FELDSPAR AUGEN SCHIST 
7 A  Porphyntic rhyohte 
7 0  Rhyohte
7 c  Quartz ■ ser'C'fe schist
ARGILLITE 
6 A  Graphitic schist 
b b  Sericitic schi<t
GRAPHITIC SCH/ST 
9 6  Argillite 
9 6  Sencihc schist

RED MANGANtFEROUS AND/OR HEM A T/T/C SLATE

GABBRO AND DIABASE 
u 6  Coarse maf'C volcanic rocks 
n B  Intermediate volcanic rocks

R ECEN T

GLACIAL DRIFT

6AY 60

60 off O6

i—~»6DTft xxx 
6 6 6
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;/ r1
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6X ° 6CX=>6 XS?SXX6?':«

SYMBOLS

O  6 0  OPserved rock outcrop

X ® 0  OPserved float

Sch/stosify ( inclined, vertical, dip unknown) 

Bedding (mchned, vertical, overturned) 

s'Jointing (inclined, vertical)

■  2? Attitude of droqfotd
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)g (inclined, vertical)

Attitude of drogfotd

f:pT  a iiu^  ' 'X6B X6F m  6 4

Assumed geological contact

Assumed, fault

X Glacial striae

q ' /  Diamond drill hole

s!'' Sulphide body

©  Mineral occurrence
P D  Lead
Z n  Zmc
F e ,  Iron

GEOLOGY BY:
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PLATE IV
LEGEND

P R E - S I L U R I A N

10

INTERMEDIATE VOLCANIC ROCKS 
ia Basalt
i b  Dacite and light green felsite 
i0 Coarse grained mafic volcanic rocks 
ie Gobbroic equivalents
DAClTE AND DAClTE PORPHYRY 
2a Quartz ana/or feiaspor augen schist 
2 8  Rhyohte
2C Rhyohte porphyry and porphyritic rhyohte 
2 0  Quartz - chlorite - sericite schist 
2 E  Siliceous tuff
SILICEOUS TUFFACEOUS ROCKS 
3A Docite 
3B Rhyohte
3C Porphyritic rhyohte and rhyohte porphyry 
30 Quartz and/or feldspar augen schist 
3E Quartz ■ chionte • sencite schist 
if Intermediate volcanic rocks
SILICEOUS VQlCANIC ROCKS 
4A PorphynfiC rhyohte and rhyohte porphyry 
4 B  S f f < c e o u s  fuffaceous rocr. s  
4C Quartz and/or teiaspor augen schist 
40  Quartz - cmorite • sericite schist 
4 E  Dccite
4 F  Intermediate volcanic rocrs
QUARTZ - CHLORITE •  SERICITE SCHIST 
s a  Quartz ond/or feldspar augen schist 
S B  Docite 
S C  Rhyohte
50 Siliceous fuffaceous rocks 
sc Argillite

QUARTZ AND/OR TELDSFAR AUGEN SCHIST 
6 A  Doate
6 6  Porphyritic rhyohte and rhyohte porphyry 
6 C  Rhyohte
60 Oucrtz ■ chlorite sericite sch-sf 
6 F  S'hceous fuffaceous rocks
POSSIBLE SILICEOUS INTRUSIVE ROCKS 
7 a  Rhyohte
? e  Quartz and/or feldspar augen schist 
?c Sihceous fuffaceous rocks 
to  Quartz - chlorite ■ ser'cte schist
GRAPHITIC SCHIST 
6 i  Arghhte 
8 8  Greywccke
e c  Quartz • chlorite - sericite schist

RED MANGANIFEROUS AND HEMATlTlC SLATE

CHERTY IRON FORMATION 
ioa Red h e m ot / t ’ C slates
GA8BR0 and diabase
i ! A  Coarse mof’C volcanic rocks 
n 0  Intermediate volcanic rocks

SYMBOLS

0 3 8  . v s b  Observed rock outcrop (defmed, assumed!

X  3 0  Observed Hoot

Schisfosity fmchned, vertical, dtp unknown, with hneofion }

erevirrrfy rmc/irretr, verr/cat /

JOinrmg (inclined, vertical J |
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