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ABSTRACT. T he size of firn crysta ls as a function of age has been in vestigated in thin sections to a depth 
of 49 m a t the South Pole. G ra in cross-sec tions increased in size from 0 .24 mm' a t 0.1 m depth to 0.63 mm ' 
a t 10 m. C rysta ls, as distinct from gra ins, increased in size from 0. 18 to 0-43 mm ' over the same interval, 
implying tha t g ra ins a re genera ll y comp::>sed of just one or two crystals ra ther tha n several as is freq uently 
contended . The m ean crystal cross-section increased linearl y with the age of the firn at a rate of 0 .0006 mm' 
year- ' ; in 388 yea r old firn at 49 m the crysta l size measured 0.63 mm'. Analysis of crys ta l-growth data from 
o ther locations in Anta rctica and G reenla nd a lso revealed a strong linear rela tionship between the mea n 
cross-sectional a reas (D ' ) of crysta ls (in mm' ) a nd their ages in yea rs (t ), i. e. D' = D: + Kt. T he fact that the 
temperature dependence of the crysta l growth ra te K can be expressed very sa tisfactoril y in an equation of the 
form K = Ko exp (E /RT) con firms predictions that crysta l growth in firn is essentia ll y ana logous to grai n 
growth in meta llic a nd ceramic sinters. An ex tra polation of ava ila ble data indica tes that crysta l growth 
ra tes in dry firn could be expected to va ry by two orders of magnitude (0.0003 to 0 .03 mm ' year- ' ) over the 
tempera ture ra nge - 60° to - 15°C . A m ethod of utilizing crysta l g rowth- mean a nnua l tempera ture data to 
determine accumul a tion rates in snow is demonstra ted. 

R ESUME . De l'accroissement des quantitis de grains et cristallx dalls le III!V' dll Pole Slid. La grosseur des cristaux 
de neve en fonction d e I'age a e te etudie en lames m inces a une profondeur de 49 m a u Pole Sud. Les coupes 
tra nsversales a ugmentent de 0,24 mm' a 0,63 mm' lorsq u'on part d 'une profondeur d e 0, I m pour atteindre 
10 m. Les cristaux se differenciant d es grains croissent d e 0, 18 mm' a 0,43 mm' dans le meme in tervalle, les 
grains etant supposes generalement composes de un au d eux cristaux it l' a ppose de plusieurs comme c'est 
freq uemment dit. La coupe tra nsversale de crista l moyen a ugmente de fa<;:on lineaire en fonction de l'age 
du neve jusq u'a une q uanti te de 0,0006 mm' a n- ' . Dans un neve data nt de 388 ans a 49 m, l'epa isseur de 
crista l mesure 0,63 mm '. L 'analyse des donnees de croissance de crista l d'au tres em placements en Antarc­
tique et a u Groenla nd n'vele a ussi un g rand ra pport lineaire entre les regions a coupes transversa les moyennes 
(D' ) de crista ux (en mm') et leur age en annees (t ), D ' = Do ' + Kt. Le fait q ue la dependa nce d e tempera ture 
de la vitesse de croi ssance de cri sta l Kpeut aisement e tre exprime par I'eq ua tion de la forme K = Ko exp (E jRT) 
confirme les predictions mentionna nt la croissance d e crista I dans le neve essentiellement analogue a la 
croissance de grain dans les trave rtins meta lliques et ceramiques. Une extrapola tion de donnees d isponibles 
indique q ue les q uantites en croissance de crista l d ans le neve sec peut t tre evalue va riant a d eux o rd res de 
g ra ndeu r (0,0003 it 0,3 mm' a n- ' ) a u-dessus de la temperature s'echelonnant entre _ 600 et - 15°C. Une 
methode utilisant les donnees de temperature a nnuelles moyennes de cristal est decrite pour d ete rminer les 
q ua ntites d 'accumula tion dans la neige. 

Z USA MMENFASSUNG . Die Wachstwllsgeschwindigkeit von K iirnem lllld Kris/aL/en in Firn am S,idpol. Die Grosse 
von Firnkrista llen in Abhangigkeit von ihrem Alter wurde am Sudpol mit Dunnschli ffen bis zu einer T iefe 
von 49 m un tersucht. Die K orn-Q uerschni tte na hmen von 0,24 mm ' in 0, 1 m T iefe b is 0,63 mm' in 10 m 
Tiefe zu . Die G rosse von Kristall en, soweit sie sich von K ornern unterschieden, wuchs im selben Bereich von 
0, 18 mm' bis 0,43 mm'; da bei zeigte sich, d ass K ii rner im allgemeinen eher nur aus einem od er zwei Kristallen 
zusammengesetzt sind als aus mehreren, wie ha ufig beha uptet wird. Der mittlere Krista ll-Querschnitt nahm 
linear mit dem Alter des Firns in einem Ausmass von 0,0006 mm ' pro J a hr zu ; in 388 J ahre a ltem Firn bei 
49 m Tiefe betrug die Krista llgrosse 0,63 mm '. Die Analyse von Krista llwachstumsdaten von a nderen 
Stellen in Antarktika und G ronland ergab ebenfa ll s eine streng lineare Beziehung zwischen den mittleren 
Querschni ttsflachen (D' ) der Kri sta lle (in mm' ) und ihrem Al ter (t ) in J ahren, na mlich : D ' = D o' + Kt . 
Die Tatsache, dass die Tempera tura bhangigkeit d er Krista llwachstumsgesch windigkeit K sehr befriedigend 
durch eine Gleichung von der Form K = Ko exp (E/RT) ausgedruckt werden kann , besta tigt Vora ussagen, 
d ass das Kristallwachstum in Firn in wesen tli ch ana log zum K ornwachstum in metallischen und kera mischen 
Sin tern verla uft. Eine Extra pola tion verfugbarer Da ten zeigt, dass Unterschied e d er Krista llwachstums­
geschwindigkeit in trockenem Firn bis zu zwei Grossenordnungen (0,0003 bis 0,03 mm' pro J ahr) im T em­
pera turbereich von - 60° bis - 15°C erwa rtet werden konnen. Es wird eine M ethode a ufgezeigt, mit d er 
Daten des Kristallwachstums und der mittleren J ahrestemperatur zur Bestimmung des Schneeauftrags 
benutzt werden konnen . 

I NTRO DUCTION 

The transformation of snow to ice in polar glaciers proceeds via two principal m echanisms, 
densification and recrystallization. Densification has to do with the elimination of pore space un til 
the firn is no longer permeable, whereas recrystallization is involved with changes in the 
granular and crystall ine structure of the snow as it densifies . The overall transformation has 
been described variously as diagenesis (Paulcke, 1934 ; Benson , 1959, 1962; Anderson and 
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Benson , 1963), m etamorphism (Bad er and others, 1939) and sintering. So far, studies of thi s 
transformation have tended to concentrate on densification, and detail ed inves tigations of the 
structure of polar firn have been limited to a few locations only. These include observations 
to 100 m depth at Maudheim (Schytt, 1958) and to 45 m depth at Southice (Stephenson and 
Lister, 1959; Stephenson , 1967) in Antarctica, and the snow-structure studies conducted by 
Fuchs (1959) and Nakaya and Kuroiwa (1967) to d epths of 46 m and 26 m , respectively, at 
Site 2, Greenland . 

In the present study, m easurements have been made of the growth of crystals and grains 
in the top 49 m of the firn at Amundsen- Scott (South Pole) station. The objectives of this 
study were to ( I) ascertain the time rate of growth of crysta ls and grains a t the very low 
temperatures prevailing at the South Pole, and (2) evaluate the temperature d ependence of 
this growth in conjunction with data obtained at other locations in Antarctica and Greenland . 

SAMPLING 

Samples were obtained from a 28 m deep snow mine and from cores from a hole drill ed 
at the bottom of the mine to a d epth of 49 m below the surface. All samples were selec ted 
randomly, without regard to grain-size or visible stratigraphic structure . D ensiti es of samples 
ranged from 0.32 Mg m - 3 near the surface to 0.65 Mg m - 3 at 49 m. The current rate of snow 
accumulation at the South Pole is 70 kg m - 2 year- l and the age of the firn at 49 m depth is 
estimated at 388 years. The temperature below 10 m is virtually constant at - 5 I QC. D etailed 
results of these and related glaciological studies at the South Pole are to be found in Giovinetto 
(1960) , Gow and Ramseier (1963), Picciotto and others (1964), Epstein and others (1965) and 
Gow (1965). 

PREPARATION OF THIN SECTIONS 

In firn , as in other well-bonded aggregates, e.g. sedimentary rocks, and m etallurgical and 
ceramic sinters, the only feasible m ethod of investigating the size and structural arrangement 
of particles is to prepal'e thin or polished sections. Most m ethods of preparing thin sections of 
snow require preliminary filling of the pore spaces to facilitate mounting and to reinforce the 
structure against breakage during sectioning. A number of liquid fill ers have been used for 
this purpose, including tetrabromoethane (Bader and others, 1939), diethylphthalate (Schytt, 
1958 ; Stephenson and Lister, 1959) and aniline (Kinosita and Wakahama, 1959; Nakaya and 
Kuroiwa, 1967). Aniline was used in the present study. Water-saturated a niline freezes at 
- I I QC, does not noticeably deform the snow structure on freezing and m elts out to a trans­
parent isotropic liquid. Other advantages are its low solubility for water, low viscosity and 
good wettability. The principal disadvantage of aniline is that it is a toxic m a terial that must 
be handled with care even at low temperatures . It should be pointed out here that this direct 
use of aniline is in no way associated with the staining properties of aniline dye, a derivative of 
aniline. 

Thin sections were prepared in essentially the sam e m a nner as described by Kinosira and 
Wa kahama (1959) . Small blocks of firn m easuring 3 X 3 X 1 cm were immersed in water­
saturated aniline at - 7°C and when fully impregnated were allowed to congeal at - 20 Q C. 
After freezing a 5 X 7.5 cm microscope slide to one side of the block, the other side was planed 
smoo th with a heavy sledge-type microtome and a second glass slide froz en onto the prepared 
surface. The block was cut in two on a band saw and the final sectioning was performed on 
the microtome. The remainder of the sample (with glass slide attached ) was retained for 
making additional sections as needed . The thickness of the fini shed section measured approxi­
mately one-half the average grain diameter of the specimen. Sections could be prepared in as 
little as half-an-hour with this technique, which yields much b etter material for examining 
firn structure than either the replica method (Fuchs, 1956, 1959) or the " red paste" technique 
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used by Shimizu ( 1958). A Bausch and Lomb extension camera fitted with polarizers was 
used to obtain structure photographs of each th in section . Bes t res u lts are obtained if the 
temperature is raised to about - 7°C to a llow a ll intersti tia l ani line to me lt. Photographs were 
taken at X 10 magnification with fine-grained panchromatic shee t fi lm m easul-ing 17.5 X 12.5 

cm . A sing le photograph of this size generall y conta ins enough crystals for a na lyz ing th e 
average crystal size of a sample . Actual m easurements were made on contact prints which 
also constitute a ready source of "structure pic tures" that can be compared and evaluated at 
a m om ent's noti ce. 

DISTI NCTION BETWEEN GRAI NS AND CRYSTALS 

Snow is a granu lar m aterial in which the indi vidual g rains may be composed of more tha n 
one crysta l. This distinc ti on be tvveen grains a nd crystals is best observed in thin sections 
p laced between crossed pola roids; differen t crystals in the sam e grain exhibit different bire­
fringence CO IOl-S because of variations in orientation. Whereas crystals were found to retain 
relat ively simple outlines at a ll d epths at the So u th Pole, grains d id not, principally because 
of the growth of intergranu la r bonds which cause virtua ll y complete obscuration of individua l 
outlines at about 10 m d epth. Only crystals cou ld be distinguished satisfactorily for size 
a na lysis below 10 m . 

GRAIN - AND C RYSTA L-SIZE MEASUREME NT S 

The d e termination of grain and crystal size in thin or polished sections usually involves 
measurem ents of ei ther the d iameter or th e cross-sectiona l area of particles . Seligman ( 1949), 
for example, employed the m ethod of th e least-c ircle d ia m eter using a set of root-m ean-square 
dia m e ters ranging from 0.25 to IO cm to m easure grain-size in rubbings of ice. Ah lm a nn and 
Droessler ( 1949) preferred to m easure th e longest and shortest axes of ice grains and to com­
pute cross-sectional areas from these data. Schytt ( 1958) and Stephenson ( 1967) employed 
much the sam e m ethod in their studies of c rys tal growth in Antarc tic firn . In general, 
however, th e average part icle size obtained from thin -section analysis will be less than the true 
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value simply because a section seldom cuts crystals at their maximum diameter. Krumbein 
(1935), for example, found with sections of uniform spherical grains that the most frequent 
diameter (or mode) was only about 80% of the true modal diameter, i. e. the modal cross­
section will m easure less than 64 % of its true value. Variations in particle shape also compli­
cate the problem which is further compounded by the lack of knowledge concerning the 
actual distribution of particle sizes within the original sample. 

A cursory examination of the grains obtained by disaggregating several individual snow 
layers at the South Pole indicated a certain uniformity of size and shape of the constituent 
grains in each layer. From these observations it might be deduced that the smaller cross­
sections in a thin slice or section are due more to under-average cuts than to under-sized 
particles (grains or crystals) . Since under-sized cross-sections exert a disproportionate influence 
on the average particle size it was decided to restrict measurements of crystal size at the South 
Pole to the 50 largest crystals in each section. With the exception of very fine-grained layers 
in the top 2 m, these 50 la rgest crystals constitute at least 25 % of the total number of crystals 
in a section measuring 1.75 X 1.25 cm . The mean crys ta l size obtained in this way is believed 

TABLE 1. CRYSTAL-SIZE MEASUREMENTS IN FIRN AT THE SOUTH POLE. (ACES CALCU­
LATED ON THE BASIS OF A CONSTANT ACCUMULATION R ATE OF 70 kg m- ' year- ' ) 

D epth Age Meal! crystal si ze Depth Age M ean crystal size 
m years mm' m years nlm ;: 

0.1 0 .18 25 176 0·55 
0.6 3 0.30 26 184 0·44 
1.2 6 0.32 28 201 0.50 
1.9 ID 0.30 30 218 0.62 
2·9 16 0.5 1 32 236 0·49 
3·5 19 0·55 34 254 0.61 
5 28 o.{o 35 262 0.56 
6 35 0.4 1 37 280 0.52 
7 42 0.4 1 38 289 0.64 
9 55 0 ·53 39 298 0.50 

10 62 0·43 41 3 16 0.6 1 
I1 69 0·44 42 325 0.5 1 
15 98 0-45 43 334 0.63 
16 105 0·54 44 343 0·59 
17 114 0.42 45 352 0.50 
19 129 0.50 46 36 1 0.67 
21 145 0.58 47 370 0.64 
22 152 0·55 48 379 0·77 
23 160 0.{6 49 388 0.63 

to yield a more realistic value than that based on m easurements of all the crystals in a 
section or a random selection of crystals. Crystal cross-sectional areas were computed from 
measurements of the length and breadth made with a " pocket comparator" (simply a 
magnifying glass enscribed with suitable scales) on large contact prints. Crystal-size distribu­
tions of a number of representative samples of South Pole firn are shown in Figure I . All 
curves are characterized by a relatively narrow range of crystal sizes or high degree of sorting. 
Crystal-size data for all samples are presented in Table I and Figure 2. Measurements of 
grain cross-sections to 10 m depth are given in Table 11. 

RESULTS AND DISCUSSION 

Grain cross-sections at the South Pole were observed to increase in size from approximately 
0.24 mm' at o. I m to 0.63 mm' at IQ m. Crystal cross-sections, as distinct from grains, also 
increased between two- and three-fold from o. 18 to 0.43 mm' over the same depth interval. 
These data (see Table 11 for grain- crystal relations) would indicate that grains and crystals tend 
to maintain a fairly constant growth ratio (1.4 : I) during the early stages of recrystallization 
and that most grains are composed of just one or two crystals and not several as is frequently 
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Fig. 2. Fim crystal size verSllS depth at the SOlith Pole. 

contended. Schytt (1958) a lso recorded a three-fold growth of crystals in the top 10 m of firn 
at Maudheim. The fact that he fail ed to detect any significant increase in grain-size between 
the surface and 10 m depth clearly indicates that the crystals must have grown at the expense 
of grains. The ratio of grain cross-section to crystal cross-section at 10 m at Maudheim was 
1.36 : I, very similar to that observed at the South Pole. Stephenson 's (1967) da ta from 

T ABLE 11. GRAIN-SIZE AND GRAIN- CRYSTAL- SI ZE R ELATIONSHIPS I N F I RN AT T H E 

SOUTH POLE. R ESUL TS BASED ON MEASUREMENTS OF CROSS-SECTIONAL AR EA S OF 

50 LARGEST CRYSTALS AND GRAINS I N A SECTION M EASURI NG 1. 75 x 1.25 cm 

A B 
D epth M ean grain-size M ean crystal size AIB 

m mm' mm' 

0.1 0.2 4 0. 18 1.33 
0.6 0·4!:! 0.3 0 1.40 

1. 2 0 .4 6 0.3 2 1.44 
1.9 0 ·55 0.30 1.8 3 
2·9* 0.5 1 0.5 1 1.00 

3·5* 0·55 0 ·55 1.00 

5 .0 0.56 0.40 1.44 

5·5 0.6 1 

6.0 0·57 0.4 1 1.39 

7· 5 0 ·57 

8·5 0.58 
9·5 0.58 

10.0 0.63 0-43 1.47 
11.0 0 .58 0 ·44 1.3 2 

* These two samples were composed substantially of monocrysta lline gra ins. 

https://doi.org/10.3189/S0022143000031233 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000031233


JO URNAL OF GLAC I OLOGY 

Southice also yield a grain * to crystal ra tio of approximately 1.4 : I at 10 m depth . Grains, 
for all practical purposes, appear to reach a limiting size at about 10 m d epth. Crystals of 
comparable cross-sectional area occur at 16- 18 m depth at Maudheim a nd Southice but not 
until nearly 50 m at the South Pole. However , it seems worth noting that the density of the 
firn at these levels is much the same at all three locations , 0.62- 0.64 Mg m - 3. 

The much greater rates of growth of grains and crystals in the top 4 m at the South Pole 
can probably be attributed to the effects of sustained temperature gradients in a snowpack 
that is accumulating very slowly. T hese dampen out rather rapid ly below 4 m. Virtually 
,constant temperatures (these approximate closely the mean annual surface ail' temperatuI'e) 
prevail below 10 m , so that lhe growth of firn crystals at the South Po le can be considel'ed 
.analogous to the process of "crystal " growth in isothermally sintered aggregates in metals and 
ceramic materia ls (Burke and Turnbu ll , 1952; Burke, (958) . 
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Fig. 3. Crystal-size variatiolls with del;th oJ jirn in Creenland alld Au/arctica , Data sources : Site 2, Creenland (FlIChs, 1959) ; 
SOllthice (StephellsoJl and Lister, 1959) ; MalldheiJII (Schy ll , 195'1) ; Wilkes (Hollin alld otilers, 1961). 

Crysta ls only cou ld be d istinguished below IO m , and over the interval 10 to 49 m the size 
of crystals increased a pproximately linearl y at the rate of 0.005 mm 2 per m . At 49 m the 
.average crystal cross-section measured 0.63 mm'. The mean value of the deviations from the 
s traight line in Figure 2 is less than 0.06 mm' and the maximum deviation (at 48 m ) is 
o. I4 mm2

• Extrapolation of this straight line to the estimated depth ( I 10 m ) of the firn- ice 
transition would give a mean crystal size of nearl y 1.00 mm' at 1 10 m. A comparison of the 
South Pole data with other crys tal-size measurements from Antarctica and Greenland (Fig. 3) 
demonstrates clearly the retarding effect on crystal growth of the very low temperatures 
prevailing at the South Pole. This occurs in spite of the fact that the firn is considerably older 
.and has, as a consequence, been recrystallizing for a longer period of time at the South Pole 
than at corresponding depths at the other locations. 

* Sch ytt and Steph enson both m easured grain diameters a nd not cross-sectional areas. These latter value~ were 
computed from their original data on the assumption that the grains a re spherical. 
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It is interesting to note that all growth curves except the one for Site 2, Greenland, in 
Figure 3 intersect at 5 m d epth where the m ean crystal size is about 0.45 mm' . Virtually 
identica l profiles at Maudheim and Southice probably reflect a balance between temperature 
(much higher temperatures at Maudheim) on the one hand and the time factor (much older 
snow at Southice) on the other. 

A plot of crystal size versus depth is useful for characterizing firn -structure changes in a 
glacier. However, with regards growth rates and growth m echanisms, a much more meaning­
fu l set of data is likely to be provided by a plot of crystal size versus time. The elapsed time 
(or age of a sample) will d epend on the rate of accumulation. If the effect of load per se is 
ignored and it is assumed for simplicity that the rate of accumulation remains constant at a 
particular location, then the snow load (a) at any depth will be directly proportional to the 

CRYSTAL SIZE. mm 2 

O~ __ ~~ __ ~lr·O~ __ ~1.5r-__ ~2~.O=-__ =2r·5~~3~.C 

Fig . -/. Ti.me rate DJ growlh DJ crystals ill polar jim . Ages calclllated 011 the basis DJ collstallt accumulation rates DJ: 70 kg ",- ' 
),ear- ' at South Pole; 100 kg m- 'year- ' at SOllthice; 400 kg m- 'year- ' at Site 2, Greenlalld; 130 kg 111- ' year- ' at Wilkes ; 
3 70 kg m- 'year- ' at Maudheim. 10 m temperatures at each location are indicated ill the jigllre. 

elapsed lime (t ), i. e. a = At, where A is the mean accumulation rate. In order to determine 
the age of a sample at any particular d epth the snow load a (obtained by in tegrating the depth­
density curve to the appropriate depth) is simply divided by the rate of accumulation A. 

Assuming a constant value of accumulation of 70 kg m - ' year- I at the South Pole, it was 
found \Fig. 4) on recalculating data from Figure 2 that the mean crystal cross-section below 
4 m increased essentially linearly with the age of the firn. This growth relationship can be 
expressed in the form 

D' = Do' + Kt 

where D' is the measured mean cross-sectional area (mm' ) of crystals in a firn sample of age t 
(years) and Do' is the extrapolated mean cross-section at time zero. This, as a lready anticipated 
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16m 
5 years 

Fig. 5 . Thin-sectioll photographs ~r the structure of SOllth Pole firn. The clear areas ill. each section represent pore spaces (filled 
with melted allilille ) . The photographs at 0.1 , 37 and 47 III were takell in ordinary light. The remaining sectiolls were 
photographed betweell crossed polaroids to reveal the crystals. The c~)'stalline natllre of the grain structure at -!- 7 m is also 
demollstrated. X 6.7. 
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from analogy with the sintering process, is precisely the relationship established for iso thermal 
grain growth in metallurgy and ceramics. As is the case in sintering, the driving force of 
crystal growth in firn can almost certainly be attributed to the surface tension of the crys tal 
boundaries. A sequence of structure pictures demonstrating the changes in the size, shape and 
bonding of crystals and grains as a function of the depth and age of the firn at the South Pole is 
presented in Figure S. 

A recalculation of crystal-growth data from other locations in Antarctica and Greenland 
also reveals a strong linear relationship between the cross-sectional areas of crystals and their 
ages . It is clear also from Figure 4 that crystal-growth rates are strongly temperature depen­
d ent; the higher the firn temperature, the faster the growth. As indicated in Table Ill , this 
growth increases m ore than 30-fold from 0. 0006 mm' year- l at the South Pole to nearly 

TEMPERATURE t °c 
-70 -50 -30 -10 

-4 
10 5~.0~~---4~.6~~--~4~.2~~---=3.8 

1000 
T 

Fig. 6. Temperature dependence q( crystal growth rates ill polar jim . 

0.0 19 mm' year- l at Maudheim. Furthermore, it appears that the temperature dependence 
of the growth of crystals in pola r firn can be expressed in an equation of the form 

K = K o exp (E IR T) 

where K is the observed rate of growth of crysta ls (K = (D2_D o2) I t ), Tis the snow tempera ture 
in degrees Kelvin, K o is a constant, and E and R a re the activation energy and gas constant, 
respectively. A plot of the growth-rate data versus I I T is given in Figure 6, and the apparent 
activation energy obtained from the slope of the straight line is 48 570 J mole- I. 

The temperature range of crystal-growth observations made so far in Antarctica. - 5 10 
to - 17°C, comes close to spanning the entire temperature range of the dry snow facies 
(- 60° to - ISOC ). An extrapolation of data in Figure 6 indicates that crystal-growth rates 
in Antarctica could be expected to vary by a t least two orders of magnitude- from a rate of 
0 .0003 mm' year- l at - 60°C to 0 .03 mm2 year- l at - ISoC . 
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GROWTH RATES OF CRYSTALS IN SOUTH POLAR FIRN 

TABLE Ill. CRYSTAL-GROWTH RATES (K ) OF POLAR FIRN ; DETE RMINED 

ACCORDING TO THE R ELATION D' = D'o+ Kt ( SEE T EXT FOR EXPLANATION OF 
SYMBOLS) 

L ocation 

South Pole 
Southice 
Site 2, Greenland 
Wilkes 
Maudheim 

Firn temperature 
DC 

K 
Inm2 year - I 

0 .0006 
0.0056 
0.0099 
0.01 37 
0.0186 

Do' 
mm2 

0.9 (1000) 
2·3 (300) 
1.4 (140) 
3. 2 (220) 
2.5 (120) 

* Extrapolated values of mean crysta l size a t the firn- ice transition. 
Numbers in parentheses are the estima ted ages (in yea rs) of crystals at the transition. 

An important by-product of crystal-size m easurements is that they provide dam that 
could be used to obtain estimates of accumulation rates. The only change in presenting the 
data would be to replace the crystal size- age plot (which was obtained originally by assum­
ing a constant accumulation rate) with a plot of crystal size versus snow load . From such a 
plot, it is possible to de termine a load rate of growth which can be expressed in the units 
mm2 per kg m- '. Knowing the firn temperature (10 m temperature), Figure 6 can now be 
used to pick off the growth rate, mm' year- \ appropriate to that temperature. To determine 
the mean accumulation rate, the time rate of growth of crystals obtained from Figure 6 IS 

mm' / mm
2 

simply divided by the measured load rate of growth, i. e. - - -k--' = kg m- 2 year- I. 
year g m - -
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