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ABSTRACT. A drilling opera tion and core inves tiga tions at Base Ro i lIaudouin (Iat . 70° 25 ' 5'( S. , long. 
24 t8' 38" E .) in January 196 t a rc d iscussed. The d rilling, underta ken w ith light equipment , attained a 
depth of t 15' 72 m. From the sta rt se rious diffi cuiJi cs we re encountered so that it was decided to use a S [PRE 
auger dr iven b y the mechanism of the drilling machine. C o re recovery was close to 100 per cent. Below a 
depth of 43 ' 70 m. , since the drill had reached the zone o f hig h ice density (0 ' Us g. /cm."), a 3 m. d ouble core 
barrel was used w ith ai r circulation. A depth of 79 ' 33 m. was reach d with a core yield c lose to 100 pe r cent. 
From thi s level downwa rds to th e fina l depth of I 15 ' 72 m. the core yield was onl y 55 per cent . 

Preliminary o bservations Wl'!'e m ad e a t the sit e . A s tratig raphi c profi le of the fi rst 43 m . showed a n a lterna­
ti on or coarse-g ra ined summer layc rs with ice fo rmati on and fin e-gra ined w inter depos its. From th e seasonal 
a lternations o r the last si" years. a n ave rage a nnual a cc umu la tion of 3U ' 3 cm. of water was calcu la ted . 1\0 
coloured o r dust layl'!'s \\'ere obsc l'\'ed. Between 9 a nd 16 m. a nd between 4 1 and -H m. an intense fo rma tion 
of ice was no ti ced. Th e deplh - <i (, nsity curve is similar 10 those found b y the :\orwegian-British-S wcd i,h 
Antarc ti c E"p('diti on at i\1 a udhe im and by the :\ mcri cans at I.i tt le America \ '. Ir an a ve rage annual 
accumulation o f ~l U Clll . or \\'a tl'!' is assumed, th e w ho le d epth dri ll ed co rresponds to approxim a te l), ~qo 
yr. T emperature m easurements could no t be carried out b ~'causc of the limited time ava ilab le. 

Deta iled s tra tig raphic and m orpholngica l studies of the cores, which a re sto red at - IS " C. in Brusse ls, 
are planned , as well as chemi cal and iso topic inves tigations. 

R ESCME . U ne opcra lion d e fo rage ct des inves tigations de caro ttes fa ites it la Base R o i l3a udouin 
(70 25 ' 53" S , 24 " Ill ' 38" I':) en j a nvier 1961 sont d iscutees. Le forage. entrepris avec un cquipmentleger. a 
atteint une profondeur de 11 5. 72 m. D es le debut on rencontra de seri euses difficultcs, de son e qu ' il fut ck c icle 
d ' utili ser une tari ere S I PRE conduite par le mcea nism e d e la fo reuse. La recupera ti on des caro tt es <' ta il 
voisine de 100 po ur cent. En desso us d e 43, 70 m d e profondeur. a panir du moment oil la tal' iere a a tle int la 
zone de glace d e densitc' d evce (0,U5 g/cm 3), on a utili se Ull tube caro tti er d o uble de 3 m avec c ircula tion 
d 'a ir. On a atle int une profondeur de 79.33 m avec un r endement d e caro tte voisin de 100 po ur ccnt. :'\ 
panir de ce ni veau, en descenda nt jusqu 'a la profonde ur final e de 115.72 m , la recuperation d es carotles 
att eigna it seulem ent 55 pour cen t. 

On a fait it ce t emplacement d es o bservat ions p l'e limi na ires . en profil s tratig raphiq ue des 43 premiers 
metres a montrc un e alternance d e couches d 'e te it gros g rains avec formation d e glace et de depo ts d ' hi ver a 
grains fins. A p a rtir des a lt erna nces saisonnieres d es 6 d ernieres annees, on a ca icul e une a ccumulation 
moyenne annuelle d e 38.3 cm d 'eau . Aucune couche colon' e ou poussiereuse n 'a ete observee. Entre 9 ct 
16 m et entre 41 e t 44 m. on a no te une importa nte fo rmation de glace. La cOUl'be densite-profondeur es t 
scmblable it ce lles obtenues par ['Expedition Anta rc tique :\orvegienne-Britannique-Sucdoise it Maudh eim 
et par les Ameri cains it L itt le Ameri ca V. Si I'on adme t une a ccumulation moycnne annuclle d e 31l cm d 'eau , 
la profondeur to tal c du trou correspond approx ima ti vem ent it 240 ans. 11 l1 ' a pas ctc possible d e fa ire des 
mesures d e temperature a cause du temps di sponible limite , 

Les e tucles s tratigraphiques e t m orpholog iqucs d e ta il lees des ca ro tt es . qui sont conserve cs it - 15° C a 
Bruxelles, sont prevues en mcme tcmps que des inves tigations chimiques c t iso topiques. 

Z USAMM EN FASSUNG . Die Arbeit befass t sich mit e ine r Bohrung und Kernuntersuchung wa hrend d es J a nuars 
1961 in del' Base R o i Baudouin (700 25 ' 53" slidl. Bre ite, 24° 18 ' 38" 6stl. Uinge), Die Bohrung, a usgerUhrt 
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mit leichter Ausrustung, crrciehte e ine Tiefe von " 5,72 m . Am Anfang stcllten sieh crheblichc Schwierig­
ke itcn ein , bis auf die Benutzung cines S IPRE-Bohrers, a nge tri eben von d cr Bohrmaschine, ubergegangen 
wurde. Dcr Bohrkern konnte dabei fast vollstandig geborgen werden. Von 43, 70 m Tiefe an , wo die Bohrung 
die Zone hoher Eisdichtc (0,85 gfcm 3 ) crreicht hatlc, wurde cin 3 m langes Doppcl-Kcrnbohrrohr mit 
Luftspulung verwendct. Bis 79<33 m Ticfc blieb cler Kern-Ertrag nahc a n '00%; von clann an bis zur End­
tiefe von "5,72 m konnten nur 55% d es Kerns geborgcn wcrdcn. 

Vorlaufige Untersuchungcn wurdcn an Ort und Stelle vorgenommen. Das strat igraphisehe Profil der 
ersten 43 m zeigte c inc Weehsellagerung zwisehen g robkornigen Sommerschichten m it Blankeislagen und 
feinkornigcn Wintcrablagerungen. D er mittlere Jahrcsnicd erschlag konnte a us d en jahreszeitlichen Wech­
sellagen der le tz ten 6 Jahre zu 38,3 cm Wasser bestimm t wcrden . Es fa nclen sich kc ine verfarbten od er staub­
durchsctzten Schichten. Zwischen 9 und ,6 m sowie zwischcn 4' unci 44 m T iefe wurcle starke E isbildung 
fes tgestellt. Das Tiefe-Dichte-Diagramm ahnelt dcnen , die von der Norwegisch-Britisch-Schwedischen 
Antarktis-Expedition in Mauclheim unci von clen Amerikaners in Little America V gefunclen wurclen. 
Unter cler Annahme cines mittleren Jahresnieclerschlags von 38 cm Wasser entspricht clie erreichte Bohrtiefe 
einem Ablagerungszeitraum von ctwa 240 Jahren. T emperaturmessungen konn ten aus Zeitmangel nicht 
vorgenommen werden . 

Stratigraphisch e unci morphologische D etai lstuclien an d em Bohrkern , der b ei ~ ' 5" C in Brussel gelagert 
ist, sincl vorgeschen . d csgleichen chemische unci isotopische U ntcrsuehungen. 

INTRODUCTION 

In January 1961 a boring to obtain ice specimens was undertaken at Base Roi Baudouin 
on the ice shelf of the Prinsesse Ragnhild Kyst (Jat. 240 [9' E. , long. 700 26' S. ) (Figs. 1 and 2) . 

o 500 1000km. 
~~~- ~~~~ 

(f~. 

Fig. I. Dronning Maud Land (from a diagram of the Norsk Polarinstitutt ) 

The principal obj ect of the sampling was to study the isotopic composition of the ice with 
respect to its stratigraphic characteristics, as well as certain radio-active measurements. 

The variations of the isotopic composition a long a vertical section could be expected to 
yield information on long-term seasonal and climatic variations . Such "isotopic stratigraphy" 
would also assist studies on total accumulation of snow and on the ice flow. It would also 
enable the dating of the snow and ice layers by counting the seasonal deposits (Epstein and 
Sharp, 1959 raJ, [bJ). 

Measurements of radio-active isotopes such as tritium, radium D and fission products 
could, moreover, furnish useful gla ciological and meteorological data (Picciotto and others, 
1960; Gonfian tini and Picciotto, 1959) . 

The drilling project is the result of technical and financial collaboration between the Italian 
Comitato Nazionale per l'Energia Nucleare (C.N.E.N.), the European Atomic Energy 
Community (Euratom) and the Centre National de R echerches Polaires de Belgique 
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(C .N .R.P.B. ). Aid was given at the site of the invest igations by the members of the Expedition 
Antarctique BeIge, 1960, commanded by Guy Derom. 

The scientific direction of the projec t was carried out by the L aboratorio di Geologia 
Nuc\eare, Universita di Pisa and the L aboratoire de Geologie Nuc\eaire, Universite Libre de 
Bruxelles. 

It ,.. 
£1°" 

25'00' 

Fig. 2 . Outline of Breidvika and the situation of the drilling site at Base Roi Baudouin 

PREVIOUS DRILLING 

Core drillings in ice below a depth of 100 m. are not numerous. One of the first operations 
of this type was carried out by Expedit ions Polaires Fran«;:a ises on the Greenland Ice Sheet 
during the summer of 1950 (Heuberger, 1954; Schytt, 1958) . 

U p to the present only four borings to a depth of over 100 m. in Antarctica are known. 
The one on the Maudheim Is-shelf (lat. 71 ° 03' S., long. 10° 56' W. ) , carried out by the 
Norwegian-British-Swedish Antarctic Expedition 1949- 52, attained a depth of 100 m. 
(Schytt, 1958). Two other borings have been made by SIPRE in collaboration with American 
Antarctic expeditions. The one undertaken at Byrd Stat ion on the polar pla teau (December 
1957-J anuary 1958) reached a depth of 308 m. (Pa tena ude, 1958; Marshall and Gow, 
1958); the other, at Little America V Station on the R oss Ice Shelf, penetrated through the 
whole shelf and reached the sea at 225 m. (O ctober-December 1958) (Ragle and others, 
1960) . The Soviet Antarctic Expedition (second Continental Expedition 1956- 58) also carried 
out a deep boring 7 km . south of " Mirn yy", which reached a depth of 37 1 m . (Shumski y, 
1960). 

THE DRILLI NG OPERATION 

Equipment 

The dri lli ng a t Base Roi Baudouin was undertaken with light eq uipmen t of a type com­
monly used for minera l prospecting, which enables a maximum depth of 300 m. to be achieved . 
The evacuation of cu ttings was to be ensured by a circulation of compressed cooled air . 

The m ajor items of eq uipmen t were as follows: 
( I ) The drilling machine, manufactu red in Sweden by the Craelius Company (type XCH/60), 

furnish ed with a 7 m. derrick a nd powered by a 15 h .p. engine. The bit was hydra uli­
cally operated and advanced automatically. 
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(2) Rods, 3 m. long, 42 mm. and 50 mm. in diameter. 
(3) Core barrels, single and double Craelius core barrels with externa l di am eters of 65, 75 

a nd 85 mm . and 3 m . in leng th. 
(4) Drill bits, manufactured by the Craelius Company, of different types (toothed , in 

" W ydia" , and non-toothed , in " diamond steel") , with externa l diameters of 66, 76 
a nd86mm. 

(5) Casing tubes, 3 m. in length and of diameters 77- 84 and 89- 98 mm. 
(6) An Atlas Copco compressor (VT 4 Dd), opera ted by a 45 h. p . di ese l motor. It gave a maxi­

mum discha rge of 4 m .:l/min. under a pressure of) kg . /cm .~ . 

Fig. 3 . The sheller with its tower f or Ihe derrick , togelher with the comjJressor and the cooling system. (PholograjJh by L. GOOSSe/ls ) 

ReFigeration 
The a ir coming from the compressor was cooled by hea t excha nge with the a tmosphere. It 

was passed through a sys tem of tubes (tota l leng th 58· 50 m. , 3 in . (7 .6 cm. ) in diameter) , 
fitted with two welded fins. Six stra ight tubes were connected toge ther with U-tubes fitted with 
cocks for releasing the condensed water. 

Shelter 
The drilling machine a nd its derrick were protected by a prefa bricated wooden shelter 

(9' 76 by 3 ·66 by 2 "40 m .). In the roof there was a 3 ·66 by [ . 20 m. opening, over which was 
placed a 2' 40 m . high tower which contained the superstructure of the derrick and enabled 
the rods to be handled in 6 m. sections (Fig. 3) . In the even t of a blizzard it could be completely 
closed, the work continuing with a 4 m . high derrick and the rods being ha ndled in 3 m. 
sections. 
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Preliminmy trials 
Before be ing shipped to Anta rc tica the eq uipment was tested on the Glacier du Geant 

in the Mont Bla nc massif in O ctober 1960. The result was satisfac tory. 

Dr£lli1lg operation 
The drilling team consisted of seven members: E. Picciotto (leader of the operation), 

J. Giot (assista nt), T. Norling (engineer), R. Gonfiantini (chemist, C.N.E.N., Universita di 
Pisa ) , A . Fontanive, Q. Da R o it a nd A. Fiocco (drilling technicia ns of C.N.E.N. ) . W. De 
Breuck, the wintering glaciologist , joined the team at Base Roi Baudouin. 

The Danish ship Erika Dan, chartered by the C.N.R.P.B., left Zeebrugge on IO December 
1960 and anchored in " Baie Roi L eopold Ill" on 9 January 1961. 

The time available for the completion of the operation was very short; for various reasons 
the stay of the ship off the Antarctic coas[ was limited to a maximum of twenty days. 

Drilling started on 12 January on a spot, 2 km. south of the station, outside the zone 
influenced by it. From the start there were serious difficulties: slow advance, a blocked core 
barre l after several tens of centimetres drilling, discontinuous and partially melted cores. 
In five days a ll the available types of core ba rrels and drill bits were tried and the drilling 
reached a depth of 17 m. , but with useless cores . 

Initia ll y the reason for this se tback was thought to be due to the high air temperature 
which reached + 5° C. Neverthe less, no furth er progress was made during the night when the 
temperature of the compressed a ir dropped to - 3° C. The maj or cause of the drilling difficul­
ties appears to have been the loss of the circu la ting air in the firn. 

In view of the efficiency of the SIPRE coring auger (hand-drill d eveloped by SIPRE and 
cons tructed by the General M echanica l Company, Chicago, U.S.A.; length 90 cm., dia meter 
7' 55 cm. ) used at the spot and the setbacks of the prev ious mechanical trials, it was decided 
to sta rt a new dri lling, this time using the SIPRE a uger driven by the mechanism of the 
drilling machine. This procedure proved efficient, the on ly rema ining inconvenience being the 
short length of the core barrel which necess ita ted withdrawing it after every 40 to 50 cm. 
advance. The recovered cores were in exce ll ent condition . 

In four days the drill reached a depth of 44 m. with a core yie ld of a lmost 100 per cent. 
From a depth of about 40 m. the advance in drilling was between 20 to 30 cm. for every 
m a noeuvre. At this stage the drill had reached the zone of high ice d ensity (0·85 g. /cm ) ). 
According to the experience gained from the American borings, an environment of this 
d ensity could be expected to be sufficientl y compact to a llow a ir c ircula tion during drilling, 
provided the upper levels were cased . l\10reover, the externa l a ir temperature had now 
dropped to between - 6 and - 15° C. 

The initia l technique was tri ed again with a 3 m. core barre l but with one important 
modifi ca tion: the toothed " W ydia" drill bit was a ltered by welding vertical ridges onto its 
outer side. This increased space be tween the body of the core ba rrel and the outer wall of the 
drilled hole varied from [ to 5 mm. , thus facilitating the passage of the air which was to carry 
the cuttings upward and out from the hole. 

Casing tubes were inserted to a depth of 43 m. so that the a ir circula tion could be used 
again. In three days the drilling reached a depth of 79 ' 33 m. with a core recovery close to 
100 per cent. 

From this depth downwa rds the coring was incomplete and the recovered core fragments 
ra rel y exceeded [0 cm. in length. This fragmentation appears to have been caused by a weak­
ness in the cores a long pre-existing hori zontal fractures in the ice. 

On 27 January the drilling had reached a depth of 1 15' 72 m. , with a n average core yield 
of 55 per cent between 79' 33 and [[ 5' 72 m. Due to a technical accident the core barrel 
became blocked at this depth . 

Because of the satisfactory results of the drilling operation a nd the a larming state of the 
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bay ice, it was decided to abandon the rods and the core barrel in order to emba rk on the 
ship as rapidly as possible. The re-embarkation of men, samples and equipment was completed 
a t midnight on 291anuary 196 1. 

Technical discussion 

From a technical point of view the drilling may be subdivided into three sections (T a ble I ) . 

( I ) Dry drilling with the SIPRE auger. 
(2 ) Drilling with circulating air a nd a 3 m. double core barrel, giving almost complete 

core recovery. 
(3) Drilling with the same equipment as above but with an incomplete core yield. 

The appropriate results for these sections are shown in Table I. 

TABLE 1. CHARACTERISTICS OF THE THREE DRILL 

T otal 

Delimiting level of the sections (m .)* 0 
-1 15'72 

Length of the sections (m. ) 115' 72 
Core yield (per cent) 
Core diameter (cm. ) 
Mean density (g./cm.l) 
Volume extracted (dm. l ) 292 
Weight extrac ted (kg. ) 209 
Average weight/m. (kg./m. ) 
Average weight/yr. (kg./yr.)t 
Approximate number of years! 237 

* The figure 0 corresponds to the surface in J ariuary 196 I . 

t Estimated according to the stratigraphy. 

Zone I 

0 
- 43'70 

43 ' 70 
100 

7'55 
0·65 

195 
127 

2'9 
I' 7 

77 

SECTIONS 

Zone 2 

- 43 ' 70 
- 79' 33 

33. 63 
100 

4. 80 
0 ·85 

64 
54 

80 

Zone 3 
- 79'33 
- 115 ' 72 

36 '39 
55 

4. 80 
0 ' 85 

33 
28 

I ' 5 
0'7 

80 

t Assuming an average annual accumulation of 38 cm. water equivalent over the whole drilling. 

For both types of core barrel used the optimum conditions for obtaining good cores would 
appear to be a rota tion speed of about 100 Lp.m. and the drill pressure near zero. 

The use of the SIPRE auger, as already suggested by Schytt (1958), has the advantage of 
not requiring air circulation and therefore allows operation with very light equipment. The 
numerous mana:uvres, the principal inconvenience of this method , could be reduced by using 
a longer core barrel. The core jammed in the barrel after an advance of only 15 to 20 cm. , 
when the density a pproached that of ice. This was probably caused by the hard ice cuttings 
wedging between the core and the barrel. 

For the drilling with the use of compressed air, a high ice density is essential. This method, 
which gave excellent yields down to 300 m. when used for the American drilling, proved to be 
inefficient in the present case below a depth of 70 m . This unfavourable result could be 
ascribed to the difference in the core diameters, which were 10 cm. (for the SIPRE cores) and 
4. 8 cm. respectively. The much heavier SIPRE equipment ensured greater rigidity of the 
rods a nd a well-centered rotation of the core barrel. 

In the present drilling the sma ll diameter of the rods caused a n eccentric rota tion of the 
core, which was undoubtedly accompa nied by heavy vibrations. These factors , coupled with 
the small diameter of the ice cylinder and the initia l presence of numerous fractures and 
tension cracks perpendicular to the drill axis (also noted in the American drillings), would 
explain the severe fragmentation of the core as it was cut and also the subsequent loss. 

With the equipment and techniques used for the drilling a t Base R oi Baudouin a depth of 
100 m. , with complete coring and undisturbed cores of 4 to 7 cm . diameter, can be achieved 
in a few days under normal conditions of snow cover on an Antarctic ice shelf. 
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PRELIMINARY OBSERVATIONS 

During the drilling a preliminary stratigraphic description of the upper zone from 0 to 
43 m., as well as measurements of density, were undertaken. Due to the limited time avail­
able, the planned temperature measurements could not be made in the drill hole. 

Density 

o Q.I ().2 0 .3 ().4 0·5 Q.6 0·7 o.e. ()'9 1. 0 d ensi ty 

(g./cm.3 ) 

·4 

• 

ID • 
11 

12 

IJ 

14 

I. 

" " 
11 .. 
20 

21 

22 • 

~" 
• 

" • 
2. • 

• ,. 
" 21 • 
" 3D 

31 

n • 
• ]] 

• 
" 3' • 
le • 
31 • 
31 • 
]I 

4D 

" 
42 

" • 44 

depth (mJ 

Fig. 4. Variatioll oj the densiry as a jUllctioll oj depth 

The curve in Figure 4 shows the variations of the density as a function of the depth, inte­
grated over I m. sections. 

The density increases as a function of the depth in a way similar to that found by the 
Norwegian-British-Swedish Antarctic Expedition at Maudheim, and by the Americans on 
the Ross Ice Shelf. 

The marked scatter of the points lying between 9 and 13 m. is due to the presence of several 
ice layers. 
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Stratigraphy 

A preliminary stratigraphic section is presented in Figure 5. 
The horizonta l stratification is m a rked by : 

109 

(a) Variations in the diameter of the gra ins evalua ted with a magnifying lens. These 
variations are attenuated with increasing d epth. 

(b ) Layers of ice crust of between o· 5 and '2' 0 mm. thickness, which are noticeable even 
111 the compact ice a t depths grea ter t ha n 40 m. 

(c) Layers and lenses of ice, wh ich m ay a tta in thicknesses up to 10 cm. 

Fig. 6. A seclioned core 7'55 CIII. ill diameler. The core is Illaced illfrolll oj"ajluorescellllube. The seasollal allemalioll is well 
marked; lhe summer layer ill Ihe ulllJer I)arl isJormed of{im and Ihe many layers oJ ice indicale a /Jarliculariy warm sUlI/mer. 
The winler layer isJormed oJ 11OlIIogeneous{im wilh aline grain 

No coloured or dust-ri ch layers were not iced . Seasona l a lterna ti ons were often detected, on 
the basis of the criteria defi ned by Schytt ( [ 958). Summer layers a re cha racterized by larger 
gra ins, a nd by the presence of ice, in stra ta or in lenses (Fig. 6). 

These seasona l a lterna ti ons a re clea rl y defined for the las t six years, a nd enable the follow­
ing estima tes to be m ade for the a nnll a l a ccumula tion , in cm. of water, for the years betv\'een 
[ 954 a nd [959 : 

' 959 4 " 5 1956 36 '3 
[958 33 ' 2 1955 33 '0 
1957 38 ' 3 1954 45'4 

Average 38. 3 cm . water/yr. 
A striking fea ture of the stra ti graphi c profi le is the existence of two zones characterized by 

an intense formation of dense ice: 
from 9 to [6 m. 

and from 4 [ to 44 m. (or morc). 
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Each zone corresponds with a period of several consecutive years (5 to TO), with hot sum­
mers, and a maximum temperature lying above 0 ° C. These two zones could be considered 

. as corresponding to the years 1949- 39 and 1890- 80. 
Any discussion of these results would be premature at this early stage of the proposed 

morphological and geochemical investigations. 

F UT URE INVESTIGATIONS 

A detailed stratigraphic and morphological investigation of the cores, stored for the 
present at -15° C., is planned . The programme of geochemical study of the cores provides 
for the following measurements: 

( I) Isotopic composition of oxygen and hydrogen. 
(2) Concentration of tritium and radium D . 
(3) Chemical composition of the snow and the occluded gases . 
(4) Investigation of dust content. 
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