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Abstract: A pH profile along a well-dated firn core from the Brunt Ice Shelf 

near Halley Base, Antarctica, was obtained spanning the last 30 years, from 1951/ 

1952 to the present. Especial emphasis is paid to the summer decrease in the 

seasonal variation and to the extremely low pH values in some summers between 

1955/1956 and 1970/1971, and in 1980/1981. Comparison with Lamb's volcanic 

dust veil indices up to 1968 and to major volcanic events after 1969 suggests that 

the significant decrease of pH in some summers is linked with major volcanic 

eruptions in the equatorial zone and to major and even minor ones in the Southern 

Hemisphere. 

1. Introduction 

Because the Antarctic ice sheet is completely remote from the other continents, 

it contains the Southern Hemispheric and even the global palaeo-environmental records 

for several tens of thousand years. 

Recent studies on ice cores from Antarctica have revealed some evidences for 

palaeo-volcanism which may have affected the global climate. From the analysis of 

a 2164 m Byrd core, Gow and WILLIAMSON'S (1971) studies showed a good corre­

spondence between increased visible volcanic ash and dust bands with the more nega­

tive 0180 periods of the last ice age. THOMPSON (1977), THOMPSON and MOSLEY­

THOMPSON (1981) and THOMPSON et al. (1981) showed microparticle records of some 

Antarctic ice cores and suggested the tentative correlations with major eruptive events. 

HAMMER (1977, 1980) developed a new method of obtaining a continuous acidity profile 
by measuring the static electrical conductivity of an ice core surface and compared 

the acidity profile with historically well-known eruptions. DELMAS et al. (1982) mea­

sured the concentration of sulfate (S04) and nitrate (N03) in the Dome C ice core, and 

examined the probable origin of these gas-derived aerosols in Antarctica. They 

concluded that global volcanic activity strongly affects the sulfate concentration in 

the core. 

The purpose of this paper is (I) to present the seasonal cycle and 30-year profile 

of pH in surface firn layers from the Brunt Ice Shelf, near the British Halley Base 

(75°31 'S, 25°56'W), (2) to compare the pH profile with historically well-known volcanic 

eruptions and (3) to show that the pH profile of an Antarctic ice core is a good index 

of past volcanism. 
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2. Pit Work, Shallow Coring and Analytical Procedures 

The new Halley Base site, about 13 km away from the Base of 1982, was selected 

as the site for my glaciological pit work and shallow coring. The site is an ideal 

place being well away, in the direction of the prevailing wind, from the source of arti­

ficial pollution at the Base, while being close enough to the Base from the viewpoint 

of the use of its recent climatological data. 

The field work was done from 14 to 23 January 1982 by the author who par­

ticipated in the British Antarctic Survey. The preliminary glaciological results are 

reported by Furn (1983a). 

Glaciological pit work was carried out to reveal the detailed stratigraphic features 

and to obtain snow samples from each layer to clarify the seasonal variation of pH 

and other elements. 

A 21.83 m core was recovered with an electro-mechanical drill especially designed 

by Prof. Y. SuzuKI of the Institute of Low Temperature Science, Hokkaido University. 

Coring was followed by stratigraphic observation, density measurements at about 

50 to 100 cm interval and sub-sampling for home analysis of pH, microparticle con­

centration and electrical conductivity at about 15 cm interval, and 0180 at about 

20 cm. 
Sub-sampling from the inner part of core was done at the drilling site, as it is 

considered to be natural clean-air space. Clean polyethylene overgloves were worn 

and samples were obtained using a stainless steel knife and forceps, which had been 

pre-cleaned by leaching with 1: IO nitric acid, followed by soaking in ultra-pure water 

obtained from a Millipore 'Milli-Q' system supplied with deionized and distilled water. 

Samples were placed in 70 ml polyethylene containers which had been pre-cleaned in 

1 : 10 nitric acid, followed by repeated rinsing with ultra-pure water. They were 

sealed with vinyl tape, numbered, packed in plastic boxes and transported to Japan, 

not being kept frozen. 

Measurements of pH of the melted samples were carefully made with a Denki 

Kagaku Keiki COM-IO pH meter, reading the pH value at least 15 minutes after im­

mersing the probe in the sample. The meter was calibrated with standard pH-4 and 

pH-7 liquids twice a day, before and after the sample measurements. Prior to starting 

a day's measurements, one or two samples measured on the previous day were re­

measured and the pH values of both days were compared to confirm the reliability of 

the measurement. The accuracy is about ±0.05. 

3. Core Chronology 

Glaciological pit observations and the analysis of samples from pit walls indicate 

that there are no great difficulties in determining annual layers, and thus in obtaining 

a year-by-year dating of the core. Figure 1 shows the results of the pit work. Figure 

2 shows the stratigraphic symbols used in Fig. 1. 

The profile of oxygen stable isotope composition (0180) shows a typical seasonal 

variation, ranging from -14"' -16 %0 in isotopic summer to -26 "'-28 %0 in isotopic 

winter. A seasonal variation is also seen in the pH profile. The highest acidities 
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Fig. 1. Stratigraphy of a 1.75 m deep snow pit near Halley 
Base, Antarctica showing good correspondence 
between depth of thick ice layers, the minimum 
values of pH and the maximum of 0180. 

correlate with the maxima in the 0100 profile. 
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Fig. 2. Descriptive legend of snow 
stratigraphy. 

At this site ice lenses or thick ice layers are the best stratigraphic criteria to judge 

summer surfaces. Coarse-grained granular snow layers are also a good indicator 

of summer layers. 

On the basis of above-mentioned stratigraphic features, that is, the seasonal varia­

tion of 0180 and the existence of ice lenses or thick ice layers, the 22-m fi.rn core was 

dated. 

Figure 3 shows the stratigraphic diagram for the core, the profiles of 0180 and 

pH, and the determined annual layer boundaries. The stratigraphic symbols are 
shown in Fig. 2. As shown in this figure, in a few places cold summers or irregular 

variations in the 0180 and pH profiles make the judgement of annual layer boundaries 

difficult. The suggested chronology may have an error of ±2 years; it gives the age 

of the core bottom as the 1951/1952 summer. 

4. Variation in the pH Profile Since the 1951/1952 Summer 

There are significant variations in the pH profile for the last 30 years as is shown 
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Fig. 4. The pH profile from 1951/1952 to 1981/1982 summer. 
Individual summers are marked with stars. 

in Fig. 4. Stars in this figure mark annual layer boundaries, determined by the 0180 

and stratigraphic methods, described previously. The variation of pH between suc­

cessive stars, therefore, indicates the seasonal variation for that year, being a minimum 

in summer and a maximum in winter. 

A gradual decrease of summer pH from 5.35 in 1951/1952 summer is followed in 

1955/1956 summer by a significant drop to a pH of 4.92. Since then significant de­

creases of summer pH occurred frequently up to the 1970/1971 summer. pH values 

lower than 5.0 are noted in the summers of 1955/1956, 1958/1959, 1963/1964, 1966/ 

1967, 1967/1968 and 1970/1971. 

During the decade beginning in 1970, pH in summer snow layers tended to increase 

gradually, but the summers in 1973/1974, 1974/1975 and 1977/1978 were minor ex­

ceptions, showing decreased values. High values of pH ranging from 5.6 to 5.8 in 

the six successive winters of 1975-1980 are also worth a mention. 

A drastic decrease of pH in summer appears again in 1980/1981, and is followed 

by a moderate pH value in the 1981/1982 summer, when the present field work was 

carried out. 

Table 1 shows the pH values of summer minimum, annual mean and five year­

mean. 
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Table I. pH values of summer minimum, annual mean and 5-year mean. 

Year 
Summer Annual Number 5-year 

minimum mean of samples mean 

1982 
5.21 

1981 5.34 20 
4.94 5.38 

1980 5.42 9 
5.44 

1979 5.51 7 
5.36 

1978 5.50 4 
5.21 

1977 5.45 5 5.47 
5.34 

1976 5.47 4 
5.26 

1975 5.44 8 
5 .13 

1974 5.31 4 
5.19 

1973 5.36 5 

5.30 
1972 5.34 4 5.31 

5.24 
1971 5.35 5 

4.85 
1970 5.21 4 

5.06 
1969 5.34 5 

5.27 
1968 5.40 4 

4.90 
1967 5.10 4 5.30 

4.99 
1966 5.26 2 

5.23 
1965 5.38 4 

5.28 
1964 5.28 5 

4.85 
1963 5.19 3 

5.31 
1962 5.43 5 5.28 

5.15 

1961 5.28 6 
4.89 

1960 5.21 3 
5.32 

1959 5.33 4 
4.80 

1958 5.18 3 
5.28 

1957 5.35 3 5.29 
5.37 

1956 5.38 3 
4.92 

1955 5.23 4 
5.21 

1954 5.36 2 
5.27 

1953 5.35 5 5.37 
5.32 

1952 5.41 4 
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5. Discussion 

In snow deposited in summers the pH values in the Halley Base firn core, as well 

as the pH of the surface snow drift at Mizuho Station (70°42'S, 44°20'E, 2230 m a.s.1.), 
as described by Furn (1983b ), drops to an annual minimum. Sulfuric acid droplets 

are the dominant aerosols in summer, not only in the stratosphere but also in the 

low troposphere, as observed at McMurdo by CADLE et al. (1968), at South Pole by 

MAENHAUT et al. (1979), and at Syowa Station by ITO (1980). 

Sulfur gases such as S02 and H2S are oxidized to H2S04 vapor which, in turn, is 

transformed into sulfuric acid droplets. Since these processes are photo-chemical 

ones which occur in both troposphere and stratosphere, the sulfuric acid aerosols in­

crease in summer. 

Since, to a first approximation, the trace-element compositions in snow and in 

air are related as was shown at Dome C by BouTRON and LORIUS (1979), the decrease 

of pH in the Halley Base firn core in summers, and the year-by-year variations may 

be attributed to variations of the sulfuric acid droplets in the atmosphere. 

Following an examination of potential sources of tropospheric sulfate in the 
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Fig. 5. Variation in minimum pH values of summer snow, with Lamb's dust veil indices (DVI) 
for the Southern Hemisphere up to 1968 and with major volcanic eruptions. 
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Antarctic atmosphere, DELMAS and BouTRON (1980) and DELMAS et al. (198 2) con­

cluded that marine sulfur-bearing gases can account for the sulfate concentrations 

observed in Antarctic snows. These tropospheric gas-derived aerosols may represent 

the "background", but irregular decreases of pH in the Halley Base firn core cannot 

be explained by this process. It is therefore considered that the significant decreases 

in the pH profile are mainly, if not entirely, due to the enhancements of stratospheric 

gas-derived aerosols caused by global and especiaJly Southern Hemispheric volcanic 

eruptions, which inject great amount of sulfuric gases into the stratosphere. 

Figure 5 shows the minimum pH values for the individual summers in the period 

from 1951/1952 to 1981/1982. The pH data are compared with LAMB'S (1970) vol­

canic dust veil indices (DVI) for the Southern Hemisphere. No correction has been 

made on his DVI for the different latitudes of the individual eruptions or for the 

residence time of aerosols in the high-latitude stratosphere. The DVI is given till 

1968 and the major eruptions after that are shown with arrows. 

A s  is seen in this figure, extremely low pH values in summer snow layers are 

quantitatively related with volcanic eruptions. The quantitative correlation however, 

is not particularly good between summer pH and DVI, especially in both cases of 

1958 /1959 summer and the Agung (8° S) eruption in 1963. The correction of DVI 

for eruptions in the equatorial zone such as the eruption of the Agung, (the factor 

being the multiplication by 0.35 as described by HAMMER et al. , 1981), will improve 

the quantitative correlation between them. 

On the other hand, the D VI less than 1 for the eruption of Deception Island 
(63° S, 60°W) in 1967 seems to be undervalued for its influence on the pH of surface 

snow at Halley Base (76° S, 27°W), which is about 1500 km away to the southeast, 

the leeward direction from Deception Island. The 1967 eruption was followed by 

new ones in 1969 and 1970. The 1970 eruption was more violent than the 1967 or 

1969 eruptions. Ash was ejected to a height of several kilometers and 4 mm of ash 

was recorded at Arturo Port Station, 70 km northeast of Deception Island (ORHEIM, 

1971). The low pH values in 1969/1970 and 1970/1971 summers may be due to the 

series of eruptions. 

It is possible that the most recent large decrease of pH, in 1980/1981 summer, 

is linked with the voilent eruption of Mount St. Helens (46°N, 122°W) in May 1980. 

According to the data of the NASA orbiting satellite SAGE (Stratospheric Aerosol 

and Gas Experiment) (McCORMICK, 1981), the eruption introduced 0.25 to 0.5 x 106 

tons of aerosol mass into the stratosphere. However, Mount St. Helens is located 

in the middle latitudes of the Northern Hemisphere and the ejected mass was two 

orders of magnitude Jess than that of Agung in 1963, which is located at 8° S. This 

leads one to suggest that the decrease of pH in 1980/ 198 1 summer may be more closely 

linked with minor eruption in the Southern Hemisphere, in middle to high latitudes, 

such as an eruption of Marion Island (47° S, 38°E) between February and October 

1980 (VERWOERD et al., 198 1). 

Acknowledgments 

The anthor wishes to express his hearty gratitude of fellow members of the British 



184 Y oshiyuki Fum 

Antarctic Survey on Royal Research Ship BRANSFIELD, especially to Messrs. D. J. 

CARRIVICK, J. BETY and D. D. W. FLETCHER for their help during the field work. 

Thanks are also due to Ors. R. M. LAWS, C. W. M. SwITHINBANK and D. LIMBERT 

of the British Antarctic Survey, Cambridge, for their kind permission and arrange­

ments for his participation in the British Antarctic Survey in the 1981/1982 summer 

season. 

He wishes to record his gratitude to Dr. 0. WATANABE and Mr. K. lKEGAMI of 

Water Research Institute of Nagoya University for providing data of the oxygen 

isotopic composition of the samples with a Varian MAT 250, and to Dr. C. BULL of 

Ohio State University for reading the manuscript and giving helpful comments. 

References 

BOUTRON, C. and LoRrns, C. (1979) : Trace metals in Antarctic snows since 1914. Nature, 277, 
551-554. 

CADLE, R. D., FISHER, W. H., FRANK, E. R. and LODGE, J. P., Jr. (1968) : Particles in the Antarctic 
atmosphere. J. Atmos. Sci., 25, 100-103. 

DELMAS, R. J. and BouTRON, C. (1980) : Are the past variation of the stratospheric sulfate burden 
recorded in central Antarctic snow and ice layers? J. Geophys. Res., 85, 5645-5649. 

DELMAS, R. J., BARNOLA, J. M. and LEGRAND, M. (1982) : Gas-derived aerosol in central Antarctic 
snow and ice ; The case of sulphuric and nitric acids. Ann. Glaciol., 3, 71-76. 

Fum, Y. (1983a) : Preliminary report of glaciological study at Brunt Ice Shelf near Halley Base, 
Antarctica in January 1982. Nankyoku Shiry6 (Antarct. Rec.), 77, 144-152. 

Fum, Y. (1983b) : Seasonal variation of pH values in snow at Halley Base and Mizuho Station, Ant­
arctica (abstract). Mem. Natl Inst. Polar Res., Spec. Issue, 29, 221 .  

Gow, A. J .  and WILLIAMSON, T .  (1971) : Volcanic ash in  the Antarctic ice sheet and its possible 
climatic implications. Earth Planet. Sci. Lett., 13, 210-218. 

HAMMER, C. U. (1977) : Past volcanism revealed by Greenland ice sheet impurities. Nature, 270, 
482-486. 

HAMMER, C. U. (1980) : Acidity of polar ice cores in relation to absolute dating, past volcanism and 
radio-echoes. J. Glaciol. , 25, 359-372. 

HAMMER, C. u., CLAUSEN, H. B. and DANSGAARD, w. (1981) : Past volcanism and climate revealed 
by Greenland ice cores. J. Volcano!. Geotherm. Res., 11, 3-10. 

ITO, T. (1980) : Nankyoku Syowa Kiti ni okeru taiki erozoru kansoku (Observation of atmospheric 
aerosols at Syowa Station, Antarctica). Tenki, 27, 1 3-24. 

LAMB, H. H. (1970) : Volcanic dust in the atmosphere, with a chronology and assessment of its 
meteorological significance. Philos. Trans. R. Soc. London, Ser. A, 266, 425-533. 

MAENHAUT, w. L., ZOLLER, w. H., DUCE, R. A. and HOFFMAN, G. L. (1979) : Concentration and 
size distribution of particulate trace elements in the South Polar atmosphere. J. Geophys. 
Res. ,  84, 2421-2431 .  

McCORMICK, M .  (1981) : Monitoring Mount St. Helens. Nature, 290, 88-89. 

ORHEIM, 0. (1971) : International Volcanological Expedition to Deception Island. Antarct. J. U. S., 
5, 82-83 .  

THOMPSON, L. G. (1977) : Microparticles, ice sheets and climate. Inst. Polar Stud., Ohio State 
Univ., Rep., 64, 148 p. 

THOMPSON, L. G. and MOSLEY-THOMPSON, E. (1981) : Temporal variability of microparticle properties 
in polar ice sheets. J. Volcanol. Geotherm. Res., 11, 1 1-27 . 

THOMPSON, L. G., MOSLEY-THOMPSON, E. and PETIT, J. R. (1981) : Glaciological interpretation of 
microparticle concentrations from the French 905-m Dome C, Antarctica core. Sea Level, 
Ice and Climatic Change, ed. by I. ALLISON. Washington, D.C., IAHS, 227-237 (IAHS Publ ., 
131). 

VERWOERD, W. J., RUSSELL, S. and BERRUTI, A. (1981) : 1980 volcanic eruption reported on Marion 
Island. Earth Planet. Sci. Lett., 54, 153-156. 

(Received April 30, 1983; Revised manuscript received May 30, 1983) 


