
University of Plymouth

PEARL https://pearl.plymouth.ac.uk

Faculty of Science and Engineering School of Geography, Earth and Environmental Sciences

2017-11

Holocene Cyclic Records of Ice-Rafted

Debris and Sea Ice Variations on the

East Greenland and Northwest Iceland

Margins

Darby, DA

http://hdl.handle.net/10026.1/10504

10.1657/AAAR0017-008

Arctic, Antarctic, and Alpine Research

University of Colorado at Boulder, Institute of Arctic and Alpine Research

All content in PEARL is protected by copyright law. Author manuscripts are made available in accordance with

publisher policies. Please cite only the published version using the details provided on the item record or

document. In the absence of an open licence (e.g. Creative Commons), permissions for further reuse of content

should be sought from the publisher or author.



Arctic, Antarctic, and Alpine Research, Vol. 49, No. 4, 2017, pp. 649–672

DOI: http://dx.doi.org/10.1657/AAAR0017-008

© 2017 REGENTS OF THE UNIVERSITY OF COLORADO – 1523-0430/09 $7.00 649

Holocene cyclic records of ice-rafted debris and sea ice variations 
on the East Greenland and Northwest Iceland margins
D. A. Darby1,�, J. T. Andrews2, S. T. Belt3, A. E. Jennings2, and P. Cabedo-Sanz3

1Department of Ocean, Earth, and Atmospheric Sciences, Old Dominion University, Norfolk, Virginia 32529, U.S.A.
2INSTAAR and Department of Geological Sciences, University of Colorado, UCB 450, Boulder, Colorado 80309-0450, U.S.A.
3Biogeochemistry Research Centre, School of Geography, Earth and Environmental Sciences, University of Plymouth, Drake 
Circus, Plymouth, PL4 8AA, U.K.
�Corresponding author�s email: ddarby@odu.edu

A B S T R A C T
The dynamics of the Greenland Ice Sheet and drift of sea ice from the Arctic 
Ocean reaching Denmark Strait are poorly constrained. We present data on the 
provenance of Fe oxide detrital grains from two cores in the Denmark Strait area 
and compare the Fe grain source data with other environmental proxies in order 
to document the variations and potential periodicities in ice-rafted debris deliv-
ery during the Holocene. Based on their Fe grain geochemistry, the sediments 
can be traced to East Greenland sources and to more distal sites around the Arctic 
Basin. On the Holocene time scales of the two cores, sea ice biomarker (IP25) 
data, and quartz weight percent reveal positive associations with T°C and inverse 
associations with biogenic carbonate wt%. Trends in the data were obtained from 
Singular Spectrum Analysis (SSA), and residuals were tested for cyclicity. Trends 
on the environmental proxies explained between 15 and 90% of the variance. At 
both sites the primary Fe grain sources were from Greenland, but significant con-
tributions were also noted from Banks Island and Svalbard. There is a prominent 
cyclicity of 800 yrs as well as other less prominent cycles for both Greenland and 
arctic sources. The Fe grain sources from Greenland and the circum�Arctic Ocean 
are in synchronization, suggesting that the forcings for these cycles are regional 
and not local ice sheet instabilities.

INTRODUCTION

Marine sediment cores from the continental mar-
gin of East Greenland and NW Iceland have the po-
tential to document changes in sediment transport 
and provenance from both Greenland-derived ice-
bergs and sediments entrained in sea ice (ice-raft-
ed debris; IRD) originating on the shallow shelves 
around the Arctic Basin (Nam et al., 1995; Stein et 
al., 1993). Recently documented mass losses in the 
Greenland Ice Sheet (GIS), local Greenland glaciers, 
and ice caps (Shepherd and Wingham, 2007; Seale et 
al., 2011; Khan et al., 2015), and reductions in the 
volume and area of arctic sea ice (Meier et al., 2005; 

Stroeve et al., 2012) suggest that it is critical to eval-
uate these recent changes (of the past 1�2 decades) 
against longer paleoclimate time series. In this paper 
we present new data on the variations in Fe oxide 
grains (250 µm to 45 µm) (Darby et al., 2015) and 
compare those data with sea ice biomarker (IP25) data 
(Belt et al., 2007; Belt and Müller, 2013) and other 
paleoclimate proxies from cores MD99-2322 (hence-
forth 2322) and MD99-2263 (henceforth 2263) (Fig. 
1) from either side of Denmark Strait. Both cores 
have a rich variety of other previously published cli-
mate and sediment proxies that are used to compare 
with the Fe grain source data and IP25 data to pro-
vide a robust paleoceanographic context. Core 2322 
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is a very well-dated Holocene core that we analyzed 
to 11 cal ka B.P. (Stoner et al., 2007; Jennings et al., 
2011), whereas 2263 is a box core that extends back 
to ca. 2 cal ka B.P., also with excellent age control 
(Andrews et al., 2009a).

The interpretation of sediment records associated 
with sea ice and iceberg rafting is that changes usu-
ally are caused by variations in the quantity of drift 
ice, including increased iceberg calving (Ruddiman, 
1977b). However, several studies (Warren, 1992; An-
drews, 2000; Clark and Pisias, 2000) have pointed out 
that changes in IRD also may be caused by changes 
in: (1) sediment entrainment at the source (glacier or 
sea ice), (2) the direction of transport (i.e. drift), (3) 
the rate of melting of the drift ice, and (4) the mass 
transport of drift ice (sea ice and icebergs), as well as a 
combination of any of these. Using the climate prox-

ies that exist for the studied cores, including summer 
surface sea-temperature estimates based on planktic 
foraminferal assemblages in core 2322 (Jennings et al., 
2011) and bottom water temperature estimates based 
on benthic foraminiferal assemblages (Ólafsdóttir et 
al., 2010) (both referred to as T°C) and sea ice esti-
mates (Andrews et al., 2009a; Jennings et al., 2011), we 
evaluate how the Fe grain source variations are related 
to estimates of changes in sea ice and ocean tempera-
ture, and present information on the trends and cy-
cles evident in these new data. On Late Quaternary 
time scales, Ruddiman (1977a) linked increases in IRD 
deposition with ocean temperatures and iceberg melt-
ing, whereas others (Bugelmayer-Blaschek et al., 2016) 
concluded that �internal ice sheet variability seems to 
be the source of the multi-century and millennial-
scale iceberg events during the Holocene.�

FIGURE 1.  Circum-Arctic and Greenland source areas (1�46) and location of cores 2322 and 2263 at Denmark 
Strait (DS). The circum-Arctic sources for core 2322 that supplied more than 1.5 Fe grains in any sample are 
circled in black, whereas those that delivered more than 3 Fe grains are circled in red. Cold Arctic and East 
Greenland Currents (EGC) are in blue, whereas the warm Irminger Current (IC) is in red.














































