Extreme Southern Site Literature Review - DRAFT

For the purposes of the Latitudinal Gradient Project (LGP) several regions in southern Victoria
Land have been identified as potential study sites for the southern-most LGP site along the
latitudinal gradient of the Victoria Land coast. This most southern site of the LGP is the ‘holy
grail’ of all the sites as it will be the most challenging to support logistically.

Groups in the US as part of the Central TransAntarctic Mountains (CTAM) initiative are also
keen to study some of these southern extreme sites, and the hope is to have a joint US-NZ
camp to support scientists from both nations.

To this end, this literature review has been undertaken on the potential extreme southern sites
to provide the physical and scientific research setting for each of these sites.

Beardmore Glacier Region

Glaciology

The Beardmore Glacier (834500S 1710000E) is 240km long and up to 45km wide. It attains an

elevation of 2400masl at its head in the polar plateau, flows through the Queen Alexandra and
Commonwealth ranges of the Transantarctic Mountains, and is afloat at its mouth where it flows
into the Ross Ice Shelf.

Inland ice from the Beardmore and Mill Glacier drainage basins is the major source for the
trunk glacier, which is also fed by small tributary glaciers. An Independent ice cap occurs on the
Dominion Range Plateau at 2400-2800masl between the Beardmore and Mill Glaciers. The
Rutowski Glacier, an outlet lobe of this ice cap, drains northward into the Meyer Desert which is
opposed by the southward-flowing Mercer Lobe of the Beardmore Glacier (Denton 1989).

The Beardmore Glacier occupies an extreme cold desert environment. On the polar plateau
near the glacier head the mean annual temperature is about -40°C and accumulation is about 5
g cm 2 yr' whereas on the Ross ice Shelf at the glacier mouth the corresponding values are -
30°C and 28 g cm 2 yr* (Weyant, 1967; Bull, 1971).

Mayewski et al (1990) collected a 201m ice core from the ice cap on the Dominion Range. They
measured borehole temperature (-31.3°C at base) and mean annual accumulation (~35 kg m ?
al), crystal size and fabric, oxygen isotopes in the ice, ice chemistry, and isotopic composition.



Glacial Geomorphology

Several groups have visited the Beardmore Glacier region of the Transantarctic Mountains over
the past 50 years. Some of these and have described the surface conditions and the soils of the
exposed locations. These investigations include that of Mercer (Mercer 1972) in 1969,
Mayewski (Mayeswki 1975) in the late 60s early 70s, and a larger, more diverse group of earth
scientists during the austral summer of 1985 (Denton et al. 1986; Bockheim et al. 1990a).

From Beardmore lateral moraines, Mercer (1972) inferred extensive grounding of the Ross Ice
Shelf accompanied by little or no change in the interior East Antarctica during the late
Quaternary ice ages. In contrast, Mayewski (1975) concluded that these lateral moraines reflect
former thickening of east Antarctic ice accompanied by only minor grounding-line advance
along the inland periphery of the Ross Ice Shelf. These differing observations imply
fundamentally different controls on the Antarctic ice sheet. Observations by Denton et al
(1986) support those of Mercer (1972) that sea level lowering and grounding of the Ross Ice
Shelf caused thickening of the lower reaches of the Beardmore Glacier.

Two distinctly different drifts in the Beardmore Glacier trough have been identified (Denton et
al 1989). The Sirius Drift is the oldest and pre-dates late quaternary time. This is commonly
semi-lithified and occurs plastered against the valley wall (The Coudmaker), in lateral wedges
(middle Dominion range, Willey Point) and in platforms (northern Dominion Range). It has
extensive scarps facing the present day glacier. Striated clasts are common and Nothofagus
twigs and pollen are well preserved. The second type of drift occurs discontinuously in ice free
areas alongside the Beardmore Glacier and is commonly superimposed on Sirius deposits.

These younger drift sheets and their corresponding soil have been termed, in increasing age,
the Plunkett, Beardmore, Meyer and Dominion (Bockheim et al. 1990). Although there was an
earlier disagreement about the ages of these soils, Bockheim et al. (1990) favors the hypothesis
that these drifts represent groundings of the Ross Ice Shelf. The oldest drift, the Dominion, is
pre-late Quaternary age, the Beardmore and Meyer drifts and their soils have been judged to
be late Quaternary in age; the Meyer likely being marine stage 6 in age (~140 kyr) and the
Beardmore correlating to the Ross Sea drift (Last Glacial Maximum) in the McMurdo region
(Denton et al. 1986). The Plunkett is Holocene age, with a maximum 14C age of 3100 yrs.
(Denton et al. 1986). The soil properties vary greatly according to their relative age. The
Dominion aged soils show strong oxidation, greater weathering, and higher accumulations of
salt; while the Plunkett aged soils show the least of these (Bockheim et al. 1990). Mayewski
(1975) noted that the three lateral moraines that separate these soils can be traced through the
Transantarctic Mountains to the east along the Shackleton and Scott Glacier valleys.

Bockheim et al (1986) noted that there were no significant differences in soil morphologic
properties along the latitudinal gradient from Mt. Hope (832 30’S) to the Meyer Desert (852
09’S).



Geology

The Beardmore Glacier trough cuts Beacon and Ferrar Supergroup rocks in its upper reaches
and older Paleozoic igneous and metasedimentary rocks in its middle and lower reaches.

There have been many geological studies undertaken in the Beardmore region. Refer to the
Beardmore region bibliography for references up to 2000.

Terrestrial Biology

In the 1960s several areas were visited as far south as 86 degrees along the Ross Ice Shelf
margin in southern Victoria Land. These visits often reported considerable amounts of lichen,
moss and insects, although the latter were much harder to find (e.g. Tyndale-Biscoe 1960).

Fauna

Animal taxonomic diversity of the Beardmore region of the Transantarctic Mountains has yet to
be exhaustively explored, but based on previous reports (Adams et al. 2006b; Sinclair and
Stevens 2006) resembles that of the dry valleys of southern Victoria Land (Adams et al. 2006a)
with low animal diversity of the (<20 soil dwelling species; Adams et al. 2006). Analyses of
genetic variability has shown that the insects are distinct from those further north and probably
indicate not just survival in a refuge area but survival from before the ice came to the Ross Sea
(ref?).

Tyndale-Biscoe (1960) worked between 83° 40" and 84° 20’ S and 171° 30’ and 174° E in the
Beardmore Glacier region. Collembola were found at 4 sites around Mt Harcourt and 1 site on
Prospect Spur. These were associated with fructose lichen and moss occurrences. A species of
red mite was found at 4 sites again near moss or lichen. Collembola and mites were only found
on coastal ranges. One species each of the genera Xenyllaand Anurophorusvere identified.

The Metazoans of the BeardmoreeRion ¢ Nematodes, mites and springtails have all been
recovered from the Beardmore region (Tyndale-Biscoe 1960; Adams et al. 2006a; Sinclair and
Stevens 2006) (see list below) as have tardigrades and rotifers (Adams, Wall & Hogg, unpubl.),
representing the full suite of taxa found in the relatively more benign Victoria Land region,
located to the north.

A list of metazoan species expected to be encountered in the Beardmore region based on
their known southernmost distribution:

Nematodes Scotthema lindsaya

Mites Protereunetes maudae

Stereotydeus shoupi

Tydeus wadei

Nanorchestes antarcticus

Springtails Antarctophorus subpolaris

Biscoia sudpolaris



Tullbergia mediantarctica
Rotifers Philodina gregaria
Tardigrades Acutuncus antarcticus

Tyndale-Biscoe (1960) worked between 83° 40’ and 84° 20’ S and 171° 30’ and 174° E in the
Beardmore Glacier region. Collembola were found at 4 sites around Mt Harcourt and 1 site on
Prospect Spur. These were associated with fructose lichen and moss occurrences. A species of
red mite was found at 4 sites again near moss or lichen. Collembola and mites were only found
on coastal ranges. One species each of the genera Xenyllaand Anurophoruswvere identified.

Prior (1963) found 2 new species of Collembola and a new family of trombidiform mites in the
Hood Glacier region 83° 55’S.

Nematodes¢The most geographically ubiquitous nematode is Scottnema lindsaya@mm 1971.
Scottnema lindsayawlerates a wide range of soil moisture and geochemical conditions and is
the only nematode recovered from the Beardmore region to date (Adams et al. 2006b).

Springtails & Mites- These microarthropods persist under rocks and soil to several centimeters
deep, and their distribution is known to be limited to areas of high soil moisture and/or access
to water, such as streams, or snow meltwater. They are not aquatic, but may disperse via
meltwater streams (Stevens and Hogg 2003). The mite Nanorchestes antarcticu&randtmann
1967 is a cosmopolitan Antarctic species. The remaining mites, Protereunetes mudae
Strandtmann 1967 Stereotydeus shouptrandtmann 1967 and Tydeus wade$trandtmann, and
springtails, Antarctophorus subpolarisalmon 1962 Biscoia sudpolarisalmon 1962 and
Tullbergia mediantarcticaVise 1967 are endemic to the Queen Maud Mountains of the
Transantarctic Mountains (between the Beardmore and Reedy Glaciers). Antarctophorusand
Biscoiaare endemic genera (Sinclair and Stevens 2006).

Rotifers— Rotifers are primarily aquatic, occurring in wet soils, cryoconite holes, meltstreams
and ponds across Antarctica (Adams et al. 2006a). Philodina gregariavurray 1910 have been
identified from 3 locations in the Beardmore region (Oliver Bluffs, Moody Nunatak and Wise
Bay) from soil samples collected for by USA geologists working in the area in 2003 for Byron
Adams’ team. As these specimens were vouchered in formalin Adams et al have been unable to
achieve PCR amplification.

Tardigrades — Tardigrades are widely distributed in soils, cryptogamic vegetation and
freshwaters across Antarctica (Convey 2001). Adams et al. have identified Acutuncus
antarcticusRichters 1904 from the same Beardmore locations as described above for rotifers.
Diphascon spRamazzottius oberhduseédbyere 1840, and Macrobiotus polariDougherty and
Harris 1963 have been reported from southern Victoria Land.



Flora

Tyndale-Biscoe (1960) found that the commonest form of life observed were several species of
lichen. Some species were found at 1 or 2 sites, others were found on nearly every rock outcrop
examined from the Ice Shelf to 2100m, 48 km inland. A species of moss was found at 5 sites
ranging from ice shelf to 600m. All these sites had dark rock, were much weathered, and in area
where melt occurred.

In January 2003, a party from Waikato University visited Mt. Kyffin, Beardmore Glacier. At 83°
45’ S this site is well south of expected rich plant communities. However, the results were
surprising with considerably more species of lichen being found than previously expected. In
total, 26 species were found and of these species only 7 were already known from that far
south. Of the remainder, 5 species were known from northern Victoria Land, 4 from the
Antarctic Peninsula and 6 were new to Antarctica (another 4 remain to be identified).

Logistics
Beardmore project 199®@1

e Opened 10 Nov 1990 — 19 Jan 1991.
e Used skidoos to work from here till mid Dec when helo support was provided by HNZ
(Jim Wilson and 2 other pilots plus mechanic) till mid Jan
e 29 scientists from 8 events
e 294 hours flown by helo over 30 days (total of 17 hours transit time between camp and
MCM) — 266 direct support of science.
e 650km flight with refueling in Beaumont Bay.
e Impacted by wx with 3 systems coming in bringing northerly winds and relatively warm
moist air from RIS across Bowden Nevee and Beardmore South camp.
[ ]
Beardmore project 19849986
e Camp constructed at 84° 00’S 164° 24’43” E (1816masl).
e 35km NNE from a camp operational in 69-70 near Coalsack Bluff.
e 3 themes of research:
0 Antarctic ice sheet and global ice ages
0 Gondwana sequence and fossils
0 Tectonic evolution of TRANSANTARCTIC MOUNTAINS
e Opened October 1985 — closed 24 January 1986.
e 17 USevents and 1 NZ event — 66 scientists
e Flew 713 helicopter hours for science. 108 hrs for transit, fuel depots, reccies.
e 6 pilots and 3 helicopters
e Helos refueled at Beaumont Bay between MCM and camp.
e Fuel caches established early at Lhasa Nunatak and Moody Nunatak to support science
in the region.



e 69 LC-130 flight missions. 61 landed at Beardmore, 2 aborted due to poor wx, 6 used for
fuel caching. Total of 222 flight hours.
e 276,000 Ibs returned to MCM — 161,000 lbs of this was camp materials.
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The Beardmore Glacier and Vicinity (adapted from Bockheim et al., 1990)



Supraglacial ponds

Ponds seen on the Beardmore near the Cloudmaker (Courtesy of lan Hogg)
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