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Overview 

Antarctica is not onl y one of the world's seven 
continents, it  a lso comprises most of one of a 
dozen m ajor crustal plates,  accounting for about 9 
percent of the Earth's continental  ( lithospheric) 
crust. V ery little of this land is v isible, however, 
covered as it is by the vast East Antarctic Ice 
Sheet and the smaller West A ntarctic Ice Sheet. 
These ice sheets average som e 3 kilometers deep 
and form  a v irtual vault; 90 percent of the ice on Near the Beardm ore Glacier in the 
Earth is here. And it is heavy, depressing the crust Transantarctic Mountains, 
beneath it some 600 meters (m). These physical paleontologists and geologists set 
characteristics, while not static, are cur rent. Yet up a camp to study the rock in the 
Antarctica is also a time m achine, thanks to the surrounding hills and peaks. The 
sciences of geology and geophysics, powered by research in 2003 unearthed new 
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modern instruments and informed by the paradigm dinosaur bones, ancient pl ants and 
of plate tectonics/continental drift. other clues to what Antarctica was 

like hundreds of mill ions of years 

Geologi sts have found evidence that there was ago. (NSF/USA P photo by K ristan 
once a forested supercontinent, which they call Hutchinson, Raytheon Polar 
Gondwanaland, in the Southern  Hemisphere. Services Corp.) 
Before the Ear th's constantly shifting plate 
movement began to break the continent up 150 million years ago, Antarcti ca was a core 
piece of this assem bly; the l and adjoining it has since become Africa, Madagascar, India, 
Australia, and South America. Though the antarctic plate has drifted south only about a 
centimeter  a year, geologic ti me eventually y ields cataclysm ic results. The journey 
moved the antarctic plate into ever -colder, high-latitude climates, at a rate of about 4°C 
for each million years; eventually conditions changed dram atically, and Antarctica ar rived 
at a near-polar position. This astounding story—written in the language of rock and 
fossil s—is locked in beneath the ice and the sea, and in the bedrock below both of them. 

As the ice sheets developed, they assumed, through their interaction with oceanic and 
atmospher ic circulation, what has become a key role in modulating global climate. A s a 
bonus, the South Pole presents a strategic point to monitor the Ear th's seismic activ ity. 
Antarctica is the highest continent on Earth (about 2,150 m above sea level), with its fair 
share of mountains and volcanoes; thus, many generic questions of interest to Earth 
scientists  worldwide also apply to this region. Some specific issues of  interest to the 
Antarctic Geology and Geophysics Program  include the following: 

	 determining the tectoni c evolution of Antarctica and its re lationship to the 
evolution of the continents from Precam brian time (600 million years ago) to the 
present; 

	 determining Antarctica's crustal structure; 

	 determining how the dispersal of antarctic continental fragments may have 
affected the paleocirculation of the wor ld's  oceans, the evolution of life, and the 
global climate (from  prehistoric tim es to the present); 

	 reconstructing a more detailed history of the ice sheets, identifying geologic 
controls to ice-sheet behavior, and defining geologic responses to the ice sheets 
on regional and global scales; and 

	 determining the evolution of sedimentary basins within the continent and along 
the continental m argins. 

These issues will all becom e clearer as scientists im prove their models of where, when, 
and how crustal plate movement wrought Antarctica and its surrounding ocean basins. 
The Antarctic Geology and Geophysics Program funds investigations into the relationships 
between the geologi c evolution of the antarctic pl ate and the life and processes that can 
be deduced to accompany it —the paleocirculati on of the world's oceans, the paleoclimate 
of the Ear th, and the evolution of high-latitude biota. A current em phasis is the W est 
Antarctic Ice S heet Program , focused on the smal ler of the continent's two ice sheets and 
conducted jointly w ith the Glaciology Program. Several important research support 
activities are underway as well: 

	 Meteorites:  In partnership with the National Aeronautics and Space 
Adm inistration ( www -curator.jsc.nasa.gov/curator/antmet/antmet.htm) and the 
Smithsonian Institution, the program suppor ts meteorite collection through the 
antarctic search for meteorites (ANSMET) and chairs an interagency comm ittee 
that is responsible for curating and  distributing samples of antarctic meteorites. 

	 Mapping and geodesy:  In partnership with the U.S. Geological Survey, the 
program supports mapping and geodetic activ ities as an investment in future 
research in earth sciences.  The U.S. Antarctic Resources Center (USAR C, 
http://usarc.usgs.gov/) constitutes the U.S. Antarctic Program 's contr ibution to 
the Scientific Com mittee on Antarctic Research library system for earth sciences; 
housed here is the largest collection of antarctic aerial photographs in the world, 
as well as many m aps, satellite images, and a storehouse of geodetic information. 

	 Marine sediment and geological drill cores: In  partnership with the Antarctic 
Mari ne Geology Research Facility at Florida State University (www.arf.fsu.edu/),
the program manages and disseminates marine sediment and geological drill 
cores mined in Antarcti ca. The collection includes an ar ray of sediment cores as 
well as geologic drill cores from the Dry Valley Drilling Project, the Cenozoic 
Investigations of the Ross Sea Drilling Program, and the Cape Roberts Dr illing 
Project. The facility fills requests for samples  from  researchers wor ldwide and also 
accom modates v isiting researchers working onsite. 
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Antarctic mapping, geodesy, geospatial data, 
satellite image mapping, and Antarctic Resource 
Center management. 

Jerry L. M ullin s, U .S . Geolo gic al Survey. 

Antarctic m apping, geodesy, geospatial data, satellite image mapping, and the U.S. 
Antarctic Resource Center (USARC) constitute some of the activities necessary for  the 
successful  operation of a multifaceted scientific and exploratory effort in Antarctica.  Year-
round data acquisition, cataloging, and data dissemination will  continue in the USA RC in 
support of surveying and mapping. Fie ld surveys are planned as part of a continuing 
program to collect the ground control data required to transform existing geodetic data 
into an Ear th-centered system  suitable for  future satellite -mapping  programs and to 
reinforce extant control of mapping programs to support future scientific program s. 
Landsat (Land R emote-Sensing Satellite) data will be collected as funding permits to 
support satellite image-mapping projects. These maps will provide a basis for displaying 
geologic and glaci ologic data in a spatially accurate manner for analysis. They will also 
support future expeditions by providing a basis for planning scientific investigations and 
data collection. In addition, spatially referenced digital cartographic data wil l be produced 
from published maps. 

Geodetic projects are planned as part of a continuing program aimed at building a 
continent-wide geodetic infrastructure (GI ANT) that will support a wide range of U.S. and 
international scientific  research objectives by: 

	 establishing and maintaining a fram ework of permanent geodetic observatories, 

	 extending and strengthening the existing network of stations linked to the 
International Terrestria l Reference Frame, 

	 establishing geodetic coordinates at identifiable points for georeferencing satellite 
image-mapping projects, 

	 maintaining and calibrati ng ti de-gauge instrumentation, 

	 carry ing out absolute gravity measurements, 

	 carry ing out absolute gravity measurements, 

	 expanding the online geodeti c database with new and historical data. 

The geodetic field program is supported by a cooperati ve arrangem ent with Land 
Information New Zealand. (G–052–M/P/S; NSF/OPP 02–33246) 
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Age, origin, and climatic significance of buried ice 
in the western Dry Valleys, Antarctica. 

David R. Marchan t, Boston University, and Joerg M. Schaefer, Lamont-Doherty 
Eart h Obs ervato ry, C olu mbia Univers it y. 

Bur ied ice deposi ts represent a potentially  far -reaching archive of atm osphere and 
clim ate on Ear th extending back many milli ons of years. These deposits are ter restria l 
analogs to widespread and young buried ice on the Martian surface as identified by 
recent data from M ars Odyssey. Just as earl ier researchers asked whether a climate 
record was stored in the modern ice sheets of Antarctica and Greenland, we now ask 
whether ancient, debris -covered glaciers in  the western Dry Valleys hold similar records 
of temperature and atmospheric change, but on time scal es that are perhaps an order of 
magnitude greater than those for the deepest existing ice core. 

The ice to be examined is over a million years old, making it by far the oldest ice yet 
known on Earth. An alternative v iew is that  this buried ice is m ore recent segregation ice 
from the in situ freezing of groundwater. Distinguishing between these hypotheses is key 
to understanding Neogene climate change in Antarctica. 



Our research is aimed at: 

	 better understanding the surface processes that perm it ice preservation, 

	 testing the efficacy of cosmogenic and argon analyses in dating tills above bur ied 
ice, 

	 further assessing the use of cosmogenic-nuclide analyses and argon analyses of 
ashfall deposits to date buried ice, and 

	 using these data to help resolve the debate between the young and old i ce 
scenarios noted earlier. 

We will analyze a minimum of six cosmogenic-depth profiles to determine if and how 
cryoturbati on reworks sublimation tills and assess the average rate of sublimation for 
three glaciers. We wil l use finite -elem ent analyses to model at least three bur ied glaciers 
and com pare the flow rates with those based on radiom etric dating of surface deposits. 
We will also collect 10 ice cores. 

Better  understanding of surface processes above buri ed ice on Ear th will permit 
researchers to gain access to a record of atmospheric and clim ate change that could well 
cover intervals that predate Quaternary time. Since the conditions in the Dry Valleys are 
analogous to those found on Mars, extending the results could bring valuable insight into 
the potenti al for life on Mars. (G –054 –M; NSF/OPP 03–38291) 
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Magmatism in the Dry Valleys: A workshop. 

Bruc e D. Marsh, Jo hns Ho pkin s University. 

The most challenging aspect of understanding m agmati sm  is that so  little of the 
integrated nature of the full cycle can be directly exam ined in any realistic context. 
Planetary m agmatism  is a multifaceted process involv ing a spectrum  of interleaved 
chemical and physical processes responsible for the chemical transformation of the initia l 
prim itive magma into the final product. Each essenti al component can be found well 
exposed somewhere on Earth, and each has been studied for nearly a century, but 
finding and studying any reasonable example of the entire process in a fully integrated 
context has proven singularly e lusive. 

The Ferrar dol erites of the McMurdo Dry Valleys exhibit in exquisite exposures the three -
dimensional structural evolution of an extensive magmatic system that formed 180 
million years ago. This system contains, on a manageable scale, all the essential features 
of m ajor magm atic systems, which are seen only piecem eal e lsewher e in the world. 
Because this unusual area is so inaccessible, we will hold a 2-week fie ld workshop to 
introduce 20 to 25 researchers to the wonders of the McMurdo Dry Valleys, to stim ulate 
cutting-edge research, and to delineate the unsolved problems posed by this  magmatic 
system. This working conference w ill have discussions and laboratory work at McM urdo 
Station and fiel dwork in the Dry Valleys. 

Four magm atic processes will be considered: 

	 magma transport and differentiation in a mush column (East Bull Pass), 

	 crystal transpor t and sorting in ponding magma (East Dais), 

	 solidification front instability in sil ls (Pandora Spire/Solitary Rocks), and 

	 mechanics of sill em placement (Victoria Valley and East Wright Valley). 

To have the widest possible impact, participants wi ll be researchers working on other 
parts of the Ferrar  system, senior  researchers studying layered intrusions and basaltic 
sill s worldwide, young researchers studying magm atic processes,  researchers studying 
ocean ridge magma chambers and melt sheets, and  graduate students in igneous 
petrology. Undergraduates may also be involved. The workshop is intended to help 
enunciate a specific  fundam ental theme common to all m agmatic processes, to 
understand the regional dynamics of the Ferrar-Transantarctic magmatic province, and 
to stim ul ate scientists to new horizons through exposure to a singular fie ld area. (G – 
056 –M; NSF/OPP 02–29306) 
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The antarctic search for meteorites (ANSMET). 

Ralph P. Harvey, Case Wes tern Reserve University. 

Since 1976, ANSM ET (the antarcti c search for m eteorites program) has recovered more 
than 14,000 meteorite specimens from locations along the Transantarcti c Mountains. 
Antarctica is the world's prem ier meteorite hunting ground for two reasons: 

	 First, although meteori tes fall at random all over  the globe, the likelihood of 
finding one is enhanced if the background  material is plain and the accumulati on 
rate of ter restria l sediment is low; this makes the East Antarctic Ice Sheet the 
perfect m edium . 

	 Second, along the margins of the sheet, iceflow i s som etimes blocked by 
mountains, nunataks, and other obstructions; thi s exposes slow -moving or 
stagnant ice to the fierce katabati c winds, which can deflate the ice surface and 
expose a lag deposit of meteorites (a representative por tion of those that were 
sprinkled throughout the volume of ice lost to the wind). When such a process 
continues for millennia, a spectacular concentration of meteorites can be unveiled. 

The continued recovery of antarctic m eteorites is of great value  because they are the 
only cur rently avail able source of new, nonmicroscopic extrater restria l m aterial. As such, 
they provide essenti al "ground truth" about the composition of asteroids, planets, and 
other bodies of our solar system. ANSMET recovers samples from the asteroids, the 
Moon, and Mars for a tiny fraction of the cost of returning samples directly from these 
bodies. 

During the 2004 –2005 field season, ANSMET's main field par ty (eight people) will work 
at the LaPaz i cefi elds, approximately 250 miles from Amundsen –Scott South Pole 
Station. More than 1,000 meteorites were recovered from the site during vi sits in 1991, 
2002, and 2003. This year's field team will continue systematic searches of the icefields 
in an effort to recover a representative sample of the extraterrestr ial material falli ng to 
Earth. 

A second team consisting of four  people will conduct high-level reconnaissance at a 
number of icefields throughout the midrange of the Transantarctic Mountains. The team 
has three goals: 

	 to sear ch for new meteor ite str andi ng surfaces, 

	 to fully explore the potential of poorly known meteorite sites, and 

	 to wrap up collection efforts at sites where a full season by a large team is 
logistically not practical. 

The team will visit poorly known or previously unvisited icefie lds, recover ing meteor ites 
and identify ing their potential for more detailed searches dur ing future seasons. In 
general, the team will move from south to north, starting near Z aneveld Glacier and 
ending near Buckley Island, with varying lengths of stay at key sites and constant re ­
evaluation of pr iorities depending on the density of meteori te finds, icefield conditions, 
and logistical needs. 

The team will general ly move between target sites and cam ps by plane. On a few 
occasions, the team will use a "flying traverse," where the plane fer ries the gear while 
the team travel s by snowm obile. This sty le of traverse works well for targets that are 
linked by a safe route and are relatively close together (> 30  k ilometers). The fie ld team 
will a lso be able to traverse such routes i n em ergencies. (G–058–M; NSF/OPP 99–80452) 
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Evolution and biogeography of Late Cretaceous 
vertebrates from the James Ross Basin, Antarctic 
Peninsula. 

Judd A. Cas e, Saint Mary's C ollege of C alifornia, and James E. Martin, S outh 
Dakota Sch ool of Mines and Tech nology. 



The Campanian through the Maastrichtian Ages (80 to 65 million years ago) are 
important in the history of vertebrate biogeography (dispersals and separations due to 
moving landmasses) and evolution between Antarctica and the rest of the Southern 
Hemisphere. Moreover, unresolved questions in paleontology relate to the dispersal of 
terrestrial vertebrates such as dinosaurs and marsupial  mammals from North Am erica to 
Antarctica and beyond to A ustralia via Patagonia and the Antarctic Peninsula, as well as 
the dispersal of modern birds from Antarctica nor thward. Dispersals include vertebrates 
in marine settings as well. Both widely distributed and localized marine reptile species 
have been identified in Antarctica, creating questions about their dispersal in conjunction 
with terrestria l animals. 

The Weddel lian Paleobiogeographic Province extends from Patagonia through the 
Antarctic Peninsula and western Antarctica to Australia and New Zealand. Within this 
province lie the dispersal routes for interchanges of vertebrates between South Am erica 
and Madagascar and India, and al so Australia. On the basis of our previous work, we 
theorize that an isthmus between m ore northern South Am erica and the  Antarctic craton 
brought typical North Am erican dinosaurs, such as hadrosaurs (duck-billed dinosaurs), 
and presumably m arsupials traveling overland and m arine reptiles swim ming along 
coastal w aters to Antarcti ca in the late Cretaceous. This region also served as the  cradle 
for the evolution, if not the or igin, of groups of modern  birds and the evolution of typical 
Southern Hemisphere pl ants. 

To confirm and expand on these hypotheses, we will continue our investigations into late 
Cretaceous marine and terrestria l deposits in the James Ross B asin. We have previously 
recovered the following vertebrates from these sedimentary deposits: plesiosaur and 
mosasaur marine reptiles; plant -eating dinosaurs; a meat-eating dinosaur; and a variety 
of m odern bird groups, including shorebirds, wading bi rds, and lagoonal birds. Moreover , 
we recently discovered the bones of what we believe to be an entire ly new species of 
carnivorous dinosaur—one rel ated to tyrannosaurs and velociraptors. These anim als 
evidently survi ved in the Antarctic, which then had a climate similar to that of the Pacific 
Northw est, long after they had been succeeded by other predators elsewhere. 

Our research will result in impor tant insights into the evolution and geographic dispersal 
of several vertebrate speci es. We will collaborate with scientists from the Instituto 
Ant ártico Argentino and with vertebrate paleontologists from the Museo de La Plata, both 
in the fie ld and at our respective institutions in Argentina and the United States. (G–061– 
E; NSF/OPP 00–03844 and NSF/OPP 00–87972) 
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Collection of marine geophysical data on transits 
of the Nathaniel B. Palmer. 

Joann M. S tock, Califo rn ia Institute of Tech nology, and Steven C. Cand e, Scripps 
Institution of Ocean ography, U niversity of California –San Dieg o. 

Well -constrained plate reconstructions of the antarctic region are critical for exam ining a 
number of problem s of global geophysical importance. During this 3-year project, we w ill 
address questions about the m otion history of the antarcti c and other plates and improve 
plate reconstructions by surveying gravity, magnetics, and swath bathymetry on three 
selected transit cruises by the U.S. research icebreaker Nathaniel B. Palmer . 

In July and August 2004 dur ing a transit (cruise NBP 04 –06) from Capetow n, South 
Africa, to Auckland, New Z eal and, we will survey i n the Indian Ocean and the Tasm an 
Sea several major features of the Africa and Australia plates that re late to their history of 
spreading away from the Antarctic Plate. These include fracture zones, part of the B roken 
Ridge and Diamantina fracture zones  southeast of Australi a, and Cenozoic magnetic 
anom alies form ed by the spreading of the Capricorn and Australia plates away from 
Antarctica. 

During January and February 2005 during the transit from McMurdo Station to Punta 
Arenas, Chile (cruise NBP 05–01), project team members will survey several major 
features of the Antarctic Plate, including fracture zones, the fossil spreading system in 
the Adare Basin, and Cenozoic magnetic anomalies formed by the spreading of the 
Australia Plate away from West Antarctica. 

These data w ill be used in combination with GPS -navigated data from  the Pitman fracture 
zone, at the southwestern end of the plate boundary, and m agnetic anomalies from 
previous cruises near the Menard Fracture Zone to improve high -precision plate 
reconstructions and evaluate the limits of possible internal deformation of the Pacific and 











	 the distribution of magm a and its relationship to recent volcanic activ ity, 

	 the resurgence in the northeastern portion of the caldera,  and 

	 the distribution of faulting and the state of stress and its re lationship to volcanic 
and tectoni c processes. 

We will collaborate with a Spanish group and joi n cruises on the Spanish research ships 
Hesp érides  and Las Palmas . We will contribute 14 short-period, 3-component ocean 
bottom sei sm ometers (OBSs) for the 10-week deploym ent of an earthquake network 
comprising these OBSs and about 10 land stations; some of these will include both short-
period and broadband seismometers. This will be follow ed by the active source 
exper iment using the airgun array on the Hesp érides to shoot to a very dense land 
network and to the OBS sites. The P -wave tomographic image of the volcano we obtain 
will clarify the relationshi p between the seismic  structure, the distribution and nature of 
ear thquakes, and volcanic  processes at Deception Island volcano. (G–135–E; NSF/OPP 
02 –30094) 
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University NAVSTAR Consortium (UNAVCO) 
global positioning system survey support. 

Bjorn John s, U NAVC O. 

UNAVCO i s a nonprofit, m embership -governed consortium funded through the National 
Sci ence Foundation and the National Aeronautics and Space Administration (NASA) to 
support and promote high-precision measurement techniques for the advancement of 
ear th sciences. UNAVCO provides complete suppor t for perm anent stations, surveying, 
mapping, and other applications of the Global Positioning System (GPS ) to U.S. Antarctic 
Program investigators and m aintains a satellite facility with a full range of geodetic GPS 
equipment and  support services at McMurdo S tation during the austral  summ er  research 
season. 

A large pool of high -precision GPS receivers and associated equipment is provided for 
short -term surveys through multiyear data collection in Antarctica. Regular equipment 
upgrades ensure a steady influx of modern equipment, including: 

	 state-of-the-art dual-frequency GPS receivers, 

	 power and communication systems for remote locations, 

	 GPS monument and antenna m ount options, and 

	 accessories for kinem atic and real -tim e kinem atic (RTK) surveys. 

UNAVCO staff provides year -round suppor t to help ensure the success of field projects 
and subsequent data management. The level of suppor t is scalable and includes: 

	 survey planning, 

	 fie ld survey and data processing trai ning, 

	 custom  engineering solutions, 

	 system integration, 

	 fie ld assistance, 

	 GPS station maintenance, and 

	 data retrieval, flow  monitoring, processing, and archiv ing. 

UNAVCO also operates a community RTK GPS base station that covers  McM urdo Station 
and provides m aintenance support to the NASA GPS  Global Network station MCM4 at 
Arrival Heights. (G–295–M; NSF/EAR 03–21760) 
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