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FORWARD (Plain Language; English)

People living in the Mackenzie River Basin have observed decreased water levels, warmer and
drier winters, thinning ice, thawing permafrost, and other changes to ecosystems in recent years.
To better understand how and why water levels in the Mackenzie River Basin have changed, are
changing, and will change in the future, we studied peat bogs in and near the Gwich’in
Settlement Area.

Bogs accumulate and preserve the remains of plants that were growing in and around them.
Some peat bogs can be many of thousands of years old. By studying the remains of tiny fossils of
single-celled organisms (“testate amoebae”) preserved in deep layers of moss that accumulate in
bogs and swamps, and the type of vegetation contained in them, it is possible to reconstruct how
climate, plants, fires, and water levels have changed in the past. By studying metals in the peats,
we can also learn about how climate can affect the movement of contaminants. Knowing more
about how climate change affected water levels in the past allows us to make better predictions
about how current and future climate change will affect water levels in the future in the
Mackenzie River Basin and to better understand how climate change will affect the mobility of
contaminants, water quality, vegetation, and fire in northern Canada.

To conduct our study, we collected vertical sections of peat (“peat cores”) from 8 peatlands in
and around the Gwich’in Settlement Area. Two of the peat cores were collected from outside of
the Mackenzie River Basin but near the same latitude. The peat cores were transported to the
University of Alberta and Carleton University where they were sliced at 5 mm or 1 cm intervals
throughout their depth. We also collected moss and vegetation samples from each of the sampled
peatlands to analyze their metal content. This report catalogues the sites and samples collected,
the method by which they were collected, the results of dating the peat cores, and some other
results of the study so far.

Gwichih Gwidinithitl’ oo

Nagwichoonjik gwa’an gwich’in kat juu dinginuh, juk gweendoo chuu zhak diinch’uu, khaii
guuzhik gwiiyeendoo gwiniidhah ts’at googaii, tuu didril, nan t’eh gwithatan nagwaaghaii ts’at
nan ejuk t’igwinjih. Nagwichoonjik gwa’an jaghadee chuu ejuk t’injii ts’at yeendoo ejuk
t’igwiheenjaa gahgwiheedandaii geenjit Gwich’in Nanhkak gwa’an nan trah kak nin’ goonlii
gwizhit gwinyaa’in’.

Nan trah zhit ts’at geeghee gwinzhih nahshii aii nan trah zhit diinch’uh. Nan trah gwilat duul¢h
nagwidadhat thousands ezhik gwiinli’. Nan trah kak nin’ goonlii zhit ejiich’ii nihtinehch’t’
nahshii geenjit gik’itr’aanjii k’iighe’ nits’oo diinagoo’ee, gwinzhih, kwan’ ts’at chuu dahfeii
gwiinli’ yi’eenoo gwats’at ejuk t’igwinjii gik’itr’aanjih. Nin’ zhit iitsii tsal goonlii geenjit
gik’itr’aanjii k’1ighé’ nits’00 ejiich’ii iizuu diinagoo’ee zhit t’igwinjii gik’itr’aanjih. Yi’eenoo
diinagoo’ee ejuk t’igwinjii k’iighe’ chuu dagwahleii gwiinli’ geenjit gik’itr’aanjii k’iighe’
Nagwichoonjik gwa’an yeendoo chuu dagwiheech’aa gik’tr’aanjih aii geeghee ts’at northern
Canada gwinagoo’ee gwa’an nits’o0o ejiich’ii iizuu t’igwinjik k’iighe’ chuu, gwinzhih ts’at kwan’
geenjit dagwiheech’aa gik’itr’aanjih.



Gik’itr’ahaandal geenjit Gwich’in Nanhkak gwa’an nan trah nihk’ii daan nihtinehch’i’ goo’aii
gwats’at nin’ chyah uudhiidinjik. Nagwichoonjik eh’0k gwats’at nin’ neekaii uudhiidinjik. Nin’
uudhiidinjik University of Alberta ts’at Carleton University gwits’at nitr’iniinlii ts’at ezhik danh
5 mm goo 1 cm diditii tr’iintt’. Aii geeghe ts’at nijin gwinyaa’in’ gwats’at nin’ ts’at gwinzhih
uudhiidinjik, duuleh iitsii tsal vizhit goonlii geenjit gwinyaa’in’. Nijin gwats’at nin’ goo
gwinzhih uudhiidinjik, nits’0o uudhiidinjik, dagwahthee ezhik t’iinch’u’ ts’at ezhii geenjit
gik’itr’aanjik jii gwizhit geenjit gwidinithitt’oh.

PROJECT SUMMARY (Plain Language; English)

The Mackenzie River Basin is experiencing warming surface temperatures. Warmer
temperatures may be affecting water levels and flows, causing warmer/drier winters, thinning
ice, thawing permafrost, and changes to the surrounding ecosystems. A combined western
science and Traditional Knowledge approach is being used in the study “Long-term hydrological
dynamics of the Mackenzie River Basin” to create new knowledge on how and why water levels
have changed in the Mackenzie River Basin. Our study focuses on the Gwich’in Settlement
Area. By better understanding how past climate change has affected water levels in the basin, we
will be able to make better predictions how current and future climate change may alter water
levels.

This Open File reports on the western science aspect of the study of vertical sections of peat
(“peat cores”) collected from peatbogs in and around the Gwich’in Settlement Area. The
Traditional Knowledge component of the study is being led by Sharon Snowshoe (Gwich’in
Tribal Council, Gwich’in Department of Cultural Heritage) and Trevor Lantz (University of
Victoria) and is not included in this report.

Peatlands are ideal for the study of past climate change. Peat moss and other vegetation
accumulates over time in them. Eight peat cores were collected from in and around the Gwich’in
Settlement Area. Some of the peat cores were collected with a peat corer designed and made at
the University of Alberta and some were collected with a saw to dig out a square block of peat.
The peat cores range in depth from 93 cm to 22 cm. The peat cores were sliced at 5 mm or 1 cm
intervals throughout their depth, and then sampled for various analyses, including 1) study of
tiny fossils (micropaleontology; testate amoebae), pollen, remains of plants, and charcoal to
reconstruct changes in vegetation, fire, and water levels over time; 2) geochemistry (stable
isotopes) to reconstruct changes in moisture; 3) age dating to know how old the peat cores are; 4)
metal concentrations; and, 5) HAWK pyrolysis to know more about the organic matter in the
peat cores.

A catalogue of the cores, the samples, and the results of the age dating and organic matter
analysis are included in this report. Of the peatlands sampled in the Gwich’in Settlement Area,
one has a pH of <4 (ombrotrophic bog). The peat cores range in age from 214 years old to 4993
years old. The results of the organic matter analysis show that most of the peat bogs have
become wetter in the more recent years.



Gwitr’it Tr’ittsain Geenjit Dityah Tr’igwaandak

Nagwichoonjik gwa’an juk gweendoo gwiiyeendoo gwiniidhah. Gwiiyeendoo gwiniidhaa
k’iighe’ chuu ejuk diinch’uu, khaii guuzhik gwiiyeendo gwiniidhaa ts’at guugaii, tuu didril, nan
t’eh gwithatan nagwaaghaii ts’at nan ejuk t’igwinjih. Jii gwitr’it geenjit gaonittyin kat ts’at
yi’eenoo Dinjii Zhuh nits’00 gugwiindai’ gwinjik nihkhah Nagwichoonjik gwa’an chuu
dagwahteii yi’eenoo gwiinli’ geenjit gik’igaanjii k’iighe’ Nagwichoonjik gwinagoo’ee gwa’an
chuu jaghadeh ejuk diinch’uu gik’itr’aanjih. Gwich’in nanhkak dagoonch’uu geenjit iisrits’at
gik’itr’aanjih. Nagwichoonjik gwa’an yi’eenoo dai’ dagwiinch’u’ geenjit gahgwidandaii k’iighe’
juk ts’at yeendoo chuu dagwiheech’aa gik’itraanjih.

Gwich’in Nanhkak gwats’at nin’ tr’oonjik, geenjit gaoniltin kat geenjit jidii gik’igaanjik jii
gwidinithitt oo gwizhit goo’aih. Sharon Snowshoe (Gwich’in Tribal Council, Gwich’in
Department of Cultural Heritage) ts’at Trevor Lantz (University of Victoria) Dinjii Zhuh k’yuu
tr’igwindaii gwinjik gik’itr’aanjii geenjit chit giinlii ts’at guugwitr’it jii gwidinithitl’oo gwizhit
goo’aih kwah.

Nan trah kak nin’ nahshii geenjit gik’tr’aanjii k’iighe’ yi’eenoo diinagoo’ee nits’0o ejuk
t’igwinjii gik’itr’aanjih. Nan trah kak nin’ ts’at gwinzhih nihlinehch’i’ gweedhaa guuzhik ezhik
gwa’an nahshih. Nanhkak gwa’an nan trah nihk’ii daan nihtinehch’i’ goo’aii gwats’at nin’ chyah
tr’oonjik. Nan zhit vah khatr’igyit University of Alberta danh tr’iltsaii ts’at nan tr’it’ii gwi’iitsii
hah chan nin’ tr’oonjik. Jii nin” 93 cm goo 22 cm diditih. Nin” 5 mm goo 1 cm diditii tr’iint’u’
tt’ee nihlinehch’i’ geenjit vizhit kagugwinah’in’, jii geenjit kagugwinah’in’, 1) gwinzhih
nihlinehch’i’ ts’at chii juuk’an’ k’it vizhit diinich’uu geenjit gik’itr’aanjii k’iighe¢’ yeenoo nits’00
gwinzhih nahshii, kwan’ gwiinli’ ts’at chuu dagwiinch’u’ geenjit gik’igaanjih; 2) vizhit ejiich’ii
tsal nihtinehch’i’ goonlii geenjit gik’itr’aanjii k’iigheé’ yeenoo nan zhit chuu dagwiinch’u’
natr’igwittsaii; dahthee aii nin’ ezhik goo’aii geenjit gwizhit tr’igwinah’in’; iitsii dagwahleii
gwizhit t’iinch’uu geenjit tr’igwinah’in’ ts’at, thah k’iigh¢’ nan dagoonch’uu gwizhit
gugwinah’in’ k’iighe’ aii nin’ zhit nihtinehch’1’ jidii diinch’uu gik’itr’aanjih.

Nin’ nihtinehch’i’ tr’oonjik ts’at dagwahthee ezhik t’iinch’u’ geenjit gik’itr’aanjik jii gwizhit
gwidinithitt’oh. Gwich’in Nanhkak gwa’an gwats’at nin’ tr’oonjik ts’at vizhit tr’igwinah’in’
k’iighe’ vichu’ pH < 4 nilii gik’itr’aanjik. Aii nin’ nagwidadhat 214 ts’at 4993 ezhik t’iinch’u’.
Vizhit nihtinehch’i’ goo’aii tr’igwinah’in’ k’iighe’ juk gweendoo aii nan gwiiyeendoo gwiltraa
gik’itr’aanjik.
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INTRODUCTION

Background

Peatlands are wetlands, such as bogs and swamps, that are permanently waterlogged and are
characterized by periodic standing water (Environment Canada and Wilcox, 2002; Joosten,
2015). Peatlands are distinguished from other types of wetlands by the accumulation of peat and
peat-forming plants such as Sphagnum moss, Eriophorum vaginatum, and Carex spp. (Larsen,
1982), and predominantly occur in the boreal and sub-arctic regions (Tarnocai, 2006, 2013).
While peatlands only account for approximately 3% of the Earth’s surface (Yu et al., 2010), they
store 21% of the total soil organic carbon stock, more carbon than the global forest biomass
(Batjes, 1996; Joosten, 2015; Leifeld and Menichetti, 2018). Peatlands are therefore significant
carbon sinks and are key players in the global carbon cycle. However, human activities, such as
mining and drainage, have affected approximately 10% of global peatlands. Climate modeling
suggests that peatlands are highly sensitive to climate change, with accelerated increases in
temperature predicted to cause severe degradation and drying (Tarnocai, 2006, 2013). This
degradation may release the carbon stored in peatlands as carbon dioxide and potentially
contribute to further accelerated warming.

The Mackenzie River Basin (MRB) is one of the largest wetland regions in the world (Beilman
et al., 2008), covering approximately 1.8 million km? over Alberta, Saskatchewan, British
Columbia, the Northwest Territories, and the Yukon. The MRB is involved in sea ice formation,
global thermohaline ocean circulation, carbon storage, and biogeochemical cycling. The MRB is
North America’s largest freshwater input into the Arctic Ocean (VOrdsmarty et al., 2008) and is
subject to Arctic amplification (Manabe and Stouffer, 1980), a phenomenon where surface
temperatures in northern basins have been increasing 2-3 times faster in comparison to the global
average since the beginning of the 20™ century (Winton, 2006; Serreze and Barry, 2011; Stocker
et al.,, 2013; Vaughan et al., 2013). Arctic amplification has already been contributing to the
greening of coastal tundra (Bhatt et al., 2010), changing wind patterns (Overland and Wang,
2010), reduced terrestrial ice sheets and permafrost (Miller et al., 2010), accelerated sea level
rise, and is expected to increase and expand beyond the Arctic (Lawrence et al., 2008). In the
MRB, the increase in maximum surface temperatures, in addition to natural resource
development, has contributed to changes in the streamflow and tributaries of the basin, and
impacted permafrost and wetland distribution, lake coverage, and regional water quantity and
quality (Yang et al., 2015 and references therein). People living in the MRB report decreased
water levels and flows, warmer and drier winters, higher precipitation and evapotranspiration in
the summer, thinning ice, and changes to the wetland ecosystems.

Ideal peatlands for paleoclimate studies are ombrotrophic bogs, whose only source of water is
derived from precipitation. Ombrotrophic bogs are ideal for geochemical and paleontological
analyses as they preserve atmospherically deposited metals as well as fossils that can be used for
paleohydrological reconstruction. Testate amoebae have been extensively used as a proxy for
reconstructing the hydrology of peatlands through the development of transfer function models.
Developing transfer function training sets requires selection of at least 5-7 sites, with a minimum
of 10-20 samples collected per site. The data generated from the MRB will be added to an
existing pan-Arctic transfer function (Amesbury et al., 2018), which may then be used to



generate a transfer function specific to the MRB to quantitatively reconstruct changes in water-
table depth through time.

Objectives

This project represents the first time an integrated western science-Traditional Knowledge
reconstruction of past climate and water level change will be produced for the MRB. Our goal is
to generate long-term data and knowledge on the hydrological dynamics of the MRB to assess
impacts in the Gwich’in Settlement Area (GSA). Understanding past climate dynamics and
ecosystem evolution is imperative for modelling future changes in climate and its effects on
sustainable natural resource development and the health of northern environments and
communities. Our findings will produce a multidisciplinary framework (e.g., geochemical,
micropaleontological, and Traditional Knowledge) that will provide further insight into the
drivers of long-term hydrological changes in the MRB and form the basis for improved
predictions using ecohydrological modelling. This Open File reports on the western science
objectives and emerging results of study of peat monoliths, peat cores, surface moss samples,
surface vegetation samples, and metadata collected in support of this project. The Traditional
Knowledge component of the study is being led by Sharon Snowshoe (Gwich’in Tribal Council,
Gwich’in Department of Cultural Heritage) and Trevor Lantz (University of Victoria) and not
herein reported.

The Mackenzie River Basin

The MRB extends across four major physiogeographic regions (Fig. 1): the Western Cordillera,
the Interior Plain, the Precambrian Shield, and the Arctic Coastal Plain (Woo and Thorne, 2003).
These physiogeographic zones are characterized by various climatic regimes, including cold
temperate, mountain, sub-arctic, and Arctic, with approximately 75% of the basin lying within
permafrost zones (Abdul Aziz and Burn, 2006; Yip et al., 2012). The MRB is dominated by
tundra or sub-arctic climates. In the northern regions of the basin, ice covers the water from late
September to late June; in the southern regions, ice cover occurs between mid-November to late
April (Rosenberg and Barton, 1986). Nearly the entire basin comprises natural and/or semi-
natural area (Statistics Canada, EETSD, 2016). This study focuses on the GSA (Fig. 2).

Eleven peat cores/monoliths were collected in total, but only eight are studied for this project:
16PS1, 16PS2, 18-GTA-79, 18-GTA-292, MAC S1-4 (Figs. 1 —2; Table 1).
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Figure 1: Map of the MRB and peat core locations. The red box outlines the map boundary
on the right. Photo credits: S. Lord, 2020, GRRB. Modified from MRBB and Statistics
Canada, EETSD, 2016. MAC S1 — Mackenzie Site 1; MAC S2 — Mackenzie Site 2; MAC S3
— Mackenzie Site 3; MAC S4 — Mackenzie Site 4. GPS coordinates and dates of photos of
MAC S1 to MAC S4 shown in Table 1.
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Figure 2: Gwich’in settlement area (GSA), spanning the Yukon and Northwest Territories.
The Gwich’in Tribal Council owns 16,264 km? of land throughout the GSA. Approximately
5,100 people live in the GSA. Mapped in Esri ArcGIS Pro 2.8.



Table 1: List of peat monoliths/cores, depth, geographical coordinates and collection date.

Site Latitude Longitude Depth (cm) Depth after Collection Date
slicing (cm)
16PS1 | 683156 N 133.4338 W 43% 31.5 August 10, 2016
16PS2 | 68.2430 N 133.0945 W 37.5% 29.5 August 12,2016
18-GTA-79 | 69.7733 N 126.7683 W 35 13 July 22,2018
18-GTA-289 | 69.4075 N 126.5894 W 39 n/a July 29, 2018
18-GTA-290 | 69.4583 N 126.8967 W 29 n/a July 30, 2018
18-GTA-291 | 69.4583 N 126.8967 W 23 n/a July 30, 2018
18-GTA-292 | 69.4583 N 126.8967 W 22 15 July 30, 2018
MACSI | 67.39813 N 134.12663 W 71 56 August 25, 2020
MAC S2 | 68.21260 N 133.74426 W 93 78 August 26, 2020
MAC 83 | 67.56144 N 133.65172 W 91 77 August 27, 2020
MAC S4 | 67.51628 N 132.55479 W 81 62 August 28, 2020

*Depth was measured after storage and may be compressed

Six sub-basins comprise the MRB: 1) Athabasca watershed; 2) Great Slave watershed; 3)
Mackenzie Main Stem and Great Bear Lake watershed; 4) Peace watershed; 5) Liard watershed;
and, 6) Peel watershed (Fig.1).

The majority of peat and vegetation samples were collected from the GSA in the Mackenzie
Main Stem and Great Bear Lake watersheds, the largest of the sub-basins in the MRB (Fig. 2).
The Mackenzie-Great Bear sub-basin extends for approximately 475,000 km?, 26% of the entire
MRB. Approximately 7,800 people in 13 communities live within this sub-basin, with Inuvik
being the largest community. This sub-basin also includes the Mackenzie Delta, Canada’s second
largest wetland and the second largest Arctic delta globally. The Mackenzie River, Canada’s
longest river at 1,800 km in length, discharges approximately 1.787 million km? of freshwater
into the Arctic Ocean through the Mackenzie Delta and has an estimated annual flow of 10,000
m?®/s (Rosenberg and Barton, 1986).

The Athabasca watershed encompasses the southernmost tributaries of the Mackenzie River
system. Adjacent to the Athabasca watershed is the Peace watershed, which contains the only
major inflow in the MRB that is artificially regulated (Rosenberg and Barton, 1986). The
Athabasca and Peace rivers move eastward into the Peace-Athabasca Delta at Lake Athabasca
and then continue northward as the Slave River. The Slave River discharges into Great Slave
Lake (Rosenberg and Barton, 1986). River tributaries from the west (Mackenzie, Liard, Peel
rivers) and east (Great Bear River) combine into the Mackenzie River as the system moves
northward and eventually discharges into the Beaufort Sea (Rosenberg and Barton, 1986).

Annual precipitation in the MRB can range between 250 — 400 mm to the east of the Mackenzie
River, and 500-1600 mm in the mountainous west (Brunskill, 1986). Maximum snow cover in
the east averages 500 — 760 mm; in the west, 1020 — 1520 mm. Mean daily temperatures south of
Great Slave Lake range between -20°C and -26°C in January and 16 — 21°C in July, whereas
mean daily temperatures at Inuvik range between -23°C and -29°C in January and 10 — 16°C in
July (Brunskill, 1986). The southern region of the MRB is dominated by boreal forest, with
minor alpine tundra at high altitudes in the Rocky Mountains (Brunskill, 1986). Permafrost here
occurs in patches or under peat bogs. The northern region of the MRB is dominated by sub-arctic
forest, with patches of low Arctic tundra (Brunskill, 1986). Permafrost thickness in the northern
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half of the MRB increases northward, with 12 m thickness near Fort Simpson to 60 m at Normal
Wells, and then to more than 800 m in the Mackenzie Delta area (Brunskill, 1986).

METHODS

Site Selection

Peatland Site Selection

Peatlands include fens and bogs and are ideal collection sites for surface moss samples and peat
cores. Fens are connected to slow flowing water from a system of lakes and streams and have
been in contact with nutrient-rich surfaces and/or groundwater. This creates a productive and
biologically diverse ecosystem. While bogs store and release water from the surrounding land,
these environments are disconnected from lakes and streams and are thus nutrient poor and have
lower plant diversity than fens. The surface of bogs may be raised and isolated from mineralized
soil waters. Ideal bogs for paleoclimate study are those that are raised high and lack inflows and
outflows, indicative of ombrotrophic bogs. The only water source for ombrotrophic bogs is
rainwater and snow. Ombrotrophic bogs are ideal for geochemical and micropaleontological
analyses as they preserve atmospherically deposited metals as well as microfossils (e.g., testate
amoebae).

In both fens and bogs, peat exists in at least 40 cm thick layers. Three general groups exist for
fens: 1) graminoid (grasses, sedges) fens without trees or shrubs; 2) shrub fens; and, 3) treed
fens. Fens have a higher plant diversity than bogs; peat layers in fens are dominated by black
spruce, larch/tamarack, sedges, grasses, and a range of mosses. In comparison, peat layers in
bogs are dominated by Sphagnum mosses, ericaceous shrubs, and black spruce.

Peat Core Collection and Sub-sampling

16PS1 & 16PS2 Peat Monoliths

Peat monoliths 16PS1 and 16PS2 were collected opportunistically close to the road. These
monoliths were collected within the GSA and MRB by GSC officers, C. Fish and C. Duchesne,
using a “spade and shovel” or “trowel” method near Inuvik and Campbell Lake, respectively
(Fig. 3; Table 2).
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Figure 3: Site photos of 16PS1 (A) and 16PS2 (B-D). Peat monoliths were collected using a
trowel method (A, B). Photo credits: C. Duchesne, Geological Survey of Canada, 2016.
NRcan Photo Database Number for Fig. 3A: 2022-387; Fig. 3B: 2022-388; Fig. 3C: 3033-
389; Fig. 3D: 2022-390.

Table 2: Site metadata for peat monoliths 16PS1, 16PS2. Measurements of each core were
taken in 2020 and 2021, after shipping and storage at Carleton University.

Sample name Length Width Height Location
(cm) (cm) (cm)

16PS1 ‘ 15.5 11 43 Inuvik, NT

16PS2 ‘ 17 17 375 Campbell Lake, NT

The dimensions of 16PS1 monolith after storage measured 15.5 x 11 x 43 cm (Fig. 4), which was
collected to maximum thaw depth of approximately 60 cm. The sample site for 16PS1 was
located about 15 m from a small drainage channel in the peatland. 16PS2 measured 17 x 17 x
37.5 cm after storage (Fig. 4) and was collected to maximum thaw depth at approximately 50
cm. The sample site for 16PS2 was located in peatland about 100 m from a water body. 16PS1
and 16PS2 were stored in the Patterson Research Group (PRG) Laboratory (Carleton University)
fridge at approximately 4°C. 16PS1 and 16PS2 were unwrapped in 2020 and sub-sampled at
contiguous 5 mm intervals using a RYOBI 9-Inch band saw. Sub-samples were washed with
distilled water after slicing. Sub-samples have been/will be submitted for radiometric dating,
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HAWK pyrolysis, Hg analysis, and paleontological (e.g., plant macrofossils, palynology, testate
amoebae) analyses.

&
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Figure 4: Peat monoliths and sub-sampling plan for 16PS1 (A) and 16PS2 (B). Monoliths
were wrapped in plastic and stored at ~4°C at Carleton University prior to being sub-
sampled at contiguous 5 mm intervals. 1 cm was trimmed away from the edges of each 5
mm slice to avoid contamination from the plastic wrap. Half of each monolith is frozen as
an archive. Sub-sample Part A was 2 cm® and used for testate amoebae analysis. Sub-
sample Part B (~5 cm?®) was submitted for HAWK analysis and palynological preparation.
Sub-sample Parts C or D (~10 cm®) were used for radiocarbon dating, plant macrofossil
analysis, and/or stable isotope geochemistry. Photo credits: A.V. Nguyen, Carleton
University, 2020.

Approximately 5 cm® from 61 sub-samples from 16PS1 and 59 sub-samples from 16PS2 were
individually wrapped in aluminium foil and shipped frozen to the Geological Survey of Canada,
Calgary, for HAWK pyrolysis and palynological preparation. 1 cm® from each 5 cm® horizon was
allocated for palynological analyses.

Approximately 3 — 5 cm® from 60 sub-samples (0 — 300 mm) from 16PS1 were sent to
Manchester Metropolitan University, United Kingdom, for stable isotope geochemistry.

Nine sub-samples from 16PS1 and 6 sub-samples from 16PS2 were picked for plant macrofossils
for AMS radiocarbon dating (Table 7). The sub-samples from 16PS1 were sent to the
14CHRONO lab, Queen’s University, Belfast (QUB). The sub-samples from 16PS2 were sent to
the André E. Lalonde Accelerator Mass Spectrometry (AEL AMS) Laboratory at the University
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of Ottawa. An additional 10 sub-samples will be submitted for radiocarbon dating at the AEL
AMS laboratory (six from 16PS1 and four from 16PS2).

18-GTA-79 & 18-GTA-292 Peat Monoliths

Monoliths 18-GTA-79, -289, -290, -291, -292 were collected by GSC officer, J.M. Galloway,
using a “spade and shovel” or “trowel” method (Fig. 5; Table 3). Collection of these peat
monoliths were opportunistic while conducting geological bedrock mapping and sampling for
the Geo-Mapping for Energy and Minerals Program (GEM), Western Arctic Project, Smoking
Hills Activity (led by Dr. I. Rod Smith) in 2018. The 18-GTA peat monoliths were collected
from the Smoking Hills region of the Northwest Territories, outside both the GSA and the MRB
(Fig. 5). Peatlands away from actively fumigating sites and those close to active fumigation were
targeted for collection to explore the influence of auto-combustion of the bituminous Upper
Cretaceous Smoking Hills Formation on the geochemical composition of recent peat. 18-GTA-
79 and -289 were collected from a site without observed fumigation at the time of collection,
whereas the peatlands where 18-GTA-290 — 292 were collected from a site experiencing active
fumigation at the time of collection.
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Figure 5: Site and peat monolith photos for A — C) 18-GTA-292, and D — E) 18-GTA-79.
Photo credits: J.M. Galloway, GSC, 2018. NRCan Photo Database Number for Figu. SA:
2022-391; Fig. 5B: 2022-392; Fig. 5SC: 2022-393; Fig. SD: 2022-394; Fig. SE: 2022-395.
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Table 3: Site metadata for peat monoliths 18-GTA-79, -289, -290, -291, -292.

Sample name Length Width  Height pH Surrounding vegetation Fumigation
(cm) (cm) (cm)
18-GTA-79 | 35 21 20 6.32 Arctic cotton, moss, grass No

18-GTA-289 | 39 30 24 6.31 Arctic cotton, willow, grass (sedge meadow), No
peat moss on surface

18-GTA-290 | 29 18 11.5 5.87 Arctic cotton, grass, moss, alder, Labrador tea,  Actively
cranberry, willow fumigating

18-GTA-291 | 23 17 18 6.74 Arctic cotton, grass, moss, alder, Labrador tea,  Actively
cranberry, willow fumigating

18-GTA-292 | 22 17 22 6.25 Arctic cotton, grass, moss, alder, Labrador tea,  Actively
cranberry, willow fumigating

Monoliths 18-GTA-290, -291, and -292 were sampled at approximately the same location. 18-
GTA-289 was minerogenic rather than peat. Peat monoliths 18-GTA-79 and -292 were therefore
selected for detailed study. 18-GTA-79 and -292 were sliced at 1 cm intervals and sub-sampled
for geochemistry (e.g., HAWK, ICP-MS, Hg analysis) and paleontology (e.g., plant
macrofossils, palynology, testate amoebae) at the SWAMP laboratory at the University of
Alberta (Fig. 6).
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i A ) pH, EC, ash content, Acid Insoluble Ash (AlA),
1 1+ Acid Soluble Ash (ASA)

Archive
21%ph by gamma spectrometry, Elemental analysis,
Acid digestion/ICP-MS

HAWK pyrolysis

Plant macrofossils, "*C, Palynology

Hg Analysis

Figure 6: Peat core-cutting and sub-sampling protocol devised by the SWAMP laboratory
(University of Alberta) for 18-GTA-79, 18-GTA-292 sliced at 1 cm intervals. Photo credits:
A. Oleksandrenko, University of Alberta, 2020.

Sub-samples for ICP-MS and 2!°Pb dating (Part D) were processed at the SWAMP Laboratory at
the University of Alberta.

Sub-samples from Part E (14 sub-samples from 18-GTA-79, 16 sub-samples from 18-GTA-292)
were air dried in the fume hood at the PRG Laboratory, Carleton University, individually
wrapped in aluminium foil and packaged in plastic bags, and then sent to the Geological Survey
of Canada, Calgary, for HAWK pyrolysis.

Four sub-samples from 18-GTA-79 and 18-GTA-292 were analyzed at the University of Calgary
(Petroleum Reservoir Group) by Dr. Thomas Oldenburg and his team and GSC Research
Scientist Dr. Jaime Cesar Colmenares. The samples analyzed were 18-GTA-79 0 — 10 cm
(including the living layer), 10 — 13 cm and 18-GTA-292 0 — 9 cm (including the living layer)
and 18-GTA-292 9 — 15 cm. Following crushing by mortar and pestle and cold solvent extraction
using DCM:MeOH at 93:7 ratio, extracted organics were separated into non-polar and polar
fractions using C18 solid phase extraction (SPE). The non-polar fraction was then separated into
aliphatic and aromatic hydrocarbons using silica SPE. These fractions were analyzed using
chromatography-mass spectrometry (GC-MS). The peat sub-samples were also analyzed without
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fractionation using Fourier transform ion cyclotron resonance mass spectrometer (FTICR-MS).
Results of these analyses will be published elsewhere.

Sub-samples for macrofossil analysis (Part F) were sent to Carleton University for further sub-
division for testate amoebae analysis, AMS 'C dating, and plant macrofossil analysis. Four sub-
samples from 18-GTA-79 and 4 sub-samples from 18-GTA-292 were sent to the 14CHRONO
lab, Queen’s University, Belfast, for AMS !*C dating. One additional sub-sample from 18-GTA-
292 was sent to André E. Lalonde AMS laboratory, University of Ottawa. Two additional sub-
samples from 18-GTA-79 are to be submitted for radiocarbon dating at the AEL AMS
laboratory.

MAC Site Peats

Seven peatlands (MAC S1 — 7) were selected for surface moss and vegetation sample collection,
depth to water table measurements, and/or coring (Figs. 7 — 12; Table 4). Potential peatland sites
in the GSA were selected based on satellite imagery and reconnaissance fly-over and landings
during summer 2020. Sites with differing distances from the Mackenzie River were targeted to
capture a range of environments and environmental histories. With helicopter support, a crew led
by Sarah Lord of the Gwich’in Renewable Resources Board (GRRB) flew and landed to visually
select a variety of peatlands between August 25 — 28, 2020 for collection of peat cores, surface
moss and vegetation samples (MAC S1 — 4), and between September 18 — 20, 2020 for further
collection of surface moss and vegetation samples (MAC S5 — 7). For the collection of surface
moss samples, sites were selected for bog surfaces that had live vegetation. Sites that did not
have an actively growing layer were avoided as the age of the surface peat layers can be 100’s —
1000’s of years old. Live vegetation will be green, whereas dead peatlands will be brown/red in
colour. In the GSA, 108 surface moss and 108 vegetation samples were collected at seven sites
and measured for pH, specific (SP) conductivity, and depth to water table (Figs. 13 — 15; Table
4).
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Figure 7: MAC S1 vegetation (not herein identified). Photo credits: S. Lord, GRRB 2020.
See Table 1 for GPS coordinates and dates of photos of MAC S1.
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GRRB, 2020. See Table 1 for GPS coordinates and dates of photos for MAC S2.
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Figure 9: MAC S3 site and vegetation (not herein identified). Photo credits: S. Lord,
GRRB, 2020. See Table 1 for GPS coordinates and dates of photos for MAC S3.
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Figure 0:_MA S5 site and Vegétation (not herein identified). Sites S — 7 were only used for
collecting surface moss and vegetation samples. See Table S for GPS coordinates and dates
of photos for MAC SS. Photo credits: S. Lord, GRRB, 2020.
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Figure 11: MAC S6 site and Veefation no herein ientiﬁed). See Table 5 for GPS
coordinates and dates of photos for MAC S6. Photo credits: S. Lord, GRRB, 2020.
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Figure 12: MAC S7 site and vegetation (not herein identified). See Table S for GPS
coordinates and dates of photos for MAC S7. Photo credits: S. Lord, GRRB, 2020
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Figure 13: MAC S1 surface moss, Vegetatio, and depth to wtertble measurements from
sample sites 1 through 10 (as labelled). See Table 5 for GPS coordinates and dates of photos
for samples from MAC S1. Photo credits: S. Lord, GRRB, 2020.
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Figure 14: MAC S2 surface moss, vegetation, and depth to water table measurements from
sample sites 1 through 10 (as labelled). See Table S for GPS coordinates and dates of photos
for samples from MAC S2. Photo credits: S. Lord, GRRB, 2020.
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Figure 15: MAC S3 src moss, vegetation, and depth to water table measurements from
sample sites 1 through 11 (as labelled). See Table 5 for GPS coordinates and dates of photos
for samples from MAC S3. Photo credits: S. Lord, GRRB, 2020.
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Table 4: Moss, vegetation, and depth to water table measurement sites at the MAC S1 — 7 locations and their microform and
site descriptions.

Date  Field team MAC S Moss & Latitude (N) Longitude (W) Vegetation at site Depth to PH SP Notes
Vegetatio Water Table conductivity
n samples (cm) (uS/cm)
25-Aug-20 | Sarah Lord, 1 1 67.39816 134.12647  Moss, dwarf Labrador tea, sedges 7 5.79 93.6
Steve Anderson,
Jason McLeod 2 67.39822 134.12643  Labrador tea, moss, cranberry, sedges, grass, dwarf birch, 10, 18 5.28 51.2
cloudberry, cottongrass
3 67.39838 134.1265  Moss, reindeer lichen, cloudberry, large Labrador tea, 28 4.92 352
cranberry, grass, dwarf black spruce
4 67.39884 134.1265  Grass, moss, dwarf Labrador tea 7 5.48 53.9
5 67.39815 134.12614  Moss, dwarf Labrador tea, grass, dwarf birch, sedge 5,10 5.71 81.7
6 67.39807 134.12642  Moss, Labrador tea, cottongrass, sedge 5 5.82 65.2
7 67.39803 134.1268  Sedge, moss, grass, dwarf Labrador tea 4-8 5.79 65.5
8 67.3981 134.12689  Moss, dwarf Labrador tea, birch black spruce, grass, sedge, 14 4.85 41.2
reindeer lichen
9 67.39793 134.12686  Moss, grass, reindeer lichen, dwarf Labrador tea, cloudberry, 8 4.68 304
cranberry, crowberry
10 67.39803 134.12694  Grass, dwarf Labrador tea, large Labrador tea 8-10 5.61 44.8
26-Aug-20 | Sarah Lord, 2 1 68.21241 133.74348  Moss, sedge, grass 5 6.93 365.6
Julienne
Chipesia, Jason 2 68.21265 133.74391  Moss, sedge, grass, blueberry 7-8 6.96 346.3
McLeod
Lo 3 68.21275 133.74406  Moss, sedge, grass, blueberry 14 6.92 4392
4 68.71281 133.74434  Moss, grass, blueberry, dwarf Labrador tea, birch 2-5 6.69 328.5
5 68.21291 133.74458  Moss, dwarf birch, larch, dwarf lab. tea, blueberry, sedge, 17,12, 14 6.87 155.7
cloudberry
6 68.21294 133.74498  Moss, sedge, blueberry 1-3 6.71 317.2
7 68.213 133.74554  Moss, dwarf Labrador tea, sedge, blueberry, grasses, dwarf 10,22, 12 6.81 261.9
birch
8 68.21283 133.74567  Moss, sedge blueberry, dwarf birch, willow shrub, dwarf 12 6.75 287.3
Labrador tea,
9 68.21266 133.745  Moss, dwarf Labrador tea, dwarf birch, sedge, blueberry, 34 6.84 344.1
dwarf willow
10 68.21261 133.74467  Moss, sedge, grass, dwarf birch 3-5 6.97 343.5
27-Aug-20 | Sarah Lord, 3 1 67.56141 133.65155  Moss, reindeer lichen, dwarf Labrador tea, cloudberry, bog n/a n/a n/a
Julienne rosemary
Chipesia, Jason 2 67.56152 133.65146  Moss, bog rosemary, dwarf Labrador tea, reindeer lichen 1-3 3.77 81.2
McLeod
3 67.56158 133.65108  Moss, reindeer lichen, dwarf lab. tea, bog rosemary, 4-5 3.67 123.8
cloudberry
4 67.56166 133.65097  Moss, bog rosemary, sedges, cottongrass 6-7 3.77 81.6
5 67.56177 133.65068  Moss, bog rosemary, reindeer lichen, black spruce, 12,2 3.8 73.2
cranberry, dwarf Labrador tea, cloudberry
6 67.56174 133.65031  Moss, bog rosemary 6-8 3.8 88.7
7 67.5614 133.64996  Moss, cranberry, reindeer lichen, other lichens, cloudberry, 14 3.74 96.3

bog rosemary, black spruce, dwarf Labrador tea, small vine,

28



28-Aug-20

18-Sep-20

Sarah Lord,
Julienne
Chipesia, Jason
McLeod

Sarah Lord,
Justin Frost,
Charlie
Snowshoe Jr.

12
13

67.56125
67.56116

67.56111
67.56144

67.5163

67.51625

67.51617

67.51611

67.51617

67.51623

67.51626

67.51634

67.51643

67.51634

67.81902

67.81895

67.81888

67.81881

67.81883

67.81862

67.81846

67.81859
67.81833

67.81835

67.81816

67.81807

67.81813

133.65015
133.65028

133.65083
133.65134

132.55492

132.55496

132.55495

132.55489

132.55518

132.55533

132.55534

132.55534

132.55525

132.55504

132.83165

132.83185

132.83192

132.83159

132.83141

132.83096

132.83055

132.83009
132.82973

132.82941

132.82903

132.8288

132.82855

cranberry, black spruce
Moss, bog rosemary

Moss, bog rosemary, black spruce, reindeer lichen,
cranberry, dwarf Labrador tea, cloudberry
Moss, bog rosemary, reindeer lichen

Moss, bog rosemary, reindeer lichen, cranberry, cloudberry,
dwarf Labrador tea, various other lichen

Willows, moss, grass, sedge, dwarf birch, spruce seedling,
soapberry

Moss, grass, willow, soapberry, dwarf birch

Spruce seedling, moss, willow, grass, soapberry, dwarf
Labrador tea, dwarf birch, burned spruce

Moss, willow, blueberry, soapberry, bog flower, spruce
seedlings, fireweed, hummock grass, sedge

Moss, blueberry, , willow, soapberry, spruce, burned spruce,
grass, sedge

Moss, soapberry, willow, grass, tamarack, 5-finger, birch,
cranberry

Moss, willow, soapberry, sedge, grass

Moss, dwarf birch, blueberry, grass, burned spruce

Moss grass, cinquefoil, willow, fuzzy leaf, spruce seedling,
tamarack, vetch, firewood, cranberry, mushroom

Moss, willow, birch, blueberry, grass, sedge, burned spruce,
soapberry, spruce seedling

Moss, lichen, Labrador tea, bog rosemary, crowberry,
cloudberry, sedges, cranberry

Moss, cloudberry, Labrador tea, lichen, sedge, dwarf birch,
dwarf spruce, cranberry, bog rosemary

Moss, spruce, sedge, cranberry, Labrador tea, cloudberry,
blueberry, dwarf birch

Moss, lichen, dwarf birch, Labrador tea, blueberry,
cloudberry

Moss, lichen, cranberry, crowberry, sedge, Labrador tea,
cloudberry, dwarf birch

Moss, lichen, sedge, bog rosemary, cloudberry, crowberry,
dwarf birch

Moss, cloudberry, Labrador tea, cranberry, blueberry, lichen
spruce

Moss, lichen, cranberry, dwarf birch

Moss, sedge, lichen, cloudberry, dwarf birch, blueberry, bog
rosemary, dwarf willow

Moss, cloudberry, lichen, dwarf spruce, willow, Labrador
tea, sedge, cranberry, bog rosemary

Moss, Labrador tea, cloudberry, blueberry, crowberry,
lichen, cranberry, dwarf birch, bog rosemary, grass

Moss, lichen, crowberry, cloudberry, blueberry, Labrador tea

Moss, grass

29

4-5

4-5

10-11, 3

3-4

5,9 if dig

19

8 but 23 to top
of next
hummock

6-9

16-18

16 but 46 if
measured from
high point of
next hummock
9-12

21,20, 18

10, 30

5,7,5
39,42,38
0,2,1

45,43, 48

48, 40, 38
11,13,9
38,39,41

36, 39,40
5,53

30, 32,29
23,25,18

36, 33,36

1,2,3

6.67

6.51

91.7
99.3

887

167.4
83

152.1

153.1

172.1

1533

142.3

292.8

511

104

97

106.2

101

92

101

112

106
95

119

112

124
108



19-Sep-20

Sarah Lord,
Charlie
Snowshoe Jr.,
Justin Frost

18
19

20

10

11

12

13

14

15

16

17

18

19

20

21

22

23
24

67.81826
67.81838
67.81845
67.81848
67.81866
67.81878
67.81884
67.98801
67.98791
67.98777
67.98769
67.98753
67.98748
67.98761
67.98779
67.98798
67.98807
67.98811
67.98833
67.98837
67.98835
67.98829
67.98836
67.98849
67.98849
67.98854
67.98856
67.98849
67.98847
67.98842

67.98819

132.82828
132.82828
132.82855
132.82896
132.82919
132.82945
132.82977

133.1534
133.15338
133.15356
133.15395
133.15436
133.15475
133.15489
131.15527
133.15488
133.15466

133.1537

133.1539
133.15433
133.15446
133.15471
133.15501
133.15515
133.15547
133.15546
133.15512
133.15468
133.15446
133.15416

133.15376

Moss, lichen, crowberry, willow, bog rosemary, cloudberry,
Labrador tea, grass
Moss, lichen, dwarf birch, cloudberry, cranberry

Moss, lichen, cloudberry, crowberry, Labrador tea

Moss, lichen, cranberry, Labrador tea, cloudberry, grass, bog
rosemary, crowberry
Moss, cloudberry, willow, dwarf birch, Labrador tea

Moss, cranberry, spruce, Labrador tea, cloudberry, blueberry,
grass, dwarf birch
Moss, grass, lichen, cranberry, cloudberry, Labrador tea

Moss, sedge/grass

Moss, Labrador tea, grass/sedge, cloudberry, dwarf birch
Moss, lichen, soapberry, dwarf birch, grass

Moss, lichen, spruce, Labrador tea, cloudberry, cranberry

Moss, Labrador tea, lichen, soapberry, bog rosemary,
cloudberry, cranberry, dwarf
Moss, grass

Moss, lichen, soapberry, Labrador tea, cloudberry

Moss, lichen, Labrador tea, soapberry, cloudberry, cranberry
Moss, lichen, Labrador tea, soapberry, dwarf birch, cranberry
Moss, Labrador tea, dwarf birch, blueberry, lichen

Moss, grass, soapberry, Labrador tea, cranberry

Moss, grass, bog rosemary, dwarf birch, soapberry, grass
Moss, cloudberry, grass, soapberry, blueberry, bog rosemary

Moss, lichen, soapberry, grass, Labrador tea, cranberry,
blueberry, dwarf birch
Moss, grass, willow, soapberry, dwarf birch

Moss, grass, dwarf birch, soapberry, Labrador tea, bog
rosemary
Moss, grass, dwarf birch, willow

Moss, sedge, dwarf birch, bog rosemary

Moss, grass, soapberry, Labrador tea, cloudberry, bog
rosemary, cranberry

Moss, lichen, dwarf birch, soapberry, spruce, Labrador tea,

bog rosemary
Moss, grass, soapberry

Moss, dwarf birch, soapberry, bog rosemary, grass, willow
Moss, dwarf birch, bog rosemary, grass

Moss, grass

30

12,13, 15
9,7,8
8,4,4

6,12,8
4,9,9
11,10, 6
11,15,9
7,5,2

20,19, 18

18,16, 18

46,41, 41

25,18, 24
3,3,4

32,29,27

23,22, 18

35,33,33

29, 28,20
4,7,2

23,22, 16

27,26,25

39, 36, 34

8,6, 10

13,14, 13
10,6,7

31,28,26

30,33, 31

34,33,28
8,8,6

31,27, 21

33,34, 34

13,12, 12

4.17
4.17

5.32

4.86
5.08
5.22

n/a

n/a
5.01
5.37
5.26

n/a
5.57

4.94

5.45
5.5

5.66

5.63

5.63
5.7

101
102
105
106
115
109
107
197
168
158

123
165
117
85
n/a
n/a
185
134
22
n/a
117
33
23
127
97
112
112
46
83
247

No water

No water

No water

No water



20-Sep-20

25
Sarah Lord, 7 1
Justin Frost,

Charlie 2
Snowshoe Jr

10
11
12
13
14
15
16
17
18
19
20
21

22

67.98811
67.76755
67.76743
67.76733

67.7672

67.7671
67.76694
67.76678
67.76678
67.76662
67.76652
67.76644
67.76634
67.76626
67.76617
67.76604
67.76595

67.7658
67.76575
67.76572
67.76582
67.76594

67.76614

133.1535
133.64815
133.64908
133.64813
133.64807
133.64821
133.64839
133.64847
133.64847
133.64868
133.64864
133.64871
133.64871
133.64964
133.64854
133.64882
133.54896

133.6432
133.64891
133.64862
133.64822
133.64812

133.64842

Moss, grass, soapberry, bog rosemary
Moss, cloudberry, grass/sedge

Moss, grass/sedge, Labrador tea, cloudberry cranberry,
soapberry

Moss, Labrador tea, dwarf birch, spruce, cranberry, bog
rosemary, soapberry, lichen

Moss, lichen, Labrador tea, cranberry, spruce, cloudberry,
lichen

Moss, lichen, dwarf spruce, cranberry, Labrador tea,
cloudberry, soapberry

Moss, spruce, Labrador tea

Moss, grass/sedge, Labrador tea, bog rosemary, lichen,
cranberry
Moss, cranberry, Labrador tea, cloudberry

Moss, Labrador tea, cloudberry, cranberry, grass/sedge
Moss, spruce, lichen, Labrador tea, cranberry, cloudberry
Moss, spruce, Labrador tea, bog rosemary, cranberry

Moss, spruce, grass/sedge, cranberry, bog rosemary,
Labrador tea
Moss, dead (burned) spruce, soapberry

Moss, soapberry, grass/sedge, bog rosemary
Moss, Labrador tea, spruce, cranberry, cloudberry

Moss, spruce, Labrador tea, soapberry, tamarack, bog
rosemary, cloudberry
Moss, bog rosemary, spruce, Labrador tea, soapberry,

Moss, soapberry

Moss, Labrador tea, spruce, cranberry, lichen, cloudberry,
bog rosemary, grass/sedge

Moss, bog rosemary, spruce, soapberry, grass/sedge,
Labrador tea

Moss, Labrador tea, cranberry, tiny vine, soapberry, spruce,
cloudberry

31

22,24, 18
17,22,19
28,26,29
53,27,29
46,43, 44
51,50, 46
9,8,8
22,17, 18
36,29, 31
19,20, 18
31,29, 28
56, 55,55
14,12, 15
28,27,26
8,7,4
31,29, 30
36, 33,37
7,55
22,24,21
5,11,6
31,27,29
30,29, 38

45, 44, 41

4.11

4.04

4.62

3.99

3.96

4.25

3.98

39

3.93

4.08

391

4.02

3.92

173
n/a

n/a

n/a

n/a

n/a

n/a
n/a
n/a

n/a
n/a

n/a

n/a

No water

No water



The MAC cores were collected using a Wardenaar-type titanium corer that was designed and
built by researchers at the SWAMP lab (Shotyk and Noernberg, 2020; Fig. 16; Table 5).
Standard peat extraction techniques used are described in De Vleeschouwer et al. (2010). The
MAC peat cores were shipped in wooden boxes and frozen as soon as possible after collection
(by end of each collection day at the latest) at approximately -20°C. Laboratory measurements
for pH, electrical conductivity (EC), and total dissolved solids (TDS) was taken using a Hanna
HI98129 Combo pH/Conductivity/TDS tester at each site.

. ‘ Ty e bl

Figure 16: Site photos from the collection of the MAC cores by the GRRB team in 2020. A)
Steve Anderson (GRRB) measuring Site 1 Core 1, B) Julienne Chipesia (GRRB) using the
SWAMP lab-designed titanium corer, C) Sarah Lord and Jason Blake McLeod (GRRB)
using the titanium corer, D) Julienne Chipesia extracting Site 2 Core 1. Photo credits: S.

Lord, GRRB, 2020.
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Table 5: Metadata from MAC cores including GPS coordinates, site description, core measurements, and site measurements.

Core

MAC S1

MAC S2

MAC S3

MAC 54

Site Description

Floating bog. High water table.

Bog patterned, near to river.

Vegetation: Moss, sedge, dwarf birch, one willow seedling, surrounded by
black spruce and reindeer lichen. Dwarf Labrador tea, crowberry,
cloudberry, blueberry, Arctostaphylos rubra, larch.

Open and flat site.

Vegetation: Reindeer lichen, moss (more orange than other sites ), dwarf
Labrador tea, cranberry, black spruce, cloudberry, “bog rosemary”

Site is close to a creek and nearby trees.

Vegetation: Moss, grass (tall with tiny cattails), cottongrass, dwarf birch,
willow shrubs, spruce seedlings, burned old spruce, small soapberry,
Arctostaphylos rubra, cinquefoil

Length (cm)

71

93

91

81 (longest
part, 75 for
main body)

Width (cm)

20

21

21

33

Height (cm)

n/a

Depth to
Water Table
(cm)

6

2-4

7,3

PH

6.81

3.8

6.75

SP conductivity

494.1

91.1

741

Elevation
(m ASL)

69

73

107

208



Sub-sampling and preparation of the peat cores took place at the SWAMP laboratory at the
University of Alberta, a Class 100 000 laboratory with high efficiency particulate air (HEPA)
filters that minimizes the risk of contamination of the samples from dust in ambient air.

For each core, the living layer was cut away from the peat. The thickness of the living layer was
estimated from the boundary between vegetation and peat (Fig. 17). This boundary was
determined visually based on colour differences and represents 0 cm depth.

Each core was cut into 1 cm slices using a food-grade, stainless steel bandsaw (the OMEGA
S0O200 bandsaw) equipped with roller bearings constructed of stainless steel (420 steel) with 1
mm thickness at the SWAMP laboratory at the University of Alberta. Sub-samples were sliced
on a polypropylene table to avoid metal contamination, the surface of which was covered in new
plastic wrap for each individual slice. The methodology for slicing sub-samples was modified
from Givelet et al. (2004): a commercially available knife with a plastic handle and a high-
quality stainless-steel blade (Kershaw Knife Model 1280 GE) was used to sub-divide each 1 cm
slice into 6 parts (A — G; Fig. 17).

i E [F] ©

= ;L‘-\ - ': pH, EC, ash content, Acid Insoluble Ash (AIA),
L - 1+ Acid Soluble Ash (ASA)

Archive

219ph by gamma spectrometry, Elemental analysis,
Acid digestion/ICP-MS

Plant macrofossils, *C, Palynology

F HAWK pyrolysis

Hg Analysis

Figure 17: Slicing and sub-sampling protocol devised by the SWAMP laboratory,
University of Alberta for MAC cores sliced at 1 cm intervals and showing division of living

layer from peat. Photo credit: A. Oleksandrenko, University of Alberta, 2020.
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Sub-samples for ICP-MS and 2'°Pb dating (Part D) were processed at the SWAMP laboratory,
University of Alberta.

Sub-samples for macrofossil analysis (Part E) were sent to Carleton University for further sub-
division for testate amoebae analysis and AMS '“C dating. One sub-sample from MAC S1, MAC
S2, and MAC S4 and 10 sub-samples from MAC S3 were submitted to the 14CHRONO lab,
Queen’s University, Belfast. Seven sub-samples from MAC S1, 7 from MAC S2, and 6 from
MAC S4 were submitted to the AEL AMS laboratory, University of Ottawa. Additional sub-
samples will be submitted for radiocarbon dating (two from MAC S1, two from MAC S2, nine
from MAC S3, and five from MAC S4) to the AEL AMS laboratory. After retaining material for
testate amoebae (1 cm?) and AMS '#C dating, the remaining material (277 sub-samples) was
shipped frozen to M. Gatka at the University of Lodz, Poland, for plant macrofossil analysis.
Sub-samples for HAWK pyrolysis (Part F) were sent to the Geological Survey of Canada,
Calgary.

Depth to Water Table Measurements

Collecting data from an environmental gradient was needed to provide a holistic reconstruction
of the hydrology of the MRB. Site selection for depth to water table measurements relies on
sampling a gradient of peatland ecosystem microtopography (i.e., hummocks and hollows) to
capture a range of microenvironments and the taxa that live in them. Depth to water table was
measured using a measuring tape extending from ground level to the surface of the groundwater
that was exposed after creating a shallow borehole (Fig. 18).
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JEn ; 3 . _’ \ -J" #
Figure 18: Julienne Chipesia (top left) and Charlie Snowshoe Jr (top right, bottom)
measuring water table depth, pH, and specific conductivity. Photo credits: S. Lord, GRRB,

2020.
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Plant Macrofossils and Radiometric Dating

Plant macrofossils can be used to provide qualitative insight on vegetation change and past
permafrost dynamics (Gatka et al., 2018). Plant macrofossils and macroscopic charcoal
enumeration from 277 sub-samples from the MAC cores were analyzed by M. Galka at the
University of L6dz, Poland, following standard techniques. Approximately 2 — 12 cm® of
material per sub-sample were disaggregated with boiling water for 10 minutes (Gatka et al.,
2017a; 2017b), sieved using a 125 micron sieve (Mauquoy and Van Geel, 2007), and washed with
and stored in distilled water away from excess light with a few drops of 10% HCI added to
prevent mold. For isolation of plant macrofossils, sub-samples were placed in Petri dishes with
enough distilled water to float plant material; suitable macrofossils were picked using a
stereoscopic Leica S91 microscope (10 — 50x magnification).

Plant macrofossils can also be used for establishing peat chronologies. Accelerator Mass
Spectrometry (AMS) *C dating is a technique for dating material between 500 — 50,000 years
old (Piotrowska et al., 2011). Seventy-two sub-samples were processed for isolation of plant
macrofossils for radiocarbon dating. Of those sub-samples, 56 yielded radiocarbon dates. An
additional 30 sub-samples will be processed and submitted for radiocarbon dating.

Suitable macrofossils for radiometric dating include non-aquatic mosses to avoid producing
anomalous ages (i.e., hardwater effect). Moss and stem leaves were temporarily mounted on glass
microscope slides and photographed at 100 — 400x magnification in order to identify the plant
macrofossils to the genus or species level. All four MAC cores are dated using *'°Pb
chronologies, a technique that determines the ages of material with a temporal accuracy within
the last approximate 200 years. The CRS (constant rate of 2'°Pb supply) model is currently being
applied for 2!°Pb dating as it is effectively used for dating ombrotrophic beat bogs (Appleby and
Oldfield, 1978; Appleby et al., 1988; Appleby, 1998).

Palynology

In conjunction with plant macrofossil and testate amoebae analysis, palynological analyses (the
study of organic-walled microfossils; pollen, spores, algae) will be used to provide information on
vegetation change, which can be affected by changes in climate, fire regime, hydrology, and
permafrost dynamics (e.g., Huntley, 1990; Rozema et al., 2006; Leroyer et al., 2015; Swindles et
al., 2020). Palynology and plant macrofossils will be used to qualitatively reconstruct regional
paleotemperatures, past precipitation rates, fire occurrence, and changes in vegetation.

Palynological samples (n = 398) are permanently curated and stored at the Geological Survey of
Canada, Calgary. Samples are being prepared at the GSC Calgary Palynology Laboratory using
standard preparation techniques, including maceration with KOH, and HCl where necessary,
oxidative treatment with Schulze’s solution as necessary, and staining resulting slurries with
Safranin O. Palynological residues will be placed on glass microscope slides and permanently
mounted with liquid bioplastic. Taxa will be assessed according to the ecological tolerances of
their parent plants to generate data on changes in terrestrial vegetation throughout time.
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Testate Amoebae Analysis

Testate amoebae (TA) are biological indicators sensitive to climatic and ecological change and
can be used to track hydrological variations and their underlying cause (Barber, 1982, 1985;
Charman, 2001). These microbes are single-celled protists that have been extensively used for
reconstructing hydrological changes in peatlands as they are ubiquitous, have exceptionally well-
preserved shells in the sedimentary record (Tolonen, 1986; Mitchell et al., 2008; Smith et al.,
2008), and they respond predictably to changes in water table depth (Booth, 2008). The
compositions of TA species assemblages therefore characterize specific environmental and
hydrological conditions, pH, moisture, and water table depth in peatlands (Charman and Warner,
1992; Woodland et al., 1998; Booth, 2008; Markel et al., 2010; Mitchell et al., 2013). These
protozoans reproduce quickly and are thus sensitive indicators of environmental change
(Schonborn, 1992; Wanner and Meisterfeld, 1994).

Testate amoebae assemblages preserved in the surface moss samples will be statistically
calibrated to depth to water-table measurements at the collection sites. This data from the MRB
will be added to an existing pan-Arctic transfer function (Amesbury et al., 2018). This improved
dataset may be used to generate a transfer function specific to the MRB to quantitatively
reconstruct changes in water-table depth through time (Swindles et al., 2015; Taylor et al., 2019).
Models will be produced using multivariate analyses, such as Non-metric Multidimensional
Scaling (NMDS), to identify possible ocean-atmosphere sources influencing TA data
composition (Oksanen et al., 2015). The developed transfer functions will be tested using an
independent and modern dataset, and subsequently compared with published models.

Peat material (2 cm®) was retained from each horizon for TA analysis. Sub-samples (n = 429)
were processed for TA analysis using standard extraction techniques (e.g., Booth et al., 2010),
including disaggregation of organic material in boiling water for 10 minutes and sieving through
300 um and 10 um sieves. Sieving using the 10 um sieve was facilitated using vacuum filtration.
Material between the 300 pm and 10 pm sieves were retained. The isolated TA will be
temporarily mounted on microscope slides and enumerated to 100 — 150 counts (Payne and
Mitchell, 2009) when possible using high-powered transmitted light microscopy. Scanning
Electron Microscopy (SEM) analysis may be necessary to confirm identification of some taxa.

Mercury (Hg) Analysis & Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
Peat cores from ombrotrophic bogs are ideal archives of high-quality climatic and environmental
signals: ombrotrophic bogs are hydrologically isolated — their only source of water is
precipitation — and thus preserve atmospherically deposited metals, including Hg and Pb
(Shotyk et al., 1998; Weiss et al., 1999; Shotyk, 2002; De Vleeschouwer and Shotyk, 2010; Poto
et al., 2015). Non-ombrotrophic bogs will include metal accumulation from ground water and
connected surface waters. Increasing Arctic temperatures and subsequent permafrost thaw has
the potential to release Hg stored in soils and/or permafrost back into the environment (Yang et
al., 2016; Fahnestock et al., 2019). Mercury is of high concern given its ability to transform into
an organic and neurotoxic form of methylmercury (Morel et al., 1998; Mergler et al., 2007;
Barkay et al., 2011; Lehnherr et al., 2012). Currently, 59 sub-samples from 16PS1, 57 sub-
samples from 16PS2, and 277 sub-samples from MAC S1-4 are being analyzed for Hg using
thermal decomposition at the Geological Survey of Canada, Dartmouth, Nova Scotia.
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ICP-MS is a multi-element analytical technique with low detection limits used to generate high
resolution data on major and trace elements, such as heavy metal (e.g., Ag, Pb, Cd)
concentrations. ICP-MS can provide accurate chemical time series from peat cores (Shotyk et al.,
2002; Krachler et al., 2002, 2003; Krachler and Shotyk, 2004; Poto et al., 2015) and is the most
widely used technique for peat geochemical analyses, including speciation detection and trace
elemental analysis, due to its selectivity, sensitivity and multi-element/isotope capabilities
(Caruso and Montes-Bayon, 2003; Moldovan et al., 2004). Multicollector (MC-) ICP-MS is used
for highly precise isotope ratio analysis by detecting and measuring multiple isotopes at the same
time (Moldovan et al., 2004). Isotopic ratios determined from MC-ICP-MS can help elucidate
isotopic fractionation processes in biogeochemical cycles and distinguish between sources and
sinks of potentially hazardous compounds and trace elements (Moldovan et al., 2004).

A total of 180 sub-samples from the 18-GTA-79, -292 peat monoliths and MAC S1 — 4 cores
were submitted and processed for ICP-MS analysis at the SWAMP lab at the University of
Alberta.

All sub-samples allocated for ICP-MS from the GTA monoliths were analyzed. The following
sub-samples from each MAC core were analyzed by ICP-MS:

a. Living layer

b. 0-3 cm depth (3 sub-samples=0—-1cm, 1 =2 cm, 2—3 cm).

c. For deeper layers, every second sub-sample were analyzed.

d. Bottom sample (last sample in each core).

Carbon Isotope Analysis

Boreal and sub-arctic peatlands contain one-third of the world’s soil organic carbon while
covering only 2% of the land (Gorham, 1991). Peatlands are large carbon storages, stabilizing
organic carbon by decreasing degradation, maintaining anoxic conditions, and decreasing
temperatures at depth or from permafrost (Dorrepaal et al., 2009). Arctic amplification has been
shown to accelerate emissions of COz via respiration of peat deposits, inducing a positive carbon
cycle-climate feedback mechanism: an approximate warming of 1°C can increase respiration
rates by 60% in the spring and 52% in the summer, an acceleration that can extend for at least
eight years (Dorrepaal et al., 2009). Climatic warming may also cause lowering of water table
depth, peat oxidation, and permafrost thaw (Gorham, 1991; Schuur et al., 2009). Increased
permafrost thaw, in turn, causes accelerated rates of peatland degradation.

Stable carbon isotope analysis can be used to track environmental changes in a peat profile. Peat
profiles characterized by aerobic degradation will record an increase in carbon isotopes (5'°C)
with depth, whereas peat profiles characterized by low degradation or anoxic conditions can
generate relatively uniform carbon isotope profiles (Alewell et al., 2011). A decrease in carbon
isotope values may indicate an enrichment of recalcitrant organic substances during anaerobic
mineralisation (Alewell et al., 2011).

Approximately 3 — 5 cm® at each horizon (n=60) from the 16PS1 peat monolith are being
analyzed at Manchester Metropolitan University for carbon isotope analysis.
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HAWK Pyrolysis

HAWK pyrolysis was used to characterize the type and source of organic matter of peat and
carbon accumulation in peatlands. Pyrolysis refers to the decomposition of organic matter by
heating samples in an inert atmosphere and combusting them. The released hydrocarbons and
carbon dioxide are then measured by flame-ionization and infrared detection to assess the type of
organic matter (Lafargue et al., 1998; Sebag et al., 2006). HAWK pyrolysis can determine the
quantity of free hydrocarbon present in the sample (S1 carbon), the volume of hydrocarbons
formed during pyrolysis (S2 carbon), the yield of carbon dioxide released during thermal
cracking of oxygen-bearing organic compounds (S3 carbon), and residual carbon in the sample
(S4 carbon). In addition to normal pyrolysis, HAWK can determine total organic carbon (TOC)
through a separate oxidation step.

All sub-samples from each horizon per peat monolith/core were air dried, wrapped in aluminum
foil to avoid plastic contamination, and submitted to the GSC-Calgary laboratories for HAWK
pyrolysis. Between 6.5 — 43.6 mg per sub-sample from all cores underwent pyrolysis and
oxidation to determine the amount of free hydrocarbons (S1; mg HC/g) released at 300°C;
kerogen-derived hydrocarbon from algal-cell wall lipids (S2; mg HC/g) released at 650°C (Sanei
et al., 2005); amount of carbon dioxide during kerogen pyrolysis (S3), which determines the
oxygen index; and residual carbon (S4). The S1 and S2 fractions are measured using flame-
ionization, whereas the S3 fraction, which includes S3CO2 (mg CO2/g) and S3CO (mg CO/g),
are measured by infrared spectroscopy during pyrolysis (Carrie et al., 2012). Following
pyrolysis, residual carbon (S4CO; mg-CO/g and S4CO2; mg-CO2/g) is oxidized in a second
chamber and measured by infrared detectors. Total organic carbon (TOC; wt%) is equal to the
sum of all organic carbon released during HAWK pyrolysis.

RESULTS

The project’s methodological approach includes AMS '*C and 2!°Pb age dating, testate amoebae
analysis, HAWK pyrolysis, plant macrofossil analysis, ICP-MS geochemical determination on
peat and surface moss and vegetation samples, and stable isotope geochemistry (Table 6;
Appendix B).

Table 6: List of number of samples submitted for the analyses described in this project. See
also Appendix B. Numbers listed for AMS '“C indicate samples with returned radiocarbon
dates.

18- 18-

ANALYSES 16PS1 | 16PS2 | GTA- | GTA- | MAC | MAC | MAC | MAC | MAC | MAC | MAC

S1 S2 S3 S4 S5 S6 S7

79 292

AMS "C 9 6 4 5 8 8 9 7

Plant macrofossils 57 79 78 63

Palynology 61 59 57 79 78 63

Quantitative

downcore testate 63 59 14 16 57 79 78 63

amoebae analyses

Surface moss

samples for

quantitative testate 10 10 11 10 20 25 22

amoebae analyses

and ICP-MS
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Hg analysis 59 57 57 79 78 63

ICP-MS 16 16 31 42 41 34

Vegetation
samples for
geochemical
determination by
ICP-MS

10 11 10 20 25 22

Stable isotope

. 60
analysis

59 14 16 57 79 78 63

HAWK pyrolysis 61

Measurements for pH, TDS, and EC

Measurements for pH, total dissolved solids (TDS) and electrical conductivity (EC) are available
for the MAC cores (Fig. 19). In order to measure pH, EC, and TDS, peat material was manually
squeezed into a plastic bag and extracted pore water was collected into a plastic beaker. This
pore water was then measured using a Hanna HI98129 Combo pH/Conductivity/TDS tester.
Equipment was cleaned and dried between analyses. The tester was calibrated before analysis of
MAC S1 and MAC S4 and tested with a referenced calibration solution after each site to
minimize error. For pH measurements, only MAC S3 has pH values lower than 4, suggesting
that MAC S3 is the only site that represents an ombrotrophic peatland. Values for pH are also
available for the 18-GTA cores, although all have pH > 5 (Table 4).
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Figure 19: Compiled data for pH, TDS, EC for MAC cores S1 —4.

Plant Macrofossils & Radiocarbon Dating

Sphagnum mosses were preferentially selected when available (Fig. 20; Table 7). When absent,
non-aquatic mosses were chosen for submission to radiocarbon dating. Sphagnum was present in
every core/monolith with the exception of the 18-GTA-79, -292 monoliths. Where plant
macrofossils were not present or sparse in the sub-sample, a bulk sample was submitted instead.
61 dates were submitted, and 56 radiocarbon dates were returned, 13 of which had “greater than
modern” returns.
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Figure 20: Representative plant macrofossils from each peat core/monolith that were
selected for AMS *C dating. 1) 16PS1 0 — 5 mm — Dicranum? sp.; 2) 16PS1 80 — 85 mm —
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Dicranum? sp.; 3) 16PS2 55 — 60 mm — Sphagnum sect. Acutifolia; 4) 18-GTA-79 4 — Scm —
Meesia triquetra; 5) 18-GTA-79 4 — 5 cm — Meesia triquetra; 6) 16PS2 285 — 290 mm — leaf
cells of Sphagnum sect. Acutifolia; 7) 18-GTA-79 12 — 13 cm — Aulacomnium palustre; 8)
18-GTA-79 12 — 13 cm — characteristic leaf cells of Aulacomnium palustre; 9) MAC S3 2E
0 — 1 cm — Scorpidium sp.; 10) 18-GTA-292 0 — 1 cm — Tomentypnum nitens; 11) 18-GTA-
292 0 — 1ecm — Tomentypnum nitens; 12) MAC S4 3E 1 — 2 cm — Meesia triquetra; 13)
MAC S1 57E 55 — 56 cm — Sphagnum lindbergii; 14) MAC S1 57E 55 — 56 cm — stem leaf
of Sphagnum lindbergii; 15) MAC S1 57E 55 — 56 cm — leaf cells of Sphagnum lindbergii;
16) MAC S3 2E 0 — 1 cm — Sphagnum balticum; 17) MAC S3 2E 0 — 1 cm — leaf cells of
Sphagnum balticum; 18) MAC S3 8E 6 — 7 cm — stem leaf of Sphagnum riparium. Photo
credits: Anne V. Nguyen, Carleton University, 2020.

Table 7: Results from AMS #C dating from the 14CHRONOS at Queen’s University,
Belfast (QUB) and the AEL. AMS laboratory at the University of Ottawa (AEL). Samples
calibrated using OxCal v4.4 (Bronk Ramsey, 2009) and IntCal20.14C calibration curve
(Reimer et al., 2020). The “E” designation for the MAC subsamples refers to the specific
aliquot allocated for plant macrofossils.

Fraction
i 14 14 .
Sample ID Plant.macmfosstls Cyrs C Age modern, FIiC & Graphite AD/BC Depth Notes
submitted BP 4 FliC (mg) (cm)
16PS] Dicranum? Greater 1.0591 0.0033 0.995 0 QUB
than
0—5mm
modern
Dicranum?, Greater 1.0071 0.0031 0.664 4 QUB
16PS1 .
Brachythecium than
40—45 mm
modern
16PS1 | Dicranum? 396 32 0.9518 0.0038 0.617 1486 8 QUB
80— 85 mm
16PS1 | Dicranum? 634 41 0.9241 0.0047 0.133 1346 11.5 QUB
115—120 mm Small size
16PS1 | Barren for plant Not
120 — 125 mm | macrofossils submitted
Dicranum?, 1779 55 0.8013 0.0055 0.126 289 16 QUB
16PS1 Sl ; Small si
160 — 165 mm | Pragrum sect matl size
acutifolia
Dicranum?, 1798 38 0.7994 0.0038 0.383 269 20 QUB
16PS1 Soh "
200205 mm | “PHegHUm SEC
acutifolia
Dicranum?, Failed Failed Failed Failed Failed QUB
IPST g ¢ Failed
240 - 245 mm | OPOSTIM SECL are
acutifolia
16PS1 | Sphagnum sect. 2025 27 0.7772 0.0026 0.579 24.5 QUB
245 —250 mm | acutifolia
16PS1 | Sphagnum sect. 2566 33 0.7266 0.003 0.945 =770 28 QUB
280 — 285 mm | acutifolia
16PSI | Sphagnum sect. 2342 31 0.7471 0.0029 0.986 -403 30 QUB
300 — 305 mm | acutifolia
16PS2 | Barren for plant Not
0—5mm | macrofossils submitted
16PS2 | Barren for plant Not
5—10mm | macrofossils submitted
16PS2 | Sphagnum sp. Failed Failed Failed Failed Failed 1 Failed
10— 15 mm
16PS2 Bulk organic Greater 1.0719 0.0041 1956 - 1957 1 AEL
material submitted than (2.7%)
10— 15 mm
BULK* modern 2002 - 2006
(92.8%)
Sphagnum sect. 278 26.76583  0.965996  0.003219 437 - 359 55 AEL
acutifolia (51.2%)
16PS2 331-286
55— 60 mm (41.9%)
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16PS2
110-115
mm*

16PS2
165170
mm*

16PS2
215-220
mm*

16PS2
220225 mm

16PS2
285 -290
mm*

18-GTA-79
0—1cm
18-GTA-79
4—-5cm

18-GTA-79
8§—9cm

18-GTA-79
12—-13 cm

18-GTA-292
0—1cm

18-GTA-292
4—5cm

18-GTA-292
7—-8cm

18-GTA-292
10—-11cm

18-GTA-292
14—15cm

MAC S1 2E
0—1cm

MAC S1 9E
7—8cm

MAC S1 17E
15—-16cm

MAC S1 25E
2324 cm

Sphagnum sect.
acutifolia

Sphagnum sect.
acutifolia

Sphagnum sect.
acutifolia

Sphagnum, Picea
needles
Sphagnum sect.
acutifolia

Meesia triquetra,
Bryum?

Meesia triquetra

Aulacomnium
palustre,
Tomentypnum
nitens
Aulacomnium
palustre,
Tomentypnum
nitens
Tomentypnum
nitens

Tomentypnum
nitens

Tomentypnum
nitens

Tomentypnum
nitens

Tomentypnum
nitens
Loeskypnum
badium

Pseudocalliergon
trifarium

Pseudocalliergon
trifarium,
Scorpidium
scorpioides

Sphagnum
lindbergii

272

478.802
8

923.466
7

1936.67
3

Greater
than
modern
301

629

416

Greater
than
modern
Greater
than
modern
Greater
than
modern

Greater
than
modern
214

Greater

than
modern

33

214

417

27.85037

25.62663

26.96809

43.68733

45

29

30

27

17

0.966751

0.942137

0.891403

0.785771

1.1013

0.9632

0.9246

0.9495

1.0418

1.0745

1.2819

1.3302

0.9737

1.0274

0.9958

0.9738

0.9494

44

0.003352

0.003006

0.002993

0.004273

0.0038

0.0054

0.0033

0.0035

0.0036

0.0032

0.0052

0.0035

0.0032

0.0021

0.0021

0.002

0.0021

0.276

0.136

0.333

0.583

0.964

1.002

0.995

435 -360
(43.1%)

330 - 283
(46.8%)

169 - 153 (5.6%)

540 - 498
(95.4%)

916-772
(92.1%)
759 - 746 (3.3%)

1984 - 1964
(3.9%)
1945 - 1740
(91.6%)

1567

1350

1465

1959 (5.0%)
calAD

1961 - 1962
(9.1%) calAD
1979 - 1980
(76.8%) calAD
1981 (4.6%)
calAD

1766

1955-1956
(12.4%)
2012-2015
(83.1%) calAD
1702-1722
(27.1%)
1815-1835
(26.7%)
1890-1909
(41.7%) calADY
1648-1680
(36.7%)
1740-1753
(5.5%)
1762-1800
(50.9%)

>1940 (2.4%)
calAD}
1438-1487
(95.4%) calAD

11

16.5

21.5

28.5

15

AEL

AEL

AEL

Not
submitted
AEL

QUB

QUB

Small size
QUB

QUB

QUB

QUB

AEL

QUB

QUB

AEL

AEL

AEL

AEL



MAC S1 33E
31-32cm

MAC S141E
39—-40cm
MAC S1 49E
47 —48 cm
MAC S1 57E
55-56cm

MAC S2 2E
0—1cm

MAC S2 I13E
11—-12cm

MAC §2 23E
21-22cm

MAC S2 34E
32-33cm

MAC S2 45E
43 —44 cm

MAC S2 56E
54-55cm

MAC S2 67E
65— 66 cm

MAC S2 79E
77 —78 cm

MAC S3 2E
0—1cm

MAC S3 8E
6-—7cm

MAC 83 17E
15-16cm
MAC S3 I18E
16—17 cm
MAC S3 19E
17—18 cm
MAC S3 20E
18—19cm
MAC S3 28E
2627 cm
MAC §3 29E
27-28 cm
MAC S3 38E
36-37cm
MAC S3 45E
43 —44 cm
MAC S3 48E
46 —47 cm

MAC S3 51E
49—-50 cm

Sphagnum
lindbergii

Sphagnum
lindbergii
Sphagnum
lindbergii
Sphagnum
lindbergii

Scorpidium cossonii

Scorpidium cossonii

Bulk organic
material submitted

Bulk organic
material submitted

Warnstorfia
exannulata

Bulk organic
material submitted

Bulk organic
material submitted

Sphagnum sect.
acutifolia

Sphagnum balticum

Sphagnum balticum

Barren for plant
macrofossils
Barren for plant
macrofossils
Barren for plant
macrofossils
Sphagnum fuscum

Barren for plant
macrofossils
Sphagnum fuscum

Sphagnum fuscum
Sphagnum fuscum

Sphagnum sect.
acutifolia
Sphagnum sect.
acutifolia,
Sphagnum sect.
cuspidata

890

838
939
1041
Greater
than
modern
Greater

than
modern

246

974

2082

2420

2455

4985
Greater
than
modern
Greater

than
modern

351

962

1189

Failed

Failed

2017

19

18

26

20

19

20

20

32

26

37

29

Failed

Failed

33

0.8951

0.9009

0.8896

0.8785

1.0348

1.1153

0.9699

0.8858

0.7717

0.7399

0.7366

0.5376

1.0458

1.1023

0.9572

0.8871

0.8624

Failed

Failed

0.778

0.0020

0.0021
0.0020
0.0029

0.0022

0.0023

0.0024

0.0021

0.0019

0.0019

0.0019

0.0022

0.0032

0.0038

0.0031

0.0041
0.0031
Failed
Failed

0.0032

45

0.986

0.667

0.214

0.267

0.979

Failed

Failed

0.09

1050-1080
(16.9%)
1152-1219
(78.6%) calAD
1174-1262
(95.4%) calAD
1038-1159
(95.4%) calAD
1006

1955-1956
(23.1%)
2011-2013
(2.8%) cal AD
1958 (5.7%)
1995-1997
(89.7%) cal AD

1531-1538
(1.0%)
1636-1670
(70.5%)
1779-1800
(24.0%) calAD}
1024-1051
(29.9%)
1080-1154
(65.5%) calAD
166-42 (95.4%)
calBC

730-700 (6.8%)
664-650 (3.8%)
546-406 (84.9%)
calBC

753-682 (33.0%)
669-631 (14.0%)
625-610 (2.2%)
593-455 (41.3%)
445-417 (5.0%)
calBC

-3751

1559

1097
841
Failed

Failed

39

47

55

21

32

43

54

65

71

27

36

46

AEL

AEL
AEL
QUB

AEL

AEL

AEL

AEL

AEL

AEL

AEL

QUB

QUB

QUB

Not
submitted
Not
submitted
Not
submitted

Not
submitted
QUB

QUB

QUB
Failed
QUB
Failed
QUB



MAC S3 52E | Sphagnum sect. Failed Failed Failed Failed Failed 50 Failed
50-51cm | acutifolia

MAC S3 58E | Sphagnum sect. 3530 45 0.6444 0.0036 0.207 -1849 56 QUB
5657 cm | cuspidata
MAC S3 68E | Sphagnum sect. 3848 32 0.6194 0.0025 0.619 -2316 66 QUB
66— 67 cm | cuspidata
MAC S3 78E | Sphagnum 4993 41 0.5371 0.0027 0.99 -3768 76 QUB
76 — 77 cm | lindbergii
Meesia triquetra, Greater 1.1589 0.0025 1958 (20.2%) 1 AEL
MACS43E | prepanocladus than 1989-1990
I=2cem | sondmeri modern (75.3%) calAD
Bulk organic 164 18 0.9798 0.0021 1666-1695 11 AEL
material submitted (17.1%)
1724-1784
(41.0%)
MAC §4 13E 1795-1813
11-12cm (10.0%)
1838-1878
(5.5%)
>1915 (21.8%)
calAD}
Warnstorfia/Scorpi 353 18 0.9570 0.0022 1470-1527 21 AEL
MAC S4 23E | dium cf. cossonii, (42.4%)
21-22cm | Campylium 1553-1634
(53.1%) calAD
Scorpidium cf. 352 19 0.9571 0.0022 1470-1528 31 AEL
MAC S4 33E | cossonii, Calliergon (41.8%)
31-32cm | richardsonii 1552-1634
(53.7%) calAD
Bulk organic 1486 20 0.8311 0.0021 551-611 (82.6%) 41 AEL
MACS4 43E | aterial submitted 617-640 (12.9%)
4142 cm calAD
Bulk organic 1796 20 0.7997 0.0020 215-259 (42.8%) 51 AEL
MAC §4 53E | material submitted 281-329 (52.7%)
51-52cm calAD
MAC S4 60E | Bulk organic 711 27 0.9153 0.0031 0.9 1285 58 QUB
58— 59 cm | material submitted
MAC S4 61E | Barren for plant Not
59—-60 cm | macrofossils submitted
MAC S4 62E | Barren for plant Not
60— 61 cm | macrofossils submitted
MAC §4 63E | Barren for plant Not
61 —62 cm | macrofossils submitted

* Calibrated years before present (BP)

Age-depth profiles generated using ‘classical’ age-depth modelling (CLAM; Blaauw, 2010) all
show general increasing age with increased depth (Fig. 21a, b). CLAM uses linear interpolation
and smooth splines to model age-depth curves and is applied prior to generating Bayesian age-
depth models (i.e., Bayesian accumulation (Bacon)), the latter of which requires known a priori
input, such as sediment accumulation rate (Blaauw and Christen, 2011).

Age-depth profiles are most consistent with MAC S3 whereas all other age-depth profiles have
one age reversal each, although most of these are within the expected range of error, with the
exception of MAC S4. Peat monolith 18-GTA-292 returned mostly “greater than modern”
values, with the exception of its basal sub-sample.

The youngest peat cores are 18-GTA-292 with a basal age of 214 + 27 calibrated years before
present (yr BP) and 18-GTA-79 at 416 + 30 yr BP. The 16PS cores have a basal age range
between 1937 + 44 (16PS2) and 2342 + 31 (16PS1) yr BP. The basal ages for the MAC cores
range between 711 and 4993 yr BP. The basal sub-sample in MAC S4 records the youngest age
of the peat profiles at 711 + 27 yr BP, although the oldest recorded date in MAC S4 is 1796 + 20
yr BP at a depth of 51 cm (Fig. 21b). MAC S3 yields the oldest date at 4993 + 41 yr BP.
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Figure 21a: Age depth models calibrated to cal BP using the IntCal20.14C curve (Reimer et
al., 2020) from CLAM (Blaauw, 2010) for peat monoliths 16PS1, 16PS2, 18-GTA-79.
Radiocarbon dates for 18-GTA-292 are mostly greater than modern, with the exception of
its basal date.
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Figure 21b: Age depth models calibrated to cal BP using the IntCal20.14C curve (Reimer
et al., 2020) from CLAM (Blaauw, 2010).

HAWK Pyrolysis

Results for HAWK pyrolysis are available for peat monoliths/cores 18-GTA-79, -292 (Fig. 22a)
and MAC S1 — 4 (Fig. 22b; Polar Data Catalogue CCIN 13261; see also Appendix A). In
HAWK pyrolysis, the components of the S1 fraction are dominated by lipids and sucrose, with
minor amounts of cellulose and carbohydrates that characterize some plant materials (Carrie et
al., 2012). The S2 fraction is also dominated by lipids, specifically cell wall lipids that are
derived from algae, with minor contributions from plant materials. The S3 fraction, split into
S3CO and S3COz2, comprises carbohydrates, lignins, and plant standards. Residual carbon, or the
S4 fraction, comprises terrigenous plant materials that contain cellulose and lignin.

In 18-GTA-79, S1 to S4 carbon fractions all increase dramatically upwards of 10 cm depth,
suggesting an increase in the preservation of organic matter at shallower depths. This trend is
also reflected in MAC S4 above 47 cm depth. In 18-GTA-292, S1 — 4 carbon fractions all spike
at 12 cm depth, which may indicate higher organic matter production and/or preservation at this
interval.
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Figure 22a: HAWK pyrolysis results for S1, S2, S3, S4 carbon for peat monoliths 18-GTA-
79 (left), 18-GTA-292 (right).
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Figure 22b: HAWK pyrolysis results S1, S2, S3, S4 carbon for cores MAC S1-4 (Appendix

A; Polar Data Catalogue CCIN 13261).
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DISCUSSION

Radiometric Dates

The age reversals may be a result from repeated drying/wetting cycles within the peat profile,
which results in younger peat layers modifying/superimposing on older peat layers (i.e.,
secondary decomposition) (Biester et al., 2007; Steinmann et al., 2006). This is especially
evident in those peat monoliths that were not frozen immediately upon collection. MAC S3 was
the only peat core that did not have an age reversal in the age-depth profiles, whereas all other
peat cores had at least one. This may also be due to MAC S3 being the only ombrotrophic bog
(pH < 4) and therefore being the least likely to have been affected by external sources of water.

HAWK Pyrolysis

HAWK pyrolysis determines different groups of organic compounds (i.e., labile and refractory
organic matter) based on the different temperatures during pyrolysis (Tissot and Welte, 1978).
The S2 peak in particular represents the amount of hydrocarbons generated during organic matter
degradation at 550°C (Biester et al., 2014). When normalized to TOC content, this amount is
defined as the Hydrogen Index (HI). Normalizing the S3 COz peak to TOC content gives the
Oxygen Index (OI) (Lafargue et al., 1998). The Ol is expected to be high in peat layers with low
decomposition and higher amounts of compounds containing oxygen, like polysaccharides (e.g.,
cellulose). Low rates of peat decomposition are generally correlated with wetter conditions or
higher water table depth; conversely, when peat decomposition is high, drier conditions are
expected, and/or water table depth is low (Clymo, 1984). High values for the OI have been
shown to be correlated with Sphagnum-dominated sections, whereas high values for the HI is
correlated with enrichment of aliphatic structures in general, which is predominantly caused by
decomposition and not vegetation change (Biester et al., 2014).

In MAC S1, 18-GTA-79, 18-GTA-292, high OI values (reflected as S3) are observed near the
top of the peat profile (Fig. 23a, b), suggesting low decomposition and higher amounts of
possible cellulose. This is consistent with their relatively younger age in comparison to the other
peat cores/monoliths and implies wetter conditions or a higher water table depth. The HI values
for these peat profiles tend to be consistent within a range.

In MAC S2, the HI values have a lower range at the top of the peat profile, with relatively
consistent Ol values, suggesting increasing decomposition with depth. At surface level, low HI
values suggest low decomposition and therefore higher water table depth or wetter conditions.

In MAC S3, the OI values tend to broadly follow the occurrence of different types of identified
Sphagnum moss. At the top of this peat profile, both OI and HI values are relatively high,
suggesting high peat decomposition and relatively drier conditions or a lower water table.

In MAC S4, HI values are at a minimum at the top of the peat profile, suggesting low
decomposition and wetter conditions. This is supported by concurrent high values of OI. Most
prominent in the MAC S4 peat profile is the spike in HI values near the bottom and relatively
low OI values, suggesting a brief period of high decomposition and therefore drier conditions.
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Figure 23a: Hydrogen Index (HI) and Oxygen Index (OI) values for GTA peat profiles.
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Figure 23b: Hydrogen Index and Oxygen Index values for MAC peat profiles.
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CONCLUSIONS (Plain language; English)

This report summarizes results so far for the project called “Long-term hydrological dynamics of
the Mackenzie River Basin”. Four peat cores (called 16PS1, 16PS2, 18-GTA-292, 18-GTA-79,
MAC S1, MAC S2, MAC S3, MAC 24) collected from peatlands in and around the Gwich’in
Settlement Area were studied for microscopic fossils, metals, the type and amount of organic
matter, and the remains of plants and charcoal to reconstruct how climate has changed over the
past hundreds to thousands of years, and how vegetation, fires, and water levels have changed as
a result. The cores are dated to determine how they are. The bottom of the oldest core is 4993
years old, while the bottom of the youngest core is 214 years old. Most of the peat cores show
that wetter conditions or higher water levels occurred in more recent years compared to hundreds
to thousands of years ago. All data reported in this open file is included in the Polar Data
Catalogue CCIN 13261.

GUK’IIGHE’ JUU DIGWIINIINDHANH

tr’igwaandak. Gwich’in Nanhkak gwa’an nin’ nihtinehch’i’ daankat gwizhit gugwinah’in’ (jii
gwinjik guutr’oozrih 16PS1, 16PS2, 18-GTA-292, 18-GTA-79, MAC S1, MAC S2, MAC S3,
MAC 24) ejiich’ii nihtinehch’1’ jii nin’ zhit goo’aii geenjit gik’igaanjii k’iighe’ yi’eenoo gwiinlit
nagwidadhat guuzhik nan ejuk t’igwinjii k’1ighe’ gwinzhih, kwan’ ts’at chuu dagwahteii gwiinli’
ejuk goonlii gik’igaanjih. Nin’ dahthee ezhik tiinch’u’ gik’igaanjik k’iighe’ nits’0o diinch’uu
gahgwidandaih. Nin’ gwiteh goo’aii gwilat nagwidadhat 4993 ezhik goo’aii ts’at gwilat
nagwidadhat 214 ezhik goo’aih. Juk gweendoo gwiiyeendoo nan gwiltraa ts’at yi’eenoo dai’
gwiiyeendoo nan gwiltrah kwaa k’it jii nin’ gugwideech’inh. Jii gwizhit diiyah tr’igwaandak
Polar Data Catalogue CCIN 13261chan gwizhit diinch’uh.
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APPENDICES

Appendix A: Compilation of HAWK pyrolysis results
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C- 18GTA292 +1-0 289 26.1 377.0 14.4
638182 cm 0.01 30.5 2133 315 349 276 5 74.55 59.05 531 7 1.18 8 8.96 4 1.13 9.44 10.66 10.67 17.49 0.280 135
C- 26.1 244 499.9 12.4
638183 18GTA292 0-1 cm 0.02 304 24.74 317 316 214 9 78.36 53.09 5.04 5 1.28 3 0 1.21 0.73 6.06 10.58 14.17 20.29 0.251 105
C- 17.6 24.1 3750
638184 18GTA292 1-2 cm 0.03 29.6 19.25 321 333 274 1 64.15 52.84 5.29 3 135 3 8.68 1.52 0.73 6.07 8.65 10.60 15.78 0.215 91
- 16.9 13.0 428.6 13.4
638184 18GTA292 1-2cm | Duplicate 0.03 25.1 19.97 320 311 141 8 62.18 28.30 4.23 2 1.09 7 0 1.20 0.41 3.43 7.71 12.27 16.38 0.215 85
- 20.2 15.2 449.5 132
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638204 18GTA79 5-6 cm 0.07 30.5 20.02 323 450 116 8 90.21 23.38 3.44 0 0.78 8 8 1.61 0.35 2.94 10.97 9.05 16.41 0.246 146
C- 323 11.3 3984 15.0
638205 18GTA79 6-7 cm 0.08 304 2275 321 395 108 1 89.92 24.62 3.38 0 1.33 5 5 1.75 0.38 3.20 11.23 11.51 18.65 0.264 142
C- 29.2 1.1 3248 10.6
638206 18GTA79 7-8 cm 0.09 319 20.03 320 437 114 0 87.61 22.93 3.33 8 0.83 9 8 1.39 0.36 3.01 10.71 9.32 16.43 0.250 145
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C- 220 10.5 504.7 205 40.6
638207 18GTA79 8-9 cm 0.10 309 23.74 324 324 82 5 76.95 19.48 2.96 7 0.80 7 6 7 1.41 11.79 9.09 14.65 19.47 0.223 92
- 10.5 160.5 12.1
638208 18GTA79 9-10 cm 0.11 30.2 9.89 425 456 71 5 45.17 7.05 1.32 4.66 0.36 4 7 1.74 0.18 1.52 4.99 4.90 8.11 0.189 106
- 18GTA79 10-11 164.5 12.6
638209 cm 0.12 304 9.47 429 428 71 8.72 40.59 6.79 1.14 4.85 0.54 4 5 1.51 0.19 1.54 4.44 5.03 7.76 0.177 92
C- 18GTA79 11-12 186.0 14.9
638210 cm 0.13 30.0 9.88 426 384 66 8.28 38.01 6.54 1.14 4.53 0.45 0 2 2.22 0.19 1.61 4.17 5.71 8.10 0.179 83
C- 18GTA79 12-13 148.5 13.5
638211 cm 0.14 31.7 7.63 426 366 59 5.19 27.98 4.53 1.02 3.85 0.44 7 4 0.91 0.14 1.16 3.00 4.63 6.26 0.157 68
C- Mac S1 IF (living 28.6 229 377.7 11.3
637905 layer) 30.8 2149 317 362 229 6 71.95 49.38 5.93 4 1.71 1 6 1.51 0.70 5.86 10.70 10.79 17.62 0.269 133
- 329 229 264.4 10.4
637906 Mac S1 2F 0.00 31.1 18.65 313 412 269 1 76.94 50.32 5.56 8 1.84 4 3 1.52 0.71 5.89 10.99 7.66 15.29 0.300 176
- 354 219 2234
637907 Mac S1 3F 0.01 30.3 18.37 311 467 263 6 85.86 48.33 5.29 6 221 8 8.67 1.92 0.70 5.82 11.90 6.47 15.06 0.292 193
C- 375 220 289.7
637908 Mac S1 4F 0.02 304 22.04 318 479 221 4 105.60 48.85 4.06 6 2.06 1 9.82 1.98 0.70 5.83 13.72 8.32 18.07 0.262 170
C- 40.2 212 190.0
637909 Mac S1 SF 0.03 30.5 2031 332 575 227 6 116.88 46.25 379 2 1.55 6 7.36 1.61 0.66 547 14.81 5.50 16.66 0.256 198
C- 37.2 223 3549
637910 Mac S1 6F 0.04 30.3 23.80 331 452 199 3 107.67 47.49 3.26 6 2.21 5 7.47 1.40 0.70 5.79 13.80 10.00 19.52 0.257 156
- 41.0 18.2 309.7
637911 Mac S1 7F 0.05 30.4 23.27 332 491 178 3 114.39 41.50 3.35 6 0.98 9 7.30 1.99 0.57 4.78 14.51 8.76 19.08 0.264 176
- 43.6 18.5 127.3
637912 Mac S1 8F 0.06 31.0 19.49 333 648 211 2 126.30 41.21 3.53 0 1.32 7 6.30 1.39 0.57 4.76 15.75 3.74 15.98 0.257 223
C- 41.8 19.8 168.2
637913 Mac S1 9F 0.07 31.2 20.19 331 607 212 2 122.64 42.94 4.04 6 1.33 5 591 1.25 0.60 5.04 15.35 4.84 16.56 0.254 207
C- 41.8 16.7 3459
637914 Mac S1 10F 0.08 30.6 2517 334 492 159 3 123.88 40.05 3.06 2 1.16 4 9.43 2.11 0.54 4.49 15.33 9.84 20.64 0.252 166
- 48.8 255.5 16.8
637915 Mac S1 11F 0.09 30.3 23.06 333 542 80 9 125.16 18.55 1.35 8.45 0.44 0 0 6.57 0.42 3.49 15.37 7.69 1891 0.281 212
- 46.8 248.7 134
637916 Mac S1 12F 0.10 274 2217 332 544 84 1 120.65 18.73 1.31 8.30 0.41 5 4 8.35 0.46 3.86 14.81 7.36 18.18 0.280 211
- 46.1 330.1 152
637917 Mac S1 13F 0.11 374 24.37 332 494 74 3 120.42 18.10 1.26 7.97 0.40 6 0 6.71 0.41 3.41 14.71 9.66 19.98 0.277 189
C- 41.4 421.1 215 13.3
637918 Mac S1 14F 0.12 19.6 25.75 330 421 73 6 108.58 18.93 1.38 8.48 0.47 7 1 3 0.60 5.04 13.34 12.41 2111 0.276 161
C- 427 11.6 358.7 17.5
637919 Mac S1 15F 0.13 223 24.82 333 469 96 1 116.64 24.04 1.60 1 0.84 1 1 9.03 0.58 4.84 14.29 10.53 2035 0.268 172
- 448 125 244.6 15.4 11.4
637920 Mac S1 16F 0.14 18.5 2251 333 554 107 8 124.74 24.15 1.78 1 1.02 0 4 8 0.68 5.63 15.17 7.33 18.46 0.265 199
- 40.1 1.1 293.0 10.4
637921 Mac S1 17F 0.15 35.8 21.88 332 500 106 3 109.57 2332 1.61 2 0.52 3 3 8.75 0.55 4.61 13.44 8.44 17.94 0.268 183
- 41.7 1.5 360.5 18.1
637922 Mac S1 18F 0.16 19.8 23.99 323 442 109 3 106.12 26.31 1.79 5 0.92 3 7 779 0.55 4.56 13.38 10.61 19.67 0.282 173
C- 424 10.1 287.5 15.6 12.1
637923 Mac S1 19F 0.17 25.0 23.15 330 527 89 2 122.16 20.84 1.66 9 0.57 5 5 5 0.62 5.18 14.64 8.51 18.99 0.258 183
C- 41.0 386.8 14.5
637924 Mac S1 20F 0.18 33.2 26.64 334 503 70 6 134.06 1891 1.29 9.80 0.43 6 6 5.80 0.43 3.62 15.46 11.17 21.84 0.234 154
- 329 10.4 3443 19.6
637925 Mac S1 21F 0.19 33.0 2747 337 593 67 1 163.11 18.56 1.51 6 0.48 3 1 5.18 0.44 3.64 17.24 10.23 22.53 0.168 119
- 37.8 3173 14.9
637926 Mac S1 22F 0.20 28.8 2329 330 517 76 4 120.46 17.71 115 8.57 0.36 2 4 6.79 0.43 3.55 14.00 9.29 19.10 0.239 162
C- 437 10.5 179.0 13.6 12.6
637927 Mac S1 23F 0.21 28.6 21.32 332 634 98 2 135.28 20.95 1.37 5 0.44 9 4 B} 0.64 5.35 15.85 547 17.49 0.244 205
C- 42.1 12.4 3195 16.9 15.0
637928 Mac S1 24F 0.22 30.6 26.02 333 556 85 7 144.78 22.13 1.53 0 0.55 9 5 6 0.76 6.34 16.57 9.44 21.33 0.226 162
C- 448 3763 17.1
637929 Mac S1 25F 0.23 26.9 2747 332 515 73 2 141.75 20.18 1.25 9.90 0.43 5 9 6.91 0.47 3.90 16.47 11.00 22.53 0.240 163
- 48.8 113 189.5 10.5
637930 Mac S1 26F 0.24 23.8 21.70 326 604 116 1 131.06 2537 1.75 5 0.80 9 5 8.10 0.55 4.56 16.07 5.62 17.79 0.271 224
- 48.8 14.1 2299 10.8
637931 Mac S1 27F 0.25 355 24.05 331 601 117 1 144.61 28.31 2.07 3 0.69 4 8 8.75 0.64 5.32 17.32 6.74 19.72 0.252 202
C- 49.0 14.4 3244 13.1 11.7
637932 Mac S1 28F 0.26 345 27.08 332 548 105 1 148.41 28.60 2.02 4 0.68 9 4 1 0.73 6.06 17.66 9.41 22.20 0.248 181
C- 46.1 14.3 3109 13.3 12.5
637933 Mac S1 29F 0.27 379 26.04 333 550 111 2 143.25 29.11 1.87 9 0.94 7 2 8 0.76 6.30 16.99 9.05 21.35 0.244 177
C- 40.8 14.9 311.0 13.7
637934 Mac S1 30F 0.28 21.1 23.80 329 513 118 1 122.10 28.23 2.11 1 0.75 3 5 8.10 0.64 5.36 14.72 9.07 19.51 0.250 171

64




C- 40.5 15.6 437.7 13.8
637935 Mac S1 31F 0.29 32.2 27.80 332 462 102 6 128.61 28.59 2.03 1 0.71 9 9 4.27 0.56 4.64 15.26 12.54 22.79 0.240 145
- 45.6 13.6 261.9 11.7
637936 Mac S1 32F 0.30 37.5 2322 318 548 122 1 127.30 28.42 1.96 3 0.66 7 5 9.44 0.64 5.36 15.57 7.65 19.04 0.264 196
- 44.4 12.3 246.6 15.7 133
637937 Mac S1 33F 0.31 159 2213 312 530 139 0 117.47 30.81 2.62 8 0.74 3 3 3 0.72 5.98 14.73 7.40 18.14 0.274 200
C- 44.0 11.9 3513 13.1
637938 Mac S1 34F 0.32 26.4 24.24 313 459 120 1 111.27 29.23 2.08 9 0.58 4 2 6.05 0.50 4.20 14.10 10.14 19.88 0.283 181
C- 46.2 11.7 203.8 12.7
637939 Mac S1 35F 0.33 19.8 20.32 311 534 166 8 108.66 33.77 2.66 9 0.66 2 0 9.69 0.60 5.00 14.22 6.10 16.66 0.299 227
C- 44.0 12.2 305.8 16.7
637940 Mac S1 36F 0.34 189 22.80 311 460 151 0 105.09 34.60 2.60 9 0.66 4 7 8.29 0.58 4.80 13.74 9.06 18.70 0.295 192
- 48.8 122 3753 18.9
637941 Mac S1 37F 0.35 34.0 25.84 309 434 126 6 112.37 32.77 4.13 0 1.08 0 3 3.97 0.46 3.87 14.80 11.05 21.19 0.303 189
- 473 12.1 258.8 16.9
637942 Mac S1 38F 0.36 24.3 2241 309 498 145 3 111.78 32.58 4.46 1 1.12 S 2 8.86 0.60 4.97 14.63 7.78 18.38 0.297 211
C- 46.2 12.3 187.8 12.6 12.2
637943 Mac S1 39F 0.37 16.5 20.02 309 543 176 5 108.82 3531 4.46 8 1.07 5 7 7 0.70 579 14.36 5.67 16.42 0.298 230
C- 458 13.1 2102 16.6 14.7
637944 Mac S1 40F 0.38 153 20.90 310 526 168 6 110.07 3522 4.83 6 1.14 5 9 0 0.78 6.54 14.45 6.45 17.13 0.294 219
C- 48.0 13.0 507.4 20.6
637945 Mac S1 41F 0.39 33.2 3032 310 405 103 6 123.06 31.36 3.55 7 2.10 0 8 6.24 0.57 4.76 15.60 14.72 24.86 0.281 158
- 49.1 11.8 296.5 19.6 12.8
637946 Mac S1 42F 0.40 17.8 23.46 309 463 138 9 108.64 32.46 4.62 3 1.21 8 9 1 0.70 5.82 14.53 8.93 19.24 0.312 209
- 48.1 11.9 419.5 228
637947 Mac S1 43F 0.41 17.5 26.86 308 407 112 1 109.57 30.32 4.19 2 1.42 6 8 8.95 0.60 5.00 14.44 12.42 22.03 0.305 179
C- 412 11.8 456.3 28.6 152
637948 Mac S1 44F 0.42 13.5 27.82 309 398 127 5 110.98 35.60 4.80 8 1.20 9 5 2 0.76 6.37 14.14 13.67 22.81 0.271 148
C- 46.8 11.5 476.5 223
637949 Mac S1 45F 0.43 24.7 28.34 308 385 118 3 109.13 33.61 4.43 8 1.14 3 2 5.36 0.49 4.05 14.39 13.95 23.24 0.300 165
- 453 12.0 278.5 19.9
637950 Mac S1 46F 0.44 26.6 2238 308 469 151 1 105.14 33.81 4.47 4 1.09 2 3 8.27 0.58 4.81 13.93 8.45 18.35 0.301 202
- 422 11.9 3179 17.6 179
637951 Mac S1 47F 0.45 24.7 23.28 308 457 155 0 106.59 36.14 4.63 7 111 2 8 9 0.84 7.01 13.85 9.43 19.09 0.284 181
- 423 11.8 286.4 16.4
637952 Mac S1 48F 0.46 21.8 22.04 308 466 160 1 102.86 3543 4.57 1 1.08 8 9 7.48 0.55 4.58 13.52 8.52 18.08 0.291 191
C- 43.1 11.7 3729 19.8
637953 Mac S1 49F 0.47 21.6 24.88 308 429 133 0 106.76 33.19 4.50 3 1.21 6 2 7.44 0.55 4.57 13.86 11.02 20.40 0.288 173
C- 445 14.2 3742 212
637954 Mac S1 50F 0.48 26.6 26.63 312 471 116 9 125.45 30.93 4.26 1 1.61 7 7 8.12 0.64 5.36 15.51 11.12 21.84 0.262 167
- 422 12.8 446.4 26.7
637955 Mac S1 51F 0.49 17.7 27.54 311 412 99 4 113.73 27.38 4.33 5 1.39 5 8 9.70 0.64 5.37 14.22 13.32 22.59 0.271 153
- 49.8 1.5 265.3 234
637956 Mac S1 52F 0.50 19.9 23.95 312 519 109 3 124.42 26.15 3.80 9 1.19 0 9 7.89 0.56 4.64 15.71 8.24 19.64 0.286 208
- 53.5 1.5 227.6 17.7
637957 Mac S1 53F 0.51 20.1 24.09 318 567 118 8 136.58 28.55 3.32 9 1.46 8 2 9.90 0.62 5.15 17.12 6.97 19.75 0.282 222
C- 46.1 12.5 416.8 237 12.3
637958 Mac S1 54F 0.52 16.9 26.44 307 404 114 5 107.01 30.24 4.23 9 1.15 8 9 4 0.70 5.87 14.05 12.39 21.68 0.301 174
C- 39.7 13.0 390.5 35.6 43.9
637959 Mac S1 55F 0.53 6.5 2522 307 399 127 3 100.71 32.13 3.92 4 2.85 8 1 9 1.62 13.47 13.04 12.18 20.68 0.283 157
- 455 12.8 292.6 195
637960 Mac S1 56F 0.54 21.7 23.03 307 473 136 0 109.02 31.37 4.36 9 1.35 9 5 9.97 0.65 5.44 14.21 8.82 18.88 0.294 197
- 479 11.7 251.5 18.8 129
637961 Mac S1 S7F 0.55 15.7 2233 307 504 132 0 112.55 29.58 4.41 8 1.23 3 0 4 0.70 5.84 14.66 7.67 18.31 0.299 214
C- Mac S2 IF (living 15.1 18.8 997.3 342 32.8
637962 layer) 24.4 36.00 312 152 112 1 54.98 40.38 5.52 5 1.54 1 2 9 1.44 12.03 7.33 28.67 29.52 0.216 41
C- 15.4 17.7 604.6 339 393
637963 Mac S2 2F 13.6 25.44 312 224 150 2 57.07 3833 5.94 8 1.76 2 0 2 1.59 13.29 7.50 17.94 20.86 0.213 60
C- 18.9 17.2 482.9 247 336
637964 Mac S2 3F 0.01 20.5 2294 311 298 162 8 68.59 37.37 5.00 9 1.51 9 4 6 1.42 11.85 8.71 14.23 18.81 0.217 82
- 19.4 185 488.8 21.6 274
637965 Mac S2 4F 0.02 24.8 22.38 309 269 177 1 60.41 39.70 5.15 1 1.65 6 5 1 1.29 10.73 8.12 14.26 18.36 0.243 86
- 22.1 17.7 563.9 257
637966 Mac S2 SF 0.03 19.8 2597 310 285 148 3 74.21 38.47 4.97 8 1.62 0 8 8.95 0.76 6.36 9.49 16.48 21.29 0.230 85
C- 21.6 18.2 638.4 29.6 27.6
637967 Mac S2 6F 0.04 23.0 28.19 310 264 140 7 74.47 39.74 4.80 1 2.02 4 6 3 1.29 10.78 9.51 18.68 23.11 0.225 76
C- 21.0 19.1 536.5 255 11.0
637968 Mac S2 7F 0.05 17.5 24.36 311 266 160 1 65.04 39.18 4.83 1 2.19 3 1 5 0.87 7.24 8.64 15.73 19.98 0.244 86
C- 218 17.8 561.0 32.3 18.4
637969 Mac S2 8F 0.06 10.3 25.88 313 274 144 0 71.02 37.48 5.64 9 1.59 7 6 4 1.02 8.54 9.19 16.69 21.22 0.235 84
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C- 21.6 17.7 7952 33.7
637970 Mac S2 9F 0.07 17.6 32.03 312 210 120 8 67.58 38.53 5.13 6 1.96 4 5 7.21 0.72 6.02 8.90 23.13 26.27 0.243 67
- 25.1 17.1 7155 29.0
637971 Mac S2 10F 0.08 214 3091 313 257 122 1 79.55 37.73 4.48 3 1.73 8 0 8.45 0.73 6.12 10.15 20.76 2535 0.240 81
- 288 17.5 722.7 285 26.5
637972 Mac S2 11F 0.09 254 33.02 327 301 108 6 99.40 3573 3.84 4 2.12 7 8 7 1.25 10.40 12.09 20.94 27.08 0.225 87
C- 248 20.1 800.9 26.8 27.6
637973 Mac S2 12F 0.10 35.1 34.62 326 280 113 8 96.93 39.26 3.51 0 2.18 2 6 4 1.35 11.24 11.62 22.99 28.39 0.204 71
C- 262 18.1 471.8 226 262
637974 Mac S2 13F 0.11 20.6 25.14 328 360 146 4 90.51 36.77 3.57 0 2.61 4 8 3 1.26 10.54 11.14 14.00 20.61 0.225 104
C- 221 209 651.2 219 321
637975 Mac S2 14F 0.12 30.5 29.33 321 298 137 2 87.48 40.20 4.06 9 1.95 4 2 4 1.49 12.42 10.63 18.70 24.05 0.202 75
- 303 17.4 509.1 220 314
637976 Mac S2 15F 0.13 20.1 27.60 326 384 126 5 106.21 34.98 3.84 9 2.16 7 4 7 1.38 11.51 12.77 14.83 22.63 0.222 109
- 263 19.0 489.1 248 27.5
637977 Mac S2 16F 0.14 22.8 26.19 322 374 140 7 98.05 36.81 3.98 2 1.69 6 7 9 1.31 10.89 11.79 14.41 21.48 0.212 100
C- 294 17.7 547.8 21.3 31.0
637978 Mac S2 17F 0.15 22.6 27.63 321 344 129 7 95.14 3579 4.05 5 1.68 3 2 2 1.37 11.38 11.78 15.85 22.66 0.236 106
C- 247 21.0 503.6 17.7 334
637979 Mac S2 18F 0.16 43.6 24.89 326 335 150 2 83.49 37.54 3.19 5 1.79 9 0 6 1.53 1271 10.40 14.50 20.41 0.228 99
C- 265 18.8 5445 229 342
637980 Mac S2 19F 0.17 19.3 27.16 325 342 133 5 92.89 36.32 3.19 5 2.07 5 0 8 1.49 12.44 11.32 15.83 2227 0.222 97
- 272 18.4 4332 203 28.5
637981 Mac S2 20F 0.18 254 24.20 325 390 147 0 94.51 35.82 3.62 6 1.79 1 5 3 1.32 11.00 11.52 12.69 19.85 0.223 112
- 259 19.4 584.8 20.7 277
637982 Mac S2 21F 0.19 26.5 28.19 323 333 125 8 94.14 35.46 3.33 6 1.57 2 2 3 1.32 11.00 11.35 16.84 23.12 0.216 92
- 247 20.5 3162 17.4 34.6
637983 Mac S2 22F 0.20 235 19.88 324 428 179 4 85.30 35.69 3.50 2 1.62 3 7 2 1.54 12.82 10.51 9.37 16.31 0.225 124
- 248 20.6 346.8 18.1 333
637984 Mac S2 23F 0.21 214 20.84 323 414 169 5 86.31 35.41 3.69 7 1.40 S 4 0 1.50 12.52 10.60 10.24 17.09 0.224 119
C- 274 19.4 369.0 17.4 36.2
637985 Mac S2 24F 0.22 257 2239 327 427 150 3 95.76 33.70 3.66 0 1.37 2 7 9 1.55 12.90 11.58 10.81 18.36 0.223 122
C- 275 18.7 647.8 26.5 311
637986 Mac S2 25F 0.23 21.6 30.54 325 318 111 0 97.38 3391 3.57 0 1.93 7 6 8 1.40 11.68 11.73 18.81 25.04 0.220 90
C- 27.1 18.7 394.1 18.9 34.6
637987 Mac S2 26F 0.24 239 2337 325 421 147 8 98.52 34.47 3.78 1 131 3 3 6 1.48 12.36 11.81 11.56 19.17 0.216 116
C- 27.6 19.0 3240 17.6 28.0
637988 Mac S2 27F 0.25 27.0 20.93 321 442 161 8 92.61 33.79 3.74 0 1.26 0 2 1 1.31 1091 11.33 9.59 17.16 0.230 132
C- 263 18.6 523.8 243 29.1
637989 Mac S2 28F 0.26 219 26.53 323 348 124 9 92.50 33.11 3.69 6 1.57 3 9 6 1.34 11.15 11.20 15.33 21.76 0.222 99
- 263 183 464.4 18.8 337
637990 Mac S2 29F 0.27 24.1 2432 318 361 142 1 87.97 34.71 3.71 8 1.20 5 0 8 1.45 12.07 10.84 13.47 19.94 0.230 108
C- 259 19.4 326.5 17.7 36.8
637991 Mac S2 30F 0.28 27.1 21.02 324 450 158 7 94.77 33.41 3.36 3 1.52 4 2 5 1.57 13.06 11.35 9.67 17.23 0.215 123
- 26.5 18.3 389.9 17.6 30.0
637992 Mac S2 31F 0.29 20.6 2221 316 394 151 3 87.62 33.65 3.88 2 1.56 2 9 7 1.35 11.27 10.82 11.39 18.21 0.232 119
- 279 19.7 623.5 21.6 32.1
637993 Mac S2 32F 0.30 257 29.94 327 333 115 5 99.88 34.72 3.63 3 1.50 4 9 0 1.45 12.05 12.00 17.94 24.55 0.219 93
- 30.1 18.8 469.9 224 31.8
637994 Mac S2 33F 0.31 26.7 27.09 326 418 125 0 113.36 34.08 3.52 8 1.56 6 6 B} 1.42 11.81 13.31 13.78 22.21 0.210 111
C- 30.2 19.0 629.9 239 34.6
637995 Mac S2 34F 0.32 26.0 30.92 327 343 111 5 106.14 34.39 3.47 3 1.37 0 7 1 1.49 12.44 12.71 1821 25.35 0.222 97
C- 29.6 19.0 2974 15.6 30.7
637996 Mac S2 35F 0.33 24.5 21.27 325 489 162 7 104.16 34.51 3.51 5 1.15 1 3 1 1.38 11.51 12.49 8.78 17.44 0.222 139
C- 332 18.0 404.1 17.3 272
637997 Mac S2 36F 0.34 334 2527 327 446 132 8 112.86 33.60 3.36 9 1.06 3 9 8 1.26 10.50 13.50 11.77 20.72 0.228 131
C- 39.9 14.1 534.0 257 21.5
637998 Mac S2 37F 0.35 249 31.55 326 429 92 8 135.56 29.24 3.34 3 1.19 0 2 3 1.00 8.32 15.89 15.67 25.87 0.228 126
C- 39.1 14.6 565.8 23.1 19.3
637999 Mac S2 38F 0.36 28.1 32.50 329 426 89 9 138.61 29.11 3.39 4 1.03 7 1 9 0.95 7.92 16.07 16.42 26.65 0.220 120
C- 37.5 15.2 575.8 263
638000 Mac S2 39F 0.37 22.1 31.89 327 400 94 5 127.66 30.20 3.59 9 1.51 8 6 9.04 0.70 5.80 15.05 16.84 26.15 0.227 117
C- 36.5 16.1 334.0 19.2 247
638001 Mac S2 40F 0.38 31.4 24.10 327 488 132 1 117.84 31.83 3.61 9 1.12 9 2 7 1.14 9.51 14.17 9.94 19.76 0.237 151
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C- 34.1 16.9 467.5 238 274
638002 Mac S2 41F 0.39 20.6 27.52 327 419 110 1 115.55 30.53 3.56 1 1.64 6 9 9 1.25 10.39 13.74 13.78 22.56 0.228 123
C- 30.4 18.7 5155 229 31.3
638003 Mac S2 42F 0.40 25.1 2791 329 386 119 2 107.91 33.41 3.66 1 1.86 5 5 5 1.41 11.71 12.87 15.04 22.89 0.220 108
C- 35.4 14.9 383.1 23.0 235
638004 Mac S2 43F 0.41 255 24.73 321 440 123 8 108.86 30.44 4.03 7 1.23 2 1 2 1.08 8.97 13.30 11.43 20.28 0.246 143
- 325 15.4 3625 24.6 26.6
638005 Mac S2 44F 0.42 20.7 2332 316 430 134 6 100.33 31.29 4.56 0 1.57 7 9 0 118 9.83 12.38 10.95 19.13 0.245 139
- 373 14.8 295.0 16.9 23.0
638006 Mac S2 45F 0.43 23.7 2271 320 505 131 3 114.78 29.91 3.90 2 1.44 2 2 1 1.06 8.86 13.94 8.77 18.63 0.245 164
- 27.6 17.9 538.7 26.0 27.5
638007 Mac S2 46F 0.44 19.9 27.08 320 338 121 0 91.75 32.86 4.62 7 1.46 5 5 3 1.27 10.60 11.27 15.81 2221 0.231 101
C- 29.6 17.1 349.7 19.1 26.1
638008 Mac S2 47F 0.45 283 22.16 318 434 146 2 96.37 3245 4.27 1 1.31 7 1 B} 1.21 10.07 11.81 10.36 18.17 0.235 133
C- 29.7 17.1 500.7 224 273
638009 Mac S2 48F 0.46 26.8 2643 316 364 122 5 96.23 32.46 4.50 7 1.40 3 2 3 1.24 10.36 11.82 14.62 21.68 0.236 112
C- 284 17.0 4533 248 278
638010 Mac S2 49F 0.47 24.0 25.26 317 387 127 3 97.89 32.10 4.46 4 1.44 8 0 6 1.26 10.46 11.83 13.43 20.72 0.225 112
- 303 16.0 440.8 23.1 272
638011 Mac S2 50F 0.48 225 2545 324 409 116 3 104.13 29.75 3.64 5 1.98 5 0 0 1.22 10.18 12.44 13.01 20.87 0.226 119
- 289 17.1 523.1 227 34.1
638012 Mac S2 S1F 0.49 225 2742 327 371 114 2 101.92 31.47 3.59 1 2.07 3 8 B} 1.44 12.02 12.18 15.24 2249 0.221 105
C- 264 19.0 483.2 228 318
638013 Mac S2 52F 0.50 237 25.92 328 382 125 7 99.09 32.42 3.79 3 1.89 3 9 4 1.43 11.90 11.76 14.16 21.25 0.211 102
C- 255 19.0 508.9 24.6 283
638014 Mac S2 53F 0.51 214 25.61 327 340 126 5 87.10 32.48 4.17 5 1.46 2 0 4 1.32 11.03 10.67 14.93 21.00 0.227 99
C- 273 18.9 406.3 20.6 28.7
638015 Mac S2 54F 0.52 32.3 2349 327 405 142 9 95.26 33.35 3.56 6 1.65 2 4 5 1.34 11.14 11.52 11.97 19.26 0.223 116
- 289 18.8 659.5 235 26.8
638016 Mac S2 55F 0.53 359 31.01 329 320 108 6 99.40 33.52 3.74 4 1.52 2 5 0 1.28 10.64 12.02 19.00 25.43 0.226 93
- 282 18.9 440.6 19.5 30.3
638017 Mac S2 56F 0.54 29.1 2528 328 417 127 7 105.48 32.33 3.16 0 1.98 4 0 4 1.39 11.54 12.43 12.85 20.73 0.211 111
C- 289 19.4 595.6 21.8 321
638018 Mac S2 S7F 0.55 28.2 29.53 327 351 111 4 103.79 3297 2.98 1 2.14 2 2 2 1.45 12.09 12.35 17.18 24.22 0.218 97
C- 30.6 18.4 535.1 208 257
638019 Mac 82 58 0.56 34.2 28.65 330 390 112 1 111.75 32.24 3.55 3 1.27 3 0 3 1.23 10.26 13.16 15.49 23.49 0.215 106
C- 29.7 204 429.4 215 33.6
638020 Mac S2 59 0.57 245 25.13 328 413 134 9 104.02 33.87 3.94 2 1.35 3 5 6 1.50 12.53 12.50 12.64 20.61 0.223 118
- 305 204 366.0 17.0 299
638021 Mac S2 60 0.58 235 23.45 327 452 146 9 106.24 34.25 3.18 4 1.83 5 3 6 1.41 11.78 12.74 10.71 19.23 0.224 130
- 30.8 21.0 407.3 19.1 328
638022 Mac S2 61 0.59 255 24.97 328 437 139 4 109.28 34.94 3.28 4 1.48 9 6 0 1.50 12.50 13.03 11.93 2047 0.220 123
C- 292 202 569.6 217 379
638023 Mac 82 62 0.60 27.6 29.04 328 363 118 7 105.49 34.40 3.44 4 1.65 8 0 8 1.62 13.53 12.58 16.47 23.81 0.217 100
C- 29.6 21.0 403.0 208 389
638024 Mac S2 63 0.61 239 24.46 329 427 145 6 104.68 35.70 342 0 1.83 1 6 3 1.67 13.95 12.58 11.89 20.06 0.221 121
C- 327 204 3245 19.0 347
638025 Mac S2 64 0.62 25.7 23.01 329 482 148 7 111.06 34.15 3.61 7 1.29 7 6 6 1.53 12.78 13.34 9.67 18.87 0.228 142
- 333 19.7 467.0 20.2 347
638026 Mac S2 65 0.63 244 27.68 330 430 119 4 119.28 33.18 4.00 0 1.37 3 2 6 1.51 12.62 14.08 13.60 22.70 0.218 120
- 314 21.1 4222 17.9 30.5
638027 Mac S2 66 0.64 337 25.40 330 430 141 3 109.39 35.87 3.07 7 1.58 9 3 1 1.44 12.03 13.11 12.29 20.83 0.223 123
C- 336 202 5363 20.8 357
638028 Mac 82 67 0.65 229 28.62 327 374 123 5 107.15 3529 3.30 6 1.43 4 2 8 1.56 12.99 13.10 15.52 23.47 0.239 117
C- 299 225 587.5 21.1 38.1
638029 Mac S2 68 0.66 26.8 28.94 327 336 128 8 97.42 37.24 3.12 9 1.65 0 4 4 1.69 14.10 12.01 16.93 23.73 0.235 103
C- 33.0 21.1 3584 159 357
638030 Mac S2 69 0.67 29.7 23.62 330 460 146 9 108.73 34.53 3.37 3 1.23 1 2 7 1.58 13.15 13.17 10.46 19.37 0.233 140
- 333 21.0 5852 17.9 311
638031 Mac S2 70 0.68 354 29.99 330 364 118 4 109.33 35.46 3.11 1 1.38 7 5 1 1.45 12.09 13.26 16.73 24.59 0.234 111
C- 315 19.3 3693 15.9 318
638032 Mac S2 71 0.69 24.6 23.01 327 435 142 9 100.19 32.90 2.94 8 1.41 S 4 8 1.43 11.90 12.25 10.76 18.87 0.240 137
C- 277 217 565.7 237 29.3
638033 Mac 82 72 0.70 232 28.19 325 345 121 8 97.33 34.37 3.25 3 1.74 2 2 1 1.43 1191 11.75 16.45 23.12 0.222 98
C- 255 226 385.1 205 369
638034 Mac S2 73 0.71 25.1 22.06 324 393 157 9 86.75 34.83 3.23 6 1.64 6 2 5 1.66 13.84 10.67 11.38 18.09 0.228 116
C- 279 217 5523 214 339
638035 Mac S2 74 0.72 239 27.29 325 336 129 6 91.71 35.29 3.21 4 1.51 7 9 3 1.55 12.92 11.30 15.99 2238 0.234 102
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C- 27.5 24 3301 | 178 | 324
638036 Mac 82 75 073 29.3 20.95 325 433 165 4 90.80 | 3477 | 3.41 1 127 4 6 9 152 12.70 1118 9.77 17.18 0233 131
- 19.9 252 4339 | 186 | 349
638037 Mac 82 76 0.74 28.9 21.57 322 335 160 0 7229 | 3460 | 253 3 2.10 3 4 3 1.69 14.05 8.93 12.63 17.68 0216 )
3 236 227 4840 | 202 | 307
638038 Mac 277 075 26 24.23 323 340 146 9 8239 | 3538 | 3.4 6 184 5 8 9 1.50 12.50 10.16 14.07 19.87 0223 97
C- 20.7 233 5840 | 211 | 296
638039 Mac 278 076 277 25.90 323 282 130 9 7315 | 3369 | 301 7 1.69 1 1 4 148 12.35 9.07 16.83 21.24 0221 80
C- 26.8 223 3622 | 195 | 39.1
638040 Mac 82 79 0.77 22 21.70 325 410 162 3 8908 | 3518 | 329 6 161 5 2 0 171 14.26 10.99 10.72 17.80 0231 123
C- Mac S3 1F (living 64.6 1415 | 141
638041 layer) 30.1 21.41 312 561 182 9 12020 | 3899 | 343 | 778 | 1.03 8 3 591 0.40 330 16.95 447 17.56 0350 302
- 70.1 165 | 222
638042 Mac 83 2F 12.1 19.70 307 569 185 7 11219 | 3648 | 386 | 888 | 094 | 8471 5 3 087 725 16.68 3.02 16.15 0385 356
- 61.9 10.0 1491 | 224 | 169
638043 Mac S3 3F 001 113 2116 308 529 193 8 11200 | 41.02 | 4.53 4 128 1 1 4 0.76 636 16.13 5.03 17.35 0.356 202
C- 67.7 1565 | 214 | 208
638044 Mac S3 4F 0.02 14.8 22.18 308 527 178 1 11708 | 3953 | 439 | 943 101 2 9 8 0.85 7.07 17.00 5.19 18.19 0366 305
C- 575 10.1 1824 | 181 | 143
638045 Mac 83 5F 0.03 12.6 21.64 308 526 184 0 11387 | 3990 | 453 4 148 8 5 2 0.70 5.82 15.88 5.5 17.74 0336 265
C- 58.7 607.9 | 480 | 286
638046 Mac S3 6F 0.04 738 34.68 308 331 106 1 11490 | 3679 | 584 | 984 | 147 2 0 0 1.08 9.00 16.04 18.64 28.44 0338 169
- 712 1385 | 250 | 222
638047 Mac 83 7F 0.05 9.7 2115 305 508 155 9 10757 | 3296 | 405 | 987 | 133 3 0 0 0.90 753 16.30 4.85 17.35 0399 337
- 733 2360 | 235 | 100
638048 Mac S3 8F 0.06 17.6 23.84 304 444 147 7 10593 | 3509 | 3.84 | 893 156 0 6 2 0.55 459 16.39 7.45 19.55 0.409 307
C- 67.9 2302 | 201 | 188
638049 Mac S3 9F 0.07 1.5 23.79 306 460 150 4 10945 | 3590 | 408 | 926 | 144 4 6 3 0.80 6.64 16.26 753 19.51 0383 285
C- 70.4 12.2 4479 | 356 | 106
638050 Mac S3 10F 0.08 243 30.99 313 385 106 9 11930 | 3286 | 3.67 6 250 8 8 6 0.68 5.66 17.24 13.75 25.41 0371 227
- 773 11.4 3109 | 271
638051 Mac S3 11F 0.09 34.1 26.97 304 421 122 4 11362 | 3300 | 374 8 1.82 2 1 5.68 051 4.23 17.33 9.64 22.12 0.405 286
- 66.4 13.0 257.1 | 242
638052 Mac 3 12F 0.10 311 23.18 301 422 145 1 98.01 3368 | 452 5 1.67 9 5 747 0.60 4.96 15.12 8.05 19.00 0.404 286
3 58.4 12.9 4064 | 350 | 137
638053 Mac S3 13F 011 16.6 26.48 301 358 91 8 9492 | 2410 | 339 9 226 2 9 4 078 648 13.89 12.59 2171 0381 220
C- 61.9 12.7 4268 | 389 | 121
638054 Mac S3 14F 0.12 15.8 28.84 299 383 86 0 11070 | 2483 | 3.02 5 252 2 5 3 0.73 6.11 15.53 1331 23.65 0359 214
C- 69.3 10.3 4125 | 303 | 103
638055 Mac S3 15F 0.13 25.8 29.39 303 403 36 8 11845 | 2543 | 347 9 127 6 3 9 0.59 4.95 16.84 12.55 24.10 0369 236
- 79.1 1038 2595 | 215
638056 Mac S3 16F 0.14 36.0 26.63 306 487 97 2 12076 | 2602 | 3.08 4 137 6 8 591 049 4.05 18.63 8.00 21.84 0379 297
3 7238 1.5 3450 | 285
638057 Mac 3 17F 0.15 19.8 27.96 307 428 98 4 11997 | 2749 | 3.74 3 1.28 7 8 726 054 4.50 17.33 10.64 22.93 0378 260
3 74.1 114 2820 | 309 | 146
638058 Mac S3 18F 0.16 14.4 26.33 301 450 103 2 11849 | 2721 | 3.56 3 204 7 1 7 0.76 630 17.31 9.02 21.59 0385 281
C- 77.3 12,0 257 | 263 | 182
638059 Mac S3 19F 0.17 14.6 24.86 296 468 131 2 11643 | 3260 | 404 3 1.87 0 9 0 0.86 720 17.57 729 20.38 0399 311
C- 775 1.2 1055 | 156 | 167
638060 Mac S3 20F 0.18 14.3 19.38 293 484 195 4 93.93 | 3785 | 447 2 138 4 6 2 0.79 6.60 15.83 3.55 15.89 0452 400
- 72.1 121 1030 | 134 | 222
638061 Mac $3 21F 0.19 15.8 19.26 294 516 199 4 99.51 3845 | 481 6 1.50 5 0 0 097 8.08 15.88 338 15.79 0.420 374
3 75.9 12.2 1253 | 148 | 127
638062 Mac S3 22F 020 154 19.19 21 446 21 8 8563 | 42.57 | 4.56 4 182 9 9 4 0.72 6.00 15.13 4.06 15.74 0.470 395
C- 75.8 1.1 1070 | 208 | 487
638063 Mac $3 23F 021 13.9 19.17 21 465 209 5 8928 | 4021 | 451 4 162 2 6 5 167 13.90 15.36 3.81 15.72 0.459 395
C- 711 11.0 2075 | 257 | 314
638064 Mac S3 24F 022 14.9 22.60 293 448 154 3 10149 | 348 | 409 4 1.98 2 9 0 1.20 10.00 15.84 6.77 18.54 0412 314
C- 744 1.2 1428 | 215 | 199
638065 Mac 3 25F 023 20.9 24.94 382 605 113 9 15098 | 2833 | 352 6 150 2 1 2 0.88 736 20.12 4.8 20.45 0330 298
- 74.9 129 2737 | 233 | 178
638066 Mac S3 26F 024 26.3 26.83 308 479 116 4 12863 | 3129 | 3.54 0 249 5 1 9 0.89 7.44 18.36 8.47 22.00 0368 279
- 88.0 10.4 2778 | 283 | 200
638067 Mac $3 27F 025 19.1 2851 290 466 [ 9 13312 | 2638 | 4.02 5 121 1 2 9 0.86 7.16 19.72 8.79 2338 0.398 308
C- 83.7 3089 | 234
638068 Mac 3 28F 026 42.5 29.31 288 479 81 5 14048 | 2400 | 322 | 941 126 1 1 9.56 0.54 454 19.88 9.43 24.03 0373 285
C- 863 10.5 2842 | 320 | 160
638069 Mac S3 29F 027 25 28.82 289 466 93 5 13435 | 2692 | 397 3 124 7 3 6 0.75 6.26 19.69 9.13 23.63 0391 299
C- 85.1 10.9 217 | 207 | 115
638070 Mac S3 30F 028 28.2 27.45 291 524 112 0 14409 | 3097 | 3.84 0 L17 8 4 0 0.64 530 20.52 6.94 2251 0371 309
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C- 82.0 11.2 17.3 232
638071 Mac S3 31F 0.29 15.1 19.05 287 473 203 8 90.13 38.78 4.05 3 1.87 87.76 8 1 0.98 8.16 1591 3.14 15.62 0.477 430
- 77.8 11.4 149.9 16.7 262
638072 Mac S3 32F 0.30 14.6 19.85 287 421 197 5 83.74 39.28 4.75 6 1.37 2 8 4 1.06 8.81 15.04 4.81 16.27 0.482 392
- 72.0 12.2 156.4 17.6 257
638073 Mac S3 33F 0.31 17.5 19.45 288 421 208 2 82.00 40.53 4.47 0 1.79 2 0 4 1.07 8.94 14.43 5.02 15.95 0.468 370
C- 86.6 11.0 228.1 237 152
638074 Mac S3 34F 0.32 252 28.00 293 518 112 0 145.24 31.44 3.81 8 1.44 1 3 9 0.75 6.25 20.76 7.24 22.96 0.374 309
C- 82.9 11.7 21255 225 19.5
638075 Mac S3 35F 0.33 19.2 24.49 290 457 141 1 111.93 34.68 4.11 0 1.82 9 5 4 0.89 7.42 17.72 6.76 20.08 0.426 338
C- 70.6 12.0 258.4 252 15.6
638076 Mac S3 36F 0.34 239 2275 288 372 185 9 84.80 4230 4.96 2 1.47 2 7 4 0.79 6.55 14.61 8.13 18.65 0.455 310
- 71.3 123 287.4 215 16.9
638077 Mac S3 37F 0.35 232 23.92 288 379 176 2 90.65 4231 4.72 4 1.42 8 4 6 0.83 6.91 15.15 8.76 19.61 0.440 298
- 76.2 11.4 241.0 217 12.4
638078 Mac S3 38F 0.36 32.8 23.19 288 398 177 7 92.41 41.18 4.62 8 1.36 4 7 0 0.68 5.67 15.69 7.51 19.02 0.452 328
- 68.2 11.8 3162 259 17.5
638079 Mac S3 39F 0.37 18.1 24.40 288 360 172 4 87.88 41.99 5.07 5 1.43 9 8 8 0.83 6.94 14.66 9.74 20.01 0.437 279
C- 95.5 1643 23.1 132
638080 Mac S3 40F 0.38 262 27.99 297 569 88 8 159.50 24.76 3.09 9.61 1.41 4 7 1 0.65 5.44 22.52 5.48 22.96 0.375 341
C- 80.8 11.0 358.8 352 13.6
638081 Mac S3 41F 0.39 239 30.25 292 432 91 8 130.96 27.71 3.60 7 1.50 8 3 7 0.71 5.89 18.95 11.30 24.80 0.382 267
C- 83.1 10.6 403.0 274 10.3
638082 Mac S3 42F 0.40 289 30.98 290 403 107 3 125.17 33.38 4.09 2 1.20 5 2 0 0.60 4.97 18.82 12.17 25.41 0.399 268
- 75.9 12.0 313.6 254 12.1
638083 Mac S3 43F 0.41 28.6 2551 288 374 155 0 95.49 39.55 4.43 7 1.28 7 2 5 0.69 5.73 15.86 9.64 20.92 0.443 297
- 79.5 11.8 217.1 214
638084 Mac S3 44F 0.42 26.1 22.89 287 410 171 8 93.90 39.37 4.72 1 1.38 0 6 9.87 0.62 5.17 16.05 6.84 18.77 0.459 347
C- 737 12.5 317.7 299
638085 Mac S3 45F 0.43 36.6 26.68 289 405 143 8 108.20 38.31 4.37 9 1.33 S 1 8.01 0.59 4.92 16.73 9.95 21.87 0.405 276
C- 74.4 11.4 204.4 26.6 142
638086 Mac S3 46F 0.44 22.0 2220 288 417 172 0 92.72 38.18 4.50 2 1.64 9 9 2 0.73 6.12 15.47 6.72 18.20 0.445 335
C- 65.1 12.6 559.5 345
638087 Mac S3 47F 0.45 34.2 30.86 287 271 128 5 85.49 39.61 4.66 4 1.42 9 8 9.25 0.63 5.23 14.11 16.74 2530 0.432 211
C- 87.1 11.2 185.8 20.7 14.5
638088 Mac S3 48F 0.46 225 28.48 295 583 103 5 166.09 29.57 3.66 7 1.52 2 1 0 0.74 6.13 22.52 5.96 2335 0.344 306
C- 70.8 11.9 4245 327 15.5
638089 Mac S3 49F 0.47 228 28.12 287 326 139 0 91.89 39.22 4.78 6 1.52 3 4 1 0.78 6.51 15.14 12.98 23.06 0.435 251
- 74.8 12.7 239.5 35.1 119
638090 Mac S3 50F 0.48 23.6 28.95 389 554 89 3 160.64 25.96 3.22 4 2.22 2 0 6 0.72 6.01 20.91 8.04 23.74 0.318 258
- 74.8 12.7 532.6 47.0 10.8
638091 Mac S3 51F 0.49 31.3 38.50 329 448 70 0 172.73 27.05 3.06 6 2.15 7 4 1 0.69 5.74 21.95 16.54 31.57 0.302 194
C- 91.4 10.1 160.7 212 16.8
638092 Mac S3 52F 0.50 20.8 28.56 296 603 87 4 172.29 24.85 3.33 5 1.51 9 2 1 0.77 6.40 23.27 5.29 23.42 0.347 320
- 90.6 12.2 1525 21.8 243
638093 Mac S3 53F 0.51 16.9 27.85 300 596 97 0 166.11 27.20 3.43 2 1.88 6 9 2 1.04 8.64 22.75 5.10 22.84 0.353 325
C- 71.0 12.6 247.7 29.0 149
638094 Mac S3 54F 0.52 273 23.05 287 390 175 6 90.07 40.44 4.97 6 1.67 2 8 9 0.79 6.58 15.05 8.00 18.90 0.441 308
C- 85.1 12.3 500.2 50.4 135
638095 Mac S3 55F 0.53 23.7 38.26 389 436 80 7 166.84 30.67 3.67 3 1.84 7 0 4 0.74 6.21 22.45 15.80 31.37 0.338 222
C- 83.8 12.2 245.0 355
638096 Mac S3 56F 0.54 253 29.53 391 523 105 2 154.63 31.08 4.06 2 1.41 9 4 9.97 0.64 5.30 2132 8.21 2421 0.352 283
C- 79.7 12.7 439.2 445
638097 Mac S3 57F 0.55 30.2 3421 394 429 90 1 146.81 31.07 4.21 8 1.52 7 8 6.39 0.56 4.63 2031 13.89 28.05 0.352 233
C- 97.5 10.0 227.1 347 11.3
638098 Mac S3 58 0.56 224 31.84 388 555 76 0 176.83 24.29 3.46 3 111 7 4 7 0.61 5.06 24.15 7.68 26.11 0.355 306
- 89.8 11.2 268.2 385 16.1
638099 Mac S3 59 0.57 20.7 30.48 389 498 91 0 152.03 27.79 3.85 5 1.62 3 6 6 0.78 6.52 21.51 8.97 24.99 0.371 294
C- 84.4 113 316.7 35.0
638100 Mac S3 60 0.58 34.3 30.21 393 458 110 4 138.48 33.46 4.19 7 1.28 9 2 9.79 0.60 5.04 20.07 10.14 24.77 0.379 279
- 78.6 11.7 310.0 40.0 16.4
638101 Mac S3 61 0.59 20.5 28.54 393 435 115 0 12431 33.03 4.50 5 1.45 6 2 9 0.80 6.68 18.37 10.17 23.41 0.387 275
- 96.5 11.0 213.6 285
638102 Mac S3 62 0.60 314 29.94 384 537 100 4 160.80 30.05 3.73 9 1.55 4 3 9.99 0.61 5.07 22.89 7.05 24.55 0.375 322
- 88.7 11.7 289.5 323 14.0
638103 Mac 83 63 0.61 212 28.68 289 441 113 3 126.59 32.60 4.00 5 1.78 0 1 1 0.74 6.17 19.40 9.28 23.52 0.412 309
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C- 81.0 11.4 586.4 63.1
638104 Mac 83 64 0.62 22.3 37.04 387 334 71 0 124.03 26.49 3.64 7 1.61 6 3 9.75 0.61 5.1 18.34 18.70 30.37 0.395 218
C- 70.7 12.7 3933 36.8 10.7
638105 Mac S3 65 0.63 27.8 27.11 286 322 148 9 87.52 40.29 5.07 4 1.57 4 2 8 0.68 5.63 14.81 12.31 2223 0.447 261
C- 86.6 10.2 185.7 28.7 10.6
638106 Mac S3 66 0.64 23.6 25.77 389 518 90 0 133.54 23.42 2.22 7 1.21 7 6 6 0.60 4.97 19.47 6.30 21.13 0.393 336
- 94.1 12.0 2449 317
638107 Mac S3 67 0.65 24.1 30.65 390 523 92 1 160.57 28.46 348 9 1.73 9 1 9.33 0.62 5.18 22.61 8.04 25.13 0.370 307
- 79.9 11.0 349.8 482 135
638108 Mac S3 68 0.66 273 30.62 391 436 84 6 133.80 25.89 2.69 1 0.94 2 1 0 0.69 5.74 19.01 11.61 25.11 0.374 261
C- 95.1 10.7 314.8 39.3 255
638109 Mac S3 69 0.67 228 30.12 388 424 90 3 127.81 27.30 3.15 6 1.07 5 1 4 1.01 8.44 19.85 10.27 24.70 0.427 315
- 78.2 11.7 383.1 46.8 18.7
638110 Mac S3 70 0.68 23.8 30.54 388 402 97 4 122.94 29.85 3.12 4 1.49 2 2 2 0.86 7.19 18.08 12.46 25.04 0.389 256
- 96.4 10.7 399.0 39.7 182
638111 Mac S3 71 0.69 245 35.54 388 460 71 5 163.70 25.48 2.96 8 1.04 1 4 1 0.81 6.77 22.96 12.59 29.15 0.371 271
C- 80.7 11.8 3729 445 15.8
638112 Mac 83 72 0.70 294 30.70 391 413 96 3 127.04 29.57 3.14 6 111 9 0 1 0.78 6.49 18.63 12.08 25.18 0.389 262
C- 90.0 115 3492 385 11.8
638113 Mac 83 73 0.71 334 3244 388 460 86 2 149.43 28.03 3.00 7 1.09 1 1 8 0.66 5.52 21.27 1117 26.60 0.376 277
C- 80.4 11.8 440.2 49.0 218
638114 Mac S3 74 0.72 217 31.03 390 343 102 4 106.53 31.70 3.24 6 1.44 8 0 7 0.95 7.92 16.93 14.11 25.45 0.430 259
C- 82.8 11.6 5255 448 13.7
638115 Mac S3 75 0.73 273 36.43 385 392 81 2 143.18 29.60 3.22 9 1.12 6 5 0 0.72 5.97 20.18 16.26 29.88 0.366 227
- 97.2 11.0 2429 253 17.1
638116 Mac S3 76 0.74 23.1 29.50 384 504 89 2 148.92 26.27 2.56 5 1.63 6 5 2 0.80 6.69 21.78 7.71 24.19 0.395 329
C- 101. 11.0 448.1 48.4 16.9
638117 Mac 83 77 0.75 252 3741 388 428 2 17 160.32 27.20 2.53 7 1.60 1 5 7 0.80 6.66 23.11 14.30 30.68 0.387 270
C- 924 11.0 296.8 273 16.7
638118 Mac 83 78 0.76 20.2 31.56 307 504 85 0 159.38 26.92 2.98 2 1.35 4 8 8 0.79 6.56 22.29 9.27 25.88 0.367 292
C- Mac S4 IF (living 17.9 20.7 356.0 16.1 12.8
638119 layer) 229 17.97 310 323 196 4 58.19 35.30 2.22 4 1.87 0 1 5 0.96 7.97 7.57 10.40 14.73 0.236 99
C- 17.0 217 517.8 19.7 12.3
638120 Mac S4 2F 18.1 21.99 308 234 172 7 51.61 38.01 2.10 4 2.54 5 3 5 0.98 8.20 7.02 14.97 18.03 0.249 77
- 17.5 217 621.5 18.8 114
638121 Mac S4 3F 0.01 229 24.69 307 204 148 9 50.59 36.75 2.00 7 2.36 8 2 4 0.96 7.97 6.93 17.76 20.25 0.258 71
C- 14.6 13.3 463.1 17.3
638122 Mac S4 4F 0.02 28.8 19.44 313 249 115 2 48.49 22.49 1.71 4 0.96 5 0 8.81 0.62 5.21 6.07 13.37 15.94 0.232 75
C- 277 18.8 599.5 221
638123 Mac S4 5F 0.03 20.6 28.40 319 316 122 9 89.81 34.71 2.76 8 1.82 9 1 9.91 0.82 6.87 11.10 17.30 23.29 0.236 97
- 27.0 18.2 608.5 29.7 218
638124 Mac S4 6F 0.04 13.0 28.23 313 287 130 8 81.09 36.77 3.01 6 1.70 5 6 9 1.13 9.43 10.36 17.87 23.15 0.250 95
C- 234 175 637.7 26.5
638125 Mac S4 7F 0.05 16.0 27.29 311 244 122 4 66.84 33.47 3.34 9 1.18 8 4 9.98 0.78 6.48 8.75 18.53 2237 0.260 85
- 247 16.2 569.8 21.3
638126 Mac S4 8F 0.06 228 25.74 313 285 115 1 73.45 29.69 2.51 1 1.22 2 4 6.05 0.63 5.28 9.29 16.46 21.11 0.252 95
C- 288 18.8 563.8 20.1 249
638127 Mac S4 9F 0.07 22.8 27.11 318 319 126 0 86.51 34.28 2.44 5 1.58 1 1 9 1.23 10.25 10.87 16.24 22.23 0.250 106
C- 30.4 17.2 683.7 224 240
638128 Mac S4 10F 0.08 224 31.60 322 312 101 0 98.82 31.97 2.39 6 1.67 0 4 7 1.16 9.69 11.99 19.61 2591 0.235 96
- 26.6 18.8 607.9 183 203
638129 Mac S4 11F 0.09 32.1 28.37 319 318 119 8 90.36 33.98 2.31 2 1.44 6 1 1 1.10 9.15 11.01 17.37 23.26 0.228 94
- 349 16.4 566.8 19.6 20.4
638130 Mac S4 12F 0.10 293 28.98 321 353 108 6 102.58 31.55 2.47 8 1.09 2 2 6 1.03 8.59 12.68 16.30 23.76 0.254 120
- 320 16.6 609.4 233 21.7
638131 Mac S4 13F 0.11 235 30.17 323 346 99 1 104.51 29.96 2.39 4 1.07 2 6 3 1.07 8.91 12.55 17.62 24.74 0.234 106
C- 355 16.4 6103 227 20.3
638132 Mac S4 14F 0.12 22.2 30.80 321 350 100 2 108.03 31.10 243 6 1.21 1 5 1 1.03 8.57 13.18 17.62 25.26 0.247 115
C- 34.3 15.4 653.4 233 217
638133 Mac S4 15F 0.13 224 3147 323 327 96 5 103.14 30.25 2.76 2 1.01 5 3 4 1.04 8.63 12.65 18.82 25.81 0.250 109
- 322 17.2 468.0 18.9 29.1
638134 Mac S4 16F 0.14 21.6 25.59 322 380 123 6 97.25 31.70 2.60 5 1.27 8 7 2 1.29 10.77 12.01 13.58 20.98 0.249 126
- 325 16.7 4252 16.8 20.8
638135 Mac S4 17F 0.15 229 25.00 324 422 119 7 105.57 29.85 2.47 1 0.87 2 0 1 1.04 8.68 12.68 12.32 20.50 0.236 130
C- 30.2 16.4 357.0 17.1 222
638136 Mac S4 18F 0.16 17.7 2231 321 438 134 0 97.86 30.05 2.51 7 1.12 9 9 0 1.08 8.99 11.84 10.48 18.30 0.236 135
C- 337 15.7 466.0 20.7 112
638137 Mac S4 19F 0.17 19.1 2592 322 387 111 3 100.43 28.95 2.56 4 1.08 4 0 7 0.76 6.33 12.33 13.60 21.26 0.251 130
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C- 31.2 16.6 497.2 18.4 219
638138 Mac S4 20F 0.18 213 26.36 322 372 120 4 98.25 31.73 2.53 5 1.25 3 4 2 1.08 8.99 12.01 14.35 21.61 0.241 118
- 36.9 14.6 599.8 258 28.1
638139 Mac S4 21F 0.19 19.5 30.62 320 348 97 2 106.61 29.88 2.81 2 0.88 4 5 1 118 9.87 13.15 17.47 25.11 0.257 120
- 40.3 13.1 534.1 249 22,0
638140 Mac S4 22F 0.20 20.1 29.57 320 381 94 9 112.84 27.82 3.03 4 0.91 6 0 3 0.98 8.16 13.93 15.63 24.25 0.264 136
C- 377 14.5 500.2 26.1 233
638141 Mac S4 23F 0.21 18.2 28.63 325 400 99 7 114.63 28.41 2.82 0 0.92 6 5 8 1.05 8.77 13.87 14.76 23.48 0.248 131
C- 325 16.4 4335 19.2 244
638142 Mac S4 24F 0.22 214 25.14 322 408 125 8 102.65 31.43 2.58 8 1.10 3 7 4 1.14 9.50 12.49 12.65 20.61 0.241 129
C- 31.5 16.9 506.4 19.5 247
638143 Mac S4 25F 0.23 23.0 27.67 322 397 112 7 110.09 31.22 2.41 1 1.17 0 8 7 1.16 9.68 13.02 14.65 22.69 0.223 114
- 334 159 648.9 24.1 28.1
638144 Mac S4 26F 0.24 225 31.30 320 328 98 9 102.84 30.98 2.74 3 0.92 2 5 2 1.22 10.18 12.57 18.73 25.67 0.246 106
- 29.5 14.5 531.1 224 25.0
638145 Mac S4 27F 0.25 19.6 26.34 316 333 109 6 87.79 28.86 2.52 1 0.96 S 3 9 1.10 9.17 10.89 15.45 21.60 0.252 112
C- 315 16.4 473.4 20.1 25.6
638146 Mac S4 28F 0.26 19.3 25.46 318 370 123 4 94.27 31.53 2.57 1 0.88 8 0 2 1.17 9.71 11.68 13.77 20.88 0.251 123
C- 33.6 14.8 594.7 238 288
638147 Mac S4 29F 0.27 17.7 29.36 317 331 105 3 97.26 30.85 3.02 0 0.83 4 9 1 1.21 10.06 12.11 17.24 24.07 0.257 114
C- 34.7 14.3 523.6 225 10.0
638148 Mac S4 30F 0.28 18.8 27.35 316 351 112 0 96.07 30.67 3.14 3 0.91 6 5 1 0.68 5.69 12.11 15.25 2243 0.265 126
- 302 15.6 5142 273 19.6
638149 Mac S4 31F 0.29 18.8 2647 316 342 119 0 90.66 31.50 2.72 6 0.92 7 3 4 0.98 8.19 11.27 15.20 21.70 0.250 114
- 293 15.5 522.0 214
638150 Mac S4 32F 0.30 18.5 26.82 318 359 114 1 96.27 30.65 3.05 4 1.00 3 1 7.45 0.65 5.40 11.66 15.15 21.99 0.233 109
C- 30.2 14.5 606.9 240
638151 Mac S4 33F 0.31 184 28.88 315 317 102 5 91.65 29.58 2.44 0 1.26 5 0 8.28 0.65 5.40 11.30 17.58 23.68 0.248 104
C- 329 15.7 6023 265 12.7
638152 Mac S4 34F 0.32 134 31.38 317 374 102 0 117.54 32.02 2.89 9 1.32 5 9 8 0.81 6.73 13.81 17.57 25.73 0.219 104
- 30.1 16.7 5415 28.1 30.1
638153 Mac S4 35F 0.33 129 27.81 317 346 119 0 96.46 33.26 3.02 6 1.64 6 9 8 1.32 10.96 11.83 15.98 22.80 0.238 108
- 36.2 5175 254 14.5
638154 Mac S4 36F 0.34 114 30.25 320 437 66 3 132.49 20.05 3.17 9.80 1.07 4 4 8 0.69 5.73 15.05 15.21 24.81 0.215 119
- 33.0 16.8 607.6 21.0 25.0
638155 Mac S4 37F 0.35 19.0 3391 330 439 90 5 148.93 30.52 2.54 4 1.22 S 5 0 117 9.73 16.44 17.47 27.81 0.182 97
C- 358 16.4 5582 239 12.2
638156 Mac S4 38F 0.36 15.8 30.52 324 396 96 5 120.86 29.53 2.38 7 1.62 9 7 7 0.82 6.82 14.26 16.25 25.02 0.229 117
C- 31.8 18.3 495.0 218 253
638157 Mac S4 39F 0.37 14.6 26.80 324 380 113 9 101.99 30.54 2.69 5 1.52 1 6 5 1.22 10.20 12.36 14.44 2197 0.238 119
- 312 15.8 6223 238 215
638158 Mac S4 40F 0.38 223 30.90 321 354 96 0 109.47 29.91 2.40 6 1.46 5 3 2 1.05 8.76 12.91 17.99 25.34 0.222 100
- 29.4 18.7 483.8 19.8 27.6
638159 Mac S4 41F 0.39 14.9 2543 321 363 126 7 92.45 32.24 2.70 1 1.42 5 5 1 1.29 10.78 11.39 14.05 20.86 0.242 115
- 30.1 18.4 442.1 219 279
638160 Mac S4 42F 0.40 153 24.76 321 390 123 6 96.72 30.53 2.46 4 1.58 9 4 1 1.30 10.82 11.76 13.00 20.30 0.238 121
C- 31.0 16.8 5124 21.1 21.5
638161 Mac S4 43F 0.41 17.7 26.81 323 367 106 2 98.57 28.62 2.30 8 1.64 3 9 9 1.08 9.03 11.93 14.88 21.99 0.239 115
C- 28.7 19.4 484.6 20.6
638162 Mac S4 44F 0.42 18.6 2531 322 359 130 2 90.97 33.03 2.24 8 1.77 4 5 7.52 0.77 6.45 11.21 14.10 20.75 0.240 113
- 29.3 18.0 536.9 264
638163 Mac S4 45F 0.43 14.5 27.02 321 332 129 4 89.86 34.96 2.49 5 2.24 0 4 8.42 0.77 6.42 11.24 15.78 22.15 0.246 108
- 28.1 19.6 556.6 219 239
638164 Mac S4 46F 0.44 17.3 2717 322 329 122 5 89.55 33.23 2.22 9 1.85 0 8 7 1.23 10.25 11.05 16.12 22.28 0.239 103
C- 37.1 18.7 563.2 233 18.7
638165 Mac S4 47F 0.45 24.8 29.85 326 366 108 4 109.43 32.44 2.44 7 1.67 7 9 3 1.06 8.82 13.48 16.36 24.48 0.253 124
C- 33.1 16.5 500.9 16.4 12.2
638166 Mac S4 48F 0.46 26.7 27.16 326 391 108 0 106.41 29.56 221 3 1.53 1 4 8 0.82 6.82 12.79 14.37 22.27 0.237 121
C- 224 15.4 3822 14.6 14.7
638167 Mac S4 49F 0.47 272 20.83 319 403 113 4 83.95 23.64 1.33 7 1.39 9 0 9 0.86 7.13 9.77 11.05 17.08 0.211 107
- 155 124 404.1 14.9
638168 Mac S4 50F 0.48 30.1 18.33 315 307 99 1 56.27 18.15 111 7 1.06 0 7 3.47 0.46 3.81 6.67 11.66 15.03 0.216 84
- 16.1 13.6 392.6 15.4
638169 Mac S4 51F 0.49 259 18.44 314 325 104 3 59.95 19.21 1.26 4 1.16 S 5 6.95 0.59 4.89 7.07 11.37 15.12 0.212 87
C- 15.4 13.5 3713 14.2
638170 Mac S4 52F 0.50 29.5 17.51 315 328 104 7 57.45 18.34 1.21 6 1.00 4 7 4.30 0.51 4.24 6.77 10.74 14.36 0.212 88
C- 16.2 13.7 3832 15.6 11.2
638171 Mac S4 53F 0.51 252 17.85 314 310 113 1 55.51 20.30 1.32 4 1.16 9 3 8 0.71 5.90 6.73 11.12 14.64 0.226 90
C- 17.8 13.7 415.1 17.5 41.9
638172 Mac S4 54F 0.52 25.9 19.71 316 327 102 0 64.52 20.14 1.43 8 1.21 6 0 9 1.55 12.89 7.63 12.07 16.16 0.216 90
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C- 16.4 14.1 408.7 18.0
638173 Mac S4 55F 0.53 26.8 18.87 315 305 110 4 57.73 20.86 1.16 3 1.34 8 2 6.66 0.60 4.97 6.95 11.92 15.48 0.222 87
- 228 214 5313 19.7 20.5
638174 Mac S4 56F 0.54 19.6 24.51 319 297 137 0 72.87 33.73 1.77 3 2.34 1 3 3 1.19 9.96 9.18 15.34 20.10 0.238 93
- 209 20.0 4722 14.9 18.4
638175 Mac S4 57F 0.55 258 21.77 318 297 143 2 64.70 3119 1.86 8 2.00 8 5 3 1.09 9.11 8.25 13.52 17.85 0.244 96
C- 18.3 17.3 504.0 16.5 16.1
638176 Mac S4 58 0.56 26.1 21.79 317 267 120 4 58.31 26.35 1.39 3 1.80 7 8 3 0.95 7.92 7.33 14.46 17.87 0.239 84
C- 44.4 12.1 3139 13.3
638177 Mac $4 59 0.57 204 25.13 325 532 104 3 133.81 26.33 2.15 9 1.68 3 3 8.52 0.60 5.01 16.00 9.13 20.61 0.249 176
C- 19.5 233 602.0 17.9 268
638178 Mac $4 60 0.58 26.8 25.11 320 240 145 6 60.31 36.48 1.98 0 2.31 6 0 8 1.42 11.82 7.92 17.19 20.59 0.245 77
- 19.0 212 512.0 17.9 245
638179 Mac $4 61 0.59 20.1 2244 317 265 147 0 59.64 33.07 1.62 3 2.29 6 7 9 1.30 10.82 7.70 14.74 18.40 0.242 84
- 16.1 217 350.2 11.7 19.7
638180 Mac S4 62 0.60 28.9 16.75 315 302 194 2 50.73 32.53 1.68 9 2.17 1 9 3 118 9.82 6.69 10.06 13.73 0.241 96
C- 209 239 316.5 14.9 27.0
638181 Mac S4 63 0.61 20.0 17.69 318 360 219 2 63.82 38.77 2.41 4 2.62 4 3 0 1.45 12.05 8.42 9.27 14.51 0.247 118

Appendix B: Table of GSC curation numbers (C-#), core labels and depths, and facilities used for analyses of sub-samples.

Core

16PS1

Samples

10
11
12
13
14
15
16

17

GSC Curation
(C-) number

C-638212
C-638213
C-638214
C-638215
C-638216
C-638217
C-638218
C-638219
C-638220
C-638221
C-638222
C-638223
C-638224
C-638225
C-638226
C-638227

C-638228

Sample Name

16PS1 0-5 mm
16PS1 5-10 mm
16PS1 10-15 mm
16PS1 15-20 mm
16PS1 20-25 mm
16PS1 25-30 mm
16PS1 30-35 mm
16PS1 35-40 mm
16PS1 40-45 mm
16PS1 45-50 mm
16PS1 50-55 mm
16PS1 55-60 mm
16PS1 60-65 mm
16PS1 65-70 mm
16PS1 70-75 mm
16PS1 75-80 mm

16PS1 80-85 mm

Depth (cm)

0-0.5

0.5-1

1-1.5

1.5-2

2-2.5

2.5-3

3-35

6-6.5

6.5-7

7-1.5

7.5-8

8-8.5

Plant

macrofossils

14 210 Testate
C Pb Palynology Amoebae
QUB
Carleton
QUB GSC Calgary University
QUB

72

Hg

GSC
Atlantic

ICP-MS

Carbon
Isotope

MMU

HAWK
Pyrolysis

GSC Calgary




18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

C-638229

C-638230

C-638231

C-638232

C-638233

C-638234

C-638235

C-638236

C-638237

C-638238

C-638239

C-638240

C-638241

C-638242

C-638243

C-638244

C-638245

C-638246

C-638247

C-638248

C-638249

C-638250

C-638251

C-638252

C-638253

C-638254

C-638255

C-638256

C-638257

C-638258

C-638259

C-638260

C-638261

C-638262

16PS1 85-90 mm

16PS1 90-95 mm

16PS1 95-100 mm

16PS1 100-105 mm

16PS1 105-110 mm

16PS1 110-115 mm

16PS1 115-120 mm

16PS1 120-125 mm

16PS1 125-130 mm

16PS1 130-135 mm

16PS1 135-140 mm

16PS1 140-145 mm

16PS1 145-150 mm

16PS1 150-155 mm

16PS1 155-160 mm

16PS1 160-165 mm

16PS1 165-170 mm

16PS1 170-175 mm

16PS1 175-180 mm

16PS1 180-185 mm

16PS1 185-190 mm

16PS1 190-195 mm

16PS1 195-200 mm

16PS1 200-205 mm

16PS1 205-210 mm

16PS1 210-215 mm

16PS1 215-220 mm

16PS1 220-225 mm

16PS1 225-230 mm

16PS1 230- 235 mm

16PS1 235-240 mm

16PS1 240-245 mm

16PS1 245-250 mm

16PS1 250-255 mm

9.5-10

10-10.5

10.5-11

11-11.5

11.5-12

12-12.5

12.5-13

13-13.5

13.5-14

14-14.5

14.5-15

15-15.5

15.5-16

16-16.5

16.5-17

17-17.5

17.5-18

18-18.5

18.5-19

19-19.5

19.5-20

20-20.5

20.5-21

21-21.5

21.5-22

22-22.5

22.5-23

23-23.5

23.5-24

24-24.5

24.5-25

25-25.5

QUB

QUB

QUB

QUB
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16PS2

52

53

54

55

56

57

58

59

60

61

62

63

10

11

12

13

C-638263

C-638264

C-638265

C-638266

C-638267

C-638268

C-638269

C-638270

C-638271

C-638272

C-638273

C-638274

C-638275

C-638276

C-638277

C-638278

C-638279

C-638280

C-638281

C-638282

C-638283

C-638284

C-638285

C-638286

C-638287

16PS1 255-260 mm

16PS1 260-265 mm

16PS1 265-270 mm

16PS1 270-275 mm

16PS1 275-280 mm

16PS1 280-285 mm

16PS1 285-290 mm

16PS1 290-295 mm

16PS1 295-300 mm

16PS1 300-305 mm

16PS1 305-310 mm

16PS1 310-315 mm

16PS2 0-5 mm

16PS2 5-10 mm

16PS2 10-15 mm

16PS2 15-20 mm

16PS2 20-25 mm

16PS2 25-30 mm

16PS2 30-35 mm

16PS2 35-40 mm

16PS2 40-45 mm

16PS2 45-50 mm

16PS2 50-55 mm

16PS2 55-60 mm

16PS2 60-65 mm

25.5-26

26-26.5

26.5-27

27-27.5

27.5-28

28-28.5

28.5-29

29-29.5

29.5-30

30-30.5

30.5-31

31-31.5

0.5-1

1-1.5

1.5-2

2-2.5

3-35

3.5-4

4-45

4.5-5

5-5.5

5.5-6

6-6.5

QUB

QUB

AEL AMS

GSC Calgary

AEL AMS
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No material
remaining

No material
remaining

No material
remaining

Carleton GSC
University Atlantic

No material
remaining

GSC Calgary



14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

C-638288

C-638289

C-638290

C-638291

C-638292

C-638293

C-638294

C-638295

C-638296

C-638297

C-638298

C-638299

C-638300

C-638301

C-638302

C-638303

C-638304

C-638305

C-638306

C-638307

C-638308

C-638309

C-638310

C-638311

C-638312

C-638313

C-638314

C-638315

C-638316

C-638317

C-638318

C-638319

C-638320

C-638321

16PS2 65-70 mm

16PS2 70-75 mm

16PS2 75-80 mm

16PS2 80-85 mm

16PS2 85-90 mm

16PS2 90-95 mm

16PS2 95-100 mm

16PS2 100-105 mm

16PS2 105-110 mm

16PS2 110-115 mm

16PS2 115-120 mm

16PS2 120-125 mm

16PS2 125-130 mm

16PS2 130-135 mm

16PS2 135-140 mm

16PS2 140-145 mm

16PS2 145-150 mm

16PS2 150-155 mm

16PS2 155-160 mm

16PS2 160-165 mm

16PS2 165-170 mm

16PS2 170-175 mm

16PS2 175-180 mm

16PS2 180-185 mm

16PS2 185-190 mm

16PS2 190-195 mm

16PS2 195-200 mm

16PS2 200-205 mm

16PS2 205-210 mm

16PS2 210-215 mm

16PS2 215-220 mm

16PS2 220-225 mm

16PS2 225-230 mm

16PS2 230- 235 mm

7.5-8

8-8.5

8.5-9

9-9.5

9.5-10

10-10.5

10.5-11

11-11.5

11.5-12

12-12.5

12.5-13

13-13.5

13.5-14

14-14.5

14.5-15

15-15.5

15.5-16

16-16.5

16.5-17

17-17.5

17.5-18

18-18.5

18.5-19

19-19.5

19.5-20

20-20.5

20.5-21

21-21.5

21.5-22

22-22.5

22.5-23

23-23.5

AEL AMS

AEL AMS

AEL AMS
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18-GTA-79

18-GTA-292

48

49

50

51

52

53

54

55

56

57

58

59

10

11

12

13

14

C-638322

C-638323

C-638324

C-638325

C-638326

C-638327

C-638328

C-638329

C-638330

C-638331

C-638332

C-638333

C-638198

C-638199

C-638200

C-638201

C-638202

C-638203

C-638204

C-638205

C-638206

C-638207

C-638208

C-638209

C-638210

C-638211

C-638182

C-638183

C-638184

16PS2 235-240 mm

16PS2 240-245 mm

16PS2 245-250 mm

16PS2 250-255 mm

16PS2 255-260 mm

16PS2 260-265 mm

16PS2 265-270 mm

16PS2 270-275 mm

16PS2 275-280 mm

16PS2 280-285 mm

16PS2 285-290 mm

16PS2 290-295 mm

18GTA79 +1-0 cm

18GTA79 0-1 cm

18GTA79 1-2 cm

18GTA79 2-3 cm

18GTA79 3-4 cm

18GTA79 4-5 cm

18GTA79 5-6 cm

18GTA79 6-7 cm

18GTA79 7-8 cm

18GTA79 8-9 cm

18GTA79 9-10 cm

18GTA79 10-11 cm

18GTA79 11-12 cm

18GTA79 12-13 cm

18GTA292 +1-0 cm

18GTA292 0-1 cm

18GTA292 1-2 cm

23.5-24
24-24.5
24.5-25
25-25.5
25.5-26
26-26.5
26.5-27
27-27.5
27.5-28
28-28.5
28.5-29
29-29.5
Living Layer
0-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9

9-10

10-11

11-12

12-13

Living Layer

0-1

AEL AMS
QUB
QUB
. G
QUB
S e
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SWAMP
SWAMP
SWAMP
SWAMP
SWAMP
SWAMP
SWAMP
SWAMP
SWAMP
SWAMP

SWAMP

SWAMP +
Duplicate

SWAMP

SWAMP +
Duplicate

SWAMP

GSC Calgary

GSC Calgary



MAC S1

10

11

12

13

4

15

16

10

11

12

13

14

15

16

17

18

19

20

21

C-638185

C-638186

C-638187

C-638188

C-638189

C-638190

C-638191

C-638192

C-638193

C-638194

C-638195

C-638196

C-638197

C-637905

C-637906

C-637907

C-637908

C-637909

C-637910

C-637911

C-637912

C-637913

C-637914

C-637915

C-637916

C-637917

C-637918

C-637919

C-637920

C-637921

C-637922

C-637923

C-637924

C-637925

18GTA292 2-3 cm

18GTA292 3-4 cm

18GTA292 4-5 cm

18GTA292 5-6 cm

18GTA292 6-7 cm

18GTA292 7-8 cm

18GTA292 8-9 cm

18GTA292 9-10 cm

18GTA292 10-11 cm

18GTA292 11-12 cm

18GTA292 12-13 cm

18GTA292 13-14 cm

18GTA292 14-15 cm

Mac S1 1F

Mac S1 2F

Mac S1 3F

Mac S1 4F

Mac S1 5F

Mac S1 6F

Mac S1 7F

Mac S1 8F

Mac S1 9F

Mac S1 10F
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