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Abstract

The freshwater reservoir effect (FRB)the Canadian Subarctic complicates development of
high-resolution age-depth models based on radiocarbon dates from lake sediments. Volcanic
ashfall layers (tephras) provide chronostratigraphic markersahae usedto estimate age
offsets.We describe the first recorded occurrence ofsible tephra in a lacustrine sequence

in the central Northwest Territories. The tephra, observ&bcket Lake, near Yellowknifes
geochemically and stratigraphically attributedhe White River Ash east lobe (WRAe; A.D.
833-850; 1,117-1,106al BP), which originated fronan eruption of Mount Churchill, Alaska.

We also observed the WRAsa cryptotephran Bridge Lake, 130 knto theNE, suggesting

that record®f this tephra are potentially widespraadCNT lakes.The identification of this

tephra presents opportunities for use of the WR#a dating tooln the region ando quantify

the magnitudef the FREn orderto correct radiocarbon age-depth models. Two well-dated
sediment cores from Pocket Lake, containing a visible WRAe record, indicate a FRE of ~200
yearsat the time of the ash deposition, which matches closely with the estimated FRE of ~245
yearsat the lake sediment-water interface. Although additional results from otheritatkes

region are required, this finding implies that FRE estimates for the late Holodderegion,
maybe based either on down-core WRAe/radiocarbon age model offsets,radiocarbon

dates obtained from the sediment-water interface.
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1. Introduction

Thecentral Northwest Territories region of Canada has abundant lakes with well-preserved
sediments that archive continuous records of postglacial Holocene climate variability éCrann
al., 2015). A critical component of any paleoclimate stadie regions the development of
reliable age-depth models, which are principally reliant on radiocarbon dating (Aitken, 1993).
Radiocarbon dating of sedimentary cotaabe carried out on a variety of materials including
terrestrial-derived plant macrofossils, aquatic derived plant macrofossils, and pollen grains. Due
to a general lack of suitable macrofossil material for datilgke sediments within the barren
northern landscapes, bulk organic samples are typically chosen for radiocarbon dating out of
necessity (Oswaldtal., 2005; Cranetal., 2015; Zhowtal., 2015).If bulk sediments have a
large componeraf submerged aquatic organic material, old organic material, or material derived
from carbonate bedrock, washedrom the catchmengt thetime that the sedimerns
deposited, there will ban offset between the radiocarbon content of the contemporaneous
atmosphere and the measured radiocarbon content of the bulk sample. This kfieenhasthe
freshwater reservoir effect (FRE). The occurrence and magnitude of thealRR&'y on a lake-
to-lake basis, and the FRE cannot be closely estimated, the useful resolution of age-depth
modelsis reduced (Abbott and Stafford, 1996; Loetal., 1997; Newmasetal., 1998).

Observation of a white3 to 5-mm-thick depositional uniin two freeze cores from Pocket
Lake (< 4 ha), located within the citimits of Yellowknife, Northwest Territories, suggested
that there may be a tephra deposit, which wbelthe first reported visible occurrence of a
tephra from a lacustrine environmemthe central Northwest Territories. Plinian-type volcanic
eruptions are often associated with copious ash production thdiedastributedoy winds

across a broad geographic area (Walker and Croasdale, 1971). The radulaysrs, known



astephra, provide isochronous stratigraphic horizons useful for correlation within disparate
depositional environments, particularly lake and bogs (Lowe, 20@T)orthwestern North
America, there have been many Plinian-type volcanic eruptions through the Holocene (Pyne-
O’Donnell etal., 2012). Based on the stratigraphic positioning of these white deposés and
existing skeleton age-depth modelvas hypothesized that the Pocket Lake tephra layers may
correlate with the White Riveksh east lobe (WRAe; A.D. 833-8p@vhich originated from a
massive rhyodacite Plinian eruption of Mt. Churchill, Alaska (West and Donaldson, 2002).
other locations, visible evidence of the ash vandhickness from 0.5 m near the souof¢he
eruptionat Mt. Churchill, thinning exponentiallio mm-scale occurrences distal regions west

of Great Slave Lake (Lerbekmo, 2008; Robinson, 2001). Depositional and grain size analysis
indicate that the eruptive plume was 40-45ikrheight and was distributday ~10m/swinds

that were sustainedt this velocity for ~2 days (Lerbekmo, 2008). The presence of the VéRAe

a cryptotephra was also recently recognirelliaine, Nova Scotia, and Newfoundland (Jensen
etal. 2014; Mackayetal., 2016; Pyn&’Donnell etal., 2012). Geochemical and morphological
evidence has also shown that the WRAe correlates wittAth860B” ash (A.D. 846-848)

foundin Greenland and northern Europe (Jereteal., 2014). There have been no reports of the
WRAe from anywhere within the intervening expanse of the Canadian north. The elongate east-
west orientation of the WRAe lobe indicates that strong eastward blowing winds prevailed
during the eruption (West and Donaldson, 200%.the high atmospheric wind patterns over
Alaska trend eastwaird the winter and northwarid the summerit has been concluded that the
WRAe was likely deposited during the winter months (West and Donaldson, 2002). This raises
the possibility of the WRAe being a widespread, but undocumented visible tephra and/or

cryptotephra marker throughout the Canadian north. Recognition of the WHAeket Lake



would represent a first stép this processy extending the visible occurrence of the tephra >100

km further east than previously reported (Robinson, 20&bekmo, 2008; Fig. 1).
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Figure 1. (A) Map showing locatioms study sites (squares) relationto the extenbf the White River Ash after Leberkmo
(2008; dashed line) and Robinson (2001; solid line). Istseivs locatiorof study area within Canada and Alaska. (B) Outtihe
Pocket Lake showing bathymegndcoring location. (C) Outlinef Bridge Lake and coring location.

Refining our understanding of the aerial extent, dynamics, and temporal distribution of the
WRAe and other tephra depositional events across Northwestern Cianaadaicular such
studies inform on the risk associated with long-range ash dispersal from northern Pacific Arc
volcanoes (Bournetal., 2016). For example, the relatively small volume tephra cloud derived
from the 2010 eruptioof the Icelandic volcano Eyjafjallokull caused major European air travel
disruptiors, that cost the global economy billions of dollars (Swineles., 2011; 2013). Most
recently the March 2016 eruption of Pavlof volcano on the Alaska Peninsula sent a plume 11,000
m into the atmosphere, draping areas downwirgkh, and forcing the temporary cancellation of
flights between Yellowknife, Regina and Edmonton, more than 3,000 km downwind (Bxiurne

al. 2016; Canadian Press, 2016).



Subarctic Canada is also a 'canary in a coal mine' for understanding climate change,
which has occurred more rapidly in northern regions than at lower latitudes (Delworth et
al., 2016). Being able to understand the nature of previous climate variability is a key part
of ongoing research. Critical to this research are good age models, which rely on having a
better understanding of reservoir effect in the region, and simply alerting researchers that
cryptotephra chrono-markers are even present in this vast region is important (Lowe et al,,
1997; Lowe, 2011).

The most accurate down-core estimateBERES are derived from sedimentary units
deposited during a knowtime frame, with tephra layers being the most widely used
comparative chronostratigraphic markers (MacDoeahl., 1991). Confirmation that the
observed tephra layes the WRAe would be a significant contributitmthe development of
accurate age models for this region, providing geochronologistawétditional
chronostratigraphic marker.

The purpose of this research was to: 1) determine if the thin tephra units observed in
the Pocket Lake cores could be correlated with the WRAe using its stratigraphic, physical
and geochemical properties and, if so, use the known age of the WRAe to estimate an
absolute FRE for Pocket Lake; 2) compare the FRE obtained for the tephra against the value
obtained from the sediment-water interface to determine the nature of any late Holocene
FRE variability; 3) determine if the WRAe could be identified in another lake in the region
(Bridge Lake) as a cryptotephra and, if so, use the WRAe to characterize the FRE and again
compare the downcore FRE to the estimate at the sediment-water interface. This

contribution also adds novel textural, compositional, environmental and applied use of the



WRA ash, a tephra that has a long history of academic enquiry and continued relevance as a

rather recent and large volcanic eruption (Jensen et al.,, 2014).

2. Methods
2.1 Core collection

Two freeze cores (PKT_1FR and PKT_2FR) were collected < 3 m apart from Pockét Lake
March 2012at a water depth of 3.5 m (Fig. 1). Core Pocket_1F was deternmitled fieldto
have over-penetrated the lake bottom sediment-water intdryes®veral centimeters. Both
cores were transported frozenCarleton University for subsequent analysis. During
stratigraphic logging both cores were obsengecbntain a wispy, white tephtayer < 5mm
thick at 55-56cmin PKT_2FRF1, and 35-36min PKT_1F.

Thecores were subsampled using a custom designed sledge microtome (Magtahber
2011) andn each the tephra layer was further isolatedistilled water and gently agitatéal
isolate any remaining organic material. Visual inspection of the samples under a dissecting

microscope confirmed that they were comprisédlear, blocky, glass shards.

2.2 Physical characterization of shards

Based on a literature search of known tephrasrthwestern North America (e.g. Clagete
al., 1995; Lerbekmo, 2008; Robinson, 2001), radiocarbon age models, and stratigraphic position
of the ash layers the coreswe surmised that the observed tephra tayeere most likely
attributableto the WRAe.To geochemically confirm the identity of the Pocket Lake teplea

obtained for analysis known WRAe samples from Eikland P62id{'16"N; 140°49'03"W),



Buck Lake 60°18'10"N, 134°46'09"W) , and Burwash Dun&{°20'00"N, 139°23'00"W), all
located from 11@0 390 km from the Mt. Churchill eruption site (Fig. 1

Tephra-derived glass froeachlocality described above was examined using transmitted-
light microscopy and digital back-scattered electron (BSE) imagery (Fig. 2). Digital BgEIma
were obtained witlan Electron Optic Services digital imaging systat®12 x 512 pixel
resolution with a Lamont 4 element solid state BSE detector and BSE Quad Summing Amplifier
interfacedo a 4Pi Analysis Inc. digitamaging and EDX x-ray systeat Carleton University.
The shards were then visually categorized into four morphologies: (1) frothy; (2) fibrous; (3)

bubble-wall stretched; and (4) platy (after Ross, 1928; Heiken, 1972; Yoshikawa, 1976).

Buck Lake

Figure 2. Electron microprobe derived images of glassdshfaom each site (A. Eikland Pon; Burwash;C. Buck Lake;D.
Pocket Lake). Both Pocket Lake and Burwash Dune samplebaracterizethy vesicles with similar properties, and shards
displaying a frothy, fibrous and platy morpholodgyhards from Pocket Lake were morphologically distinct from thefraitial
fibrous shards from Eikland Pond, and the frothy, bubble-wadleetched and platy tephra from Buck Lake.
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2.3 Major element chemistry

Major element oxides were analyzed watmautomated 4 spectrometer Cameca Camebax
MBX electron probdy wavelength dispersive X-ray analysisCarleton University (Table 1).
Operating conditions of the microprobe werek{mccelerating potential and a beam current of
15 nA. Volcanic glass shards were analyzed using a rastered electron beapm8inx 8ize.
Peak counting times for analyzed elements &80 seconds or 40,000 accumulated X-ray
counts. Background measurements were naai8% peak countinime oneachsideof the
analyzed peak. Raw X-ray data were convetwatbrmalized weight % using a Cameca PAP
matrix correction program. Natural and synthetic minerals wereassslibration standards and
a number of secondary internal reference standards were routinely measured with the glass
samplesgsrecommendeflyKuehnetal., 2011; Lowe, 20)1Elements analyzed and standards
employedwere:Na-albite; K-microcline USNMCawollastonite;Al-spinel; Si,Mg-olivine;
Ti,Mn- synthetic MNTIQ; Cr-syntheticCr,Oz; Fe-synthetic fayaliteCl-tugtupite; P- beryllonite;
Ba,S-barite; F-synthetic LiF. The reference standards Wéte:kaersutite (Reagtal., 1989),
basaltic glas¥G-2 (USNM111240/52), Yellowstone rhyolite glag&-568 (USNM7285), and

Dow Corning synthetic glass tektite (USNM2213) (Supplementary Data Table 1).

2.4 ldentification of tephra elsewhdreregion

To determinaf WRAe tephras could be identifiéal other lakes where ash layers were not
visible, sediments from freeze core ROAD-BRIDGE2, collected from Bridge ibaldarch
2010at a water depth of 4.5 m, were analyzed for the presence of cryptotephra. Samples were

extractedat 1 cmintervals through the entire Bridge Lake core and prepared for analysis
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following a modified version of the method presente8windlesetal. (2010). After the
samples were burimi a muffle furnace, 10 % HCI was addedemove carbonate and the
samples were sieved using aj68 sieveto separate minerogenic material. Glass shardg»63
were observed through the 10-dm interval of the core, being most abundant witie 14-15

cminterval, and counted under high power microscopy.

2.5 Radiocarbon dating and age-depth modeling

Bulk sediment samples were used for radiocarbon dating since macrofossils are absent and
the sedimenis homogeneous throughout the Pocket and Bridge lake cores (Tables 2,3). All
samples were radiocarbon datgdaccelerator mass spectrometer eitit¢he “*CHRONO
Dating Laboratoryn Belfast, Northern Ireland (Lal “UBA”) or atthe Lalonde AMS
Laboratoryin Ottawa, Canada (Lab “UOC”). Samples were pretreated with a standard
hydrochloric acid wasto remove carbonate materiai. a testo determine whether the humic
acid component was mobile and thus contributothe FRE, a subset of samples from Pocket
Lake (UOC-654J0OC-656,U0C-733,UOC-734) underwent acid-alkali-acid (AAA)
pretreatment, which involves removing the humic component during the alkali step using NaOH,
followed by anacid waslo remove anyCO, that may have been absorbed during the base wash.
Aliquots from the same depth horizons were pretreated with the acid wash only and the results
show no pattern, nor real statistical difference. Radiocarbon ages were calibrated using OxCal
v4.2 (Bronk Ramsey, 2009) and the IntCal13 calibration curve (Reimaér 2013). The age-

depth models were created using the age modeling s
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oftware Bacon version 2.2 (Blaauw and Christen, 2011, 2013) and the IntCall13 calibration
curve (Reimeetal., 2013. The modeling parameters for accumulation rate and memory are
based on values for lakes (Craetral., 2015). Thege model results confirm that the 2t
offsetin the occurrencef the tephran the two cores (55-56m [PKT_2FRF1]; 35-3@&m

[PKT_1F]) was dueo the over penetration during collection of PKT_1F.

3. Results
3.1 Glass shard morphology

Glass shard morphological variatimcontrolledby a complex relationship between a
variety of factors, including magma composition, volatile content, and the infloéesgernal
water (Heiken and Wohletz, 1985, 1991; Scasso and Carey). BFo@bnination of the glass
shard morphology of tephra depositsalso yield insight into eruptive processes (e.g. Dellino
andLa Volpe, 1996; Dellineetal., 2005). Théfrothy, fibrous anglaty’ shards from Pocket
Lake core 2FR-1 bore a close resemblanethe sample from Burwash Dune (Fig. 2). Both
samples have the same glass shard morphology (frothy, fibrous and platy), and vesicles
displayed similar properties. This close similarity indicates that both tephra deposits ediginat
from a similar styleof volcanic eruption. The morphological correlation between the tephra from
Pocket Lake and thigrothy andfibrous’ shards from Eikland Pond was less clear. There were
significant differences between the tephra from Pocket Lake anttdtiey, bubble-walled,

stretched anglaty’ tephra from Buck Lake (Fig. 2).
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3.2 Geochemical analysis

Geochemical analysis of the from Pocket Lake (2FR-F1) and the WRAe samples from Buck
Lake, Burwash Dune and Eikland Pond revealed that all are geochemically similar, consistent
with anorigin from the same volcanic eruption (Table 1; Supplementary Data TjaBlieltls
representing the individual analyses were plotted on a total alkali-silica plot a12HaeR:-
Ca0 ternary diagram, supplementég previously published results from the summit and a
proximal pumice mound of Mt. Churchill (Riartetal., 1995. On the total alkali-silica plot, the
field for Pocket Lake overlaps with fields for all WRAe localities; clustering around %&-76
SiO, and 6-7.5 wt%iNa,0+K,0 (Fig. 3A). The Pocket Lake samples are characterged
marginally lower alkali concentrations than obserattthe other localitiesOn the K;O-FeO:-
Ca0 plot the samples are tightly clustered and have a decreasing relative proportion of K and
increasan Ca0 andFeO; with increased distance from the volcanic center (Fig. 3B). Within this
tight grouping the Buck Lake and Burwash Dune samples were both charadvgrizgber
relativeCa0O andFeO; content than thadt the other localities. The Pocket Lake séenotted
between Buck Lake and Burwash Dune samiplésrms of relativ&CaO andFeO; content, and

is characterizetby the lowest relative K values measured.
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summit and a proximal pumice mouatiMt. Churchill (Richteretal., 1995)

4. Discussion
4.1 White River Ashn the central Northwest Territories

The WRAe tephra layers visibie the Pocket Lake cores are considerably eastofate
previously mappd visible occurrences and are the first such occurrences of aninkimel
central Northwest Territories (Clageeal., 1995; Robinson, 2001; Lerbekmo, 2008). The
closest record of the WRAssa visible layeis from peats ~100 krto the west, with the nearest

lacustrine record being from near Wrigley, Northwest Territories, 47@khe northwest

(Robinson, 2001).
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That the Mt. Churchill eruption that produced the WRAe occurred most likely during the
winter (West and Donaldson, 200&),combination with the shape of the lake, may be
responsible for the visible occurrence of the tepiiocket Lake.As Pocket Lakes a
compact, sub-rounded, steep-sided lake surroubgédrren bedrockt is likely that sediment
focusing played a role during accumulation of the WRA® (Watsonetal. 2016a). Deposition
of the WRAe during the winter months would have resutlieatcumulation on the frozen lake
surface and within the surrounding catchment area. With melting of the snowplaelspring,
ash would have been flushed into the lake and fociesgeleper parts of the lake, resultingan
ash layer apparently thicker than normal for a locatibd35 km from the eruption center
(Robinson, 2001; Lerbekmo, 2008

The observation of a cryptotephraBridge Lake, 130 knto the NE,atthe same
stratigraphic horizoasthe confirmed WRAe tephra layer from Pocket Lake indicates that this
unitis present and potentially available for @s&a stratigraphic marken lakes throughout the
region. Although the cryptotephra recandhe Bridge Lake core spans the 10etYinterval the
peakat 14 cm correlates well with the age of the WRAe (Fig. 3ly).and down-core diffusiois
commonin cryptotephra records amglattributableto factors suclasbioturbation and
compaction (Swindlest al., 2010). Cryptotephra havasyet not been identifiech peatlandsn
this region, which may relate lake sediments generally containing a greater number of larger

shards than peatlands (Watsml., 2016b)

4.2 LateHolocene fresh water reservoir age determination
Recent wiggle-match dating of the WRBg Jenseretal. (2014), based on multiple

radiocarbon dates from a spruce kiledthe eruption, has provided a 95%) probability date
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of A.D. 833-850(1,117-1,10Ccal BP). The 95% Zo) probability dates estimatdxy the

Bayesian age-depth model for the WRAe horizothe Pocket Lake cores are 1310RBAl
(1,240-1,360cal BP) for the core Pocket 2FR_F1 and 13@0BP (1,230-1,375cal BP) for core
Pocket_1FR. Based on the known WRAe age, both cores yield a consistent age difference of
~200 years from the known date of the eruption (FigAd}here are no other known tephras

near this agen northwest North America, this evidence coupled with the shard morphology and
geochemical results indicate that tisign occurrence of the WRA@Ne conclude that the offset

between the age suggestgdthe WRAe and radiocarbon age modehe result of a FRE.

cal yr BP cal yr BP
0 10|OO 20.00 3opo 40100 SOPO 0 500 1000 1500 2000 2500 3000
Pocket_1F Pocket_2FRF1
20{ 20-
404 404
White River Ash

604 (east lobe) 60 -

5 80+ 5 80
L L
a o
(3] ()

0 100+ 0 1004

120 - 1204

140 - 140 4

160 - 160 4

Figure 4. Age-depth models from the two Pocket Lakexshowing the depthf the White River Ash (1110 %0 calBP) and the
projected surface ages. Models were created using BacorBl@a2i(v and Christen 2011) and the IntCall3 calibration curve
(Reimeretal., 2013)
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A common mechanism for the development of FRE conditions involves the afnoff
dissolved and particulate organic carbon derived from Arctic peatlands and soils within the lake
watershed. Organic mattsrslowto decomposén these environments and often resites
permatfrost for long periods before eventually eroding into a lake basin (MacZoahldl991).
The magnitude of the FRE generally highein environments characterizég low
decomposition rates (Abbott and Stafford, 19983.Subarctic and Arctic lake sediments teéod
be characterizeldy low rates of productivity and decomposition, the low sedimentation rates
typically found there resulis the recycling of“C-depleted organic matter, making these
systems particularly sensitive inputs from sources of old carbon (Grinatal., 2009).

Gytjja-type muds typical of northern lakes are mixing of decayed terrestrially derived organic
material of uncertain origin, which produces a FRE determined ertiyébcal conditions
(Cohen, 2003). Hard-water effects have also been stwlbaa possible cause of FRE (Logte
al., 1997; Newnharatal., 1998; Lowe, 2001 In some Arctic environments the FRE vahie
the sediment-water interfacanbe very high. For example, sediment-water interface samples
dated from well above the treeline on Baffin Island, Nunavut, yielded datds0®0“C yr
(Abbott and Stafford, 1996).

There are two methods that are commonly usegstimate FRE from terrestrially derived
organic materialgh lake sediments. The most obvious wwaygetermine the magnitude of the
FREIn a lakeis to radiocarbon date sediments from the sediment-water interface (Abbott and
Stafford, 1996). The surficial date obtained for a particulariieen usedsa correction
factorby subtractingt from all **C dates obtained for a core from the lake piaralibration
(Abbott and Stafford, 1996Y.u etal. (2007) proposean alternative method whereby a

reasonable estimate of FRE could be determinyegktrapolating age-depth models derived from
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subsurface radiocarbon dateshe surfaceln addition, care must be taken when using either the
top-down or bottom-up approaches outlined atasteydrological changes a lake ovetime
canresultin changeso FRE, most closely associated with sedimentological transitions (Abbott
and Stafford, 1996; Grimmtal., 2009; Zhowetal., 2015).In Pocket Lake the radiocarbon age
model indicates a sediment/water interface FRE of 245 yiadise with the value of 200 yea
obtained using the WRAa ~1,100cal BP In other words, the results are almost the same using

both a bottom-up and top-down appro&ulestimating FRE foat least this lake.

In Bridge Lake the apparent lack of FR&he sediment/water interfacedifficult to
compare against the down core occurrence of the WRAe cryptotegthesage model (core
ROAD-BRIDGE1) and cryptotephra (core ROAD-BRIDGEZ2) were derived from different,
although closely spaced cores (Fig. 5). Althoaglapparent downcore FRE of 290 yeiars
obtained for core ROAD-BRIDGER the Baysian Age model from ROAD-BRIDGHsldirectly
overlain, sedimentation rates a@slowin these northern lakes that even a subtle offset between
the two cores could mean that the apparent FRE for Bridge Lake could either be significantly
higheror lower than 290 years. Although an estimate of FRibt possible with the available
data the resolutiois high enougtio confirm that the observed cryptotepisattributableto the

WRAe.
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Figure 5. (A) Age-depth model including sediment-water fateradiocarbonageof AD2010 +20from core ROAD-BRIDGE]1,
aswell aspositionof White River Ash (1110 50 calBP) derived from nearby core ROAD-BRIDGE2. Age-models vereated
using Bacon v2.2 (Blaauw and Christen 2011) and the In8Calibraton curve (Reimeetal 2013). (B) Downcore tephra
shard count from nearby core ROAD-BRIDGE2. Althoughtépdra shards were sparse through the core, some wege quit
large (>80 um) and vesiculaAs the age model and tephra counts were made from separasel@erminationof FREin
Bridge Lake canndtedetermined with accurady this low sedimentation rate environment, although compaissadequaté¢o
confirm that the tephrs WRAe.

The modern climate system became establighétke central Northwest Territoriéy
~3,300cal BP (Pattersoret al., 2004, 2011; Babalokt al., 2013)asevidencedy fairly constant
sedimentation ratda regional lakes throughout this period (Cranal., 2015). Radiocarbon
dates obtainedtthe sediment/water interface for other lakethe region have yielded estimates
of FRE varying from Qo 500 years with higher values consistently associated with small round
lakes and consistently low values obtained from larger more irregularly shaped lakese¢Crann
al., 2015). Unlike carbon isotopic composition of the atmosphere, wwebdll mixed, the

isotopic composition of lakes are commonly subjectonequilibrium and the varying influence
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of CO, derived from multiple sources (Cohen, 2008% the lakes where this differeatiFRE
are distributed throughout the central Northwest Territoies variety of settingsye
hypothesize that the more restricted circulation typical of smaller iakbe region may be a

major contributing factoto the higher sediment-water interface FREtese settings (Wetzel,

2001). A detailed study of these lakesequiredto definitively isolate the underlying causes for

this apparent differenda FRE based on lake morphology. Whatever the underlying cause for

the observed variatian FRE, the results from Pocket Lake suggest that appdfages
obtainedat the sediment/water interfagelakes from the region may potentially be apptied

estimate the FR individual lake basins through the late Holocene <8:800cal BP).

5. Conclusions
1. We present data on the first visible- and crypto-tephra layers obserigalistrine

sediments from the central Northwest Territorrethe Canadian Subarctic. Analysis of

shards observed two cores obtained from Pocket Lake, Yellowknife was carried out using

transmitted-light microscopy, digital back-scattered (BSE) imagery and comparative

geochemical analysis. The results indicate that the glass shards are compositionally

indistinguishable on the basis of major elements from those of the rhyodacite White River

Ash (WRA), derived fronanA.D. 833-850(1,117-1,100cal BP) plinian eruption of Mt.
Churchill, Alaska, 1,435 krto the west.

2. This occurrencef the WRAeis thefarthest eastward from Mt. Churchill that the unit has
been observedsa visible tephra layer. This occurrence, and the lack of other visible
occurrencef lake cores from lakes the regionjs likely the result of depositional-

focusing within the restricted Pocket Lake catchment and basin.
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3. The ~200 year offset observed between the WRA and the radiocarbon age models derived
from both Pocket Lake cores providasindependent confirmation of FRE, and
confirmation that the phenomenispresent within the stratigraphic record.

4. The discoveryf the WRAein Bridge Lakeasa cryptotephra further suggests that these
cryptotephra deposits may occur more widslgietectable levels lakes throughout the
central NT. The identification of WRA&sa cryptotephra here implies thatmay
potentially occur throughout the region and thus, once identified, may provide a new
isochron for the development of more precise age models and for improved inter- and intra-
basinal correlation.

5. The probable presence of WRAelake stratigraphic records throughout the region can be
usedto more precisely delineate the FRE that should be apigligpecific lake basins. This
application has the potenti@ improve the resolution of age models calculated for sediment

cores within individual lakes.
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Tablesin Text
Table 1. Average major oxide concentrations for glass shards from localities analyzed. Results

are normalizedo 100%. Standard deviation showrright column.

Table 1. Average major oxide concentrations for glass shards from localities analyzed.
Results are normalized to 100%. Standard deviation shown in right column.

Eikland Pond Burwash Dune Buck Lake Pocket Lake
5i0, 7585 x1.04 75.57 +1.23 7522 135 7536 =x1.14

Al,O, 1397 032 13.86 +).52 1423 082 1451 03
TiO, 0.17 007 016 .06 017 003 0.18 0,06
Cr,0y 002 005 0 .01 001 001 001 001
FeO 121 0.5 129 .3 126  +0.18 149 0.14
MnO 006 002 005 02 005 003 005 002
MgO 027 +0.06 027 .09 024 007 038 04
Na,O 295 .68 32 +).68 371 038 257 .84
K,O 345 028 34 +).22 305 +0.2 303 022
Ca0 154 0.14 159 022 161 036 1.834 0.14
BaO 009 1006 0.16 007 011 003 0.16 006
P00 003 002 004 003 002 001 004 002
S0, 001 001 001 01 002 001 001 002
Cl 032 003 032 .03 026 004 03 +0.04
F 006 +0.06 006 .05 004 003 009 009

No. of shards: 15 16 14 37




Table 2. Radiocarbon dates from the two Pocket Lake cores, calibrated with the IntCall3
calibration curve (Reimer et al., 2009) using OxCal v4.2.4 (Bronk Ramsey, 2009) following
conventions of Millard (2014).

Table 2. Radiocarbon dates from the two Pocket Lake cores, calibrated with the IntCall3

calibration curve (Reimer et al., 2009) using OxCal v4.2.4 (Bronk Ramsey, 2009)
following conventions of Millard (2014).

Lab ID Depth (cm) “C age Bp  Pretreatment Cal BP
+la 20
PKT_2FRF1 UBA-20676 10-105 362 +27 Acid only 500—422 (50.7%)
400-316 (44.7%)
UBA-22350 20205 731 £31 Acid only 727653 (95.4%)
UBA-20679 52-52.5 1,335+ 25 Acid only 1,302-1,239 (85.5%)
1,205-1,186 (9.9%)

Tephra 55-56 1,110 + 50

UBA-22351 57575 1,394 + 30 Acid only 1,350-1,279 (95.4%)

UBA-22352 70-70.5 1,725 £ 31 Acid only 1,707-1,561 (95.4%)

UBA-20678  12B.5-129 2,966 + 26 Acid only 3.215-3,057 (93.9%)
3,049-3,035 (1.3%)

PKT_1F UBA-20680  35.5-36 795 £27 Acid only 674759 (95.4%)
Tephra 35-36 1,110 = 50
UBA-22346  56-56.5 1,401 +27 Acid only 1,349-1 285 (95.4%)
UOC-633 60-60.5 1,607 +£29 Acid only 1,555-1.413 (95.4%)
UOC-654 60-60.5 1,553 £ 27 AAA 1,526-1,386 (95.4%)
UBA-22347  B3.5-84 2,145 + 31 Acid only 2,304-2,238 (24.9%)

2,182-2,037 (68.2%)
2,025-2,007 (2.4%)
UOC-655 109-109.5 2918+ 26 Acid only 3,158-2,970 (95.4%)

UOC-656 109-109.5 2,960 + 27 AAA 3,211-3,007 (95.4%)
UOC-733 109-109.5 3029+ 19 AAA 3.334-3,290 (20.9%)

3,257-3,166(74.5%)
UOC-734 109-109.5 3088 +19 AAA 3.363-3.241 (95.4%)

UOC-923 140-140.5 3,739+ 27 Acid only 42214208 (2.0%)
4,156—4.,061 (62.8%)
4,052-3,986 (30.7%)

UoC-924 180-180.5 4,254 + 31 Acid only 4,868,813 (83.1%)
4,755—4,708 (12.3%)
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Table 3. Radiocarbon dates from the Bridge Lake core R10P26, calibrated with the IntCall3

calibration curve (Reimestal. 2009) using OxCal v4.2.4 (Bronk Ramsey, 2@08pwing

conventions of Millard (2014).

Table 3. Radiocarbon dates from the Bridge Lake core, calibrated with the IntCall3 calibration

curve (Reimer et al., 2009) using OxCal v4.2 4 (Bronk Ramsey, 2009) following convention

of Millard (2014).

Lab ID Depth (cm ) "%C age BP  Pretreatment Cal BP
+lo +20
Bridge Lake UBA-18%64 65 28 +23 Acid only 252-230 (10.0%)
R10P26 133-116 (6.6%)
T1-34 (T8.8%)
UBA-22873 125 694 + 26 Acid only 684644 (76.5%)
588-565 (18.9%)
Tephra 15 1110 + 50
UBA-18965 18 1,883 £23 Acid only 1,883—,1737 (95.4%)
UBA-22874 245 3,782+30 Acid only 4.246—4 D82 (93.4%)
40304010 (2.0%)
UBA-22875 30.5 4,730 + 30 Acid only 5,584-5 500 (44 8%)
54915446 (20.7%)
5400-5326 (29.9%)
UBA-22876 34.5 5487 £31 Acid only 63966370 (4.0%)
6,343-6,338 (0.5%)
6,323-6,263 (72.9%)
6,251-6,210 (18.0%)
UBA-18966 415 5816 +42 Acid only 6,727-6,502 (95.4%)
UBA-22877 50.5 6,184 +32 Acid only 71746978 (95.4%)
UBA-18967 59.5 6,762 +32 Acid only T.667-T7576 (95.45%)
UBA-22878 64 7025 +34 Acid only 7.940-7,789 (95.4%)
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Highlights

e Firstvisible- and crypto-tephras observed in central NWT, Canada lake archives

e Tephra geochemically and chronologically identified as White River Ash East

e Farthest east observed occurrenc@&hite River Ash East asvisible tephra

e Provides key isochron for development of more precise Late Holocene age models

e Tephra suggests ~200-year freshwater reservoir effect on radiocarbiorPagéet Lake



