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FIRN CORE DATA FROM SHALLOW DRILLING INVESTIGATIONS
IN EASTERN WILKES LAND, EAST ANTARCTICA

by

lan 1. Goodwin
Antarctic Division
Department of the Arts, Sport, the Environment,
Tounsm and Terntories
Kingston, Tasmania, Australia

ABSTRACT

A shallow firn core drlling program was conducted in eastern Wilkes Land in 1985 by an
ANARF;IEIaciulngicai team. In conjunction with surveys carmicd out on ice sheet topography and
gnovw surface charactenistics, 2530 m of firmn comes were retneved from 15 shallow borcholes to
investigate the fim-pack structure and (i stratigraphy. Firn layer densily, grain size and visible
stratigraphy were measured on all cores. The measured firn core data are presented.



1. INTRODUCTION

A major objective of the Intemational Antarctic Glaciclogical Project (LAGP) over the past decade
has been 1o measure and define the mass balance distribution over the Wilkes Land region of the
Liast Antarctic ice sheet. Australia has participated by conducting Australian National Antarctic
Research Expeditions (ANARE) glaciological traverses in Wilkes Land between 1971 and 1986.
These traverses operated from Casey stadon (66'17'5, 110°33'E) and achicved the greates! areal
coverage of Wilkes Land from 1978-86 by establishing an eastern (E), southern (A) and western
(W) route (Figure 1). The E and W routes approximately traverse the 2000 m contour between
U5'E and 131°E, whilst ronte A extends from the coast to 74°§ inland approximately along the
112'E longitude.

[During 1985, in conjunction with the resurvey of route E, shallow firn core drilling and
stratigraphic investigations were carried out at 50 km intervals between 112°E and 132°E. This
route is located wholly within the katabatic slope region of East Anlarctica. The dominating
feature of the region is the persistent katabatic wind which drains cold air down from the ice
sheet's interior to the coast. "This katabatic wind is fundamental in controlling the fimification
processes operating at the snow surface and within the snow/firn-pack.

Preliminary snow stratigraphic investigations were carried oul in 2-3 m deep pits along the same
route in 1982, and were reported by Jones (1983). These observations showed that the region
was dominated by annual ner accumulation which was marked by thin ice crusts in the snow-
pack. These ice crusts were atmbuted to surface sintering of saltating snow grains following
kinetic energy loss under constantly strong katabatic wind flow. Jones (1983) also reported the
formartion of thin radiation glazes during the summer season. From his observations it was
recognised that a detailed investigation of the physical characteristics and strangraphy of the
firn-pack could prixduce extended records of annual net accumulation and define the firn-pack
struciure for later correlation with remotely sensed dara, in particular satellite passive microwave
(ESMR) data.

This repurt lists the firn core data obtained during the 1985 drilling and stratigraphic investigations
and deseribes the drilling operations. Detailed dﬂmﬁph grain size and visible stratigraphic profiles
were measured in the field on a total of 250 m of firn cores drilled from 15 boreholes ranging
from 10-35 m in depth., Temporal accumulation records have been interpreted from both the firn
core dara listed in this report and additional oxygen-isotope measurements made on the cores in
Ausmralia. A major supporting data bank on snow surface characteristics, accurnulation rates and
topography obtained in 1985 along route E is reported in Goodwin (1988).



2. DRILLING METHODS

A total 250 m of fim cores were drilled and retrieved using the PICO (Polar Tee Coring Office)
lightweight hand operated coring auger described by Koci and Kuivinen (1984), ‘The
components of the auger are shown in Figure 2,

Shallow boreholes were drilled at S m, 10 m and 30-35 m depths along the traverse toute, The
drilling sites were located at each of the 15 Doppler satellite positioning survey stations spaced at
50 km intervals along the route. They are denoted by the prefix GD in Figure 1. The 10 m
boreholes were drilled to obtain fim core representing accumulation over the previous decade
(1975 85). These holes were extended to 30-35 m depth at 150 km intervals along the route
(GDO3, GDOG6, GDOY, GD12 and GT}5) to represent accumulation vver the past five decades
{1935-85). These deplhs were estimated from accumulation rates measured on marker canes at
the surface between 1982 and 19835, prior to the drilling operations. The 5 m depth holes were
adjacent (within 1 m) to the deeper 30-35 m depth poles to provide duplicate cores for additional
MeASUTeIents,

The 10 m holes were drilled without lifting rackle and the total drilling time including setting up
and logging the core totalled 1.5 hours. For holes drilled deeper than 10 ma "ripod’ system was
used ro lift the drill swing. The 'wipod' consisted of a bipod constructed from scalfold pipe
erected on the raised (1.5 m high) blade of a Caterpillar D5 tractar. ‘The bipod arrangemenl was
supporied by rope and chain to the rear of the cabin. The tripod was 6 m above the drilling
platform. This cnabled 5 m lengths of the drill string to be assembled or disassembled in the hole,
each time the string was raised or lowered. The lifting tackle comprised 15 mm thick manilla
rope, one double sheaf block and one single sheaf block. To break the core hefore raising the
drill string, two loops of rope were artached around the T handle, to take the full weight of the
drill and to apply a constant force, whilst two people lifted the T handle with a jerking motion.
This method of lifling and breaking proved to be simple and effective. The total drilling time for
0-25 m, 0-30 m and 0-35 m depths was 5.5 hours, 8.5 hours and 13 hours respectively. All
cores were logged on site. The drilling process is illustrated in Plates 1-9.

Excellent core retrieval and quality was achieved using 45 angled, drill head cutters and a 2 m
long core barrel. Generally, each retrieved core section was between 0.85 and 1.1 m long,



3. FIRN CORE MEASUREMENTS AND DATA

Following the completion of the drilling and core retrieval phase at each site, the cores were
mcasured and sampled in a field laborarory (Plate 9). The cores, except GD06 and GDOY which
weere archivid for detailed analysis in Australia, were measured for visible seratigraphy, grain size
and densily. The methods are outlined below.

3.1 VISIELE STRATIGRAPHY AND GRATN S17ZE MEASUREMENTS

Core sections were measurcd and logged for visible stratigraphy and grain size on a transmission
light hox in the outer cold toom of the laboratory, The temperature of the work area was
maintained by the outside ambient air temperature, which was generally -15 o -35°C. The
position of every optically different firn layer was measured by tape and the corresponding grain
size of each layer was measured using a hand held 7 x optical magnifier with a (1.1 mm resolving
graticule. Thus, the grain size measurements were made on bulk longitudinal sections. Tee
crusts, including transparent radiation crusts/glazes and opaque wind crusis/glazes wens described
and their thickness measured.

3.2 DENSITY MEASUREMENTS

Density measurements were made on every layer identified in the visible siratigraphy. Each fim
layer was cut from the remaining core section and its dinmeter and length measured wsing vernier
calipers and weighed on a 2.5 kg beam balance. The densitites were then calculated from the core
dimensions and core mass.

3.3 FIRN COREDATA

Firn core data comprising layer density, grain size and ice crust thickness are listed for the
borehole sites {except GDOG and GDOY) in Appendixes I to XIII. The corresponding density,
grain size and ice crust profiles for each borehole site are shown in Figures 3 wo 15, Density and
orain size dara are tabulated against the bottom depth of the corresponding layer thickness whilst
the ice crust data are plotted against actual depth of occurrence. ‘The site characteristics for each
borehole are listed in Table 1. “These include peographic position, surface elevarion, accumulation
rate and mean annual surface temperature. Detailed firn temperamire-depth profiles for each
borehole are reported in Goodwin (1585),

Both the firn layer density and grain size profiles display cyclicity, which results from the
development of depth hoar within the annual firn layer. The depth hoar cormesponds w the lower
density velues in the profile and develops beneath the strong ice crusts indentified by the visible
stratigraply, as a result of upward water vapour wansport under sowong temperature gradients.
The ice crusts represent the successive seasonal surface layers which were observed throughout
the ANARE waverses in the region. The thickest crusts in the range 0.7-4.0 mm represent the
autumn or early winter wind crust which forms under persistent strong winds (30-30 knots)
during a major hiatus in snow supply and consequently marks the end of the balance vear. It is
spatially continuous and well developed which resulis in its preservation in the firm-pack. The
thinner crusts in the range 0.3-0.5 mm represent the late spring and summer radiation crusts,
Both rypes of crusts are impermeahle.



the ice crust data are plotted against actual depth of occurrence. The site characteristics for each
borehole are listed in Table 1. These include geographic posidon, surface elevation, accumulation
rate and mean annual surface temperature. Detailed firn temperature-depth profiles for each
borehole are reported in Goodwin (1988).

Both the fim laver density and grain size profiles display cyclicity, which results from the
development of depth hoar within the annual firn Iayer, The depth hoar corresponds to the lower
density values in the profile and develops beneath the strong ice crusts indentified by the visible
statigraphy, as a result of upward water vapour ransport under strong remperature gradients.
The ice crusts represent the successive seasonal surface layers which were observed throughour
the ANARE waverses in the region, The thickest crusts in the range 0.7-4.0 mm represent the
autumn or early winter wind crust which forms under persistent strong winds (30-50 knots)
during a major hiarus in snow supply and consequently marks the end of the balance year. lIris
spatially continuous and well developed which results in its preservation in the firn-pack. The
thinner crusts in the range (1.3-0.5 mm represent the late spring and summer radiation crusts,
Raoth types of crusts arc impermeable.

SITE  LATITUDE LONGITUDE ELEVATION ACCUMULATTON MEAN ANNUAL

g E RATE TEMPERATURE

Y m kg /me/a %
GRO1l. 683595 11310 Al 1626 378 -27.6
GDOZ2 &8 48 10 114 24 51 1731 70 —28.4
GOO3 69 00 01 115 29 44 1837 168 =29.4
CDO4 69 00 29 116 44 &7 1829 320 -28.9
GDOS 69 01 14 117 59 42 1836 323 78.9
GDO6 69 00 18 119 17 03 1RR7 349+ -28.9
GDO7 69 00 48 120 33 11 1977 275 -28.86
GDD8 69 00 23 121 48 31 2046 270 -30.4
GDOa 69 00 24 124 D3 25 2138 195% -31.3
GDI0 69 00 01 124 20 49 2210 246 =529
GD11l &8 58 57 125 38 23 2206 289 -32.6
CcD1? 6B 59 14 176 56 16 2170 253 -32.6
G613 &R 59 38 128 13 39 2139 a1l ~32.3
GD14 69 01 02 129 30 35 2108 129 -32.6
GDIS 69 00 21 130 48 26 2139 360 =33.3

NOTE - * Denctes accumulalion rates calculated from cane
measurements 1982 - 85, and all arther rates were calculated
from stratigraphic measurements 1973 - 85.

Table 1. Site characteristics for eastern Wilkes Land firn boreholes.

ACKNOWLEDGMENTS

The shallow drilling program was execuled during the 1985 eastern Wilkes Land traverses which
totalled almost eight months fieldwork in the region. The success of the program is due 1o the
dedication, co-operation and good humour displayed by its six members. The logistical support
of the 1985 ANARE wintering expeditioners at Casey is gratefully acknowledged. Guidance and
assistance was offered by the author's colleagues ar the Glaciology Section of the Antarctic
Division, in particular Mr Neal Young.



-.-|—|—1_'.T”r!1|E'_|‘l"-'_l Tl S

I LAW DO
EASTERN TF

:;:,'35;:;“ li-n.:.ml_______
|
D || WILKESE |
ulﬂ'ﬂ‘. |

|I II ’J_UT |

2 ' 1884 '
F1|'| | i rJ'-—rr1‘r"i_|TT—”J-1‘-._-"'_rTITrT11B' :
= 1 —r‘lﬂ‘i-'u_ b 116
| ] _-|—-|—'|j T 114 s
—fl!I AL T-|i-|;—'|'|:‘| 112 Grig produ
5 _..I.-,—dl-r,"."l'ﬂ,l.”:*," i Lambart G
10- ! parts § W standard @
- ju WA LA L g-62 Canraurs |
-“-ligﬂ = Coasiling
BT

Figure 1. Eastern Wilkes Land showing ANARE traverse route E. The 15 shallow boreholes are
located at the positions marked GDO1-GD15.



R | .-|1_'|_|'T"|'r‘,—;-l-l|'—|--r . 12
LKES LAND R 'ﬁfﬁ i o
= ROUTE 1985 T

oute [

|
|
|
|
|
|
|
|
. e |
onNs  -obza Tt L
| T ~+——==,,‘4\ £
| Lo f

| yaom —p—__ 1988 | F
r | - 2509 _IH e o IIII y
T e |

1 from 121 mitign 25
projection will

i GetZD’,

r Allimarar.

gQARry



K A A. T-section

== —B B. Bolt with spring washer

—C C. T extension wilh female end

—) D. Drill extensions with male and
female ends. In 1m and 2m lengths

—E E. Extension adaptor with male
end and bolt -hole,

=ik F. Bolt with spring washer
— G G. Aluminium barrel adaplor.
H H. Pin.
i I. Core barrel in 1m and 2m lengths
= J. Drill head

K. Handle bars

Figure 2. Components of the PICO lightweight hand coring auger.
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Jrom left o vighe, top 1o bottom:

Platc |. Shallow borehole drilling using the PICO hand
coring auger. Mol the plywood goard Lo proteet the hole

opening,

Flate 2. Breaking the core section by applying a constant
foree to the T handle and lifting, to raise the PICO drill
sming up the hole.

Plate 3. Eaising the 5 m long drill string sections at a lme,
using an alumimum yoke under the male join. Two chain
wrenches, one on the female join and one below the join, are
used to separate the string sections.

Flate 4. Raising the drill barrel section. Note the aluminium
yoke on the male join,

Flate 5. Removing the core section from the drill barrel and
stoning n flexible plastic tubing, before core logging.

Plate 6. The PICO drill lifting tripod, which was constructed
from scaffold pipe sections and mounted on the maised blade
of the D3 tractor. Note the double sheaf block at the apex and
single sheaf block and karabina connected to the aluminium
yoke and drill section in the lower left hand corner,

20
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left:

Plate 7. Raising a 5 m PICO drill smring,
including the barrel and core section, from
the hole using the 6 m high tripod.

helow:

Plate 8. PICO dnlling. While the hole
depth is measured, two drillers connect
drill string while, two other drillers remove,
store and log the retrieved core section.




Plate 9. Core section (0.8 m long) on transmission light box, mounted in the ficld laboratory cold
room. Note the tenon saw and guides for cutting the fim layer section.



APPENDIX I
GD1 CORE - FIRN LAYER DENSITY, GRAIN STZF AND ICE CRUST THICKMESS DATA

DEPTH DENSITY GRAIN SI14E  ICE CRUST

3 3 THICENESS

m  kg/mmx 107 mm mm
.08 (r.331 0.2
Q.20 0.342 0.4
0.37 0.314 0.2 0.5
(1.38 0.4%8 0.3
0.51 0.470 0.2 0.5
0.52 0.6
0.59 0.561 0.5

0.74 0.503 (.4

0.80 0.505 0.5

[}.H06 0.528 0.4
0.93 0.52e (.4
0.85 0.5
0.99 (r.461 0.4

1.11  0.443 0.6

1.17 0.450 0.8 0.5
1.26 (0.491 0.4

1.27 0.472 &5

1.40 0.480 0.4

1.53% 0.4
1.58 0.458 0.5

1.68 0.4589 .5 0.2
1.75 (3. 450 1.4

1.79 0.433 0.5

1.87 0.471 0.4

1.99 1. 423
2.04  0.4B4 0.5
2.12  D.464 1.0 1.0
2.19 O.476 0.9

2.26 0,495 U.4
2.30  0D.478

2.31 0.a84 0.2
2.40  0.498 0.6

2.47 .474 1.0

2.49  0.260 1.8 0.4
2.69  0.457 0.6

2.7 0.393 1.5

2.86 (.481 0.8 0.4
1.00 0.470 0.5
3.02 (1.4R9 0.3
3.13 0.500 0.4
1.15 0.490 0.6

3.25 (. 464 0.9

3.35  0.490

3.39 (¥. 409 0.5

3.53 0.475 .4 0.5
3.55  0.490 1.1 0.4
.66 0.506 0.9 0.7
3.80 0.1
.82 0,310 0.6

4.08 0.4B1 1.0 0.7



APPENDIX 1
GDO1 CORE - FIRN LAYER DENSITY, GRAIN SIZE AND TCE CRUST THICKNESS DATA

DEPTH DENSITY GRATN SIZE  ICE CRUST

3 3 THICKNESS

m kp/m™x 107 mm mm
&,14 0.516 0.6& e
4.23 0.515 0.5 0.5
4,35 0.488 0.6

4,40  D.4R9 0.7 Q0.5
4.417 0.497 0.5
4,51  0.471 1.0
4,72 0. 530
4.77 {}.532 0.5
4,90  0.523 Q.7
4.973 n.526 a.& 0.3
£.95 0.523 0.8 0.6
5.03 0.544 0.5

5.0R .519 0.9
s X s 0,512 0.5

5.15 0,529

.19 (0.520 0.6 0.8
5.30 0.513 i1

b Y | 0.494 1.4

5.33  0.478

S5.40 0,486 1.1 0.5
3. 44 0.501 0.8

5.51 (h. 502 1.1

5.59 0.517 0.9 0.4
5.68 0.527 0.5
5.74 0.518

5.73 0.545 0.8

5.79 0.531 0.8

5.91 (.539 0.6 1.0
5.98 0,507 1.1 0.5
6.07 0.516 0.6

6-13 Q.57 1.3

6.22  0.547

6.31 0.534 0.6 0.5
6.43 0.7
G.47 (.539 0.5

6.51 0.5
f.55 0. 509 1.0

6.239 0,521 1.3

6.75 0.546

6,80 0.342

6.88 0.536 a.7

7.02 (1.535 0.9 Q.5
o 0.332 0.5 Z.2
7.16 0.529 0.6 0.5
1.20 (b 5004 1.2

.25 0.518 0.5

7.40 0.527 1.0

7.50 0.548 0.9 Q.5
7.63 1,340 0.6 1.1
T.69 0.541 1.0 1.1
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APPENDIX I
GDM1 CORE FIRN LAYER DENSITY, GHAIN SIZE AND TCE CRUST THICKNESS DATA

DEPTH DENSTTY GRAIN SIZE ICE CRUST

7 1 THICKNESS

m o kg/mTx 107 mm L]
7.93  0.540 0.6 0.3
7.94 0.519 1.0 0.5
B.04 0.552 0.6
.13 0.3563 .5
8.31 0.562 0.9

d. 348 1.54R8 1.3

8.34 0.558 0.9

B.62 0.568 0.5

H.68  0.574 0.6

B.76 0.555 1.0
B.32 0.558 0.9 .6
B.87 0.5
.92 {.558
8.97  0.533 0.9 (.4
9.02 0. 540 1.3

9.08 0.533 1.5 0.4
9.13 0.555 L.

9.17 0. 540 1.5 0.8
9.36 0,560

9.42  0.570 0.9

.47 }. 550 1.1 0.8
9.51 0.5
9.33 0.576 1.3 0.6
9.70 0.577 0.9 0.6
9.76 0.3
9.82 0.579% 0.6

9.84 0.5
9.85 0.562 0.9

9.94 0.55% 1.1
10,01 0.580 0.9
10,33 0.363 0.8
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APPENDIE IT

DENSITY, GRALN SIZE AND TCE CRUST THICKNESS DATA

G2 CORE - FIBN LAYER

1CE CRUST
THICENESS
mm

DENSITY CRATN S5IZE

DEFTH

kgfm3x 103 (K
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0.00
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— =

— o
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1.439
0. 486

0.10 0.412
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1.15 0.465

20 0,424

27 0.432

0.19
0.79
.84
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4.29 0.538
4.3 0.524
4,43 0.499
4.64 0.499

0.5
0.4
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1.514

5.00 0.51%9

5.08 0,530
0.517

5.25 0.314
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5.19
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APPENDIX II
GDOZ CORE - FIRN LAYER DENSLTY, GRAIN STZE AMD ICE CRUST THICKNESS DATA

DEPTH DFNSITY GRAIN SIZE LCE CRUST

q 1 THICENESS

m o kg/mx 107 mm mm
3.29 0.507 1.0 2.0
5.37 0.517 1.0
.46 0.473 0.9
5.57 0.517 0.6 3.0
5.65 0.484 1.1 0.5
5.81 0,532 0.6
5.83 0.51% 1.1

5.88 0,542 0.6 1.0
5.95 0.533 1.1

6.17 0.523 0.9

6.23 0.535 0.7
6.91 0.343 0.6
6.43 0.534 0.9 0.3
6.50 0.339 0.6
6.54 0,543 0.9 0.6
6.67 0.545 0.6
6.72 0.528 0.9
6.82 0.505 1.1

6.92 0.534 0.9

7.02 0.553 0.8

7.11  D.550 0.6

7.16 0.541 0.9 1.4
7.5 0.558 0.6

7.58 0.556 0.9 0.6
7.67 0.535 1.3
7.70 0.343 0.9

7.73 0.512 1.3
7.75 0.523 0.9
7.77 0.558 1.1

7.B5 [.S4B 0.9 0.5
B.00 D0.541 0.9
8.06 0.548 0.9 0.6
8.18 0.538 T+1 0.4
8.25 0.556 0.9 0.7
B.45 0.542 0.9
8.50 0.545 13 0.5
8.68 0.5
B.71 0.554 0.9
B.95 0.%%6 0.9 0.5
9,03 0.541 0.9
9.06 0.506 1.1 0.4
9.10 0.553 1.1 0.4
8.33 0.587 0.9
9.136 0.5
9.37 35
9.40 0.4
.44 0.562 0.9
046 0.8
9.4% 0.610 0.9
9.51 0.586 1.0

21



APPENDIX TT
SD07 CORE - PIRN LAYER DENSLTY, GRAIN STZE AND ICE CRUST THICEMESS DATA

DFEPTH DENWSITY GRATN SIZE ICE CRUST
3 3 TRTCENESS
m  kg/mTx 107 mm mm

u.53 0,568 0.
9,54 0.546 1.
.63 0.574 0.
9.70 0.537 1.
0.
1

0.5

9,84 0.559
9.90 0.567
10.04

10.07

10.09 0.571 0.9

= o
Ln ~J
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APPENDLX I1II
GO0 CORE - FIEN LAYER DENSITY, GRAIN SIZE AND ICE CRUST THICKNESS DATA

DEPTH DENSITY GRATN SIZE ICE CRUST
3 THICKNESS
kg/m™=x10 mm mm
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1.94 0.445

1.99 0.5
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233

2.40 0.433 1.5
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APPENDIX ITT

GRATN SIZE AND ICE CRUST THRTCKNESS DATA

D03 CORFE - FIRN LAYER DENSITY,

ICE CRUST
TNICKRESS
il
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APFENDIY II11
GDO1 CORE - FIRN LAYER DEMSITY, GRATN SIZE AND ICE CHUST THICENESS DATA

DEPTH DENSITY GEAIN S1ZE ICE CRIST
3 .3 THICKNESS
m kg/mxll mm mm

9.80 0.578
9.90

9.95  0.582

10.07 1.5
10,10 0,592 0.7
1M0.16 M
10.18 0
10.20 0.
0

=
O ks

10.25 0.558
10.35

10.40 0.552
10. 48

10.60 0,556
10.74 0.556
10.86

10.92 0.560
11.02 0.548
11.11 0.561 1.1
11.18

11.22

11.37 0.572
11.55 0.584
11.70  0.560
11.82

11.85 0.57%
11.86

11.935 .8
12,00 0.560

12,15 0.574

12,30 0.568

12.40

12.45 0.575

12.51

11.52

12.60 0.572 0.8
12.75 0.557 1.0
12,848

12.90 0.577 0.8
12.85

12.94 1.
13.05 0.574
13.20 0.559 1.
13.35 O.elo 1
13.37 0.
13. 44 1
13.50 0.572 1.3

13.65 0.569 .6
13.00 0.588 1.0

13.90 0.5
13.95 0,593
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APPENDIY II1
GDUS CORE - FTRNM LAYER DENSITY, GRAIN S1ZE AND ICE CRUST THICKNESS DATA

DEPFTH DENSTTY GRALN SIZE  TCE CRUST

3 3 THICENESS

m kg/mxl0° mm mm
13.498 1.0
14.06 1.2
14.10 (.588 0.8 0.5
14.25 0.570 1.5
14.37 0.5
14.40 0.578
14.45 1.2
14.55 0.583 1.1
14,70 0.597
14.74 2.0
14.77 0.5
14.81 0.4
14.R5 0.578 0.9
15.00 Q.577 1.1
15.15 0.5%0 1.0
15.28 2.0
15:29 0.5
15.30 0.5892 0.9
15.38 0.5
15.42 0.5
15,44 0.5
15.45 0.585 0.5
15.60 0.601 1.0
15.61 2.6
i T 0.5
15,75 D.571%9 1.2
15.81 0.5
15.90 0.596
15.92 0.6
16.05% 0.602
16. 10 .6
16.16 0.5
16.20 0.805
16,232 0.5
16.%4 0.7
16.35 0.601 0.9
16.40 0.5
16.42 0.4
16.50 0.584 1.2
16.61 1.7
16.65% 0.591
16. 17 1.5
16.79 0.5
16.80 0,600
16.92 .6
16.95 0.5396 1.0
17.10  (1.594 T=4
17.25 0.564 0.7
17.29 1.2
17.130 0.4
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APPENDIX IIT
GDU3 CORE - FIRN LAYER NENSTTY, CRAIN SIZE AND ICE CRUST THICKNESS DATA

DEFTH DENSITY GRATN ST7F TCE CRUST
1 1 THICENESS
m kg/m =10 ma mm

17.36 0.Aa
17.40 0.588 13

1/.43 0.6
17.535 0.601

17.70  0.604 0.9

17.12 0.6
l7.85 0.591

18.00 0.603

1H. (4 1.2

18.10 0.6
18.15 0.809 0.9
18.18

18.28

18.30 0.800

18.31

18.4% 0.604 1.3
18.50

18.60  O.608
18.75 0.603
18.90 0.6l1
1H.93

19.05 0.615
19.06

19.08

19,20 0.616
19.726

19.35 0.608
19.50 0.609
19.53

19.56

18.65 0.611
19.71

19,80 0.810
19.84

19.94

19.9%2  0.617
20,10 0.598 1.1
20.17

20.25 0.613 1.0
20.27

20,29

20.3¢6

20,40 0.618

20.45 0.5
20.55 0.607
20.6/7 ]
20.69 0.
20,70 0.615
2085 0.617
21.00 0.614 1.
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APPENDIX IIT
QD03 CORF - FIRN LAYER DENSITY, GRATN STZE AND ICE CRUST THICKNESS DATA

DEFTH TNFRNSITY GRAIN S512E  ICE CRUST

9 3 THICENESS
m hkgsmoall mm mm

21.05 (1.8
21.13 2.0
21.15% 0.614

21.17 0.6
21.24 0.4
21.30 N.618

21237 (F. 4
21.38 0.9 2.0
21.45 0N.622

21.53 0.9
21.60 0.621

21.75 0.624 1,1

21.79 5
21.87 0.6
21.90 0.61H

22.02 (h.8
22.04 0.7
22.05 0.61H 1.0

22.09 0.5
22.20 0.630 0.8

22.30 0.5
22,35 0.613 1.3

22.37 0.7
22,473 1.5
22.50 0.628 0.6
2057 0.8
22.65 0.632 0.9

22.70 0.7
22.80 0.613 1.9

22.94 1.0
22,95 0.628

23.01 0.5
23.04 0.7
23,10 0.625 0.9

23.17 0.5
214.25 0.626 1.3

23.40 0.636

23,55 0.629 0.6
23,56 1:5
23.59 0.4
21,70 0.£19

13,81 1.2

23.85 0.623 0.8
23.87 0.8
24.00 0,613 1.3

24.02 0.5
24.75. 0.632 1:%

24,21 3.0
24,30 0.626

24.4% 0.631 1.0



APFENDIX IIT
GDO3 CORE - FIRN LAYER DENSITY, GRATN SIZE AND ICE CRUST THICKNESS DATA

NEFTH DENSITY GRALN 51ZE ICE CRUST
3.3 THICENESS
m  kg/mx10 mm mm

24,36 2.7
24,60 0.645 0.3

24.75 0.620

24.90 0,631 1.0

25.04 1.7
25.05 0.640

25.11 0.7
25.13 0.7
25.14 1.5
23.20 0.633

25.35 0.638 0.
25.38 1
25.50  0.640 0.
25.61 0.9
25.85 0.8652 1.1

25.68 0.9
25.80 0.638 .8

25.87 U.d
25.95 0.640

26.00 n.Aa
26.10 0.633 1.1
2h.22 1]
26.25 0,648

26.29 0.
6. 30 0
26.32 0.
26.40 0,641

26.55 0.6473

26,83 3.4
26,70 0.646 0.9

26.85 0.642

26.96 1.1
27.00 0.644

27.15 0.642 1.0
27.28 1.7
27.29 0.6
27.30 0.632

2743 0
27.45 {1.650 1.1

27.60 0.631

27.75 0.651

27.85 0
27.87 0
27.09 1]
27.90 0.653 0.9

27.91 0
20.05  (.646 1.3

28.12 2.5
28.20 0.656

2H.29 0.7



APPENDTY TII
G003 CORE - FIRN LAYER DEMSLTY, GRAIN STZE AND ICE CRUST THICENESS DaTa

DEFTH DENSITY GRAIN SLZE ICE CRUST
1 1 TATCENESS
m  kg/mx1l0 mm mm

28.31 13
28.34 0.5
2R.45 0.657

28.50 0.650

28.53 0.6
28.59 1.0

28.65 0.652

2B.65 0.8
ZH.B0 0,667
28.93 0.645
28.97 0.7
249.10 0.656
20,22 1

25.23 0.
29.25 0,660 0.9

29.40 0.650

29.50 0.6
2%.55 0.655 1.3
29.70 0.664

23.71

19.83

29.85 0.669

.00 0,661 0.9
30.03

30.06

.15 0.657 1.1
30.21 1

30.28 2.
30.30 0,880 1.0

30.45 0.475

n.el  0.664 1.1

30.72 0.6
30,74 0.5
30.75 0,666

30,90 0.669

30.95 e |
0.96  0.665 0.9
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APPENDLX IV
GD04& CORE - FTIRN LAYER DENSITY, GRAIN SIZE AND ICE CRUST THICENESS DATA

DEFTH DENSITY CRAIN STIZE TCE CRUST
3 3 THICENESS
m  kg/mTx 107 mm mm

0.00 1.0
0.16 0.447

0.56 0.470 .5
0.60 0.372

.85 0.478

0.98 0.258

1.02 0.420

1.18 (.461 0.3

£ B

1.34 0.452 0.5
1.43  0.456
1.47 0.377

Lo 3 e B e o =
¥ R . .
B3 L %3 LN

1.67 [.454

1.71 0,331

1.74 0.398 0.6
1.86 0.412

1.90 0.2
1.4 0.475

2.03 0.4/5 1.0
2.11 0.485

2.22 0.423 0.7 0.4
2.27 D.427

2.49 0,431

2.58 0.401 0.9

2.80 0.446

2.96
3.13
.16
3.33
3.35
3.42
3,47
3.51
3.69
3,71
3.86
3.92
4,13
4.16
4.21
4,39
4,42
4,48
4.69
4.75
4,76 0,300
4.90 0.501
£.92

5.20
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APFENDIX IV
D04 CORE - FIRN LAYER DENSITY, GRATM STEE AND ICE CRUST THICKMESS DATA

DEPTH DENSITY GRAIN S5TZE TCE CRUST

3 3 THICENESS
m  kp/mTx 107 mm it
5.22 0.508 0.9 a.7
5.24 0.433
5.23 0.503 0.2
5.34 0.468 1.6
h.400 0.518
5.50 0.497 1.2
5.60 1.0
k.65 0.6
5.70 0.6
5.72 0,509 0.9
.00 0,477
6.12 0.545 0.8
6.0 0.543 0.2
6.33 0.2
6.34 0.502 0.8 0.2
6.42 0,478 0.8
6.7/9 (.51 0.7
f.86 0.5
7.02 0.4
7.20 0.4
7.34 0.524 1.0
7.56 0.537 0.5
7.80 0.513
7.93 1.2
8.15 0.5
B.26 0.537
g.39 0.5
B.43 0,549
H.Be (.581 0.4
9,21 0.8
9.27 D0.558 0.7 0.3
9.39 0.543 1.1
9,43 0.553
9.53 0.350
.67 2.2
9.70 0.5
9.76 0.569 0.9
4.82 0,523 1.3 0.6
10.01 1.0
10.10 0.6
10.17 0.7
10.33 0.565 0.7
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ATPENDLE V
GDOS CORE - FTRN LAYER DENSITY, GRAIN STZE AND ICE CRUST THICKNESS DATA

DEPTH DENSTTY GRAIN SIZE ICE CRUST
3 3 THICENESS
m kg/mx 100 mm mn

0.19 0.411
0.29 0.491
0.50 0.495
n.70 0,472
Q.77 0.420
0.84 0.3R4
0.91 0.387
1.12 0.425
1.15 0.405
1.20 0.413
1.37 0.459
1.52 0.475
1.67 0.481
1.74 0,464
1.79 0.453
1.85 0.448
1.92 0.445
2.05 0.388
2,10 Q.444
2.26 0,493
2.30  0.407
2.35 0,422
2.43 0,397
2,52 0.427
2.56 0,422
2.60 0.454
2.64 0.423
2.78 0.493
2.86 0.428
2.97 0.448
3,07 0.450
3,16 0466
3.26 0,464
3.37  0.467
1.49 0.453
.53 0Q.467
3,64 0.302
1.68 0.466
3.73 0.444
3.85 0.4B4
4.01  0.497
4,200 0,505
4.0 0.514
G4.41 0,318
4,47 0,528
&.50 0.5
4.54 (0,489
4,65 0,484
4,70 0.481
4,75 0.436
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APFENDIX V
GDO5 CORE - FIEN LAYER DENSITY, GRAIN SL1ZE AND ICE CRUST THICKNESS DATA

OEPTH DENSITY CRAIN SIZE ICE CRUST

q 3 THTCKNESS

m kg/mx 107 mm mm
4,79 0.483 0.8

4.82 0.483 0.8 2.0
5.00 0.510 1.0

5.08 0.493 1.3 0.6
5.29 0,486 P 0.7
5.40 0.530 0.8

5.43 0.5313 1.0

5.66 0.520 0.8 0.9
5.83 0.520 0.8

.86 0.467 1.6 0.0
3.96 0.315 0.8 3.2
5.99 0.509 0.8

6.03 0.456 1.3

6.10 0.501 e.7

6.16 0.495 1.2

6.28 0.535 0.8

6.43 0.333 0.6

6.57 0.528 0.9 0.8
.73 0.520 0.0 0.7
6.78 0,535 0.7 0.H
6.86 0.5
6.39 0.527 0.7

6.93 2.0
6.96 0.500 1.3 1.0
7.14 0,523 L.

7.30 0.518 0.9

J.34 0 D537 0.8

7.39 0.507 0.8 0.7
7.43 0.7
.45 0.503 0.9
7.69 D.545 0.8
7.B1 0,537 0.8 1.5
7.93 [.541 0.7
g8.02 0.538 0.8 0.7
8.2% 0.356 0.9
8.44 0.558 0.2
8.33 0.528 Pt | 0.9
B.04 0,547 0.9 0.7
B.79 0.547 1.1
8.8B7 0.535 0.9
B8.95 0.546 1.0 0.7
8.98 0.541 0.8

9.07 0.563 0.7

F.47 0.565 0.B 1.0
9.51 0.544 1.1 0.6
9.68 0.549 0.9 0.5
9.74 0.542 1.1 0.5
9.78  0.544 0.7 0.7
9.%93 0.348 0.9

9.99% 0,548 0.7 0.6



APPEND1X ¥
GDO5 CORE - FIRN LAYER DFNSITY, CRAIN SIZE AND ICE CRUST THICENESS DATA

DEPTH DENSITY GRAIN SIZE TCR CRUST
3 3 THICENESS
m kp/mTx 10%  mm i

10.14 0Q.578
10.22 0.519
10.27 0.540
10.38 0.544
10.58 0.5582
10.63 0.549
10.67 0.574
10.80 0.567
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APPENDIX VI
GDU7 CORE - FTRM LAYER DENSITY, GRAIN SIZE AND TCE CRUST THICKNESS DATA

DEPTH DENSITY GRAIN SIZE ICE CRUST
3 3 THICKNESS
m  kp/mx 107 mm mm

0.10 1.0
0.15 (.398
0.1% 0.446
0.32 0.403
0.38 0.430
.43 0.370
0.55 0.376
0.63 0.302
0.73 0.402
0.B0 0.457
0.96 0,435
1.16 0.4406
1.29 0.424
1.43 0.392
1.52 0.470
1.53 0.410
1.59 0.429
1.64 0.462
1.74 D.401
1.84 0.473
1.96 0,447
2.00 (1.445
4 D.474
9 0.419
7 0.462
5 0.450
g

&
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0.378
0,419
0.452
2.59 0.450
2.66 0,473
2.72 0D.494
2,74 0.442
2.80 0,484
2,86 0,455

(R e L e B o R R e R i

P o B o R

. .
= TN ENRT. RN N E Rl Bt Bl o

2.95 0.466
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3.26 0.478
1,43 0,460
.60 0,499
3,72 0.503
3.7 D.469
1.81 0,495
3.B8 0.463
3.9 0.4/H
4,05 0.517
4.12 0.5318
4.16 0.440
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APPENDIX VI
GDO7 CORE - PIRM LAYER DENSITY, GRATN

DEFTH DENSITY GRAIN SIZE ICE CRUST

m

4.33
4.54
4.59
.71
4.86

4.95.

5.05
211
5.14
hiLd
5.31
5.51
5.73
B.04
6.07
6.16
6.31
6.41
6.50
6.61
6. 66
6.68
6.93
6.99
7.21
7.30
I.44
7.48
7.51
7.59
7.71
T.74
7.78
7.81
8.04
g.17
8.1%9
g.21
8.26
g.32
8.34
8.50
B.63
B.65
B.76
8.8%
£.98
9.71
9.24
9,29

kg/mx 10

0.50]
0.51%
0,493
0.516
0.521
0. 507
0.507
0.478
0.476
0.516
0.529
0.525
0.495
(1.533
0.511

0.532
0.333
0.524

0.535
0.499
0.333
0.500
0.53%
0.338
0.525
0.518
0.308
0.530
0.537
0.523
0.548
0.533
0. 548

0.547
0. 580
0.530

0. 544
0.553
0.554
0.531
0. 34&
0.552
354
0.557
0.565
0.553

3

mm
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APPENDIX VI
GDOT7 CORE FIRN LAYER DENSITY, GRAIN SIZFE AND ICE CRUST THICKNESS DATA

DEFTH DENSITY GHAIN SIZE ICE CHUST

1 3 TNTCENESS
m hkgfw x 107 mm mm
9.31 0.514 1.3 0.5
9.49 0,547 1.3 0.5
9.53 0.539 1.3 0.4
9.58 0.557 1.2 1.7
9.69 0.551 1.0 (.5
9.75 0.542 1.2
9.78 0.550 11
9.681 0.5
9.H6 0.540 1.3
9.9 0.363 0.9 1.5
10.12  0Q.557 1.1 0.5
10.23 0.570 0.7
10.28 0.545 1.2



APPENDIX VIT
CDOR CORE - FIRN LAYER DENSITY, GRAIN SIZE AND TCE CRUST THICENESS DATA

DEPTH DENSITY GRATN SIZE ICE CRUST
3 3 THICENESS
m kgdmTx 107 mm man

(.00 i}
0.01 0.
0.06 0.428
N.14 0,443
0.1 0.382
0.32 0.419
0.51 0.385
0.7% 0.31
0.88 0.513
0.93  0.464
0.94 0.341
D.98 0.417
1.02 0.534
1.17 0.a31
1.31 0.450
1.41 0.405
1.42 0.515
1.48 0.494
1.54 0,437
1.60 0.380
1.72 0.476
1.96 0.4B85
2,01 D.424
2.10 0.411
2.12 0.505
2.16 0.480
2.25 0.462
2.36  0.461
2.47 D.&59
2.48

2.4% 0.409
2.56

2.57 0.481
2.61 0.441
2.76 0.489
2.92 0.478
3+m

1.13 0.470
3.15 0.384
.15 0.453
.46

3,50 0.475
.60 0,477
.63

3.65 0.419
1.77 0.452
3.82 0.495
3.84

1.89

1.97

3
8

coooo

(I

0.3
3.0

0.2

B e =

—

ooCoOoHROoREEORODOC a0
et e R o T . . .
R A A - B I e e I
oS = o
-
~d L L

=
=
= ® 8

o
oooo
By La L B2

=
un

*

ocoo o o9
ol i -
e WL - £~ B o B
=] bl
i Freths
[ e

= O -
- £ = u
= o

Lad =l

= ]
WO D
= Qo o =
Bmoln = =] L



APPENDIX VIT
CDO8 CUBE - FIRN LAYRR DENSITY, GRAIN SIZE AND TCE CRUST THICKNESS DATA

DEFTH DENSITY GRATN SIZE ICE CRUST
3 3 THTCENESS
m  kg/mTx 10

i mm
4.02 0.493 0.6
4.11  1.4R1 1.1
4,12 0,523 0.9 0.5
4.11 1.0
4.15 11.318 0.9
4.17 1.0

4.24  0.483
4.31 0.515
4,40 0,495
£.48 0.515
4.58 0.533
4.83 0.528
0.487
(. 502
0.3214
0.514

0.5
1.0

L= e TR W) Y= R

4

S ot
P

0.499
0.467
0.521

"

b e B L o U LR B e
ﬂﬁmwﬂubkﬁﬁbﬂcﬁg

0.3
0.5

0.518

+

LE LA LA LR wn LeLnoWn Lailnoun

5.80 0.518
5.82 0,566
5.90 0.529
6.05 0.515
6.20 0.515
6.25 0.525
6.34
6.39
6.40 0.529
G6.50 0.529
6.53  0.560
6.62 0.540
6.65 D.551
6.75 0.539
&€.80 0.517
6.84
6.91 0.5413
6,94
7.04 0.541
7.06 0.523
7.10
7.1A
7400 .544 0
7.50 0.529 1
7.66 0.514 1
0
1
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APPENDIY VII
GDOA CORE - FTRM LAYER DENSITY, CRAIN SIZE AND ICE CRUST THICKNESS DATA

DEFTH DENSITY GRAIN SIZE ICE CRUST
9 1 THICKENESS
m o kg/mTx 107 mm mm

7.89  0.540 (r. & b
B.01 Q
B.03 0.549 0.9 0.
g8.09 0.551 0.6

B.35 0
B.41 0.545
B.50 0.548
E.62 0.304
B.64 0.544
B.6F 0.538
.80 0.3486
8.81 0.558
8.91

9.0%

9.12

2.13 0.554
9.16 0.538
9.34 0.353
.40 0.545
9.44 0,537
9.51 0.564
9.54 0.557
2.6l

2.63 0.551
9.74

.77 0.361
?.74 0.552
.77 0.571
9.81 0.376
2.88 0.553
9.90 0.5358
.92 0.581
?.94  0.551
9.97 0.380
10,11 0.520
10,22 0.544
10.33 0.576
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APPENDIX VIIL
GD10 COHE - FIRN LAYER DENSTTY, GRAIN SIZE AND ICE CRUST THICKNESS DATA

DEPTH DENSITY GRAIN SIZE TCE CRUST
3 3 THICKNESS
m  kg/mx 107 mm mm

Q.00 0.5
Q.02 0.363
0.08 0.374
0.13 0.332
0.14  0.437
016 . 506
0,24 L3381
0,37 LA50
0.45 338
0.47 L4004
0.53 347
.69

0.70 L4768
0.81 416
0,94 0,449
1.02 0.521
1.03 0.4
1.04 0.488
1.11 0.431
1.21  (.464
1.34 0.373
1.44 0.452
1.54 0.408
1.70 0,411
1.79 0.434
1.92 0.444
1.97 0.429
2.07 0.462
2.13 0.457
2.18 0.481
2.22 0D.400
2.29 0D.476
2.40 0.503
2.43 0D.443
2.47 0,486
2,50 0.488
2,61 0.441
2.82 0.497
2.84 0.498
2.91 0.520
2.92 0.512
2.98 0.497
3,02 0D.479
1.06 0,480
3.12 0.450
3.16 0.4RB7
1.18  0.527
3.20 0.519
3.27 0.493
3.41

.
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APPEHDIX VIII
G010 COHE - FIRN LAYER DENSLITY, GRAIN STZE AND ICE CRUST THICEMESS DATA

DEPTH DENSITY GRAIN STZE LCE CRUST
3 3 THICKENESS
m  kg/mx 107 mm mm

3.42 0,550
3.45 0.380
3,57 0.548
.66 0,301
3.83 0.45%0
3.87 0.526
3.93 0.510
4.05 0,314
4,14 0.514
4,22 0.503
4.27 0.4B1
4.36 0.507
4.463 0.503
4.51  0.4384
4.58 0.305
4.65 0.506
4,60  (1.484
4.71 0,464
4,76 0.528
4£.82 0.4B8
£.91 0.476
4.98 0.501
5.04 0.5048
5.2 0.6
5.13 0.501
5,23 0.532
5.29 0.529
5.32 0.494
5,37 0.486
S5.400 0.521
5.49 0,507
5.52 0,536
5.55 0.505
5.62 0.5320
5.68 0.482
5.7 0.496
5.78 0.471
5.85 0.523
5.90 0.526
6.05 0.520
6.12 @.531
6.19%9 0.547
6.21 0.326
6.25 0,546
6.31 0.528
6.42 0.334
52 0.528
60 0.532
64 0.490
70 0,345
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APPENDIX VII1
GPI0 CORE - FIRN LAYER DENSITY, GRATN STZE AND ICE CHUST THICENESS DATA

DEPTH DENSITY GHAIN SIZE TCE CRUST
3 g THICENESS
m  kg/mT® 107 mm mm

0.533
0.522
{}. 518
0.555
0.545
1. 540
0.526
0.509
0.520
(h.552

= = a % & s
# 8 o+ =
Lm L

o oo
=

A

SO ODO0 00D e
ShAD L WD O LN L D B

o
S GO PN L L LS Bl D O W D 00l ] vl
=D s L Al O LA D e D L 35 b L LD L e

0. 541
{(r. 3110}
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a.28 0.565
8.40 0.550
8.41 0,579
B.46  0.534
£.58 0.542
8.78 0.567
8.79 0.548
4.81 0.557
8.86 0.529
8.90 0,569
8.97 0.563
9.02 0D.560
9.05 0.480
.10 .6
7,11 A).543
§.1%9 0.526
9.27 0.542
9.32 0.542
9.37 0.353
.40 D.EAD
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APPENDTY VIII
CN10 CORE - FIRN LAYER DENSITY, GRAINM STZR AND 1CE CRUST THICENESS DATA

DEPTH DENSITY GRAIN STZE ICE CRUST

3 3 THICENESS
m  kg/mmx 107 mm mm
9.96 0.4
9.97 0.358 0.9 0.7
10.21 0.557 0.6
10.38 (1.543 0.9 0.3
10.39 0.571 0.9 0.5
10,57 0.549 1.4
10.63 0.592 0.6
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APPENDIX TX
GD11 COHE - FIRN LAYER DENSITY, GRAIN SIZE AND ICE CRUST TATCKNESS DATA

DEFTH DENSITY GRATN SIZE ICE CRUST
1 3 THICKNESS
m kg/mx 10 mm
0.19 0.335
0.28 0,408
0.33 0.3313
.47 0.380
0.53 0.439
0,61 0.408
.66 0.409
0.75 0D.aMm
0.83 0.378
0.95 0.424
1.03 0. 444
1.07 0.399
1.27 0.453
1.37 0.396
1.41 0.430
1.52 0.398
1.57 0.369
1.65 0.409
1.74 0.434
1.90 0.428
2.10 0.454
2.29 0.425
2.43 0.427
2.54 0.437
2.65 0.420
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0.7
2.71 0.453
2.83 0.462
2.89 0.477
2.98 0.453
3.26  0.480
3.34  0.502
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.48 0.500
3.60 0.502
1.70  0.487
3.79 0.466
3.82 0,457
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4.02 0.483
4.11 0.489
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4.24 0.530
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APPENDLX IX
GD1l CORE - FIRN LAYER DENSTTY, GRALN SIZE AND ICE CRUST THICKNESS DATA

DEPTH DENSITY GRAIN ST7E ICE CRUST
3 3 THICKNESS
m  kg/mx 107 mm mm

%.01 0512
.15 QL.511
5.22 0.51%9
5,24 0.494%
5.42 0,493
5.60 0.548
5.76 0.5214
5.93% 0.503
6,04 0.498
6.15% 0.503
6.19 0,506
6.34 0.522
6.38 0.531
G.43  0.500
6.67 0.514
6.81 .503
f.93 a2l
6.08 L&496
7.02 « 503
715 B s
7.23 .538
7.43 539
7.45 545
7.54 517
7.65 0.533
7.6 0(.51B
7.16 0,535
7.81 0.535
7.92 0.539
B.00 0,542
8.03 0.528
B.33 0.545
B.41 0.527
B.45 0.554
8.62 0.527
H.68 0.357
g.75 0.545
B.79 0.563
B.B3 0.561
8.88 0.549
2.91 0.316
A.95 0.541
9.07 0.523
9.723 0.554
9.30 0.534
9.35 0.554
9.41 0.531
9.49 0.526
.55 0.535
9.76 0.548
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APPENDTY TX
GD11 CORE - FIRN LAYRR TENSITY, CEAIN S1ZE AND ICE CRUST THICENESS DATA

DEFIH DENSITY GRATN SIZE ICE CRUST

1 3 THICKNESS
m kg/mx 107 mm mm
10.02  (0.532 1.1 0.6
10.13 0.550 0.0 0.4
10,24 0,559 0.8 0.3
10,32 0.548 1.0



APPENDIX X
D17 CORE - FLAN LAYER DENATTY, GHALN SIZE AND ICE CRUST THICENESS DATA

DEPTH DENSLTY GRAIN ST7FE  ICE CHUST
3 3 THICENESS
m  kg/mx 107 mm mm

0.00 0.5
0.04 0.420
0.17 0.386
0.24 0.409
0.36 0.397
0,42 0.420
N.48  0.479
0.60 0.455
0.69 0.439
0.86 0.435
1.2 0.468
1.08 0.451
1.1 [.427
1.26

1.32 0.428
1.4

1.37

1.39

1.44 (446
1.94 0,446
1.61 0.391
1.61 0.427
1.73 0,402
1.75 0.411
1.80 0.434
1.92 0,438
2.06

2.07 0.447
2.12 0.417
2.1 0,446
2.2 0.471
0.459
0.417
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0.459
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APPENDLY X
GN12 CORE — FLRN LAYER DENSTTY, GRAIN SIZE AND ICE CRUST THICKNESS DATA

NEPTH DENSITY GRAIN SIZE TOFE CRUST
3 5 THICENESS
m  kg/mTx 107 mm mm

3.96 0.469 0

4.08 [0.474 #]

4.20

.72 0,447 0.
0
0
{

o

4,26 1l.464
4.30 0.510
4,38 0.491
.44 0,490 1.
£.56  (.46D 1.
4.62 0,487 1
.67

4,69 0.479
4.B0 0,478
4.92  0.4B9
.00 0.511
5.04 0,486
5,14 0.534
5.18 0.9
3.20 0.528
5.32 0.495
5.43 0.466
3.56 0.505
5.64 0.518
5.74 0.569
3.90 0.485
6.00 0,517
6.12 0.49R8
6.22 0.516
6.31 0.5321
6.37 0.5%49
6.463 0.534
6.48 0.513
6.34 (b.508
6.60 0,498
6.72 0.534
6.79 0.544
6.81 0.321
6.B% 0.529
6.92 0.515
6.95 0.536
696 (0.511
7.03 0.526
7.20 0.526
7.27 0.510
7.34 (.52
T.46 0,539
1.5 .540
7.68  U.496
7.82 0.529
F.94 0 0.537
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APFENDIX X
col7? COBE - FIRN LAYER DENSLTY, CRATN SIZE AND ICE CRUST THICKNESS DATA

DREPTH DENSITY GRAIN SIZE ICE CRUST
3 3 THTCENESS
m kgimTx 107 mm mm

8.02 0,543 0.4
g.06 0.537
B.16 0.548
A.30 0,549

8.40
B.47 0.543

H.44
B.54 0.547
A.66 0.551
B.78 0.547
.90 0.547
B.9R 0,580
9.02 0,542
9.05 0.561
9.09 0.510
9.14 0.525
9,26 0.539
9,30 0.538
9.%4 0,541
3.38 0.544
9.50 0.543
9.682 0.545
9,66 0.4
9.6%9 0.542
9.74 0.514
9.82 0.538
9.87 0.527
.98 0.537
10.01 0.558
10.04 0.549
10.06 0.53%
10,10 0.529
10.20  0.559
10.23 0.537
10.26 0.545
10.34 0.516
10.42 0.527
1M.46 0,541
10.50 0.535
10.52 0.549
10.58 0.542
10.67 0.539
10,70 0.544
m.76 0.539
10.82 0.548
10.94 0.557
11.00 0.554
11.06 0.548
11.10 0.529
11.18 0.556

oDoo s

o o Ln &0 O
S
Tl N =

P

2.1

CoOoOoORroSRrROoOPLOoOI o0 =
] e IO D 0D D WD 0D 0D 00 0O 00 O

H
Lo

[ ==
(=N ]

. o8 o1k
CD = i B2 O 00 L
= o
. s
Lr A

O
[ e
P
Lo Ln

b T T e e e D e
e vl W

el OO T OO 00 DRI = =l DD LA LA LS L B

b [ 8 e I

0.6

b

57



APFENDIX X
GD1Z CORFE - FIEN LAYER DENSITY, GRATN STZE AND ICE CHUST THICENESS DATA

DEPTII TNENSITY GRAIN S1ZE ICE CRUST
3 5 THLCKNESS
m  kg/mmx 107 mm i

11.32 (1.555
11.34

11.42 0.573
11.44

11.50 0.546
11.53 0.530
11.63 0.527
11.66 D0.565
11.71 0.548
11.78 0D.556
11.89 1.5
11.%0 0,565
11.94 0.550
12.02 0.534
12.08 0.5
12.14 0.551
12.26 0.572
12.37 1.7
12,38 0.57G
12.50 0.566
12.62 0.553
12.74 0,564
12.86 {.55R
12.95 0,557
12.97 0.8
12.98 0.584
13.01

13.10 0.571
13.22 0.571
13.34 0.558
13.46 .583
13.58 0.5711
13.70 2.1
13.72 0.576
13.82 0.550
13.94 0Q.569
14.06 0.578
35,11 0.
14.15 1
14.18 00.576G
14,30 0.581
14.42 0.588
14.57 0.586
14,66 O.589
14.78 0.573
14.0H

14,90 0.596
14.93 0.590
15.02  0.607
15.05 0.4
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APPENDTY X
CO17 CORE - FIRW TAYER DENSITY, GRATN SLZE AND ICE CRUST THICENESS DATA

DEPTH DENWSITY GRAIN SLZE ICE CRIUST
3 1 THICKMESS
m kg/mTx 107 mm P

15.14 0.585 0.9

15.17

15.26 0.587 D=7

15.28

15.30

15.98 0.576 1.0

15.438

15.50 0.570 1.

15.62 0.587 0.

15.74 0(.589 0

15.77

15.06 0.582 1

15.98 0.582 1

16.10 0.585 X

16.22 0.590 1.
1
1
1

= ) o
O o Ln

o
L

oD
= ==l

16.34 0.5
16.46 0.587
16.58 0.5B&
16.63 .6
16.70 0.598 0.8
16.082 0.595 0.9
16,835 0.7
16.94 0.578 1.3

17 .04 0.7
17.06 0.591 1.0
17.18 ©.598 1.0
1725

17.30 0.601 0.8
17.42 0.601 0.8
17.44

17.54 0.599 (4]
17.58 (1.582 1
17.62 4.2
17.66 0.588 1
17.78 0.592 1
17.90 0Q.801 0.
18.02 0.603 [}
1A.08 1.5
18.09 {}.5
18.14 0.600 1.1

1A.26 0.596 0.9

18.38 0.591 1.1

18.40 1.3
18.50 ©0.592 1.2

18.52 0.5
18.62 0.588 0.

18. 74 0,598 1
18.77 e
12.86 0.596 1.7

13.98 0.605 1.0

39



APPENDIX X
G012 COHE - FIRN LAYER DENSITY, GRATN STZE AND LCE CRUST THICENESS DATA

DEPTH UENSITY GRAIN SIZE [LCE CRUST
3 3 THICKNESS
m  kpfsmmx 107 pm mm

18.99 1.
19.08 a.
19.10 0.610
19.22 0.581
19.34 0.584
19.38 0.
19.40 1
19.46 0.589 1.2
12.58 0.585 1.2
19.63 0.5
19.70 0.593 1
19.82 1{.586 1,
19.94 0.592 1
.02
.03 0.601 1.
20,04 1.7
20.18 0.398 1
20,30 0.606 1.
20.42 0.600 1
200,44 2.6
20.54 0.598 1.3
20.57 0.5
20,66 0.603 1.2
20.70 0.9
20,78 0.e02 i
20,90 0.605 a
20.51
21.02 0.6M 1.
21.14 0.€14 0
21.22
21.24
21.26 0.812 0.8
21.38 0.587 1.5
21.30 0.623 2.9
0.9
1.3

=
8

=
- W

=]

L]
in oo

21.62 0.622
21.74 0.609
21.82 2.0
21.B8 0.614 1.2
21.90 0.6
21.98 0.623% 2.0
22.06 0.4
22.10 0.626 0.9
22.112 0.4
22.22 0.ml0 1.2
22.34 0.610 1.0
22,38 0.5
22.46  0.612 0.9
22.51 0.6
22.58 1823 0.9
22.61 0.4



APFENDTY X
G017 COHE - FIEN LAYER DENSLLY, GRAIN STZE AND ICE CRUST THICENESS DATA

DEPTH DENSITY GRATN SIZE ICE CRUST
3 1 THICKENESS
m kg/mTx 107 mm mm

23 .63 0-7
22.70 0.599
2r_HX 0.599
22.83 1.2
22.94 0.614
21.06 0.614
23.18 0.624
23.30 0.617
23.32 0.6
23.33 0.4
23.42 0.603
23.54 0.617
23.55 2.1
23.66 0.617
23.78  0.603
23.84 0.3
23.90 0.623 1.2

23.98 1.3
24,02 0.618
24.14 0.6271
24,74 0.5
24.26 0.617
24.38 0.624
24.50 0.626
24.51

24.59

24.62 0.619
248,74 0,609
24.86 0.624
24.90

24,93

24.98 0.624
25.10 0.628
25,19 0.5
25.22 0.630
725.34  0.626
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APPENDIX XT
GD13 CORE - FIRN LAYFR DENSITY, GRALN SIZE AND TCE CRUST THICKMESS DATA

DEFTH DENSLTY GRATN SIZE ICE CHUST
3 3 THTCENESS
m kg/mx 107 mm mm

0.05 0.2
0.09  [(h.447
0.27  0.380
0.42 0.438
Q.40 0.432
0.68 0.459
0.72 0,434
N.B9 0,547
0.98 0.316
03 0.412
17 0,388
L28  0.440
41 0.446
50 0,439
1.63 (.456
1.83 0.434
1.85 0.457
1.8  0.3463
1.93 {458
1.94 0.400
2.05 0.454
2.10 0.462
2,30 0.488
2.3% 0.438
2.41  0.409
2.51 0,447
2.60 0.457
2.74 0.483
2.81 0,490
2.87 0.501
3.03 0.496
3.09 0.465
3.20 0.474
3.22 0.473
3.28  0.468
3.32 D.449
3.48 0,463
3.63  0.488
3.71 0.48s8
3.81 0.508
1.91 0.474
4.13 0.4RT
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4.50 0,476
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APPENDIX X1
GD1% CURE — FTRM LAYER DEMSITY, GRATN SIZE AND ICE CRUST THLCKNESS DATA

DEFTH DENSITY GRAIN SLZE ICE CRIUST
1 3 THICKENESS
m kg/mx 107 mm i

5.03 0.521 Q.
5.10 0.526 0.
5.19 0.492 ]
5.28 0.4B4 1
5.52 0.531 0.
5.60 0.503 Q.
5.75 0.522 0.
5.85%

5.87 0.522 (1.
5.90 0.451 1
%.93 0.8
6.03 0.505
6.22 0.524
6.30 0.416
.46 0.531
6.5 0.532
.63 0.510
&.70 0.526
6.92 0.5%7
7.04  0.510
7.15 0.486
7.26 0.533
7.48 0.558
7.56

7.60 0.527
F.B&  0.534
8.09 0.544
8.20 0.545
8.38 0,527
8.50 0.539
g.54 0.539
g.62 0.535
B.70 10.5%44
A.A9 0.541
8.92

8.94 0.561
B.9% 0.5386
9.11 0.532
9.32 0.563
Q.38 0.541
q,.49 0,557
Q.60 0.557
9.65 0.556
9.72 0.554
.76 0.544
9.82 0.538
10.00 0.541
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AFFENDTY XII
GD14 CURE - FTRN LAYER DENSITY, GRAIN SIZE AND ICE CRUST THICENESS DATA

DEFIH DENSTTY CRAIN S1ZE ICE CRUST
7 1 THLCENESS
m  kg/mx 107 mm i

(.00 0.3
0.10 0.414
0.13 0.412
0.24 0.37%
0.29 0.417
0.32 0,373
.44 0,501
0.34 0.475
.59 0.415
0.64 0,443
0.60 0.454
0.77 0.458
0.%0 0.427
1.04 0.447
1.08 0,463
1.13 0.458
1.22  0.467
1.28 0.461
1.34 0.477
1.39 0.471
1.56 0.491
1.61

1.69

1,75 0.483
1.92 0,403
2.0% 0.501
2.06 0,429
2.13  0.468
2.24 0.467
2.32 0.485
2.38 0.481
2.50  0.466
3.55

2,62 0.464
2.67 0.392
2.74 0.478
7.51  0.4%0
2.98 0.50R8
1.06 0.514
3.14 0.41%
3.19 0.470
3.256 0.484
3.35 0,456
3042 0.449
3,53 0.490
3.61 0.468
3.69 0.474
3.76  0.485
1.89 0.478
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AFPENDIX XIT
GDl4é CORE - FIRN LAYFR DENSITY, GRATH 5IZE AND TCE CRUST THICKNMESS DATA

DEFTH DENSLTY CGRATN S5IZE ICE CRUST
3 3 THICKNESS
m kg/mx 107 mm 1k

4.10 0,519
4.16 0.51
4.24 0.531
4.33  0.513
4,42 0,500
§£.51 0.493
&£.5h  0.452
4,60 0,446
.65 0.430
&.H3 0.8
4,93 0.513
4,97 0.300
.03 0.479
5.12 D.505
5.16 0.518
k.25 0.516
5.30 0.521
5.34 0,493
%.38 0.359
K.53 0.523
.59 0.5l&
5.68

5.69 0.532
5.79  0.520
5.8B7 0.535
5.90 0.535
.93

5.94 0,523
6.00 0.529
6.10 0.529
6.19 0.519
6.231 0.523
f.26

6.2 0.517
6.36 0.448
&.48 0.515
6.55 0.523
f.596 0.490
.60 0.50%
G.64 0,473
6.67 0.508
£.75 0.489
6.R7  0.304
&.90 0.504
£.97 0.505
7.07 0.6
7.09 0,517
7.16 D.551
7.20 0.524
7.32 0,541
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APPENDIX XTT
GD14 CORE - FIRN LAYER DENSITY, GRATN STZE AND 1CE CRUST THICENESS DATA

DEFTH LDENSITY GRAIN SIZE ICE CRUST
3 3 THICENESS
m  kgfmx 107 mm mm

Todd 0,354
/.73 0,558
7.80  0.556
71.88 0.547
7.92 0.522
8.02 0.515
8.10 0.527
.21 0.532
8.29 0.533
B.49 0.547
.50 0.544
g.64 0.514
8.70 0.538
H.78 0.336
8.82 [0.345
9.00 0.385
9.02 0,380
9.29
9.31 0.557
.35 0.360
.40 0.504
8.53 0.356
8.56 0.560
9.64 0.560
9.67 0.552
9.77 0.509
9.86 0.562
9.96 0.363
10.12 0.567
10.18 0Q.563
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APPENDIX XTTT
D15 CORE - FLRW LAYER DENSITY, GRAIN STZE AND 1CE CRUST THICKNESE DATA

DEPTH DENSITY CRAIN STZE ICE CRUST
3 3 THICENESS
m hg/mx 107 mm mm

0.13  0.503
0.26 0.491
0.78 0.468
0.42 0.462
0.32 0.4473
0.62 0.470
.70 0.380
0.72 0.444
0.74 0.461
0.92 0.456
0.97  0.423
1.05 0.440
1.1% 0.459
1.23  0.469
1.10  0.492
1.35 0.522
1.41 0D.602
1.51 0.443
1.63 0.4306
1.70 0.352
1.B0 [.476
1.86 0,398
2.03 0.475
2.08 0.461
2.14 Q.495
2.19 0.495
2.2% 0,474
2.4 0.522
2,55 0.460
2.72 0.381
2.88 0.446
2.93 0.458
3.01 0.4B0
3,07 0.493
3,722 0.501
3.30 0.420
3.34 0.479
1.42  0.470
3.46 0.543
A.56 0.447
3.64 0.473
3.69 0.491
1.483
0.479
0. 4406
0,496
0,313
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APPENDIX XTII
CD13 CORE - FTRN LAYER DENSITY, GRATN STZE AND ICE CRUST THICENESS DATA

DEFTH DENSITY GRAIN SIZE ICE CRUST
3 1 THICKNESS
m kgimx 107 wm mm

0.301
0. 506
0. 464
0.528
(1.531
0,534
0.304
0,517
(. 506
0,500
0.511
0.500
0.510
0.524
0.524
0.495
0.459

FI-CI

O gk T D O e D ] T L L S D g

.

1.0

DO S D DO D00 OO
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0.507
0.493
(r.514
0,498
0.482
0.51R
0.494
0.522
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0.5
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0.526
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APFENDIE ¥ITT
Dl5 CORE — FLRN LAYFR DENSITY, GRAIN SIZE AND ICE CRUST THICKNESS DATA

DEPTH DENSITY RAIN SIZE ICE CRUST
3 THICKMESS
m  kpgSm

X 103 mm mm

R.OE  0.548 0.
g.22 0.532 0
8.25 0.527 1
B.40  (.548 1]
B.46 0.541 0
2.51 0.500 1
8.59 0.510 Q
o
1
0
0

.5
0.5
0.3
B.73 0.334
8.81 0.341

.00 0.349
9.05 0.549

= R R RN . -

9

.20 0.541
9,31 0.842
9.35 0.362
9
9
9

+ =

A8 0,569
61 0,532
L5 0,547
9,40 0.366
9,95 0.566
10.08 0.562
10.15 0.551
10,20 0.584

E]
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10,35 0.561
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]
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i

10.50 0,363
10,53 0.580
10.58 0.558
10.65 0.548
10.80 0.530
10.95 0,373

O
s

(Y= I g - L:n~§

f=]
=

11.13 0.585
11.25 0.337
11.35 0.566
11.40 0D.578
11.5% 0.374
11.70  0.584
11.75 0.463
11.87 10.596
11.91 0.586
12.00 0.555
12.16 0.343
12.28 0.571
12.3% 0.582
12.57 ©.533
12.66 0.588
12,70 0.962
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APPENDIX XILI
GDS CORE - FTRN LAYER DENSITY, GRAIN SIZE AND ICE CRUST THICKNESS DATA

DEFIH DENSTTY CRAIN 51ZE ICE CRUST
1 3 THICENESS
mo kg/mx 107 mm mm

12.B80 0.3947
12,90 0.570
12.97 0,568
13.05 0.576
13.16 0.572
13.22 0.590
13.29 (1.569
13.35 (.576
13.50 0,598
13.65 0.596
13.71 0.599
13.80 0.569
13.83 0.7
13.95 (.5HH
14.09 0.592
14.22 0.593
154.25 0.570
14,35 0.592
14,40 0.590
14,46 0.587
14,57 0.382
la.62 0,611
14,70 0.576
14.76 0Q.585
14.A% 0.585
14.89 0.5
14.93 0.588
15.00 0.601
15,11 0.589
15.18 0.590
15.32 0.579
15.45 0.806
15.50 0.568
15.56 0.&07
15.60 0.584
15.73 0.591
15.82 0.5%9%
15.90 0.596
15.98 0.592
16.05 0.505
16.17 0,596
16.26 0.601
16.29 (1.5A5
16.35 0Q.&00
16.50 0.594
16.62 0.&15
16.73 0.a09
16.80 0.601
16.95 0.609
17.08 (.&15
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APPENDIY XILL
GD1S CORE - FIBM LAYER DENSITY, GRATN SIZE AND ICE CRUST THICKNESS DATA

DEPTH DENSITY GRAIN SIZE ICE CRIST
3 1 THICEMESS
m  kp/mTx 107 mm ik

17.10 0.599
17.20 0.591
17.28 0.802
17.30 0.7
17.40 0.60&
17.42 0.588
17.55 0.599
17.67 0.610
17.85 0.606
17.93 0.609
18.00 0.601
18.06 0.6
18.15 0.5%4
18.30 0.599
18.40 0.598
12.45 0.639
18.64 0.592
18.75 0.592
18.90 0.590
18.99% 0.602
19.05 0.621
19.20 0.612
19.23 0.624
19.38 0.6l12Z
19.45 0.624
19.50 0.636
19..53 1.5
19.55 0.830
19.60 0.575
19.65 0.621
19.76 0.61B
19.80 0.611
19.95 0.805
19.98

20.10 0.602
20.25 0.605
20,40 0.618
20,47

20.55 0.612
20.70 0.618
20.85 0.613
21.00 0.622
21.03

21.10

21.15 0Q.617
21.30 0.610
21.45 0.613
21.61 0.621
#1.75 0.521
21.90 0,615
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APPENDLY XITIT
GN15 CORE - FIRN LAYFR DENSITY, GRAIN SIZE AND ICE CRUST THICKNESS DATA

DEFTH DENSITY GRAIN ST7E ICE CRUST
3 3 THTICENESS
m kp/mTx 107 mm mm

22.05 0.635 0.7
22,09 0.643 0.7
22.20 0.618 1.3
22.37 0.61B 1.3
22.47 0.630 1.0
22.51 0.633 1
22.54
22.65 0,622
22.82 0.626
22.99 0.616
23,10 O.8ZH
23.15 0.623
23.25 0.638
23.36 0.635
23.40 0.631
23.55 0.624
23.65 0.628
23.70  0.640
23.77 0.640
23.85 0.631
23.91 0.5
24.00 0.&620 1. 0.4
24,08 0.4
0.6

0.6
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Lok

2415 0.634 1.3
24,29

24.34 0.631 2.
24.41

24,45 0.0 1]
24.54 0
2460 0.624 0
24.75 0.629 1 0.3
24.80 0.5
24.90 0.636 1.1

24.99 0
25.01 0
25.05 0.639 1
25.11 0.83& T
25.20 0.818 ;
25.35 0.618 1
25.44  0.629 1
25.50 0.635 0
25,58

25.80 0.637 1.4
25.83 0
25.90 0.648 1.0 Q.
25,93 0
25.95 (.641 1:5
26.05 1
26.10 0.636 0.9 0.
26.25 0.612 1.3
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APFENDIX HIII
£D15 CORE - FIRN LAYER DENSITY, CRAIM SIZRE AND ICE CRUST THICKNESS DATA

DEPTH DENSITY CRAIN SIZE ICE CRUST
3 3 THICKNESS
m  kgfwx 107 mm mE

26,40 0.642
26.40  0.648
26.55 0.642
26.70 0.643
26.75

26.78

26.80

26.85 0.646
26.91

26.98

27.00 0,832
27.15  0.647
27.20 0.&53
27.30 0.837
27.45 0.649
27.60 0.638
27.75 0.642
27,83 0.654
27.90 0.654
2B.05 0.630
28.20 0.658
28.7H

78.35  0.661
28.41 0.673
2R.50 0.650
28.53

28,65 0.633
2R.75

28.80 0.643
28,95 0.656
29.04 1.4
20.10 0.&30
79.1% 0.646
29,25 0.660
29.734 0.5
29.40 0Q.653
29,55 0.646
29.5/ 0.4
79,70 0,654
29,71 0.654
29.A% 0D.644
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