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ABSTRACT. The ra te of snow accumulation a t " ByI'd" sta tion, Anta rctica, was measured by various 
methods. Surface measurements yield a mean accumulation of I 17 kg m- Z year- I for the time interval 
1962- 70, within a 10 m radius of the station . The distribution of fi ssion products with depth indica tes a 
ra te of 67 ± 4 kg m - Z year- I for the period 1955- 68 and of 100 ± 10 kg m - 2 year- I for the period 1965- 68. 
T he "opb method yields a 60 year average of I IO ± 10 kg m - 2 year- I. 

R ESUME. L'accumulation de la neige ,i " Byrd" station, Antarctiqlle. Le taux d 'accumulation d e la neige a 
" ByI'd" sta tion , Antarctique, a e te mesure pa r di ver ,es methodes. Les mesures de surface fournissent une 
accumula tion moyenne de I t7 kg m- z a- I pour la periode 1962- 70, da ns un rayon de 10 km autour de la 
station . La distribution des produits d e fi ssion en fonction de la profondeur indique d es valeurs de 67 ± 4 
kg nr z a- I pour la periode 1955- 68 et 100 ± 10 kg m- z a- I pour la periode 1965- 68. La m ethode du ZIoPb 
donne une accumula tion moyenne, sur les 60 d erni eres a nnees, d e 110 ± 10 kg m- z a- I. 

ZUSAMMENFASSUNG. Die Sclmeeakkumulatioll an del' " BYl'd" -Station, Antal'ktika. Die Schneeakkumula tion a n 
d el' " Byrd" -Sta tion, Antarktika, wurde nach verschiedenen M ethoden gem essen. M essungen an del' 
OberAache ergeben eine mittlere Akkumulation von 117 kg m - 2 a - I fur die Zeitspa nne 1962- 70 innerhalb 
eines Kreises von 10 km Radius um die Station. Die Verteilung von Spaltprodukten in Abha ngigkeit von 
del' Tiefe fuhrt zu einem Betrag von 67 ± 4 kg m - 2 a - I fur die Zeit 1955- 68 und von IOO ± 10 kg m- 2 a - I flir 
die Zeit 1965- 68. Die 2IOPb-Methode ergibt u bel' 60 Jahre ein Mitte! von I IO ± \0 kg m- 2 a - I. 

INT R ODt.:CTION 

The purpose of this study is to estimate the snow accumulation rate at " BYI'd" station, a t 
the location of the first core hole to bedrock in Antarctica (Gow and others, 1968). 

This knowledge, together with that of dynamic factors, is essential to the establishment of a 
time scale most useful for the interpretation of the data obtained by other investigators. 

W e report here the results obtained by surface m easurements and by two radiometric 
methods based respectively on the distribution of the fission products and of 210pb with depth 
in the firn. 

S U R FACE MEASU REMENTS 

T wo 10 km long accumulation stake lines were established in February 1962 and have 
been monitored each year since. One line was oriented in an east- west direction , the other in 
a nor th- south direction (Fig. 1) ; measurements at these stakes have provided the most 
reliable record of accumulation variations within a 10 km radius of " Byrd" station . 

R esults of the first 3 years' observations (Gow and R owland, 1965) indicated a strong 
topographic control on accumulation rates which all subsequent m easurements continue to 
refl ect, namely, that surface depressions accumulate appreciably more snow than the exposed 
ridges or cres ts. These relationships are clearly demonstrated in Figure 2 , d epicting measure­
m ents from the east- west line. 

Snow stakes were originally emplaced on 16 February 1962, the distance between stakes 
being set at 0. 5 km . A total of 43 stakes was planted but records are incomplete at two 
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Fig. J . Sketch map oj " B)!rd" station and environs showing locations oj accumulation stake lines and radiometric sampling sites. 
Spacing between acculllulation stakes is approximately 0.5 kill. Location oj samples llsed in this stud)! is shown ~)' a cross. 
Windom's ( 1969) sam/Jling site is indicated by a circfe. 
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Fig. 2. Relationship oj snow accumulation to undulating slllface to/ngra/Jkv alollg the east- west stake lille at " BYI'd" station 
Antarctica. Surface depressions are accumulating 30-50o ~ more SIlOW than the exposed crests. 
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stakes. Snow accumu lation at 41 stakes for the past 8 years has averaged I I7 kg m - 2 year - I. 
T he stake showing the grea test accumula tion in 8 years averaged 157 kg m - 2 year- I; that 
with the least accum ula tion ave raged 86 kg m - 2 year- I. Th e la rgest accum. ula ti on record ed 
at anyone stake in a given accumul ation year (February to February) was 195 kg m - 2 yeal-- I. 

l\1easurements m ade by R. L . Cam eron (p ersona l comm unication) at 100 snow stakes, 
la id ou t in a I km grid near the eas tern corner of the east- west line, h ave yielded a n average 
acc umulation of 103 kg m - 2 year- I based on 2 years' m easurem en ts. 

FISSION PRODUCTS DISTRIB UTION I N T H E FIR N 

The observation, by P iccio tto a nd W ilgain ( [ 963) a nd Vi ckers ( [ 963), that a well-defin ed 
reference level in the upper layers of the Anta rct ic ice sheet has been form ed by the stra to­
spheric fa ll-out of radioactive debris released from the first large thermonuclear bomb test 
has p rovided a criterion for m easuring the a verage accumulation rate since 1955. This 1955 
hori zon (Wi lgain a nd o thers, 1965), easil y identifi ed by a sudden a nd la rge increase in 90Sr 
or in gross f3 ac tivity, has been used sys tematicall y to estima te snow accum ulation ra tes at 
75 sta tions on th e east Antarctic p lateau (Picciotto and others, in press) . 

Gros s {3 Ac t ivity (count / min x 300 g) 
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Fig. 3. Gross f3 activity ill the ,/im at " B.yrd" statioll. T he f3 activity is ex/nessed ill COllllts per minute and per 300 g sam/)/e, 
without backgroulld conectioll. T he enor interval represents the stalldard deviation on the /lumber of COlll,tS . T he arrows 
show the positions of the f3 -activit)' maxima attributed respectively to J anuary J 955 and J alluary J 965. 
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An additiona l reference level, in J anuary 1965, corresponding to the fa ll-out of the a tmos­
pheric thermonuclear bombs detona ted in 1962 has been recognized by C rozaz (1969). 

The firn a nal ysed here was collected in D ecember 1967 near the northern corner of the 
north- south line. Five bulk samples were used for the dep th interval from 0 to I m , and seven 
I m cores (7.6 cm diam eter hand-augered cores) from I m down to 8 m . Each core was cu t 
in five pieces and 300 g samples were treated . The samples were kept frozen until analysed . 
T he gross f3 activity was m easured after coprecipitation of the fission products with suitable 
carriers (see Picciotto and others, in press) . 

The distribution of the gross f3 activity with dep th is shown in Figure 3. The interpretation 
of these data is straightforward ; the low, almos t constant, activity below 240 cm is essentia lly 
due to the d etector background and partially to the natura l activi ty of 2 1°Pb. The jump a t 
220 ± 10 cm is a ttributed to the January 1955 (± I month) precipitations; above this level the 
usual decrease in activity is foll owed by a second important increase which culminates in 
January 1965, a t 80 ± 10 cm. 

The resulting mean accumulation ra tes a l"e 67 ± 4 kg m - 2 year- I for the time period 
1955- 68 a nd 100 ± 10 kg m - 2 year- 1 for 1965- 68. The errors on the accumula tion ra tes 
include the uncertainties on the f3 surges, due to the finite thickness of the samples and the 
uncertainty on the time of occurrence of the respective horizons (± I month) . 

210pb 

TABLE l. " B Y RD " STATJON- 2 18PbIN F IRN SAMPLES 

21OPO 21OPO 
Middle of depth 

Depth interval interval 
m 20MPO 20SPO m 

corrected (in wa ter equivalent) 

0- 2 1.04 ± 0.04 0 ·93 ± 0.04 0.38 
2- 4 0.87 ± 0.03 0 ·76 ± 0.03 1. 25 
4- 6 0.82 ± 0.03 0 .7 ' ± 0.03 2.1 6 
7- 9 0-48 ± 0.02 0·3 7± 0.O2 3.69 
9- 10 0-49 ± O.O2 0·38 ± O.02 4·49 

9.68- 10 .64 0-40 ± 0.01 O.29 ± 0.O I 4.76 
43 .36- 44.0 I O. II ± O.OI 

T he 210pb relative activities are expressed in 2IOPO/20R PO activity ratios. 
From a rough evalua tion of the counting effi ciency, a 2IOPO/20SPO ra tio of 
one corresponds to an a bsolute 210pb ac tivity of about 0.8 destin t. min- I kg- I. 

The 210pb me thod (Goldberg, 1963; Crozaz a nd others, 1964) is based on the radioactive 
decay of the 210Pb occurring na turally in the atmosphere as a d ecay product of 222R a . Its 
22 year half life allows dating of firn samples up to 100 years old . This m ethod has previously 
been applied a t " Byrd " station by Windom (1969), who derived a m ean accumula tion rate 
of 98 kg m - 2 year- I. 

T he 210P b activi ty as a function of depth was measured on hand-drilled cores from the 
same location, from the surface down to 10 m . Two additiona l 16 cm diameter cores (cover­
ing the d epth intervals 9. 68- 10. 64 m and 43.36- 44-0 1 m ) were obta ined from the deep d r ill 
hole a t " Byrd " station . 

The radiochemical procedure has been d escribed in Crozaz a nd Fabri (1966) and Picciotto 
and others (in press ). I t is based on the C( counting of ZlOPO in equilibrium with 2IOPb. T he 
chemical recovery yield is controlled by the use of a 20SPO tracer. 

T he concentrations of 210PO as a fu nction of the depth in wa ter equi valent are shown in 
Table 1. T he results a re expressed in 210Poj20SPo activi ty ra tios; the activities m easu red a re 
taken to represent the activity a t the middle of the d epth interval covered by each sample. 

A bla nk correction was applied by subtracting the activity found in the deepest sample, 
from 43 .36 to 44.0 1 m (which is more than 200 yea rs old ). 
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From the slope of the best straight-line fit through the correc ted values (Fig. 4) an accumu­
lation rate of I 20 ± 10 kg m - 2 year- I, averaged over th e last 50 years, is deduced . 
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Fig. 4. Varia tion of the . ,opb activity in the jirn as a fU llctioll of depth in water equivalent . • ,oPb activities are expressed 
relatively to the activity of the .ospo tracer. Open circles represent uncorrected activity ratios. Dots re/neselll activity ra tios 
corrected for background. Error bars indicate the 1lncertainty due to cOllnting slatisl ics. 

CONCLUSION 

The results are summarized in Table 11. 
Consideration of surface stake measurem ents indicates that the average snow accumulation 

for the time interval 1962- 70, within a 10 km radius of " Byrd" station , varies from 86 to 
157 kg m- 2 year- I with a m ean value of 117 kg m - 2 year- I. 

TABLE lI. ESTIMATES OF THE ANNUAL ACCUMULAT ION AT " B YRD" ST A TION 

Annual interval M ethod of Accum1llation 
(estimated) measurement kg m- · year- ' Riferellce 

1890- 1965 . ,opb 97 Windom (1969) 
1964- 65 Stakes 103 R . L. Cameron (persona l 

communication) 
'962- 70 Stakes 11 7 Present work 
1955-68 Fission products 67 ± 4 Present work 
1965- 68 Fission products IOO ± 10 Present work 
1910-68 ·IOPb 120 ± 10 Presen t work 

The value for the time interval 1955- 68, inferred from the fission products, is rather low 
but still compatible with the stake m easurements since the cores used were from the same 
general area as the stakes w ith the lowest accumulation. 

The accumulation derived from the 210pb is in reasonable agreement with the one found by 
Windom at the sam e location. Combining both results, we conclude that the average accumu­
la tion at " Byrd" station for the time interval 1910- 68 is I 1O ± 10 kg m - 2 year- I. 
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