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ABSTRACT

This report provides the results of till-geochemistry surveys on the Burin Peninsula
completed in 2005, 2006 and 2007. Geochemical data of 53 elements from 1078 BC- or
C-horizon till samples are presented and include analyses by ICP-ES for aluminum,
arsenic, barium, beryllium, cadmium, calcium, cerium, chromium, cobalt, copper, dys-
prosium, iron, lanthanum, lead, lithium, magnesium, manganese, molybdenum, nickel,
niobium, phosphorus, potassium, scandium, sodium, strontium, titanium, vanadium, yttri-
um, zinc and zirconium,; by INAA for antimony, arsenic, barium, bromine, calcium, ceri-
um, cesium, chromium, cobalt, europium, gold, iron, hafnium, iridium, lanthanum,
lutetium, mercury, molybdenum, nickel, neodymium, rubidium, scandium, samarium, sele-
nium, silver, sodium, strontium, tantalum, tin, terbium, thorium, tungsten, uranium, ytter-
bium, zinc and zirconium. A complete data listing, field duplicates plots, and individual
element maps on a bedrock-geology base map are also provided.

The till geochemistry of samples collected over the Burin Peninsula highlights the dis-
tinct differences in bedrock geology across the area. For instance, tills overlying the
riebeckite—aegerine-rich St. Lawrence granite show elevated zirconium, niobium and
REESs, and tills overlying the Burin Group are relatively enriched in copper, cobalt, mag-
nesium and nickel. In contrast, the area north of Creston North underlain by Marystown
Group volcanic rocks shows anomalous cadmium, cobalt, copper, lead and nickel com-
pared to other areas of Marystown Group bedrock. Uranium enrichment in tills overlying
the volcanogenic sediments of the Grand Beach Complex is consistent with known miner-
alization in this area. Other areas with anomalous uranium concentrations in till occur
over the Ackley Granite and St. Lawrence Granite.

The till geochemistry of collected samples indicates that regional and local ice flow
had limited influence on dispersal patterns.

il



INTRODUCTION

This report describes the till geochemistry of the Burin Peninsula, and supplements the report of
Batterson and Taylor (2008), which comprises much of the text for this open file. It is the most recent
addition to open-file releases as part of the eastern Newfoundland regional-mapping and till-geochem-
istry project that started on the Bonavista Peninsula (Batterson and Taylor, 2001) and continued onto the
Avalon Peninsula (Batterson and Taylor, 2003, 2004, 2009) and Burin Peninsula (Batterson and Taylor,
2006, 2007). Similar projects have been completed in the Grand Falls—Mount Peyton (Batterson ef al.,
1998), Hodges Hill (Liverman et al., 2000), Roberts Arm (Liverman et al., 1996), and southern and cen-
tral Labrador (McCuaig, 2002, 2005) areas. Open-file releases of till geochemistry from these projects
have been successful in generating exploration activity, with over 5000 claims staked directly following
the release of the data.

This report provides data on sampling completed in 2005, 2006 and 2007. Sampling in 2006 was a
continuation of the earlier northern Burin Peninsula project, initiated in 2005 and reported on by
Batterson and Taylor (2006). Based on promising analytical results, particularly for uranium, some rare-
earth-elements (REEs) and base metals, the survey was extended westward through the volcanic rocks of
the Musgravetown Group exposed between Fortune Bay and the Ackley Granite, and southward across
the remainder of the Burin Peninsula. In 2007, sampling in the interior of the southern Burin Peninsula
completed the regional till-geochemistry program for this area.

These projects combine surficial mapping (a combination of aerial photograph analyses and field ver-
ification), paleo ice-flow mapping and sampling of till to be analyzed for geochemistry. The latter two
components are complete for this project, although further surficial geology mapping is required.

LOCATION AND ACCESS

The study area includes all, or parts of, nine 1:50 000-NTS map areas (1L/13 Lamaline, 1L/14 St.
Lawrence, 1M/2 Jude Island, 1M/3 Marystown, 1M/4 Grand Bank, 1M/6 Point Enragée, 1M/7 Baine
Harbour, 1M/10 Terrenceville, and 1M/11 Belleoram) on the Burin Peninsula and adjacent areas (Figure
1). Access to the area was mostly by paved or gravel roads that service the communities on the Burin
Peninsula. Some provincial government-designated ATV trails exist in the area, e.g., to Gisborne Lake
and Point Rosie. Some are well maintained but most are not, and provide no access to the interior of the
peninsula. Large areas of the study area were only accessible by foot or by helicopter, the latter mode
being preferred.

BEDROCK GEOLOGY AND MINERAL POTENTIAL

The study area is within the Avalon Zone, and largely contains Neoproterozoic submarine and non-
marine volcanic and sedimentary rocks, overlain by Neoproterozoic and early Paleozoic shallow-marine
sediments, the details of which are summarized by Colman-Sadd ez al. (1990; Figure 2). O'Driscoll et al.
(1995) provide a more detailed map, largely based on 1:50 000-scale mapping by O'Brien and Taylor
(1983), O'Brien et al. (1977, 1984), O'Driscoll and Hussey (1978), O'Driscoll and O'Brien (1990) and
Strong et al. (1977).
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Figure 1. Location map, showing study area, and places mentioned in text.
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The oldest rocks are the Neoproterozoic Burin Group volcanics and associated sediments that are
exposed along the coast between Burin and St. Lawrence. These rocks are stratigraphically overlain by
Neoproterozoic Connecting Point Group sediments exposed along the eastern part of the study area and
underlying Long Island in Placentia Bay. Similar rocks are exposed northward, to the Bonavista
Peninsula, and are found underlying much of the eastern Avalon Peninsula. On the Burin Peninsula, these
rocks are overlain by sediments (mostly sandstone and siltstone) and associated volcanic rocks (mostly
basaltic flows and tuffs) of the Musgravetown Group and volcanic rocks (basaltic flows and tuffs) of the
Marystown Group. Higher in the sequence are late Neoproterozoic rocks of the Long Harbour Group
(Rencontre, Mooring Cove, Andersons Cove, Snooks, Tolt, English Harbour East and Southern Hills for-
mations). These are mostly volcanic (rhyolite flows and tuffs) and associated sediments. These rocks are
intruded by the Cross Hills intrusive suite, which outcrops north and west of Terrenceville. The Cross



Hills intrusive suite was mapped by Tuach (1984) as including gabbro to diabase, granodiorite, biotite
granite, peralkaline granite and minor syenite; parts of the Long Harbour Group may represent its extru-
sive equivalent (Miller, 1989). Late Neoproterozoic to Early Cambrian sedimentary rocks of the Chapel
Island Formation are exposed in the southwest Burin Peninsula (Figure 2) and the global stratotype for
the Precambrian—Cambrian boundary is located in this area.

The area is intruded by Devonian granites, of which the Ackley Granite is the most extensive. This is
a commonly pink, coarse-grained, massive, biotite granite (Dickson, 1983) that underlies much of the
northern part of the study area and various phases of the granite have been identified (O'Brien et al.,
1983). Several other granite plutons were mapped in the area, including the Red Island granite, Bar Haven
granite, Ragged Islands intrusive suite, Grand Beach complex and the St. Lawrence Granite, all of which
outcrop around Placentia Bay. The youngest rocks in the area are Carboniferous sediments of the
Terrenceville Formation (not shown on map), which outcrop as a small exposure along the coast at
Terrenceville.

A fluorspar mine operated successfully in St. Lawrence between 1933 and 1978, but eventually closed
due mostly to economic considerations, although it did re-open briefly between 1984 and 1990. The rest
of the area has a limited mining history, except for a small copper deposit (plus secondary gold and sil-
ver) at Rocky Cove, Placentia Bay, which was mined in the early part of the 20" century. There are, how-
ever, numerous mineral occurrences in the area. Base-metal (mostly copper, and some lead and zinc) and
precious-metal (gold) showings are found within the Marystown Group and Burin Group; molybdenum,
tin and tungsten showings are found within the Ackley Granite; the Cross Hills intrusive suite contains
zirconium and associated REE mineralization (Miller, 1989; O'Driscoll et al., 1995); and the Grand Beach
complex contains several uranium anomalies (MODS, 2006).

QUATERNARY GEOLOGY

ICE-FLOW MAPPING

The favoured method of delineating ice flow in the province is by mapping striations (Batterson and
Liverman, 2001). Striations are excellent indicators of ice flow as they are formed by the direct action of
moving ice on bedrock. Data from individual striations should be treated with caution because ice-flow
patterns can show considerable local variation where ice flow has been deflected by local topography
(Liverman and St. Croix, 1989). Regional-flow patterns can only be deduced after examining numerous
striated outcrops. The orientation of ice flow can easily be determined from a striation by measuring its
azimuth. Determination of the direction of ice flow can be made by noting the striation pattern over the
outcrop; where areas in the lee of ice flow may not be striated; by the presence of such features as nail-
head striations, and miniature crag-and-tails (rat-tails), and by the morphology of the bedrock surface,
which may show the affects of sculpting by ice (Iverson, 1991). At many sites, the direction of ice flow
is unclear, and only the orientation of ice flow (e.g., northward or southward) can be deduced. Where stri-
ations representing separate flow events are found, the age relationships are based on crosscutting of stri-
ation sets, and the preservation of older striations in the lee of the younger striations.

Striation data for the province are compiled in a web-accessible database (http.//gis.geosurv.gov.nl.ca;
Taylor, 2001) that currently contains over 11 800 observations. Ice flow is interpreted from striations,
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Bimodal, submarine to subaerial volcanic rocks, including minor
siliciclastic sedimentary rocks (Marystown Group)

Figure 2. Bedrock geology (after Colman-Sadd et al., 1990).
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with additional data from large-scale landforms; either erosional roche moutonée features or deposition-
al features such as Rogen moraines. These features were identified from aerial photographs or from
Shuttle Radar Topography Mission (SRTM) data. Clast provenance also helped confirm glacial source
areas.

Paleo ice-flow indicators show that the Burin Peninsula has been covered by possibly 3 separate ice-
flow events (Figure 3).

Figure 3. Paleo ice flow on the Burin Peninsula and adjacent areas, interpreted from data compiled from
various sources. Red arrows are relatively older than the yellow and purple arrows, which have the same
relative age. All striations are interpreted to have been formed during the last, late Wisconsinan glacial
period.



Flow Phase 1

The earliest ice flow was a generally southward event (Figure 3), evidence for which is found across the
entire study area. It is the only flow direction recorded north of Fortune Bay, and it is consistently the old-
est flow when two or more flow directions are recorded. Striations are fresh and unweathered, although
minor iron-staining was found in some locations. The southward ice flow is responsible for most of the gla-
cial landforms in the area. The SRTM data shows southward-oriented landforms (mostly flutes) extending
south of the Ackley Granite, and across the north part of the Burin Peninsula. These landforms are parallel
to striations found in the same area, and although no temporal link can be established between the two, the
coincidence of direction is perhaps significant. The southward ice flow is also shown by the distribution of
clasts from bedrock sources to the north. In particular, the southward displacement of Ackley Granite clasts
is consistent with southward-directed ice flow. Insufficient clast provenance work has been completed on
the southern part of the Burin Peninsula, although Tucker and McCann (1980) reported vesicular basalt
clasts at Little Danzig Cove, which they consider were derived from the Hermitage Peninsula.

The source of the southward flow is from north of the study area. No divergent ice-flow patterns were
found within the study area, confirming that any ice divide is north of the area. The source was likely the
central Newfoundland ice divide (Shaw et al., 2006). The continuity of striations and glacial features
related to the southward flow across the Burin Peninsula strongly suggests that all are of the same age.
No moraines or change in surface weathering to suggest a period of ice-free conditions were recognized.
The southward ice-flow event is therefore interpreted as late Wisconsinan.

Flow Phase 2

The southward ice flow was succeeded by a southwestward (in the north) to northwestward (in the
south) ice flow (Figure 3). Evidence for this flow is found south of the head of Fortune Bay to a line
extending between Marystown and Frenchman's Cove. Westward ice flow is found on Merasheen Island,
and Jude Island in Placentia Bay. Although the westward flow moulded bedrock outcrops (Plate 1), gla-
cial depositional landforms were not found associated with this flow event. Batterson and Taylor (2006)
suggest that the southwestward flow, near
Fortune Bay, was distinct from the westward
flow seen elsewhere in the area. The distribu-
tion of striations and the consistent relation-
ships found now suggest that the two flows
cannot be separated.

The source of the westward flow is prob-
lematic, although there are two possibilities: an
offshore Placentia Bay ice centre or an Avalon
Peninsula ice centre. An offshore source would
require either that a lobe of ice extended into
Placentia Bay from the north, or that an off- : 3 :
shore bank was occupied by ice. Shaw et al.  Plate 1. Early southward (160°) ice flow crossed by
(2006) suggested that an ice stream occupied  more recent westward (246°) flow on a bedrock out-
Placentia Bay during the glacial maximum,  crop near Grandy’s Pond.
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supported by submarine glacial bedforms ~
(drumlins) that showed convergent flow 2
from the main part of the Island and the
Avalon Peninsula. It is possible that during
the waning stages, a lobe of ice was pinned
by the islands, in the north part of the bay,
producing onshore flow on the Burin
Peninsula. However, no onshore striations
have been identified on the Avalon Peninsula
(Catto, 1998), and any lobe would require
sufficient thickness to cross the entire penin-
sula, which is over 170 m asl in the centre of
the peninsula and a maximum elevation of
~320 m asl. Grant (1975, 1987) considered
onshore ice flow on the southern Burin
Peninsula was from “a source centred in
Placentia Bay or on the banks beyond”
(Grant 1975, page 55), likely St. Pierre,
Green or Whale banks (Figure 4).

The Avalon Peninsula has long been rec-
ognized as maintaining an independent ice  Figure 4. Map showing major submarine banks
cap during the late Wisconsinan (e.g.,  off the south coast.
Chamberlin, 1895; Coleman, 1926;
Henderson, 1972). This ice cap, which was of a sufficient thickness to block eastward-flowing ice from
the main part of Newfoundland, maintained ice until about 10 000 years BP, a date supported by the lack
of evidence for the Younger Dryas in pollen records (Macpherson, 1996). The ice-flow reconstructions of
Catto (1998) suggested that westward ice flow from the Avalon Peninsula during the late Wisconsinan
was confluent with Newfoundland ice in flowing southward down Placentia Bay. The possibility remains
that during deglaciation and following retreat of Newfoundland ice, Avalon ice crossed Placentia Bay and
the Burin Peninsula. Whether this configuration would be unsupportable glaciologically (e.g., the ice cap
would be too asymmetric to be viable) requires further examination.

Regardless of the source, the westward flow must be late Wisconsinan (deglacial?) because it post-
dates the southward ice-flow event, which has already been interpreted as late Wisconsinan (maximum?).

Flow Phase 3

A possible third flow event is recorded at the southern tip of the Burin Peninsula (Figure 3). This flow
was westward to northwestward, and in all cases it postdates the southward ice flow, where evidence for
the two ice-flow directions are found on the same bedrock outcrop. It is possible that this flow is equiv-
alent to the westward ice flow recorded to the north, but no evidence was found to support the connec-
tion between the two areas. The Fortune Bay coast between Frenchman's Cove and Fortune revealed no
striation sites, and the Placentia Bay coast between Burin and St. Lawrence had few sites, none of which
recorded the westward ice flow. The interior area was not examined because of the lack of access.



Discussion

Evidence for two, possibly, three late Wisconsinan ice-flow events were found on the Burin Peninsula.
An early, regionally extensive southward ice flow was superseded by westward ice flow from the Avalon
Peninsula or an offshore source. A remnant ice cap on the southern part of the Burin Peninsula may

explain the ice-flow patterns in this area, as noted by Vanderveer (1975) and later by Tucker and McCann
(1980).

The general sequence of events determined from striation mapping is similar to earlier reconstructions
(Figure 5). Van Alstine (1948), Walthier (1948), Grant (1975) and Tucker and McCann (1980) identified
northwestward striations on the southern part of the Burin Peninsula, which postdated southward flow.
Grant (1975) and Tucker and McCann (1980) argued that the ice-flow events were likely early
Wisconsinan, based on the reported weathering of striations and the relationship of separate ice-flow
events to stratigraphy along the Fortune Bay coastline. At Dantzic (Danzig) Cove, Tucker and McCann
(1980) reported coastal exposures up to 45 m high and 1.4 km long (Plate 2) that reveal a 'lower very
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Figure 5. Phases of glacial flow on the Burin Peninsula (after Grant and Batterson, 1988, Tucker and
McCann, 1980).



compact, pink-grey, silty-sandy till; a middle
unit of faulted, crossbedded, very fine sands
and silts, containing benthic foraminifera; and
an upper light brown, substratified till'. They
argued that the stratigraphy and foraminiferal
assemblage of the sand/silt unit at Danzig Cove
is similar to that exposed at Salmon River in
Nova Scotia, where a sand unit was dated at
38 600 £ 1300 radiocarbon years BP (Nielsen,
1974). Therefore, the two exposures were con-
sidered to be correlative. The lower till, lying
below the sands, was argued to have been
deposited by southward-flowing ice based on
clast provenance and clast fabrics and was thus

Plate 2. Extensive exposure of Quaternary sediment
in Great Danzig Cove, Fortune Bay. Several diamic-

. . . . assigned an early Wisconsinan age. However.
ton units are exposed in these sections, which have g y g >

a lateral extent of over 1500 m and a height of over the exposures'a‘F Danzig COV? remain gndated,
25 m and the foraminiferal content is suggestive only

of generally shallow-water, low saline condi-

tions. Exposures of diamicton separated by
sand, although they may indicate a readvance of ice, have also been interpreted as being deposited from
tidewater glaciers (cf-, Bell ef al., 2001). The inherent complications of long-distance correlations must
place into doubt the chronology interpreted from the Danzig Cove exposures by Tucker and McCann
(1980). A more detailed examination of the stratigraphy will be required to resolve this issue.

GLACIAL LANDFORMS

Although airphoto interpretation of the Burin Peninsula is incomplete, comments on the surficial
geology can be made based on ground observations and the use of the Shuttle Radar Topography Mission
(SRTM) image for the area. The SRTM, flown in 2000, aimed to map the Earth's surface topography
using synthetic aperture radar. Data from the mission are freely available on-line, and have been used for
interpreting glacial landforms (e.g., Campbell, 2005). Liverman et al. (2006) provided a preliminary
interpretation of a digital elevation model (DEM) from the SRTM data that provides a new insight into
the ice-flow and glacial history of the Island.

Streamlined glacial landforms are clearly evident from the SRTM image (Figure 6), particularly in the
Gisborne Lake area (Figure 6A) between Marystown and Garnish (Figure 6B), and near St. Lawrence
(Figure 6C). A blanket of thicker sediment is shown on the SRTM image by the smooth surface.
Streamlined landforms are southward- to southeastward-oriented lineations that extend from the top of
the image to east of Terrenceville. These features have an orientation consistent with the ice-flow record,
and are interpreted as having been deposited by ice from the main Newfoundland ice divide. There
appears to be no large-scale landform evidence of the subsequent westward ice flow. South to the
Marystown—Garnish area, the landscape is dominated by bedrock outcrop, indicated by the rough surface
topography on the SRTM image. Few glacial depositional landforms are found in this area. The lowlands
between Marystown and Garnish contain thicker sediment cover, including southeast-northwest-oriented
landforms (Figure 6B). The orientation of these landforms is parallel to the striations from the early phase



,'«q' " '.» T
"‘\,‘ Thicker sediment cover

Figure 6. Landforms on the Burin Peninsula and adjacent area as seen on the SRTM image. Boxes high-
light areas mentioned in text.

of ice movement, and on this basis the landforms are tentatively assigned to that flow direction. In the St.
Lawrence area, southward-oriented landforms are common (Figure 6C), although the area differs from
the Marystown—Garnish and Gisborne Lake areas because more bedrock is exposed. The orientations of
landforms are parallel to striations interpreted to represent the first phase of ice flow, and the landforms
are tentatively assigned to that ice flow. Elsewhere on the Burin Peninsula, blankets of sediment are found
at the southwestern tip (Plate 3), although glacial depositional landforms are uncommon.

Deglacial landforms, and those deposited during the Holocene, are mostly associated with glacioma-
rine and marine environments. Batterson et al. (2006) reported on small areas of glaciofluvial sand and
gravel that are exposed within the major valleys, several of which are being exploited for granular aggre-
gate; the largest area is in the Swift Current valley (Ricketts, 1986). Deposits at the mouth of Pipers Hole
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River and opposite the community of Swift Current are both sand-dominated systems that have increas-
ing amounts of pebble gravel toward the surface. A silt-clay deposit is found at the western extent of the
deposit (Ricketts, 1986). The sediments were likely deposited as part of a prograding delta system that
filled the valley, fed by meltwater from the Pipers Hole River valley. Other areas of glaciofluvial sedi-
ment include North Harbour River, Sandy Harbour River, Grand Le Pierre Brook, Dunns River, Paradise
River, Terrenceville Brook, Garnish River, Main Brook and Southwest Arm valleys (Kirby ef al., 1983).
Ricketts (1986) noted several eskers west of the mouth of Pipers Hole River, and eskers were also noted

in the Gisborne Lake area.

Several proglacial lakes were formed during
the last deglaciation. Batterson et al. (2006)
reported evidence for a proglacial lake in the
Gisborne Lake valley. Evidence for a smaller
proglacial lake was found in the valley south of
Fortune. Fine-grained sediments (mostly
interbedded silts and fine sands) and interbed-
ded diamicton are exposed in several roadcuts
(elevation ~45 m asl) located 2 km south of
Fortune. The lake may have been ponded by ice
at the mouth of Fortune Harbour, where a bank
of compact pink diamicton is exposed. The
morphology of the exposure, banked against the
hillside, may suggest it is the remnants of a
moraine, although further analyses will be
required to confirm this. No lacustrine beaches
or terraces were found, and this, coupled with
the small exposures of sediment, may suggest
that the lake was short-lived. This proglacial
lake was previously described by Grant and
Batterson (1988), who suggested that the lake
drained to the south through a channel at about
100 m asl.

SEA-LEVEL HISTORY

Evidence for raised sea levels is common
along the coast of the Burin Peninsula, mostly
in the form of raised marine terraces and deltas.
All remain undated, and no dateable material
has been found to constrain a late-glacial
chronology on the peninsula.

Along the Fortune Bay coastline, an ice-con-
tact glaciomarine delta having a surface eleva-
tion of ~19 m asl is found at Jacques Fontaine

Plate 3. Coastline south of Fortune. About 4-6 m of
diamicton is exposed, overlying Precambrian to
Cambrian micaceous sandstone.

Plate 4. Raised glaciomarine ice-contact delta at
Jacques Fontaine. The delta has a surface elevation
of ~19 m asl. The age of this feature, and other exam-
ples of raised marine—glaciomarine landforms along
the Placentia and Fortune bays coastline, remain
uncertain due to the lack of dateable material con-
tained within them.
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(Plate 4). It was likely formed by a tongue of ice that occupied the valley east of the community. Bedding
of interbedded sands and sandy gravels exposed in a small aggregate pit at the coastward side of the delta
dips toward Fortune Bay. Similar features are found on the north shore of Fortune Bay, on the east side of
Grand le Pierre Harbour, at Tickle Point in Long Harbour, and at Terrenceville, all with surface elevations
estimated between 17 and 20 m asl. Features are flat topped, with steep upstream and downstream faces.

Raised marine sediments and features are common along the Fortune Bay coastline between the now-
abandoned community of Point Rosie (Point Enragée) and Grand Bank. The coastline is largely bedrock
dominated north of Point Rosie. Sediments are commonly poorly sorted sand and gravel, and likely
reflect a nearshore depositional environment. Fine-grained sediments were largely absent. Marine ter-
races were identified at Rencontre East and north of Garnish, where surface elevations are estimated to
be between ~15 and 20 m asl.

The bedrock-dominated Placentia Bay coast has less evidence for raised marine features than the
Fortune Bay side. A series of three raised beaches with a maximum elevation of ~20 m asl were identi-
fied on the east shore of Great Sandy Harbour (Plate 4 in Batterson et al., 2006), and raised marine ter-
races were found at St. Leonards, Bar Haven, and Prowseton, all at elevations of about 20 m asl.

Raised marine features and sediments are found as far south as Grand Bank on Fortune Bay, and St.
Lawrence on Placentia Bay. Glacial diamicton is exposed along the coast between these areas, indicating
that no marine overlap has occurred.

The broad pattern of observations was reported by Jenness (1960), Tucker and McCann (1980), Grant
(1987), and Grant and Batterson (1988), although different interpretations of their significance have been
reached. Jenness (1960) and Grant (1987) argued for west—east-trending isobases crossing the Burin
Peninsula, with the 0 m isobase extending across the southern part of the peninsula. Tucker (1979) pre-
ferred a more southwest—northeast trend to the isobases, with the 0 m isobase only impinging on the
southeast part of the peninsula (Figure 7). However, no evidence of raised marine features was found west
of Grand Bank. Assuming the entire peninsula was deglaciated, areas south of the 0 m isobase would have
been continuously submerged following deglaciation. Alternatively, the absence of raised marine features
may imply that the southern part of the peninsula was ice covered while areas to the north were ice free.
This latter argument may lend support to the existence of remnant ice at the southeastern tip of the Burin
Peninsula during regional deglaciation.

The early Holocene sea-level history shows a lowering of sea level to the postglacial lowstand that
occurred in eastern Newfoundland between 6500 and 8000 years (Shaw and Forbes, 1995). The lowstand
reached depths of between 8 and 18 m below present sea level, increasing to the south. Submerged ter-
races (deltas) were recorded at Long Harbour, Fortune Bay (-12 m), Piper's Hole (-8 m), Paradise Sound
(-13 m) and Marystown Harbour (-18 m). Following the lowstand, the pattern of sea level change has
been one of gradual submergence. Evidence of submergence is found at Frenchman's Cove where a series
of prograded beach ridges are being successively inundated by the sea (Plate 5). Grant and Batterson
(1988) cite drowned peat bogs and salt marsh development in the Little St. Lawrence—Lawn area.
Radiocarbon dates on peat and wood 1.7 m below the high tide level are ~1000 radiocarbon years BP,
suggesting a submergence rate of 17 cm per century. However, the peat must have accumulated above sea
level and thus before inundation, and so the rate of submergence may be significantly lower. In compar-
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ison, Catto et al. (2000) suggest rates of sub-
mergence of between 10 and 65 cm per century
for several sites on the Avalon Peninsula,
whereas Daly (2002) reports a submergence
rate of 7 cm per century from salt marsh
deposits at Placentia. D. Liverman (GSNL,
unpublished data, 2006) records several dates,
the oldest of which is 940 = 50 years BP (GSC-
5706) on a tree stump at sea level at Lansey
Bank Cove on the southern Avalon that also
provides evidence for rising sea levels in the
last millennium.

Plate 5. Raised beaches at Frenchman's Cove, look-
ing north. This part of the Fortune Bay coastline is
under threat from rising sea level.

The data indicates that the Burin Peninsula is
characterized by a Type B sea-level curve; a
rapid sea-level fall to below present in the early
Holocene and a continuous rise subsequently.

Modern beaches are commonly restricted to small, gravel-dominated, high-energy, pocket beaches.
Barachois beaches occur at several localities, including Jacques Fontaine and Little Harbour East, along
Fortune Bay, and Western Cove, St. Kryan's and Long Beach on Placentia Bay (Figure 1). Tombolos were
identified at Proweston, Bar Haven, Spanish Room and Allan's Island, along Placentia Bay and Bay
L'Argent, Little Bay East, and Frenchman's Cove, along Fortune Bay, and spits were noted in Fortune Bay
at Grand Le Pierre and Terrenceville. Most are gravel-dominated, have a variety of structures, including
small- and large-scale cuspate features, and beach berms, with backbeach areas commonly exhibiting
overwash fans, and are commonly less than 500 m long. The exception is the spit at Terrenceville, which
is 1.8 km in length.

SUMMARY OF GLACIAL HISTORY

The lack of radiocarbon dates from the Burin Peninsula means considerable uncertainty exists con-
cerning the chronology of glacial events. Grant and Batterson (1988), and Tucker and McCann (1980)
have argued that much of the Burin Peninsula was beyond the limit of late Wisconsinan ice, apart from
small remnant ice caps along the spine of the peninsula. This argument was largely based on weathered
striated surfaces, and on the long-distance correlation of exposures along Fortune Bay, where exposures
contained similar stratigraphy and foraminiferal content to that found in Salmon River, Nova Scotia,
which have been interpreted as interstadial. Diamictons below the interpreted interstadial sediments were
linked to southward striations from ice that crossed Fortune Bay.

Striation and landform evidence confirm a regional southward (south to southeastward) flow event
covered the Burin Peninsula. The striations are generally fresh and unweathered, although some weath-
ered facets were noted, the significance of which is uncertain. The consistency of flow patterns across the
area suggests that they are of the same age as those on the main part of Newfoundland, which has been
interpreted as late Wisconsinan. This ice flow produced most of the glacial streamlined landforms in the
area. The southward ice flow was followed by a regionally extensive westward (southwest to northwest)
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ice flow that crossed the Burin Peninsula from Placentia Bay to Fortune Bay. Evidence for this event is
crossing striations, rather than a depositional record. The source of this event remains uncertain. Striations
produced by a westward to northwestward ice flow are found at the southern tip of the peninsula. This ice
flow may be the same as the westward flow found farther north, but the lack of striated bedrock means
that link cannot be established.

Deglaciation led to the production of extensive glaciofluvial deposits in many of the major valleys
that are commonly graded to the postglacial sea level. Raised marine features (mostly deltas and terraces)
suggest marine limit was about 20 m asl on both the Fortune Bay and Placentia Bay coasts. There is no
evidence for raised postglacial seas in the southern part of the peninsula, suggesting the area had experi-
enced continual submergence during the Holocene (i.e., south of the 0 m isobase) or that the area was ice
covered at a time when the areas to the north were ice free. Preliminary work indicates that raised marine
features are not graded toward a 0 m isobase and that remnant ice on the southern part of the peninsula
may better explain the sea level history. During deglaciation, proglacial lakes formed at Gisborne Lake
and south of Fortune. The lack of shoreline features and glaciolacustrine sediments suggest these were
short-lived features.

Sea level has been rising through much of the Holocene following the postglacial lowstand. Rising
sea levels, as a combined result of isostatic rebound and global sea level changes, will continue to be a
major influence on coastal change on the Burin Peninsula.

REGIONAL SURFICIAL SEDIMENT SAMPLING
SAMPLING AND SAMPLE PREPARATION METHODS

A regional till-sampling program was conducted using the surficial geology as a guide. Glaciofluvial,
fluvial, marine, and acolian sediments were not sampled. Most samples were from the C- or BC-soil hori-
zon, taken at about 0.5 m depth in test pits, or 0.5 to 1.0 m depth in quarries or roadcuts. In rare instances,
the lack of surface sediment necessitated the sampling of bedrock detritus. Sample spacing was controlled
by access as well as surficial geology, but was generally about 1 sample per 1 km* in areas of good access
to 1 sample per 4 km® in areas where helicopter support was required. Duplicate field samples were col-
lected from 38 sites. These data were used to determine data reproducibility.

Data from 1078 samples are presented (Figure 8), excluding the field duplicates, of which 122 were
reported in Batterson and Taylor (2006). In the field, samples were placed in kraft-paper sample bags, and
sent to the Geological Survey’s Geochemical Laboratory in St. John’s, where they were air-dried in ovens
at 40°C and dry-sieved through 180 um stainless-steel sieves.

GEOCHEMICAL ANALYSIS

Analytical work was carried out at the Geological Survey’s Geochemical Laboratory, with additional
analyses from a commercial laboratory. The appended data listings contain all the field and analytical data
from the sediment survey. To distinguish the different analytical methods—laboratories, the trace-element
variables are labeled with a combination of the element name, a numeric code and the unit of measure-
ment.
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A complete list of variables is given in Table 1, and a full listing of field and geochemical data is con-
tained in Appendix A.

ANALYTICAL METHODS
Gravimetric Analysis (LOI)

Organic carbon content was estimated from the weight loss-on-ignition (LOI) during a controlled
combustion in which 1g aliquots of sample were gradually heated to 500°C in air over a 3 hour period.
Accuracy can be judged from the results for reference materials (Table 2).

Inductively Coupled Plasma—Emission Spectrometry (ICP-ES)

For these analyses, the procedures outlined by Finch (1998) are followed. One gram of sample is
weighed into a 125 ml Teflon beaker, and 5 ml of concentrated HCI and 5 ml of perchloric acid is added
to each sample. The samples are placed on a hotplate at 200°C and evaporated to dryness, after which the
beakers are half-filled with 10% hydrochloric acid and returned to the hotplate at 100°C. When the
residue is completely dissolved the samples are removed, cooled and transferred to 50 ml volumetric
flasks. One ml of 50 g/l boric acid is added to each sample to complex any residual hyrdoflouric acid. The
samples are made to volume and analyzed by ICP-ES (Licthe et al., 1987). For most elements dissolution
is total; exceptions are Cr from chromite, Ba from barite and Zr from zircon as these minerals are not usu-
ally completely dissolved. Accuracy can be judged from the results for reference materials (Table 2).

Values for the following elements were determined: aluminum, barium, beryllium, calcium, cerium,
cobalt, chromium, copper, dysprosium, iron, gallium, potassium, lanthanum, lithium, magnesium, man-
ganese, molybdenum, sodium, niobium, nickel, phosphorus, lead, scandium, strontium, titanium, vanadi-
um, yttrium, zinc and zirconium (Al2, Ba2, Be2, Ca2, Ce2, Co2, Cr2, Cu2, Dy2, Fe2, Ga2, K2, La2, Li2,
Mg2, Mn2, Mo2, Na2, Nb2, Ni2, P2, Pb2, Rb2, Sc2, Sr2, Ti2, V2, Y2, Zn2 and Zr2, respectively).

Instrumental Neutron Activation Analysis (INAA)

These analyses were carried out at Activation Laboratories Ltd., Ancaster, Ontario (2006 samples),
and Becquerel Laboratories, Mississauga, Ontario (2007 samples). On average, 24 g of sample were used
for analysis and the samples (with duplicates and control reference materials included incognito) were
weighed and encapsulated in the Geochemical Laboratory of the Department of Natural Resources in St.
John's. Samples were irradiated with flux wires and an internal standard (1 for 11 samples) at a thermal
neutron flux of 7 x 10" n/cm?s. After 7 days (to allow Na* to decay), samples are counted on a high puri-
ty Ge detector with a resolution of better than 1.7 KeV. Using the flux wires, the decay-corrected activi-
ties are compared to a calibration developed from multiple certified international reference materials. The
standard present is only a check on accuracy of the analysis and is not used for calibration purposes. Ten
to thirty percent of the samples are checked by re-measurement. Accuracy can be judged from the results
for reference materials (Table 3).

Total contents of the following elements were determined quantitatively: silver, arsenic, gold, barium,
bromine, calcium, cerium, cobalt, chromium, cesium, europium, iron, hafnium, mercury, iridium, lan-
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Table 1. Variable list and description of data

VARIABLE DESCRIPTION VARIABLE DESCRIPTION
Sample Unique sample ID. First La2 ppm Lanthanum, ppm, by ICP

Number represents year (e.g., Li2 ppm Lithium, ppm, by ICP

6 =2000) LOI Loss-on-ignition
NTS NTS sheet (1:50 000) Lul ppm Lutetium, ppm, by INAA
Easting UTM map coordinate NAD 27 Mg2 pct Magnesium, %, by ICP
Northing UTM map coordinate NAD 27 Mn2 ppm Manganese, ppm, by ICP
Elev Elevation of sample site (m) Mol ppm Molybdenum, ppm, by INAA
Zone UTM zone Mo2 ppm Molybdenum, ppm, by ICP
Horizon Soil horizon samples Nal pct Sodium, %, by INAA
Depth Sample depth (cm) Na2 pct Sodium, %, by ICP
Agl ppm Silver, ppm, by INAA Nb2 ppm Niobium, ppm, by ICP
Al2 pct Aluminum, %, by ICP Ndl ppm Neodymium, ppm, by INAA
Asl ppm Arsenic, ppm, by INAA Nil ppm Nickel, ppm, by INAA
As2 ppm Arsenic, ppm, by ICP Ni2 ppm Nickel, ppm, by ICP
Aul ppb Gold, ppb, by INAA P2 ppm Phosphorus, ppm, by ICP
Bal ppm Barium, ppm, by INAA Pb2 ppm Lead, ppm, by ICP
Ba2 ppm Barium, ppm, by ICP Rb1 ppm Rubidium, ppm, by INAA
Be2 ppm Beryllium, ppm, by ICP Rb2 ppm Rubidium, ppm, by ICP
Brl ppm Bromine, ppm, by INAA Sbl ppm Antimony, ppm, by INAA
Cal pct Calcium, %, by INAA Scl ppm Scandium, ppm, by INAA
Ca2 pct Calcium, %, by ICP Sc2 ppm Scandium, ppm, by ICP
Cd2 ppm Cadmium, ppm, by ICP Sel ppm Selenium, ppm, by INAA
Cel ppm Cerium, ppm, by INAA Sm1 ppm Samarium, ppm, by INAA
Ce2 ppm Cerium, ppm, by ICP Snl ppm Tin, ppm, by INAA
Col ppm Cobalt, ppm, by INAA Srl ppm Strontium, ppm, by INAA
Co2 ppm Cobalt, ppm, by ICP Sr2 ppm Strontium, ppm, by ICP
Crl ppm Chromium, ppm, by INAA Tal ppm Tantalum, ppm, by INAA
Cr2 ppm Chromium, ppm, by ICP Tbl ppm Terbium, ppm, by INAA
Csl ppm Cesium, ppm, by INAA Thl ppm Thorium, ppm, by INAA
Cu2 ppm Copper, ppm, by ICP Ti2 ppm Titanium, ppm, by ICP
Dy2 ppm Dysprosium, ppm, by ICP Ul ppm Uranium, ppm, by INAA
Eul ppm Europium, ppm, by INAA V2 ppm Vanadium, ppm, by ICP
Fel pct Iron, %, by INAA W1 ppm Tungsten, ppm, by INAA
Fe2 pct Iron, %, by ICP Y2 ppm Yttrium, ppm, by ICP
Hfl ppm Hafnium, ppm, by INAA Ybl ppm Ytterbium, ppm, by INAA
Hgl ppm Mercury, ppm, by INAA Znl ppm Zinc, ppm, by INAA
Irl ppm Iridium, ppm, by INAA Zn2 ppm Zinc, ppm, by ICP
K2 pct Potassium, %, by ICP Zrl ppm Zirconium, ppm, by INAA
Lal ppm Lanthanum, ppm, by INAA Zr2 ppm Zirconium, ppm, by ICP
La2 ppm Lanthanum, ppm, by ICP
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Table 2. Accuracy of till-geochemical data by ICP. Results of analyses of CANMET reference samples
TILL-1 to -4. Observed values (Obs) are compared against recommended values (Rec). Recommended
values are from Lynch (1996). Negative values indicate below detection limit

Till-1 N=8 Till-2 N=7 Till-3  N=6 Till-4 N=7
Obs Rec Obs Rec Obs Rec Obs Rec

Al2 % 6.15 7.3 7.27 8.5 5.75 6.5 6.64 7.6
As2  ppm 16.95 24.85 76.47 97.59

Ba2 ppm 697.98 702.0 535.04  540.0 486.63 489.0 38896  396.0
Be2 ppm 1.16 2.4 3.09 4.0 1.11 2.0 2.77 3.7
Ca2 % 1.81 1.9 0.85 0.9 1.81 1.9 0.83 0.9
Cd2 ppm 0.09 0.30 -0.02 0.21

Ce2 ppm 67.52 71.0 94.35 98.0 40.29 420 74.34 78.0
Co2 ppm 21.03 18.0 18.04 15.0 14.95 15.0 12.29 8.0
Cr2 ppm 56.40 65.0 61.86 74.0 99.94 123.0 39.75 53.0
Cu2 ppm 46.61 47.0 165.79  150.0 21.28 220 270.78  237.0
Dy2 ppm 4.88 3.52 2.01 3.13

Fe2 % 4.81 4.8 3.86 3.8 2.79 2.8 3.97 4.0
K2 % 1.69 1.8 2.39 2.6 1.86 2.0 2.52 2.7
La2 ppm 26.36 28.0 39.53 44.0 19.60  21.0 36.41 41.0
Li2 ppm 15.11 15.0 45.14 47.0 21.18 21.0 28.31 30.0
Mg2 % 1.25 1.3 1.08 1.1 1.02 1.0 0.75 0.8
Mn2 ppm 1474.74 1420.0 804.87  780.0 519.77 520.0 520.29  490.0
Mo2 ppm -1.00 2.0 12.89 14.0 -1.00 16.9 14.28

Na2 % 1.99 2.0 1.59 1.6 1.92 2.0 1.75 1.8
Nb2 ppm 13.96 10.0 20.43 20.0 8.69 7.0 18.71 15.0
Ni2 ppm 28.22 24.0 33.05 32.0 37.33 39.0 18.81 17.0
P2  ppm 970.96 930.0 739.85  750.0 503.17 490.0 907.99  880.0
Pb2 ppm 20.96 22.0 29.19 31.0 25.67  26.0 50.62 50.0
Rb2 ppm 46.08 159.55 57.37 178.43

Sc2  ppm 14.60 13.0 12.76 12.0 10.82 10.0 11.48 10.0
Sr2  ppm 30945 291.0 161.10 144.0 321.99 300.0 128.82  109.0
Ti2 ppm 5160.96 5990.0 4664.36 5300.0 2801.58 2910.0 4532.43 4840.0
V2  ppm 97.79 99.0 76.86 77.0 6129  62.0 67.95 67.0
Y2 ppm 27.49 38.0 18.09 40.0 12.79 17.0 15.99 33.0
Zn2  ppm 89.12 98.0 117.11  130.0 5226  56.0 66.60 70.0
Zr2  ppm 81.69 502.0 80.09  390.0 65.83  390.0 71.67  385.0
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Table 3. Accuracy of till-geochemical data by INAA and gravimetry. Results of analyses of CANMET
reference samples TILL-1 to -4. Observed values (Obs) are compared against recommended values (Rec).
Recommended values are from Lynch (1996). Negative values indicate below detection limit

Till-1 N=7 Till-2 N=6 Till-3  N=8 Till-4 N=7
Obs Rec Obs Rec Obs Rec Obs Rec

Agl ppm 17.74 18.0 27.09 26.0 87.98 87.0 111.85 111.0
Aul ppb 12.86 13.0 0.93 2.0 6.93 6.0 4.23 5.0
Bal ppm 727.14  702.0 562.14  540.0 511.43  489.0 397.69 395.0
Brl ppm 5.80 6.4 11.99 12.2 4.04 4.5 7.82 8.6
Cel ppm 66.64 71.0 101.64 98.0 37.64  42.0 76.54 78.0
Col ppm 17.71 18.0 15.36 15.0 14.50 15.0 8.15 8.0
Crl ppm 62.71 65.0 78.07 74.0 120.00 123.0 47.46 53.0
Csl ppm 0.46 1.0 11.86 12.0 1.47 1.7 12.15 12.0
Eul ppm 1.51 1.3 1.29 1.0 0.84 0.5 0.96 0.5
Fel % 4.97 4.8 4.00 3.8 2.83 2.8 3.91 4.0
Hfl ppm 12.86 13.0 10.36 11.0 5.79 8.0 7.77 10.0
Lal ppm 28.10 28.0 46.70 44.0 19.87 21.0 42.95 41.0
Lul ppm 0.49 0.6 0.41 0.6 0.16 <0.5 0.36 0.5
Mol ppm -0.27  <5.0 13.43 14.0 -0.16 <5.0 14.92 16.0
Nal % 2.15 2.01 1.81 1.62 2.08 1.96 1.87 1.82
Rbl ppm 38.57 44.0 149.86 143.0 55.79 55.0 163.69 161.0
Sbl  ppm 7.14 7.8 0.79 0.8 0.84 0.9 0.99 1.0
Scl  ppm 14.18 13.0 13.30 12.0 10.26 10.0 10.83 10.0
Sel ppm -1.00 -1.00 -1.00 -1.00

Sml ppm 5.98 5.9.0 7.70 7.4 3.44 3.3 6.28 6.1
Tal ppm 0.51 0.7.0 1.73 1.9 047 <0.5 1.19 1.6
Tbl ppm 0.89 1.1 0.87 1.2 -0.50 <0.5 0.76 1.1
Thl ppm 5.86 5.6 19.23 18.4 491 4.6 17.76 17.4
Ul  ppm 2.49 2.2 5.84 5.7 2.06 2.1 5.10 5.0
W1 ppm -0.86 <4.0 3.79 -1.00 <4.0 183.77 204.0
Ybl ppm 3.64 3.9 3.57 3.7 1.39 1.5 2.89 34
Zrl % 341.43 318.58 178.57 283.09

LOI % 6.4 6.3 7.0 6.8 39 3.6 4.7 4.4
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thanum, lutetium, molybdenum, sodium, neodymium, nickel, rubidium, antimony, scandium, selenium,
samarium, tin, strontium, tantalum, terbium, thorium, uranium, tungsten, ytterbium, zinc and zirconium.
(Agl, Asl, Aul, Bal, Brl, Cal, Cel, Col, Crl, Csl, Eul, Fel, Hfl, Hgl, Ir1, Lal, Lul, Mol, Nal, Ndl,
Nil, Rbl, Sbl, Scl, Sel, Sm1, Snl, Srl, Tal, Tb1, Thl, Ul, W1 Ybl, Znl, and Zr1 respectively).

QUALITY CONTROL

Data quality was monitored using laboratory duplicates (analytical precision only). These data are
verified at the laboratory and are not included in this report, although they are available upon request.
Accuracy estimates are provided by the results from standard reference materials analyzed with them
(Tables 2 and 3). These data show that for almost all elements, with Zr2 as an exception, all data is of
high quality.

Data from duplicate samples taken from the same site are presented in Table 4. The extent of correla-
tion (Pearson) of these data provided a measure of data reproducibility that was used to estimate data

Table 4. Correlation coefficients of laboratory and field duplicate samples. Values close to 1 indicate a
strong positive correlation. Decisions on which analytical approach is appropriate for those elements that
were analyzed by more than one method, were based on these correlations (elements bolded).
Determinations for Agl, Hgl, Ir]l and Nil are not provided because all values were below detection limit.

Field dup Lab dup Field dup Lab dup Field dup Lab dup

n =38 n=>56 n =38 n=>56 n =38 n=>56
Al2 0.913 0.994 Fel 0.956 0.970 Sb1 0.963 0.974
Asl 0.780 0.987 Fe2 0.970 0.999 Scl 0.931 0.983
As2 0.694 0.995 Hfl 0.937 0.975 Sc2 0.970 1.000
Aul 0.886 0.352 K2 0.984 0.999 Sel 0.465 -0.026
Bal 0.894 0.735 Lal 0.830 0.974 Sml 0.679 0.996
Ba2 0.963 0.999 La2 0.887 0.995 Snl -0.111 1.000
Be2 0.996 0.999 Li2 0.946 0.999 Srl 0.000 -0.077
Brl 0.833 0.964 Lul 0.947 0.953 Sr2 0.972 1.000
Cal -0.111 0.411 Mg2 0.989 1.000 Tal 0.953 0.858
Ca2 0.988 0.999 Mn2 0.881 0.999 Tbl 0.584 0.838
Cd2 0.820 0.872 Mol 0.890 0.463 Thl 0.922 0.994
Cel 0.704 0.986 Mo2 0.951 0.963 Ti2 0.893 0.994
Ce2 0.702 0.998 Nal 0.913 0.929 Ul 0.908 0.734
Col 0.952 0.970 Na2 0.930 0.993 V2 0.992 1.000
Co2 0.952 0.999 Nb2 0.988 0.994 Wi 0.818 0.671
Crl 0.941 0.975 Ndl 0.850 0.972 Y2 0.949 0.998
Cr2 0.993 1.000 Ni2 0.976 0.996 Ybl 0.947 0.949
Csl 0.961 0.968 P2 0.906 0.998 Znl -0.167 0.458
Cu2 0.937 1.000 Pb2 0.895 1.000 Zn2 0.929 0.999
Dy2 0.914 0.995 Rbl 0.965 0.972 Zrl 0.839 0.752
Eul 0.882 0.881 Rb2 0.995 0.997 Zr2 0.983 0.996
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quality. Identical results of duplicate samples show a correlation coefficient of 1.000. For some elements,
the analysis of duplicates yields poor correlations, commonly because samples contain levels that are
close to the detection limit for that element. Most samples yielded results below detection limit for Agl,
Aul, Brl, Cal, Csl, Ir1, Hgl, Mol, Nil, Sel, Snl, Tal, Tbl, Ul, W1, Znl, and Zr1, and for this reason
it is difficult to evaluate data quality for these elements.

It should be emphasized that for mineral exploration, the relative variation of an element is of primary
concern. Of the 44 elements determined, 16 were determined by both ICP-ES and INAA (As, Ba, Ca, Ce,
Co, Cr, Fe, La, Mo, Na, Ni, Rb, Sc, Sr, Zn, Zr). To reduce the size of the data for presentation and statis-
tical analysis, for these 16, the data from the method with the best quality determined from comparison
with laboratory and field duplicates have been used (i.e., Asl, Ba2, Ca2, Ce2, Co2, Cr2, Fe2, La2, Mo2,
Na2, Ni2, Rb2, Sc2, Sr2, Zn2, Zr2), although all are presented in the data listing (Appendix A). A sum-
mary of field duplicate and control data is included in this report, and detailed data are available on
request.

STATISTICAL ANALYSIS - FREQUENCY DISTRIBUTIONS

The frequency distributions of the geochemical data were examined using the Jenks optimization
method, also known as the goodness of variance fit (Jenks, 1967) found within the ArcMap GIS applica-
tion. The method identifies natural breaks in the dataset, and has replaced the selection of breaks using
cumulative frequency plots (cf-, Batterson and Taylor, 2001). Comparison of the two methods produced
similar subdivisions of the data. Breaks in slope of the curves were used to subdivide the element values
into 4-6 natural population groups. These groups are represented by symbols that increase in size with
increasing element levels in Figure 9 to Figure 58. Statistics (maximum, minimum, median, mean, stan-
dard deviation) were generated from the Excel computer application, and are presented in Table 5.
Correlation coefficients for laboratory and field duplicate data is provided in Table 4. A correlation matrix
is shown in Table 6.

INTERPRETATION OF GEOCHEMICAL DATA

Dot plot maps of selected elements (As, Cu, Au, Pb, U, Y and Zn) are presented in Figures 9 to 15
respectively. Other element plots are presented in Appendix B, except for Agl and Hgl where analyses
were below detection limit. Individuals and companies are encouraged to undertake their own interpreta-
tion of the presented data, the following being a preliminary guide. Data on mineral occurrences is found
within the Geological Survey's Mineral Occurrence Data System (MODS) (http://gis.geosurv.gov.nl.ca/
mods/mods.asp).

ARSENIC (As)

In some areas, arsenic has been considered a pathfinder for gold (e.g., Lett ef al., 1999) although not
in others (e.g., Campbell and Schreiner, 1989). In this study, arsenic (Figure 9) values generally bear lit-
tle areal relationship to the distribution of gold, and show weak correlation (0.07). The highest value (247
ppm) is found in sediment overlying the subaerial volcanic rocks and associated siliclastic sedimentary
rocks of the Long Harbour Group north of Fortune Bay. Other high values are found overlying basaltic
flows of the Famine Brook Cove Formation, Marystown Group and Burin Group (51 to 119 ppm), and
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Table 5. Units, detection limits, ranges, medians and standard deviations of geochemical data. Values
below detection are coded as half of the detection limit value

Detection limit  Maximum  Minimum  Median Mean Standard Deviation
Agl  ppm 5.0 2.5 2.5 2.50 2.5 0.00
Al2 % 0.01 10.26 3.94 6.23 6.2 0.82
Asl ppm 0.5 247.0 0.25 7.35 5.1 11.00
As2  ppm 2.0 232.0 1.0 7.93 6.0 9.91
Aul  ppb 1.0 61.0 0.5 1.80 1.0 3.31
Bal ppm 50.0 1400.0 2.5 375.02  380.0 153.82
Ba2 ppm 50.0 1355.0 25.0 383.27 384.0 135.64
Be2 ppm 0.2 31.8 0.1 2.05 1.4 2.12
Brl ppm 0.5 644.0 0.25 56.28 39.0 58.89
Cal % 1.0 4.0 0.5 0.98 0.5 0.80
Ca2 % 0.01 5.54 0.02 1.25 1.11 0.85
Cd2 ppm 0.1 2.4 0.1 0.18 0.1 0.15
Cel ppm 3.0 1250.0 1.5 65.23 56.0 66.79
Ce2 ppm 2.0 1227.0 7.0 69.98 61.0 73.80
Col  ppm 1.0 110.0 0.5 8.42 6.0 9.72
Co2  ppm 2.0 98.0 2.0 13.10 11.5 9.01
Crl ppm 5.0 850.0 1.0 39.31 27.0 53.32
Cr2 ppm 2.0 835.0 2.0 33.91 22.0 47.61
Csl ppm 1.0 49.0 0.5 4.32 3.2 3.97
Cu2 ppm 2.0 283.0 1.0 21.34 11.0 31.18
Dy2  ppm 0.2 26.1 0.6 4.66 4.3 2.47
Eul ppm 0.2 5.6 0.1 1.19 1.2 0.61
Fel % 0.01 10.9 0.4 3.38 32 1.57
Fe2 % 0.01 10.31 0.43 3.35 3.22 1.48
Hf1 ppm 1.0 36.0 0.5 7.89 7.0 4.11
Hgl  ppm 1.0 0.5 0.5 0.50 0.5 0.00
Irl ppb 5.0 9.0 2.5 2.58 2.5 0.68
K2 % 0.01 5.42 0.11 1.81 1.7 0.68
Lal ppm 0.5 150.0 3.8 26.92 26.0 11.78
La2 ppm 1.0 167.0 1.0 26.03 26.0 11.45
Li2 ppm 0.2 144.2 1.3 20.17 16.85 12.64
LOI % 49.6 0.7 7.00 5.3 5.76
Lul ppm 0.05 2.9 0.025 0.48 0.41 0.28
Mg2 % 0.01 6.79 0.03 0.60 0.5 0.51
Mn2 ppm 2.0 7480.0 89.0 790.04  658.0 593.60
Mol  ppm 1.0 57.0 0.5 1.58 1.0 3.18
Mo2  ppm 1.0 51.0 1.0 1.38 1.0 2.21
Nal % 0.01 43 0.24 1.93 1.91 0.49
Na2 % 0.01 3.9 0.2 1.86 1.9 0.50
Nb2  ppm 2.0 145 5.0 19.13 16.0 10.96
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Table 5. Continued

Detection limit Maximum Minimum Median Mean Standard Deviation

Ndl  ppm 5.0 179.0 2.5 17.54  16.0 15.64
Nil  ppm 20.0 700.0 10.0 16.12 100 41.86
Ni2  ppm 2.0 353.0 1.0 13.48 9.0 17.78
P2 ppm 5.0 2643.0 49.0 542.78  469.0 348.3
Pb2  ppm 2.0 1075.0 1.0 2652 21.0 38.74
Rbl  ppm 5.0 440.0 2.5 81.82  66.0 54.7
Rb2  ppm 554.0 8.0 94.53  78.0 55.14
Sbl  ppm 0.1 6.3 0.05 0.71 0.6 0.43
Scl  ppm 0.1 64.8 1.5 13.05 125 6.99
Sc2  ppm 1.0 64.2 1.1 13.65 133 7.15
Sel  ppm 1.0 5.0 0.5 0.86 1.0 0.34
Sml  ppm 0.1 57.8 1.0 5.63 5.1 3.85
Snl  ppm 0.01 0.07 0.005 0.01 0.01

Srl % 0.05 0.13 0.025 0.03 0.03 0.01
Sr2  ppm 2.0 1001.0 18.0 208.49  205.0 106.55
Tal  ppm 0.2 12.0 0.1 1.28 1.0 1.22
Tbl  ppm 0.5 6.9 0.25 0.84 0.8 0.6
Thl  ppm 0.2 96.6 0.1 10.2 8.4 7.0
Ti2  ppm 5.0 16305.0 858.0  4812.13 4729.5 1909.09
Ul ppm 0.5 50.9 0.25 2.67 2.1 2.91
V2 ppm 5.0 425.0 1.0 86.94  79.0 58.76
Wl  ppm 1.0 11.0 0.5 1.16 1.0 0.83
Y2  ppm 2.0 160.0 7.0 2644 240 12.23
Ybl  ppm 0.2 20.6 0.3 3.52 2.9 2.09
Znl  ppm 50.0 390.0 2.5 25.78 2.5 41.7
Zn2  ppm 2.0 487.0 7.0 55.88  49.0 36.4
Zrl % 0.01 1200.0 0.005  188.18  210.0 185.45
Zr2  ppm 2.0 596.0 18.0 102.46  85.5 55.96

gabbro of the Wandsworth Formation, Burin Group. There are no known arsenic showings within the
study area. Arsenic is moderately correlated with antimony (0.30), cobalt (0.29), nickel (0.27), iron (0.24)
and chromium (0.22) (Table 6). Field and laboratory duplicates (Table 4) showed a high degree of corre-
lation, and the data is thus considered accurate and precise.

Arsenic is also a factor in human health. The Canadian soil-quality guidelines indicate values below
12 ppm are acceptable for residential use. About 14% of data points are above this value within the study
area. The eastern side of the Burin Peninsula is enriched in arsenic, although most areas are removed from
communities. However, several communities record arsenic values that exceed Health Canada guidelines:
Little Bay (72 ppm), Fox Cove (51 ppm), Jean de Baie (62 ppm). The proximity of sites with high arsenic
values to local or regional water supplies should be examined with a view to further testing of water qual-
ity in the region.
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COPPER (Cu)

The study area has numerous copper showings, mostly within subaerial volcanic rocks of the
Marystown Group, and basalt and gabbro of the Burin Group. The till geochemistry generally reflects
enrichment in these rock units.

The highest copper value recorded was 283 ppm (Figure 10) found in till overlying Burin Group rocks
just west of Burin Inlet. This sample is part of a cluster of relatively high copper values (99 to 283 ppm)
extending from Burin Inlet to the eastern end of Mortier Bay. Another cluster of relatively high values
(100 to 271 ppm) is found in sediment overlying Marystown Group volcanics on the highlands just north
of Creston North. The observation of Batterson and Taylor (2006) that elevated copper values are com-
monly identified along roadways, was also noted in the southern part of the Burin Peninsula copper val-
ues away from the road are significantly lower, reducing the likelihood of adjacent mineralization. An
explanation is unclear. Elevated values may be related to weathering in roadcuts, but further research will
be required to determine if this is, indeed, the case.

Copper is moderately to well correlated with cobalt (0.69), chromium (0.58), iron (0.54), magnesium
(0.74), nickel (0.66), scandium (0.62) and vanadium (0.49) (Table 6). Field and laboratory duplicates
showed a high degree of correlation (Table 4), and the data is thus considered accurate and precise.

GOLD (Au)

The gold in till (Figure 11) data is difficult to interpret, and shows a spotty distribution. The small (<1
kg) sample size is likely a factor. Caution must be exercized when interpreting anomalies, due to the
'nugget effect'. It is recognized that heavy mineral separations from an initially larger sample size (>4 kg)
would likely yield more reproducible gold geochemistry data.

The highest value recorded within the study area is 61 ppb, found in sediment adjacent to the Stewart
Prospect (Mineral Occurrence Data System 001M/06/Au001) overlying Marystown Group basaltic flow
bedrock near the contact with Grole Intrusive Suite gabbro and diorite rocks. Gold showings near Grole
and Burin within mafic volcanics of the Burin Group do not appear to be reflected in till. However, an
anomaly (43 ppb) overlying Burin Group (Wandsworth gabbro) bedrock is associated with several gold
showings (O'Driscoll et al., 2001). A small cluster of samples (23 ppb and 28 ppb) found just west of
Rushoon is not associated with known gold showings.

Gold is poorly correlated with all other elements analyzed (Table 5). Field duplicates showed a high
degree of correlation (0.882, Table 6), whereas laboratory duplicates did not (0.352, Table 4).

LEAD (Pb)

The area contains several lead showings, found within the Marystown Group, Cross Hills Intrusive
Suite, St. Lawrence Granite and undivided Cambrian rocks (O'Driscoll ef al., 1995). However, the high-
est value in the study area (1075 ppm) was found in sediment overlying undivided Devonian red sand-
stone and conglomerate and associated mafic flows west of Creston North (Figure 12). No known lead
showing is associated with this anomaly. Clusters of high lead values also occur within the Marystown
Group (values up to 221 ppm) north of Creston, and scattered other locations in the study area.
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Lead shows moderate correlation with molybdenum (0.24), neodymium (0.22), potassium (0.22) and
zinc (0.29) (Table 6). Field and laboratory duplicates (Table 4) showed a high degree of correlation, and
the data is thus considered accurate and precise.

URANIUM (U)

Uranium (Figure 13) shows several clusters of high values in till overlying granites and granitoid
intrusions. The highest recorded value was 51 ppm located on the southern margin of the Ackley Granite
in the northern part of the study area. A cluster of values ranging from 7.4 to 23.1 ppm are found in the
same area. Values in tills overlying the riebeckite—aegerine St. Lawrence Granite in the southern part of
the Burin Peninsula are up to 41.5 ppm. No known uranium occurrences have been identified in these
areas. Known uranium occurrences are within the Devonian-age Grand Beach Complex, first described
by van Alstine (1948), which is associated with an anomalous value in till (31 ppm). The only other ura-
nium showing in the study area is found in Cambrian sediments at the head of Little Lawn Harbour.
Adjacent till samples record up to 8.4 ppm uranium. In comparison, Batterson and Taylor (2004) record-
ed 2 high values of 20 ppm and 46 ppm, and a range of values between 3 ppm and 12 ppm for till sam-
ples in the uranium-rich Melody Lake—Moran Lake areas of the Central Mineral Belt in Labrador. The
values recorded on the Burin Peninsula indicate a potential for uranium mineralization in this area.

Uranium is moderately to well correlated with thorium (0.72) and moderately correlated with beryl-
lium (0.47), hafnium (0.41), molybdenum (0.48), niobium (0.43), rubidium (0.49), tantalum (0.45), yttri-
um (0.48), and ytterbium (0.43) (Table 6). Field and laboratory duplicates (Table 4) showed a high degree
of correlation, and the data is thus considered accurate and precise.

YTTRIUM (Y)

The highest value for yttrium (Figure 14) was 160 ppm, found in till overlying riebeckite—aegerine St.
Lawrence Granite bedrock in the southern part of the peninsula. This area shows a distinct clustering of
values. Another cluster of values (up to 102 ppm) is found in till overlying mostly volcanic and associat-
ed sedimentary rocks of the Long Harbour Group (Andersons Cove and Southern Hills formations).
Niobium (Figure 40), zirconium (Figure 58), and rare-earth elements (REE) are also relatively enriched
within this area. There are no known yttrium showings within the study area.

Yttrium is moderately to well correlated with cerium (0.50), dysprosium (0.94), lanthanum (0.58),
lutetium (0.68), neodymium (0.58), samarium (0.64), terbium (0.68), ytterbium (0.77) and zirconium
(0.60) (Table 6). Field and laboratory duplicates (Table 4) showed a high degree of correlation, and the
data is thus considered accurate and precise.

ZINC (Zn)

Zinc (Figure 15) has a high value of 487 ppm, found in tills overlying rocks at the southern margin of
the Ackley Granite. Ash-flow tuffs and rhyolite flows, mostly of the Southern Hills Formation of the Long
Harbour Group, found in the Jacques Fontaine to Little Harbour East area, are overlain by a cluster of
zinc anomalies in till up to 429 ppm. Several other clusters of relatively high values are found overlying
basaltic flows of the Marystown Group near Marystown (up to 404 ppm), volcanogenic sediments of the
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Burin Group east of Little St. Lawrence (up to 259 ppm) , and undivided Cambrian rocks near Lawn (up
to 170 ppm). The latter cluster contains several zinc showings. There are no other known zinc showings
in the study area.

Zinc is moderately to well correlated with cadmium (0.55), copper (0.39), lithium (0.41), manganese
(0.49), neodymium (0.50), lead (0.36), samarium (0.44) and terbium (0.39) (Table 6). Field and laborato-
ry duplicates (Table 4) showed a high degree of correlation, and the data is thus considered accurate and
precise.

OTHER ELEMENTS

The REEs show similar patterns to yttrium: Lanthanum (Figure 32) records values up to 167 ppm,
cerium (Figure 22) 1227 ppm, neodymium (Figure 41) 179 ppm, samarium (Figure 48) 58 ppm,
europium (Figure 27) 5.6 ppm, terbium (Figure 52) 6.9 ppm, dysprosium (Figure 26) 26 ppm, ytter-
bium (Figure 57) 21 ppm, and lutetium (Figure 35) 2.0 ppm. Chromium (Figure 24) records a cluster
of anomalous values (up ton 835 ppm) in till overlying rocks of the Burin Group, particularly the
Wandsworth gabbro. Potassium (Figure 31) shows a strong correlation with bedrock, particularly with
the Devonian St. Lawrence Granite, Ackley Granite and Grand Beach complex, and with the Long
Harbour Group volcanics. Values up to 5.4% potassium in till are recorded in the area. Values for nickel
(Figure 42) up to 353 ppm are found in tills overlying Burin Group rocks. There are no recorded nickel
showings in the study area. Thorium (Figure 53) is relatively enriched in tills overlying the Ackley
Granite and other Devonian granite intrusions (e.g., St. Lawrence Granite and Grand Beach complex).

SUMMARY

The till geochemistry highlights the distinct differences in bedrock geology across the study area. For
instance, tills overlying the riebeckite—aegerine-rich St. Lawrence Granite show elevated zirconium, nio-
bium and REEs, and tills overlying the Burin Group are relatively enriched in copper, cobalt, magnesium
and nickel. In contrast, the area north of Creston North underlain by Marystown Group volcanic rocks
shows anomalous cadmium, cobalt, copper, lead and nickel compared to other areas of Marystown Group
bedrock. However, the area also shows elevated iron and manganese values, which should be taken into
consideration when evaluating the potential of this area.

Uranium enrichment in tills overlying the volcanogenic sediments of the Grand Beach Complex is
consistent with known mineralization in this area. Other areas with anomalous uranium concentrations in
till occur over the Ackley Granite and St. Lawrence Granite.

Gold shows a spotty distribution across the area, although the gold showings in the Burin Group are
associated with anomalous values in till. However, other highs remain unexplained, although potential
exploration should consider the inherent difficulties in reproducing gold geochemistry data from small
(<1 kg) sample sizes.

The till geochemistry indicates that regional and local ice flow appears to have had limited influence

on dispersal patterns. Geochemical data generally show a strong affinity to underlying bedrock chemistry
with little down-ice transport away from the source. Regional ice flow was southward across Fortune Bay,
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followed by a westward flow from Placentia Bay and a finally local, topographically controlled flow into
Fortune Bay.
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