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“Snowflakes fall to Earth and leave a message—.” 

Henri Bader (1907-1998) 

 

 

Cover: Thin-section micrograph of a matrix of individual ice crystals from the 250-m depth (about 800 
years old) from the Camp Milcent ice core. The different colors are due to the different orientations of 
the crystals. The larger crystals are about 1 cm in the elongated diameter. The small dark circles, better 
observed within the lighter crystals, are entrapped atmospheric air bubbles, incorporated and formed in 
the upper snow layers, originally as pore spaces. With time and increasing depth and overburden load 
pressure, they transform into individual air bubbles. Techniques of extracting the bubbles from ice core 
specimens, and analyzing the gases, provide chemical data on past changes in ancient atmospheric 
compositions. 
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Abstract: The scientific knowledge of the Greenland and Antarctic ice 
sheets, and the subsequently derived Earth history, has been greatly 
increased during the past 50 years. Much of the new information was 
obtained from various studies made on a relatively small number of deep 
(300–400 m) and several very deep (some over 3000 m) ice cores, 
recovered from the inland regions of both ice sheets by different national 
and international research teams. The beginning, development, and 
progress of deep polar ice core drillings and core studies is reviewed from 
the incipient pit study made by Ernst Sorge in 1930, through the trying 
efforts of three international core drilling projects mounted around 1950. 
The paper continues with a broad overview of the early role and 
achievements made by two related U.S. Army Corps of Engineers research 
laboratories: the Snow, Ice and Permafrost Research Establishment 
(SIPRE), and the Cold Regions Research and Engineering Laboratory 
(CRREL), from the early 1950s to the late 1980s. International 
partnerships of CRREL with the University of Copenhagen, Denmark, and 
the University of Bern, Switzerland, starting in 1962, established the 
foundation of polar ice core science. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Preface 

This report was prepared by Dr. Chester C. Langway, Jr.,  a former 
researcher at the Snow, Ice and Permafrost Research Establishment 
(SIPRE), Wilmette, IL, and the Cold Regions Research and Engineering 
Laboratory (CRREL), Hanover, NH, (1956–1975) and a former faculty 
member at the University at Buffalo (State University of New York) (1975–
1994). During his years at SIPRE and CRREL, he participated in and was 
responsible for developing the SIPRE/CRREL field and laboratory ice core 
research program, the core sample storage responsibilities, and the 
scientific redistribution of ice core samples for external studies. During his 
last nine years at CRREL he also served as Chief, Snow and Ice Research 
Branch. He is now retired. 

The renewed pursuit to recover deep ice cores began and succeeded during 
the IGY, under the visionary foresight of Henri Bader and the engineering 
inventiveness of B. Lyle Hansen, and in doing so, introduced a new and 
still emerging field of polar ice core science. A.P. Crary, distinguished 
polar researcher and Chief Scientist of National Science Foundation’s 
Division of Polar Programs during the difficult early days of this research, 
was a lasting pillar of dedicated support. Full recognition and complete 
appreciation is extended to a long list of the U.S. Army’s Corps of 
Engineers Director’s of the SIPRE and CRREL laboratories, namely COL 
W.H. Parsons, Jr., COL W.L. Nungesser, COL P.G. Krueger, COL D.A. 
Kellogg, COL J.E. Wagner, COL J.F. Castro, and COL R.L. Crosby. All 
concurred with the unique and genuine mutual agreement to support and 
enable the complete ice core research program to be conducted at the 
laboratories, in cooperation with and in support of the U.S. NSF.  

During the nearly forty years of history compressed into this paper on 
early ice cores, many valuable contributions were made by a great number 
of individuals, notably W. Dansgaard and H. Oeschger and their laborato-
ries; they stand tall in this category. Many others to be thanked are noted 
or referenced in the text. The important and necessary close interaction, 
advice, and support of numerous key personnel from NSF’s Office and 
Division of Polar Programs is gratefully acknowledged and sincerely 
appreciated; these include T.O. Jones, A.P. Crary, P.M. Smith, L.O. Quam, 
G. Llano, P. Lewis, K. Moulton J. Huffman, G. Guthridge, M.D. Turner,  
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J. Fletcher, E.P. Todd, R.H. Rutford, D.A. Anderson, R.L. Cameron, J. 
Zwally, H. Borns, E. Chang, and many, many others, especially J.H. 
Zumberge (NAS/CPR, Univ. So. Cal., Univ. Mich.), L.M. Gould (Chm., 
NAS/CPR), E.D. Goldberg, (UC San Diego), L. DeGoes (NRC), G. 
Nancollas (Univ. at Buffalo), and C. Wroe Wolf (Boston Univ.). Sadly, 
because of the time span covered in this reporting, a number of the above 
have passed on, but their contributions are real, mostly registered in the 
literature, and remain fixed in the memory of those who labored with 
them. 

Special units of the U.S. Army, U.S. Air Force, USAF Air National Guard, 
and the U.S. Navy provided abundant transportation, logistical, and 
operational support for fieldwork in Greenland and Antarctica. The author 
fully acknowledges and enthusiastically thanks them for their professional 
skills and tireless efforts in making the field research projects safe and 
successful; they know their job and did it well. 

The author is further indebted to several colleagues who reviewed draft 
copies of this report; many were field or laboratory participants or took an 
active part in different aspects of the research discussed herein; they 
include J. Weertman, R, Rutford, G. Denton, H. Ueda, J. Brown, G. 
Frankenstein, B. Stauffer, H. Clausen, G.J. Wasserburg, and J. 
Splettstoesser. All are experienced and seasoned polar regions research 
investigators who were generous with their time and perceptive in their 
scrutiny. M.R. Albert and D.W. Cate provided exceptional editorial and 
computer guidance. 

The report was prepared under the general supervision of Dr. Robert E. 
Davis, Director, CRREL. 

The Commander and Executive Director of ERDC is COL Richard B. 
Jenkins. The Director is Dr. James R. Houston. 
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Figure 21. Camp Milcent, 1973. The polyethylene-covered 100-KW generator shelter in the 
foreground was used for thermal drilling and other camp power needs. Waste heat from 
generator provided the camp water supply. 

 
Figure 22. Loading ski-equipped C-130 aircraft with ice cores recovered at Camp Milcent, 
1973. Later the cores were temporarily stored in freezers at the Sondrestrom Air Force Base, 
at the edge of the ice sheet, until the end of the season, when consolidated shipments were 
made to respective laboratories. 
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Figure 23. Camp Crete, 1974. The first tower in the background was for the thermal drill; the 
next tower was for the radar reflector to enable aircraft to locate the site in the middle of the 
ice sheet.  

 
Figure 24. B.L. Hansen at the thermal drilling rig at Camp Crete, 1974. 
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Figure 25. Dye 3, Greenland radar and communications site, 1980. The top of the structure is 
approximately ten stories high; at the left side is a sloping staircase, about 2 1/2 stories high, 
for pedestrian access to the building. 

 
Figure 26. Dansgaard, Langway, and Oeschger in the science trench at Dye 3 shortly after 
bottom ice was reached at 2037 m on August 15, 1981. (Photo by J. Murray Mitchell, NOAA.) 
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An under-snow research laboratory was established on site to examine, 
record, measure, log, and photograph many of the physical, mechanical, 
and optical properties of the cores and to prepare tens of thousands of 
oxygen isotope and other samples [Henrik Clausen, Bernhard Stauffer, 
Susan Herron (Herron, S.L., and Langway 1982, 1987, Herron, S.L., et al. 
1985), Albrecht Neftel, J.P. Steffensen, Palina Kristindottir (Langway et al. 
1985)]. The laboratory was also used to prepare and continuously measure 
micro-particle concentrations and eruptive volcanic-acid horizons by the 
new electrical conductivity method (ECM) invented by Claus Hammer 
(Hammer 1977, 1980, Hammer et al. 1980), which proved to be an invalu-
able tool in resolving the time scale for the 1981 Dye-3 core (Hammer et al. 
1985, 1986). A snow cave was excavated off the main science trench to 
perform instantaneous instrumental mechanical property tests of fresh ice 
core samples by Hitoshi Shoji (Shoji and Langway 1982, 1987, 1989), 
Dorte Dahl-Jensen, and Jakob Schwander (Schwander and Stauffer 1984). 

A prefabricated, heated, cleanroom trailer-laboratory was established and 
used on the surface by Michael Herron (Herron, M.M, et al. 1981, Herron, 
M.M., 1982, Herron, M.M., and Langway 1985) and James Cragin (Cragin 
et al. 1974, 1975) and assistants. It was used in the field for the first time to 
measure the chemical composition of meltwater samples by the new ion 
chromatography technique. A group of international research associates 
and students, working in rotation, was also employed to examine and 
record the cores on an assembly-line series of workstations and to package 
specimens for transport back to the national laboratories for further study. 
The procedures set a new standard of efficiency for field studies associated 
with deep ice core drilling. 

All major field objectives and adjusted goals of the GISP field operations 
were completed on schedule and within budget. Less than one year after 
the core drilling was complete, initial results were presented in June 1982 
at a special GISP science symposium held in conjunction with the Annual 
Meeting of the American Geophysical Union in Philadelphia, PA. A sympo-
sium proceedings was published: “Greenland Ice Core: Geophysics, Geo-
chemistry, and the Environment” (1985), AGU Geophysical Monograph 
33, C.C. Langway, Jr., H. Oeschger, and W. Dansgaard, Eds. 

In 1986, the GISP accomplishments led to an invitation to Oeschger and 
Langway from the Dahlem Conference Center, Berlin, Germany (Silke 
Bernhard, Director), to organize and convene an international workshop 
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and symposium to assess and interpret the environmental record in 
glaciers and ice sheets. The conference was limited to 48 invited 
internationally recognized participants, selected from various scientific 
disciplines. The workshop was financed by the City of Berlin and held at 
the Dahlem Conference Center in March 1988. A proceedings of the 
symposium was published: “The Environmental Record in Glaciers and Ice 
Sheets” (1989), H. Oeschger and C.C. Langway, Jr., Eds., Dahlem Work-
shop Report No. 8, Berlin, Germany, John Wiley and Sons. 
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7 Paleoenvironmental Data  

The scientific results of the first deep ice cores recovered from around 
300–400 m, and the very deep ice cores, from 1387, 2164, and 2037 m, 
have yielded unique windows to past events on Earth and provided the 
foundation by which many nations have since drilled deep ice cores in 
both polar regions. The ice core records also have had impacts on a wide 
spectrum of other scientific disciplines (e.g. geophysics, oceanography, 
geology, meteorology, climatology, and anthropology) and provide higher-
resolution data to complement and advance our knowledge gained from 
studies of lake and marine sediments and tree rings. Many of these investi-
gations continue to this day. Indeed, findings from ice coring science now 
lay the cornerstone for the formation of global environmental science and 
policy (IPCC 2001). 

Of all the analyses conducted on the first ice core to reach bedrock—at 
Camp Century, Greenland, in 1966, now over 40 years ago—the original 
measurements at the University of Copenhagen (Dansgaard, Johnsen, 
Clausen, and Moller) marked a singular achievement, producing a record 
of the annual snow accumulation layers for the past 8,200 years 
(Dansgaard et al. 1982, Hammer et al. 1986, Morrison et al. 2001, Vinther 
et al. 2006). Moreover, this original team developed a profile of the com-
plete signature of the late-Pleistocene and Holocene climate cycle 
(Dansgaard et al. 1970), recording high- and low-frequency climate events 
and shifting environmental conditions throughout the present Holocene 
warm period, through the preceding Wisconsin ice age, and into the earlier 
interglacial warm period, the Sangamon (Eem), at about 115 kyrs BP. This 
seminal research established the first reliable dating sequences for the 
Greenland ice sheet’s stratigraphic-layer/depth-age relationships and pro-
vided the important and necessary timeline for dating all succeeding 
paleoenvironmental proxy studies made on the Camp Century core. 

Another outstanding original study made on the early ice cores was con-
ducted at the University of Bern, where researchers were first to success-
fully develop methods to precisely measure the concentration levels of 
atmospheric gases, especially the “greenhouse” gases, entrapped within 
the stratigraphically dated ice core layers (Berner et al. 1980, Oeschger 
1985, Oeschger and Sigenthaler 1988, Stauffer 1985, Stauffer et al. 1988). 
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A third significant original study made on the Camp Century and Dye 3 ice 
cores by CRREL/University at Buffalo (State University of New York) was 
the first measurements of the chemical records of the Earth’s changing 
atmospheric composition with climate change, especially the important 
events since the Industrial Revolution (Finkel et al. 1986, Osada and 
Langway 1993, Langway et al. 1994, 1995, Osada 1996) and those related 
to the sharp and dramatic shift in the trace chemical constituents (SO4, 
NO3, Cl) at the Wisconsin/Holocene climate boundary (at 1786 m, 11.7 
kyrs BP, for Dye3), a remarkably rapid change over a short 10- to 70-year 
time interval (Herron, M.M., and Langway 1985, p. 78-79). Taken 
together, these advances made clear that ice sheets were unused, but valu-
able additions to the limited natural paleodata sources available 
(Dansgaard 2004, Cox 2005) and, in effect, transformed the ice sheets into 
virtual databases of detailed Earth history. 



36 ERDC/CRREL TR-08-1 

8 Conclusions 

The successful recovery of the early ice cores during the IGY era advanced 
a new approach to expose the unknown third dimension of polar ice 
sheets, and it marked a turning point: Embedded within the interior of 
polar ice sheets were important and fresh secrets of Earth’s history, and 
these new physical and chemical analyses could reveal them. Ice cores 
opened a new portal to the past, unsealing continuous long-time pre-
historical and geological age records of precipitation, climate, rapid 
climate change, and natural, artificial and baseline atmospheric chemistry 
conditions, and more, at the Earth’s surface, at the time of snow deposit. 
In addition, the records bridged a perceived gap in our previous knowl-
edge of Earth history by independently overlapping the important chrono-
logical recordings of tree rings and marine/lake sediments. Finally, the 
Camp Century ice core provided the first direct evidence that a long-term 
chronology, in fact, exists within the massive Greenland ice sheet’s body, is 
measurable, and is clearly connected to today’s surface as a living relic, 
into and beyond the last great ice age on Earth. The 1966 Camp Century 
ice core became the first jewel in the crowning events of deep polar ice 
core drillings to bedrock and the scientific justification and foundation for 
the continued ice core research at Byrd Station in 1968 and for GISP and 
Dye 3 during 1971–1981 and leading to the future, as discussed by Mitchell 
and Kellogg (1984) and Weertman (1986). 
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9 Summary  

Deep polar ice cores were first successfully recovered and studied from 
Site 2, Greenland, in 1956 and 1957 by the U.S. Army Snow, Ice, and Per-
mafrost Research Establishment (SIPRE) and were followed by two others 
from Antarctica, at Byrd Station in 1957–1958 and at Little America V on 
the Ross Ice Shelf in 1958–1959, ranging in depth from 264 to 411 m. 
These cores were acquired as part of SIPRE’s contribution to the U.S.’s 
polar latitudes research activities conducted during the Third Interna-
tional Polar Year (redesignated the IGY). The results of the IGY drillings 
and core studies were encouraging and supported continued post-IGY 
research to develop a drill capable of reaching bedrock depths. This objec-
tive was accomplished by the U.S. Army Cold Regions Research and Engi-
neering Laboratory (CRREL) and resulted in the first successful effort to 
core drill to bedrock, made at Camp Century, Greenland, in 1966 (1387 m) 
and at Byrd Station, Antarctica, in 1968 (2164 m). After the progress made 
during the IGY activities, the Greenland Ice Sheet Program (GISP) was 
launched in 1971, based on a partnership that had begun in 1962 between 
CRREL, the University of Copenhagen, Denmark, and the University of 
Bern, Switzerland (and in 1975, joined by the University at Buffalo). Under 
the auspices of GISP, this group first recovered three deep ice cores from 
around 400 m, and in 1981 they successfully completed the Dye-3 deep ice 
core drilling to bedrock (2037 m) using a Danish drill. The early deep ice 
cores were subjected to multiple and coordinated laboratory analyses; 
these data were promptly exchanged and cross-correlated among the sci-
entific participants. The results of the investigations are widely published 
and have revealed substantial new paleoenvironmental data on conditions 
occurring at the Earth’s surface over the time spans represented by their 
chronologies, which ranged in ages up to 115 kyrs BP. Ice coring science 
has since grown, and in the last 10–15 years several new deep ice cores 
have reached depths exceeding 3000 m, from both ice sheets, and have 
extended ice core records much further back in time. 
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Appendix A: Recovered Deep and Very Deep Ice Cores 

Locations Years Type of drill 
Core diameter 

(cm) 
Depth 

(m) 

IGY Locations 

Site 2, Greenland 1956 Rotary mechanical (U.S.) 10 305 

Site 2, Greenland 1957 Rotary mechanical (U.S.) 10 411 

Byrd Station, Antarctica 1957-58 Rotary mechanical (U.S.) 10 307 

Little America, V Antarctica 1958-59 Rotary mechanical (U.S.) 10 264 

Camp Century, Greenland 1961–1966 Thermal (U.S) 12.4 0–535 

Camp Century, Greenland 1961–1966 Electromechanical (U.S.) 9.1 535–1387 

Byrd Station, Antarctica 1966–1968 Electromechanical (U.S.) 10.2 2164 

GISP Locations 

Dye-3, Greenland 1971 Thermal (U.S.) 12.7 372 

Milcent, Greenland 1973 Thermal (U.S.) 12.7 398 

Crete, Greenland 1974 Thermal (U.S.) 12.7 405 

Dye-3, Greenland 1979–1981 Electromechanical (GISP, Denmark) 10.2 2037 

Recent International Locations 

GRIP, Greenland 1989–1992 Electromechanical (Denmark) 10.2 0–3029 

GISP-2, Greenland 1989–1993 Electromechanical (U.S.) 13.2 0–3057 

Vostock, Antarctica* 1990–1993 Thermal (Soviet Union) 11.0–11.2 0–2755 

Vostock, Antarctica* 1994–1998 Electromechanical (Russia) 10.7 2755–3623 

Vostock, Antarctica* 2005–2007 Electromechanical (Russia) 10.7 3623–3658 

Dome Fuji, Antarctica I† 1994–1997 Electromechanical (Japan) 9.4 0–2503 

Dome Fuji, Antarctica II† 2003–2007 Electromechanical (Japan) 9.4 0–3035 

NGRIP, Greenland** 1996–1997 Electromechanical (Denmark) 10.2 0–1300 

NGRIP, Greenland** 1999 Electromechanical (Denmark) 10.2 1300–1750 

NGRIP, Greenland** 2000 Electromechanical (Denmark) 10.2 1750–2931 

NGRIP, Greenland** 2003 Electromechanical (Denmark) 10.2 2931–3085 

NGRIP, Greenland** 2004 Electromechanical (Denmark) 10.2 3085–3090 

Dome C, Antarctica† 1999–2005 Electromechanical (EPICA, France 
and Italy) 

9.8 0– 3270 

Kohnen Station, Antarctica† 2001–2006 Electromechanical (EPICA, Germany) 9.8 0–2774 

*Data provided by Pavel G. Talalay, St. Petersberg State Mining Institute, Russia. 
†Data provided by Nobuhiko Azuma, Nagaoka University of Technology, Japan. 
**Data provided by Henrik Clausen, University of Copenhagen, Denmark. 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining 
the data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, 
VA  22202-4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not 
display a currently valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 
January 2008 

2. REPORT TYPE 
Technical Report 

3. DATES COVERED (From - To) 
 

5a. CONTRACT NUMBER 
 

5b. GRANT NUMBER 
 

4. TITLE AND SUBTITLE 

The History of Early Polar Ice Cores 

5c. PROGRAM ELEMENT NUMBER 
 

5d. PROJECT NUMBER 
 

5e. TASK NUMBER 
 

6. AUTHOR(S) 

Chester C. Langway, Jr. 

5f. WORK UNIT NUMBER 
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT 
    NUMBER 

U.S. Army Engineer Research and Development Center 
Cold Regions Research and Engineering Laboratory 
72 Lyme Road 
Hanover, NH 03755-1290 

ERDC/CRREL TR-08-1 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

 
11. SPONSOR/MONITOR’S REPORT  
     NUMBER(S) 

 

 
12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for public release; distribution is unlimited. 
 
Available from NTIS, Springfield, Virginia 22161. 

13. SUPPLEMENTARY NOTES 

 

14. ABSTRACT 
The scientific knowledge of the Greenland and Antarctic ice sheets, and the subsequently derived Earth history, has been greatly 
increased during the past 50 years. Much of the new information was obtained from various studies made on a relatively small number 
of deep (300–400 m) and several very deep (some over 3000 m) ice cores, recovered from the inland regions of both ice sheets by 
different national and international research teams. The beginning, development, and progress of deep polar ice core drillings and core 
studies is reviewed from the incipient pit study made by Ernst Sorge in 1930, through the trying efforts of three international core 
drilling projects mounted around 1950. The paper continues with a broad overview of the early role and achievements made by two 
related U.S. Army Corps of Engineers research laboratories: the Snow, Ice and Permafrost Research Establishment (SIPRE), and the 
Cold Regions Research and Engineering Laboratory (CRREL), from the early 1950s to the late 1980s. International partnerships of 
CRREL with the University of Copenhagen, Denmark, and the University of Bern, Switzerland, starting in 1962, established the 
foundation of polar ice core science. 

15. SUBJECT TERMS 
Antarctica 
Climate change 

Glaciology 
Greenland 
Ice cores 

Paleoclimatology 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE 
PERSON 

a. REPORT 

U 

b. ABSTRACT 

U 

c. THIS PAGE 

U U 57 
19b. TELEPHONE NUMBER (include 
area code) 
 

 Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. 239.18 




