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D E E P DRILLING AT KING BAUDOUIN STATION, 

QUEEN MAUD LAND, ANTARCTICA 

SUMMARY 

A dr i l l i ng opé ra t i on and c o r e inves t iga t ions a t King Baudouin Station <70° 26' S - 24° 19' E) In 
J a n u a r y 1961 a r e d i s c u s s e d . The p u r p o s e of the d r i l l i ng opéra t ion was to col lect s a m p l e s of snow and 
i ce fo r geochemica l inves t iga t ion , which c o m p r i s e s the following m e a s u r e m e n t s : i so top ic compos i t ion 
of oxygen and hydrogen , concen t ra t ion of T r i t i u m and f i s s ion p r o d u c t s , c h e m i c a l compos i t ion and 
dus t content of the i ce . 

The d r i l l i ng a t ta ined a depth of 115, 72 m. T h e depth of 79, 33 was r e a c h e d with a c o r e yield 
c lo se to 100 %. F r o m t h i s leve l downwards , co r e r e c o v e r y was only 55 %. A s t r a t i g r a p h i e p ro f i l e of 
the f i r s t 43 m i s d e s c r i b e d . F o r the l a t e s t s ix y e a r s an a v e r a g e annual accumula t ion of 38, 3 c m of 
w a t e r was ca lcu la ted . T h e dep th -dens i ty curve i s s i m i l a r to those a l r e a d y obse rved on o the r a n t a r c t i c 
i c e - s h e l v e s . If one a s s u m e s an a v e r a g e annual accumula t ion of 38, 3 c m of w a t e r , the whole d r i l l i ng 
c o r r e s p o n d s to app rox ima te ly 240 y e a r S . 

1 - INTRODUCTION 

1 . 1 . SCOPE OF THE CONTRACT 

In J a n u a r y 1961, a d r i l l ing opéra t ion to obtain deep i ce s a m p l e s was c a r r i e d out on the 
B r e i d Bay ice shelf at King Baudouin Station. 

T h e main objcc t of the opé ra t ion was to study the i so topic compos i t ion of the ice with r e s p e c t 
to s t r a t i g r a p h y , a.« wcU a s to m a k e c e r t a i n r ad ioac t ive m e a s u r e m e n t s . 

T h e value of such a s tudy f r o m the geophysica l and g e o c h e m i c a l angle i s exempl i f i ed by the 
r e s u l t s which have a l r e a d y e m e r g e d (1, 2, 3, 4, 5, 6). 

T h e Works l i s t ed show tha t the i so topic composi t ion of p r éc ip i t a t i ons dépends on a c e r t a i n 
n u m b e r of m e t e r e o l o g i c a l f a c t o r s , the mos t impor tan t of which is the t e m p é r a t u r e at which they a r e 
t o r m e d . 

It i s wel l -known that the snow and ice of the two po la r c a p s (Greenland and A n t a r c t i c a ) , by 
v i r t u e of the fac t that they havc n c v e r , p rac t i ca l ly speaking , been me l t ed , a r e the only m e a n s a t ou r 
d i s p o s a i which can bc used to s tudy the composi t ion of old p r é c i p i t a t i o n s . 

The v a r i a t i o n s in i so topic compos i t ion along a v e r t i c a l s ec t ion should yield a h a r v e s t of 
i n fo rma t ion on l o n g - t e r m s e a s o n a l and c l imat ic cliangcs. An " i so top ic s t r a t i g r a p h y " of t h i s kind, 
a p a r t f r o m mailing it pos s ib l e to c a r r y out i n t e re s t ing g lac io log ica l s t u d i e s on the y e a r l y r a t e of 
accumula t ion of snow and on tlie i ce f low, could lUtewise be used for da t ing of the snow and i ce l a y e r s 
by counting the s e a s o n a l d e p o s i t s (3). 

M e a s u r e m e n t s of r a d i o a c t i v e i so topes such a s t r i t i u m , r a d i u m D and f i s s ion p ro d u c t s could, 
m o r e o v e r , p rov ide us with u s e f u l g lac io logica l and m e t e r e o l o g i c a l da ta . 

The opé ra t ion was made poss ib l e by a technica l and f inanc ia l co l l abora t ion s c h e m e , a r r a n g e d 
be tween The I ta l ian Nat ional C o m m i t t e e for Nuclcar Ene rgy (C .N . E. N. ), the European A t o m i c 
Ene rgy Communit> (EURATOM) and the Belgian Nat ional C e n t r e fo r P o l a r R e s e a r c h (C. N. R. P . B. ). 
O n - t h e - s p o t a s s i s t a n c e w a s p rov ided by the m e m b e r s of the 1960 Belg ian A n t a r c t i c Expédi t ion . 

5 



The Nuc lea r Geology l a b o r a t o r i e s of the U n i v e r s i t i e s of P i s a and B r u s s e l s w e r e jo int ly r e s -
ponsible f o r the s c i en t i f i c d i r e c t i o n of the p r o j e c t . 

It w a s or ig ina l ly planned to send a g roup of C. N. E . N. t echn ic ians wi th the Be lg ian A n t a r c t i c 
Expédi t ion p ro j ec t ed f o r 1961. 

T h i s plan had to be changed due to the Be lg ian G o v e r n m e n t ' s déc i s ion not to send out an 
a n t a r c t i c win te r expédit ion in 1961. 

B e c a u s e of the advanced s t a t u s of the p r é p a r a t i o n s and of the encourag ing t e s t r e s u l t s obtalned, 
It w a s dec ided to c a r r y out d r i l l i n g s n e a r the King Baudouin Stat ion dur ing the 1960-1961 s u m m e r 
opé ra t i ons . 

The p r inc ipa l d i f f i cu l ty was the l im i t ed t i m e ava i lab le f o r the c a r r y i n g out of the opéra t ion . In 
f a c t , it w a s not pos s ib l e , f o r v a r i o u s r e a s o n s , f o r the sh ip to r e m a i n off the A n t a r c t i c coas t longer 
than twenty days a t the m o s t . If any s u c c e s s w a s to be achieved unde r t h è s e condi t ions , a r r a n g e m e n t s 
had to be m a d e f o r the r ap id a s s e m b l y and d i sman t l ing of the equipment a s we l l a s f o r the poss ib i l i ty 
of r ound - the -c lock a l l - w e a t h e r opé ra t ion . 

T h i s Pro jec t may be c o n s i d e r e d a s having been s a t i s f a c t o r i l y planned and s u c c e s s f u U y executed . 
A depth of 115 m was in fac t r e a c h e d a f t e r 19 d a y s , with a c o r e yield of c lo se to 100 % be tween 0 and 
80 m , and 55 % between 80 and 115 m . T h e c o r e s a m p l e s w e r e brought back in exce l l en t condit ion 
and a r e at the moment in s t o r a g e in B r u s s e l s a t a t e m p é r a t u r e of -15° C. 

The opera t iona l s u c c e s s i s in l a r g e m e a s u r e due to the a s s i s t a n c e a f f o r d e d by the m e m b e r s 
of the 1960 Belgian Expédi t ion , commanded by Guy DEROM. 

1. 2 SITUATION OF THE KING BAUDOUIN STATION 

The Belgian B a s e w a s put up by the Belg ian A n t a r c t i c Expédi t ion of 1957-1958, u n d e r the d i r e c ­
t ion of Gas ton de GERLACHE. It i s s i t ua t ed a t 70°26'S and 24°19'E on the P r i n c e s s Ragnhild coas t 
(Queen Maud Land), about 15 k m f r o m the s e a ( f i gu re s 1, 2 and 3) (7). 

The local condi t ions a r e wel l known a s a r e s u i t of the work c a r r i e d out by the t h r e e Belg ian 
Expédi t ions sent s ince 1958 (8, 9). 

The B a s e is located on an ice she l f , app rox ima te ly 20 k m wide. T h e s e i s m i c soundings c a r r i e d 
out unde r the d i rec t ion of F r a n k BASTIN by the 1958 Belg ian A n t a r c t i c Expédi t ion indica ted a t h i ckness 
of about 200 m at th is point of the i ce she l f . The B a s 2 i s located about 37 m above s e a - l e v e l . 

The mean annual snow accumula t ion e s t i m a t e d over the l a s t s i x y e a r s i s 38 c m w a t e r équ iva ­
lent . The mean ground t e m p é r a t u r e in 1958 w a s -15° C. The m a x i m u m ground t e m p é r a t u r e h a s only 
v e r y r a r e l y r i s e n above 0° C s ince 1958. T h e wind d i r ec t i on i s a l m o s t a lways in the S. to E . quad ran t . 

Hor izon ta l movement of the ice shelf a p p e a r s to be v e r y l im i t ed , the N o r t h w a r d d i s p l a c e m e n t 
component probably not exceeding 50 m p e r y e a r . Isotopic s tud i e s have a l r e a d y been c a r r i e d out on 
p réc ip i t a t ion s a m p l e s coUected at the B a s e du r ing the 1957-1958 Expédi t ion (4, 5). 

AH t h è s e f e a t u r e s m a d e the King Baudouin Station an a p p r o p r i a t e s i t e f o r a d r i l l i ng opé ra t ion of 
t h i s n a t u r e . 

1 . 3 PREVIOUS DRILLINGS 

C o r e d r i l l ings in i ce pene t r a t i ng below the 100 m leve l a r e not n u m e r o u s . None have been r e p o r -
ted p r i o r to 1949. 

One of the f i r s t o p é r a t i o n s of t h i s type w a s c a r r i e d out by the F r e n c h P o l a r Expédi t ions on the 
Green land in lands i s dur ing the s u m m e r of 1950. With as ton ish ing ly s i m p l e r e s o u r c e s (dry d r i l l i ng , 
s ing le c o r e b a r r e l ) it proved poss ib l e to d r i l l two soundings of 126 and 151 m depth in a v e r y s h o r t 
s p a c e of t i m e (10). T h è s e r e s u l t s have been d i s c u s s e d by SCHYTT (11). 

Up to the p r é s e n t , only f o u r d r i l l i n g s of over 100 m depth have been p e r f o r m e d in the A n t a r c t i c 
(F igu re 1), and only two of t h e m have p roduced a quas i - con t inuous co r ing . 

The dr i l l ing the MAUDHEIM ice shelf (71°03'S, 10°56'W), was c a r r i e d out by the Norwegian -
B r i t i s h - Sw^ l i sh An ta r t i c Expédi t ion 1949-1952 (11) over the y e a r s 1950-1951, us ing a s ing le c o r e -
b a r r e l without f luid c i r cu la t ion . A depth of 100 m was a t ta ined . The c o r e y ie ld w a s low; the i n t é g r a l 
and unde fo rmed sec t ions did not exceed 5 c m in length. As a r e s u i t of the work of SCHYTT, however , 
they obtained the f i r s t da ta on the deep s t r u c t u r e of an ice she l f . 

Two deep d r i l l i ngs have been s u c c e s s f u U y c a r r i e d out by the S. I. P . R. E . and the A m e r i c a n 
Expédi t ions . The f i r s t one w a s u n d e r t a k e n a t BYRD STATION (80°S, 120°10'W), on the po la r p la teau , 
between 16 D e c e m b e r 1957 and 30 J a n u a r y 1958. It a t ta ined a depth of 308 ,80 m with a c o r e yield of 
98 % (12). 

The second dr i l l ing w a s s i tua ted on the R o s s ice she l f , a t L I T T L E AMERICA V (78°16'S, 
162°28'W) and c a r r i e d out ove r the pe r iod be tween 13 Oc tober 1958 and 30 D e c e m b e r 1958. The 225 m 
deep dr i l l ing pene t ra t t i l t h rough the whole i ce she l f , cont inuous c o r e s be ing obta ined (13). 

Both t hè se opé ra t ions u s e d the s a m e t echn iques : s p é c i a l toothed d r i l l b i t s , double c o r e b a r r e l , 
r e m o v a l ol the cutting by m e a n s of c o m p r e s s e d a i r , cas ing of the f i r s t 30 o r 40 m of the b o r e hole . 
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The Soviet A n t a r c t i c Expédi t ion (Second Cont inenta l Expédit ion 1956 - 1958) c a r r i e d out a deep 
d r i l l i n g a t 7 k m South of Mirny Stat ion. The d r i l l ing r e a c h e d a depth of 371 m , wi th a c o r e y i e l d of 
100 % down to 43 m (14). 

2 - EQUIPMENT 

2 . 1 DESCRIPTION 

T h e t echn ica l p r é p a r a t i o n s f o r the d r i l l i ng w e r e c a r r i e d out by the "Div i s ione G e o m i n e r a r i a " 
of the C. N. E . N. The equipment was s e l e c t e d with a view to obtaining cont inuous c o r e s wi th the l e a s t 
p o s s i b l e d é f o r m a t i o n . 

The d r i l l i ng w a s unde r t aken wi th l ight equipment of a type commonly u s e d in p r o s p e c t i n g , 
enabl ing a m a x i m u m depth of 300 m to be a t ta ined . 

The r e m o v a l of cu t t ings , the chief h e a d - a c h e in th i s type of p r o b l e m , w a s to be c a r r i e d out 
by c o m p r e s s e d a i r c i r cu l a t i on , cooling be ing-ef fec ted by hea t exchange with the a t m o s p h è r e . 

T h e m a j o r i t e m s of equipment u s e d on the s i t e w e r e a s follows : 
- THE DRILLING MACHINE w a s of Swedish manufac tu r e , C r a e l i u s , type X C H / 6 0 , equipped 

wi th a 7 m d e r r i c k and powered by a 15 H . P . eng ine . The b i t was hyd rau l i ca l l y o p e r a t e d and a u t o m a -
t i ca l l y a d v a n c e d . P r e s s u r e on the b i t could be e x e r t e d both downwards and u p w a r d s , t h u s a l lowing 
compensa t i on f o r the weight of the r o d s and of the c o r e b a r r a i , and enabl ing t he b i t w o r k l n g p r e s s u r e 
to be ma in t a ined a t p r a c t i c a l l y z é r o . 

- RODS 3 m long, 42 m m and 50 m m in d i a m e t e r . 
- CORE BARRELS: s imp le and double C r a e l i u s c o r e b a r r e l s wi th e x t e r n a l d i a m e t e r s of 65 , 

75 and 85 m m , 3 m in length. 
- DRILL BITS C r a e l i u s , of v a r i o n s types ( toothed, in Wydia, and non - toothed , in d i amond 

Steel) , with e x t e r n a l d i a m e t e r s of 66, 76 and 86 m m . 
- CASING TUBES 3 m in length, d i a m e t e r s of 77/84 and 89 /98 m m . 
- A COMPRESSOR At l a s , VT4 Dd, ope ra t ed by a 45 H. P . D i e s e l engine . I t gave a m a x i m u m 

output of 4 m 3 / m i n a t a p r e s s u r e of 7 k g / c m 2 . 

COOLING : the a i r coming out of the c o m p r e s s o r w a s cooled by hea t exchange wi th the a t m o s ­
p h è r e . I t wa.s p a s s e d through a s é r i e s of tubes (total length 58 ,50 m; 3 inches in d i a m e t e r ) equipped 
with two welded f i n s . The s i x s t r a i g h t s ec t i ons of the a s s e m b l y w e r e connec ted by m e a n s of U - t u b e s 
f i t t ed wi th t a p s to d r a w off condensed w a t e r . The r é f r i g é r a n t was suppor t ed by a m é t a l tube sca f fo ld ing . 

SHELTER : the d r i l l i ng mach ine and the d e r r i c k w e r e mounted on a wooden p l a t f o r m (10 x 4 m) 
r e i n f o r c e d with c r o s s - b e a m s , and p laced d i r e c t l y on the snow. A p r e f a b r i c a t e d wooden s h e l t e r (9 ,76 
X 3 , 6 6 X 2 , 4 0 m) w a s r igged up on the p l a t f o r m . T h e roof w a s p ie rced by a 3 , 6 6 x 1, 20 m opening, 
ove r which w a s p laced a 2 ,40 m high s t a c k and which al lowed the s u p e r s t r u c t u r e of t he d e r r i c k to p a s s 
t h rough , thus enabl ing the r o d s to be handled in 6 m s e c t i o n s (Figure 4). 

T h i s s t r u c t u r e proved e f f ec t i ve a s a s h e l t e r aga ins t sun , wind and d r i f t snow. I t w a s d e s i g n e d 
in s u c h a way tha t , in the event of a b l i z z a r d , i t could be complete ly s ea l ed of f , s o tha t work could 
cont inue wi th a 4 m high d e r r i c k , the r o d s being handled in 3 m sec t ions ( F i g u r e 5). 

T h e c o m p r e s s o r was p laced ou t s ide the s h e l t e r but w a s pro tec ted by an annexe bui l t of p l anks . 

2. 2. PRELIMINARY TRIAL 

B e f o r e be ing sh ipped to the A n t a r c t i c the m a t e r i a l s w e r e t r i e d out on the " G l a c i e r du G é a n t " , 
in t he "Mont B l a n c " r a n g e (al t i tude 3 ,300 m) in Oc tobe r 1960 (F igure 6). 

T h i s t r i a l , c a r r i e d out with a low capac i ty c o m p r e s s o r , s e rved ma in ly to enable the t e a m 
m e m b e r s t o get s o m e p r a c t i c e in the handl ing and r ap id a s s e m b l y of the d r i l l i n g m a c h i n e in po la r 
cond i t ions , and a l s o to t e s t the e f f i c i ency of the equipment f o r snow d r i l l i ng . 

I t took two days ' d r i l l i ng to r e a c h a depth of 14 m in t he f i r n . The c o r e s r e c o v e r e d w e r e in good 
condi t ion, but the y ie ld w a s only 30 % . T h i s r e s u i t w a s r e g a r d e d a s s a t i s f a c t o r y in v iew of t he u n f a v o u -
r a b l e cond i t ions (low dens i ty snow, inadéqua te c o m p r e s s o r ) a s c o m p a r e d wi th t h o s a expec t ed in t he 
A n t a r c t i c . 
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3 - OPERATION SCHEDULE 

The Dan ish ship "Erika Dan", chartered by the C. N. R. P . B . , l e f t Zeebrugge on 10 December 
1960, with the 22 m e m b e r s of the three summer task f o r c e s (oceanography, aerial p h o t o g r a m m e t r y 
and d r i l l ing) on boa rd , 

The drill ing team cons i s t ed of seven m e m b e r s : 

E . PICCIOTTO (Univers i ty of B r u s s e l s ) , heading the opération, 
J. GIOT (EURATOM), a s s i s t a n t , 
T. NORLING ( C r a e l i u s eng inee r ) , 
R. GONFIANTINI ( C . N . E . N . , Un ive r s i ty of P i sa ) , c h e m i s t , 

a' n A ^ R T ^ T ^ ^ ^ \ d r i l l i ng t echn ic i ans in the "Divisione Geomi-
a ! FIOCCO ) n e r a r i a " of the C . N . E . N . 
W. DE BREUCK, g lac io log is t of the 1960 Belgian Antarctic Expédition, 

who joined the t e a m at King Baudouin Station. 

In the c o u r s e of the opéra t ion we benef i t ed f r o m the co l labora t ion of a i l the m e m b e r s of the 
1960 Belgian A n t a r c t i c Expédi t ion unde r the command of Guy DEROM. M. FOCCROULLE, J . DUBOIS, 
M. P IERRE a s wel l a s P h . de JAMBLINNE, geodesy e x p e r t fo r the summer campa ign , took a d i r e c t 
p a r t in the d r i l l ing . 

A f t e r a s h o r t s top , the " E r i k a D a n " l e f t Cape Town on 31 D e c e m b e r 1960. The A n t a r c t i c 
convergence was p a s s e d a t 45°S on 3 Jar iuary 1961, The f i r s t i c e b e r g s w e r e s ighted on 4 J a n u a r y 
1961 a t 52°S, and the f i r s t i c e - f l o e s on 6 J a n u a r y . The next morn ing , a t 67°S, the i ce pack was 
r e a c h e d . I t was in good condit ion on th i s occas ion : r e l a t i v e l y th ick, but a l toge ther b roken up . 

At 11 p. m . on 9 J a n u a r y , the "Erika D a n " c a m e a longs ide the i ce pack at the bottom of King L e o -
pold III bay , the schedu led landing point . 

. On 10 J a n u a r y , the 25 tons of equ ipment a s we l l a s the 2500 l i t r e s of k é r o s è n e and the 2500 l i ­
t r e s of p e t r o l to e n s u r e the cont inuous running of the c o m p r e s s e r and the d r i l l f o r 400 h o u r s w e r e 
landec" and rap id ly t r a n s p o r t e d to the spot chosen f o r the d r i l l i ng . T h i s spot was 2 k m South of King 
Baudouin Sta t ion, ou t s ide the a ccumula t ion zone due to the p r é s e n c e of the B a s e . 

The a s s e m b l y of the equipment and the p r e f a b r i c a t e d s h e l t e r w a s comple ted In u n d e r 48 h o u r s 
in f a v o u r a b l e w e a t h e r condi t ions at 4 h on the morn ing of 12 J a n u a r y . 

(a) Dr i l l ing - The d r i l l i ng began in the a f t e rnoon of the s a m e day. Se r i o u s d i f f i cu l t i e s a r o s e 
f rom the ou tse t ; s low p r o g r e s s , a j a m m e d c o r e b a r r e l at a depth of a few tens of c e n t i m e t e r s and 
discon t inuous and pa r t i a l l y mol ten cores . 

In f ive days , a i l the ava i l ab le types of c o r e b a r r e l s and d r i l l b i t s at our d i s p o s a i had been 
t r i e d and the d r i l l i ng r e a c h e d the level of -17 m , but the c o r e s obtained w e r e u s e l e s s . 

T h e r e a s o n s fo r th i s s e t - b a c k r e m a i n o b s c u r e . We in i t ia l ly put the b l â m e on the except ional ly 
hlgh a i r t e m p é r a t u r e , which a t noon hi t the +5° C m a r k . P r o g r e s s w a s , howeve r , no b e t t e r a t night , 
when the t e m p é r a t u r e of the c o m p r e s s e d a i r coming out of the coo le r was r e c o r d e d a s -3° C. The 
main cause a p p e a r s to be the i m m é d i a t e l o s s of the c i r c u l a t i n g a i r in the f i r n , which p r e v e n t e d the 
cut t ings f r o m being r e m o v e d and rap id ly b locked the advance of the d r i l l bi t . 

In tlie m e a n t i m e , hand-d r i l l i ng had been s t a r t e d in the ncighbourhood of the s h e l t e r , us ing the 
wel l -known i c e - d r i l l developed by SIPRE (Genera l Mechan i ca l Company, U . S . A . ) , and des igned to 
b r i n g out the cut t ings toge ther with the c o r e s ( F i g u r e 8) . 

The e f f e c t i v e n e s s of th i s method and the s e t - b a c k s encoun te red in the p r e v i o u s m e c h a n i c a l 
t r i a l s impel led us to move the d r i l l i ng mach ine 50 c m away and to begin a new b o r e - h o l e , this t ime 
us ing the SIPRE d r i l l powered by the d r i l l i ng m a c h i n e d r i v e . 

T h i s p r o c é d u r e proved e f f ec t ive , the only r e m a i n i n g d i sadvan tage being the s h o r t n e s s of the 
c o r e b a r r e l (90 cm) , which made it n e c e s s a r y to b r i n g i t up again a f t e r eve ry 40 to 50 c m . T h e c o r e s 
r e c o v e r e d (7 ,55 cm in d i a m e t e r ) w e r e , howeve r , in exce l l en t condit ion. 

A f t e r us ing th i s method fo r four d a y s n o n - s t o p o p é r a t i o n , ( f rom 17 to 21 J a n u a r y ) the d r i l l had 
r e a c h e d a depth of -44 m with a co re yield of 100 %. 

F r o m the level of about -40 m , the advance of the d r i l l f e l l to be tween 20 and 30 c m f o r every 
working p r o c e s s . At th i s s t age the d r i l l had r e a c h e d a zone of high dens i ty (0 ,85) , a p p r o a c h i n g that 
of i ce . Accord ing to the e x p é r i e n c e gained f r o m the A m e r i c a n b o r i n g s , an env i ronmen t of t h i s dens i ty 
could be expected to be su f f i c ien t ly compac t to allow a i r c i r cu l a t i on in the d r i l l i ng , p rov ided the u p p e r 
l eve l s w e r e cased . M o r e o v e r , the e x t e r n a l a i r t e m p é r a t u r e had dropped to lower v a l u e s , r ang ing 
between -6° and -15° C. 
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O u r d e p a r t u r e having been f ixed f o r 27 J a n u a r y , we decided to m a k e a n o t h e r a t t e m p t with the 
o r ig ina l technique , us ing a 3 m c o r e b a r r e l , but with an impor t an t d i f f é r e n c e : the toothed Wydia 
d r i l l bit was modif ied by welding v e r t i c a l r i d g e s on the ou ts ide . The s p a c e be tween the body of the 
c o r e b a r r e l and the wal l of the d r i l l e d hole was r a i s e d f r o m 1 to 5 m m , thus f ac i l i t a t ing the p a s s a ­
ge of the a i r which was to c a r r y the cut t ings up and out. 

At 3 a . m. on 21 J a n u a r y the SIPRE d r i l l was s topped , and the day w a s spen t in put t ing down 
43 m of cas ing tubes . At 9 p. m . the d r i l l i ng s t a r t e d up again a t a depth of - 4 3 , 7 0 m with a t r a n s f ô r m e d 
66 m m Wydia t oo thed -d r i l l b i t , a 3 m double c o r e b a r r e l and the c o m p r e s s e r s e t going. 

T h e r e s u l t s w e r e exce l len t : the f i r s t working p r o c e s s brought a c o r e of 2 , 4 5 m in length 
(4 ,80 c m in d i a m e t e r ) , and it w a s c l e a r that the a i r was now c i rcu la t ing in the whole System, b r i n -
ging the cut t ings up t o w a r d s the ou t s ide . 

T h e d r i l l i ng w a s thus cont inued f o r t l i ree days , to a depth of - 7 9 , 3 3 m , with a c o r e yie ld 
c l o s e to 100 %. 

F r o m th i s leve l downwards , p r o g r e s s continued to be rap id , but the co r ing became i n c o m ­
p lè te , and the r e c o v e r e d c o r e f r a g m e n t s r a r e l y exceeded 10 c m in length. T h i s f r a g m e n t a t i o n 
a p p e a r s to be caused by w e a k n e s s e s in the c o r e s due to p r e - e x i s t i n g h o r i z o n t a l f r a c t u r e s in the Ice . 

On 27 J a n u a r y the d r i l l had got down to the -115 ,72 m level , with an a v e r a g e yie ld of 55 % 
between the - 7 9 , 3 3 m and th i s point . As the r e s u i t of a t echn ica l m i s h ap , the c o r e b a r r e l j a m m e d 
at t h i s l eve l . 

In view of the s a t i s f a c t o r y r e s u l t s a l r e a d y obtained, coupled with the s t a t e of the i c e - p a c k , 
which w a s caus ing us s o m e anxie ty , we dec ided to abandon the rods and t h e c o r e b a r r e l in o r d e r to 
get a b o a r d a s rap id ly a s pos s ib l e . 

T h e r e - e m b a r k a t i o n of m e n , s a m p l e s and equipment w a s comple ted a t midnight on 29 J a n u a r y , 
a few h o u r s b e f o r e the onse t of a f i e r c e b l i z z a r d which a c c e l e r a t e d the b r e a k - u p of the pack and 
caused the co l l apse of the King Leopold III Bay a c c e s s r a m p . 

On ex t r ac t ion , the c o r e s w e r e rap id ly examined , wrapped in p l a s t i c and p a p e r s h e e t s ( F i g u r e 
6), p laced in boxes , c a r r i e d to the sh ip and placed in the r e f r i g e r a t e d hold a t -15° C. 

(b) Techn ica l P o i n t s - F r o m the t echn ica l angle , d r i l l i ng may b e s p l i t up into t h r e e s e c t i o n s : 

- sec t ion 1 : d r y d r i l l i ng with the SIPRE d r i l l . 
- s ec t ion 2 : d r i l l i ng with a i r c i r cu l a t i on and a 3 m double core b a r r e l ; c o r e yie ld 100 %. 
- s ec t ion 3 : d r i l l i n g u n d e r the s a m e condi t ions a s above , but wi th i n c o m p l è t e co r ing . 

T h e co r r e spond ing r e s u l t s fo r t h è s e s ec t i ons a r e shown in the t a b l e . F o r the two types of 
c o r e b a r r e l u s e d , the condi t ions under-which the c o r e s a r e obtained in the o p t i m u m s t a t e would 
a p p e a r to be a low ro ta t ion speed (about 100 r . p. m. ) and a d r i l l bit p r e s s u r e in the ne ighbourhood 
of z é r o . 

The speed of péné t r a t ion of the bit v a r i e d (the a v e r a g e was 6 c m / m i n ) ; the v a r i o n s s t a g e s of 
the opé ra t i on , including a i l work ing p r o c e s s e s , a r e shown in f igu re 7 . T h e o v e r a l l a v e r a g e cornes 
out a t 10 m / d a y . 

(1) The u s e of the SIPRE d r i l l , a s a l r e ady sugges ted by SCHYTT, h a s the advan tage of not 
r e q u i r i n g air c i r cu la t ion (hence n c i t h e r c o m p r e s s e r nor coo le r ) , and t hus p e r m i t s of opé ra t i on with 
a v e r y l ight d r i l l and equ ipment . The d rawback l i e s in the l a r g e number of e x t r a c t i o n s and r e - i n s e r -
t ions r e q u i r e d . T h è s e could, howeve r , be r educed by m e a n s of a longer c o r e b a r r e l . 

T h e main d i sadvan tage of th i s Sys t em l i e s in the fac t that p r o g r e s s b e c o m e s exceeding ly 
s low f r o m -50 m downwards , when the dens i ty app roaches that of ice . At t h i s s t a g e the c o r e r e m a i n s 
j a m m e d in the c o r e b a r r e l a f t e r a péné t r a t ion of only 15 to 20 cm. T h i s i s p robab ly c a u s e d by the 
p r é s e n c e of h a r d cu t t ings wedged be tween c o r e and c o r e b a r r e l . 

(2) Dr i l l ing by convent ional m e t h o d s , us ing c o m p r e s s e d a i r , g ives good r e s u l t s beyond the 
l eve l a t which ice o r a v e r y compac t l a y e r i s r eached . Th i s method, which gave exce l l en t y i e ld s 
down to -300 m when u s e d fo r the SIPRE d r i l l i ngs , proved inef fec t ive , in ou r c a s e , below -70 m. 

T h i s un favourab le r e s u i t could be a s c r i b e d to the d i f f é r e n c e s in the c o r e d i a m e t e r s , which 
were of 10 c m f o r the SIPRE c o r e s , and of 4 , 8 m fo r o u r s . T h e much h e a v i e r SIPRE equ ipment 
e n s u r e d g r e a t e r r ig id i ty on the p a r t of the r o d s and a w e l l - c e n t r e d ro t a t i on of the c o r e b a r r e l . 

On the o the r hand, in ou r d r i l l i ng the s m a l l d i a m e t e r of the r o d s c a u s e d e c c e n t r i c ro ta t ion 
of t he c o r e , doub t l e s s a c c o m p a n i e d by a cons idé rab l e amount of v ibra t ion . T h è s e f a c t o r s , coupled 
wi th the s m a l l d i a m e t e r of the i c e cy l inder and with the p r é s e n c e of n u m e r o u s s t r e s s e s and f r a c t u r e s 
p e r p e n d i c u l a r to the d r i l l ax i s (a l so noted in the A m e r i c a n d r i l l ings ) , would explain the heavy f r a g ­
men ta t ion of the c o r e a s it i s eut and a l s o the r e su l t i ng l o s s . 

Consequent ly , with the equ ipment and t echn iques u s e d f o r the d r i l l i n g a t the King Baudouin 
Stat ion, a depth of -100 m wilh cont inuous and i n t ég ra l c o r e s of 4 to 7 c m in d i a m e t e r can be r e a ­
ched within few days u n d e r the condi t ions n o r m a l l y p r éva l en t on the snow c o v e r of an A n t a r c t i c i c e -
s h e l f . 

It a l s o a p p e a r s that h e a v i e r equipment mus t be used to pene t r a t e beyond a depth of -100 m. 
H o w e v e r , the advan tages a f f o r d c d by the SIPRE hand d r i l l w a r r a n t the deve lopmen t of a c o r e b a r r e l 
for deep d r i l l ing , based on the s a m e p r i n c i p l e s . Th i s would f u r n i s h l i g h t e r , m o r e m a n o e u v r a b l e 
and m o r e économie equ ipment , e a s y to t r a n s p o r t fo r i ce t r a v e r s e s . 

9 



4 - PRELIMINARY OBSERVATIONS 

It i s planned to c a r r y out a de ta i l ed s t r a t i g r a p h i e and morpho log ica l s tudy of the c o r e s , whlch 
a r e a t p r é s e n t in s t o r a g e in B r u s s e l s a t a t e m p é r a t u r e of -15° C. 

The p r o g r a m m e f o r the g e o c h e m i c a l s tudy of t he c o r e s p r o v i d e s f o r the following m e a s u r e -
m e n t s : 

- i sotopic composi t ion of oxygen and hydrogen 
- t r i t i u m concen t ra t ion 
- Chemical compos i t ion of the snow, and the occluded g a s e s 
- examinat ion of dus t content . 

Dur ing the d r i l l i ng , a p r e l i m i n a r y s t r a t i g r a p h i e d e s c r i p t i o n of the f i r s t sec t ion f r o m 0 to 
-43 m a s wel l a s dens i ty m e a s u r e m e n t s w e r e unde r t aken . 

(a) T e m p é r a t u r e - Due to the l imi t ed t i m e ava i l ab le , it was unfor tuna te ly i m p o s s i b l e to take 
any t e m p é r a t u r e m e a s u r e m e n t s in the b o r e hole. The equ ipment p r e p a r e d fo r th is p u r p o s e inc ludes 
p r o b e s cons is t ing of 4 t h e r m i s t o r s , connected by a 200 m long cab le to a Wheats tone b r i d g e . A g a l v a -
n o m e t e r was used a s the r ead ing i n s t r u m e n t . The r e l a t i v e a c c u r a c y of t h i s device was of the o r d e r 
of a few hundred ths of a d e g r e e , and the a p p a r a t u s gave ful l s a t i s f a c t i o n in the o n - t h e - s p o t t r i a l s . 

(b) Dens i ty - The c u r v e shown in F i g u r e 9 i nd i ca t e s the dens i ty v a r i a t i o n s a s a funct ion of 
dep th , in tegra ted over o n e - m e t r e s e c t i o n s . 

The dens i ty i n c r e a s e s a s a funct ion of depth on a pa t t e rn s i m i l a r to that found by the N. B. S. 
Expédi t ion at Maudhe im, and by the SIPRE group on the R o s s i c e - s h e l f . 

The app réc i ab l e d i s p e r s i o n of the points lying be tween 9 and 13 m i s due to the p r é s e n c e of 
s e v e r a l i ce l à y e r s . 

(c) S t r a t ig raphy - A p r e l i m i n a r y s t r a t i g r a p h i e s e c t i o n i s p r e s e n t e d in F i g u r e 10. 

T h e hor izon ta l s t r a t i f i c a t i o n i s m a r k e d by : 

- v a r i a t i o n s in the d i a m e t e r of the f i r n g r a i n s e s t i m a t e d by m e a n s of a magni fy ing l e n s . T h è s e 
v a r i a t i o n s become l e s s m a r k e d with i n c r e a s i n g depth. 

- i c e - c r u s t l a y e r s of 0 , 5 to 2 m m in t h i c k n e s s , which a r e no t i ceab le even in the compac t i ce 
a t depths below 40 m. 

- l a y e r s and l e n s e s of me l t ed i c e , which may be a s m u c h a s 10 c m th ick . 

No coloured o r d u s t - r i c h l a y e r s w e r e not iced. 

Seasonal a l t e r n a t i o n s a r e of ten d i s c e r n i b l e , on the b a s i s of the c r i t e r i a def ined by SCHYTT 
(11). S u m m e r l a y e r s a r e c h a r a c t e r i z e d by l a r g e r g r a i n s , and by the p r é s e n c e of i ce in i m p r é g n a t i o n , 
in s t r a t a o r in l e n s e s . 

T h è s e s e a s o n a l a l t e r n a t i o n s a r e c l e a r l y p e r c e p t i b l e f o r the l a s t s i x y e a r s and m a k e it p o s s i b l e 
to ca lcu la te the following annual accumula t ion va lues in c m of w a t e r f o r the y e a r s be tween 1954 and 
1959 : 

1959 : 4 1 , 5 1956 : 3 6 , 3 
1958 ,: 3 3 , 2 1955 : 3 5 , 0 
1957 : 3 8 , 3 1954 : 4 5 , 4 

Average : 38, 3 c m w a t e r p e r y e a r . 

A s t r ik ing f e a t u r e of the s t r a t i g r a p h i e p ro f i l e i s the e x i s t e n c e of two s e c t i o n s c h a r a c t e r i z e d 
by in tense ice fo rma t ion : 

f r o m 9 to 16 m 
and f r o m 41 to 44 m (or m o r e ) . 

Each of t h è s e s e c t i o n s doub t l e s s c o r r e s p o n d s to a pe r iod of s e v e r a l consécu t ive y e a r s (5 to 10) 
with hot s u m m e r s with peak t e m p é r a t u r e s lying above 0° C. Hypothe t ica l ly , t h è s e two g r o u p s could 
be cons ide red a s c o r r e s p o n d i n g to the y e a r s 1949-1939 and 1890-1880. 

F u r t h e r d i s c u s s i o n of t h è s e r e s u l t s , b e f o r e m o r e p r o g r e s s h a s been m a d e with the m o r p h o l o ­
g ica l and geochemica l s t u d i e s , would be p r é m a t u r é . 
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Character l s t i cs of the Three Dril l ing Sections 

Tota l Section 1 Section 2 Section 3 

D é m a r c a t i o n l eve l s of the 
s ec t i ons in m è t r e s (x) 

0 
-115 ,72 

0 
43, ,70 

- 4 3 , 7 0 
- 7 9 , 3 3 

- 79, 
-115 , 

33 
72 

Length of the s e c t i o n s in, m . 115,72 43, .70 3 5 , 6 3 36, 39 

C o r e yield 
C o r e d i a m e t e r s , in cm. , 

100 
7, 

% 
,55 

100 % 
4 , 8 0 

55 
4 , 

% 
80 

Mean dens i ty 0, ,65 0 , 8 5 0 , 85 

Volume e x t r a c t e d , in d m 3 292 195 64 33 

Weight e x t r a c t e d , in kg 209 127 54 28 

Ave rage w e i g h t / m e t r e , in kg/m 2, ,9 1 , 5 

A v e r a g e w e i g h t / y e a r , in I t g /yea r (xx) 1, ,7 0 , 7 

Approx ima te n u m b e r of y e a r s (xxx) 237 77 80 80 

(x) : the level 0 c o r r e s p o n d s to the s u r f a c e in J a n u a r y 1961. 

(xx) : e s t i m a t e d on the b a s i s of the s t r a t i g r a p h y . 
(xxx) : a s s u m i n g an a v e r a g e annual accumula t ion of 38 c m wa te r équiva len t ove r 

the whole d r i l l i ng . 
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F i g . 1 

1 - Genera l out l ines of Antarc t i ca with the locat ion of the deep dr i l l ings 
c a r r i e d out to date : Maudheim^Mirny Station, Byrd Station, Lit t le 
A m e r i c a and King Baudouin Station. 
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FIGURE 3 

F i g . 3 - Outline of the Bre id Bay, and dr i l l ing s i te at King Baudouin Stat ion. 
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4 - Photograph of the s h e l t e r with i ts s tack for the d e r r i c k , together with 
c o m p r e s s e r and coo l ing Sys tem (Photo L . G o o s e n s ) . 





The work bench in the g lac io log ica l laboratory w a s dug out at King Baudouin 
Stat ion. The laboratory 10 m below ground l e v e l . The c o r e s shown w e r e 
ex trac ted by the SIPRE d r i l l . (Photo L . G o o s e n s ) . 
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F i g . 8 - The SIPRE d r i l l . 
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Fig. 9 

F i g , 9 - Dens i ty var ia t ion a s a funct ion of depth. 
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11 - Photo of a s ec t ioned c o r e (7, 55 c m in d iameter ) . 
The c o r e i s p laced in front of a luminescent tube . 
The s e a s o n a l a l ternat ion i s c l e a r l y defined : the s u m m e r l a y e r in the upper 
part i s f o r m e d of f i rn and cons idérab le l a y e r s of m e l t e d i c e indicate a p a r t i -
cu lar ly w a r m s u m m e r . 
The winter l ayer i s f o r m e d of homogeneous f i r n with a f i n e g r a i n . 


