
SHALDRIL
A SHALLOW DRILLING SYSTEM TO

INVESTIGATE ANTARCTICA’S CLIMATE HISTORY



ANDRILL: Antarctic Margin Drilling. ANDRILL is a multinational
initiative to investigate Antarctica’s role in Cenozoic to Recent
global environmental change. www.unl.edu/geology/ANDRILL

ANTEC: Antarctic Neotectonics. ANTEC is a SCAR group of spe-
cialists whose goal is to improve understanding of the unique char-
acter of the neotectonic regime of the Antarctic plate. www.scar-
ggi.org.au/geodesy/antec/antec.htm

ANTIME: Antarctic Ice Margin Evolution. ANTIME is a coordi-
nated SCAR-GLOCHANT initiative to investigate the Late Qua-
ternary sedimentary record of Antarctic ice margin evolution.
www.antcrc.utas.edu.au/scar/antime

ANTOSTRAT: Antarctic Offshore Acoustic Stratigraphy. Conceived
by the SCAR group of specialists on Cenozoic Paleoenvironments
of the Southern High Latitudes, ANTOSTRAT’s objectives were to
investigate Antarctic Cenozoic terrestrial and marine glacial his-
tories, global climate, and sea-level fluctuations using offshore geo-
physical, geological, and glaciological data, and develop integrated
stratigraphic models of the Antarctic continental margins.

ACE: Antarctic Climate Evolution. The proposed successor to
ANTOSTRAT, ACE’s primary goal is to enhance knowledge and
understanding of the history and behavior of Antarctic ice sheets
and climate through the Cenozoic by facilitating analysis and syn-
thesis of existing Antarctic geoscience and ice-core data, and pro-
moting collection of new data for integration with ice-sheet and
paleoclimate modeling studies.

GLOCHANT: Global Change and the Antarctic. GLOCHANT is a
SCAR group of specialists who oversee implementing and coordi-
nating this Antarctic research together with the major global pro-
grams, including the International Geosphere-Biosphere
Programme (IGBP); Scientific Committee on Oceanic Research
(SCOR); World Climate Research Programme (WCRP); and Sys-
tem for Analysis, Research, and Training (START). www.antcrc.
utas.edu.au/scar/programmes.html

IMAGES: International Marine Past Global Changes Study. This
is an initiative to understand the mechanisms and consequences
of climatic changes using oceanic sedimentary records.
www.images-pages.org

MARGINS. This program seeks to understand the complex inter-
play of processes that govern continental margin formation and
evolution. www.ldeo.columbia.edu/margins

ODP: Ocean Drilling Program. ODP is an international partner-
ship of scientists and research institutions organized to explore
the evolution and structure of Earth using deep-ocean drilling,
coring, and logging technology. www.oceandrilling.org

PAGES: Past Global Changes. PAGES is the IGBP Core Project
charged with providing a quantitative understanding of Earth's
past climate and environment. www.pages-igbp.org

PICE: Paleoenvironments from Ice Cores. PICE is a coordinated
SCAR-GLOCHANT initiative to understand Antarctic climatic and
environmental history covering the last 200,000 years, as retrieved
from deep ice cores. www.antcrc.utas.edu.au/scar/pice.html

SCAR: Scientific Committee on Antarctic Research. SCAR is a
committee of the International Council for Science (ICSU) charged
with initiating, promoting, and coordinating scientific research in
Antarctica. SCAR also provides international, independent scien-
tific advice to the Antarctic Treaty system. www.scar.org

STRATAFORM: Strata Formation on the Margins. STRATAFORM
is a multiyear, integrated investigation of modern processes and
seismic stratigraphy on the shelves and slopes of northern Cali-
fornia and New Jersey. strata.ocean.washington.edu

WAIS: The West Antarctic Ice Sheet Initiative. WAIS is an initia-
tive to investigate the influence of the West Antarctic Ice Sheet on
climate and sea-level change. igloo.gsfc.nasa.gov/wais

RELATED INITIATIVES



THE ANTARCTIC REGION has played a key role in regulating

global climate, ocean circulation pathways, and sea level

for most of the Cenozoic Era (Figure 1). Advance and re-

treat of ice sheets across the Antarctic continental shelf

during this period created ero-

sion surfaces and subglacial de-

posits that provide indisputable

evidence of the existence and ex-

tent of continental glaciation;

however, most of this record has

yet to be retrieved and deci-

phered by Earth scientists.

For over three decades, U.S. sci-

entists and their international

colleagues exploring the shallow

shelves and seas along Antarc-

tica’s margins—using conven-

tional coring techniques—have

been frustrated by their inabil-

ity to penetrate through the over-

compacted glacial diamictons

encountered at shallow sub-

bottom depths (within the upper

10 m). Thus, direct sedimentary

evidence of the history of the

Antarctic Ice Sheet is severely

As global warming has become a matter of public concern and international debate, research scholars and

policy makers alike require hard scientific evidence on the subject. Scientists must be able to distinguish

long-term secular trends in climate from those induced by humankind. The Antarctic Ice Sheet is a sensitive

monitor of climate variability and thus an important feature of nature’s early warning system for climate

change. The best way to predict future changes in the behavior of the Antarctic Ice Sheet and its influence

on climate is to understand its past on a variety of time scales. Until now, however, we have lacked the

technical means to retrieve a direct and detailed climate record from the continental shelves surrounding

Antarctica, an area where the history of ice-sheet fluctuations is preserved in sedimentary layers at shallow

depths below the seafloor. We offer a solution for doing this—the SHALDRIL solution.

limited, as is our understanding of Cenozoic paleoclimates

and their implication for global climate change. Yet, if we

hope to predict future expansions and contractions of the

Antarctic Ice Sheet, and thereby the rise and fall of global

THE SHALDRIL CHALLENGE
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Figure 1. Summary of the major isotopic, climatic, tectonic, and biotic events of the Cenozoic. Isotopic
analysis of the skeletal remains of microorganisms from a global array of deep-sea cores provide indirect, or
“proxy,” evidence for changes in the Antarctic Ice Sheet (particularly since 35 million years ago). Proposed
SHALDRIL coring operations on the Antarctic continental shelf will recover biogenic and terrigenous sedi-
ments that would provide much needed direct evidence of the advance and retreat of the ice sheets across
the Antarctic continental shelf. Reprinted with permission from Zachos, J., M. Pagani, L. Sloan, E. Thomas,
and K. Billups, 2001, Trends, rhythms, and aberrations in global climate 65 Ma to present, Science, 292,
686-693. Copyright 2001 American Association for the Advancement of Science.



sea level with its attendant impact on civilization, then we

must be able to reconstruct a detailed and direct record of

Antarctic glaciation. That direct record, which extends back

over 33 million years, is locked up in the sediments of

Antarctica’s continental shelves and cannot be reached by

conventional coring techniques.

The stakes in human terms are certainly high. The West

Antarctic Ice Sheet (WAIS), Antarctica’s marine-based ice-

sheet component, has long been considered unstable. This

ice sheet is typically grounded (i.e., in direct contact with

the underlying rock or sediment) at depths of 800 m or

more below sea level, and in some areas as much as 2000

m below. However, it is thin at the margins, so it floats in

deep embayments over the continental shelf, such as the

Ross and Weddell Seas. The potential instability arises from

the fact that sea-level rise and/or ice-margin thinning could

cause rapid landward shifts in the ice-sheet grounding line,

resulting in melting. A complete melt down of the WAIS

would raise sea level 6 m and would be disastrous for most

coastal cities and island nations of the world (e.g., Kiribati,

the Marshall Islands, and Tuvalu in the Pacific Ocean, and

the Maldives in the Indian Ocean, which are mostly coral

atolls 1 m or less above sea level), not to mention the south-

ern halves of the states of Florida and Louisiana. Even a 1-

m rise in sea level would force the evacuation of some 70

million Chinese and 32 million Bangladeshis. Should the

entire Antarctic Ice Sheet disappear, sea level would rise

72 m, enough to flood San Francisco’s Golden Gate Bridge.

In recent years, the WAIS and ice shelves in the Antarctic

Peninsula region have been undergoing dramatic changes.

Sections of the floating Larsen Ice Shelf, which are the size

of Rhode Island, have detached and floated out to sea in a

matter of days; in March 2000, the Ross Ice Shelf produced

an elongate iceberg that measured 295 by 35.5 km, about

twice the size of Delaware. Since the mid-1940s the average

annual temperature along the Antarctic peninsula has risen

~ 2o C (3-4o F) and in midwinter has risen 4-5o C (7-9o F).

2

Figure 2. Multichannel seismic lines amassed
in the Antarctic Seismic Data Library System
for Cooperative Research (SLDS). http://
walrus.wr.usgs.gov/sdls. Courtesy of Alan Coo-
per, USGS Menlo Park, USA.

This phenomenon has been accompanied by major disloca-

tions of marine fauna that are sensitive to changes in tem-

perature and ice conditions. Southern elephant seals and

fur seals, as well as gentoo and chinstrap penguins, are mov-

ing south, the latter displacing the dominant Adélie pen-

guins. On land, the normal low grasses, tiny shrubs, and

mosses of the tundra along the northern Antarctic Penin-

sula are thickening rapidly, glaciers are retreating, and the

major ice shelves are thinning. The Wordie Ice Shelf was

historically a source of ice flowing into Marguerite Bay, but

has disappeared within the last two decades. Clearly some-

thing is going on, but scientists do not yet have sufficient

geological data to understand the system and make well-

founded predictions.

Our inability to consistently sample the sedimentary record

at shallow subbottom depths across the continental shelf is

particularly frustrating because advanced, high-resolution

seismic reflection techniques clearly show in many areas

the presence of older successions of Neogene and even Pa-

leogene sequences immediately below these diamictons. The

full potential of the international investment in multichan-

nel seismic investi-

gations of the Ant-

arctic margins, such

as those now col-

lected and partly in

the Antarctic Seis-

mic Data Library,

has yet to be real-

ized for lack of

ground truth by

coring (Figure 2).



THE TECHNICAL PROBLEM

CONVENTIONAL CORING

Since the end of the USNS

Eltanin/ARA Islas Orcadas

Southern Ocean survey

program in the late 1970s,

piston coring has been

focussed on the Antarctic

continental margin in an

attempt to obtain that long-

sought, direct sedimentary

record of Antarctic Ice

Sheet history (Figure 3). As

mentioned earlier, how-

ever, conventional piston

and gravity cores cannot

penetrate the over-com-

pacted, ~10-m-thick glacial

diamicton layer on the

continental shelves and up-

per slopes. As a result, over the past 20 years, the average

length of standard piston cores collected on the upper con-

tinental margins using United States Antarctic Program

(USAP) ice-capable ships (e.g., R/V Polar Duke, RV/IB

Nathaniel B. Palmer) is only 2.3 m.

ICE-BASED DRILLING

Over the past 20 years, several attempts have been made

to use diamond-coring drilling rigs on fast ice extending

from Antarctica (e.g., the Cape Roberts (CRP) and Ceno-

zoic Investigations of the Ross Sea (CIROS) Projects). Fast

ice is perennial sea ice, frozen and fixed against the shore-

line. As such, it provides an especially stable drilling plat-

form. Hence, these programs were highly successful in terms

of core recovery. For example, the Cape Roberts Project

(1997-1999) recovered over 95% of the drilled interval with

holes reaching nearly 1000 meters below the seafloor. While

highly successful, these programs are limited to the few ar-

eas where fast ice overlies suitable drilling targets.

Figure 4. DSDP
and ODP drill sites
surrounding Ant-
arctica. Many of
these sites were
sampled decades
ago and sediment
recovery was ex-
tremely poor, re-
sulting in a linger-
ing controversy
over the age and
depositional his-
tory of the strata.
Courtesy of John
Anderson, Rice
University, USA.

DEDICATED DRILLSHIPS

Dedicated drillships such as the Ocean Drilling Program’s

(ODP) JOIDES Resolution provide scientists with a plat-

form capable of drilling and sampling to depths of hundreds

of meters into continental margin sediments. Drilling cam-

paigns in the greater Antarctic region—Ross Sea, Prydz Bay,

and the western Antarctic Peninsula—have been conducted

by the Deep Sea Drilling Project (DSDP) and by ODP dur-

ing seven expeditions (Legs 28, 35, 113, 119, 120 178, 188;

Figure 4). The Ross Sea sites were sampled three decades

ago, and poor recovery has resulted in a lingering contro-

versy about the age and depositional history of the strata

sampled.

To some extent, ODP has been able to overcome the chal-

lenge of ice-infested waters by leasing ice-support vessels

to protect the JOIDES Resolution, whose hull is not ice

strengthened. Given the ice conditions in this region, most

DSDP and ODP sites are located far from the continent.

Successful ODP efforts, such as Leg 178 near the Antarctic

Peninsula and Leg 188 to Prydz Bay, would be enhanced by

the higher core recovery of diamond drilling systems to be

used on the shelf by SHALDRIL.

Figure 3. The bent pipe on this pis-
ton core illustrates the difficulty in
penetrating the over-compacted
diamictons encountered in the upper
10 m of sediments on the Antarctic
continental shelves and upper slopes.
Courtesy of John Anderson, Rice
University, USA.
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NATHANIEL B. PALMER

AS EVIDENCED BY numerous workshop reports, white pa-

pers, newsletters, and symposia publications (see back in-

side cover), both the U.S. and international Antarctic geo-

science communities agree that the most practical way to

solve this long-standing problem of obtaining the necessary

cores from Antarctica’s continental margins and inland seas

is to install a shallow-water (<1000 m water depth), shal-

low-penetration, diamond-coring system as a widely avail-

able, if not routinely used, tool on ice-capable research ves-

sels operating in these waters. Such a drilling system should

also permit downhole electric logging.

In response to a growing interest and need to deploy a shal-

low drilling system on USAP vessels, the National Science

Foundation’s Antarctic Earth Science Working Group

(ANTWGG) appointed a subcommittee to evaluate the tech-

nical feasibility of such an undertaking. The subcommittee

adopted the name “SHALDRIL” (Shallow Drilling) Com-

mittee (see back cover). The committee’s main tasks were:

• Identify a flexible diamond coring system that can be

mounted on an ice-breaking U.S. research vessel (e.g.,

RV/IB Nathaniel B. Palmer) capable of:
> 300-m continuous coring in up to 600 m of water;
> downhole geophysical logging;
> operating between the shoreline/ice edge and the

outer continental shelf, the “no man’s land” between

effective ice-based and dedicated drillship coring.

• Identify geographic areas/targets suitable for drilling.

• Develop plans to deploy a shallow-drilling rig on a USAP

vessel.

• Keep the broader Antarctic research community in-

formed of SHALDRIL plans and activities.

The committee developed criteria for site selection and iden-

tified likely targets along the Antarctic margin for shallow

drilling. The committee hired a professional engineer to

study and monitor operators of candidate drilling systems

FINDING A SOLUTION
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Figure 5. Line drawing of the RV/IB Nathaniel B. Palmer with a typical
diamond-coring system placed over the ship’s 36-inch circular moon pool.
Modified from drawing supplied by Raytheon Polar Services Company.

Figure 6. Typical bits used
with a diamond coring rig.
Courtesy of Karl Oscar Sandvik,
Geo Drilling, Norway.

Figure 7. Example of a
1-m rock core recovered
using a lightweight, con-
tainerized, mining-type
coring system. Courtesy of
Karl Oscar Sandvik, Geo
Drilling, Norway.



Figure 10. PROD (Portable Remotely Operated
Drill). This remotely operated system can currently
work in water depths up to 2000 m with a sub-
bottom penetration of 100 m. Courtesy of Peter
Davies, University of Sydney, Australia.
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that might be used by U.S. investigators in the Antarctic.

The engineer also conducted a detailed cost and feasibility

study of emplacing a moon pool on the RV/IB Nathaniel B.

Palmer and conducted a cost analysis for hypothetical

single- and multi-leg drill cruises. The execution of the above

tasks has provided the community with the information

needed to implement the next major step in of the pro-

gram—the field testing of one or more shallow-drilling rigs

in the Antarctic.

Figure 8. Seacore heavy-duty C-100 rig. This custom-
designed rig with a piggyback coring system uses a
steel riser operating through a small, circular moon
pool. Courtesy of Marcus Rampley, Seacore Limited,
United Kingdom.

Three different types of equipment are potentially feasible

for a shallow coring program using ice-class USAP vessels:

• A heavy-duty, custom-designed drilling rig with a “pig-

gyback” coring system that uses a steel riser operated

through a small circular moon pool. Depth capability—

water depth plus subsea sediment penetration—is 600 m

(Figure 8).

• A lightweight, containerized mining-type coring system

with a polyethylene riser operated either through a moon

pool or in an over-the-side cantilever mode. Depth ca-

pability is up to 1500 m (Figure 9).

• A seafloor coring system operational in up to 500 m of

water with penetration capability of 100 meters below

the seafloor (Figure 10).

Based upon the findings of the its consulting engineer, the

SHALDRIL Committee concluded that all three systems

described above are suitable for deployment on the RV/IB

Nathaniel B. Palmer and are commercially available.

Figure 9. GeoDrilling container-
ized “Marine Resolution” min-
ing-style coring system. This
system uses a polyethylene riser
and operates either in cantile-
ver mode or through a moon
pool. Courtesy of Karl Oscar
Sandvik, Geo Drilling, Norway.

VIABLE CORING SYSTEMS FOR

U.S. ANTARCTIC PROGRAM VESSELS
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Figure 12. Seismic profile from R/V Polar Duke cruise PD91. This profile shows a suspected upper Eocene
through Miocene sequence off Seymour Island (NE Antarctic Peninsula). This sequence, targeted as one of
the first to be drilled by SHALDRIL, should span the mid-Cenozoic (ca. 35-40 million years old) “ice-
house/greenhouse” transition in global climate. From Anderson, J.B., S.S. Shipp, and F.P. Siringan, 1992,
Preliminary seismic stratigraphy of the northwestern Weddell Sea Continental Shelf, in: Yoshida, Y., K.
Kaminuma, and K. Shiraishi, eds., Recent Progress in Antarctic Earth Science, Terra Scientific Publishing,
Tokyo, 603-612.

One of the main objectives of drilling in Antarctic waters is

to study the history of glaciation in the region and its im-

pact on climate, ocean circulation, and biological evolu-

tion. Advancing ice sheets cut deeply into the shelf, result-

ing in diamictons and ancient strata occurring immediately

below the seafloor, within easy reach of shallow drilling

systems. However, repeated episodes of glacial erosion and

deposition have also resulted in poor stratigraphic conti-

nuity, particularly within the younger glacial section. The

selection of shallow drill sites requires detailed seismic

stratigraphic knowledge of an area.

The many seismic stratigraphic surveys conducted on the

Antarctic continental shelf plus the limited drilling of the

last three decades allowed the SHALDRIL Committee to

identify numerous drilling targets of high scientific interest

representing both glacial and preglacial times (Figure 11).

These areas are briefly discussed in this section.

Figure 11. Geographic spread of
areas around the Antarctic con-
tinental margin that SHALDRIL
has identified as high-priority ar-
eas for drilling.

Spectacular prograding glaciomarine sequences along the

Antarctic margin hold the key to obtaining a detailed record

of Antarctic Cenozoic glaciations. These have been imaged

with utmost clarity by high-resolution seismic reflection

along several margin segments (e.g., Figure 12). A total of

ten sites with subbottom recovery of approximately 50 m

each would be sufficient to ground truth the key horizons

of this important sequence; additional, deeper holes would

be needed to core continuously through key sediment pack-

ages. This sequence should span the mid-Cenozoic (ca. 35

to 40 million years old) “ice-house/greenhouse” transition

in global climate. Documenting this event on Antarctica

has long been an important but difficult objective. In addi-

tion, this sequence should record the initiation of glacia-

tion on the Antarctic Peninsula. The water depth here av-

erages 400 m, well within the range of shallow drilling.

Similar sequences have also been well-documented in the

Ross Sea. For instance, cores from the Victoria trough-

mouth fan would provide an excellent Plio-Pleistocene

record of younger glaciations. To ground truth this section

requires approximately six holes of 100 m each in about

500 m of water. Other prograding glaciomarine sequences

are present in the Weddell Sea, including the Filchner-Ronne

Shelf off Neumayer Base, Wilkes Land, and Prydz Bay.

PROGRADING GLACIOMARINE

CENOZOIC SEQUENCES
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Figure 13. Multibeam mosaic of
anastomosing subglacial meltwater
channels incised into the bedrock
surface in the Pine Island Bay re-
gion, indicating a significant dis-
charge of meltwater may have ex-
isted beneath the glacier when it
was grounded on the shelf in this
area. Figure from Anderson, J.B,
J.S. Wellner, A.L. Lowe, A.B.
Mosola and S.S. Shipp, 2001, Foot-
print of the expanded West Antarc-
tic Ice Sheet: Ice stream history
and behavior, GSA Today, 11, 4-9.

Figure 15. Multibeam mosaic of megascale lin-
eations extending tens of kilometers across the
shelf. These ridges are 0-20 m high and have
wavelengths of a few hundred meters. Figure
from Anderson, J.B, J.S. Wellner, A.L. Lowe, A.B.
Mosola and S.S. Shipp, 2001, Footprint of the
expanded West Antarctic Ice Sheet: Ice stream
history and behavior, GSA Today, 11, 4-9.

Figure 14. Seismic line PD91-43 of the Vega drift,
located at the mouth of the Prince Gustav Chan-
nel. This site, with its thick sediment pile, should
sample diatomaceous muds and oozes that con-
tain an extended record of Holocene climate vari-
ability and ice-shelf fluctuations that can be linked
to climate and ice-shelf extent. Courtesy of John
Anderson, Rice University, USA.

Recent glacial history has been studied in many bays around

Antarctica including areas such as Pine Island Bay where

spectacular evidence has been obtained of the last advance

and retreat of the WAIS (Figure 13). The ability to obtain

detailed paleoclimate data through high-resolution seismic

profiling and strategically placed SHALDRIL cores in spe-

cific high-sedimentation regimes, coupled with the chro-

nology of these sediments, will permit a better understand-

ing of the complex nature of Holocene climate for this

region. Sedimentary regimes such as inner-shelf basins and

sediment drifts, with deposits several tens of meters thick

(Figure 14), often record specific short-lived (millennial

scale and less) climatic events, such as the Little Ice Age,

1400-1850 A.D. We are just beginning to tie these events to

climatic records from other regions and incorporate them

into global climate models, which ultimately will enhance

our overall understanding of Holocene climate variability.

RECENT GLACIAL HISTORY AND HOLOCENE HIGH-RESOLUTION CLIMATE STUDIES

A critical need in developing climate models is gaining an

understanding of the role that ice streams play in moving

ice from the ice sheet to the sea. As the name implies, ice

streams are river-like features within the ice that move at

much faster rates to the sea than in the surrounding sheet.

Ice streams account for most of the ice flowing from the

WAIS, which extended to the shelf edge in many places dur-

ing the last glacial maximum about 21,000 years ago. Dif-

ferent ice streams have different flow rates, mass balances,

and physical behaviors, and the mechanisms that drive them

are not well understood. To better understand this glacial

behavior we need to study cores obtained from subglacial

deposits within areas exhibiting megascale glacial lineations,

such as those found in Eltanin Bay (Figure 15).
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Pre-Holocene Quaternary carbonate deposits consisting

primarily of invertebrate fossils have been cored at about a

dozen different localities within the Ross Sea (Figure 16).

The most recent discovery was at the first Cape Roberts

drill site (CRP-1) at Victoria Land Basin where a 2-m thick

middle Pleistocene carbonate bed yielded a surprisingly di-

verse fauna of over 60 identified taxa plus calcareous di-

noflagellates and open-marine diatoms. Some CRP scien-

tists have interpreted this to represent a major warming

event during an otherwise harsh period in Earth’s climatic

history, a time characterized by major polar ice caps. Fos-

sil plankton suggest the absence of a sea-ice cover at this

time, and some species, living within the past several mil-

lions years, have never previously been observed this far

south. The implications of this discovery for the stability of

the middle Pleistocene (about 1 million years old) Antarc-

tic Ice Sheet, therefore, are highly intriguing, but are still

being evaluated. Some CRP scientists, however, suggest that

the carbonate bed may represent a major meltdown of the

WAIS. More material from this bed would greatly aid in the

evaluation of the highly diverse micro- and macro-fauna

and flora, which in turn will help better define the climate

of that time.

The carbonate bed recovered from the CRP-1 drill hole lies

about 30 meters below the seafloor in about 150 m of wa-

ter, but was not encountered in the offset CRP-2 and CRP-

3 holes. The bed was too thin to be traced on seismic re-

flection records, thus its aerial extent and the physical

setting in which it formed cannot be further delimited by

conventional means. It would be an ideal target, however,

for shallow drilling, which could easily map out its lateral

extent and geological setting. Other such deposits have been

piston cored in the Ross Sea along the outer shelf and slope

in water depths up to 1000 m. Thus, the variety of settings

in which such Pleistocene carbonate deposits have been

found, and the relatively shallow subbottom depths at which

they have been encountered so far, would provide an excel-

lent and diverse set of targets of high scientific value for

any shakedown tests of shallow drill rigs.

Figure 16. A 2-m Quater-
nary-age section containing
a rich and diverse assem-
blage of macroinvertebrate
fossils. This interval marks
a time of prolific carbonate
(biological) production,
suggesting a period of gla-
cial retreat and optimal cli-
matic conditions during an
otherwise harsh period in
Earth’s climatic history.
Numbers on yellow back-
ground indicate depth in
meters below the seafloor.
A sample has been removed
from the interval between
32.05 and 32.15 meters be-
low the seafloor for detailed
age determination. Cape
Roberts Science Team,
1998, Quaternary strata in
CRP-1, Cape Roberts
Project, Antarctica, in:
Barrett, P.J., C. Fielding,
S.W. Wise, (eds), Initial Re-
ports on CRP-1, Cape Rob-
erts Project, Antarctica,
Terra Antarctica, 5, 31-61.

METER-THICK QUATERNARY (~1 MA) CARBONATE DEPOSITS IN THE VICTORIA

LAND BASIN OF THE ROSS SEA: EVIDENCE FOR A MELT-DOWN OF THE WAIS?



To fully understand glacial climates of

the Antarctic, it is necessary to under-

stand the warm, predominantly ice-free

greenhouse climate that preceded it.

ODP Leg 113 drilling along the Dronning

Maud Land in the Weddell Sea revealed

the only normal-marine Mesozoic (older

than 65 million years) strata yet discov-

ered along the Antarctic margin outside

of the Antarctic Peninsula (Figures 17

and 18). In places these strata lie near

the seafloor, but are covered by a few

meters of hard Cenozoic glaciomarine

sediment, precluding sampling by con-

ventional piston coring. These strata, al-

though poorly sampled by ODP drilling,

reveal most of what we know about the

breakup history and paleoenvironments

of this portion of Gondwanaland. For ex-

ample, ODP samples here indicate the

presence of anoxic depositional environments during the

Early Cretaceous, as evidenced by black shales with up to

18% total organic content. Because such sediments lie close
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Figure 17. This Creta-
ceous ammonite was re-
covered from ODP Hole
692B from a depth of
only 80 meters below the
seafloor. The old (Meso-
zoic) sediments found at
Site 692, although poorly
recovered, reveal much
of what we know about
this time period. The
strata lie close to the sur-
face, and are excellent
targets for SHALDRIL.
Courtesy of S. O’Connell,
Wesleyan University,
USA.

OLD (MESOZOIC) MARINE SEQUENCES OF THE WEDDELL SEA

to the surface, well within range of shallow drilling, they are

valuable scientific targets; however, they will not be drilled

again by ODP before that program ends in 2003. As Weddell

Sea sediments recorded the initial breakup of Gondwana-

land, they also hold the key to understanding this critical

phase of Antarctic history. Many good Mesozoic shallow

drilling targets have been identified in this region:

• Larsen Shelf/James Ross Island (Antarctic Peninsula):

Dipping strata of definite Mesozoic age crop out at wa-

ter depths between 400-500 m.

• Ronne Trough: Sequences that crop out here could be

correlated with those on the Larsen Shelf. Water depths

average about 700 m.

• Filchner Trough: Although outcrops here would be ex-

tremely interesting in reconstructing the Mesozoic his-

tory of Antarctica, the water depths are 1200 m, prob-

ably too deep for shallow drilling.

• Shelf between Halley Bay and Neumayer Base: Promis-

ing reflectors of older strata lie close to the seafloor.

Figure 18. Multichannel seismic profile (BGR78-019) showing location of ODP Sites 691 and 692.
Black shales were encountered at relatively shallow depths (70 meters below the seafloor or 100
milliseconds two-way travel time) at Site 692. Although these particular ODP sites are located in
water depths greater than what current SHALDRIL systems could effectively drill, similar valu-
able Cretaceous black shale sites in shallower water depths are available for SHALDRIL opera-
tion. Figure modified from Shipboard Scientific Party, 1988, Sites 691 and 692, In Barker, P.F., J.P.
Kennett, et al., Proc. ODP Init. Repts., 113, College Station, TX (Ocean Drilling Program).
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To successfully deploy a drilling system on the RV/IB

Nathaniel B. Palmer requires significant planning. Table 1

describes the plan to carry out this project over at least a

two-year period.

Year 1 would be primarily for project planning: (1) hiring a

consultant to help prepare, distribute, and review a Request

for Proposals for a contractor and rig, (2) selecting a rig,

(3) manufacturing/modifying a rig (if necessary) and ship-

ping the drill rig to the port, and (4) pre-cruise planning.

Year 2 of the project would begin with a “demonstration

cruise” designed primarily to prove the feasibility of using

one of the candidate systems in an area of high scientific

interest. Cores collected during the cruise would be shipped

to the Florida State University Antarctic Marine Geology

Research Facility for further processing to complete the

initial core characterization. After this processing, core de-

scription volumes would be produced and distributed. A

workshop would then be planned to permit other investi-

gators from the community at-large access to the cores and

samples for detailed post-cruise research.

DEPLOYMENT CONSIDERATIONS

SHALDRIL’s engineer prepared cost estimates for shallow

drilling operations, based upon drilling contractor RFP re-

sponses, for two case studies: a single 45-day field program

and two 45-day field programs run back-to-back (16 days

of transit and 29 days of drilling). These estimates included

drill-rig mobilization/demobilization costs, day rates for op-

erational and transit times of crew and equipment, drilling

mud, expendables/consumables, and specialty coring tools

(but did not include vessel costs, fuel, and scientific analy-

ses). Table 2 lists typical drilling and coring operations for

100 m sediment penetration in 350 m of water.

Drilling contractor estimates range from $700,000 to

$1,200,000 for a single 45-day leg and from $1,150,000 to

$2,100,000 for two 45-day legs running back-to-back. Av-

erage contractors’ cost per day drops significantly when

back-to-back programs are considered as mobilization/de-

mobilization is spread out over a longer period.

Description/Task

Rig up riser in 350 m of water

Run drill pipe

Sample to 20 m @ 1 m/core

Rig up diamond coring equipment & trip rods

Diamond core 20-100 m @ 3 m/core

Lay out diamond equipment & rods

Lay out pipe

Rig down riser

   Total Hours

   Total Days

Hours      

18

6

20

12

90

12

6

12

176

7.33

Table 2. Typical Drilling Operations for
Deck-Mounted Coring Systems

Table 1. Work Plan and Timeline

TASK

Hire Consultant

Develop RFP

Distribute RFP

Contractors Respond

Review Proposals

Select Vendor & Rig

Design & Build Rig 

Ship Equip to port

Pre-cruise workshop

Cruise

Core Characterization

Workshop planning

Win Spr Sum Fall Win Spr Sum Fall

YEAR 1 YEAR 2
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Mobile and flexible drilling systems are now available for

use by the scientific community to bridge the gap that cur-

rently exists in our technical capability to explore the Ant-

arctic shelves between the shoreline/fast-ice margin and the

continental slope. SHALDRIL will be able to operate effec-

tively in the “no man’s land” that currently exists between

the near shore, where the fast-ice-based systems such as

the Cape Roberts Project have been successful, and the up-

per slope, where conventional drillships such as the JOIDES

Resolution become most efficient (Figures 19 and 20).

This technological breakthrough will permit scientists to

address major, outstanding scientific problems of the last

three decades, and will have a favorable impact on many

current U.S. and SCAR Antarctic or drilling-related initia-

tives, such as WAIS, ANTOSTRAT (and its successor ACE),

ANTIME, ANDRILL, ANTEC, IMAGES, PAGES,

GLOCHANT (including PICE), STRATAFORM, MARGINS,

and ODP (see Related Initiatives on front inside cover).

Two projects, ANDRILL and ODP, provide critical links to

SHALDRIL. As a logical outgrowth of the highly successful

Cape Roberts Project, ANDRILL will expand the applica-

tion of land- and ice-based diamond coring to address long-

standing as well as emerging questions concerning the evo-

lution of Cenozoic Antarctic ice sheets and their role in

global climate change. ODP has had notable success using

rotary coring and Advanced Piston Coring in open waters

along the continental rise, slope, and, to a more limited

extent, within some of Antarctica’s inland seas and shelf

basins, such as the Quaternary section of the Palmer Deep.

ODP’s successor, the Integrated Ocean Drilling Program

(IODP), will use new diamond-coring technology to more

effectively drill deep holes (1000 to 1500 meters below the

seafloor) in Antarctic waters as much as 4000 to 5000 m

deep wherever ice is not a hindrance.

It will be important to develop close ties with such projects,

and to seek means of mutual assistance and cooperation to

achieve cost savings, avoid duplication, and where possible,

share equipment. For instance, ANDRILL and SHALDRIL

may wish to share drill pipes or other drilling components.

It may be possible for SHALDRIL to conduct spud-in tests

for ANDRILL to ground truth drilling targets selected from

seismic reflection records, thereby ensuring the correct po-

sitioning of the ANDRILL drilling rig, a system that cannot

easily and quickly be redeployed if the expected strata are

not encountered. ANDRILL, SHALDRIL, and IODP could

potentially combine their capabilities to drill complete depth

transects across Antarctica’s margins, extending from on-

shore/nearshore environments to the abyssal plains. Such

transects would go a long way toward establishing biostrati-

graphic and lithofacies/sequence-stratigraphic correlations

between the open marine realm and the more ice-domi-

nated and biologically provincial inland seas. Until such

transects are available, it will be difficult to correlate pa-

leoclimate events recorded in sediments along the ice front

with those of the low latitudes and the Northern Hemi-

sphere, a prerequisite to understanding global climate.

LINKS WITH OTHER PROJECTS

Figure 19. ODP’s drill-
ship, JOIDES Resolu-
tion, operating in polar
latitudes. Courtesy of
Ocean Drilling Program.

Figure 20. The containerized Cape Roberts
drilling system operating on fast ice in Ant-
arctica. Courtesy of P.J. Barrett, Cape Rob-
erts Project.
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Global warming is a major concern and a topic of inter-

national debate. Recent estimates of future greenhouse

warming by the Intergovernmental Panel on Climate Change

plotted against the global paleotemperature of the past

100 million years imply a complete meltdown of the Ant-

arctic Ice Sheet within the next 200 years if no restraints

are placed on atmospheric CO
2
 emissions (Figure 21). Now

more than ever, hard scientific evidence on the past be-

havior of the Antarctic Ice Sheet and its influence on cli-

mate—past, present, and future—is needed by research

scholars and policy makers alike. SHALDRIL can acquire

the needed evidence.
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Figure 21. Changes in global temperature over the past 100
million years compared with that expected from future green-
house warming over the next 500 years. The “restricted”
scenario of the future assumes that CO2 emissions to the
atmosphere will be held to early 1900s levels, whereas the
“unrestricted” curve assumes no restraints on emissions.
The “unrestricted” (worst-case) scenario returns atmo-
spheric temperatures to that of 12 to 13 million years ago by
the end of the century and to the level last experienced 40
million years ago (just prior to the formation of the Antarc-
tic Ice Sheet) by the end of 2200 A.D. Redrawn from Barrett,
P., 2001, Climate change—An Antarctic perspective, New
Zealand Science Review, 58(1), 1-6.

CONCLUSION

The successful completion of a SHALDRIL demonstration

cruise over the next two years should open the way for

subsequent ship-based diamond coring in Antarctic wa-

ters on a sustained basis. The scientific potential for fu-

ture deployments of a proven system across a broad range

of topics and subdisciplines (e.g., climate change and glo-

bal warming, ice-sheet and tectonic history, sequence

stratigraphy, evolution, and correlation of high-latitude

faunas and floras) is very high, and the scientific com-

munity is poised to exploit records that can be recovered

with such a system. Paleoceanographic modelers in par-

ticular are ready and eager to incorporate climate his-

tory information into their models of ice-sheet origin, fluc-

tuations, and stability. They must, however, have hard

data ground-truthed by high-quality cores before they can

make significant advances in their modeling, especially

those pertaining to future ice-sheet behavior. We believe

such a drilling system or capability as presented here

should be made available on a regular basis for geologi-

cal research on Antarctic continental-shelf regions.
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