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Abstract

Lake sediment cores from St. John I 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 t.o

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 influ:~ 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

19505, 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 19805. 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. Al though 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 IS. This was

accomplished by using records preserved in sediment cores from

urban lakes. The geochemical signature, placed in 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 I s is located on the east coast

Newfoundland, Canada, an island in north Atlantic Ocean, at

47'35' latitude and 52'45' longitude (Fig 1.11. 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, Oxen Pond, Branscombes Pond and

Virginia Lake. Most of the river systems, ex:cept 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 I environmental indicator I is
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Fig 1.1. Schematic map of Canada, showing the location for St. John's, Newfoundland.



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 co decades.

Robust reconstructions and assessments of past

environmental change are best achieved by using indirect pro:·:y

methods to firstly, determine the natural signature and

variability and secondly, to show the timing and magnitude of

anthropogenic changes. Lake sediments, an indirect pro:-:y 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 I 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 th 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.



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 usinq lor,g lake

sediment cores,

2. documenting and reconstructing the e~tent 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, :0

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 IS,

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 Vidl 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



I Spatial Growth of ~ "'(I St. John's superimposed /
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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 inlo Long Pond, Rennies River runs from Long Pond
to Quidi Vidi Lake and Virginia River runs from Virginia Lake to Quidi Vidi Lake. en



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.



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 surroundinq marshlands,

flows through a di fferent 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 enj oy 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



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 sailor 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 e;{ample, 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 redo:{ 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 IS 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 limi ted sui te of

elements in a sediment core from Branscornbes Pond, Mount

Pearl. The first human impacts are noted by pollen abundance

changes coinciding with a Lor (loss on ignition) decline at

100 em. Increases in AI, 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 identi f ied

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 em, started in 1820 and continued to

1884 135 em). Increased Pb concentrations in 1833 133 em) were

attributed to foundries and tinsmi thing operat ions.

Eutrophication which began about 1910, inferred from changes

to C, K and P profiles, reached a maximum around 1945 (13 em),

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 em) is identified from increased Si.

Several biological investigations have been completed on

city waterways. Marrie (1984) identified high levels of faecal

colifom 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, Q'Mally et al.. 119961 e:-:amined the Polycyclic

Aromatic Hydrocarbon (PAR) 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. Sieger

et al., (1996l e:-:amined trace constituents of lubricating

oils. They showed that the dominant petroleum biomarkers from

Mundy Pond were derived from automotive oil.

Drover (1993l completed a comprehensive e:{amination of

the movement and sources of contaminants in a watershed

appro:dmately 20 km outside St. John IS. 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
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in light of the near-by incinerator.

In a remote area of Newfoundland, Vardy (1991l 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 aI., 1996) which was produced from

I grab I 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

magni tude (0.3 and 0.4 uni ts) 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 wi th a decline in the



12

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 of home heating oil, respectively; a

eu 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) e:,:amined 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. ~hosphorus did not correlate well with

known periods of eutrophication (sewage input) I but seemed ta

be correlated with Mn. Bartleson 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 MnOx precipitates. Iron

and MIl sedimentation was controlled by the lake redo:<

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 ambigud correlates with the arrival of Europeans.

Later, in the early 1800s, a large rise in Melosira ambigud

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 51 from the water during eutrophic c.:>ndi tlans.

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' 5, 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 1 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 kIn away. In

contrast, increased Pb levels in surface sediments suggested

a widespread pollution source.

E:-:tensive paleolimnological work has been completed by

Smol 11980, 1981, 1983, 1988 and 1992\, Smol et al., 11983 and

1986l and Di:<it et al., (1992) on the use of paleoindicators

for establishing past ecological condi tians. 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 acidification 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 Ai concentrations,

acid neutrali zing capacity and dissolved organic condi tions.

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. f (1990) e:<amined 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 PARs in areas

of low acid deposition. In addition, recent declines of Sand
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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

e:~amined by Qvarfort (1983). Given detailed historical

accounts and lake sediment metal profiles, Qvarfort was able

to show the inflm~ 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 e:<.amined lead profiles from Lake Michigan.

Their lead profile corresponded to historical use of coal and

leaded gasoline. Paetze1 et a1., (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 'Nas 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 comple:{ation­

adsorption mechanisms wi thin 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 e:{periences a marine climate wi th cool summers

and mild winters. The mean annual temperature is 5~C and the

mean annual precipitation is 1420 rom. 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 Geoloqy

The geology of this area consists of upper Precambrian
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sediments which are thought to have or iginated 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).

1.1 Historical Aspects of St. John's

1. 1.1 Farming and Forestry

The earliest local use of the forest, while poorly

documented, was for firewood, home building and fish flakes.

O'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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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.
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rapidly removed. As early as 1700, and dUI:"ing the construction

of E"ort William (Fig 1.4), timber was being cut as far back as

Long Pond IO'Neill, 19761.

E'orest 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 probably

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 11981}. 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

restr icted to the harbour I 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 Fann 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 Townsbend - West star)
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mapped the spatial growth of agricul ture 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 1.6 kIn

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

e:,:panded 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 1981\.

1.7.2 Population

The population growth of St. John Isis 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 cate of

increase to 1981, cernaining steady to 1992 {approximately

96, 000 persons}.

1.7 . 3 Orban 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 I.S farm distribution in St. John's and vicinity between 1810 and 1840. (From M8cKinnon, 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 .

. 1.5 Transport.ation Systems

Wi th an e:':pandinq 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 IS (Fig 1.61. A notable increase in automobiles

occurred during the years of 1925-26, when ta:ds were

introduced (Adams, 1991). However, according to Mr. Robert

McNealy (pers. corom 1993), automobiles did not become popular

until after 1950.

1.7.6 Industrialization in St. John' a

The present level of industrialization in St. John I 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 (Bakel: et al., 1990l. Histocical

records show that small local industries survived until

shortly after Confederation (1949), when competition from

Canadian markets caused many to close.

P.rnonq the larger: industries was 'The Newfoundland

Consolidated Foundry Company, Limited'. Built in 1847, it was

one of the longest-standing foundries in St. John I 5 (Joy

1977). Joy, in e:<amining 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 I 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 nwnber

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

ewfoundland and Labrador (1988).
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Newfoundland after 1950 lHistor-ical Statisl:ics 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 and associated appendices, document the

sampling and geochemical procedures for all analyses. Age

calculations derived from ;:C,Pb dating are given in Appendi:·: F.

Lake sediment geochemical results, inclUding lead

isotopic data are presented in Chapter 3. ThcQugh a series of

statistical analyses the lake sediment geochemical data '....ere

condensed and related to the main core, QV2 from Quidi Vidl

Lake.

Results from all other analyses are presented in Chapter

4, including pollen (all lakes), diatoms (core QV2), charcoal

(all lakesl, soot (all lakes) and silicate mineralogy (core

QV21. In addition, a lake water pH record for core QV'2, '.-Jas

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 hal f discusses

impacts related to airborne pollutants, such as coal or

automobile emissions.

The conclusions and 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 Samplinq

E'ourteen 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 Appendi:-:: 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 em 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 em. Two bolts,
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Bolt attachment

Main Line (to surface)

Driver Line (to surface)

Plastic Pipe

Cement

Bolt attachment
_ Coupling

'....--- Bolt attachment

Barrel

Core catcher

Fig 2.3 Schematic of corer modified from Reasoner (1986).
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placed 10 em 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. E'our

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 em

long, 17 ern diameter ASS pipe. The base of the driver was

fitted with a piece of hard flat plastic, with a 3 em diameter

hole at its centre. A 60 em long plastic pipe () em 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 crn 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. A.ll rivets were

flattened to ensure Ii ttle sediment disturbance. The form of

catcher was perfected over a number of coring attempts, the

best catcher having seven tapered fingers.

2.3 Corioq OperaUoft

Prior to sampling, the barrel was attachpd to the head

and the main line was placed through the driver. A.fter the
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sample site was chosen a hole 20 em 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

cere 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 appro:dmately 1.5 to :2 from the

top of the barrel, the driver was pulled to the ice surface

and freed from the main 1 ine.

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 em 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 wi th duct tape. The

cores were transported to the Department of Earth Sciences,

Memorial University of Newfoundland and placed in cold storaqe

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 em threaded

rod, two washers and two nuts. The stoppers, with a 10 em

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 corrunenced 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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placet 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 em

was spooned off before extrusion into a trough. The trough was

made from a 10 em diameter PVC pipe cut in half along its

length.

E::trusion 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 I Rock-Color Chart I (1984).

2.3.2 S• .u-nt Samplinq

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

em intervals, while the remainder of the core was sampled at
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5 em. 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

syringe, 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 9 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-( until use. A

conscientious effort was made to collect 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 AIlalysis

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 ~), 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 .•. 1 Total and Acid Extractable Analysis

Total element contents were detennined at the Geochemical

Laboratory of the Newfoundland Department of Mines and Energy

by inductively coupled emission spectrometer (ICP-ES) for the

elements .0..1, Ba, Be, Ca, Cd, ee, 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

(tinch, 1998). See Appendi;-,; 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, Sa, BriCe, Co, Cs, Eu, Fe, Hf, La,

Mo, Na, Ni, Rb, Sb, Sc, Se, Sm, Ta, Tb, Th, U, Wand 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 I cold vapour I 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 IOaOX, under oil irmnersion.

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 ;e 10

jJIn was used for soot diameters and charcoal lengths. See

Appendix 0 for pollen data and E for diatom data.

Charcoal and soot particles were identified from visual

representations and descriptions from Griffin and Goldberg

11981), Renberg and \iik (1984), \iik et ai., (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 I soot A', These were believed to be related to

oil fired furnaces. No references were found to identify the

tentatively named 'oil droplets' I 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 119781, Kapp 119691, Knut (19891, Moore and Webb

(1978) and Moore et aI., (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 (19811, Camburn et aI., (1978, 1984-19861, Cox

(1987), Dodd (19871, Foged (1977, 1979, 1981, 19821 Germain

(1981), Horace (1981), Koppen (19751, Krammer (19921, Molder

and Tynni (1969, 1971, 19721, Patrick and Reimer (19661, 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,

19871' ,



42

Broken pollen grains, if identifiable, were tallied as

half or quarter grains as seen fit. Broken diatom valves, as

suggested by Kingst.on (1986), were t.allied if a recogni::able

feature was present. Quality assurance and control were

achieved by standardi:inq the ta:·:onomic references used for

each ta:-:on. This '.....as achieved with the help of Dr. J.e.

Kingston, a diatom ta:-:.onomic specialist, who e:{amined the

diatom set.

2.5.1 Frequency Calculations and pH reconstruction

Since this study e:-;amines human impact, pollen

percentages were calculated using the total pollen sum

(Berglund and Ralska-Jasiewiczowa, 1986l. The percentage of

each pollen ta:.;on was calculated from:

ta~on X (%1 = (GXCI/(TPCI'100%

where;
TPC is total pollen counted and
GXC is grains of taxon X counted

Spore percentages were calculated using;

ta:<on X = «(GXCI I (TPC + GXCI I '100%

concentrations of charcoal, soot, pollen, and diatoms were

calculated using the equation;

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

where;
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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 Smal (1992). Diatoma

elongatum which was abundant in Quidi Vidi Lake was given an

optimal pH of 8.45 (Sushil Dixit, per. conun. 1996). Diatoms

without a recorded optimal pH were not used in the

calculations.

Common lead isotopic ratios were examined by VG Sector-54

mass spectrometer using a mul ti-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.

2.1 Clay and Mineral Analysis

Both clay « 2~) and mineral (> ZllJIl.l 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 2c to 35° 28, with the following XRD

settings; 40 KV, 50 mA, and scanned at 4~ 26 minute- 1
• Smear
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slides of the mineral fraction were made and analyzed from 10'

to 60° 26 at a rate of lOr) 20 minute-; with the above XRD

settings. Clay and mineral identification and peak selection

was completed using JCPDS Powder Diffraction inde:-: for

Minerals software, while peak areas were automatically

calculated with the Jade software. See Appendi:{ B for detailed

sample preparal:ion procedures.

2.8 Radiometric dates (21°Pb, 131CS and He)

Measurements for ':Pb, "Ra and "C5 were established by

ganuna spectrometry by Dr. P. Appleby at the University of

Liverpool, UK.. "C5 >Ra and .:1Pb '.....ere measured by gamma

spectrometry, while ;!~Po was measured by alpha-spectrometry at

Becquerel Labs, Mississauga. See Appendix E' for details on age

calculations using ,:"lpb. Radiocarbon (,~Cl 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



45Table 2.1 Univariate data. disrtibution (normal or lognormal), 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
analytical procedures. Refer to Appendix B for particular procedures. Note. Na. Lu and Th
were not log-transformed since the coffident 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.
respedlvely. The data presented here shows the variation for the whole data set. Units are in
ppm. except for AI, Ca. Fe. K. LOI, Mg and Na which are in percentage. and Au, Hg and P
which are in ppb.

Element min max mean standam cofficient of Distribution F-Value Variability
deviation variation Log (YIN) (%) (%)

Ag(6) 0.1 1.2 0.27 0.19 0.69 y 17.54 5.70
AI(2) 1.81 8.2 4.99 1.67 0.33 N 1315.17 0.08
As(1) 1.3 33.1 8.86 5.08 0.59 y 61.40 1.60
Au(l) 1 49 5.97 8.04 1.35 y 57.33 1.70
Ba(l) 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 312.57 0.03
Bi(2) 0.5 8 1.35 0.94 0.70 y 1.59 62.90
B'lI) 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 2.8 0.65 0.50 0.77 y 44.98 2.20
Cd(3) 0.1 2.3 0.55 0.43 0.78 Y 22.55 4.40
Ce(l) 42 295 110.44 .1.53 0.38 N 56.88 1.80
Ce(2) 10 297 120.24 42.93 0.38 N 214.70 O.SO
Co(l) 1 160 24.07 18.18 0.76 y 26.23 3.80
Co(2) 3 171 25.37 17.28 0.88 y 86.31 1.20
Co(3) 1 135 15.14 11.04 0.73 y 142.79 0.70
C'lI) 8 1580 37.70 117.33 3.11 y 5.47 18.30
C'(2) 1 1619 39.62 11•.93 2.90 y 37.07 2.70
C'l2a) 6 1509 35.34 107.90 3.05 Y 23.70 4.20
Cs(l) 0.3 7.3 3.45 1.69 0.49 N SO.91 2.00
CU(2) 10 157 37.34 30.20 0.81 y 655.26 0.20
Cu(3) 6 121 27.20 22.52 0.83 y 516.95 0.20
Dy(2) 3.2 19.7 7.86 2.28 0.29 N 141.43 0.70
Eu(l) 0.25 9.2 3.15 1.23 0.39 N 4.51 22.20
Fe(l) 0.7 8.3 3.59 1.91 0.53 y 139.45 0.70
Fe(2) 0.73 7.48 3.56 1.84 0.52 y 1823.39 0.06
Fe(3) 0.48 5.99 2.59 1.49 0.58 y 261.87 0.40
Ga(2) 2 28 13.63 6.88 0.49 N 59.38 1.70
HI(I) 0.2 6.8 3.04 1.73 0.57 Y 7.SO 13.30
Hg(18) 52 2476 298.25 295.38 0.99 y 48.44 2.20
K(2) 0.08 2.24 0.88 0.69 0.78 Y 4484.76 0.02

cont ..
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Element min max mean standard cofficient of Distribution F-Value Variability
deviation variation Log (YIN) (%) (%)

La(l) '8 99 41.78 13.09 0.31 N 31.86 3.20
La(2) 22 100 43.13 12.30 0.29 N 38.91 2.80
W(2) 3.9 56.8 2829 15.02 0.53 y 1235.21 0.08
LOI 12.3 53.7 30.86 10.91 0.35 N 538.90 1.90
LU(1) 0.02 1.5 0.53 0.22 0.41 Y 4.71 21.20
Mg(2) 0.05 0.91 0.35 0.26 0.74 Y 2251.06 0.04
Mn(2) 0.02 3.67 0.17 0.24 1.44 Y 667.30 0.10
Mn(3) 118 26800 1176.96 1935.02 1.64 Y 171.55 0.80
Mo(2) 1 '2 4.73 1.98 0.42 N 2.77 38.10
Mo(5) 1 5 2.62 0.73 0.28 N 7.97 12.50
Na(1) 0.09 2 0.74 0.55 0.74 N 123.16 0.80
Na(2) 0.08 1.68 0.70 0.53 0.75 N 2956.28 0.03
Nb(2) 1 19 7.29 4.79 0.66 Y 47.04 2.10
Ni(l) 5 41 6.80 8.08 0.89 Y 3.58 27.90
Ni(2) 5 40 16.41 8.18 0.50 Y 82.12 1.80
Ni(3) 3 22 8.76 4.83 0.55 Y 73.83 1.40
P(2) 818 3232 2007.87 486.51 0.24 N 373.23 0.27
Pb(2) 1 625 129.79 165.64 1.28 Y 203.85 0.50
Pb(3) 3 538 104.87 137.07 1.31 Y 229.64 0.40
Rb(1) 2 110 38.59 29.35 0.76 Y 20.40 4.90
Rb(2) 5 100 37.78 28.93 0.77 Y 82.76 1.20
5b(1) 0.02 3.8 0.69 0.80 1.15 Y 143.99 0.70
5e(1) 2.3 17 8.78 3.81 0.43 N 55.88 1.80
5C(2) 2.6 17.1 9.19 3.93 0.43 N 517.32 0.20
5m(1) 5 39 11.66 4.09 0.35 N 2727 3.70
5r(2) '6 98 45.38 18.85 0.42 N 316.80 0.30
Ta(1) 0.1 1.8 0.60 0.41 0.88 Y 8.98 11.10
Tb(1) 0.69 4.6 1.52 0.50 0.33 N 12.26 8.20
Th(1) 1.5 10.7 5.13 2.54 0.50 Y 110.38 0.90
Th(2) 1 16 4.41 2.85 0.65 y 1.83 54.60
Ti(2) 21 5037 2387.34 1312.43 0.55 Y 1615.44 0.06
U(1) 0.6 2.7 1.54 0.51 0.33 N 30.11 3.30
V(2) 9 124 52.08 31.39 0.80 N 238.61 0.40
W(1) 1 7.2 1.48 1.18 0.81 Y 26.28 3.80
Y(2) 4 100 42.05 12.21 0.29 N 70.25 1.40
Yb(1) 0.2 10 2.81 1.32 0.47 N 4.66 21.40
lo(1) 25 1800 245.57 257.01 1.05 Y 8.39 11.90
lo(2) 21 1210 243.80 200.34 0.82 Y 2366.42 0.04
lo(3) 17 969 1GG.80 174.64 0.87 Y 574.98 0.20
Zr(2) 17 164 71.64 38.16 0.53 Y 1.02 98.00
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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.

Analytical control for the geochemical data was attained

by calculating F values for each element, using the duplicate

samples. The F value compares the variability of the

replicated samples to the variability of total data set.

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);

s'
F=2

si,

where;

5[' is total variance determined from all duplicate samples
S~A2 is variance of the duplicate pairs

Calculated F values and the percent noise ((laO/F) *100~1

are displayed in Table 2.1 In sununary, 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 wi thin-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 (0 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 0 controls.
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Chapter 3: Geochemical R.esults

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 e:-::ecuted 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

2.91. 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 (PCI 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

varima:~ 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 60.2'1;,

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;

PC1 = 0.967*8a2 t 0.961*Ni3 t O.959*1gCu3 t 0.953*V2 ­
0.949*1g8r1 t 0.939*U1 t 0.939*5c2 t 0.939*lgPb3
0.938*lgZn2 t 0.934*K2 t 0.930*Mg2 t 0.929*Ga2
0.925*Na2 t 0.922*1g5b1 t 0.919*lgRb2 t 0.919*A12 ­
0.917*LOI + 0.916*Th1 t 0.910*Cr2 t 0.904*5r2 t 0.868*Ti2
t 0.860*Fe2 t 0.856*Zr2 t 0.839*1gAu1 t 0.802*Li2 t
0.798*C51 t 0.669*Ca2 t 0.588*As1 - 0.346*Tb1 - 0.370*5m1
- 0.447*Ce2 t 0.552*lgHg18

PC2 = -0.335*K2 - 0.329*Mg2 - 0.352*Na2 - 0.329*lgRb2 +
0.334*LOI - 0.319*Th1 - 0.345*5r2 - 0.380*Ti2 -



51Table 3.1 Element loadings in each Principal Component,
computed from the four Quidi Vldi Lake cores. Percent
variance is disptayed at the bottor Note: Ig means the data
was log transformed before it was used to compute pes.
Element Compoocnt

1 2 3 "Ba2 0.967

NiJ 0.961

I.CuJ 0.959

V2 0.953

h!.Brl ~.949

UI 0.939

1d'b3 0.939

5<2 0.939

l<Zn2 0.938

K2 0.934 -0.335

M 0.930 -0.329

Ga2 0.929

No2 0.925 -0.352

1<51>1 0.922

Al2 0.'l19

1<Rb2 0.919 -0.329

LOI .Q.917 0.334

Thl 0.916 -0.319

Cr2 0.910

Sr2 0.9Ool -0.345

Til 0.868 -0.380

Fe2 0.860 OAN
Zr2 0.856 ..Q.376
I.Aul 0.839 .o.3H 0.347

Li1 0.802 0."37
Csi 0.798 0.32\

Co2 0.669 .(J.'lU .0.376

Asl 0.\88 0.487 0.525

La2 0.955

Y2 0.954

Be2 0.933
1M 0.926
lbl .0.3-16 0.908

Sml .0.370 0.817
Cel -o.,u7 0.U2
PI 0.809 0.352

leMnl 0.916

I Co3 O.oWl 0.816

leH218 0.552 0.623

%voriaDce 60.2 22.2 6.8 U
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0.376'Zr2 0.3Z4'lgAul + 0.9SS'LaZ + 0.9S4'Y2 +
0.933'8eZ + 0.9Z6'DyZ + 0.908'Tbl + 0.877'Sml + 0.84Z'Ce2
+ 0.809'PZ + 0.401'lgCo3

PC3 =- O.424*Fe2 - O.594*Ca2 + O.487*Asl + O.916*lgMn2 +
0.816'lgCo3

PC4 = 0.347'lgAul + 0.437'Li2 + 0.32S'Cs1 - 0.376'Ca2 +
0.52S'Asl + 0.3SZ'P2 + 0.623'lqHq18

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 pat terns 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 pes computed on all four cores from Quidi Vidi Lake.

These pes were computed using the equations defining PCl, 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 (OF) was calculated by the

following:

OF = aPCl + bPC2 + cPC3 + dPC4;

where;

a, b, c 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 au.. 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 I 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).

coreQV2 Depth Predicted Computed
Sample. (em) I"'oup group
QV2-002 I I I
QV2-Q04 3 I I
QV2-006 5 I I
QV2-008 7 I I
QV2·010 9 I I
QV2-012 II I I
QV2-Q14 13 I I
QV2-Q16 15 I I
QV2-Q18 17 I 1
QV2-Q20 19 1 I
QV2-Q22 21 I 1
QV2-Q24 23 I 1
QV2-027 25.5 I I
QV2-029 28 I I
QV2-031 )0 I I
QV2-Q33 32 I I
QV2-035 34 2 I
QV2-037 36 2 2
QV2-039 38 2 2
QV2-041 40 I I
QV2-043 42 2 2
QV2-045 44 2 2
QV2·047 46 2 2
QV2-Q50 48.5 2 2
QV2-Q55 52.5 2 2
QV2-060 57.5 2 2
QV2·065 62.5 2 2

core QV2 Depth Predicted Computed
Sample # (em) I",oup group
QV2-Q70 67.5 ) 3
QV2-Q75 72.5 ) 3
QV2-Q80 77.5 ) 3
QV2-Q85 82.5 3 3
QV2-090 875 3 3
QV2-095 92.5 3 3
QV2-IOO 97.5 3 3
QV2-105 102.5 3 3
QV2-110 107.5 3 3
QV2-115 112.5 3 3
QV2-120 117.5 3 3
QV2-125 122.5 4 3
QV2·130 127.5 4 3
QV2-135 132.5 4 3
QV2·140 137.5 4 3
QV2-145 142.5 4 3
QV2-150 147.5 4 3
QV2·155 152.5 4 3
QV2-160 157.5 4 3
QV2-165 162.5 4 3
QV2-170 167.5 4 4
QV2·175 172.5 4 4
QV2-180 178.5 4 4
QV2-185 182.5 4 4
QV2-190 187.5 4 4
QV2-195 192.5 4 4
QV2-200 197.5 4 4
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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 em. Sections 4 and 3 occur

in the bottom part of the core where the geochemical data

showed little chanqe. 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 eOlllpOnent 1; core QV2

Principal component 1 includes all the major element.s

(AI, Ca, Fe, K, Mg and Nal, most of the trace elements and Lor

with a negative loading. This PC profile shows a uniform

decline from the base, through sections 4 and 3, to about 82.5

em {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 em.

All major elements, e:<cept Ca, show increases starting at

82.5 em. A number of elements including Al, Fe and Mg show

continued increases to about 38-40 em, while Na and K show

continued increases to about 32 em (Fig 3.2). These elements

show stable levels through the remaining core, except through
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the upper 7 em, where concentrations decline, e:<cept for fe

which increases. Lor declines from 82.5 em to about 21-15 em,

above which it shows a small increase.

The Ca profile, unlike the other major elements, shows no

discernible increase until 62.5 em, coincidinq with the

interval between sections 3 and 2 (Fig 3.2). Through section

2, to about 29 em, Ca shows a gradual increase, although at a

lesser rate than the other major elements. At 29 em, the

interval between sections 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

e:{hibit 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 em to peak at 13 cm (613

ppm); above 13 cm it declines gradually. Zinc concentrations

remain relatively steady to 19 em, increase sharply to 9 cm

and show a sharp increase to 3 em, where a concentration of

852 ppm was recorded. A number of other profiles, inclUding

Cu, Sb and V increase through the upper 7 - 9 em.
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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 inco section

3 to 82.5 em (Fig 3 .ll. from. 82.5 em the profile increases,

continuing into group 2 to about 57.5 em. Th.cough the

remaining portion of section 2 the profile shows a small

decline. In section 1 the PC profile shows a small increase to

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

3.3.1 . c Principal componen t 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 pes 1 and

2, it displays increases starting at 82.5 cm. From 82.5 CIt'. 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 its 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 em. Above 52.5 em, 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,

Car C5 , 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 em, the profile e:{hibi ts an abrupt increase. This

increase continues into section 2, to about mid-section, above

which it declines. Between section 2 and I, at 30 em, the

profile shows a sharp decline, with little change through

section 1.

Al though Hg is the most heavily weighted element in this

PC, the Au profile shows good agreement with the section

divisions at 70 and 29 em (Fig 3.3). Between 72.5 and 67.5 em

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 em, while Hg

starts at 57.5 em.

3.3.2 Discriminant function groupings of cores QV1, 3 and ..

As expected, these cores show stratigraphic similarities

to core QV2 (Fig 3.4). Sections land 2 are shallower in QVl,

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 QVl and

QV2. Section 4. however. is less well defined in these cores

than in core QV2.

3.3.3 Discriminant function qroupinqs of Lonq 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 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 em. 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." 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 (E"ig 3.6). Core MPI does

show section 1 through a narrow interval between 5 and 7 em.

The boundary between sections 3 and 2 for these two cores

occurs at different depths; 20 em in MPI compared to 10 em 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 e:-:.pression for section 1 is

surprising since core MPI does show high concentrations of the

major elements through the upper 20 em. In addition, the upper

20 em 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 em 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 ppml is 100 fold background levels. No other element in

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

3.3.5 Discriminant qroupinqs of Georq.s Pond
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80th cores from this lake classify entirely as section 3,

e:"cept for a thin interval classifying as section 2 (Fig 3.8).

Section .2, near the top of the cores, occurs between 17 and 15

em in GPI and between 11 and 9 em in GF2.

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 t.he 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 Sa.

3.4 Statistical sUllllUlry
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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 51, individual

profiles will be used to highlight and characterize some

important events.

3.5 Common Lead Isotopic Ratios

3.5.1 CoaDOD Lead Isotopic Ratios from Quidi Vidi Lake, core

m
The conunon 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 em

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 ,;t)"Pbpc'Pb profile

shows a gradual decline to 34 em. Between 34 and 29 em the

ratio declines significantly to 1.1319, from 1.1629. The ratio
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remains low to 19 em, and increases abruptly to 1.1421 at. 17

em. Above 17 em, through the upper part of the core, the

'~'Pb/;':-Pb increases gradually to 1.1525 at 1 em.

3.5.2 Coaaon Lead Isotopic Ratios in Lonq Pond Wi tl.ess 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 em, 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 ern, the ratio

first shows a decline to 9 em (1.18221 followed by a slight

decrease to em (1.18151.
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Chapter 4:: Bioloqical and physical parameters recorded in

the lake s.~nt cores.

4.1 Pa1yno1oqy

~alynomorph 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,

Wileless Bay Linel 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 deser ibed in this chapter.

4.2 Pollen Zonation

Cluster analysis, using percentage, was used to create a

dendrogram for pollen :one selection, thereby eliminating

subjective interpretations. ~or 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 ar.alysis 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 pOllen 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 I 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 lni tial 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

represents the upper core where significant changes occur.

4.2.1 Urban palynoloqy 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 ta:-:.a while zone 2 1 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 Pollan ..._l.qa from Quidi Vidi Laka

Zone 1, Picea-Betula subzone, below 85 em 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 em shows elevated Betula values and lower
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Picea and Abies values. In this zone, and between 142.5 and

132.5 em, Isoetes and Sphagnum show a 'reverse' where Isoetes

decl ines and Sphagnum increases.

Subzone 2ai, the Alnus-Gran".ineae- Isoetes-Rumex subzone,

occurs between 85 and 75 em. 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 em. Gramineae increases from 10\ to 29\ between 72.5

and 52.5 eIn. Isoetes declines from subzone 2ai, to a low

between 72.5 and 67.5 em (approximately 7\1 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 decl ines.

Picea declines from 37\ to 22% between 72.5 and 52.5 em, while

Abies declines to insignificant amounts. Other taxa including

ferns (Polypodiaceael 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 em (46\), declines to 13 em (27\) and

increases to 1 em (40%). Equisetum increases abruptly from 44
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em (2\) co peak at 32 em (15\), and declines above. Other ta:·:a

show notable changes through this sub:::one including Betula

which shows higher values through the upper ~3 em, and

Isoetes, which fluctuates as it declines to very low levels at

the :09.

The pollen and spore counts through this core show

genera 1 agreement wi eh se lected zones/sub zones . Ccunes are

constant through zone 1, and show variability as they decline

through ::one ~. A peak is observed in subzone ~aii at 6~.5 em.

4 . 2 . 3 Pollen assemblaqe frOID core LPS

Zone I, below 55 em, shows stable percentages in all ta::a

(Fig 4.2). This core shows slightly higher Betula percentages

and lower Picea percentages between 67.5 and 62.5 c:n, 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, e:·:tends

from 55 to 20 em 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. Grarnineae and Rumex show the first notable increases at

the bottom of this subzone, with measurable amounts (~ 1\) at

52.5 and 57.5 cm, respectively. Gramineae increases gradually

to 21 em (21\), while Rumex shows little change after its
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ini tial increase.

Throughout this subzone other ta:~a show increases,

including the following: the Polypodiaceae family, Sphagnum

and Equisetum. Isoetes, which shows a small increase compared

to levels in zone L exhibits slightly higher percentages

between 42 and 29 em (4'%-8\). A number of ta~:a show declines,

including Picea and Betula.

Subzone 2bi, between 20 and 9 em, 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 em,

followed by a gradual decline to 5\ at 11 em. Other changes

through this subzone include; Betula increases sharply between

19 and 15 em, 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 Grarnineae subzone, through the upper 9

ern, is marked by a sharp increase in Gramineae, doubling

between 7 and 3 em (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 em and 72.5 em. In zone 2, the
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count profile is variable, showing an overall decline upwards.

4.2.4 Pollen and spore as.amblaq. from Georq•• Pond

The dendrogram for this lake caused much difficulty in

interpretation. A major pollen change is observed between 62.5

and 57.5 em in some of the most abundant ta:·:a (Fig 4.3).

However. using a • total sum of squares I value of lOa 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 em, a zone division was placed at 60 em.

Zone 1, below 60 em, is divided into two subzones.

Subzone la, below 120 cm, the Betula-Alnus-Equisetum subzone,

is defined with high percentages of all three ta~a, especially

Equisetum. Subzone Ib, 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 em (46% and

51%), declines to 62.5 em (31\). Betula first declines from

subzone la to show a gradual overall increase to 60\ at 62.5

em. Although Alnus and Equisetum decline from subzone la,

percentages are relatively high at 118.5 and 112.5 em.

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

from 60 to 45 em. Picea shows a sharp increase from subzone
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lb, doubling between 62.5 and 57.5 em, above which it declines

sharply to 47.5 em (39%). Alnus in this subzone shows an

initial increase between 57.5 and 52.5 em, while Gramineae

starts increasing through the next interval between 52.5 and

47.5 em. Betula percentages decline by nearly 50% between

sub zones Ib and 2ai.

Subzone 2aii, the Alnus-Equisetum subzone, e:{tends from

45 to 22 em. Alnus increases from subzone 2ai to peak at 42.5

em (28%1, remains steady to 32.5 em and declines sharply to 4'li

at 23 Cnl. Equisetum also increases from subzone 2ai to peak at

42.5 em (13\), but declines steadily to < 1\ at 23 em. Other

taxa show abrupt changes in this subzone. For instance Picea,

which declines to 29 em (19\) shows a 2.5 fold increase to 23

em 148\), while Betula exhibits a notable peak at 29 em (57\).

Rumex, in this subzone, first occurs at percentages above 1"a

at 32.5 em 13\1.

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 em, Gramineae remains steady to 7 cm (12\),

but declines to 3 em. In this subzone a number of taxa show

abrupt changes between 13 and 11 em 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 .

.. . 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

em (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 em, a zone dlvis ion was placed at

40 em. 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 ern is

dominated by these taxa (Fig 4.4). Percentages of Picea and

Betula are high and stable through this zone. Alnus and

Polypodiaeeae show a small increase between the widely spaced

samples at 77.5 and 42.5 em.

Subzone 2ai, the Gramineae-Polypodiaceae-Equisetum

subzone, occurs between 40 and 25 em. Equlsetum shows an

increase to peak at 37.5 em (10%) followed by a decline to the
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top of the subzone. Polypodiaceae shows a similar trend, but

with less relative change. Gramineae shows it first

discernable increase, above the background, between 37.5 and

32.5 em. Trees show a decline through this interval,

especially Piced, while Alnus and Betula show little change.

Subzone 2aii, the Gramineae-Alnus subzone, includes the

upper 25 em. Gramineae shows high percentages through this

subzone, while ..<linus, with percentages ranging between 9% and

14'L e::hibits slightly higher percentages than in the subzone

below. Betula in this subzone shows a sharp drop to 17 em

(10\) with little change above. Through the top 11 em,

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 ccO: 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 aDd Spore ..._1.ge frOID Long Pond Witle•• 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

e:·;pecced since this lake represents a background or control

lake for the study. This assemblage is divided into two :ones,

a lower stable zone below 29 em. and an upper ::one e:·:hibic.inq

changes (,ig 4.51.

Through z.one 1, which is subdivided into :2 subzones,

Pi.::::ed, Betula and Isoetes are the dominant ta:·:a. A spike i.n

the Betula percentages at 97.5 ern, corresponds to a low in

Picea at that depth. In Sub::one la, Betula shows relatively

higher percentages, while in subzone lb, Isoetes shows

increases co 57.5 em, followed by a small decl ioe to :he 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 !Soetes shows notable increases, as Picea shows

a sharp decline through subzone 2aii. It should be noted that

in AppendiX D, count data for Piced 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 ta;<a

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 subz.one

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

e~:ception of three spikes at 97.5, :27 and 15 ern, an over-all

gradual decline upwards.

4.3 RQsults of Diatom analysis from core QV2

Five samples from core QV2 at depths of 167.5, 127.5,74,

28, and 5 em were e:..amined for diatoms. In total, more than

130 diatom taxa were encountered throughout the data set.

4 . 3 . 1 Individual Taxa

Ta:<a that contribute to high percentages or notable

changes are displayed in Figure 4.6. Though the number of

species encountered within core QV2 exceeded laO, 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 em, but declines to very

low levels in the upper two samples. Asterionella formosa, a

planktonic taxon, shows the inverse wi th low basal percentages

and high upper core percentages, exhibi ting a large increase
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between 74 and 28 em. Cyclocella stelligeria, a planktonic

diatom, shows relatively higher percentages in the basal three

samples with very low levels through 29 and 5 em, a pattern

which is mimicked by Melosira distans va[. niveloides, a

planktonic diatom. This species, however, declines to non­

detectable levels in the upper two samples.

Only one Diacoma sp. valve was identified from the basal

three samples, yet Diacoma elongdcum, a planktonic diatom,

accounts for the largest fraction at 11\ and 49.2~ in :he

samples at 28 and 5 em, cespectively.

4.3.2 Morpholoqical and &0010qioa1 Cbanqes

An e:.;:amination of the morphological forms shows a large

change in both the Pennales and Centrales (Fig 4.7). The

Centrales drop from appro:~imately 26\ of the total in the

basal two samples t.o less than 1':; in the upper section. The

Pennales increase from 70\ in the basal two samples to 97% in

the upper sample. This change is exhibi ted in the

Pennales:Centrales ratio (C: Pl which increases from < 5 in the

three basal samples to 29 at 28 em. Another marked shi ft

occurs between 28 cm and 5 em 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 em. Among the benthic

fractions the epiphytes (attached to plants) peak in abundance

at 72.5 em. The epiphytic portion increases steadily from 8\

at the base to 34\ at 72.5 em. 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 ta:-:.a (attached to mud) declines slightly upward.

These forms account for a small percentage uf 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.

".3.3 pI 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 Db:i t et al., (1992). An optimal pH of

8.45 was used for Diatoma elongatum (Smol, 1996 pers. comrn.).

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 em,

respectively.
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4.4 Charcoal and soot from sed.i.ment 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 em charcoal was observed in eight of the twelve samples

e:-:amined. Counts through this section were generally low (>

1000 particles ee") e"cept at 132.5 em (2250 particles ee"'l.

Above 92.5 em charcoal is ubiqui tous. The interval between

92.5 and 72.5 em shows low counts (244 and 2283 particles cc­

:) I 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 ee-'I, with a peak at 38 em (117,000

particles cc-:). From 25 CI!'L to the top the profile declines

steadily to 15, 000 particles cc-1
•

Soot particulates first appear at 57.5 cm (1200 particles

cc·!) and show a nearly linear increase to 32 cm (4900

particles ce-'). The profile declines to 25.5 em (2550

particles CC~l) and shows a step-wise increase to 17 crn (16, 000

particles cc· l
). 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 em (7500 particles cc"').

4.4.2 Charcoal and ,oot from core LP5

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 em (£'ig 4.10).

Charcoal is present in all samples except two, at 87.5

and 72.5 em. The basal sample at 112.5 em shows a high count

of )700 particles ceO:. The profile shows a constant interval

between 67.5 em and 29 em (ranging between 680 and 2700

particles cc<). A sharp spike is observed to 21 em (18,000

particles cc<). From 21 em counts decline to 11 ern (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 em (1100

particles cc·:l. It shows a low between 37.5 and 29 cm (290 ­

440 particles cc<) and increases to 21 cm (1400 particles ce'

: I. 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 em (4400 particles cc-:), is relatively

stable to 3 em and spikes up to 1 em (9240 particles cc·').

4.4. 3 Ch.rco.~ and soot from core NP1

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 wi thin the upper

21 cm (E'ig 4.111.

Charcoal particles show typicall y lower abundances in the

basal section and sharp increases through the top of the core.

From the base at 97.5 to 31 em counts range between 680 and

1650 particles cc<, and increase to 2700 particles cc-: at 27

em. A moderate increase between 27 and 21 em is followed by a

sharp increase to a peak at 17 em (46,000 particles ce'"). The

profile shows a decline to 11 em and an increase above, with

levels of 36, 000 and 39, 000 particles ce·· in the upper twO

sampLes.

The soot profile shows a simple trend. The first

appearance of this particulate occurs at 21 em (880 particles

cc-~), above which it steadily increases to 7 em and nearly

steady to 1 cm [9000 panicles cc" 1 •

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 IE'ig 4.121.

Charcoal particles are present in all but one sample.

Charcoal shows a basal section, between 127.5 and 97.5 em,

with relatively high counts (430 - 2700 particles cc-') . Counts

remain low through to 57.5 em, where a value of 930 particles

cc- t was obtained. Above 57.5 em the profile is erratic
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although an over-all increase to 23 em (4700 particles cc-:) is

evident. It increases sharply to 21 em (16,000 particles cc-:)

and further to peak at 13 em (27, 000 particles cc<). Counts

drop to 11 em 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 em

(230 particles cc-:) and increases steadily to 13 em (10, 000

particles cc ). From 13 em the profile is variable showing a

peak at 7 cm (13, 000 pa<tic1es ccoC I .

4 . 4 . 5 Charcoal from core LPW

Charcoal was the only particulate observed in this core.

It shows a relative uniform profile throughout, e:~cept at 97.5

em, 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: clatinq

4.5.1 14C from lake cores

A total of five bulk sediment samples from four different
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lakes were submitted fOt" :IC analysis. All samples selected

come from basal units in the pre-European interval, providing

informacion on the average background sedimentation and influ~:

rates through out the pre-European core. No sample from Mundy

Pond was suornu:t:ea tor 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 f:rom

St.uiver et a1., (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, GPI and LPW.

Core interval ··e age GSC ref. 10 max. cal. ag. teal age
No. incercept~1 min. cal. ag.

QV2 185-190 em 2920 ± 60 GSC-5469 BC: 1256 (1126J 1005

QV2 100-105 em. 1110 + 70 GSC-5528 AD, 885 (902,911.962) 1015

LPS 110-115 em 2260 ± 70 GSC-5480 BC: 397 (377,266,264J 204

GPl 115-120 em 3960 + 70 GSC-5485 BC: 2568 (2468) 2349

LP" 130-135 em 5240 ± 90 GSC-5498 Be: 4221 (4039,4018,4000)
3964

".5.2 13'CS profile from QV2

:J1CS , 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 de'!Josited 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 ern and peaking at 25.5 em (Fig

4.141. These depths of 34 and 25.5 em have been correlated to

1954 and 1963, respectively .

• . 5 . 3 21°Pb datinq 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 <loU through series of

intermediate isotopes to i:-'Pb.

The dating technique is a result of the disequilibrium

between .:1Pb and '''~Ra, its parent. The disequilibrium arises

because of the mobility of 1'''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 z:Jpb. t:l~Pb

a solid phase, falls to the land surface or onto lakes where
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it is deposited on the lake bottom.

This 'e:-:tra' Or' 'e:{cess' ':'Pb from atmospheric deposition

is not in equilibrium with '~~Ra already present in the

sediment. This e:.:cess Pb is known as the 'unsupported t

fraction, while the portion in radioactive equilibrium with

··'Ra in the sediment is known as I supported 1 fraction. The

unsupporced fraction is used to date sediments.

Two models, the CRS (constant rate of supplYI and eIe

(-:onstant initial concentration) models, have been used for

age calculations (Olsson, 1986). The CRS model is t:"e most

widely accepted and is based on the assumption of constant

atmospheric :allout. This results in a constant amount of

unsupported ':·~Pb per chronological unit, despite fluctuations

in dry mass {Appleby and Oldfield, 1978, Appleby et al.,

19791. The ere 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 em, but below to 49 cm the profile is relatively

constant, at activi ties just above the ":~Ra activi ty. The

profile of sediment dry bulk density (Fig 4.17) shows that the

section of the core between 17 and 49 em is abnormally dense,
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suggesting changes in sedimentation rates. Below 49 em, :::Pb

declines again and radioactive equilibrium is reached at ca.

55 em (Report on the Radiometric Dating of Quidi Vidi Lake:

Core QV2, By P. Appleby 19941.

The irregular profile of unsupported Ph suggests that

rhe eIe model is inappropriate {Appleby and Oldfield, 1978,

Appleby and Oldfield, 19831. The eIe model is applicable to

lakes where the profile of unsupported ':-:Pb plotted on a

concentration (logarithmic) versus depth profile is linear.

Applying the eRS model to date the core, however, conflicts

wi th the two chronostratigraphic : "C5 markers. The '-C5

profile suggests that 1963 and 1954 are at 25.5 and 34 em

depth, respectively, while the eRS model dates these depths at

1941 and 1.924, respectively.

The flux of '::Pb also suggests that the eRS 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 em, 34 to 25.5 cm and above 25.5 em
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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 Appendix F for detailed

procedure foc calculation of ;c':Pb dates for QV2.

4.5.4 Radiometric dates from Long Pond, St. John's

4.5 4. a 131CS from LPS and LP3

.n..n inadequate number of ·Cs samples was e:·:amined 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 em 'lIlere

e;<amined for ·'·es. 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 em.

Figure 4.18 shows the \PCs activity profile for core LP3.

Only two samples in this core, at 22 and 20 em, 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 mineraloCJY from Quidi Vidi Lake, core QV2
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Table 4.2 Calculated ages from core QV2, based on ':~Pb

analysis. See appendix F for age calculation procedures.

Depth (em) Date (ADI Age lyrJ error
(yr)

3 1986.9 5.1 1

5 1984.1 7.9 1

7 1981. 5 10.5 ?

9 1979.5 12.5 .,

11 1976.6 IJ.4 3

13 1973.3 18.7 3

15 1970.8 21.2 3

1"1 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 5

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 diffractoqrams of the clay mineralogy are

shown in Fiqure 4.19. All diffractoqrams 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 promi.nent peaks at appro:<imately 7.1 A, 10.0 A.

and 14.2 A (1?.5~, 8.8: >3nd 6.~~ 26 peaks, respectively) appear

in all samples and possibly represent different clay minerals.

A fourth peak at 12.3 A (7.95~ 26 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 fi.rst-order reflection for

kaolinite and second-order reflection for chlorite. Biscaye,

1964, and Moore and Reynolds, 1989, suqqest that a close

examination of the 24.5' and 25. 2c 26 region can help to

determine the clay type present. The enlarged region showed

only one peak at a d-spacing of 3.54 " (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~

26> .

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 Ditfraclograms for the clay size fraction for selected samples from core QV2.
The sample depth for each ditfractogram is shown in the upper right hand corner.
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strong 5.0 A peak (17.8 28), its second-order reflection.

Glauconi.te, another possi-bUtty has no or a very weak 5.0 "'­

peak (Moore and Reynolds, 19891, 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 Tuck.er, 19881. The reflectors at 6.2: 26 and

18.8~ 26 (14.2 A and 4.74 A.) are- positive indicators and

suggest that chlorite is the main mineral contributing to the

14.2 A peale Again, however, smectite minerals maybe present

in minor amounts.

The 12.3 A peak corresponds to hydrobioti te, a mi:-:ed­

layered structure composed of mica and vermiculite (Brindley,

1981, Moore and Reynolds, 1969). This peak is small and

noticeable above backqround intermi ttentl y throughout the

core, and thus is not regarded as one of the maior phases.

Quartz and albite were also identified in the

diffractoqrams obtained from the clay smears. Their main

reflectors occur at 3.34 " (26.61' 28J and 3.20 " (21.92' 28),

respectivel y.

"'.6.2 Semi-quantitative analyail of clay mineraloqy

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 di fferences between di ffractoqrams, however I

relative comparisons may be made between peak ratios (Biscaye,

19651 .

A semi-quantitative approach was taken to observe the

relative changes of abundance of the clays throuqhout the

core. For this analysis, Moore and Reynolds (1989l suqqest

using only the reflectors> 10c 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. Quart7. 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 (Fiq 4.20). Ratios between 77.5 em and the base are

less than one, ranqinq 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 illite/quartz and chlorite/quartz show

different trends (Fig 4.201. 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 J1ID fraction

Peak selection and identification with the JCPDS Powder

Diffraction index for Minerals showed that quart: and albite

were the only distinguishable minerals in the fraction> .2 um.

Bath minerals were 9resent in all samples. Figure 4.21 shows

three representative diffractograms from the base to che top

of core QV?. Intensities for the mineral phases increase up

through the core with quart: 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' 261 and 3.20 A (27.9' 261, respectivelyl through the

core is shown in Figure 4.22. For albite, the area in the

basal section, at and below 87.5 em varies from 13 to 40 cps

(counts per second). Between 87.5 and 57.5 em, cps increase

from 13 to 80; above 57.5 em cps are relatively high varying

between 79 and 125. The area under the quartz peak shows a

similar trend. At and below 87.5 em, cps vary between 86 and
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161, increase from 88 to 250 between 87.5 and 51 .5 em and

range between 332 and 455 cps above 57.5 em.

The ratio of quartz\albite shows somewhat lower values in

the basal section compared to higher values in the upper core

(Fiq 4.22~. At 87.5 r:m tinct below the ratio varies between 0.15

and 0.27, increases between 87.5 and 57.5 em (0.15 - 0.31) and

is high and variable above 57.5 em (ranginq between 0.22 and

0.351 .

".7 secl.i..m8ntation and Influa Rat••

Core QV2 was dated via :IC, :'·Cs and '::Pb and therefore

its chronoloqy is the most detailed of this study (see section

4.5). These dates and a pollen-inferred date of 1757 at 82.5

em, 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 em) / (years represented by
interval)

influ..'< 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
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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 showinq sedimentation and influx rates for the entire

core and another showinq the rates e:{cludinq the date at 102.5

em. The profiles with the date at 100-105 (102.5) em show a

rate drop between 102.5 and 97.5 em. While possible, this drop

is probably not real, since the first human disturbances were

determined to be hiqher in the core.

This decline between 102.5 and 97.5 em suqqescs either

the date at 102.5 em, the interpolated date at 82.5 em or the

date at 192.5 em is incorrect. The date at 82.5 em is based on

an increase in the Gramineae profile suggestinq first

cuI t i vat ion around Quidi Vidi Lake. E'rom 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 em was probably relativel y slow and uni form.

When the date at 102.5 em is dropped the profiles are smoother

and probably more realistic. This suggests that the date at

102.5 em 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 sUb;ect to

earlier anthropoaenic influences.

Fiqure 4.23 shows a constant influx and sedimentation

rate from the base to 82.5 em (1757) where the rates are 0.005

g cm-'yr-: and 0.036 ern yr-<', respectively. Rates show the first

sharp increases between 82.5 and 77.5 em (1757-17761

increasing by appro:drnately 6.8 fold over the basal rates. Up

to 52.5 em (1870) the influx rate nearly doubles to 0.0672 q

crn-' 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

throuqh this interval.

Between 52.5 and 48.5 em 11870-19001 both profiles show

a sharp decline. The influx and sedimentation rates both drop

by half 10.0347 gem"' yr"' and 0.1340 em yr"', respectively}.

Above 48.5 em (1900) the profiles can be zoned into a number

of different intervals. First, between 48.5 and 30 em (1900­

1958) the profiles show a larqe relatively uniform increase.

The influx rate increases by a factor of 16 to 0.551 g cm-i: yr-

while the sedimentation rate increases by a factor of 8 to

1.07 em yr-!. The influx and sedimentation profiles show a

stable period between 30 and 25.5 em (1958-19631 and a sharp
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increase over a narrow interval between 25.5 and 23 em (1963­

1964). At this point the hiqhest influ:< and sedimentation

rates are observed at 0.823 gem·' yr< and 1.56 em yr

respectively.

Between 23 and 17 em 11963-1969\ the rates remain

relatively constant and decline sharply to 9.0 em (1979).

Above 9 em, the profiles increase to 7.0 em (19131) and

qradually decline to 3 ern. The influx shows a continued

decline to 1 em (1989), while the sedimentation profile shows

a small increase.
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Chapter 5: Discussion

5.1 - General Introduction

Sediment cores taken from lakes in St. John' 5 record many

types of chanqe in their physical, chemical and fossil

content. Each core and each type of cecord could be

interpreted in different ways, which by themselves are

ambiguous. Collective use of all data narrows the possible

interpretations, and allows a well-constrained reconstruction

of the history of environmental chanqe, and its probable

causes.

5.2. Presentation of qeochemical data

Geochemical data can be displayed in numerous ways

including concentration, influx rate and ratioed to

lithophilic element. No one format is best-suited to all data

sets, and establishing which format best suits the qoals of

this study is irnperative.

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 fomats. Comparison of elements that represent very

different processes and sources, such as Pb and AI, help to

show the effectiveness of influx and concentration profiles.

The concentration profiles for Pb and A.l show two very
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different trends for the last 250 years. From about 1750, Ai

shows a gLadual 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 prafi Ie shows lan~e variat ions and increases.

In contrast, the influx profiles for both elements show

very similar trends, mimicking the dry sediment iofiu:-:

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 loflu:: profile. The

dry sediment influ:{ cate shows a very large increase (160

foldl from pre-disturbance levels, and thus '",hen mEtal

influ:;;es 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

influ:,: 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



132

solely on the influ.'<. profiles would overlook this potentially

important di fference.

The Hg influ:< profile displays a relative 'high' between

72.5 and 48.5 em (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 influ:< profile as in the Kg influx profile. The lack

of relative prominence of this feature in the Ph influx

profile is due to the larger relative increases of Pb in the

upper section of core, which results is an apparent

'dampening' effect.

When ratioed to a lithophilic element such as AI,

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 ratioed profile is the result of an

anomalously low AI 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 AI, K and Mg for example, increased sedimentation would not

cause '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 faming. 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 impact. related to watersbed .oil di.turbance.
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5 .... 1 The Earli.at Settlers

Discovered in 1497, Newfoundland I 5 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 I 5 were not allowed to have attached

chimneys (O'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 fi cst evidence for human disturbance of this

area (Fig 5.2). Charcoal is observed in all samples from 87.5

em (1630) and above, but only intermittently below 87.5 ern.

The sample at 87.5 crn, 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 crn

suggests a constant supply, most likely from the combustion of

wood as a fuel.

5 . 4 . 2 The dawn of ferminq

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
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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 Farminq Era

The first major disturbance in core QV2 occurs at 82.5 em

(1757), where Pr incipal Components (pes) 1, 2 and 3 show

increases from the basal trends. This corresponds to

concentration increases in most lithophilic elements (majors),

as LOr declines (Fig 5.3). Together with 5i, which was not

measured, the lithophilic elements and LO! make up a large

fraction of the sediment, and thus the changes recorded at

82.5 em suggests soil disturbance.

Elements such as AI, K, Mg and Na are constituents of

most rock-Earning and clay minerals. In the> 2 ~ sediment

fraction of core QV2, albite {NaAlSiiO.l and quartz (SiO;1 were

dominant, while in the < 2;.un fraction illite and chlorite

IMg:-.Al,ISi,Al,lO"IOHhl 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 em (175?) indicate opening of

the forest canopy. Increases in 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 em 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 .•. 3 . i Li thophilic: c0IIIp08ition of sed.iJDllnt throuqh tbe main

fandoq era

The lithophilic elements from PCl, including AI, 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 AI, 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. rron, on the

other hand shows a linear increase from 82.5 to 46 em (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 em (1832), carrying over

from the decline recorded in the basal section. Above 6~.5 em

Ca increases gradualiy to 28 cm (19601 (Fig 5.31. The geology

and soils in this area contain low levels of carbonB':.e. '''''hich

might e:~plain 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-AI-Mq-K

based.

The section of core inferred to date between 1757 and

1869 Ithe oldest ·:Opb datel 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 influ:-:, 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 influ:-: profiles for Picea, Betula,

Alnus and Gramineae, all of which peak at 62.5 em (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 peJ:centaqe. throuqb the uppeJ: fa.:a:minq interval

The Gramineae increase and the Picea and Abies

decline through pollen subzone 2aii to 38 em (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 em

11921\ 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 throQqb upper farali.nq interval

The XRD data shows the four major components increas ing

up to 40 em (19351 (Fig 5.4). Above 40 em the XRD data

fluctuate, but do not show any overall change. These

observations are consistent with abundances for most of the

lithophilic elements of PC1. The lack of change above 1930­

1940 suggests that some critical point was reached where, in

known periods of more intensive erosion, sediment influ:-:: did

not alter the relative levels of clay and mineral fractions,

or 1 i thophilic element concentrations in the lake sediment.

S .... 3.iv Lacustrine impacts aSlociated 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 em (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 6.471 IFig 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 flocculosd, show

little or no change from the base of the core (Fig 4.6).

Although the increase of Tabellaria flocculosd 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 to

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 em (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
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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

decl ioe 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 em (1775 ­

1794) into subzone 2aii (Figs 4.1 and 5.1). 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 errt., Isoetes is the only aquatic

indicator. Relatively high percentages between 62.5 and 52.5

em (1832 - 1870) indicate lake conditions were optimal for

Isoetes. The subsequent decline suggests species stress due to

changing condi tians.

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' 5 trophic state, but rather is closely controlled by Fe,

Mn and clay sorption (Bartleson 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 c!evelo_nt

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. i Sftd.i.a-.nt influz 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 em (1870) (Fig 5.8). The int:ux rate is
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constant between 52.5 and 46 em (1870 - 1913), but shows a

continuous increase between 46 to 34 em (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 E"ort Pepperrell, built in 1941, on the north banks of

Quidi Vidi Lake. The sediment influx profile, howevec, 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 em (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 transfomed 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 em (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

em (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 em (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 em {19821, but it may reflect

developments near either Long Pond or Virginia Lake.

5 •4 . 4 •ii Chemical profil.. throuqb 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 t.hroughout :he city

(Fig 5.10).

Of the lithophilic elements, Ca deviates the most,

e:·:hibiting increases through the sediments deposited during

the urban era. Increases observed in the Ca profi le, and

particularly between 34 and 25.5 em (l954 - 1963), show a

strong empirical relationship to increases in the dry sediment

influ;< (fig 5.11\. This relationship is not observed for che

othee lithophilic elements. Mackereth (1966) and Bartleson 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

lithophi1ic elements, e:-:cept Fe, show little change above 15

ern. 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 military base.

Another possible anthropogenic Ca source is concrete. The

dissolution of concrete could add Ca to the lake water, some

of which may get de~osited in the lake sediment. In the last

50 years the amount of concrete in the wa:ershed has increased

sharply. Addition of 'e:<otic' construction material from

outside the watershed could also play a role introducing

materials selectively enriched in certain elements, such as

Ca. However, neither the :<RD nor the chemical data identify

any obvious 'e:<otic' construction material .

. 4 . 4 . iii Pollen chanqes throuqh 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) (rig 5.51. 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 Impacta .aaociated with urban sprawl

The increase in the lake water pH observed in Quidi Vidi

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 em

11960 - 19841, respectively (Fig 5.7). No diatom samples were

examined in the section of core between 74 and 28 em (1790 ­

1960); thus it is impossible to determine if most of the pH

increase occurred before or after urban development. 1'his pH

increase over the last 30 years is contrary to trends observed

in remote Newfoundland lakes, which shm,f recent acidi fication

(Scruton et aI., 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

(o·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. Diatorna

elongaturn, which has high representation in the 1960 and 1980

samples, suggests high Cl· 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 (19921 who showed that levels of Ca I.> 7.8 ppml and Mg

(2.2 ppm) in the urban lake water, i'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 is strong evidence for increase 501'- from acid

deposition in the urban waterways as highlighted by Blake

(1992), who showed SOI~ 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 E'isheries 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 . ..1sterionella formosa, which peaked at.

28 em {1960l, is a marker for increased productivity

(Pennington, 1981). Sources include sewage inputs lBrugam,

1978a) and increased P loadings (Dearing and Foster, 1986).

Documented and anecdotal evidence indicates Quidi Vidi Lake

received raw sewage during the late 19405 and early 19605

(Bland, 1946 and Mr Robert McNealy, pers. camrn.) Thus, the

1960 peak probably reflects a period of domestic sewage input,

which has since declined.

5. 4 . 5 Farming and urban growth in Mundy Pond and Long Pond

Forest clearance and agricul tural impacts observed in

Quidi Vidi Lake are also observed at Long Pond and Mundy Pond.

These impacts include; increased Gramineae pollen, a decline

in tree pollen, increased lithophilic element concentrations

and a decline in LOI (see Figs 4.2 and 4.4).

The increased lithophilic element concentration, in

association wi th forest clearance and agricul ture in Long Pond

and Mundy Pond, is less in magni tude than that observed in

Quidi Vidi Lake (see Fig 5.12). This difference :nay lie in the

timing, quantity and location of cultivated lands. The larger
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watershed of Quidi Vidi meant it was susceptible to greater

agricultural impacts than the other urban lakes. Most of the

farmland affecting Quidi Vidi Lake was upstream from the

outset. In the Long Pond and Mundy Pond areas, however,

agricultural development occurred much later, and most

development was adjacent to or down drainage. Thus, the

impacts from farming and forest clearance for these lakes were

less in magnitude and occurred much later than that recorded

in Quidi Vidi.

Increases in lithophilic elements in Mundy Pond and Long

Pond occurring in the upper 25 em, are associated with sharp

sediment changes (see E"ig 5.12). Lithophilic element

concentrations in Long Pond begin to increase at about 23 em

and continue to about 17 cm; these coincide with a pronounced

sediment change at 20 em. Although Yes activities between two

different lakes mayor may not be directly correlated, using

comparative :,JCs activity levels from Quidi Vidi Lake, 19 cm

in Long Pond is close to 1963, while 32.5 em is pre-1954.

These dates coincide with a watershed history which tracks

urban construction after 1955. Similar increases in Mundy Pond

occur between 25 and 15 em.

5.5 El.....nt signature. of foa.il fuel emis.ions

S. 5.1 General introduction

While the watershed soils are the dominant contributor to
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the lithophilic element composition of the lake sediment, the

same cannot be said for: some of the minor elements. Lead, for:

e:<ample, shows a 30-fold increase from basal levels, compared

to a 4 or 5-fold increase for the lithophilic elements. Thus,

additional sources. processes or activities must have

contributed material selectively enriched in certain elements.

By-products from the combustion of fossil fuels seem to

be the largest contributor of metals to lake sediment in St.

John's. Fossil fuels including coal, gasoline and fuel oil are

or were used in manufacturing, transportation and heating. The

following section is a short summary of the historical use of

fossil fuels, and emissions related to these uses. This will

provide an understanding of how these uses relate to the

geochemical data.

5.5.2 Emi••ion signature. for fuel u.e in St. John I s

The historical use of fuels can be partially

reconstructed from charcoal, soot, heavy metal and lead

isotopic profiles. Charcoal particles are probably the first

indicators of anthropogenic impact recorded in Quidi Vidi

Lake. Thus, up to 1803, the year of the first documented coal

import into Newfoundland (Head, 1976), wood was probably the

only fuel.

Soot, a by-product of coal combustion, was emitted from

manufacturing industries and residential premises. Soot,
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sometimes called fly ash or spheroidal particles, is composed

of small (generally < 30 lJIIl in this study) opaque spheres that

may contain high levels of heavy metals (Block and Dams, 1975;

1976; Davison et al.. 19741.

Presumably, coal became an important fuel shortly after

its introduction, and with the establishment of industry in

the 1840' 5 coal consumption grew immensely. Coal was

e;<tensively used for residential heating until oil furnaces

became popular in the late 19505 and ear 1y 19605. Atmospheric

pollution attributed to coal use was evident thrOl'l)h time. A

public health commission in 1910 noted the polluted city air

was unhealthy for the ill (Zierler and Nustard, 1982). Mr.

Robert McNealy (pers. com.) remarked that pollution from coal

combustion in the 1950's was so dense at times that it was

difficult to see across the harbour from Freshwater Hill, a

distance of 2 kIn.

Use of leaded gasoline in motor vehicles certainly played

a major role in the deposition of heavy metals, particularly

Pb. Leaded gasoline has been available in Canada since 1926

(Royal Society of Canada, 1986), but according to HI:. Bob

Faulkner, it was not widely used until after WIr (Irving Oil

Ltd., pers. com. 1993). Leaded gasoline contains a lead

isotopic ratio, representative of the lead ore body from which

the lead was mined. If the ratio is sufficiently different

from the natural ambient ratio, then recognition of exotic
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ant.hropogenic lead deposition is possible. Many t.imes,

however, tetraethyl lead producers obtained lead ingots from

various suppliers resulting in a mi:·~ed gasoline signature. In

addition to this, other anthropogenic inputs cause a further

mb:inq making identification of specific sources difficult.

5.5.3 Impacts discerned from hea.vy metals concentrations

5.5.3. i Impacts discerned form Pb chanqes

The initial rise of lead that occurs at 82.5 ern (1757\ is

coincident with the establishment af agriculture around Quidi

lJidi Lake (Fig 5.l3l. This relationship suggests the earliest

lead increase was a result of increased Pb deposited from

watershed soils, rather than an outside or exotic source.

In an attempt to identify the first e:-:cess lead in Quidi

Victi Lake sediment, the following equation was used;

Where;

is the anthropogenic Pb concentration
is the total Pb concentration at depth X
is the concentration of Al at depth X
is the average Al concentration through the basal
100 ern
is the average Pb concentration through the basal
laC ern

This procedure assumes a uniform natural ratio of Pb to

Al in the catchment soils. This is an oversimplification which
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precludes pin-pointing the exact depth of the first excess

lead. The first evidence for e:{cess lead (9 ppm) occurs at

72.5 cm (1795), accounting for 3n of the total lead in that

sample (E'ig 5.13).

Isotopic ratios from Quidi Vidi Lake and Long Pond,

Witless Bay Line, indicate a very uniform natural isotopic

ratio for: this area. The three basal samples from each lake,

all of which are pre-European, show a very small range (1.1863

- 1.1891), averaging 1.1872 and having a standard deviation of

0.0009 (see E'ig 3.10 and 3.111. Data from these iakes, located

30 km apart and in similar geology, suggest that changes to

the Pb isotopic ratios are effective for evaluating exotic

leads in this area.

Lead isotopes provide the first conclusive evidence for

exotic lead at 62.5 em (1832) (no data are available for the

interval between about 1100 and 1832). The "'Pb/"'Pb ratio at

62.5 crn shows a decline from the basal signal defined by the

bottom three samples Isee E'ig 3.10 for the full profile and

E'ig 5.13 for the profile above 1700). The calculated excess Pb

at this depth is approximately 56 ppm 170\ of the total lead) .

Hamilton and Clifton (1979) in a core from Bristol Channel,

observed a similar trend, dated between 1850 and 1870, which

was attributed to coal combustion associated with the

Industrial Revolution. Establishing conclusively that the

first exotic lead deposited in Quidi Vidi Lake occurred at
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62.5 em {1832l, when there were presumably few settlers in the

watershed, suggests the Pb was transported to the lake as

airborne pollution. This pollution was probably from coal

combustion within the urban core, which then was adjacent to

the harbour.

Contemporaneous concentration increases for a sui te of

elements from PCl and PC4 including As, Au, Hg, Pb, Sb and Zn,

as well as soot, suggest a potentially common source tied to

the Pb i sotapie shi it (Figs 5.13 and 5.14). This metal

association has been attributed to coal combustion by other

authors. including Block and Dams (1975, 1976) and Davison et

al., (1974). Gold is unique in that coal was probably the

largest anthropogenic source of this metal in St. John's, if

not the only one. Gold in core QV2 first occurs above

detectable levels at 67.5 cm (1813). This is in close

agreement with the first excess Pb at 72.5 em (1795), the

first isotopically distinctive Pb at 62.5 em (1832) and

records for the first coal shipments to Newfoundland (1803)

(Prowse, 18951.

The timing for the first appearance of soot, when there

were few people living in the watershed, also suggests an

airborne source, originating from coal combustion along the

harbour area. It is unclear why no soot particles were

observed below 57.5 em (1851), when presumed by-products from

coal combustion began to increase, including heavy metal



Figure 5.14 As. Au, "g. Pb, Sb and Zn profiles from core QV2 showing elevated metal levels from coal combustion
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levels (1795) and the first lead isotopic changes 118321. An

e:{planation for the late appearance of soot might be related

to the cut-off size of the particles counted or to the

concentration in the sediment; in the earliest coal combustion

;>eriod its concentration may have been too low and particle

too small for detection during pollen counts.

Heavy metals linked to coal combustion exhibit increases

which start at different depths. The most notable is Zn which

shows no discernable increase above background until 52.5 em

(18701, and much later than the other metals IFig 5.141.

Kingston et al., (1990) note that increases of Zn in lake

sediment lag behind Pb, partially because of higher background

levels damping the relative change from additional inputs.

This is similar in Quidi Vidi Lake; the background level of Zn

is about 120 ppm compared to Pb which is about 15-20 ppm.

Kingston et aI., 119901 and Tessier et aI., 11989) also

suggest the lag in Zn could be related to lower pH levels,

inhibiting partitioning of Zn into the sediment from the

water.

The 'heavy' metal association thought to be derived from

coal emissions, shows increases starting about 62.5 em (1832)

and peaking between 48.5 and 44 em 11900-1921), in the so

called 'coal peak'. The Pb isotopic data at 46 em (1913) shows

continued declines from ratios recorded at 52.5 em (1870),

confirming a greater relative amount of exotic Pb, most likely
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from coal emissions. In this 'coal peak' a pronounced shife in

heavy metal peaks suggest differing sources for coal. Gold

peaks at 48.5 em 119001 and drops sharply to 46 em (19131,

while Kg increases sharply through the same interval (~ig

5.14 I. This de;Jarture in the Au and Hq ;Jro files may suqg:est a

change to coal which is relatively enriched in Hg.

Ai though this peak between 1900 and 1921 has been

attributed to coal by-product inputs, other sources for these

mecals are possible. Lead, fer e:·:ample, may be derived from

leaded paint, lead pipes or other sources of lead that were

more commonly used in the past. Coal combustion and the

resultant increased atmospheric acidicity likely caused

increased metal leaching thus contributing co increased lead

loadings from other sources such as paint, for e:,:ample.

Tanneries, of which there was at least one and possibly two in

the Quidi Vidi Lake watershed probably contributed to metal

loadings, although it appears that the life-span of these

tanneries in this watershed was limited to about 10 to 15

years between 1908 and 1920 (Joy, 1977 and St. John's City

Directory, 1908-1909, 1913, 1919). Other industries, household

materials, insecticides and fungicides all could have

contributed metals to the lake sediment during this time. Most

industries, however, were located along the waterfront for all

of St. John's history. Most of the population base for St.

John's lived outside the Quidi Vidi Lake watershed until
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between 1911 and 1921 when settlement started in earnest. In

addition, there appears to have been little regard for the

environment throughout the history of St. John' s. Although

these Eactors alone do not account for all the possible metal

sources, it does suggest that they had little influence on the

lakes environment during the 1900 - 1920 interval. Other

sources for metals cannot be ruled out or eliminated, but

there is more evidence to suggest this peak at depth is at

least in part related to coal combustion.

The concentrations of As, Au, Hg and to some e:{tent Zn

all decline above this I coal peak I f up to approximately 28 ern

(1960). This decline i.::3 unexpected since coal was e:~tensively

used until oil furnaces became popular in late 1950s and early

1960s. The observed dec1 ine could be the resul t a f sediment

dilution with increased sediment input. The sediment influ:-:

between 46 and 36 cm (1913-1949) increases 2.7 fold, and even

more sharply to 28 cm (1960), increasing 2.5 fold from the

rate at 36 cm (19491.

Above the I coal peak I Pb and Sb show a decline between 44

and 40 em (1921 - 1936), similar to the other metals, but

unlike the other metals they increase sharply between 38 and

36 em (1943 - 19491 (Fig 5.141. This increase as other heavy

metals decline suggests an additional source for Pb and Sb,

and perhaps from sources other than coal. The isotopic data

suggests that there were no new sources of lead between 40 and
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34 em (1936 - 1949), unless the isotopic signature was similar

to ratios present at that time (Fig 5.13).

Of the metals associated with the coal peak, Pb is the

only element that does not decline above 36 em (1949). Between

38 and 17 em (194, - 1969) the combination of dry sediment

influ:~ rate, the Pb concentration and Ph isotopic ratios show

three periods when the amount of lead entering the lake

sediment increased sharply, including 38 - 34 em (1943-1954),

34 - 25.5 em 11954-19631 and 19 - 17 em (1967-19691 IFig

5.151 .

The first interval suggesting a Pb increase occurs

between 38 and 34 em (1943 - 1954), where the concentration of

lead remains constant as the dry sedimentation rate increases

about 1.5 fold. The sustained concentration suggests a Pb

increase to counterbalance dilution by increased sediment. The

addi tional lead may have come from a combination of increased

coal combustion and combustion of leaded automobile gasoline,

which was first imported into Newfoundland in 1944-1945. The

popula tion of St. John I s showed an increase after 1945, which

is inferred to mean increased coal consumption. Coal

combustion probably peaked in the 1950s, just before oil

furnaces became popular, and probably was the single biggest

source of anthropogenic Pb at that time. The soot profile also

increases through this interval, suggesting increased coal

consumption. Interpretation based on the soot profile,



[990
0.8

1980
8.5

Pb concentration (ppm)
_~en area) _

"'Pb/"'Pb
(filled area)

100 ]00 500
-rTf --"1.14- -~CI6-

\-----;/.

Dry sediment influx rate
(gcm"lyr"')

0.2 0,4 0.6 U.S

172

1970
IS.~

e
~~

i3~ [960

ij 27.6

1950
35.6

1940
38.9

1930
41.9

Figure 5.15 Lead concentration. isotope ratio and sediment
influx profiles for core QV2 to illustrate changes in lead
input and sources between 1930 and 1990.



173

however, could be misleading, as will discussed later.

The isotopic ratios show no change between 1943 and 1954,

suggesting this new exotic lead had a signature close to the

average ratio entering the lake at that time {appro:dmately

1.163 in 19541. This ratio is in keeping with the historical

leaded gasoline ratios in Canada, which range beo"een 1.14 and

1.16 (Rosman et a1., 19941 ..~lthough import data shows :hat

gasoline was imported from Canada in 1944-1945 and 1949, it

may ha ....e origir.ated in the USA, where gasoline had a ratio of

1.149 before 1967 (Ritson et al., 1994). Its not known if the

USA military imported their own gasoline for use at FOl':"t

Pepperrell.

The second interval of sharp Pb increase occurs bet'ooieen

1954 and 1963. Between 34 and 28 em 11954 - '9601, che

"·Pb/'"·'Pb ratio decreases sharply, sediment influ:-: triples and

Pb concentration slightly i.ncreases. These changes suggest the

amount of lead entering the lake increased to counter the

effects of sediment dilution, and a new 'exotic I lead, ''''i th a

lower isotopic ratio was introduced into the watershed.

Given the time during which this sediment was deposited,

the most plausible explanation for these changes lies '''1 th

increased emissions from the combustion of a leaded gasoline

with a low isotopic ratio. This is in keeping with historical

records that show automobile registration increasing sharply

during the mid 1950's, which presumably continued into the
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19605. A calculated 92% of the lead with a ':~Pb/'<:-Pb ratio of

1.125 was anthropogenic at 28 em (1960). This low ratio could

be explained by a mixture including leaded gasolines wi th lead

ores derived from either Trail, B.C., Canada or Australian

(Broken Hill), which have ~;';Pb/<·;-Pb ratios of 1.064 and 1.037,

respectively (Hamilton and Clifton, 1979). The decline in

;"~Pb/;;-Pb could have been dampened by the possible reservoir

of lead in the watershed soils that had accumulated from 100

years of coal combustion.

The third period of sharp Pb increases in Quidi Vidi Lake

occurs between 19 and 17 em (1967 1969), where the

concentration and isotopic ratio show an abrupt increase,

while the dry sedimentation influx rate remains constant. The

concentration increase may have occurred as a cesul t of

increased automobile numbers, resulting in more emissions. The

isotopic shift suggests a change in Pb sources, from low ratio

ores like Australia or B.C. to higher ratio ores such as

Missouri, USA (1.28 - 1.331 (Shirahata et a1., 19801 or

Bathurst, New Brunswick (1.16) (Cwnming and Richards, 1975 and

Stanton and Russell, 1959). Both ores are known to have been

used as lead sources in gasoline (Macdonald et al., 1991,

Shirahata et al., 1980 and Stukas and Wong, 1981).

Above 17 em (1969) lead concentration levels continue to

increase until 13 em (1973), where a maximum value of 613 ppm

was reached (Fig 5.15). The lead peak in 1973 coincides with
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the peak of tetra ethyl lead emissions into the Canadian

environment (Royal Society of Canada, 1986). Above 13 em

(1973) I both the lead influx and concentration profiles show

a decline. This is consistent with lead levels in gasoline

which declined from 1914 to its eventual phasing out in 1989.

The increase in the <·~~Pb/·~-Pb ratio above 11 em (197)

probably reflects a decline of contributions from leaded

gasoline.

5.5.3. ii Other metala above the eo&l peak

Chromium, Cu and Zn concentrations increase about 2 fold

above 23 em (1965), while Cd, Fe and Sb show increases above

7 em (1982) (Fig 5.16). Increases in Cr, C~ and Zn occur

i.mmediately after the sediment influx rate declines,

suggesting the increase could be partially explained by a

decline in sediment dilution. The increases, however, suggest

an anthropogenic source, although redox controls such as

complexing with Fe oxyhydroxides cannot be ruled out.

Increases for all these elements, except Sb, is a lake­

wide feature displayed in all four cores from Quidi Vidi Lake.

Similar increases with less magni tude are observed in the

surface sediments of Long Pond and Mundy Pond. The

preservation of stratigraphy in the shallow Mundy Pond,

however, is probably poor since the sediment is susceptible to

wave winnowing. These features are not observed in Georges
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Pond, suggesting the source or processes that caused the

increases are related to an urban/suburban phenomenon.

5.6 listory and spatial distribution of airborne pollution in

St. Jobn'.

The level of urbanization in the Georges Pond watershed,

on Signal Hill, is relatively low compared to the other urban

lakes. The site, however, has had 300 years of history

including denudation of the forest cover, establishment of

fortifications, a hospital, concrete damming of the lake, and

recent establishment of an interpretation centre with

sufficient roads and parking lots. These features, however,

are minor in comparison of the city itself and thus Georges

Pond, in a National Historic Park, located adjacent and above

the city allows it to identify the potential effects from

fallout from fuel emissions. The other urban lakes have a

compounding effect of storm sewers which provide an efficient

drainage of surface pollution, which swamps atmospheric

inputs.

Georges Pond provides evidence to suggest the I coal peak I

and soot increases observed in Quidi Vidi were the result of

airborne pollution from coal combustion. The presence of soot

in Georges Pond at 47.5 em supports the hypothesis that coal

combustion contributed to airborne pollution early in the

history of St. John's. A small metal peak for Au, Hg t Sb and
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Pb between 31.5 and 29 em (Fig 5.17) may correspond to the

I coal peak.' in Quidi Vidi Lake.

The lack. of a readily discernable heavy metal peak in

Long Pond, St. John I 5 suggests the fallout from coal emiss ions

was greatest around the harbour area. and dispersed rapidly

outwards (Fig 5.18). The local prevailing westerly wind

direction may have contributed to this situation, skewing the

deposition pattern by carrying most emissions to the ocean.

The appearance of soot in Long Pond at depth, however,

does suggest coal emissions were deposited in that watershed.

albeit at lower concentrations than areas closer to the city

core. In Mundy Pond, the appearance of soot at 22 em,

corresponds to peaks in heavy metals that are probably related

to coal combustion (fig 5.19). The soot counts are relatively

high after 1950 in cores MPl and LP5. In these cores the

abrupt increases in clay content, and increases in lithophilic

elements near the top of the core are believed to be post­

1950, since clay and lithophilic element increases were most

likely associated with soil erosion from urban development

that occurred mostly after 1950. Mundy Pond is a little more

unique as a portion of this pond was infilled sometime between

1942 and 1950 (Hap of tile City of St. Jolln's 1942 and 1950),

which may have complicated the signature just prior to 1950.

In addition, soot counts remain high through upper core

sections, suggesting that over the last 40 years there has
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been a constant supply. This supply occurs well after the

19605 when coal combustion, the main contributor of soot,

declined to negligible levels.

The sharp rise in soot counts at about 20 em in LPS,

r:oincides with increases in lithophilic element

concentrations, a change in sediment type and a sharp rise in

charcoal counts. A similar feature is observed in Mundy Pond,

where charcoal and soot increase sharply between 11 and 7 em.

The increase in SOOt and charcoal at these depths may suggest

that there is a reservoir of pollutants related to fossil fuel

and wood combustion in the watershed soils of St. John' s. Wik

and Renberg (1987) found a similar situation in Sweden, where

remote areas showed high levels of soot which was the result

of centuries of coal combustion. The abruptness of the

increases of these particulates in both Long Pond and Mundy

Pond suggests intense soil disturbance, and an efficient

flushing system aided by storm sewers. Along with the

potential reservoir of metals from coal combustion is a

reservoir of lead related to leaded gasoline use. With 100

years of coal combustion, 40 years of leaded gasoline use, and

continued use of bunker crude by large facilities, the city's

soils may have become a large reservoir of potentially toxic

metals.
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Chapter 6: Suamary and Conclusions

Measurement of chemical, physical and biological changes

in lake sediment cores from St. John' 5, has been effective for

discerni.ng different ~eriods and magnitudes of anthropogenic

influences, and for identifying potential soucces. This multi­

faceted approach has identified broad-scale impacts associated

with agriculture and urban development. Superimposed on these

periods of physical disturbances are chemical impacts

associated with the use of fossil fuels. namely ::oa1 and

leaded gasal ioe.

The earliest disturbances in the sediment column in Quidi

Vidl Lake occur at. 82.5 em, when pollen changes suggest forest

clearance, probabl y for age ieul tural purposes. His tor ically,

agriculture began about 1750-1760 in che Quidi Vidi Lake area

and continued to spread, reaching its spatial ma:-:imum about

1850. Agricultural production grew and peaked between 1911 and

1921, declining afterwards when urban sprawl started

encroaching upon cultivated lands. Compared co most Canadian

centres, urban growth in St. John I s was modest, except just

after Confederation in 1949. Between 1950 and 1970, a large

portion of the city was developed and most of the construction

occurred in the Quidi Vidi Lake watershed. A large area on the

north side of Quidi Vidi Lake was developed in the early

1940's with the war efforts (see Fig 1.2).
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Disturbances related to the evolution from a farming

community to an urban centre resulted in denudation of the

natural vegetation, followed by increased rates of soil

erosion. During the agriculture era, sediment influx was

stable at about 10 'times pre-European rates. From about 1910,

when urban sprawl began, sediment influxes increased with

greater of erosion. Based on the sediment inflm~ data, erosion

rates continued to increase from 1910 to peak between 1950 and

1970, declining afterwards. Impacts associated with soil

erosion were recorded in the lake sediment as higher clastic

and clay content, and a decline in the organic fraction as

measured by 1055-on- igni tion.

Coincident with periods of city growth that were

associated wi th the physical soil disturbance are emissions of

heavy metals and particulates from coal and leaded gasoline

combustion. Coal use probably started about 1800 and increased

rapidly after 1845 with the establishment of heavy industry.

Residential fuel use was also an important contributor since

coal was the main heating source until the late 1950s and

early 1960s when oil furnaces became popular. Leaded gasoline

use started in Newfoundland about 1945. In Canada, and

presumably Newfoundland, lead emissions from automobiles

peaked in 1973, and declined afterwards with the introduction

of low leaded gasoline, followed by its eventual phasing out

in 1989.
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Pollution from coal combustion contributed metals

including As, Au, Hg, Ph, Sb and Zn, and also soot to the

local environment. In Quidi Vidi Lake, the first evidence of

e:{otic Pb additions, as recorded in the Pb isotopic ratios, is

observed at 6~.5 em (l83~). This early 'e::otic' lead was

probably from coal combustion. It is unlikely that much if any

of this lead came from foundries since there were no foundries

built until the late 18405. With the continued population

increase and the establishment of i:1dustry by :he late

nineteenth century, coal combustion and the emission of to:·:ic

metals increased steadily.

After 1940, the lead concentration and isotopic profiles,

in combination with the dry sediment influ:·: profile suggest

three periods of increased lead emissions; 1943-1954, 1954­

1963 and 1967-1969, which correspond to the sediment intervals

in Quidi Vidi Lake core QV2 between 38-34 cm, 34-25.5 em and

19-17 em, respectively. The first period was probably related

to the introduction of leaded gasoline into St. John I 5 and

increased coal emissions. The population rise that occurred

after 1945 is inferred to mean increased coal consumption,

until oil furnaces became popular. The other two periods

likely reflect increased Pb emissions from automobiles. The

Pb isotopic dat.a suggest that bet.ween 1960 and 1967,

automobile gasoline consumed in St. John I 5 probably contained

lead from either Broken Hill, Australia or British Columbia,
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Canada.

Aquatic impacts from the anthropogenic effects of

farming, urban growth and fossil fuel emissions were inferred

from the diatom data. Before 1800, the diatom data show little

change. indicatinq t.he earliest forest. and agricultural

disturbances had little impact on the aquatic life or the lake

wa tee pH. Through che urban era, however, the data show

notable impacts. The most obvious is the sharp lake water pH

increase at 1960 and 1984, where reconstructed pH values were

7.2 and 7.9, respectively. This compares to 6.4 and 6.7

recorded in the pre-European section of core. Indicator

species, including Asterionel1a formosa, suggest the lake was

more eutrophic in 1960, while Diatoma elongdtum may ceflect

impacts related to winter salting of roads. The combined

impacts of the urban setting have also caused a decline in

diatom diversity in most recent times.

The high reconstructed pH levels and high Sal' - in Quidi

Vidi Lake suggest it is highly buffered. Considering the large

volume of fossil fuel emissions {SO,'·) within the city, the

buffering capacity must be significant. One potential

buffering agent is thought to be concrete. The dissolution of

concrete adds Ca and Mg to urban waterways causing an increase

in their carbonate content, thereby buffering the lakes. The

amount of concrete in the watershed has increased

significantly since Confederation. The low metal levels in
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fish taken from several urban rivers is probably the result of

the high buffering capacity in the urban waterways.

The data collected from the sediment cores in combination

with historical information, shows the most stressful period

for the urban lakes and the urban atmosphere occurred around

the 19505. Lake stress was probably highest in Quidi Vidi Lake

between 1950 and 1970, when sediment influ:-~ rates were at

their peak. Stresses from atmospheric fallout probably peaked

with the peak of coal combustion in the 19505.

High sediment inputs during the 19505 and 19605 resulted

from an intense period of residential construction. Soils

disturbed from these activities were transported rapidly into

lakes. This was aided by pavement and storm sewers that have

little storage capacity and allow instantaneous run-off. For

comparison, sediment influxes at their peak were 15 fold those

recorded in the farming era. Over the last 25 years the

sedimentation rate has declined considerably. This was the

result of declining construction as the urban landscape was

transformed into a blanket of lawns, concrete and pavement.

Storm sewers still play an important role allowing

pollutants accumulating on parking lots and roadways to be

flushed into the urban waterways. The importance of storm

sewers in today's environment can be gathered from data

presented by Ault et al., (1970) who noted that most

automobile exhaust emissions are deposited within 500 feet of
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roads. Since most of the city environment is covered with

concrete and pavement, this implies that automobile pollution

has a short watershed residence time and is rapidly flushed to

the lakes. Automobile pollution not only includes e:{haust

emissions, but also products of wear from tires and brake

pads, and oil spillage.

The high sedimentation rates in the city have had an

overwhelming effect on metal influ:< rates. Most of the to:dc

elements including As, Hg, Pb and Zn for e:<ample, show the

greatest period of influx between 1950 and 1970, coinciding

t.... ith the period of highest sediment influx. Although it seems

fortuitous that there were high sediment influxes with the

high metal influxes, the rate of metal influx seems be

controlled by the rate of sediment influx. This relationship

is probably a function of the potentially large metal

reservoir in the watershed soils. Although the geologic units

in this area contribute to metals, such as Pb from the St.

John's shales where lake sediment within this unit show levels

about 20 ppm, the proportion of geologic metals to that of

anthropogenic levels within the watershed soils is most likely

to be very small.

Although several decades have passed since coal use has

ended, the continued influx of soot from coal combustion

suggests there may be a reservoir of soot and related metals

in the watershed soils. This potential metal reservoir is not
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only from the 100 years of coal combustion, but also 40 years

of leaded gasoline combustion. This relationship suggests the

urban lakes will be influenced by previously deposited metals

for many centuries to come.

Unlike lake stresses, atmospheric stresses are much more

difficult to discern, since lake sediments are not as

effective for measuring atmospheric conditions. Based cn the

historical use of coal, which is believed to be the single

biggest air pollutant, the greatest period of atmospheric

stress probably occurred in the 19505 when coal consumption

was at its peak, just before oil furnaces became abundant.

The recent declines observed for sediment and metal

influxes, and metal concentrations suggest lake conditions are

imprOVing. In the last 15 years sediment influx has decl ined

by 60%, and by 75% from its highest level in 1965. Although

unlikely to occur, based on the rate of sediment influx

decline between 1973 and 1989, it would take only 12 years to

achieve pre-European sedimentation rates (Fig 6.1). Since

metal inf1uxes are controlled by the sediment influx, similar

time frames were calculated for the metal influx rates to

decline to pre-European levels. As an example, it would take

about 9 and 12 years, for Pb and Hg, respectively to decline

to pre-European levels. Similar time frames exist for all

elements, not only the metals.

Although in theory metal influx rates could decline to
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pre-European rates in 12 years, the rate of concentration

decline portrays a different scenario (Fig 6.1). For example,

using the rate of concentration decline through the last 15

years it will take abouc 60 years for lead to reach pre­

European levels. Elements like Hg, which show a small increase

in concentration through the last 15 years, suggest pre­

European levels are unachievable. This predicament is probably

in part explained by the higher concentrations of metals in

the watershed soils.

Looking into the future, data collected in this study

will allow society to evaluate the past changes and to plan

management strategies for future use of the urban waterbodies.

All lakes in St. John's have shown recent improvements

concerning sediment and metal influxes and metal

concentrations. However, to attempt to manage the urban

ecosystems, planners must consider not only the present, but

also impacts from the past. Impacts related to coal

combustion, for example, have possibly created a large

reservoir of metals in the watershed soils. This metal

accumulation will undoubtably play an important role in the

management of the urban waterbodies.

Although the lakes are presently well buffered,

immobilizing heavy metals in the sediment, the same conclusion

cannot be drawn for the watershed soils. It is unclear how the

metals are held in the soils, and how readily they may be
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leached could be very important for the future. This argument

far high metal content in the soils is just that, and further

work is needed to establish the conditions of these soils. Ii

the metals are present, and if the proper conditions e:{ist in

the urban soils (high phosphorousl the leachable lead

component in the soils can dramatically decline (Berti and

Cunningham, 1994). The soils in this area, however, are

naturally acidic, and in combination with the high emissions

of acidifying agents in the city, these soils may be

liberating metals much more readily than lake sediments.

Establishing the nature of this reservoir of metals, and its

relationship to the lakes is of the utmost importance foe

determining the degree of influence these potentially to:·:ic

metals have on the urban waterways. This body of metals, and

its potential impacts could hold the key to the health of the

urban lake system. This reservoir and the availability of the

metals may also play an important part in the general uptake

in the population through the ingestion of soil and dust.

If the lakes become acidified, the metals being carried

from the reservoir would undoubtably have a deleterious effect

on the lake ecosystem. Lake water acidification could allow

much of the lake sediment metal content, which in some cases

is high enough to be classified as toxic, to enter the lake

water, allowing it to become more bioavailable. Although

impacts related to lake acidification are an unknown, further
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study of the lake sediment may provide some insight. The

section of core between 1800 and 1960 was not examined for

diatoms. This section of core covers the most intense period

of coal combustion, before the urban landscape was developed.

If acidification occurred through that interval, impacts

related to lake acidification could be discerned from the

diatom data.

The future health of urban waterways will depend in part

on conditions that could liberate this reservoir of to:dc

metals from the watershed soils and lake sediments. Because

the watershed reservoir is potentially large, widespread and

partially buried under city infrastructure, there is little

that can be done to rectify it. Reduction of erosion and

sedimentation into urban lakes, by better sedimentation

control through storm sewers, is probably the best mechanism

for managing this potential accumulation of metals. Another

mechanism is maintaining the artificially high pH and

buffering capacity, which in its present situation seems to be

self sustaining because of the city landscape. In their

present state with a neutral pH, declining sediment and metal

influxes, and high buffering capacities, these urban lakes are

in some sort of equilibrium with the city. Changing just one

component in this equilibrium could upset the balance causing

more harm than good.
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Cbarcoal particle. (scale: X 40)

Oil droplet. Another, smaller
droplet can be seen in the
lower left comer. (Scale X 100)

Plate I
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Soot particle. (scale: X 63)

Soot 'A' porticle. (scale: X 40)
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Core Sample sites

Lake Core jj UTM Coordinates Water Core
Zone 22 Depth Length

Ea.sting Northing
Iml leml

QVl 3'72670 5270875 12.0 160

QV2 312680 5270870 12.5 200
Quidi vidi
Lake QV3 312850 5270975 8.5 200

QV' 372860 52709'70 9.5 160

LPI 369100 5270825 9.5 168

LP2 369710 5270825 9.5 178

Long Pond, LP3 369500 5210630 9.0 155

St.John's LP. 369510 5270630 10.0 165

LP5 369505 5270635 8.5 115

MPI 369050 5261125 LO 103
Mundy Pond

369055 5261'725MP2 LO 51

GPt 373125 5269950 8.0 130
Georges Pond

373135GP2 5269950 8.0 90

Long Pond, LPW 360310 524.1190 '.5 1<5
Witless Bay
Line
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Appendix B: sample Preparation

For Total and Acid Eztractable Blemental Analysis

Sample dissolution for total element contents, was

completed by first measuring g of sediment into a glass

beaker. The sample was ashed at 600-C tor 3 hours, and

transferred to a 125 rol teflon beaker where 15 ml of

concentrated HF was added followed by a 1: 1 mixture of 5 rol of

concentrated 50\ Hel and 5 ml of HelO l • The sample was mb:ed

and left overnight. The beakers were placed on a hot plate and

brought to dryness at 200"C, after which approximately 50 ml

of 20\ Hel was added and the samples were returned to the hot

plate and heated at lOO~C until the residue dissolved. The

solution was transferred to a 100 ml volumetric flask, cooled

and made up to volume with deionized water.

For the acid-e:~tr:actable analysis, 1 g of sediment was

weighed into a glass test tube, 6 ml of 4M HNO l - O.lM Hel

'o'lere added and left to stand over:night. The samples were

stirred, placed in a water bath for two hours at 90"C, stirred

again, removed and cooled. The leached solution was then made

up to volume with deionized water, mixed and allowed to clear

(i.e. particulates allowed to settle).

For mercury determination (via 'cold vapor' atomic

absorption spectrophotometry) 0.5 g of dried sediment was

dissolved in 20 ml of concentrated RNO, and 1 ml of
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concentrated Hel in test tube at room temperature for 10

minutes. The test tube was then placed in a water bath at 90:C

and allowed to digest for two hours with periodic shaking.

After cooling, the solutions were made up to 100 mt with

deionized water. The Hg present at that stage was reduced to

the elemental state by the addition of 10% weight by volume

SnSO~. The Hg vapour was then flushed by a stream of air into

an absorption cell mounted in the light path of an atomic

absorption spectrophotometer.

Palynomorph and Diatom Preparations

One cubic centimetre SUb-samples for pollen were first

placed in a plastic test tube and exotic Lycopodium spores of

known concentration were added. Sample treatment included

successive washes in 10\ Hel, concentrated HF and concentrated

acetic acid. A 9: 1 acetic anhydride and concentrated sulphuric

acid mixture was added after which it was placed in a warm

water bath and stirred for 3 minutes. The sample was washed

with concentrated acetic acid and distilled water, stained

with Safranin 0, stirred, washed and transferred to storage

vials. Samples for visual examination were prepared by

mounting one or two drops of residue on a slide, allOWing it

to dry and gluing a cover glass with the bioplastic Elvacitel!'!.

One cubic centimetre sub-samples fer diatom preparation

were placed in plastic test tubes and treated with successive
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acid washes. First, 10\ Hel was added, warmed in water bath

for 10 minutes and stirred occasionally. Following this 10 ml

of 30\ HoD, was added and left to react overnight. If residual

organics remained the samples were placed in a warm water bath

for approximately 4 to 5 hours. The remaining solution was

centrifuged and decanted. One part K,Cr,O· solution to two

parts concentrated H;SOI was added separately {dichromate

before the acid) I stirred occasionally and left overnight.

Samples were washed, a known concentration of lycopodium

spores added, stained with Safranin 0 and transferred to

storage vials.

Prior to visual examination 1 cc of the suspension was

placed in a test tube and diluted 10 to 20 times wi th

distilled water. A drop of this solution was placed on a cover

slip and allowed to dry. Several drops of the mounting medium,

Nafrax:M, was placed on a slide and heated on a hot plate. The

mounting medium was allowed to bubble after which the cover

slip with the diatoms was inverted and placed onto the hot

glue. The slide was removed and allowed to cool.

Sample preparation for Common Pb I.otopic Ratios

At Geotop, Universite du Quebec a Montreal common Pb

isotopes were determined quantitatively by mass spectrometer.

Sample preparation was completed under a controlled atmosphere

of a clean room with purified reagents (Hanhes et al., 1980).
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Sample preparation was modified from Carignan et a1. (1993).

Five to ten milligrams of sediment were washed in 6N Hel for

12 hours, rinsed with distilled water and allowed to dry. A

dilute mi;.~ture HF and aqua regia was added and allowed to

stand for 30 minutes. The supernatant and residue were

recovered and dissolved in HF. Lead was separated from the

solution by passing it through anion exchange resin AGI-XS as

described by Manhes et al. (19801.

Clay and Mineral Preparation

Two grams of dried sediment were placed in a 50 mL

plastic beaker, filled to 40 mL with distilled water and

disaggregated using ultrasonic treatment for appro:dmately

three minutes. The samples was trans ferred to a 100 mL glass

beaker, 50 mL of 15\ H,O. was added and allowed to react to

completeness. The sediment was allowed to settle and the

solution decanted. If after several days the sample continued

to react it was transferred to test tubes, centrifuged and

decanted. Five subsequent treatments with peroxide followed.

Iron was removed from the sample following a procedure

modified from Mehra and Jackson (1960). Four mL of 0.6 M

sodium citrate followed by 1 mL of 1 M sodium bicarbonate were

added to the sample. The sample was placed in a water bath

heated to 85°C and one gram of solid sodium dithionite

(Na 2S20 l 1 was added. The sample was stirred intermittently and
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removed after 15 minutes. Approximately 10 drops of saturated

MgCl~ solution was added to aid flocculation after which the

sample was centrifuged and the solution decanted. Samples were

washed with distilled water and placed in an ultracentrifuge

for 15 min at 15, 000 rpm. This step was repeated twice.

The less than 2 \lIn size fraction was separated in a

column of water using a settling equation from Folk {19801:

where:

T is the settling time in minutes, D is depth of withdrawal in

em, d is particle diameter in nun and A is a constant dependant

on viscosity of liquid, the gravitational force and particle

density (A=3.57 at 20'C).

The sample was placed in a column of water, agitated and

allowed to settle to a depth such that the upper portion of

water contained only the clay size fraction « 2jJffi) in

suspension which was siphoned off. Sediment was allowed to

settle out and the water decanted. Saturated MgCl,; solution

was added to the clay fraction and washed five subsequent

times with distilled water. Saturated MgCl 2 was added to aid

in clay classification (Moore and Reynolds, 1989). Th'e < 2 pm

fraction for all samples was stored in air tight vials until

analysis.
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Sample preparation for Radiome'tric dates (210 Pb, U7Ca and Uc)

Measurements for ;::-::Pb, ;;:~Ra and' ,"Cs by Dr. P. Appleby at

the University of Liverpool, UK, were made on 1 9 of dried

sediment using a well-type coaxial low background intrinsic

germanium detector fitted with a NaI (TIl escape suppression

shield (Appleby et al., 1986). ';-C5, ;:"'Ra and L::Pb were

measured, by Becquerel Labs, Mississauga, on 10 9 of sediment

by gamma spectrometry for eight hours.

Sample preparation for radiocarbon (Ie) dating, completed

at the Radiocarbon Dating Laboratory, Geological Survey of

Canada, Ottawa was as follows; approximately 25 to 30 9 of

bulk sample was treated with hot acid and distilled water

rinses. Yielded CO",) was counted for one or two counts of

between 2090 and 2600 minutes in a 2-L or 5-L counter. Mi:{ing

ratios for the counts were 1.00 for all except one in which

the mi:<ing ratio was 1.13.



Appendix C: lake sediment gecchemicaJ data 226

Co<eCVt

coreQVl DcJ"b Ag(6) AI (2) As (I) Au (I) Ba(l) B,(2) &(2) Br(l) Ca(2}sample 1# (em) (ppm) (%) (ppm) (ppb) (ppm) (fl)m) (ppm) (ppm) ("!oj
QVI-<>02 I 0.$ 6.82 13.0 20.0 600 601 '.0 20.0 0.51
QVI..... 3 0.5 6.89 12.0 18.0 520 609 3.9 18.0 052
QVI-<>06 5 0.' 6.96 12.0 19.0 530 618 '.1 17.0 0.47
QVl·OO8 7 0.7 6.92 11.0 16.0 530 618 '.0 16.0 0.49
QVI-<l1O 9 0.8 7.16 12.0 14.0 580 635 3.8 16.U 0.51
QVI ..012 II 0.8 752 11.0 13.0 540 629 36 \l.0 {l.oll
QVloOl. 13 0.7 7.58 11.0 17.0 530 640 3.' no 0.42
QVI.ol6 15 0.6 7.n 11.0 13.0 510 628 3.$ 12.0 OAI
QVI.(ll8 17 0.6 7.72 12.0 1:5.0 600 636 3.3 13.0 0.42
QVI.o20 19 0.6 7.70 13.0 12.0 580 635 3.3 13,0 a.·n
QVI.o22 21 0.6 7.52 \l.0 I~.O 580 623 3.2 13.0 0.42
QVI.o2. 23 0.6 7.50 13.0 15.0 570 616 3.1 14.0 0.42
QVI.o26 25 0.6 7.59 \l.0 14.0 5.. 6\l 3.1 14.0 0.43
QVI.o28 27 0.5 7.51 13.0 16.0 590 608 3.1 n.o 0.44
QVI~30 29 0.6 7.60 1·1.0 17.0 550 608 3.0 14.0 0.42
QVI.o32 JI 0.7 7.51 15.0 21.0 530 602 3.2 15.0 0.37
QVI.oJ4 )J 0.7 7.58 19.0 18.0 500 5.2 H 17.0 0.3$
QVI.o36 35 0.7 7.52 23.2 28.0 .90 524 3.7 10.1 0.33
QVI.o38 J7 0.6 7.56 22.7 26.0 '80 '97 3.6 21.9 0.33
QVI.o.l<J 39 0.7 7.23 23.6 39.0 470 .88 j.g 24.5 0.29
QVI.042 .1 0.6 6.93 22.$ 40.0 400 '$' '.1 21.6 0.27
QVI.044 " 0.6 6.89 19.0 49.0 '10 ... 3.9 25.1 0.25
QVI.046 '5 0.6 6.69 22.2 '$.0 430 ... '.0 32.9 0.26
QVI.048 47 0.6 6.68 11.0 38.0 '10 '29 '.2 27.7 0.24
QVI.o50 .. 0.4 6.73 150 18.0 360 429 U 26.1 0.2'
QVI-<J$5 52.$ 0.5 6.$8 19.0 I·to 400 409 '.6 ]0.8 0.25
QVI-<J60 n.s 0.$ 6.19 11.0 10.0 3.. 371 '.1 325 0.22
QVI.06$ 62.$ 0.5 5.49 10.0 '.6 260 309 '.0 40.' O.H
QVI-<J70 67.$ 0.4 4.1$ 6.1 <2 220 239 3.5 72.9 0.27
QVI.o75 72.$ 0.' 5.02 8.9 <2 230 270 '.0 59.0 0.26
QVI-<J80 77.$ 0.' 4.39 6.0 <2 220 W 3.6 70.6 0.28
QVI.o8$ 82.$ 0.' '.55 5.' 3.' 170 247 3.8 62.9 0.28
QVI.090 87.$ 0.' 456 6.2 <2 210 244 3.9 63.9 0.29
QVlo095 92.5 0.' -4.55 6.0 <2 200 240 '.1 61.$ 0.29
QVI-IOO 97.5 0.' ..,0 6.' <2 220 2$' '.2 59.0 0.29
QVI-IO$ IOU 0.' •.n 6.$ <2 200 2$9 '.3 59.9 OJO
QVI-II0 107.5 0.' ..... 6.2 3.8 210 270 '.6 54.3 0.32
QVI-1l5 112.$ 0.$ '.71 6.1 <2 190 2$1 '.9 5'.1 0.31
QVI·120 117.5 0.$ '.87 7.1 <2 210 261 5.3 56.6 0.32
QVI-125 122.5 0.$ '.72 1.3 <2 210 254 5.' 5$.9 0.32
QVI.I30 127.$ 0.' •.n 8.1 <2 210 255 $.7 53.9 0.32
QVI-13$ 132.5 0.' '.68 6.6 <2 200 2$5 5.6 48.9 0.32
QVI-I40 137.$ 0.3 4.65 1.1 <2 220 254 $.7 $2.3 0.33
QVI·I'$ 142.$ 0.' -4.08 1.' <2 220 229 $.2 49.8 0.29
QVI·I$O 1-4'.5 0.' 4.81 65 <2 230 271 5.9 .f.9A 0.33
QVI·155 1$2.5 0.' '.87 1.2 <2 210 26$ 6.2 51.9 0.33
QVI·I60 I$H 0.' '.88 1.3 <2 240 265 6.3 49.6 0.34
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CoreQVl

Depth Cd(2) Cd (3) Ce(l) Ce(2) Co (I) Co (2) Co (3) C,(I) Cr(2) Cr(la)
<em) (ppml (ppm) <ppm) <ppm) <el <ppm) <ppm) <ppm) (JlPItII <ppm)

I I., 1.6 120 II' 18.0 23 11 72.0 70 6'
3 1.8 1.6 110 118 19.0 22 11 65.0 71 6.
5 1.8 1.5 110 12I 19.0 22 11 79.0 70 68
7 1.8 1.5 100 122 20.0 22 11 64.0 66 66
9 1.5 I" 110 II' 20,0 22 13 5'.0 60 58
II .. 1.3 93 117 18.0 22 14 so.o 53 52
13 1.5 1.3 90 110 20.0 21 13 29.0 5' 51
15 1.4 1.3 81 113 17.0 22 13 .42.0 55 4.
17 1.4 1.2 ., 112 21.0 21 12 ..$'.0 52 ...
I' 1.3 l.l 100 112 16.0 21 12 51.0 SO ...
21 U l.l 95 108 19.0 21 12 3~.O 45 42
13 U 1.2 99 104 19.0 20 12 32.0 45 40
25 1.2 l.l .. 100 17.0 20 11 38.u ... 39
27 1.3 1.1 '5 99 17.0 20 12 44.0 44 37
2. 1.3 1.I .. 95 20.0 20 12 33,0 47 40
31 1.2 1.0 83 99 20.0 22 13 36.0 4. 43
33 1.0 0.' 88 100 22.0 13 14 41.0 51 47
35 0.9 0.8 80 101 23.0 26 15 ....0 56 51
37 0.7 0.6 98 101 30.0 28 17 53.0 56 SI
3. 0.9 0.7 90 99 ]4,0 31 I' "8.0 52 49
41 0.5 0.4 91 101 36.0 37 13 38.0 .. 44
43 0.4 0.3 100 108 35.0 2' 19 48.0 44 40., 0.5 0.4 110 112 4'.0 .. 28 38.0 40 37
47 0" 0.3 100 10 5'.0 48 33 2".0 40 38
49 0.3 0.2 130 134 39.0 36 23 25.0 36 34

52.5 0.3 OJ 140 140 66.0 55 35 40.0 36 33
57.5 0.3 0.2 120 132 49.0 44 27 26.0 31 28
62.5 0.3 0.3 120 138 ....0 ... 27 22.0 24 23
67.5 0.4 0.3 110 113 19.0 17 9 32.0 19 17
72.5 0.5 0.4 150 140 41.0 36 22 <15 21 20
77.5 0.5 0.3 130 125 17.0 16 9 23.0 18 17
82.S 0.5 0.3 120 125 16.0 16 9 25.0 18 18
87.5 0.5 0.3 130 134 21.0 18 11 <15 19 18
92.5 0.5 0.4 130 141 18.0 I' 12 18.0 H 23
97.5 0.4 0.3 130 138 20.0 I' 11 23.0 22 19
102.5 0.4 0.4 140 137 22.0 20 12 41.0 19 17
107.5 0.5 0.4 140 14' 20.0 20 12 <15 21 18
112.5 0.6 0.4 130 157 19.0 20 II 20.0 18 16
Ll7.5 0.5 0.4 170 16. 22.0 22 12 42.0 18 16
122.5 0.6 0.4 190 173 23.0 21 13 26.0 18 17
127.5 0.7 0.5 200 188 33.0 28 18 [7.0 17 17
132.5 0.6 0.5 170 183 2".0 25 14 ]0.0 18 17
137.5 0.7 0.5 170 178 26.0 24 14 35.0 ., .,
1·62.5 0.6 0.4 180 161 25.0 21 14 <15 26 25
147.5 0.4 0.4 180 186 25.0 23 12 25.0 27 25
152.5 0.8 0.5 190 185 24,0 21 13 19.0 I' 17
157.5 0.8 0.5 180 188 24.0 23 14 21.0 2' 25
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Depth Cs(l) Cu(2} Cu(3) Dy(2) EnO) Fe(l) Fe (2) Fc(]) Ga(21 Hf(l)
(em) (pPDlI (pPDlI (ppml (ppml (ppml ('Yo) (%1 ('Yo) (ppm) (Jl!""1

I 7.0 157 121 8.2 2.60 8.30 7.31 5.91 23 5..10
3 6.6 151 118 7.' 3.20 1.70 6.97 5.52 23 5.30
5 6.6 151 116 8.7 '.00 1.40 6.9~ 5,]8 2' 5.80
7 6.1 1<7 ll2 8.3 3.80 7.00 6.86 5.39 2. 5.50

• 6.2 118 .. 8.0 2.<0 6.80 6.37 .... 23 <.60
II 611 uS 73 76 110 .5 50 5 u2 .19 26 51M)

13 6 .• 87 71 7.1 2.30 5.80 5.85 4.03 26 5.80
15 5.9 93 6. 7.2 1.80 5..10 5.88 4.0] 2. 5..10
17 6.7 ... 63 7.0 3.00 6.30 5.73 3.74 25 5.80
19 6.u 80 61 7.0 2.00 6.10 5.66 •.32 26 5.90
21 6.1 7. 5' 6.8 2.50 S.80 5.48 4.23 25 5,90
23 6.1 n 58 6.7 2.70 S.90 5.42 4.05 2. 5..10
25 5.8 75 58 6.7 2.10 5.70 S.38 4.24 22 5.50
27 5.9 73 55 6.5 2.]0 5.60 5.35 '.00 2. 5.80
29 5.9 7. 56 6.2 2.80 SAO 5.37 3.97 22 5.90
31 52 77 56 6.3 3.00 5.311 5..10 4.13 23 5.80
33 5.5 73 5< 6.• 2.20 5.80 5.51 '.22 25 5,]0
3S 5.7 70 •• 6.7 2.20 6.040 5.82 ·4,S9 2. 5.SO
37 6.3 56 39 6.7 2.10 7.10 6.17 5.03 2. 5.60
39 5.9 57 38 6.7 2.20 7.20 6.37 •.n 2• 5.90
.1 57 .. 30 7.2 2.00 6.<0 6.33 •.n 23 5.00
.3 6.2 38 26 6.8 2.10 5.80 5..15 4.12 22 5.50
.5 5.7 39 28 7.1 2.70 5.60 5.l6 3." 21 5.50
.7 5.7 35 25 7.3 3.20 6.90 6.53 4.1J8 22 •.80

•• 6A 35 25 8.6 3.70 6.20 6.10 4.55 22 <.60
52.5 6.5 35 2. 8.' 3.80 5.80 5.57 ·4.19 20 4.50
57.5 6.• 20 I. 7.' 3.30 5.30 4.83 3.62 18 360
62.5 5.3 17 12 7.' 3.10 ·UO 4.08 300 15 2.90
67.5 3.6 I' 12 6.' 2.90 2.80 2.5< 1.79 • 2.60
725 <.6 18 Il 7.9 5.00 3.80 3.<0 2.<6 13 3.60
n5 3.6 17 12 7.2 3.<0 2.60 2.36 1.67 II 2.20
82.5 3.7 17 12 7.3 3.30 2.<0 2.27 LS9 II 2.70
875 U I' Il 7.6 3.80 2.20 2.21 1.58 II 2.90
.25 ]A I' 13 8.0 •.60 2.30 2.18 1.S6 10 2.10
97.5 •.5 I' Il 8.0 3.80 2.30 2.22 1.63 II 2.90
102.5 •.0 20 I< 8.2 4.20 2.<0 2.2. 1.6\ 10 1.90
107.5 a 21 15 8.6 4.10 2.<0 2.32 1.70 II 3.10
112.5 3.8 20 15 9.1 3.30 230 2.29 1.66 II 2.l0
117.5 a 22 16 '.6 3.90 2.70 2Ao2 1.75 II 3.20
122.5 U 20 I. '.7 •.90 2.60 2.27 1.63 10 1.90
127.5 3.7 22 17 10.5 6.00 2.60 2.32 1.58 II 2.70
132.5 3.6 21 15 10.2 5.20 2.20 2.26 1.S3 10 2.00
137.5 3.7 22 16 10.1 •.80 2.20 2.27 1.55 • 2.10
142.5 3.6 I' IS '.1 '.90 2.<0 2.09 1.58 • 2.20
1.7.5 •.3 22 16 10.6 •.00 2.<0 2.32 1.5< 10 2.50
152.5 H N 17 10.8 5.30 2.60 2.36 1.63 10 1.70
157.5 3.8 2. 17 10.8 4.30 2.60 2." 1.66 12 2.l0
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CoreQV1

Deplh Hg(8) KI2l [.a (I) [.a (2) U(2) LOI Lu(l) Mg(2) Mn(2) Mn(3)
(em) (ppbl (%) (wml (wml (wml ('"fa) (PJlIl1) (Ufo) (%) (ppm)

I -103 1.97 68.0 62 ~1.8 18,3 O.7.J 0.83 O.l~ 868
3 379 1.97 63.0 59 ~2.6 17.3 0.62 0.82 0,13 817
5 -107 2.02 6].0 59 ~2.9 17.2 0.71 0.82 0.12 737
7 389 1.99 60.0 58 ~3.5 17.0 0.62 080 0.12 733
9 389 2.03 5<0 53 .....8 16.1 0.59 0.80 0.12 7.-
11 395 l.lI ~.O "8 .46.~ 14.6 U.Sl 0.81 0,12 nt
13 389 2.17 45.0 .... 48.3 1".1 0.61 0,82 0.12 760
15 372 2,21 ]9.0 "5 ~.8 13.8 0.36 0,83 0.12 785
13 371 2.21 .....0 .... 47.S 135 0.-10 0.83 0.12 m
I' m 2.L8 -11.0 .... 47.8 I].] 0.52 0.82 0.14 787
21 350 2.13 43.0 -10 ~." 12.8 0.48 078 0,14 830
23 373 2.08 42.0 39 45.3 12.9 0.16 o.n 0,14 8-lO
25 358 2.12 41.0 38 45.1 12.8 O.M o.n 0.15 87"
27 368 2.1L 41.0 36 ..... 7 12.6 0,48 U,76 0.15 897
29 "28 2.11 -10.0 3" 45.] 13.4 0.6:5 0,77 0.15 918
31 595 2.02 36.0 3S 49.2 14.7 0,51 o.n 0.15 '23
33 726 1.90 37.0 35 53.6 14.1 0.60 o.n 0.15 923
35 1423 1.75 ]6.0 36 56.1 17.2 OA9 0.76 0,15 95"
37 1614 1.78 37.0 35 55.7 16.2 O.l-' 0.81 0.17 1220
3' 1786 I.<W -10.0 35 5H 18.2 0.51 0.73 0.11 \020
"I 1340 1.53 -10.0 39 52.1 19.1 OA5 0.66 0.17 IOSO
"3 1"88 1.049 43.0 -10 52.9 19.1 0.38 O.M 0.16 1020
"5 1149 1.47 .....0 "1 50.3 21.5 0.67 O.<W 0.16 1260
"7 1321 lAI ~.O "3 49.6 20.1 0.65 0.62 0.26 1920
"9 781 \.35 ~9.0 "8 52.2 20.1 0.61 0.57 0.20 !450

52.5 5n 1.25 52.0 '7 SO." 22.0 0.s3 0.51 0.19 1390
575 372 1.07 .....0 "3 ~8.2 25.~ 0.62 0.43 0.19 1360
62.5 279 0.82 39.0 "3 38.9 no 0."6 0.3~ 0.19 1380
67.5 279 0.52 38.0 38 2~.6 39.6 0.27 0.23 0.18 1290
72.5 279 0.66 ~.O "3 30.8 35.~ 0.37 0.29 0.19 1370
77.5 205 0.51 .....0 -10 25.6 -10.7 0.-10 0.23 0.17 1260
82.5 2"2 0.57 "1.0 -10 28.~ -10.1 0.~3 0.25 0.15 965
87.5 255 0.56 ~5.0 "1 29.1 ~1.2 O.~ 0.26 0.14 962
92.5 255 053 ~5.0 .... 27.7 "1.3 0.55 0.23 O.l~ 909
97.5 255 0.59 ~.O .... 30.2 39.6 O.~8 0.26 0.13 862
102.5 255 0.61 ~.O .... 30.~ 39.2 0.55 0.27 0.13 815
107.5 216 0.66 ~9.0 "" 30.~ 38.0 0.55 0.29 0.13 80.
112.5 221 0.52 "5.0 ". 26." -10.1 0.36 0.23 0.12 789
117.5 225 0.55 55.0 51 28.2 39.1 0.35 0.15 0.12 n7
122.5 235 0.50 59.0 53 27.3 -10.1 0.51 0.23 0.12 758
127.5 235 0."' 62.0 56 26.5 n.o 0.62 0.22 0.12 795
132.5 m 0.'- 55.0 56 26.~ 39.9 0.52 0.22 0.12 709
137.5 257 0.'- 57.0 55 25.7 -10.0 0.63 0.22 0.12 727
1"2.5 m 0..... 58.0 "8 2~.3 ~7.5 0.66 0.20 0.10 707
1'75 270 0.55 58.0 56 30.4 38.6 0.52 0.25 0.11 675
152.5 257 0.54 62.0 58 30.7 3'.0 0.58 0.25 0.11 693
157.5 27< 0.55 58.0 58 30.2 3'.1 0.55 0.25 0.11 726



230

CoreQV,

DcpIb MO(2) Mo{S) Na(l) Na(2) Nb(2) Ni(2) Ni(3) P(2) !'b(2) !'b(3)
(em) lpeml lpeml ('Yo) ("to) (ppm) (ppm) (ppm) IPllbI (ppm) (ppm)

I 4 3 L60 L44 10 J( 18 2238 m 395
3 3 3 L60 LoI6 12 J( 17 21% 470 386
5 3 3 L60 L44 L2 J( 17 2203 535 -l<1I
7 4 3 1.50 1A2 12 J( 17 223.. 565 447

• 3 3 L60 1,49 13 30 18 2142 578 455
1\ J 2 150 ISl .. 2. " 2052 S~; 502
13 J 2 1.50 1.51 14 30 20 199. 617 536
15 3 2 1.30 LoI6 .. 2. 20 2037 625 532
17 3 2 L60 1.55 .. 29 I. 2008 576 482
I. 3 2 l.80 1.57 .. 28 18 2012 517 m
21 3 2 1.70 1.62 .. 27 18 2008 016. 395
23 3 2 L80 1.61 .. 28 16 2079 403 334
25 3 2 L80 L66 .. 27 16 2136 379 30'
27 3 2 1.90 1.69 .. 27 16 2088 360 291
29 3 <2 L80 1.63 .. 27 16 2102 350 283
J( 3 2 L60 1.56 .. 28 17 2189 364 286
J3 3 2 L60 1.54 16 28 17 1982 33. 264
35 4 2 L40 L40 '4 30 17 2161 359 275
37 3 2 L50 1..12 13 28 .6 2163 302 W
39 4 3 I.M) 1.l1J L2 29 16 2285 351 259
41 5 3 UO 1,21 L2 H 14 2328 362 286
43 5 3 1.30 1.20 1\ 22 12 l·BS 340 275., , 3 lAO 1.19 12 22 .. 2]76 344 280
47 5 2 1.30 113 II 23 .. 2007 288 2J7
49 4 2 1.30 1.11 L2 21 12 22..7 171 150

52.5 5 3 UO 1.02 L2 20 1\ 2161 116 89
57.5 5 2 Loo 0.86 10 15 8 1989 73 51
62.5 7 3 070 0.67 8 13 7 1871 3. 28
67.5 7 2 0.47 0..12 6 .. 5 1882 18 L2
72.5 6 3 0.67 0.54 6 13 7 1%' 22 I'
n.5 5 2 0.51 0..11 5 9 5 2008 16 ..
82.5 6 2 0.50 0.44 6 9 5 2031 15 13
87.5 7 2 0.52 0.44 6 1\ 6 2011 19 ..
92.5 , 3 0.016 a.·n 6 13 6 2107 16 13
97.5 , 3 0.53 0.016 6 1\ 5 2064 18 14
102.5 , 3 0.56 0.48 6 1\ 6 2020 15 13
107.5 8 3 0.64 0.56 7 L2 6 2000 L2 ..
112.5 , 3 0.-41 0.40 6 1\ 5 2229 17 ..
1\7.5 6 3 0.53 0.016 6 1\ 6 2213 I' ..
122.5 7 3 0.51 0.40 5 1\ 6 21]6 17 15
127.5 7 3 0.016 0,37 5 12 7 2227 14 17
132.5 5 3 O.·U 0.37 5 1\ 6 2220 17 14
137.5 5 3 OA·2 0.36 5 26 5 2187 18 15
I·U.S 4 3 0.44 0.34 5 15 6 1932 17 16
147.5 4 3 0.48 0.43 6 17 5 2228 18 15
152.5 4 3 0.48 O.·U 5 1\ 6 32ll 25 19
157.5 5 3 0.47 0.42 5 15 6 2388 26 20



231

CoreQV1

Depth Rb(I) Rb(2) Sh(\) 5<:(1) 5<:(2) Sm(ll Sr(2) Ta(l) Tb(l) 111(1)
(em) (ppm) (Ppnt) (ppm) <ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (Ppnt)

1 Sol.O 79 2.70 1~.6 1~.5 12.2 78 1.10 LSD 8.9
3 86.0 78 2.50 LJ.S L4.5 11.5 80 0.83 1.70 8.5
5 90.0 80 2.50 14.0 I·U 11.6 .1 1.20 1.60 87
7 78.0 80 HO 13.7 1~.8 Il.tl 79 1.20 1.60 8.5
9 83.0 86 2.10 14.1 15.1 10.5 80 1,20 1.50 •. 9
II Rtl U ,. 180 130 1.55 '1 7. 130 un '6
13 83.0 91 1.90 13.6 15.9 8.8 78 1.30 1,)0 9.1
15 86.0 91 1.80 ll.9 15.6 •.2 78 1.20 LID •.9
17 98.0 93 2.10 14-.0 16.1 9.~ 80 1.30 l.JO LO.3
19 99.0 97 2.00 15.7 16.3 9.1 .1 I.~ 1.20 10.2
21 91.0 85 1.90 14.6 105.8 8.6 82 1.20 l.30 10.0
23 95.0 .9 2.00 15.1 15.5 8.7 Sol 1.30 1.30 10.2
25 85.0 83 2.00 14.6 15.6 8.3 Sol 1.10 1.30 111.0
27 88.0 .7 1.90 14.6 15.3 •.5 Sol 1.30 1.30 100
29 95.0 93 2.00 14.1 1.5.1 8.1 81 1.20 L.20 10.0
31 no 92 2..50 13.6 1S.8 7.5 7' 1.20 1.10 '2
33 SUI 86 3.10 147 16.2 8.1 80 1.00 1.20 9.5
35 78.0 .3 3.50 14.0 16.3 8.6 .0 1.20 un 8.'
37 95.0 83 3.10 15.6 17.1 9.0 n 1.20 1.20 '.3
39 78.0 75 3.20 15.6 16.2 8.6 69 1.10 1.20 8.6
~1 70.0 67 1.70 14.6 15.5 '.3 66 0.81 I.~ 7.9

" 75.0 66 1.00 1~.3 15.1 10.0 56 0,95 1.50 7.6
~5 71.0 65 1.00 14.3 14.7 10.3 55 1.00 I.~ 7.7
~7 66.0 65 0.85 14-A 1~.8 to.8 54 0.81 1.50 H.. 10.0 .. 0.69 14.1 15.0 12.8 53 1.00 1.60 7.5

52..5 ".0 61 0.62 14,4 1-10,4 13.3 52 1.00 2.00 H
575 59.0 51 0.36 12.5 13.0 11.7 ~ 0.72 L50 6.6
62.5 45.0 38 0.20 9.0 10.8 11.0 ~2 0.50 !.SO 4.7
67.5 25.0 24 0.18 6.' 76 10.7 36 0.30 1.50 ~.O

72.5 26.0 2' 0.21 10.0 9.4 12.0 40 O.~ 1.70 H
n5 29.0 23 0.18 7.6 7.6 11.0 36 0.35 LSD 38
82.5 35.0 2~ 0.17 7.6 8.0 10." J7 0.51 1.50 3.8
87.5 26.0 22 0.18 8.1 8.1 IU 37 0.59 L50 ~.O

92.5 30.0 25 0.18 7.8 8.1 11.7 36 0.32 1.60 3.6
97.5 28.0 29 0.20 U 8.5 11.8 37 o.~ 1.60 ~.O

102.5 26.0 30 0.19 8.2 8.8 12.1 38 0.38 1.80 ...
107.5 27.0 30 0.10 8.J 8.9 12.8 43 0.43 1.80 4.6
112.5 23.0 25 0.15 6.8 8.J 12.7 37 0."1 1.70 3.5
117.5 35.0 25 0.19 8.~ 8.8 15.7 38 0.28 2.00 U
122.5 2'.0 22 0.18 9.1 8.5 15.8 36 0.14 2.20 U
127.5 28.0 22 0.20 9.1 8.8 16.4 36 0.38 2.30 3.9
132.5 19.0 21 0.20 8.0 8.7 14.6 35 0.35 1.90 3.5
L37.5 16.0 20 0.19 8.3 8.5 14.9 35 0.~3 2.00 3.7
1~2.5 25.0 19 0.21 8.5 7.7 IS.~ 31 0.32 2.10 ~.O

1"7.5 29.0 21 0.17 8.8 9.2 15.8 37 0.50 2.10 ~.O

152.5 26.0 2~ 0.22 8.7 9.0 16.7 36 0.24 2.30 ...
157.5 25.0 32 0.24 8.6 9.0 16.5 36 0.10 2.20 3.8



232

CoreQV1

Deplh Ti(2) U(I) V(2) W(I) Y(2) Yb(1) Zn(1) Zn(2) Zn(3) Zr(2)
(em) (ppm) (P\?Ill) (P\?Ill) (ppm) (P\?Ill) (ppm) (ppm) (P\?Ill) (P\?Ill) (ppm)

I 39% 2.3 121 5.30 50 3.10 1000.0 833 791 II~

] ~97 2.2 120 5.80 ~9 3.00 950,0 7% 720 119
5 4202 2.3 121 5.80 52 3.~ 920.0 791 712 IH
7 ~IS8 2.3 123 5.60 ~9 330 930.0 801 7<2 121
9 -4230 1.4 119 5.70 ~5 3.10 no.o 703 615 123
11 ~313 ~.I 113 5.00 ~1 ~.SO 6300 577 ,% 116
13 ~ 2.3 111 6.30 38 2.60 5.w.0 507 '7~ 120
15 -4309 2.2 113 5.50 39 2.20 500.0 529 ,.9 120
17 ~I 27 110 ~.90 38 2.70 600.0 ,s. m 131
19 ..&350 1.4 108 3.50 38 2.70 530,0 '50 393 131
21 ~I~ 2.2 105 5.10 37 2.80 450.0 416 380 132
23 ~382 1.4 100 2.60 36 2,50 -480.0 383 345 126
25 ~32 2.5 99 HO 37 1.40 390.0 363 324 119
27 ~17 2.3 98 <2.0 36 2.90 ~.O 352 323 119
2' '367 2.3 100 2.~ 33 2,50 390.0 J.I3 298 122
31 ~18 2.2 99 <2,0 35 2,60 ]90.0 350 312 130
33 ...... 2.2 9~ <2.0 35 2.70 430.0 368 1I7 133
35 ..&588 2.3 92 <2.0 36 2.30 450.0 406 J" 130
37 '5" 1.4 92 <2.0 36 2.90 490.0 370 322 131
39 4]05 2.3 90 2.10 36 2.70 ~O.O ~30 364 119
'I ~72 2.1 82 <2,0 38 2.50 ]60.0 33S 288 119

" ~ 2.1 75 <2.0 ~ 1.60 320.0 167 128 123
~5 3831 2.1 77 <2.0 41 2.80 330.0 271 230 120
~7 3880 2.1 78 <2.0 ~ 2.30 3000 2~ 212 117
~9 3886 2.2 76 <2.0 50 2.90 210.0 215 175 \18

52.5 3750 23 7t <2.0 '8 3.00 150,0 179 1~5 118
57.5 3,.9 2.0 66 <2.0 '5 2.90 170.0 162 127 I~

62.5 2724 1.6 55 <2.0 ~ 2.10 180.0 157 119 82
67.5 1803 1.4 37 <2.0 37 1.80 <SO 139 103 56
72.5 2237 I' ~5 <2.0 ~3 2.80 210.0 172 13~ 70
775 177~ U 37 <2.0 39 1.60 150.0 IJS 106 59
82.5 1897 U 38 <2.0 39 2.~ 100.0 128 99 60
87.5 1855 U 38 <2.0 ~ 2.10 150.0 138 108 60
92.5 I~ U 37 <2.0 ~2 2.00 120.0 128 % 60
97.5 1952 U 3' <2.0 " 2.~ 170,0 12~ 96 63
102.S 1938 1.4 38 <2.0 " 2.20 I-W.O 131 WI 64
107.5 20% U ~ <2.0 '8 2.70 97.0 139 102 65
\lB 1706 U 36 <2.0 ~9 2.00 99.0 164 128 56
117.5 1821 1.5 39 <2.0 54 2.10 210.0 172 132 63
122.5 1699 l.~ 36 <2.0 53 2.80 17ll.0 ISO 117 56
127.5 1641 l.~ 36 <2.0 56 2.50 180.0 178 1~7 54
132.5 1620 1.2 36 <2.0 5~ 2.~ 160.0 m 132 54
137.5 15S. l.~ 36 <2.0 54 2,70 ISO.O 162 128 52
1042.5 I~ 1.3 33 <2.0 '8 2.~ l-4O.0 I3S 120 '8
1·17.5 1760 I., 40 <2.0 56 2.80 150.0 165 127 59
152.5 1729 I.S 39 <2.0 57 2.70 140.0 163 129 56
157.5 1710 I., 39 <2.0 58 2.50 100.0 151 125 56



CoreaY2 233coreQV2 Dijjih A~(6) AJ(2) Aid) ADm S&(I) B&(2) &(2) Br(1) e&(2)
Sampk# I""J (ppm) I"" ('1;& (ppb) IP;l (ppm) (ppm) (ppm) (""QVl::0O1 ( 6.4 6.91 16.6 661 4.6 19.0 OA)
QV2-<104 3 0.6 6.73 130 19.0 380 594 3.9 17.0 0.49
QV2-OOO 5 0.1 7.17 12.0 16.0 380 630 3.1 17.0 0.48
QV2-OO8 1 0.8 7.59 12.0 17.u 610 634 3.5 15.0 0.45
QV2.Q1O 9 0.1 7.59 11.0 13.0 330 640 3.4 1".0 0.....
QV2-<l12 II 0.1 1.36 12.0 140 320 622 3.3 13.0 O.H
QV2-<l14 13 0.6 7.72 12.0 12.0 330 631 3.3 13.0 0.42
QV2·0I6 13 0.6 1.60 11.0 11.0 360 628 3.1 12.11 0.·0
QV2-o18 11 0.3 7.52 14.0 19.0 310 631 3.0 13.0 0.43
QV2.02U 19 04 1.41 12.0 10.0 510 618 ~.<J lJ,1l n.-I-I
QV2-o22 2J 0.4 7.58 13.0 11.0 330 632 3.0 130 0.45
QV2-<l24 23 0.4 141 14.0 9.3 330 623 2.9 14.0 0.43
QV2-o27 25.5 0.4 1.44 13.0 11.0 530 628 2.9 14.0 0.42
QV2-tJ29 28 0.4 7.28 13.0 14.0 320 610 2.9 15.0 (1.41
QV2..(131 30 1.2 7.67 16.0 28.0 360 628 3.1 16.0 tl.36
QV2-t)33 32 0.8 7.71 17.0 20.0 340 584 3.1 16.0 11.35
QV2-<l33 34 0.6 7,55 18,0 18.0 510 341 3.4 17.0 U.34
QV2-<l31 36 0.6 7.45 22.1 26.0 410 513 3.5 21.2 0.33
QV2-<l39 38 0.3 1.60 19.0 23.0 480 464 3.2 10.0 0.31
QV2..H41 40 0.3 7.65 17.0 20.0 430 493 3.3 19.0 0.29
QV2-<J43 42 0.3 4.45 19.0 19.0 410 486 3.4 22.9 0.28
QV2-043 44 0.6 7.07 23.3 32.0 490 419 3.5 27.6 11.28
QV2-<l41 46 0.6 6.37 33.1 49.0 430 436 4.U 30.6 0,29
QV2-050 48.5 0.5 6.83 21.3 40.0 390 448 4.0 24.4 0,27
QV2-<l33 32.3 0.3 6.75 18.0 36.0 39<> 414 4.2 28.3 0.24
QV2-<l6O 57.5 0.4 6.32 15.0 15.0 350 385 4.3 30.1 0.23
QV2-<l65 62.3 0.5 6.26 10.0 2).0 290 330 4.0 3U 0.21
QV2-<l10 67.5 0.2 3.89 8.3 6.1 230 310 4.0 36.1 0.21
QV2-<l15 72.5 0." 5.13 8.2 <1.0 230 211 3.8 50.1 0.24
QV2-080 77,S <0.2 4,78 1.0 <1.0 llJO 236 3.8 61.0 0,25
QV2-085 82.5 <0.2 4.23 6.0 <1.0 210 228 3.1 74.7 0.23
QV2~1<JO 87.5 q).2 4.02 3.0 <2.11 180 liS 3.2 113 0.26
Q'I2-<l93 92.5 <0.2 4.30 5.1 <1.0 210 229 3.3 75.0 0.27
QV2-IOO 97.5 <0.2 4.33 3.3 <1.0 190 239 3.8 72.2 U.28
QV2-103 102.5 <0.2 4.52 3.8 <1.0 210 234 4.0 70.0 11.28
QV2-1I0 107.5 <0.2 4.66 3.6 <1.0 220 253 4.tI 64.7 0.28
QV2-115 112.3 <0.2 4.59 D <1.0 180 241 4.1 63,2 0.28
QV2-120 111.5 <0.2 4.77 n <1.0 240 231 4.1 57.3 0.33
QV2-123 122.3 <0.2 4.60 5.3 <1.0 190 243 3.9 60.0 0.31
QV2·130 121.3 <0.2 4.66 D <1.0 230 247 4.8 59.6 0.32
QV2-135 132.3 <0.2 4.54 6.8 <1.0 230 240 5.0 63.1 0.32
QV2·140 137.5 <0.2 4.73 63 <1.0 220 248 5.1 568 0.33
QV2-145 142.5 <0.2 4.59 6.3 <1.0 210 243 5.2 35.1 0.32
QV2-130 147.5 <0.2 4.46 6.3 <1.0 190 236 3.2 31.1 0.34
QV2-133 132.3 <0.2 4.55 6.3 <1.0 ISO 242 H 58.0 0.34
QV2-I60 131.3 <0.2 4.68 6.1 <1.0 200 249 3.6 54.1 0.34
QV2·163 162.3 <0.2 -1.76 3.3 <1.0 220 241 6.1 33.2 0.35
QV2-110 161.3 <0.2 -1.78 1.1 <1.0 220 239 6.4 32.4 0.35
QV2-113 112.5 <0.2 4.18 6J <1.0 200 238 6.8 54.1 0.37
QV2-ISO 178.5 <0.2 4.80 6.3 <1.0 220 258 1.0 54.0 0.37
QV2-183 182.3 <0.2 4.11 1.1 <1.0 220 214 6.8 36.3 0.36
QV2·190 187.3 <0.2 4.13 1.6 <1.0 230 269 1.1 54.3 0.38
QV2-193 192.3 <0.2 4.59 1.4 <1.0 ISO 236 1.3 32.1 0.38
QV2-200 191.5 <0.2 4.69 1.0 <1.0 220 251 1.0 33.1 0.37



CoteGl/2
234ocpth cde2l taO) CC(I) Ce(2) CoO) to (2) CO(3) Ct(i) Ct(2) Cr<1a)

(om) (ppm) (ppm) (ppm)
(P~iJ (PfiJ (ppm) (ppm) (PEriJ (ppm) (ppm)I 2.6 13 lid it ij &8 64

3 \.9 \.5 96 116 20.0 21 13 38.0 12 68
5 \.7 I.J 100 113 20.0 21 14 60.0 61l S6
7 \.5 1.2 100 113 21.0 21 IJ 32.0 SJ 52
9 \.4 1.2 93 107 23.0 21 IJ 46.0 49 44

11 I.. 1.2 100 109 19.0 21 IJ 4S.0 5<1 47
IJ I.S 1.2 97 106 17.0 21 IJ 37.0 4. 44
IS I.J 1.1 92 101 18.0 20 iZ 55.0 SI 45
17 I.J 1.1 ilK! 108 111.0 21 II 39.0 4S 39
I. I.J \.0 83 103 14.0 '0 11 550 43 38
21 I.J 1.1 '2 107 14.1I 20 12 ]8.0 43 3.
23 I.J 1.1 83 105 18.0 20 11 44.0 43 36

25.5 \.4 1.1 9S 106 16.0 20 10 41.0 4S 40
28 1.2 \.0 87 104 11.0 21 iZ 19.0 H 39
30 1.2 1.0 87 99 22.11 2J 14 48.U 4' 42
32 \.0 0.8 81 .4 18.n 21 IJ 41.0 SI 44
34 1.1 0.9 •• 96 23.U 25 14 43.0 S3 47
36 \.0 0.8 93 100 25.0 26 IS 59.0 54 48
38 0.8 0.6 .9 •• 26.0 25 IS 5'J.0 S3 SO
40 0.7 0.6 88 99 24.0 26 16 ]4.0 53 48
42 0.6 Il.S '4 102 nO 26 16 ]9.0 S2 4'44 0.9 0.7 92 98 30.0 30 17 50.0 53 47
46 0.9 0.8 91 " 43.0 42 25 24.0 48 44

48.5 0.5 0.4 92 94 34.0 J2 18 46.0 51 48
52.5 0.4 0.3 110 112 "8.0 43 2. 35.0 '1 36
57.5 0.4 02 130 IJJ 51.0 4' 2' n.n 34 30
62.5 0.4 11.2 110 123 UO 41 2S 28.0 JI 27
61.S 0.5 0.2 iZO 128 29.0 27 IS 19.0 28 24
72.5 O.S 0.3 12U iZ8 35.0 JJ

"
25.0 2J

"17.S u.S 0.3 iZO 126 25.0 24 IJ 16.0 20 17
'2.5 o.S 0.2 110 9. 15.0 16 • 20.0 I' 16
87.s O.S 0.2 •• 99 13.0 IJ 7 19.0 18 14
n.5 u.s 0.3 110 110 14.0 IS 7 25.0 17 14
97.5 O.S 0.3 iZO 122 15.0 16 • 26.0 2J 21

102.5 0.4 0.3 130 iZ6 11.0 17 • 19.0 17 IS
101.5 O.s 0.4 iZO iZ6 17.0 I' • 28.0 20 18
111.5 0.4 1I.4 12U 128 15.0

" • 31.0 17 14
117.5 0.7 0.6 140 156 43.0 41 22 <IS 22 I.
122.s 0.5 0.4 130 139 16.0 16 9 23.0 17 16
127.5 0.5 0.4 130 ,.9 15.0 17 9 <IS 17 IS
1J2.s 0.6 O.s 160 160 18.0 I. 10 21.0 22 I.
137.5 O.s 0.' 170 161 20.0 17 10 16.0 18 IS
"2.5 O.S O.S 160 161 18.0 17 10 <IS 16 13
147.5 0.6 0.' 160 161 19.0 17 10 28.0 20 16IS2.S O.s 0.' 170 165 19.0 17 10 24.0 16 I'IS1.S O.s 0.5 160 173 20.0 18 II 32.0 19 16
162.5 O.S 0.5 180 176 17.0 17 10 28.0 17 I'167.5 0.6 0.5 180 188 26.0 22 IJ 30.0 19 IS
172.5 0.6 0.5 190 196 18.0 18 II <IS 18 18
178.5 0.6 0.5 190 199 15.0 17 10 <IS 18 18
182.5 0.' 0.4 204 190 16.0 IS • 35.0 20 20181.5 O.s 0.5 204 194 23.0 19 11 26.0 21 18
192.5 0.7 0.5 20. 207 20.0 20 11 32.0 18 I'197.s O.s O.s 180 18S 17.0 18 11 30.0 20 18



CoreOV2
235oepih Cs{l) CU(2) CUP} DY(2) &(1) Fe(l) Fe(2) Fe (3) Ga(2) fUth(o,;m) (ppm) (ppm) (ppm) (Epm) (PriJ (%) (%) (%) (ppm) (ppm)( 5.9 is] iii R.i 1.16 J.4& Hi 13 5.kO

3 7.u IS4 112 8.0 2.10 8.10 7.39 S.99 24 5.10
S 63 128 9S 7.S BO 7.10 6.86 5.15 2S 6"'07 7.3 99 77 6.• 2.S0 6.50 6.20 4.59 22 s.oo• 6.6 .1 71 6.6 3.00 6.10 6.03 4.21 21 5.20

II 6.3 90 69 6.S 2.40 6.00 6.00 4.16 22 5.10
13 6.4 88 69 6.3 2.70 6.00 6.13 4.19 22 1.40
IS 6.1 82 62 S.• 2.30 S.60 5.97 4.46 22 s.so17 6.7 77 S8 6.• 2.4U 6.20 S.% ·U6 2S 6.50
I. " '0 S2 6.6 !.60 SAO 5.80 H)6 24 5"'021 S.2 74 SS 7U 1.90 5.70 6.1'1 ·l.-$IJ 26 5.10
lJ 6.4 7J S4 6.7 0.25 6.70 6.24 4.12 2S ·DO

25.5 S.7 7S SS 6.8 2.30 6.60 6.30 4.47 26 5.ot)
28 S.3 74 S3 6.6 2.60 6.00 6JJ6 4.60 2S S.60
30 S.8 84 60 6.S 1.50 5.70 5.51 4.U5 26 4.5tl
32 S.• 74 S4 6.2 2.20 6.00 5.71 4.16 26 5.5H
34 S.3 74 SU 6.3 :\.40 S.90 5.7t1 3.92 2S 5.30
36 6.2 71 SO 6.6 1.80 6.10 S.64 4.23 24 5.70
3S H SS 38 S.• 2.80 6.20 5.72 4.14 24 6..10
40 S.8 S3 J7 6.2 2.70 6.40 6.00 4.65 24 S.90
42 S.8 S3 38 6.3 2.2t) 6.60 6.32 4.80 24 ".110
44 6.0 S7 38 6.4 2.90 7..10 6.34 4.97 14 5.0()
46 4.8 S3 37 73 3.40 7.50 6.67 5.47 lJ 4.50

48.5 l.4 43 28 6.7 1.90 6.40 5.94 4.40 22 5.50
S2.S 6.U 36 2S 7.• 3.30 5.9U 5.48 3.'1'1 21 S.2U
S7S 6.6 34 22 8.8 4.30 S.4O 4.99 3.S? 20 4.10
62.S 6.2 14 17 S.I 3.]0 ".40 4.4u 3.34 19 41U
67.5 6.6 17 12 7.8 4.30 ".10 3.9S 2.68 17 4.00
12.S S.U 18 13 7.8 2.'10 3.40 3.38 2.27 14 2.60
77,S 4.3 17 12 7.4 3.2U 3.10 2.% 1.97 12 2.40H2,S 4,(1 IS II 6.1 2.40 2.40 2.2S I.lO IU 2AO
87.5 3.6 IS II 6.4 2.60 2.20 1.96 1.22 IU 2.1u
92.5 4.3 18 Il 6.9 2.70 2.2u 1.99 1.17 IU 2.10
97.S 3.9 19 13 7.S 2.90 2.00 1.99 1.26 II 1.90

102.5 4.1 19 13 7.6 3.40 2.00 1.'14 1.23 III 2.60107,5 4.S 2U 13 7.6 2.50 2.00 1.96 1.19 IU 2.80
1125 4.4 20 13 7.S 3.20 2.no 1.98 1.23 Il) I.Il<l
117.5 3.S lJ IS S.9 4.00 2.20 2.21 1.38 IU 2.20
122.5 3.8 26 14 8.U 3.lO 1.90 1.9S 1.20 IU I.Il<l
127.S 3.7 21 14 8.9 3.80 2.00 2.00 1.24 10 2.40
132.5 3.• 21 IS ..3 4.80 2.30 1.1J5 I.2S • 1.20
137.5 3.8 20 IS •.4 3.30 2.20 1.96 1.29 " 2.80
142.S 3.• 20 14 •. S 4.40 2.UO 1.87 1.22 " 2.70
147.5 3.8 20 IS •.4 3.90 2.00 1.81 1.18 10 2.10
IS2.S ".3 21 IS •.8 4.90 2.20 1.86 1.26 II 2.30
157.5 4.0 lJ 16 9.9 5.10 2.10 1.92 US " 2.10
162.5 4.0 23 17 10.5 5.40 2.10 1.94 1.33 10 2.20
167.S 4.2 24 16 II.l S.20 2.20 2.08 1.34 " 2.20
I7l.S 4.1 2S 17 11.8 5.20 2.20 2.09 1.39 12 1.80
178.5 4.4 26 18 12.2 S.20 2.20 2.16 1.40 12 2.30
182.S S.S 2S 17 11.7 S.60 2.lO 2.09 1.33 12 2.40
187.S 4.9 27 19 12.7 S.lO 2.40 2.18 1.44 " 3.30
192.5 4.1 28 19 I3.S 6.00 2.20 2.14 1.40 10 2.40
197.5 4.l 26 19 11.6 4.60 2.30 2.19 1.47 II 2.20



Coreav2 236oq;ih Hgtlli) R(2) ti(1) [a(2) G(l) [01 LIl<i) Mg(2) MU(2) Maullanl ('1~ I....) (ppm) (ppm) (PfiJ (%) (P8.il 1%) I....' (ppm)( i.9k &J.d gj 11.9 6,«4 6.14 An
3 "'" 1.95 59.0 60 42.3 18.\ 0.41 0,82 0.12 181
S "'" 2.05 55.0 SS 44.5 16.7 0.55 0.82 0.12 160
1 "80 2.17 51.0 so 47.0 14.8 O.~ O.~ 0.13 '.3• m 2.17 49.0 ~ ~.9 14.4 0.4\ 0.83 0.13 801
Il HI 2.17 47.0 ~ ~.. 14.4 0.63 0.84 0.13 KI1
13 "SI 2.22 47.0 "S 47.2 138 0.3lJ 0.87 0.13 829
IS m 2.19 n.n "2 46.6 13.\ 0.42 0.83 n.14 '82\1 m 2.\S 46.U "I 44.7 13.1 0.38 U.80 0.15 .32
I. "% 2.U9 36.U 3. 42.2 nu lUi 0.i6 0.16 ')7"
21 m 2.13 35.0 "' 43.6 12.9 0.32 0.78 0.17 1320
23 m 2.09 39.0 39 42.5 134 0.20 0.77 0.18 1400

25.5 m 2.12 42.0 "0 42.8 13.8 0.60 0.17 0.20 1"60
2' 51' 2.04 38.0 39 43.9 15.0 11.44 0.75 1),17 1J30
30 686 2.05 37.0 38 48.2 14.9 0.41 0.79 0.14 'HIj
32 12S 2.02 38.0 36 SO.l 14.7 0.61 0.83 11.14 '.2
3" 623 1.88 38.0 36 52.6 IS.2 0.70 0.79 0.14 861
]6 1394 1.77 38.0 38 54.7 17.5 U.6O 0.77 0.14 8Y3
J8 1394 1.79 36.0 3. 54.7 15.8 0.57 0,82 0.14 ')()2
"U 1394 1.78 34.0 ]S S48 IS.S 0.61 U~ IUS 94.
"2 21S" 1.73 33.0 3S 53.9 17.2 U.SS 0.78 0.17 1230

"" 2317 1.63 41.0 36 so.• 19.1 0.61 0.75 0.17 1U20
~ II"" 1.42 41.0 31 ~.s 22.2 0.48 0.63 0.83 6620

48.5 1195 1.49 40.0 38 51.4 19.1 0.58 0.67 0.19 1"60S2.s 1198 1."2 46,0 U 51.0 20.2 0.74 0.63 0.17 1060
57.5 "16 1.27 49.t1 "6 SO.2 21.8 0.70 0.54 0.17 1230
62.5 23S 1.16 42.0 "U ~.3 24.6 0.65 0.47 0.17 1300
67.5 m 0.97 42.0 "1 44.4 27.6 O.SS 0.41 0.16 929
12.5 199 0.76 "".0 "0 34.8 34.6 0.53 0.33 0.16 I"""77.5 211 0.61 41.0 "0 27.6 ]6.1 0.44 0.28 0.16 .'6
82.5 211 0.56 36,0 3] 26.6 3H 0.28 0.25 0.14 .02
87.5 211 0.49 37.0 35 24.7 41.1 0.010 0.23 0.13 ~1
92.5 <S 0.55 39.0 31 28.6 41.2 0.39 0.2S 0.13 ~1
97.5 m 0.57 41.0 "0 31.1 41.7 0.43 0.26 0.12 18S

102.5 226 0.55 43.0 "I 30.3 41.8 0.44 0.25 0.12 144
107,5 235 0.61 43.0 H ]].1 40.4 0.50 0.27 (1.11 616
112.5 i9. 0.59 43.0 41 31.4 3•.6 0.39 0,27 0.10 651
117.5 199 OS, 49.0 "9 30.3 41.3 0.55 0.27 0.12 721
122.S 199 0.54 47.0 41 28.7 "".3 0.55 0.25 0.10 641
127.5 208 0.16 45.0 41 29.S 39.2 0.4-4 0.26 0.10 646
132.5 199 0.49 50.0 49 21.9 "".9 0.40 0.23 0.10 653
137.5 24" 0.54 54.0 SO 29.5 39,8 O.S) 0.25 0.10 6]"
142.5 2S] O.SO 54.0 S2 28.6 40.2 0.51 0.23 0.10 601
147.5 2S3 0.46 53.0 so 26.S "".1 0.51 0.22 0.10 S98
IS2.S m 0.49 57.0 S3 28.0 "".4 0.45 0.23 0.09 601
157.5 211 0.54 SS.O S3 ]0.] 39.2 o.so 0.25 0.09 629
\62.S 199 0.52 58.0 16 30.] "0.1 0.58 0.2S 0.09 611
161.5 211 O.SS 62.0 60 ]2.S 40.0 0.71 0.27 0.09 S18
112.5 244 0.55 62.0 62 31.1 40.1 0.60 0.26 0.09 S86
178.5 181 O.Sl S8.0 63 32.0 39.8 0.63 0.27 0.09 S91
182.5 ISO 0.63 61.0 61 35.6 38.7 0.47 0.29 0.09 SS3
187.5 168 0.64 68.0 64 34.2 39.S 0.59 0.29 0.09 S9S
\92.5 181 0.16 69.0 69 32.7 39.3 0.11 0.27 0.09 550
197.5 28\ 0.59 63.0 6\ 32.8 39.3 0.6S 0.28 0.09 603



CoreCN2
237o<pih MO{l) Mo(5) Na(l) Na(2) N6(2) NI(2) NIO) P(2) 1'6(2) 1'6(1)

(em) ( pm) ( pm) ("') (%) (ppm) ( m) ( m) (ppb) ( pm) (ppm)

] 4 1.40 1.42 12 30 18 2386 511 450
5 5 1.60 l.49 13 30 18 2325 568 488
7 4 1.60 1.52 13 28 18 2265 m 489
9 4 1.60 1.55 13 28 17 2171 545 482

II 4 1.60 1.51 13 28 18 2141 591 m
13 4 1.60 1.52 13 29 18 2122 612 534
15 5 1.60 1.57 13 26 17 2054 544 489
17 5 1.80 1.61 I< 27 16 21'19 483 389
I. 4 1.70 1.67 14 25 15 2104 381 295
21 5 1.50 1.65 15 22 15 2162 386 306
23 5 1.60 1.62 14 25 16 2110 380 281)

15.5 4 2 1.70 1.58 I< 26 15 2202 394 2••
28 5 2 1.70 1.58 14 26 16 2083 392 314
30 4 2 1.70 1.54 15 27 17 2484 381 196
32 4 2 1.70 1.55 15 27 17 2101 J64 291
34 5 2 1.60 1.52 16 28 16 2U5H 351 267
36 5 2 1.60 1.40 I< 28 16 2214 351 276
38 4 2 1.60 1.44 14 28 16 2053 277 22.
40 4 2 1.50 1.43 I< 27 16 1106 172 228
41 4 1 1.40 1.33 IJ 16 15 2356 390 237
44 7 2 1.50 1.2. 13 27 15 2467 326 24.
46 8 3 UU 1.10 10 27 15 2267 4<1'1 326

48.5 8 3 1.40 1.22 12 27 IJ 2279 340 167
52.5 7 3 1.)0 1.15 12 21 13 2292 274 244
57.5 8 3 1.20 1.05 12 18 II 2177 120 .2
62.5 8 2 1.00 U.9O IU 16 • 2036 80 58
67.5 8 3 0.91 0.80 9 IJ 7 189'1 53 35
72.5 7 3 0.68 0.62 7 15 7 1867 2. 21
77.5 8 3 0.57 0.51 6 12 5 1941 22 15
82.5 6 2 0.54 0.47 6 • 5 1825 16 11
87.5 5 2 0.47 0.39 5 • 4 1961 I< 10
'12.5 6 2 0.50 o.,n 6 IU 4 2062 13 11
91.5 6 3 U.52 0.46 6 IJ 5 2118 17 12

IU2.5 6 3 0.48 0.43 6 11 5 2",,5 16 12
107.5 6 2 0.54 0.48 6 11 5 1022 17 12
112.5 6 3 U.52 0.46 6 11 5 2088 18 13
117.5 6 3 0.56 0.49 6 22 10 2157 1. I<
122.5 5 3 0.45 0.43 4 11 5 2248 1. 13
127.5 5 3 0.46 0.45 6 11 6 2284 2U 13
1J2.5 5 3 0.43 0.40 5 13 5 2232 I. 14
137.5 5 3 0.50 0.43 5 10 5 2284 15 I<
1<2.5 4 3 0.45 0.39 5 10 6 2243 2U 14
147.5 5 3 0.43 0.37 5 11 6 2229 15 I<
152.5 5 3 0.47 0.40 5 10 6 D13 17 14
157.5 5 2 0.47 0.42 5 11 6 2336 17 16
162.5 5 3 0.46 0.41 5 IU 6 2480 17 16
167.5 5 3 0.50 0.45 5 12 7 2456 23 15
172.5 5 3 0.48 U.44 6 11 6 2529 20 16
178.5 5 3 0.44 0.45 5 11 6 2626 20 17
182.5 5 3 0.57 0.51 5 12 5 2497 20 15
187.5 6 3 0.60 0.52 5 IJ 7 2368 18 16
192.5 5 3 0.49 0.46 4 12 6 2435 23 17
197.5 5 3 0.52 0.48 5 \I 6 2434 27 22



Core(N2 238tkPih Rh(i) R6(z) S6(1) sc(i) SCa) Sm(l) Sr(Z) laO) Ib(l) rhO)
(=1 (PfiA (ppm) (ppm I (err: ('tr.l (PFrl (ppm) (Pf.W (ppm) (ppm)i 19 1.1lO " LSd 8j

3 84.0 81 2.80 12.1 13.9 11.6 77 0.89 1.70 8.S
S 82.0 88 2.40 13.6 14.5 10.7 77 1.10 1.40 8.7
7 89.0 96 1.90 14.8 15.7 10.0 78 1.20 1.20 10.0
9 90.0 97 1.80 14.4 IS.S 9.2 77 1.10 1.30 8.9

II 86.0 9S 1.80 14.5 15.4 9.0 7S 1.20 1.40 9.1
13 900 100 2.00 14.3 U.S 8.8 7. 1.20 1.20 9.2
IS 88.0 90 1.80 13.8 15.4 8.4 78 1.30 1.30 9.4
17 110.0 88 2.00 15.0 16.1 8.8 8S 1.60 1.40 10.7
19 82.0 88 \.:0 12.8 1$.4 " 87 1.00 !.In 90
21 85.0 92 1.70 12.3 16.2 7.S 87 1.00 1.10 8.9
23 110.0 90 1.90 13.7 IS.S 8.S 8S lAO lAO 10.2

2S.S 90.0 88 1.80 14.7 15.8 8.0 82 1.20 1.10 9.4
28 85.0 87 1.80 13.9 15.7 7.8 82 1.20 I.Utl 9.2
30 98.0 77 2.70 15.0 1'.3 7.7 79 1.00 0.87 10.0
32 93.0 91 2.90 15.7 16.2 78 77 1,10 \.HJ \0.0
34 82.0 81 3.10 14.9 16.2 8.0 79 1.00 \.20 9.3
36 85.0 77 3.SO 15.7 16.3 8.4 79 1.10 1.111 8.8
38 78.0 76 2.80 15.9 16.2 8.0 71 LlO UO 8.8
40 78.0 72 2.60 15.6 170 7.7 .9 1.20 1.20 8.4
42 77.0 7S 2.80 14.2 16.6 8.0 66 1.10 1.)0 8.2

" 74.0 '9 3.311 16.2 15,6 8.8 .S LlO 1.)0 8.8
46 70.0 61 2.70 14.1 14.3 9.2 64 U.93 1.40 7.7

48.5 67.0 6S 1.90 14.9 IS.I 9.1 .S 1.00 1.30 7.'1
S2.S 73.0 .1 0.91 14.8 14.8 11.1 S4 0.87 lAO 7.'S7.S 63.0 S8 0.55 14.0 14.0 12.7 SI 1.00 \.70 72.25 63.0 S8 0.40 12.S 13.1 10.9 " 0.84 1.60 '.S67,5 54.0 46 0.26 11.4 12.2 11.3 43 0.86 I.SO '.0
72.S 3S.0 33 0.23 9.2 10.2 10.7 " 0.48 1.50 4.9
77.5 34.0 2S 0.19 8.0 8.7 11.0 37 0.60 1.50 U
82.S 29.0 18 0.18 7.2 7.S \0.0 3S 0.43 lAO 4.2
87.5 23.0 19 0.19 '.9 7.1 10.0 34 0.40 1.)0 3.4
92.5 28.0 23 0.1'1 7.4 7.7 10.2 36 0.27 I.S0 4.0
97.5 28.0 2S 0.18 7.9 8.2 11.0 37 0.29 I.SO 3.9

101.5 28,0 20 0.17 7.9 8.1 11.8 3. 0.43 1.60 4.1
107.5 26.0 28 0.18 8.4 8.S II.S 39 0.59 I.S0 4.1
112.S 26.0 31 0.17 7.7 8.3 11.2 39 0.35 I.SO 3.8
117.5 28.0 23 0.17 8.1 8.7 13.1 42 0.37 1.80 3.9
I22.S 26.0 2S 0.16 7.7 8.3 12.4 38 0.24 1.70 3.7
127.S 2S.0 26 0.17 7.2 8.S 13.1 39 0.3S 1.70 3.8
132.5 20.0 21 0.24 7.S 8.3 IS.2 37 0.46 2.20 4.0
137.5 27.0 21 0.21 8.2 8.4 14.9 37 0.3' 2.10 4.2
142.S 29.0 23 0.20 8.0 8.S 14.8 37 0.43 2.00 3.9
147.5 24.0 23 0.18 7.9 7.9 14.7 36 0.49 2.00 3.7
IS2.S 24.0 23 0.19 8.' U U.S 37 0.36 2.10 4.0
157.5 27.0 28 0.17 8.' 8.' IS.I 37 0.45 2.20 4.0
162.S 24.0 2S 0.18 8.' 8.8 16.2 37 0.37 2.10 3.9
1.7.S 27.0 20 0.19 9.1 9.4 17.2 39 0.40 2.30 3.8
I72.S 29.0 2S 0.19 8.6 9.S 17.4 38 0.10 2.40 3.7
I78.S 20.0 23 0.20 8.0 9.8 17.7 39 0.39 2.30 3.9
182.S 32.0 2. O.IS 9.2 10.0 19.6 40 O.SO 2.80 U
187.S 29.0 23 0.27 10.0 10.3 19.8 40 0.41 2.80 U
192.S 31.0 23 0.22 9.1 10.3 20.2 39 0.10 2.70 3.9
197.S 27.0 23 0.32 8.9 9.' 18.0 38 O.SO 2.40 3.8



CoreQV2 239lliPih it (i) U(i) V (i) w(l) Y(i) 9b(l) lilm lila) lilo) ti(2),em) '§b'i'1 (ppm)
(P~iJ (fr.iJ (ppm) (ppm)

(&fo~J (Plil (ppm)
(P~iJI 2.4 52 1.36 1@

3 4018 2.4 122 5.90 51 2.20 950.0 852 820 119
5 4207 2.3 IN 6.00 47 2.40 860.0 732 697 1207 4313 2.2 105 6.00 n 2.80 140.0 610 573 124
9 4322 2.2 102 5.70 40 3.10 110.0 546 500 INII 4283 23 102 5.30 39 2.70 540.0 514 473 12413 4355 2.2 103 7.20 39 2.60 560.0 504 462 128

15 4361J 2.3 99 4.40 37 2.50 4SO.0 «3 405 12217 «56 2.5 115 4.50 38 2.80 490.0 408 352 127I. -,)1J5 2.1 110 2.20 36 2.50 320.0 3lJ 315 12u
21 «54 2.2 110 2.20 38 2.50 21JO.0 389 326 127
23 -'310 2.4 110 <2.0 36 1.10 330.0 368 315 120

25.5 4298 2.0 112 3.20 36 3.00 360.0 376 318 )21
28 -'281 2.2 115 <2.0 36 2.60 370.0 348 30. 12430 -'421 2.3 112 <2.0 35 2.60 330.0 347 298 128
J2 4582 2.2 107 <2.0 33 2.70 370.0 347 301 12.
3' 4652 2.2 106 <2.0 35 2.40 400.0 384 320 135
36 4511 2.3 104 <2.0 35 2.30 440.0 397 341 128
38 4575 2.2 91 <2.0 JJ 2.80 420.0 354 299 126
40 4720 2.1 .5 <2.0 34 2.30 400.0 355 316 12.
42 4440 2.2 92 <2.0 35 2.10 360.0 375 331 124
« -'215 2.1 89 <2.0 36 2.70 510.0 4JJ 361 120
46 3336 2.0 78 <2.0 37 2.60 530.0 504 443 10848.5 4005 2.2 80 <2.0 38 2.70 340.0 324 261 116

52.5 3859 2.1 76 <2.0 43 3.00 220.0 215 175 III57.5 3756 2.0 69 <2.0 47 2.90 130.0 162 127 113
62.5 3506 1.8 68 <2.0 42 2.50 160.0 147 115 104
67.5 3184 1.8 63 <2.0 42 2.50 1SO.0 154 117 98
72.5 2473 1.4 50 <2.0 42 2.40 130.0 152 120 78
77.5 2060 1.3 43 <2.0 40 1.80 140.0 149 117 6682.5 1866 1.5 39 <2.0 33 1.20 140.0 117 86 56
87.5 1676 1.1 35 <2.0 35 2.00 56.0 III 83 54
92.5 1824 1.2 37 <2.0 3. 1.80 100.0 126 .4 60
97.5 1881 1.3 40 <20 42 1.70 11.0 1J7 100 65

102.5 1853 1.3 37 <2.0 42 2.00 78.0 134 101 62107.5 1972 1.2 40 <2.0 42 2.40 130.0 150 106 65
112.5 IIJIO 1.3 39 <2.0 42 1.80 110.0 136 .8 68
117.5 1919 1.4 39 <2.0 49 2.30 120.0 180 138 63
122.5 1784 1.2 38 <2.0 47 2.30 130.0 148 99 6U121.5 1801 1.4 37 <2.0 47 2.10 87.0 143 III 63
132.5 1653 1.4 36 <2.0 4. 2.20 130.0 145 112 58
137.5 1731 1.5 38 <2.0 51 2.40 120.0 134 102 65142.5 1640 1.3 37 <2.0 52 2.30 140.0 145 114 61141.5 1539 1.2 35 <2.0 51 2.40 110.0 142 III 57
152.5 1597 1.4 36 <2.0 52 2.80 99.0 138 110 62151.5 1706 1.3 37 <2.0 52 2.70 120.0 131 104 64162.S 1647 1.3 37 <2.0 56 2.70 150.0 147 120 64
167.5 1772 1.4 41 <2.0 62 3.00 140.0 168 130 68112.S 1736 1.4 41 <2.0 62 2.80 160.0 162 125 66178.S 1153 1.4 42 <2.0 64 2.50 110.0 156 122 71
182.5 1859 1.6 43 <2.0 62 3.20 100.0 141 108 72187.5 1834 1.5 43 <2.0 66 3.70 51.0 148 118 73
192.5 1659 1.5 41 <2.0 72 3.40 100.0 158 124 651Cf7.5 1136 1.5 42 <2.0 63 2.90 120.0 152 118 64



240
Core QV3

_QV3 Ikp<h Ag(l'l) AI (2) As (I) Au (I) Balll &(2) Be (2) Br(1) CI(2) Cd(2) Cd()l Cc{ll
Samplc~ (=) ,ppm) (.~.) (ppm) (peb) (ppm) ,ppm) (""",) (""",) (0.) (ppm) (ppm) (ppm)

QV3-OO2 , 0.' 7.07 12.0 19.0 'SO '" '.1 11.0 0.47 I.:! I.' (10
QV"",", 3 0' 7.0< 12.0 17.0 510 "I '.I 16.0 0.47 I' 1.3 (10
QV3-0Q6 , 0.7 7.3\ '.3 17.0 '10 6)0 '.0 15.0 0.48 IJ 1.2 100
QV3-OO8 7 0.6 7.62 ').3 14.0 520 626 3.7 13.0 0.46 1.2 LI "QV3.olO 9 0.6 7.61 10.0 \4,0 570 '"~ 3.7 14,0 0.45 1,2 LI 100
QV3.Qll (I 0.' 7.80 11.0 14.0 540 617 ]A 13.0 0.42 LI 1.1 93
\JVJ..ut.j 13 a.4 1'10 I III 12.u ;:50 ""7 J.3 U.U u41 !.u La '.1
QV3-{)\6 IS aJ 780 11.0 11.0 '90 '" 3.3 130 0..11 10 1.0 93
QV].Q18 17 0.' 776 12.0 15,0 ,SO 593 3.2 l].O 0.41 LI LI ...
QV].()20 19 03 7.S9 12.0 24.0 510 "3 3.1 13.0 0.4' to to 90
QV3-022 21 D.2 7.73 12.0 15.0 '00 60' 3.' 13.0 DAD L2 LO "Q~24 23 ., 7.68 13.0 12.0 '10 600 3.1 13.0 0..11 to to '10
QV3-o26 2S 02 7.72 12.0 16,0 510 '" 3.0 13.0 0.-11 1.0 II "QV3-028 21 0' 7.55 IS.O 12.0 SOO ,SS 31 15.0 0.38 0.9 0.9 '6
QV3-o.lO " '0.2 7,63 18.0 13.0 530 579 3.1 17.0 OJ\ 11.6 06 "QV3-032 31 0.' 6.81 24.7 30.0 540 '" 3.7 21.7 OJ\ 0.' O. "QVJ-()J4 33 0.3 6,87 23.fl 41.0 'SO 64' '.1 21,6 0.29 09 0,9 ...
QV3-0J6 35 ·0.2 6.31 2Sj ]],0 '10 60'! 3.' ['J.a 0.29 06 (J,6 "QV3..{}311 37 0' 6.70 170 35.0 'SO '" " 18.0 025 ll.4 0.5 ...
QV).040 .l9 0,2 7.00 15.0 34.0 '"0 602 '.7 21.6 0.22 0.3 OJ 100
QV).412 'I 0.' 6.51 15,0 21.0 440 552 ".<J 24.1 n.23 u.2 0.4 1'0
QV34l4 " 0.' 6.71 170 13.0 '"0 '" 5./) 201.7 0.21 0.2 0.3 140
QV)-<l46 " 0' 6.69 15.0 •., 410 53' '.7 23.7 0.22 0.2 1).3 (40
QV3-<l48 47 0.' 6.55 14.0 120 3SO '0< U 24.7 0.21 0.3 0.4 \30
QV3..{}50 " 0.3 6.48 18,0 ... 470 473 ,., 29,3 0.21 0,2 03 (40
QVJ.<l55 52.5 '0.2 6.0) 16.0 6.1 390 4]) ,., 30.6 0,20 ·0,2 OJ (40
QV)..{}6() 57.5 ·0.2 5.26 \30 ., 350 "I " "5.3 022 04 n.' ISO
QV3-06' 62.5 '0.2 4.82 9.2 ., 320 m 3.7 SO.3 0.23 lU 0.' \30
QV3.Q70 67.5 0.2 ·09 ., ., 300 326 3.' 5U 0.25 0.4 0,5 ISO
QV3-075 72.5 -0.2 4.57 '.2 ., 290 312 3.' 56.7 0.25 0.' 0.4 ISO
QV)..{}80 77.5 '0.2 -1.76 7.0 ., 310 320 37 50.0 0.25 n., (J.4 1'0
QVJ.<l1l5 82.5 02 '.60 7, ';2 260 m 3,6 43.3 0.25 0.3 0.3 'SO
QV3.QI)Q 87,5 ~0.2 -1.67 7.9 ., 250 3\3 '.0 50.8 0.25 0.4 04 ISO
QVJ.<J9, 92.5 '·0.2 4.87 U ·2 '"0 336 " 44.9 0.2' 0.' 0.' (40
QV3-IOO 97.5 "0.2 ".76 '3 ., 300 J3I U SO.6 0.26 0' 0.' 160
QV3-IOS 102.5 ';0.2 5.07 U ·2 330 III '.7 45.5 0.27 0.' 0.' 160
QV3-110 1075 '0.2 '.96 "

., 320 340 '.1 46.9 0.26 U.S 0.5 170
QV3·IIS 112.5 0.2 5.07 .., ., 210 343 ,., 42.6 0.26 0.6 n., ,"0
QV3·\20 117.5 "o.2 ,.... " "1 "0 344 ,., 40.5 0.25 0.6 0' 160
QV3·\25 122.5 0.' 5.01 •• ., 300 350 ,.. 43.0 0.25 0.6 0.' 1'0
QV3·130 127.5 0.2 ".91\ 7.9 ·01 'SO m 6.0 42.6 0.26 n.6 0.6 '90
QV3.J3S 132.5 <:0.2 ,... ... <"l '90 3S7 6.3 40.' 0,26 06 0.6 ,"0
QVJ..\40 137.5 -::0.2 5.10 • .5 <"l 300 363 6.7 42,8 0.26 0.7 0.' 211
QV3--14S 142.5 .1).2 5.27 11.0 -.2 360 373 7.' 46.' 0.27 0.' 0.6 220
QV3·ISO 147.5 .0.2 '.27 11.0 <"l 320 m 7.' ,... 0.27 0.7 0.6 228
QV3.15S 152.5 <0.' '" 1\.0 •.2 ,.., 390 '.1 "6.7 0.27 0.' 0.6 '"QV3·160 157.5 <0.2 5.21 11.0 ., 3SO '00 .., 43.9 0.28 0.' 0.6 '"QVJ..165 162.5 <0.2 5.20 10.0 <"l 360 426 7.' 39.5 0.2. 0.7 0.6 226
QVJ..170 1675 <0.2 4.89 11.0 •.2 320 402 9.0 435 0.29 0.' 0.6 m
QVJ..175 112.5 <0.2 4.11 11.0 <"l 340 '10 9.3 42.\ 029 0.7 0.6 m
QV3·(BO 177.5 0.2 4.95 12.0 <"l 360 ". 10.0 39.4 0.30 0.7 0.6 245
QV3-18S 182.5 <0.2 5.14 15.0 <"l 310 '31 10.2 39.7 OJI 0.' 0.7 m
QV3-190 187.5 0.' '.90 15.0 <2 350 413 12.5 .. IA 0.2. 1.0 0.' '"QV3-19S 192.5 <0.2 5.11 18.0 <2 460 ".. 11.4 "9.9 0.29 1.2 0.9 29'
QVJ..200 197.5 0.' '.92 15.0 ., 390 ".. 10,8 52.2 0.28 1.0 0.' 2..
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Depth Cc(2) Co(1) Co(2) Co(3) er(l) Cr(l) er(al et(l) Cu(2) Cu(3) Dy(2) EIl(I) Fe(l)
(em) (ppm) (ppm) t1pm) (ppm) (rpm> (PEl (!'Pm) (ppm) <pem) (ppm) (ppm) (ppm) (0.), Il. 22.0 26 \7 73.0 " S\ S.' \04 72 '.6 2.10 630

3 \19 24.0 2S 17 81.0 57 57 S.6 \'" 79 '.S 3.60 6.00
S \,. 20.0 2J IS 5\.0 SO 57 SS \10 77 '.3 2.1lO :5.70
7 .... 21.0 22 \6 54.0 S3 " 6.3 92 70 ... 2.60 5.40, \03 20.0 22 \S 69.0 54 " 6.7 87 63 7.) 3.20 5.20
\\ 94 21.0 U \6 59.0 S\ " 6' 77 S8 63 ::uO HO
1J 103 2v.v 22 \, 53.0 ,. ... 0,1 " " 0.5 tlW 4.<)1.;
IS 9S 18.0 22 14 -l8.0 '" " 6.0 73 SO 6.3 3,20 "'0
17 92 20.0 22 \S 60.0 " 39 S. " 57 6.2 ,9<> •.9<>
\9 " 16.0 21 14 50.0 ... ,. S.7 72 >I ,.. 3.M s.oo
21 9\ 18.0 22 14 .no " " S.' " SS 6.\ 1.50 5.00
21 " litO 2\ 14 72.0 " " S6 70 S3 6. 2.00 SOU
2S 80 18.0 2\ 14 .aD " " S.' 69 S3 S.7 t9<> SOO
27 77 21.0 " IS ..... " " S.S 66 SO '.6 2.10 5,IU
29 92 27.0 29 20 56.0 SO ... S.7 S3 ,\ 6.\ .UO S.9<>
JI 87 31.0 3S \. 52.0 " '0 B " 3S 7S 2.50 7 !X)

B \0\ 31,0 39 20 6'>.0 SO '0 ,., " '" 7.3 2.30 5,110
.1S 91 46.0 '" 27 47.0 " 37 " ... 30 9.9 2.10 n.70
37 " 40.0 " 22 35.0 " 37 S\ " II '.0 2..w 6.70
3" 12. 42.0 " 2J 39,0 " 3-1 6.0 39 28 'J.O UO 6.80
,\ I2S 45.0 SO II ]7.0 3S JI S.' 37 27 10.1 3." 7.00

" '" 43.0 " 2S 35.0 36 30 60 36 27 '.7 3'" 1.20

" ISO HO 63 38 32.0 30 26 6.6 36 2S ,.• 3.1lO 6.10

" ISO 68.0 71 U 42,0 3S 30 S.' 30 21 'A 3.30 6,4U

" \>1 56.0 59 32 46.0 3S 2' S2 2J " 92 2.00 "0
52,5 IS' 4<),0 " B 25.0 32 27 ... 20 14 .., 3.110 S.W
57,S ISS 68.0 " " 19.0 " 20 3.S \7 \2 '.1 .uO S.80
62.5 I" 61,0 " 39 lltO 2\ " H 16 13 7.' 3.'" .tolO
67.5 156 42.0 " 2S 16.0 \, 17 26 16 12 " 3.10 UO
12.5 \62 51.0 " 30 \S ,. 17 2.7 \7 \1 'A 3.10 .j,\0
77.5 '48 30.0 3J \, ·\S 20 17 3.• \7 12 '.0 2.80 ISO
82.5 13' 39.0 " 21 28.0 ,. 17 " " 11 7.' 3,70 3.50
117.5 I" 41.0 39 22 27,0 \, l7 3.' " 13 SA .tJO 3.70
92.S \61 47.0 " " 31.0 " 17 ,.\ \. 13 '.7 3.20 3.80

97' \71 53.0 " " JI.O I' \6 '2 \. 13 " "'.10 3.9<>
102.5 \76 -17.0 " 26 3-1.0 " 17 3.' 2\ \. 9' 3.90 3.50
107.5 \92 81.0 7\ " .10.0 2\ 17 '.0 20 \S 10.0 3.90 -1.\0
112,S 20J 57.0 SO J2 26.0 20 \. 3.' 22 IS 10.1 lAO 3.80
111.5 196 37.0 38 " 30.0 19 l7 3' 2\ " 10.6 4.10 160
122.5 211 63.0 61 3-1 16.0 \9 " 3.' 2\ \S 11.2 '.00 l.60
127.5 213 37.0 38 22 20.0 \7 IS 3.2 22 \6 11.4 4.40 ].50
132,5 22J 37.0 37 20 39.0 20 \6 '.2 22 16 11.8 6.10 ).SO

137.5 2J1 -11.0 37 2\ <IS 20 \S U " 16 12.6 S'O 110
142.S 2" 52.0 " " 25.0 21 " '.2 26 17 13.7 '.00 '.00
147.5 '" 61.0 SO 31 <J5 \, \S '.4 26 16 l·tO 6SO ,"0
152.5 26' 74.0 '" " 28.0 2\ 13 " " " 14.5 7.20 no
151.5 268 53.0 ., 26 ".0 " 12 '.6 27 \. 14.7 7.20 '.SO
162.S '" 33.0 32 " 19.0 20 \, S.3 27 l7 IH '.SO ],70
167.5 27. 104.0 69 " 30.0 \, 12 3.1 28 \1 IS.8 7.10 ,."
172.5 272 45,0 .... " 26.0 20 13 '3 28 \, 15.9 7.90 ,.'"
1775 272 67.0 '" 39 35.0 21 14 '.1 JO 22 16.5 7.00 S.OO
182.S 29S 110.0 '04 61 32.0 \, \2 '" " 22 18.8 920 6'0
187.5 297 110.0 107 66 28.0 20 \4 3.' 39 2J 19.7 8.20 '.1lO
192.5 283 94.0 " " <IS 22 14 '.4 J9 ,. 19.\ .20 5.70
197.5 273 65.0 " 31 25.0 2\ 14 3.6 J6 23 17,8 8.JO S.OO
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0."" Fc(2) Fe (3) c..(2) Hf(l) Hg(1I1 K(2) La(D La (2) Li(2) LOI lu(l) M!(21 Mn(2)
1=> (-.) ('.) I....> (ppn:) (ppb) ( ....) I....J If'fIII1J I....J ....J I....J ('-) (....J

I '.36 ~.7.J " 5.10 ". 1.93 55.0 " ...... 17.0 0.63 0.76 lUI
3 6.>' S.OI " '.60 491 1.96 57.0 ,. ....., 16.7 0.... o.n 0.11, 6.01 U3 23 4.70 '10 2.01 S2.0 57 ~5.0 15.1 tl.76 0.71 0.207 3.62 ~.24 23 ·1.30 382 2.16 45.0 " .J7.1 14.S 0",1 0.11 0.14, U5 M1 " "0 382 2.19 47.0 " 47.9 IH tl.62 0-'10 0.1l

" HI 4.14 " '.90 '10 '.23 .....0 39 43.2 1J.7 0.60 0.12 0.1l
13 S.s.. H' 2S 5.60 56' l.22 UO " ~1.6 Il.j .>.61 u.g2 iU5

" 'J. 4.21 " UO 382 2.16 40.0 56 '" IH O.H 0.7& tl.1517 S.J7 3." 23 '.30 410 2.U 390 " 47.0 13-7 11.60 0.77 IU6

" '.29 38' ,. S.20 ,... 2.U 33.0 ID ~6.J U.6 0.S7 0.76 0,17

" SJg 1" " '.30 49' 2.14 37.0 " 47.01 IJ.J 11.67 0.77 11.11
23 'JO 3.90 2S '.ID m 2.11 37.0 ID 46.7 13..1 0.30 0.76 n.17

" S.16 '.02 22 ~.70 423 2.1.J 56.0 ID .JS.5 13.0 0.67 r).75 a.16
27 W 390 23 '.30 m 2.001 JJ.O 29 ~7.6 14.6 0.46 0.7.J lUI,. ,... ~A5 23 '.7<> ~JJ 1.84 34.0 32 ".1 1~.7 056 0.79 \J.55
31 7]7 5.95 22 5.10 1J2.J US 38.0 32 47.6 19.0 0.66 0.67 1.92
13 6,05 ·U8 23 ·UO 12lB U6 37.0 40 301 20.7 0.59 0.65 1l..J8

" .." S.OS " 4.10 710 1.41 H.O 37 ~S.l 20.6 0.61 0.60 3.67
37 '" SAil 22 '.90 1131 1.411 39.0 " 49.1 13.S 0.67 fI.62 2.211
39 718 SAl " '.ID 1'56 U2 42.0 46 Sl.6 1&.6 O.7~ O.OJ O.H

" 71' ,..n 22 '.90 '" 1.34 42.0 " ~9.4 20.4 0.66 0.5S 1.53
43 720 tA7 22 '.90 560 1.29 .JI.O " 52.'01 20.1 0.65 0.52 0.010

" 6AY 5.01 22 '.30 .... 1.26 -16.0 " 50.5 2\.4 0.51 0..(9 0.3')

" 6." 5.19 22 3.60 .... UI .....0 " 49.2 23.9 0.30 0.4S 0.01749 1.11 5.15 'I '.40 '" I.U 42.0 46 -11.1 24.3 0.1& 0.013 0.33"., 6.11 '.04 18 3.90 273 0.97 41.0 .... ...... 27.0 061 0.311 0.31
51.5 '.00 4.33 17 3.10 232 0.73 UO " 32.1 3J.3 0.66 OID 0.39
62.5 01.42 H2 13 2.40 'I' 0.... 40.0 'I 21.5 31.6 0.51 0.2. 0.36
fl7.S 4.16 2.9'J 12 2.30 278 0.S2 41.0 " :23.4 ·U.S 0.61 0.22 0.36n., 3.9g 2.61} 12 '.90 241 0.S2 .....0 " 23.S 41.9 0,63 0.22 0.35
77.5 3.10 2.46 12 '00 231 0.63 40.0 .... 2U 39.7 0.63 0.2S 0_'2
12.5 HJ HI " '.ID 204 0.65 42.0 42 29.2 42.7 0.31 0.26 0.31
11.5 3."'1} 2A9 12 2.-10 22' 0.56 .n.o -16 "., 40.' 0.56 0.23 0.2.
92.' 3.St '.-16 12 2.60 22l 0.63 46.0 " 21.1 39.6 0.011 0.25 0>7
97' 3.56 2.45 " '.20 231 0.56 52.0 49 ::5J1 41.0 0>0 0.23 0.27
lOB 156 2.39 " 2.20 241 0.66 53.0 lO 29.3 37.3 0.>0 0.27 0.25
101.5 '.04 2.99 I' 2.50 222 O.SJ 56.0 " 26.0 -10.1 0.61 0.23 0.21
112.5 ·4.01 2.78 12 2.10 ill 0.53 51.0 " 26.5 39.1 0.67 0.2' 0.26
117.5 3.7-1 ,... 12 2.10 204 0." ".0 56 27.2 39J 0.... 0.2' 0.2'122.5 3." 2.41 IJ '.30 241 0.52 60.0 60 26.9 40J 0.61 0.23 0.2,
127.5 3.66 2.53 " '.40 ill 0.>0 "'.0 " 26.2 -10.1 0.71 0.22 0.2'1l2.5 3.76 2.62 12 '.30 204 0.53 61.0 ., 27.' 39.6 0.66 0.24 0.24
lJ7.5 J.!7 2.69 I' 2.20 222 o.n "'.0 66 28.0 39.2 0.71 0.24 0.24
142.5 3.88 '.66 I' '.60 '30 0.52 71.0 72 28J -10.3 0.1l 0-24 0.24
147.5 3.98 2.63 " '.60 ill 0.55 76.0 73 29.' -10.4 \.00 0.2' 0.2'152.5 4.17 3.09 " 1.30 ill 0.59 ".0 76 ID.4 39J 1.20 0.2. 0.2'157.5 ,-'" 3.07 IJ 3.00 m 0.61 ".0 n 30.7 39J 1.10 0.27 0.22
162.5 '.n 2." " 3JO I" 0.1. 75.0 n 35.5 31.1 0.11 OJI 0.20
167.5 4.31 3.03 12 2.20 204 0.56 IS.O 83 28.2 ~U 1.10 02> 0.22
172.5 -1.47 '.09 IJ 2.70 ill 0." 88.0 84 2U 41.0 1.00 0.24 0.22
1TI,5 '.90 3.75 I' 2.70 I" 0.66 89.0 89 32J 17.8 1.20 028 0.22
112.5 U5 5.05 " 3.20 m 0.56 95.0 97 21.4 37.9 1.10 0.26 OJO
187.5 -U5 3J6 13 2.10 204 O~, 91.0 100 28.J 37.0 \.00 0.2> 0.23
192~ '.09 1.61 " ,.30 2<J4 0-'9 99.0 97 Jl.9 36.7 \.30 0.27 0.2'197.5 4.55 3.2. " '.-10 2<J4 0~3 95.0 92 27.2 38.1 IJO 0.2' 0.23
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""'~
Mn(3) Mo(l) Mo(S) Na(\) Na(2) Nb(l) Ni(7) Ni(J) Pel) Pb(l) Pb(3) Rb(l)

(em) 'ppm) (ppm) '...., C-'e) (*.) (ppm) (ppm) (peml (".) 'ppm) (....) ,....)

I ~920
, 2 UO 1..16 13 28 '6 2225 )04 ]J3 69,0

J 26)0 , 2 1.50 1.48 13 28 16 2217 '07 '14 72.0, 1'60 , 2 1.50 \.Sol 13 29 16 2258 "6 m 12.0
7 'I2 , 2 I.," 1.\6 I' 28 17 213' '" '" 79.0, 1\.(' , , lAO \.Sol " 28 17 2108 no '17 R6.0

" 87J , 2 LSO US " 28 17 1977 .... '" 85.0
13 '"

, 2 !.SO 1.53 16 " 16 2020 m l77 1\.(.0

I' '"0
, 2 \.SO 1.57 16 " 16 1'"0 JR6 ,,, 87.0

" 1270 , 2 1.60 US " " 16 2108 'M )JO 7'l,ll

" I·HO , 2 1.60 1.62 16 " " 2090 32M "" 81.0
21 \BO , 2 \.SO \,59 I' " 16 2089 "2 2" lll.a

" mo , 2 1.10 1.63 16 27 " 2013 JI) 277 80.0

" lOSO , 2 1.60 I.... " " I' 1975 )00 276 760
21 '''0

, 2 1.50 1.59 I' 27 I' 1922 "0 251 78.0
29 "'"

, 2 1.60 1.51 16 " 16 11168 NI 212 83.0
JI I_ I ., uo 1.23 12 " " 220' JI6 "0 72.0
)J 3850 I 1.20 1.l'J 12 '0 16 2514 ,., 301 61,0
J5 28MOO 7 1.10 1.11 lJ " " 1737 '" 2" 56.0
)7 "600 , 1.10 1.15 Il 27 " 11161 '26 250 14.0

" ""'0
, 2 1.20 1.17 12 " " 2S16 JW 231 ....0

" 11300 , 2 1.00 l.OS 12 " I' "'" 19' 1M 54.0

" 3240 6 J 1.00 1,0) 10 I' 13 2722 III 04 51.0

" 2910 7 3 1.00 LOt II 20 Il 2433 % 67 57.0

" )700 6 ) 0.86 G,'}! 10 19 Il ""' '12 ... 56.0
'9 2630 6 , 0.86 0" , 17 II 2'" '0 61 ....0
SU 2660 , , 0.1\.( 0.78 , lJ , 2083 53 '0 50.0
57.S 2900 II , O.M 0.60 7 "

,
""' 36 19 35.0

62.S 2910 , ) 0.59 0.53 , lJ , I.... " IJ B.O
67.5 3010 9 J OAR 0"

, 10 6 '"" 16 II 25.0
72.5 2740 9 J 0.016 0.4' , 12 6 20]2 16 II 19.0
77.S 2+40 , 3 0,54 0.49 6 10 , 104' 16 Il 33.0
82.5 "60

, 3 0.57 0.52 6 10 , 1762 I' Il no
117.5 2250 , J 0.48 0." , 10 , 2014 " 12 RO
92.5 2230 9 J 0.50 0.49 6 I'

, 1"51 16 12 30,0
97.5 2200 , 3 0.50 0.014 , II 6 2006 16 Il 26.0
102.5 1990 , 3 0.59 0.14 6 13 6 2001 1I " 30.0
107.5 2290 , , 0.47 0,42 , 16 ,

22'" 20 I' 22.0
112.5 2060 • 3 0.013 0.42 ,

" 7 2269 20 I' 21.0
117.5 1990 7 3 0." 0.42 ,

"
, 2138 16 13 17.0

122.5 I'" 7 3 0." 0.39 3 " 7 22", 22 13 26.0
127.5 2000 6 J 0.4) 0,3lJ 3 13 6 226" 22 I' 18.0
132.5 1.30 6 , 0." 0.011 , 13 6 2275 20 I' 30.0
un 1140 6 3 0." 0.-10 , 13 6 ,,5<> 20 13 23.0
142.5 1790 6 3 0.013 0.40 , 16 7 2597 26 " 23.0
147.5 1690 6 , 0.48 0.43 ,

I' • 2575 " 13 2\.0
lS2.5 1'00 , , 0.55 0.46 ,

I' • 2586 " I' 22.0
157.5 1750 , 3 0.55 0.47 ,

" 7 260' 27 " 27.0
162.5 1...0 , 3 0.70 0.61 , 12 6 2302 23 " 32.0
167.5 1790 , , 0.50 0." , 19 9 2674 " I' 24.0
172.5 1690 , 3 0.51 0." ,

I' 7 27S5 26 16 25.0
117.5 1880 , , 0.60 0.14 , 16 , 2688 27 19 29.0
182.5 2300 7 2 0.49 0.46 <3 21 II 2"'" 27 I' 25.0
187.5 1730 7 , 0.013 0.012 , 24 12 29" 30 16 24.0
192.5 1920 6 , 0.14 0.017 , 22 12 2658 29 I' 33.0
197.S IMOO 6 4 0.46 0.40 , 20 10 2984 30 16 33.0
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""'" Rb(l) Sb(l) 51;;(1) 510:(2) Srn(\) 5r(2) Tam Th(!) Th(n Ti(2) U{I) V(2) W(I)
(=) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (PEl (ppm) (ppm) (ppm) (ppm) (ppm)

I " 2.20 \J,S 14.6 10.6 18 1.00 UO 7.' 4167 2.1 106 3.20
3 76 2.10 13.4 101.6 10.8 18 0.93 1.70 7.' 4167 2.1 10' 2.60, 86 1.90 13.2 14.9 10.6 '0 LlO LSD '.0 4]26 2.1 116 3.80
7 " 1.60 12.11 14.6 10.0 73 1.10 UO 7.' ...." 2.' 114 3.10,

" 1.70 IJ.t 15.2 10.6 76 1.30 1.60 .., """ 2.4 112 .'.SO
II .. 1.70 14.0 15.3 '.0 " uo )'0 ,., "'" 2.2 112 ],80
13 " 1.70 14,5 IH " 73 LOU 1.20 ,.u 4561 2.2 107 HO

" " 1.60 14,0 15.0 '.2 72 1.10 1.10 8.5 ...." 2.2 10' 2.·10
11 93 1.90 1-1.1 \5.2 ,.u " 1.20 \20 '.7 ...." 2.1 III I 2,70
19 93 2.00 14.4 I·U ,.u 72 1.20 1.00 '.1 "01 2.2 100 2.70

" " 2.00 13.9 ISA 7.7 " 0.'l2 1.10 '.9 ·m6 " 101 2.20
23 " 2.10 14.2 14.9 7.9 " 0.93 1.20 '.0 4503 2.2 ., '2.0

" " 1.')0 [].I1 14.8 7.' " 090 1.20 '.7 4)7S 2.1 Ion '2.0
27 " 2.20 13,0 14.7 7.6 71 LlO 110 " "," 2.0 100 '2.0

" " 2.30 1S.3 16.\ 7.7 72 1.10 1.30 '.7 469] 2.2 '1<\ -'l.O
31 " 2.70 14.' 14.5 '7 60 0.95 1.30 7, ]9]6 20 " 20
JJ 63 :uo 13.4 15.2 '.7 " 0.75 I.JO 7.1 38119 :2.1 S3 -2,0

" " 1.80 12.6 13.7 '.2 60 1.00 1.10 6' 358\ 1.7 77 .2.0
37 62 1.20 1].0 I_U 1'-1 " 0.116 1.20 7.0 31112 I., SI . 2.0

" " 0.'" 13.7 IB 10.6 " 0.80 !.SO 7.1 3928 2.1 " '2.0

" " 0.76 12.3 I~.~ 11.2 " O.lJO 1.30 6A 3567 I., " '2.0

" " 0.62 13.2 14.0 12.8 46 0.75 1.90 7.0 3552 2.2 11 '2.0

" 62 0.50 12.7 12.6 12.3 " 0.57 1.60 6.' ,6>, 2.1 67 '2.0

" " 0.41 11.4 IH 11.8 " 0.81 1.70 63 3388 2.0 " '2.0

" " 0.38 12.4 13.1 15.0 " 1.00 1.90 66 33~3 2.1 " '2,0
52.5 " 0.27 I\.6 11.1 14.0 '0 0.63 1.80 " 3032 I., 62 '2.0
57.5 17 0.21 [0,0 '.7 1~.0 36 0.46 1.60 4.1 2365 L> " '2.0
62.5 " 0,16 '.7 '.7 12.8 36 0.51 1.40 '.0 2077 U .... .2.0
67,5 '0 0.\7 '.2 7' 13,9 34 0.30 1.70 ]7 1732 12 J8 .2.0
12.5 23 0.17 .0 7.' 14,0 34 0,42 1.60 3.' 1705 12 " '2.0
77.5 26 0.16 7' '.3 12.7 36 0.511 \.SO '.1 ''''' 1.2 4\) '2.0
82.5 " 0.11 ,.I '.3 10.6 37 0.63 1,50 J.6 1933 1.2 " -2.0
81,S 22 O.ll} 8.] 7' 12,3 34 0.48 1.50 '.0 1756 I.J J8 '2.0
93" 19 0.20 7.' '3 12.3 " 0.4l} 160 '.2 1914 I.J " '2.0
97.5 18 0.19 '.3 '.0 13.11 34 0.37 2.00 '.1 1723 I.J J8 -2.0
102.5 21 0.23 ,.. ... 14.0 " 0.>0 190 " 2028 L> '0 -2.0
107.5 26 0.17 '.7 8.4 15.1 n 0.42 2.00 '.0 1711 I.' " '2.0
112.5 " 0.17 8.6 ... 1>3 33 0.34 l.80 3.9 "60 IA 39 ·1.0
117.5 " 0.11 'A '.7 14.8 32 0.49 190 3.9 1721 I.J " -1.0
122..5 " 0.19 '.6 ,., 16.6 32 0.2.5 2.20 4.2 1667 " 3' ·2.0
127.5 21 0.16 SA '.1 16.4 31 0.10 2.10 3' 1635

" " '2.0
132.5 19 0.16 '.8 9.7 16.9 32 0.39 2.30 37 "22 " " -2.0
137.5 21 0.17 '.1 10.0 18.2 31 0.25 2.40 '.2 "....

U " <2.0
142..5 23 0.21 '2 10.6 22.1 31 0.62 3.00 4.4 1721 1.7 " <2.0
147,5 " 0.17 10,4 10.9 21.6 32 0.'" 2.80 4J !'JlO 16 " <.2.0
152.5 " 0.23 11.7 11.1 22.8 n 0.66 3.10 '.6 ISOI 1.6 " <2.0
157.5 31 0.21 11.1 11.1 22.' 34 0.37 3.00 '.6 1795 17 46 ~2.0

162,5 31 0.23 11.1 II.~ 20.6 39 0.17 2.70 '.6 2012 1.8 " <2.0
167.5 " 0.25 10.5 11.0 23.8 n 0.>0 3.20 4.2 1634 U " ~.o

172.5 21 0.21 lOA 10.9 24,6 3J 0047 3.20 3.' 1623 1.6 " <2.0
177.5 27 0.23 11.0 11.6 2.5.5 37 0.38 3.30 U ,,>0 I.' 46 ~.o

112.5 23 0.26 10.1 11.8 27.7 >I 0.31 3.10 4J 1650 1.7 .... <.1.0
181.5 " 0.27 10.0 12.2 30.0 32 0.31 3.SO 3.' )>60 17 .... <2.0
192..5 23 0.36 12.8 12.5 39.0 3J 0.40 '.60 '.1 1702 2J 46 <.2.0
197.5 26 0.26 11.8 11.6 >1.3 31 0.16 3.70 '.6 "'" " " ~.o
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"""" Y(2) Yb(l) Zn(l) Zn(2) Zn(» bel)
,~, (prm) '-' '-' ,-, (ppm> ""..,,

" 2.90 730.0 67' ..,
'"2 '1 2.90 660.0 7i7 ." 124,

'" 2.70 640.0 7" 662 III
7 '1 2.40 570.0 67. .20 123,

" 2.70 600.0 • >1 ... '24
II J7 :uo ..190.0 .., ". 131
12 JI 2.60 ..00.0 ...., 299 117
l' JJ 2.t,\O ~1O.0 ". m 127
17 JJ 2.50 350,0 J9J J60 '"19 B 2.'" 340.0 J72 m 125
21 JJ 2.&0 HO,D J72 m 12.

" " 2.70 320.0 '''' '" '26
" J2 2.'0 HllO "2 J11 123
27 JI 2.70 290.0 J)J 211 '2',. J2 2.70 J10.0 202 17l 129
JI ... 260 5SO.0 '" 381 II.
B '" 2.'" 570.0 J70 '" 12.
JJ 37 2.20 480,0 '" J2J III
37 37 2.60 35M .1" ~.jll III
J9 " 2.00 260.0 '" 208 112
'1 " 2.10 2.30.0 231 167 III

" 52 2.70 170.0 207 Il7 '"" '1 2.70 \30.0 '96 ", 1'1

" '" 2.60 1.30.0 lOG '" ,"
" " ,.'" 140.0 202 '" III

52.5 .. '.00 120.0 ,.. III '06H.s " ],80 210.0 '" III 91
62.S " 4.010 ISO.0 '" '29 "67.S " ·&.10 lflO.a ,.. 127 .2
72.' .... "'0 190.0 '601 "' ...
77..5 " '.'0 1-10.0 ,.. III 71
12.' " 2.00 1SO.0 IJB '" 7J
17.5 .. 2.'0 180.0 '" "' 66
92.' " 2.20 110.0 '" ," "97,S " 1.'0 160.0 "' 'I' .7
\02.5 JO 2.'" 170.0 17. '2. "107.S " 2.60 170.0 117 '" "112.S " 2.'" 110.0 191 '" ••1\7.5 ,. 2.70 ISO.O 17' '''' 601
122.S 60 2.70 1.30.0 '16 ", .,
127.5 .,

2.'" \40.0 '16 '" .2
1J2.5 .2 2.60 ISO.O 19' ,.... 70
I37.S 66 2.10 170.0 20\ '" 71
\42.S 72 ).10 190.0 22J '.2 69
141.5 " 2.60 170.0 22. '66 "152.5 n 4.10 220,0 2J9 \79 "1j1.5 7B ..,0 190,0 232 '72 "162.> 72 2.'0 160.0 '" IJB 62
167.5 .. '.00 \10.0 2IJ 1" "17B " HO 110.0 2<>2 \" "117.5 17 '.20 100.0 19' '" J7
182.j 97 '.10 110.0 '" \69 J3
117.5 '00 2.90 140.0 22' m II
192.5 98 '''' .....0 2J8 192 lJ
191.5 92 10.00 JIO.O 2'\ '92 J]
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corcQv~ Depth Ag(6) AI (2) As(I) Au(l) Ba(l) Ba(2) Be (2) Br(I) Ca(2)
sample # (em) (ppml ("10) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (%)

QV~2 I 0.6 1.23 to.O I·tO 590 62. .. \ 18.0 OAS
QW-O<J.l 3 0.5 7.]2 10.0 18.0 590 626 •. 1 l7,0 0,47
QW-006 5 0.6 7,·n 90 L7.D 590 616 3.9 15.0 0.47
QV4..ooS 1 0.6 7.8( 10.0 14,0 590 610 3.6 15.0 O~

QV4~IO 9 0.6 7,11 10.0 14.0 590 601 3.5 15.0 OA5
QV4-012 II 0.5 7.94 12.0 101.0 100 590 3.3 17.0 OAS
QV4-Ot4 13 0.• 1,80 11.0 13.0 610 ~ 3.2 15.0 OA3
QV.-<l16 15 03 1.n Il.O 13.0 590 60. 3.1 15.0 OA2
QV4.o18 11 0.3 7.74 !J.n 13.0 570 591 3.0 15.11 0.42
QV.-<l20 19 0.2 1.82 13.0 14.0 590 600 31 15.0 00'41
QV4.()22 21 0.2 7.77 13.0 l5.0 620 598 3.1 15.U 0.42
QV44JH 13 0.2 7,72 IJ.O 13.0 580 592 30 16.0 0"
QV4.o26 25 0.3 '.51 IR.t> 15.0 530 55] 3,2 1"I.tI 0.34
QV~28 21 0.2 7.70 20.0 18.0 5~) 533 3.3 19.0 0.33
QV4-OJO 29 <02 7,9] 17.0 11.0 57U 5.1 3.2 19,0 0.31
QV.-<l32 31 <0.2 8.20 18.0 11.0 610 5\6 2.9 17.0 0.30
QV.-<l3. l) 0.3 1.92 IR.n 14,0 590 542 3.1 16.0 lUll
QV4-036 35 02 122 19.0 27,0 580 56-1 3.9 20.0 0.27
QV-I·038 31 0.2 7.0J 18.0 29.lJ 520 5.1 •.0 21.5 026
QV4~ 39 0.2 7.02 17.0 no 560 563 •.6 24.6 U.22
QV4"'{~2 .1 0.2 6.71 17.0 17,0 SMI 53l 5.1 30.1 0,22
QV._ .3 <0.2 6.65 L8.0 10.0 5\0 506 51 32.2 0.21
QV4...(J-46 .5 <0.2 6.59 11.0 9.2 .~l .81 a 21.1 0.22
QV~.8 .1 <0.2 6.50 11,0 12.n 500 ~ U 28.2 0.21
QV~-o5U .9 0.2 6.~6 16.0 11.0 .30 ~2 a 32.8 0.21
QV.-<l55 52.5 <0.2 6.20 15.0 8.5 ~ .20 •.3 31,1 0.20
QV~6O 51.5 <n.2 5.59 14.U <2.0 310 310 •.3 ".6 0.22
QV.-065 62.5 <U.2 5.1l 12.0 <2.0 3.0 330 •. 1 51,6 0.2~

QV~ ..()70 61.5 <0.2 ~.~l 9.2 <2.11 310 293 31 65.3 0.26
QV~-o75 72.5 <0.2 •.60 1.1 <2.0 260 288 3.8 65.8 0,21
QV.-<l80 11.5 <0.2 ~.69 6.1 <2.0 260 289 •.0 51.2 0.26
QV.-<l85 82.5 0.2 ~.73 6.5 <2.0 270 303 3.8 56.3 0.26
QV~'{I90 87.5 <0.2 ..~ 1.1 <2.0 300 316 •.0 5H 0.26
QV'-095 92.5 <0.2 ~.68 12 <2.0 250 291 U 54.9 n.21
QV~.IOO 91.5 <0.2 ,.~ 1.0 <2.0 290 310 H ".1 0,28
QW-105 102.5 <0.2 4.86 1.6 <2.0 330 297 •.5 62.1 0.28
QV4-I1O 107.5 <0.2 ~.98 1.8 <2.0 JIO 310 •.5 ".1 0.29
QV+-1I5 112.5 0.2 •.86 8.• <2.0 290 303 5.0 ".6 0.29
QV.·120 117.5 <0.2 5.11 8.6 <2.0 310 308 H 52.4 0.29
QV.-125 122.5 <0.2 •.90 8.1 <2.0 280 3().l H 51.8 0.28
QV+-130 121.5 0.2 5.03 H <2.0 300 313 5.5 ~8.2 0.28
QV4-I35 132.5 <0.2 4.84 8.3 <2.0 280 298 5.8 5l.1 0.29
QV,·I.. 137.5 <0.2 ~.9.J 8.3 <2.0 300 310 5.9 52.0 0.29
QV4-I45 l~2.5 <0.2 ~.97 8.0 <2.0 260 31. 6.2 ~.9 0.29
QW·15O 1~7,5 0.2 5.09 8.3 <2.0 290 311 6.1 ~8.6 0.29
QV4-155 152.5 <0.2 5.12 10.0 <2.0 3.. 321 6.8 55.9 0.26
QV+-16O 157.5 0.2 5..... 10.0 '.9 360 361 5.3 ~8.4 0,30
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Depth Hg(18) K(2) La (1) La (2) Li (2) LOI lu(1) Mg(2) Mo(2) MoO)
(em) (ppb) (%) (ppm) (ppm) <Ffm) (%) (ppm) ('Yo) ('Yo) (ppm)

I ....9 2.05 59.0 61 ~5.4 16.2 1.00 0.82 0.14 7..
3 .n 2.07 57.0 58 >6.2 23.1 a.n 0.81 0.12 780
5 .86 2.07 49.0 55 .SA 1.5.1 0.87 080 0.l2 699
7 W 2.14 46.0 50 >6.2 14.5 0.89 0.82 0.12 758
9 322 2.15 42.0 >7 46.5 loU 0.74 0.83 0,12 778
II lJ9 2.24 45.0 .2 >78 13.4 0.81 0.8> 0,12 756
IJ lJ. 2.15 -Il.0 .3 47.8 13.6 0.77 0.80 0.1-1 8>0

" 36> 2.15 >0.0 '2 -17.5 13,6 0.89 0.81 0.1-1 8>8
17 380 2.12 38.0 36 >6.' 13.4 0.93 0.78 0.1-1 831
19 38> 2.11 37.0 39 -17.6 1J.5 0.91 0.79 0.15 K80
21 352 2,13 37.0 38 -15.9 13.0 0.85 0.78 0.15 9lJ
23 36 2.10 ]6.0 38 -15.1 13.5 0.87 0.76 0.15 9>7
25 716 1.9t) 3-1,0 36 50.0 15.1 0,76 0.75 O.l6 13>0
27 1U57 1.8> 34.0 JJ 53.-1 16.0 0,86 0.80 0.18 15]0
29 886 1.95 3U,O Jl 56.1 1-1.9 0.78 0.85 O.H 1870
31 933 1.97 JI.O 30 56.' 12.3 0.86 0.91 0.18 1500
JJ 819 1.97 35,0 3. 55.0 1-1.2 0.81 0.89 t1A6 J76U
35 1752 1.71 37,0 39 5U 18.0 0.88 0.73 \.07 K990
37 1676 1.61 39.0 '0 50A 11.9 0.86 tl,70 IAI 110011
39 2476 1.52 -12.0 .... 52.8 31.9 0.88 0.65 0.50 38>0
.1 695 US ·no >7 50.7 18.0 1.00 0.56 1.J3 W3lXl
.) 510 128 "9.0 >7 50.7 20." 1.00 0.52 0.75 6200
.5 >6, 1.2" >6.0 .. 50,6 20.6 1.00 0.49 0.83 6500
>7 583 1.19 "S.O .. "9.7 22.7 0.85 0...7 0.39 3020
.9 -l-I6 1.1 .. "3.0 '9 "7.9 2",1 0.7" 0..... 0.3" 2860

52.5 261 1.06 43.0 .... 47.2 25.> 0.78 0... 1 0.27 2210
575 235 11.63 45.0 .) 38,4 312 0.82 0.34 0.30 2390
62.5 206 0.70 >6.0 .) 30,4 34.6 0.82 0.29 0.30 2420
67.5 222 0.52 "3.0 .1 no >0.8 0.68 0.22 U.JI 2380
12.S 209 U.54 4S.0 .3 H.5 4l.0 0.83 0.23 0.30 2350
TI5 192 0,57 41.0 .) 25.8 >0.' 0.67 0.24 0.27 HoW
82.5 18) 0.63 >0.0 '1 29,0 >0.2 0.6'1 0.26 0.25 1930
87.5 191 0.66 42.0 .3 31.1 39.3 0.74 0.27 0,24 1960
92.5 18. 0.57 42.0 .5 27.3 >0.0 0.68 0.24 0.23 18>0
'l7.5 187 0.61 42,0 >6 29.1 39,7 0.67 0.25 (1.22 16>0
102.5 207 0.51 48,0 .. 25.8 "0.0 0.63 0.24 0.21 1630
107.5 183 0.6> 51.0 .9 27.' 37.9 ll.74 0.27 0.20 1520
112.5 213 0.53 55.0 .. 25.3 >0.7 0.79 0.23 0.20 16W
117.5 199 O.S? 57.0 55 26.4 >0.2 0.81 0.24 0.18 1530
122.5 189 0.'1 58.0 54 26.0 39.4 0.81 0.23 0.18 1-l-1O
127.5 195 0.55 57.0 55 27.7 39.0 0.89 0.24 0.17 1350
132.5 195 0.49 60.0 58 201.5 41.4 0.88 0.2l 0.17 1310
IJ7.5 195 0.53 59.0 57 26.9 39.6 0.85 0.23 0.16 1010
1'2.5 182 0.54 590 59 28.7 39.0 0.8> 0.2< 0.17 1030
147.5 21' 0.53 550 63 28.8 39." 0.71 0.24 0.L7 1080
152.5 201 0.55 67.0 6> 29.2 39.0 0.91 0.25 0.17 1320
157.' 2n 0.80 5'.0 5. J2.3 JS.1 0.90 0.3' 0.28 2090
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Core LP1

core LPI Depth Ag(6) AI (2) As (I) Au(l) Sa (I) Sa (2) Be (2) Br(l) Ca(2)
Sample # (em) (ppm) ('Yo) (ppm) (JlIlb) (ppm) (ppm) <ppm) (ppm) ("10)

LPI~2 1 0.7 6.'17 10.0 11.0 ...., 507 3.' 2-l.2 I.3J
LPl.004 3 0.6 7.22 8.' 10.0 ";0 516 3.8 n.l 0.58
LPI-006 5 05 7.27 11.0 10,0 520 520 38 23.1 0.....
LPI-008 7 0.5 7.40 10.0 8.1 ...., 53' 1.1 20.0 OAO
LPI-tliO • 0.6 7 ](J '.1 7.2 a8<1 5.... 37 \8.0 n-lt
LPI-OI2 11 to 7.34 '.3 10.0 a90 52. 3.8 llJ.O OAt
LPl.ol4 13 1.2 7.]8 10.0 8.0 a90 550 a.o 19.U lIA2
LPl·OI6 15 0.7 7.42 10.0 7.6 a50 528 36 18.0 0.42
LPI-018 17 OA 7.34 9.11 7.0 +Ill a85 3.6 17,0 OAI
LPI-020 I' O.a 1.26 8.7 5.0 ...., a86 3.6 17,0 OAI
LPl.on 21 0.3 6.91 10.0 s.a 390 ....0 3.7 20.0 0,40
LPI ..02-1 23 Oa 5.45 13.0 8.' 280 JJ3 U ]1.6 0.36
LPl-<126 25 O.a 4.98 1+.0 8a 270 283 U ]6,3 O.J6
LPI-028 27 OA 4.63 14.0 a.3 220 258 U 36.2 0.36
LP\·O]O 2' OA 4.57 12.0 ]a 1.0 236 U 35.9 0.37
LPI-OJ3 31.5 O.a ..J.45 1ll.0 6.3 190 237 a.1 38.1 0.35
LP\·O]6 34.5 O.a 4.57 11.0 a.1 170 229 4.3 37.7 n.)4
lPI.Q4() 38 Oa U5 '.5 3.6 170 211 H ]9.8 0,13
LPI-o.l5 a2.5 OA 4.61 '.0 <2 160 207 U 39.5 0.3\
LPI-050 47.5 O.a ·U3 8.6 <2 160 1'2 3.9 42.9 0.29
LP\-055 52.5 0.3 ·U2 8.1 <2 150 176 3K 42.8 0.28
LPl..060 .51.5 0.3 ],65 8.0 <2 150 la2 3.' 54,] 0,2-1.
LPI~5 62.5 0.3 l.·n a.' <2 100 la2 3.1 65.1 0.16
LPI~70 67.5 0.3 3.36 a.1 <2 170 Ia' 2.8 68.2 0.26
LPI~75 72.5 0.3 2.88 2.9 <2 130 Ial 2.3 lU2 0.24
LPI~80 77.5 0.3 3.39 3.2 <2 lao 15' 2.5 77.5 0.28
LPI4l85 82.5 0.3 3.69 2.9 <2 150 183 2.6 66.' lJ.29
LPI~90 87.5 0.2 3.78 a.O <2 170 202 2.7 53.5 IUS
LPl4l95 92.5 0.2 3.'3 U <2 170 212 2.7 52.9 0.36
LPI·100 97.5 0.3 4.02 a.8 <2 180 203 2.' 57.8 0.37
LPI-105 102.5 0.3 4.02 a.6 <2 170 191 3.1 65.0 0.33
LPI-llo 107.5 0" a.OO 2.8 <2 lao 186 ]a 59.9 0.32
LPI-1I5 112.5 0.3 4.05 3.0 <2 laO 186 3.7 56.5 0.32
LPI·120 Ll7.5 O.a 4.10 ]a <2 130 185 a.O 61.8 0,32
LPI-125 122.5 0.3 4.24 3.8 <2 200 19. a2 5'.0 0.35
LP1-130 127.5 0.3 a.12 U <2 lao 19a H 61.3 0.36
LPI-135 132.5 0.3 3.'1 3.3 <2 170 181 H 60.3 0.33
LPl-l40 137.5 O.a 4.15 36 <1 170 200 a 63.0 0.37
LPI-I-45 la2.5 O.a 3.'7 a.O <2 lao 173 5.a 62,0 0,33
LPI·I50 1-47.5 O.a 3.83 3.2 <2 130 165 5.7 59.8 0.31
LPI·155 152.5 O.a 3.8' 3.3 <2 130 2'3 6.1 sa.• 0.32
LPI·I60 151.5 O.a 3.79 3.5 <2 160 183 6.. 61.0 0.3a
LPI-165 162.5 0.3 3.73 3.8 <2 160 202 6.5 55.3 0.37
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Core LP1

Dcplh Cd (2) Cd(3) Ce(l) Ce(2) Co(l} Co (2) Co(3) Cr(l) Cr(2) Cr (23)
(em) (ppm) (ppm) (ppm) Ippm) (porn) lporn) Ippm) (ppm) (ppm) lporn)

I 1.5 I." 130 1.3 23.0 2. 13 70.0 55 ••3 1.. I.J 120 I... 25.0 25 I. ~7.0 53 .7
5 1.2 1.1 1<0 150 24.11 23 ,. 25.0 ..1 33
7 1.. 1.1 120 I.' 21.0 23 13 ]8.0 ... .2
.) 15 12 nil 1.7 2\ n n 11 .." " 'I
11 1.6 1.. 130 12. no 21 12 29.0 .1 36
13 1.7 1.5 130 13. no 22 13 55.U 39 35
15 1.5 I.J 120 110 19.0 21 12 37.0 3. 31
17 0.6 0.6 120 127 21.0 23 '3 21J.U 3. 29
19 0.5 0.5 110 150 no 23 I. 25.0 3. 31
21 0.6 0.5 110 127 28.0 27 16 JU.U JI 27
23 0.7 0.6 100 12. 35.0 36 21 18.0 2. 22
25 0.6 0 .• 120 m ~9.0 ., 25 <15 2J 18
27 OA 0.• 130 132 SO.O ... 27 <15 20 15
29 0.• (J.~ lJll 1.2 55.0 so 31 <15 19 I.

31.5 03 0.3 1<0 13' ....0 .1 26 <15 I' 13
34.5 0.3 0.3 1<0 150 51.0 ... 28 <15 19 1.
38 0.3 0.3 150 167 5<.0 .8 30 <15 17 13

42.5 0.3 0.] 150 168 -45.0 38 22 <15 16 13
47.S 0.3 0.3 1<0 158 no .9 28 <15 16 12
52.5 0.2 03 130 '.8 ]IJ.O 38 23 <15 15 12
57.5 0.2 0.3 1<0 I.' ".0 38 23 21.0 II 10
62,S 0.3 0.2 120 132 ITO 18 11 <15 11 10
67.5 0.2 0.3 100 110 12.0 12 7 <15 II 10
72.5 0.2 0.3 n 81 •.5 8 5 <15 II 9
n5 0.2 n.2 83 87 9.1 8 5 <15 12 10
825 0.2 0.3 86 88 91 10 6 19.0 I) 12
87.5 0.2 0.3 96 93 9.3 II 6 <15 II 8
92.5 0.2 0.3 100 97 1l.U 11 6 <15 II 9
97.5 t1.3 0.3 110 108 12.0 12 7 <15 12 9
102.5 0.3 0.3 110 111 11.0 12 7 <15 I. 11
107.5 0.3 0.2 97 121 7.7 II 7 <15 I. 13
112.5 0.3 0.2 110 130 8.7 II 6 22.0 II 9
117.5 0.• 0.3 1<0 13. 12.0 II 6 19.0 13 13
122.5 0 .• 0.3 140 I.. 11.0 12 6 <15 15 13
127.5 0.3 0.3 140 13' lO,O II 6 19.0 13 12
132.5 0.3 0.3 1") 1.1 10.0 10 6 16.0 ,. 12
137.5 0.3 0.4 ISO '.5 '.3 II 6 41.0 15 13
142.5 0.5 0.3 150 155 11.0 10 6 17.0 13 12
147.5 0.5 0.3 140 1.8 9.0 • 6 <15 12 12
152.5 0.3 0.3 130 153 8.6 10 5 30.0 I. 12
157.5 0.5 0.3 160 15. 7.8 • 5 22.0 22 20
162.5 0.3 0." 150 150 6.• • 5 24.0 II 12
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Core LPl

Dep<h es(l) Cu(2) Cu(]) Dy(2) Eu(l) Fe (I) Fe (2) Fe() Gn(2) fIf(l)
(em) <ppm) (ppm) (JIlXIl) (J'PIll) (J'PIll) (0/0) ('Yo) (%) (J'PIll) (ppm)

I 5.3 102 83 8.5 1.80 6.20 5.501 4.00 21 5.70
3 5.9 90 75 83 1.'0 5.60 5.32 3.83 21 6.00
5 6.2 89 70 8.5 3.80 6.20 5.11 3.65 24 6.10
7 H 81 60 8.0 2.70 5.30 5.15 3.-49 23 6.50
9 53 73 56 8.2 1.10 SJO 5.02 344 23 6,1)()

II 5.5 70 54 77 3.-10 4.90 01.8) l.·n 22 5.80
13 a 72 53 78 2.60 5.00 01.91 3.-15 22 5.80
15 53 66 52 7.0 2.60 4.90 01.901 3.38 23 5.30
17 5.3 64 49 7.7 1.'0 5.10 5.16 3,019 23 6.0U
19 H 93 70 8.3 2.80 5.10 5.19 3.58 24 6.60
21 4.7 44 33 7.6 2.30 1.40 5,30 3.93 22 5010
23 4.0 84 55 8.1 4.20 5.80 5,73 ·U2 18 4.10
25 3.• 26 I. 8.3 4,50 6.00 5.39 3.98 IS 3.60
27 3.8 23 16 8.7 2.80 4.80 4.63 3.17 IS 3.80
29 3.• 22 16 9.0 390 4.50 4.40 3.09 14 2.80

31.5 3.7 I. 14 8.• 3.80 ·UO 4.117 3.<J.l 13 lAO
34.5 3.2 19 14 9.4 400 4.30 4.20 2.98 12 2.70
38 3.U 18 14 10.1 4.50 ].70 3,57 2.62 12 3.00

·42.5 3.2 16 12 10.2 4.90 340 3,34 2.30 12 HO
475 2.8 IS 1I •.3 3.90 3.30 3,24 2.31 1I 1.90
52.5 2.5 14 1I 8.• 4.50 3.20 ],17 2.22 10 l.lK)
57.5 1.' IS 10 8.• 3.50 2.70 2.61 1.87 8 1.10
62.5 2.0 14 10 7.7 3.20 2.30 2.31 1.57 8 1.60
615 2.2 15 II 6.6 2.10 1.90 l.89 1.24 • 1.70
72.5 1.7 15 1I 5.3 2.80 1.50 1.47 0.90 7 1.50
77.5 2.1 15 1I 5.6 280 1.10 1.52 0.99 7 UO
82.5 2.7 16 12 5.6 3.10 1.70 1.60 1.01 8 1.90
87.5 2.6 IS 1I 5.8 2.60 LIJO 1.68 1.02 • Hll
lJ2.5 2.7 IS 1I 5.7 2.20 1.90 1.73 LU9 • 2.20
97.5 1.' 17 1I 6.4 2.80 1.80 1.67 L<J.l 8 2.10
102.5 2.3 17 12 7.0 340 1.70 1.... 1.07 • 1.80
107.5 2.3 18 14 7.6 3.70 1.60 1.62 LlI 8 2.50
112.5 1.' 19 14 8.2 3,90 1.60 I.'" 1.08 8 2.30
117.5 2.8 19 14 8.6 4.30 1.70 !.S8 0.99 8 2.90
122.5 3.3 19 IS 8.9 5.00 1.80 1.62 1.09 8 2.00
127.5 3.2 19 17 9.0 ·UO 1.80 1.54 0.92 8 1.80
132.5 2.8 19 14 9.0 4.50 1.60 1.45 0.96 7 1.90
1J7.j 3.2 20 I- 9.5 5.00 1.70 1.52 0.93 8 3.00
I·U.S 2.3 20 IS 10.6 5.60 1.50 1.42 0.92 7 2.50
H7.5 2.2 23 17 lO.6 5.00 1.40 lAl 0.91 7 l.60
152.5 2.9 24 17 11.3 4.70 1.40 1.42 0.92 8 2.30
157.5 2.8 24 17 I1.5 4.80 1.60 1.38 0.82 7 1.90
162.5 3.6 23 16 11.0 5.20 1.60 1.40 0.85 7 2.40
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2SB
Core LPl

Deplh Rb(I) Rb(2) Sb(I) Se(I) Se(2) Sm(l) Sr(2) Ta(l) Th(1) Th(I)
(eml (ppm) <fIPR\> (rem) (ppm) 'ppm) (ppm) (ppm) (ppm) (_,

(ppm)

I 81.0 7. 1.50 13.5 I·U 11.9 .8 1.20 1.70 8.7
3 75.0 86 UO 12.4 14.6 11.5 7. 1.30 1.60 8.6
5 92.0 81 1..10 13.8 14.9 1).6 77 1.50 1.90 10.0
7 83.0 87 1.30 B.9 15.0 11.3 77 1.<0 1.50 '.3, 771) 86 120 \40 152 III) 7. I In I'" '2
II 86.0 85 1.20 B.7 14.5 11.2 72 1.20 1.60 '.1
13 77.0 82 1.20 13.8 1~.7 ILl 75 1.20 1.60 '.2
15 79.0 87 1.10 13.5 14.1 10.6 7J 1.30 1.30 8.'
17 76.0 ~ 1.00 B.7 14.8 10.8 76 1.10 lAO '.3
I' 78.0 ~ 1.00 B.3 15.6 10.8 81 1.30 1.<0 8.'
1I 72.0 75 1.10 12.5 13' 10.6 71 1.20 1.<0 8.0
13 42.0 ~ 1.10 '.0 10.7 10.7 ~ 0.78 1.60 6.0
25 <0.0 <0 o.~ 10.0 '.5 12.2 ~. 0.61 1.90 57
27 38.0 38 0.S6 8.7 '.0 12.8 ~7 0.69 1.70 5.2
19 3].0 30 0.-41 8.1 8.7 B.I ~7 0.57 UK) U

31.5 28.0 2~ 0.36 8.1 8.3 13,3 ~ 0.52 1.90 U
34.5 16.0 32 0.30 7.8 8.3 135 .3 0.<0 1.80 ~.5

38 26.0 27 0.14 7.8 8.3 14.8 ~I OA3 2.10 ~.5

U5 25.0 28 lUI 7.6 8.2 1....8 3' o.so 2.10 U
~7 5 27.0 25 0.17 6.8 7.7 13.2 36 0.<0 1.90 ~.o

S2.S 2u.u I' 0.15 6.1 7.1 12.1 33 0.35 1.60 3.6
57.5 19.0 13 0.18 5.2 6.3 13.3 21 0.34 1.80 H
62.5 18.0 13 0.16 SA 57 11.0 2' 0.32 1.60 ].U

67.5 15.0 l~ 0.15 ... 5.3 H 30 0.23 1..10 2.8
72.5 !l.0 13 0.11 U ~.6 7.7 21 0.]0 1.10 1.5
77.5 17.0 15 0.14 5.0 ~.. ... 32 0.10 1.20 2.8
82.5 18.0 20 O.B 5.7 5.6 8.3 35 UA] 1.20 3.1
87.5 I7.U

"
0.16 6.' 5.' ... ~3 o.~ 1.20 3.3

9l.5 23.0 22 0.14 6.3 6.1 8.1 ~ {lAO 1.10 H
97.5 20.0 23 0.l4 6.2 6.2 '.0 _3 0.51 1.<0 3.5
t02.S 22.0 13 0.15 5J 61 10.3 37 0.24 1.<0 H
107.5 20.0 18 0.12 U 6.3 10.0 36 0.2] 1.<0 2.'
112.5 18.0 19 O.B 5J 6.6 10.9 36 0.31 1.S0 3.1
117.5 22.0 23 0.16 6.2 6.5 1].3 J~ 0.35 1.60 3.5
1ll.5 19.0 1I 0.14 6.' 6.8 13.8 37 0.22 1.80 3.7
127.5 12.0 19 0.18 6.7 6.6 IH 36 0.38 2.00 H
132.5 10.0 21 0.12 6.2 6.3 13.8 33 0.27 1.80 3.1
137.5 19.0 I' O.lS 6.' 6.8 15.0 37 0.35 2.00 3.6
142.5 17.0 18 0.18 6.~ 6..1 16.5 31 0.26 2.20 3.1
147.5 18.0 1~ 0.15 SA 6.~ 16.2 19 0.39 2.00 2.'
15U 13.0 11 0.16 5.3 6.8 16.6 32 0.29 2.30 3.0
157.5 23.0 18 0.21 5.8 7.0 18.7 35 O.~ 2.<0 3.2
162.5 24.0 17 0.18 6.6 7.0 17.4 3' 0.37 2.30 3.3
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Core LP1

Depth Ti(2) U(I) V(2) W(I) Y(2) Yb(l) Zn(l) In(l) In(J) Zr(2)
(em) (porn) (ppm) (ppm) (ppm) <ppm) (ppm) (ppm) tETro) (ppm) (ppm)

I '160 2.2 100 4.20 .5 2.90 660.0 5.7 ... 122
3 4308 2) 10) •.60 .5 2.90 520.0 515 ..5 125
5 ·nos 26 •• 3.80 .7 2.80 590.0 "'2 392 III
7 4336 2.3 '1 4.50 ... 2.90 510.0 .... J7S 126

• 04526 2.4 8-1 .... 50 ... 300 48U.0 .2• 357 130
II 4520 2.5 80 4.30 .2 120 4g0.0 ...3 3.7 IJ8
13 4549 H 81 3.70 .2 3.10 510.0 501 m Il.
15 "'3M 2.2 7' 2..50 38 290 420.0 ""2 32' III
17 ..56 2.2 72 <2 .1 2.80 250.0 258 20' 1JJ

I' 4395 2.3 71 <2 .5 2.70 280.0 252 207 III
21 .007 2.1 63 <2 .1 2.90 240.0 H8 lO! 126
23 2815 \.7 50 <2 .3 2.30 270.0 27J 221 90
25 2-428 L7 .1 <2 .5 2.70 240.0 226 178 J5
27 2165 \.6 38 <2 .7 2.50 180.0 200 152 70
2. 2to4 1.5 37 <2 ." 2.50 160.0 1.8 152 65

31.5 1999 1.5 J5 <2 .8 2.60 \-4(10 1JS HIS 60
34.5 1974 1.5 35 <2 ." 2.50 1.w.0 1J7 "8 5.
38 1839 \.6 3) <2 51 2.80 81.0 11' .8 5.

·U.s 18-11 \.6 32 <2 51 2.60 66.0 112 87 60
.75 1695 LJ 31 <2 •• 2.30 88.0 121 .7 55
52.5 1550 1.2 28 <2 ... 2.30 120.0 11. "I .7
57.5 1212 LJ 23 <2 .. 2.60 130.0 107 85 37
62.5 1218 1.1 2) <2 .1 2.00 69.0 .3 72 36
67.5 I24I 1.1 22 <2 ). 1.50 <50 90 71 )6
12.5 L085 0.• 18 <2 27 \.00 <50 70 ,. 1I
775 1222 \.0 20 <2 2. 1.30 53.0 6. 5. 35
825 I... 11 25 <2 30 \.80 63.0 J5 56 .)

87.5 I.... 1.2 25 <2 1I 2.10 84.0 90 6. ..
1J2.5 I6Q.I 1.2 26 <2 1I \.80 9!S.O 88 72 .5
97.5 15... 1.2 25 <2 ). 2.20 <50 90 70 ..
LU2.5 1489 1.J 26 <2 36 1.70 <SO ". 72 ..
107.5 1500 11 25 <2 "" 1.20 <SO 7) 58 .5
112.5 1508 11 25 <2 .2 L70 <SO 8) 62 .5
117.5 138) 1.J 25 <2 .. 2.00 ,".0 90 67 .)
122.5 1..7 LJ 27 <2 .5 2.50 54.0 82 5. ..
127.5 1)8-1 1.2 26 <2 .5 2."" 78.0 .. 68 .1
132.5 1310 1.2 H <2 .7 2.20 tlO.O 92 70 .1
131.5 1414 1.J 26 <2 SO 2.10 75.0 88 66 .,
142.5 1229 LJ H <2 55 2..50 68.0 102 75 ).

147.5 1183 11 2) <2 55 2.20 <SO 87 67 37
152.5 1289 1.J H <2 58 2.20 <SO 82 ... .1
157.5 1257 1.3 2. <2 5. 2.60 81.0 n 56 .1
162.5 1322 L. 25 <2 58 2.80 61.0 76 57 .)
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Core LP2

Dep<Jt Cd(21 Cd(J) CcO) C'(2) Co(l) Co (2) (0(3) er(l) (r(2) (r(2a)
(em) (ppm) (-) (\tif) (-) 'Wt$' (£Ell) (ppm) (Iu) ('tr') (')Y)

i i.k 1.5 US ()
J 1.7 I.~ ,-I<) 151 2-1-,0 2J IJ 61.0 57 57
5 U 1.1 1-10 129 23.0 22 lJ 51.0 ~7 -16
7 1.2 U.9 lJU IJ7 22.0 22 12 390 -16 ~~

9 U 1.2 12U 133 24.0 2J lJ 42.0 ~8 -16
11 U I.U 12U 129 10.0 21 12 -IO.U ~I J7
lJ I.~ 1.1 120 13. 22.0 22 12 32.0 -10 33
15 1.6 U 110 I3U 22.0 2J 13 21.0 J9 33
17 1.0 U.8 110 118 22.0 2. I~ 32.0 J6 JI
I' 0.5 UA 12U 122 no 23 lJ <15 3. 29
21 U.S 0,4 12U 127 25.0 26 15 17.0 JO 27
2J U.7 US 120 125 42.0 .1 2J <15 28 25
25 U.6 (H 120 127 37.0 35 211 17.0 2J 2U
27 0,5 0,3 un 135 48.0 ~J 27 <15 21 18
2. tU U.3 IJU I~I 51.0 -16 28 <15 18 16
11 U.• n.) 130 1~6 51.0 .8 1U <15 18 15
33 OA UJ I3U 157 55.a 51 J2 18.0 16 16
J5 U.J 1t.2 I.U 16U 45.0 -16 27 <15 17 16
J7 U.3 0.2 1-10 I" -1-7.0 ~7 29 17.0 17 15
J9 UA U.1 170 16J SoUl ~9 JU <15 16 15
~2.5 U.J O.J 15U 162 48.0 ~ 27 17.0 16 15
47.5 0.3 0.2 15U 16J 50.0 .6 28 <15 15 12
52.5 U.• U.J ISO 158 61.0 55 J~ <15 15 15
51.5 O,J UA IJO I" ~.O ~ 26 <15 ,. IJ
62.5 0.• oJ 14U 150 56.U ~. 29 <15 12 11
67.5 O.J U.2 IIU 122 11.0 17 , <15 12 II
72.5 U.2 U.2 75 89 8.7 10 6 <15 10 10
77.5 0,3 U.2 7. 91 7.9 10 6 <15 11 11
82.5 O.J 0.2 79 9J '.1 II 6 <15 15 12
87.5 U.S U.2 100 1-10 13.0 17 6 16.0 18 15
92.5 U.2 U.2 " 100 12.0 12 7 29.0 11 13
97.5 U.2 0.3 IIU 110 13.11 12 7 <15 lJ 12
102.5 U.J U.J 12U 117 12,0 12 7 20.0 1. 12
107.5 U.2 0.2 120 IN 11.0 II 7 <15 15 IJ
112.5 U.J O.J 120 132 ll.O II 7 <15 15 1~

117.5 U.J U.J I3U 1-10 8.• 12 7 35.0 16 I.
127.5 U.3 O.J 130 1'5 11.0 12 6 <15 16 I.
127.5 U.~ U.~ 1-10 1~7 9.J 12 7 23,0 15 I.
132.5 U.J UA 120 1~5 95 12 6 35.0 15 lJ
137.5 U.3 0.2 1-10 1-16 10.0 12 6 <15 16 I'
I·U.S O.~ 0.3 150 157 10.0 10 6 33.0 I~ lJ
1~7.5 0.• O.~ 1-10 156 8.1 10 6 <15 16 13
152.5 0.5 0.5 ISO I" 10.0 12 6 22.0 lJ 13
157.5 0.5 O.~ 130 157 8.2 10 6 26.0 13 13
162.5 O.J 0.3 1-10 ISO 9.~ 10 6 <IS IS I.
167.5 U.S 0.• 130 1.1 8.U 9 5 34.0 13 lJ
172.5 0.6 0.5 120 142 8A 9 ~ <IS 13 12
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Core LP2

Depth Cst!) Cu(2) CUI]} Dr (2) Eu(lj Fe{l) Fe (2) Fe(J) Ga(2) Hf(11
(em) ('\Y) Iltrl (ppm) 15"1 (p;rrl (%) (%) (0/.) (ppm) 1m)i l60 &.10 5.93 4.22 23

3 5.5 117 '16 8.1 3.00 6.00 5.S< ..l.US 2S 6.20
S 6.3 " 7S 7.S 3.60 S..I1l U8 3.63 2< 5.80
7 6.7 7J 61 7.7 3.30 S.20 -4.73 3.J2 22 6.60
9 5.8 7S 64 7.6 HII S.IO 4.91 ].6] 12 5.9<l
11 H 66 S7 7.1 I.IJO HII -Uti 162 12 cUtI
13 H 65 S3 7.• 2.60 -4.70 -1.67 3.31 21 5.9<l
IS a 67 S< 7.5 2.00 •.80 4..73 3.3-4 21 5.00
17 S.S 60 51 71 3.511 5.30 4.16 3.39 22 6.Ut)
19 S6 .3 3. 7.6 3.00 5.60 ..us 3."6 22 6.511
21 S.2 .1 32 H 2.70 S.~ S.12 3.64 20 5.60
23 •. 1 3U 22 7,9 2.50 6.10 5.76 4.25 15 3,40
25 3.7 2. 17 8.1 2.60 5,00 4.'11 3.80 16 3.211
27 3.8 21 16 8.6 3.9<l •.60 •. 53 3."6 I• 3.511
29 H 2U IS 8.7 -4.20 4.30 •.25 3.09 13 2.60
31 3.2 19 1. 8.9 HII 380 ....02 2." Il 3.00
33 3.2 19 15 9.5 3.9<l 3.80 3.85 2.72 13 2.30
JS J.U 18 I. 9.6 ..J.SO 3.80 3.93 2.75 13 2.60
37 3.1 19 I. 9.8 •.60 3.70 3.63 LS2 12 3.UO
39 ..l.U 19 1. 9.8 4.10 3.9<l 3.26 2.27 II 2.~

42.5 3.2 18 I. 9.8 .l.1ll 3.511 ].18 2.20 II 2.-40
US 3.U 16 12 ... -4.30 3.lO 3.18 2.26 10 ].10
52.5 3.1 15 12 9.U 3.80 ].30 3.23 2.3. II I.'X)
S7.5 23 I. 10 8.8 3.60 2.80 2.'16 2.03 10 1.80
62.5 1.9 I. II ... 3.611 2.70 263 1.80 8 1.80
67.5 2.1 1. 10 7.6 3.10 2.20 2.21 1.-&2 6 1.80
72.5 1.7 Il 10 S.9 2.20 1.511 1.61 1.02 5 1.30
n.5 1.9 1. II 5.7 1.9<l l.50 1.67 1.02 6 1.20
82.5 2.5 16 12 6.2 2.20 1.70 l.71 1.01 6 1.80
87..5 2.9 21 II 8.7 2.30 2.30 2.68 1.00 Il 2.60
92.5 2.9 1. II 6.1 3.10 2.10 1.86 1.08 8 1.')()
91.S 3.1 15 II 6.6 3.30 2.00 1.80 1.04 8 2.10
102.5 2.8 16 12 7.2 HU 1.80 1.68 1.04 6 2.10
107.5 2.• 17 ,. 7.9 UO 1.70 1.6] 1.09 8 3.00
112.5 2.6 18 I. 8.3 3.70 1.70 1.72 1.11 8 2.~
117.5 2.7 19 15 8.7 •.00 1.70 1.68 1.09 8 2.30
127.5 2.6 18 Il 8.9 3.80 1.70 1.67 1.06 9 2.00
127.5 3.U 18 I. 10.1 4.20 1.70 1.5. 1.03 8 2.<0
1l2.5 3.U 19 I. '.1 "-20 1.50 1.57 1.02 6 2.00
1J7.5 3.2 I' ,. ... -4.10 1.70 1.59 0.97 6 1.9<l
1.a2.' 3.2 2U '5 10.6 5.30 1.70 I.SO U.98 5 1.70
1.a7.' 2.5 21 16 10.8 3.80 1.511 IA7 0.95 5 1.70
152.5 2.5 22 17 11.8 6.10 1.<0 I... 0.92 5 1.80
157.5 2.8 22 16 11.3 5.50 1.<0 1..5 U.86 7 1.60
162.5 3.2 21 16 11.1 5.70 1.50 l.ol7 U.90 7 1.70
167.5 3.0 22 16 10.8 5.60 UO U8 0.83 6 2.00
172.5 2.5 23 19 10.8 .a. to 1.20 1.25 0.7.a 5 1.511
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Core LP2

Depth Hg(l8) K(2) La (I) La (2) Li (2) LOI Lu (I) Mg(2) Mn(2) MnO)
(em) \j;) (%) (ppm) (r;') (ppm) (%) 'gP,ff) ("10) ("10) </;6)

i Uk M.o :tid id.1 6.)] b.il
3 273 1.82 67.0 ,.

~5.5 18,9 0.63 0.71 (J.tS 919
5 220 1.93 60.0 50 50.6 16.3 0.71 lI.n 0.14 883
7 2201 1.99 61.0 53 50.8 '4.9 0.74 0.73 U.I-I Sol\)
9 262 2.01 51.0 52 49.1 (SA 0.60 n,?" 0.15 915
II 238 2.02 :56.0 .9 <6.9 14.0 0.58 (I.7l 0.14 887
13 237 1.90 52.0 .8 47.3 15.7 0.68 11.69 0.15 918
15 260 1.87 .9.0 .7 476 IS,'} 0.5-1 0.68 0,16 1U20
17 253 1.95 <6.0 .1 49.2 I·U 0.58 0.68 t1.16 WOO
19 2« 1.88 50.0 '3 50.3 13.6 0,.53 0.66 0.15 936
21 278 1.72 470 '3 48.1 16..5 0.74 0.61 0.16 979
lJ 589 1.a) ,no '2 31,9 28.8 0..57 0.36 0,19 1"'"
25 NA 0.90 <3.0 '3 3U 30.1 0.60 0.31 0.17 10'0
27 n, 0.78 <6.0 .. 29.6 ]1.7 0.60 11,27 0.17 107n
29 2SO 0.67 47.0 '5 27.8 33." 0.66 0,25 0.17 1050
II 277 u.61 015.0 '5 26.8 33.4 0.55 () 2] 0.17 1020
33 251 0.61 48.0 " 2tUJ JJ.2 0.054 0.23 0.17 1010
35 23J 0.58 45.0 .. 26.7 335 0.61 0.22 0.16 ..2
37 213 0,56 -15.0 50 26.2 32..5 0.38 0.22 lU6 "I
39 222 U.53 SUI '9 2<.8 34.0 0,49 0.21 0.15 ')-")

·u.s 208 0.56 51.0 '8 25.8 35.3 0.73 0.22 0.16 1020
~7.S 200 0.48 ~80 .. 24.0 33.7 0.56 0,19 0.17 IO~()

52.5 205 0,48 ~7.0 <7 22.8 36.2 n.S3 0.1'.1 0.17 1300
57.5 176 0.39 ~2.{) '2 20.2 35.1 u.S~ 0.15 0,15 ~'}I}

62.5 171l 0.29 ~S.O '2 15.3 39.'J 0.~2 0,12 n.15 879
67.5 175 0.32 ~O.O 39 18.0 '1.9 0.38 0,13 O.I~ ..7
72.5 172 <us 29.0 31 I3A 'U.8 lJAO n.ll 0.1.1 726
77.5 165 0.36 ]0.0 32 18.4 ~7.1 0.30 tUS 0.13 801
82.5 16< O.~S 29.0 JJ 21.8 ~].O 0,25 0.18 0.12 70S
87.5 127 0.83 35.0 '8 no 3L5 0.33 0.]2 0.19 S03
92.5 116 0.57 ]5.0 JJ HA 51.8 0.]7 0.22 u.ll 810
97.5 135 0.50 38.0 27 22.0 53.7 0.30 0.20 0.13 763
102.5 1<3 0,45 ~3.0 39 21.7 50.0 0.38 0.18 0.12 691
107.5 170 0,42 ~5.0 .. 21.7 ~3.5 tU3 0.17 0.11 619
112.5 167 0.50 ~5.0 .6 23.9 'U.• 0.~7 0.20 0,10 589
117.5 177 0.~8 ~9.0 " 23.6 .1.9 0.51 0.20 0.09 565
1275 15' 0,48 -47.0 " 2~.7 ~~.I 0.48 0.20 0.10 575
127.5 162 0... -49.0 " 23.8 .5.2 0.•3 0.18 0.09 57.
lJ2.5 156 O,~3 ~5.0 so 2lA 43.7 0.30 0,18 0.09 5'U
137.5 166 0.-18 51.0 52 14.2 ... 1 0,50 0.20 0.09 531
1.2.5 17. 0.39 60.0 57 211 ~1.6 0,48 0.17 0.09 505
1.7.5 178 0.38 60.0 59 19.2 37.6 0.62 0.16 0,08 <60
152.5 17< 0.39 62.0 65 19.3 38.8 0.65 0.16 0.08 .83
157.5 157. 0,49 59.0 61 23.9 -10.3 0.65 0.20 0.08 51J
162.5 115 0.52 60.0 60 25.6 ~2.1 0.73 0.11 0.09 5.8
167.5 116 0.50 57.0 58 25.2 39.7 0.70 0.21 0.08 506

172.5 123 0.-10 55.0 59 211 • 5.2 0.68 0.17 0.08 55•
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Core LP3

corelPJ Dcp<h Ag(6) Al(2) AsIII Au (I) BaO) Ba(2) Be(2) Br(l) Ca (2)
Sample # (cm) (WI (%) <ppm)

\;1
('l'ir) (~) (§IT) (lfS) ('Yo)

[p:HiUOi j g.M §,i o,:m
LPJ-006 5 0.3 7.36 8A 8.6 .80 503 3.9 2.J.6 0.38
LPJ..008 7 0.3 7.51 8.2 8.6 .80 509 3.8 21.8 0.38
LP3-tIlO 9 0.2 7.52 8. 9.0 530 517 3.7 19.0 0.38
LPJ-t1l2 II 06 7AI 8.6 7.8 5.\0 52.J 38 18.0 0.38
LP3-u1.J Il u,5 7Al S.5 :5.3 .\\'0 51g 3.7 17.11 u.3'J
LPJ-t)l6 \5 0,5 7A9 10.11 7.9 580 m 3.' 19.0 0.39
LPJ·OIS 17 <0.2 7.33 8.0 5.• ~5tl .\8l 3.8 17.0 0,35
lP'J-t)2U I' <tl.2 7.1.J 8.2 •.6 .\00 ....9 3.8 19.0 O,3~

LPJ-022 21 0.2 5.67 11.0 '0 310 3.\7 •. 2 32.1 (J.27
LPJ-02.J 2l <0.2 .J.99 12.0 8.0 280 290 H 3S.6 0.23
LP3-t)Jtl 27 <0.2 4.61 II.U 3.5 2.\0 252 H 31.9 0.21
lPJ-t)JS 32.5 <0.2 ·US 6.0 5..\ 190 230 •.2 )7,8 0.21
LP3.o.w 37,5 <0.2 ·1..21 '.2 38 180 216 .J,2 ·H.S 0,20
LPJ-<MS .J2.S <0.2 .. A2 8.9 <2 1'/0 209 •.3 +1.1 0,20
LPJ-tl511 ~7.S <0.2 +A8 7.7 <2 180 207 .3 39.6 0.20
LPJ-oS5 52.5 <0.2 .J.09 H <2 \50 I'" 3.8 .JS.S tl.20
LPJ.<J6<l 575 <0.2 3.70 6.3 <2 1.\0 153 3.7 4S.2 0.19
LPJ·065 62,S <0.2 3.3.J 5.7 2.8 )20 13') 12 67.7 lUI
L?3-o70 67.5 <0.2 3.17 3.' <2 1.\0 139 2.9 n,2 0,21
LPJ-075 72.5 <0,2 2.65 2.6 <2 110 III 2. 80.6 0.22
LPJ.o8t1 77.5 <0.2 3.11 3.0 <2 150 159 2.6 81.1 0.23
LPJ-085 82.5 <0.2 3.~1 2.' <2 I.\(' 176 3.0 76.3 0.25
LPJ-O'/O 87.5 0.2 3.5.J 2,9 <2 170 \71 2.' 12.2 0.26
LPJ-095 92.5 0.2 3.68 3.8 <2 130 17.\ H 67,.J 0,28
LPJ·too 97.5 0.2 3.86 3.2 <2 1.\0 195 3.6 655 0.28
LPJ·105 102,5 0.2 3.90 3.5 <2 130 19\ •.0 60.• n.28
LPJ·tlll 107.5 0.2 3.85 H <2 170 185 •.3 60,1 n.29
LPJ-115 112.5 0.2 3.12 3.3 <2 1.\0 \76 • .5 63.7 n.29
lPJ·120 1I1.S 0.2 3.81 H <2 170 \91 U 59.\) 0,30
lPJ.. 125 122.5 0.2 3,78 3.5 <2 170 185 5.2 62.8 0,31
LPJ·t30 127.5 0.2 3.83 H <2 130 181 6.1 55.3 0.30
LPJ-135 13U 0.2 3.70 •. 1 <2 ISO 17\ 6.7 59,.J 0.29
LPJ-I.\O 137.5 0.2 3A9 3.3 3.1 150 172 6.7 55.6 0.29
LPJ-I.JS 1.J2.5 0.2 3..... 3.1 <2 160 \78 6.8 5.J.2 0,30
LPJ-150 t.J7.5 0.2 3.13 3.7 <2 110 15.\ 7.3 .J9.6 0.27
LPJ-155 152.5 0.2 3.01 3.5 3.\ \30 \.\8 7.5 .8.6 0.27
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Core LP3

Depth Cd (2) CdO) Cc(l) Ce(2) Co(l) Co (2) Co(3) Cr(l) Cr(2) Cr (2a)
(em) (W) ('(Y) (~I (ppm) (ppml (ppm) (WI ff1P lJtj"1 (ppm)

j 132 20.0 i2 38
5 1.4 1.2 130 128 19.0 22 14 ~1.0 -16 43
1 1.6 IA 130 114 l8.0 22 14 4"0 53 43
9 IA 1.2 IJO 119 17.0 20 13 50.0 -16 40
II IA 1.2 IJO 111 19.0 21 14 4\.0 63 60
13 1.4 1.2 120 120 17.0 20 13 2to '1 '2
15 I.J LI IJO 121 20.0 24 14 20.0 J5 30
11 0.6 0.6 110 119 17.0 22 14 23.0 61 65
19 OA 0.5 110 123 18.0 23 14 16.0 31 25
21 0.8 0.6 120 )24 28.0 30 18 21.11 31 26
2J U.S 0.6 120 126 26.0 28 11 11.0 22 19
21 0.6 0.5 120 130 no 34 20 <15 20 16

32.5 OA OA 120 137 3".0 40 25 <15 11 IJ
37.S 0.4 0.3 IJO 142 35.0 39 23 18.0 15 13
42.5 n." 0.3 140 153 35.0 39 24 <15 16 IJ
47.5 0.3 0.3 140 158 31.0 31 22 <15 18 13
52.5 0.3 0,3 130 150 31.0 36 21 <15 14 12
57.5 0.3 0.2 120 141 25.0 30 19 <15 IJ II
62.5 II." 0.3 l2n 132 18.0 20 13 <15 12 8
675 11.3 0.3 110 115 94 II 1 <IS II 1
72.5 n.) 0.2 69 83 5.5 1 5 <15 , 6
n.5 0.3 0.2 84 93 1.1 1 5 <15 12 8
82.5 u.3 u.2 '3 105 5.8 10 6 <15 IJ 9
87.5 UA 0.3 100 105 6A 8 5 <15 II 8
n.s 0." 0.3 110 129 10.0 12 8 11.0 13 ,
91.5 0.3 0.3 110 123 6.8 10 5 <15 12 IU
102.5 UA 0.3 110 135 8.9 10 6 <15 IS 10
107.5 U.4 0.3 110 143 1.6 10 6 <15 14 10
112.5 1)..4 u.3 110 144 9.1 10 6 17.0 II ,
111.5 0..4 0.3 120 1-16 1.9 II 6 <IS 12 10
122.5 0.4 U.3 13U 150 '.3 10 6 <15 13 to
127.5 0.6 OA 130 164 1.1 II 6 19.0 IJ 8
132.5 u.S U.4 140 161 \1.2 II 6 21.0 13
137.5 0.5 0.4 130 158 U 10 6 25.0 II
(·U.S 0.5 0.4 120 154 1.1 10 5 <15 13
147.5 u.S 0.4 110 ISO 11.0 13 8 <15 12
152.5 0.5 0.4 110 148 9.2 12 1 17.0 12
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Core LP3

Depth Cstl) Cu(2) Cu(]) Dy(2) Eu(1) Fe(l) Fe (2) Fe (3) Ga(2) Hf(I)
(em)

I~,t
(ppm) (ppm) (ppm) (ppm) ("to) (%) ('¥o) (1ft) Ippm)

j iji 97 8.1 lid 5,86 iOik 4J5 Koo
5 SA 86 63 7.6 3.10 5.10 ·us 3.81 23 6.40
7 5.0 82 62 7.8 3.30 ao 4.86 3.n 14 6.20
9 4.5 69 52 75 J.20 ao 4.67 3.49 2J 6.tkl
II 4.3 63 46 7.7 1.40 4.60 ·US 3..lJ 2J 5.80
11 4.5 64 47 7.9 2.60 4.60 4.62 3.57 24 6,00
15 U 64 43 7.8 2.'/0 4.90 5.11 3.5-10 2J 6,20
17 4.1 45 31 77 2.20 ....6tl 4.H2 3.63 12 5.90
19 n 41 30 78 2.50 4.60 .... 76 3.66 21 5.80
21 3.3 35 ,. 8.0 2.50 5,20 4,98 3.74 I' ·no
13 1.9 30 10 8.3 3,50 4.90 .J.72 3.52 16 ].90
27 1.6 24 16 '.7 3.90 ·UU ·U4 1.91 Il 2.70

32.S 1.4 21 14 9.1 3.30 HO 3.71 2.57 12 2.50
315 2.6 19 13 9.1 3.70 HO 3.56 2.43 12 2.80
·U,S 2.6 18 Il 9.6 .J.1tl 3.30 3.39 2.37 Il 2.80
47.5 1.7 18 12 9.8 ],50 3.00 3.21 2.11 12 2.oM)
525 1.1 15 \I 9.1 3.60 2.80 3.01 2.05 III 2.70
57.5 1.1 21 10 '.6 ].80 2.50 2.n US9 9 Uti
62.5 20 13 10 7.9 3.30 2,10 2.21 1.40 8 2.00
67.5 1.8 Il III 7.3 2,70 1.80 1.18 I.OS 6 1.40
n5 1.0 Il 10 5.5 2.80 ).20 1.38 0.85 5 LSO
77.5 1.6 15 II 59 2.70 1.50 UI 1.06 6 I.SO
82.5 I., 16 12 6.8 2.40 1.50 1.69 1.06 8 2.30
87.5 1.6 16 12 6.7 2.80 1.50 1.64 0.99 " 2.30
92.5 1.8 17 12 7.9 2.60 UO 1.61 11.99 , 2.10
97.5 2.1 19 14 7.8 ].30 1.60 1.68 1,00 9 2.40
102.5 2.1 I" 14 8.6 2.50 1.60 1.68 1.06 8 2,lO
107.5 I.' I" 14 8.7 3.10 1.50 1.64 \.04 7 2.40
112.5 I., 19 14 9.0 2.40 1,30 1.58 1.05 5 1.20
117.5 2.2 19 Il '.3 3.60 1.50 1.69 1.01 , 2,·40
122,5 2.3 21 15 '.9 5.10 1.40 1,67 1.05 7 2.00
127.5 1.6 21 " 10.7 3.70 1.60 1.90 LHI 7 1.50
132.5 I., 25 17 11.4 5.00 1.50 1.79 US 6 1.30
137.5 2.1 13 17 11.3 4.00 1.20 1.57 0.98 6 2.00
1.(.2,5 I., 23 17 11.5 4.80 1.40 l.55 0.9.(. 7 2.30
l.(.7.5 U 23 16 1l.4 3.60 1.40 1.72 1.09 6 1.00
152.5 1.7 24 17 11.9 3.30 1.20 1.58 0.98 7 0.70
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Core LP3

Depth Hg(\81 K(2l La (II La (2) Li(2) WI Lu(l) Mg(21 Mn(2) Mn(3)
(em) (ppbl (%) (_I q~n) Ml ('Yo) (!1Rfl ('Yo) (%) tm')

j 26k Uk 59.6 liz ii.7i d,l]
l 228 1.<JO 56.0 lO 51.0 16.3 1.00 0.11 0.13 877
7 W 1.89 53.0 4l ~8.9 16." 0.89 0,72 0.14 926
9 133 1.92 52.0 47 48.1 l·tS 0.86 0.72 0.14 872
11 DO 1.87 48.0 43 47.8 14.5 O<JO 0.71 0.15 '!'JI
13 210 1.<JO .JIUl 4l -lIs.! I·U o.gS 0.68 u,15 944
Il 210 1.'.15 41}.a 43 50.8 14.5 0.95 0.71 0.16 LOW
17 221 1.83 42.0 43 50.6 13.4 0.79 0.64 0,15 ,-.
19 219 1.76 39.0 43 49.S 1",.6 064 06] 0.15 m
21 346 1.22 41.<1 43 37l H.5 0.78 0.43 0.17 947
2J 409 0.94 42.0 44 31.5 28.7 0.72 0.32 0.17 96l
27 34' 0.16 42.() 4l 28.3 30.8 0.68 0.27 0.17 91J

J2l 317 0.64 41.0 46 21.0 no 0.66 0.22 0.16 949
37.l 246 0.57 42.0 41 26.2 3).1 0.72 0.11 0.16 ')72
42.5 22J 0.55 ·no 48 26.3 32.0 0.62 11.21 0.16 970
47.5 203 0.54 41,0 48 26.8 ]2.6 0.66 0.21 0.16 960
52.5 190 UA5 39.0 44 23.0 3l.2 0.61 a.III 0.16 92'.1
57.5 176 0.34 35.0 42 19.2 34.8 0.50 0.15 0.14 854
62.5 161 0.28 34.0 40 157 40.5 0.36 0.13 0.14 824
67,5 178 (l.lS 34.0 J7 15.6 40.2 OA5 0.12 0.12 741
72.l ISO 0.25 25.0 30 12.9 40.5 0.31 0.11 0.10 697
77.5 19n u.33 29.0 33 17.6 40.4 U.34 u.14 \1.10 696
82.5 1-. 0.37 32.0 39 20.1 4<l.7 0.44 11.16 0.11 69H
87.5 184 0.3H 3S.tl J7 19.9 ~O.2 0.~6 0.16 0.10 634
92.5 ISO 0.36 38.0 4l 19.6 ~1.4 t1.40 0.15 0.10 630
97.5 1'4 0.44 38.0 44 23.~ 39.1 0.~5 0.18 0.09 596
102.5 190 0.43 ~I.O II 23.2 39.4 O.SO 0.18 0.09 573
107.5 199 0.39 40.0 50 20.9 38.8 0.55 0.16 0.09 l78
112.5 188 0.35 400 56 19.8 399 0.~3 0.15 0.09 5.2
117.5 178 0.39 44.0 53 22.2 39.7 046 0.17 0.09 516
122.5 1<JO 0.36 ~7.0 56 21.5 39.8 0.57 0.16 0.09 5Jl
127.5 180 0.36 ~7.0 63 20.6 38.7 0.55 0.16 0.09 5U3
132.l 178 0.34 53.0 63 18.8 36.2 0.72 0.15 0.08 487
137.5 ISO 0.34- SO.O 62 19.4 36.0 0.60 0.15 0.08 m
142.5 163 0.37 l2.0 64 20.6 35.8 0.69 0.16 0.08 m
147.5 146 0.29 ~9.0 62 17.0 3~.6 0.52 0.13 0.08 467
Il2.l Il8 0.28 45.0 63 16.2 34-.1 0.60 0.12 0.08 416



271

Core LP3

Depth Mo(2) Mo(S) Na(1) Na(2) Nb(2) Ni(2) Ni(3) P(21 !'b(2) !'b(3)
(em) II¥") (EY) ("10) ("to) (ppm) ('Y) (ppm) !I) (ppm) (Itr)

j i.i6 US i5 B J19
5 5 1.70 lAS 16 2" IJ 1'801 3•• 306
1 " 1.60 I."" 11 21 1" 2106 "85 381
9 5 L80 1,54 11 2J IJ 21~8 ""3 36"
11 " L7t1 1.51 11 11 IJ 2803 312 262
lJ " 1.70 1.50 11 -10 lJ 2516 m 2'};
15 " 1.70 U6 18 22 12 JI-IO 262 200
11 " 160 IA9 18 3. 10 2355 138 .).
i' 3 1"'0 IAI 11 I' 10 1917 11" 86
21 " 3 1.10 0.99 10 I' • 2U75 111 121
23 " 3 0.86 0.75 8 1" 1 2026 153 I,,"
21 6 3 0.70 0,63 1 13 5 1914 i1" '"32.5 6 " u.61 0.5" 6 12 5 1765 801 53

31.5 6 " 0.53 11.49 6 11 " 1733 5" 31
42.5 6 " 0.50 0.41 6 10 5 1665 38 21
47.5 6 3 n."& 0.47 6 • " 1587 30 II)
52.5 6 3 0.41 0,39 5 • " 1634 2" 11
57,5 6 3 0.30 lUI 3 8 " 1560 21 16
62.5 5 3 0.26 0.26 2 1 3 1658 11 12
67.5 5 3 0,26 n.24 3 6 3 1789 IS 11
12.5 " 3 0.22 0.21 2 6 3 1887 • 1
775 5 3 0.28 0.27 3 6 3 22JJ 6 6
82.5 5 3 0.3] 0.]1 " 6 3 2437 8 1
87.5 6 3 0.33 (1.31 5 1 3 2392 1 1
92.5 6 3 0.31 0.29 3 • " I ..HI 1 •97,5 6 3 0.37 0.36 5 1 3 2-1]2 • 1
102.5 6 3 0,35 0.33 3 1 " 25..8 6 •107.5 6 3 0.29 1).21) 3 • 6 2628 • "112.5 5 3 0.24 0.26 3 1 6 2693 6 •111.5 5 3 O.lO 0.30 3 8 3 2622 6 •122.5 5 3 0.28 0.21 3 1 " 2189 1 •
121.5 6 3 0.27 0.27 3 • 3 2'118 • •132.5 6 " 0.28 0.15 3 8 " 3DI 10 10
137.5 6 3 0,26 0.25 3 1 3 3,,"" 8 •
'·U.S 1 " 0.27 0.21 2 8 " 2900 11 •I·ns 6 " 0.21 0.22 2 • " 2815 10 11
152.5 6 3 0.19 0.20 I 8 " 2801 15 11



272

Core LP3

Depth Rh(l) Rh(2) Sh(l) 5c(l) Sc (2) Sm(1) Sr(2) Ta(l) Th(l) Th(l)
(em) Wt'if) (~'» (ppm) (ppm) (ppm) (ftif) (ppm) (ppm) (ppm) (ppm)

] Do il7 12.6 73 U6 1.86 8.7
5 'lO.0 86 1.20 I·U 12.9 14.0 69 1.30 1.60 10.0
7 88.0 86 1.20 1·'.1 13.2 13.2 66 1..\0 UO 9.1
9 95.0 87 1.20 l-l.t} 13.4 13.0 70 160 1.60 10.0
11 85.0 82 1.00 I·U 13.4 12.7 69 1..\0 1.60 92
13 lB.O ... 1.10 U,S 13.6 12.4 72 LSO 1.40 9.3
15 86.0 80 UO 1....9 14.2 13.0 72 1.50 1.50 10.0
17 79.0 79 0.86 13.1 13.7 12.n 69 L.\O 1.50 "."19 80.0 n 0,95 tl.7 13.1 12.0 67 1.30 1..\0 "."21 61.0 "9 1.30 11.2 10,4 12.3 "9 0.9-10 1.60 6.6
23 47.0 "3 0.'lO H 9.0 131 .\0 0.75 1.10 5.5
27 39.0 33 0.54 8.2 8.2 13.6 3" 0.53 1.80 H

]2.5 29.0 30 035 7.3 7.7 13.5 J3 0.50 1.60 ".1
37.5 26.0 25 11.28 7.6 H 15.0 31 0.60 1.'lO ".3
42.5 31.0 H 0.21 7.3 7.5 15.7 31 0,54 1.'lO ".2
41,5 20.0 2" 0.21 7.1 7.5 15.5 32 0"" !.YO ·u
52.5 22.0 H 0.15 6.1 6.1 14.2 29 0.]2 1.80 3.9
57,5 16.0 17 0.13 H 5.9 13.4 26 n.·n 1.70 3,2
62.5 12.0 12 0.16 H 5.1 13.1 25 0,28 1.60 2.9
67.5 1"0 15 0.10 U P 11.5 25 0.23 I."" 2.8
72.5 H II 0.08 3.6 3.8 8." H 0.37 Ull 2.3
n5 17,0 13 0.10 ".5 U 10.0 28 O.HI 1,10 2.6
82.5 19.0 13 0.10 U "9 11.0 JI U.27 1.30 2.9
81.5 18.0 15 0.13 5.2 51 11.9 31 0.25 I."" 2.9
'12.5 16,0 15 n.11 51 5.2 13.0 J2 0,21 \.40 2.9
91.5 26.0 18 0.12 5.5 5.1 13.2 3" 0."'; 1.50 3.2
102.5 11.0 19 0.14 5.5 5.9 I·U 33 0.4] 1.50 32
107.5 16.0 8 0.13 5.1 5.1 15.2 31 0.34 1.80 3.0
112.5 18.0 16 0.14 H SA L6.7 30 0.45 1.70 29
117.5 26.0 19 0.11 5.5 5.8 16.9 32 0.23 1.'lO 3.1
122.5 18.0 I" (l.15 H 5.8 18.0 JI 0.26 2.10 1.<J
127.5 15.0 16 0.11 5.3 6.1 18.0 30 0.34 2.00 2.8
132.5 (S.O 1" 0.16 5.5 5.9 20.S 29 0.10 2.30 3.11
137.5 11.0 15 0.15 5.0 5.8 19.7 2" 0.34 2.20 2.6
1"2.5 14.0 I" 0.16 5.3 5.9 198 30 0.34 2.20 2.5
1"7.5 17.0 12 0.15 U 5.6 18.9 25 0.10 2.30 H
152.5 11.0 I" 0.\6 H 5.6 18.4 26 0.23 2.10 2.1



273

Cote LP3

Depth Ti(2) UO) V(2) WO) Y(2) ThO) loO) lo(2) Zn (1) bm
(em)

~Wi) (~) (~) (ppm) <'1;") <P;) (ppm) (£l,T) 'W;) <ppm)
j t.16 750.6 123
5 «01 2.3 98 3.SO "3 6.00 660.0 ""8 385 139
7 ""lJ 2.1 97 3.50 "I 5.90 5SO.0 "55 393 I~

9 451S 2.2 88 3.SO "I 6.10 530.0 372 lIu I""
II ....... 2.2 81 3.90 "I 5.60 soo.o ""I 338 I""
13 -I6ll6 2.3 OJ l.W "I 5.50 """.U J76 m L"7
15 4734 H LI-l 2.40 "2 5.50 500.0 m 1SS 1"7
17 4454 2.1 72 <2 "2 S,W )30.0 297 251 Il7
19 "2n 2.1 67 <2 "2 4,60 260.0 216 191 1"3
1I 3025 1.8 55 <2 "2 5.10 290.0 227 L88 1U5
23 2",," 1.6 -16 <2 "" 5.30 220.0 2U7 m 83
27 2188 1-" 39 <2 -16 ".80 190.0 159 IH 67

ll.5 19L1-l 1.I JS <2 -16 3.60 120,0 119 % 62
37.5 1839 l.l 33 <2 "9 4.30 100.0 IlIU LI-l 60
42.5 1837 I." 27 <2 52 4.20 <5U 9" LI-l 60
47.5 1851 I." )) <2 52 ".60 76.0 89 7U 60
52.5 10"2 l.l 30 <2 "8 3.90 <50 92 76 51
575 130" I.U 25 <2 "7 2.go <5U 79 68 "5
62.5 11118 1.I 23 <2 "2 2.60 <50 75 63 ""675 lI·n U.9 2U <2 J8 2.\Kl 59.0 57 "7 J8
72.5 96U U.8 17 <2 29 2.00 <50 "" "" 1I
n5 1201 U.9 2U <2 31 1.80 <50 "" 36 "2
825 1JS7 I.U 2J <2 3" 2.10 <50 "7 38 "2
81.5 1320 I.u 23 <2 15 ],10 ....U "5 "2 -16
92.5 1266 1.1 23 <2 "" 2.90 <5U 70 55 ""97.5 IW 1.I 25 <2 "" 3.30 <50 54 39 51
102.5 lJ78 1.I 25 <2 "3 3.30 <50 58 "I 50
1U7.5 1221 I.l 14 <2 "7 2.70 <50 62 -16 ""112.5 1130 1.2 12 <2 50 2.30 <50 53 38 "I
117.5 1236 1.2 2" <2 51 150 <5U 59 "2 -16
122.5 IISO 1.2 2" <2 5" 3.60 <50 62 "7 "3
127.5 1153 I.U 25 <2 59 4.20 <50 77 59 "5
132.5 1U81 1.1 24 <2 61 3.90 55.U n 61 "I
137.5 1050 1.I 2J <2 60 3.80 <50 62 51 39
I·U.S 1073 1.I 2J <2 61 4.50 <50 52 38 "2
I·H.S 914 1.I 21 <2 60 3.80 <50 69 55 35
152.5 899 0.9 18 <2 61 3.60 <50 80 0" 36



Core LP4 274

core LN Deplh Ag(6) AI (2) As(\) Aull) BOl(l) &(2) Be (2) Bf(1) Ca(2)
SampJe# (em) (ppm) (%) (rg]m) (ppb) (ppm) (ppm) (ppm) (ppml ("10)
tP;UkJOi 2 6.1 g.g; 11.6 :n6 19k :t.i 219 oJ!
LN-006 5 0.7 6.1J~ 8.• 11.0 .llO ••5 a 22.5 tlAO
LN-<108 7 0.2 7.32 7.7 8.1 ~ .90 3.9 20_1 0.38
LPoUIlO 9 U.3 7.50 7.5 57 .8U .76 3.9 IIJ.() 0.36
LP.J~13 11.5 U.3 7.50 8.6 7.5 .8U 506 3.8 IIJ.() 0.37
LN.·uI5 I. U.3 7.43 7. 5.7 .8U ~'J'J 3.7 17.0 0.39
LP.J-{)17 16 0.8 H6 7.9 7.6 ~U 535 a 16.0 0.38
LN-OI'J 18 0.3 7.~ 8.5 6.1 520 5H 3.7 17.0 0,38
LP-I·021 2U <0.2 7.... 7.6 3.9 .50 .73 3.8 15.0 n,35
LP.J-023 22 <0.2 7.32 72 U ~ .3. 38 16.0 0.3-1
LP-I-025 2. <0.2 7.12 H 3.8 35u -132 3.8 17.0 0.33
LP4-027 26 U.2 566 12.0 '.1 320 351 U 29.7 0,27
LP.J~30 28.5 0.2 5.UI 11.0 10.0 2.u 21J1 •.3 ]4.3 1I.2l
LP-I·()]5 32.5 U.2 -1.50 10.0 3.1 230 W H 37,1 (J.19
LP-I-()4() 37.5 0.2 ~.IIJ 8.2 <2 IllO 22U -1.2 ]8.8 (J.I'J
LP~~5 -12.5 <0.2 -1.]4 8A JA 190 2U9 •.3 39.9 11.19
LP~~50 -11.5 U.2 -1.]9 7.9 <2 170 2UO •.3 -10.7 lU9
LN-055 52.5 0.2 ~.12 6.9 <2 I~) 182 3.9 ~1.5 (J.19
LP-I-060 57.5 <0.2 3.57 57 <2 I(J(I 1.8 3.6 47.2 018
lP-l-065 62.5 <0.2 3.27 H <2 100 136 J.l 58& 1).2n
LP~-070 67.5 U.2 3.06 3.1 <2 92 139 2.8 69.8 lUI
LP-I-075 12.5 U.2 2.71 2.5 <2 12U 1.3 H 82.6 0.21
LP4-{)80 71.5 0.2 J.l5 ].U <2 110 158 2.7 78.9 n,2l
LPoUI85 82.5 0.2 3.52 31 <2 100 119 3.U 73.7 0.2~

LP-l-09U 81.5 U.3 ].48 3.1 <2 I2U m 3.1 66.• 0.25
LP~-{)1J5 87.5 0.3 3.61 H <2 l.u I~ 3.3 68.9 0.27
LN-IOO 91.5 U.3 ].82 2.6 <2 160 195 3.8 63,1 tU8
LN·105 102.5 U.3 3.n 3.3 •. 1 18U 181 4,0 59.2 0.28
LN-1I0 1U7.5 U.3 3.85 3.3 <2 160 190 •.3 56.1 0.29
LN-IIS 112.5 U.3 ].78 2.9 <2 15U 119 •.6 55.6 0.28
LN-12U 1115 0.2 3.70 30 <2 110 183 U 55.1 0.]0
LN-125 122.5 0.3 3.~ H <2 150 189 5.0 6H 1l.30
LN-110 121.5 0.2 3.69 3.2 <2 150 118 5.5 59.0 0.30
LN-135 132.5 0.3 3.68 H <2 160 111 6.• 59.7 tJ.29
LN-l.u 1J1.5 0.2 3.55 3.2 <2 150 111 6.6 56.0 0.28
LN-I-IS 142.5 0.2 3.39 2.8 <2 130 112 1.1 5V 0.]0
LN-I50 147.5 0.2 2.99 3.2 <2 100 150 8.1 48.0 0.21
LN-155 \52.5 0.2 2.91 3.6 <2 130 l.u 8.3 ~.I U.26
LP4-160 \51.5 0.2 2.72 2.1 <2 100 136 6.6 52.~ 0.27
LP4-16S \62.5 0.2 2.91 2.8 <2 130 13< 7.2 5H 0.30
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Core LP4 276

Depth Cs(ll Cu (2) Cu(3) Dy (2) Eu (I) Fe(l) Fe (2) Fe (3) Ga(2) Hfll)
<em) (ppm) (ppm) (ppm) (ppm) (ppm) (%) ('Vol ('Vo) (ppm) (ppm)

2 4.0 144 1b6 «.1 lAd 5.76 Kit lkJ 22 4.46
5 u 120 86 7.7 2.10 4.'lO 5.37 4.23 21 540
7 .. 83 59 76 2.50 ~.50 4.TI 3.61 22 5.70
9 5.0 78 57 7.0 3.10 4.40 .l.7) 3.74 22 5.50

11.5 4.3 74 54 6.8 2.20 oJ,,,"} 4.TI 3.59 23 5.20
(4 4( 03 ... 1.t! 2.60 4.10 4.50 3A8 13 580
16 4.0 6-1 45 7.0 1.'lO 4.20 4.70 3.51 13 5.50
18 4.2 54 37 6.3 1.80 4.311 4.81 3.57 13 5.50
20 .1..3 45 32 7.0 2.90 4.20 4.75 3.63 22 5.60
22 HI 41 30 6.7 2.00 ·HKI 4.67 3.42 23 5.50
24 4.0 39 28 7.0 2.90 4.00 ....6~ 3.31 22 .... 70
26 3.5 35 25 7.5 1.60 ·un 4.74 3....7 17 ].80

28.5 2.7 28 20 8.0 2.00 4.10 4.56 3.10 15 J....O
325 2.9 33 15 8.' 2.1)0 3.-10 4.02 2.58 (J 2.70
37.5 1.8 20 13 9.2 3.50 3,20 3.57 2.29 II 2.50
·U.s 2.7 18 13 9.7 l,OO 2.90 3.30 2.21 10 2.80
475 2.2 17 12 '.8 3.20 2.80 3.11 2.05 II l.50
52.5 :U 15 II 9.3 1.91.1 2.40 2.94 1.97 10 2.30
57.5 1.7 14 10 8.5 2.50 2.10 lAS 1.66 7 J..IO
62.5 1.5 12 10 7.8 1.70 1.80 2.10 1.3] 7 lAO
67.5 1.1 22 III 6.' 2.30 1.60 1.76 1.09 7 \.10
72.5 U 12 10 5.4 LSD 1.20 1.4l H.86 6 1.30
TI5 U 13 10 6.2 2.10 lAO 1.56 0.'13 7 un
82.5 1.9 15 II 6.8 3.30 UO 1.67 1.01 9 1.50
875 1.7 16 II H 3.00 lAO 1.63 0.97 8 L70
87.5 1.6 18 12 7.7 3.10 1.50 1.63 un , LSO
n.s 1.8 19 13 7.8 3.20 1.50 1.70 1.06 9 1.40
102.5 1.9 18 13 8.2 2.90 1.40 1.65 1.02 8 2.80
107.5 1.8 19 13 8.' 2.70 lAO 1.62 1.00 • I.SO
112.5 2.0 19 13 9.3 4.00 1.30 1.56 0.% • 2.30
117.5 1.4 19 13 9.3 4.90 1.40 1.54 0.93 , 2.UO
122.5 2.0 19 13 10.0 3.00 1..50 1.60 0.99 8 2.10
127.5 2.1 20 14 10,4 •. 10 1.60 1.58 0.97 8 1.70
132.5 1.7 22 16 LI.O 5.00 1.50 1.69 1.11 7 2.00
137.5 1.6 23 16 11.5 3.80 1.40 1.51 0.9. 7 lAO
142.5 1.9 24 16 12.3 •.70 1.20 1.40 0.86 8 1.60
1.7.5 1.7 23 16 13.0 •. 10 1.40 1.57 1.04 7 1.00
152.5 1.7 25 17 13.0 •. SO 1.20 1.55 1.00 7 1.40
157.5 1.2 23 16 11.0 3.6<J 0.92 1.11 0.70 5 1.00
162.5 1.4 26 17 11.6 3.90 0.95 Ll4 0.75 ~ 1.20



Core LP4 277

De«h Hg(l8) K(2) La (I) La (21 Li (2) LOI Lu(1) Mg(2) Mn(2) Mn(3)
(em) ~) (%) (I.ti) (ppm) (ppm) ('Yo) 'ffM1 ('Yo) ('Yo) (r?1 1.79 62 tit 19.6 0.12 O.lt, 287 LSI 45.0 '0 ~'.6 17.7 1l.63 0.70 0.13 7"

7 216 1.91 45,0 ~9 49,7 15.8 0.76 0.70 0.12 m
9 2U4 1.9' 48.U ~, 'L1 15.1 0.81 0.73 0.13 807

ILl 227 1.92 ~.o ~3 48.8 15.3 0.88 0.71 0.13 790
l4 llu Lll7 45.u .3 .jQ.8 13.3 u.85 0.08 (I. 13 837
16 2~ 1... 42.0 ~ 47.9 15.1 0.75 0.69 0.15 103t1
18 m 1.89 41.0 29 50.1 114 0.81 0.68 11.15 10]0
20 23. 1.87 39.0 37 ,1.8 12.5 0.79 066 0.14 9~1

21 13~ 1.80 n,o 36 'L7 13.0 0.80 1l.fH- 0.14 911
2~ 22l 1.74 34.0 3' 49.0 15.0 0.66 0.62 0.14 918
26 379 1.10 34.0 ~3 36.8 2..U 0.74- o,·n 0.16 1020

28.' 396 0.95 35,0 ~3 31.4 28.1 0,57 0,34 0.16 9"
32.5 313 0.69 38.0 " 18.1 31.1 0,63 0.25 11.16 11110

37.' 272 0.58 39.0 ~ 26.2 32.6 0.56 0.22 0.16 1030
42.5 218 0,54 4UI ~ 27.1 31.9 0.60 lUI 1l.16 911
47.5 21. 0.51 41.0 ~ 26,7 32.' 0.70 0.20 0.17 997
52.5 212 o.~ 34.0 ~ 24.0 34.7 0.53 U.18 0.16 946
57,5 173 0,33 32.0 ~() 18.7 35.3 O.~ 0.14 0.14 863
62.5 129 0.27 31.0 ~ 15.1 ~.I 0.43 0.13 0.14 821
67.' 181 0.27 26.0 36 14.8 39.9 0.42 0.12 0.12 782
72., 177 11,27 21,0 29 I..U 39.3 0.29 ll.t3 0,11 692
77.' 186 0.32 27.0 J. 17' ~.2 0.39 0.14 0,11 681
82,5 192 0.39 32.0 37 20.8 ~.2 0.38 0.17 0.11 699
87.5 1" 0.37 no 39 19.9 ~.. O.~ 0.17 0.11 65~

87.5 100 O.4tl 37.0 ~I 21.0 ~.o 0.54 0.17 IUO 6H
97.5 181 O.~ 37,0 ~ 22,7 38.] O.~ 0.19 O.W 61~

102.3 190 o.~ ~.o ~ 21.8 39.7 0.S7 0,17 0.10 '9()
107.5 192 O.~ 41.0 ~9 2H ~.O 0,43 0.17 n.09 369
112.S 190 0.36 42.0 'I 2Ll 3'J.7 0.49 0.16 0.09 '28
117.5 177 0.36 37.0 'I 2Ll ~.O 0.47 0.16 0.09 127
122.5 I.. 0,39 42.0 '3 22.8 ~.o 0.51 0.17 n.ll9 '31
127.5 171 0,]5 47.0 '6 21.0 39,2 0.51 IUS 0.09 '03
132.' 1.. 0.3' '1.0 '8 19.9 36.9 0,59 0,15 0.08 ~78

137' 177 0.35 50.0 60 20.2 35.7 0.72 0,15 O.US ~50

142.5 I7l 0.34 50.0 69 20.0 36.8 0.6' 0.15 0.08 ~3

147.5 1~9 0.28 51.0 71 16.' 34.7 0.51 0.12 0.07 ~2

152.5 186 0.25 49.0 70 15.6 33.9 0.74- 0.12 1I.0? ~16

157.5 1'3 0.25 4-5.0 '9 15.3 H.' 0.50 0.11 0.07 ~9

162.' 167 0.26 ~.O 61 16.0 ]4.8 0.54 0.12 0.07 ~7



Core LP4 278

Depth Mo(2) Mo(5) Na(\) Na(2) Nb(2) Ni(2) Ni(3) PO) 1'b(2) 1'b(3)
(em) q~m} (ppm) (%) ('Yo) (ppm) (ppm) (ppm) jWJ) (ppm) (ppm)

2 .. ub Ub iJ jO is 4SQ ]66
5 5 3 1.30 1.-48 15 29 I" 211-4 513 390
7 5 3 1"'0 1.049 16 25 IJ 1915 388 310
9 7 3 1"'0 1.-47 16 25 IJ 1890 391 318

11.5 6 3 1.50 1.047 16 2" IJ 2092 m -429

1" 7 2 1.60 1.5-4 19 11 12 2431 3<2 !'lU
16 6 2 1.50 1."6 17 H 12 ]208 307 2"7
18 5 <2 1.50 1.-48 17 21 11 3186 197 162
20 6 2 1.50 1.049 17 19 11 237] 122 101
22 6 <2 I."" 1.43 17 19 III 1930 97 77

2" 5 2 UO U6 15 19 11l 18-47 1Il5 81
26 8 , 0.89 0.95 12 19 10 2094 180 125

28.5 10 0.77 0.75 9 26 7 1987 152 In.
32.5 9 0.58 0.57 7 12 5 1816 99 69
37.5 11l 0.50 0.048 6 11 5 1721 7" 53
42.5 10 U.47 UA7 5 11l " 1706 30 29
47.5 11l 0,47 0."" 5 9 3 1610 28 21l
52.5 8 0.]7 0.38 5 9 " 1652 27 19
57.5 11l 0.29 0.29 3 8 " 1569 20 17
62.5 9 0.23 0.24 3 7 3 1659 " IJ
67,5 8 2 0.22 0.23 3 6 3 1810 I" 12
72.5 8 2 n.20 0.23 3 6 3 1978 6 6
77., 7 2 0.27 0,27 3 7 3 2286 6 7
82.5 8 2 0.]4 0.33 " 8 3 1421 7 •
87.5 8 2 O.B 0.32 " 7 " 2329 9 8
87,5 9 3 0,36 0.33 " 8 " 2368 10 9
97.5 8 3 0.39 O.J7 6 7 " 2361 8 8
to2.5 5 3 0.35 0.]2 , 7 " 2502 8 9
101,5 9 3 0.36 0.33 5 7 " 2609 11 9
112.5 7 3 0.31 0,28 3 7 " 1705 " 8
117.5 7 3 0.]0 0,29 5 7 3 2606 III 8
122.5 6 3 0.30 0.31 5 7 " 2719 9 •
127.5 6 3 0.28 0.27 5 7 " 2876 8 8
132.5 6 2 0.29 0.21 3 7 " 3110 8 9
137.5 6 2 0.29 0.21 3 7 " 3115 9 9
142.5 5 3 0.27 0.26 3 8 " 3070 16 9
In5 6 3 0.23 0.22 2 8 , 2965 IJ 9
152.5 6 3 0.19 0.20 2 7 5 ]038 IJ 9
151.5 5 3 0.18 0.18 2 ,

" 2..... 1" 8
162.5 , 3 0.22 0.22 2 6 5 2911 11 8
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Core LPS

ll<:pth Cd(2) Cd(l) Ce(l) (e(2) CoO) Co (2) Co(l) Cr{l) (r(2) Cr(2a)
(em) (ppm) (ppm) (ppm) (ppm) (ppm) <ppm) (FE) (ppm) <ppm) (ppm)

10 2.0 17 I'" 141 21.0 21 Il 65.0 66 69
3.0 19 16 140 136 19.0 21 Il n.O 67 S.
5.0 I' 1.2 1<0 13< 2~.O 22 1. 58.0 53 ..
7.0 13 1.1 110 133 20.0 22 I. 52.0 <6 ...
90 1.2 1.1 110 138 19.1l 22 1. 5~.U '1 19
11.0 1.2 1.1 130 113 20.0 21 13 37.0 .7 .7
13.0 1.1 1.1 120 1I9 \70 20 Il ~5.0 38 J7
15.0 1.1 10 120 [27 20.0 21 14 52.0 39 J<
17.0 1.2 10 1III III 19.0 22 11 l2.n J7 J<
19.0 O.s 0.5 120 121 20.0 22 13 ".0 33 30
no 0.5 0.' lIO IN )].0 J< 19 <IS 28 23
no 0.] n.] 120 IJ8 ]'1.0 "'

,. 31.0 20 17
25.0 0.2 0.3 120 1<3 39.0 .. N ]~.O 19 IS
27.0 0.2 0.3 130 153 39.0 •• ,. 18.0 18 [6
29.U 0.2 0.3 I'" 156 39.0 "' 23 18.0 18 Il
32.5 0.2 03 1... 161 35.0 38 21 38.0 17 11
37.5 0.2 0.3 1]0 153 36.0 39 22 <15 \7 12
.42.5 0.2 0.3 110 1.5 31.0 36 21 14.0 15 \(l

-41.5 0.2 <0.2 110 138 22.0 23 Il 21.0 15 III
52.5 0.2 02 100 liS to.O 12 7 25.0 13 8
575 0.2 02 80 9. 8.' III 6 21.0 II 8
62.5 0.2 n.2 100 1Il8 7.5 12 6 16.0 13 9
67.5 0.2 0.3 lIO 115 12.0 IJ 7 25.0 16 II
72.5 11.3 0.3 120 128 9.2 Il 7 <IS 16 11
n.S 0.3 0.3 120 133 8.8 14 8 19.0 IS 12
82.5 0.3 0.3 130 1.7 12.0 IS 8 <IS 16 12
81.5 n.] 0" 150 156 13.0 IS 8 <IS 16 12
92.5 0.3 0.3 160 167 170 17 10 22.U 18 13
97.5 0.' 0.3 ISO 161 14.0 16 9 <IS 16 I'
lU2.5 0.' 0.4 160 168 14.U 17 11 33.0 IS 12
107.5 0.3 0.. 170 182 17.0 18 12 16.0 17 12



283

CorelPS

Depth Cs(l) Cu(2) Cu (3) Dy(2) Eu(1) Fe(l) Fe (2) Fe(l) Go(2) Hf(I)
(em) (ppm) (ppm) (pem) (ppm) (ppm) ('Yo) ('Yo) ("/0) (ppm) (ppm)

1.0 H 1<5 103 8.0 4.70 6.40 5.71 ·us 22 6.10
3.0 5.5 132 '19 8.0 3.80 5.60 H4 U4 28 5.30
5.0 5.0 100 75 7.5 2.90 5.30 4.80 ]55 20 6.20
7.0 6.0 82 6.j 7.5 2.70 5.00 4.65 3.52 20 6.50
• n ,. 77 IiO 77 no .oil .oil lJIJ 20 :\10
1l.0 6.1) 72 55 7.4 3.20 5.20 -10,61 H4 20 6.40
D.U 5.8 6.j 50 7.0 1,70 •.60 4..18 143 20 5.W
15.0 5.t1 5. .j.j 7.3 2.90 •.80 4.46 3.32 20 5.70
17.0 •.9 59 .1 7.3 2.80 ·HO 4.60 ].26 20 5,60
19.0 5.3 .5 32 7.3 2.80 4.70 ·4.18 3.31 20 6.30
2LU 40 31 2l 7.8 2.80 5.W 5.39 4,0\ 16 3.80
no 3.3 ,. 16 9.0 3.60 • ..10 ·PS 323 IS 2.20
25.0 30 19 I. 9.2 3.80 3.40 3.'J] 2.54 13 2.80
no 2.7 I' I. '.6 ].20 Ull 3.90 2.56 13 2.50
29.0 3.6 19 13 9.8 ·DO 3.70 ],57 2.36 12 2.60
32.5 3.0 18 12 10.1 2.90 2.90 3.13 l.ot 12 2..10
375 3,1 17 II '.3 2.70 2.80 2.% L86 II 2,10
·U.S 2.6 15 10 8.' 3.90 2.60 2.68 1.79 10 2.10
.1.5 2.2 IS 10 8.2 2.50 2.10 2.27 1.-47 , lAO
525 2.0 16 II 7.0 3.50 1.80 1.79 1.15 , 1.10
575 1.8 17 II 6.1 2.70 1.50 1.62 LUI 8 1.80
62.5 1.7 17 II 6.7 3.30 1.60 1.78 Ll2 8 I.')()
67.5 2.5 18 13 7.2 3.10 1.80 1.88 1.21 , 1.90
72.5 2.2 " 13 7.' 3.60 1.80 1.91 1.21 9 1.80
17.5 2.3 2l 15 8.2 340 2.00 2.03 1.36 10 2.20
82.5 2.1 20 14 '.0 3.60 1.90 2.02 1.37 9 2.10
87.5 2.5 21 I. 9.3 5.00 2.20 2.07 1.33 10 1.90
92.5 2.8 21 I. 9.8 ·uo 2.10 221 1.36 9 2.00
97.5 2.5 20 14 '.8 ·UO 2.\0 2.08 1.33 8 Z.UU
102.5 2.5 21 15 10.2 4.20 2.40 2.45 1.60 10 2.10
107.5 3.1 23 17 11.2 •.90 2.40 2.58 1.73 10 1.50
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Core LPS

Depth Rbll) Rb(2) Shin Sc(l) Sc(2) Sm(l) S'(2) Ta(l) Th(l) Th(l)
lem) (ppm) (ppm) (ppm) Ippm) <ppm) Ippm) 1flP"') (ppm) (ppm) (ppm)

1.0 77.0 12 2.00 13.6 lJ.2 12.4 75 1.30 1.60 ...
3.0 69.0 76 1.80 lJ.7 U.s 12.0 75 1.20 1.60 '.5
5.0 78.0 77 1..10 13.7 13.7 12.0 75 1.40 1.60 '.7
70 8].0 77 1.20 lJ6 13.9 11.7 71 1.30 lAO '.3
9.n 78.0 "' 1.20 13.0 I·U 11.6 71 UO 1.60 •..
11.0 78.0 77 1.40 13.2 14,] 11.8 73 1.40 1.80 10,0
13.0 87.0 .2 1.)0 i2.7 I·U 11.9 73 1.6t1 1.90 lO.2
15.0 6&.0 76 1.10 lJ.6 1~.2 11.2 73 1.40 1.50 W.O
17.0 74,0 7. 1.00 12,1) \4,8 lOA 7< 1.30 1.50 '.6
19.0 78.0 "' 0.92 13,4 I·U 10.7 70 1.30 LSO ...
210 52.0 52 0.93 10.0 10.7 10.04 ~7 0.84 1.50 5'
230 35.0 31 0.59 7.7 '.0 12.1 36 0.78 1.70 V
25.0 32,0 25 0.32 6.6 8.5 11.7 33 05] 1.50 ·Hl
27.0 25.0 25 0,31 6.9 8.' 12.4 35 11.48 1.&0 ~.O

29.0 26.0 26 0.21 7.5 '.6 \38 J) (l.S6 2.00 U
32.5 24.0 21 0.25 6.6 8.5 lJ.7 J) 0.50 1.80 4.0
37.5 27,0 20 0.24 6.2 7.' 13.0 JI n,60 l.SD ".2
42.5 20.0 16 0.19 6.0 7.0 IH 2. 0.41 l.80 35
.n.S 15.0 11 0.15 S.U 6,0 ll.S 26 0.41 1.50 3.1
52.5 20.0 • 0.13 U 5.1 10,0 26 0.10 1.30 3.0
575 14.0 • 0.10 4.0 .... 8.0 2. 0.27 1.10 2.4
62.5 15.0 I~ 0.13 "" 5.2 10.0 2. 0.21 1.40 2.6
675 24.0 1.. 0.14 5.5 5.' 10.7 JI 0.54 lAO 3.2
72.5 20.0 I' 0.14 5.2 5.' 11.1 31 0.29 1.60 3.1
77.5 22.0 16 0.18 5.8 6.6 11.7 3.. 0.38 1.70 31
82.5 20.0 16 0.15 5.2 6.3 12.6 1I 0.33 1.60 3.11
87.5 21.0 16 0.16 5.5 6.6 tV 31 0.47 2.110 H
92.5 IS.O 17 0.\6 5.' 6.7 14.9 31 0.s.4- 2.00 3."
ns 16.0 15 0.16 5.8 6.3 15.1 2' 0.35 2.00 3.11
102.5 18.0 18 0.18 6.2 6.6 15.4 1I 0.27 1.90 H
107.5 14.0 17 (J.1S 6.0 7.1 16.0 31 0.31 2.00 3.2
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Core LP5

Depth Till) U(I) V(2) W(I) Y(2) Th(l) Zn(l) lo(2) Zn(3) Zr(l)
(CUl) (ppm) (_I (ppm) (ppm) (-) (ppm) (_I (PP'") Ippm) (rpm)

1.0 ·UN 2.2 105 5.50 .. ].10 720.0 648 5n 128
3.0 ..12 2.1 I'" 5.00 ~7 3.10 6'X).O "'I 57~ IJ2
5.0 4391 2.2 97 3.70 -16 2.90 530.0 525 ..7 Il6
7.0 "" 2.3 92 3.80 ~5 2.90 StO.O ~58 ~8 III

." ~299 22 "I 4tlO ~7 liN) ",gOO ~H 376 I'"
11.0 4393 2.6 88 ~.5O ~5 3.00 420.0 ~7 360 159
13.0 -l66O 2.6 80 ~.~ " 2.80 ])0.0 J66 JJI I~I

15.0 -1620 2.5 n ~.70 ~2 2.70 360.0 366 lJO 1'5
17.0 ...... H 78 2AO ~2 2.80 -lOIl.O ~Ia 367 1~9

19.0 4512 2.2 70 <1 ~ 2.80 300.0 268 22~ 1-16
21.0 Illt1 1.6 51 <2 ~3 2.30 190.0 HI 196 115
n,D 217S I.~ 38 <1 ~9 2.~ 170.0 215 165 n
25.0 1965 I.~ J5 <2 ~9 1.90 130.0 179 129 65
27.0 2060 I.~ l6 <1 50 2.20 96.0 161 118 68
290 19~ 1.5 J5 <2 51 2.60 91.0 161 116 '"32.5 1956 1.5 lJ <2 51 1.90 70.0 119 86 66
37.5 1791 I.~ 32 <2 ~ 2.10 <50 124 89 59
-U.S 1~8 1.J 25 <1 ~ 2.10 120.0 III al 52
47.S 1286 1.1 H <2 ~3 1.70 60.0 118 a5 ~I

52.5 1161 1.0 22 <1 36 1.10 <50 98 70 37
57.S IIH2 II.'} 20 <2 J2 1.70 <50 88 63 ~

62.5 1242 1.0 23 <2 36 1.20 78.0 96 69 ~I

67.S I~ l.l 25 <2 38 2.00 <~I ~ 11 ~')

72.5 1372 1.1 25 <2 ~2 2.00 56.0 96 70 ~9

77.S 1568 1.J 27 <2 ~3 1.70 56.0 ~ 72 5~

82.5 1J35 1.1 25 <1 ~7 1.60 <50 93 11 'I
87.5 1326 1.J 26 <2 ~9 1.50 66.0 102 77 51
92.5 1J32 1.2 26 <2 '2 2.20 57.0 109 79 51
97.5 1203 1.1 2~ <2 52 2.00 <50 96 72 ~7

102.5 1283 I.~ 26 <1 57 2.20 <50 II~ 82 50
107.5 lJ2' 1.2 27 <2 62 2.20 <'0 118 87 53
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CoreMP1

core MPI Depth Ag(6) AI (2) As (I) Au (I) Ba(l) 83(2) Be (2) Br(l) Ca(2)

wrrti (em) (ppm) (%) (1t1i') Ippb) (ppm) (\la) (~':r) <lti) ("!o)
( <6.1 6.60 11.0 506 d.n

MPI-<JO.I 3 <0.2 6.n 11.0 13.0 510 500 3..4 36.0 llA?
MPI-006 5 <0.2 7.01 11.0 LI.O 520 527 H 33.1 0.45
MPI-008 7 <0,2 7.05 11,0 12.0 .'Xl 522 H 29,7 0."
MPl--l}lO , <0.2 7.06 12.0 10.0 <60 52\ H 25.1 llA2
MP 1-<11 2 11 <0.2 6.93 L4.0 12.0 <60 5211 J; 21.'1 (1.-«1
MPI-OI4 IJ <0.2 7.02 14.0 15.0 500 530 H 19.0 n.l9
MPl.ol6 15 <0.1 6.72 15.0 14.0 5HJ 51. 3.2 20A 0.38
MPI-OI8 17 0.2 5.98 25.2 17.0 <60 .70 3.6 25.0 0.35
MPl ..020 ,. 0.3 4.82 24.1 190 360 378 '.2 46.0 0.32
MPH)22 21 0.2 3.67 11.0 14,0 2<0 26' '.3 SO.• IUS
MPI..()24 23 <0.2 3.23 11.0 H 170 20' H 43.2 n,19
MPI ..026 25 <0,2 3.18 6.3 3.2 ISO 171 '2 37.1 0.16
MPl-<128 27 <0.2 3.tX) •.8 <2 \30 15. 3.8 )9.2 0,16
MPI..o]O 2' <H.2 2.85 '.0 <2 130 ,.7 3.6 45.4 IUS
MPI-032 JI <0.2 2.1\1 '.1 <2 120 23' H 49.6 t1.15
MPI-034 J3 <0.2 2.80 3.6 <2 120 126 3.2 48.3 0.14
MPI-U36 35 <tJ.2 2.73 3.6 <2 110 12n l.t} 55.2 0.16
MPI ..O]8 J7 <0.2 2.76 2.7 <2 83 116 l.' 66.. 0,17
MPI ..040 3' <0.2 U5 2.7 <2 n 116 2.\ 72.3 0.17
MPI-045 -U.S <0.1 2.19 28 <2 n 10' 1.7 8... 0.19
MPI-oSU H.5 <0,2 2.06 2.1 <2 .8 107 1.5 '.Io.tl O.l\)
MPI-055 52.5 <0.2 1.95 1.7 <2 .5 103 I., %.3 () 19
MPI-tJ6U 57.5 <0.2 1.'.17 1.. <2 % 101 U 8'.1.0 n.19
MPI-065 62.5 <0.2 I." U <2 '8 10.. U 98.1 0.20
MPl-070 67.5 <0.2 l.9t} I., <2 120 105 I.. %.7 0.20
MPI-075 72.5 <0.2 2.12 I.S <2 1<0 III I.S 102,0 0.20
MPI-oSO 72.5 <0.2 227 U <2 IlO 110 1.7 \)~.S O.2tl
MPI-OS5 82.5 <11.2 2.31 1.5 <2 110 118 1.' \03.0 0.21
MPI-090 87.5 <0.2 2.28 1.7 <2 120 II' 2.0 '.12.2 0.22
MPl.Q95 92.5 <0.2 2.<0 2.2 <2 110 118 2.\ 102.0 O.2~

MPI·IOO 97.5 <11.2 2AI 2.1 <2 .. II' 2.2 972 0.2~
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Core MP1

Depth Cd (2) Cd (3) Cell) Ce(2) COli) Co (2) Co (3) Cr(l) Cr(2) Cr(la)
(em) (ppm) (ppm) (W') (ppm) (WO') ('tr') (ppm) (ffij') ('@") (ppm)

i 1.A i.i 97 Ii 76
3 2.6 2.3 100 90 19.0 23 13 75.0 83 80, 2.4 1.9 100 I'" 19.0 22 12 81.0 90 ll-l
7 2.2 1.8 99 98 11.0 23 12 81.0 93 88
9 2.0 1.7 99 98 21.0 H 13 120.0 II. 108
II 2.2 1.7 9' HI] 21.0 2. 13 IJU.u 1~5 1.2
13 2.1) 1.6 92 98 21.0 2. 13 100.0 123 121
I' 2.2 1.8 R6 '9 24.0 27 17 62,0 1Il6 1Il0
17 2.' 2.1 80 .2 no 3. H 280,0 278 14K
19 1.7 1.3 90 ,.

~2.0 ., 2• I32t1.0 1172 1139
21 1.0 n.s 95 I'" 47.0 '0 30 158O,U 1619 15011
23 0.' 0.• 1Il0 113 "9.a 52 30 1080.0 1137 1030
2' 0.2 0.2 100 1\8 26.0 27 16 23'.0 27. H.
27 0.2 0.2 'I 1\6 13.0 15 9 37.0 .1 37
29 0.2 0.2 87 110 7.8 9 6 Il.O 26 II
31 0.3 0.2 ,. 106 7.1 , 5 <15 20 17
33 0.2 0.2 80 I'" 6" 9 6 <I' 18 I'
3' 0.2 0.2 80 99 7.' 10 6 <15 20 17
37 0.2 <0.2 76 95 7.8 9 5 <15 I. 13
39 0.2 <0.2 83 86 7.6 9 • 21.0 I' II

42.5 <0.2 <0.2 6' 7. 5.' 8 5 <I' 15 13
47.5 0.2 <0.2 63 70 a 6 • <15 15 12
52.5 <0.1 <0.2 56 63 •.9 5 • <15 I. 1\
57.5 <0.2 <0.2 51 61 3.2 , 3 <15 12 9
62.5 <0.2 <0.2 '3 61 3.9 • 3 <15 '7 13
67.5 0.2 <0.2 55 .. 2.4 • 3 <15 17 I.
72., <0.2 0.2 57 67 2.8 • 3 18.0 I. II
n5 0.2 <0.2 .. 7• 3.2 5 3 <15 20 17
82.5 1i.2 0.2 72 75 3.3 • J 18.0 17 I.
87.5 0.2 <0.2 67 n. 3.7 5 3 <15 I. 13
92.S 0.2 0.2 79 90 a 6 3 16.0 , 7
97.5 0.3 0.2 78 8. 3.7 6 3 <15 17 I.
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Core MP1

Depth Cs(l) Cu(2) Cu(3) Dy(2) Eu(1) Fe (I) Fe (2) Fc() Ga(2) 1If(l)
(em) (ppm) (\;1) (P\lm) (~) (r;t> (%) ("/0) (%) (1ft> (t.'W)

I t.t iii 1.66 &.91 5.64
3 •.3 117 83 7.0 1.'10 6.'- 6.50 5.17 23 SAO
5 •.5 107 69 7.5 300 5.90 6.02 4.10 23 5.80
7 .2 99 62 7.1 2.20 5.50 5.80 4.10 23 ;.20
9 .. \ 88 57 6.' 2.'- 5.50 5." 4.09 22 5.20
II U 87 59 6.9 2.30 5.50 5.70 ·t·n 22 5.10
13 3.8 86 55 6.9 2.10 5.60 5.80 ..U6 2\ 5.00
IS 3.6 86 57 6.6 1.70 5.80 5.92 4.27 21 4.20
17 3.7 96 63 6.3 1.70 7.20 6.8l 5.17 20 5.10
19 2.8 89 55 6.6 2..10 5.60 5.38 3.M 19 3.50
21 2.1 63 39 75 3.00 ].70 3.91 2.68 15 2.70
23 IS .2 25 8.lI J.UIl 3.10 3.38 2.28 \2 1.60
25 1.2 26 16 8.5 3.20 2.40 2.82 1.95 \I 1.'-
27 13 \9 12 8.3 2.80 1.70 2.04 132 8 1.50
29 1.1 \6 10 7.8 2.80 1..- 1.60 1.06 7 1.'-
31 1.1 13 9 7.5 ].10 '..10 1.51 0.% 7 l.2U
33 1.1 12 9 7.5 2.30 1.20 I."'; 0.% 8 IU8
35 0.9 12 8 6.9 2.20 1..- 1..8 0.94 7 UO
J7 1.1 II 7 6.2 1..- 1.30 I.+< 1).91 8 1.20
39 U.8 II 7 5.9 \.SO 130 137 0.90 7 1.20

n.s 0.6 II 7 5.\ 1.70 1.10 1.18 0.77 7 0.20
47.5 0.5 \I 7 a 11.1)) 1.00 l,u5 0.62 7 U,61
52.5 0.8 10 7 H 1.30 1.00 tl.'JO 0.58 3 0.72
57.5 0.6 10 6 •. 1 2. III 0.86 0.82 0.55 5 n.lil
62.5 0.3 10 7 •. 1 1.70 0.72 0.76 U.52 • 0.68
67.5 0.3 10 6 .1 LsO 0.70 n.?) 0.50 • tl.90
72.5 0.5 10 7 H 1.90 0.0. 0.16 0.51 • tJ.20
n.5 0.8 II 7 U 1.'- 0,81 0.80 0.54 • 0.59
82.5 0.• 12 8 a 2.10 0.78 0.74 0.50 • 0.2U
87.5 0.. II 7 5.0 2.10 0.74 D.7) 0.48 • l.tlO
92.5 0.. 15 8 H 1.70 0.75 0.81 0.50 • U.1J.4
97.5 0.5 12 8 5.3 2.10 0.82 0.79 0.54 • 0.66
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CoreMP1

Depth Rh(1) Rh(2) Sb(1) Sc (1) Sc(2) Sm(l) Sr(2) Ta(l) Th(l) Th(1)
(em) (ppm) (';") (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

I lU,o 2.00 III ii.4 fl.o 1L 6JU 1.56 7.9
3 82.0 78 2.00 13.5 11.~ 11.2 66 1.00 1.60 8.3
5 86.0 77 I.SO 13.9 12.9 11.1 77 1.00 1.30 8.6
7 79.0 76 1.70 13.5 12.6 10.6 74 1.00 LSD 8.4
9 14-.n 82 2.00 13.2 12.6 10.3 73 1.00 I.MI 8.2

" nu 72 2.30 13.2 12.<) 10.3 N I.UO Llo 8.2
13 SO.O 77 1.40 13.0 \2.7 10.0 7\ O.'U 1.20 84
15 73.0 78 2.30 11.2 12.5 10.0 70 tl.'J2 1.30 7.8
17 68.0 62 ].60 ILl 11.3 10.0 67 0.91 Ltn H
19 46.0 39 1.40 10.0 9.6 10.4 58 0.55 1.30 5.6
21 27.0 27 2.00 7.2 7.5 \1.7 39 0.42 1.50 ].9

23 17.0 18 1.00 6.0 6.3 13.3 28 0.10 1.50 3.2
25 14.0 13 0.46 5.2 5.8 13.3 21 0.25 un 3.0
27 11.0 " 0.29 ... 55 12.3 18 0.20 LSO 2.6
29 5.9 10 0.17 4.2 4.9 12.0 18 0.29 I...J() 2.7
11 .. 12 0,17 H ... 12.3 17 0.23 1.60 2.5
33 8.6 10 0,19 1.8 4.6 11.2 16 0.26 1.30 2.4-
35 6.4 9 D.I,} 3.3 4.1 10.7 17 tJ,lO lAO 2.5
17 56 10 a.1ll J." 3.9 10.8 17 0,36 1.10 2.7
39 6.3 13 0.11 3.5 3.7 10.0 18 0.25 1.10 2.5

42,5 2.0 7 0.08 3.0 32 7.9 \9 O.N 0.82 2.0
47.5 H 5 0.06 2.7 2.9 H 19 0.10 0.8" 1.8
52.5 l.U 5 0.05 2.7 2.8 7.\ 19 0.10 0.86 1.8
57,5 39 5 0.05 2A 2.6 6.8 19 n.1O 0,84 1.5
62.S 60 8 0.08 1.4 2.7 6.5 20 11.10 0.73 1.5
67.5 2.0 5 0.02 H 2.6 6.7 20 tUO 0.80 1.5
72.5 2.0 7 0.05 2.7 2.9 H 20 0.10 0.87 1.7
77.5 SA 6 0.06 2.5 1.0 8.0 20 n.1O 1.00 1.7
82.5 6.7 5 0.07 3.0 1.1 8.7 20 0.24 1.00 1.7
875 2.0 5 0.117 2.8 J.tI 8.6 20 0.10 1.00 1.6
92.S H 5 0.09 2.9 3.5 W.O 21 0.10 1.10 1.8
1J7.5 ILO 6 0.07 2.8 3.3 9.4 21 0.10 1.10 1.8
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CoreMP1

Depth Ti(2) UO) v (2) W(I) Y(2) Vb(I) Zn(l) In (2) Zn(3) Zr(2}
(em) (ppm) (ppm) (ppm) (ppm) (ppm) F%) (ppm) \q;u' (~) (ppm)

i 3M! 1.9 97 <2 U 1600.6 lUi
3 3998 1.9 )00 <2 ~I ~.80 1500,0 II-li 969 III
5 ·US] 2.0 101 <2 ~3 5.50 1-100.0 IO~ 859 119
7 4151 2.0 98 <2 ~I 5.80 1300.0 1<>16 822 116
9 .llO8 2.0 95 <2 38 5.00 IItXI.O 893 699 118
II )952 2.U 93 <2 38 5,10 llOn.a 8~ 7113 110
IJ ]1}86 1.9 90 <2 37 ·UO 1100.0 868 667 113
15 3763 1.9 92 <2 37 3.70 1100.u 868 68~ 107
17 3377 1.8 7~ <2 35 ~.70 1300.0 1025 827 90
19 2663 1.6 56 <2 38 ~.80 Iloo.0 ll<J.l 589 68
21 1792 1.2 38 <2 ~2 3.90 510.0 -495 377 .,
2J 1398 U 28 <2 ~ 3.60 320.0 310 219 36
25 1223 1.2 2~ <2 H 3.80 150.0 200 1~9 31
27 IH8 1.1 23 <2 ~3 3.20 140.0 159 114 JI
29 1061 1.0 20 <2 ~2 2.80 73,0 117 86 27
JI 1011 1.1 19 <2 ~I 2.90 120.U 116 82 27
n 978 1.0 19 <2 ~ 3.10 110.0 120 88 27
35 956 \.0 18 <2 36 1.80 I}S,O 116 'K) 25
37 960 1.0 17 <2 31 2.U(} 60.0 116 ~ 2~

39 9~7 1.0 17 <2 28 2.10 65.0 102 gO 2~

~2.S 781 0.8 13 <2 24 1.60 <50 63 ~8 20
47,5 715 lJ.7 12 <2 22 1.20 <5(1 57 ~3 19
52.5 677. U.S 13 <2 20 <U.S <50 52 38 18
57.5 665 0.8 II <2 20 1.40 <50 ~ 39 19
62.5 662 0.6 II <2 20 0.89 <50 ~ JI 21
67.5 62u n.7 9 <2 ~ 1.40 <50 36 3() 18
72.5 670 0.6 II <2 21 1.30 <50 55 ~5 20
77.5 716 0.7 13 <2 2J 1.50 <50 63 ~6 21
82.5 685 0.7 12 <2 2J 1.10 58.0 61 ~3 20
87.5 65~ 0.6 12 <2 25 1.60 62.0 61 ~5 21
n.s 623 0.7 II <2 27 2.00 <50 73 52 24
97.5 669 n.' 12 <2 27 1.70 <50 59 ~I 21
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CoreMP2

coreMP2 Depth Ag(6) AI (2) As (I) Au (1) Ba(l) 8a (2) Bc(2) 8r(l) Call)
Sample # (em) (Ifi) ('Yo) (It.WI \~)

(ppm) ('t'lJ3!) {ffi' (ppm) (%)

MM:OOl ( &.65 tab h." bAi
MP2.<J04 3 0.2 6.60 \3.0 13.0 560 508 12 15.1 OAI
MP2.<J06 5 0.2 6.53 14.0 13.0 480 502 12 25.7 tUS
MP24.IU8 7 0.3 5,94 19.0 15.U 440 473 H 2·U n,];
MP2.oltl 9 0.2 3.76 16.0 12.0 280 282 4.1 ~S.tJ 0.24
MP1~J1l II <;0.2 J.bS 10.0 .7 lOU 247 4.1 .16.4 11.10
MP2-014 lJ <n.2 3.H 58 3.8 180 195 3.9 35,6 0.16
MP'2.(116 IS <0.2 2.% U J.n 110 160 3.6 4\.6 0,15
MPl.ol8 17 <0.2 2.71 3.9 <2 98 139 H 43.3 0.14
MP2-HlO 19 <0.2 2.72 37 <2 110 130 13 47.7 ll.14
MPl.o22 21 <n.2 2.71 H <2 120 125 10 48.1 0.14
MP2.o24 2J <D.l 2.66 3.7 <2 120 122 2.S 6JA 0.16
MP'2.(J26 25 <0.2 2.33 2.8 3.2 % 116 2.0 80,8 0.17
MP2-02S 27 <U.2 2.18 4.0 <2 110 122 1.8 90.5 (l,11)

MPl-<))O 29 <0.2 2.03 2.6 <2 96 110 1.6 87.1 011)

MP2.o32 31 <0.2 2.04 2.3 <2 110 107 1.6 89,8 IUS
MP2.-o34 33 <0.2 2.lX) 2.3 <2 75 102 LS I}OA 0.18
MP2·())6 35 <U.2 un 2.2 <2 78 103 LS 97.5 0.18
MP2-03S J7 <0.2 1.91 2.1 <2 110 102 LS 91.8 0.19
MP2·004tl 39 <0.2 1.95 1.8 <2 79 101 1.5 89.4 0.19
MP2.()ol5 US <0.2 1.87 LS <2 83 101 14 85.0 OIl}
MP2-l.lS(1 47.5 <0.2 un 1.7 <2 89 106 LJ 102.0 0.19

DC\ilh Cdm tdO) CeO) Cem Cod) (0(2) com Cr (I) Cr(2) Cr(2a)
(em, (VfJ (ppml (1") (W) (ppm) ('W) (-) i.u' Ippml (ppm)

i i.i 17.0 15 1M Iii
J 24 2.1 96 103 22.0 ,. 16 120.0 114 117
5 2.2 2.0 110 105 22.0 ,. 17 130,0 122 115
7 H 2.1 85 10\ 29.0 31 22 27B,0 272 263
9 1.2 1.0 ')3 103 40.0 45 31 1350.0 1]09 1231
11 0,8 0.7 \00 115 -41.0 46 33 722.0 662 618
13 0.4 0.4 99 119 16.0 11 12 82.0 .8 84
IS 0.4 0.3 97 110 10.0 11 7 28.0 26 24
17 0.3 0.2 89 (10 95 10 7 8.0 13 11
19 0.3 0.2 87 108 8.6 9 6 20.0 10 9
21 0.2 0.2 1'1 98 7.3 9 6 '.0 13 11
2J 0.2 0.2 87 98 10.0 9 5 20.0 14 13
2S 0.2 0.2 75 80 10.0 8 S '.0 13 (I

27 OJ 0.2 71 74 10,0 9 5 ]1.0 26 23
29 0.2 0.1 64 72 8.2 7 5 20.0 11 10
31 0.\ 0.1 63 71 6.4 7 4 8.0 10 8
JJ 0.1 0.1 62 71 6.0 6 4 8.0 7 7
35 0.1 0.1 61 67 S.6 6 4 '.0 7 8
J7 0.2 0.\ 57 65 6.1 6 4 8.0 10 8
39 0.1 0.\ 55 67 H 6 4 8.0 10 9

-42.5 0.1 0.1 .... 62 3.7 6 3 8.0 7 6
47.5 0.1 0.1 53 60 1.0 5 3 16.0 7 7
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CoreMP2

Depth Cs(l) eu (2) Cu(3) Dy(2) Eu(l) Fe (I) Fe (2) Fe (3) Ga(2) Hf(l)
(em, (ppm)

<JiGY'
(ppm) (5") (1"80" ("10) ('Yo) ("!oj (';") (ppm)

I :U jk 5.80 5.86 5.61 4.56
l H 97 n 7.1 ISO 6.50 5.74- 5.07 21 5.00
5 <.5 87 66 6.9 lAO 6.10 5.38 <.n 21 5.50
7 3.7 91 6< 6.7 2.80 5.80 5.81 5.03 20 4.10
9 2.0 6< « 7.3 2.50 3.90 <.15 3.14- IS 2.50
11 1.7 <; l3 8.2 3<0 3.l:lU 4,07 3.31 12 1.50

" 1.7 28 2\ 8.3 2.90 2.50 2.71 2.0< 7 190
IS 1< 20 \S 7.7 2.\Xl 1.70 1.97 U8 7 1.60
17 II IS II 7.6 2.30 lAO 162 1.05 7 1.20
\9 10 1< 10 I.< 2.60 1<0 US UI7 6 UO
21 U \2 9 6.9 2.<0 1.30 US 1.07 6 0.74
2J 1.0 12 9 6.S 2.10 1.71) lAO 0,97 6 lAO
2S 1.0 II 8 H 190 1<0 1.23 0.8< S 1.70
27 1.2 \7 10 +.9 2.50 160 1.32 0.86 5 lAO
29 0.6 \2 8 V LSo 1.20 1.14 0.72 5 11.86
31 0.6 11 8 V 2.00 1.1U 1.06 0.69 < LOn
JJ 0.6 10 7 +.7 1,1X) 100 0.96 0.62 S 0.68
35 0.3 to 8 <.5 L70 100 0.94- 0.64 0.62
37 o.s to 8 H 2.W 0.94- 0.93 0.60 1.l0
39 0.5 11 8 +.6 un 1,00 0.94 0.6< 0.10

42.5 0.< 10 7 +.3 160 t),1JO 0.86 060 lAO
47.5 0.5 II 8 <.1 l.ln 0.86 0.81 0.57 IUtI

oepth Rg08} K(l) GO) G(2) [I (2) [01 LU (I) Mg(2) Mn(2) Mn(J)
(eml (ppb) ('Yo) (ppm) (ift) (ml ('Yo) IftM' (%) ("!o) (ppm)

j Jij i.7t N.d i7.u n.M 6.13 8M
3 328 1.70 43.0 <S +2.7 16.6 0.63 0.68 0.13 8SO
S 3S7 1.61 42.0 +< 41.7 16.5 0.78 0.63 o.n 870
7 <87 U·S 37.0 +2 38.3 20A 0.74- 0.56 0.14- 87\
9 623 0.67 37.0 <2 22..4 26.2 0.56 u.26 0.'2 826
II 369 0.58 <0.0 <5 19.9 23.3 0.58 0.23 0.22 1910
13 20\ O.·U 36.0 « 15.9 23.lJ 052 0.16 0.09 579
IS 159 0.30 33.0 <0 12.6 27.1 0.47 0.11 0.08 "<
\7 139 0.21 31.0 38 10.8 28.5 0.37 0.08 (I.0K <76
\9 \<1 0.19 31.0 38 lOA 28.5 0.39 0.08 0.07 <68
21 132 0.L9 28.0 3< 10.1 28.1 0.31 0.08 0.07 <56
23 "< 0.L9 30.0 34 10.2 31.2 0.27 0.08 0.08 <88
25 127 0.15 26.0 29 7.9 36.2 0.29 0.07 O.OK S«
27 127 0.\6 29.0 28 7.3 38.2 0.20 0.08 0.08 SS6
29 116 0.12 23.0 27 6.0 39.1 0.23 0.06 0.08 509
3\ 119 0.12 23.0 26 6.1 38.S 0.28 0.06 0.07 <98
3J 116 0.10 22.0 26 5.S 37.5 0.\9 0.05 0.07 <S<
35 NA 0.10 23.0 26 5.0 38.5 0.24 0.05 0.07 <SS
37 NA 0.10 22.0 25 5.6 38.2 0.24 0.06 0.07 «8
39 103 0.10 21.0 26 S.5 38.3 0.16 006 0.06 <35

42.5 110 0.09 18.0 2+ 5.0 38.7 0.t8 0.05 0.05 389
47.5 109 0.09 20.0 24 <.8 41.9 0.13 0.05 0.05 393
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Core MP2

Depth Mo(2) Mo(S) N.all) Na(2) Nb(2) Ni(2) Ni(J) P(2) PIl(2) PIl(3)
(em) l'r) ley) ('Yo) ('Yo) Ippm) (ppm) Ippm) (ppb) (~) 1m')

i 1.&5 L7! id J2 17 iSM
3 7 1.80 I.n 12 32 17 1584 313 255
5 5 1.80 LSI 12 32 17 1666 311 25.
7 7 1.5U 1.35 \I) 36 19 18W 32-l 25'
9 10 0,79 0.75 • 21 II 1667 305 223
II • U.66 (J.~ I. <) 13~1 11' 155
13 6 O.~S 0.45 9 7 1242 125 85
15 5 0.34 0.35 • 5 non 77 51
17 5 (US u.27 7 5 1192 57 35
19 6 0.24 0,23 7 • i22~ .<) 32
21 5 11.24 0.23 7 • 1245 .. 28
23 5 0.26 0.22 7 • 1216 33 22
25 5 0.13 0.20 7 • 1066 25 16
27 • 0.31 0.23 8 • 988 33 1<)
29 • 0.21 0.19 7 • 956 20 12
31 3 0.2] 0.21 6 • '.153 17 12
33 • 0.21 0.18 7 • 975 18 ,
35 5 11.23 1I,2D 7 • 931) 15 9
37 • 0,22 o.2n 8 • '112 15 8
3' 5 0.20 0.19 7 • 'lO6 16 8

.2.5 • 0.17 0.16 7 • 838 7 5

.7,5 , 0.20 0,19 7 • 818 10 5

oePth Rb(!) R6m 560) Sc (ll Sc (2) Sm(!) Sr(2) Ta(l) Jb(l) ihO'
(em) (ppm) (ppm) (ppm) Ippm) IFf.i) (11\3) (r;m) W!1U) (ppm) <,r)

t JJ.6 ill uRi [d,g uti
3 78.0 69 2.30 12.6 12.7 11.4 "' 1.20 I.~ 8.6
5 71J.O 71 2.-40 14.0 12.1 lO.7 75 0.94 1,]0 8.•
7 69.0 61 2.80 11.9 12.0 ... 70 0.88 1.l0 7.1, 33.0 25 1.80 H 7.6 11.. .. UAl 1.20 •. 1
II 23.0 22 l.tO 7.1 7.2 13.0 3. 0.5. 1.60 •. 1
13 17.0 15 0.52 5.6 6.3 12.7 " 0.32 1.50 3.2
15 Il.U II 0.29 a 5.5 12.3 20 0.39 LSO 2.8
17 12,0 8 0.20 " •.9 1l.8 18 U.29 \.50 2.5
19 14.0 7 0.18 " U 12.0 17 0.32 LSO 2.7
21 11.0 , 0.19 3.7 ..- 11.0 18 0.37 I.~ 2.7
23 1•.0 10 0.17 3.' •. 1 12.0 18 0.33 I.~ 2.8
25 7.5 10 0.12 H H '.3 20 0.27 LlO 2.•
27 15.0 6 0.23 3.5 3.3 9.0 22 0.38 1.20 2.2
29 9.2 5 0.11 2.9 3.0 7.8 21 0.10 I.OU 1.8
31 6.0 5 0.07 2." 3.0 7.8 20 0.22 0.93 2.U
33 7.0 5 0.09 2.8 2." 7.8 20 0.36 I.OU 1.9
35 2.0 5 0.10 2.7 2.9 1.7 20 0.10 1.00 I."
37 2.0 5 0.08 2.8 2.8 H 20 0.21 0.91 1.9
39 7.5 5 0.10 2.7 2.8 H 20 0.23 0.92 1.9

..J2.5 H 6 0.06 2.3 2.1 6.6 19 0.20 0.84 1.6
'7.5 U 5 0.08 2.5 2.6 6.8 21 0.29 0.12 1.6
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Core MP2

Depth Ti(2) UtI) V(2) W(I) Y(2) Yb(l) Zn(ll Zn(2) ZoO) a(2)
(em) (ppm) (W' (;") ,,~n) I';") (ppm) (ppm) (;!I' (~' ('il!T)

i lAU lJd 1260.0
3 JIJI3 2.2 95 2.30 • 5 ""<J l.wc.l.u 1028 93• It))
5 3831 2.0 90 <2 "0 S.30 1200.0 922 8"5 105
7 JSJ2 1.8 80 <2 38 .4.70 1lOtto 966 878 107
9 1988 I.J .2 <2 .1 •.00 570.0 S09 .17 61
II 1803 I.J 3. <2 .3 ·uo ~1O.tJ 363 3'0 55
13 1225 1.2 2. <2 .3 3.20 270.0 2"0 193 .3
IS 1225 1.1 2. <2 • 2 3.20 150.0 I'" I.. 39
17 1086 1.1 20 <2 .0 2.80 100.0 118 98 JI
19 IO·H 1.0 19 <2 "0 2.60 9...0 125 101 30
21 1023 1.1 18 <2 36 2.10 100.0 128 1tl7 30
2J 10)3 1.1 17 <2 32 1.70 120.0 135 II. 29
2S 916 1.0 15 <2 27 1.80 72.0 102 83 26
27 879 0.8 15 <2 2. 1.70 120.0 1.9 IH 25
29 m 0.9 tJ <2 23 1.30 <50 108 .5 23
31 760 0.8 tJ <2 22 0.91 <50 71 S7 22
33 733 0.7 12 <2 22 1.50 <50 58 .2 20
35 7\8 09 12 <2 21 1.60 <50 21 17 20
37 712 0.7 12 <2 21 1.10 <50 23 20 19
39 7\. 0.7 12 <2 21 lAO <50 29 26 20
~2.5 681 0.7 II <2 20 1.30 <50 2. 21 I'
47.5 66. 11.6 10 <2 19 0.20 <50 H 22 18
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CoreGP1

core GPI Depth Ag(6) Al(2) As (I) Au (1) Ba(l) Ba(2) Sc(2) Bnl) Ca (2)
:Sample # (em) (ppm) ('Yo) (ppm) (ppb) (ppm) (ppml (ppm) (ppm) (%J

CPI·om 1 0.3 4.86 12.0 SA 210 248 3.0 73.0 0.31
GP1..(J{)4 3 0.3 ....87 ILO <2 190 252 2.' 66.6 0.31
GPI.()06 5 0.3 ....82 11.0 4.6 200 W 2.8 61.1 0.30
GPI..{)(}8 7 0.3 5.06 11.0 <2 220 277 3.0 57.2 0.]1
GPI-OIO 9 0.4 5.13 D.l) 7.0 240 276 II ;9.8 n.1'}
GPI-oI2 \I 0.3 5.16 .....0 7.0 230 272 3.1 54.7 0.27
GP1-OI4 IJ 0.3 5.42 14.0 6.0 250 304 2.7 43.5 0.27
GPI-ol6 15 03 5.63 11.0 '.7 240 J32 2.5 41.5 tl,2S
GPl..() 18 17 0.3 5.83 Itl,O 75 260 349 2.5 37. ... 0,28
GPI.()20 19 t1A 5.33 7.' 7.7 200 275 2.6 52.6 0.24-
GPI-022 21 0.4 5.67 8.5 71 230 310 26 42.6 0.25
GPI..(IH 23 0.3 S.O\} 6.9 4.3 170 232 2.9 ..... 8 020
GPI-026 25 03 ·U7 49 4.2 1Jt) 154 2.6 'J7.'J 0.2]
GPI-018 27 IU ·U7 a <2 150 146 2.7 89.4 0.2\
GPI-030 29 0.5 4,89 5.7 II.U 120 197 2.3 6U 0.20
GPI-035 32,5 0.3 4,65 5.0 13.0 140 198 2.1 75.2 0.22
GPl.040 37.5 0.3 .... IXI 33 4.1 130 152 1.9 IUl.U 0.2t
GPl~5 ·n.s tU 3.61 2.6 <2 100 146 1.7 126.0 0.22
GPt-050 47,5 0.3 3.72 2.9 <2 110 160 L7 128,0 0,23
GPI-055 52.5 0.3 3.78 H <2 'Xl 189 1.3 122.0 0,23
GPI~ 57.5 0.3 3.28 2.6 <2 \20 165 1.2 J.46.0 0.21
GPI-065 62.5 0.3 3.21 2.0 <2 ISO 167 1.2 145.0 0.29
GP1-070 61.5 0.2 3.25 2.0 <2 100 167 1.2 132.0 0.27
GPI-Q75 72.5 0.3 3.20 1.9 <2 130 174 1.2 13~.O 0.29
GPI.oSO 77.2 0.3 3.31 2.1 <2 (JII 185 1.5 \5K,0 o.3(
GP1-<l85 82.5 0.2 3.11 2.1 <2 160 181 1.5 1~5,O 0.29
GPI.oIJO 87.5 0.3 3.23 1.9 <2 130 189 16 153.0 O.3lJ
GPI-Q9S 92.5 0.3 3.30 1.9 <2 130 189 17 1,017.0 0.30
GPI-loo 97.5 0.3 3.26 2.2 <2 120 194 18 158.0 (J.n
GPI~105 102.5 0.3 3.14 16 <2 ISO 191 2.1 167,0 0.32
GPI·1I0 107.5 0.3 3.05 1.5 <2 53 162 2.2 129.0 0.29
GPI·IIS 112.5 0.2 2.96 14 <2 79 140 2.1 124.0 0.27
GPI-UO 117.5 0.3 3.00 15 <2 85 I3S 2.3 122.0 0.27
GPI-125 122.5 0.3 3.23 1.5 <2 120 145 2.4 108.0 0.28
GPI·130 127,5 0.3 3.~l) H <2 14<' 152 2.6 131.0 0.29
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CoreGP1

Depth Cd(2) Cd(3) Ce(\) Ce(2) Co(\) Co (2) Co (3) Cr(l) Cr(2) Cr(la)
(eml (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) <ppm) (ppm)

1 o.~ 03 .7 8. 21.0 21 12 39.0 28 27
3 o.~ 0.3 82 85 25.0 21 II 31.0 28 26
5 0.5 0.3 .\ .7 2\.0 20 12 28.0 27 26
7 OA O.~ 7. 85 18.0 20 " 33.0 -I 2., 0.5 1l..4 72 •• 20,0 " IJ 21.0 Jl 29
II o.~ 0.3 78 '" 31.0 32 " :1:70 Jl 27
\3 0.3 0.3 70 85 27.0 Jl I' ]5.0 J2 30
t5 0.' 0.3 ~ 85 28.0 29 \7 JLO JJ 27
17 0.2 0.1 65 ... 21.0 25 .. 34.0 Jl 26

l' 0.2 02 ... .. 13.0 17 10 33.0 30 27
21 n.) O.! 76 .. 20.0 2. \~ 36.0 JI ,.
23 0.2 0.2 75 " 23.0 25 16 24.0 25 2\
25 0.3 0.2 76 90 12.0 t5 8 )0.0 " 20
27 0.' 0.2 88 " 13.0 18 10 <15 " 21
2' 0.2 1l.1 75 •• 18,0 " 12 30.0 27 2~

32.5 0.2 tl.1 65 72 22.0 25 1. 36.0 26 2.
37,5 0,1 0,1 65 6' \30 16 • 25.0 " 2\
-42,5 0.2 0.1 6\ 66 7.' \3 7 35.0 I' I'
47.5 0.2 (J.t .. 60 ... " 6 20,0 " 20
52.5 0.2 0.\ .. ~. 5.5 • 5 35.0 2\ 2t,
51.5 n.1 (II • 5 52 1.0 5 3 <15 18 16
6U n.1 01 ~ 53 1.0 5 2 19.0 17 I.
67.5 0.2 0.1 ~2

,. 1.11 3 2 26.0 17 16
72.5 0.2 0.2 +l ,. 1.0 5 2 <\5 17 I•
n2 0.2 0.2 • 2 55 1.0 3 1 <15 18 17
H2.5 0.2 0.\ 50 ,. 1.0 3 2 19,0 " 17
87,5 0.2 0.1 5\ 5. 1.0 3 2 <\5 17 I•
92.5 0.2 0.2 .. 61 1.0 5 2 <15 17 \5
97.5 0.3 0.2 56 62 LII 5 3 22.0 l' 1.
102.5 0.3 0.2 +l 58 1.0 3 2 <15 17 16
107.5 0.2 0.1 " 57 1.0 J 2 20.0 17 I.
112.5 0.3 0.2 52 63 1.0 ~ 3 <15 17 ..
117.5 0.3 0.2 57 66 •.7 ~ 2 <15 18 15
122.5 0.2 0.2 57 6. 1.0 ~ <15 \. \7
127.5 H,2 0.2 63 71 1.\) 5 <15 l' I.
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Core GPl

lleplh es(l) Cu(2) Cu()) Dy(2l Eu(l) feCI) Fe(l) FeC]) Ga(2) Hf(l)
(em) (ppm) (ppm) (ppm) (ppm) (ppm) ('Yo) ('Yo) (%) (ppm) (ppm)

1 3.3 43 JJ 7.8 4.80 3.80 3.16 2.26 14 3.30
3 H 43 31 H 3.80 ],20 3.10 2.08 14 3. LO
5 3.5 41 Jl 75 3.20 3.00 3.00 2.1)4 13 2.50
7 3.6 46 37 7.5 4.10 HO HO 2.39 15 3.00

• 43 47 38 8.1 -UO l.ll) ].23 2.32 15 l.RD
11 3.8 45 34 8.1 3.20 3.00 3.12 2,17 13 ],20
13 is 41 31 75 2.60 3.00 ].28 2.32 10 l.Ut)
15 4.' ,. 30 6.' 2.70 2.90 3.36 2.29 18 3.10
17 5.2 36 '" 6.' 2.50 3.10 HI 2.33 16 ].'10

" 4.3 35 29 8.0 HO 2.60 2.73 1.95 13 ].20
21 4.6 35 27 7.' 3,10 2.60 3.13 2.16 16 ],]0

23 3.3 JJ 29 '.6 3.50 1.80 222 1.64 11 2,30
25 2,1 2' 22 7.9 ],70 1.90 2.11 1.-1.) , 1.50
27 2.1 28 21 '.0 "'.50 1.90 1.95 1.30 , 2.20
29 3.1 27 20 8.1 2.511 2.5U 2.55 1.68 13 2.00

]2.5 2.' 24 18 6.7 2.90 3.50 3.63 lA? 12 2."'0
37.5 2.2 2J 18 6.2 2.60 2.80 Vola 1.<J2 , 1.20
42.5 1.8 25 18 5.8 2.10 2.20 2,11 1.44 , 1.80
-l.7.5 2.2 23 18 5.5 HO 230 2,27 1.49 8 1.60
52.5 3.2 19 13 H 2.10 1.90 1.85 1.0; 11 140
57.5 1.8 21 14 H 1.70 1.40 1.30 tun 6 usa
62.5 2.2 19 15 U 1.90 1.30 1.21 0.79 8 1.50
67.5 1.' 19 14 U 2.10 1.20 1.21 0,80 7 1,70
72.5 1.4 19 15 U 1.90 1.20 1.19 U.82 7 n.lO
n,2 2.2 20 16 5.11 2.10 1.30 UO U,8) 7 1.)0

82.5 2.{1 I' 15 H 1.10 1.20 115 0.76 7 1.80
87.5 2.3 21 15 5.1 2.30 1.30 1.16 tl.75 6 1.00
92.5 1.7 21 16 56 2.80 1.20 115 0.76 6 1.10
91.5 2.0 22 17 5.' 3.10 UD 115 0.79 7 0.20
lU2.S 2.3 23 17 5.8 2.00 1.20 L07 0.71 6 1.50
107.5 1.8 24 18 5.8 2.20 1.00 0.9-1. O.fH 6 1.50
112.5 11 29 22 5.6 2.50 0.88 0.88 0.62 • 0.75
117.5 1.7 27 I' 5.' 3.10 1.10 0.99 0.65 5 1.00
122.S 1.4 29 N 6.5 3.30 1.10 0.92 0.63 5 1.20
117.5 H 30 22 6.9 3.70 1.40 1.09 0.75 S 1.30
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Core GPl

lJ<:l'h Hg(181 K(21 La(n La (21 Li(2) lOl Lu(l) Mg(2) Mn(2) Mn(J)
(em) (ppb) ("I.) (_I (-) (_I (OY.) (_I ('Yo) ('Yo) (-)

1 195 0.68 ·41,0 3" 16.7 lO.1 0.... 0.17 0.06 3'"
J 228 0.71 37.0 J7 17.2 29.7 o.SO 0.28 0.06 306
; 2lJ.l 0.61 ]6.0 '" 16.9 29.0 0.35 0.17 0.06 321
7 31" n.80 ]6.0 37 19.7 266 0.48 0.32 n.06 W
9 216 11.79 ]5.0 39 19.K 26A 0.27 U.ll 0.06 356
II 293 0.78 ]7.0 ... 1'J.3 26.1 0.049 0.30 0.06 363
13 2~ 0.9] 34.0 37 22.2 23.7 0.32 0.3'- tJ.U7 381
13 261 1.05 33,0 36 23.9 22A O.~ t1.J7 tW7 393
17 261 t.I0 l2.t) J6 2.l..11 21.6 tl,40 0.38 lUI? .Wl
19 m 0.80 36.0 39 19.6 26.3 ll ..w 0.29 0.06 367
21 2S3 0.95 l·U 39 22.8 14.'J 1I.36 0.304 1!.O7 376
23 223 0.62 36.0 "I 16.3 26.9 0.34 0.23 0.06 330
25 1"1 0.33 35.0 39 8.6 37.0 II.]<} n.14 006 33"
27 135 0.31 ]5.0 "I H 35.8 0.204 0.14 O,uS 283
29 !tJs 0.52 Jl.u 36 1S.3 29.] 0.24 11.21 1I.0S 283

32.S 299 0,53 27.0 30 IS.] 33.6 0.33 0.21 (1.06 321
17.5 2"" 0.33 28.0 29 92 36.6 0.33 tU" 11.05 272
"'2.5 162 0.25 28.0 28 65 "2.2 0.27 0.11 0.05 269

"'.5 131 0.29 26.0 27 7." ·U.S lUI 0.13 0.U5 lSI)
52.5 135 0.41 22.0 22 H ...." 0.... a.1S 0.05 241
51.5 \6') 0.27 21.0 23 7.1 47.6 u.ll 0.1] 0.U5 280
62.5 162 0.26 2l.0 23 7.5 .17.5 o.2~ 0.13 0."" 2~8

67.5 I"" 0.26 21.0 23 7.5 ~5.6 II.U2 11.13 tUM 217
n5 158 u.26 20.0 23 7.7 ~7.1 0.16 0.13 0."" 210
n.2 I"" 0.26 22.0 25 7.• "8.1 0.1l2 O.I~ 0.11-1 19"
112.5 133 0.26 21.0 25 8.2 ~.6 0.13 0.13 0.02 170
87.5 '"7 0.26 H.O 25 8.6 "8.5 0.21 ().l~ 11.02 16"
92.5 131 0.26 25.0 26 '.1 ~.8 0.26 O.IJ 11.02 1"9
97.5 127 0.27 27.0 28 W.O ~9.() 0.22 0.1" 0.02 1"8
102.5 126 0.26 26.11 28 10.2 "8.5 0.25 0.13 0.tl2 1"7
107.5 109 0.22 2"" 27 8.• n8 0.22 0.12 lI.02 120
112.5 91 O.l9 26.0 30 7.1 ~3.7 0.22 0.11 (l.02 117
117.5 N/A O.IS 29.0 31 6." ~2.] O.l9 0.11 11.02 116
122.5 106 0.20 26.0 32 7." "2." 0.02 0.11 0.H2 125
127.5 106 u.22 3".0 33 8.3 "2.1 0.29 1l.11 0.U2 136
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Depth Mo(2) Mo(5) Na(l) Na(2) Nb(2) Ni(2) Ni(]) P(2l Ph,2l Phl3l
(em) (ppm) (ppm) (%) ("10) (fl!lD1) ("ppm) (ppm) (epbl (ppm) (ppm)

I 2 2 0.80 0.64 7 28 12 L202 1'2 107
3 3 2 0.70 0.67 6 26 12 1164 141 98
5 2 2 0.67 0.63 6 24 II 1170 130 97
7 3 0.80 0.76 7 26 13 1154 \57 \.1.2, , 0.72 1I.7~ 7 26 I' 1152 153 1'1
II 0.70 0.72 6 2. I' 1136 154 135
13 0.79 0.85 8 23 13 1068 183 160
15 2 0.92 O.9~ 9 21 II lU21 321 197
17 2 LOU 0.9<) 9 19 10 976 197 171
19 2 0.72 0,12 8 17 8 1141 137 112
21 2 0.81 0.83 9 18 9 U12 160 146
23 2 0.50 0.54 6 18 II ll69 115 97
25 <2 0.29 0.29 3 16 7 1182 44 34
27 2 0.24 0.25 5 16 8 1244 .9 37
29 2 0..42 U.43 6 \6 8 1316 169 150

]2.5 2 IU6 0.44 6 16 8 1304 194 165
37.5 <2 2 0.30 0.27 3 13 7 1378 50 37
42.5 2 2 0.23 0.20 5 13 7 1480 \8 15
47.5 2 0.23 0.21 5 13 7 156\ 10 8
52.5 2 0.30 0.27 6 II 6 1670 7 7
57.5 2 0,20 0.18 • 10 5 1685 , 5
62.5 2 <2 O.I<J 0.16 • II 6 1614- 2 4
61.5 2 2 1I.)lJ 0.16 • 12 5 1578 <2 4
72,5 <2 0.17 0.16 • 12 6 \558 2 5
77.2 2 0.16 0.15 4 12 6 1717 <2 5
82.5 2 0.15 0.13 • \2 6 1583 <2 4
87.5 0.16 0.13 • 12 6 1666 3 5
92.5 0.16 0.13 • 13 6 1647 2 5
Ins 0.15 0.l3 • I' 7 1669 2 4
102.5 0.14- 0.12 • 13 7 1814- <2 •107.5 0.12 0.11 • 12 6 I'" 3 •
1125 2 n.ll 0.11 2 15 9 1142 2 •
117.5 <2 {I.ll 0.10 2 \5 7 1674 <2 3
122.5 <2 0.11 0.11 5 \8 7 Inl <2 •
121.5 2 0,l7 0.15 2 15 6 1904 2 4
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Depth Rb(I) Rb(2) Sb(l) Se (I) Se(2) Sm(l) Sr(2) Ta(1) Th(l) Th(I)
(em) (ppm) (ppm) (PlJ'll1 (PlJ'll) <ppm) (ppm) (PlJ'll) (PlJ'll) (ppm) (PlJ'll)

I 29.0 3. 1.00 10.6 9.2 10.0 '7 0..16 1.60 5.2
3 34.0 31 1.00 9.3 8.9 10,0 '8 0.30 1.~ 5.'
5 26.0 29 0.92 9.2 8.9 10.0 .5 0.41 1.50 5.2
7 32.0 36 1.20 9.5 H H 53 0.48 1.50 5.'
9 ]I}.O 3' 1.~ 8.5 9.9 10.8 " 0.58 1,60 5.7
11 32.0 3. 1.10 9.0 10.0 10.6 50 OA] 1.60 5.5
13 "1.O 38 1.00 10,0 lOA H ,. U.51 1.30 5.8
15 ·no .8 1.10 10.1 10.7 8.8 60 0.70 1.30 5.7
17 5\.0 52 1.00 10.2 11.0 8A 63 0,67 1.20 58
19 39.0 37 0.78 10.0 10.0 10.2 ., 0.52 1.60 5.5
21 49.0 ., I.no 10.0 lO.lJ 9.5 ,. 11,49 1.40 5.7
23 29.0 25 t1.50 8.7 IDA 11.1 38 0.55 l.80 53
25 15.0 15 0.32 6.6 7.3 10.1 28 n.39 1.30 '.3
27 10.0 16 0.27 6.8 7.9 IIA 26 0.24 1.70 '.5
29 2],0 ,. 0.42 7.9 8.9 10,1 3. IlA5 Uo 5.2

32.5 20,0 27 DAO 7.5 8.1 7.9 37 0." 1.20 H
31,5 12.11 17 0.21 6.8 6.6 7.8 29 0.31 1.10 '.1
42.5 W.O 13 O.IS 6.2 6.0 7.1 29 0.32 1.00 3.8
47.5 10.0 15 (US 6.5 6.5 65 30 0.29 0.92 3.8
52.5 19.0 19 0.16 6.3 6.1 5A 36 0.42 0.75 3.5
57,5 12.0 13 0.12 5.1 5.2 S.U 37 11.29 0.70 3,0
62,S 12.0 13 0.12 5.2 5.1 5.2 39 11.10 O.SoI. 31
67.5 SA 11 0.09 5.0 5.3 5.1 ~ 11.32 0.79 2,9
72.5 10.0 9 0,10 '.3 5.2 SU " 0.21 n.7'" 2.9
77.2 13.0 11 O,to 5.1 5.3 5.9 .3 0." 0.85 3.2
82.5 12.0 .. 0,14 5.2 5.3 5.6 '2 11.34 l.OO 3.2
87.5 16.0 .. 0.13 5.6 H 5.9 " OAO 0.87 3.1
n.s 8.1 12 0.10 5.8 5.6 6.5 " 0,]5 0.93 J,1
91,S 15,0 16 0.11 5.7 5.7 6.6 .3 0.22 1.00 HI
102.5 14.0 11 0.10 6.1 5.6 6.5 " I). to I.UO 2.6
107.5 13.0 IJ 0.10 4.9 5.3 6A 36 0.10 0.94 2.2
112.5 8.6 II 0.14 '.8 5.2 6.8 3' O. to 1.00 2.4
117.5 7.8 8 0.12 5.5 5.2 7.3 J3 0.10 0.91 2.9
122.5 2.0 13 0.10 '.9 5.8 7.2 3' n.1O LlO 2.8
127.5 10.0 10 0.14 5.7 6.1 9.3 36 0.10 1.40 3.5
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Depth Ti(2) U(I) V(2) W(I) V(2) Yb(l) Zn{l) Zn (2) 20(3) Zr(2)
(em) (ppml (ppm) Ippm) (ppm) (porn) (pornl lporn) (ppm) Ippml (ppm)

I 2~16 1.7 ... <1 .... 2.-10 160.0 210 111 60
3 2-411 1.6 93 <2 " 2.-10 250.0 239 I~ 59
5 2382 1.5 ~ <1 '3 2.20 1.w.0 2'" 158 58
7 2651 1.7 to8 <2 " 2.30 t7o.a 107 111 66

• 2675 l.ll 96 <1 .5 1.90 170.0 !17 179 67
II 267:5 I.. 83 <2 ~ 2.30 190.0 197 161 67
13 2~7 1.9 78 <2 " 2.10 160,0 180 145 75
IS 3:51:5 1.8 78 <1 39 1.90 130.0 188 149 ~

t7 37.... 1.9 n <1 39 1.10 ~.O 147 118 87
19 2852 1.8 63 <2 43 2.10 110.0 In 110 67
1I 3265 1.8 71 <2 .3 1.90 110.0 13M 114 75
23 2395 1.9 52 <1 50 2.20 96.0 I'" 92 61
25 1:559 I.S .... <1 43 1.20 :5:5.0 130 "14 3M
27 1:551 1.7 3' <1 48 1.20 160.0 167 130 39
29 2097 1.8 " <2 " 1.50 :5:5.0 132 "14 52

32.5 2"'6 1.6 ~ <2 35 1.10 :52.0 to8 ~ 50
37.5 1562 U 36 <2 33 1.10 .70 11' 97 37
"2.:5 1-413 U 32 <2 31 1.10 n.O 103 81 32
·41.5 1633 1.4 36 <2 29 1.20 74.0 I'" 80 35
52.:5 1'179 U '" <1 25 1.20 95.0 109 81 '"57.5 1:5:52 1.2 32 <2 36 0.20 :57.0 1'14 79 32
62.5 1:5~J 1.2 32 <1 l' 1.30 62.0 112 86 31
67.5 1562 1.1 32 <2 25 0.68 <SO 116 85 11
n.5 1560 1.1 31 <1 25 1.30 <SO 98 74 31
77.2 1617 1.3 33 <2 27 0.20 <50 120 91 32
82.5 1623 U 32 <2 26 I.110 <SO 112 83 31
87,:5 16:56 1.2 32 <2 27 1.30 <:50 97 71 31
92.5 1612 U 31 <2 29 1.20 <SO 100 76 34
97.S 1635 U 33 <2 32 1.30 ~.O 97 73 33
102.:5 1583 1.2 31 <2 32 1.10 <SO 88 67 31
107.:5 1261 1.2 27 <2 31 O.~ <SO 88 65 27
112.:5 1002 1.2 25 <2 32 1.20 <50 92 69 N
117.:5 .- 1.2 l' <2 32 0.20 <SO .. 61 24
122.5 1089 1.2 25 <2 35 0.94 <SO IllO 78 27
127.5 1182 1.5 26 <2 36 I.110 86.0 liS 88 29



Core GP2 306

core GP2 Depth Ag16) Al12) As I!) Au(l) Ba(l) Ba(2) Be 12) Br(l) Ca(2)
Sample # lem) (ppm) ('Yo) (ppm) IPP") Ippm) Ippm) Ippm) (ppm) ('Yo)

GP2-OO2 \ <0.2 ~.77 12.0 <2 220 H7 3.0 W.9 0.31
GP2-OOo1 3 <0.2 ~.97 12.0 >.5 140 266 3.1 69.9 (l.32
GP2-006 5 <0.1 5.03 12.0 6.0 230 256 3.1 63.0 0.29
GP2-OO8 7 <0.2 5.13 13.0 H 230 262 3.\ 59.6 0.29
GP2.olO • <0.2 5,61 12.0 78 300 317 2.7 ~7.6 0.29
GP2.o12 II <0.2 5.70 11.0 8.3 3III 317 2.6 53,~ 0.28
GP2-t1I~ 13 <0,2 ~.9l} 7.6 5.0 2III 2J3 2.7 7~.3 0.25
GP2-1116 IS <02 H\ 56 o. I"" 102 26 7211 n 21
GP2..{Jt8 17 <0.2 >8> 5\ 16.11 210 21< 23 7H.~ 0.23
GP2-t120 I' <0,2 ~,61 5.7 7.' 190 \'8 2.2 l}O.O 0.23
GP2.o22 21 <0.2 3.77 3.1 <2 130 1<9 1.8 1]5.0 n.21
GP2-OH 23 <0.2 3.77 3.6 <2 160 160 1.8 151.0 0.24
GP2.o26 25 <0.2 ]JU 27 <2 ISO 167 1.8 1~6.0 O.2~

GP2-t128 27 <0.2 3.% 2.7 <2 160 177 1.7 1~11.0 0.23
GP2-O]O 2' <0.2 3.83 H <2 160 183 1.< I~].O O,2~

GP2-o35 32.5 <0.2 3.25 H <2 1<0 166 1.2 190.0 0,28
GP2..040 37.5 <11.2 3.2~ 2.0 <2 170 172 I.J 16S.11 0,28
GP2-045 ~2.5 <0.2 3.19 21 <2 110 163 L3 IS~.O 0.28
GP2-050 ~7.S <0.2 3.2~ 2.4 <2 I~O \78 L3 162.0 0.]0
GP2-055 52.5 <0.2 3.28 1.7 <2 160 186 1.< 162.0 lUI
GP2.Q60 57.5 <0.2 3.28 2,0 <2 180 189 1.5 t71.0 n,ll
GP2-<l65 62.5 <0.2 3.33 2.2 <2 17U 192 1.6 172.0 0.32
GP2-070 67.5 <0.2 3.26 1.6 <2 170 186 1.7 17lJ.O 0.32
GP2-075 72.5 <0.2 ].25 I., <2 ISO \85 1.8 169.U 0.32
GP2-o80 775 <0.2 3.28 2.1 <2 1.0 20. 2.0 191.0 IU~

GP2-o85 82.5 <0.2 3.27 2.1 <2 17U 1.5 2.2 198.0 0.]3
GP2-o90 87.5 <0.2 3.83 .. <2 170 21~ 2.1 1~5.n u.]o
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Depth es(l) Cu(2) Cu (3) Dy(2) Eu(l) Fe(l) Fe (2) Fe (3) Ga(2) fif(l)
(em) Ippm) lepm> (ppm) (ppm) <ppm) (Ufo) ("10) ("10) lepm) (epm)

I 3.0 '0 30 7.' 2.80 3.60 3.36 2.22 13 3.20
3 2.7 " 33 7.3 2.70 3.40 3.53 2A2 13 3.00, 2.7 4. 30 8.2 3.60 2.90 3.01 2.02 13 3.00
7 2.9 .. 30 8.1 300 2.70 2.92 t88 14 lAO
• 3.6 4' 30 7.3 3.10 2.I}0 3.17 2.33 " 3,00
II 4.0 38 24 73 3.10 3'0 2.9' 2.13 " 350
13 3.1 " 22 8.2 2.50 2.]0 2,31 1.51 12 2.30
I; 2.1 30 21 87 3.90 2.0() 2.24 1.56 9 2.10
17 2.6 27 17 7.t1 2.60 3.20 ]30 2.12 IJ 1.90
19 2.3 30 20 6.7 ].00 3.40 3.40 2.3] 12 2.]0
21 1.6 26 17 ;.9 2.]0 2.20 2.15 lAO 9 1.60
2J 1.8 32 17 '.8 2.50 2.00 1.81 1.21 7 2.0()

2' 1.7 26 18 '.7 3.30 1.90 1.<}8 1.2<} R 1.70
27 2.7 24 14 '.1 2.30 2.20 2.11 1.42 9 2.10
29 2.7 21 14 a 2,30 2.00 1.75 1.06 9 (l.20

32.5 2.0 21 12 4.2 2,10 1.50 1.24 O.N 8 2.6()
37.5 I' 22 13 .. 190 1.2tl 116 0.68 8 0.20
42.5 18 18 12 4.6 \.30 1.10 U5 0.70 7 140
47.5 U 22 13 4." 160 \.(0 1.13 0.70 R 1.70

'2' 16 21 13 a 2.20 1.20 1.14 0.72 R 140
;7.' 1.7 22 14 ;.1 190 1.20 1.16 0.70 8 \.90
62.5 1.7 22 "

,., 2.60 1.10 1.09 0,70 6 UO
67.5 I.R 22 " '.7 2.60 1,10 l,t).!. 0.72 4 170
72., 1.2 23 16 6.0 2.6() 1.20 1.08 0.70 6 0.82
71.5 1.8 2' 17 6.1 2.00 1.20 1.06 0,67 7 1.60
112,5 18 26 IR 6.2 1.20 \.30 106 0.67 6 170
87.5 2.+ 33 22 6.0 2.90 2.10 1.91 1.2\ • 1.70
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Core GP2 312

Depth Ti(2) U(I) V(2) W(I) Y(2) Yb(l) Zn(l) Zn(2) Zn(3) Zr(2)
(em) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

I 2328 1.6 119 <2 .1 ·4.10 220.0 196 137 60
3 2.98 1.6 III <2 'I 3.90 230.0 190 133 66
S 2451 1.8 89 <2 .- 4.50 180.0 18S 131 ..
7 2513 1.7 82 <2 .- 3.60 170.0 187 1'1 6S
9 3228 1.8 86 <2 .1 3.80 210.0 182 116 7'
II 329S 2.1 72 <2 '1 HO 140.0 1'2 108 82
Il 2388 1.9 S7 <2 'S ].80 92.0 129 88 60
IS ~OIO 1.8 '8 <1 <7 ·UO 81.0 98 66 51
17 21\}8 1.6 SI <2 38 ].3u SLO 10' 68 S6
19 21128 1.6 62 <2 37 3.60 1200 113 86 50
21 I.\}. I.. 37 <2 31 1.90 IH.O lOS 82 36
23 1.98 1.5 38 <2 32 2.10 ".0 118 'I 36
25 1569 U 38 <2 32 3.10 86.0 118 101 37
27 1860 1.5 .3 <2 28 2.50 ".0 129 90 .2
29 1895 I.' 'I <2 26 (J.20 <5U 137 '7 '2

32.5 1555 I., JJ <2 25 0.20 120.0 95 .. 33
31.5 16<MI 1.2 JJ <2 25 2.3U 53.0 101 75 3.
.2.5 1'-3 IA JI <2 2S 0.20 91.0 101 80 JI
.7.5 1555 L2 JJ <2 26 2.00 'l5.0 103 ,. J3
52.S 156<1 12 JJ <2 26 2.00 61.0 92 65 ,.
57.5 1..8 U 36 <2 27 \.80 150.0 109 77 35
62.5 16S6 L2 32 <2 28 2.30 12.0 ~ 62 37
67.5 1562 I.' 30 <2 29 2.80 <50 95 ,. JJ
72.5 1531 L2 30 <2 31 2.30 53.0 .. 73 35
77S 1712 1.5 33 <2 32 2.20 99.0 90 66 38
82.5 15'l3 I.. 31 <2 JJ 11.20 52.0 77 55 39
87.S 1903 I.S 67 <2 32 2.90 130.0 116 88 '8



CoreLPW 313

core LPW lkpIh Ag(6) AI (2) AsII) Au (I) Ball) Ba(2) 8<:12) 8r(l) C3(2)
S:unple II (em) lopm) (%) lopm) (ppb) lopm, IJ'!"'" (flPRl) lopm, l'Yo)

LPW-002 1.0 <0.2 ).80 12.0 <2 120 135 2.) 59.5 0.36
LPW-OOI ).0 <0.2 3.78 13.0 <2 160 IJ) 2.) 61.8 0.36
LPW-Q06 5.0 <0.2 3.79 12.0 <2 110 121 2.3 58.) 0.39
LPW·OO8 7.0 <0.2 )80 12.0 <2 120 116 2.3 60.0 0.39
LPW.{I!O 9.0 <0.2 ].78 12.0 <2 89 118 2.2 55.1} iUS
LPW.{)12 11.0 <0.2 3.76 12.0 <2 96 101 2.2 56.1 0.42
LPW·OI4 13.0 <11.2 3.89 12.0 <2 9) 106 2.2 55.8 0.45
LPW-UI6 15.0 <0.2 3.96 12.0 <2 69 104 2.2 SO.7 1147
LPW·OI8 17.0 <U.2 3.97 14.U <2 100 Hl7 2.] 55.2 11.50
LPW·02t1 19.0 <n.2 ".04 12.0 <2 120 109 2.3 51.-1 0.54
LPW·H22 21.0 <11.2 lIlR 12.<1 <2 120 113 2.3 5).) 0.53
LPW-024 230 <11.2 4.09 12.0 <2 96 105 H 51.1 u.s.a
LPW.{126 25.0 <0.2 ".00 13.0 <2 97 104 2.5 49..4 (1.56
LPW.{)28 27.0 <0.2 3.85 13.0 <2 100 104 H 50.8 0.s7
lPW-tIlO 29.0 <11.2 3.80 14.0 <2 110 98 2..4 51.6 0.58
LPW.{)35 32.5 <0.2 3.15 14.0 <2 95 7R 2.\ 47.0 0.47
LPW.().l(1 375 <0.2 3.96 no <2 100 102 2.6 42.'1 U.60
LPW-<lol5 42.5 <0.2 ".00 14.0 <2 97 105 2.7 42.2 0.65
LPW-OSU "7.5 <IU ) 89 15.0 <2 120 Ill'! 2.6 "".9 0.68
LPW-055 52.5 <0.2 ].72 ls.n <2 ... "" 2.7 "".7 0.69
LPW~I 57.5 <0.2 3.'H 15.0 <2 76 100 ).0 42.7 0.70
LPW-065 62.5 <0.2 ].69 14.0 <2 120 105 2.9 4t.9 o.7J
lPW-070 67.5 <0.2 3.... 14.0 <2 68 100 ).0 40.0 0.75
LPW.{)75 72.5 <0.2 ).69 14.0 <2 70 92 3.2 37.9 0.75
LPW.{)80 77.5 <0.2 ).52 13.0 <2 80 .. 3.2 ]5.6 0.75
LPW-085 82.5 <0.2 lAS 14.0 <2 120 "" 3.) )5.2 0.78
LPW.()90 87.5 <0.2 ].49 15.0 <2 lJO 1IR 3.1 In.7 o.~

LPW.095 92.5 <0.2 ].19 12.0 <2 95 107 H 34.4 0.73
LPW·lon 97.5 <0.2 3.16 II.tJ <2 62 78 )2 43.5 0.76
lPW-I05 to2.S <0.2 3.22 10.0 <2 ... 72 ).0 39A 0.79
LPW-IHl 1lI7.S <11.2 3.)8 8.1 <2 69 67 H )8.7 0.84
LPW-115 112.5 <0.2 1.08 8.1 <2 65 67 H )9.9 0.77.
LPW·120 117.5 <0.2 2.89 7.8 <2 75 63 H 37.8 0.75
LPW·125 122.5 <0.2 2.62 H <2 <50 59 H 36.6 0.72
lPW-IJO 127.5 <0.2 2.49 6.0 <2 <50 57 H 35.7 0.73
LPW-1J5 1J2.5 <0.2 2."" 7.5 <2 5" 55 ).2 ""A 0.74
lPW·I.JO 137.5 <0.2 2.55 7.7 <2 <50 56 ).) 41.2 0.79



Core LPW 314

Dcp<h Cd(2) Cd(3) Ce(l) Ce (2) Co(l) Co(2) Co (3) Cr(l) Cr(2) Cr(23)
(em) (porn) (ppm) (porn) (porn) (porn) (ppm) (ppm) (ppm) (ppm) (ppm)

1.0 0.6 OA 63 65 30.0 30 \9 <\5 20 IS
3.0 0.5 0.4 6\ 65 29.0 31 19 <15 22 \6
5.0 0.6 0.5 62 69 28.0 30 18 <IS 21 17
7.0 11.6 0.5 62 66 29.0 30 19 <\5 I') \6
9.0 0.5 0.4 60 65 27.0 3\ 19 <IS 19 IS
11.0 0.6 O.S 63 .. 32.0 34 20 <IS '" IS
13.0 0.5 OA 60 63 28.0 31 \9 <IS '" I;
15.0 0.5 tlA 57 .. 27.0 31 19 <15 19 I;
17.ll 0.6 0.; 65 66 29.0 32 '9 <IS 20 IS
1'.1.0 n.s OA 66 67 ]0.0 32 19 <15 21 I;
21.0 0.6 0.5 63 66 28.0 28 '" <15 21 IS
2]0 0.7 U.5 66 67 30.0 32 \9 <IS 20 IS
25.0 0.6 0.5 63 66 ]5.0 37 22 <\5 19 14
27.0 116 u.5 60 66 ]8,0 38 22 <I; 20 16
29.0 0,6 0.5 69 70 -41.0 42 26 <IS 22 IS
32.5 0.5 0,6 62 54 50.0 42 31 <IS IS 1\
37.5 0.6 0.5 66 67 31.0 34 20 <IS 20 14
-42.5 0,6 0.5 60 68 34.0 42 26 <I; 21 14
47.5 0.5 0.5 70 68 15.0 73 45 11.0 20 14
52.5 n.1 0.6 75 66 -470 46 28 <IS " D
51.5 0.8 0.7 75 73 32.0 36 23 <IS 21 IS
62.5 0.6 0.5 .. 71 10.0 67 45 <IS 19 14
61.5 0.1 0.6 65 70 44.0 46 31 <IS 16 14
12.5 0.1 0.6 67 71 350 35 23 <IS \9 \3
TIS 0,8 0.7 65 71 46.0 SO 35 <15 17 \4
82.5 0.1 0.6 66 71 86.0 R9 ;8 <IS 17 \3
81.5 n.8 0.7 62 72 160.0 17\ 135 <IS 17 D
92.5 1.11 0.8 54 65 .7.0 ;, 35 <15 17 12
97.5 0.9 0.7 ;9 ;9 26.0 26 19 <I; IS 12
102,5 0.9 11.1 56 63 ]6.0 3; 25 no IS \I
107.5 II 0.9 ;8 65 19.0 \9 13 21.0 14 12
112.5 II {j.'.1 6\ 67 2-4.0 23 17 <IS 12 12
117.5 1.0 0.9 58 63 16.0 17 13 19.0 1\ 1\
122.5 1.0 0.9 53 60 16.0 12 13 <IS 1\ 1\
127.5 II 0.9 45 59 13.0 IS 1\ <IS 1\ 1\
132.5 1.0 0.8 5\ 57 14.0 \5 1\ <IS 10 9
137.5 II 0.9 57 60 21.0 22 17 <IS 12 10



CoreLPW 315

Depth Cs(l) Cu{2J Cu(3) Dy(2) Eu(l) Fc(1) Fe (2) Fe() Ga(2) Hf(I)
(em) (ppm) (ppm) (ppm) (ppm) (ppm) ('Yo) (Ufo) ("/0 ) (ppm) (ppm)

I.U 1.5 I~ 12 5.U 1.90 5.30 HU ~.28 12 1.90
3.U 1.9 " 12 ... 2.10 5.50 5A3 -l.50 12 0.'12
5.0 1.7 " 11 5.U 2.UO 5.20 5.30 ,US 11 1.90
7.U 1.6 I~ 12 ~.9 1.90 5.20 5.26 4.38 12 1.80
9.0 1.J I~ II U 1.90 5,00 5.]0 ·U5 12 I...,
11.0 1.J " II H 1.50 5.30 5.41 4.57 13 I.IM)
13.0 1.J 15 12 .10.5 1.70 5.., 5.31 ·H3 1J LOn
15.0 1.1 12 11 H I..., 5.5u 5.·H ~.~ 12 n.7S
17.0 I.~ " 11 U 1.60 5.1){) 5.57 4.75 1J un
19.0 1.3 15 11 ~.6 2.30 5.50 5.26 ·U9 13 1.60
21.0 I.~ I~ 12 H 2.20 ~ ..., ·U5 3.60 12 2.70
23.0 1.2 15 12 ~.6 1.70 5.20 4.87 ~.oo 12 1.90
25.t1 1.0 I~ 12 ~.6 1.110 560 5.45 ·10.58 11 1.50
27.0 1.4 I~ 11 H 1.70 6.00 5.77 -l.82 1J 1.00
19,U 1.J " 12 ~.6 l.olO 5.90 5.62 -l.88 13 2.20
32.5 1.2 12 12 3.2 1.80 5.90 4.70 -l.83 11 1.30
37.5 U 15 12 ~.9 1.70 6,)0 6.uU 5.B 12 l.2u
425 1.3 15 12 5.1 L70 6.10 606 5.16 1J n.71
47.5 1.5 I~ 12 ~.9 1.10 7.110 6.UI 5.37 12 1.10
52.5 1.2 " 11 ~.8 1.80 6.60 5.75 5.'" 12 1.20
57.5 I.~ 16 13 5.1 2AO 6.40 6.02 5.31 12 Ut)
62.5 I.U 15 12 5.1 2.30 5.3U 5.12 ~.58 12 lAO
67.5 Ul 15 12 4.9 1.90 ~.9O ;,(5 ·U9 IU 1,10
72.5 0.9 16 Il S.U 2.10 au ~.95 ~.18 9 0.69
71,5 1.1 16 1J S.U 1.10 ·HO 4.68 4.1>4 6 u.55
82.5 1.1 16 12 ~.8 1"'0 4.30 4.57 3.75 9 1.30
87.5 U.S 15 12 59 1.50 5.70 6.26 5.44 " I.IIU
92.5 I.U 16 13 ~.7 1.70 2.90 3.29 2.72 6 1),20
97.5 11.9 16 13 ~.2 LSD 2.70 2.59 2.10 5 0.72
102.5 U.7 15 12 ~.2 1.70 2.00 2.16 1.73 ~ \l.80
107.5 0.8 17 13 ~.5 l.80 2.10 2.31 I.~ ~ 1.10
112.5 U.8 18 13 ~.6 1.80 2.00 too 1.58 5 t1.65
1t7.5 0.7 18 1J 4.2 1.80 1.60 1.71 1.33 3 l.tKJ
122.5 U.7 18 13 ~.2 1.70 1.50 1.63 1.30 ~ 0.83
127.5 u.5 19 I' ~.I 1.90 1.10 1.37 1.07 3 0.20
132.5 U.7 19 I~ 3.8 1.20 1.20 1.12 0.92 2 11.60
137.5 U.9 18 I~ 4.2 1.90 1.60 1.68 1.30 ~ 0.20



CoreLPW 316

Deplh Hg(18) K(2) La(l) La (2) li(2) LO' Lu(l) Mg(2) Mn(2) Mn(3)
(em) (Pflb) I'll.} (ppm) (ppm) (ppm) ('lI.) (ppm) I'Y.) ('Y.) (ppm)

1.0 NA 0.37 23.0 23 12.2 32.0 0.26 0.15 0.15 1960
J.O 157 0.37 22.0 23 12.1 32.2 0.37 0.15 0.25 2210
5.0 1'2 0.32 13.0 25 10.7 32.7 11.36 0.13 O.H 2110
7.0 I.. 0.31 24.0 25 to.3 32.8 lI.oW O.1l 0.23 1910
9" ,.. 1111 220 2. !OJ Jl.l illS 1113 U.23 1850
1l.0 I,. 0.16 22.0 25 8.9 32.6 0.18 0.11 0.21 '.70
13.0 110 0.26 no ,. 9.3 33.2 0.32 1112 0.21 11811
15.0 IJ9 0.26 20.0 25 9.0 33.4 0.25 0.11 0.21 1800
170 110 0.26 23.0 25 9.5 lJ.5 0.27 U.12 0.21 173(J
19.0 1'3 0.27 23.0 2. 10.3 JJ.8 0.24 0.12 0.18 '560
21.0 ''I 11.26 24.0 25 10.7 33.2 0.33 0.12 (J.IX ISStI
23.0 IJ5 11.26 25.0 2. 10.5 33.5 0.32 0.12 0.18 '5'0
250 110 IUS 2-1.0 2. 9.8 JJ.3 0.33 11.11 0.16 ''''''27.0 III 0.24 25.0 2. ... JJ.I 0.26 0.11 0.20 I SSt)
29.0 105 0.23 25.0 2. 9.0 3D 0.," tJ.11 0.18 ISIJI:I
32.5 86 0.18 25.0 " •.8 ..., 0.29 0.09 0.15 1580
375 115 IU4 25.0 20 9.• 31.4 U.29 0.11 n.18 IsSt)
42.5 120 0.24 no 28 9.8 32.6 u.36 0.11 I).IU 1620
·41.5 110 0.23 25.0 JI 9.2 31.9 IUS 11.11 0.20 1600
52.5 117 11.21 16.0 27 8.' 31.9 0.31 0.10 0.11 ,-
51.5 III 0.12 18.0 JO 9.3 31.9 IUS 0.11 0.17 14 III
62.5 90 lI.23 28.0 J2 9.3 30.9 0.29 0.11 0.11 1160
61.5 102 lUI 25.0 28 8.8 30.8 0.34 11.11 0.17 IIIJI:I
12.5 85 0.20 27.0 lJ 8.7 31.0 0.29 0.10 0.15 1010
n.5 a. lI.20 25.0 Jo 0.5 29.9 0.32 0.10 1l.15 WOO
82.5 85 0.19 25.0 29 8.5 29.6 0.23 0.10 0.20 1700
87.5 o. 0.18 24.0 30 8.5 20.8 11.25 11.10 1.59 12700
92.5 75 0.17 21.0 28 8.' 28.3 0.24 0.09 (J.17 1160
'>7.5 .9 tl.16 23.0 27 7.• 28.3 0.29 I).O,} 0.10 70)
102.5 70 U.tS 23.0 27 7.1 28.8 0.30 O.O'} 0.09 .28
107.5 7. 0.15 25.0 29 7.1 29.1 0.31 11.09 t1.10 .72
112.5 56 0.14 27.0 30 7.2 29.1 0.34 0.09 0.10 .57
117.5 60 0.13 24.0 28 7.11 28.0 0.28 0.08 0.09 595
122.5 5. 0.12 22.0 28 ... 27.5 0.26 0.08 0.U8 5,.
127.5 55 U.ll 20.0 JO ... 27.3 0.27 t1.01 0.07 '98
132.5 52 0.11 no 2. •. 1 27.4 0.22 0.08 0.07 .,7
137.5 57 0.12 N.ll 28 •. 2 27.1 0.27 {l.07 0.08 570



Core LPW 317

Depth Mo(2) Mo(S) Na()) Na(2) Nb(2) Ni(2) Ni(3) P(2) !'b121 !'b(3)
(em) (ppm) Ippm} (%) ("!o) (ppm) (ppm) Ippm} Ippb} (ppm) (ppm)

1.0 4 2 0.2t 0.20 4 14 10 2006 34 23
3.U 4 0.22 0.20 2 14 8 2031 33 22
5,0 4 0.18 0.16 2 14 8 2135 22 16
1.0 3 0.11 1),15 2 14 8 2151 20 15
9.11 4 0.16 0.16 2 16 8 2112 26 16
11.0 4 n.15 0.13 3 17 • 2128 17 10
13.0 3 O.t.J 0.13 2 17 8 2088 18 III
15.0 4 0.13 0.13 2 16 , 2111 14 10
I1.U 3 O.I.J 0.13 15 , 2159 I' 10
19.U 4 n.IS 0.1'+ 16 , 219\ 15 ,
21.0 3 0.11 0.14 17 • 201lJ 15 III
D.ll 3 0,15 n,D 18 • 2\81 16 •25.0 4 0.14 0.13 18 10 2212 15 •27.0 5 U.15 n.13 I' • 2172 16 "
29.tl 4 0.12 n.12 22 12 2194 15
32.5 4 0.12 0.()9 I' 12 1829 12
31.5 4 0.13 11,\2 I' • 221JO 13
42.5 4 n.1] n.12 2 18 III 2238 16
47.S 5 0.14 0.12 2 24 13 2162 15 ,
52.5 4 t1.I.J 0.11 2 20 II 2229 15 ,
51.5 4 0.13 0.12 2 I' 10 2466 14 8
62.5 4 (J.13 n.12 2 28 15 2314 II ,
67.5 4 0.13 1).11 2 20 II 2.J21 10 ,
12.5 4 0.12 0.11 I I. 10 2612 10 7
n.5 4 t1.11 0.11 I 21 II 248S II ,
82.5 5 0.11 u.1I I 37 14 23.J8 • 7
87.5 6 0,11 0.10 I 37 21 IS33 16 7
92.5 3 0.10 0.10 I 26 15 2151 " 7
97.5 3 2 U.IO 0.10 I 21 II 2160 • 7
102.5 3 2 (J,II 11.10 I 24 14 2138 6 7
107.5 3 2 0.11 0.10 I I. 10 239.J 6 7
112.5 2 2 0.12 0.10 I 23 13 2116 7 7
117.5 <2 0.11 0.10 I 21 II 1.48 5 7
122.5 <2 0.09 O.OS I 21 12 17JS 6 6
121.5 <2 0.09 0.08 I I. II 1652 5 6
132.5 <2 0.09 0.08 I 20 12 1551 3 5
137.5 2 0.09 0.09 I 21 12 1629 5 5
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Core lPW 319

Depth Ti (2) U(l) v (2) W(l) V(2) Yb(1) Zn(l) In(2) Zn(3) Zr(2)
(em) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

1.0 1854 1.0 .... <2 25 1.-10 230.0 223 181 52
3.0 1857 Lt .... <2 24 2.30 210.0 213 177 50
5.0 1766 0.9 -10 <2 24 2.00 240.0 220 177 4.
7.0 1727 1.0 39 <2 24 2.50 250.0 221 184 46
1)11 170'" I.ll 41 <2 24 1.30 17(J,1l "'-I 167 41
110 1510 0.9 37 <2 24 2.10 200.0 210 177 36
13.0 1605 0.9 36 <2 22 1.90 200.0 226 184 37
15.0 1615 1.0 36 <2 22 1.50 190.0 201 165 36
17.0 1645 l.2 38 <2 22 1.80 2+0.0 241 195 3.
19.0 (692 1.0 39 <2 24 2.10 320.0 255 212 39
21.0 1665 I.tl 37 <2 22 1.60 200.0 261 21' 3.
23.0 16-10 Lt 37 <2 22 1.80 230.0 267 216 37
25,0 1612 1.0 37 <2 22 2,10 2+0.0 272 223 36
27.0 1569 Lt 37 <2 22 ISO 21JO.O 261 212 36
29.0 1518 1.0 36 <2 22 2.10 320.0 275 233 34
]25 1152 0.9 28 <2 IS 1.70 ]10.0 211 217 ,.
37.5 [47] to 36 <2 24 Uo 2]11.0 248 206 37
42.5 '5-10 0.9 36 <2 24 1.70 320.0 276 22J 36
47.5 1-157 1.0 35 <2 2J 2.20 ]30.0 25-1 2IJ 36
52.5 1378 1.0 33 <2 23 2.20 300.0 273 227 84
57.5 1425 0,'1 36 <2 25 l.OO 390.0 304 263 35
62.5 D85 0.1} 34 <2 25 2.-10 340.0 286 241 33
67.5 1355 n.7 34 <2 25 2.10 360.0 305 245 JJ
72.5 1254 0.8 J2 <2 25 2.50 380.0 315 255 J2
775 1185 0.8 31 <2 25 1.60 ]00.0 341 274 31
825 1070 0.8 30 <2 25 2.-10 -100.0 356 267 J2
87.5 1070 (J,g 30 <2 25 2.00 350,0 356 290 J2
92.5 979 0.7 27 <2 25 L<iO 3SO.0 391 318 26
975 .98 0.7 24 <2 24 1.90 420.0 361 291 26
102.5 876 0.7 21 <2 23 1.20 350.0 3.... 288 22
107.5 918 0.7 23 <2 25 2.00 410.0 391 318 24
112.5 850 0.8 22 <2 25 2.00 430.0 396 319 23
117.5 776 0.7 21 <1 24 1.70 -100.0 391 324 21
122.5 683 0.6 20 <2 24 2.00 370.0 -10. 323 20
127.5 637 0.6 I' <2 23 1.60 420.0 -108 JJ3 19
132.5 555 0.7 14 <2 23 LtO 380.0 -102 316 17
137.5 594 0.7 16 <2 24 2.00 460.0 412 331 17
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Appendix D: Pollen and sport: count
CoreQV2

-~-------~--·7-'--'1-·---13-,---'7--'21"25"."5--32-

SP'Xi~

Piua • 0 •• .2 '" JJ )2 .0 )ll
Abie's 2 1 I I I 2 1
Pinus

PopuliI.' 2 2 I
T'jJja 2 I I
BI/tu/u .ll 80 71 .. 72 80 57 58
...Ic... r II 7 ) 7 ) I )
..l/llus 1) )8 .. )8 J2 •• ). )0
PolypodillXa~ 62 88 6) 76 .7 .5 'x, 80
L.vcopvdiurtl • IJ • 8 7
Sa/i.r • 5 ) • 2
OsrtlUlrJu 1
Erk.lI~a~

JUII/pav.r
Epi/(Jblllm
Tara:w('um 11 6 II 10 6 10 18
RUllle:r 16 18 2. '" I. 20 21
SI...llana I 2 I
GramUk:I': 120 86 .. 81 'X, 86 116 115
Ast~'f.t1Xao: 7 12 ) 13 • • 16 6
CbcOOpodiao.:l": I
J~vn'c:a !{al... 2 7 6 11 1. 6
Thalictrum ) • ) 2 2
Sphagnum )ll 61 6tl 64 61 66 .'J )2
EquUf!llml 8 ) 15 16 27 27 22 ".\"'mopamhuJ 2 I I • 8 • )
Co",:, ) I
lsol!ftls 16 6
Nymphaace:a.: I 6
SrmthJtl!J ,
.\'uphar
Enocau/on
POlatrlOgelon ) 2
tOlll polk.'11lDd spores '0. '7) '" 498 SOIl 50) ••• ,"4
COITodcd ,. 12 15 8 III 12 16 III
Unknown 6 7 7 • ) III , •1JKktcnnin.blc 20 15 ,. 17 20 21 20 21
~lpikcrOl'poUcn J4) 2711 1I2 199 280 275 17' )41
tot.Jl)'QIpOdillll\lIPikc:xlddi 24200 24200 24200 24200 24200 24200 24200 24200

S001 71 62 2S 59 55 65 III )5
Cbllt'COal 2481 1914 8" 16tl9 1540 1524 441 424
Spb for d'ian:oaI ed mol 238 17. 66 110 18) 168 .5 174
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CorcQV2

<1<'" ]81 +I' 52.5 57.5' 62.S r
67.5 72.5 77.5

S 'j¢>

Pice:a " 45 6" 7J 88 10] 114 106
Abin 2 ] 4 12 13 2S 25 ]4
Pinu.f , ] 2
Popul"., I
TWa I
Bt'lUla 52 70 H 87 106 84 80 84
Ac...r I
AlnuJ 2] ]5 J2 25 42 ]5 22 61
Pol)1KJdia~c: 60 52 98 90 76 72 72 54
Lycupoclium 6 II 5 9 6 6 8 6
Sali.'C I I I I 2
OJmunJa I I I
~ac: I I
Juni/HnlJ
I::piloblum I I
Taruxacum 9 " 6 I 10 5
Rumf!.'t 2' 19 JS 20 20 18 17
S."laria I I ] 5
C.JRminClC: IJ7 96 92 70 90 46 )<) 19
A-;lI:ra«ac: 13 14 8 II 14 4 7 7
CkoopodilllXac: I
.\~Ynca gal... 8 ] 7 9 6 8
Thaliclnlm I 5 , , 9 4
Sphagnum 27 46 60 " .. 54 ]7 24
EqulJf!tlfm 2J 7 6 II 2 2 I 7
X...mopamhu.f I I I ] 1
CUI'/!.'t 2 14 I I IS
IJOt!It!J ]6 76 66 89 25 22 57
N~mph.~cClC: 4 ] 6 6 , 2 ]

Stratjotf!J 2 ] I ]

.Vuphar I I
Eriocaulon
Palumog...ton
lOCal poTh:D andsport:ll 470 428 589 555 6]7 512 '59 49]
Conoded IS 12 12 20 20 20 10 13
Uobo"" " II 5 II 26 5 2
IDddcrmiDabk 10 10 10 II " I' 10 ]

lycapodiI.m~clOrpo/aolt 201 267 165 IJS 104 14] 212 196
loUIl:yQapocIMntpCcldded 24200 24200 24200 24200 24200 2.200 24200 24200

Soot 14 19 6 7
Chan:oaI 555 ]05 ]00 211 82 28 20 18
Spikcfor~aldJoOl "' 166 ISS IJS 104 IJ) 212 196
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CoreQV2

d<1h 82.5 875' 92.S· 102.5 107.5: 112.S \22.5 132.Ss ."'"
Picl'u III 119 127 116 132 136 1-16 137
Ahit!.1 17 .2 50 23 20 II 27 38
Pi"!ls I • " 1 1 \6 "Populus I
Tiliu
&eu/a 102 117 117 "3 13\ <J6 1lI3 1011
Acl'r

A/nilS 53 22 " 26 2K " 20 16
Polypodial;c,:ac ... 26 24 '" 15 32 2Y 29
L,'l'f:upoJium ,

1 3 5 3 2
."iuJix
VsmunJa
Ericaccac
JumfHl1lJ
f.:ptlohiultl
Toraxacum
Rm"r.~

Std/aria
Granuth:aC 13
A..I.:race:ac 3
Cho:oopodiace:1lC
·\fllricagall' II 6 " 10 II 7 5
Tholicrrnm I I 5 ,

2 I
.\'phognum 20 II \0 12 21 21 28
Eqlliumm 2 2 I 3
.\'..mopanthus I
('QtY_~ I 2 I I
Isat!lf!!l ... 20 10 20 '" 17 10 13
Nymphacacca..: 1 1 I 2 1 1
SJrotiulf!S 1 I 1
.Vuphor
Eriacoulun
P()rQnlOgdan
Ioial poUCIl and spon:s "7 387 376 387 '" 362 1.. "0Com>d<d 21 12 12 22 15 23 " 10
Uakaown 7 I 3 3 J 3
l!xktcnni:Dable 5 II 8 • 13 9 5 6
IyQJpodiumll'ikcrorpollcn <J6 <J6 ,. .. 95 100 • 107
LUllympodiumll'ibaddood 24200 24200 24200 24200 24200 24200 24200 24200

Soot
Cba=aJ 2. 5 2 10
s,ik.~rordlatootJadlO« 96 <J6 94 .. 95 \00 9\ 107
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Coo:QV2

-----d
th' 142.S 1S2.S: 1625' 172.5 192.S; 1'175

s ""Piuo IS7 146 lSI 136 124 139
Abi..s J1 S7 2S 67 44 3S
Pinus 9 11 3 8 IS 8
PopuluJ 1 1 1
Tiliu
&tula 113 '8 110 104 114 liS
.-Icl!r

.lllllu 18 14 18 10 24 28
Po~'POdJace.ac 31 24 26 18 21 19
LycupodiunJ 4 3 3 1 6
~Q/i.'{

()smumJ"
Ericac.:a.:
Jum~rw

Epiloh,um
Toru:cucum
Rumrtx
St..II"ri"
GnmuI<a< 1
A'ik"rl~ 10
Cbl.'DOpOd.iIlCC:ll:
.\~vricQ:i.a/ .. IS 6 7
Tholictrum 10 S
."Jph"gnum 16 18 13 1 13
£'1uul!ntnl 3 3
V..mopondruJ
Carr.'( 1 3
fsottlfJ 38 23 211 22 33
Nympb.a~ 1 3 1 3 6
Slrat;ot('s 3
.\iupllar
Eriocuulon
POlan/ageloll

(01.1 polkn oUId lol'Ofe!i ... 4211 397 397 411 396
C<>m><kd 13 7 IS 6 12 19
Uokoown 6 2 3 4 S 2
Uwktc:nltin.lbk 7 11 8 10 11 11
~umlpilr.clWpoIlcn 101 83 89 98 67 94
IcUllyuJpodiumlpikc-.m 24200 24200 24200 24200 24200 24200

SooI
Cb..- 3 1 2 1
Spikcb.Nn:oallDCl-s 101 8J 89 9S 67 94
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Con: LPS

_.-. -----cL: tb
I' 7; 11 15 I. --Zi'--·--Z3-;--------n"

~
Picf!Q 72 S' 67 53 4(' ,. " 76 71
04/,,1'.1 I' 7 16 7 7 3 III 10 IJ
Pinus
Popuhl.J I I 2
.·lc...r 2 I 2 I 2
Be/u/a " 73 ')5 92 •• 63 71 S" 'J..llnllJ 29 3J JO 31 ,. 42 22 '2

,.
PolypodikX.lC ... ... 67 99 107 g., 60 '6 31
L.vropuJium S • '" II 7 8 , , 6
Sa/i.t 3 2 2 3 S J I
VsltlunJa I I 3 I 3
Erica~ac

Junipl!t'lI.1 2
8()wrvcJllum 2
Taru~um 7 I • 6 I J
Rultllt.t 10 • IS 17 to 15 11
SId/ana I I 2 1 I
Ur3miDcac 82 "' 4(, ,. 5. .6 65 66 "A.'it...~.c IJ IJ 5 • 8 • IJ 16 11
Polygcmum I I
C"ONX • I 2 3
J(vricagalf! 10 2 I' III 6 , 16 • 9
Thaliclrom 7 S 10 12 10 8 IS 5 IS
."''pJraKnum ... 27 113 6. 03 44 S7 42 51
Equislttum 6 S 16 18 25 • 7 17
S ..mfJpandrus I I 2 I , 1 ,
IJ~I"J • 6 • I' III 16
Nympb.~ac 6 11 11 5 6 , I
SlratlOtf!S I I 2 3 ,
.VuplJar 3
t.nocaulon I
Potanwgf!'on 2 I I I I
Iotal polka and spon:s '56 423 515 505 m m 410 ·lI9 446
ComxIood • 15 6 10 IS 12 10 10 17
Unkno,,"ll 5 II 6 7 7 • 6 S ,
lode:tmniubl.: 13 16 11 14 IJ IS 12 14 S
I~.itc-ncd 235 276 307 237 175 165 192 1118 IJJ
1cU1~.ikeadded 24200 24200 24200 24200 24200 24200 24200 24200 24200

Soo< 6J " '0 18 22 11 S 2 1
Spike for soot 16S 211 226 •• 147 84 86 4J JJ
CIwcoaI 19 21 2. 14 28 17 J5 I' 8
Spike Cor I;hm:oaJ 137 31 179 6J '3 57 49 'J 3J
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CorelP5

._---~
-297--3I5~--37".5":' 42.5--475-··"52.5-··57.5-62.5- ··675

~ics
Pic~a 86 93 7. 59 8. % 107 9' 113
.lhi('.f 13 16 15 14 33 35 37 31 33
/);"".f 3 3 2 4
Pupullu
.k..r I
B..ll1ll1 'XI (1) 91 88 77 80 'J6 116 1I:l
.Ifllll.! 35 39 33 44 49 5' 25 31 '9Polypodilccac: .2 63 73 66 80 39 36 " .16
l..vt:upm/ium • 3 14 • 4 I 2
Suli.'f. 4 4 2 3 , I
Vsmu"Ja I I 4 I
EI1I.:ac..:3~

Junipt'ru.f
Huthl),t.:lllultl
Tura:wcum , 5 I
Rum...'!: 14 13 II 21
."i/..l1ana I I I
Graminc~ 32 38 33 29 2
A.~lcraccac 6 14 13 II 10
p(}~VX(Hlum

C"un'x I 1 I 5 I 5
.\~vnr:Q Kule' 19 14 14 19 17 16 II III 14
TllOliclnlm II 13 6 13 III • 9 9 7
.";phugnum 55 3. 55 31 H 2U 38 21 1.
Eqlli.J!!fllf1/ II 18 9 9 7 II 6
Xf!mopanthus 3 I
Is~t..s 36 31 13 2. II
N~lllph.c.~ 3 3 4 2
,"lrutjotes 5 I
.VupJwr 2 I
EriOCDUlon
POiamogf!ton 2
1000Ipolll.'UlDdspon.:s 501 462 4.. 448 456 387 369 362 390
Corroded 7 18 16 20 16 13 7 III II
Unknown 4 7 3 8 8 12 2 20 5
lncktc:nninabl.: 16 9 14 8 9 IS 7 10 12
1)"copodiWllllt*c...-..d 168 164 159 153 255 156 103 122 107
t.l:Ulty..:opcQ\IIllllpikc-'ded 24200 24200 24200 24200 24200 24200 24200 24200 24200

Soo< 2 3 2 7
Spik.: for soot 168 164 153 153 255 156 103 122 107
C1wa>aI I. 12 18 18 2' 10 10 4 3
Spike forcb.an:oal 168 164 153 153 255 156 103 122 107
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Coo: LPS

delh 72,5· 87.51 112.5;
Spo.:il:s
Pictto 137 133 130
Abin 18 " 17
Pinus 2 I
Populus
.-leer
&ru/a '13 103 86
A/nus 27 " 28
Polypodi.I,':~'c 25 '0 18
L.vc:upuJium 7 5
.'itlltr. ,
OsmunJa 2
En.;~

Junipenu
HOlhrychium
TartlXocum

RlImlf.'C

~kJlana

Crrami!k:ac
AliIL'Ta«K 15
Po!ygcmum
(·U~ I I 3
,\~vric:aRallf 7 12 9
Thulictnun • • 7
.\'phagnum 2. 33 I.
Equurrum I 2 2
.\'lfmopanfhuJ

[S(HtItS 13 22
Nympbkac..:a.: 2
Stratimlts •.\'UpIICJT
£ncx:aw/on

POIamogdon
lotaJ petko aud spon:s 385 395 J7I
Com><\<d I. 15 14
UokaoWQ 7 ,

"loddermin.abk 7 • 3
1yalpodillmlpikc<lllWlled 130 86 85
llllal~'Pilr.C'addold 24200 24200 24200

5001
Spik~ for sooc 130 86 85
Cbo=aJ 13
Spike for chan:oa1 130 86 85



3:;7
Corl:MPI

------;riil IIi 17. 21 27 31 37
SJk.'l:i~

ficea 38 25 26 34 33 53 54 117
Ahies I 2 6 2
Pinus 1
Popll/us 2 4 3 I 2
.'leer I 1 2 I 3
Bottula 35 50 49 32 63 113 \03 128
Alnus 30 36 37 3ll 37 32 23 27

Polypodia~al: 57 43 24 23 25 24 51 32
1..lICopudium 7 4 3 8 6 13 4 II
Salix 5 7 5 6 5 ]

Osmutlda I 1 5 6 ]

,'l'ali:t 2 6 2
JUtlipuus 2 1
le"ra:rar:um 2 3
Rumotx 12 III 7

Sidluna I 5
Gr~ 133 14. 14ll 167 104 56 '5 II
AsI.:rac~

, 4 5 3 3 , I 4
Po~vganunr 2
t'anx 6 III 3 II II 4
.\~~rir:a gall! 7 13 4 • 12 II III
Thalictrum 3 2 I I 2 2

'''''phagtlunl 19 4. !S 32 2ll 13 51 17

EquiSl'ntnr 19 24 2 \0 1 I. 38 22
,\parganillnl 52 2S 2
ISOf!tes 2
Nlmpbal:a~al: 1
."itraliotots
.Vuphar 1 2 I
Erieaulon I I 4 1
Potdiastrum 134 238 336 300 \03 7 3 2

tolal palko and ~von.:s 431 450 3S2 382 336 389 438 'II
Com>ded 2 I I 1 6 5 2 4
UnknOYoll 0 I I 5 , 3 3 I
Indelerminabll: II • 3 5 3 8 I 12

lywpodillll'l",ik.e~ 249 312 188 339 302 2117 213 'II
......J\yoJpoJium'llik.eaddcd 24200 24200 24200 24200 24200 24200 24200 24200

Cb"""" 367 499 80 640 126 23 I.
Sool 97 115 35 37 II
",ikcfor~lmdilOOl 249 312 188 339 302 207 213 411
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d' tb 42.5, 77.5! 97.S·

~_.--
Pic~a 124 130 144
.·lbit's • 7 3
Pinus
Populus 2
Act'r I
Bt'1U11l 110 140 126
.llnus J7 12 13
P°l:olJOdi-.'C2c,: 21 II 9
l..vcopuJiunf 3 S 3
Sa/i.t: 1
OJmunJa 1
SalIX
Jun;~r'/lJ

Turaul(:um
Rume.t
,')'Il'lJuna

Gr~

A"',,:r~

PU~(J"u",

('a~:c 4
.\~lIricagall! 10
ThalictrlllIl

Sphagnum 22 14 14
f:qulutlfm 3 2 S
Sparganium 2
JJ~ft'J

N~"Ulphal:~

S'mtilJt~J

.Vuphar I 2
Encaulun 3 I
PeJiasl11l1fl I I I
Iota! polka. awl. spon:s 369 336 3S4
Conodood 4 I I
UWOWD 6 4 I
Inw.1enninablc: 10 10 S
lywpodium 'Pil..~ Wllr1Wd 191 I4S 107
lWl~"~addcd 24200 24200 24200

Cbon:oal 13
Saol
'Pikcf«dlllWlllmd~ 191 I4S 107



329

Core GPl

Fth-~~--- ~3--~7'~-'-I--I3-:--m-2l--n-2"9--j2:5

SP'"Cia
PictQ 102 65 27 107 <)() 102 201 57 14
.-Ibit's 2 I 2 I 7 3 17 5
Pinu.' I 2 7 3
Popu/u.r
.-!err I I I I I ] 3
B.. /Ula 155 144 191 123 123 125 150 172 II'
.. linus 23 "J 35 '" 27 25 17 '2 7'
Polypodia..:..:a..: , 5 7 , 7 3
Lycupodium 2 I 2 , 6 ,
.'iuli:c 2 3 I 5
Osmu"Ja I I 3
Ericaccae 3 2 2 6 3
Tara:t:ur:um I 5 , I 2
RUnlt':c I , 6 , 2 , , 1<,

Gram~ 16 39 ,. H '8 H 12 19
Ash:rlll:c:u: I I 2 3 3 3 I I
P/)~v,(lJnum I
Cure-x I
J~vrica Rult' "

,
Thalictrom
,""'phagnum 10
Equist'fum 12 33 6 '" 17
.'''pargunium I 2 I I I
!JOf!'t!J 10 3
N~mphlclcCIC I I
.Vumphar
Eri(lcuu/fJn

Pt!lficulnlm 1
lotal pollen and spores 32' 3'5 m 353 '" 35' '" 321 "5
Corrodc:d , 10 I , 3 9 3
Unknown I 3 5 , , I
Indc:lI:rminablc 3 7 I • 6 2 2 3
Sool 55 73 60 93 '01 51 '9 44 19
Cbucoal 102 106 93 250 395 125 '0 53 68

1ywpodi~""iIt"lXUUd 212 135 234 225 203 2" 204 246 192
lycqMl<lillllllPikcNded 24200 24200 24200 24200 24200 27000 24200 24200 24200
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Cor~ GPt

lh 102.5" 107.5: Ill.S' 1175 122.5: 127.5'
~-
Pic~a 134 148 187 15\ 12' 132
.lhit!.1 2 I. 7 \0 5 5
Pimu , 18 •/lopllius ,
.kl'r I 3 3 3
&orilla 160 130 118 III 156 153
. linus 3 13 3\ 22 32 S'
Pot;.'PQdjICI:~ • , 3 I
L.vcupuJiurtl 1 I I ,
Sa/i.t I 1
VSMlmJa 1
Enc~

rararocum
Rumex
Gram.inc.:ac:
A:.1cr1lCl::k

Pa~unum

C"ITX
J(vricclgalt!
ThalictnlM
Sphagnum 2
Equisetum IS 67 31
."iparganium 3 5
IsodeJ to 5
N;'Ulpba..:acca..:
.Vumphar
F.nOCQII/on

PeJiQ31rultl
lolal poll'-'ll and spon:s 36. 34. 401 326 403 408
Corrode:d 4 3 I , 4 3
Ullla10wa 4 4
lDddamin.bk , 3
Soot
Cbucoal I 20 16 8 3 \0
1)~lImtpilt.:<XUltcd 56 ,. 169 145 94 89
1)~a.-n.iko:addot:I 24200 27000 24200 24200 24200 24200
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Con:GPI

--T1-- - ·-------37.5-":iI"s~f5-"""5""f"5- --6B-62-:-s- 72.5
~I¢>

10 2 1 1 ]
114 57 ~ 'J] 85 S3

24200 27000 27000 24200 242UO 24200

PiCf!O
Ahie!.,

Pinus

Popl/IIIJ
..Ict'r

BI!W/a

A/I/lis
Polypodiac~a.c

L.K:opm/ium
.'';ali:r
USRlum/a

Erica...:~a~

TtJra:cacunr
Ruml!."C
GramiDac
A..caacc:k:
Palygunum
COf't':r
.\(vnccJ gall!
Tha/fctrum
Sphagnum

Equue!lum

SpargunfllRl
IJ(~tI!J

Nymph.~..:~

Xumphar
Erioc:aufrm
PI!JiaJtn1n1

101al poU\.'D and l<-porl:s
Corroded
Unknown
lolklcrmiollblc:
Soot
Charcoal

66
I
I

113
71l

)

B
1

3
10

I

•
7

324
I
I

10
524

"BO
27000

..
1

I
101
.1

I
I
I

17

48

379

1
2

•
4
5

141
24200

122
14
I

.,
55

)

12

329

I

•
I

12
104

24200

141

•
3

'28
!U

4
)

3
)

)

Htl

182

•
5

117
5
2
I

326

I
2

.5
6

4
184

•

.114
6
I
6

122
II
I

2116
III

.161
2

151
6

I
141

4
I

-'II'
)

I
2

'J7.5

152
4
5

I
153

5

JJ5
I
I
5
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CorcLPW

th S· II· 15' 19 23 27 29 42.5
~M:s
Pic~a 135 161 198 19S 2119 2111 190 199 1601
.'Ihit'J 23 26 28 23 32 17 11 8 7
Pinus 5 • 3 2 3 S • 8
T.tuga
wrix " 3 " I 1 2 3 2 "B~lUltJ 73 S3 3<) 7u ." S" SS 73 OJ
Acer I 1
..lInus 33 17 11 IU III IS
Jumplt,.us I
Eri..:.ce:a\: 2
L,vcupuJium
.'\d/i:c
OsmundlJ
BolarychfUm

Gr~ 2
Rumex 5

"""'''''''' I
Cbcaopodiac~ I 1
.\(vnclJgaJe 11 S • • I I"
PolypodiaIxM: 29 1. I' I. 11 III
N~'D:1pb:aa:a..: 2 1 I 1 S U
S(ratimes I I
Thalictrum 2
Sphagnum SO 18 32 19 2S IS I' 19 311
EquiJf!tum 8 12 • 3<) 41' 33 IS 2" I>
Cjl"'f'C<'< 7 7 6 9 8 • IS 8 12
IJ~tt'J 202 198 m 3UI 173 1>7 191 95 117
.vemopantJIlIJ I
(olal poU"'O and spore .U3 S3S S92 .,. .14 S07 S'U .67 478
Corrodc:d III 7 • 9 1. 11 10 IS •
Iwktcrminablc 11 11 13 10 6 9 13 17 12
Soot 2
Cha=o! .1 14 2' 1. • 7 6 • I>
IyolpodiwnIPlkcQ;UllcO >OS 33. m 274 3S2 23. IS2 2SI 231
lycopodium spike ad&d 24200 24200 24200 24200 24200 24200 24200 24200 24200
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Con:LPW

57.5 72.5 87.5 97.5: 102.5· 117.5:t37T

2 2 2 24 5 5 5
193 225 154 86 170 I<JO IS3

24200 24200 24200 24200 27000 24200 242UO

() 0 U 1
68 72 61 12<J 7<J

\'18 1% 210 133 181
18 8 18 5 10
3 8 6 I 3

49<J 487 475 372
13 14 13 II
II 6 II IU

8
\I
l\

\I

191 177
2 5,
I
o (J

88 133

6
\I
l\

I I
Ij 17 6

10 17 17
10 8 -I
64 51 111

13

406 "13 419
7 10 1-1
I} I" 13

8
1\1
2
2

8
10
l\

3
17

I

II

16 19 18 7
10 28 31 22
3 6 ,

14U 120 "0 31

Picea
.,Ihie!
Pimu
T!"~(l

Lari:c
Bt!tula
Aur
,lIml!
Jumpl!ru.r
Eril:1I1:1:31:

':"'"/JPUJilll1l
:,,'alix.
USn/unci"
Ho(arychium
(iramml:lle
Rllnll!:C

A~1eral:l:lIl:

Chl:Dopodiaoxac
,\(vnc:ugull!
Polypodiacc3c
NYUlphacl~De

,')',rOliOfI!S

TlwliClrum
Sphagnum
Equiufltm
Cypcrawlc
bot!te!
Vl!nwpamhlls
loIal poUeo and spore
CorrodOO
ludctcnninablc
Soot
Chan;oal

Iywpodium lIpikc.:ountcd

t:o·copodiwn )-pikc addOO
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Appendix E: Diatom data lor Coro: QV2

tb -------sT-28:73;-i27~5·16yf

Spc:cics _
Achnantbcs affmi.ll (Hlb100t '72. pl@0:381)

Achnantbo:s arcus (Gmnain pg 66)

Achnanthcs I..:vanderi VllC. lev:mderi (Pirl.)
Aehnanth...'S cotb-pieua (Fog..-d 1'.180)
Achnanth'-"S ddic.tub (G..:nnain)
Aehnantlu:s d~tha (PIRLA)
Achnanlhd IkxuJa (Patril.:k '66 pg 286)
Achnanthcs minuti.~ima (Smo( pg 193)
A....hnantbcs sa."onia (Go..-rmain)
Aehnantb,,'S lanccolata (Gmnain)
Achnanthcs byophila (Cl,,'Vo:-Eukr lig 550, pg 233)
Achnanlhd marginulala (PIRl,A)
Achnanthc:s miCfOlXpblta {(n:rmain, pg 110)
AehDanth,,'S lio«ri§ (Hustedt '72, page: 381)
Achnanthcs~. 8 PlRLA (PIRLAI
Actioo:Uapuoo.:tala
AnollKMXll1eis~xillisvar.lanc«lllta(Smolp@ 1%)
AnOlll<lCOlk:is cxillis Vat. cxiltis (oSmol pg 1%)
AoolJlOl;:Ollcisvitrea{G:nnlinpg 1(4)
Anomoeoocis saians (Patrick '66 pg 42l})
Aoomoooa"is sc:rians vu. braebysirl (C~ain)
A.';leriooeUa formosa (PIRlA pi 27)
Aster100cUa raifsil Vir. amc:ricana (PtRLA)
Cocconci..; pl8Caltula (smoain pg 102)
Cvclot.:Ua anducesi~ VIt. aodaoCl.'Sls (Ross '81)
CyeleteUa andanCt:\-is var. bauzik.'tL'ii... (Ros.'l '81, pg 36. p14)

Cyclote:Ua perforata (Ross 'SI, pg 23)
CYlOlotcUa slcllip.'Ta
CycioleUa m""DlCghiDiaDa (Foged '82. pg 104)
CydOldla !o-p. 2 PlRLA (PIRLA)
CymbeUa ampbioxya (PtRLA)
CymbeUa CCSltu (PlRLA)
CymbeUa gracilis (Krammer '82, pg 102)
t')-mbeUa miDuta (Krammer '82 pg 541)
Diatoma anceps (patrilOk '66, pg 166)
Diatoma eloogatum (Germain pg 52)
Dialoma bicmak (Cleve-Euler fig 329)
Diatoma vulgare (Patrick '66, pg 166)
EUDotia exigua (GmnaiD pg 88)
EUI10tia rab. (Germain)

Eunotia iDIOm? (VIt. 4 PlRLA)
Eunotia incisa VIf. 2 PtRlA (PIRLA)
Eunotia tcnc:Ua (Germain P8 88)
Eunoti. patudosa vU. gcnuiDa (Clcv.:-Eukr fiG 441)
EUDDtia pectiDaiis (Gamain)

III
II

61 128 II
I
I
7,
5
"J 4.2 32 1J8

I
163 35

19 IJ
I
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I
I

11

I
13

11
5

36 61
I I
I

I
III

10

I
2
2

12

15
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;;:;:;;;;;;;;;;:;;;:;======}:d'iililh:;::::I=~,"=]7IJJII27[.56PI6~74·51
EUIlotia pcctinaWi vat. minor (Cienn4in)

Eunotia meisteri I 2
EUJlotia ..:wvata (prRLA) "
Euootia curvala Vat. :>Ubarcuala lPIRLA) 4
Eunotia pnenana (C1I:ve-Eu.lo- P@, I58) I
Euuotia praauplll <Fog¢d '82 pg 116)
Eunolia potydc:otula Vat. perminata {Clwc:·[u!l.'f lig 429\
Euuotia ~plentriooalis (PlRLA)
EUDolia tassi'l: Vat. pdula tCk,'c·Eu!\.'f fi~ 434 el
Eunotia leneUoid\.."S
Eunolll vanheurcku (Faged 'lSI pg 106)
Eunotia vli:oerisi (Ckrmainl
Eunolia !ip. JS PlRLA (PIRLAl
Fragilaria brcistriala var. capilal. (PlRLAl
Fra@iJariabr6striall (Cknllain)
Fragjlm. capucina «n:mlJ&nl
Frap-Iaria capucina '"Ar. valvano: {cn..'fmain)
FragiJaria ..:onstrul:l1ts (G:rmainl
Fragilaria .:oosltUcnts "ar. pumil. (PIRLh)
Fugilaria hungarica Vlll. twnida (PIRLA)
Fragilaria inlt:fOl..:tUa (tn:rmain PI! 64)
Fragilaria lata tPIRl.A)
FragiJaria pinnall (i\:nnain pg 66)
Fragilaria product. (CR:nnain pg 62)
Frilgilllria\'~os

Fragililria Vtn:So:eDS Vat. c:xigua (PIRLA)
Frustulill rhomboud~ vu. sa.xoniaIG\.-rmam p~ \40)
Frustulia rbomboudl."S Vat. \'iridul.
Gompbool.'t11a angu...1atwn Vat. productl (("=rmainl
Gompbonc:ma @l'llcil~ (Ckrmllin)
Gompbon~D1a plllvulum (Germain)
Mdosira tirata Vlll. liraa {PlRLAI
Mdosira distaDs VIt. buoulis (PIRLA.)
MdOloira di'itao.~ Val. niwloidcs (PIRl,A1
Mdmiradistans Vlll. an.'ali.~

Mdosira distlUlS Vat. 1~J1a

Mc:losin distaD.~ Val. distans {PIRI.Al
Mt:losiraitali~var.ilalica

Mdoslra ilalica subsp. subartica (PIRLA)
Mc:I<hoira IX=I"gl.br. Vir. florinine (PlRLA)
Melosira ambilPla {PIRLAI
Mt:losira ambigua VIt. ambigua (PlRlA)
Melosira psc::udoamericana (PIRlA)
Melosira undu!ala var. normumi (Smol P8 27)
M.:ridion circul.
Meridian circulare Vir. constricta (Germain pg 56)
Meridioncirculare
Navicula aM::IlSis (Patrick '6 pg 556)
Navicu.lallfu.juncla var. anglica (Fogcd '77 P8 182)
N.viculaconfera....acea VII'. paegrina (Patrick '66 pg 554)



Navicula ,--w.-pidata (Germain)

Navicula bc:imaosu (PffiLA)
Navicula minma (Nova Hoowi@.avoI30pg25??)
Navicula pscudoscutifonnis (PIRLA)
Navicula pupula (PrRLA)
Navicula radiosa {G:rmainl
Navicula l>1Jbrbyncbocc:pblla (Foged '78)
Navicula viridula Va!, rostclla «it.-nnain PI:! 178)
Navicula "1'. 3 PlRLA (PlRLA)
Navicula "1'. 6 PIRLA (PIRLA)
Na",..ula ""p. 3 I Puu.A {PIRLAJ
NCldiwn afftnc {PIRLAI
NilZSl:bia gracilis {(it.nnam pg 346)
Nitl.Sl.:hia banlZscbiana (n:nuainl
Nil7.'iChia palca (Gemllin pg 350)
Nitl.schi:l paici var. Icoui.ro~1ris (Germain)
Nil7.'iChia paleae<:a {Omnain pg 350)
Pinnularia :Ippcndiculala {Germain)
Pinnulariadivergeas{(ic:nnainl
Pi.nnularia vu. PlRLA {PIRLAI
Pinnularia subcapllala Vat. staurondfonni.. (Ch."w-Euler lig 1U9U dl
Siaurooc:ispbea.icealeron«ic:mlainpg 154)
Stc:nopfc:robia anc~s

Surin:lla avata (Fogl:d '81 pg 311 )
SYnWraacu.... (Fo~ed'80PLt 1Il4)
SYlIWra aeu... Vat, anl1usti......,im. «imullinl
Syncdra minscula (Fo@«J pg 138)
Syncdra nunpt.'Us {(n.:rrnw pg 801
Syncdra labulala Vat. ,)') (cl~'\'c:·F.uler rag ]\)2)

S)'ncdra ulna Vat. dancia (Gmn4i.D pg 74)
Syncdr. v.uchenae \G:rmaio)
Syncdra palchella (Gamain)
S~"Ucdr. parasitica (Foged '79)
Syncdra sp. 2 PIR:A (PlRLA)
Tabc:Uaria fenestrata "ar. ren~lrala (Koppen '75 pg 241)
rabc:llaria Ilocculosa VIf. lincaris (PIRlA)
Tabc:Uaria Ilocculosa str.lII sensu (PIRLA)
Tabc:Uariafl!XCulosa (Kalbc:'80pg 126)
Tabc:llaria qll.ldrisc:pf.t. (PtRLA)
Thalas.o.iosir. fluvi.tilis (Fogc:d '82 pg IS6)
Unknowns
Achnanlhd;A
Achnanlhd; B
Achnanthc:sC
Achnanthcs D
Navicula A
NaviculaB
N.viculaC
NavicuiaD
PiDnularia A

16
6
3
1

95 13
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Appendix F: Dating methods for Core QV2

This appendix provides, in more detail the process that

was applied to obtain the dates for core QV2. Dating was

carried out by Dr. Pete!': Appleby, the director of

Environmental Radioactivit:y Research Centre, at The University

of Liverpool, Liverpool, UK.

Table F.1 shows the depths of the samples that Dr.

Appleby e::amined. For those depths not listed the dat.es were

interpolated. Column one shows the midpoint interval for the

samples that were analyzed. Column two and three are the LOr

and percent dry matter for each sample, respectively. The dry

bulk density (DBO - dry weight/wet volume), column 4 was

calculated using the equation:

OBO - SO*POW/IPOW+SO* II-POW))

where SO = density of solids 12.6 g ce")
POW = percent dry weight

Column 5, the Cumulative Dry Weight (W) I is a measure of

the cumulative dry weight above each core depth, independent

of compaction or water content ("It is literally the total

mass of dry sediment above each linear depth level, per unit

area of cross-section of the core. tt (Appleby, personal

communication) It is calculated using the equation:

M2 = Ml + O.5*IOB01+OB02l*IX2-Xll

where;
Ml = cumulative dry weight at depth Xl and
OBOl = is the dry bulk density at depth Xl.
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Table F.l. LOI, dry matter content, dry bulk density and
cumulative dry weight for core QV2.

Depth LOr m dry matter Dry bulk Cumulative
density dry weight

(eml 1\1 1\ ) Ig/cm') (g/cm')

3.0 18.0 22.0 0.2544 0.7633

5.0 17.0 29.0 0.3530 1. 4693

7.0 15.0 36.0 0.4625 2.3942

9.0 14.0 38.0 0.4960 3.3862

11.0 14.,0 40.0 0.5306 4.4474

13.0 14. a 41.0 0.5484 5.5441

15.0 13. a 43. a 0.5847 6.7136

17. a 13.0 42. a 0.5664 7.8464

19.0 13. a 40. a 0.5306 8.9076

21.0 13.0 41.0 0.5484 10.0043

23. a 13.0 40.0 0.5306 11.0655

25.5 14 .0 40.0 0.5306 12.3921

28.0 15. a 40. a 0.5306 13.7186

30. a 15. a 39. a 0.5132 14.7449

34. a 15. a 38.0 0.4960 16.7288

38.0 16.0 34. a 0.4300 18.4487

40.0 16.0 31. a 0.3831 19.2148

46.0 22.0 21.0 0.2412 20.6618

48.8 19.0 21.0 0.2412 21.3371

52.5 20.0 24. a 0.2816 22.3790

62.5 25. a 15. a 0.1653 24.0315

72.5 35. a 14.0 0.1532 25.5635
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Table F. 2. <;:~Ra data for selective samples.

Depth cum dry mass i."~Ra cone std error

(em) (g/cm') 18g/Kg)

5.0 1.3764 49.27 2.75

9.0 3.0744 38.89 1. 48

13 .0 5.163 39.89 1. 83

19.0 8.339 34.29 0.89

23.0 10.5224 36.06 1.19

25.5 11. 8489 46.41 1. 61

46.0 20.6083 37.95 1. 06

52.5 22.3072 39.57 1. 45

62.5 24.5414 38.11 1.5

72.5 26.0155 36.62 1.9

Table F. 3 shows the raw ;:'Pb activities (in Bq kg-: I

column 21 . The data are a combination of data collected by Dr.

P. Appleby and data from Becquerel Laboratories in

Mississauga. The data was combined, by Dr. Appleby I in order

to date core QV2 more precisely.

Columns 3 and 4 are the unsupported ;:'Pb and cumulative

unsupported ;::1Pb respectively. Unsupported ':>pb is calculated

from total ,:oPb minus 2lORa, while the cumulative unsupported

;::'Pb, column 4, was calculated by numerical integration of

column 3 with respect to column 5 in Table F .1. Interpolated

values for 2HRa were used for those samples that were not

examined for 226Ra. Columns 5 through 7 are the standard errors

for the data.
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Table F.3. "'Pb analysis and standard errors for core QV2.

Depth ~~"Pb data tBq kg-;) Pb Standard errors

total unsup- curnulat- Total Unsup- cumulative
potted ive ported unsupp.

unsupp.

280. a 228.86 1391.2 39.20 39.31 250.4

206.1 156.83 3573.4 15.33 15.57 341. 5

130. a 85.97 4563.1 29.90 29.97 381. 3

102.1 63.33 5278.9 9.26 9.38 443.8

II 160.0 120.66 6225.5 30.40 30.45 480.5

13 104.0 64.13 7226.7 9.46 9.64 558.1

15 92.0 53.98 7900.2 15.60 15.67 572.4.

17 70.0 33.84 8408.9 28. 00 28.03 610.3

19 61. 6 27.33 8744.4 5.51 5.58 665.0

21 70.0 34.82 9079.7 11. 20 11.25 669.9

23 58.9 22.82 9390.7 6.56 6.67 678.9

25.5 74.5 28.09 9128.3 6.89 7.08 684.5

28 66.0 20.62 10050.9 9.20 9.33 692.0

30 71. a 26.45 10296.1 11.40 11.5 700.7

34 63.0 20.10 10761. 9 12.60 12.68 729.7

38 66.0 24.75 11173.4. 9.90 9.98 761.4

40 62.0 21. 57 11361. 7 9.90 9.98 767.9

46 61. 5 23.57 11794.4 6.29 6.38 781. 7

48.5 60.0 21. 30 11918.0 11.40 11.47 795.4

52.5 49.0 9.45 12076.6 .1\ .96 5.17 790.5

62.5 39.8 1. 61 12200.6 6.41 6.64 791.8

72.S 30.3 -6.30 12164.1 7.03 7.28 805.6

73 12180. a

Table F.4, .below, illustrates the calculated ages using



341

the CRS method of dating. Column 3 is cumulative unsupported

'''Pb (Bq/m'l from interpolation from column S, Table F.3. It

is cumulative from the bottom up rather than top down. Thus

cumulative values at an interval are subtracted from total

inventory estimated at 11709 Bq/m' (Report on the Radiometric

Dating of Quidi Vidi Lake: core QV2) .

Column 4 is the age in years (tl calculated using the

equation:

t= Il/kl 'In lAo/AI

where: A is the cumulative activity of unsupported ':-;Pb
Ao is the estimated ':'Pb inventory for the whole core
k is the decay constant = 0.03114

Note, however, that the core was treated as three unique

sections, below 34 em, 34 to 25.5 em, and above 25.5 em.

Column 7 is the date of each interval. Date=1992-age.

Though this model was applied it most likely does not

represent the actual events that have occurred. In fact the

Cs proflle lndlcates that the intervals of 25.5 and 34 cm

correspond to 1963 and 1954 AD, respectively. These intervals

were used to break the core into three parts in which the <:~Pb

supply to each section was calculated (see below) .

Prior to 1954 the :;:uPb flu."< was quite normal at 153 Bq m·

'y-t (Report on the Radiometric Dating of Quidi Vidi Lake:

Core QV2). The flux increases to 317 Bq ,,'y-l for the period
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1954-1963 and to 487 Bq m"y< for the period 1963-1992. Thus

Table F. 4. Calculated dates using the CRS model.

Depth cum. cum. age error date
(em) dry unsup. (yr) Iyr) (AD)

mass '''Pb
(g/cm) IBq/M')

1.0

3. a 0.7954 9788.8 7. a 1 1985. a
5. a 1. 3932 8606.6 11. a 2 1981. a
7. a 2.2086 7616.6 15.2 2 1976.8

9.0 3.1671 6901. 2 18.1 2 1973.9

11.0 4.1942 5953.5 23. a 3 1969. a
13.0 5.2797 4953.3 29. a 3 1963. a
15. a 6.4202 4279.8 33. a 4 1959. a
17.0 7.5787 3771.1 37. a 4 1955. a
19.0 8.6757 3435.6 40. a 4 1952. a
21.0 9.7547 3100.3 43.3 5 1948.7

23. a 10.8337 2789.3 46.7 5 1945.3

25.5 12.1602 2451. 7 50.8 5 1941.2

28. a 13.4845 2129.1 55.3 5 1936.7

30. a 14.5265 1883.9 59.4 5 1932.6

34. a 16.5279 1418.1 68.3 5 1923.7

38. a 18.3628 1006.6 78.8 6 1913.2

40.0 19.1758 818.3 85.2 7 1906.8

46. a 21. 0486 395.6 109.5 13 1882.5

48.5 21. 6449 211. 2 129. a 14 1863. a
52.5 22.6799 77.8 161. a 14 1831. a
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each part was treated as an entity, applying the eRS model to

each section to create a composite chronology (Oldfield and

Appleby, 1984).

The ':;Pb flu:~ for each section was calculated using the

following;

where:
P is the ':~Pb flu;{
6A is the cumulative unsupported ":;Pb in the section,
l. is the inverse of the decay constant (1/0.03114),
t: and t< ages of the top and bottom of the section of core,

The piecewise eRS model was applied to each section. For each

section that spanned t: to t, the cumulative unsupported ·::Pb

for the time span t: to t was calculated using:

6A = AIOle-1, - A, Icolumn 3, Table 41

where
AIOI = PI), and A, = AIOlexpl-),t,1

The age of the sediment then can be calculated using the

equation;

(l/k) Iln IAIO) I 1M + A,I

For the three sections, the following has been used to

calculate the age of the sediment.
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Pre-1954 I> 34 em depth)
t, = w, t, = 38 y, AA = 1505 Bq m", P z 153 Bq rn"y"',
AIO) = 4913 Bq m'" A, = 0

1954-1963 125,5-34 em depth I
t, = 38 y, t, = 29 y, AA = 1008 Bq m", P z 311 Bq m"y"',
AIO) = 10178 Bq m'" A, = 3117

1963-1992 10-25,5 em depth)
t, = w, t, = 38 y, AA = 1505 Bq m", P z 153 Bq rn"y",
Alai = 4913 Bq m-" A, = a

Table F.5 shows the results using the piece-wise CRS method.
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Table F. 5. Calculated ages and dates using the three part CRS
model on core QV2.

Depth (em) Age (years) Date (AD)

3.0 5.1 1986.9

5.0 7.3 1384.1

7.0 10.5 1981. 5

9.0 12.5 1979.5

11.0 15.4 1976.6

13.0 18.7 1973.3

15.0 21.2 1970.8

17.0 23.2 1968.8

19.0 24.6 1967.4

21.0 26 1966

23.0 27.4 1964.6

25.5 29 1963

28.0 31. 5 1960.5

30.0 33.6 1958.4

34.0 38 1954

38.0 49 1943

40.0 55.7 1936.3

46.0 79 1913

48.5 92.2 1899.8

52.5 122.1 1869.9
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ICP total concentrations for controls, standards and ranges in this study
Units are in ppm except for AI, Ca, Fe, K, Mg, Na and lOI which are in % and P which is in ppt

LKSD-l study LKSD-2 study LKSD-3 study LKS[).< study
element range range ranae range
Ba 430 408 - 413 780 n3-786 680 676 - 690 330 318 - 330
Be 1.1 0.8 - 0.7 2.5 1.8 -1.9 1.9 1.6-1.6 1 0.7 - 0.8
Ce 27 26 - 30 108 115 - 117 90 90 - 95 48 46 - 50
Co 11 12 -13 17 20 - 21 30 31 - 33 11 12 -13
Cr 31 29 - 31 57 53 - 56 87 79 -93 33 30 - 34
Cu 4-4 43 -4-4 37 38 - 37 35 34 - 35 31 30 - 33
Dy 3.4 2.8 - 3.2 7.3 6.1 - 6.7 4.9 4.2- 4.4 3.7 3.0 - 3.6
Fe 2.8 2.79 - 2.81 4.3 4.38 - 4.5< 4 4.15- 4.2 2.8 2.97 - 3.1
La 16 15 -16 66 64-66 52 49 - 50 26 25 - 27
U 7 6.9 - 7.4 20 22.5 - 23.1 25 25.6 - 28.9 12 12.6 -13.1
LOI 23.5 15.2 -23. 12.3 11.6-11.5 11.8 11.5 - 11.8 40.8 38.8 - 40.
Mn 700 700 - 700 2020 ~-22(l 14-40 SOO- 15ll 500 500 - 600
Mo 10 11 -13 <5 3-6 <5 2-5 <5 3-7
Nb 7 2- 4 6 6-6 6 7 - 9 9 2-3
Ni 16 17-17 26 31-33 47 80 - 61 31 36-41
Pb 62 n-86 4-4 42-46 29 25- 27 91 90 -106
Rb 24 21 -24 85 76- 62 76 71 - 74 26 19-23
SC 9 8.5 -9.2 13 13.7 -14.1 13 13.2- 14.! 7 7.5-6.5
Sf 2SO 260-267 220 237-245 240 244-257 110 123 -126
Th 2.2 1-3 13.4 9 -12 11.4 8 -10 5.1 1-6
n 3010 ~97 - 289 3460 ~311 -337 3330 1lo29.314 2270 771 -1943
V SO 46 - 51 77 79- 79 82 83- 64 49 49 - SO Iy 19 19- 20 4-4 39-40 30 26- 27 23 21-22zn 331 314-324 209 205-210 152 144-145 194 185 -194



[).1 study [).3 study D-4 study
element range range range
AI 4.9 4.84·4.96 3.1 2.99·3.11 3.28 3.26·3.31
Ba 170 170 -170 1072 068·107 353 345 - 353
Be 3.1 3.0- 3.2 2.8 2.7·2.8 2.5 2.4·2.5
Bi 1.8 1·3 5 5-5 4 3·5
Ca 0.29 0.28 - 0.3C 0.41 0.40 - 0.41 0.18 0.17 - 0.1!
Cd 06 0.6·07 22 2.1·2.1 1.3 1.2·1.3
Ce 76 76·76 138 138 ·138 138 137·139
Co 9.5 8-11 21 21·21 55 54 - 55
Cr 15 15·15 9 8·10 16 15·17
Cr2a 10.5 9·12 8 6·9 15 15 - 15
Cu 13 13 - 13 3 3-3 12 11 - 12
Dy 4.8 4.7 - 4.9 6.1 5.5 ·6.6 4.3 3.2·5.4
Fe 3 2.96·3.05 6.3 6.19·6.35 7.1 6.95·7.2
Ga 8.5 8-9 8 7-8 11 10-11
K 0.19 0.19 - 0.2C 0.09 0.09 - 0.00 0.1 0.09 - O.lC
La 36 37 - 39 48 47 -48 47 48 - 47
Li 3.1 3.1 - 3.1 7.1 7.1 -7.1 7.1 7.0 - 7.2
LOI 35.9 35.6 - 36.1 13.2 13.1 -13. 14.9 14.8- 15.(
Mg 0.1 0.09·0.H 0.06 0.06 - O.O! 0.06 0.06 - O.O!
Mn 100 100-100 4850 4590-4720 2950 2900-30OC
Mo 12 11 - 13 52 51 - 53 9 8 - 10
Na 0.21 0.21 - 0.2: 0.07 0.06 - 0.0 0.07 0.06 - 0.0
Nb 3 3 - 3 2 2-2 1 1-1
Ni 7 6-8 5 4-5 10 10 -10
P 1482 487 -149 584 558 - 569 867 867 - 867
Pb 14 13- 14 49 48 -49 47 45 - 48
Rb 9 7·9 7 5-8 <5 -5
Sc 5.6 5.2 - 5.9 4.6 4.3- 4.9 8.1 5.9 -6.3
Sr 25 24 -25 81 80 - 82 28 27 - 28
Th 10 8-11 12 9 -14 6 4-7
Ti 1370 362 -137 692 691 - 692 843 839 - 846
V 43 42-44 44 44-44 67 67 -67
y 34 33 - 35 45 44-48 28 28 - 28
Zn 81 79·83 86 86-86 112 110 -113
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Nculron Activation controls ror IOlOll conccnlr::ltion

0-1 stu"'· 0-3 stud\. D-I .Iudy 0-5 sIudy
ran~e ran~e r.tn. ......

As 1.8 1.6- 2.0 2.3 2.0-2A I.J 1.2-1.3 1.0 0.7 -0.7
Au 1.0 1.0 1.0 1.0 1.0 1.0 UI Ul
Ba 69.0 57·704 7-l3.0 570·680 255.0 200- 2.50 IOS.O 82 -82
Br 7-l.5 66.6 -78A 15.7 15 -16 36.0 35.3 - 38.5 U.8 21.3 -22.7
C. 16.0 65 - 83 115.0 <}(J - 110 11-l.0 110 - 120 38.0 32-35
Co 6.5 5.5 - 9.1 l·tO 13 - 17 ~.O -U- 51 6.8 6.3 -6.5
C, 11)0 M-H IX II .-. 21 n .-. lolU .-.C. 0.5 0.2 ·0.7 0.6 IlA 0.9 0.5 0.2 -0.6 0.5 O.ol·O.8
Eu 1.0 1.3 - 2.2 1.0 IA·2.2 0.9 1.3 - I.S 0.5 U.58-0.65
F. 2.7 3.0-3A H 5.0- 5_6 5.3 6.2-6A 2.1 2.2-2.3
Hf 0.7 0.85 - 1.30 0.• 0.20 -0.65 0.3 0.2 -0.2 0.5 OOSS ·0.65
l.:I H.9 36 -.JO 36A 33 -.3 36.8 36 -oll 15.5 16· 16
Lu U.5 0.02 -0.22 0.8 0.1l2 -0.02 0.3 0.02 -0.16 0.2 0.02 ·11.1)2
Mo 8" 6.3 - 8.8 -l7.1 -l2-~ 5.7 5.6-6.9 2.5 2.5 -2.5
N, 0.2 0.25 - 0.26 0.1 0.05 -0.07 0.1 0.07 - 0.09 0.1 0.08·0.ut)
Ni H 5.0- 5.0 5.0 5-5 7.0 5.0 5.5 5.0
Rb 8.1 6.-i - 10.0 H 1.0-9.-l 2.8 2.0 - 5.1 5.0 5.8·7.0
Sb 0.2 0.lol-O.17 11.2 U.12 -0.19 0.2 n,15 -0.15 0.1 o.U7 -0.08
Sc •.5 5.5 -6.3 3.0 JA -~.O •.0 5.0- 5.6 2.5 J.Il·3.]
Sc 1.5 1.0 1.0 1.0 1.0 1.0 1.1 1.0
Sm 6.0 5.1 -6.2 5.6 olA-5.6 5.8 5.-l-6.3 3.1 2.6- 2.6
T, O.-i 0.22 -U.-l7 0.2 0.10 -0.30 0.2 0.10 -0.23 0.2 0.10 ·0.21
Th 1.0 0.71 - 1.00 1.1 U.88 - 1.00 0.8 0.62·0.83 UA 0,28·0.33
Th 7.8 6.5 - 7.5 I2A 11.3-11.9 7.0 6.7-6.9 3.6 lA·3 .....
U 19.7 15.2· t7.S ";.6 ~1.I-·U.8 11.4 IO.-l - 10.6 •.3 ·H·~.1
W 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Vb 2.0 1.-4-3.1} 3.0 2.0 - 3.7 I.. I.l- 2.6 0.7 10.20 -0.63
Zo 56.0 25 -69 -i5.0 25 - 51 61.0 62 -76 no 25·25 IZ, too.O 100.0 lUO.1l 100.U WO.D IOtJ.O 1U0.0 I-lO.U
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1M study 0-7 stud\'

""'. rane.~
A5 12.7 13·(3 1~.O 1.4 -15
Au I.) 1.0 1.0 1.0
B. 4750.0 flo 10 -.92 IOlJ.O 84·130
Br 5.9 6.2-6.3 47JI -ui.8 -49.4
Co 132.0 l-W - 160 165.0 262 -286
Co .. ) 4.0 ·5.6 33.0 36 -42
Cr 31.0 )0 -)8 no 8 -8
Cs 5.2 5.3 -6.3 0.8 0.8- 1.3
Eu ,,, 07·20 117 11-22
F. 1.2 1.5 - 1.7 9.6 12.2-13.11
He 5.) 5.7 - 7.5 2.1 2.J-3.3
La 52A 56 -65 61.6 64 -73
Lu U 6.12 -6.tM 0.6 U5J·I.O
Mo 3.6 H 2.6 J.3
N. 0.5 U.62 -0.70 11.2 0.25 -U.28
Ni 5.9 5.0 5.• 5.0
Rb 133.0 120·130 16.4 W-21
Sb 2.2 1.1-1.) 05 O.SI-O.~

Sc 1.2 1.4·1.7 3.2 .. I· ...J
Sc 1.(1 1.0 I.lJ I.u
Sm 22.0 22.3 - 25.6 16 " 15.6 - 20.2
T. 1.7 2.6 -29 11.7 0.56·0.66
Th 8.1 7.5 -7.7 J,lI 2.5 -1.8
Th 11.3 \1.5 - 12.1 '1.5 IJ.I-IU.I
U 10.5 10.0 - lOA 3.7 4.3 • ... 6
W ) .. 3.4· ...6 1.11 1.1)
Vb 28,0 N.5··U.4 5.1 3.7 -6.6
Zn 949.0 1100 - 1)01 82.0 61·160
Zr 130.u 100,0 HU.ll 140.0
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Panial c1cment IC\'cls ror controls

"'""'" LKSD-I sample LKSD-2 sample LKSD-3 sample LKSD-I sample
"",ge ""'ge ""'.. ""'..

Cd 1.2 0.8 - 1.0 0.8 0.6 0.4 0.' 1.9 l.J -1.5
Co 8.0 50-7.0 16.0 12.0 30.0 2].0 9.0 6.0-7.0
Cu .. 27 -]] 36 27.0 34.0 27.0 31.0 20-24
Fe 1.8 1.21-1.34 3.7 3.2 3.6 3.3 2.6 1.9] -2.17
Mn 410.0 28-1-315 1840.0 1670.0 1300.0 1012.0 420.0 ]22 -]]4
N; 12 8 - to 23 17 46 35 31 21-2]
Pb 83 <Ci7 -61 34 2' 21 17 91 "I-M
Z. 335 23] -291 205 '76 151 133 195 132 -155

"'""'" D-I D-3 D-I D-5

Cd 0.8 OA -u.s 2.1 2.0-2.2 1.4 1.1-1.3 0.3 U.I·II.2
CO 8 5-5 14 13 - 14 43 ]9·41 8 5-5
Cu 12 10-10 5 5 -6 13 12·13 8 6 -7
Fe 2.34 2.08 - 2.1] S.l ].81-].1JU 8.36 4.52 -4.'J5 2.2 1.88- 2.UO
Mn 544 621-646 43900 ]8950 28600 lSlOU 240 226 -2.u,
NI 8 3-3 4 3-3 6 6 -7 5 ,-,
Pb 17 13-13 35 ]4 -]5 34 ]4 -]4 9 7 -.
Z. 64 66 -67 82 76-n 92 %-100 51 47 -48

"'""'" D-6

Cd 4.1 3.5-1.5
Co 3 ,-,
Cu 289 284 - 285
Fe 1.04 0.85 -O.IJ]
Mn 3140 0]0 - 2460
NI 12 10 - 11 I
Pb 1500 155U· (SlID
Zn 836 828 -8731

Mercury cold. vap:IUt atomic absorption spcctropbotomeuy
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Appendix H:

Dry sediment (nflux and Wet Sedimentation Rates

Wlolt liOOinh:nfation

"'Pm Dalo: iJlJlll'\: rale:
AD. Io:m....2·vr I,:m· T

1.0 1992.00 0.088 0.38
3.0 1989.40 0195 0.81
5.0 1986.9 0.214 0.70
70 1984.1 0.315 0.77
9.0 1981.5 0.477 1.00

11.0 1979.5 0.359 0.70
13.0 1976.6 0324 0.60
15.0 1973.3 0.464 0.81
17.0 1970.8 0.582 1.01
190 1968.8 0.789 1.44
21.0 1967.4 0.749 1.39
23.0 1966.0 0.711 1.43
25.5 1964.6' 0.829 1.56
28.0 1963.00 0519 0.98
30.0 1960.45 0.501 0.96
32.0 1958.37 0.551 1.07
34.0 1956.50 0.402 0.80
360 1954.00 0.187 0.40
38.0 19490 0.146 0.33
40.0 1943.0 0.122 0.30
42.0 1936.3 0.098 0.27
44.0 1929.0 0.081 025
46.0 1921.0 0.069 025
48.5 1913.0, 0.045 0.19,
52.5 1899.8' 0.035 0.13
57.5 1869.9 0.067 0.27
62.5 1851.1 0.052: 027
67.5 1832.3 0.044' 0.27,
72.5 1813.5 0.042 ' 0.27
77.5 1794.7 0.0371 0.27
82.5 1775.9 0037: 027;
87.5 1757.1 0.005 0.04
92.5 1620.00 0.005 0.041
97.5 1482.00 0.005 0.041

102.5 1345.00 0.005 0041
107.5 1207.00 0.005 0.04 [
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Dr).' scdiml.'Ot Wet sOOimc:nlltion

<>."th Date influ.x rale

A.D. cm"2-'T ...'1I1- \T

112.5 1071.00 . 0.005 0.04
117.5 933.00 0.005 0.04
1:!:!.5 796.00 0.005 004
127.5 658.00 0.005 004
132.5 521.00 0.005 0.04
137.5 384.00 0.005 0.04
142.5 246.00 0.005 0.04
147.5 109.00 0.005 0.04
152.5 -27.00 0.005 0.04
157.5 -165.00 0.005 0.04
162.5 -302.00 0.005 0.04
167.5 -439.00 0.005 004
1n.5 -57700 0.005 ' 0.04
177.5 -714.00 0.005 0.04
182.5 -85100 0.005 004
187.5 -988,00 0.006 0.04
192.5 -1126.00 0.006 004
197.5 -1263.00 -0,001 -0.00
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