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Abstract

Lake sediment cores from St. John's and surrounding areas
were used to document anthropogenic impacts since European
settlement. Environmental indicators preserved in the sediment
including, geochemical characteristics, pollen, diatoms, soot
and charcoal were analyzed in a chronological sequence to
document the physical, chemical and biological impacts over
time.

Two broad-scale eras of direct soil disturbance were
identified and related to farming and urban growth. During the
farming era, between 1750 and 1950, the natural vegetation
cover was removed and lake sedimentation rates increased. The
urban era, which began about 1910, resulted in rapid soil
erosion and high lake sedimentation rates. During the most
intense period of urban development, the mid-1960s, the dry
sediment influx rate was 160 times pre-European rates. Storm
sewers and pavement played an important role in the urban
environment, providing a direct path to the lakes for
pollutants.

Superimposed on these disturbances are atmospheric
contributions from coal and automobile emissions. Coal
combustion, which began about 1800 and increased to the mid-
1950s, emitted soot and toxic metals, as observed in the lake
sediment records. Automobile pollution, through leaded
gasoline combustion, contributed significant levels of lead.
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Lake sediment records show the highest inputs and
concentrations of lead occurred about 1970. Lead isotopic
ratios suggest two or three different gasoline types were used
in this area.

The most notable aquatic impact is a pH increase through
the last few decades. Reconstructing water pH in Quidi Vidi
Lake from diatom assemblages showed that the earliest farming
had little influence on the pH, while an increase of about 1.2
units was observed to the 1980s. The recent high pH has been
attributed to increased buffering capacity, believed to be
caused by an increase in Mg and Ca contributions from the
dissolution of concrete in the watershed.

The long history of coal combustion and leaded gasoline
combustion has probably left the local soils charged with soot
and heavy metals. Although the extent of influence is unknown,
these soils may be continuous suppliers of contaminants for
centuries to come. Any attempt to ameliorate the urban lakes
and their watershed soils should consider all consequences,

since the lakes appear to be in a 'city-equilibrium'.
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Chapter 1
1.1 Introduction

This study was carried out to measure and document the
extent of environmental change associated with agricultural
and industrial development in St. John's. This was
accomplished by using records preserved in sediment cores from
urban lakes. The geochemical signature, placed 1in a
chronological sequence, is the nucleus of this study and
records of pollen, diatoms, mineralogy and human-produced
particulates are used to assist in data interpretation.

The city of St. John's is located on the east coast
Newfoundland, Canada, an island in north Atlantic Ocean, at
47°35' latitude and 52°45' longitude (Fig 1.1). The city, the
largest in Newfoundland with a population of about 174,000, is
dominantly a service centre covering 50 to 60 square
kilometres. Within the city and its suburbs are numerous lakes
including; Quidi Vidi Lake, Georges Pond, Kents Pond, Kennys
Pond, Long Pond, Mundy Pond, Oxzen Pond, Branscombes Pond and
Virginia Lake. Most of the river systems, except that related

to Mundy Pond and Branscombes Pond, feed into Quidi Vidi Lake.

1.2 Purpose, Scope
Long-term multidisciplinary environmental data are
required for effective analysis and management of natural

systems. In many cases only one 'environmental indicator' is



St. John’s

Fig 1.1. Schematic map of Canada, showing the location for St. John's, Newfoundland.



3

measured, and the data are sometimes interpreted by the reader
to be representative of the whole system. Such studies,
however, are merely snap-shots and more detail of the natural
variability is needed. This could fluctuate over periods
ranging from hours to decades.

Robust reconstructions and assessments of past
environmental change are best achieved by using indirect proxy
methods to firstly, determine the natural signature and
variability and secondly, to show the timing and magnitude of
anthropogenic changes. Lake sediments, an indirect proxy for
measuring environmental change, provide a powerful tool for
this type of multidisciplinary approach. The biological,
chemical and physical indicators in the sediment cores enable
the reconstruction and assessment of watershed changes. The
use of lake sediments to reconstruct past conditions is known
as paleolimnology (Smol, 1992).

Previously, Christopher (1991) showed elevated metal
levels in lake sediments in the urban core of St. John's,
compared to the surrounding rural areas which provided the
background signature. Lead values, for example, in grab
samples from urban lakes were as much as 10 times those in the
surrounding area, and above the 99" percentile for the island
of Newfoundland (Davenport et al., 1993). Likewise, Blake
(1992) showed a similar pattern for the lake water

geochemistry, with elevated levels in the urban lakes.
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The purpose of this study is to investigate the nature,
intensity and chronology of geochemical changes in the
watersheds of St. John's. This was achieved by:
1. establishing a record of the natural geochemical signatures
and variability in St. John's catchments using lorng lake
sediment cores,
2. documenting and reconstructing the extent of anthropogenic
impacts relative to the natural signature,
3. using other records in the lake sediment, including pollen
(vegetation change), diatoms (lake water pH and chemistry),
soot (coal combustion), charcoal (wood combustion), clay
mineralogy (erosion sources), common lead isotopic signatures
(lead source changes) and radiometric isotopes (dating), in
conjunction with the historical and geochemical data, to
ascertain possible anthropogenic impacts recorded in the lake
sediment.

Quidi Vidi Lake is the nucleus for this study (Fig 1.2).
It is the focal point of the largest watershed in St. John's,
and is adjacent to the oldest part of the city where
anthropogenic impacts to the landscape have continued for the
longest period of time. Several other lakes were sampled to
document local disturbances and to account for observations
recorded in Quidi Vidi Lake. For example, Georges Pond which
lies above the city, in an undeveloped National Historic Park,

has not been impacted by urbanization to the same extent as
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Fig 1.2. Spatial growth lines superimposed on a road map of St. John's dated ca. 1976. The crest of a feature,
Freshwater Hill, is noted in the heavy fill area. Learys Brook feeds into Long Pond, Rennies River runs from Long Pond
to Quidi Vidi Lake and Virginia River runs from Virginia Lake to Quidi Vidi Lake. U‘



6
other urban ponds. Changes to this pond, located so close to
the urban centre, should provide evidence of airborne
pollutants from St. John's. A distinctive signal from Georges
Pond could aid data interpretation from Quidi Vidi Lake, as
well as the other urban lakes.

The other lakes, including Mundy Pond and Long Pond
within the city limits, and Long Pond Witless Bay Line also
provide important information. Long Pond and Mundy Pond should
record many of the general anthropogenic impacts as observed
in Quidi Vidi Lake, only later in sediment chronology. This
should help to re-enforce or discredit observations from Quidi
Vidi Lake, as well showing the migration of certain events,
such as cultivation, across the natural landscape. Long Pond
Witless Bay Line, in the same geological sequence as Quid Vidi
Lake, should show similar geochemistry with much less

disturbance in light of its remote location.

1.3 Present Day St. John's

The oldest parts of the city extend from the harbour area
in a SSW direction. To the West and North, the city rises up
the steep sided slope of Freshwater Hill, and down into
Freshwater Valley. More recently, the city extended from this
valley over a series of gentle slopes to its present limit.
Figure 1.2 shows the chronological growth of the city, from

the harbour outwards.
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One of the major urban watercourses is the Rennies River
system. It flows from a protected marshland and ponds, into
Long Pond on the university campus, through suburban housing
to the western end of Quidi Vidi Lake. Virginia River, which
is fed from Virginia Lake and the surrounding marshlands,
flows through a different suburban area and enters Quidi Vidi
Lake on the north side.

Being mostly a service centre, city infrastructure is
dominated by a network of roads, residential housing, light
industry and office buildings. Little heavy industry is
located in St. John's; thus the city appears to enjoy low
levels of air pollution when compared to other cities in

Canada.

1.4 Previous Work

A landmark paper by Engstrom and Wright (1984) reviewed
how lake sediments provide an effective tool for
palaeoecological reconstructions. Their examination shows that
complex interactions of watershed processes are responsible
for the chemical stratigraphy of lake sediments. Processes of,
and changes in, lake water redox, lake sediment redox, trophic
level, erosion intensity, vegetation, local and regional
climate and watershed conditions (soil, bedrock geology and
drainage) all combine to contribute to lake sediment chemical

stratigraphy. Unless catastrophic in nature, single events are
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rarely recorded, since most sediments tend to record
widespread long-term changes. Laminated lake sediments have
the potential to provide annual resolution of changes, but
such deposits are rare in small, shallow lakes.

Engstrom and Wright (1984) show that analytical
separation of the allogenic and authigenic fractions elucidate
processes responsible for changes. Allogenic fractions are
those derived from outside the lake such as soil or vegetation
detritus, while authigenic fractions are those derived and
deposited from within the lake such as pigments from aquatic
matter or Fe and Mn depositions from changes in lake water and
sediment conditions. Soil erosion, for example, would be
marked by increases in element concentrations associated with
clastic minerals, while the authigenic phases of elements such
as P, Fe and Mn may document lake redox conditions. A striking
theme throughout their study is that all lakes are unique and
to fully appreciate the chemical changes recorded in the
sediment, many facets need to be examined.

Although Engstrom and Wright (1984) show  the
effectiveness of a multi-disciplinary approach, few such
approaches exist in the literature. In the St. John's area,
there have been numerous environmental studies which, though
limited in scope, provide important insights into the
biological and chemical conditions found at different

locations.
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Butler (1990) examined pollen and a limited suite of
elements in a sediment core from Branscombes Pond, Mount
Pearl. The first human impacts are noted by pollen abundance
changes coinciding with a LOI (loss on ignition) decline at
100 cm. Increases in Al, Fe, Mg, Ca, Na, K and P were
attributed to local land clearance and cultivation. Increases
in soot and elevated lead concentrations were attributed to
inputs from modern fossil fuel combustion.
MacPherson and Mackinnon (1988) recognized and identified
a sequence of anthropogenic events from pollen and chemical
profiles from Kennys Pond (Fig 1.2). Impacts of land
clearance, determined from changes in pollen and geochemical
profiles at a depth of 80 cm, started in 1820 and continued to
1884 (35 cm). Increased Pb concentrations in 1833 (33 cm) were
attributed to foundries and tinsmithing operations.
Eutrophication which began about 1910, inferred from changes
to C, K and P profiles, reached a maximum around 1945 (13 cm),
when P and aquatic spores peaked. Starting in 1950 (10 cm) the
decline of agriculture and encroaching suburban development is
recorded from pollen profiles. Nearby road and hotel
construction in 1965 (7.5 cm) is identified from increased Si.
Several biological investigations have been completed on
city waterways. Marrie (1984) identified high levels of faecal
coliform bacteria in inflow streams and ponds in the city,

especially Mundy Pond, Long Pond and Quidi Vidi Lake. Buchanan
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and Houlihan (1987) identified channelling and culverting as
one of the major impacts on the urban waterways. Raw sewage,
treated sewage, debris, de-icing practices and possible
agricultural impacts were noted as inputs to the system.

Recently, O'Mally et al., (1996) examined the Polycyclic
Aromatic Hydrocarbon (PAH) signatures from St. John's harbour,
showing that automobile emissions accounted for 50%-80% of the
PAH input. Transport of these emissions was attributed to
urban run-off rather than direct aerial inputs. The remaining
20%-50% is apparently from crankcase oil contributions. Bieger
et al., (1996) examined trace constituents of lubricating
oils. They showed that the dominant petroleum biomarkers tfrom
Mundy Pond were derived from automotive oil.

Drover (1993) completed a comprehensive examination of
the movement and sources of contaminants in a watershed
approximately 20 km outside St. John's. The watershed contains
a rendering plant, sewage treatment facility, incinerator,
dump site, local and regional road systems and two road salt
storage facilities. Stream water pH, conductivity and
alkalinity all increase downstream, roughly correlating with
identifiable anthropogenic influences. The highest levels were
found in the area of greatest development. In contrast,
sediment cores from a small pond within the industrial area
did not show significant metal enrichments. The lack of any

discernable metal increases in surface sediments is surprising



11
in light of the near-by incinerator.

In a remote area of Newfoundland, Vardy (1991) cored five
lakes and examined chemical and palynological stratigraphies
to determine the timing and characteristics of deglaciation.
Cores were collected from ponds which lay in a number of
different geologic units. Core chemistry showed that natural
background, controlled by geology, is also the main
contributor to the natural variation. This variation is
clearly observed in the Digital Geochemical Atlas of
Newfoundland (Davenport et al., 1996) which was produced from
'grab' samples collected from more than 17,000 lakes.

In an attempt to assess the impact of recent acid
deposition, lake water pH reconstructions based on diatom
assemblages were completed from lake sediment cores of two
different acidic ponds in remote areas of Newfoundland
(Scruton et al., 1990). Both lakes show acidification and
according to the authors, the timing (approximately 1930) and
magnitude (0.3 and 0.4 units) of change suggest anthropogenic
acid deposition. Both lakes show a pH increase since about
1970, which is attributed to declining acid deposition.

Outside Newfoundland, and elsewhere in Atlantic Canada,
Rogers and Ogden (1991) examined a lake system in rural Nova
Scotia. They suggested that anthropogenic causes were
responsible for metal increases in lacustrine surface

sediments. These increases coincided with a decline in the
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reconstructed lake water pH. In another study, Rodgers et al.,
(1991) examined pollen, diatoms, cladocera and lake sediment
geochemistry. Lead and V increases were attributed to
automobiles and the use cf home heating oil, respectively; a
Cu spike was inferred to represent modern plumbing.

Beyond Atlantic Canada, lake sediment cores have been
used to assess the level of recent anthropogenic impact. Some
studies focus on urban impacts. For instance, in Connecticut,
Brugam (1978a) examined diatom, zooplankton, chemical and
pollen profiles in Linsley Pond to document rural and urban
development in a small watershed. Being one of the few multi-
disciplinary studies in the literature it is also unique in
that limnologists have studied Linsley Pond since the 1930's.

Brugam (1978b) examined P, Fe, Mn and Ca profiles from
the same sediment core. Phosphorus did not correlate well with
known periods of eutrophication (sewage input), but seemed to
be correlated with Mn. Bortleson and Lee (1974) showed that P
in Lake Mendota, Wisconsin sediment did not reflect the
overlying lake water P concentration, but rather was
controlled by adsorption on FeO, and MnO, precipitates. Iron
and Mn sedimentation was controlled by the lake redox
conditions and the sediment influx rate. Calcium in the
sediment showed some correlation with organic matter, rather
than rates of erosion.

The diatom stratigraphy of Linsley Pond proved to be
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quite sensitive to anthropogenic disturbances. An early rise
in Melosira ambigua correlates with the arrival of Europeans.
Later, in the early 1800s, a large rise in Melosira ambigua
coincided with development of a house and farm. An early
increase Asterionella formosa correlated with one period of
sewage pollution. With continued eutrophication the Centrales
gave way to the Araphidineae, as Araphidineae are better at
scavenging Si from the water during eutrophic conditions.

Mathewes and D'Auria (1982) examined the pollen and
chemical profiles of Deer Lake, in Burnaby, British Columbia.
Though the watershed has endured a shorter anthropogenic
history than St. John's, it has progressed from an
agricultural setting (initiated in 1862), increased logging
activities (early 1900's), to a present day urban environment,
not unlike St. John's. The authors were able to correlate
historical watershed changes with observations in the pollen
and chemical profiles. Lead contamination in the surface
sediments was attributed to aerosol input and run-off from
urban streets, while changes in Pb profile correlated with
increases in post-war traffic. Increases in recent
sedimentation rates were attributed to housing construction.

Fortescue and Vida (1991) showed the importance of
establishing the natural background signature. By measuring
the background prehistoric levels for metals in several

hundred cores they attributed increased levels of As and Sb to
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plume fallout from a sintering plant some 20 km away. In
contrast, increased Pb levels in surface sediments suggested
a widespread pollution source.

Extensive paleolimnological work has been completed by
Smol (1980, 1981, 1983, 1988 and 1992), Smol et al., (1983 and
1986) and Dixit et al., (1992) on the use of paleoindicators
for establishing past ecological conditions. Most of this work
has focused on the use of diatoms and lake acidification
throughout North America. Diatom assemblages have been shown
effective in monitoring lake acidificaticn and eutrophic
conditions as a result of both natural and anthropogenic
conditions. Diatoms have also been used to reconstruct other
lake water conditions such as monomeric Al concentrations,
acid neutralizing capacity and dissolved organic conditions.
This body of research is one of the most advanced in the field
of paleolimnology.

Worldwide, lake acidification has been the focus of
numerous studies. Berge et al., (1990) examined records from
a remote acid sensitive environment in Norway, and showed that
sedimentary records suggest a close relationship with acid
deposition and recent lake water acidification. So too, Rippey
(1990) examined patterns of atmospheric contamination in lakes
subject to high and low acid deposition in the UK and
Scandinavia. The results showed lower levels of PAHs in areas

of low acid deposition. In addition, recent declines of S and
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PAHs correlated to declines in some of the trace metals
through the last 10-30 years of sediment.

The impacts of mining on two large Swedish lakes were
examined by Quvarfort (1983). Given detailed historical
accounts and lake sediment metal profiles, Qvarfort was able
to show the influx of ore metals in the lake sediment
increased by orders of magnitude as a result of mining.

The impact of fossil fuel combustion on lake sediments
has been extensively examined. Goldberg et al., (1981
examined charcoal, fly-ash and metal profiles from Lake
Michigan. Results show that charcoal and metals increased to
peak at 1955 and 1968, respectively. The fact that metals peak
at depth and subsequently decline, has been attributed to
metal dilution effects as a result of increased erosion, and
atmospheric reductions of metal loadings due to the
installation of scrubbers in smoke stacks. Edgington and
Robbins (1976) also examined lead profiles from Lake Michigan.
Their lead profile corresponded to historical use of coal and
leaded gasoline. Paetzel et al., (1994) studied recent metal
declines through the last 15-30 years of sediment in
Skagerrak, to determine if the observed metal decline was due
to decreased fossil fuel pollution. Metal accumulation rates,
however, showed an increase and the observed concentration
decline was attributed to dilution from increased clastic

input.
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Other studies have been element specific. For example,
Meger (1986) examined high Hg levels in fish in remote lakes.
No link was found between sediment Hg levels and the high
levels recorded in the fish. Instead, Hg in fish was linked to
factors including acid-sensitive lake water, the natural acid-
neutralizing capacity and area/lake volume ratios. Sediment Hg
levels were linked to thermal stratification and complexation-
adsorption mechanisms within the lakes. In another single
element study, Renberg et al., (1994) examined Pb to show that
pre-industrial lead was being deposited in Swedish lakes more
than 2600 years ago. This pollution was presumably airborne

and derived from production and use of Pb in Europe.

1.5 Climate

St. John's experiences a marine climate with cool summers
and mild winters. The mean annual temperature is 5°C and the
mean annual precipitation is 1420 mm. The warmest month, July,
has a mean temperature of 16° C compared to February, the
coldest month, with a mean temperature of - 4°C (Environment
Canada, 1981). January, the wettest month, has a mean
precipitation of 165 mm compared to the driest month, July,

with a mean precipitation of 61 mm.

1.6 Geology

The geology of this area consists of upper Precambrian
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sediments which are thought to have originated from a large
turbidite-fronted delta, which becomes younger progressively
to the east (King, 1990). The geology strikes nearly north-
south parallel to the eastern side of the Avalon Peninsula
(Figure 1.3, adapted from King, 1990).

The study area is underlain by three main rock groups.
The oldest, the Conception Group, is composed of chert,
sandstone, conglomerate, tuffaceous siltstone and sandstones.
Eastward and higher in this succession lies the St. John's
Group, a sequence of grey and black sandstones and shales. The
Signal Hill Group, the highest and youngest unit in this area,
is composed of conglomerate, siltstone, sandstone and tuff.

Surficial deposits are mainly discontinuous till beds
ranging 1-3 metres in thickness. All tills are locally derived

and correlate in composition with the bedrock (King, 1990).

1.7 Historical Aspects of St. John's
1.7.1 Farming and Forestry

The earliest local use of the forest, while poorly
documented, was for firewood, home building and fish flakes.
0'Neill (1976) indicates that as early as 1676 timber was
imported from New England to supplement local timber for
dwelling construction. One can assume that the most accessible
forest along the harbour was cut first and harvesting

proceeded outwards. Early records suggest that the forest was
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Conception

Figure 1.3 Location map of the north-east Avalon with sampled lakes, geology
(from King, 1990) and an outline of the present urban core.



19
rapidly removed. As early as 1700, and during the construction
of Fort William (Fig 1.4), timber was being cut as far back as
Long Pond (O'Neill, 1976).

Forest clearance on Signal Hill was dictated by early
military development. Its defensibility was partially
attributed to the forest of fir and spruce which stood between
5' and 15' high (Candow, 1979). Much deforestation oprobably
occurred between 1797 and 1806 when, according to Candow
(1979), military construction on Signal Hill was intensive. In
addition to construction uses, the forest was also used as
firewood.

Farming and its growth has been documented in detail by
MacKinnon (1981). He provides a summary of the data on the
economic and spatial growth of farming over time. Initially,
farming was for subsistence, but eventually became more
economic. As with forest clearance, farms were initially
restricted to the harbour's edge and expanded outwards. Local
conditions were amenable to cool weather crops such as
potatoes, cabbage, turnips and hay (for dairying).

The earliest documented farm, was established around
1730, and included 4 acres of cleared land on what is now
Merrymeeting Road (MacKinnon, 1981) (this location is
approximate to the location of '1930' in Fig 1.2). By 1757
there were two farms near Quidi Vidi Lake for a total of 40

acres; the largest was located on the north shore. MacKinnon
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Figure 1.4 Farm distribution in St. John's and vicinity between 1780 and 1810
(From MacKinnon, 1981). Note; U. Long Pond is now Long Pond, Middle Long
Pond is now Kents Pond. The stars represent fortifications. (Fort William -

East star, Fort Townshend - West star)
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mapped the spatial growth of agriculture in the St. John's
area from 1780 to 1840 (Figures 1.4 and 1.5). Between 1757 and
1810, farms grew outward along the roads; most within 1.8 km
of Quidi Vidi Lake. In 1810 there were no farms located in the
vicinity of either Mundy Pond or Long Pond; however, several
were located near Kents Pond. Between 1810 and 1840 farming
expanded rapidly, and by 1850 agricultural development covered
most of what is now the city.

Agricultural production peaked in the interval between
1911 and 1921. After this time, the city encroached rapidly

upon the fringe gardens and dairy farms (MacKinnon 19381!.

1.7.2 Population

The population growth of St. John's is depicted in Figure
1.6. It shows a slow growth between 1603 and 1779 (1792
persons) with a modest and consistent growth to 1945 (44,603
persons). Beyond 1945 the profile shows a sharper rate of

increase to 1981, remaining steady to 1992 (approximately

96,000 persons).

1.7.3 Urban Growth

Urban growth, as used here, is simply the spatial spread
of the city, which is chronologically displayed in Fig 1.2. Up
until about 1900 most of the population was located along the

harbour up to the crest of Freshwater Hill. From that time
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Figure 1.5 Farm distribution in St. John's and vicinity between 1810 and 1840. (From MacKinnon, 1981)
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Figure 1.6 Population and automobile growth in St. John's. Automobile
growth only includes data from 1903 to 1958.
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urban growth continued outward to reach its present spatial

distribution.

1.7.5 Transportation Systems

With an expanding population and the spatial growth of
the city, transportation became important. The movement of
agriculture products to market was one of the earliest uses of
for a road system. It was not until Confederation in 1949 that
the city's road system took on a more modern appearance, and
included pavement.

The gasoline-powered automobile was first introduced to
St. John's in 1903 (O'Neill, 1976). The number of automobiles
grew steadily to 1950 when there were 5705 registered vehicles
in St. John's (Fig 1.6). A notable increase in automobiles
occurred during the years of 1925-26, when taxis were
introduced (Adams, 1991). However, according to Mr. Robert
McNealy (pers. comm 1993), automobiles did not become popular

until after 1950.

1.7.6 Industrialization in St. John's

The present level of industrialization in St. John's is
low compared to earlier times. The first heavy industry in St.
John's was the Gas Works (established in 1842) near the
harbour. From that time onward numerous heavy industries were

built. By the 1880's most industries were run on steam engines
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fuelled by imported coal (Baker et al., 1990). Historical
records show that small local industries survived until
shortly after Confederation (1949), when competition from
Canadian markets caused many to close.

Among the larger industries was 'The Newfoundland
Consolidated Foundry Company, Limited'. Built in 1847, it was
one of the longest-standing foundries in St. John's (Joy
1977). Joy, in examining trade and manufacturing in St.
John's, noted that "small foundries and blacksmith shops
appeared and disappeared regularly" between 1870 and 1910.
Other industries present in St. John's included tanneries, a
cordage factory and cooperages. Most industries were located
along the harbour area with several in the Mundy Pond area

(Fig 1.2).

1.7.7 Fuel Sources

The earliest fuel source, for cooking and heat, would
logically have been wood. Wood, which is still used today in
outports, was probably used extensively in St. John's for
centuries. Coal became a popular fuel after its earliest
importation in 1803 (Head, 1976).

Coal was used for residential heating up until the late
1950's and early 1960's, when oil furnaces became popular (Mr.
Robert McNealy, pers. com., 1993). Figure 1.7 shows the number

of occupied dwellings by principal heating source for all of
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Figure 1.7 Number of occupied dwellings by principal heating fuel in Newfoundland
and Labrador between 1951 and 1986. Data from Historical Statistics of
Newfoundland and Labrador (1988).



27
Newfoundland after 1950 (Historical Statistics of Newfoundland
and Labrador, 1988). It shows that wood and coal were still

the dominant fuel sources as late as the mid 1950's for the

province as a whole.

1.8 Thesis Layout

Chapter 2 and associated appendices, document the
sampling and geochemical procedures for all analyses. Age
calculations derived from ‘*Pb dating are given in Appendi: F.

Lake sediment geochemical results, including lead
isotopic data are presented in Chapter 3. Through a series of
statistical analyses the lake sediment geochemical data were
condensed and related to the main core, QV2 from Quidi Vidi
Lake.

Results from all other analyses are presented in Chapter
4, including pollen (all lakes), diatoms (core QV2), charcoal
(all lakes), soot (all lakes) and silicate mineralogy (core
QV2). In addition, a lake water pH record for core QV2, was
determined from diatom data. The pollen data was subjected to
cluster analysis, providing an objective stratigraphic
zonation.

A discussion of the results is presented in Chapter 5. It
focuses on core QV2, with other cores providing supporting
evidence for conclusions drawn from this core. The chapter is

divided into two parts. The first half discusses anthropogenic
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impacts associated with direct soil disturbance, such as
farming or urban construction. The second half discusses
impacts related to airborne pollutants, such as coal or
automobile emissions.

The conclusions and a summary of the present
environmental conditions of St. John's and its lakes are

covered in Chapter 6.
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Chapter 2: Methods

2.1 Lake Core Sampling

Fourteen cores were collected from the ice surface of
five lakes in the winter of 1992 (Figs 2.1 and 2.2). Cores
were collected from the deeper basins in each lake. A list of
all coring sites, their location, water depth and core lengths

is given in Appendix A.

2.2 Core Components

Cores were collected using a light-weight, large diameter
percussion corer modified from Reasoner (1986). This system
provides an effective water-sediment interface collection, and
at the same time ample sediment for all analyses. The corer
consists of three main parts; the core barrel, core head and
a driver (Fig 2.3). Sediment retention was ensured using a
basket type core-catcher. The system was operated from the ice
surface by means of two lines, a main line attached to the
corer and a driver line attached to the driver.

Eight foot (2.4 m) lengths of 10 cm diameter, thin-walled
PVC pipe were used for the core barrels. All barrels were
thoroughly cleaned and fitted with a catcher (described
below) .

The core head was made from a one meter length of thick-

walled ABS pipe with an internal diameter of 10 cm. Two bolts,
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placed 10 cm from the top of the head at 90° to each other,
acted as an attachment for the main line. The base of the head
was fitted with an ABS coupling compatible in size to the core
barrels. The coupling was glued and bolted to the head. Four
holes were drilled at 90° from each other, into the bottom
half of the coupling to act as an attachment for the barrels.
All barrels were pre-drilled to fit the coupling.

The driver, the percussion device, was made from a 60 cm
long, 17 cm diameter ABS pipe. The base of the driver was
fitted with a piece of hard flat plastic, with a 3 cm diameter
hole at its centre. A 60 cm long plastic pipe (3 cm outside
diameter) was placed within the driver and glued to the hole
in the hard plastic bottom. For weight, the driver was filled
with 30 cm of concrete. The driver line was attached to the
driver through two holes drilled near the top of the device.

The basket-type core catcher was fabricated from large
tins. These were cut to the proper form, fitted inside at the
base of the barrel and rivetted in place. All rivets were
flattened to ensure little sediment disturbance. The form of
catcher was perfected over a number of coring attempts, the

best catcher having seven tapered fingers.

2.3 Coring Operation
Prior to sampling, the barrel was attached to the head

and the main line was placed through the driver. After the
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sample site was chosen a hole 20 cm in diameter was cut in the
ice with an ice auger, and the corer was slowly lowered into
the lake in a vertical position, until it reached the bottom.
Once the barrel reached the bottom the driver was lowered from
the ice surface, along the taut main line to the corer.

The corer was pushed into the sediment, by lifting the
driver about 1 metre and allowing it to free-fall, hitting the
core head. The main line was kept taut at all times to ensure
vertical sediment penetration. Water was able to escape up
through the core head and through a series of holes in the
core head. After the desired depth was achieved, when the
sediment water interface was approximately 1.5 to 2 from the
top of the barrel, the driver was pulled to the ice surface
and freed from the main line.

The corer and collected sediment column were then
retrieved. This was accomplished by maintaining a continuous
upward tension on the main line. To prevent core-catcher
failure, resulting in loss of sediment, retrieval was
completed slowly. Once freed from the lake bed the corer was
pulled and raised onto the ice surface. It was kept in a
vertical position at all times. The core head was detached and
removed.

Water on the sediment column was siphoned off and the top
was capped. The bottom 15 cm of the corer was cut off,

including the core catcher. Care was taken at this stage to
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prevent sediment loss (capping the top first kept the sediment
loss through the base minimal, by creating a small vacuum).
The bottom was capped and both ends sealed with duct tape. The
cores were transported to the Department of Earth Sciences,
Memorial University of Newfoundland and placed in cold storage

at 4°C. The cores were transported and stored in a vertical

position.

2.3.1 Core extrusion

Sediment extrusion was aided by a piston. The piston was
constructed of two tapered rubber stoppers, a 30 cm threaded
rod, two washers and two nuts. The stoppers, with a 10 cm
diameter at their widest end, were placed together, narrow
ends abutted. The threaded rod was placed through centered
pre-drilled holes of the adjoining stoppers. A washer and a
nut were placed at each end. The nuts could be adjusted to
change the diameter of the piston to fit the core barrel.

Extrusion was commenced with the core barrel held
vertical by first removing the bottom cap, inserting the
piston into the base of the barrel followed by removal of the
top cap. Water, if present, on top of the sediment column was
carefully removed. A piece of centimetre ruled tape was placed
inside the barrel at the top to assist sampling. The sediment
column was pushed upwards in the barrel, with the aid of small

wooden blocks placed under the piston. Once they were in
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place, the barrel was pushed towards the floor, raising the
sediment column relative to the barrel, until the sediment
reached the top.

Measured intervals of sediment were spooned off into
cleaned glass sample bottles. Care was taken not to sample
smeared material along the edge of the barrel. Sampling was
completed in this fashion until the sediment was consolidated
enough to extrude into a horizontal trough. Generally 30 cm
was spooned off before extrusion into a trough. The trough was
made from a 10 cm diameter PVC pipe cut in half along its
length.

Extrusion was accomplished by placing the core barrel and
its contained sediment horizontally into the trough (Fig 2.4).
A threaded rod was then attached to the piston with the back
end of the rod placed against an abutment (wall). With the aid
of a vice-grip, the barrel was pulled towards the abutment as
the sediment extruded into the trough. The column of sediment
was split in half with monofilament line, and the top half
transferred to another trough. The sediment surface was
scraped of any smeared material, and logged. Colour

classification was based on the 'Rock-Color Chart' (1984).

2.3.2 Sediment Sampling
The upper 30 to 50 cm of core was sub-sampled at 2 or 3

cm intervals, while the remainder of the core was sampled at
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5 cm intervals. Again, care was taken not to sample the
smeared sediment at the edges, which was lighter in colour.
Samples for water content were collected and measured at this
stage. A measured volume of sediment, collected with a cut-off
svringe, was placed into clean, pre-weighed and dried
crucibles. The wet sample and crucible were weighed, placed in
a pre-heated oven at 110°C for 12 to 18 hours, removed to a
desiccator, cooled and reweighed. Loss on ignition (LOI) was
measured on the dry sediment, by placing 1 g of dried sediment
into a clean pre-weighed, pre-dried crucible and combusting it
at 500°C for 4 hours, after which it was removed, cooled in a
desiccator and reweighed.

Pollen and diatom samples were collected using a 1 cc
spoon. The sediment was washed into 100 mL medical bottles
with distilled water and kept frozen or at 4°C until use. A
conscientious effort was made to collect a sample
representative of the whole sample interval. Samples for
sediment geochemistry were collected, placed in kraft sediment

bags and allowed to air-dry.

2.4 sample preparation and Geochemical Analysis

After the geochemical sediment samples were dried in an
oven at 50°C they were pulverized in an aluminum swing mill to
minus 230 mesh (< 63 um), and placed in plastic vials. At this

stage blind duplicates and lab controls were inserted. Blind
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duplicates were inserted with one pair for every twenty
samples, while quality control standards were inserted prior

to digestion at a frequency of one in twenty.

2.4.1 Total and Acid Extractable Analysis

Total element contents were determined at the Geochemical
Laboratory of the Newfoundland Department of Mines and Energy
by inductively coupled emission spectrometer (ICP-ES) for the
elements Al, Ba, Be, Ca, Cd, Ce, Co, Cr, Cu, Dy, Fe, Ga, K,
La, Li, Mg, Mn, Na, Nb, Ni, P, Pb, Rb, Sc, Sr, Ti, V, Y and
Zn. Analysis of Zr by this method yields partial levels
(Finch, 1998). See Appendix B for detailed dissolution
procedures.

Total element analysis was also completed by instrumental
neutron activation analysis (INAA) on the dry bulk sediment
for the elements As, Au, Ba, Br, Ce, Co, Cs, Eu, Fe, Hf, La,
Mo, Na, Ni, Rb, Sb, Sc, Se, Sm, Ta, Tb, Th, U, W and Yb. Pre-
weighed polyethylene irradiation vials were filled with about
10 grams of sediment, and sent for analysis to Becquerel
Laboratories, Ontario.

Acid-extractable concentrations of Cd, Co, Cu, Fe, Mn,
Ni, Pb, Zn and (Ag and Mo) were measured at the Geochemical
Laboratory of the Newfoundland Department of Mines and Energy
by an atomic absorption spectrometer (AAS). Mercury was

determined by ‘cold vapour' atomic absorption
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spectrophotometry by Bondar-Clegg Laboratories Ltd., Ottawa,
Ontario. See Appendix B for detailed dissolution procedures

and Appendix C for the chemical data.

2.5 Palynomorph and Diatom Preparation and Analysis

Detailed sample preparation procedures for pollen and
diatoms are also given in Appendix B. Pollen, spores, diatoms,
soot and charcoal were identified using microscopes equipped
with interference contrast optics. Pollen and spores were
identified at magnifications of 400X and 600X, and diatoms at
magnifications of 1000X, under oil immersion.

Counts of pollen and diatoms were accomplished by
successive traverses across the slide until a total of 300
pollen grains or diatom valves were identified. Pediastrum was
also identified and counted with the pollen in the Mundy Pond
samples. From the pollen slides, soot and charcoal were
tallied simultaneously with the pollen. A cut-off size of = 10
um was used for soot diameters and charcoal lengths. See
Appendixz D for pollen data and E for diatom data.

Charcoal and soot particles were identified from visual
representations and descriptions from Griffin and Goldberg
(1981), Renberg and Wik (1984), Wik et al., (1986) and
Griffin and Goldberg (1979). Plate I illustrates the character
of the charcoal and soot particulates identified in this

study. In addition, two other particulates are illustrated in
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Plate I, including 'oil droplets' and 'soot A'. These are
tentative names since conclusive identification was not
achieved. These particulates are not discussed any further;
however, for completeness they are included here. Griffin and
Goldberg (1983) illustrated a fine-grained soot composed of
sub-micron spheres aggregated into irregular chains, which
look much like 'soot A'. These were believed to be related to
oil fired furnaces. No references were found to identify the
tentatively named 'oil droplets', which appear as small light
green spheroids that are slightly opaque. Both particulates
were identified in the pollen slides.

Pollen and spore taxa were identified from descriptions
in Bassett (1978), Kapp (1969), Knut (1989), Moore and Webb
(1978) and Moore et al., (1991), and from modern pollen
reference collections by Dr. E.T. Burden, Department of Earth
Sciences and Dr. J. Macpherson, Department of Geography.
Diatom taxa were identified based on descriptions in Barber
and Haworth (1981), Camburn et al., (1978, 1984-1986), Cox
(1987), Dodd (1987), Foged (1977, 1979, 1981, 1982) Germain
(1981), Horace (1981), Koppen (1975), Krammer (1992), Molder
and Tynni (1969, 1971, 1972), Patrick and Reimer (1966), Ross
(1981), Round (1990a), Tynni (1975, 1976, 1978, 1980),
VanLandingham, S. L. (1967 - 1979), Vinyard (1979), Weber

(1971), Williams (1985, 1986) and Williams and Round (1986,
1987).
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Broken pollen grains, if identifiable, were tallied as

half or quarter grains as seen fit. Broken diatom valves, as
suggested by Kingston (1986), were tallied if a recognizable
feature was present. Quality assurance and control were
achieved by standardizing the tavonomic references used for
each taxon. This was achieved with the help of Dr. J.C.
Kingston, a diatom taxonomic specialist, who examined the

diatom set.

2.5.1 Frequency Calculations and pH reconstruction

Since this study examines human impact, pollen
percentages were calculated using the total pollen sum
(Berglund and Ralska-Jasiewiczowa, 1986). The percentage of
each pollen taxon was calculated from;

tazon X (%) = (GXC)/(TPC)*100%

where;
TPC is total pollen counted and
GXC is grains of taxon X counted
Spore percentages were calculated using;

taxon X = ((GXC)/(TPC + GXC))*100%

Concentrations of charcoal, soot, pollen, and diatoms were

calculated using the equation;

concentration of X = ((NXC*ETA)/(ETC*volume))

where;



43

ETC is the exotic spike total counted and
NXC is the number of X counted
ETA is the exotic total added
Volume is in centimetres cubed

A pH reconstruction was performed as a weighted average
of the optimal species pH provided in Smol (1992). Diatoma
elongatum which was abundant in Quidi Vidi Lake was given an
optimal pH of 8.45 (Sushil Dixit, per. comm. 1996). Diatoms
without a recorded optimal pH were not used in the

calculations.

2.6 Common Pb Isotopic Ratios; °Pb/?"’Pb, 2°°Pb/?"‘Pb, 2°Pb/2°‘Pb

Common lead isotopic ratios were examined by VG Sector-54
mass spectrometer using a multi-collector assembly. Isotopic
measurements were completed by Geotop at Universite du Quebec
a Montreal. See Appendix B for detailed sample dissolution

procedures for common lead ratios.

2.7 Clay and Mineral Analysis

Both clay (< 2pm) and mineral (> 2um) sized material were
prepared and examined with an X-Ray Diffractometer (XRD). For
the clay size material, an oriented smear slide of even
thickness was prepared on a glass petrographic slide. The
sample was analyzed from 2° to 35° 20, with the following XRD

settings; 40 Kv, 50 mA, and scanned at 4° 20 minute™. Smear
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slides of the mineral fraction were made and analyzed from 10°
to 60° 20 at a rate of 10° 20 minute™ with the above XRD
settings. Clay and mineral identification and peak selection
was completed using JCPDS Powder Diffraction index for
Minerals software, while peak areas were automatically
calculated with the Jade software. See Appendix B for detailed

sample preparation procedures.

2.8 Radiometric dates (*°Pb, !*’Cs and !C)

Measurements for ‘*‘Pb, “*"Ra and Cs were established by
gamma spectrometry by Dr. P. Appleby at the University of
Liverpool, UK. *''Cs “"Ra and "‘'Pb were measured Dby gamma
spectrometry, while '’Po was measured by alpha-spectrometry at
Becquerel Labs, Mississauga. See Appendix F for details on age
calculations using ‘*’Pb. Radiocarbon (*'C) measurements were
carried out on dry bulk sediment at the Radiocarbon Dating

Laboratory, Geological Survey of Canada, Ottawa.

2.9 statistical analysis

A univariate analysis identifying the minimum, maximum,
mean and standard deviation was carried out on the
geochemical data set; results are displayed in Table 2.1.
Before any multivariate analysis was carried out, the
frequency distributions of the chemical variables were

examined through histograms and coefficient of variation. A
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Table 2.1 Univariate data, disrtibution (normal or F values and variability
expressed as a percentage for each element. Note: element symbols are followed by a
number representing the analytical method used: 1 represents INAA, 2 is ICP and 3 is AA.
Other numbers such as 2A (Cr), 5 (Mo), 6 (Ag) and 18 (Hg) represent special digestions or
ical p Refer to ix B for parti pi . Note, Na, Lu and Th
were not log- since the ient of variation, which was based on the four Quidi
Vidi Lake cores (which were used to generate a PC model), was 0.50, 0.30 and 0.44,
respectively. The data presented here shows the variation for the whole data set. Units are in

ppm, except for Al, Ca, Fe, K, LOI, Mg and Na which are in percentage, and Au, Hg and P
which are in ppb.

Elemen| min | max | mean |cofficient of | Distribution | F-Value | Variability
wdeviationl variation | Log (Y/N) (%) (%)
Ag(6) 0.1 1.2] 0.27! 0.19 0.69! Y 17.54 5.70!
Al2) 1.81 82 499 187 0.33, N 1315.17 0.08
As(1) 1.3  331| 866 5.08| 0.59, Y 61.40 1.60
Au(1) 1 49 5.97 8.04 1.35 Y 57.33 1.70
Ba(1) 25 700( 272.70( 164.97 0.60 Y 42.25 2.40!
Ba(2) 55| 654/ 309.54| 169.98 0.55, Y 1859.79 0.05
Be(2) 1.2 12.5] 3.83 1.52] 0.40 N 31257 0.03
Bi(2) 0.5] 8 1.35 0.94 0.70 Y 1.59] 62.90|
Br(1) 6| 167|  50.15 31.20 0.62| Y 172.69| 0.60
Ca(2) 0.14 1.33 0.32] 0.13 0.39! N 352.64 0.30|
Cd(2) 0.1 28| 0.65 0.50 0.77 Y 44.98 220
Cd(3) 0.1 23] 0.55 0.43] 0.78 Y 2255 4.40
Ce(1) 42 295 110.44| 4153 0.38, N 56.88| 1.80
Ce(2) 10 297| 120.24 4293 0.36 N 214.70] 0.50|
Co(1) 1 160| 24.07] 18.18 0.76 Y 26.23 3.80!
Co(2) 3 171 25.37 17.26 0.68, Y 86.31 1.20|
Co(3) 1 135)  15.14 11.04 0.73 Y 142.79| 0.70]
Cr(1) 8| 1580| 37.70| 117.33 311 Y 5.47| 18.30
Cr(2) 1 1619) 3962 114.93 2.90 Y 37.07| 270
Cr(2a) 6| 1509| 35.34| 107.90 3.05 Y 23.70] 4.20
Cs(1) 0.3 7.3 3.45) 1.69) 0.49 N 50.91 2.00
Cu(2 10, 157| 37.34 30.20 0.81 Y 655.26| 0.20
Cu(3) 6 121 27.20 2252 0.83] Y 516.95, 0.20
Dy(2) 3.2 19.7 7.86, 228 0.29 N 141.43 0.70
Eu(1) 0.25! 9.2 3.15 1.23 0.39 N 451 22.20]
Fe(1) 0.7] 8.3 3.59 191 0.53 ¥ 139.45 0.70
Fe(2) 0.73 7.46) 3.58 1.84 0.52] Y 1823.39 0.08
Fe(3) 0.48 5.99 2.59 1.48) 0.58] Y 261.87 0.40
Ga(2) 2| 28 1363 6.68| 0.49| N 59.38 1.70]
Hf(1) 0.2 6.6 3.04. 1.73 0.57| Y 7.50 13.30
Hg(18) 52| 2476| 298.25| 295.36 0.99] Y 46.44 220
K@) 0.08| 224 0.88. 0.69| 0.78 Y 448478 0.02
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F-Value | Variability

(%)
31.66|
38.91
123521
536.90
4.71
2251.06
687.30|
171.55
277
7.97
123.16)
2958.28,
47.04
3.58
62.12]
73.83
373.23
203.85|
229.64|
20.40]
82.76
143.99
55.88
§17.32
27.27,
316.80
8.98
12.26]
110.38
1.83
1815.44
30.11
23861
28.28
70.25
4.68
8.39
2388.42
574.98
1.02

(%)

3.20)
260
0.08
1.90|
21.20
0.04;
0.10
0.60
36.10
12.50
0.80
0.03
210
27.90
1.60]
1.40]
0.27
0.50
0.40
4.0
1.20]
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number of elements were determined to be positively skewed
based on the coefficient of variation (c.v. > 0.5) and thus

were log transformed before further statistical tests were

completed.

Analvtical control for the geochemical data was attained
by calculating F values for each element, using the duplicate
samples. The F value compares the wvariability of the
replicated samples to the variability of total data sect.
Elements that did not show normal distribution were first
logged prior to any calculations. The F values were calculated

using the formula (from Garrett, 1973):

_ 55
Sia
where;
S;* is total variance determined from all duplicate samples
S.42 1s variance of the duplicate pairs

Calculated F values and the percent noise ((100/F)*100%)
are displayed in Table 2.1 In summary, in the cases where a
particular element was assayed for total concentrations by
more than one method, the data with greatest F-value was used,
and in the cases where an element was assayed for total and

partial digestions, the total concentration data were used.
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Elements with high within-pair variance (> 20%) that were
determined by only one method, were not used in further
statistical analysis.

A cluster analysis was completed, using the SPSS and
CONISS program, on both the geochemical and pollen data sets,
respectively. These data sets were large and showed much
variation. The cluster analysis ensured unbiased analysis of
the data. A brief account of the statistical procedures
employed on the geochemical and pollen data is presented in
Chapters 3 and 4, respectively.

For the pollen and spore data, only taxa that were
present in abundance were used in the cluster analysis
including Picea, Abies, Betula, Alnus, Gramineae, Rumex,
Polypodiaceae family, Equisetum, Isoetes, Sphagnum and

Lycopodium,

2.10 Analytical accuracy

Internal controls (D «controls) and international
standards (LKSD controls) were inserted into the sample set to
provide data on relative and absolute accuracy. All controls,
their recommended values and ranges obtained in this study are
exhibited in Appendix G. For the most part, the absolute
accuracy was high, with the exception of several less
important elements such as Nb. The relative accuracy was also

high, as demonstrated by the D controls.
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Chapter 3: Geochemical Results

3.1 Introduction

The large geochemical data set including 14 cores from 5
different lakes made it necessary to reduce the data into an
easily interpretable form. This was achieved through a series
of statistical procedures executed to identify the main
element associations, and to determine whether the main
associations make sense with respect to core stratigraphy and

historical records of urban change.

3.2 Defining the Major Geochemical Associations

Prior to establishing the geochemical associations, a
sub-set of variables was chosen that included only one type of
determination for each element (several elements were
determined by two or three different techniques - see section
2.9). Elements that showed little variance, such as W, where
most samples were below detection limit, were excluded from
multi-element procedures. This reduced the data set to 38
elements plus LOI.

To provide a meaningful statistical analysis a data set
needs a dimensionality of at least 3 (Garrett, 1993). The
dimensionality is computed by division of the number of cases
(samples) by the number of variables (elements). In QV2, with

39 variables and 52 cases, the dimensionality is only 1.3,
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making any statistical examination meaningless. This problem
was solved by combining all four cores from Quidi Vidi Lake,
since all four showed similar geochemical profiles. This new
data set contained 39 variables and 208 cases, providing a
meaningful dimensionality of 5.3.

A principal component (PC) analysis of this data set was
computed using SPSS to determine the geochemical associations.
Several models were run and a four component model with a
varimax rotation was selected. The four component model was
chosen for two reasons: the four factors accounted for 93.5%
of the variability; and the fifth factor did not contain any
unique elements that were not major loadings on one or more of
the other four components. The four PCs accounted for 60.2%,
22.2%, 6.8% and 4.3% of the variance in the data set. Table
3.1 shows the element loadings in each PC, using an arbitrary
cut off of 0.3.

To test whether these 4 PCs made stratigraphic sense an
unsupervised cluster analysis was computed on PC scores from
core QV2. The PC scores were computed using the following;
PCl = 0.967*Ba2 + 0.961*Ni3 + 0.959*1gCu3 + 0.953*V2

0.949*1gBrl + 0.939*U1 + 0.939*Sc2 + 0.939*1gPb3

0.938*1gZn2 + 0.934*K2 + 0.930*Mg2 + 0.929*Ga2
0.925*Na2 + 0.922*1gSbl + 0.919*1gRb2 + 0.919*Al2 -
0.917*LOI + 0.916*Thl + 0.910*Cr2 + 0.904*Sr2 + 0.868*Ti2

+ 0.860*Fe2 + 0.856*Zr2 + 0.839*1gAul + 0.802*Li2 +

0.798*Csl + 0.669*Ca2 + 0.588*Asl - 0.346*Tbl - 0.370*Sml
- 0.447*Ce2 + 0.552*1gHgl8

+ 4+

PC2 = -0.335*K2 - 0.329*Mg2 - 0.352*Na2 - 0.329*1gRb2 +
0.334*LOI - 0.319*Thl - 0.345*Sr2 - 0.380*Ti2 -



Table 3.1 Element loadings in each Principal Component,
computed from the four Quidi Vidi Lake cores. Percent
variance is displayed at the bottor Note: Ig means the data
was log transformed before it was used to compute PCs.

Element Component
1 2 3 4
Ba2 0.967
Ni3 0.961
1gCud 0.959
V2 0.953
IgBrl 2949
ul 0.939]
TgPb3 0939
Sc2 0.939
gz | oo
K2 0.934 4.335
Mg2 : 0329
Ga2 9.
Na2 9. 0.352
TgSbl 0.9;
Al2 0.9
1gRb2 0.919 0.
LOI £0.917 0.
Thl 0.916 0.
Cr2 0.910
Sr2 0.904 -0.345]
Ti2 868 0.380
Fe: .860 0.424/
Zr 85 .376!
1gAul 83/ -0.324] 347
Li2 0.802 .437]
Csl 0.798 325
Ca2 0.669 0.594 0.37¢
Asl 0.588 0.487 0.52
La2 0.9
Y2 0.954
Be2 .9
Dy2 9.
Tbl -0.346 .9(
Sml 0. .877
Ce2 0.4 .84,
P2 .809 0.352]
IgMn2 0916
1gCo3 0.401 0816,
IgHg18 0.552 0.623
% variance 602 222 X 33

ol
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0.376*Zr2 - 0.324*1gAul + 0.955*La2 + 0.954*Y2 +
0.933*Be2 + 0.926*Dy2 + 0.908*Tbl + 0.877*Sml + 0.842*Ce2
+ 0.809*P2 + 0.401*1gCo3

PC3 = 0.424*Fe2 - 0.594%Ca2 + 0.487+*Asl + 0.916*lgMn2 +
0.816*1gCo3

PC4 = 0.347*lgAul + 0.437*Li2 + 0.325*Csl - 0.376*Ca2 +

0.525*Asl + 0.352*P2 + 0.623*1gHqgl8
The unsupervised cluster analysis on these PC scores does not
specify how many clusters are expected or where they are to be
found. The results of this analysis showed a stratigraphically
coherent model, defining 4 continuous sections of core,
showing an empirical concurrence with the visual geochemical
stratigraphy. Independent cluster analyses computed on each of
the other Quidi Vidi Lake cores showed similar patterns as in
QV2. The similarity of these patterns from the other cores
suggests the cluster analysis was effective for defining
stratigraphy.

Since the cluster analysis proved to be effective, a
discriminant function model was developed that could be
applied to the whole data set. In this model the grouping
variables were the four stratigraphic sections defined by
cluster analysis on QV2, and the independent variables were
the four PCs computed on all four cores from Quidi Vidi Lake.
These PCs were computed using the equations defining PC1, PC2,
PC3 and PC4 on all four cores from Quidi Vidi Lake. The

discriminant functions developed from the QV2 training set
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were then applied to all cores. It is worth noting that in the
statistical analysis SPSS only used the first three PCs in the
discriminant calculations, since the fourth did not
significantly contribute to the discriminant function.

The discriminant function (DF) was calculated by the
following:
DF = aPCl + bPC2 + cPC3 + dPC4;
where;

a, b, ¢ and d are constants.

This discriminant function was tested on the training set
from core QV2. In this analysis the discriminant function mis-
classified ten out of 54 samples, providing a classification
success rate of 81%. All but one of the mis-classified samples
occurred at the boundary between sections 3 and 4, which
define the natural baseline conditions. The other mis-
classified sample occurred at the boundary of sections 1 and
2 (See table 3.2 for the comparison data), which for this
study is more important. Since the discriminant functions
worked well on the training group, a discriminant analysis was
computed on all other cores, enabling a direct comparison to

the four groups established in Quidi Vidi Lake.

3.3 Results from Statistical Analysis on Geochemical data

3.3.1 Core QV2; the main variations
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Table 3.2 A comparision of the discriminant functions derived from the four Quidi Vidi Lake
cores (the predicted group) and core QV2 (the computed group)

core QV2 |Depth (Predicted [Computed core QV2 {Depth |Predicted (Computed
Sample # |(cm) |[group group Sample # |(cm) oup grou|
QV2-002 1 QVv2-070 67.5

QV2-004 3 QV2-075 | 725
QV2-006 s Qv2-080 | 775
QV2-008 7 QV2-085 | 825
QV2-010 9 Qv2-090 | 875
QV2-012 1 QV2-095 | 925
QV2-014 13 Qv2-100 | 975
QV2-016 5 QV2-105 | 1025
QV2-018 17 Qvz-lio | 1075
QV2-020 19 Qv2-11s | 1125
QV2-022 21 QV2-120 | 1175
QV2-024 23] QV2-125 | 1225
Qv2-027 | 255 QV2-130 | 1275
QV2-029 28 QV2-135 | 1325

QV2-031 30
QV2-033 32
QV2-035 34
QV2-037 36
QV2-039 38
QV2-041 40
QV2-043 42
QV2-045 44
QV2-047 46|

QV2-140 | 1375
QV2-145 | 1425
QV2-150 | 1475
QV2-155 | 1525
QV2-160 | 1575
QV2-165 | 1625
QV2-170 | 1675
QV2-175 | 1725
QV2-180 | 1785

R I I I T T I T T T e
NN NN NN N = NN o e o o e e e o o e o ot e o

BB BB DR ELWWLULWLLWLWLEWWWWWWWWWWW

BB B BB s s bbbl abBR W W W W W W W W W W W

QV2-050 485 QV2-185 | 1825
QV2-055 52.5 QV2-190 | 1875
QV2-060 575 QV2-195 | 1925
QV2-065 62.5 QV2-200 | 1975
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The cluster analysis that sub-divided the data into four
sections is superimposed on the PC profiles in Fig 3.1.
Divisions occur at 165, 70 and 29 cm. Sections 4 and 3 occur
in the bottom part of the core where the geochemical data
showed little change. Section 2 delineates an episode where
many elements show gradual concentration increases, and where
numerous heavy metals show high concentrations. Section 1,
through the top part of the core delineates a period of

stable, but high concentrations.

3.3.1.a Principal component 1; core QV2

Principal component 1 includes all the major elements
(Al, Ca, Fe, K, Mg and Na), most of the trace elements and LOI
with a negative loading. This PC profile shows a uniform
decline from the base, through sections 4 and 3, to about 82.5
cm (Fig 3.1). From 82.5 cm the profile shows a rapid increase,
through the upper portion of section 3, into section 2. The
rate of increase gradually declines upward through section 2
and into section 1, where a small increase is observed through
the top 9 cm.

All major elements, except Ca, show increases starting at
82.5 cm. A number of elements including Al, Fe and Mg show
continued increases to about 38-40 cm, while Na and K show
continued increases to about 32 cm (Fig 3.2). These elements

show stable levels through the remaining core, except through
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the upper 7 cm, where concentrations decline, except for Fe
which increases. LOI declines from 82.5 cm to about 21-15 cm,
above which it shows a small increase.

The Ca profile, unlike the other major elements, shows no
discernible increase until 62.5 cm, coinciding with the
interval between sections 3 and 2 (Fig 3.2). Through section
2, to about 29 cm, Ca shows a gradual increase, although at a
lesser rate than the other major elements. At 29 cm, the
interval between sections 2 and 1, Ca shows a small
inflection, above which concentrations are comparatively
higher, but show little change.

Through section 2 most metal profiles show an increase;
a number of these elements including As, Hg, Fe, Pb, Sb and Zn
exhibit spikes in concentration (As, Au and Hg are discussed
under PC 4). An inflection in the Sb profile, where the
concentration declines sharply, coincides with the boundary
between sections 2 and 1. Several metals including Pb and Zn,
show continued increases through section 2 and into section 1.
Lead shows a sharp increase above 19 cm to peak at 13 cm (613
ppm) ; above 13 cm it declines gradually. Zinc concentrations
remain relatively steady to 19 cm, increase sharply to 9 cm
and show a sharp increase to 3 cm, where a concentration of
852 ppm was recorded. A number of other profiles, including

Cu, Sb and V increase through the upper 7 - 9 cm.
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3.3.1.b Principal component 2; Core QV2

This component is dominated by the rare earth elements.
The PC profile mimics the general profile of the rare earth
elements, which behave in a similar manner to one another. The
PC profile shows a decline through section 4 and into section
3 to 82.5 cm (Fig 3.1). From 82.5 cm the profile increases,
continuing into group 2 to about 57.5 cm. Through the
remaining portion of section 2 the profile shows a small
decline. In section 1 the PC profile shows a small increase to

9 cm, above which it increases sharply to the top of the core.

3.3.1.c Principal component 3; Core QV2

This PC is dominated by Mn and Co, with lesser loadings
of As, Ca and Fe. The profile shows a gentle increase through
sections 4 and 3, up to 82.5 cm (Fig 3.1). As with PCs L and
2, it displays increases starting at 82.5 cm. From 82.5 cm the
profile shows an increase to 57.5 cm, above which it declines
continually, except for a spike at 46 cm, which reflects a
concentration spike in Mn and Co.

Manganese is unique in that it starts to show increases
above 1its stable basal trend at 107.5 cm. Cobalt shows
increases starting at 82.5 cm, like most elements, to a high
between 62.5 and 52.5 cm. Above 52.5 cm, Co remains steady

with lower concentrations through the upper core.
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3.3.1.d Principal component 4; Core QV2
Elements which load onto this component include As, Au,
Ca, Cs, Li, Hg and P. Of these, only As and Hg have loadings
greater than 0.5. Sections 4 and 3, from the core-bottom
upwards, show a gentle decline (Fig 3.1). Between sections 3
and 2, at 70 cm, the profile exhibits an abrupt increase. This
increase continues into section 2, to about mid-section, above
which it declines. Between section 2 and 1, at 30 cm, the
profile shows a sharp decline, with little change through
section 1.
Although Hg is the most heavily weighted element in this
PC, the Au profile shows good agreement with the section
divisions at 70 and 29 cm (Fig 3.3). Between 72.5 and 67.5 cm
Au shows a sharp increase, from levels below detection limit,
while between 30 and 28 cm it declines sharply. Both As and Hg
show sharp decreases at the boundary between sections 2 and 1,
similar to that observed in the Au profile. Arsenic starts to
show increases above the basal section at 82.5 cm, while Hg

starts at 57.5 cm.

3.3.2 Discriminant function groupings of cores QV1, 3 and 4

As expected, these cores show stratigraphic similarities
to core QV2 (Fig 3.4). Sections 1 and 2 are shallower in QV1,
which was sampled adjacent to core QV2. This observation is

consistent with individual element profiles which show changes
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starting at depths a little shallower than in QV2. Cores QV3

and QV4, both collected at the opposite end of the lake,
closely mirror each other and show initial disturbances
starting higher in the core than observed in cores QV1 and
QV2. Section 4, however, is less well defined in these cores

than in core QV2.

3.3.3 Discriminant function groupings of Long Pond cores

The discriminant profiles from this lake behave slightly
differently from that shown in core QV2 (Fig 3.5). Only two
samples from the five Long Pond cores classify into section 2;
one sample from each LP3 and LP4. Sections 3 and 4 dominate
the stratigraphic sequence for these cores. Section 1,
however, is displayed nicely in all cores, and as in Quidi
Vidi Lake corresponds to the clay rich layer at the top of the
sediment column.

The absence of section 2 from this lake is not
unexpected. In section 2 of core QV2, the lithophilic elements
show a gradual increase over a wide interval of core, and a
number of heavy metals show a coinciding peak. In Long Pond,
the major elements show an abrupt increase over a small
interval, between 24 and 18 cm. The heavy metals do not show
any discernable peak at depth that could compare to the peak
in core QV2. The two samples that are grouped as section 2 in

this lake do show slightly higher metal levels.
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3.3.4 Discriminant function groupings of Mundy Pond

The discriminant profiles from this lake are dominated by
section 3 through the basal portion of core, and section 2
through the upper portion of core (Fig 3.6). Core MPl does
show section 1 through a narrow interval between 5 and 7 cm.
The boundary between sections 3 and 2 for these two cores
occurs at different depths; 20 cm in MP1 compared to 10 cm in
MP2. This difference is consistent with observations during
sampling, which suggested the surface sediments of MP2 were
lost. This difference in depth is also clearly shown in
element profiles, and most notably for Cr (Fig 3.7).

The lack of any significant expression for section 1 is
surprising since core MP1 does show high concentrations of the
major elements through the upper 20 cm. In addition, the upper
20 cm is a clay rich interval similar to that observed in both
Long Pond and Quidi Vidi Lake. A metal peak at depth in
section 2, approximately between 23 and 17 cm for As, Au, Hg,

Pb and Sb, may correspond to the metal peak in section 2 of

core QV2.

Chromium levels in this pond were extremely high and
deserve special mention. The Cr level at its peak in MP2 (>
1500 ppm) is 100 fold background levels. No other element in

any lake in this study showed an increase of this magnitude.

3.3.5 Discriminant groupings of Georges Pond
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Both cores from this lake classify entirely as section 3

except for a thin interval classifying as section 2 (Fig 3.8).
Section 2, near the top of the cores, occurs between 17 and 15
cm in GPl and between 11 and 9 cm in GB2.

Of the lakes sampled in the local urban area and based on
the magnitude of individual element concentration change,
Georges Pond shows the least evidence for disturbance. In
addition, this lake does not contain the clay rich upper layer
that was observed in the other urban lakes. It does, however,
as the groupings suggest show an undisturbed lower section and

a narrow disturbed upper section of core.

3.3.6 Discriminant groupings of Long Pond, Witless Bay Line
The discriminant analysis of core LPW indicated that the
whole core is equivalent to the basal sections of QV2,
classifying as either group 3 or 4 (Fig 3.9). This core shows
the least amount of change of all the cores collected and thus
the discriminant classifications are not surprising.
Although this core is equivalent to the basal sections of
core QV2, a number of elements do show subtle increases
through the upper part of the core. Slight concentration
increases above 9 cm occur for the elements Pb, Sb, K, Mg, Na,

Ti and Ba.

3.4 statistical summary
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Figure 3.8 Section profiles for Georges Pond cores, computed using a discriminant function derived from core QV2.
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Figure 3.9 Section profile for core LPW, computed using
a discriminant function derived from core QV2.
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In summary, the statistical procedures employed here
allow all the data to be re-classified and compared to changes
detailed in Quidi Vidi Lake. The comparison provides a data
set, reduced down to sections defined by discriminant function
scores. In grouping the data into 4 PCs and calculating
discriminant functions, many of the small but potentially
important changes recorded from individual element profiles
are lost. Therefore, in the discussion (Chapter 5), individual
profiles will be used to highlight and characterize some

important events.

3.5 Common Lead Isotopic Ratios
3.5.1 Common Lead Isotopic Ratios from Quidi Vidi Lake, core
Qv2

The common lead isotopic ratio profiles for this core are
shown in Figure 3.10. All ratios show a similar trend with a
stable basal section, declines through the upper mid-core
followed by increases to the top.

The stable basal period between 157.5 and 97.5 cm
encompasses the lower three samples. Basal ratios for
“"Pb/**Pb average 1.1875 and have a narrow range of 0.0025.
The other ratios show a similar steady profile through this
section. Above this stable interval the “*Pb/**Pb profile
shows a gradual decline to 34 cm. Between 34 and 29 cm the

ratio declines significantly to 1.1319, from 1.1629. The ratio
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remains low to 19 cm, and increases abruptly to 1.1421 at 17
cm. Above 17 cm, through the upper part of the core, the

-*Pb/**’Pb increases gradually to 1.1525 at 1 cm.

3.5.2 Common Lead Isotopic Ratios in Long Pond Witless Bay
Line, core LPW

The common lead isotopic ratios versus depth profiles
from this core are shown in Figure 3.11. All ratios show a
similar trend, with a stable basal section and slight changes
through the top. These patterns are similar to that from Quidi
Vidi Lake, however, the magnitude of change is much less.

Through the basal three samples, encompassing the section
of core between 122.5 and 25 cm, the Pb/“*Pb ratio is
uniform. Through this section of core the ratio averages
1.1867 with a narrow range of 0.0011. Above 25 cm, the ratio
first shows a decline to 9 cm (1.1822) followed by a slight

decrease to 1 cm (1.1815).
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Chapter 4: Biological and physical parameters recorded in

the lake sediment cores.

4.1 Palynology

Palynomorph profiles from each urban lake show broadly
similar patterns of change that can be correlated across the
urban area. In sharp contrast is the core LPW (Long Pond,
Wiltless Bay Line) which shows few, if any, of the changes
seen in the cores from St. John's. The pollen assemblages from

each of the sampled lakes are described in this chapter.

4.2 Pollen Zonation

Cluster analysis, using percentage, was used to create a
dendrogram for pollen zone selection, thereby eliminating
subjective interpretations. For zone selection, established by
using the resulting dendrogram, an arbitrary value of 100 for
the 'total sum of squares' was selected. In several cases the
statistical analysis did not provide separations at locations
where a visual analysis would strongly suggest otherwise.
This, however, occurred where the dimensionality of the data
set suggests the statistical analysis is subject to problems
(Garrett, 1993). In these cases a subjective zone separation
was imposed on the data. It is worth noting that none of the
five poilen data sets satisfy "Garretts rule", where

dimensionality of at least 3 is required to provide meaningful
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results. The analysis, however, did provide reasonable
assemblages based on a visual inspection and thus dendrograms
were used to separate the data.

A 'sum of squares' value of 100 did provide a general
framework, dividing the data to show broad scale changes.
Ranking the changes displayed in the initial tree of the
dendrogram to separate zones 1 and 2, it is apparent that zone
1 represents the lower core with little change and zone 2

represents the upper core where significant changes occur.

4.2.1 Urban palynology of St. John's

The pollen and spore profiles from the urban area show
distinctive assemblage zones containing subzones characterized
by abundances of specific taxa. The lower zone 1 is dominated
by tree taxa while zone 2, representing the upper half of the
core is dominated by grass and herb taxa. Through this upper
zone the demise of tree taxa occurs. Core QV2 is the closest
to the heart of the urban development and, as such, contains

the most complete record of change.

4.2.2 Pollen assemblage from Quidi Vidi Lake

Zone 1, Picea-Betula subzone, below 85 cm is dominated by
these taxa, which account for the greatest percentages (Fig
4.1). Minor variations are observed. The interval between

112.5 and 102.5 cm shows elevated Betula values and lower



Depth (em)

v’
!

< N S

qf . et
20 40 20

=

U\WWH

=
—1\

N =] /\I/“V“'w

W;meﬁgrug

[_] OliveBlack Clay Gyttja 7] Brownish Black Clay Gyttja [ Dusky Yellowish Brown Gyttja

Bl Dusky Brown Gyttja

Figure 4.1 Stratigraphic profiles for the most abundant pollen and spore types in QV2.

=T
0 200 400
Total sum of squares

LL



78
Picea and Abies values. In this zone, and between 142.5 and
132.5 cm, Isoetes and Sphagnum show a 'reverse' where Isocetes
declines and Sphagnum increases.

Subzone 2ai, the Alnus-Gramineae-Isoetes-Rumex subzone,
occurs between 85 and 75 cm. This subzone is dominated by
peaks in Alnus and Isoetes, with the first increases in
Gramineae and Rumex. Increases in other taxa are also noted
including Polypodiaceae and Sphagnum. Decreases are observed
in the Pinus and Betula profiles, with Pinus declining to very
low levels; it is for the most part non-existent above.

Subzone 2aii, the Gramineae-Isoetes subzone, extends from
75 to 48 cm. Gramineae increases from 10% to 29% between 72.5
and 52.5 cm. Isoetes declines from subzone 2ai, to a low
between 72.5 and 67.5 cm (approximately 7%) followed by a
plateau between 62.5 and 52.5 cm; where percentages range
between 17% and 19%.

Tree taxa through this subzone show notable declines.
Picea declines from 37% to 22% between 72.5 and 52.5 cm, while
Abies declines to insignificant amounts. Other taxa including
ferns (Polypodiaceae) and wetland plants (Sphagnum) increase
slightly through this subzone.

Subzone 2b, the Gramineae-Equisetum subzone, extends from
49 cm to the top of the core. Gramineae increases from subzone
2b to peak at 38 cm (46%), declines to 13 cm (27%) and

increases to 1 cm (40%). Equisetum increases abruptly from 44
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cm (2%) to peak at 32 cm (15%), and declines above. Other taxa
show notable changes through this subzone including Betula
which shows higher values through cthe upper 23 cm, and
Isoetes, which fluctuates as it declines to very low levels at
the top.

The pollen and spore counts through this core show
general agreement with selected zones/subzones. Counts are
constant through zone 1, and show variability as they decline

through zone 2. A peak is observed in subzone 2aii at 62.3 cm.

4.2.3 Pollen assemblage from core LP5

Zone 1, below 55 cm, shows stable percentages in all taza
(Fig 4.2). This core shows slightly higher Betula percentages
and lower Picea percentages between 67.5 and 62.5 cm, similar
to that observed in core QV2 between 112.5 and 102.5 cm. These
intervals from the two different cores, however, may not
represent an equivalent time period.

Subzone 2a, the Alnus-Gramineae-Rumex subzone, extends
from 55 to 20 cm and is first marked by increases in these
taxa. Alnus shows a small increase between zone 1 and subzone
2a, and remains relatively constant through the rest of the
core. Gramineae and Rumex show the first notable increases at
the bottom of this subzone, with measurable amounts (2 13%) at
52.5 and 57.5 cm, respectively. Gramineae increases gradually

to 21 cm (21%), while Rumex shows little change after its
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initial increase.

Throughout this subzone other taxza show increases,
including the following: the Polypodiaceae family, Sphagnum
and Equisetum. Isoetes, which shows a small increase compared
to levels in zone 1, exhibits slightly higher percentages
between 42 and 29 cm (4%-8%). A number of taxa show declines,
including Picea and Betula.

Subzone 2bi, between 20 and 9 cm, the Polypodiaceae-
Equisetum subzone, is marked by high percentages of these
taxa. Polypodiaceae percentages range between 22% and 26%,
compared to a range of 6% and 21% in the remainder of the
core. Equisetum increases from subzone 2a to 8% at 19 cm,
followed by a gradual decline to 5% at 11 cm. Other changes
through this subzone include; Betula increases sharply between
19 and 15 cm, Sphagnum shows a continued increase, Gramineae
declines by nearly 50%, and Picea shows a small, but abrupt
decrease between subzones 2a and 2bi.

Subzone 2bii, the Gramineae subzone, through the upper 9
cm, is marked by a sharp increase in Gramineae, doubling
between 7 and 3 cm (13% to 27%) and steady to 1 cm. Most other
taxa remain constant through this subzone, except Betula and
Sphagnum which show an overall decline.

The pollen and spore concentration curve shows an overall
decline upwards. Interesting, the profile shows a large

decline in zone 1, between 87.5 cm and 72.5 cm. In zone 2, the
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count profile is variable, showing an overall decline upwards.

4.2.4 Pollen and spore assemblage from Georges Pond

The dendrogram for this lake caused much difficulty in
interpretation. A major pollen change is observed between 62.5
and 57.5 cm in some of the most abundant taxza (Fig 4.3).
However, using a 'total sum of squares' value of 100 for
zoning, this widespread change is not distinguished from the
bottom stable interval. The dimensionality of this analysis
was 2.1, lower than the critical value of 3, meaning any
statistical analysis is subject to problems. In light of the
dimensionality problem and the sharp change between 62.5 and
57.5 cm, a zone division was placed at 60 cm.

Zone 1, below 60 cm, is divided into two subzones.
Subzone la, below 120 cm, the Betula-Alnus-Equisetum subzone,
is defined with high percentages of all three taxa, especially
Equisetum. Subzone lb, between 120 and 60 cm, the Picea-Betula
subzone, shows high levels of these taxa. Picea which shows a
relatively flat interval between 118.5 and 87.5 cm (46% and
51%), declines to 62.5 cm (31%). Betula first declines from
subzone la to show a gradual overall increase to 60% at 62.5
cm. Although Alnus and Equisetum decline from subzone la,
percentages are relatively high at 118.5 and 112.5 cm.

Subzone 2ai, the Picea-Alnus-Gramineae subzone extends

from 60 to 45 cm. Picea shows a sharp increase from subzone
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1b, doubling between 62.5 and 57.5 cm, above which it declines
sharply to 47.5 cm (39%). Alnus in this subzone shows an
initial increase between 57.5 and 52.5 cm, while Gramineae
starts increasing through the next interval between 52.5 and
47.5 cm. Betula percentages decline by nearly 50% between
subzones lb and 2ai.

Subzone 2aii, the Alnus-Equisetum subzone, extends from
45 to 22 cm. Alnus increases from subzone 2ai to peak at 42.5
cm (28%), remains steady to 32.5 cm and declines sharply to 4%
at 23 cm. Equisetum also increases from subzone 2ai to peak at
42.5 cm (13%), but declines steadily to < 1% at 23 cm. Other
taxa show abrupt changes in this subzone. For instance Picea,
which declines to 29 cm (19%) shows a 2.5 fold increase to 23
cm (48%), while Betula exhibits a notable peak at 29 cm (57%).
Rumex, in this subzone, first occurs at percentages above 1%
at 32.5 cm (3%).

Subzone 2b, the Gramineae subzone above 22 cm, is marked
by high concentrations of this taxon. Gramineae shows a sharp
increase from subzone 2aii, increasing from 1% at 23 cm to 13%
at 21 cm. From 21 cm, Gramineae remains steady to 7 cm (12%),
but declines to 3 cm. In this subzone a number of taxa show
abrupt changes between 13 and 11 cm including; Betula which
doubles (28% to 56%), Equisetum which shows a sharp increase
and Picea which shows a 75% decline.

Pollen and spore counts through this core show an overall
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agreement with the two major zones, zones 1 and 2. With the

exception of a high counts in subzone 2b and a peak in subzone

2ai, the count profile is steady through zone 1 and shows

declines through zone 2.

4.2.5 Pollen and spore assemblage from Mundy Pond

As with Georges Pond, the dendrogram analysis for this
core failed to separate a major change between 42.5 and 37.5
cm (Fig 4.4). Again the dimensionality of the statistical
analysis for this pollen assemblage was much less than 3, at
1.0. In light of this low dimensionality and the notable
change between 42.5 and 37.5 cm, a zone division was placed at
40 cm. This division correlates with a sharp increase in
Equisetum, found in disturbed wet areas, forest areas and a
pond plant, which may reflect impacts upon the lake or
increased disturbed areas, prior to larger changes in the
local vegetation.

Zone 1, the Picea-Betula subzone, below 40 cm is
dominated by these taxa (Fig 4.4). Percentages of Picea and
Betula are high and stable through this zone. Alnus and
Polypodiaceae show a small increase between the widely spaced
samples at 77.5 and 42.5 cm.

Subzone 2ai, the Gramineae-Polypodiaceae-Equisetum
subzone, occurs between 40 and 25 cm. Equisetum shows an

increase to peak at 37.5 cm (10%) followed by a decline to the
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top of the subzone. Polypodiaceae shows a similar trend, but
with 1less relative change. Gramineae shows it first
discernable increase, above the background, between 37.5 and
32.5 cm. Trees show a decline through this interval,
especially Picea, while Alnus and Betula show little change.

Subzone 2aii, the Gramineae-Alnus subzone, includes the
upper 25 cm. Gramineae shows high percentages through this
subzone, while Alnus, with percentages ranging between 9% and
14%, exhibits slightly higher percentages than in the subzone
below. Betula in this subzone shows a sharp drop to 17 cm
(10%) with little change above. Through the top 11 cm,
Gramineae, Polypodiaceae and Sphagnum show notable increases.

Pediastrum colonies, an aquatic alga, shows a notable
peak in this subzone. Counts increases from less than 800
colonies cc™ in subzones 1 and 2ai to peak at 43,000 colonies
cc™ at 11 cm followed by a decline to 13,000 colonies cc™ at
1 cm. This was the only core to show high levels of this alga.
(Pediastrum colonies were not used in the cluster analysis and
subsequent dendrogram) .

Pollen and spore counts in this core show very little
overall change. Through zone 2, however, the profile is

variable showing slightly higher percentages in subzone 2ai.

4.2.6 Pollen and Spore assemblage from Long Pond Witless Bay
Line
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The pollen and spore assemblage from this lake showed
much less variation than the other urban lakes, which is
expected since this lake represents a background or control
lake for the study. This assemblage is divided into two zones,
a lower stable zone below 29 cm, and an upper zone exhibiting
changes (Fig 4.5).

Through zone 1, which is subdivided into 2 subzones,
Picea, Betula and Isoetes are the dominant taxa. A spike in
the Betula percentages at 97.5 cm, corresponds to a low in
Picea at that depth. In Subzone la, Betula shows relatively
higher percentages, while in subzone 1b, Isoetes shows
increases to 57.5 cm, followed by a small decline to the top
of the subzone. Percentages of Isoetes which range between 19%
and 28% in this subzone are high compared to all other cores.

Zone 2 is subdivided into 2 subzones. Generally, through
these subzones Isoetes shows notable increases, as Picea shows
a sharp decline through subzone 2aii. It should be noted that
in Appendix D, count data for Picea in the upper 15 cm shows
lower counts than Isoetes, yet Picea shows a higher percentage
in the plotted percentage profile. This difference is due to
the difference in calculating the percentage of pollen taxza
versus spore taxa (see section 2.5.1). Betula is variable with
lower percentages than in zone 1. Unlike any other core, Abies
percentages show an initial increase and stable percentages

through these subzones. Alnus shows a small increase through
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subzone 2aii.

The dendrogram analysis suggests a further subzone
including only the upper sample. For this reason, and since
the upper sample shows a continuation of the trends observed
in subzone 2aii, this subzone was left out.

The pollen and spore count profile shows, with the
exception of three spikes at 97.5, 27 and 15 cm, an overall

gradual decline upwards.

4.3 Results of Diatom analysis from core QV2
Five samples from core QV2 at depths of 167.5, 127.5, 74,
28, and 5 cm were examined for diatoms. In total, more than

130 diatom taxa were encountered throughout the data set.

4.3.1 Individual Taxa

Taxa that contribute to high percentages or notable
changes are displayed in Figure 4.6. Though the number of
species encountered within core QV2 exceeded 100, five species
accounted for the largest fraction and changes observed.

Tabellaria flocculosa str. III sensu, a periphytic diatom
(attached in the littoral =zone), shows a large continued
increase from the basal samples to 74 cm, but declines to very
low levels in the upper two samples. Asterionella formosa, a
planktonic taxon, shows the inverse with low basal percentages

and high upper core percentages, exhibiting a large increase
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between 74 and 28 cm. Cyclotella stelligeria, a planktonic
diatom, shows relatively higher percentages in the basal three
samples with very low levels through 28 and 5 cm, a pattern
which is mimicked by Melosira distans var. niveloides, a
planktonic diatom. This species, however, declines to non-
detectable levels in the upper two samples.

Only one Diatoma sp. valve was identified from the basal
three samples, yet Diatoma elongatum, a planktonic diatom,

accounts for the largest fraction at 11% and 49.2% in the

samples at 28 and 5 cm, respectively.

4.3.2 Morphological and Ecological Changes

An examination of the morphological forms shows a large
change in both the Pennales and Centrales (Fig 4.7). The
Centrales drop from approximately 26% of the total in the
basal two samples to less than 1% in the upper section. The
Pennales increase from 70% in the basal two samples to 97% in
the wupper sample. This change is exhibited in the
Pennales:Centrales ratio (C:P) which increases from < 5 in the
three basal samples to 29 at 28 cm. Another marked shift
occurs between 28 cm and 5 cm where the ratio increases to
107.

The planktonic:benthic (P:B) ratio which displays general
ecological changes increases toward the top of the core (see

Fig 4.7). The ratio ranges from 0.65 to 2.0 in the bottom four
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samples and increases to 5.9 at 5 cm. Among the benthic
fractions the epiphytes (attached to plants) peak in abundance
at 72.5 cm. The epiphytic portion increases steadily from 8%
at the base to 34% at 72.5 cm. This is followed by a sharp
decline through the upper samples (7% to 10%).

The sum of the epipsammic (attached to sand grains) and
the epipelic taxa (attached to mud) declines slightly upward.
These forms account for a small percentage of the total valve
count throughout the core. The bottom four samples range 5.5%

to 9.4% and decrease to 1.5% in the top sample.

4.3.3 pH reconstruction

The diatom community was used to reconstruct the lake
water pH through the interval represented in the core. The pH
was reconstructed by a weighted average technique, (Birks et
al., 1990) using the optimal pH for the individual diatom
species as recorded in Dixit et al., (1992). An optimal pH of
8.45 was used for Diatoma elongatum (Smol, 1996 pers. comm.).

The reconstructed pH for core QV2 shows lower pH values
at the base of the core compared to the top, and a range of
1.6 pH units throughout the core (Figure 4.8). The basal three
samples range between 6.47 and 6.28 and are followed by an
increase to approximately 7.24 and 7.93 at 28 and 5 cm,

respectively.
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Figure 4.8 Reconstructed lake water pH from diatom analysis of core QV2.
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4.4 Charcoal and soot from sediment cores
4.4.1 Charcoal and soot from core QV2

Counts per cubic centimetre versus depth profiles of the
these particulates show a basal section with only charcoal
present and an upper section where soot particulates are
introduced and increase sharply upwards (Fig 4.9).

Charcoal particles are present throughout the core. Below
92.5 cm charcoal was observed in eight of the twelve samples
examined. Counts through this section were generally low (>
1000 particles cc™) except at 132.5 cm (2250 particles cc™).
Above 92.5 cm charcoal is ubiquitous. The interval between
92.5 and 72.5 cm shows low counts (244 and 2283 particles cc’
‘), but these are on average greater than recorded through the
basal section. Between 72.5 and 52.5 cm charcoal counts show
a steady increase to 46,830 particles cc™™ and are relatively
steady to 44 cm. A sharp increase is observed between 44 and
25.5 cm (112,000 particles cc™), with a peak at 38 cm (117,000
particles cc™). From 25 cm to the top the profile declines
steadily to 15,000 particles cc™.

Soot particulates first appear at 57.5 cm (1200 particles
cc’') and show a nearly linear increase to 32 cm (4900
particles cc'). The profile declines to 25.5 cm (2550
particles cc™) and shows a step-wise increase to 17 cm (16,000
particles cc™'). Soot counts between 25.5 and 23 cm increase

4 fold. Above 17 cm, the soot profile shows a steady decline
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to 3 cm (7500 particles cc™).

4.4.2 Charcoal and soot from core LPS

Charcoal and soot profiles from this core show similar
trends. Charcoal is present throughout the core, as in Quidi
Vidi Lake, and soot first appears at 42.5 cm (Fig 4.10).

Charcoal is present in all samples except two, at 87.5
and 72.5 cm. The basal sample at 112.5 cm shows a high count
of 3700 particles cc™. The profile shows a constant interval
between 67.5 cm and 29 cm (ranging between 680 and 2700
particles cc™*). A sharp spike is observed to 21 cm (18,000
particles cc™). From 21 cm counts decline to 11 cm (9400
particles cc™) after which they increase to the top of the
core again (16,000 particles cc™).

From the base up, soot first appears at 42.5 cm (1100
particles cc™). It shows a low between 37.5 and 29 cm (290 -
440 particles cc™') and increases to 21 cm (1400 particles cc”
‘). A sharp increase is observed between 21 and 19 cm where
counts more than double. Above 19 cm the profile shows a
gradual increase to 11 cm (4400 particles cc™*), is relatively

stable to 3 cm and spikes up to 1 cm (9240 particles cc™).

4.4.3 Charcoal and soot from core MPl
Particulates from this core show increases within the

upper core as seen in previous ponds. Charcoal is present
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throughout the core while soot first appear within the upper
21 cm (Fig 4.11).

Charcoal particles show typically lower abundances in the
basal section and sharp increases through the top of the core.
From the base at 97.5 to 31 cm counts range between 680 and
1650 particles cc’*, and increase to 2700 particles cc™ at 27
cm. A moderate increase between 27 and 21 cm is followed by a
sharp increase to a peak at 17 cm (46,000 particles cc™'). The
profile shows a decline to 1l cm and an increase above, with
levels of 36,000 and 39,000 particles cc™* in the upper two
samples.

The soot profile shows a simple trend. The €£irst
appearance of this particulate occurs at 21 cm (880 particles
cc™'), above which it steadily increases to 7 cm and nearly

steady to 1 cm (9000 particles cc™).

4.4.4 Charcoal and soot from core GPl

Particulates from this core show increases within the
upper sediments, peaking near the surface followed by a
decline through to the top sample (Fig 4.12).

Charcoal particles are present in all but one sample.
Charcoal shows a basal section, between 127.5 and 97.5 cm,
with relatively high counts (430 - 2700 particles cc™). Counts
remain low through to 57.5 cm, where a value of 930 particles

cc™t was obtained. Above 57.5 cm the profile is erratic



101

Sediment Charcoal Soot
Column (thousands cc™) (thousands cc™)
20 40 4 6 8
8
£
100-
[] Olive Grey Brown Clay-Gyttja Olive Black Gyttja

[ Olive Grey Brown to Light Brown Gyttja S Light Brown Gyttja

Figure 4.11 Charcoal and soot particle profiles from core MP1.
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although an overall increase to 23 cm (4700 particles cc™) is
evident. It increases sharply to 21 cm (16,000 particles cc™)
and further to peak at 13 cm (27,000 particles cc™*). Counts
drop to 11 cm and fluctuate in the upper two samples with
little overall change.

The soot profile is simple with a steady increase upward,
after the initial appearance. Soot first appears at 47.5 cm
(230 particles cc™) and increases steadily to 13 cm (10,000
particles cc™). From 13 cm the profile is variable showing a

peak at 7 cm (13,000 particles cc™).

4.4.5 Charcoal from core LPW

Charcoal was the only particulate observed in this core.
It shows a relative uniform profile throughout, except at 37.5
cm, where the highest count was obtained (7500 particles cc”
‘) (Fig 4.13). Through the remainder of the core charcoal
counts range between 250 and 2400 particles cc™' with a small
peak at 42.5 cm (1500 particles cc™). Between 15 and 5 cm
counts are consistent, ranging from 1000 to 1500 particles cc”
*, followed by an increase to 2400 particles cc™® in the top

sample.

4.5 Radiometric dating
4.5.1 'C from lake cores

A total of five bulk sediment samples from four different
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lakes were submitted for °'C analysis. All samples selected
come from basal units in the pre-European interval, providing
information on the average background sedimentation and influ:
rates through out the pre-European core. No sample from Mundy
Pond was submittea for analysis. -'C data is listed in Table
4.1 below.

Radiocarbon ages were used to calculate the calendar age
of the samples using Radiocarbon Calibration Program REV 4.0
(Stuiver and Reimer, 1993)., and the calibration data from
Stuiver et al., (1998). Column 5 of table 4.1 shows the
calculated calender ages for each sample.

Table 4.1 **C and calculated dates from QV2, LP5, GPl and LPW.

Core interval “C age GSC ref. lo max. cal. age (cal age
No. intercepts) min. cal. age

QV2 185-190
Qv2 100-105

2920 *+ 60 | GSC-5469 | BC: 1256 (1126) 1005
1110 + 70 | GSC-5528 | AD: 885 (902,917,962) 1015
LPS 110-115 2260 + 70 | GsC-5480 | BC: 397 (377,266,264) 204
GP1 115-120 3960 + 70 | GSC-5485 | BC: 2568 (2468) 2349

LPW 130-135 cm 5240 + 90 | GSC-5498 | BC: 4221 (4039,4018,4000)
3964

g19(9|8

W |

13

4.5.2 Ccs profile from QV2

*¥'Cs, an artificial radioisotope, was introduced into the
Earth's environment as a result of atmospheric nuclear weapons
testing (Jaakkola et al., 1983, Pennington et al., 1973). Its

use as a dating method stems from its rate of atmospheric
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fallout rather than its short half-life of 30 years.
Atmospheric fallout of this isotope first occurred in 1954 and
peaked in the northern hemisphere in 1963 (Pennington et al.,
1973 and Longmore et al., 1983). Negligible amounts of *'Cs
were deposited before 1954 (Jaakkola et al., 1983). This
pattern of fallout provides two distinct chronological markers
at 1954 and 1963.

The *‘'Cs activity profile for core QV2 shows a distinct
trend first appearing at 34 cm and peaking at 25.5 cm (Fig
4.14) . These depths of 34 and 25.5 cm have been correlated to

1954 and 1963, respectively.

4.5.3 #°pb dating from QV2

"Pb with a half life of 22.26 years provides an
effective dating technique capable of dating sediments as old
as 150 years. It is a naturally occurring radioisotope
produced from the decay of <*U through a series of
intermediate isotopes to ‘’Pb.

The dating technique is a result of the disequilibrium
between *’Pb and “"Ra, its parent. The disequilibrium arises
because of the mobility of **Rn, a gaseous intermediate
isotope with a half life of 3.83 days (Appleby and Oldfield,
1983). The mobility of the gas phase allows it to escape from
the soil to the atmosphere where it then decays to *°Pb. *°Pb

a solid phase, falls to the land surface or onto lakes where
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Figure 4.14 “'Cs versus depth profile for core QV2.
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it is deposited on the lake bottom.

This 'extra' or 'excess' ‘’Pb from atmospheric deposition
is not in equilibrium with <"Ra already present 1in the
sediment. This excess *’Pb is known as the 'unsupported'
fraction, while the portion in radioactive equilibrium wich
“"Ra in the sediment is known as 'supported' fraction. The
unsupported fraction is used to date sediments.

Two models, the CRS (constant rate of supply) and CIC
(constant initial concentration) models, have been used for
age calculations (Olsson, 1986). The CRS model is the most
widely accepted and is based on the assumption of constant
atmospheric fallout. This results in a constant amount of
unsupported ‘*°Pb per chronological unit, despite fluctuations
in dry mass (Appleby and Oldfield, 1978, Appleby et al.,
1979). The CIC model applies well in areas with a constant
accumulation rate, as it is based on the assumption that a
constant amount of unsupported “*’Pb falls in one specific area
per year.

Total and unsupported fractions of ‘’Pb versus depth from
QV2 are shown in Figures 4.15 and 4.16. The total *’'Pb profile
is unusual in that the activity declines logarithmically down
to 17 cm, but below to 49 cm the profile is relatively
constant, at activities just above the ‘*Ra activity. The
profile of sediment dry bulk density (Fig 4.17) shows that the

section of the core between 17 and 49 cm is abnormally dense,
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suggesting changes in sedimentation rates. Below 49 cm, -“°Pb
declines again and radioactive equilibrium is reached at ca.
55 cm (Report on the Radiometric Dating of Quidi Vidi Lake:
Core QV2, By P. Appleby 1994).

The irreqular profile of unsupported ‘**Pb suggests that
the CIC model is inappropriate (Appleby and Oldfield, 1978,
Appleby and Oldfield, 1983). The CIC model is applicable to
lakes where the profile of unsupported “*Pb plotted on a
concentration (logarithmic) versus depth profile is linear.
Applying the CRS model to date the core, however, conflicts
with the two chronostratigraphic *''Cs markers. The ' Cs
profile suggests that 1963 and 1954 are at 25.5 and 34 cm
depth, respectively, while the CRS model dates these depths at
1941 and 1924, respectively.

The flux of “’Pb also suggests that the CRS model is
unlikely to apply in view of the high ‘**Pb inventory. Up to
1954 the ‘’Pb atmospheric flux is quite normal calculated at
153 Bq m?y*, but increases to 317 Bq m“y" between 1954 and
1963 after which it increases further to 487 Bq m™y™. These
values in the upper sections are more than double the normal
atmospheric flux indicating massive acceleration of
sedimentation (Appleby, 1994).

To successfully date this core, the two ‘'Cs
chronostratigraphic markers were used to divide the core into

three sections; below 34 cm, 34 to 25.5 cm and above 25.5 cm



113
depth. This allowed the CRS model to be applied to each

section individually, following the procedure discussed in
Oldfield and Appleby, 1984. Dates obtained from this method
are displayed in Table 4.2. See Appendixz F for detailed

procedure for calculation of ‘*’Pb dates for QV2.

4.5.4 Radiometric dates from Long Pond, St. John's
4.5.4.a ''Cs from LP5 and LP3

An inadequate number of ° Cs samples was examined from
these cores to date the horizons corresponding to 1963 and
1954, The data, however, do show the broad intervals where
these dates most likely occur.

Only four samples from LP5 at 32.5, 19, 15 and 9 cm were
examined for “''Cs. If this core contains an undisturbed ‘' Cs
profile, then it can be concluded that 19 cm depth is closer
in age to 1963 than the upper two samples (Fig 4.18). As well,
the interval corresponding to 1954 lies somewhere between 32.5
and 19 cm.

Figure 4.18 shows the '''Cs activity profile for core LP3.
Only two samples in this core, at 22 and 20 cm, were examined
for ‘'Cs, both of which contained the isotope. The only
inference made from this data is that 22 cm depth is equal or

younger than 1954.

4.6 Clay mineralogy from Quidi Vidi Lake, core QV2
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Figure 4.18 The '"Cs activities versus depth profiles from cores LP5 and LP3.
¥Cs activities for LP5 at 35 cm were below detectable levels.




Table 4.2 Calculated ages from core QV2, based on “*’Pb

analysis. See appendix F for age calculation procedures.

Depth (cm) Date (AD) Age (yr) error
(yr)

3 1986.9 5.1 1

5 1984.1 7.9 1

7 1981.5 1045 2

9 1979.5 12.5 2

11 1976.6 15.4 3
13 1973.3 18.7 3
15 1970.8 21.2 3
17 1968.8 23.2 4
19 1967.4 24.6 4
21 1966.0 26 4
23 1964.6 27.4 5
25.5 1963.0 29 5
28 1960.5 31.6 S
30 1958.4 33.6 5
34 1954.0 38 5
38 1943.0 49.3 6
40 1936.3 56.2 7
46 1913.0 80.8 13
48.5 1899.8 95.4 13
52.5 1869.9 132.4 13
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Representative diffractograms of the clay mineralogy are
shown in Fiqure 4.19. All diffractograms show a similar
profile with eight to ten identifiable peaks. Many of these
peaks are second and third order reflections for the same clay
mineral. Three prominent peaks at approximately 7.1 A, 10.0 A
and 14.2 A (12.5°, 8.8% and 6.2° 20 peaks, respectively) appear
in all samples and possibly represent different clay minerals.
A fourth peak at 12.3 A (7.95° 28 peak) appears in about half
the samples. Results from the scan of the JCPDS Powder
Diffraction index for Minerals showed that the clay minerals
chlorite, illite, smectite-kaolinite and hydrobiotite were the

best possibilities for the identified peaks.

4.6.1 Peak identification for clay minerals

The 7.1 A reflection is the first-order reflection for
kaolinite and second-order reflection for chlorite. Biscaye,
1964, and Moore and Reynolds, 1989, suggest that a close
examination of the 24.5" and 25.2° 20 region can help to
determine the clay type present. The enlarged regicn showed
only one peak at a d-spacing of 3.54 A (25.1°-25.2° 26)
identifying chlorite as the only phase. Kaolinite, if present
in large enough quantities, would show a peak at 3.58 A (24.9°
20) .

The 10.0 A peak is the first-order reflection for illite.

The presence of illite is supported by the presence of a
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Figure 4.19 Diffractograms for the clay size fraction for selected samples from core QV2.
The sample depth for each diffractogram is shown in the upper right hand corner.
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strong 5.0 A peak (17.8 20), its second-order reflection.
Glauconite, another possibility has no or a very weak 5.0 A
peak (Moore and Reynolds, 1989), suggesting it could be
present. The strong peak at 5.0 A, however, does provide a
positive identification of illite.

The 14.2 A peak corresponds to the first-order reflector
of chlorite. Smectite also has reflectors in the 12-15 A
region (Hardy and Tucker, 1988). The reflectors at 6.2 28 and
18.8° 20 (14.2 A and 4.74 A) are positive indicators and
suggest that chlorite is the main mineral contributing to the
14,2 A peak. Again, however, smectite minerals maybe present
in minor amounts.

The 12.3 A peak corresponds to hydrobiotite, a mixed-
layered structure composed of mica and vermiculite (Brindley,
1981, Moore and Reynolds, 1989). This peak is small and
noticeable above background intermittently throughout the
core, and thus is not regarded as one of the major phases.

Quartz and albite were also identified in the
diffractograms obtained from the clay smears. Their main
reflectors occur at 3.34 A (26.67° 26) and 3.20 A (27.92° 20),

respectively.

4.6.2 Semi-quantitative analysis of clay mineralogy
Quantitative analysis of x-ray patterns for clay is

subject to many problems (Hardy and Tucker, 1988, Moore and
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Reynolds, 1989, Brindley, 1981, Biscaye, 1965). The intensity
of a peak cannot be used as a direct measure of its abundance
because of differences between diffractograms, however
relative comparisons may be made between peak ratios (Biscaye,
1965) .

A semi-quantitative approach was taken to observe the
relative changes of abundance of the clays throughout the
core. For this analysis, Moore and Reynolds (1989) suggest
using only the reflectors > 10° 26, and the reflectors closest
to each other for the different clays. Thus, the reflectors at
5.00 A for illite and 4.74 A for chlorite were used. Quartz in
the clay size fraction was also examined. The peak at 3.38 A
was used for quartz analysis.

The profile of the ratio of the peak intensity of
illite/chlorite shows a general separation of the upper and
lower core (Fig 4.20). Ratios between 77.5 cm and the base are
less than one, ranging between 0.41 and 0.83, while in the
upper portion ratios are greater than one, ranging from 1.16
to 2.23.

Ratios of 1illite/quartz and chlorite/quartz show
different trends (Fig 4.20). Illite/quartz distinguishes the
lower and upper core with ratios less than 0.2 below 77.5 cm,
ranging from 0.10 to 0.19, and greater than 0.2 above 77.5,
ranging from 0.22 to 0.55. For chlorite/quartz the profile is

variable throughout with no distinguishable difference.
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4.6.3 Results from > 2 pm fraction

Peak selection and identification with the JCPDS Powder
Diffraction index for Minerals showed that quartz and albite
were the only distinguishable minerals in the fraction > 2 um.
Both minerals were present in all samples. Figure 4.21 shows
three representative diffractograms from the base to the top
of core QV2. Intensities for the mineral phases increase up
through the core with quartz having the larger intensity in
all cases.

A semi-quantitative analysis was performed on the data to
observe the relative changes throughout the core. Hardy and
Tucker (1988) report that the peak area of a mineral is
proportional to its concentration, however, minerals from
different crystal systems have different diffracting
abilities. No correction factor was applied to the data set
since a semi-quantitative approach was taken and only two
minerals were observed.

The area under the main peaks for quartz and albite (3.34
A (26.6° 20) and 3.20 A (27.9° 28), respectively) through the
core is shown in Figure 4.22. For albite, the area in the
basal section, at and below 87.5 cm varies from 13 to 40 cps
(counts per second). Between 87.5 and 57.5 cm, cps increase
from 13 to 80; above 57.5 cm cps are relatively high varying
between 79 and 125. The area under the quartz peak shows a

similar trend. At and below 87.5 cm, cps vary between 86 and
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Figure 4.21 Diffractograms for the > 2 um size fraction for selected samples from core QV2.

The sample depth for each diffractogram is shown in the upper right hand corner.
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161, increase from 88 to 250 between 87.5 and 57.5 cm and
range between 332 and 455 cps above 57.5 cm.

The ratio of quartz\albite shows somewhat lower values in
the basal section compared to higher values in the upper core
(Fig 4.22) . At 87.5 cm and below the ratio varies between 0.15
and 0.27, increases between 87.5 and 57.5 cm (0.15 - 0.31) and
is high and variable above 57.5 cm (ranging between 0.22 and

0.35).

4.7 Sedimentation and Influx Rates
Core QV2 was dated via “‘C, "'Cs and “°Pb and therefore
its chronoloqgy is the most detailed of this study (see section
4.5). These dates and a pollen-inferred date of 1757 at 82.5
cm, which will be discussed later, allow detailed calculations
for sedimentation and influx rates. The sedimentation rate is
the rate of wet volume sediment deposition per year while the
influx rate is the rate of deposition of dry material per unit
area per year.
sed rate = (interval thickness in cm)/(years represented by
interval)
influx rate = (dry mass per unit area)/(years represented by
interval)
Figure 4.23 shows the sedimentation and influx rates
calculated for QV2. See Appendix H for influx and wet

sedimentation rate data for core QV2, including interpolated



Influx and Sedimentation Rates for QV2

Sediment LY = 3 -1
Column (Influx = g cm™ yr'; sedimentation = cm yr')
o 0.001 0.01 0.1 1 10
20 4 3
4
40
60
~ 80
g
S
£ 100 F = : .
& Sedimentation rate with date at 102.5 cm
A 2% Sedimentation rate without date at 102.5 cm
Influx rate with date at 102.5 cm
i Influx rate without date at 102.5 cm
160
180
200

Brownish Black Clay Gyttja  [Jilj Dusky Brown Gyttja

D Olive Black Clay Gyttja Dusky Yellowish Brown Gyttja

Figure 4.23 Influx and sedimentation rates for core QV2, with and without the date of 917 A.D. at 100-105 cm.

gzt



126
values. Note that rates are calculated from the base upwards
and that interpolated dates have been placed at intervals that
were not directly dated. Figure 4.23 exhibits four profiles,
one set showing sedimentation and influx rates for the entire
core and another showing the rates excluding the date at 102.5
cm. The profiles with the date at 100-105 (102.5) cm show a
rate drop between 102.5 and 97.5 cm. While possible, this drop
is probably not real, since the first human disturbances were
determined to be higher in the core.

This decline between 102.5 and 97.5 cm suggests either
the date at 102.5 cm, the interpolated date at 82.5 cm or the
date at 192.5 cm is incorrect. The date at 82.5 cm is based on
an increase in the Gramineae profile suggesting first
cultivation around Quidi Vidi Lake. From MacKinnon (1981) the
first farm in that area was developed around 1757. This
Gramineae change also corresponds to a colour change noted in
the stratigraphic column at 83 cm. The other two dates are
based on *C and the dated material may have incorporated old
C from the watershed, creating an artificially old date
(Olsson, 1986).

It is reasonable to suggest the sedimentation rate from
the base to 82.5 cm was probably relatively slow and uniform.
When the date at 102.5 cm is dropped the profiles are smoother
and probably more realistic. This suggests that the date at

102.5 cm is too old by about 290 years. This, however, is
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contingent on the assumption there was no anthropogenic
activity in the Quidi Vidi Lake area before 1757, that would
have caused increased sediment input. No evidence from any
data collected suggests this lake was directly subject to
earlier anthropogenic influences.

Figure 4.23 shows a constant influx and sedimentation
rate from the base to 82.5 cm (1757) where the rates are 0.005
g cm“yr™ and 0.036 cm yr™*, respectively. Rates show the first
sharp increases between 82.5 and 77.5 cm (1757-1776)
increasing by approximately 6.8 fold over the basal rates. Up
to 52.5 cm (1870) the influx rate nearly doubles to 0.0672 g
cm™ yr'*, while the sedimentation rate remains constant. This
difference is the result of a decline in the water content.
Water content, which affects the sedimentation rate, declines
through this interval.

Between 52.5 and 48.5 cm (1870-1900) both profiles show
a sharp decline. The influx and sedimentation rates both drop
by half (0.0347 g cm™ yr™' and 0.1340 cm yr™*, respectively)
Above 48.5 cm (1900) the profiles can be zoned into a number
of different intervals. First, between 48.5 and 30 cm (1900-
1958) the profiles show a large relatively uniform increase.
The influx rate increases by a factor of 16 to 0.551 g cm™ yr~
* while the sedimentation rate increases by a factor of 8 to
1.07 cm yr*. The influx and sedimentation profiles show a

stable period between 30 and 25.5 cm (1958-1963) and a sharp



128
increase over a narrow interval between 25.5 and 23 cm (1963-
1964) . At this point the highest influx and sedimentation
rates are observed at 0.823 g cm™® yr* and 1.56 cm yr,
respectively.

Between 23 and 17 cm (1963-1969) the rates remain
relatively constant and decline sharply to 9.0 cm (1979)
Above 9 cm, the profiles increase to 7.0 cm (1981) and
gradually decline to 3 cm. The influx shows a continued
decline to 1 cm (1989), while the sedimentation profile shows

a small increase.



Chapter 5: Discussion

5.1 - General Introduction

Sediment cores taken from lakes in St. John's record many
tvpes of change 1in their physical, chemical and fossil
content. Each core and each type of record could be
interpreted in different ways, which by themselves are
ambiquous. Collective use of all data narrows the possible
interpretations, and allows a well-constrained reconstruction

of the history of environmental change, and its probable

causes.

5.2. Presentation of geochemical data

Geochemical data can be displayed in numerous ways
including concentration, influx rate and ratioced to a
lithophilic element. No one format is best-suited to all data
sets, and establishing which format best suits the goals of
this study is imperative.

To illustrate the effectiveness of each data format for
discerning anthropogenic impacts recorded in the lake sediment
cores, selected elements are displayed in Figure 5.1 in
different formats. Comparison of elements that represent very
different processes and sources, such as Pb and Al, help to
show the effectiveness of influx and concentration profiles.

The concentration profiles for Pb and Al show two very
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different trends for the last 250 years. From about 175G, Al
shows a gradual doubling to about 1940 when constant levels
are reached. Lead, however, shows several intervals of change
including 1800 - 1850, 1850 - 1920 and 1963 - 1973, where the
concentration profile shows large variations and increases.

In contrast, the influx profiles for both elements show
very similar ¢trends, mimicking the dry sediment influx
profile. Upon close inspection the large relative changes
displayed by the Pb concentration profile are present in the
Pb influx profile, however, the relative magnitude of change
is small and not easily detected in the influx profile. The
dry sediment influx rate shows a very large increase (160
fold) from pre-disturbance levels, and thus when metal
influzes are calculated the changes observed in the
concentration profile are subdued. Thus, in this study the
concentration profiles are more effective for displaying
changes than influx profiles.

The dominating effect of variations in the dry sediment
influx rate is also observed for elements believed to have a
similar source, such as Al and Ca. Aluminum shows a continuous
increase from 82.5 to 40 cm, while Ca shows no increase until
57.5 cm. Up to 57.5 cm Ca shows a steady decline from the
basal samples. The influx profiles for these elements closely
mirror each other, and the apparent difference displayed in

the concentration profile is lost. Any interpretation based
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solely on the influx profiles would overlook this potentially
important difference.

The Hg influx profile displays a relative 'high' between
72.5 and 48.5 cm (1800 - 1900), which is also displayed in the
concentration profile. Lead shows a similar high in the
concentration profile, but the same feature is not so apparent
in the Pb influx profile as in the Hg influx profile. The lack
of relative prominence of this feature in the Pb influx
profile is due to the larger relative increases of Pb in the
upper section of core, which results 1is an apparent
'dampening' effect.

When ratioed to a lithophilic element such as Al,
elements display a trend very similar to the concentration
profile. This effect can be seen for both Pb and Hg in Figure
5.1. In both cases the Pb:Al and Hg:Al closely mirror the
concentration profile for Pb and Hg, respectively. The spike
observed in the raticed profile is the result of an
anomalously low Al concentration at that interval, and may
well be spurious as it is not observed in the cores from Quidi
Vidi Lake.

The examples above show that the concentration format is
the most effective for interpreting change. The concentration
profile does not, however, provide the whole picture. The dry
sediment influx profile is also important for data

interpretation. If, for example, a metal is being supplied at
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a constant rate and the sediment influx rate is increasing,
the end result is a concentration profile exhibiting a
decline. This type of situation could be wrongly interpreted.
Where the element is a component of the sediment matter, such
as Al, K and Mg for example, increased sedimentation would not
cause a 'diluted' concentration profile. Thus, the
concentration profiles in conjunction with the dry sediment
influx rate are most effective for interpolating anthropogenic

impacts.

5.3 Chapter format

Discerning changes recorded in lake sediment is sometimes
confusing, since a single element or a suite of elements can
have many potential sources. At best, this type of study
documents measured variations, that in most cases represent
broad scale changes over time, rather than specific events. In
an attempt to make this large data set meaningful, and at the
same time manageable, this chapter is divided into two. The
first half focuses on impacts related directly to physical
disturbances of the natural landscape, such as forest cutting
and farming. The second half focuses on impacts related to
emissions from fossil fuel use, such as Pb from automobiles,

which has little to do with landscape disturbances.

5.4 Record of impacts related to wa hed soil di
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5.4.1 The Earliest Settlers

Discovered in 1497, Newfoundland's earliest history was
one of a migratory population, based on a summer fishery. In
an attempt to prevent permanent settlement, prior to 1790
houses in St. John's were not allowed to have attached
chimneys (0'Neill, 1976). This edict did not, however, succeed
in discouraging permanent settlement as the records show St.
John's first resident settled in 1605. The migratory fishery
declined after 1790, at which time the population of all of
Newfoundland started to grow.

Upon examination of all data, it appears that charcoal
may provide the first evidence for human disturbance of this
area (Fig 5.2). Charcoal is observed in all samples from 87.5
cm (1630) and above, but only intermittently below 87.5 cm.
The sample at 87.5 cm, is a composite of material between 90
and 85 cm loosely representing the interval between 1556 and
1690. The ubiquitous presence of charcoal at and above 87.5 cm

suggests a constant supply, most likely from the combustion of

wood as a fuel.

5.4.2 The dawn of farming

The growth of agriculture and denudation of the forests
have been documented in section 1.7.1 of Chapter 1. The
earliest farming near Quidi Vidi Lake started in 1757. Its

spread continued until 1850 when agriculture was practised



Date

depth (cm)

2000

1900
485

1800
689

1700
833

1600
886

1500
92.6

Figure 5.2 Charcoal in core QV2. The inset probably shows the earliest

350

Charcoal
(X 1000 cc™)
0 50 100 150 200 250 300
B i T 1L T T ¥
T
(X 1000 cc™)
0 5 10
1800
1750 ;
1700 ) /
§ w650}
1600
1550

e

1500

increases related to human use.



136

throughout the area now covered by the city (see Figure 1.5).
Livestock and crop production grew to peak between 1911 and

1921, after which local production declined.

5.4.3 The Farming Era

The first major disturbance in core QV2 occurs at 82.5 cm
(1757), where Principal Components (PCs) 1, 2 and 3 show
increases from the basal trends. This corresponds to
concentration increases in most lithophilic elements (majors),
as LOI declines (Fig 5.3). Together with Si, which was not
measured, the lithophilic elements and LOI make up a large
fraction of the sediment, and thus the changes recorded at
82.5 cm suggests soil disturbance.

Elements such as Al, K, Mg and Na are constituents of
most rock-forming and clay minerals. In the > 2 pm sediment
fraction of core QV2, albite (NaAlSi,0.) and quartz (SiQ.) were
dominant, while in the < 2pm fraction illite and chlorite
(Mg.-Al; (Si,Al;)O;; (OH) .;) were dominant. Between 87.5 (1630) and
77.5 cm (1776), XRD count data double for illite, chlorite,
quartz and albite; suggesting at that time there was an
increase in the quantity of clastic input, compared to the
period represented in the basal section (Fig 5.4).

Coincident with changes in the sediment composition are
changes in the pollen assemblage as seen in pollen subzone 2ai

(Fig 5.5) . Increases in Gramineae and corresponding declines
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of arboreal pollen at about 62.5 cm (1757) indicate opening of

the forest canopy. Increases 1in shrubs (Alnus), ferns
(Polypodiaceae) and European weeds (Rumex) in subzone 2ai
provide further evidence for clearing.

Simultaneous changes in vegetation assemblages,
lithophilic element concentrations, clay and mineral fractions
indicate deforestation and the inception of agriculture near
Quidi Vidi Lake. A sediment colour change at 83 cm in core
QV2, may mark most closely the first impact of early
agriculture. According to MacKinnon (1981) agriculture near

Quidi Vidi Lake started around 1757.

5.4.3.i Lithophilic composition of sediment through the main
farming era

The lithophilic elements from PCl, including Al, K, Mg,
Na, Ti and Fe show increases up to the peak of agricultural
production between 46 and 44 cm (1911 - 1921), and beyond in
some cases (Fig 5.3). Concentration profiles for Al, Na and Ti
show steeper increases during the early part of the farming
period, suggesting greater relative impacts on lake sediment
chemistry with the earliest soil disturbances. Iron, on the
other hand shows a linear increase from 82.5 to 46 cm (1757 -
1913), suggesting its lake sediment concentration was
controlled, in part, by other factors.

The Ca concentration profile differs from the other
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lithophilic elements through the main farming era. Calcium
shows a continued decline up to 62.5 cm (1832), carrying cver
from the decline recorded in the basal section. Above 62.5 cm
Ca increases gradually to 28 cm (1960) (Fig 5.3). The geology
and soils in this area contain low levels of carbonate, which
might explain some of the concentration profile (Heringa,
1981). The XRD data reconfirm low Ca levels in both the
dominant clay and mineral fractions, which are Na-Al-Mg-K
based.

The section of core inferred to date between 1757 and
1869 (the oldest “*°Pb date) probably does not correctly
reflect the nature of early soil disturbances. Initial forest
clearance and subsequent farming may have caused an early peak
in sediment influx, much as Dearing (1991) illustrated from
other studies. Evidence to suggest an early episode of soil
erosion into Quidi Vidi Lake might be observed in the pollen
and spore count profile and influx profiles for Picea, Betula,
Alnus and Gramineae, all of which peak at 62.5 cm (1832) (Fig
5.6). This feature may represent washing of previously
deposited pollen in the watershed soils, as a result of

intense soil disturbances.

5.4.3.ii Pollen percentages through the upper farming interval
The Gramineae increase and the Picea and Abies

decline through pollen subzone 2aii to 38 cm (1943) points to
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continued encroachment of land clearance into forested areas.
Neither the Gramineae percentage nor influx profiles
correspond to the peak of crop production between 1911 and
1921 (Figs 5.5 and 5.6). The Gramineae increase above 44 cm
(1921) may reflect land abandonment and succession of grasses
into open areas. This hypothesis supported by data from
MacKinnon (1991) who noted that more than 5000 acres of
cultivated land was abandoned in St. John's between 1911 and

1935.

5.4.3.iii Clay through upper farming interval

The XRD data shows the four major components increasing
up to 40 cm (1935) (Fig 5.4). Above 40 cm the XRD data
fluctuate, but do not show any overall change. These
observations are consistent with abundances for most of the
lithophilic elements of PCl. The lack of change above 1930-
1940 suggests that some critical point was reached where, in
known periods of more intensive erosion, sediment influx did
not alter the relative levels of clay and mineral fractions,

or lithophilic element concentrations in the lake sediment.

5.4.3.iv Lacustrine impacts associated with farming (1757-
1949)
Lacustrine impacts associated with forest clearance and

the establishment of agriculture are inferred from the diatom
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and aquatic spore (Isoetes) data. The only sample examined for
diatoms during the farming era was at 74 cm (1790). It
indicated an inferred lake water pH of 6.40, well within the
natural background range defined in the two basal samples
(6.28 and 6.47) (Fig 5.7). With poor error control and a
reconstructed pH based on data from another location, the
reconstructed pH values for Quidi Vidi Lake may reflect the
direction of change more accurately than the magnitude of
change.

All diatom taxa, except Tabellaria flocculosa, show
little or no change from the base of the core (Fig 4.6).
Although the increase of Tabellaria flocculosa is a linear
projection from the basal two samples, percentages double
suggesting a possible anthropogenic influence rather than a
natural phenomenon, although this change may be due totally te
natural conditions. In as much as the ecological significance
of this increase is unknown, work by Kingston et al., (1990
suggests it could represent increased humic acid levels. This
situation could arise with increased flushing of organic
matter from tree felling and agriculture (Vuorela, 1980). The
percentages of Centrales and Pennales, however, do change from
the basal section to 74 cm (1790), suggesting that while early
farming may not have affected the lake pH, it may have started
to affect the composition of the diatom community.

Isoetes, a submerged aquatic plant, is an effective



Asterionella Planktonic/ Diatoma Piiiilea Tabellaria

-l

g pH formosa Benitic elongatum Contoles flocculosa  Isoetes

32 (%) (%) (%) %)

a3 6 7 8 10 30 1 3 5 10 2030 40 20 60 100 10 30 10 20
S —

" S N TRE B M R TR S S s e e T

}Svan of{urban
encroachment

icultural
d
_/;;mpleted

Date
depth (cm)

S

N\

Foret clearance/
of farnjing

[ OliveBlack Clay Gyttja Brownish Black Clay Gyttja
Dusky Yellowish Brown Gyttja B Dusky Brown Gyttja

Figure 5.7 Diatom reconstructed pH, selected diatom species, morphological and ecological data and Isoetes from core QV2

SPT



146
lacustrine indicator of local human disturbances (Vuorela,
1980) . Vuorela showed data from several UK watersheds which
suggested that increases of Isoetes mark incipient clearance
or cultivation. Isoetes thrives only within an optimal range
of mineral matter accumulation. Intense mineral accumulation,
changes in lake water pH or taxa competition can cause a
decline in abundance.

In core QV2, Isoetes shows high percentage abundance in
pollen subzone 2ai, during early forest-agriculture
disturbances, but declines between 77.5 and 72.5 cm (1775 -
1794) into subzone 2aii (Figs 4.1 and 5.7). This decline
occurs when the diatom-reconstructed lake pH showed no
measurable change from pre-European levels, suggesting other
reasons for its decline possibly including excess
sedimentation or a flora-fauna competition. Flora-fauna
competition, for example, may have come in the form of diatom
growth on the Isoetes plant, causing its decline. Throughout
the remaining farming era, Isoetes is the only aquatic
indicator. Relatively high percentages between 62.5 and 52.5
cm (1832 - 1870) indicate lake conditions were optimal for
Isoetes. The subsequent decline suggests species stress due to
changing conditions.

Although phosphorous in sediment has been used as a tool
for measuring the trophic status of lake water, numerous

studies have shown it that does not reflect the history of a
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lake's trophic state, but rather is closely controlled by Fe,
Mn and clay sorption (Bortleson and Lee, 1974, and Brugam,
1978b, Engstrom and Wright, 1984). In QV2, the P concentration
profile does not pin-point specific periods of high trophy,
even during known times of sewage pollution (see Fig 3.3). The
featureless profile suggest P is not applicable for measuring
lake trophy in this case, and its sedimentation is probably

controlled by other factors.

5.4.4 Suburban/urban development

MacKinnon (1981) noted that rapid urban encroachment upon
farmlands began after 1911, as most of the city remained
between the harbour and the crest of Freshwater Hill up to
1900 (see Fig 1.2). Significant urban growth started between
1911 and 1921, and gradually declined to around 1945 - 1950.
About 1945 the population increased abruptly, suggesting the
start of major urban development (see Fig 1.6). City
development was faster and more extensive after Confederation
(1949) as St. John's became the leading government and

services centre.

5.4.4.i Sediment influx through the urban era
The sediment influx through most of the farming era was
interpolated (between 1757 - 1870), and thus few changes can

be recognized to 52.5 cm (1870) (Fig 5.8). The influx rate is
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constant between 52.5 and 46 cm (1870 - 1913), but shows a

continuous increase between 46 to 34 cm (1913 - 1954). This
increase occurred through urbanization as the city grew
steadily, spreading to the Long Pond area. Most of the
construction during that time was of a residential type,
except Fort Pepperrell, built in 1941, on the north banks of
Quidi Vidi Lake. The sediment influx profile, however, shows
no discernable impacts related to this large military
development.

After Confederation, rapid growth of the city is evident
from the sediment influx profile. Between 34 and 32 cm (1954 -
1956) the sediment influx rate doubles. This short interval
probably reflects intense residential sub-division development
along the Rennies Mill River Valley, above Quidi Vidi Lake.
The abrupt dry sediment influx increase indicates the impact
was large and possibly unimpeded. Unimpeded erosion would
result from the removal of the natural vegetation cover, and
construction of roads, parking lots and storm sewers. Storm
sewers probably played an important role allowing
instantaneous run-off of material to streams and lakes. This,
of course, would be most intense during construction, until
some point when the urban landscape was transformed into a
blanket of concrete, pavement and lawns.

The influx rate remained steady to 25.5 cm (1963), but

increased abruptly between 25.5 and 23 cm (1963 - 1965),
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implying another period of intense construction. Residential
construction rates for the city doubled between 1960 and 1963,
and again between 1965 and 1966 (Fig 5.9). Between 23 and 17
cm (1965 - 1969), the influx rate remained very high, and
shows the single most intense period of watershed disturbance
recorded in Quidi Vidi Lake. Figure 1.2 shows that much of the
area north of Quidi Vidi Lake was developed after 1961, during
these periods of intense sediment input.

Above 17 cm (1969) the sediment influx rate declines to
the top of the core. The decline suggests most of the
construction of city infrastructure was completed in this
catchment. There is no obvious explanation for a small
increase in sedimentation at 7 cm (1982), but it may reflect

developments near either Long Pond or Virginia Lake.

5.4.4.ii Chemical profiles through the urban era

Lithophilic elements from PCl show little concentration
change above 38 cm (1943) as farming declined and city
development increased. Calcium, K and Na do, however, show
continued increases from the farming era to peak between 28
and 15 cm (1960 - 1970), during which time LOI declines to its
lowest levels (Fig 5.3). It is unclear why Al, Fe and Mg
increase only to about 1940, whereas Ca, K and Na
concentrations increase to about 1960-1970. One possibility

might lie in the geochemical variability of the watershed
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soils, which would be selectively disturbed as the city grew.
Basal concentration profiles for the urban lakes and Georges
Pond show a variety of geochemical signatures from lake to
lake, suggesting the soil composition, which is controlled by
the underlying bedrock, varies slightly throughout the city
(Fig 5.10).

Of the lithophilic elements, Ca deviates the most,
erxhibiting increases through the sediments deposited during
the urban era. Increases observed in the Ca profile, and
particularly between 34 and 25.5 cm (1954 - 1963), show a
strong empirical relationship to increases in the dry sediment
influx (Fig 5.11). This relationship is not observed for the
other lithophilic elements. Mackereth (1966) and Bortleson and
Lee (1974) suggest Ca concentrations increase during periods
of high sedimentation rates, which prevents leaching of CaCO
from sediments. Their study areas, however, are carbonate
rich, unlike the St. John's area.

In core QV2 above 15 cm (1971), where the dry sediment
influx declines, Ca shows a continued increase. The other
lithophilic elements, except Fe, show little change above 15
cm. As the other lithophilic elements show little change, this
Ca increase suggests anthropogenic additions of Ca. One
potential source of Ca is liming, which may have come from
liming and fertilizer used on the golf course along Virginia

River (Bally Hally Golf course), as well as on lawns around
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the milicary base.

Another possible anthropogenic Ca source is concrete. The
dissolution of concrete could add Ca to the lake water, some
of which may get deposited in the lake sediment. In the last
50 years the amount of concrete in the watershed has increased
sharply. Addition of ‘'exotic' construction material from
outside the watershed could also play a role introducing
materials selectively enriched in certain elements, such as
Ca. However, neither the XRD nor the chemical data identify

any obvious 'exotic' construction material.

5.4.4.iii Pollen changes through the urban era

Since most forest cover was removed during the farming
era, arboreal pollen percentages are low throughout the urban
period. Above the Gramineae peak at 38 cm (1943), Gramineae
percentages steadily decline to 13 cm (1973) (Fig 5.5). This
decline coincides with the most intensive period of city
development, and thus probably reflects city encroachment upon
abandoned fields. The slight increase above and after 13 cm
(1973) may be result of the establishment of urban lawns and

grass along the river channels.

5.4.4.iv Lacustrine Impacts associated with urban sprawl
The increase in the lake water pH observed in Quidi Vvidi

Lake is one of the most obvious lacustrine impacts of urban
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sprawl. The pH increased to 7.2 and 7.9 between 28 and 5 cm
(1960 - 1984), respectively (Fig 5.7). No diatom samples were
examined in the section of core between 74 and 28 cm (1790 -
1960) ; thus it is impossible to determine if most of the pH
increase occurred before or after urban development. This oH
increase over the last 30 years is contrary to trends observed
in remote Newfoundland lakes, which show recent acidification
(Scruton et al., 1990).

As previously stated, the reconstructed lake water pH for
Quidi Vidi probably shows the direction of shift more
accurately than actual change. Nevertheless, other pH data
from local studies suggest the reconstructed values have some
degree of validity. One time pH readings such as 7.36 in
Kenny's Pond (Gibson and Haedrich, 1988), 7.2 in Long Pond
(0'Connel and Andrews, 1976), 7.4 and 9.4 in Leary's Brook
(McCallum, 1981) and 7.65 in Virginia River (Gibson,
Unpublished data 1983) span the reconstructed pH range in 1960
and 1984 from Quidi Vidi Lake.

The high pH levels in Leary's Brook may provide evidence
for the high reconstructed values at 1960 and 1984. Diatoma
elongatum, which has high representation in the 1960 and 1980
samples, suggests high C1° and pH (8.45) conditions. One-time
blooms of this taxa from either winter road salt practices or
chemical spills such as ammonia, would result in a high

reconstructed pH. By removing Diatoma elongatum from the
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reconstructing calculations, the 1984 pH for Quidi Vidi
becomes 7.1, more consistent with measured water data.

The pH increase in Quidi Vidi Lake implies an alkalinity
increase in the lake water. This hypothesis is supported by
Blake (1992) who showed that levels of Ca (> 7.8 ppm) and Mg
(2.2 ppm) in the urban lake water, ~re amongst the highest on
the northeast Avalon Peninsula. Emissions of potentially
acidifying agents within the urban setting, from fossil fuel
combustion for example, should lead to lake acidification.
There 1is strong evidence for increase 80, from acid
deposition in the urban waterways as highlighted by Blake
(1992), who showed SO, levels in the urban lakes at 5 times
higher than background. The reconstructed lake water pH
values, however, suggest the urban lakes show little effect of
high acid deposition, thus pointing to a high buffering
capacity. Low metal levels in a limited analysis of brown
trout in Leary's and Virginia Brooks (Gibson, unpublished
data, 1983, Dept of Fisheries and Oceans) also point to
enhanced buffering. A high buffering capacity would make
metals less bio-available, despite the higher levels found in
sediment. The increase in buffering capacity is probably due
to a number of factors. One potential buffering agent, already
identified, is concrete, a source for Ca and Mg. Dissolution
of Ca and Mg from concrete would cause an increase in

carbonate levels in the urban lakes. Most of the concrete
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structures in the Quidi Vidi Lake watershed were built after
1949, coincident with the pH changes documented in 1960 and
1984.

The diatom, Asterionella formosa, points to another
impact of urbanization. Asterionella formosa, which peaked at
28 cm (1960), is a marker for increased productivity
(Pennington, 1981). Sources include sewage inputs (Brugam,
1978a) and increased P loadings (Dearing and Foster, 1986).
Documented and anecdotal evidence indicates Quidi Vidi Lake
received raw sewage during the late 1940s and early 1960s
(Bland, 1946 and Mr Robert McNealy, pers. comm.) Thus, the
1960 peak probably reflects a period of domestic sewage input,

which has since declined.

5.4.5 