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Studies on variations of climate and ice sheet under the international deep ice core
project at the North East Greenland Ice Stream
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Japanese glaciological activity in Antarctica for the next six years (JARE Phase IX)
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Determination of the ice drilling site in the next deep ice coring project of the “oldest
ice” at Dome Fuji
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Ice core drilling and related observations by Jare57 in 2015/2016 austral summer on the
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We were carried out an ice core drilling on the coastal region of Antarctic ice sheet as a part of
the 57th of Japanese Antarctic Research Expeditions (2015/2016 of austral summer). We selected the
H128 site for drill site (69.4@0S, 41.55E, 1,380m a.s.l . 10@km inland from the coast). Advantages
of H128 site were as below; high time resolution, few changes of annual snow accumulation rates,
low annual mean temperature (10m depth ice temperature) -24 C. We finally drilled to 260m in depth.
We will be able to analyze the climate changes of past 2000 years. Firn air samplings were also
carried out. We also conducted the borehole logging, snow pit observation, setup of automatic
weather station.

F—O—R KK, P XI7EE. DY ITHITIVT
Keywords: Antarctic ice sheet, ice core drilling, firn air sampling

©2016. Japan Geoscience Union. A1l Right Reserved. - ACC21-04 -



ACC21-05 HAMERSER S EA2016EAS

R RE-EOS/VKEBIC AT TONGRIP 7+ RO 77HOE#EIT 7OVIL L —Y —EiR
Organic aerosol tracer records in NGRIP ice core during the period from MCA to LIA
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Secondary organic aerosol (SOA) formed by the photooxidation of biogenic volatile organic compounds
(BVOCs) and biomass burning organic aerosol are major components of organic aerosol in the
atmosphere. Those aerosols are thought to play an important role in atmospheric chemistry and
physics, as well as regional and global climate via direct and indirect effects on radiative
balance. However, substantial impact of those aerosols on the Earth’s climate remains unclear. To
better understand the substantial role of those aerosols in the climate system, it is vital to
investigate long-term variability of those aerosol components and property in a past. Here we for
the first time report biogenic SOA- and biomass burning- (levoglucosan) tracers and UV absorption
spectra of organic matter in ice cores from Greenland ice core (NGRIP) during the period from
Medieval Climate Anomaly (MCA) to Little Ice Age (LIA). We find that the concentrations and
composition of biogenic SOA- and biomass burning- tracers relate to climate with increases in the
organic aerosol concentrations during MCA. On the other hand, UV absorption spectra of organic
matter in NGRIP ice core also drastically changes associated with climate change. These results
suggest dramatic changes in source, loading and property of organic aerosol from the warm MCA to
cold LIA.
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CH, concentrations during the Holocene reconstructed from the NEEM (Greenland) and Dome
Fuji (East Antarctica) ice cores
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Methane (CH,), the second most important anthropogenic greenhouse gas, has increased in the
atmosphere by a factor 2.5 since the onset of the Industrial Revolution, which account for ~20% of
the total increase in radiative forcing over that time!". Ice cores from both polar regions
preserve the past atmospheric CH,, and thus have the potential to constrain the changes in CH,
concentration difference between the polar regions. The inter polar difference of (H, is one of the
approaches to understand the evolution of CH, budget and its relationship with climate. To
reconstruct the CH, inter polar difference during the Holocene, we have been measuring CH,
concentrations in the NEEM (Greenland) and Dome Fuji (Antarctica) ice cores over the period from
200 to 14500 years before present (yr BP), with a mean time resolution of ~5@ years. Since most of
this time period is overlapping with the brittle zone in the Greenland core, it is challenging to
reconstruct accurate CH, concentration during the Holocene from the NEEM ice core.

Ice samples without visible cracks were carefully selected from the NEEM and Dome Fuji ice cores.
We employed a newly established wet extraction system (an improved version of ref. 2) the National
Institute of Polar Research, with a typical sample size of ~80 g (ice). The air released from ice
was first collected into a sample tube (electropolished stainless steel tube with a metal-seal
valve), and then it was split into two aliquots. One aliquot was measured by a gas chromatograph
(Agilent Technologies 7890A) for CO,, CH, and N,0 concentrations, and the other was measured by a
mass spectrometer (Thermo DELTA V Plus) for 6"°N of N,, 5'%0 of 0,, 6(0,/N,), 6(Ar/N,) and total air
content. We have measured 181 samples for the NEEM ice core. Analytical precision of CH,
concentration was estimated to be 2.4 ppb from the pooled standard deviation from duplicate
measurements (n=53).

Before the Holocene, the NEEM CH, concentration is relatively high (620-705 ppb) during the Bg
1ling-Allergd, and it rapidly decreases to <500 ppb during the Younger Dryas, and then increases to
~750 ppb at the beginning of the Holocene. During the Holocene, CH, concentration first decreases
to the minimum of ~61@ ppb around 5000 yr BP, and it increases afterwards. Our record agrees well
with a high resolution CH, concentration record from the GISP2 ice core for last 2000 years®®
that of the NEEM ice core measured by a CFA system between 9500 and 14500 yr BPM,

We completed the NEEM measurements and started the Dome Fuji measurements, and the resulting CH4
inter polar difference will be deduced and discussed in the presentation.
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Millennial climate change such as D-0 cycles and AIM recorded in ice cores in both Hemispheres is
knownto show a relatively higher amplitude in the middle-level of a glacial cycle than in the
interglacial state or severeglacial state. Here we ran several sensitivity experiments using a
coupled atmosphere and ocean GCM (MIROC4m,renamed from MIROC3.2.2) and show that the response to
fresh water release to the ocean and bipolar responseis highly dependent on the background climate.
The experiments were conducted with 500 years water hosingof 0.05 to 0.1 Sv (where 1 Sv is
equivalent to the water flux of 10m sea level rise in 100 years) in the NorthAtlantic 50-70N under
different basic states; modern climate state with the pre-industrial condition, middle
glacialclimate state and full glacial condition, mainly differing in the ice sheet configuration
and atmospheric amount ofGreenhouse Gases. The results under middle glacial condition show largest
cooling/warming response in NorthAtlantic and a reasonable bipolar warming/cooling signal revealed
in the ice core data of the both hemisphere. Wediscuss the responses under different background
climates which involve the strong coupling between atmosphere,ocean and sea ice and their
dependence on the configuration of ice sheet.
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Centennial to millennial periodicities of past solar activity in the Holocene epoch have been well
investigated by using cosmogenic-nuclides records from tree-ring (*C) and ice-core ('°Be) archives.
However, those of the older ages are quite unclear because high-resolution records of cosmogenic
nuclides are scarce. We obtained multiple high-resolution "Be records (atmospheric "Be flux and
authigenic "Be/Be ratio) of 170-200 kyr ago, the period that includes the Iceland Basin
geomagnetic excursion interval (Horiuchi et al., in press). Strong consistency among the records
enables us to construct a robust "Be stack of this interval. A wavelet analysis of the stacked
record reveals 4-kyr and 8-kyr periodicities, both of which can be interpreted as intrinsic
geomagnetic cycles. We also found a cycle of 1.7 kyr in the "Be stack record, but it is
significant only near the '’Be maximum (the minimum of the geomagnetic paleointensity). A relative
enhancement of solar modulation in '"Be production is predicted with reduced paleointensity
(Masarik and Beer, 1999; Beer et al., 2012). Therefore, it is possible to attribute this cosmogenic
1.7-kyr cycle to the long-term solar cycle that is identified in this period. The wavelet spectrum
of the highest-resolution %Be record (obtained from the Dome Fuji ice core) shows more a detailed
structure than the stacked record. The 4- and 1.7-kyr cycles show similar tendencies to, and are
clearer than, those of the stack. The spectrum also shows somewhat intermingled multi-centennial
(0.3, 0.5 and 0.7 kyr) cycles around the maxima of 'Be, which likely represent solar cycles in
this period (note: 200-yr Suess/de Vries cycle is under the detection limit of our record). On the
other hand, the 2.2-2.4-kyr Hallstatt cycle and 1-kyr Eddy cycle, which are frequently documented
in Holocene cosmogenic records, are not dominant in our records.
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Research of annual cosmic ray events using 10Be in the Dome Fuji ice core
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Micro-droplets containing sulfate in the Dome Fuji deep ice core, Antarctica: Findings
using micro-Raman spectroscopy
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Climatic signals in deep ice cores, particularly from ion concentrations, may be affected by the
diffusion of liquid solution along grain boundaries of ice. Such solutions include sulfates.
Because of the difficulty of detecting sulfate liquids in the ice matrix, we must infer the phase
state of the sulfates from the ice temperature and inclusion properties. In this study, we use
micro-Raman spectroscopy to determine the phase state of three sulfate micro-inclusions in the Dome
Fuji ice core at 2798.5-m depth. Using a temperature-ramp test, we find a peak position at 984 cm’
and a change in the full width at half maximum (FWHM) of the S-0 stretching mode that identifies
the sulfate in the micro-droplets. Considering the peak position and FWHM of sulfate inclusions, we
argue that the sulfate would have existed as a micro-droplet liquid on an air hydrate in the ice.
Additionally, the increase in the low frequencies of the Raman spectrum below 30 cm™ that we
detect can be generally used to identify liquids in natural ice. Our investigation also indicates
that the surface of air-hydrates in ice is a preferred location for liquid micro-inclusions. The
importance of this finding will be discussed.
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Carbonate mineral particles observed in a layer of an ice core drilled from Grigoriev ice
cap in Kyrgyz Tienshan, Central Asia
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Reconstructions of past cyanobacteria flora from ice core samples on Gregoriev Glacier,
Kyrgyz Tienshan
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Cryoconite, a microbe-mineral aggregate found on glaciers worldwide is formed by the action of
microbial phototrophs, principally Cyanobacteria.

The species composition of cyanobacteria in the ice cores could reflect the environmental condition
at that time. Thus, these microorganisms in ice cores could be useful to reconstruct past
environments. Despite the ecological importance in glacial environments, the phylogeographic
distributions and genetic structures of glacial cyanobacteria are still highly limited.

We report results of cyanobacterial species and their evolution by molecular DNA analysis collected
from the ice core samples collected on Gregoriev Glacier, Kyrgyz Tienshan. We reconstruct the
organisms and their interactions within the community and with the environment on the sampled
sites. We also present detailed pictures of cyanobacterial distribution patterns on glaciers over
the Arctic, Antarctic, and Asian high mountains combination of 16S rRNA and 16S-23S internal
transcribed spacer (ITS) regions. The results implied cyanobacteria could migrate across Asian
glaciers for the last 10,000 years.

Keywords: glacier, ice core, DNA, cyanobacteria
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Environmental change study based on the physical-chemical analysis of permafrost core
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Potential of paleogenomics on plant species by using pollen in ice cores
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Chemical solutes and mineral particles in a shallow ice core from Tienshan Urumqgi No.1
Glacier
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The role of glacial meltwater in the both hemispheres on the Southern Ocean during the
last deglaciation
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The Late Pleistocene was a period which started about 126,000 years ago and, in the northern
hemisphere, was mostly characterized by glaciation across much of North America and Eurasia. Ice
core data from Greenland show a series of abrupt climate changes known as Dansgaard-Oeschger events
within that period. These events begin with a relatively rapid warming giving rise to the milder
climates of the interstadials, followed by progressive cooling over 1,000 years. Some of these cool
states, known as stadials, coincide with Heinrich events during which large amounts of freshwater
from melting icebergs were released into the North Atlantic Ocean, altering the global ocean
circulation and climate. These abrupt changes may have had a profound effect on the lives of early
modern humans, both directly and indirectly through changes in vegetation and the environment.

To investigate how these two extreme climates differed, we used results from a coupled
atmosphere-ocean model (MIROC) experiment to run further experiments using a stand-alone
atmospheric model, in particular a high-resolution version, with the advantage that these types of
models perform faster than the coupled ones. The effects of large freshwater discharge into the
Atlantic Ocean are taken into account by specifying the corresponding sea ice and sea surface
temperature. The freshwater forcing leads to a bipolar climate pattern with cooler and drier
conditions across most of the northern hemisphere and warmer and wetter conditions in parts of the
southern hemisphere. We compare with a variety of proxy data globally, for example speleothems
which can act as markers of long-term changes in paleomonsoons. Furthermore, we apply our climate
model results to a separate dynamical vegetation model to assess how vegetation, especially across
Europe, responds to such climate changes. Access to a variety of proxy data can increase confidence
in model results while model results are of particular use in locations where proxy data are
sparse.

Keywords: Paleoclimate, Climate modeling, Late Pleistocene, Stadial-Interstadial, Vegetation
modeling
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The impact of glacial ice sheets on abrupt climate change
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Reconstruction from ice cores show that millennial climate change such as D-0 invents frequently
occurred during mid-glacial period, when atmospheric amount of Greenhouse Gases and ice sheets over
the continent were lower/larger compare to the interglacial period, but not as full glacial period.
Couple modeling experiments using MIROC recently showed that the climatic response to fresh water
release to the ocean becomes larger and more abrupt under larger ice sheets. This suggests that the
expansion of the ice sheets may paly a role in modifying the abruptness and the amplitude of the
climate change, though the mechanism behind this remains elusive. Here we conducted several
sensitivity experiments using an atmospheric general circulation model (AGCM) and ocean general
circulation model (0GCM) to investigate the results reported in MIROC. Using the AGCM, modern and
glacial ice sheets are applied under large and small sea ice conditions. Using the 0GCM, changes in
the surface wind are applied at different magnitudes, ranging from the full glacial to modern
levels. The results suggest that stronger interaction between the Icelandic Low, cold advection
into the northern North Atlantic and surface heat flux from the ocean is important. Results from
the 0GCM sensitivity experiments are also discussed.
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