1750 YEARS OF LARGE RAINFALL EVENTS INFERRED FROM PARTICLE SIZE AT EAST LAKE, CAPE BOUNTY, MELVILLE ISLAND, CANADA

Introduction

Major changes occurred in Arctic climate during the 20" century, including
an important increase of surface air temperature particularly between 1970
and 2000 (Moritz et al. 2002). To better understand these changes beyond the
available short instrumental record, there is a need to obtain long-term proxy
climate records across a wide geographical area. In the western Canadian
High Arctic, annually laminated sediments from lakes are the only available
records with precise chronological control in an area that lacks tree-ring and
ice core records. However, caution is needed when calibrating instrumental
data with varve thickness (VT), since sediment accumulation can result from
different hydroclimatic and geomorphic processes, such as snowmelt, rain
events and landslides. In addition to VT, grain size measured at the annual
scale is a sedimentary parameter that may be used as a potential variable to
reconstruct paleo-hydroclimatic condition. Here, we use the methods pionee-
red by Francus (1998) together with a new image acquisition and analysis
software developed at INRS (Francus and Nobert 2007), to obtain grain size
measurements within each varve in a long Arctic lake sequence in order to
demonstrate its potential for paleoenvironmental reconstructions.
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Materials and methods
Study site
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Fig. 1 Location of Cape Bounty
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Fig. 2 At East Lake, 3 main lithofacies have been documented (Cuven et al. 2010): Lithozone A (e.g.
AD 1826 and Fig. 4 : 1688:C), is composed of a fine silt layer deposited by nival melt runoft;
Lithozone B (e.g. AD 1832 and Fig. 4 : 1689:B) is graded and likely deposited by a turbidity
current caused by runoff of higher intensity than the regular spring melt; Lithozone C (e.g. AD
1821 and Fig. 4 : 1687 C;D) is composed of poorly sorted sand layers occurring systematically
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above the initial snowmelt silt layer and below the clay cap, it is interpreted to be produced by
high discharge events which are triggered by high intensity rainfalls during summer.

Nearby meteorological stations
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Fig. 3 East Lake varve thickness (VT) and four particle size indices for the last 2,845 years. Data
are standardized relative to the mean and standard deviation. A 20-year running mean is applied

on the series

JCalibration with meteorological

Main observations

- The long-term evolution of VT and PSD indices
at Cape Bounty is strikingly different.

facies
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- P98D, and sD, vary similarly through time and laminae

they are strongly correlated (r = 0.83, p <0.0001).

They increase to maximum at the beginning of the

20" century with highest values during the 1990s.

- The clear step change of mD, around AD 1350

does not correspond to a detected change in The strenght
known boundary conditions in the watershed. of correlations

Table 1 : the Pearson’s (r), Spearman’s (p), and Kendall’s (t) correlations between varve

between varve thickness and annually resolved particle-size distribution indices
for the raw (top half) and decorrelated (bottom half) time series, and their
significance (p-values).

thickness and
particle size
distribution is

mD, s[-)[_. PS?BD(I maxr)t,
Methods Original time series
; 0.5343 0.2153 0.2999 0.0426
(<0.0001) (< 0.0001) (< 0.0001) (0.0753)
0.3228 0.1790 0.2618 0.1186 weak
P (<0.0001) (< 0.0001) (< 0.0001) (< 0.0001)
" 0.2238 0.1217 0.1784 0.0792
(<0.0001) (< 0.0001) (< 0.0001) (< 0.0001)
Methods Decorrelated time series
; 0.5503 0.2092 0.3149 0.0166
(<0.0001) (< 0.0001) (< 0.0001) (0.4879)
0.3967 0.1765 0.2745 0.0724
P (<0.0001) (< 0.0001) (< 0.0001) (0.0025)
" 0.2745 0.1194 0.1868 0.0483
(<0.0001) (< 0.0001) (< 0.0001) (0.0025)
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Fig. 5 Map showing various varved sites in the Arctic. The two nearest
meteorological stations from Cape Bounty are Rea Point (100 km east)
10 mum and Mould Bay (300 km north west).
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Fig. 6 Thin section (right) with regions of interest and varve boundaries.The right panel SV alip. > ddcan 3

shows backscatter electron (BSE) images of sediment deposited during years AD 1971,
1973, and 1978 (ROIs abx, aaz, and aau respectively) that contain coarse grain size.
Beside each BSE image is the corresponding year with rainfall events and the melting

degree days above 0°C (MDD). In those years, warm conditions prevail before the pre- —

“Tanz” “Sadb

cipitation events, especially for AD 1971 and 1973, where coarsest particle are obser-
ved. Maximum temperatures reached uncommun values during the 4 days (> 13°C)
before the major rainfall event that occurred on July 30 (212 Julian day), 1971, the year

with the coarsest particle size during the calibration record.
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