IS 2 Y

COMMONWEALTH OF AUSTRALIA
1869 [128

pr
DEPARTMENT OF NATIONAL DEVELOPMENT

BUREAU OF MINERAL RESOURCES,
GEOLOGY AND GEOPHYSICS.

RECORDS

1959 No. 128

AUSTRALIAN ICE THICKNESS MEASUREMENTS
IN ANTARCTICA
BY SEISMIC AND GRAVITY METHODS

1957-59

by
M.J. GOODSPEED and E.E. JESSON



CONTENTS.

ABSTRACT. (144}
1.  INTRODUCTION. 1
2.  REGIONAL TRAVERSE, 1957-58. 1.
3. REGIONAL TRAVERSE, 1958-59. 2.
4,  SEMI-DET.ILED TRAVERSES NEiR MAWSON. 3.
5.  RESULTS FROM REGION.L TR.VERSES. s
6. RESULTS FROM SZMI-DETAILED TRAVERSES. 5
7.  REFERENCES. | 6.

TLBLE: ICY THICKNESS MEASUREMENTS, REGIONAL TRLVERSES.

1., LOC.LITY KH.iP, REGIONAL SURVIYS (G155-26).
2,  RIGIONLL TRAVERSGES LOCATION kP (G158-28). .

-

3. RIGIOVAL TRLVERSES, PRELIMINARY ICZ SURFACE
CONTOURS (G155-34). i

4.  RIGIONAL TRAVERSIZS, YRELLMINARY ROCK SURFACE
CUNTOURS (G158-35).

9.  FRLINES MOUNTAINS, ICE THICKNESS TRAVER:Iw ({158-27),

§.  FRMNES MOUNTAINS, PRELIMINARY ICZ THICKUTSS
PROFILES (G158-319.

(i1)



ABSTRACT .

Ice thickness measurements carried out by
field parties based on Mawson during 1957-59 consisted
of i~

(i) regional traverses in the form of
closed loops extending several
hundred kilometres inland from
Mawson;

(ii) semi-detailed traverses in the
vicinity of a line of ice flow
gtakes about 25 Km. from Mawson.

The regional traverses showed that, beyond
about 175 Km. inland, the area surveyed is influenced
strongly by the Lambert Glacier - Amery Ice Shelf
system situated some 200 Km. to the East. Preliminary
contour plans of the ice and rock surfaces show fairly
close correspondence, A sub-glacial extension of a
range of wountains outcropping through the ice 80 Km.
to the East of the traverses was found.

Work along the semi~detailed traverses close
to Mawson detected sub-glacial extensions of the out-
cropping wmountain ranges in the area. These extensions
may explain the general direction of the coastline near
Mawson.

(iii)



1. INTRODUCTION.

During the period of the International
Geophysical Year, 1957-58, the Australian National
Antarctic Research Expeditions (A.N.A.R.E.) carried
out a programme of ice thickness measurements on
the Antarctic ice cap, Field parties for this work
were based at Mawson station. One geophysicist of
the Commonwealth Bureau of Mineral Resources was
attached to A.N.A.R.E. during each of the two years
covered by the I.G.Y. for the purpose of making these
and other measurements. :

The work carried out falls under threec

headings:~ |
(i) Regional traverse, 1957-58 field
season;
(ii) Regional traverse, 1958~59 field
scason;
(1ii) Semi-detailed traverses near Mawson.
2. REGIONAL TRAVERSE, 1957-58.

A preliminary report on the work carricd
out during the field scason 1957-58 was presented at
the Moscow meeting of C.S.A.G.I. in August, 1958.
Reduction of the results has since becn extended and
includes additional altitude data obtained during
the second Regional Traverse, 1958-59.

The traversc carried out was planncd as a
single linc running due South along meridizn 62°%
for as great a distance as could be attaincd, sc as
to form the basis of closed loops to be surveyed
later in sclected arcas of particular intercst found
during the traversc. Southerly progress was blocked
by heavy crevassing at a distance of 576 Km. from
lawson and the party headed South-West from this
point in the hop:z of clearing the outcropping nunatals
and thc crevassing associated with them, but was forc:d
by impassable surfaces to turn back when a total distance
of 642 Km. from Mawson had becn covered, Aftcr another
short run of 18 Xa. from S.P.21 to S.P.,23, the party
returned to Mawson along the original route. Surplus
fuel and cxplosives were left as a depot at a point
380 Km. from Miwson. The traversc is shown on Plate 2,
Thissumvey occupicd a total of 100 days.

The techniques uscd may be summarised thus:-

(i) Seisuic reflection stations were
est.blished at 32 Km. (20 mile)
intervals in general, with stations
closcr together in arcas where the
rock surfoce level apozarcd to be
changing rapidly;

(ii) ZExplosive charges averaging 45C zm.
T.N.T. were detonztzd at the bottom
of holes averaging 30 metrcs deep.
These holes wexre drilled with a
hydraulic flight auger;

(iii) 12-chonnel, wide-pass~bznd scismic
rccording equipment was used,
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transported in a thermally-incsalased,
clectrically heated cab;

(iv) Small scale refraction methods were used
ot most reflection stations to detormine
the near-surface velocity distribution.
Full scalc refraction methods (unrcversed)
were used at two locations to measure wave
velocities at depth in the icoy

(v) Altitudes were measurcd barometrically at
each of the scismic stations and =t points
generally 8 Km. (5 miles) ap.rt boetween
them; .

(vi) Gravity measurcments were madc at cach point
where an altitude measurement was made,
using a Worden Geodctic gravity maeter.

3. REGIONAL TRAVERSE 1956-59.

Therplan for the scecond regional traversc was to
procecd as raypidly as possible to the depot csetablished
during the first survey and from therc to run traverses
in the form of loops approximatcly 160 Km. square to the
wiot and West., Both loops were intended to study sub-glacial
cxtensions of the Prince Charles Mountains; the loop to the
West was intended also to study ice surface contours which
verc believed to rise comsiderably in this dircction, and
to find if possiblce thoe Westerly limits of ice drainage
into the Lombert Glacicr system.

Soon arter leaving Mawson the party ran into
difficulties with a belt of crevasses which led to a delay
of 16 days whilc tractors were recovercd from crevasses
and repairs made to cquipment. At the same time, the ice
drill was so scriously damaged that only two further holes
could be drilled after this incident. For the rcmainder of
the soismic work air shooting techniques were used. During
travel to the 380 Km. dcpot more fuel was consumed than had
been anticipated and this fact, togethcr with the loss of
Eime cxperienced, lcd to the abandonmcnt of the loop to the

ast,

Measurements commenced when the party set off West
from the Gepot, and, as had been cxpected, altitude in this
dircetion was found to increzse rapidly. After only 18 Km.
had been covered the trxctors, which were losing power due
to the increase in altitude, became bogged down in soft
snow. The party then turned lorth for 43 Km. when a
slightly improved surface was found and the party zgain
turned West., After a further 26 Km. progress the party
turned North and ran parallel to the original traverse for
163 Km. and somc 50 Km. West of it. Course way then altered
to intersecet the first traverse at a point 240 Xm. North
of the depot camp. The return to Mawson was made along a
different route from that followed by the first party,
producing two further smail loops.

During this second survey, air shooting was used
at each seismic reflcction station except the first two,
where the drill could still be used. For air shooti a
squarce pattern of nine charges with 9 metres (30 fee?%
separation was used.
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The charges were cach 450 gm. T.N.T., swspended on
bamboos poles 1.5 to 1.8 metres above the surface.

A single linear spread of 12 gcophones was used with
30,5 metres (100 feet) separation between them, and
the pattern of charges was generally offsct 610 metres
(2000 feet) from the centre of the spread. Results
from this method of air shooting werc reasonably good,
but generally inferior to those from shot holes.

“Apart from the enforced use of air shooting,
the cquipment and techniques used in the scismio
work werc the same as had been used during the 1957-58
field season, No rcfraction measurcments were made.

Gravity measurements were made in the same way
as previously but the interval between gravity stations
was reduced from 8 Km., to 4.8 Km., (3 miles). .
Differentinl altitude mecasurements were also made at
4,8 Km, intervals, using Fuess ancroid barometers.

" The traverse carricd out is shown on Plate 2,
together with the 1957-58 traverse. The 1958~59 survey
occuried a total of 110 days. . .

4. SEMI-DETAILED TRAVERSES NEAR ITAWSON:

This project was carried out during the Atturn
of 1958. Referring to Plate 5, it will be secn that
some £5 Km. inland fpom Mawson the Fromnec Mountains
outcrop through the ice., Therc are four principle ranges,
the Henderson, Masson, David apd Casey Ranges, wnd, as
they appear above the ice, they appear tco be aligned roughly
parallel to the presumed Northerly direction c¢f ice flow,

Early in 1957 a linc of stokes was established
and surveyed to the North of thesc ranges with the purpose
of measuring the surface rate of iec flow. The positions
of the stakes were fixed relative to the rock outcrops
(Mellor, 1959)., TFlow rote measurements are continuing.,

To establish the sub—-glacial rock profile across
the line of stakes and to study its relation to the
surface rate of flow, a seismic and gravimetria traverse
was ruer along thic line, supplemented by gravity measure-
mcents along two of the valleys, approzximately perpendicular
to the main traverse.

Shot holes werc used for the seismic work on these
traverses. Explosive charges ronging from 100 gm. to 450
gu. were shot at depths between 10m and 30m. Split lineor
geophone spreads were uscd in most cascs, with the interval
between geophones 17 metres znd sn offsct of 61 metres from
the shot hole to the necarcst geophone on ce¢ach side,
Considernble interference from surface noise was experienczd.

Levelling of scismic stotions was carried out by
theodolite, by observations of mountain pecks of known
position and height. Gravity stations werc levelled by
the differential ‘barometric method using the seismic stations
a8 control points.:

. RESULTS FRCM THE REGIONAL TRAVERSES.

" Considerably morc ltitude infeormntion was obtained



by the second field party to suppnlement and improve the
results previously given for—thc first traverse. 1In
partiocular, during 2 six day hnalt at the depot camp
for mrintenince and repairs on the transport equipment,
detailed records were made of atmospheric pressure
varistions: These were found to corrclate well with
records kept at Mawson over the same period and these
resul¥s) togetvher with differcntial levelling carried
out during the traverses, have been used to derive a
revised value for thc altitude of the depot camp.

Other 2ltitudes have becen adjusted to fit this wvalue
and to eliminate misclosures nround the loops.

The altitude results are presented in the form
of a "Preliminary Ice Surface Contour Map" which is
reproduced as Plate 3. In mapping the contours, al-
titude valucs obtained during journcys to the Princs
Charles Mountains in earlier yecars werc also used,

It will be scecen that, close to the const, the
dircction of greatest surfrcee slope is te the North,
Proseceding inland, the contours swing round as the
dircction of greatest slope acquires a progressively
greaver Easterly component. At o distance of 300 Km.
from the coast the slope is to the Iast. The swing
round towards the South continucs approximately ~nother
170 Km. At this distance the direction of grentest slope
is approximately South-South-West. Towards thce most
Southerly point reciched the contours indicatc the
dircction of slope as approximately East—North—Ensg. The
highcst part of thcoarea covered is at Latitude 7070T7!
south, Longitude 60750' L:st, 295 Zm. from the coast and
aporoximirtely 250 Km. 7est of the edge of the Amery Ice
Shelf. The Altitude herc was 2570 metres and was
incrcnsing to the Vest.

These results show that the depression of the ice
surf~ce sscclited with the Lambert Glacier-Amery Icc
ohiclf Lysicm extends for at least 250 Km. and prob.bly
much more, to the West of the system.

The results of the icce thickness measurcments
mnde during the regional traverscs are tabul:ted in
Table 1. Reflcection times have becen corrected for
delays due to low velocity laycrs near the surfrce.
The velocities used are shosce derived from the refraction
mensurenents viz. 2~

SP4 - 3810 metrcs/scc.
SP5 - 3825 "
SP6 - 3840 "

SP7 =2nd 211 points to the South - 3860 metres/sce.

Depths derived from gravity mensurcments were
detcrmined using measured Bouguer anomnlies to indcrpolate
betwecen prirs of scismic refloction stations ~nd still are
subject to minor corrcetion on revision.

Using values for the nltitude of the rack surface
under the ice, obtained from the ice thiekness and
nltitude results, a "precliminary Rock surface contour
map" has been drawn (pl:te 4). The rock surface is
considerably more irregular than the ice surface and the
contours as drawn through thc observed points gan do no
morc than show thc broad treads.
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The most promincent featurc of this contour
map is the submerged range at SP12. Unfortunately
reflection quality herce was poor (as might be expected
from th. convex surface prescnted by a rock altitude
maximum) 3nd some doubt cxists as to the cxact height
of the rock surface herc. However, if the seismic
result from this station is ighored and gravity intcr-
polation only is uscd betwecn SP11 and Sr13 a somewhat
lower rock "high" still results. This almost certainly
rcpresents a sub-glacial cxtension of the spur of the
Prince Charlos HMountains which appears through the
ice 80 Km. to the Zast at the "Riddell Nunataks"; which have
a maximum altitude of about 2300 metres.

It will bc noted that over considerable arcas of
the map She rock surface appears below sca lovel; there
is a tendency for the arcas below sea level to occur
predominantly on the Western side of the arca traversoed,
but nevertheless it scems likely that to the Zast; in the
arca of the Lambert Glacicr, most of the surface would
fall below sen level to produce the "sink" into which the
ice flows to form the Glacicr. It is unfortunate that no
measurcments could be obtained in this arca.

It will be noted that somc of the trends cxhibitced
by the ice surfrce contours appear to follow trends in
the rock surface contours, snlthough the rock surface contours
arc considerably morc irrcgular. Both sets of cuntours
run goenerally East-9est ncear the coast. The ice surface
contours commonce to swing round townrds a North-Test
to South-East dircection some 90 Km. inland, at which
poinut the r.ck surface is very irrcgular, with some
arcns morce than 500 metres below sca level., A very
prominent belt of ice domes ~nd deprossions running East-Jest
w5 crossed hore. Between this region and SP1l2, o distance
of ~bout 175 Km., both scts of contours have a pronounced
North-West to South-Exst trend. South of SP12, as far
~g the depot comp at 380 Km. therc appears to be little
corrclation between the rock and ice surfacce contours.,
Further South still, the information is too sketchy to
attempt any comparison..

The general picturc which cmerges is that ice flow
from the South is largely diverted to the West by the range
of nunatnks of which Mt. llenzics is thc most promincav
peak. To the North of this region the ice acquires zn
Easterly component of flow towards the Lambert Gl:cicer
system and tends to flow North-East, but further damming
of ice flow occurs at the submerged range crosscd anear
SP12 and part of the ice is diverted towards tho South-
East. North of this submcerged rangce ice flow ie brondly
at right -mgles to the rock surfice contours,

6. RESULTS FRUM TIIE SEMI-DETAILED TRAVIRSES:

The results are presented as profiles in
Plate 6. Two rock valleys are indicatcd on the profile
of Traversce A, one centred ~t Station SP32 the other ut
Station G6. These valleys reach a depth of 90 metres
below sca level, and are separated by ridges rising s.me
60 metres 2bove sex level. This relief is very gentle in
comparison with thc ranges =2ppenring “hrough the ice
(which reach an altitude of over 1000 metres), but
comparison with the station locttion diagram (platc 5)
shows that the ridges nnd vallcys do not occur where they
would be expected to if the 2lignments of the ranges
wecre produced on to traverse A, For e¢xamplc, the centre
of the IEasterly rock valley is duc North of the tip of
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the David Range. Tt appears that the trends are in

a roughly North East dircction, so that for example
the Southerly portion of the Masson Range and

Mt. Henderson are connected by a sub-glacial ridge.

A similar trend is seen in the islnds lying closc

to the const ncar Mawson, in the ice coastline itsclf
and in the ice surface contours in the arca between
Mt., Henderscn and Mawson., Thus it appears likely that
icc flow in the rcgion of the flow stake line is pre-
dominantly to the North-West and not approximately at
right angles to the stake line as the mountain align-
nents would suggest. Flow rate measurcments arc pre-
gented in a paper by Is McLcod.
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