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Abstract

Heavy mineral provenance studies were conducted on sandstones of the
Wallace River Formation (Pictou Group) over an area of roughly 200 km?.
As well, three major heavy mineral provinces were estéblished. The strata
cropping out between Tatamagouche and River John was mapped and fluvial
environments suggested for the sandstones, shales and conglomerates

comprising the formation.

The Wallace River Formation can be subdivided into three members
which are, from oldest to youngest, the Wentworth Member, the Balfron
Member, and the Waugh River Member. The Wentworth Member was deposited
dominantly by braided fluvial systems, with minor input by meandering
systems. The Balfron Member was deposited by braided fluvial systems,
whereas the Waugh River Member was deposited almost exclusively by

meandering fluvial systems.

Twenty-four sandstones from 22 localities were studied using thin-
section point-counting of grains. Eleven heavy minerals were identified
and three main heavy mineral provinces were established; a hornblende
province, a hypersthene-augite province, and a widespread garnet province.
The latter has been subdivided into local garnet—epidqte and garnet-

tourmaline provinces.

Provenance determinations using heavy minerals, quartz, feldspar
and rock fragments indicate a dominantly metamorphic source terrain, with
variable input from mafic igneous, granitic, and older sedimentary rocks,

and minor contribution by volcanic and pegmatitic sources.
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I. Introduction

The Wallace River Formation of the Pictou Group constitutes about
75 percent of the sedimentary rock of Pennsylvanian age between Tatama-
gouche and River John, Nova Scotia. The formation covers roughly 200 km?
in this area and has been subdivided into three members (Roscoe et al.,
1972); They are, from oldest to youngest, the Wentworth Member, the
Balfron Member _and the Waugh River Member. The Wallace River Formation
was deposited approximately 300 million years ago and ranges from Middle
to Upper Pennsylvanian in age (Fig. 1). The terrigenous fluviatile and
Vminor lacustrine sediments of this formation consist of red, brown, grey
and green sandstones, siltstones and shales, as well as polymictic con-
glomerate (Bell, 1927). Many of the sandstones are highly micaceous and
split along planes because of concentrations of muscovite and biotite. {'
Most sandstones are cemented by silica and/or organics; calcite cement
occurs only where the sandstone bed is in proximity to shale or siltstone.
The grain size of the sandstones used for the heavy mineral studies
ranged from medium-fine-grained (0.33-0.12 mm) to very fine-grained (0.12-
C.086 mn). When individual compositions are plotted orn a triangular diagram
of quartz-feldspar-rock fragments distribution, the sandstones of the
Wallace River Formation fall among the fields of subarkose, sublitharenite
and quartz arenite (Folk, 1968). Most of the sandstones are classified

as sublitharenites (Fig. 2).

YR
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IT. Sampling and Sample Preparation

During the fall of 1978 and 1979, the author mapped the outcrop and
collected rock samples in the thesis area (Map 1). The study was initi-
ated while the author was employed by Wyoming Minerals Corporation in
1878. The samples taken covered a wide range of sedimentary rocks; shales,
siltstones, sandstones and conglomerates. Ultimately, the sandstones
were the only lithology used for thin-section point-counting of heavy

minerals.

Outcrops along the roadside and in various streams and rivers were
mapped and sampled, with outcrop locations plotted on a 1:50,000 base
map. The western limit for the sample area was provided by the French
River and the eastern limit by the River John. Outcrops along the river
banks were mapped for up to 500 m from the intersection of the road and
river in some instances. An effort was made to establish consistent areal
sampling intervals so that rocks from one locality were not given over-
emphasis for the heavy mineral studies. The western and eastern parts of
the area are represented fairly well, but very few samples were taken

from the central region due to a lack of outcrop.

A total of 52 standard, unstained thin sections were cut from 26
rocks from 23 different localities. Three of the sediments were silt-
stone/s@ale and the slides from these were not point—counted. The
remainder represent 24 sandstone samples from 22 localities. For most
of the rocks, two thin sections were cut parallel to each other and

vertical to the bedding. Five sandstones are represented by one thin




section each, and two others had three thin sections made. Oriented rock
samples averaged 3 cm by 10 cm by 10 cm in size. Hand specimens of

conglomerate were not used for thin section study.

III. Method of Study

The apparatus used in this study was é Swift Point-Counter constructed:
by James Swift and Sons Limited, Basingstoke, England. It was mounted on
the stage of a Leitz SM-POL polarizing microscope and the grains counted
under medium (80x) power. A horizontal spacing of 0.5 mm and a vertical

spacing of 0.6 mm were used.

At least 400 grains, excluding altered grains and rock fragments,
were counted for each slide. Proportions of ‘cement were also recorded,

yielding a total of 500-600 point-counts per slide.

Fifteen different minerals were identified; five types of rock
fragments and three varieties of cemgnt were also noted. The proportions
of total grains in'eaéh‘slide were recalculated to 100 percent and the
relative percentage of cement in the rock was.also recorded. The results

are tabulated in the Appendix.

This study was initiated partly in hopes of delineating heavy
mineral provinces within the Wallace River Formation. A further goal was
to attempt to correlate the heavy minerals.with their initial parent rock
type; to determine thebprovenance of these minerals and of the Wallace

River Formation in general.



IV. Depositional History of the Wallace River Formation
A. Introduction

The interbedded sandstones, siltstoneé, shales and conglomerates of
the Wallace River Formation constitute more than 75 percent of the Pictou
Group in the study area. These dominantly fluviatile and minor lacustrine
sediments were deposited during the Middle to Upper Pennsylvanian in the
Cumberland Basin. Up to 2100 m (7000 ft) of Pictou Group sediments were
laid down in this basin following post-Cumberland Group crustal movement.
The history of the Pictou Group was one of extension of the plain of sedi-
mentat;on with resulting overlap upon the positive areas (Bell, 1927). The
Wallace River Formation lies unconformably on strata of the Boss Point

Formation (Riversdale Group) and the Cumber;and Group. In the study area,

this formation is also unconformable on rocks of the River John Group.

B. Wentworth Member

The oldest unit of the Wallace kiver Formation, the Wentworth Member,
which crops out at locations 10 and 11, consists of red-brown to grey-
brown sandstone interbedded with polymictic conglomerate. Most of the
sandstone is thin- to'thick—bedded, with minor friable, brecciated, reduced
red-brown sandstone. Conglomeraté units are up to one metre in thickness,
containing greater than 50 percent quartz rock fragments from 4-10 mm in
size. éarbonaceous plant fragments, coated with malachite, are abundant
in some localities. At locations 14, 15 and 16, the Wentworth Member
consists of interbedded grey-green to brown sandstones and shale (mud-

stone). Carbonaceous plant remains are present in medium- to fine-grained



grey-green sandstone.

C. Balfron Member

The Balfron Member is the coarsest-grained unit of the Wallace
River Formation. The member consists primarily of interbedded medium- to
coarse-grained sandstone and conglomerate. In the western part of the
study area, grey to brown coarse-grained sandstone with numerous clasts
greater than 2 mm grades upwards into conglomerate. At locations 17 and
18, near the contact with the Wentworth Member, fine-grained thin- to
medium-bedded sandstone and siltstone passgs.upwérds into this coarser
facies. Several beds of conglomerate 5-10 cm thick crop cut at this
location (Fig. 3). At location 32 on the French River, grey, micaceous,
massive to thin-bedded sandstone grades vertically into and is inter-
bedded with conglomerate units. Average grain size of fhe>conglomerate

clasts is 5-10 mm.

The Balfron Member near the River John consists of grey, cross-bedded,
coarse-grained sanasténe interbedded with micaceous conglomerate (locations
21, 22, 23, 24). On the River John, a cliff section displays a mudstone
to siltstone platform passing unconformably upward into a basal conglomerate
which in turn grades up into coarse-grained sandstone and interbedded
coarse-grained sandstone and conglomerate (location 27): Massive sand-
stone ugits have oval channel fills of pebble éonglomerateaveraging'z m in
width, as well as individual pebble beds delineating channel bottoms

(Fig. 4).
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D. Waugh River Member

The youngest unit, the Waugh Rivef Member, is a fine-grained facies
consisting mainly of interbedded brown to grey-brown micaceous sandstone
and siltstone/shale. The shale is generally friable with many reduced
(green) layers. An excellent outcrop occurs at location 7 on the French
River, where alternating thin-and medium—bédded siltstone passes upward
into alternating massive sandstone and thin-bedded siltstone. This in
turn passes up into alternating thin-bedded sandstone and siltstone. The
massive sandstone units at this outcrop have thin parallel laminations
grading up into small-scale cross-lamination. Flute marks and fossilized
plant fragments are found at the base of each sandstone unit (Fig. 5).
Near the River John (location 30), heavily weathered fine-grained grev-
brown sandstone is interbedded with conglomerate of mainly sedimentary

(siltstone/shale) origin.

E. Fluvial Environments

The fluvial pfocesses operating during deposition of the Wentworth
Member were dominantly those of braided streams, with some input by
meandering streams or lacustrine sedimentation. The presence of braided
systems is attested to in the field by lag deposits of conglomerate
grading up into the thin- to thick-bedded sandstone repfesenting shifting

channel bars. 2bundant broken plant fragménts may indicate a high-energy

environment for these sandstones. During times of low base flow (in perhaps

a more arid climate), siltstone and shale could accumulate on small flood-

plains along the rivers. This could be a seasonal effect whereby braided
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streams operating during é rainy, humid season give way to lower—-energy
fluvial processes during a semi-arid period. It was suggested by Bell

(1927) that semi-arid conditions were present during deposition of much
of the Pictou Group, despite the need of general humid conditions to

explain the widespread occurrence of flora.

The Balfron Member, consisting of interbedded medium- to coarse-grained
sandstone and cgnglomerate, was deposited almost exclusively by braided
systems. Possible uplift of the source area could account for braided
streams developing on surfaces of a higher slope and consequently providing
more coarse detritus to this unit. Conglomerate units representing channel
fills and scours are widespread, as are coarse-grained cross-bedded sand-
stones indicative of migrating channel bars. Shale is rare to nonexistent
throughout the Balfron Member, suggesting a sustained period of high-energy

fluvial transport over deposition of the entire member.

The Waugh River Member was deposited dominantly by low-energy fluvial
systems. This unit consists mainly of interbedded sandstone, siltstone.
and shale with minor conglomerate. The meandering nature of stream
transport is clearly illustrated in the cliff sections of this member,
especially at location 7 (Fig. 5). Here the fine-grained top of one
meandering stream cycle and the bottom of another cycle are exposed. The
outcrop consists of 72 percenf siltstone ana 28 percen£ sandstone over the
entire section. The thin- to medium-bedded, laminated siltstone represents
the bacgswamp (floodplain) assemblage, whereas individual massivé sand-
stone units represent the coarser-grained channel deposits (point bar and

channel floor lag). Alternating thin-bedded sandstone and siltstone are
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indicative of channel-marginal deposits (levees and crevasse-splay).
Walker (1976) gives a good viewpoint on the use of facies in vertical
sequences. The channel deposits of a meandering system represent lateral
accretion deposits, whereas the floodplain assemblage (levees, crevasse-
splay and backswamp deposits) represent vertical accrétion deposits.

The section cropping out at location 7 probably represents a meandering
system with a high sinuosity. Meandering streams with a. low sinuosity and
higher current Qelocity deposit coarser-grained material in the channels.
This fluvial environment can still be distinguished from that of a braided
system by the interbedded thick sandstones and siltstones of the flood-

plain assemblage.

Relative tectonic stability of the source area(s) kept this meandering

system operating throughout deposition of most of the Waugh River Member.

V. Light Minerals
A. OQuartz

Quartz, in monocrystalline and polycrystalline form, is the major
grain component of all the sandstones studied from the Wallace River Forma-
tion. Content ranges from 64 to 90 percent of all grains (Appendix).

Most quartz grains display high to medium sphericity and are subangular to
subrounded (Table 1). Very few of the rocks studied consist dominantly

of either rounded or angular grains.

Some-quartz crystals have secondary quaftz cement overgrowths indica-

ting derivation from an older sandstone, and several grains have mineral



Slide No.

3a
3b

10
11
14
15
16
18
19
20
21
22
23
24
25
26
27b
308
300
32
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Table 1. Shape of quartz grains

Sphericity

high-medium
hizgh
high-medium
high-medium
high-medium
high
high-low
high

high

low
medium-1low
high

nigh

high
high-low
nigh-medium
high-medium
high-low
high-medium
high-low
medium-low
high-low
high-medium

hign-medium

Aoundness

angular

"subangular

subanguiar—subrounded
subrounded
subrounded-rounded
subangular-subrounded
subrounded
subangular-subrounded
subrounded-rounded
angular-subangular
subangular-subrounded
subrounded
subansular-subrounded
angﬁlar

subrounded

subangular
subangular-subrounded
angular-subangular
subangular
subangular
angular-subangular
subangular-subrounded
subangular-subrounded

subangular-subrounded
c
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inclusions of tourmaline, representing a granitic source (Blatt, 1967).
Fluid inclusions are common in some quartz grains, but nowhere abundant,
indicating either a granitic or gneissic origin for these érains (Blatt
et al., 1972). Polycrystalline grains are discussed in the section on

rock fragments.

There is a consistent decrease in the degree of sorting of quartz
grains with increasing grain size. Sandstones with an aﬁerage grain size
greater than or equal to 0.25 mm display a widespread bimodal distribution
of quartz grains. In these rocks, the majority of grains is 0.30-0.50 mm

in size, whereas the remainder measures 0.12-0.17 mm.

B, Feldspar

The sandstones of the Wallace River Formation have a low feldspar
content, ranging from 1 to 7 percent of total grains counted. All samples
show varying degrees of feldspar destruction and replacement, probably
mainly as a result of post-depositional alteration. Many feldspars are
partly replaced by authigenic chlorite, muscovite and clay minerals.
Consequently, most of the altered grains counted per slide were likely
originally feldspar. Since the thin sections were not stained, untwinned
feldspars could only be recognized by features such as alteration, cleavage,
fractufe and relief. Due to the large numbér of grains being counted, it
was not possible to attempt optical figures for suspected feldspar grains.
Despite feldspar alteration and possible counting ergors, the author

believes that the feldspar proportions obtained are fairly accurate.
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To attempt a detérmihation of the su?vival ratecof feldspars with
geologic age, the quartz/feldspar ratio was plotted against distance to
the‘north from the Cobequid Highlands for each sandstone (Fig. 6). The
sediments strike east-west, which roughly parallels the iineament of the
Cobequid Highlands. The beds dip and young in a northerly airection.

The scatter plots display a fairly good correlation to the experimental
regression line, except for one sandstone that had a quartz/feldspar ratio
of over 130/1 (location 14). The regression line reveals the overall trend
of the data and is the "best fit" through the plotted points. The data
revealed a general decrease in the quartz/feldspar ratio with decreasing
‘age and increasing distance from the Cobequids. On the average, the quartz/
feldspar ratio for a sandstone two km from Cobequids is twice that for a
similar rock ten km distant. This eight km horizontal difference is roughly

equivalent to a stratigraphic interval of 1400 to 2000 m.

The results indicate that alteration of the feldspars following deposi-
tion has likely been the major factor in the decreasing feldspar-content
‘with increasing age and depth of burial. This alteration could be caused
by intrastratal solutions. These are essentially pore wafers released upon
compaction of the unconsolidated sediment together with older, possibly
more saline waters from underlying strata. Diagenesis and fluids are
closely related and influence each other. Varying pH of these solutions
may allow certain minerals, such as feldspar and quartz, to be preferentially

replaced by new mineral phases (Friedman and Sanders, 1978).

If the observed enrichment trend of feldspar is due to alteration of

grains after deposition, then the amount of feldspar transported from

Lole i e
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various sources might not have varied substantially through the deposi-

tional history of the Wallace River Formation.

Theré is a general fining upwards in section and laterally northward
in strata of this formation. It is possible £hat feldspar was apparently
preferentially enriched in the finer sediments (youngest) due to break-
down of larger feldspar grains into numerous small ones. It has been
noted that the average grain size of a sandstone is reflected by the
size of feldspar grains; the larger the grain size of the rock, the

larger the individual size of feldspar grains.

The composition of plagioclase was determined using extinction
angles measured on polysynthetic twins, with the aid of a standard petro-
graphic microscope. The plagioclase in every sandstone was sodic, consis-
ting of andesine and/or oligoclase (Table 2). Andesine was more common
than oligoclase. There was no evidence found for the formation of

authigenic feldspar.

Oligoclase (An ) is very common in persilicic igneous rocks

10-30
(syenite, granite, rhyolite) and common in other igneous rocks. It also
occurs occasionally in granite pegmatites and some metamorphic rocks.

Andesine (An o) is common in many igneous rocks, especially diorites

305

and andesites. It is also found in metamorphic rocks (Kerr, 1977).

Studies of plagioclase as an indicator of provenance were conducted
by Pittman (1970). He found that untwinned and unzoned andesine and
oligoclase are representative of sodic plagioclase-bearing metamorphic

rocks whereas zoned and twinned andesine and oligoclase are derived from
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Table 2. Plagioclase composition

Slide No. Composition

0 Andesine
1 Andesine
3a Olizoclase-Andesine
3b Andesine
6 - Oligoclase-iAndesine
8 Oligoclase
10 Oligoclase-Andesine

- 11b Oligoclase-Andesine
14 trace Plagioclase
15 Olizoclase-Andesine
16 Oligoclacse
18 Oligoclase-Andesine
19 Oligoclase-Andesine
20 Oligoclese-indecine
21 Andesine
22 Oligoclzse-indesine
23 Oligoclase-indesine
24 Andesine
25 Andesine
26 indesine
270 Oligoclase-Andesine
30= Oligoclase-Andesine
30b Oligoclase-indesine
32 Oligoclase-Andesine

Note: from 8-12 grains of plagioclase were

jdentified per slide
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igneous rocks. Since hos£ of the plagioclase in the Wallace River Forma-
tion is twinned and apparently not vol;anic in origin, it has probably been
derived from a granitic source. Plagioclase composition in metamorphic
rocks can be used to determine the metamorphic facies. The epidote-amphi-
bolite subfacies of the greenschist facies has a plagioclase composition
of An,._,, Whereas the upper limit of the amphibolite facies is marked by
a plagioclase composition of Ang, (Blatt, 1967). However, most schists,
phyllites, slates and older sediments contribute little or no feldspar

to younger sediments; the only metamorphic rock that does yield substantial
amounts of plagioclase is a gneiss (Folk, 1959). Thus, plagioclase in

this instance can indicate that a granitic source did exist, yet it

cannot give much information on the relative amount of contribution by

this rock tyre.

Microcline and orthoclase are common K-feldspars in these sandstones.
Orthoclase occurs in igneous rocks whereas microcline is found mainly

7 » n

in pluténi& and metamorphic (gneissic) rocks (Pittman, 1970).

In the western parf of the study area, plagioclase and K-feldspar
are found in roughly equal amounts in over 50 percent of the samples,
whereas in the eastern part plagioclase is much more common than K-feld-
spar. Here, K—feldspér is as abundant as plagioclase in only one out of
ten sandstones. This could be dué to preferential destruction of K-feld-
sparrin the eastern region following deposition or it could indicate a

different source for the feldspars.

Sodalite, a feldspathoid, was identified in two sandstones. This

mineral is confined to soda-rich igneous rocks (syenites).
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VI. Rock Fragments

Rock fragments constitute from less than 1 to 17 pefcent of the total
grains counted in the study area. Most common are metamorphic and sedi-
mentary rock fragments. Metamorphic rock fragments include quartz-mica
schists, sillimanite-mica schists and gneiss. The Balfron Member is the
richest in metamorphic rock fragments, followed closely by the Wentworth
Member. The youngest unit, the Waugh River Member, has varying amounts
of metamorphic rock fragments. To the west, the older beds of this
member are enriched in these rock fragments whereas the younger beds
have none. The single sandstone sampled in the eastern region also

displays a scarcity of metamorphic rock fraghents.

Sedimentary rock fragments ipclude coarse~grained (siltstone) and
fine-grained shale fragments. Since these particles do not survive
extensive transport, they are likely derived from a local source. This
assumption has been verified by field and petrographic observation which
indicate that in some cases, the shale clasts are derived directly from

units underlying the sandstone.

Total rock fragments have been plotted against distance from the
Cobequid Highlands and the results presented in Figure 7. To give a better
regional interpretation, sedimentary rock fragments wére'then excluded
from total rock fragments and the data was replotted (Fig. 8). Except
for two'groupings of low-rock fragment sandstones, é trend of decreasing
percentage of rock fragments with increasing distance from the Cobequids
was noticed. Sample 14 was excluded from thg regression line plot as it

is thought to represent a reworked sandstone. Samples 27b, 30a and 32
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were left out as they have mainly reworked shale/siltstone clasts,

probably from a local source.

The observed trend is due mainly to the destruction of rock fragments
during transport or to the inability of the fluvial system to carry these
particles over long distances. The energy of the fluvial regime decreases

to the north, as witnessed by the deposition of finer-grained sediments.

The mosf stable rock fragments are those of polycrystalline quartz.
This monomineralic rock fragment is preferentially enricﬁed in sandstones
farthest from the Cobequids. The number of grains in each aggregate varies
from several to more than 15 individuals. Many rock fragments consisting
of more than 5 grains display elongate shapes and irregular interlocking,
indicative of a gneissic origin. Other quartz rock fragments appear to
have been derived from granitic, schistose .and oldef sandstone sources.
Quartz rock fragments from granitic sources have common fluid inclusions
and a particle size of roughly 0.5 mm. Schistose quartz rock fragments
have rare fluid inclusions.and an average particle size of 0.2 mm. Those
from sandstone soufceé are rounded and can have abraded overgrowths of

former cement (Blatt, 1967 and Blatt et al., 1972).

Volcanic and plutonic rock fragments are rare and were identified in
very few sandstones (locations 21, 23, 24). Because of their relatively
slutonic {intrusive) rock fragments break down quickly

into their individual components. Volcanic rocks probably did not contri-

bute much material to the sediments of the Wallace River Formation.
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VII. Cement

The sandstones of the Wallace Rivér Formation are mainly cemented
by silica and/or organics. Virtually every rock is grain-supported, with
cement scattered through the sediment and usually comprising less than
15 percent of the total rock. The replacement of quartz and feldspar by
authigenic calcite is apparent in several cases, where calcite cement
reaches 17 percent of the sandstone. Friedman and Sanders (1978) state
that the most fgvorable location for quartz replacement by calcite is
near the upper contact of sandstone with shale, where calcite may replace
up to 50 percent of the original quartz. In the Wallace River Formation,
calcite cement is always associated with unstable shale rock'fragménts.
Field work shows that calcite-cemented sandstones always occur near the
top and bottom of sandstone units in contact with shale. Waters of pH
greaterAthan 9 circulating through an oxidized (red) sandstone will dis-
solve silica and precipitate calcite from solution (Friedman and Sanders,
1978). These waters originate in the shales, in which a loose, open packing
yields up to 70 percent porosity in fhe unconsolidated sediment. Upon
compaction, the pore waters are expelled and enter the underlying sandstone
unit. Groundwaters of pH greater than 9 are not uncommon in the subsurface
environment (Friedman'and Sanders, 1978). This is the process believed to
have taken place following burial and lithification of some of the sand-

stones in the study area.

Total cement ranges from 3 to 25 percent of the rock, averaging 14
percent over the whole area. Younger sediments generally have a lower

cement-content than older strata.
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An attempt was made to correlate the opaque/organics ratio with
relative depth of burial, since many of the opaque grains are undoubtedly
authigenic, having formed as a replacement of the organiqs (Fig. 9). The
results show no increase or decrease in the ratio with depth. Eighty
percent of the scatter plots lie below an opaque/orgaﬁics ratio of 1 and
it is revealed that, for most of the sandstones, the original ratio has

remained relatively unchanged with geologic time.

VIII. Heavy Minerals
A. Introduction

Eleven different heavy minerals were identified during point-counting
of thin sections from the medium-fine to very fine-grained sandstone of
the Wallace River Formation. They are, in approximate order of decreasing
abundance: opaques, biotite, muscovite, chlorite, garnet, clinopyroxene
(augite), orthopyroxene (enstatite and hypersthene), epidote, hornblende,
tourmaline and zircon. Tourmaline and zircon are found only in trace

amounts in several slides.

Early heavy mineral studies in North America were concentrated on
tracing heavy mineral zones in sands over large distances from borehole
data. This work was usually done in conjunction with petroleum explora-
tion. Examples of this type of study are those papers by Bornhauser (1940}
and Cogen (1940). These authors were able to establish up to seven heavy

mineral zones, interfingering along the strike of the sand bodies.
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B. Sédimentary Processes

The type of heavy mineral assemblage preserved in a first-cycle sand-
stone unit will depend ultimately on the sdurce area, weathering effects,
mechanical akrasion during transport, selective sorting and post-deposi-
tional destruction of grains (van Andel, 1959). Recycling of material
usually results in a relative depletion of‘heavy minerals in the resulting
sediment. Heavy minerals from various sources may be mixed, causing a

further complexity in the observed assemblage.

The effect of weathering on the composition of sediments in basins
with moderate to rapid rate of deposition can be negligible (van Andel,
1959). Thus, weathering may not play a role in modifying heavy minerals
of the Wallace River Formation, with the possible exception of the Waugh
River Member, which was deposited by a low-energy fluvial system. Due
to the ﬁigh—energy regime of much of the deposition in this area, mechanical
abrasion does affect the grain size and shape of the heavy minerals.
Although most garnet grains are angular to subangular, smaller pyroxene
grains are dominantly rounded to subrounded in thin section. Thiel (1940)
found that over great distances of transport, a mineral sequence of
increasing resistence to abrasion can be established,éiéééb? quartz >
tourmaline > garnet > hornblende > apatite. For the Wallace River Forma-
tion, this could be rewritten as guartz > tourmaline > éarnﬂf > (epidote) >

pyroxene > hornblende, based on grain size and shape.

Selective sorting of heavy minerals can be explained in terms of
hydraulically equivalent particles, defined as all particles that settle

through water at the same rate (Friedman and Sanders, 1978). Rittenhouse



(1943) was one of the first advocates of this method of describing size
distribution of heavy minerals in sediments. He found that this distri-
bution is dependent on the hydraulic conditions at the site of deposition
and the availability of various sizes of heavy minera}s. Varying hydraulic
conditions affect the deposition of heavy minerals much more than light

minerals.

Selected heavy minerals from sandstones of the Wallace River Forma-
tion were used to demonstrate their hydraulic equivalent size relative
to quartz (1.0) in the same sample. The results are recorded in Table 3.
The figures were obtained by normalizing the sizes of heavy minerals in
each slide to the corresponding quartz grain size, which was arbitrarily
set at 1. In effect, size ratios of the heavy minerals to quartz (= 1)
were found. An average value for each heavy mineral was then calculated.
The values obtained from these sandstones for garnet (0.59) and tourmaline
(0.70) are close to those determined for garnet (0.52) and tourmaline
(0.80) by Friedman (1961). Experimental results indicate that spheres
smaller than 0.18 mm settle according to the squares of their diameters
whereas spheres larger than 0.18 mm settle according to the square roots
of their diameters. The values in the hydraulic equivalent size table for
the study area were not corrected for this change in settling velocity.
However, since almost.all the heavy mineral grains (exbept the micas)‘ére
smaller than 0.18 mm, the relative equivalent sizes among the heavy minerals
are valid. The wide range in equivalent size of mica (1 to 3) ié due to
thé platv nature of the mineral which enables flakes of different sizes

to settle out of suspension at the same rate.
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Table 3 . Hydraulic equivalent sizes of detrital grains

ks

Quartz
Grain oize . ,
slide {mm ) quartz=1 Mice Garnet Pyroxene Tourmzline Epidote
o 0.125 1 1.14 - 0,50
0.154 1 0.81 0.59 0.54

32 0.111 1 1.50 0.56 0.69
3b 0.125 1 1.60 0.73 0.47
6 0.200 1 1.11 0.45 ' 0.33
8 0.100 1 1.67 0.71 0.83
10 0.083 1 2.40 0.75 0.60
11b 0.071 1 2.33 0.74
14 0.051 1 1.83 0.41
15 0. 167 1 3.50
16 0.333 1 1.50 0.60
18 0.286 1 1.75 0.35
19 0.125 1 3.20 0.64 0.53
20 0.143 1 2.33 0.58 . 0.30 ,
2i 0.286 1 1.75 0.27 - 0.22 0.70
22 0.10Q0 1 2.00 0.71 0.45
23 0.250 1 1.33 0.40 0.67
24 0.154 1 1.63 0.36 0.33 0.33
25 0.105 1 1.58 0.53 0.79 0.68
26 0.286 1 2.04 0.35
27o 0.100 i 1.82 0.3%3
302 0.100 1 1.82 0.56 0.45
30b 0. 095 1 2.33 1.05 C.81
32 0.118 1 1.55 0.65 0.35

—
-
(@]

Average : 1 1.85 0.59 0.50 - 0.70 0.

\O
(@]
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Pettijohn (1941) noticed an apparent increase in complexity of heavy
mineral suites with younging age, due to the differing degrees of persis-
tence of heavy minerals with age. A compilation of heavy mineral analyses
from sediments ranging in age from Precambrian to Recent is shown in
Figure 10. From the data, Pettijohn created an order‘of persistence of
heavy minerals (Table 4). In simpler terms, the stability series is the

reverse of Bowen's reaction series.

The most widespread non-opaque heavy minerals in the Wallace River
Formation are garnet and various pyroxenes. Figure 10 illustrates that
garnet in Late Paleozoic sediments is highly stable and present in roughly
the same amount as garnet in Recent sediments. However, pyroxenes are
much less stable and are 4 to 5 times more common in Recent sadiments than
Late Paleozoic sediments. This indicates that up to 75 to 80 percent of
the pyroxenes may have been destroyed following deposition in some cases.

A further possibility is that pyroxenes were preferentially depleted during
transportation, due to abrasion. Most grains observed were rounded to

subrounded, indicative of wear during transport.

Most destruction of heavy minerals in the post-depositional environ-
ment is accomplished by intrastratal solutions circulating through sedi-
mentary bodies. Their effects can be noticed even on highly stable garnet
grains. Several garnets in thin section frém the study area display
corrodeq rims and replacement by opaque minerals. As well, introduction
of caicite cement often masks the true proportions of heavy minerals in a

sandstone.
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Table 4, Order of persistence of heavy minerals

host persistent -3 znatese 10 kyanite
-2 muscovite 11 epidote
-1 rutile 12 hornblende

13 andalusite

1 zircon 14 topaz

2 tourmaline 15 sphene

3 monazite 16 zoisite

4 garnei - 17 augite

5 bibtite o r"/ 18 sillimanite

6 epatite 19 hypersthene

T ilmenite 20 diopside

8 mzznetite 21 actinolite

9 staurolite 22 olivine Least persistent

from Pettijohn (1941) p. 618



C. Micas

Over the entire study area, biotite is more common than muscovite,
which is in turn more abundant than chlorite. Micas can be found in
both the light and heavy mineral separates of'a sandstone, and in this
study'are considered heavy minerals. Theé author believes that biotite
was originally much more common than the other micas, as many detrital
biotite grains have been partly or completely replaced by authigenic
chlorite and muscovite. The percentage of total detrital mica has been
plotted against distance from the Cobequid Highlands (possible source
area) in an attempt to reveal a regional distribution of mica in rocks of
the Wallace River Formation (Fig. 11). The data indicatgﬁfa trend of X
increasing mica-content with increasing dicstance from thé Ccbegquids. ©Cn
the average, sandstones 10 km distant from the Cobequids have total mica
proportions twice that of sandstones only 2 km from the Cobequids. This
is likely a relative rather than true enrichment pattern due to mica
being transported over much greater distances than other heavy minerals
prior to deposition. The source area has probably not changed substan-
tially in composition over the deposition of the Wallace River Formation.
Rather, the apparent mica-enrichment trend northward from the Cobequids
is likely due to a change from high- to low-energy fluvial systems with

time.

Biqtite can be derived from almost all types of igneous and meta-
morphic terrains, and when very abundant, is suggestive of a vg}gapic
source (Scholle, 1979). Muscovite is very common in metamorphic rocks
and is also found in granites, whereas chlorite is found in most source

rock types.
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D. Garnet

Garnets are present in small and trace amounts in 18 of the 24 sénd—
stones studied. They range in size mainly‘from 0.10 mm to 0.06 mm.
Individual grains are mainly angular to subangular, with well-developed
six-sided forms. Minor rounded to subrounded grains are occasionally
corroded and partly replaced by opaques and chlorite. In some thin
sections, zones of heavy minerals, predominaﬁtly garnet, were noticed.
The relatively high stability of garnet facilitates its use in denoting
garnet-rich and'garnet-poor heavy mineral zones over large areas. Garnet
(alman@ine) is derived mainly from high rank metamorphic rocks as well as

hydrothermal veins and pegmatites (Pettijohn, 1975).

E. Pyroxenes

Pyroxene grains are found in 21 of 24 sandstones. Grain size ranges
mainly from 0.07 to 0.05 mm. All grains were rounded to well-rounded,
indicative of a lower stability during transport than that of garnet.
Clinopyroxenes identified were mainly augite with some diopside, whereas
the orthopyroxenes were mainly hypersthene with minor enstatite. Chemical
instability has probably lowered the percentage of pyroxene in these
sandstones. Both augite and hypersthene are characteristic of a mafic
igneous source rock (Pettijohn, 1975). Enstatite is found mainly in sub-
silicic igneous rocks, whereas diopside is common in contact metamorphic

and occurs in some metamorphic and igneous rocks (Kerr, 1977).
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F. Epidote and Hornblende

Epidote is present in trace amounts in at least 5 sandstones and in
a larger proportion in only 1 slide. The few grains studied were angular
to subangular and the same size or larger than garnets from the same sedi-
ment. Epidote is chemically more stable than pyroxene but considerably
less stable than garnet (Table 4). Epidote is a characteristic mineral
of high- to low-rank metamorphic rocks. It can also be derived from

altered igneous rocks (Pettijohn, 1975).

Hornblende was point-counted in slides from 2 sandstones and was
present in trace amounts in 3 other sandstones. Most of the hornblende
occurs in rocks of the Waugh River Member. Individual grains were angular
to subangular. Hornblende has roughly the same chemical stability as
epidote. This mineral is characteristic of felsic igneous, hydrothermal

and high-rank metamorphic rocks (Pettijohn, 1975).

G. Tourmaline and Zircon

Tourmaline is present in trace amounts in 5 sandstones. Tourmaline
grains are denerally angular to subangular. This mineral is even more
stable chemically than garnet, so its relatively rare occurrence when
compared to garnet indicates a scarcity of source rocks contributing
tourmaline to sandstones of the Wallace River Formation. One blue variety
of tourmaline, schorlite, was identified. Schorlite is characteristic
of granite pegmatites and can also be found in certain schists and

gneisses (Krynine, 1946).



Zircon is found in trace amounts in only 2 sandstones. Although this
mineral is very stable, slightly more so than tourmaline, detrital grains
are invariably minute and difficult to detect in thin section. Zircon
is derived from felsic igneous rocks and occasionally from metamorphic

rocks (Pettijohn, 1975).

IX. Heavy Mineral Provinces
A. Introduction

Van Andel (1959) presents some questions on the validity of many
heavy mineral interpretations. Theoretically, the number of possible
heévy mineral assemblages is great, yet the number actually observed is
small. The most common are hornblende-epidote, epidote, kyanite-zircon,
staurolite-zircon, garnet-zircon-tourmaline and zircon-tourmaline. The
possibility exists that these zones are controlled primarily by mineral

stability rather than by provenance.

The action of intrastratal solutions in modifying heavy mineral
provinces cannot be underestimated. It is best to keep in mind the
chemical stabilities of the various heavy minerals when attempting to

establish heavy mineral provinces for the Wallace River Formation.

B. Heavy Minerals

The percentage of garnet and minor epidote has been plotted against
pyrokene percentage in the sandstones from the study area (Fig.1l2). This

figure was intended primarily for provenance determination but also can be
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used to help establish heavy mineral provinces. The results reveal that
75 percent of the sandstones contain more garnet than pyroxene. This
evidence is hardly conclusive though, due to the great difference in
chemical stability between garnet and pyroxene. Several sandstones
contain definitely more pyroxene (hypersthene, augite5 than garnet and
can be considered part of a pyroxene heavy mineral province (locations O,

19).

Hornblende is only found in appreciable amounts at locations 1 and
3. This mineral is detected elsewhere only in trace amounts. Since
hornblende is chemically more stable than pyroxene, which is widespread
in the Wallace River Formation, this region can be considered part of a

hornblende heavy mineral province.

The presence of epidote in the sandstones, even in trace amounts,
can be used to designate garnet—epidote provinces in some areas (locations
21, 22, 24, 30). Because of its lower chemical stability relative to
garnet, epidote proportions can be compared more directly with pyroxene
proportions due to the greater chemical stability similarity between

these minerals.

At locations 25, 26 and 27, garnet and tourmaline are present in
roughly equal amounts, with mihute percentages of pyrokene and epidote.

A local garnet-tourmaline province could be established in this area.

In general, three regional heavy mineral provinces can be established:
a hornblende province, a hypersthene-augite pfovince and a widespread

garnet province. The latter can be subdivided in certain localities
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into garnet-epidote and garnet-tourmaline provinces (Map 2).

X. Provenance of the Wallace River Formation
A. Introduction

When determining provenance for any sediment, it must be decided
whether the material is first-cycle or second-cycle. Heavy mineral inter-
pretation should be supported by paleocurrent data. Distances of transport
are also important. Stanley (1965) found that sands in flysch of the
French Alps.could not be correlated over distances greater than 15 to

20 km.

There is evidence of beth first- and second-cvcle sandstones in the
Wallace River Formation. Van de Poll (1973) found that sediment transport
in the Pictou Group was in an easterly to northeasterly direction (Fig. 13).
His studies were conducted in central and eastern New Brunswick, and he
concluded that the highlands in that province were the main source of
Pictou Group sediments.- For the study area, considerable stream transport
from the Cobequid Highlands northward was also possibly in operation. The
authortyg;%gyes that the sandstones of the Wallace River Formation lie

no more than 10 to 15 km from their source rocks.

B. Heavy Mineral Data

Garnet and epidote are characteristic minerals of high- to low-rank
metamorphic rocks whereas clinopyroxene (augite) and orthopyroxene

(hypersthene) are derived mainly from mafic igneous rocks (Pettijohn, 1975).
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The percentages of these two groups of minerals have been plotted against
each other to determine the relative importancé of metamorphic and mafic
igneous rocks in contributing detritus to fhe Wallace Ri&er Formation
(Fig. 12). The results favour a metamorphic origin for most sediments as
over 60 percent of the scatter plots fall above the line denoting a meta-
morphic/mafic igneous ratio of 2 to 1. Metamorphic rocks definitely
contributed the garnets to these sediments, but due to the chemical
instability of pyroxenes, the relative amount of metamorphic and mafic
igneous contribution is not clear. Garnets (almandine) are very common
in granulite facies metamorphic rocks and may occur in amphibolite

facies rocks (Miyashiro, 1975).

The epidote present in some sandstones is probably metamorphic in
origin as well, derived from schists or gneisses of the greenschist

facies or epidote-amphibolite subfacies (ibid).

The high proportion of detrital mica could be due to breakdown of
micaceous schists and related metamorphic rocks. The mica could also be
derived from a variety of granites and pegmatites. Tourmaline (schorlite)

is indicative of a minor pegmatitic source.

One interesting feature is the confinement of hornblende to the
youngest rocks of the Waugh River Member. At present, hornblende granite
of Devonian to Carboniferous age crops out to the south of the study area
(Donahoe and Wallace, 1978). The introduction of hornblende into the
sandstones could have shortly followed unroofing of the hornblende
granite pluton. This change in mineralogy Eould also be due to changing.

transport direction over time.
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C. Supporting Evidence

Light minerals and rock fragments can be used to help determine
provenance for the Wallace River Formation. The shape and form of quartz
grains, for instance, can aid in indicating whether a sandstone is first-
or second-cycle. If most of the quartz grains in a sandstone are well-
rounded and greater than 90 percent of the quartz is monocrystalline, then
the sandstone is probably second-cycle (Blatt, 1967). The sandstone
cropping out at location 14 is undoubtedly second-cycle. Detrital quartz,
comprising 90 percent of total grains, has a high sphericity and is rounded
to subrounded, and feldspar and rock fragments are present in amounts less

than 1 percent.

Metamorphic and sedimentary rock fragments are present in appreciable
amounts in many sandétones. The éedimentary rock fragments are derived
locally from older siltstone and shale. The metamorphic rock fragments
are dominantly sillimanite-mica and quartz-mica (muscovite) schists, with

minor gneissic fragments.

The only metamorphic rocks cropping out to the south of the study
area are Proterozoic or Paleozoic metavolcanics, quartzites, biotite
schists, hornblende and feldspar-chlorite gneiss, biotite-muscovite *
garnet schist, amphibolite and granite gneiss of the Bass River Meta-
Thom Complex (Donahoe and Wallace, 1578).
Erosion has removed most of the outcrop frém the Cobequids, but it is

apparent that these metamorphic rocks once covered a much wider area.
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Volcanic rock fragments are rare and probably have been derived from
rhyolitic and dacitic flows of Silurian age which border the Wallace

River Formation in part to the south.

Plagioclase in the sandstones is always andesine and/or oligoclase.
Oligoclase is very common in persilicic igneous rocks such as syenite and
rhyolite, whereas andesine is common in diorites and andesites. The
plagioclase does not appear to be representative of a volcanic source,
but rather a granitic one. Reworking of polymictic conglomerates of the
River John Group (Devonian) likely contributed substantial material to
sandstones of the Wallace River Formation, especially in the eastern half

of the study area.

XI. Further Work Needed

This heavy mineral study has been concentrated on sandstones of the
Wallace River Formation. Neither coarse-grained sandstones nor polymictic
conglomerates were studied and it is felt that these rock types could
yield further evidence in determining provenance. Conglomerates, for
example, are rich in polymineralic rock fragments, allowing easier inter-

pretation of source area.

Associated sediments ranging in age from Devonian to Pennsylvanian
also were not studied. It is often difficult to distinguish material
reworked from an older coarse-grained sediment from that from a primary

source. Heavy mineral studies of sandstones should be conducted in con-

junction with sampling of possible parent rock types. Blatt (1967) sug-.
\
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gested that relative proportions of heavy minerals in the possible parent
rocks be calculated to determine the relative stability of these minerals

during transportation and deposition.

Further information on the chemical stability of. minerals and rock
, fragments in the Wallace River Formation is needed to clearly establish
heavy mineral provinces and provenance. As well, more data on paleocurrent
directions is required in order to more accurately trace sediment trans-

port.

XII. Conclusions

The heavy minerals of the Wallace River Formation of the Pictou Group
can be used to establish heavy mineral provinces and contribute to deter-

mining provenance.

Three main heavy mineral provinces were determined. A hornblende
province is centered around locations 1 and 3, and possibly extends along
strike to River John. Interestingly, location 30, which lies to the south
of the possible hornblende zone, contains trace hornblende. Sampling of
sandstone units at the mouth of the River John is needed to verify exten-
sion of this province. A localized hypersthene-augite (pyroxene) province
is centered about locations 0 and 19. The remainder of the area can be
considered to be part of a regional garnet province, with a localized
garnet-epidote province about location 30 and possibly extending westward

to locations 21, 22 and 24 where epidote is present in trace amounts. A

local garnet-tourmaline province is centered around locations 25, 26 and 27.
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Provenance studies iﬁdicate that the source terrain was dominantly
metamorphic, with appreciable input by mafic igneous, granitic and older
sedimentary rocks,and minor contributions by volcanic an@ pegmatitic
rocks. The composition of the metamorphic source area was schistose, as
most metamorphic rock fragments are sillimanite and mﬁscovite schist. The
relative abundance of garnets among the ﬁeavy minerals indicates a high—
grade metamorphic source. The provenance is possibly represented at present
by the scattered outcropping of Proterozoic or Paleozoic metamorphics in the

Cobequid Highlands to the south.

Rare volcanic fragments were likely contributed by Silurian andesites,
dacites and rhyolites. A plutonic source is required for most of the
plagioclase, whereas the pyroxenes suggest a mafic igneous source. There
is evidence that hornblende granite (Devonian-Carboniferous) in the Cobe-
quids was not unroofed until late in the depositional history of the
Wallace River Formation. Granite pegmatites likely did contribute some
material to this unit, as witnessed by the presence of schorlite (tourmaline)

in some sandstones.

Reworking of older sandstones as a source of material for the
sandstones in the study area is of minor importance. Only one sandstone
(location 14) was definitely second-cycle. Other older sediments (conglo-
merates, shales) likely providéd varying amdunts of detritus to most rocks

of the Wallace River Formation.

It is very important to note that the Pictou sediments in the Tatama-
gouche-River John area strike east-west, roughly paralleling the linea-

ment of the Cobequid Highlands, and that_théy dip (young) to the north.
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It is possibie that the lateral fining seéuencé to the north is more
appropriately loocked at és a vertical fining upward sequence (P. Fralick,
personal communication). If sediment transport was in an easterly direc-
tion through the Cumberland Basin and the Cobequid Highlands were covered
by sediment during deposition of the Pictou Group, then this fining upwards
sequence could possibly be explained by the continual erosion of the high-
lands to the west of the basin (ibid). If this were true, then the
presence of hornblende in the youngest beds of the Waugh River Member might
indicate a changing transport direction with time. Since the granitic
rocks of the Cobequids are mainly hornblende granite to diorite (Donahoe
and Wallace, 1978), these beds might date thg uncovering of the Cobequid

Highlands.

This study was conducted over a relatively small amount of Pictou
Group strata cropping out in northern Nova Scotia. To gain a more regional
interpretation of source areas or provenance for these Pennsylvanian sedi-
ments, heavy mineral studies should be undertaken throughout the Cumberland

Basin of deposition.
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Slide Ko. O (1), (2) Rock No. O - ~ Grain size = 0.125 mm
- . ".Location No. O

.1 A 2 3 Total

Grzins = grains| % # erains % # grains %
Quartz 23| ©3.15 300 ©5.0% 5] o413
K-feldspar 21 472 2¢ 564 47 5.19
Plazioclase Y 0.90 I+ 3,04 (8 2.00

9h10r1~e 13 24921 10 | 2.1 123 254
Fascovite 28 | c2a| . ge | _34T| 44 | 4.C
Biotite S - 80 7 | 152 15 | 166
orisOPJroyene 2t oYs| Trace | .~ | ... 2 | _0.22
Clinopyroxene I - 0122 | 0 (;7}~

Garnet " S Trace |. .~ | Trace | »m::;»"
Epido.te L Tface s _ Tr‘a_ce —_
Hormblende | Trece | — | Trace ~ | _Trace -
sodalite -
ZviI‘COD ) Trace e I P 3 Trace —
Tourmzline

Opaques 13 | 242 7 (.52 20 | 221 ]
Altered zmains | g5 (4.C 1 51 H0G )  Il& | 1280
| fosz fragments io 2.25 29 |- ¢29| - 39 | 430
S ]
VerF

Ine

Sy

Total greins 4us| 100.01 46l | l1co.0! 90¢ | 160.02

Cerment 1 2 Total

Orgazies | 22| d70 |8 | 171 30 3.3

Calcite

— - S RN I I

Silica

Total cement 22 471 g 1.771 30 3.31

Elif= wetemorphic rock frazments QuF= quartz rock fragments VRF= volcanic
- o >

-

rock fragments I-f= intrusive rock fragments SF= sedimentary rock fragments

Notes: Altered (3rc\|n$ Predom.moj\tf\/ serickized cnd chlordtized (minor) ?eldspars
OPO‘T‘*CS \ndude wa'fe
Opx is hypersthene, Cpx is amgite




Slide No. l(l)ﬂ27 Rock No. | Grain size = 0,125 mm
: o Location No. |
1 2 Total

Grains = zrains % # grains % # grains %
Quartz , 354 | G914 353 T1.60 107 70.35
K-feldspar 1C 3.12 13 2.64 29 239
lflagloclase 15 ) 2__(?3 c 1272 21 7.09
Chlorite | o254 | a | 183 21 2.09
N .

fsc?VLte 13 352 | a4 2.84 32 | 313
Biotite 3 059 | I | __ =23 | _ 14 | __139]
QrthOpyroxepe 7 Trace S — Trace —
Clinopyroxene R I R
\..arnet _ 0 0.20 1 020 | _ .2 | _.0.20_
Epidote

Hornblende 3 0.59 | 0.20 4 | 040,
| Sodalive 2 | 019 2 | ou 4 | oudo
Zircon

Tourmaline - _ 1

Opaques | 4| o 6 1.22 1O 1.00_
2V v s 3

Altered grains 70| i3.67 73 | 48l | M3 | 1423
rock Frazgments [ 2.73 y 0.8} I3 1.9
KRF

Qi

vae R
I

SR

Total grains 512 | 100.00 493 100.0 1005 {00.0]
Cement 1 2 Total
Organics | 48| 357 42 | _1.35 90 3.22
Calcite

Silica | B

Total cement 43g .57 25 7.95 90 8.22

kif'= metamorphic rock fragments Q= quartz rock fragments VRF= volcanic

rock frazments I«F= intrusive rock fragments S&F= sedimentary rock fragments

Notes: Some MRF's ) Opx is hypersthene




Rock No. 3a-

Slide No. 3a (1) ‘ ‘ Grain size = O.10 mm
: ' Location No. 3
1 2 Total
Grains 7 grains % | # erains o i grains %
| Ruartz 329 | 66.0G
K-feldspar g (Gl
flagioclase_ o 721
thorite 13 2.6l
guscovite 14 23] R ) 1
Biotite e el . 1 ]
QrthOpyroxene o  0.20 L L o o
Clinopyroxere | 9 odo| | N
varnet 4| _0os0 ; S R
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sodalite | ) | o4
Zircon
i‘ourmalin'e o R e
Opagques 13 | _ 361 ]
Altered srains o4 lc.21 I
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EREF
)
ViE
ri}%
SR
Total grains ugg | 9a.4ag
l
Cement 1 2 Total
Organics | 77| 1339
Calcite
siliea |} | )
Total cement 77 (3.39

kkr= metamorphic rock frazments QuF= quartz rock fragments VRF= volcanic
& = >

rock fragments IZF= intrusive rock fragments ScF= sedimentary rock fragments

Notes: non - opague iron ox(des’{ inuar{ab'y —Fo\u\d with orc}anJcs :

true o many slides



Slide No. 3b (1)

Rock No.

b

"Location No. 3

, Grain size = O.|0 mm

1 _ 2 Total
Grains = gming‘ % # grains % # grains %
Quartz 355 | 3.0
l%-felds;;ar Q .66
Iflagioclase 3 0.62
thorite 15 Y. B ] ) ]
ls:‘nscovite G 1.25
Biotite | o — o L
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(ZlinOpyr?xkerng_m M race -
uarnet o2 _oy2 | RN P S
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Z_ir.con “ o )
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11
SRF
Total grains 481 | 100.00
{
Cerent 1 2 Total
Orgerics | 9q (.11
Ealcite o R
sitica | | |- |
Total cement 79 VIRY

kiKr's metamorphic rock fragments QaF= quartz rock fragments VRF= volcanic

rock fragments IaF= intrusive rock fragments Si

Notes:

sedimentary rock fragments



Slide No. G (1) Rock No. G .  Grain size = 0./G7 mm
: - Location No. G o

1 2 e Total

Grains # grains| % # grains % # erains %
Quartz 3u4¢ | G5 d

g—feldSpar C 1173

Elagioclase‘ o 2.03

thorite G 113 o -

Euscovite 10 rsal |

Biotite =~ | 3| _oMe) _ _} e

Orthopyroxene | Traee | = | |- ||

Q}iHOPYTEX???"i Teagce | — 4 ¥ X
|sammet - f | oua| - .

Epidote

Hornblende

Sodalite . |

Zircon ‘

Tournaline ' T h

Opagues __; 0135 B

_%1§ered grains e 1134

nock Fragmentis 74 (3.472

JiRE 70 | 1323

QiF | 0.19 I D _
VRF

IkF

SRr

Total grains 529 | 100 00

Cement 1 2 Taial
Organics | 47 | 8o | -

Caleite } 4| oea | o _|__.__|.

Silica .

Total cement 5 Q79

k= metamorphic rock fragments QdF= quartz rock fragments VRF= volcanic

rock fragments IfF= intrusive rock fragments 5iF= sedimentary rock fragments

Notes:



Slide Ko. 7C1),(2) Rock No. 7 , Grain size = 0.059 mm
. Location No. 7 ‘ ‘ * Siltstone

1 ‘ 2 . 3
Grains 7 grains % # erains % # grains
Quartz
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A
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v
VRE
IwF
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Total grains

Cerment 1 2 3
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Calcite

Silica
T

Ykrf= metamorphic rock fragments QuF= quartz rock fragments VRF= volcanic

rock frazments Ii®= intrusive rock fragments SF= sedimentary rock fragments

Notes: Grain size too small For Po;r\,‘t—wmt&ua
Predominantly caldte cement - cement supporled. rock.




Slide No. 3 (1), (2) Rock No. 3 - . Grain size = 0./00 mm
: P Location No. @ - . ‘

1 . . .2 Total
Grains = grains | % i graihs- Yo # grains %
| Quartz | 36¢ | 7754 3¢3 | 7TsHMo| 129 | T1a7
K-feldspar ] 1.6a G [.30 Py [.50
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Chlorite sl goel a9l ga4] _m| 0
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kiK'= metamorphic rock fragments Qa¥'= quartz rock fragments VRF= volcanic

rock fragments L= intrusive rock fragments SdF= sedimentary rock fragments

Notes:




Slide No. 10, (2) Rock No. O ~ Grain size = 0,093 mm
- o " Location No. O ‘

1 e 2 . ’ Total

Grains z graing % # grains % # grains %
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+he rock.
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Grain size = O.07] mm

1 2 3
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¥lagioclase 2] | 53
Chlorite iz 0.33
hyuscovite ) o .80
siotite | 23| ies.
Orthopyroxene

Clinopyroxens | _oor
Garnet Trece —
iiggbte B

Hornblende
|s0datite

'Zircon

Tourmaline

Opaqﬁés T 204
hlfé?‘\?ér gl‘a‘:'_‘”e ;3.}“ 955
:E@ck Fragméhts 3g ' 277
EﬁF 37 2.770
E l 0.07
Vi

I

5

Total grains 127 (00.00
Cement Total
Organics (7 .94
Calcite 98 T4
Silica

Total cement 315 18.6%

khr=metamorphic rock fra:zments QRi'=quartz rock fragments ViF=volcanic

rock fragments Is==intrusive rock fragments Sxar'=sedimentary rock fragments

Notes:‘



Slide No. I4(1), (2)

Rock No.

=

Location No. I4

Grain size = O.09]| mm

2

Total

Grains

=
oy
&
[
o]
w

# erains

# grains

%

Quartz
K-feldSpar
élagioclase
éhlorite
ﬁuscovite
Biotite
drthOpyibéene
diinOpyroxeﬁé“

uvarnet

397
Z
Trace

-
lyrace

3006

G
Trace
Troce
[

Trace |

2.

90.66
0.67

Sodalite

Zircon
Tourmzline
Opaques

Altered zrains

0.23_

056

43

9.3

hock ¥ragmentis

0,23

165,

o

:

ity

g

VR¥

IwF

SR

Total grains

445

4

100 .00

3849

99.9%

Cemnent

vhal

Organics

Calcite

Silica

27]

23.3G

Total cement

37

7.8

234

34 .51

271

233G

EKf= metamorphic rock fragments Q= quartz rock fragments VRF= volcanic

rock fragments Ix«F= intrusive rock fragments SdP= sedimentary rock fragments

Notes: Slhide 14(1) is qran-supported with patches of organics

‘ Slide M (2) is Cemerﬁ—swpéor’l’ed (Orrjanl.CS>



Slide No. 15(Z2) Rock No. 15 - . Grain size = O.(67 mm
. ot Location No. IS5 ° ’

1 A .2 Total

Grains 7 zrains % # erains % # grains %o
|Quartz 3¢6 | - Gels ]

g—feldSpar o 0.72

21agioclase' 0 235

C_blorite 2 0.3¢| B 3

Yuscovite 2| o6l |
Blo‘clte N |5 2701 L - B
OrthOpyroxene

Q}lnopyroxengwﬁ o _}" _;:2;{5 ‘;ww“—“*‘Am%"-mr‘ I
Garnet Trace _

Epldote

Vnornblenae

sodalite | ‘
-ercon' - Troce o _

Tourmallne

Opaques | o | _aq

#ltored grzins loc | _1%.0%

rock F'ragments 45 213

YIE 30 5.42

| U . 1.99 _

VRE '

Le

S e 0.12

Total grains 553 | 49.97

Cement 1 2 Total
Organics | 7 | _l1g.

Calcite

sitica | a5 | =g | . | ] o
Total cement Lo 7.06

kK= metamorphic rock fragments QaF= quartz rock fragments VRF= volcanic

rock fragcments 1= intrusive rock fragments SdF= sedimentary rock fragments

Notes: Some QRF’s are of Sne;s‘sic or;q;r\ ,E\_A\'\edrd (c‘(\3;odq_/sg(m{mo_r3



-—

Slide No. 16(D,(2) Rock No. 16  Grain size = 0.20 mm
. o " Locétion nNo. G
1 2 Total
Grains = graing % # crains. % # grains %
Qarts 375 | Tsas | 37 | etzs| T4z | 7201
K-feldspar ) 0.60 ¢ 113 .9 0.37
Plagioclase 1o | _zoo0 12 2.2G 22 2.4
Chlorite 3] o060l Trace | = — 3 .0.29
Muscovite 1 o020l 1L | _zo0%g 12 1 17
Biotite | Y 0280|___J1. .| _ 203 15 |_ 1.55;
Orthopyroxene
(ilinowrglf?{lé_ Teace | — | - T_r;@ -
varnet | Toce | _ |} Trace | _—
Epidote
Hornblende | B
sodalite 7
>iiréoﬁ B
fE‘oumaline - - |
Opaques | 1| oz0 3 | 051 4 | 039
&liered zrains 65 [3.03 wa (340 113G | i3.22
| fiock Fregments 37 7.42 49 9.25 36 3.36
LRF 20 4.0l 30 5.66 50 436
| Qi 17 3.41 13 340 25 3.40
Ve
I
SRF B 0.19 1 0.10
Total grains 499 | (00.00 530 | 10002 | 1029 | 100.0]
Cement 1 V4 Total
Organics | Trece | .= |Trace — | Trace | —
Calcite _
?ilica 23 5.3 36 636 el 538G
Total cement 29 5.3 3¢ G.36C G4 536

kkc'= mefamorphic rock fragments QidF= quartz rock fragments VRF= volcanic

rock fragments IxF= intrusive rock fragments SiF= sedimentary rock fragments

Notes: “?rqd’ure “ lamellae in P‘ac};oclqse ) biotite S‘f‘r‘onc_\\\/ Rinked




Slide No. 7 (1) Rock No, 7 Grain size = < 0.06Z mm
’ ’ Location No. |7 . Siltstone

1 2 3

!

Grains # grains 9o

R

grains % # grains

2

Quértz
ﬁ—feldSpar
flagioclase
Chlorite
ﬁuscovite
Biotite

Orthopyroxene

Clinopyroxere I B N N

uarnet

ipidote

Hornblende

60dalité

Zircon

Tourmaline

Opaques
4ltered zrains

nock Fragmentis

KRF

Lo
VAP
L&

Sa

Total grazins

Cement 1 2 3

Organics
Calcite

Silica

Total cement

kK= mefamorphic rock fragments Qo= quartz rock fragments VRF= volcanic

rock fragments IsF= intrusive rock fragments S:F= sedimentary rock fragments

Notes: Slide shows conXact between sUdstone and very _?u-\-,b—%r'a..'xxbd SGJ\d;-t—O"\Q/
sukstone Rock colctn - cormented . Hiak o~ opaques (p\,rﬁ-e)C\L))orc}qnlcs,
Opaques Sound akong Sractuwres and as disseminaXed gqrawns.

DendrXec opaques cu?) :



Slide No. 1901), (2D Rock No. |3 Grain size = O 143 mm
: b Location No. I8

1 2 Total

Grains 7 arains % # erains % i grains %
Quartz 3¢5 | 7270 | 371 | 1376 | 736 | 73.23
K-feldspar Trace - 4 ' 0.0 S 0.40
Plagioclase SR A% RS I DR [ [.a9 17 .69
Chlorite 2| omol 1| o2 3| 030
Huscovite 5| 1ool 5| osgal 1o | ioo
Blotite | 7 129} 3| 060| . 10| 100
Orthopyroxene

dlinOpyroxene D D e e
\;arnet - I S
Epidote N ) I
‘gﬁfnblend; o

505a11£e7A N
Zircon }
émrmaline ] - - N ]

Opaques | g4 | 279 4 2.19 25 | 249
4ltered zrains 74 BN 5% 11531 32 | 13,13
rock Fragmentis 29 57| 4o 795 G ¢
LHF 20 3.9 20 5.96 50 4.98
R 2 .59 q | _1.19 17| e
VAF

m .

S ! 0.20 [ 0.10
Total grains 502 | 99.a9 50% | loo.0l | 1005 |100.0I
Cement 1 2 Total
Organics | 34| 59| 20 3.3¢ 54 4.5% |
| Catoite Q| wsH| 12| 202|201 | 178
Silica 4o G.34 ¢o | lo.o0s ReXe 8.47
Total cement 373 (4,19 97 546 175 4. 83

kK= mefamorphic rock frazments Q= quartz rock fragments VRF= volcanic

rock frazments I«F= intrusive rock fragments 3:F= sedimentary rock fragments

Notes: GRFE>s include ‘hose 09 r.jne{ssic or}cj]r\



Slide No. /9(1),(2)  Rock No. 19 - Grain size = ©0.100 mm

Location No. 19

1 . .2 Tofal
Grains 7 grainé % # erains Y0 # grains %
| RQuartz | 3e2| 7735| 7353 4¢3 Tis | 75.93
K-feldspar o 0.85 2 0.42 G 0.64
Plagioclase g9l a2 5 1.06 e .49
Chlorite 8| L7m|_._4a | .taol|. 17 .21
Yascovite 2| owzf =2 | (63| - 10| loc
Biotite 3 L] 7] 148 15 | 1.59
Qrthopyroxegg Jrace | T V... .| Trace | . — __
Clinopyroxene | 21 o432 | | | ~c21| 3| o032
garnet | 1 o2 Trace | — | 1| odL
Epidote
Hornblende
Sodalite | -
| 2ircon :
?ourmaline | - Trace?|  — Trace
Opaques | = 49| w470 26 5.50 Hg 5.10
|Altersd srains 32} 6% 145 q.51 a7\ 8.8
nock Fragments [ 3 guf 17 3 59 35 | 372
LRF G 347 (5 3.17 31 3.29
| QRF : | 0.21 2 0.472 3| 032 ]
VRF
11
SRF | 0.2 ' | 0.1
Total grains 48 | g9.aq 473 1 99.99 41 | 100,00
Cement 1 2 Total
Orgenics | 24| 393|__ 10 (.92 31 2.96¢
Celeite V| onqf| . |1 l 0.10
silica 33| 72d] 38 | 729] ‘7¢ | 7.24
Total cement col 11,37 +3 q.21 08 | [0.30

liKf'= metamorphic rock fragments Q«F= quartz rock fragments VRF= volcanic

rock fracments Ia= intrusive rock fragments S5:F= sedimentafy rock fragments

Notes:



Slide Ko. 20C1), (2) Rock No. 20 . ~ Grain size = O.125 mm
~ " Location No. 20 S

1 A v 2 . Total
Grains 7 grains| % # grains 7 # grains %
 Quartz - 345 c3.18 354 T72.10 G949 701
K feldSp°r 7 .39 2 o M 9 0.90
Plavloclase . q 173 _ 7 1.473 16 .60
Chlorite a4 o133 5| _ lo2 12 - 1.20
Muscovite 7 1.3 . s | 102l 12 _1.20._
Blotlte I L 3.56 [7 1. 346} 35 | jj!
OrthOpyroxene
| Clinopyroxene | Trgce | —— Trace | . — | Trace. "”i:"“"
‘_’amet o L ]...0.20]| Trace T ,_-__-,-;- L. . 010 |
Epidote '
Hornblende
aodallue _
ercon ]
Tourmaline -
Opaques | 55 | =295 20 4.0 40 4.0l
£ltered grains | ! -
£ 0’ g | 53 10.47 53 AR A6 963
| fock Fragments ' 39 7.7 39 - .74 SR B A S A
LR 34 6.72 33 | 6712 e c.12
R . Y 0.79 s .02 9| 090 ]
VRF ‘
IxF
SR [ 020 : 1 l 0.10
Total grains 506 | 99.99 491 100.0t 99 71 99.99
Cement 1 2 Total
Organies | 67| 1089 | __50 | 8739 117 9.6
Calcite
Silica Y9 ¢33l 55 9 23 Q7 3.0l
Total cement WeXci 17.77. 105 17.4672 214 1 7.67

KEf= metamorphic rock fragments Q= quartz rock fragments VEF= volcanic

rock fragments I<f= intrusive rock fragments SiF= sedimentary rock fragments

Notes:; <ome strained P(.r\%;oclq_/;a lamellxe



Slide No. 21(1),(2)

Rock No.

21

Grain size = O. 250 mm

Location No. 21 -

1 2 Total
Grgins # grains % # grains % # grains %
Quartz 3672 GR.56 360 G5.10 7272 66.79
g-feldSpar 2 0.57 | Trace - 3 0.2%
Plagioclase 19 | 3.¢o 15 2.71 34 3.15
Chlorite 4| o076] 1| oag| 5| o4
Muscovite 2| o023 5| _0c90. 1| o065
Biotite | | 0.19 3| _os4dl 4 | 037
Orthopyroxene
dlinOpyroxené I - R
varnet ~ Teace | — Trace — | _Trace —
Epidote __Trace = Trace —
Hornblende
b‘odaliﬂ‘;e o
:g;ir;@; o
Tourmaline | Trace | -— Trace —
Opaques 12| 2.27 20 | 362 32 2.96.
Altered grains 50 .47 3y 759, S2 | 8.5/
hock rragments 15 422 107 19.35 132 | 16385
b Y 7.7 45 3.4 36 1.96
Qi o 1Y 4 | o012 1o | _0a3]
Vay Y 016 2 0.3G G 056
IiF
SH 24| 455 5¢ | 1013 30 | 740
Total grains 52| 100,02 553 | 94999 (08| |100.02
Cement 1 2 Total
Orgenics | (G| 220 | 12 | 167 23 L9
Celeite | 143 | 1967 | 100 | 1395 | 243 | 16.83
Silica 4O 5.50 52 | 7250 92 | @37
Total cement laa | 27.37 lcd | 2287 263 | 2544

hilie's me.tamorpbic rock fragments Qui"= quartz rock fragménts VRF= volcanic

rock fragments I«F= intrusive rock fragments SciF= sedimentary rock fragments
Ty gm

Notes: Slide $rom sandstone with lower siltstone contact
" Gildkstore clasts wp to dmm by u m"“. (Y"Our\ded)>



Slide No. 22 (1)

,(2)

Rock No.

2%

Location No, 22‘

Grain size = O.10 mm

1 2 Total
Grains 7 grains % # crains| % # crains %
@mrm 360 75.00 3672 76.21 722 15.60
K-feldspar t 0.21 : 0.21 2 a2l
Plagioclase .y 0.93 | .47 A I 15
Chlorite 5. rtod | 6 | .1z2¢ 1 1.15
Muscovite 5 o4 | 4 | _os4] 9 | _o.a4
Biotite =~ = | 4| 033 3| 063 7 | 0713
Orthopyroxene ‘
q;inOpyr?xggi__,__;figsg e | Trace | — HQI};?u;Q :;?i_i_
varnet a| o2l 2] o2l 3| 03l
f@;%ﬂfwm“r Trace — Trace — Irace — -
Hornblende
Sodalite ) o
zifcon‘ ~
Pourmeline I R N
Opaques | 95 |  57) 22 4.63 47| 492
Altered grains 2¢ 1.5¢0 33 G351 69! 7.23
mock Kragments 39 .12 35 | 7.37 14 |75
KR 3G 1.50 273 c.as 6q | 7.23
| QI ! 0.21 Ll _0.10
VEF
1HF
SRF 3 0.62 : 0.21 5 oH2
Total grains 490 | 99.49 475 ] 94.99 955 | 99.99
Cement 1 2 Tot:
Organies | |2 | .2.33 (4 2.2 26 | 253
Calcite
Silica 23| H4T 25 | -4.3C ug 4.6C
Total cement 25 6.20 29 7.5% T4 7.19

kRr= metamorphic rock fragments Q«F= quartz rock fragments VRF= volcanic

rock fragments I+F= intrusive rock fragments 5rF= sedimentary rock fragments

Notes:




Slide No. 23 (1), (2) Rock No. 23 ~ Grain size = 0.25 mm
: “Location Ho. 23 '

..1 ‘ 1. 2 . Total
Grains 7 grains % # grains % # grains %
Quartz ) 382 | 7476 370 71.02 752 | 72.87
K-feldspar 2 0.29 9 0.28 Y 0.39
Flegloclase | 14| _2a4| _1c | 307 30 | 291
Chlorite | .| ~o20| 2| o038 3| o029
L}uscovite Trace |  — . Trace | _.— | Trace T
Biotite | 2 0.39 4 | 077 ¢ | o058
Orthopyroxene
uamopyzorens ||| o T
gamet L Trace I — ... |l Trece _M_v:——::_i
Epidote
Hornblende | .
Sodalite - o
Z-ir_éoﬁ - o
‘.E‘oumaliné - ] N
Opaques | 10| 11¢ q .73 (9| 184
Altered zrains 571 1i.!5 ¢2 11,90 19 | 1153
|fock rragments | 43 | gu2 SG |04 -~ 99 | 959
LR 3G 1.05 4s | .04 3 1.85
&t ~ G 0.18 G | 15 o | _oa1].
vae | 0.20 2 0.33 3 0.29
1w 2 0.39 r 0.19 3 0.29
SR7 | -2 0.3% 2 0.19
Total srains 511" | 100.01 521 | 99.99| 1032 |100.00
Cement 1 2 Total
Organies | 51 0.89]| 4 | o010 9 | 030
Calcite
Silica 47 835 | 43 751 9; 7.9¢
Total cement 57 g.74 07 3.27 99 <.

k= me.ta:norphic rock fragments QuF= quartz rock fragments VRF= volcanic

rock fragments I«F= intrusive rock fragments SdF= sedimentary rock fragments

Notes: q;u.'H\[cy_nic mascou tte -is replaci.«% -§e/LdA-ch-
Cepx s n,u.%;:(*e, '



Slide No. 24 '(D)

(2)

Rock No.

24

Location No. 24

Grain size = 0 143 mm

2

1 Total
Grgins 7 grains % |# crains % # grains %
Quartz 362 | 7709 364 | sa | 726 | 15.3¢
K-feldspar 3 0.64 3 0.20 Y o42"
Flagioclase _..a| el e 3.23 25 2.6
Chlorite 3| _oed] 5| noz|. % | oz
Muscovite 1| o2l 2| odi]| 3| 03l
Biotite . 3 0.64 6| 123| 9| oa4]
Orthopyroxene | | oo 1l oo
Clinopyroxene
varnet ) R 1] ozl _ 1| o010
Epidote Trace — Trace —
Hornblende :
Sodalite B
zircon N )
Pourmeline - N
Opaques | 4 | 249 12 246G 26| 2717
4ltered grains 4gq | 1045 4 o.04 | ag | i0.24
Hock Fragments 24 s 37 G.5¢ 5¢ | 534
KEF 20 4.2¢ 27 656 52 543
Qi / 0.2] L] .o.l0
VR 3 0.64 Trace — 3 021
IiF
SRF
Total grains 4¢3 | o000 | 438 | 99.99 957 | 99.98
Cement 1 2 Total
Organics | 62| 1o90f _ 92 | (4e7| 54 | 12.8%
Calcite
Silica 33 .63 H7 7.50 g5 7.1
Total cement loo | 17.5% (39 | 22,07 ! 2239 | 1999

}K¥= metamorphic rock fragments Q= quartz rock fragments VRF= volcanic

rock fragments

Notes:

= intrusive rock fragments SciF= sedimentary rock fragments



Slide No.25(1),(2),(3) Rock No. 25- . Grain size = 0.100 mm
' Location No., 25" ' , ‘

1 2 3
Grains 7 grains % i grains 7 i grains %
Quartz 358 | 1066 37 | 8555 | 353 | 75.85
K-feldSpar ‘ T 0.2 Troce — Trace -
Plagioclase a3 | 278 2| 1.3¢ © 3 169
Chlorite 3] oed|.. H| .oa3 '3 0.64
uscovite 4| osc| 1| _023| 7 | L4y
Biotite vl _28c | us | 350l _ 20 | _424.]
Qrthopyroxene . _ o e | Trace | _— _
Clinopyroxene
L-}arnet L Trace . - Trace . A _042
Eﬁpl?O‘t_e_ _ — Troce —
Hornblende
sodalite | ) o
Zircon 1 )
Pourmaline I B
Opaques | T | 364 | 8 1.8G 12 2.54
4ltered gzrains 51 10,92 24 559 .59 ! 12.50
fiock Frogrents 9 192 2 o7 3 0.4
LIE q Laz | 2 o.47 3 0.64
Qi
ViR e
IKF
SHF
Total grains 4¢7 | 10000 | 429 | 9349 472 | 100.00
Cement 1 2 3
Organics | 59| 72|  ¢o| _lo.al ¢4 | 1105
Silica 72 12.06 ¢l | -11.09 43 7.43
Total cement Yo 2.1.73 L2 22.00 (07 [3.49%

kiK'= mefamorphic rock fragments Qdf= quartz rock fragments VRF= volcanic

rock fragments IaF= intrusive rock fragments SiF= sedimentary rock fragments

Notes: Totals COMPHgd on next paqe




Slide No. 25(1),(2),(3) .

Totel
Grains : # grains %
Quartz logs | 797
F—feldSpar | L | o007
?la.gioclase 29| 2.2
Chlorite (O 0.73
hiiuscévrite (2 0.88
slotite 46| 33¢
Orthopyroxene Trace _
|Clinopyroxene
carnt N
Epidote I _
Vgéinblehde
|s0danite
Zircon
Tourmaline
Opaques 37 270
tered smine | an | 550
{Rock Fragmonts | 10 | oo
B 4 1oz
oF -
e
1w
Sar
Total grains (3C3 100.00
Cement Total
Organics 132 | lo.s4
Celcite
Silica 17¢ | _10.20
Total cement 259 20,74

khr=metamorphic rock frazments Qrr'=quart: rock fragments VRlF=volcanic

rock fragments Iarf=intrusive rock fragments Sixr=sedimentary rock fragments

lotes:




Slide No. 26(1), (Z) Rock No. G- . Grain size = 0,250 mm
: - Location No. 26 ’

1 , .2 Total

Grains # grains % # erains Y0 i grains %
| Quartz 390 | 710,02 299 | <q4¢| 799 | 7114¢
K-feldspar Trace — 2| o4O .2 0.20
Plagioclase 5 0.97 5 1.00 .10 0.99
thorite Trace| . — | 1| .0.20 o O.l0
Mascovite ) oual 5| 100l 6] 059
Biotite B 0.97]. ] __oz20| ___ 6] 0.59]
Orthopyroxene
(ilinOpyroxene - S - o I
varnet | Trace | . — | Trace = | Trace | .=
kpidote
Hornblende
sodalite o o
Zircon ]
’.E'oumaliner | Trace. — | o Trace —
Opaques | 4 | o073 4 | oszao 3 | o719
4ltered grains 63 12.28 49 .82 _Hz2 o 1er.
nock Fragrents ys 3771 33 6.6l 73 7.1
LRF 31 G.o4 23 4.6l 54 5.34
| 4 o7¢ : 0.20| 5.1 ..0.49 ]
VRF ’
I 2 3.40 Z 0,20
SRF (o (95 = .40 17 .63
Total grains 513 | 99.9% 499 99.99 1012721 100.00
Cement 1 ' ? Total
Organics | 3| o5yl 132 1O 0.92
Calcite
Silica 26 - G.57 24 - 453 GO 555
Total cement 39 7.06 31 5.25 10 c.47

KHf= metamorphic rock fragments QuF= quartz rock fragments VRF= volcanic

rock fragments Ia@= intrusive rock fragments SiF= sedimentary rock fragments

Notes: Tourmaline in LRF = qranitic or pegmatitic source



Slide No. Z7a (1) Rock No. 27a ,Z7c Grain size = 0.05G«{27a)
_ 27 " loenti o .
c (1),(2)  Location No. 27 .. S/ Hstone ©-050mm (27D

1 . 2 .- 3

# grains

.
N

Grains # grains % # grains
Quartz
ﬁ—feldsPar
flagioclase
Chlorite
Euscovite
Eiotite

Orthopyroxene

Clinopyroxene

garnet

kpidote

dornblende

Sodalite

Zircon

Tourmaline

Opaques
Altered zraine ’

.rock Iragrments

e

RSSO A S ORIV UG [ S

Aty
Vg
I

S

Total grains

Cement 1 2

M

Organics

Calcite

Silica

e

Total cement

kit'= metamorphic rock fragments QdFf= quartz rock fragments VRF= volcanic

rock frazments I<f= intrusive rock fragments SdF= sedimentary rock fragments

Kotes: Slide 27a (1) - coarse sdtstone 1o very §u(a—<jra;necl sandstone
—> caldXe cement £ HO 7  high in ckmrﬁt7oPadexorﬁqhhslhuﬂm,ous
siltstome clasts
Slide. 21¢ (- "‘1;3H b opaques )oraan‘ucs (l‘“‘ju“‘"jj, ;,q\c;;t.,—<m¢x\'i£d~
> elongated shele (mudstone) Sragments | quartz | muascou e Snnnsdompwxi

T s 77 - (7)) - Sore as CiN onlu wnmre cmba—da



Rock No. 27b

Slide No. 27b (1) _ Grain size = 0./00 mm

. L -Location No. 27 -~ : :

1 2 Total

Grains 7 grains| % # erains % # grains %
Quartz | 370 | 7227
K-feldspar 0.9%
Plagioclase Y 0.73
Chlorite I 0.20
Muscovite 3 0.59 . A )
o R o
Orthopyroxene | —w. .| _ | | | |
Clinopyroxene
uvarnet Y Y
Epidote R T
Hornblende
sodalite
Zircon 1 |
Tourmaline Trace | _— B}
Opaques | 4 0.8
Altered grains g=3 i3.72%
rock Iragmentis 26 7.04 o N
LK 2 0.59
Qi -
VRF T T T T
Iny
S 23|  cH5
Total grains 512 | 100.02
Cement 1 2 Total
Organics 60 9,22
Calcite 55 . U5
Silica 7_4 3G9
Total cement (29 21.2C

kkr'= mefamorphic rock frazments Qdi'= quariz rock fragments VRF= volcanic

rock fracments Ia¥= intrusive rock fragments 54F= sedimenta rock fragnents
. S o

thes: This sandstone is in pf‘oxim]“f'y +o siltstone beds,



Slide No. 30a (1), (2) Rock No. 30a Grain size = 0.100 mm

: g Location No. 30

1 2 Toi;al

Grains 7 grains % # erains v # grains %
Quartz 372 18.21 370 | 99.06| 42 78.94
K-feldspar Trace — | 0.21 1 o.11
glagloclase 7 (43 (o) 2.4 17 1.2l
Chlorite 4| oes| 4 0.85 3 0.85
buscovite 5| toe| .z | od3] 7| o4
Biotite = 2 _ e9| s | L) 16 | 170 ]
Qrthopyroxeqe I race. =) o2V 1| ol
Clinopyroxene
x:arnet . Trace — . .2 o.43 2 o2l
Epidote
Bornblﬁgé? Trace? — Trace 1| —
Sodalite
Zircon -
Tourmaline -+ — ) N
- Jrace — lrace. | - — | race -
Opaques Wl 233 ol 2.4 21 2.273 |
Altered grains 591 12.29 571 12481 113 | 12,23
rock Fragments 7 L4 3 0.64 o | _l.oG
KRF 5 1.0G 2 043 7 0.74
VaF o
Ty
SRF 2 0.42 | o2l 3| 037
Total grains 472 | 99.99 4691 100.00| 940 | 99.99
Cement 1 2 Total
|Organics | 23| 59| 5%| _1002 9 7.93
Calcite
Silica ¢3 11.09 53 95|  1{¢ (0.1
Total cement q¢ 1€, 90 L [q.17 207 1R.04

k= mefamorphic rock fragments QdF= quartz rock fragments VRF= volcanic

rock fragments IAF= intrusive rock fragments S:iF= sedimentary rock fragments

Notes:

(layers)

para\\el 4o bedd {ng

concentrations of garnct and other heqauy minerals a_“cjmaci



Slide No. 30b(1),(2)  Rock No. 30k . Grain size = 0.09| mm
~ - Location No. 30 R

A1 : .2 X Tétal
Grains = grains| = % # grains % # grains %
| Quartz A 358 | 727¢| 361 | 7459 | 125 | 713.68
K-feldspar Trace - [ 0.20 ! 0.10
l?lagioclase‘ 8l ezl 3 .63 16 .67
Chlorite e | 63| __ 5| 02| 13 1.32
Huscovite 4y | o8| 2| o4t 6| o6l
Biotite | o | o4 al| 13| 1| gaz
Orthopyroxeme | | |  020| Trace | - . — | . L | _o.l0
Clinopyroxene
darnet | 1| _o020| Trace| —= | __ 1 | oudao.
Epidote |} | 020 Trace? — | 0.10.
Hormblende
Sodalite | | )
-iircén‘“‘ _ :
‘I"ourmaline - - ~ |
Opaques | g | 3ce 12 2.44 30 | 305
Altered gralns 7 {5.85 79 16.06. i57 |. 15896
kock Fragments 13 2.64 9 (.23 27 2.23
LEE 12 2.44 2 .63 20 2.03
QR
B I
 1F
SHE | 0.20 l 0.20 2 0.20
Total grains 492 | 99.99] 492 | 1oo0t| 984 | 100.00
Cement 1 2 Total
Organics [ 65| 108%3|_ 51 | 2.6 (1G .76
Calcite
Silica ‘+3 70T 4o | - 7.81 89 749
Total cerent log | 18.00 q7 | 1c41] 2051 t17.25

Mkr'= mefamorphic rock frazments QuF= quartz rock fragments VRF= volcanic

rock fracments If= intrusive rock fragments SrF= sedimenta rock fragments
=) S

Notes:



Slide No. 32(1),(2)  Rock No. 32 _ Grain size = O.[I| mm
"Loeation No. 32

I 2 . Total
Grains # zrains | - % # erains % # grains %
Quartz 372 72.23| 375 | 143 aHT | TL33
K-feldspar ! 0.19| Trace | - : o.1o
Plagioclase g _1.55 Y 0.7¢ 12 .15
Chlorite 3| o058 2| 033 5 0.43
buscovite 2| o2 | __oua_ 3 | _o29
Biotite =} 7 2 | 023) -9 0.87
Orthopyroxene __Trace. Bt S . Trace =
| Clinopyroxene | | | 0.9 Trace| .. — | 1| oo
| saxnet | 2] . 03| 1| oe@| 3| a29
Epiég‘t_e”w o Trace — Trace — Trace —
Hornblende
Sodalite 4 Sl
_iircon N i o
‘i‘burmaline - 1 ' ‘ N o
Opaques | 7 | 233 le | 305| 2% 269
Altered grains 50 10.10 ac 2.51 _A1s | 1135
|fiock Fragments | 55 | (0.¢3 5% |- 1105 | 113 | 1087
E‘RF_ I o019 ] Trace. - — - 0,10
e
var I
e
S&* 54 | 1049 53 [1.05 112 | 1017
Total grains 5151 92999| 525 | loo.ec| 1o4Q | 100,02
Cement 1 2 Total
Organics | 32 | _d49g| 34 | 433 GG | 4.aT
Caleite | 592 | goe|_ 68 | 99c| 120]| 9q.o4
§i1ica e 7121 56 3.20 (02 7.G6%
Total cement 120 20.15 5% 23,14 299! 21.69

hHr'= mefamorphic rock fragments Q= quartz rock fragments VRF= volcanic

rock fragments IsF= intrusive rock fragments StF= sedimentary rock fragments

Notes: Sandstorme in Proxim]-h/ 4o siltstone beds.
Slide 22(1) - siltstone clasts up +o 3-mm by | mm elonqated
?Qral\ﬂ to bedd]n%f
Slide 22(2) - rounded siltstone clasts «p to Zmm by 2 mm
as well as &]or\%o{"e closts up to Hmm b\/ | e
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