


























































































































































































































Table 5.3: Point count data for grain amount out of 500 points counted

Slide 2> KF-03-2 | KF-03-3 | KF-03-4 | BQ 1S1 | BQ 154 | BQ 4S2 | MS-2
Grain /500 /500 /500 /500 /500 /500 /500
Qm; Quartz 237 216 186 236 196 199 212
monocrystalline
Qp; Quartz 70 56 55 28 58 100 37
polycrystalline
Feldspar 33 50 53 5 10 31 8
Plagioclase 1 2 0 6 5 0 0
Cement; (Gypsum) 78 107 135 0 0 134 0
Matrix; 25 27 2 0 97 25 22
(Fe oxide/clay)
Mica; Muscovite 4 2 0 0 4 0 0
Staurolite 0 0 1 6 4 0 0
Tourmaline 0 0 1 0 0 0 0
Opaque 3 2 0 17 81 0 11
Rock Fragments 4 7 6 46 45 2 0
Pore space 45 41 62 149 0 9 210
Clay aggregate 0 0 0 6 0 0 0
Table 5.4: Summary of grain types and percentages
Slide—> KF-03-2 | KF-03-3 | KF-03-4 | BQ1S1 | BQ1S4 | BQ4S2 | MS-2
Grain %o %o % %o % Y% Y%
Qt: Quartz 47.4 43.2 37.2 47.2 39.2 39.8 424
monocrystalline
Qp: Quartz 14.0 11.2 11.0 5.6 11.6 20.0 7.4
polycrystalline
K-feldspar 6.6 10.0 10.6 trace 2.0 6.2 1.6
Plagioclase trace trace Trace 1.2 trace trace trace
Cement; 15.6 21.4 27.0 -- -- 26.8 --
(Gypsum)
Martrix; 5.0 5.2 Trace trace 194 5.0 4.4
(Fe-oxide/clay)
Mica; muscovite trace trace Trace trace trace trace trace
Staurolite trace trace Trace 1.2 trace trace trace
Tourmaline trace trace Trace trace trace trace trace
Opaque trace trace Trace 3.4 16.2 trace 2.2
Rock Fragments trace 1.4 1.2 9.4 9 trace trace
Pore space 9.0 8.2 12.4 29.8 -- 1.8 42.0
Clay aggregate trace trace Trace 1.2 trace -- trace

* trace < 1%

* %’s derived from point count data table 5.3.
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The feldspar grains observed were microcline and orthoclase (in order of
abundance) (Fig. 5.10 A). Few grains of plagioclase were noted (Fig. 5.10 B). The grains
are sub-angular to angular, with a greater percent of fractured grain as compared to
quartz, at about 60%. A few granophyric, textured grains (Fig.5.11) are atypical of the
South Mountain Batholith (SMB), which is a possible source of this material. The
feldspars show extensive weathering and alteration in their appearance, which is cloudy,
cleavages opened, and there are pores in them.

Most grains of muscovite that are observed are found within quartz grains,
although, some are enclosed by the gypsum cement as separate grains (Fig. 5.12). Some
grains are split along the cleavage, by the cement, into individual plates. Many of the
grains are bent, probably due to compaction of the material.

Sparse grains of inclusion-rich staurolite are sub-rounded to rounded (Fig. 5.13).
The abundant inclusions are quartz but have small amounts of feldspar, zircon and traces
of biotite.

The gypsum is found in a poikilitic texture, with large cement crystals enclosing
other grains and having optical continuity covering large areas of the rock. The gypsum
cement is also visible in hand specimen as light sparkling material. The cement forms up
to 27 % of some slides (Table 5.4) and considerably diminishes the pore space in the
material. The identification of the gypsum was difficult in the thin-section examination
because the low birefringence is similar to quartz, but the presence of gypsum was

confirmed by XRD.
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A matrix of clay and iron oxides is present locally where the gypsum cement is
absent, but only in patches (Fig. 5.14). It is also common as rims or pellicles around other
grains in the slides. Other matrix types include groups of small grains of quartz.

Trace amounts of rutile, ilmenite and tourmaline are present in the Avondale
slides.

Bailey Quarry

The Bailey Quarry thin sections BQ 4S1 and 4S2 are very much like the Avondale
sections. The majority of the grains are quartz, feldspar, rutile, ilmenite, tourmaline,
muscovite, biotite, zircon, clay, chlorite (Fig. 5.15) and rock fragments. Quartz grains and
feldspars are fractured in proportions of 40-50 % and 60%, respectively, as in the
Avondale sections. Rims of iron oxides are also present in these sections. There are areas
of grey/yellow matrix patches that contain embedded quartz grains where the matrix has
wrapped around the grains. Biotite is found only within grains of quartz (Fig. 5.16).

The BQ 181 and 1S4 thin sections are fine grained with abundant quartz and
feldspar, as in the Avondale and BQ 4 samples, but there are numerous plagioclase grains
in BQ 1S1. BQ 181 is also different in that it is unconsolidated sand and contains
amphibole (hornblende). Biotite is also seen with quartz grains, at ~1%. Other grains
include ilmenite, staurolite, tourmaline, siltstone clasts, chert grains, zoned or overgrown
feldspar, and bent muscovite.

Rock fragments and clay aggregates were seen in some thin sections in sparse

amounts.

69



Figure 5.15: Chlorite, Avondale slide KF-03-4. Magnification X 20, PPL.

Figure 5.16: Biotite embedded within quartz grains; Slide BQ 4S2. Magnification X20,
PPL.
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McKay Settlement

This sample closely resembles other sections, especially the Avondale and BQ 4S
1 and 2. The material is quartz-rich with lesser amounts of feldspar, muscovite, zircon,
tourmaline, rutile, ilmenite and clay. Gypsum cement is not present in this sample and the
material is loose, quartz-rich, well-sorted sand and gravel. The quartz grains here are 0.2
mm- 2 mm in apparent diameter with sparse larger grains that are rounded to angular.
Both monocrystalline and polycrystalline grains are present.

5.2.1 Mineral abundance: point counts

Point counts were done on seven out of the nine thin sections in this study (Tables
5.3 and 5.4).

Table 5.5 gives the percent recalculated to 100% for quartz total (Qt) (mono and
polycrystalline quartz), feldspar (K-feldspar + plagioclase), and rock fragments (lithics).
Figure 5.17 plots total quartz (Qt), feldspar, and rock fragments (lithics), to apply Folk’s
1968 classification. Figure 5.18 A plots Qt, feldspar, and rock fragments (lithics),
whereas Figure 5.18 B plots monocrystalline quartz (Qm), feldspar, and rock fragments
(lithic; with polycrystalline quartz), to apply Dickinson’s 1988 classification of detrital
modes.

All the samples are strongly quartzose. Slide MS-2 with > 95% quartz content is
classed as a quartzarenite, KF-2, KF-3, KF-4, and BQ4S2 with > 75% quartz content and
more feldspar than rock fragments are classed as subfeldsarenite, and BQ1S1 and BQ1S4
with quartz content > 75% but with more rock fragments than feldspar are classed as
sublitharenite (Fig. 5.17). Quartz and feldspars, with minor amounts of rock fragments,

dominate the majority of samples.
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Table 5.5: Percentage values recalculated to 100%.

Slide 2> KF-2 KF-3 KF-4 BQ1S1 | BQ1S4 | BQ4S2 MS-2
Grain % % Y% % Y% %o %o
Qt 89.0 82.1 80.3 82.0 80.6 90.1 96.9
Qm 68.7 65.2 62.0 73.3 62.2 60.0 82.5
Qp 20.2 16.9 18.3 8.7 18.4 30.1 14.4
Feldspar 9.9 15.7 17.6 3.4 4.8 9.3 3.1
Rock 1.1 2.1 2.1 14.6 14.6 0.6 0
fragments
Rock 21.4 17.2 20.4 23.3 33.0 30.7 14.4
fragments
+Qp

Samples KF-2, KF-3, KF-4, BQ4S2, and MS-2 show continental block
provenance with sources on stable cratons (C) and in uplifted basement (B) (Fig. 5.18 A).
The values fall in an area where C>B with an increase in landscape stability. Samples
BQ1S1 and BQ1S4 fall in an area where provenances are from recycled orogens. With
Qp added to rock fragments (Figure 5.18 B), samples KF-2, BQ1S1, BQ1S4, BQ4S2, and
MS-2 fall in the recycled orogen region (where quartz > chert). Two samples KF-3 and
KF-4 fell on the border of the recycled orogen region (but closer to the recycled orogen
than to continental block orogen). These results will be discussed further in section 5.4.

5.3: X-Ray Diffraction

The XRD was used to determine if certain minerals were present and to confirm
that gypsum was the cementing agent. Appendix A shows the result of the XRD
preformed on material from the Avondale locality. The results show that gypsum is
present in significant proportions along with quartz, microcline and orthoclase, in order of
abundance. Thin section observations show gypsum as large poikilotopic crystals. From

the XRD output, percentages can be calculated for quartz, feldspar and gypsum (Table
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5.6), showing a reasonable similarity to results from the point count information (Table
5.5).

Table 5.6: Recalculated percents for Qt, K-feldspar, and gypsum. Highlighted values are
those that most closely resemble the XRD output.

Thin sections

Source 2> | KF-2 | KF-3 KF-4 | BQ1S1 | BQ1S4 | BQ4S2 | MS-2 XRD

Grain % % Y% Y% % % % %
Qt 82.7 62.8 56.2 96.0 94.4 64.4 96.9 64.0
K-feldspar | 9.2 12.0 12.4 4.0 5.6 6.7 3.1 33

Gypsum | 8.1 | 247 | 314 | NA | N/A | 289 | NA | 327

5.4: Interpretation
5.4.1 Sorting (transport)

Figure 5.19 is a representation of sorting and skewness parameters in relation to
river or beach derived sediments as determined from a suite of modern samples
(Friedman and Sanders, 1978). Both samples fall just below the line, within the beach
sand category. However the original sample set showed considerable overlapping in the
fields so these samples, where they fall just over the boundary between beaches and
rivers, may well represent flow channels of rivers.

5.4.2 Provenance

The undulose nature of some of the quartz grains (Fig. 5.7) is typical of some
crystals in the South Mountain Batholith (SMB), so these grains may have originated
from the SMB. This mode of extinction is also found in quartz from many other sources.
Two slides contain ‘sheaved quartz’ or stretched metamorphic quartz grains that may
have had a source in the Meguma Group, Goldenville or Halifax Formations, which lie to

the south (4-8 km) and west (10-12 km) of the field areas.
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The feldspars have been altered by chemical weathering, as indicated by their
brownish cloudy appearance, opened cleavage, and open pores. Although they are
important constituents, not enough of the sample is feldspar to classify the material as
sub-arkose. One granophyric textured grain sheds doubt on the South Mountain Batholith
as a source for this grain (personal communication, Dr. D.B. Clarke, 2004).

Traces of amphibole (hornblende) and the presence of staurolite suggest sources
other than the SMB (MacDonald, 2001; personal communication, Dr. D.B. Clarke, 2004).
Comparison of the heavy mineral assemblages found in this study to those found by
Gobeil (2002) in the West Indian Road Cretaceous reveal that the make up is closely
similar. The concentration of these resistant minerals strongly suggests recycling of the
material, and may indicate long transport, which tends to concentrate these minerals
(Gobeil, 2002). The occurrence of staurolite suggests a metamorphic origin, although
whether the grains are first cycle or polycyclic is unknown (Gobeil, 2002). The sources
may have been south-western Nova Scotia, possible the Meguma Group.

Muscovite in slides from this study closely resembled grains that were described
in the West Indian Road Pit Cretaceous unit by Gobeil (2002). The similarities between
the muscovite grains found at both Cretaceous occurrences, may allow date and source
information that was derived for the West Indian Road Pit occurrence to be applied to the
localities in this study. The single age population of muscovite grains derived by Gobeil
(2002), of 374 Ma, implies a common source for the muscovite grains. Gobeil (2002)
suggested that, given the evidence from the sands of recycling the muscovite grains
probably originated from the erosion of the surrounding muscovite-bearing sandstones of

the Horton Group.
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Biotite in slides from the Bailey Quarry and at least one from the Avondale
locality were found only within quartz grains (Fig. 5.16). Similar types of grains are
common occurrences in parts of the SMB (MacDonald, 2001; Clarke and Bogutyn,
2003).

The clay minerals in the Cretaceous clay units reflect the minerals that were
weathered to produce them (Ehlers and Blatt, 1980), either materials undergoing
weathering during the Cretaceous or material that was previously present in the
Cretaceous material. Both explanations may be the cause of the low proportions of
feldspars and other minerals in the sands. Extensive weathering was probably happening
to form the clays. As weathering continues in warm and humid climates with good
drainage, as during the Cretaceous, clays are transformed to a point where they only
contain aluminium and silicon, which is kaolinite - the most abundant clay formed under
these conditions (Ehlers and Blatt, 1980). Kaolinite, although not found in large
proportions in the field localities of this study, is abundant within the Cretaceous material
of onshore Maritime deposits.

The depositional environment of these grains can be looked at in terms of their
textural maturity or the amount of kinetic energy placed on a grain to give the sediment
texture (Ehlers and Blatt, 1980). Figure 5.20A shows the kinetic energy in relation to
textural modification and Figure 5.20B shows the use of the derived maturity in relation
to the energy required for certain environments. As shown, the sample in this study shows
well-sorted grains with little clay and with angular to sub-rounded grains, with sub-
rounded grains more common than angular grains. This places the sample in this study in

the mature textural range. When this is applied to Figure 5.20B, the majority of the
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Figure 5.20: A) Textural maturity of sands as a functibn of input kinetic energy (Ehlers and
Blatt, 1980, from Folk, 1951). B) Relationship among sedimentary volumes, textural maturity,
and environment of deposition (Ehlers and Blatt, 1980).
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sediment corresponds with fluvial channel sediment which corresponds to the
interpretations made earlier in Chapter 4.

With the majority of the grains being angular, it is not certain what was the
ultimate or proximal source, so it can be thought that it was probably derived from
sandstone units that are found within the area. Figure 5.18A suggests that the majority of
samples in this study fall into the stable craton source group, but Figure 5.18B shows that,
with Qp placed as a rock fragment, some samples fall in the recycled orogen source
group, according to Dickinson (1988).

5.4.3 Diagenesis

The original porosity and permeability of the Cretaceous sediments has changed
through diagenesis. In some samples, the pore space that was available when the well
sorted, quartz-rich gravel and sand was deposited has been filled with gypsum cement
(Table 5.4: 15.6-26.8%) from movement of ground water through the adjacent evaporites
of the Windsor Group. This cement has also virtually eliminated the permeability of some
samples, as in BQ4S2 with 26.8% gypsum and only 1.8% pore space. Some, but not the
majority of grains, have been compressed together, and in some cases the grains penetrate
slightly into the neighbouring grains. The actual percentage of pore space that was lost
due to the cementation of gypsum can be judged from Table 5.5. These percents vary but
where cementation has occurred there has been a significant amount of porosity loss. The
samples that have undergone the most change through diagenesis are KF-2, KF-3, KF-4,
and BQ4S2, which all show cementing and therefore a loss of pore space (Table 5.4).
Pore space percents for these samples are 9.0, 8.2, 12.4, and 1.8 %, respectively. Two

poorly cemented samples have 29.8% (BQ1S1) and 42% (MS 2) pore space, however
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these samples are loose so the thin section porosity is not an accurate reflection of the

original, in-situ porosity for these samples.
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Chapter 6: Age Analysis

6.1: Paleobotany

Charcoal collected from the Bailey Quarry (site BQ 4) was found in association
with clay, sand, and quartz-rich gravel and is black/brown in colour (Fig. 4.9). From these
samples, the presence of ginkgos (cf. Ginkgoxylon), conifers (cf. Taxodioxylon, cf.
Cupressinoxylon, and cf. Protocupressinoxylon) and angiosperms (which had
indeterminate features for a generic identification) have been confirmed. Figure 6.1 A and
B shows scanning electron microscope (SEM) images of angiosperm and conifer wood
showing features that are present. The material is dominantly mature trunk wood with
small fractions of juvenile material (twigs and branches). There are visible tree rings,
although they are subtle and irregular on many of the samples. Some of the conifer woods
have been identified as Profocuppresinoxylon, wood from the extinct family
Cheirolepidodiaceae.

6.2: Palynology

Clay collected for localities BQ4S4, BQ4S5, BQ1S2, and WD was sent to Dr. R.
Fensome for palynomorph analysis. Sample BQ4S4 and BQ4SS5 yielded abundant
Cretaceous material (Table 6.1).

BQ1S2 had overwhelming amounts of Carboniferous material. There was one
specimen of Cicatricosisporites spp., similar to those found in the BQ4S4 and BQ4S5
samples, but this could represent contamination. Similar samples were found in the West
Indian Road Pit, which are widely interpreted as Cretaceous but yielded Carboniferous
assemblages (personal communication R. Fensome, 2004). Interpretations on the

paleoenvironmental settings have not yet been confirmed.
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Figure 6.1: A) angiosperm wood showing vessel members B) conifer wood showing
tracheids, tracheid pits, cuppressoid cross-field and rays (probably Cuppressinoxylon)
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Table 6.1: Palynomorph assemblages from samples BQ4S4 and BQ4SS5.

Bryophyte Fern spores (diverse) Gymnosperm Algal cysts
spores (sparse) pollen (uncommon)
Aegquitriradites | Cicatricosisporites minutaestriatus, Bisaccate Schizosporis
spinulosus Cicatricosisporites spp.; (common but not | reticulates
Concavissimisporites spp.; dominate);
Deltoidospora australis; Cycadopites spp.

Deltoidospora punctatus;
Densoisporites spp.;
Gleicheniidites senonicus,
Laevigatosporites;
Pilosisporites trichopapillosus;
Pilosisporites verus,

Plicatella spp.; (one)
Rotverrusporites major;
Trilobosporites spp.;
Vallizonosportites zonaus

Sample WD was taken from the organic layer in the Wentworth Dark Quarry.
This sample represents Quaternary deposits or older material strongly contaminated with
recent material.

No angiosperm pollen or marine palynomorph specimens where recognized in
these samples.

6.3: Age Interpretations

The charcoal was shown to have ginkgo, conifer and angiosperm species.
Cheirolepids, which have been identified, became extinct around the Cretaceous-Tertiary
boundary, giving an age of Aptian-Maastrichthian for the BQ 4 sediments. The presence
of angiosperm species also suggests a post-Jurassic age, as the earliest are known to be
Albian. No angiosperm species were identified from the clays at BQ4; their presence
would be indicative of Albian. However, angiosperm species were identified in the

charcoal sample collected at BQ4. Many of the fern species found in BQ4 samples (Table
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6.1) have an age range of earliest Aptian. The presence of Trilobosporites spp., the
diversity of Cicatricosisporites (striate fern spores without radial projection), and lack of
Plicatella and Appendicisporites (striate fern spores with radial projections) could suggest
an age as early as Hauterivian, but the presence of angiosperm species in charcoal renders
this unlikely. Also the pollen and spore ranges in this part of the Cretaceous are not well
known (personal communication, R. Fensome, 2004) so the angiosperm-determined age
of Albian is probable. Cretaceous age has been determined for the BQ4 and is probable
for the BQ1 locality, however the other localities are not certain.
6.4: Environment Interpretations

The charcoal fragments also show the formation of rings, which is consistent with
the sub-tropical climate of the Early Cretaceous period with slight seasonal rainfall
(Falcon-Lang et al., 2002). Angiosperm species are also in accord with a braided river
system, as these early angiosperm species seem to have preferred this unstable setting.
For example angiosperm species in Cretaceous units in the Czech Republic were only
found in these disturbed systems (Falcon-Lang et al., 2003). The conifer wood that was
present would have dominated stable niches like mires (Alvin et al., 1981; Falcon-Lang et
al., 2001). No dinoflagellates were identified in the samples, which is in accordance with
a non-marine setting.

Given the large amounts of charcoal found in the deposits of this age, it may be
possible to link high oxygen concentrations in the environment to abundant fires that

produced the charcoal.
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Chapter 7: Discussion and Conclusions
7.1: Source of onshore strata

The localities in this study area overlie Carboniferous Windsor Group material.
Their similarity in lithology and characteristics to other known Cretaceous occurrences in
Nova Scotia has led to the speculation that they too are of Cretaceous age. Until now
direct evidence has been unavailable to confirm the Cretaceous possibility. Analysis of
palynomorph assemblages and charcoal fragments in this thesis confirm the Cretaceous
dates for some of the field areas -- BQ4 and probably BQ1. The palynomorph
assemblages and charcoal identification specifically confirmed BQ4 to be Cretaceous.
The finding of angiosperm species in the charcoal samples are the limiting factor which
give the deposit a date of Albian or younger, which is when the first known angiosperms
evolved. Avondale, BQ2 and MS are correlated to the BQ4 locality by lithology (similar
grain composition and classification) (Fig. 5.17, 5.18 A and B), point count percentages
(Table 5.4 and 5.5), and XRD output (Table 5.6), which support a Cretaceous attribution
for these undated sites.

The material at these localities is strongly quartzose. MS-2 is classed as a
quartzarenite, KF-2, KF-3, KF-4, and BQ4S2 as subfeldsarenite, and BQ1S1 and BQ1S4
as sublitharenite (Fig. 5.17). The majority of the quartz grains are sub-angular to sub-
rounded, so transportation would have occurred but either not over extensive distances or
fragments were rounded and broken at the same time, creating some angular fragments.
There are also polycrystalline grains present. This might suggest that transport was
minimal for those grains to have stayed intact, but the component quartz grains appear

strongly welded. Given this and the similarities to the material found in the West Indian
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Road Pit, the most probable sources for the sedimentary material are the Goldenville and
Halifax formations of the Meguma Cambrian-Ordovician and/or the Carboniferous
Horton, Windsor, Canso, Riversdale, Cumberland, Pictou, or Stellarton Groups (Williams
et al., 1985; Gobeil, 2002).

Saprolites, in-situ paleoweathered horizons, verify warmer climates at several
times in the geologic history of southern Nova Scotia, and their preservation patterns
suggest much thicker and wider distribution than seen today (O’Beirne-Ryan and Zentilli,
2003). The eroded material from these types of deposits may have formed the sediment
for the Cretaceous silica sand and clay deposits in the Carboniferous sequences in Nova
Scotia (O’Beirne-Ryan and Zentilli, 2003). Saprolites of pre-Pleistocene age found on the
granitoids of the SMB highlands could have been exposed to weathering during the
Mesozoic, with associated karstification in the carbonates and evaporites of the Windsor
Group (Davies et al., 1984). This occurrence would have then led to the deposition of
Aptian-Albian quartzose sediments (Stea et al., 1995). The localities in this study seem to
have filled a karsted surface laced with “trenches”, sinkholes and collapsed caves. The
sediments would originally have covered a very irregular surface, rather than forming a
flat sheet that would have been later broken up by karstic sagging and dissolution of
gypsum. This inference reflects the form of areas like Gays River and possibly the core
deposit in this study, which are found along carbonate/evaporite contacts or are similar to
the other localities in this study, small and confined.

The extensive dark chocolate brown/black clay and organic material found in
association with the BQ 4 locality, similar to that found in the West Indian Road Pit,

suggest an oxygen-reduced, closed environment that was sub-aerial, shown by the
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presence of charcoal material. The thickness of this unit also suggests that these
conditions went on for some time without disturbance. Pieces of the charcoal material
were also transported by the braided river system.

The sedimentology of the localities confirms a fluvial environment (as suggested
for other sites by Stea and Pullan (2001) and Gobeil (2002)), which is supported by the
appearance of only terrestrial fossils in the palynomorphs that were identified. The
sediments were deposited under a subtropical climate based on global climate studies
(Atlantic Geoscience Society, 2001), and given the formation of tree rings in the charcoal,
there was probably some degree of seasonality. The clay units were deposited in a
lacustrine or flood plain environment, based on their sediment features and the non-
marine nature of the palynomorphs and fire-derived charcoal. From the presence of the
angiosperm fragments in the charcoal -- plant types that preferred these unstable disturbed
settings (Falcon-Lang et al., 2001) -- a braided river system is likely.

Core 685 from the Bailey and Millers Creek Quarry area shows similarities to the
Cretaceous deposits in the Gays River Lead-Zinc Mine. The term ‘trench’ is used when
describing the Gays River deposit -- a term used by mine geologists to describe long,
narrow, sinuous, sediment-filled karstic occurrences (Davies et al., 1984). Figure 4.12 B
shows where the core was extracted. Karst features in Gays River are controlled by pre-
existing faulting and lithological contacts (Davies et al., 1984). The core deposit is similar
to the “trench’ fill described in Gays River, which consists of gravels, sand, silt, clay, and
minor coaly materials that are semiconsolidated (Davies et al., 1984). This similarity in
deposition and sediment type may allow the Cretaceous age determined in Gays River to

be applied to the units in the core.
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Given the confirmation of the Cretaceous age in BQ4 and BQ1 and probable
Cretaceous age for other units, Avondale, BQ2, and possibly the sand unit in WD, these
units should be referred to the Chaswood Formation, as defined by Stea and Pullan
(2001). The exact connection to the West Indian Road Pit, the most extensive Cretaceous
outlier onshore in Nova Scotia, is still unclear. However, the other findings of this report
are enough to confirm the Cretaceous age of most of the material, which is the first step
in understanding the complex nature of these deposits.

Few deposits of this kind are known onshore in Nova Scotia so their significance
and documentation is crucial in understanding other Cretaceous units onshore and
offshore for economic and scientific reasons.

7.2: Relation of onshore to offshore units

In respect to the onshore Cretaceous deposits, parts of the Missisauga and Logan
Canyon formations may be correlated broadly with the Chaswood Formation based on
age. In particular, both the offshore Naskapi Member and the Chaswood Formation
middle member show palynomorphs of Aptian to Albian age (Eisnor, 2002). With a rise
in sea level, coarse sediments are trapped further inland in river systems, leaving finer
sediments such as those found in the middle member of the Chaswood Formation and the
Logan Canyon Formation, Naskapi Member to be transported further downstream
(Gobeil 2002).

Drainage patterns for this material offshore are unclear, but during the Cretaceous
period the field area covered was a fluvial environment that had river drainage to offshore
across Nova Scotia. Three other major rivers are shown to drain on to the Scotian Shelf

from the Bay of Fundy and central Nova Scotia (Fig. 7.1). These drainage patterns
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persisted through most of the Cretaceous and were responsible for the offshore deposits
that are being exploited for oil and gas today.

7.3: Conclusions

The main objectives of this thesis were to determine the field relations, structure,
stratigraphy, environment of deposition, provenance and age of the field localities.
Through fieldwork, sample collection and analysis, field relations, structure and
stratigraphy were established. The classification of material in this study’s localities was
determined to be quartzarenite (BQ4S2 and MS-2), subfeldsarenite (KF-2, KF-3 and KF-
4) and sublitharenite (BQ1S1 and BQ1S4 according to Folk (1968). These deposits were
found to occur in sinkholes, karst areas, and “trenches” that are found in the evaporites of
the Windsor Group.

The environment of deposition was determined through grain size analysis,
composition and the relation of these properties to the known Cretaceous deposits at West
Indian Road Pit. From this it was determined that the Cretaceous occurrences in this study
were of fluvial origin, a braided river system. The sands and gravels in this study may
represent variously channel-base sands, bars, and sand flats.

The provenance of the Cretaceous units was determined through the use of
percentages derived from point count data that allowed the samples from the localities to
be plotted according to the classification of Dickinson (1988). This revealed that the

source of the Cretaceous deposits were recycled orogen provinces (KF-2, BQ1S1,
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BQ1S4, BQ4S2 and MS-2) and mixed orogen (KF-3 and KF-4) between continental
block provenances (on the boundary; Fig. 5.18 B). This, along with the similarities to the
West Indian Road Pit material, suggests that the main source for the material in this study
was the Meguma Group and/or Carboniferous Formations.

The age of the deposits in this study was determined through palynology and
paleobotany. Based on the identification of angiosperm species in the charcoal it was
determined that the age was Aptian-Albian, which was confirmed through the
palynomorph assemblages that were identified. However, an older age cannot be ruled out
for some localities. No marine palynomorphs were identified, which solidified the
interpretation of a terrestrial environment in a braided fluvial system.

The outcrops in this study are of braided fluvial systems that occurred in the
Cretaceous period. Their source is mainly locally recycled material that was deposited in
the karstified evaporates of the Windsor Group during the humid climate of the

Cretaceous.
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Appendix A: X-Ray Diffraction
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