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ABSTRACT. A new portable device for ice-core drilling, specially designed for thin
tephra-layer sampling, was tested on the South Shetland glaciers during the 1994-95 Ant-
arctic summer. The machine is based on a combination of the standard palecomagnetism
drilling machine and a specially built drill-bit designed for ice-coring,

INTRODUCTION

Vertical ice-core drilling, a glaciological technique devel-
oped in order to obtain a continuous record of ice layers at
various depths, is an important methodology for use in ver-
tical holes. In contrast, the technology available to perform
horizontal or non-vertical ice-core drilling is much more re-
stricted. Manual sampling using a small drilling machine
(e.g. 20cm long and 5 cm diameter samples) seems to be
the only available option.

Part of our work on Livingston Island (62°39'S,
60°23" W; South Shetlands, Antarctica) is devoted to study
of Holocene volcanic ashes interlayered in the Livingston
ice sheets (Fig. la and b). The ashes constitute an excellent
marker of the internal structure and stratigraphy of the ice
and, when dated, provide valuable information about ice
age, mass balance, ice kinematics (Calvet and others, 1993)
and recent volcanic activity (Smellie, in press). Tephra
layers on Livingston Island form thin levels, 0.5-2 em thick;
these layers are well exposed on ice cliffs, crevasses, snow
fosses and occasionally in ablation ramps when snow-free
(Fig. Ic). Their thickness and the peculiar outcropping con-
ditions make sampling procedure a key problem in the
tephra studies. To solve this problem, i.e. to obtain easily a
sufficient amount of sample, we have developed a portable
ice-boring, motor-driven machine, We need to obtain a large
number of horizontal or inclined cores in a short time from
steep slopes or vertical cliffs. Thus, we need a powerful,
lightweight and easy-to-use tool. The prototype was tested
during the 1994-95 Antarctic summer expedition. Our pur-
pose in this paper is to characterize the prototype and its
applicability to ice sampling,

DESIGN

Our goal was to obtain a portable drilling machine with all
of the following requirements: self-powered, easy to use
even in extreme conditions, efficient and strong,

Our idea was to adapt rock-sampling machines to ice. So
we developed an ice-boring machine composed of an ice bit
and a separate core-drill power head (Fig, 1d). The ice bit is
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similar to those used in manual, vertical ice-coring and con-
sists of three pieces: the crown, the tube and the drive nut.
After several trials with different types of crown, we chose
one that is formed by a 9 cm inner diameter aluminum ring
holding three carbide teeth with a cutting angle of 80°. The
aluminum tube is 46 cm long, with four big spiral flutes
making a pitch of 45°, and holes in the top. Two of these
flutes run the whole length of the tube, whereas the other
two run halfway up the tube. The drill-bit was made by
Pomeroy. The drive nut joins the tube to the power head.
We used the Pomeroy DO26-GTI0 model power head
which is furnished with a STTHL 48 cc gasoline motor, de-
veloping 3.5 h.p. (26 kw) at 10 000 rpm. This model seemed
to be adequate to turn the big bit, even full of ice, while pro-
viding an acceptable drilling rate. This machine is geared
down at approximately 5:1. The total weight of the engine,
empty drill-bit and adapter is about 6 kg.

FIELD TEST

During the 1994-95 Antarctic summer we sampled 21 sites
distributed in six localities on Livingston Island (Fig. 1b).
Three of these localities were on ice cliffs, and the others in
awind fosse, a crevasse and an ablation ramp.

Details on the sampled ash layers are found in Calvet
and others (1993). We can briefly summarize the tephra stra-
tigraphy as follows. Tephra layers form three groups: (1) The
upper group is formed by a thin single layer, with thickness
ranging between a few millimeters and 2 cm, and is recog-
nizable in the eastern part of the island. This level has also
been identified in some vertical cores from the accumula-
tion zone. (2) The intermediate group appears to be a dou-
ble layer, but close observations reveal that it corresponds to
a 0.5 em thick single layer. Despite its small thickness, it fre-
quently appears as a characteristic feature of glacier ab-
lation zones due to its folded disposition. (3) The lowest
group is formed by at least five different layers, separated
by 80-100 cm of ice, cach layer having a thickness of 1-
1.5 em. This lowest group is present in all the studied Living-
ston ice cliffs (Fig. 1c).
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Fig. 1. (a) South Shetland Islands, showing the location of the sampled area on Livingston Island. (b) Location of the six
localities sampled on Livingston Island. (¢) Tephra layers exposed in an ice cliff. The layer recognizable in the middle of the cli[f
corresponds Lo the intermediate tephra group, whereas the lower group is well exposed near sea level. (d) The ice-boring machine,
together with a fragment of an ice core containing a thin tephra layer. () Grain-size distribution of the Livingston tephras.
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During fieldwork, we sampled the above-described
seven different ash layers at the 21 sites. At each site, we had
to drill a variable number of ice cores until enough tephra
was obtained. The amount of tephra in each core is variable,
ranging from 15 to 200 g depending on the ash-layer thick-
ness and grain-size. A total of 2.4 kg of ash was collected
from these 21 sites.

The ice-boring machine works very well and is very effi-
cient, cutting the ice at an approximate drilling rate of 30-
35 cmmin ', roughly equivalent to 15kg icemin . When
the boring is finished, wrenching the drill sideways breaks
off the core easily. Usually, the core comes out in one or
two pieces, with a total length of 35-45 cm. The core shows
intact the original structure of the ice and ash layers, with-
out disturbance from cutting, or ice chips.

Drilling on steep cliffs, where the operator is hanging
from a rope, makes the sampling procedure more laborious.
In this case, the drilling machine must be lowered to the
bottom of the cliff in order to remove the ice core from the
drill-bit, and then raised up to the sampling point again.
This process is time-consuming and requires setting up an
adequate system of ropes and miscellaneous climbing aids
with the aim of optimizing all the drilling procedures.

The internal diameter of the cutter head is only 1.5 mm
smaller than the core tube. This causes the core to become
slightly stuck in the tube. This can be an advantage in pre-
venting the ice cores from falling out when the drill machine
is moved up and down along the cliff. Nevertheless, in some
cases difficulties arise in removing the ice cores.

Another aspect to note is the fact that with this drilling
machine it is easy to drill at different orientations. This flex-
ibility, together with its elevated drilling rate, is very advan-
tageous when sampling in ice outcrops where the real dip of
tephra layers is not visible, with only apparent dips observed
on the outcrop surface, for it is possible to do a lot of explora-
tory drilling until the appropriate drill orientation is deter-
mined.

RESULTS

The main goal of the sampling was to analyze different
tephra layers in order to determine whether the layers dif-
ferentiated and correlated on the basis of stratigraphic cri-
teria show similar granulometric, morphometric and/or
geochemical features. A secondary goal was to establish
whether these features were specific enough to constitute a
useful tool for correlating well-separated outcrops.

In a general sense, Livingston tephras display fine grain-
size, ranging between —1 and 4 ¢ (Fig le). The most striking
feature is that the three tephra groups exhibit slightly differ-
ent, but recognizable, grain-size distribution. That is, the
three groups are coherent granulometrically. The upper-
most level is fine-grained, with predominant grain-size
values of 2 ¢. This level is attributed to the 1970 Deception
Island volcanic eruption from regional (Calvet and others,

Casas and others: Instruments and methods

1993), radiometric (Pourchet and others, 1996) and geo-
chemical data (work in progress). The intermediate layer
furnished the finest grain-size, with values around 3 ¢. The
lowest group is the most heterogeneous, with grain-size ran-
ging from —1 to 3 ¢, although the different tephra levels are,
in general, coarser.

Encouraged by these results, present work is dealing
with geochemical fingerprinting of different tephra layers.
This could be a useful correlation tool between Livingston
tephra layers and historically dated tephras and volcanic
rocks on nearby Deception Island. This correlation can fur-
nish new data about the age of the intemediate and lower
tephra levels, and provides a great opportunity to improve
our knowledge of ice age, mass balance and ice kinematics.

CONCLUDING REMARKS

The tested portable drilling machine for ice has proven to be
a useful tool for obtaining short ice cores in a wide range of
outcropping conditions reasonably easily. We especially re-
commend its use for sampling ice containing thin layers in
outcrops where we can only observe apparent dips.

Despite the obvious core length limitation (4045 cm),
this device has proven to be very efficient in the study of
recent volcanic ash levels (20-200BP) interlayered in the
Livingston ice sheets. This can contribute to the study of
tephra layers and related volcanic events in the Antarctic,
which has recently been revealed as a major goal (Smellie,
in press). Information derived from ice-confined tephra is
very precise and can complement data obtained from other
continental or marine sedimentary archives in order to
evaluate recent volcanic activity.
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