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SPECIAL ISSUE ON ANTARCTIC OCEANOGRAPHY IN A CHANGING WORLD

Wit Les Benezin?

NTETAISGIPINERYA® TGO MESIOGHIE

ANDRILL Coulrrklr) rligr Projaet
SILESURVEYSIONICHEIROSSH GEISHE i}

BY FRANK R. RACK, ROBERT ZOOK, RICHARD H. LEVY,
RICHARD LIMEBURNER, CRAIG STEWART,
MICHAEL J.M. WILLIAMS, BRUCE LUYEND
THE ANDRILL COULMAN HIGH PROJECT SITE SURV
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t of Ross Island. The

em was used to me

" ' (a) SCINI (Submerible Capable of under-Ice
Navigation and Imaging) remotely operated vehi-
cle with improvised suction sampling device used
to recover biological samples from the bottom of
the Ross Ice Shelf. (b) Anemones recovered in a
small coffee filter within the improvised sampling

} device. (c) View from the SCINI forward camera

across the bottom of the Ross Ice Shelf showing

anemones (~ 5 cm long) living inside the ice and
feeding in the boundary layer at the ice shelf-ocean
interface. (d) View from SCINI's forward fisheye
lens showing an unknown organism, nicknamed
the “eggroll,” hanging onto an anemone to main-
tain position in a current—the creature seems

to have appendages at both ends and is about

10-15 cm long.
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INTRODUCTION

Understanding the behavior of Antarctic
ice sheets during past periods of global
warmth and times of higher-than-
present levels of atmospheric CO, is

key to predicting the future response of
ice sheets and ice shelves to projected
global change. Geological archives pre-
served in sediment and rock cores from
the Antarctic margin provide the only
direct records of past ice sheet variabil-
ity during these past periods of warmth
(Naish et al., 2009; Pollard and DeConto,
2009). ANDRILL (ANtarctic geological
DRILLing) aims to obtain such geologi-
cal archives to provide basic paleogeo-
graphic and paleoclimatic constraints to
enhance numerical climate and ice sheet
models that allow a better understanding
of ice sheet response to climate variabil-
ity. Current efforts within the ANDRILL
program seek to move operations east of
Ross Island to the Ross Ice Shelf overly-
ing Coulman High (CH) and develop
the capability to drill from a fast-
moving ice shelf platform (~ 700 m yr!
or ~2mday™).

The primary geologic target for the
proposed Coulman High Project (CHP)
is a sequence of sedimentary rocks
deposited between > 45 and 20 mil-
lion years ago that record the history
of tectonic extension, subsidence, and
uplift, as well as glacial and climate
history (Wilson and Luyendyk, 2006,
2009; Decesari et al., 2007; Wilson et al,,
2012). Drilling targets were selected
along a marine multichannel seismic line
(MCS) acquired by RVIB Nathaniel B.
Palmer in front of the ice shelf in 2003
(Decesari, 2006) after a series of large
icebergs, including the C19 iceberg that
broke away from the Ross Ice Shelf dur-
ing 2000-2002 (Arrigo and van Dijken,

2003). Since then, the ice shelf has
advanced northward and now covers the
target seismic line NBP0301-1A0 where
two sites (CH-1 and CH-2) have been
selected for drilling (Figure 1). These
sites should record a history of Antarctica

during the transition from a “greenhouse

FIELD SURVEYS

Extensive field surveys were conducted
in Antarctica from November 2010
through January 2011 as part of the pro-
posed ANDRILL CHP (Figure 1). A sig-
nificant amount of equipment, supplies,

and people safely traversed approxi-

world” when global atmospheric temper-  mately 120 miles from McMurdo Station

atures were 4-6°C warmer than present to establish a series of combined United
and atmospheric CO, levels were at least States-New Zealand field camps on the
Ross Ice Shelf at locations northeast of

Ross Island (Figure 2a,b). The ANDRILL

twice pre-industrial levels (i.e., 600 ppmv
and possibly much higher; IPCC, 2007).

T
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Figure 1. (Inset) Ross Sea region, Antarctica. This map shows the location of McMurdo Station on Ross
Island, Antarctica, the traverse route to the ANDRILL (ANtarctic geological DRILLing) Coulman High
Project (CHP) survey area northeast of Ross Island (dashed lines), and the site locations described in the
text: CH-1 and CH-2 (yellow circles) are the two proposed CHP drill sites (on seismic line NBP0301-1A0);
M1 and M2 (light blue circles) are the two oceanographic moorings. At Site 3 (blue circle), various
oceanographic instruments and the SCINI remotely operated vehicle were repeatedly deployed over
several days. GPS stations were deployed at each corner of the diamond marked by the four blue circles.
The figure also shows the locations of prior scientific drilling in Southern McMurdo Sound, including

the ANDRILL drill sites (red circles) from the McMurdo Ice Shelf (MIS) and Southern McMurdo Sound
(SMS) projects, and the earlier Cape Roberts Project (CRP) and Cenozoic Investigation in the Western
Ross Sea (CIROS)-1 drilling (green circles) conducted from sea ice platforms. Marine seismic survey

lines (green) were collected by the NBP-03-01 cruise on RVIB Nathaniel B. Palmer over Coulman High in
2003 (Decesari, 2006; Decesari, et al., 2007) following the calving of the C-19 iceberg in 2002; correlation
paths to Deep Sea Drilling Project (DSDP) and CRP sites are indicated. Seismic lines collected by the BGR
(Bundesanstalt fiir Geowissenschaften und Rohstoffe) are in red, and the small colored dots are locations
of US Geological Survey seismic lines USGS-403/404.
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hot water drill system (Figure 2c,d)
was used to melt 10 to 60 cm diameter
access holes through 250-275 m of ice
shelf at each site to deploy a variety of
sediment coring tools, cameras, and
oceanographic instruments, as well as a
remotely operated vehicle (ROV) named
SCINI (Submersible Capable of under-
Ice Navigation and Imaging; Cazenave
et al., 2011). GPS stations were estab-
lished at four sites to monitor lateral
and vertical ice motions, and a weather
station was set up at Site M1 to monitor
environmental conditions (Figure 1).
The weather featured fairly consistent
winds out of the south that calmed dur-
ing the last half of December 2010 and
the first half of January 2011. Low over-
cast or fog was often present in this time
interval, which proved to be a hindrance
to helicopter access.

Oceanographic moorings were
deployed at two sites perpendicular to

the ice edge for at least two full tidal

-

cycles (Figures 1 and 3; M1 = 55 days
and M2 = 52 days). The M1 mooring,
~ 6 km south of the ice shelf edge, was
the primary responsibility of the New
Zealand National Institute of Water &
Atmospheric (NIWA) research team,
while the M2 mooring, ~ 17 km south
of the ice shelf edge, was the primary
responsibility of the team from Woods
Hole Oceanographic Institution
(WHOI). Each mooring was nominally
comprised of a series of five temperature
and conductivity loggers and five acous-
tic Doppler current profilers that were
spaced throughout the water column
during deployment (Figures 3 and 4).
Data were recorded within each instru-
ment and also transmitted to a surface
inductive modem buried in the snow
at the ice shelf surface to ensure that
data could be easily accessed in case
the moorings were not recovered. The
M2 mooring had an Iridium satellite

communications modem to transmit its

Figure 2. Traverse vehicles and ANDRILL hot water drill system (HWDS). (a) Pisten Bully with ice-pene-
trating radar boom deployed. (b) Caterpillar D6 bulldozer traversing ANDRILL camp and HWDS mod-
ules. (c) MECC (Mobile Expandable Container Configuration) with floor hatch and work area for instru-
ment deployments through the ice shelf. (d) ANDRILL HWDS modules, including hose reel, hot water

boilers and pumps, and generators.
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data back to WHOI in near-real time
during its deployment. The moorings
were designed to measure tidal and
ocean currents and water mass proper-
ties, to assess the environmental condi-
tions in the sub-ice shelf ocean cavity,
and to potentially serve as prototype
ice shelf installations to contribute to
the Southern Ocean Observing System
(see Figure 31 in Rintoul et al., 2012).
Oceanographic data acquired from

the moorings indicate diurnal current
variability with maximum speed up

to 25 cm s7!. Tidal harmonic analysis
reveals that tides propagating around
the ice shelf cavity cause ~ 50% of the
current velocity variability (Williams
and Robinson, 1980; MacAyeal, 1984a,b;
Padman et al.,, 2003; Arzeno et al.,
2012a,b). The data from these moor-
ings will also be used to address the
role of advection and mixing of water
masses across the continental shelf and
under the ice shelf (Holland et al., 2003;
Dinniman et al., 2007, 2011; Orsi and
Wiederwohl, 2009), especially when
longer time-series measurements are
available. The New Zealand mooring
(M1) was reset after its initial two-
month deployment to provide long-term
observations under the Ross Ice Shelf;
this mooring was still operating as of
June 2012. The tidal current measure-
ments and GPS data are being used to
develop a tidal model for the drill site
locations and to model the behavior

of the ANDRILL sea riser to deter-
mine the most robust drilling strategy
for the ANDRILL CHP.

Operations in each of the primary
hot water drill holes included multiple
deployments of a video camera, gravity
corer, and a conductivity-temperature-
depth (CTD) sensor. At Site 3 (Figure 1),
there were multiple deployments of



an acoustic Doppler current profiler

and water samplers. These short-term

deployments were meant to sample

the water column and seafloor sedi- v siM /|
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several sites to better understand salin-

ity and temperature gradients within the 3 el B o 613mAD

ice shelf borehole.

The SCINI ROV was deployed mul- \ \ oo 4 Temme
! 850 m AD (D
tiple times down a ~ 30 cm diameter B 200 kg wt W 200 kg wt

hole at Site 3 and again near Site CH-1
(located ~ 10 and 6 km from the ice
edge, respectively; Figure 1) to explore
the underside of the ice shelf while

Figure 3. Schematic diagram (not to scale) of oceanographic moorings M1 (New Zealand National
Institute of Water & Atmospheric Research, NIWA) and M2 (Woods Hole Oceanographic Institution),
conducting Operational testing. Three located 6 km and 17 km south of the ice front, respectively. These moorings were deployed through
ROV engineers/pilots deployed the the Ross Ice Shelf for two months during 2010-2011. Five pairs of instruments equipped with inductive
modems were deployed at each site at depths distributed through the water column below the ice shelf.
GW = grounding wire. SIM = surface inductive modem (yellow box buried in snow). ISC = Iridium satel-
(Figure 5) with a maximum dive depth lite communications (only at M2). Yellow ovals = Sea-Bird microcat (MC) temperature/salinity loggers.
Red ovals = Nortek aquadop (AD) 6000 acoustic current meters).

vehicle for 29 hours spaced over 14 dives

of ~ 300 m below mean sea level and a

range of ~ 30 m around the ice hole. To

our knowledge, this was the first time were phenomenal. Using the SCINI unique biological community dominated
that an ROV was deployed through an cameras, the WHOI team discovered by anemones living inside burrows in
ice shelf in Antarctica—and the results and explored an unusual and possibly the lower surface of the ice shelf, and
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the ROV pilots recovered many biologi-
cal samples using an improvised suc-
tion sampler (see photos on p. 84; Rack
etal, 2011). These samples and exten-
sive imagery, which are being further
investigated, will provide preliminary
information about the spatial distribu-
tion and nature of these organisms, as
well as insights into the role of freezing
and melting of ice (Horgan et al., 2012;
Pritchard et al., 2012), advection of water
masses and nutrients, and other influ-
ences on their life cycles and ecology.
Finally, an over-ice wide-angle and
hydrophone seismic experiment was
conducted using an array of geophones
buried in the snow and a seafloor
hydrophone, and other geophysical
data (gravity) were collected along the
ice surface extension of marine seismic
line NBP03-1A0 to improve interpreta-
tions of existing marine seismic reflec-
tion data and finalize proposed CHP

drill site selections.

Figure 4. Deployment of oceanographic
instruments through the moonpool hatch
in the MECC by NIWA (Craig Stewart, left)
and WHOI (Will Ostrom) participants in
the Coulman High Project. Personal har-
nesses were used to ensure safe operations
around the ice hole.
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SUMMARY REMARKS

The Ross Sea continental margin is
recognized as a unique region of the
Antarctic due to its broad continental
shelf, significant polynyas, and exten-
sive ice shelf (Smith et al., 2007). The
unexpected biological discovery at the
base of the Ross Ice Shelf highlights the
importance of serendipity in science
and points to the significant opportuni-
ties that interdisciplinary investigations
can provide in these environments
(NRC, 2011), as well as contributing

to the establishment of an integrated
Southern Ocean Observing System
(Rintoul et al., 2012). The area northeast
of Ross Island that is the focus of these
studies provides an ideal location to
establish a long-term monitoring sta-
tion for physical and biogeochemical
oceanography and ecology (focused on
both macro- and microbiology). Using
hot water drill holes to deploy or support
an appropriate mixture of ice-tethered
profilers, oceanographic moorings,
camera systems, gliders, and remotely
operated or autonomous underwater
vehicles, the data gathered at this sta-

tion will improve our understanding

Figure 5. SCINI deployment team, left to right,

Bob Zook, Paul Mahecek, and Dustin Carroll with the
SCINI ROV. Note gripper at left end of the SCINI vehi-
cle, aligned with the forward fisheye camera dome.
During deployment through the ice shelf, a ballast
weight was held in the gripper; it was later released to
enable ROV operations.

of this highly undersampled region, as
does the work in McMurdo Sound and
the Ross Sea (Gutt, 2001; Thrush et al.,
2006; Kirchman et al., 2009; Griffiths,
2010; Kim et al.,, 2010; Schofield et al.,
2010; Thrush and Cummings, 2011) as
well as in other ice shelf regions around
Antarctica such as the Amery Ice Shelf
(Post et al., 2007). Geologic investiga-
tions of the long-term environmental
and climatic history of this region can
be integrated with interdisciplinary
process studies and the development of
proxies. These investigations can benefit
from the sharing of logistical and opera-
tional planning to provide better science
outcomes, as discussed in the report of
the US Antarctic Program Blue Ribbon
Panel (Augustine et al., 2012).
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