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Abstract

Rapid Access Ice Drill is a new drilling technology capable of quickly accessing the glacial bed of
Antarctic ice sheets, retrieving ice core and rock core samples, and providing boreholes for down-
hole logging of physical properties. Scientific goals include searching for old ice near the glacial
bed and sampling subglacial bedrock. During field trials near McMurdo Station on a piedmont
glacier at Minna Bluff in the 2019–20 austral summer, we successfully completed a ‘top-to-bot-
tom’ operational sequence in three boreholes by (1) augering through firn, (2) creating a borehole
packer seal in non-porous ice, (3) establishing fluid circulation, (4) quickly drilling a borehole in
ice at penetration rates up to 1.2 mmin−1, (5) acquiring a short ice core at depth, (6) penetrating
the glacial bed at a depth of ∼677 m, (7) recovering a 3.2 m core of ice, basal till and subglacial
bedrock, (8) optically logging the borehole on wireline, (9) testing hydrofracture potential by
overpressuring the borehole fluid and (10) operating in an environmentally benign yet rapid
field mode. Minna Bluff testing, therefore, demonstrates the effectiveness of this integrated system
to drill rapidly through thick ice and penetrate across the glacial bed to take cores of bedrock.

Introduction

Exploration of the interior of the Antarctic ice sheet and its bed has proceeded slowly but
steadily over several decades. The significance of emerging scientific questions combined
with transformative technological innovations motivates a rapid alternative to traditional
methods of ice coring and rock drilling (Talalay, 2016). These new technologies include high-
resolution optical borehole logging (Bay and others, 2001), which has lessened the need for
traditional continuous ice cores and compels the need for multiple deep boreholes.
Furthermore, the search for 1.5 million year-old ice requires fast, low-cost reconnaissance dril-
ling without need for long ice cores (Fischer and others, 2013; Alemany and others, 2014;
Schwander and others, 2014; Van Liefferinge and others, 2018). Pressing questions about
future sea-level rise have also established an urgent need for in situ borehole observations
in Antarctica (NASEM, 2015), including ice deformation, geothermal heat flow and basal
material properties. Growing concern relates to stability of the East Antarctic ice sheet and
its potential contribution to sea-level rise, which are highly uncertain and often overlooked
(Fogwill and others, 2016). Furthermore, most of the Antarctic geological map remains
blank due to ice cover, hampering understanding of how the Antarctic continent was
assembled (Boger, 2011). This is best addressed by a survey program of short rock cores
taken quickly from multiple sites beneath the ice in order to ground-truth interpretations
made from geophysical remote-sensing data. From this background, the concept was born
of a ‘rapid-access ice drill’ (RAID) that quickly explores the ice-sheet interior without commit-
ting resources to long ice cores, but rather by taking larger numbers of short cores of materials
with high scientific value.

To address these aspirational scientific goals, the RAID (http://www.rapidaccessicedrill.org)
was designed to quickly drill through deep ice (penetration up to 3000 m depth in 48 h) on the
ice sheets of Antarctica, followed by coring of ice, penetration of the ice-sheet–bed interface,
and coring of subglacial bedrock below (Goodge and Severinghaus, 2016). Rapid penetration
of the Antarctic ice sheets will allow scientists to take multiple short cores in deep ice, from the
glacial bed, and from bedrock below, and to create long-term borehole observatories. As a
complete system, RAID is unlike other ice-penetrating tools, although a similar drilling system
optimized for transport by a light aircraft utilizes the RAID concept (Kuhl and others, 2020). It
is a sled-mounted mobile drilling system capable of making multiple long (up to 3300 m), nar-
row (8.9 cm, or 3.5 in diameter) boreholes in a single-field season on the ice sheets of
Antarctica. RAID is based on a mineral exploration-type rotary rock-coring system using
threaded drill pipe to cut through ice, with circulation of a non-freezing, environmentally
safe fluid for removal of ice cuttings and to provide pressure compensation. Near the bottom
of the ice sheet, a wireline latching assembly enables the taking of rapid short cores of ice, the
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RAID upgrades

new diverter

shaker testing

new swivel

new firn augers

CAD engineering 
for module mating

melting tank 
overhaul

redesigned 
PLC 

automation

shaker 
overhaul
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RAID as an inter-disciplinary tool
RAPID  ACCESS  ICE  DRILLING

RAID is one-of-a-kind – 

‣ mobile 

‣ deep 

‣ fast 

‣ multi-disciplinary 

‣ potentially transformative

- old ice dating 
- paleoatmospheric records 
- paleoclimate reconstructions 
- glaciology 
- ice-sheet dynamics 
- borehole logging 
- glacial bed mechanics 
- subglacial exposure histories 
- thermal and landscape histories 
- subglacial geology 
- subglacial sedimentology 
- heat flow 
- glacial geophysics 
- potential-field geophysics 
- seismology 
- glacial-rebound geodetics 

2nd RAID Science Planning Workshop, 2024 

Sarah Shackleton, Woods Hole Oceanographic Institution 

John Goodge, Planetary Science Institute 

Allie Balter-Kennedy, Lamont-Doherty Earth Observatory 

Shuai Yan, University of Washington 

Jeff Severinghaus, Scripps Institution of Oceanography



‣ Re-vitalize & grow scientific user community for RAID. 

‣ Grow participation & inclusion of new generation of Early-Career Researchers 
in cutting-edge Antarctic science. 

‣ Promote interdisciplinary research synergies, including development & 
implementation of new cryosphere technologies. 

‣ Re-engage the geophysical community (aeromagnetics, seismology, geodetics, 
heat flow) for reconnaissance, site selection & data analysis. 

‣ Help integrate RAID and COLDEX activities. 

‣ Stimulate new cross-disciplinary research & proposal collaborations, 
particularly inclusive of and among young researchers. 

‣ Develop new concepts to support traverse-oriented platforms in Antarctica. 

‣ Write a Long-Range Science Plan with shared community research goals & 
recommend priorities for future drilling.

2024 Workshop goals
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2nd RAID Science Planning Workshop

Outcomes – 

‣ articulated science questions 

‣ identified potential drilling 
targets 

‣ writing ‘proposition’ reports 
by ice-sheet domains 

‣ discussed alternative logistics

RAPID  ACCESS  ICE  DRILLING

Small-group discussions, 2nd RAID Science Planning Workshop



90°90°

180°

0°

85°
80°

75°
70°

P1
P2

P3

Mirny fault

IAAS

90E fault

Lambert RiftGamburtsev suture Indo-Antarctica
(900 Ma)

Pensacola
embayment

(Neoproterozoic?)

Australo-Antarctica
aka Mawson
(1150-1590 Ma)

Nimrod
igneous

(≥1450 Ma?)inboard limit of extended crust

limit of WARS extension

isotopic province boundary

tectonic/subglacial lineament

exposed Archean-Prot basement

TAM exposures

0 1000

km

Byrd

Nim
ro

d

Be
ar

dm
or

e

Sc
ot

t

GSM

WSB

ASB

TM

EM

QMM

CTM

SVL

NVL

Dome ARS
H

Dome C

East Antarctica

West Antarctica

Ross Sea

LV

RL

VSH

Denman Gl.

Prydz  Bay

TA

WL

PEL

Scientific priorities & targets

‣ oldest (~1.5 Ma) ice 

‣ basal & accreted ice 

‣ crustal provinces & 
boundaries 

‣ Gamburtsev 
Subglacial Mtns 
(GSM) / Dome A 

‣ subglacial basins 

‣ enigmatic highlands

Bedmap2 subglacial topography

drilling targets
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Going forward

‣ a potential game-changer 

‣ think about ways to put it to work 

‣ welcome new participation 

‣ join the community!

RAID is ready for deep 
ice-sheet exploration!

https://www.rapidaccessicedrill.org/
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