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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 km2
• 

As well, three major heavy mineral provinces were established. 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, \·lith 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 IT~nerals 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-epidote 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 pegm~titic sources. 
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I. Introduction 
0 • 

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. 
. 2 

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 

minor 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 D~e heavy mineral studies 

ranged from medium-fine-grained (0.33-0.12 mm) to very fine-grained (0.12-

0.05 mr.t). ~~en individual compositions ~e plotted on 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 subliL~arenites (Fig. 2). 
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II. 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 

1978. 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 

rr.ap.. 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 ta~-cen 

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 localitieso Three of the sediments were silt­

stone/shale 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 



·s 

section each, and two others had three thin sections made. Oriented rock 

samples averaged 3 ern by 10 ern by 10 em in size. Hand specimens of 

conglomerate were not used for thin section study. 

III. Method of Study 

The apparatus used in this study was a 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 rnrn and a vertical 

spacin~ of 0.6 rnrn were used. 

At least 400 grains, excluding altered grains and rock fragments, 

were counted for each slide. Proportions o.f 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 cement were also noted. The proportions 

of total grains in each 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 the provenance of these minerals and of the Wallace 

River Formation in general. 
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IV. Depositional History of the Wallace River Formation 

A. Introduction 

The interbedded sandstones, siltstones, 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 dovm in this basin following post-Cumberland Group crustal movement. 

The history of the Pictou Group was one of extension of the plain of sedi­

mentation 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 Cumberland Group. In the study area, 

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

B. Wentv1orth Member 

The oldest unit of the Wallace River 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-brm·m sandstone. Conglomerate units are up to one metre in thickness, 

containing greater than 50 percent quartz rock fragments from 4-10 mm in 

size. Carbonaceous plant fragments, coated with malachite, are abundant 

in some localities. At locations 14, 15 and 16, the ~'lentworth Hember 

consists of interbedded grey-green to brown sandstones and shale (mud­

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



grey-green sandstonec 

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 mrn grades upwards into conglomerate. At locations 17 and 

18, near the contact with the Wentworth Member, fine-grained thin- to 

mediurn~bedded sandstone and siltstone pass~~ upwards into this coarser 

facies. Several beds of conglomerate 5-10 em thick crop out at this 

location (Fig. 3). At laca.tion 32 on the French River 1 grey, micaceo"..ls, 

massive to thin-bedded sandstone grades vertically into and is inter~ 

bedded with conglomerate units. Average grain size of the conglomerate 

clasts is 5-10 rnm. 

The Balfron Member near the River John consists of grey, cross-bedded, 

coarse-grained sandstone 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 coar~e-grained sandstone and interbedded 

coarse-grained sandstone and conglomerate (location 27) . Massive sand­

stone units have oval channel fills of pebble conglomerate averaging 2 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 River 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-bedded 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 t..~e River John (location 30), heavily weathered fine-grained grey­

brown sandstone is interbedded with conglomerate of mainly sedimentary 

(siltstone/shale) origino 

E. Fluvial Environments 

The fluvial processes 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 representing shifting 

channel bars. Abundant broken plant fragments 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 a 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 conglomerate, 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 percent siltstone and 28 percent sandstone over the 

entire section. The thin- to medium-bedded, laminated siltstone represents 

the backswamp (floodplain) assembl~ge, whereas individual massive sand­

stone units represent the coarser-grained channel deposits (point bar and 

channel floor lag). Alternating thin-bedded sandstone and sil-tstone 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 accretion 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 velocity 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. Quartz 

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 quartz cement overgrowths indica-

ting derivation from an older sandstone, an9 several grains have mineral 
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Table. 1 •. Shape of quartz. grains 

Slide No. Snhericity 1-ioundness 

0 high-medium angular 

1 high · subangula~ 

3a high-medium subang1lar-subrounded 

3b high-medium subrounded 

6 high-medium subrounded-rounded 

8 high subangular~subrounded 

10 high-low sub rounded 

11b high subangular-subrounded 

14 high subrounded-rounded 

15 lm•J angular-subangular 

16 medium-low subangular-subrounded 

18 high subrounded 

19 high su ban[U lar-sub round ec 
20 high angu.lar 

21 high-low subrounded 

22 hi[h-medium subangular 

23 high-medium subangular-subrounded 

24 high-low angular-subangular 

25 high-medium subangular 

26 high-low subangular 

27b medium-low angular-suba.ngular 

303. high-low subangular-subrounded 

30b high-medium subangular-subrounded 

32 high-medium subangular-subrounded 
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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 thes~ grains (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 average 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, 

fracture and relief. Due to the large number of grains being counted, it 

was not possible to attempt optical figures for suspected feldspar grains. 

Despite feldspar alteration and possible counting errors, the author 

believes that the feldspar proportions obtained are fairly accurate. 
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To attempt a determination of the survival rate of 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 lineament of the 

Cobequid Highlands. The beds dip and young in a northerly direction. 

The s9atter 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/ 

f~ldspar ratio for a sandstone two km from Cobequids is twice that for a 

si~lar 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 waters 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 ~ach other. Varying pH of these solutions 

may allow certain minerals, such as feldspar and quartz, to be preferentially 

replaceq 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 
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various sources might not have varied substantially through the deposi­

tional history of the Wallace River Formation. 

There is a general fining upwards in section and laterally northward 

in strata of this formation. It is possible that 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 ~verage 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 everJ sandstone was sadie, 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
10

_
30

) is very common in persilicic igneous rocks 

(syenite, granite, rhyolite) and common in other igneous rocks. It also 

occurs occasionally in granite pegrnatites and some metamorphic rocks. 

Andesine (An 30 _ 50 ) is common in many igneous rocks, especially diorites 

and andesites. It is also found in metfu~orphic 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 Oligoclase-Andesine 

3b Andesine 

6 Oligoclase-Andesine 

8 Oligoclase 

10 Oligoclase-Andesine 

11b Oligoclase-Andesine 

14 trace Plagioclase 

15 Oli€oclase-Andesine 

16 Olie-oclaee 

18 Oligoclase-Andesine 

19 Oligoclase-Andesine 

20 Oligoclase-Andesine 

21 Andesine 

22 Oligoclase-Andesine 

23 Oligoclase-Andesine 

24 Andesine 

25 Andesine 

26 1indesine 

27b Oligoclase-Andesine 

30a Oligoclase-Andesine 

30b Oligoclase-hndesine 

32 Oligoclase-Andesine 

Note: from 8-12 grains of plagioclase were 

identified per slide 
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igneous rocks. Since most of the plagioclase in the Wallace River Forma-

tion is twinned and apparently not volcanic 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 An15_ 30 whereas the upper limit of the amphibolite facies is marked by 

a plagioclase composition of An 50 (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 ty~e. 

Microcline and orthoclase are common K-feldspars in these sandstones. 

Orthoclase occurs in i9~e~~~ rocks whereas microcline is found mainly 

in plutonic and metamorphic (gneissic) rocks (Pittman, 1970). 

In the western part 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-feldspar is as abundant as plagioclase in only one out of 

ten sandstones. This could be due to preferential destruction of K-feld-

spar in 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 percent 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 fragments. 

Sedimentary roc~ fragments i~clude 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 were then excluded 

from total rock fragments and the data was replotted (Fig. 8). Except 

for two groupings of low-rock fragment sandstones, a trend of decreasing 

percentage of rock fragments "wvi L,_ increasi!].g distance from the Cobequids 

was noticed. Sample 14 was excluded from the 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 ~e 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 most stable rock fragments are those of polycrystalline quartz. 

This monomineralic rock fragment is preferentially enriched 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 g~eissic origin. Other quartz rock fragments appear to 

have been derived from granitic, schistose and older sandstone sources. 

Quartz rock fragments from granitic sources have common fluid inclusions 

and a particle size of roughly 0.5 mrn. Schistose quartz rock fragments 

have rare fluid inclusions and an average particle size of 0.2 mm. Those 

from sandstone sources 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 

large grain size, plutonic (intrusive} rock fra~ulents 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 River 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 favorable location for quartz replacement by calcite is 

near the upper contact of sandstone with shale, where calcite may replace 

up to ~0 percent of the original quartz. In the Wallace River Formation, 

calcite cement is always associated with unstable shale rock fragments. 

~"ield vlork shmvs that calcite-cemented sandstones always occur near the 

top and bottom of sandstone units in contac"t with shale. Waters of pH 

greater than 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 the 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~ock, 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 organics (Fig. 9). The 

results show no increase or decrease in the ratio with depth. Eighty 

percent of the scatter plots lie below an opaque/organics 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 sec~ions from the mediurr1-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. ~1is work was usually done in conjunction with petroleum explora-

tion. Examples of this type of study are L~ose papers by Bornhauser (1940j 

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. Sedimentary Processes 

The type of heavy mineral assemblage preserved in a first-cycle sand-

stone unit will depend ultimately on the source area, weathering effects, 

mechanical abrasion 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 Aridel, 

1959). Thus 1 weathering may not play a role in modifying heav7 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 high-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 do~inantly 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, whereby quartz> 

tourmaline > garnet > hornblende > apatite. For the Wallace River Forma-

tion, this could be rewritten as quartz > tourmaline > garnet > (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 
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(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 heavi minerals. 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 effe:ct, size ratios of the heav.t minerals to quartz {= l) 

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 mrn 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 (except the micas) are 

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) is due to 

the platy 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 

Quartz 
Grain ~ize 

::>lide ( rmn) <{uartz=1 1lica Garnet Pyroxene T·ourmsline Epidote 

0 0.125 1 1.14 0.50 

1 0.154 1 0.81 0.59 0.54 

3a 0.111 1 1.50 0.56 0.69 

3b 0.125 1 1. 60 o. 73 0.47 

6 0.200 1 1.11 0.45 0.33 

8 0.100 1 1.67 o. 71 0.83 

10 o. 083 1 2.40 o. 75 0.60 

11b o. 071 ·1 2.33 o. 74 

14 o. 091 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 

21 0.286 1 1. 75 0.27 0.22 o. 70 

22 0.100 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 o. 79 0.68 

26 0.286 1 2. 04 0.35 

27b 0.100 1 i .82 0.33 

30a 0.100 1 1.82 0.56 0.45 

30b o. 035 1 2.33 1. 05 0.81 

32 0.118 1 1.55 0.65 0-35 1. 70 

Average 1 1.85 0.59 0.50 o. 70 0.90 
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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 heayY 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 co~mon in Recent sediments 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 from the study area display 

corroded rims and replacement by opaque minerals. As well, introduction 

of calcite cement often masks the true proportions of heavy minerals in a 

sandstone. 
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Table 4 • Order of persiste.nce of h~avy minerals 

fuOst persistent -3 8.natase 10 kyani te 

-2 muscovite 11 epidote 

-1 rutile 12 hornblende 

13 a.ndalusite 

1 zircon 14 topaz 

2 tburmaline 15 sphene 

3 monazite 16 zoisite 

4 garnet 17 augite 

5 biotite 18 sillimanite 

6 apatite 19 hypersthene 

7 ilmenite 20 diopside 

8 magnetite 21 actinolite 

9 staurolite 22.olivine Least persistant 

from Pettijohn (1941) p. 618 
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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. The 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 indicateJ a trend of 
:l 

increasing mica-content with increasing distance from the Cobequids. On 

the average, sandstones 10 km distant from the Cobequids have total mica 

proportions twice that of sandstones only 2 km from th.e 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. 

Biotite can be derived from almost all types of igneous and meta-

morphic terrains, and when very abundant, is suggestive of a volcanic 

source (Scholle, 1979). Muscovite is very common in metamorphic rocks 

and is also found in granites, whereas chlo~ite 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 sand­

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, predominantly garnet, were noticed. 

The relatively high stability of garnet facilitates its ~se in denoting 

garnet-rich and garnet-poor heavy mineral zones over large areas. Garnet 

(almandine) is derived mainly from high rank metamorphic rocks as well as 

hydrothermal veins and pegmatites (Pettijohn, 1975)o 

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 fobnd 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 generally 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 pegw~tites and can also be found in certain schists and 

gneisses (Krynine, 1946) . 
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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 

heavy 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 

pyroxene percentage in the sandstones from the study area (Fig.l2). 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, augite) than garnet and 

can be considered part of a pyroxene heavy mineral province (locations 0, 

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 minute percentages of pyroxene 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 province and a widespread 

garnet province. The latter can be subdiviqed in certain localities 
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into garnet-epidote and garnet-tourmaline prov~nces (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 both first- and second-cycle 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 

author believes 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 ~iherals have been plotted against 

each other to determine the relative importance of metamorphic and mafic 

igneous rocks in contributing detritus to the Wallace River 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, deri~ed 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 

(Donaho~ and Wallace, 1978). The introduction of hornblende into the 

sandstones could have shortly followed unroofing of the hornblende 

granite pluton. This change in mineralogy could 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 sandstones. The sedimentary 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-

morphic Suite and t.L~e Mount Thorn Complex (Donahoe and Wallace, 1978). 

Erosion has removed most of the outcrop from 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 apd.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 Ne~ded 

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 r~quired 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, wiU1 a localized 

garnet-epidote province about location 30 and possibly extending westward 

to locations 21, 22 and 24 where epido·te is present in trace amounts. A 

local garnet-tourmaline province is centered around locations 25, 26 and 27. 

------------·-------
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Provenance studies indicate that the source terrain was dominantly 

metamorphic, with appreciable input by mafic igneous, granitic and older 

sedimentary rocks,and minor contributions by volcanic and pegmatitic 

rocks. The composition of the metamorphic source area was schistose, as 

most metamorphic rock fragments are sillimanite and muscovite schist. The 

relative abundance of garnets among the heavy minerals indicates a high­

grade metamorphic source. The provenance is possibly represented at present 

by the scattered outcropping ofProterozoicor 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 ~~e 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 provided varying amounts 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 they dip (young) to the north. 



47 

Lt is possible that the lateral fining sequence to the north is more 

appropriately looked at as 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 the 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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--------~--+--------.J------f-------- ------ -------- -------1 

VRF 

Total grains 4 'J I 100.00 

Cement 1 2 Total 

~rgani~-~-- ---------- ---- -- __ 7_9. --- J ~LLI __ ------t------t-----+-------1 

Calcite 
-- ------------····- --------'--------
Silica 

Total cewent 79 I L.f.ll 

~,~ meta~o~hic rock fragments ~r~= quartz rock fragments VlU~= volcanic 

rock fra€ffients 1:2= intrusive rock fra~ents S1P= sedimentary rock fragments 

Notes: 



Slide No. G ( 1) _ 

Grains 

o~uartz 

K-feldspar 

Plagioclase 

Chlorite 

Muscovite 

Biotite 

Orthopyroxene 

Clinopyroxene 

Garnet 

jj 

Rock No. " Grain size • 0./~7 r'Y'>V\. 

Location No. c;· 

1 2 Total 

grains % if grains ~ ff erains 

3L/-G G>5, Y.l 

G 1./3 

II - __ 4_,0~ 

G_ _ .J./3 ___________________ _ 

__ JO _ _ __ I j]9 _ _ ___________________________________ _ 

___ ___13_ _ ___2L_'-f_(, __ --------- --------- ------------- -- -------i 

Epidote 
--- - --------------- ------·---- t-----t-----1-------l------

Hornblende ±-= --------------- --- - ------'--t-----J-----i-----11----

tiodalite -
- - - . - ----- -- ----- ------1--- -----f------- -----

Zircon 

Tourmaline 

Opaques 

1~1 tered grains 

-- ----------------------- ---------1-------1------1 

_____ 5 __ ______ _Q_,:l_5_ ------+----l------

GO I/. 34 l ___________ ~-~=-------=~ 
.hock }'ragt1ents 7-1 l3.t.f.2 --------------~-----~~~-W~~4--------l--------~-----------------
1,lliF 

---~-----~----7~0~-~-~~3~.~~3~------~----~--------·--------1 
QBF 
--------i-----''--ll--~ o. !._.' cr..l__J-------t----•--·-------- ____________ _ 

VRF 

IHF 
r-----------t-------+-------J--------t--------4-------~-------~ 

Sful 

Total grains 529 100 ()0 

Cement 1 2 

Organi~~-------- ______ Lj] __ <a.lQ ___ _____ --------J------+------
Calcite 

t-- ------- -------~-- ___ _o_._c;_g__- ----------- --------------
Silica 

Total cement &:::;1 
( I 

Q -,q 
....., • I f 

~,= metamorphic rock fragments QriF= quartz rock fragments VRF= volcanic 

rock fragment~ I.~,= intrusive rock fragments Si.F= sedimentary rock fragments 

Notes: 



Slide No. 7 C I),(?_) Rock No. I 
Location No.· 7 

Grain size .. 0. 059 rrti'"T"\. 

S i \ t s:to,e 

Grains 

Quartz 

K-feldspar 

Plagioclase 

Chlorite 

1!uscovite 

Biotite 

Orthopyroxene 

Clinopyroxene 

Garnet 

1 2 3 
if grains tf grains # grains % 

--------------1------- --------· -----· 

Epidote 
--- .. ------- ------------ ------lf--------1~-----4-----1 

Hornblende 
f--------- ______ ...:.. --- ------ -------11------ ------1---------·-
tiodalite 

--------------
Zircon 

Tour.:naline 
------ ------ f-.---- ----- ---------1-----1 

-- -- -- ----------- -- -------- ______________ , ______________ ----·- --- I 
Altered grains l 

Opaques 

--- --- ------ ·---------- ------- ·- '------ ----
-nock Fr~~ents · 

----t--'------1-----+------+------1 ----- - -- ----------· 

QRF 
~-------------~-----~·-------~--------
VF.l!"' 
~-------------11------11------~·------~------+--------l----~ 

lltF 

Total grains 

Cen:ent 1 2 3 
Organics 

Calcite 
f.--- ----------- ---------------- -----------· _____ .,..:__ .. ______ , 
Silica 

Total cewent • - i 

~,D metamorphic rock fragments ~riF= quartz rock fragments VRF= volcanic 

rock fra&ments I~G intrusive rock fra~ents Sr~= sedimentary rock fragments 

Notes: Gr-a.if'\ s;-z.e... +oo Sf'Vla.U sor po~t-c..ovV\..t~­

Pr-e.dorn;Y"\CV""\tly coJ.~ ce..men.t - C~r>'\ent surporte..d.. roc.~. 



Slide No. 'B ( 1}, ( 2.) Rock No. '3 
Location No. ~ 

Grain size a 0.10 0 tv\""" 

Grains 

• Quartz 

K-feldspar 

Plagioclase 

Chlorite 

k.uscovi te 

Biotite 

Orthopyroxene 

Clinopyroxene 

ii grains 

3GG 
cg 

LL 
__ 5 

J-~-

1 

- ___ _____:]_ - -

2 Total 

% if era-ins ~·~ 
p grains cy; ff 

77. 5Lf 3G;3 78.40 12CJ 17.97 

I. G>'1 G 1.30 IL{- /.50 

_2_.33 ~ I. q Lf. .20 2./t.{-

)_._O_G _ 9 .. -- . _j .9_Lt 14 1 . .50 

2. ?_'-f ~ _ _ . _____ L_/3 _ _ _:__Z_Q_ _. ---~:J I} __ 

. I · '-l <a . ___ 12..__ . ___ 2.._5_'3 _______ j_9 _ _ _ --~Ql 

_ __/_r:qc_e ______ .. -----·=--· 
- -· ---- --- -----~-- --------- ----------- -- --·-------·------ ·---------- . ---· -------
~arnet 

I_ Q. 2_2 _______ L ______ Q_ •. LL_ 
Epidote 
--- --·--· ··----·------ ---- ------+------ir-----t-------1------

Hornblende ·----- --------t-----~ T ra.ce -~ ____ -:-:: __ _ 
tiodalite 

------- ------- --------1------ -------
Zircon 
-. ·--------- ------------ ·------ -----
Tourmaline 

-------- -----JL------ ----------t---- --t----1 

~aque s __ ___ __ _ ______ :_2_ . __ _Q_._t.{_._2,-t-___ _1_ _C2__S_{QY---""""c;tn'----l __ Q~_t± _ 
(. ? I ' 

--- __ \,.0_._ .,-' .• l . - I -~~~~red -~rains : 33 ~:ti.._ ___ ___;'Z=G=--+---...;,5.:_.:_ .. ~_b_j_ ____ £'3 

•-.h--o_c_k_.i"_ra_gn_._e_n_t_s --• ~. ___ 2__;~::;.__-+--=-5.:....... <1'--4-..__. ___ 2--=-5--t_----..5..;_. 4_,_0.;:::__-t--5~3'---t---5~S'e]_ -· 
----------4----2~5~.,--~5~.3~0~--~~~5~--+--~5~.4~0~.--~5~10~--~5~.3~5~. 

Q.ill __ ~--------+----3;:;.._+----=0...;._. G"-,LJ_.__....__I_r_ct_;;:cc._e_ -------- ___ 3__ _ .. ___ __Q~_3_2 __ 

VRF 

l.hF 
r---------------~--------r------~--------t-------+-------~-------~ 

SRF' 

Total grains 472 4G>3 I IOO 00 IOO.Ol 

Cement 1 2 Total 

Organics ·-- - --·- ---------- - I_?> - ?_:_~_] _ ____ 3_(; __ _ 54 5.1../-2_ 7. '21 

Calcite 
r-- --- ____ f . ___ _ Q~Zo_ -----·-····-·-·--···· _______ L_O.IO _ 
Silica 

Total cewent l9 7. 2/ 55 5.55 . 

~,= metamorphic rock fragments Q.riF= quartz rock fragments VRP= volc.anic 

rock fragments I.~,= intrusive rock fragillents SrF= sedimentary rock fragments 

Notes: 



Slide No. 10 Cl), (2) Rock No. 10 Grain size • 0. 0'63 r-'"'II'V\ . . 
Location No. I 0 

1 2 Total 

Grains 
ii grains % ff grains 1~ # erains % 

Quartz 
- 3 c;c; 7(p_<g~ 372 77. '6 2 1'3<3 17.3 G:. 

K-feldspar 4 0 '64 ~ I. Cr> 7 12 I. 2C, -
Plagioclase I ----- Q. '2_1_ 4 o.~tf 5 0.52 ----- --

Chlorite __ y ___ O,-g Lf. -~-- ---- J -~fo: 7 12 _[. 2.C, - --- - --

l!uscovite 
-~- I. .j. __ c; __ 3 ____ __ _Q_._(p_'3 __ 3_ ___ _ _Q~4'+ - ---- --- -· 

Biotite . ___ ___3__ 1.47 ~------·l _. ___ L~~- ___ L:f_ __ ---~J-.. -------- ------

Orthopyroxene 
- --------. --------- - ------------- -------- - -- -------- -------- - ---------

Clinopyroxene _ _T_r_o..~ e._ - __ T r_g~_e. __ -- ------ ---- ---- --------- -- ------- - ---- ---------- --

Garnet _-=-cc a. _c;_e. __ - I. Q, '2-l ___________ L ___ -- -. _Q_J_ Q_ - ---- -- --- ---- --- --- ----

Epidote 
--- --------- ----- --
Hornblende 
---------------------- ------
~odalite 
- . -- ----· -. --1 ----- -- - --

Zircon 
- -- ------ -------- -------- -------~-. 

Tourmaline 
- -- ---- ------- - -------~ 

Opaques _____ LL_ --- __ 2_._3_L_ q I. 33 .2 __ 20 2.f0 -- ---------- --
.Altered grains I b"O 10.5! 42 C3. I =r__J _______ _q_ L I_ .. - Cf.._(e_tj-. - - -

.tiock Fragments 2.l s (e,l 1.4 5"102 5 I ___ __5.~_5-

b"iF 2~ 5.'-/G, - 21 4.3'1 .41 t.f.'13_ 
Q.i& . I 0. '2../ :i_ 0.(0 '3 y ___ 0.41 --- --

VrlF 
--
I.hF 

r--· 

Sir? 

Total grains Y.7C.. -IOO.On 4/~ qq qq CJ5Lf. (00.00 

Cement 1 2 Total 

Organics ----- :?'+ - 5~J.._f1-- ----~ -----
______ Lj-5_ 8.Y-3 ]q 7.0ti-

Calcite 
------~:a _ _13_.~- ______ l 1 - -~LQ~ _____ 2_~- 7.'13 - - -- --------- -- .. 

Silica 

Total cewent I I '2. 19 o4 5G I 0.4Cf fG<3 I~ Cf1 I I 

ldlit,= metamorphic rock fragments Q..d.F= quartz rock fragments VRF= volcanic 

rock fra&ments I-iF= intrusive rock fra~ents s~~= sedimentary rock fragments 

Notes: CQ lc ~+e. c...e me"'+ va.ne s su.bsto..nt~ C\. fly fr'l conce '"'+,.-a..f,·of\ -t-h rou.5 ho '-LT 

-1-:he. roc..k. 



Slide No. II b (I), (2) (3) Rock No. 1\ b 
- J 

Grain size • O.O(l Y""'~ 

Grains 

Quartz 

K-feldspar 

Plagioclase 

Chlorite 

J.:Uscovi te 

Biotite 

Orthopyroxene 

Clinopyroxene 

Garnet 

Epidote 

if 

Location No. II 

1 2 3 

grains % if [Tains ~ if grains % 

3G5 - 19.(o9 311 <at .00 34q 7Ce,_7o 

Tra..ce. '-f 0.~7 . 2 0.44-

5 J.09 5 I. d'1 ,, 2.L.f2 

5 1.0'1 3 -. o.c;,c, lf 0.<6<3 

--~ I.Qq _________ L ________ Q._2_2 ______ 5__ __ LJo .. 
_____ LQ __ ___ L_L~ _____ <Q ________ L_3_l __ ___ __:]_ __ .. _ J 54 

--- ----··· 1 ..... . 
. - J _r_ ~ _c.e_ ..... 

---- --·---------- ------ ---------t----f-----4------+-----

Hornblende 
------ ----- - ·------ -----·--f------- -----------------

~odalite 
. ·-. -----------·- --::--··--- -----·- -------- ------ ···-------

Zircon 

Tourmaline 

Opaques 

.ri.ock }•ragments 
>----· 

1iliF 

Q.R.F 

VrlF 

LHF 

... ·-- ------ ---------------- ·------+- -----1 

-------- -----t------- ··---------- -------t-----1 

____ L3 ______ 2_ .. ~::{-~_h_- __ 1._Qc, __ . I CO _3_.52_ 

4! ~.<iS 4-5 q,<6.2__ _tj_~-- __ -~~_Cf __ 

L ti-. 3 ob q __ _,_f_,__. 'l'---'1_ .. ___ 1_ ........ 5 ___ ---~~ 3 o _ 

13 __l_.<gti '1 , . cr 1 ts ·3. '30 

J 0 12 

r-------------11------+--------r------t-------~~------t-----~ 

S3? 

Total grains 45~ 100.00 

Cement 1 2 

___ . ~9 .. G_.:]_q ____ _3.9_ 7.34-Organics 

Calcite 
-- ·-------· ------~-1_- __ _1_5',_±5. _____ '3_L{_ _ __ .. G.~Q .. 
Silica 

Total cer:1ent 1<. 
I _, 

I"- 7 tJ. 
! ~,! r t 131 

4?5' \00.01 

3 
3<6 C,/1 

___ 1_3_ __ 12. .90 -

I I I 
f I ' 

~,~ metamorphic rock fragments QnF= quartz rock fragments VRFc volcanic 

rock fra&ments I~,= intrusive rock fragments SiP= sedimentary rock fragments 



Slide No. II b (1), (Z.), (3) 

Total 

Grains ff grains -1 
jo 

-Quartz 
/085 79. lt.f 

h-feldspar G --~_tf ___ - -·- ---- --
l'lagioclase 2_/ __ L53 - -

Chlorite 12. 0.'38 -- - - - ~ - ... 

J,nscovi te ____ jj_- -~go -
Biotite ___ 2_3 ___ -____ L_~~-- --------- ---

Orthopyroxene 
- --------- ~---·-
Clinopyroxene i 0.07 --------------

Garnet -- %~cg_ __ ------ ··--

:t.:pidote 
--
Hornblende 

. - -------
Sodalite 

------
Zircon 

l 
--- - - ----------

Tourmaline 
-·- ---
Opaques Ll.'<. 3.1'-f- I - -- .. -- -·· ------·---~~--

I .Altered era ins __ l:t.l_ q.ss 
Fragments 3~ ?..7 

37 2.10 

~ o.o 
- ~---· .-- ------- -

V:r& 

I~-G:"' 

S.-\F 

Total grains I '7( I 100.00 I ._./ I I 

Cement Total 

Ort;anics tr7 c;,. qy. 
Calcite 198 II .elf ------------ -
Silica 

1 IJ.lotal cement 315 I£?.(;~ 

lihF=metamorphic rock frasnents ~ili'=quartz rock f .ra.gments V itP=volcanic 

rock fragments Irt:~=intrusive rock fragments 5rt?=sedimentary rock fragments 

liotes: 



Slide No. /'f(l), (2} Rock No. IY 
Location No. IL/-

Grain size -= 0.091 rt'\rl'\ 

Grains 

Quartz 

K-feldspar 

Plagioclase 

Chlorite 

l!uscovi te 

Biotite 

Orthopyroxene 

Clinopyroxene 

\larnet 

Epidote 

1 2 Total 

ii grains ~~ ff r;rains '1!> fl grains % 
4-oq 91.91 391 <3'1.4 I '60G 90. C,G, 

4- 0.90 z O.Y5 ~ O.G7 

- lra.c~_ Tra.ce. Tro..ce 

Tra..c_~_ _Tr_a..ce _ Tro..ce 

____ I _ 0.42 __ I~--- __________ ___ _l ___________ Q_.ll __ 

___ _2__ --~!.-':12 ___ Lr::_Q.._~ ____ ----=-- _____ 2___ 0 2.? 

_ Tra_ce__ _______________ Tea.:~ __ _ -_T.r~.c_e.. __ _ 

--- ------------------ ------J---------t-------t-----+-----1-----
Hornblende 
---- --------- --------1---------------t--------f------ ---------
tiodalite 

Zircon 

Tourmaline 

Opaques 

-+------ --------

- ----- ------ ---- ---- --------- -----------1-----

------- -------+------ --~--------------+-----1 

---- ____ i.f__ -- -__ Q~~~O!._t--- 0 23 

-~~-~=~e_d __ g_ra __ in~- -i------=2::..::5"~~----""-!.5.-=-0---=2_. ____ LJ~3.d___+-__ qL!.· b~_ -~~.I ___ 7,(;;, 5__ 

.hock 1'1ragnents 1 o 2 3 ---~u __ _ 

-------f-------J------4---------J-------- --------- ----------
VRF 
I.hF 

SR? 

Total grains 4tf5 lOO.OO 4L-\t.f 100.00 <agq q 9. q ?> 

Cement 1 2 T~t . .Q1 

Organics _3}~ - __ 7.~8_ _____ 1-3.~ 3L.J.51 271 2~ 
Calcite 

- - ------ ----------- ------------- -------------. -------------------- ----------'--1------
Silica 

Total cement 37 7.GB Z3t..f . 3Y.51 . 271 23.3G,. 

metamorphic rock fragments ~nF= quartz rock fragments VRF= volcanic 

rock fragments 1:2= intrusive rock frag:1ents SiP= sedimentary rock fragments 

Notes: 51; cte 14 C I) i-:; j rc.:u-~- s 1-(.pporTc>_d., w ·,+~ po.J che s of o r-<ja. "' c.s 

Slide Pi C-z.) is cement- 5\Afport~d. (or<jan;cs) 



Slide No. 15(7..) 

Grains 

. Quartz 

K-feldspar 

Plagioclase 

Chlorite 

l~scovite 

Biotite 

Orthopyroxene 

Clinopyroxene 

barnet 
.. --- .. 

ff g-rains 

'3G.G 

'f 

l'_3 

2 

Rock No. I '5 
Location .No. 15 

1 2 

% if grains· 

G,G./'8 

0.12. 

Z35 
- Q.3G, 

Grain size • 0./'=>l . ...-.-..~ 

rr·otal 

# erains 

___ 7- . _ _o ,_3~ -------------- - -----------f----------

__ __j_£_ _Ll_L_ ----~- ----~ 

-----'- ____ QJJ? ___ ---------

- . 

Epidote 
----------. ------ -------1 ---------1------+--------t _____ , _______ _ 

Hornblende 
-- ------- ------t-----t------~ -------1------

tiodalite 
- --------f------- --. ---- -------1------- -------- ------

Zircon Tr: a.. c.e_ :_ 
. ------- ------ ------- ----

Tourmaline 
----------- ------f------ ---------- --------+-----1 

Opaques - ---------- ----- __ 5 ______ 0.90_f------l-----f-----+------1 
.A 1 .... !.) ......... ...:~ ~r ... i r.- 1 
-~- ~~~c u---~---~~~-~ I 00 I~. 0 Q 

riock J!'ragmen'ts Lf. 5 <B. 13 
-------------11---~-+-___.\,~..-!,_4-..:.__----il-------t--------J---------

}.lliF 
------~----~.L.:0~___5~_ -------j~---~-----1-----........-t 

~ If r---. ----------t-----!....!...--f---.!l~._'i.'--Cl!.....+-----4------f-------- ····--------
V.rlF 
~-------~~------+------~-------ll--------t---------4------~ 

ll& 

0.12 
Total grains 551 

Cement 1 2 

__ L_L2 _ __ ---------J -----•-------f--------1 Organics 
~·- --·-- ·-- 1 

Calcite 
1---

Silica 

Total cewent I.OG 

~,= metamorphic ~ck fragments QrtF= quartz rock fragments VRF= volcanic 

rock fra5ment~ I.u,= intrusive rock fra~ents SrF= sedimentary rock fragments 



Slide No. IG>(I),(z) Rock No. I Co Grain size • 0.20 

Grains 

Quartz 

K-feldspar 

Plagioclase 

Chlorite 

1!uscovite 

Biotite 

Orthopyroxene 

Clinopyroxene 

Garnet 

Epidote 

Location 1"·o. IG 

1 2 To"tal 

il grains ~~ if rrains. 7~ fl grains % 

375 15.15 3G.7 (;;9.25" 74-2 12.. II 

3 o.G,O (, 1.13 9 0. ?>7 

1_0_ 2.00 I 2 2.2.G 22 2.14 

.. 3_ -· _0.G_O ___ TcQ..c::_e 
. - -- ·--- - -

3 0. '29 

--··-'- . _o. ~o ____ Lt . . ____ :z_Q_~ _____ 1 l. ____ L .. 1 ~ 

___ _g__~~o ____ _j ___ L_ ~- -~Q~ ____ ..15___ l.t.tc, 

~I ra..ce. 
------ - --------· __ _I r~~--- ··-------- -

_Tr:."::.s.~-- ···- ··--------· ·---·- -- ---- .T.c-~c~ 

--- .. -- --· ·- -------- -------~~-----·-------+-------+---.,.---~1------
Hornblende 
--------··------ ---·----- ------1-------+------l------ f------

tiodalite 
--------1------l-------t-----1-·---- ______ , ------

Zircon 

Tourmaline 

Opaques 

. -----··- --- ·------ -------- --------1-----

------ -------jl-----

_______ I ______ o::_,_.2~-o~_ .. __ __,3~~---..la2.L. ___ 4-,___. ___ ___,Q_.3_'l_ 

A_l_ ~e_r_ e ___ d ~rains l.---G~S"---+--=-'-"''2,{..!_·...:.0-==3~--7~i--+ ___ :_'3_,_:_4~~ l3G I - -- I . 0 -~-------· __ j3_._'2~-- I 

.i:iock .F:!'agnents 37 7.'-f-2. 4-Cf q, 1.5 '6G; 'a.3_G_ 

20 tf.O! ~0 · 5.C,<; 50 Lf.<&C, 

I.hF 
~-------------4------~------~--------~---------+---------~-------~ 
S:n? I 0.19 I 0.10 

Total grains 530 I 00 02 I 0 2. 9 IOO.OJ 

Cement 1 2 Total 

Organics ________ T ra.._£~ . Trctce -=---+-------

Calcite 
-- ------- ----~- - -· --- . -----· ----
Silica 22 5.31 3(; <;.3~ GY- E>. 'iS C:, 

3c; G.3G. GY- I I:), 2> G, 23 ~.31 Total cec.ent 

~,= meta~orphic rock fragments ~rlF= quartz rock fragments VRF= volcanic 

rock fra5illents I.iF= intrusive rock fra~ents Si.F= sedimentary rock fragments 



Slide No. 11 ( 1) 

Grains 

Quartz 

K-feldspar 

Plagioclase 

Chlorite 

lnscovi te 

Biotite 

Orthopyroxene 

Clinopyroxene 

Garnet 

Epidote 

Rock No. II 

Location No. I/ 

1 2 

grains f grains if ~0 ff 

-------- ----------------

Grain size - i.. O.OG2 N1r-n.. 

Sil+s+one.. 

3 

7o ff erains ~; 

------------------

--------

- --------------i------ -------·-1-----4----~-------f----
Bornblende 

------ -----~ ----~~------ --------- -

tiodalite 
-------------- ----- -------1---· --- --------- ·-·------

Zircon 

Tourmaline 
-------- -------t---- -- -~----- f-------·-+----~ 

Opaques 
--- --- ---- ------------- -------t-------1----

Altered grai'!ls 
-- - - ---------+------1-----------t------4------- -------- --------------

-------------1-----~-+-------l~------~-----~-----------------

--------~-----~-------~------~--------~--------4----------
Q.RF 
------------1------1-----1~------11-------- ----------·-

I liE' 
~-------------r---------r------~-------~---------~--------~-------~ 
SR? 

Total grains 

Cement 1 2 3 

-.---------- -------

---- --- -------· - ---- --- ------

Total ceoent 

~,= metamorphic rock fragments QriF= quartz rock fragments VRF= volcanic 

rock fragments I.1F= intrusive rock fra~ents Sr~= sedimentary rock fragments 

Notes: Sl,-cle shov...~s c..on::ta.ct be.Twe.e.n sJ..+ston.R. ~<?:- ve.r'j 2~-':)r-~c.d. s~d~;'"e/ 
sJ.ls+one.. Rock cv.J..~-~erJ:~. H~'jh.. ~ opa..q_•-u:as (r'ir.,te...>C......_),or'3o.."''•cS_ 

Opa.q_u..~M jo'-"--""'-d- cJ..o~'J yrct.c.Tu..res ·Cv---d. c::L-5 c:L.:.ss~e..J- ~ro...../\..s. 

De~d ,:j..~ Of cut_, u.vs- CU.. 7 ) 



Slide No. 1~(1), (2) Rock No. 1?3 

Location No. 18 
Grain size • 0. I '-1- 3_ ,.,rn 

1 2 Total 

Grains grains ~~ if grains (;' ff grains % II 7!J 

Quartz 3G5 72.7 I 31 ' 73:7G 73c;, 73.23 -
K-feldspar Trace. - 4- 0.<30 '+ 0.4-0 
Plagioclase 

- _7__ - __ }_. 3 'f 10 L .99 I ( f. G,9 -------

Chlorite 
2 o._L/:0 I Q_._1D 3 0.'30 -- - --- ---- -

.L!uscov i te 
___ :; r ~c~_o - ________ 5_ - ____ Q._93 __ __ __j_Q __ L_O_O - - - --

Biotite J L3_9_ __ __ 3 ___ ---- Q-!_G__O - -------' Q __ --- j__._QD_ - ------ -- --

Orthopyroxene 
- ------ ---------- ---- -------- --- . ------- ---- -------- ------- -- - -- -- ------

Clinopyroxene 
- --- --------- ------------ ---------- -------------- ----------.-- ---- ------ ~ 

\larnet 
- ------ -------- ----------- -- - ---- --- - - --- - --- ----- ------ ---------

Epidote 
---- ------- ----- --

Hornblende 
-------- ------ -------------
Sodalite 
- -- ------ --

Zircon 
- -- --· ----- ---- ------- --------- --------- --

Tourmaline 
- - -· ---------- ----------

Opaques 
___ j~--- ____ _2.._19 __ I I 2.1 g__ 2£ 2.4_:L_ --- --·--------- --- I 

Altered _g-xa.ins I '74 I t.f.l ~L- 5~ ! I !.53 J n f) __ _/-;3_J__J __ - - ' -- -- -·- --- -. .:> 4= - -
I 

.!tock Frac--wents 2~ t:;, 57 40 7.'15 G~ _{;,~7~-
1aiF - '1..0 3.9~ 30 5.9" 50 '-1.'1'3_ 
Q.M"' ca 1.59 q_ /.1'1 __ _j_:J __ ____ L_~ -- ---

V.rlF 

l.HF 

Sn? I 0. '2.0 f 0.(0 

Total grains 502 <1<1.'19 503 IOO. 0/ I 00 5 I 00. C)_( 

Cement 1 2 Total 

Organics -- p __ Lf . _s.~_L_ ---~0-- 3_. 3" 54 ~R. - - ----·- --- ---- ---

Calcite _______ 3 .. ____ L. __ ?_Y _/2_ --- - ?..~Q-~ .. _______ 2L I .7~ r--- --· ----- --------- -
Silica 40 G.~tf ~0 IO.OB IOO cg .1+7 
Total ce-went <a"3 I 4. 19 92 15.4-G. I !S" 14.~~ 

~,~ metamorphic rock fragments Qr~= quartz rock fragments VRF= volcanic 

rock fragments I.i?= intrusive rock fr~"7lents Sr:F= sedimentary rock fragments 

.. 
5ne1S:SIC. Or-1<]1"'-



Slide No. 1'1 (I)> (2.) Rock No. 19 
~ocation No. (q 

1 2 

Grains 
ii grains % ff t;rains 

"0 
Quartz 3G2 77.35 353 
K-feldspar Lf 0.<65" 2 -
Plagioclase Cj L92 s--- ~- --·- - .. 

Chlorite 
~ . L.JJ ----- _9_. - -

.Muscovite 2 0.13 ---~---- - - - ---

Biotite __ ., __ 2_ ___ L2_L L .. ·- ---· ----

Orthopyroxene - =rr.~ c. e..-. -
- ----------- -- --- ---- ----

Clinopyroxene 
----~---c-2.. ----Q_._tf_3 -- ________ L_ - -· -- -----

barnet _______ _L_ Q.21_ T.r:.g.ce?-- --- --.--. ·-

Epidote 
----- ---------------- ---
Hornblende 
----- --------- -------· 
tiodalite 
- -. ------·-- ----·-

Zircon 
-· ------- ---- - -------- -- ----- --------

Tourmaline Tra.c~_l_ - -·------
Opaques 

.. --_7,. :1-_ . ___ t.f.lo_ '2C. -- . -- --------- ---- --
.Alt~red grains I 3~ I G.~!.f 4-5" ----
.ttock }"~ragments ~~ 3.'3tf 17 
1lliF I G. 3.Y.2 15 ...,.... --
QRF I 0.21 2 
VRF --
Il& 

1-· 

SR? I 0.21 
Total grains 4-G8 qq qq 413 

Cement 1 2 

Organics --· J__l - -~_.3_'8._ 10 --·----- ---- -· --- ---------

Calcite I __ p_!_tq_ 
i--- -------- -------------- -- --- - -· 

Silica 3ca 7.Zd 3'8 
Total cewent rn I ( /37 I Y-'6 I 

I '-V'--' I I I 

Grain size .. o . too r>"'""-

Total 
c..' 
70 fi erains % 

14-.G:. 3 7 15 15. 9'6 

0.42 G, O.Gti 

1.0~ .J Y- 1."19 

.. ~_L9_Q 11 J . ca I 

-· ____ L ._~'L- -~ ___ _j__Q_ ... _L_O.~ 
__ -· _L!:L~ _ ____ 15__ __ 

--- _L5..:L__ 

_T r ~c.~---- -
- - ------ ---- -----------

-- -- -~-'-~--L -- .. _____ 3 ___ -- Q~32. __ 

- J ___ - . __ _o__.jj_ . --- ----- --------- -· 

-· 

------------

----- ------

--------

- Tr~ce...? ----------- ,--

5.S:Q_ ---~---5..J.Q .. 
Gf,5 I -~~- _]_]__ __ ~-!..~-~ ·---- -· 

3_.59 35 --- _",?. 7.1:_ 

3.17 3 l 3.29 

0.'47 _____ _3 __ -- .9.!.32 __ 

I 0.11 

gq,qcr '14 I 100 00 
' 

Tnti:l.l 

I .<1 2 3 f 2 .Cf~_ 

----- . -- -----------
_____ r - _O.IQ_ 

.. 7.7..Cf 7G 7.2'-f 

:J. 2. i I l 0~ i [0.'30 I 
I J 

~,c metamorphic rock fragments ~r~= quartz rock fragmenis VRF= volcanic 

rock fra€ffients I~,= intrusive rock frag::nents Srl'= sedimentary rock fragments 

Notes: 



Slide l~o. 10(1), ~1.) Rock No. 2.0 Grain size • 0.125 MI"Y\. 

Grains 

Quartz 
0.; 

K-feldspar 

Plagioclase 

Chlorite 

Muscovite 

Biotite 

Orthopyroxene 

Clinopyroxene 

Garnet 

Epidote 

. . 
Location No. 20 · 

1 2 Total 

;; grains · ~~ if e;rains ;j grains % 
3 L{ S G 15 . I '8 3 5 tf I 2 . I 0 G .<=t 9 7 0. I I 

7 1.3~ 2 o.41 q o.qo 

______ ---~ __ !_ . .)'8 ? J.L{ 3 I ~ I. CoO 

_]__ 1. 3_~ __ 5_ _ ___ /.0_2 I 2. _1. '20 

_7 I. 3_'3 ________ 5 _____ ______ l_.Q.~ __ -_1.2_ _ ____ 1_. __ 20 __ 

_t_:::ca_-1---=-'3.:...·-= 5'----""G- __ J_l. __ - _3"' =t"-- ----~-5 ____ _ __33L 

. _______ l __ _ Q_. 2 0 __ Tro...ce.. . --------- .l - -- __ Qj_Q __ 

----- ··------- ------ -------t------t-----t------1-----=---t-------

Hornblende 
-------.----- ----------- ----1t-----+------t----- f.-----------

tiodalite 
---~-------- -------+------1-----·-----

Zircon 

Tourmaline 
----------- -----------------1-----

---------·-- -------+---- -------------1-----l 

Opaques _______________ 2-Q _______ 3.Lg_s~ ___ 2-=-0-~---~...Ql ___ L..f..::....o;;;__ .. __ ~ __ L __ 

~1 ~~:r:~~ grc.:.ns I 53 I 0. 4 7 I LL3 '8.-:G _______ q~-- _ --~-<e3 __ 
I 

ii.ock i;ragments 39 7. 7 ( _l 'B 7. 7 L.{ 7 ( ____ J_!J.1· _ 

MRF 3 L-f G 7 2 3 3 - G .1_2 -<e 7 G. 7 2_ 

Q~ -~ r--- . 0=-~·-'-1--'-fq ___ s_ _ _L_Q'l_ . 9--. __ _QJ_5_0 __ 
v .i:Th, 
--------------+----~~---~-----~-------4--------~-----~ 
IltF 

0.'20 0.10 

Total grains '1 'L9 9 491 IOO.Of 

Cement 1 2 Total 
~------------~------~--------~------,_-------r----~--~------~ 

~rg~ni_~-~-- __ __________ _ ___ -~-] 
Calcite 
--
Silica 4'2 
Total cewent IOCf 17.7')_ !05 ! 'l . <f/2. i 

97 <6.01 

'2 !Lf i 
,_, r-r 
I I. \0 I 

ltlfu"'a metamorphic rock fragments Q..dF= quartz rock fragments VRF= volcanic 

rock fragments 1:2= intrusive rock fra~ents S?.F= sedimentary rock fragments 



SlideNo. 2./~1),(2) Rock No. 21 
Location No. 21 

Grain size • 0. 2. 50 ~"" 

Grains 

Quartz 
c :. 

K-feldspar 

Plagioclase 

Chloxite 

luscovite 

Biotite 

Orthopyr~xene 

Clinopyroxene 

1 2 Total 

if grains % if grains if grains 

3G 2 c;~. S"G 3GO G 5"".10 77_ 2 GC:,.79 

3 0.57 Tra.ce - 3 0.2g 

1_9_ - -- 3 . ~0 _ -' s -z .71 ? tf 3. r s 
'i ·- - 0./fo ---- -- '-- -- .. 9 ._l_~ 5 0. ti-C, 
2 o,_3<a _______ 5 __ Q_.~Q ____ ~ ____ L __ ___ Q,COS __ 

______ , ___ o_!_L'i ___ 3 ______ o~~-L- ________ :±_ ______ a.3l 

-------~------ ----- ---------------------- -----------··-

Garnet 
Tr~ce 

Epidote Tr~ce 

____ Ic<tce _ 

Tr-a.ce -------·-------l-----1--'--'-...:::=--=--f---------

Hornblende 
----- ··- ----- -------· ------1------t---- ----- ---------------
.Sodalite 

----------1·---------- ------~-----:------ -------- ----------

Zircon 
..... -· ···---------- --·----- ----------------------

Tourmaline Tr~ce - Tro..ce-. - ----------- ---:...!..-==..._ . ....__+-----· 
Opaques _____ l_b _______ &21 _ _2Q__ -~L 3 2 _ ______LS_G._ 
-~1 ~~red ~=-~in~ --4 50 g. t.{ 7 Ll2 l5 j__l ____ --~_'2. __ I ____ B:,_:i_L_ 

iiock 1-'r%---ments 7 5 I L-f.. 2 2 I 0 7 1 '1 . 3 5 I <a 2. _____ LG~25. 
1iliF -------+--'-1....!-_,_t -t---'-7-'-.l-=--7_.__t-__ '+-'-"'' 5"-----i----''6. I 4 <6 G __ ...:L__9~ 
~i_lli_":l ______ -+----=---JG ___ ,_. r__,_y_r----'-t.f._ ___ _ Q;]L __ __ j _ _o___ _ __ o_.9.l 

4 o.1eo 2 o.3G. ~ o.~L 
-~---

V.rlP 

IHF 
~--------------1---------·------------------f--------f--------~------~ 
Sfu, 2.Lf 4.55 
Total grains 52~ /00.02 

Cement 1 

-- -z .. :z._Q_ Organics 
----·-- --. 

Calcite 
- ·--

Silica 
-----------· -----' u__ 

40 
___ j __ q_,_~_1 -

5.so-
Total cement ?.7,31 

10.13 'B 0 7.t-{0 

553 IO)? I 1oo.02 

2 Total 

___ 1_2_ __ _l.J;LL --~ _L.3_!1_ 

·--·-·-. I QO_ __ J 3. CJ_S _______ __ __1_Lj_3_ ___ L~S3___ 

52 . 7. 25 CJ2 G.-.37 

I Gt! ; 
')') Ql 
..... £.. u ' 

~'= metamorphic ~ck fragments QriF= quartz rock fragments VRF= volcanic 

rock fragments I.iF= intrusive rock fragu1ents Si.F= sedimentary rock fragments 

Notes: Slt'de. frorv\ sa..nd'5tone v..~~+h lowe.r s:il+st-one CoY\fa..cT 

S; !+-stone c tc~ sts u.p to 4 rY\m b'/ 4 ,........I'Y' ( ro~nded.) 



Slide No. 22(1),(2) Rock No. 2 2· 
1ocation ~o. 2 2 · 

Grain size • 0. I 0 rnrn. 

Grains 

., Quartz 
-

OK-feldspar 

Plagioclase 

Chlorite 

1~scovite 

Biotite 

Orthopyroxene 

1 

if grains ~~ 

3GO !5~00 

I 0.21 

-- - ·- -· y ---- _Q.~3 

5 _1.0:1 

____ 5 f.Q:/ _ 

.2 

ff e;rains 

3G2 

I 

I 

Total 

/'~ if erains 7'~ 

/C,.ZI 722 l5.GO 

O.ZI 2 0.21 

/.41 .// 1.15 

__ G____ _ _ _ ._t_.~_c;,_ I ( 1.15 

-______ tf ·-. ---~Q. <t?t.f __ --~--c:l ___ - ----- Q! q_t.f--
_______ !-f ____ Q~3-- 3- - ____ Q~f.3. _______ ]_- ___ ()_,:13~ 

~linopyr~x~~~--__ _T_ra.s.e,_ -------=----- ____ Trg.c.e_ _ __ Tr_Q,___c_e __ _ 
~arnet . ____ L ____ 9..:.~.1 2 0~.4 _2,_ -------·- _3 --. __ Q_,__3l __ 

Epidote T r'X.ce.. Tro..c e TrQce__ 
---- ------------- ___ ____;o__-----"-- -------t----'--'-..;:::.=..:::'-=----+--------+-·-....:..-=--::=-=--~------

Eornblende 
-------- ---- --------1 -----11------ --------------

a:>odalite 
--------l------ -------t----------+----- +------- -------

Zircon 

Tourmaline 
---- ·-----.- - ------ --------- - ------ ------ ----------·--- ------ll----1 

------- --------f------ ------ --------t-------1 

Opaques _____________ _1_5 _____ _5.2__1_ ___ _2'b __ 
1 
__ Lf~·--=--b 3 4 7 !::Lj_l __ _ 

~1 t~.:r:~-~----gr_a_i_n~ 3G G..:. 9 5 1 ____ Jo~ . ____ :7 ._13 _! 

· .nock .r;ragwents 3 9 7. 3 7 74- ___ 7~7 5_ _ 

3 G c;. q 5 G _9 __J..:._£3__ 

QRF ~----------+------t----t----------'----;---=oc.:.... -=2~'-t--------"~--- __ o __ , 10_ 
Vill, 
r-----------~-------t-------t---------;--------+------~-------~ 

l.HF 
r--·----------~--------1-------,--------t---------~------t------~ 

SRF O.G2 0.21 Y- O,Y2 

Total grains 99.99 955 Cf9 .99 

Cement 1 2 Total 

?.___.G_ 2. 5_3__ Organics l2 
-- ---------- ---- ------ --- -- -- _2._,.3_ 3- ____ j_!:L .. _2_;]_2,-t-----= 

Calcite 
r---
Silica 23- 4.47_ 25 
Total ceoent 35 7.5?; 

Jtilil::a metamorphic rock fragments Q..ct.F== quartz rock fragments VRF= volcanic 

rock fraement~ I-~= intrusive rock fra~ents Si.F= sedimentary rock fragments 

Notes: 



Slide No. 2 3 (I)~ ( 2.) Rock No. 23 
··Location No. 2 3 

Grain size • o. 2 5 ,..., "" 

Grains if grains 

3~'2 

?. 

.L.~ .. 

1 

!._ __ _ 

7t-f.7(> 

0. 3'1 

.'2.J~ 

__ Q.1.0 

if grains 

370 

2 

IG 

2 

2 

71.02. 

0.32 

3.01 

- 0.~3.'3 

Total 
# grains 

752 

'-f 

30 

3 

72. ~-, 

0.3q 

2.9 I 

0. '2<1 

Tr_<Af:e.... ···--=---- __ _j_r_q._c;;;,.~-- --------=-. 

Quartz 

K-feldspar 

Plagioclase 

Chlorite 

lliscovite 

Biotite - __ _2 ____ _,.,0~3.-L-~q~ __ ._:t_ __ _____ Q;J_"J_ __ ----~-- ___ Q~ 

Orthopyroxene 

Clinopyroxene 
- ··--· ··---· ·----

barnet 

. ...__ 

______ .. J.r:a,s~-- _______ ..... Jc~~e ______ ··-·----·--

_____ ---· ___ Tr:s..,c.e. .. _ -----=--
Epidote 
··- . -·- ·-·--·· -· ·---- ------------- ~-----.J-.------+--~:-:----lf----

liornblende 
-----···--· ----- -------- -------.J----4------ ---- ------··-
tiodalite 

---·----+------ --···-~-----1----- ----+-------4------
Zircon 

Tourmaline 

-Opaques 
- -- ----- -·----

____ lQ ___ 

. ·-·-·-·----- --------- ·-------t-----1 

---- ----------

·-·- _l_aG._- g (.{3 19 __ _1_ .. 8_1.:±_ . 

57 li.\5 G;2 i i . 9 o j ___ . _. J JS .. __I ____ LI _._5_3. __ Altered srO.lDS 
- -· ----- ··-·---+---.:::.....JI.__j-__:_:...!._:::=.__-4--~~-+-..!-.!-.!.......!..=. 

liock ~·rac""Wents t-f-3 cr3.4-?.. .51n ··I 0.7t.J. 99 . ____ q~_5 :c . 
3G 7.05 45 ~ .Co:I .·<a I 7.'25_ 

·q Q,(g {Q___ L15 I<) ___ . ___ Q/~1 Q.i& 
~---------~---4------~~---~~~~-----~ 

O.'ZO 2 0.'38 3 0.'2.9 v~ 
--------------~------~-~--~~~l 

2 0.39 ( 0, l q 'J. 0,1Cf .._, l.hF 

2 0.355 2 o. 19 
Total grains 5"1 I 100.01 52! <19.99 1032 100.00 

i 
Cement 1 2 Total 

Organics 
---·--·----- 5 ~ _ o _,~_q_ . .. ______ L_ _____,o::::..!.C-.1._-"oo!.---o+----q"'---+_o=-..! .. :a..o_ 

Calcite 
---· --------- -------------· --------- --· ----·- -- ------· ---------
Silica 47 ~.35 43 {.57 .qo 7.CfG 

Total cewent ')7. O'?LI L.fi 1'1 ,... -. 9'1 I '?)./~I I I • .._ I ZJ, L I 

~,~ metamorphic rock fragments QriF= quartz rock fragments VRF= volcanic 

rock fra5ffients I-~,= intrusive rock fra~ents SrT= sedimentary rock fragments 

Notes: ctu+-~;Cjc.,....;c. ~:scov~tc. 15 replc ... ci..--~ ye.-l~Fa.r 

Cp.i ~s ~~+e.. 



Slide No. 1..4 (I)) ('2.) Rock No. 1.. '-t 
Location No. 24 

Grain size • 0. 1 Lf 3 rni'Y'\ 

1 2 Total 
Grains grains- % ff e;rains 7~ # erains c;.1 

7i 'JO 

Quartz 
- 3~2 17,1'1 3G'f lLf. 59 7LCo l5.~G 
K-feldspar 3 o.<Ot.f I 0.20 4 0.42' -
Plagioclase - q l_.q?.. /(0 3.22 2.5 2.~{ - - --

Chlorite _3 ... g. (ot..(_ 5 -J .. OZ__ ~ o.~L{ . - -- ... 

Muscovite _ __l O_~ll_ 2 0.41 _ ______ 3_ _ - __ Q.~{-- .. ~ -- _____ :_ 

Biotite _ ____3__ __ QJ;,_=l_ _ ______ <:;; __ _______ LZ3 __ ______ 3_ ___ ____ Q~ 
- ------- -----

Orthopyroxene ____ L_ ____ Q~~~ _ ________ .L __ _Q. _LO. - ------- .. -- -----------

Clinopyroxene 
-- ----- -- ----- -------- ----------- -- ------------- ------------- ----- ------- -

barnet l Q,'ZQ_ ------------ j ___ .. - __ Q_,l_Q ___ - - - - ------ ----- ----- ----- -----

Epidote Tro...ce. - Tra.ce. --- - ------ -- --- -- ---- --
Hornblende 
--------------- ----- ---------

tioda.lite 
- -. - ------------ ------ r------- ----- -

Zircon 
-- -- ---- -- --· -- ------- -- - ----- ------ -----------
Tourmaline 
-- - ------- - ------- -----------
Opaques __ l:f_ --~g_g__ 12 _ _2,_._~~- 2<P Z .l__Z_ .. --- ---------- --- - ---- f------

.Altered grains I LfC? IO.Y5 i.fq ! 0 .Otf_ __ -----~-~- ___ J9..: 24_- I 
---- I 

.riock Fragments 14 5 II 32 (;.5C:. _Th__ _____ 5L_'8_!:L r-----
:MRF '10 ti.2G 3.'2 .G5£; ,5_2 5.Lf3 -- -

QRF 
-

, 0.7.1 j ___ ___ .9!JQ__ 
VRF 3 O.Gt.f Tro...ce.. - 3 0.31 
lltF 

--
Sfu, 

Total grains 4G:t {00.00 t12co qq.qq Cf57 '19. Cf $3 

Cement 1 2 Total 

Organics ~-?. _fQ_,3_Q __ _______ '1__2_ -__ L!:L_ c.]_ __j5_:f_ 12 ,<¢ ~ --- ---- ·--- -- --- -----

Calcite 
r---- -------- ------------ -------------- ----- -- .. -- - -- - - ·- ---- ----- - ----- --
Silica 38 G.G<6 L/-7 7.50 <{5'5 7. I I 
Total cement I 00 I 7.5'3 139 7. 2. /_7 1. 39 19.9q 

' 

~,~ metamorphic rock fragments ~r~= quartz rock fragments VRF= volcanic 

rock fragments I .. --~,= intrusive roc·k fragJJents Si.F= sedimentary rock fragments 

Notes: 



Slide No. 2?(1), (2),(3) Rock No. '25 · 
Location No. 1. 5 · 

1 

Grains ff grains % if grains 

358 IC:,,C:,G 3G. 7 

I 0.21 Tr~ce. 

1_3 1. ,leg 2 

3 _ O.(;i lf 

- .4 0 .. ~~ I 

Grain size • Q.I00MI"A 

2 3 
7~ ff grains % 

'85.55 352 15.~5 

Tra.c e. 

1.2G. <3 I.G:,C( 

_ . 9.q3 : 3 O.GLf. 

______ Q_,_?3 _ ______ 1_ __ -- _ _j_,_y~--

• Quartz 

K-feldspar 

Plagioclase 

Chlorite 

Euscovite 

Biotite 

Orthopyroxene 

Clinopyroxene 

~arnet 

-_____ I I ______ '2.!_'3.~- ______ L5._ _ ___ -~~-?"0. ___ 2Q ____ ~£_ 

.. Trc:u:.e. _ 
Epidote 

------ - Tr:_~c.e. --------•-----+-------+----+-----
Hornblende 
-------- ------- -- ---------· ------ -----1-----f------ --------------
tiodalite 

-----------:-- ------- --_ ----------------- -------------
Zircon 

·--- ------- ------------- ----- ------1 

Tourmaline 

Opaques ______ I]____ -~,(Qj __________ _? _____ ·_L2_G__ I 2 2.5t{ . 

1:1 ~~~ed __ g_r __ a_i_n_s---jf-----5=-_,_1-----;'----'t-"'~o:. .... g_,__2-::: 2 4 h s_:r_ _______ 5~L __ 
1

1 ____ 1_4_._5_0 _ 

!\ock iru~ents q 1 .<1 3 2 o.Ll] 3 ___ ___ q_!~g __ _ 
l.:RF ------- ----~9-1 2 

---------+-----f-----1------f------ ------- ----------
V.rlP 
~--------------+--------+-----·-~-------~-----4--------~-------_, 

IHF 
~---------------r------f-------·t------~------~--------4--------4 

Sit? 

Total grains Lf(o{ !00.00 4'2q 99.99 472 100.00 

Cement 1 2 3 
Organics 5~ 9~-:lz._ -------~Q- l0.91 --~ I I. 05_ -- - --- -·-·-·-

Calcite 
f--- ---- ----·----------- -·---~------

Silica 72. Gl ·II.Oq . 43 7.4'5 
Total cement 130 21./'B 121 22.00 I Ol 

lilii:~ metamorphic rock fragments Q...c&= quartz rock fragments VRF= volcanic 

rock fra5ments I.~,= intrusive rock fragments SiF= sedimentary rock fragments 



Slide No. '2. 5 C 1) ,(2.), (3} 

Grains 

Quartz 

K-feldspar 

I-lagioclase 

Chlorite 

l.J.lscovi te 
- ---------
Biotite 

f-- ---------

Total 

ff grains 1o 

10'3_3 - 7'1.ll 

---~'-- -- _9_s1L 

4'1 

(0 

·-- .. 2_:_1 '2.__ 

0.13 

_____ Jb_+ ___ o_. -g_8..::..._~ 
_ ___'±_G _____ 3_._3_~-

Orthopyroxene 1 ra.ce. _ 
f-- __________ , __ _..:..;::...:::..::=-+-----1 

Clinopyroxene 
--- --- ----------4-------11-----t 

._.G_a_rn __ .. _e_t________ _ ___ __:;_2-=- -f------'o=-._1_5 __ __ 

£pidote Tru.ce. ------
Hornblende 
- .. ------- ----+------+------1 
Sodalite 

1-- ----------~------+------t 

Zircon 
- ---· -- --- ----+-------+-----

Tourmaline 
r- --------------f------~-----t 

Opaque·s 37 2.10 
Alt~~d -~~i-~;-,--,-;'-+-1 C?.8o 
---------------------------1--------
Rock Fragments 1.r ~ _ -r I.Ot... 

1i.tlF ~--------------+----~1~4~-~---'·02_ 

-- ----- -- ---·------- ------+-----1 
Vfu' 

Total grains f3G'3, IOo.oo 

Cement Total 

O:::"t;anics 
f- ··- 153.__;7...==--t---1 o_._s_tf~ 
Calcite 

Silica 17G 10.70 

35<a I 2o.7tf I 

lih?=metamorphic rock frasnents ~ili1=quart~ rock f .ragments V rtF'=volcanic 

rock fragments I~,=intrusive rock fragments Srt?=sedimentary rock fragments 

liotes: 



Slide No. '2.G,(11 1 Cz.) Rock No. 2f.a · 
Location No. 2~ 

Grain size • 0. 2 50 rv"lt"Y\, 

Grains 

• Quartz 

K-feldspar 

Plagioclase 

Chlorite 

lr!uscov i te 

Biotite 

Orthopyroxene 

Clinopyroxene 

~arnet 

Epidote 

ff 

1 

grains 

390 

Trace 

5 

Tra.ce..,_ 

2 

~b if grains· 

-, "· 02 3qq 

2 

Q.ct7 s-
I_ 

7.~ 

/9.9~ 

o.t.to 

/.00 

__ Q.:LO 

Total 

il grains 

7$39 

2. 

10 

l7.Cf~ 

0.2.0 

O,qq 

o.ro 

o. I'L ______ 5 _______ l~_o _____ _Q__ _ __ Q.S<i_ 

___ _5_ ~.91_ ----~-- ___ 0 ..... 2.0 ____ _£ __ - _____ Q~ 

--- ---- ---·- ----- -------+--------

Hornblende 
------- ------1 ------f----- ----------

Sodalite 
-------------- -. ------ ------t- ----- ------- ·------

Zircon 

Tourmaline 
--------- -------- -- --------- -------- ------f-------

Opaques _______________ !::f ________ Q~J.Z ___ _:L_r- _ _Q.._<60 '3 o._"l'i_ 

-~l~e:_z:~-~-grains G3 12.1.~. 4-9 a.<62_lr-_LL2 ___ I ___ l_l_~QI_ 
itock lragsents Lf-5. ~.17 3 3 G. <;.I 7?;; ____ 7_,_7j_ __ _ 

ldiF --------t---__,3_1 G.Ot.f 2.3 L/.~1 5Y 5L~ 

QRF L4 o.-r<a o. zo ____ 5__ _ __ .O!~~L 
VHF 

llF ~----------~-----~-----+-----2:..;;___-f--_::;O_,_ . ...!.Y-=0-+-----=2::::..-t o 2 0 
SR? 

Total grains 

Cement 

Organics 

Calcite 

tO 

5f3 

---- ----. -- :3 .. 
r-- -- ----- -------------

Silica 3G-
Total ceuent 3'1 

1 

-, t.LfO 17 /,c;,<3 

4-'19 q<=J.'19 I 0 I 7. I 00.00 

2 Total 

/.3'2 10 0 'q.b_ 

6.57 - 4.53 (nO 5.55 

1. oc; 31 10. G.Lf7 

~,= metamorphic rock fragments QnF= quartz rock fragments VRF= volcanic 

rock fra€illents L-u-,= intrusive rock frag:nents SrF= sedimentary rock fragments 



Slide No. Z 7 o... ( 1 } 

27c(l),(-z.) 

Grains ,, grains 

Rock No. ~7 o., 1-!_c 

Lo"cation No. 27 

1 

if grains 
Quartz 

K-feldspar 

Plagioclase 

Chlorite 

lllscovite 

Biotite 

Orthopyroxene 

Clinopyroxene 

\}a:rnet 

--------------------

:ipidote 

Hornblende 

~odalite 

_:- Zircon 

2 

Grain size • o.os~ .. ,(27a..} 

S; i+stonc:.. 0.05 0 ,..,.,,...., (2 /c) 

3 

if grains % 

. ---·- - -------- ----------

------------ --------'1- ------

Tourmaline 

Opaques 
- -------- -- --------- -------- ·-· ------------- -----------+-----

Altered ::::raine 1 
1-- ------~---~--------,{------+- -----1---------
-~ock Frabwents I 
t-------------f..,---'------+-------.------1------t-----. -- --------·--
~ 

----------+------1--------- ---------- ------- --------
Vti.F 
~------------+-------~-------- --------r--------~-------+------

l..hF 
r---- -- ----------1-------~--------- ------ -----f------- --------1 
S?~ 

Total grains 

Cement 

Organics 

Calcite 
--
S~lica 

1 2 3 

Total cesent 

~,o metamorphic rock fragments ~rtF= quartz rock fragments VRF= volcanic 

rock fra5-.nents I."'~"= intrusive rock frag:nents S.cP= sedimentary reck fragments 

l\otes: S 1~-de 2 I o.. C l) - coo.~se. ;J;tston.e t-o -very f\.,~e -'jrQ. ;ned sa.n.cls+olf'\...L 

-") Co.l G.J;:::.e ~~eo')+ ~ .40 c7o 
1 
h; 'j h_ :n c.h lor .. tc:. 7 Ofa.ct_ ~(2 5, O\"c:r~-0"\ j q; ). nurv'\e t"Ol.-\S 

~ilts+one cl~sis 

Sl;de.. 21 C (1)- ~;'jh '-""- opa.'t_.u.e:s;, or<jc..~'""'•cs (l~c:...r...;,.__~), c...Q.\~~-~~ 

-"/ e...\o"''ja..+c:.d.. sh..o..l~:: ( .....-..u.d. -s+o,....e) :)=-rCU:jrv'\e,...,t-s ·, 9_L-~.a.rTz, r-t\.u.sc_o._:. ._-:te_ S ,.-a ·,,...s do~cv-± 
c::r:,le 7.7 r (2/- ~-~e Q/S (1\ c>.,_l,t """'-"r"' ~'>-1--.'~-



Slide No. 27 b (I) Rock N 6. 2 7 b _ 
·Location No. 77 · 

Grain size • 0. 100 , ..... ~~ .. , .. ,_ 

Grains 

Quartz 
0-

K-feldspar 

Plagioclase 

Chlorite 

.Muscovite 

Biotite 

Orthopyroxene 

Clinopyroxene 

~arnet 

Epidote 

Hornblende 

L>odalite 

Zircon 

Tourmaline 

Opaques 

1 

ff grains 

370 

5 

-t..f . 

- I 
___ _3 

2.1 

% 
7 2 .'21 

O.Cf~ 

_Q.18 

o~?..o 

if g.rains 

_Q_~2.9. ------. --

2 

__ _:_::LJQ_ -------

if grains % 

-----------------

--------- . ----- ------+----- ------ ------- -·· 

-·-:---- --·-f..----------1-------f ------

------ ------- ·-------1----

---------- f------t-----1 

--. _ _j. -- - __ Q ~J.&._ ------------l------ --·-----l --------
.Al terE:d grains r;... o 1 3 2..... t l 

_____ ____. ___ _:.:~-"::....:0;,:::._+--_.::...i _.::....:_• -~f-------+----1- ---------- -------

i.ock .E;ra.guients 3 G ?. OY. 
-----------1-----='--=--t-----!...!.....::..--l...--t----~f-__:---+-----. -----------. 

~ O,S"q 

QRF 
------=------t~-----1------1------- ----..,...--- ------

VRe 
~-----------i------;----~~----'-------+---------J~------1 
IltF 
~-------------·--------~-----~r------+------+--------J--------1 
SR? 33 C,.45 
Total grains 512 /00.01.. 

Cement 1 2 Total 
Organics 

----------------- -- __ (~_0. -- _ql22_1 _____ _ 

. - ------- _______ _?_,2 __ ····- _2_,:f_S: ----- ... --Calcite 
f---.-

Silica 7 t.f 3. c;q. 
Total cer.1ent 13'1 21.3~ 

1ilfr'n metamorphic rock fragments Q&= quartz rock fragments VRF= volc"anic 

rock fra€ffients I.~~= intrusive rock fra~ents SrT= sedimentary rock fragments 



Slide No. 30o.. (1), C'2.) Rock No. 30a. 
Location No. 30 

Grain size a 0.100 r-r~~ 

Grains 

Quartz 

K-feldspar 

Plagioclase 

Chlorite 

}.fu.scov i te 

Biotite 

Orthopyroxene 

Clinopyroxene 

barnet 

Epidote 

ii 

1 2 Total 

grains ~& ff grains· if erains 

372 7'6. 21 370 ICf.OC:. 7Y.2 

Tro..ce I 0.21 . I 

7 _ _ _ L_ Y_'6. I 0 2 . 1'-l I 7 

'-/-_ 0.'65 _y OJ~5 <a 

_ 5_ I ._QG _______ '2__ _ ____ Q:_t..f 3 __ __ __:]_ __ 
_ _a_ ___ - t_!_~_g _____ a ________ wJ ______ Lb __ _ 

% 
/~L 9Lf 

0.11 

I . '?:? I 

_0, <a5 

__Q!J'-1-_ 
__j~Q_ 

___ IJ:_q.~~-- _________ _ _________ j__ .-- P~~J _____ __! __ _ _ __ Q_.l_l_ 

---· -- ------ ------------- ------------ -- ------------ ----------- ---

------ 2 Q ~ 4 3 -- -------- 2._ ----~-_1.1_ __ 

-- - --- ----------- ------+---------+-----t-----t----~-------·-, 

lr-r:co 7 ------'--J------J------t---_,_.....__,__ ------------
Hornblende 

tiodalite 
------ ------- -----

------- -- ----------- ------11----~---
Zircon 

Tourmaline _ Tee?::~_€.,-__ _ _____ _ Tru.ce __ ·- lra.ce ------------ --------""=--4-----1 

Opaques - ___ l_l __ ---- ___ '2_.33_ _ _j_Q__1 ___ ~1':l_ --~ f---_2_.13_ 
Altered grains -~ ---------+---.::::5~~-!2.2'1 57! 11..1'8_. _____ Ll;? ____ !_2_!]3 __ 
i..ock .Fragwents 7_ I .4~ 3 O,G,y I 0 _____ l_!_o_G_ 

-----t----=5~ 1.0~ 2 o.43_r-_ 7 O./Lf 

--------------4------1-----l------~------ ---------- ----------
V.rlF 

~-----------~-------~-----~--------l------~-------1--------t 

0.?-1 3 0.3'l 

Total grains Y-72 qq. 9'1 

Cement 1 2 Total 

Organics - 33 -- 5 ... ~1- _____ 5<6_ 10,02 7.93 
Calcite 

----- ------- ------------- ---------- ----------- - ------------· ---------1------
Silica ~ ~ I I . og 53 9 .I 5 I r G, {0. II 

Total ceDent I~ Go. I I I I q ,II. I ~.04-. 

~,D metamorphic rock fragments QriF= quartz rock fragments VRF= volcanic 

rock fra5ffients L-tP= intrusive rock frag.:nents S.rJ.F= sedimentary rock fragments 

( la.'(ers 1 
Notes: Cot'\c~n+r<Xt;on~ o{ <:JCt.r-nct and. other ~eqt.J'/ rr\·,r.e...ra..ls a.L'jned 

para.\\e.l +-o bedd ;Y\5 



Slide No. 30 b (I), (2) Rock No. 30 ~ 
Location No. 3·o· 

Grain size • 0.091 I'Y}t'Y\ 

Grains 

.Quartz 
• 0 .:. 

K-feldspar 

Plagioclase 

Chlorite 

.Muscovite 

Biotite 

Orthopyroxene 

Clinopyroxene 

· · Garnet 

1 2 To+al 

ff grains o' "JJ ff ~a ins c..' 
"JJ ff grains % 

72 .7(o 3G7 14.59 /25 73.G<3 

Tro..ce. I 0 .'2.0 I o.lo 

-ca __ _ !_.(;, 3 8 1.{;,3 .J G l.G3 

'a__ {.~3 5 -- ,) .Q:l-_ 13 1.32 

_ _y. __ __ 0._~ _I _________ 2.__ _ ___ Q!_lj_l__ _ __:.. ___ {;__ __ Q._G I__ 

- ___ __2_ o.L-f.l ____ .S~. __ L~3 ___ (_j_ ________ L:lL 

________ 9_,ZO .Tr:c;.ce. _________________ L ___ . ___ Q.._LQ I 
- ------- ·- -----

----- ---- -----------

--·~- _____ l_ ____ _Q,2Q .. Lra.c~ _________ ___ _Q_._I_Q __ 

Epi ~~~-- ___ _ ____ __ I ___ 0-=--.....,. 2,..._,0"'-t-----'li-'-r-=a.=-=c=e~"-t-----+-----'--+--O:>.<:,_j·Q __ 

Hornblende 
------·------ ------f------- ------ -----

t>odalite 
-- --------r------ ---::-------..----- ------------ -----·-

---- ------------ -·- ----- ------ ----------------------------
Zircon 

Tourmaline 

Opaqu~s 
------------ ------f------ ------------ t-------t-----1 

--- ------ - - _______ 1~-- _____ 3_._~G- _____ ..L.L_ ___z.LJLf 3 o 3.05_ 

-~lt~~~-~ -~~~ -rg l5.S5 79 lG.O~----L~ __ l _ _l _____ /_~9-~_ 1 

.hock J!·raclTients 1 3 2 .Get '1 I.~ 3 2 2 __ 2_'-'23 . 
.t.iliF ------l----llc_:::2.~--==2c.::.... t.f_,__t.f!-..l------"''6~-~' . G_3 __ f---_2Q_ - 2. 03 

----------------+-------~--------4---------~--------~------

VRP 
~----------r------~-------+--------~------4---·------~------~ 
IliF 

SRP 

Total grains 

Cement 

Organics 

Calcite 
r--
Silica 

Total cewent 

I 

4-qz 

1 

g,_~--

'+3 
l 0'?? . 

0.2.0 

qq 99 Lf91 

2 

__ 1_0_,_~_3- ______ 5_L. 

---- ------- -- ----- -. 

7. f7· 4G 
I g,OO Ql 

I I 

0. '2.0 2 0.20 

IOO.Ot q~Lf 100.00 

i 
Total 

~.GC, [I~ q,7G_ 

- ---·- -. ··- --··---- ----------
7.~1 8<7 7.t.f9 

I ,. Lll "71'"\C I ? '7C 

' \0• I I I t...VJ I l L..J I 

~'a metamorphic rock fragments ~r~= quart= rock fragments VRF= volcanic 

rock fra€ffients 14~,= intrusive rock frag3ents SrF= sedimentary rock fragments 

Notes: 



Slide No. 32(1),(2} Rock No. 32 _ 
·Location No. 3 2 _ · 

Grain size • 0.111 rYlN'\ 

1 2 Total 
Grains grains of ff era ins 1~ # grains r; 

,I /0 

Quartz "372 12~ 2 3 375 /(.43 iL-/-7 /1.~3 -
X-feldspar I O.l Cf Tr~ce.- - l o.ro -
Plagioclase 53 ___ 1_._55 4 o.7G 12. I 15 -- - --

Chlorite 
3- 0_.5~ . __ 2 Q.'3_~ 5 o.trg --- ---

lllscovite 
___ _'}_ _o._~cr I - ____ __Q._l9__- 3 ___ -- -. Q_. ~-9_-- .. ----

Biotite -- ____ _____:} __ ______ 2._ _ __ 0_.3_~-- --~-- ____ _9.~7 ------ -----

Orthopyroxene 
_I....r:_~ce.. - ___ TrQ..£g.- -- ----- ···---- - ----- -- -- ---...- .. -- - .. --- .. -- .. -------

Clinopyroxene I ___ Q_,_j_3 ___ ____ T~c._e_ - -------'--- _ ____ 0:.10 -- ----- --- - ----------------- --

barnet ______ ?. _Q!3q I Q,l~ 
. ----------· -~ .. ____ Q_._'ZS_ . - --- .. - .. - ---

Epidote __ T.ca.ce. - Tra.ce - Tra.c.e_ --- -------------------

Hornblende 
---- ------ ----- ------ ---- ------ ------------

Liodalite 
- ---- -_------------- ---- --------
Zircon 
- ----- --·- ----- --- ---- ------ ---------- -------
Tourmaline 
-- - - -.-- .. -------- --- ------------ ------
Opaques ____ L~---- -- --~L~3_3_ --~-- __ 1,_Q5 2~ 2.~CQS.. __ 

. -- ----- ---- -- -

Altered grains I 52 10. !0 c_c, l '2 .57 l ___ j_j_~ -- I -'-~ ~-5 ! - --. --
I 

I I --

itack .it'ragments 55 I 
IO.C,CZ3 s-~ 11.05 I l 3 . ____ lQ._ <6_3 

.hJiF I 0 jq Trctce - I ___ _Q_,JQ_ -- ----- ·-- -

Qi& 
'---- ----- -- --------- -----·---
V.rlF 

i---· 

IliF 

Sili? 54- IO.t.fq -5~ lf.OS I I 2 10.17 
Total grains 51 5 Cf9.99 52 5 !00.00 l 0 40 100 02 

I 
Cement I 1 2 Total 

Organics ---- -- -~ 2 ___ Lf,_q_G _ ______ 3_=t_ 4. q_~--- GG Lf.Cil ---- ------------- ----

Calcite ------ __ _5_6__. . -- -- -~ ._9_6_ G<a -- _9. 9~-- ___ _u__Q_ ___ ..:L_Q4-__ -- -------- --- --

Silica 4Co 7.1 s 5(; '3.20 I 01. 7.(;,'6 

Total cement I 30 7...0.15 I 5<3 23.14- 2<3<3 21."9 

ltilii:-.1 metamorphic rock fragments Q.r.F= quartz rock fragments VRF= volcanic 

rock fra5ffients 1:2= intrusive rock frag3ents SrF= sedimentary rock fragments 

Notes: So.ncls+or~e. ir'\ f("O')(; I'Y\ ~+-y t-o siltstone be.d5. 

S_lide. 32(1)- sii-h-l-one c.IC<.sfs ~p +o 3-N'\~ by lr-n~ elon)qfe.& 

\'a.rctl\el +o be.dd.•n~--

5/ ;de. 3'2 (L.)- rou.n.ded sd-+s-tone.. c.lev>ts ~r +o LI'YlrY\ b'{ 2""'1'V\ 

a.s well Q.5 e..lot"'~o...te <-LCl.ISt-s u.p -t-o 4 '""''""' by I I'Y\rv\. 
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