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ANTIFREEZE-THERMODRILLING FOR
CORE THROUGH THE CENTRAL PART
OF THE ROSS ICE SHELF ()-9 CAMP),

ANTARCTICA.

Igor A. Zotikov

INTRODUCTION

in December 1978, core drilling through more
than 400 m of the Ross Ice Shelf was performed
as part of the Ross Ice Shelf Project (RISP)
About 400 m of core with a diameter of about 8
cm was recovered, including a core from the
very bottom of the ice shelt This drilling was
performed using portable equipment specially
designed by the Arctic and Antarctic Research
Institute in Leningrad (U S S R) in cooperation
with the Institute of Geography, USSR Acad-
emy of Sciences in Moscow

This equipment differed appreciably from
other equipment used for this kind of ice drilling
The history of development of this equipment
and other thermodrilling equipment in the
USSR is not generally known Therefore, des-
cription and history of development of this
equipment will help to explain the philosophy of
this new method of drilling which has proved so
successful

HISTORY OF THERMODRILLING
IN THE USSR,

The history of drilling in ice shows that the
drilling is not as simple as it might appear. Heat

generated by mechanical cutting of the ice, fric-
tion of rotating pipe columns and the need to
remove ice chips from the hole create many dif-
ficulties when conventional rotary dnlling
methods are used Most important of these diffi-
culties is the possibility of the pipes and chips
becoming trozen in the hole. In the USSR, this
probiem was recognized as early as 1957 after a
560-m-deep hole had been drilled through the
Antarctic ice sheet 5 km to the south of Mirny
Station, using conventional‘drilling equipment

The low melting point of ice has encouraged
the use of thermal methods of drilling holes in
ice by melting This kind of drilling does not re-
quire the use of rotating pipes

The first and simplest thermodrilling equip-
ment used by the Soviet Antarctic Expedition
was made in Antarctica (during the winter of
1958-59) by V S. Ignatov at Vostok Station, |.A
Zotikov at Mirny and Komsomolskaya Stations
and F K. Kruchinin at Lazarev Station. This drill-
ing equipment consisted of electrically heated,
cylindrical, solid drilling heads (Ignatov 1960)
Experiments have shown that this equipment
usually drills holes in the Antarctic ice cover
about 50 m deep without any difficulties but
that drilling stops at this depth, which has been
shown to always be close to the transition be-
tween firn and ice. When drilling through snow




and firn, the meltwater created by thermodrill-
ing passes directly into the pores of the perme-
able firn and the hole remains water-free Below
about 50-m-depth, this water cannot permeate
through the walls of the hole and the water re-
mains in the hole The heat source of the thermo-
drill in this case was located within the pool of
melted water Most of the heat was expended in
warming up the water and increasing the diam-
eter of the hole, instead of being used on
downward drilling

This experimental drilling showed that drilling
a hole downward in solid ice by melting is pos-
sible by two methods

1. Constantly taking all melted water from
the hole

2 Distnbuting heat sources within the ther-
modriihing head in such a way that the meltwater
layer between the heated walls of the solid ther-
modrilling head and the walls of the hole is small
enough to prevent strong thermal convection of
the water and the subsequently large heat losses
to warm the hiquid column above

Thermodrilling equipment using the first
method (dry hole) was designed and made in the
Leningrad’s Institute of Mining by B B Kudn-
ashov and others (Kovotkevich nd Kudnashov
1974) Using this equipment. a  re hole more
than 900 m deep was dnlled at  >stok Station

Equipment using the second method was de-
signed and fabricated in the Arctic and Antarctic
Research Institute, Leningrad under contract
with the Institute of Geography, Moscow, by V
E Morev (Morev 1966) With this equipment it
has been possible to drill in a hquid-filled hole
without dramatically increasing the diameter of
the hole

To obtain a core of the ice by either method,
the heated thermodrilling head and the drilling
column have used an annular shaped section
long enough to house the core. To pump melted
water from the hole and to store it, part of the
drilling column must include a pumping device
and water container

The need to pump melted water from the bot-
tom of the hole, to colliect this water and the
core, and to control the quantity of the water
pumped out from the hole, etc , has resulted in a
complicated and heavy drilling device. Still, it
has proven satisfactory for drilling holes in polar
ice sheets (Ueda and Garfield 1969, Kudriashov
et al 1973)

in 1965, design of a new drill was initiated that
would drill holes and take cores from mountain

-

glaciers. Equipment for this work has to be port-
able and light

Taking into consideration that many mountain
glaciers are temperate ones (ice temperature is
at or close to the ice melting temperature), V.A
Morev designed thermal drilling equipment
which did not require the removal of any water
from the hole; the drill consisted only of a ther-
mal drilling head, core container pipe, and a
core catching device. With this drill, melted
water was left in the hole. This equipment was
tested on temperate glaciers of the polar Ural
and Pamir Mountains and performed satisfac-
tornily

PHILOSOPHY OF ANTIFREEZE
THERMODRILLING

Distinct differences exist between the thermo-
drilling equipment designed to remove water
from the hole and the equipment without spe-
cial devices for removing water The drilling col-
umn in the second case is only half as long and
much lighter than the column fitted with a de-
vice to remove meltwater from the hole. The
cable for the thermal drill is much smaller in
diameter because it is possible to use a single-
conductor armored cable All these improve-
ments make the drifling winch and the mast
smaller, simpler, lighter, and much safer

Once the drill for coring in glaciers was
developed the next step was to design simple
equipment capable of drilling through cold or
temperate ice sheets while using all the advan-
tages of leaving the melt-water within the hole.

It had been hypothesized by analogy with
core drilling in temperate glaciers that it should
be possible to drill holes in cold ice, leaving
melited water within the hole if some antifreeze
liquid could be added to this water such that the
freezing temperature of the solution of anti-
freeze and water was made equal to the temper-
ature of the glacier ice. Experiments conducted
by V. A. Morev and |. A. Zotikov at the arctic
drifting ice island, Severny Polus ("North Pole”),
have proven this hypothesis. It was shown too
that the antifreeze should be added to the water
at or close to the bottom of the hole. Many anti-
freeze liquids were tested, including ethylene
glycol, isopropyl alcohol, and ethyl alcohol
Best results were obtained using ethyl alcohol in
ice which is not too cold.

In 1972, V. A. Morev (Morev 1972) designed
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and built new dnlling equipment using this
method of adding ethyl alcohol to the bottom of
the drilled hole each time the avilling column
was sent to the bottom of the hole for the next
round of drilling This method of drilling. in
which melted water s left in the hole and pre-
vented from freezing by adding ethyl alcohol to
the water, has proven to be a satisfactory one
Using this technique many core holes have been
drilled through mountain, arctic, and antarctic
glaciers The deepest core hole using this
method was dnlled to a depth ot 800 m in 1977
near Novolazarevskaya Station, Antarctica
(Morev and Raikovsky 1979) The same tech
nique was also used to core-dnll through the
whole thickness of the Ross Ice Shelf in Decem-
ber 1978

THE DRILLING EQUIPMENT

The equipment used for the dnlling through
the Ross lce Shelf consists of two main parts 1) a
thermal-drilling column, and 2) a winch with a
mast and cable for supporting the column

Thermodrilling column

The thermodrilling column (Fig 1) was design-
ed and built by V. A Morev in the Arctic and
Antarctic Research Institute, Leningrad, under
contract with the Institute of Geography, Acad:
emy of Sciences of the USSR, Moscow The
main part of the body of the drilling column de-
picted in Figure 1 consists of a cylindrical pipe
(1) made of stainless steel It supports an elec
trically heated ring (2). which forms the lowest
part of the column The heated ring 1s connected
to the pipe (1) with bolts and can easily be
replaced The ring consists of two copper cylin-
ders hermetically welded together at the upper
and lower ends of the ring Between these cylin-
ders is located the high resistivity wire used for
heating the ring Special electrical insulation 1s
put between the wire and walls of the copper
cylhinders Electrical power for heating is simple
one conductor is an insulated wire and the se-
cond conductor consists of the body of the drill-
ing column, the armor of the cable and the body
of the drilling winch An inner pipe (3) with an
open lower end is used both as a core barrel and
as a container for the ethyl alcohol (antifreeze
liquid) It is possible to use the same pipe for
these two purposes because there is a piston (4)
within the pipe which can be moved easily up
and down

19 12 310

Figure 1. Cross section of antifreeze-
thermodrilling tool (1. stainiess steel outer pipe,
2. electrically heated ring, 3. inner pipe [core con-
tainer or ethyl alcohol barrel), 4. piston, 5. pipe
for tilling inner pipe with alcohol, 6. compression
rings, 7. holes, 8. core cutters, 9. electrical con-
ductor, 10. springloaded device, 11. swivel
device.)

Y M
~ \J




When the column is ready to be lowered into
the hole for drilling, the piston is set in its lowest
position. The inner pipe (3) is filled completely
with the alcohol-water solution that enters
through a tube (5) To prevent any leaking of
alcohol through the space between the walls of
piston and the inner pipe, the piston is fitted with
compression rings (6) After the column is low-
ered to the bottom of the hole the electrically
heated ring (2) starts to melt into the ice, produc-
ing a core at the same time

As the dnlling proceeds, the core passes up
into the inner pipe and pushes the piston up As
the piston moves, it pushes the alcohol out of
the inner pipe The only route for the alcohol 1s
by way of the holes (7) through the space be-
tween the outer and inner pipes and down to the
lower part of the dnlling column to the bottom
of the hole When the piston reaches its upper
position, the inner pipe will be full of ice core
and it serves as a core container This position
corresponds to the end of a dnilling run. The dnill-
ing column with the ice core 1s lifted to the sur.
tace The core is taken out of the inner pipe and
a new charge of the alcohol-water solution iy
pumped into the inner pipe until the pressure of
the alcohoi pushes the piston into its lowest
position again At this moment the inner pipe
serves as the alcohol container again and the
drilling column is ready to be lowered to the bot-
tom of the hole to start another dnlling run

In order to break off the ice cores and to pre.
vent the ice core from falling out of the core
container as the drilling column is being lifted to
the surface, four core cutters (8) are located be-
tween the lower part of the inner pipe (3) and the
dnilling ring (2) The upper part of the outer pipe
(1) carries a spring-loaded device (10) to keep the
column in the center of the hole during dnlling

A swivel device (11) fastens the column to the
cable (9) supporting the drilling equipment and
conducts electrical power to the thermodrnilling
ring

The dnlling column s relatively small and
light, the diameter of the drilling column used
for drilling through the Ross Ice Shelf is 103 mm
and the external diameter of the heated drilling
ring is 108 mm_ The internal diameter of the ring
is 80 mm, and the length of the core container
pipe (3) is 260 cm_ The overall length of the drill-
ing column is 316 m

The winch and the mast of the drilling rig used
for drilling the hole through the Ross Ice Shelf
were designed and made by V.S Zagorodnov of

the Institute of Geography, U S S R. Academy of
Sciences, Moscow. The winch was made from
aluminum alloys. The use of the one-conductor
armor cable permitted the use of a smaller diam-
eter cable, and because of this, the size of the
winch was also made smaller The winch with
600 m of cable attached, plus the mast and the
drilling column, weighed less than 600 kg

DRILLING PROCEDURE

Part of the dnilling procedure is already des-
cribed above This included filling of the inner
pipe with alcohol solution until it was complete-
ly tilled and the piston depressed to its lowest
position. This solution was left in the bottom of
the hole after each drilling trip When calculat-
ing the theoretical concentration of the alcohol
in the alcohol-water solution, account was taken
of the fact that at each horizon the concentra-
tion of the solution at the bottom of the ice hole
had to be just strong enough to prevent freezing
of this solution when the temperature was equal
to the temperature of the undisturbed ice For
this calculation we used the temperature-depth
profile as measured by Clough and Hansen
(1979) Actual concentrations, recorded in Ap-
pendix A, were not always equal to these calcu-
lated values When slush in the solution within
the hole started to form, the concentration was
increased. When there were indications that the
core and walls of the hole had started to dis-
solve, the concentration was decreased It
should be mentioned that the concentration of
alcohol in this particular hole was always kept
higher than the calculated values A total of
about 2000 liters of ethyl alcohol was needed to
drill completely through the Ross Ice Shelf

It should be noted that the concentration of
alcohol steadily decreased with depth in the
hole because of the increased ice sheet tempera-
ture with increasing depth (Fig 2) This kind of
temperature distribution within the thickness of
the ice favors the use of alcohol to prevent
freezing of water in the hole, because the den-
sity of the solution increases with the depth and
the column of alcohol-water solution in the hole
is stable !f the temperature of the ice decreases
with depth, it is possible that the use of the alco-
hol as an antifreeze will create some complica-
tions because the density of the upper part of
the solution column will be higher than that of
the lower part of the column_ It is reasonable to
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Figure 2 Ice temperature and specific gravity and
temperature of the water-alcohol solution as a
function of drilling depth in the Ross Ice Shelf at
19

expect vertical convection within the column
under these conditions and the formation of
slush within the hole
The drilling nig was installed at )9 Camp, Ross
fce Shelf, at the end of November 1978 The rig
was located within a lightweight shelter, Figure 3
shows this g when the dnlling column, with a
core, had just been lifted to the surtace Dnlling
began on 1 December The first 30 m of the ice
shelf were drifled in two days All the meltwater
in the top 30 m was allowed to disperse through
the permeable walls of the hole and theorets
cally it would have been possible to drill a dry
hole without alcohol under these conditions
However, alcohol was used to prevent possible
complications in this part of the ice shelf The
concentration of the alcohol-water mixture put
into the drlling column container was about
30%. just enough to keep this solution from
freezing at the temperature of the undisturbed
i ice Apart from some alcohol-soaked pieces,
practically no core was recovered from this part
§ of the hole
Conditions changed below 30 m First, signs of
a heavy slush formation appeared This was in-
terpreted as indicating the level at which the
porous, permeable firn transforms into bubbly

DRSS L 3

ice. When drilling in bubbly impermeable ice, all
meltwater is retained in the hole This situation
required the concentration of the alcohol in the
water-alcohol solution in the drithing column to
be increased to prevent freezing of this solution
as it mixed with freshly melted ice Because of
this condition, the concentration of the alcohol
in the water-alcohol mixture was increased to
70% (see App A] In spite of this, the next run
after 30 m brought back the first full-length
core —measuring 257 m, nearly as long as the
length of the core container Drilling to a depth
of about 50 m proceeded smoothly Approxi-
mately 25 m of core was recovered from each
drilling run

When drilling was resumed on 5 December
1978, difficulties were encountered The diam
eter of the hole had decreased to nearly the
same diameter as the dnlling column, making
for a tight hole When dropped down freely, the
dnlling column descended at a speed of about 1
cm/s In order to increase the diameter of the
hole, the concentration of alcohol was increased
to 75% Drilling stopped tor the night at a depth
of 70 23 m The next day (6 December), resump-
twon of dnlling also proved ditficult because of
the presence of slush that had tormed during the
night The concentration of alcohol had to be de-
creased to 62% because of the increase of e
temperature Corning proceeded smoothly Dnill
ing stopped tor the night at a depth of
9113m

At the beginning of drilling on 7 December, it
was discovered that the doll hole contained a
large amount of slush When the dnilling column,
filled with pure alcohol, was dropped freely
down the hole 1t took more than one and a halt
hours to travel from a depth of 50 m to the bot-
tom of the hole even with the electrical power
turned on to help penetrate the slush Much of
the siush was found in the core container when it
was raised to the surface As a precaution, the
concentration of alcohol was kept at 65% Dnill-
ing was stopped for the night at a depth of
11976 m

At this stage, it was decided to dnill around the
clock to avoird problems associated with the
nmighttime stops prior to 8 December Two dnll-
ing teams were formed The day shift was led by
Yurty Raikovsky (Institute of Geography, Mos-
cow) and included two more assistants provided
by RISP. The night shift was led by Victor Zagor-
odnov (Institute of Geography, Moscow) and




Figure 3 Dnlling of antifreeze core hole at |9

also included two additional assistants provided
by RISP

Ditticulties were encountered at the begin
ning of dnlling on 8 December between 50 m
and 109 m_but below 109 m the drilling column
descended more freely The dnlling proceeded
nonstop until 131 December The concentration
of aicohol by this time had been steadily de
creasing to about 40% at a depth of 400 m At
409 97 m_ a short-circuit occurred near where
the electrical conductor was connected to the
heating ring At the same time the level of the
alcoholwater solution within the hole rose
dramatically from 65 m to 42 m from the sur
tace

A new drlling column with a 1 7-m long core
container was attached to the drilling cable and
drilling proceeded carefully On the next trip,_ ice
of completely different structure was recovered
This we tasted salty and possessed structural
features typical of old sea ice All subsequent
core possessed the same properties, some core

1 dnlling column, 2. mast, 3 winch.)

also contained inclusions of opaque brownish
maternial

At a depth of 41604 m or 6 m below the
upper boundary of the brine ice, a special mon
itoring device showed that the drilling column
was no longer lying on the bottom of the hole
The cable was released an extra 2 m but the dnll
ing column did not encounter the bottom of the
hole It was now clear that the dnlling column
had penetrated the bottom of the Ross lce Shelf
When the drilling column was lifted to the sur-
tace, 1t contained an ice core, the bottom of
which contrasted sharply in structure to those of
previous cores The bottom of this core was flat
with a waffle-like appearance and it formed
sharp angles with the cylindrical side walls of
the core This surface clearly represented the
bottom of the Ross Ice Shelf at )9 (see cover
photograph)

Figure 4 shows data on speed of dnilling, the
electrical power supplied and the daily depth
log for the entire drilling at |-9
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Figure 4 Power consumption, dulling speed.
penetration rate and daily depth log for the entire
drilling operation at |.9

PRELIMINARY DESCRIPTION OF THE CORE

A visual study of the ice cores indicates the
evistence of a three-layer structure to the Ross
lce Shelt at 19 The first layer 1s composed of
snow and firn and extends to a depth of about 40
m Below this layer exists a homogeneous bub-
bly ice layer extending to 410-m depth

The 6-m-thick bottom layer of ice has all the
features of old sea ice tormed by freezing at the
bottom of the ice shelf It contains vertical brine
channels and some brownish inclusions The
salinity across the whole layer 1s about 2%
which is many orders of magnitude saltier than
the glacier ice located directly above this bot-
tom layer Figure 5 shows the core salinity for
the bottom 10 m measured at CRREL by Dr A |
Gow

Though the boundary between the glacial and
sea ice layers 15 quite sharp, there does exist a
thin and soft transitional zone between the two
layers This transitional layer, which is only a few

Depth (m)

.,QL.__. = RSN SNSRI A SAm
0 10 20 30 40 %0
Sotmnity (%e)

Figure 5. Distribution of core salinity in the bo?.
tom 10 m of the Ross Ice Shelf at |-9 Vertical data
line represents length of core sampled, horizontal
lines indicate spread of salinity values for several
individual measurements

centimeters thick, consists of porous slushy ice
1t 1s hydraulically connected to the sea below
the layer of old sea e, and the change of water
level in the hole when the drilling column pene-
trated this zone 1s an indication of this fact

The very bottom layer of old sea ice 1s com-
posed of vertical wce crystals of about 3 ¢m in
length and 5 mm in diameter The ends of the
crystals protrude downward into the sea water,
giving nise to a waffle-hke surface (see cover
photograph) The sharp ends of the crystals pro-
trude about 5 mm into the water

The 1ce crystals of this bottom layer display a
distinct alignment of brine plates within the horni-
zontal plane This alignment appears to be de-
veloped within the whole of the lower 6-m layer
Such alignment 1s consistent with observations
of strong azimuthal onentations of crystal c-axes
made on arctic sea ice by Cherapanov (1971) and
Weeks and Gow (1978) Studies of the |9 Camp
ice cores are continuing at several institutions in
the USA and USSR
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APPENDIX A. LOG OF CORE DRILLING THROUGH THE ROSS ICE SHELF (CAMP J-9).

Iime of drilling
Core Hole *fcohol Core
Tep length  depth  Voltage  Current Start End Duration conc® diam
() iml (volits) lamps]  (tme) rhmﬂ‘ (minj  wi l_’gl llmﬁL
! December
1 15 1% 6 2042 20413 n «
2 40 1% ? 2050 2128 15 0
2 December
] Fali] 8 0959 150 51 0
4 2% 85 1054 130 L1 W
5 240 9 "y 1159 W
[N 120 9 127 1218 1
7 0s 280 9 12% 1238 L}
s 2% Qs 1248 1128 40 W
“ 11 250 a6 1338 1427 49 LY
10 2 9 1434 1524 40 0
1" 260 a5 1582 1637 65 29
12 70 10 1640 1728 48 29
14 P2y 10 1715 1802 7 29
1 December
14 2% n 1048 70
15 2% n 1246 1123 L} 35
16 2w W0 1S 1129 1407 i8 5
¥4 257 4 9% W0 1ns 1422 1502 40 70 7578
18 258 37 51 120 n 1507 1544 (b T0 7679
19 155 40 06 10 125 1552 1629 (b4 70 r5.79
20 242 4248 180 1258 1615 1713 1) 0 80572
3 N 259 4507 a0 125§ 17220 1802 47 70 8072
22 1% 47 6} 150 125 1808 1856 45 70 7552
21 255 50 1% 150 125 1902 2002 60 70 5475
- 24 o4 50 56 150 125 2ni 70 7879
5 December
25 LIS ¥ 52 06 150 125 1426 1500 o ~75 7378
P 1 6h 5472 150 125 1507 1555 48 75 7078
b 24 267 57w 150 125 10 1646 45 LhAY 479
8 258 5997 150 125 1759 1742 41 75
E 9 255 62 52 150 125 1756 1850 44 75 7972
1 LY 25% 6507 150 125 1848 1930 aQ 75 7475
.[ i 258 67 62 150 125 19319 2022 43 75 7576
' u 61 on 150 125 2030 2112 43 75 7976
'k 6 December
4 1 04 Toe7 150 110 0856 004 10 ~b7 71805
4 154 n 150 125 1106 ne o ~h7 7580 ﬂ
15 255 7576 1% 125 157 1240 43 62% 2%C 76-80
‘ w 15 R P 150 125 1249 1mun 42 62 7580
74 155 8O A7 150 121 1340 1422 4 62 7580
i » 254 834 155 123 1430 1512 @ 62 7480
1] 6 8602 ¥5¢ 123 1512 1605 41 62 7679
“© 155 8857 155 1213 1613 1657 4“ 62 7780
o 256 913 155 123 1712 1757 45 62
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Time of dridling

Core Hole Alcohol Core
length  depth  Voltage  Current Start tnd Duration conc® diam
{m) im) Ivolts) famps) {hime)  (ume)} {mun) wt % (mm)
252 21847 45 123 (LU} 0055 Q2 o0 79755
158 2105 150 125 ata ars2 49 59 78745
254 223 %% 150 125 0207 0247 40 59 78765
261 22620 150 125 0w 0344 42 59 77575
2 21876 150 125 358 o441 41 L4 80
200 25135 140 123 0455 0sn L3 57 78.72
257 23193 M5 123 0547 0629 42 L4 78
25 243 350 123 0645 070 45 57 75.78 ?
252 23895 345 122 0758 08%0 37 57 '
25 241 4 345 1213 0852 0932 40 L Y4
254 244 00 0 11 0958 1040 4 56
256 246 56 45 1213 1o na 0 56
254 240 10 345 123 1202 1255 5% 56 7578
255 251 65 150 125 B B 13513 W 56
253 25418 50 1258 1417 144538 o S5
255 25 78 150 125 1520 1555 15 55
25) 259 155 128 1632 1707 15 55
254 261 80 150 125§ 1742 1820 L1 55
254 64 4 150 125 1840 1914 i4 55 74578
254 Jon B8 150 127 2028 2mm il 55 i
254 6972 a0 122 PR L 2154 15 535 79577
283 M9 140 122 21 2245 34 538
254 JTa a8 0 22 J UM 25 4 538 79577
255 7T 04 40 122 2154 028 14 515§ BO-TH
255 2Ta 59 140 12 045 o1 x i5 51§ 877
23 MmN 340 17 0137 ono it 515 &
i62 284 54 140 12 02 o LY 5 5
253 87 07 40 P a1 0405 i5 5 5
154 28961 140 ni 0424 G458 4 5 5 7877
255 29216 138 12 051% 0550 15 53
1513 294 69 140 i 6ti” 0644 3’ 51 78
253 297 12 140 1721 0rol 0740 37 51 7578
5% 29 TS 140 123 0806 0842 'Y 51
273 i) 48 45 123 05 0940 15 53
253 wsm a0 122 w02 1037 15 53
25 W7 57 40 122 AR ny LS 53
253 11010 140 122 1159 124 35 52
154 264 40 122 1259 111 L2 ) 52
252 nsie s 123 1157 140 A3} 52
25 nre’ 45 123 52
52 120 19 45 1213 1554 1628 34 51
255 12274 145 ny 1652 1726 “ 50
252 25 2% 345 1213 1752 1825 LR 50
15 WA us 125 1850 1N n 50
154 130 R s 125 1960 016 * 50
25 112 m M5 125 2015 no 15 50
154 1560 5 125 n»s 2200 15 50
15 179 45 125 PrAL 1155 L 50
254 oW 45 125 214 2340 " 50 77




Time of drilling

Core Hole Alcohol Core
Teip length  depth  Voltage  Current  Start tnd Duration conc* diam
no {m) (mj fvolts) famps)  (tme]  [(ume) (min) wi % (mm)
12 December
14 254 M3 145 125 0015 0051 36 51 ‘
2 25 345 52 5 125 o 0145 34 51 '
143 2154 34800 345 125 0205 0232 32 51 !
144 255 315061 345 125 0257 03128 n 51 y
145 254 353115 35 125 0347 0422 34 51
146 254 155 69 345 125 0440  OSN n 51
147 258 A58 27 145 125 osn 0611 40 51 {
148 254 Wwom 145 125 0630 0706 36 51
149 254 W15 145 125 0733 0808 15 50
150 ~254 0 w589 345 125 0834 0910 36 50 7671
15 ~154 A4 145 125 0937 1015 37 50 7078
152 100 W94} 145 125 1040 120 «© 50
153 25 9y 345 125 157 1242 ~45 50
154 25 44 345 125 1612 1657 45 50
155 253 6% 345 125 1724 1812 48 50
156 254 379 50 5 125 1838 1927 49 50
157 254 38204 345 125 1941 2023 &0 49
158 254 38658 345 125 2047 2128 4 49
159 254 8712 150 127 na 2224 37 4
160 254 189 o 150 128 2242 2318 36 45 758728
161 254 192 20 150 128 2337 0012 15 42
11 December
162 254 9474 150 128 0034 0107 3 42
163 158 W 45 125 0126 0159 1 a0 78
164 254 199w 345 128 0ne 0249 n 40 78765
165 254 0240 145 125 0307 0342 15 19 76457620
166 254 40494 145 125 040 0435 34 19 77873115
167 254 0748 ¥72 125 0455 0538 43 19
168 249 009 2 125 0553 0637 W aQ
169 154 41151 240 13 o814 0855 4@ 4
170 151 4102 280 13 020  95) 13 aQ
m”m 171 4146) 240 13 101} 1047 34 “
172 14 41604 260 145 1o 11313 23 28

*In core contamer
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