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Fig. 1 GISP2 Parallel Sticks Tests
Unpublished data by Erich Osterberg, Paul Mayewski, Karl Kreutz, Mike Handley & Sharon Sneed
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Fig. 2 GISP2 Parallel Sticks Tests
Unpublished data by Erich Osterberg, Paul Mayewski, Karl Kreutz, Mike Handley & Sharon Sneed
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Fig. 3 GISP2 Parallel Sticks Tests
Unpublished data by Erich Osterberg, Paul Mayewski, Karl Kreutz, Mike Handley & Sharon Sneed
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Fig. 4 GISP2 Parallel Sticks Tests
Unpublished data by Erich Osterberg, Paul Mayewski, Karl Kreutz, Mike Handley & Sharon Sneed
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Fig. 5 GISP2 Parallel Sticks Tests
Unpublished data by Erich Osterberg, Paul Mayewski, Karl Kreutz, Mike Handley & Sharon Sneed
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Figure 6a.  Concentration cross-sections from the Mt. Logan summit core.  
Only the outer 3-6 mm of firn is contaminated.  
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Figure 6b.  Concentration cross-sections from the Mt. Logan summit core.  
Only the outer 3-6 mm of firn is contaminated.  
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Our approach to the research described in this proposal and the challenge of assessing
Antarctica's role in global change depends on the analysis and interpretation of
glaciochemical series (concentrations of Na+, Ca2+, Mg2+, K+, NH4

+, Cl-, NO3
-, SO4

2-, and
methanesulfonate (CH3SO3

-). The ionic composition of polar ice cores provides not only
a stratigraphic tool for relative dating (that appears to be extremely effective in the WAIS
region) but also documents changes in chemical species source emissions and allows
characterization of the major atmospheric circulation systems affecting WAIS. These
qualities of the glaciochemical record combined with sampling at ultra-high resolution
(8-10 samples/year), over periods of 200+ years, along community determined traverse
routes, at a spacing of approximately every 100-200 km, resulting in several, typically, 6-
10 cores per season over four field seasons (1999-2003) are used to address the following
scientific questions.

(1) What is the current rate of change in mass balance over West Antarctica?
(2) What is the influence of major atmospheric circulation systems (e.g., ENSO, ACW)
and oceanic circulation on the moisture flux over West Antarctica?
(3) How does climate (e.g., accumulation rate, atmospheric circulation) vary over West
Antarctica on seasonal, inter-annual, decadal and centennial scales, and what are the
controls on this variability?
(4) What is the frequency, magnitude and effect of any extreme climate events recorded
in West Antarctica?
(5) What is the impact of anthropogenic activity (e.g., ozone depletion, pollutants) on the
climate and atmospheric chemistry of West Antarctica?
(6) How much has biogeochemical cycling of S and N, as recorded in West Antarctica,
varied over the last 200+ years?

1999-2000 Field Season:
The first field season for this project was conducted from Oct-Dec 1999. The following
was accomplished during the field season:

Three snow pits located from Byrd Surface camp west to the Swithinbank AWS, and two
ice cores were retrieved:

One core located mid-way between Byrd Surface camp and the Swithinbank AWS and
one core co-located with the Swithinbank AWS.
Elevation of snow pit and ice core retrieval locations decreases westward by
approximately ~500 m .

Byrd Surface (80.01 S 119.40 W):
180 cm UNH chemistry snow pit at 2 cm sample resolution.
Sampled for C. Shuman - snow pit density (2 cm resolution)

Mid-Swith (80.37 S 122.37 W):

58 meter ice core
192 cm UNH chemistry snow pit at 2 cm sample resolution.



Sampled for C. Shuman - snow pit density (2 cm resolution) and stratigraphy data
Sampled for E. Steig - snow pit oxygen isotope at 2 cm sample resolution
Sampled for R. Bales - snow pit peroxide at 2 cm sample resolution
Sampled for M. Albert - snow pit permeability measurements
Sampled for M. Albert - snow pit thick section samples

Swithinbank (81.20 S 126.17 W)

49 meter ice core
200 cm UNH chemistry snow pit at 2 cm sample resolution
Sampled for C. Shuman - snow pit density (2 cm resolution) and stratigraphy data
Sampled for E. Steig - snow pit oxygen isotope at 2 cm sample resolution
Sampled for R. Bales - snow pit peroxide at 2 cm sample resolution
Sampled for M. Albert - snow pit permeability measurements
Sampled for M. Albert - snow pit thick section samples

2000-2001 Field season:
During the 2000-2001 US ITASE we sampled snowpits and retrieved (with the support of
Mark Wumkes) and prepared ice cores for the following projects: University of Maine
(major anions, cations and MS), University of Arizona (reversible ionic species), CRREL
(permeability and firn structure), CRREL (ice core stratigraphy), University of
Washington and University of Colorado (stable isotopes), University of Maryland and
NASA (snowpit stratigraphy).
Ice cores (total 660 m, 9000lbs) and snowpits (2m per site) were recovered and packaged
at seven sites for the common use of the research teams noted above. The ice cores
ranged from 105m in depth at the proposed WAIS core site to on average 60m at other
sites plus several 15-30m ice cores dedicated to other projects.

Accomplishments of the US ITASE ice core and snowpit glaciochemistry sampling
program include:
(1) Snowpit and ice core sample coverage over the regions bounded by 77-82 degrees
South and 105-130 degrees West.
(2) Integration with surface glaciology activities conducted by Gordon Hamilton and
Leigh Stearns to allow deconvolution of local topographic effects from the accumulation
rate record.
(3) Integration with shallow radar activities conducted by Steve Arcone to assess the
source of radar reflectors and to enhance interpretation of ice core records through 3D
views of core sites.
Our major research goals are to establish:
(1) Calibrated proxies for atmospheric circulation features such as the Amundsen Sea
Low, ENSO, the Antarctic Circumpolar Wave and katabatic flow.
(2) Calibrated records that document variability in, for example, sea ice extent,
volcanism, marine biogenic activity and trends in major ion chemistry deposited over
Antarctica.
(3) Detailed understanding of the spatial and temporal (sub-annual to multi-decadal)
complexities in climate within and related to Antarctica.



US ITASE 2000-2001 End of Year Stats

Core recovered (Chemistry

Location Lat. Long. Elevation Depth
  (°S) (°W) (m) (m)

ITASE 00-1 'A'(WAI S) 79.3831 111.2390 1791 105
ITASE 00-2 'C' 78.7330 111.4966 1675 61
ITASE 00-3 'D' 78.4330 115.9172 1741 60
ITASE 00-4 'E' 78.0829 120.0764 1697 58
ITASE 00-5 'F' 77.6830 123.9950 1828 60
ITASE 00-6 'H' 78.3325 124.4840 1639 60
ITASE 00-7 'I' 79.1330 122.2670 1495 63

Snow Pits
Site lat/ long date sample depth

(°S) (°W)
ITASE 00-1 'A'(WAI S) 79° 22.985 111° 13.720 12/1/00 1-200 200cm

ITASE 00-2 'C' 78° 25.004 115°55.034 12/13/00 1-200 200cm
ITASE 00-3 'D' 78° 4.973 120°4.587 12/15/00 1-200 200cm
ITASE 00-4 'E' 77° 40.931 123°59.485 12/19/00 1-200 200cm
ITASE 00-5 'F' 78° 19.95 124° 28.70 12/24/00 1-200 200cm
ITASE 00-6 'H' 79° 8.042 122° 16.341 12/27/00 25-199 150cm

Sample Processing and Chemical Analyses:
Sample processing for this project includes contamination free-techniques such as:
(1) field collection of snow pit samples in 125 ml cups
(2) hand-scraping of the upper few meters of cores collected in the field, followed by
cutting and placing samples into 125 ml cups
(3) development of continuous melting techniques for use in the laboratory
(4) utilization of ion chromatography and ICP techniques.

In 2000 the PI and several others transferred from the University of New Hampshire to
the University of Maine. This transition led to reducedout put for several months because:
new, larger, and cleaner freezer facilities were constructed by UMaine, and the ion
chromatograph softwareand plumbing were found to have defects that appeared
immediately upon the transfer to UMaine, perhaps from transit or during final weeks at
UNH. In addition since arriving at UMaine new continuous melting techniques have been
developed and new interfaces with analyticalequipment not previously available at UNH



were implemented.
To date all of the major ion analyses on 99-00 and 00-01 snow pits and surface samples
have been completed. Most of the major ion analyses on the 99-00 cores are complete
and analyses of 00-01 core samples is well underway.

Field Season 2001-2002

During the 2001-2002 field season a total of 771m of core was collected. This included
six primary core sites noted below (utilizing the 3' diameter Eclipse drill) plus numerous
shallow (3-20m)2.2' diameter cores (utilizing the University of Maine Rongbuk drill) and
two snow pits. The Rongbuk drill was used to replace snow pits because it is faster than
snow pit sampling (allowing more sites to be sampled) and because it reduces potential
contamination versus exposed pit walls. Numerous fresh snow samples were collected to
examine chemical species variability through snowstorm events plus spatial variability.

Location Lat. Long. Elevation Depth
  (°S) (°W) (m) (m)

ITASE 01-1 79.1597 104.9672 1843 73
ITASE 01-2 77.8436 102.9103 1353 71
ITASE 01-3 78.1202 95.6463 1633 71 & 70
ITASE 01-4 77.6116 92.2483 1484 68
ITASE 01-5 77.0593 89.1375 1246 115
ITASE 01-6 76.0968 89.0147 1232 18

Core sites were selected through a combination of initial observations using RADARSAT
imagery and then refined in the field through near real-time observation of continuous
time-stratigraphic radar reflectors.

Field Season 2002-2003

During the fourth US ITASE season (2002-2003) the field team traversed 1250 km from
Byrd to South Pole. The traverse was comprised of 13 members, two Challenger 55s, and
various heavy and light sleds. The bulk of the fuel used by the Challengers was air
dropped to four sites along the route. Route selection was based upon the science
objectives of the US ITASE researchers and safe route selection was aided by
examination of RADARSAT images and an onboard crevasse detection system.  Eleven,
integrated science programs were supported by US ITASE in 2002-2003. Science was
conducted both during travel and at eight sites. Continuous shallow (~120 m) and deep
(>3000m) radar, high precision kinematic GPS, and surface snow sampling comprised
the travel component of the science. Near real-time shallow radar information was used
to finely tune the location of study sites and to tie these sites together via identification of
long distance subsurface marker horizons. At each site 3” and 2” diameter ice cores were
collected that will provide samples for stable isotopes, major soluble ions, water soluble
trace gases, trace elements, organic acids, b activity, stratigraphy, porosity, permeability,
and density. A total of 920 m of ice core was collected. Atmospheric sampling of surface



air and air to a height of 23 km was conducted as well as high precision GPS surveys to
determine mass balance, ice flow direction and speeds, and ice surface topography.

Major Scientific and Logistical Accomplishments of the 2002-2003 Field Season Related
to the US ITASE Glaciochemistry Project:
Between 23 November 2002 when the US ITASE team arrived at Byrd and 7 January
2003 when the team departed South Pole the glaciochemical team collected the following
ice cores:

Location Lat. Long. Elevation Depth
  (°S) (°W) (m) (m - approx.)

ITASE 02-BYRD 80.0093 119.4249 1530 40.8
ITASE 02-1 82.0010 110.0082 1746 62.5
ITASE 02-2 83.5008 104.9868 1957 62.1
ITASE 02-3 85.0005 104.9953 2396 46.5
ITASE 02-4 86.5025 107.9903 2586 72
ITASE 02-5 88.0022 107.9833 2747 54.5

ITASE 02-SPRESO 89.9333 144.3938 2890 295*
ITASE 02-100K 88.9989 59.9744 3000 15.2

*295 m collected by ICDS SPRESO team for US ITASE

A total of 920 m of ice cores were recovered utilizing both the 3” diameter Eclipse drill
purchased by NSF for use by US ITASE and a 2.2” diameter lightweight drill built by
Glacier Data for the University of Maine. Analyses to be conducted on these cores
include: stable isotopes (UWash), major ion chemistry (UMaine), trace and reversible
species chemistry (UArizona), beta activity (UMaine), stratigraphy, porosity, and
permeability (CRREL).

Activities covering the period March 2003 - to present
To date more than every second ice core collected plus all surface snow and snow pit
samples have been processed and analyzed for major anions and cations and for many
cores compared to complementary stable isotope (University of Washington) and
hydrogen peroxide (University of Arizona) measurements.

Since March 2003 the ITASE glaciochemistry team has been involved in the analysis and
interpretation of glaciochemical records and has
presented numerous papers at the following meetings:
(1) US ITASE Workshop (Castine, Maine - June)
(2) SCAR/IGS Symposium (Milan, Italy - August)
(3) Fall AGU (San Francisco  December).
(4) SCAR/IGS Symposium (Bremen, Germany August 04)
(5) SCAR/AGCS (Cambridge, UK June 05)
(6) Modes of Climate Variability mtg (Cambridge, UK June 05)



Paper topics are outlined under the major findings section of this report. In addition we
have continued to work with our other US ITASE colleagues (10 institutions),
international ITASE colleagues (20 countries), and a new collaboration with Alan
Robock (Rutgers) investigating the impact of volcanism on climate utilizing ITASE and
other ice core sulfate series.

In addition ICPMS measurements for trace elements have been conducted on selected
surface and core samples. This analysis required considerable attention to the calibration
of our NSF MRI supported ICPMS and to the development of new techniques for ice
core processing. (see attached file with a complete description).



Findings:
Topics being considered for publication over the period of US ITASE field activities:

1. Modern day persistence of LIA atmospheric variability in West Antarctica.

2. West Antarctic accumulation histories.

3. Role of topographic divides on atmospheric dynamics and accumulation in West
Antarctica.

4. Detailed proxy of strength and position of the Amundsen Sea Low and associated
long wave patterns in West Antarctica with implications for investigations of the
Antarctic Circumpolar Wave.

5. Variability in the frequency and strength of atmospheric short waves in West
Antarctica.

6. ENSO, as manifested in West Antarctica.

7. Comparison of near surface glaciochemistry from inland West Antarctica to the
Siple Dome deep drilling program.

8. Development of new techniques for identifying core sites. US ITASE is unique
because it has the capability to identify potential core sites using a host of satellite
imagery plus near real-time observations of radar reflectors provided by the
CRREL shallow radar component of US ITASE (CRREL - Arcone). Without this
capability core sites could easily be selected that are biased by local topography
and ice flow.

9. US ITASE ice cores are unique because they have the capability of including and
do include up ice flow adjustments for local effects on accumulation rate through
collaboration with US ITASE surface glaciology activities (Hamilton - UMaine).

Major findings (with citations) developed from US ITASE glaciochemical research as of
March 2004:

(1) Established seasonal timing, source contributions, controls on spatial distribution, and
covariance association with moisture flux for all major ions (Han et al., 2001; Isaakson et
al., 2001; Curran et al., 2002; Kaspari et al., in press; Kaspari et al., in review; Dixon et
al., in press; Pruett et al., in press).

(2) Provided precise annual layer counting for all ice cores resulting in estimates of past
mass balance, identification of moisture source regions, concentration-flux
deconvolutions, and environmental interpretations (Palmer et al., 2002; Kaspari et al., in
press; Dixon et al., in press; Spikes et al., in press (a); Bertler et al., in review (a)).

(3) Derived glaciochemically differentiated annual layers to demonstrate that shallow and
deep radar reflectors are truly isochrones (Arcone et al., in press; Spikes et al., in press
(9b)).

(4) Developed the most highly resolved, temporally and spatially, 200+ year long
volcanic event record for WAIS (Palmer et al., 2001; Dixon
et al., in press; Kurbatov et al., in review).



(5) Identified stratospheric versus tropospheric source volcanic emission input pathways
to WAIS and utilized stratospheric source events as evidence of emission plume history
over the ice sheet (Dixon et al., in press).

(6) Differentiated the relative influence of sea salt spray and salt flowers on Na+ loading
over WAIS (Kaspari et al., in review).

(7) Confirmed and significantly expanded our earlier single ice core calibrations between
major ions and several major atmospheric phenomena (eg., Amundsen Sea Low, ENSO,
westerlies, circumpolar circulation) resulting in more robust ice core proxies for
atmospheric circulation (Souney et al., 2002; Yan et al., in review; Mayewski et al., in
review; Goodwin et al., in press; Xiao et al., in review).

(8) Developed new instrumentally calibrated proxies for strength of the zonal westerlies,
circumpolar circulation, ice surface wind drainage, impact of radiative forcing on
atmospheric circulation, and sea ice extent (Bertler et al., in press; Bertler et al., in review
(b); Goodwin et al., 2004; Mayewski et al., in review; Yan et al., in review).

(9) Integrated US ITASE spatial records and existing shallow to deep ice core records to
significantly refine paleoclimate reconstructions leading to the identification of the AD
1700-1850 abrupt climate change event that affected Antarctica, demonstration of the
past 700 years of behavior of the Antarctic Oscillation (Mayewski et al., in press), and
global scale correlations (Shulmeister et al., in press; Mayewski et al., in press; Maasch et
al., in review).

(10) Developed the “Solar Polar” hypothesis for the initiation of annual to decadal scale
variability over Antarctica and the Southern Ocean and potentially global scale abrupt
climate change events (Mayewski et al., in review). Demonstration invokes a
combination of NCEP/NCAR re-analysis data, several US ITASE ice cores, and cores
from South Pole, Siple Dome, and Law Dome. The Solar Polar hypothesis opens a major
opportunity as a predictive tool and offers suggestions for the cause of Australian drought
cycles, the major Southern Hemisphere event of 2001-2002 (“Summer from Hell”), and
partial deconvolution of the interaction between ENSO and the ACW.


