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Zagorodnov: Correspondence 

SIR, 

Comments on "Some comments on climatic reconstructionsJrom ice 
cores drilled in areas qf high melt" by Ray AI. Koemer 

Koerner (1997) presents an interpretation of ice-core data 
collected from the circumpolar Arctic. As a m ember of a 
Russian research team, I was involved in the coring and 
study of some of the ice cores referenced in his paper. The 
results of our research were published in the Russian scien
tific literature. This letter presents relevant data not in
cluded in Koerner (1997), and corrects a few inaccuracies. 
This additional information should contribute to a clea rer 
understanding of the complex ity of the ice-formation pro
cesses in glaciers subjected to intensive melting. 

DATA 

LomonosoifiJllnCl. Three locations were studied a long the ice 
divide on Lomonosovfonna. In the southern pa rt of the pla
teau at 1025 m a.s.l. , Zinger and Mikhalev (1967) determined 
[he average acc umulation rate to be 988 mm w.e. a- I for the 
period 1957- 64. The 201 m ice core was recovered in 1976 in 
the northwest part of the plateau at about 1080 m a.s.l. ; 
results were published in Gordi enko and others (1981). 
Because the thickness of the ice is unknown, the time-scale 
based on stable isotopes remains questionable. The firn- ice 
transition a t the 1976 drilling site was in the depth range 
27- 32 m (Zagorodnov, 1985). In addition, a 135 m ice core 
was recovered in 1982 from a site (abo ut 1000 m a.s.l.) 
approximately 10 km south of the 201 m core. This borehole 
was plumb from surface to bo ttom (Zagorodnov a nd others, 
1984). M elt features comprised 34% of the glacier sequence, 
and the 1975- 82 balance was 620 mm w.e. a \ for the period 
of 1962- 82 the average balance was 658 111m w.e. a- I 
(Zagorodnov and Samoylov, 1985). Note that Koerner (1997, 
table I) g ives the balance for the 1976 drilling site as 820 mm 

1 w.e. a . 
AustJonna. The elevation of the drilling site on the Aust

fonn a summit was close to 750 m a.s. l. (Dowdeswell, 1986; 
Dowdeswell a nd others, 1986; Arkhipov and others, 1987; 
Dowdeswel l and Drewry, 1989). The 566.7 m ice core was re
covered from a plumb borehole. Mass-balance d ata for the 
drilling site are presented in Table I. Assuming that the tri
tium peak a t 14m was from 1963 (Vaykmyae a nd Punning, 
1989), the average (27 year ) mass balance was 526 mm 
w.e. a 1; without tritium da ta the average (5 year ) balance 
was 598 mm w.e. a 1. Both these values are lower than 
794mm w.e. a- I given by Koerner (1997, table I). 

The m elt scale for the Austfonna record appears to be 
incorrect and the curve given by Koerner (1997, corrected 
fig. 4) appears shifted. Using data from Tarussov (1992), and 
assuming that the profile was digiti zed from Zagorodnov 
and Arkhipov (1990) or from Kotlyakov and others (1990), 
with a net acc umulation of 794 mm w.e. a 1 (Koerner, 1997, 
table I), the Austfonna melt record presented by Koerner 
(1997) cannot be reproduced ; melt values exceed the net ac
cumulation. A simila r problem exists in the Akademii Nauk 
melt record. The original p ercentage melt reco rd was 
obtained from two ice cores, one drill ed in 1985 (0- 561 m ) 
and the other in 1987 (250-761 m ). These melt records are 
internally consistent. Using the melt percentage profile 
(Kotlyakov a nd others, 1990) and assuming annual net ac-
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Table 1. Mass balance at Austfonna summit 

lear 

1987 

1985 

1963-85 

1958 
1931 

1873 

Balance 

mm 
- [ 

w.e.a 

640 * 

550 

Comments 

10 12 measurements of snow pack 
thickness every I km of 118 km 
tra,·erse; a lso 15 pits, 26 shallow 
cores before melting season; May 
10- 12 measurements of snow pack 
thickness every I km of 12 km tra-
verse; a lso 10 pits, 8 sha llow cores 
before and after melting season 

860 (510) Beta-rad ioactivity and trit ium 
concentrat ion in 32 m ice core 

~700* Snow pit; mid-June 
~600* Snow pit; mid-July 

~500* Snow pit; mid-June 

Sallrce 

Sinkcvich and 
Tarusov (1989) 

Arkhipovand 
others (1987) 

Vaykmyae and 
Punning (1989) 
Schytt (1964) 
Troitskyand 
others (1975) 
Ahlmann (1933); 
Schytt (1964) 

Because summer- fall precipitation was not determined, 10% of the mea
sured value was added to the va lues measured during spring and summer. 

cumulation of315 mm w.e. a- I, again the values presented in 
Koerner (1997, corrected fig. 4) cannot be reproduced. In 
order to obtain the best approximation of original data, the 
melt values have to be multiplied by a factor of 1.22 and the 
curve has to be shifted down so that the las t peak on the 
right equals 19 g cm -2 a- I. In spite of these errors, the gener
al trends and major elements of the profiles are consistent 
with the original data; therefore, it appears that inaccurate 
graphs were produced due to digitization of graphs that 
were originally published as rather small figures. 

DISCUSSION 

In some cases, representation of melt data in g cm 2 a I units 
could obscure detail s of the nature of the ice-formation pro
cess. Specifically, Austfonna, Vestfonna (Nordaustlandet) 
and Akademii Nauk ice cores have high (75-100% ) concen
trations of melt features (infiltration and infiltration- conge
lation ice in Shumskii's (1964) notation) in the upper 50-
60 m. Below 350 m, the Austfonna ice core consi sts of 
100% infil tration ice, which means that in the past the ice 
was formed under extensive melting conditions with a thin 
or no firn layer at the glacier surface. Similar conditions 
were described by Koerner and Paterson (1974) on Meighen 
Ice Cap, where the ice accumulation by melting and refreez
ing of snow was interrupted several times in the past, and 
there were several periods of negative mass balance asso
ciated with a warm climate. Zagorodnov (1985) reported 
that runoff from the infiltration-congelation zone (firn 
thickness < 12 m) is possible when the concentration ofinfil
tration ice exceeds 75 %. Therefore, at high concentrations 
of infiltration ice, runoffis possible and accumulation can be 
less than precipitation. The presentation of melt as a fraction 
of the depth interva l (which mayor may not be equal to 
annual accumulation), as proposed by Koerner (1977), cre
ates a universal parameter which does not depend on accu
mulation, and probably does not depend on the vertical 
deformation of ice layers with depth. It therefore can rep
resent the climate history of glaciers subj ected to melting. 

The possibility of an ice cap building up to the thickness 
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and temperature state of Austfonna during the late Holocene 
was studied using a numerical model (Larina and Zagor
odnov, 1989 b ). Using a variable balance (0- 500 mm w.e. a-I), 
allowing runoff in earlier stages of glacier growth, and 
assuming surface temperatures ranging from 0° to - 12°C 
(determined using an infiltra tion and infiltration- congela
tion ice-concentration-summer-temperature transfer func
tion (Zagorodnov 1985)), a 560 m thick ice cap could form 
in 3000 years. Its growth begins once it attains a thickness 
of 50 m. The model suggests tha t the growth of the Austfonna 
ice cap was completed about 1000 years ago. Therefore, only 
the top section of the ice core (above 350-400 m ) represents 
regional climatic changes, and the bottom section (400-
566.7 m) reco rds changes in surface elevation and local 
climate. The high dust content below 350 m in the Austfon
na co re (Zagorodnov and Arkhipov, 1990) supports the idea 
of snow/ice-free land on Nordaustlandet which could reflect 
warmer clim ate and/o; lower precipitation. High concen
trations (>75 % ) of melt features below 400 m also suggest 
the likelihood of negative mass balance creating gaps in the 
stratigraphic record. Domination of melt ice in the bottom 
(100% in the depth interval 170- 200 m ) ofVestfonna ice cap 
on Norda ustlandet (Zagorodnov, 1985) also supports our 
suggestion tha t there has been recent glacier regrowth sub
sequent to the Holocene thermal optimum. 

Borehole temperatures indicate that the Little Ice Age 
was the coldest period recorded in Eurasian Arctic ice caps. 
At the very end of that period (110- 130 years ago ), Austfonna 
and Akademii Nauk near-surface temperatures (15 m depth ) 
were 6- IO°C colder than at present (Larina and Zagorodnov, 
1989a, b). Similar changes were recently found in the Windy 
Dome (Franz Jozef Land) borehole (unpublished data, this 
author). In general, the new interpretation (Koerner, 1997) 
of Eurasian Arctic ice-core data is in agreement with our vi
sion of the climate conditions and state of glaciation during 
the Holocene (Kotlyakov and others, 1990). 
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Through no fault of my own, figures on pages 92 and 93 of 
my paper were transposed . The J ournal has published 
both pages as an erratum (Koerner, 1997). I have cor
rected reprints of the paper for di stribution. 

Koerner: Correspondence 

SIR, 

R eply to the comments rifV S. Zagorodnov on "Some comments on 
climatic reconstructionsfrom ice cores driLled in areas oJhigh melt" by 

Ray M. Koerner * 

Some ofDr Zagorodnov's criticism s a ri se from the problems 
I found ut ilizing the former Soviet Union (SU ) publ ica
tions. My organization at the time (Pola r Continental Shelf 
Proj ect of the Department of Energy, Mines and Resources, 
Canada) funded translation of some of the required papers. 
I should also have acknowledged the help of V I. Nikolayev 
in providing a translation and di scuss ion of Kotlyakov and 
others' (1991) paper. One thing I hop e my paper did do was 
bri ng the extensive work of the SU to the attention of work
ers in the field of ice-core research. Dr Zagorodnov's addi
tions and corrections are welcome. 

H owever, my main point was to stress the problems of 
resea rch in areas of high melt but, at the same time, point 
o ut that valuable information can sti \I be extracted. Thus, 
my main conclusion, that there was a very early Holocene 
thermal maximum, remains unchanged and is supported 
by the comments a nd additiona l inform ation Dr Zagorod
nov presents. The thermal max imum removed many ice 
caps and caused m ajo r recession of o thers. Regrowth of the 
difTerent ice caps a nd glaciers began at various times along 
the cooling curve of the second ha l f of the Holocene. 

Further work is presently being undertaken, some of it 
under the auspices of the International Geosphere- Bio
sphere Program me (IGBP), Past Global Changes (PAGES) 
and Internati onal A retic Science Committee (IASC) pro
gramme TCAPP (Ice-core CircumArctic Pa leoclima te Pro
gram me). All those who work on these ice caps feel sure that 
we need to examine cores from more than the Greenland ice 
shee t a nd Antarctica. 

Terrain Sciences Division, 
Geological Survey if Canada, 
601 Booth Street, Ottawa, 
Ontario K1A OE8, Canada 

23 Februar} 1998 
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