
AGU Town Hall TH010

Scientific Drilling
in the Polar Regions

AGU Fall Meeting 2021 



Scientific Drilling in the Polar Regions

Agenda

NSF Remarks – Paul Cutler  

IDP – Mary Albert

ICYS – Kathleen Wendt

IPICS & COLDEX  – Ed Brook

Hercules Dome – Heidi Roop

GreenDrill – Joerg Schaefer

RAID – John Goodge

Q&A  with the audience



NSF Remarks

Dr. Paul Cutler

NSF-OPP Program Director
Glaciology, Ice Core Science, & Geomorphology



Update from the

Ice Drilling Program  

Mary Albert
IDP Executive Director

www.Icedrill.org

http://www.icedrill.org/


Ice Drilling Program

Long Range Planning & Drilling for
Multiple Fields of Science 

www.Icedrill.org

Contents

Past Climate Change

Ice Dynamics and Glacial 
History

Subglacial Geology, 
Sediments & Ecosystems 

Ice as a Scientific 
Observatory

IDP Working Groups

• Ice core working group

• Subglacial science
working group 

• Borehole logging 
working group

http://www.icedrill.org/


Ice Drilling Program Office
Planning Workshops

IDP Subglacial Access Science Planning Workshop 2019 Herndon 
VA.   Result:  4 white papers:
https://icedrill.org/about/science-advisory-board/subglacial-access-working-group

IDP Ice Core Working Group Community Workshop 2020 (virtual 
due to covid) Result: 4 white papers:
https://icedrill.org/about/science-advisory-board/working-groups#icwg

IDP & SCO Greenland Traverse Planning Workshop 2021 
(virtual do to covid)  Result: Workshop report  with 2 white papers:
https://icedrill.org/meetings/us-scientific-traverses-gris-planning-workshop

IDP-ICWG Ice Core Early Career Researcher Workshop 2022
(ICECReW) Salt Lake City, Utah January 5-8, 2022
Goal: Professional development + two synthesis papers
https://icedrill.org/meetings/ice-core-early-career-researchers-workshop-icecrew

www.Icedrill.org

https://icedrill.org/about/science-advisory-board/subglacial-access-working-group
https://icedrill.org/about/science-advisory-board/working-groups#icwg
https://icedrill.org/meetings/us-scientific-traverses-gris-planning-workshop
https://icedrill.org/meetings/ice-core-early-career-researchers-workshop-icecrew
http://www.icedrill.org/


IDP Drill Highlights:
Rock cores beneath glacial ice

www.Icedrill.org

First use now at Pirrit Hills. 
Next up: GreenDrill

Agile Sub-Ice Geologic Drill (ASIG)
10 m bedrock under ≤ 700 m of ice

Ice-enabled Winkie Drill
5-6 m of rock under tens of m firn

Used in Ohio Range, Ong Valley
Next up: GreenDrill

http://www.icedrill.org/


IDP Drill Highlight:
Foro 3000 Drill

Ice coring to 3,000 m depth

www.Icedrill.org
Will be ready for use at Hercules Dome

http://www.icedrill.org/


Ice Drilling Program 

Education & Outreach 
featuring your science!

www.Icedrill.org and http://icedrill-education.org/

Louise Huffman
IDP Education & Outreach

Contact Louise!!
Louise.T.Huffman@Dartmouth.edu

• IDP School of Ice 

• Golden Apple, SACNAS, NSTA 
conferences

• Webinars for teacher  education

• Educational resources online

http://www.icedrill.org/
http://icedrill-education.org/


Ice Drilling Program

Get involved !
• Sign up for our newsletter!

• Join our working groups!

• Make sure your science is in the 
IDP Long Range Science Plan!

• Get help with outreach for your science!

• Request drilling & EO support for your 
NSF proposal!

www.Icedrill.org

http://www.icedrill.org/


Web: https://pastglobalchanges.org/science/end-aff/icys

Email: icecoreys@gmail.comTwitter: @ICYSciWe are an international group 
of early career researchers 
studying ice cores!

Kathleen Wendt 
for ICYS

https://pastglobalchanges.org/science/end-aff/icys
mailto:icecoreys@gmail.com


Who we are…

• 26 active members

• 70% female

• 20% non-white or mixed race

• 20% identify with the LGBTQ+ community

• 15% 1st generation

• Over 10 languages spoken

https://pastglobalchanges.org/science/end-aff/icys

https://pastglobalchanges.org/science/end-aff/icys


ICYS Online Seminar Series

Schedule, past recordings, and 
info on how to attend is on our 
website.

Interested in presenting? 
Contact us! icecoreys@gmail.com

Join us monthly for our online seminar!

https://pastglobalchanges.org/science/end-aff/icys

mailto:icecoreys@gmail.com.
https://pastglobalchanges.org/science/end-aff/icys


Upcoming events…
October 1st 2022

ICYS will hold a one-day workshop as part of the 3rd IPICS Open 
Science Conference in Crans-Montana, Switzerland.

https://pastglobalchanges.org/science/end-aff/icys

https://pastglobalchanges.org/science/end-aff/icys


Join us!
Benefits of becoming a member:

• Build your network within a supportive community

• Discover upcoming opportunities

• Develop new skills 

• Stay connected during COVID!

To become an ICYS member, email: icecoreys@gmail.com

Follow us on Twitter: @ICYSci

https://pastglobalchanges.org/science/end-aff/icys

mailto:icecoreys@gmail.com.
https://pastglobalchanges.org/science/end-aff/icys


IP ICS  Update: E d Brook

on beha lf of co-cha irs Hubertus  F ischer and Tas  van Ommen

IP ICS  is  an internationa l organization of ice core scientists  formed to fa cilitate 

internationa l colla boration and planning  via  workshops

https ://pa stg loba lchanges .org /science/end-a ff/ipics /intro

https://pastglobalchanges.org/science/end-aff/ipics/intro


The Oldest Ice Challenge

E U Beyond E P ICA – Oldest Ice

Core Little Dome C camp 

completed, sea son ongoing !

Austra lia : Little Dome C, setup sea son now

US A: Allan Hills  Blue Ice / COLDEX

deep drilling  starting  2026

Russ ia : R idge B deep drilling  from 2024

J apan: Dome Fuji area  deep drilling  from 2024

China : Dome A drilling  ongoing  

S outh Korea : Dome C area  deep drilling  from 2027



New dates  (postponed from 2020):

October 2-7, 2022

https ://indico.ps i.ch/event/6697/

Open S cience Conference & Ice Core Young  S cientist 

Workshop

Crans  Montana , S witzerland



v

Director:  E d Brook, College of E arth, Ocean, and Atmospheric 
S ciences  (CEOAS ), Oregon State  Univers ity

Funded by  the  NS F S c ience  and Techno log y  Cente r P rog ram S eptembe r 2021 

www.coldex.org

COLDEX Institutions

Oregon State  Univers ity Univers ity of Kansa s

Univers ity of Washington Univers ity of Texas  

Princeton Univers ity Univers ity of Ca lifornia -Irvine

Univers ity of Ca lifornia -Berkeley Univers ity of Ma ine

Dartmouth College-Ice Drilling  Progra m Univers ity of Ca lifornia -S an Diego

Univers ity of Minnesota Twin Cities Univers ity of Minnesota Duluth

Amherst College Brown Univers ity

American Meteoro log ical S oc ie ty Ins piring  G irls  E xpeditions

Earth S c ience  Women’s  Network A las ka Nativ e  S c ience  and Eng inee ring  

P rog ram



vv

Why COLDEX?  The 
Oldest Ice Challenge

o Data  from ice cores  have provided remarkable ins ight 
about E arth’s  history. 

o This  includes  the only direct constra ints on the pa st 
compos ition of the atmosphere.

o The ice core record is  not long  enough to answer key 
questions  about how the E arth S ystem works , 
questions  important for understa nding  both our pa st 
and future.

o E xtending  the record to much older times  is  a  ma jor 
internationa l cha llenge.

o There are equa lly big  cha llenges  in broadening  
participation in earth and polar science and 
trans ferring  knowledge to sta keholders  and the public. 

o COLDEX is  developing  progra ms to address  a ll of 
these cha llenges . 
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*Mid-P leistocene Trans ition Allan Hills  (Yan et a l., 2019)



COLDEX Disciplinary Makeup – Designed to Find and 
Analyze the Oldest Possible Ice Cores

E xploration

Ice S heet 

Modelling

Ice Coring  

and 

Ana lys is

Technolog

y

• Modelling  ice flow and history to understa nd old ice (UW)

• Advanced radar imag ing  of ice sheet structure and dynamics  (KU, UT, UW, Amherst)

• Novel therma l probes  for ice sheet age vs . depth relationship (UW, UC Berkeley)

• Ice core science (group effort led by Princeton in first 5 years . Drilling  by IDP )

• Ice core ana lys is  including  dating  old ice with advanced methods  and new 

centra lized fa cility

• (OS U, Princeton, UW, UC S an Diego, UC Irvine, U Ma ine)



• K-12 Teachers  and MS I F a culty

- S ummer profess iona l development progra ms and further networking  
poss ibilities

• Undergra duates

- RE U progra m (starts  summer 2023) and other research opportunities

• Graduate students , post docs , technica l sta ff

- Research pos itions

- Profess iona l development seminars

- S cholars hips

• S cientific community

- Meeting s  and seminars

- New partners  welcome!

E d Brook, brooke@geo.oregonstate .edu

www.coldex.org

Join Us!

mailto:brooke@geo.oregonstate.edu
http://www.coldex.org/


Hercules Dome Ice Core Project
Eric J. Steig, Heidi A. Roop, Murat Aydin, TJ 

Fudge, Mark Twickler, Joe Souney

herculesdome.org @HerculesDome



Hercules Dome Ice Core

NSF-funded community drilling project.
Drilling hopefully begins in 2024.

•
WAIS

Divide •
Hercules

Dome

https://herculesdome.org/

Collapse of the West Antarctic ice sheet alters 
atmospheric circulation,  increasing moist 
marine air transport to Hercules Dome. 

Evidence of past demise of the WAIS is likely to 
be discovered in the Herc Dome ice core.

https://herculesdome.org/


Recent Activities

Currently navigating logistics and operations planning. 
• First full season of drilling now planned for 2024/25

• June 2025 first possible ice sampling

Hosted Informational Webinars & Special Lecture

Held our first Community Workshop & Science 
Planning Meeting in May 2021

Conducted initial communications audit and started 

engagement strategy development 

https://herculesdome.org

https://herculesdome.org/


Upcoming Activities

Ice Core Early Career Researchers Workshop (ICECReW) 

professional development hybrid workshop. 
January 2022; registration deadline passed.
https://icedrill.org/meetings/ice-core-early-career-researchers-workshop-

icecrew

SAVE THE DATE: Open Science Conference in La Jolla, CA. 
Virtual participation option available.

Tentatively scheduled for May 23rd-May 27th, 2022.

Regular webinars & convenings. Updates via website, 

newsletter and Twitter. 

https://herculesdome.org

https://icedrill.org/meetings/ice-core-early-career-researchers-workshop-icecrew
https://herculesdome.org/


Get involved!

@HerculesDome

Sign-up for our newsletter for updates direct to your 
inbox:   herculesdome.org/getinvolved

Science proposals to begin working on 

relevant science or lab development 

work, could be submitted any time.

Proposals to analyze the ice should 

likely wait until at least 2022/23.

Proposal Planning (not official NSF guidance)

Join us at the Open Science Conference in May 2022
(virtual or in-person)



The GreenDrill Project (NSF # 1923927)

Collaborative Research: GreenDrill: 
The response of the northern Greenland Ice Sheet 
to Arctic Warmth
- Direct constrains from sub-ice bedrock

Joerg Schaefer (Lamont/Columbia) & Jason Briner (U. Buffalo)

Sridhar Anandakrishnan (Penn State)

Rob de Conto (U Mass Amherst)

Investigators: Nicolas Young &Gisela Winckler (co PIs, Lamont)
Benjamin Keisling, Allie Balter, Steven Cox, Jacky Austermann,
Margie Turrin (Lamont); Joe MacGregor

Collaborators: Kurt Kjaer (GEUS, Copenhagen), Mary Albert/IDP (Dartmouth),
Joe MacGregor (NASA), Eduard Bard (CEREGE), Marc Caffee (Purdue),
Alan Hidy (LLNL-CAMS), Ryan Vachon (INSTAAR).

ASIG

DRILL

Aschwanden et al. (2019)



The Greenland Ice Sheet was gone in the recent geologic past – 2 basal tests, same result!

1. The GISP2 
Bedrock Core

2. The Camp Century Basal Sediments

Christ et al., 2021



GreenDrill
4 Transects

(at each: ASIG, Winkie, Shaw)

Thule

1: Prudhoe “Dome”

3: Victoria Fjord,
C.H. Ostenfeld Glacier

Station Nord

4: Dronning
Louise Land

EGRIP

The selected sites check out for bedrock lithology; frozen bed; ASIG 
>ELA = DC3 landing; ice thickness; Stars = landing strips/stations

2: Near Hiawatha Crater

AISG Drill site: 500-300 
m ice thickness.

Winkie Drill site: 100 m 
ice thickness

Shaw Drill sites: pro-
glacial landscape

@ transect
locations:

We will target 
4+ m-long 
rock cores.
Drilling to 

start in 2023



14C 36Cl 26Al 10Be 21Ne

ASIG

Winkie

Shaw



-1 m SLE -2 m SLE

The critical first few feet of SLR from Greenland: Where from?

-> Locations chosen to represent a range of sites to constrain ice sheet contributions to sea level during past interglacials.
-> At each of four locations, a range of drills will be used to acquire bedrock cores from a transect of sites.

Aschwanden et al. (2018)



Ice sheet modeling to map 
Greenland’s sea level potential

Ensemble of 96 simulations with 
varying:
• Initial ice-sheet geometry
• Rate of interglacial warming
• Initial surface mass balance
• Lithospheric relaxation time
• Precipitation lapse rate

*stop by poster C35B-0882, 
Wednesday 12/15 from 16:00-
18:00 to learn more!

We are using this to determine 
where the first meters of sea level 
rise from Greenland likely came 
from in the past.

Total sea level contributed by Greenland when that location is ice-free 
(colors). Larger dots mean a smaller spread in the ensemble, e.g. a more 
robust prediction. Black outlines highlight areas where the width of the 
ensemble prediction is less than 1.5 meters. 

Keisling et al., in prep



Summit

EGRIP

2023?

2024?

2024?

1000 km

?
Onward - GrIS Scientific Traverses:

An ICU for patient #1 of the Climate Crises?
Download the Workshop Report and get involved!

https://icedrill.org/meetings/us-scientific-traverses-gris-planning-workshop



Success!

routine use of ‘packer’ in firn to seal borehole

fast drilling in thick ice

penetration of glacial bed & retrieval of ice & rock cores

RAID field trials 2019-20

John Goodge
University of Minnesota Duluth

Jeff Severinghaus
Scripps Institution of Oceanography



Completion of 3 boreholes
Hole #1 – Deep Aggravation
• good packer set
• ice drilling to 140 m (460 ft)

Hole #2 – Deep Together
• slow & steady
• made it to bottom!
• 4 m core at 681 m (2,235 ft)
• borehole dust logging

Hole #3 – Deep Speed
• amped up penetration rate
• drilling to 442 m (1,450 ft)
• borehole dust logging

2021



bubbly glacial ice

banded ice

hard compact till

subglacial tillite

Minna Bluff
Hole #2



Partnership – RAID is a partner in COLDEX initiative

• deep boreholes for oldest-ice exploration

• in collaboration with geophysics & Ice Diver

Goals – prepare for Plateau drilling by 2024

• engineering upgrades & enhancements in 2022

• McMurdo deployment in 2023-24

• readiness for science drilling beginning in 2024-25

• initial targets focused on corridor between South 
Pole and Dome A



www.rapidaccessicedrill.orgBe involved

• join the RAID community (contact a PI)

• identify sites, study samples (ice, bed, rock) 
or borehole access

http://www.rapidaccessicedrill.org


AGU Town Hall TH010
Scientific Drilling  in the Polar Regions

Questions or announcements 
from the audience?

Thanks for participating!
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