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SUMMARY OF ACTIVITIES 1970/71

Antarctic Division research programmes continued in the disciplines of upper atmos-
pheric physics, cosmic ray physics, glaciology, biology and medical science. Logistic
support was provided for these programmes and for the Antarctic and sub-Antarctic
programmes of the Departments of Interior and National Development, and to a lesser
extent for other authorities and institutions.

At Antarctic Division headquarters in Australia, advances were made in a number of
theoretical, analytical and laboratory studies, and in instrumentation. These
included among others:

. Further consideration of satellite-ground observations of particle precipitation
and related ionospheric effects.

Determination of mean electron density in ah aurora by Faraday rotation.

. Evidence indicating that a low energy variable unidirectional component in the
sidereal cosmic ray anisotropy is due to interplanetary modulation.

Preparation of detectors for the study of high energy cosmic rays at Mawjon.

. Extension of theoretical modelling for the derivation of the physical character-
istics of the Antarctic ice sheet.

Derivation of an empirical relation for the prediction of glacier velocity and
thickness.

. Measurement of oxygen isotope ratios in ice cores and their application to
determination of particle paths in the Antarctic ice sheet.

Determination of energy fluxes accompanying sea ice formation.

. Preliminary results of biological and medical investigations.

. Design and construction of a prototype low-power; unmanned geophysical observatory
for operation at air temperatures to -100° Centigrade.

. Development of a stable, low-power solid state noise generator as a reference for
radio frequency noise measurement.

. Improvements to ice drilling and borehole equipment.

. Feasibility study of satellite communication with Antarctica.

Staff for the four 1971 expeditions was recruited, trained and equipped; preliminary
steps were taken towards mounting the ,1972 expeditions. \ s

Year-round scientific programmes continued at Casey:* Davis, Mawsori and Macquarie
Island. Some of the more notable evehtsweré: -''-' •;>('"''•' •

. Trial of a prototype unmanned geophysical observatory 80 kilometres inland from
C a s e y . •- •' '.' / ' • ; •'-,' ; • • . : ' , . •• - . : • . . • . ' •

. Rock excavation at Mawson for the establishment of a new cosmic ray observatory
incorporating underground facilities for high energy studies. \'.."

. Measurement of total electron content from MàcquafieIsland utilizing a satellite -
s i g n a l . • : . , . ','•.• . >'': '< .-. ', •-.;.'.•,", •-- ' , '• .,'•' :"'•}



SUMMARY OF ACTIVITIES 1970/71

. Addition of VLF equipment at Davis and Mawson for special studies of the auroral
oval.

A major glaciological-seismological traverse on the Wilkes ice cap near Casey, in
co-operation with the Bureau of Mineral Resources, Geology and Geophysics.

. Marine radars used for the first time on Australian oversnow vehicles in an attempt
to assist travel in poor visibility.

Detailed biological studies on birds and seals at Macquarie Island.

. Human response to Antarctic conditions investigated by station Medical Officers;
laboratory study of fibrinolysis initiated.

. Radon detection equipment for the study of large-scale atmospheric circulation was
installed and operated at Mawson in association with the French Centre de Faibles
Radioactivités of the Centre National de la Recherche Scientifique.

The major summer investigation for the year, the third phase of the survey, geology
and geophysics reconnaissance in the Prince Charles Mountains inland from Mawson, was
completed successfully with the support of aircraft and surface vehicles.

A five-man scientific party visited Heard and McDonald Islands with a French
expedition with the following results:

. The Division co-operated in a French upper atmospheric project.

. An extensive biological community was found during the first reported landing on
the McDonald Islands.

. First detailed studies of a Heard Island glacier confirmed empirical predictions.

. The Division's chartered vessel, M.V. Nella Dan, was diverted from Davis to rescue
an injured party member isolated on Gotley Glacier, Heard Island.

" ' ..



UPPER ATMOSPHERIC PHYSICS

SATELLITE - GROUND CORRELATION

Further consideration was given to changes in >36 keV electron flux a* Vela satellite
6638* and the corresponding magnetic and auroral records at Macquarie Island.
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Satellite-ground record 17th August 1968. A: Electron intensity
B: Magnetic H- component

The closest temporal correlation between flux change and H- component magnetic
variations, determined by visual inspection of the records, was found to occur when
the satellite was closest (position A in the next diagram) to the Macquarie.Island
field line (position B ) , when the latter was near thé magnetic midnight location.
During this interval the decreases- in the H-: component lagged the corresponding
increases in the electron count by a^out 22'min.

* Data provided.by Dr. Edward J. Hones Jnr., University of California, Los Alamos,
New Mexico. . - '• . • '

I '. * "ar'.t12'tâfl. '•<-'.*.•• •>"-'',' '''',',• . > • ' ? . . '



UPPER ATMOSPHERIC PHYSICS

+15

Positions of satellite and auroral source regions during observing period, projected
on the plaae perpendicular to the sun-earth centred dipole magnetic axis plane (dashed

field lines connect to Macquarie Island at the times marked).

Attention was given to the portions of the- records outside the region of closest
visually determined correlation to explain the increasing phase lags between peaks in
electron count and valleys in the magnetic bay that now were recognized on either side
as long as the satellite was in the plasma sheet.

For times prior to the correlation interval, frame by frame examination of the all-sky
camera film showed that westerly auroral surges passed through the field of view, and
that at each passage the magnetometer recorded a deepening of the negative bay, with
recovery or partial recovery between surges. From the velocities of the surges
derived from their passage across the field of view, it was then possible, by assuming
constancy of this velocity, to estimate the magnetic longitudes of the successive
magnetic midnights from which the surges originated, and hence to estimate the
location of the sources of the surges in the magnetospheric XY plane (position C at
1115 UT, D over the interval of closest correlation).

It was then observed that for this event the path length from satellite radius to the
source region of the aurora on the midnight longitude was least for the situation
giving closest correlation. .In view of the short time required for electrons to move
down the field1 lines from source to auroral heights, the increases observed in*phase
lag before the interval of closest corrélation were attributed, therefore, to a
combination of increased diffusion time from satellite radius to source on the mag-
netic midnight longitude and variation in time of travel of surges around the aurora
oval to rtâcqùarie Island.

• ' • - • : ' • • ' . , . " • ' 7.



UPPER ATMOSPHERIC PHYSICS

It was realized that as surge velocities could be measured and surge travel time could
be estimated, an estimate of electron diffusion velocity past the satellite could be
made from the observed phase differences. Computer programming was started to find
the best estimate of time lag by maximizing the correlation. As this time lag relates
to the least ambiguous situation, it should provide the best estimate of diffusion
velocity.

TOTAL ELECTRON CONTENT BY FARADAY ROTATION

Faraday rotation equipment, Macquarie Island.

Total electron content of the ionosphere was calculated from continuous observations
during 1970 of Faraday rotation of 137 MHz emission from INTELSAT 2F2.

Diurnal variations were established. Significant increased total electron content
above the normal occurred on many occasions due to the presence of auroral
precipitation in the line of sight and on the occasion of a rare Class X, Importance
2B solar-flare on 11 February 1970,at 0706 UT,an exceptionally large increase in total

8.



UPPER ATMOSPHERIC PHYSICS

electron content was observed from the experiment and was confirmed by enhanced
riometer absorption. Information on the only other recorded similar flare events (21
and 23 May 1969) was obtained from comparative studies.

From combination of the Faraday rotation observations and all-sky auroral photography,
a method was devised to determine the density of the electrons within auroral arcs.
Electron density in one multiple quiet arc structure observed was estimated to be
6X10^ cm"3, in agreement with the values of 10** - 106 cm"3 reported from rocket
experiments. The method promises to be useful for continuous monitoring of auroral
electron content, in contrast with the brief observations possible using rockets.

MAGNETOSPHERIC MODELLING

A computer programme using the Newton-Raphson iterative technique was developed to
solve the basic pressure equation which defines the surface of the magnetosphere.
Testing against the dipole model of the earth's magnetic field confirmed the programme
and the dipole magnetospheric surface published in the literature.

To remove the limitation of the dipole approximation, that is to solve the case of the
real magnetic field, the pressure equation was put in the following form for easier
summation of the contributing magnetic components:

( B B ]

-1 E M + I B M
r $ 36

E + B
r sin 9 9 3<j> r $ 36

3R
3* Brr sin 9 3* Br

where r = R(8, <f>),

r, 6, <J> specify a point on the surface,

and B , B , B specify the magnetic components at (r, 6, *) •

The first solution to the magnetospheric envelope will use the Earth's field to obtain
an estimate of the surface curvature field; and subsequent surfaces will use the
Earth's field, ring current and tail fields in conjunction with the Biot-Savart law.

AURORAL OVAL

A paper on the location of the mean auroral oval for the whole range of magnetic
disturbance (K = 0-9) was published in the Australian Journal of Physics.

Further consideration was given to the modal distribution of auroral arcs in the
auroral oval to allow for deficiencies in the original data.

9.



UPPER ATMOSPHERIC PHYSICS

The mean and modal locat ions of the auroral oval for K = 2 were found to l i e between
the pos i t ions of the boundary of open/closed f i e ld l ines and the poleward boundary of
s tably trapped rad ia t ion , showing or confirming tha t most of the auroral p r e c i p i t a t i o n
occurs polewards of the closed f i e ld l i ne boundary.

Ac (modal;
A g (modal)
KD2(this determination)
Kp2(mean)

Trapped
• * • * - Radiation

Auroral
Ovals

__A Open/closed
"F ie ld lines

100 200 300 400

Difference in Magnetic Time Longitude A04 (degrees)

•30

no. of
events

0

Position of auroral oval relative to open/closed field lines and
boundary of trapped radiation.

AURORAL ELECTROJET

A simple model of the auroral electrojet was developed for numerical determination of
the resulting magnetic disturbance.

The model assumes initially the electrojet to be a line current flowing around a great
circle path over, a non-conducting earth. The great circle approximation simplifies
the geometry of the problem while being adequate to describe a typical electrojet in
the region of a single observing ground station. It is possible to replace the line-
current assumption with a more physically realistic current distribution. Removal of
the non-conducting earth restriction would result in time-dependent equations for the
resulting earth current; this restriction might be overcome by application of simple
corrections to the predicted disturbance vector.

Refinement and extension of i;he model were started to allow prediction of the location
of the electrojet from a ground-observed magnetic disturbance vector; a check on the
accuracy of the model prediction by comparison of known magnetic vectors and
corresponding auroral positions was planned.

10.



UPPER ATMOSPHERIC PHYSICS

WAVE-PARTICLE INTERACTION

Wave-particle interaction in the magnetosphere was further examined through a study of
associated VLF pulsations and magnetic micropulsations.

Published theory predicts four classes of interaction between geomagnetic pulsations
(GP) and the electron cyclotron instability responsible for VLF emission wave growth.
These classes are distinguished by the form of the precipitated electron pulsation
envelope. From Macquarie Island observations, examples were fcmd to support the
three classes of interaction not previously verified by experiment. In the absence of
direct measurement of precipitated electron flux, the theoretical relations were
modified to permit verification of the theory from ground-based riometer observations
of ionospheric absorption.

The records below show an example of close association between VLF and ionospheric
absorption for the fundamental case of VLF - ionospheric absorption in the absence of
significant GP.

1.6r

Ionospheric 1-2 -
Absorption at
30 MHz. (db) 0 8

0.4-

0.0

1.8-

1.2-
VLF Wave
Amplitude.
Narrow band-
width 1kHz. 0.6
(Arbitrary units)

0.0
2015 2030 2045

Macquarie Island 31-Mar-1970
2100 U.T.

VLF event and associated ionospheric absorption.

In a further study it was found that the auroral oval,when projected on to the
ecliptic plane of the magnetosphere, shows compression against the plasmapause in the
afternoon and evening sectors. This gave rise to speculations that the magnetic
compression may contribute to positive bays in the dusk to midnight sector which are
noted near the auroral region, and that this compression, acting on the proton
cyclotron instability, could result in the generation of a type of micropulsations
(IPDP in the Pel range of frequencies) that has been observed in the afternoon and
evening sectors. In addition, irregular magnetic pulsations associated with auroras
(AIP pulsations) may be due to irregularities in the electron precipitation in the
aurora. .

11.



UPPER ATMOSPHERIC PHYSICS

RADIO AURORA

Some association between individual radio auroras and optical auroras had been
established, and possible approximate coincidence of radio auroras with the optical
auroral oval had been surmised. An association between visual and radio auroras was
established, using the new invariant geomagnetic coordinate system developed at
Antarctic Division and described in Annales de Géophysique 1968 as the basis for a
rational approach to the representation and interpretation of the morphology of the
radio auroras. First results in a limited amount of the data obtained at Macquarie
Island in 1959 indicated that the measured positions of the radio auroras lay within
the limits of the established (optical) auroral ovals except that; on the day-side,
there is a possibility of equatorward extension.

Further, inspection of published information on radio auroras,viewed from well
equatorwards of the auroral zone, indicated more closely a possible coincidence of the
regions of the radio and visual auroras, again with the possibility of an equatorward
extension on the day-side. The probability of occurrence of radio auroras was as high
as 0.75 for levels of geomagnetic activity for which the auroral oval is close to or
within the range of the radar.

INVARIANT- GEOMAGNETIC LATITUDE - LONGITUDE GRIDS

Production of maps depicting the invariant geomagnetic latitudes and longitudes
determined at a height of 105km above the geoid for Epoch 1975.0 was started for use
through the current decade, replacing the earlier Epoch 1967.5 maps, now less useful
because of the secular changes of the geomagnetic field.

AUTOMATIC DATA PROCESSING

REDUCTION, PLOTTING AND ANALYSIS OF AURORAL FORMS

Formerly tedious and time-consuming reduction and plotting of the locations of lower
borders of auroras from all-sky camera photographs were reduced to faster simple
routine operations through development of a system in which the operator traces lower
borders with an X-Y sealer which automatically converts positions into digital form on
punched paper tape. These positions are converted to geographic coordinates by a
computer programme and may be computer-plotted in geographic polar coordinates.

CONVERSION BETWEEN COORDINATE SYSTEMS

Computer programmes were written and proven for the convenient conversion of tabulated
and point data between geographic, solar geomagnetic and solar magnetospheric
coordinate systems, particularly for satellite - ground studies.

EPHEMERIS

A "Digital Solar Ephemeris" was produced. For a specified date and time this
subroutine will calculate, from orbital elements, the most commonly needed
astronomical quantities, namely solar right ascension and declination, solar
longitude, and Greenwich Mean Sidereal Time for Greenwich Hour Angle of Aries).

MACHINE-LANGUAGE SUBROUTINE "RENAME"

A machine-language subroutine for use in Fortran language programmes was written to
enable files on the PDP10 computer disc storage device to be renamed from within a
FORTRAN programme, simplifying many editing operations.

12.



UPPER ATMDSPHERIC PHYSICS

REDUCTION AND ANALYSIS OF RIOMETER DATA

A study was made of the methods used for routine analysis of riometer records, and as
a result a new system for carrying out this work was devised, and the necessary
computer programmes written. These programmes edit the crude data produced from a
semi-automatic chart sealer, produce mass plots for determination of Quiet Day Curves,
handle generation and updating of the Quiet Day Curves data, and finally produce
computer plots of riometer absorption in compressed and expanded forms.

15.



COSMIC M Y PHYSICS

Scale model of new cosmic ray observatory under construction at Mawson
showing surface and underground installations.

OUTLINE

Within the broad framework of studies of time-variations of cosmic ray intensity, the
programme of the Division is at present concerned with the daily periodicities that
provide evidence of anisotropies. Of principal interest are the intensity maxima
which appear to be aligned with the inward and outward directions of the galactic
magnetic field. Through the work of the Division and latterly that of the University
of Nagoya, the spatial characteristics of the bi-directional sidereal anisotropy are
now fairly well established. Evidence is also accumulating for a rather variable
unidirectional anisotropy, possibly of local interplanetary origin.

14.



COSMIC RAY PHYSICS

SIDEREAL ANISOTROPIES

From earlier work there had been evidence for two contributions, bi-directional and
unidirectional respectively, to the total sidereal anisotropy, but there was no way of
deciding whether they had a single origin or were produced by separate physical
mechanisms.

Observations averaged over 1968-1970, from the high zenith angle north/south telescope
at Mawson were analysed during 1970-71. In conjunction with underground data from
Hobart they indicated that the unidirectional component was of much lower mean energy
than the bi-directional component. It was therefore presumably of different origin
and is thought likely to result from interplanetary modulation of cosmic rays. The
recent observations suggest a high mean energy for the bi-directional component,
including a threshold energy probably not less than 100 GeV.

A paper describing these results was prepared for presentation to the 12th
International Conference on Cosmic Rays, to be held at Hobart in August, 1971.
Although statistical errors in this pilot project were too large for accurate
estimates to be made, the results to date demonstrated the potential of the Mawson
experiment for energy determinations.

ATMOSPHERIC VARIATIONS

Variations of the Mawson north/south meson intensity that are correlated with
variations of atmospheric pressure and of the upper level atmospheric temperature
distribution were compared with the results of similar analyses of the east/west and
vertical meson data at Mawson and of the underground data from Hobart. Results so
far obtained indicate that the north/south intensity is more responsive than the
underground intensity to barometric variations.

The results were applied to the elucidation of daily periodicities of atmospheric
origin and to an assessment of the mean energies of particles (mesons) on arrival at
the equipment.

SMALL AIR SHOWERS

The north/south telescope had been designed to present minimum average area to small
air showers, which might otherwise tend to smear out the important intensity
differences between the north and south directions of observation. Little was known
of the frequency of occurrence of these showers. Electronic methods of shower
detection were developed and showed that air showers contributed less than 5 per cent
to the total counting rate, and therefore may be disregarded.

NEW OBSERVATORY FOR MAWSON

Construction of a high energy observatory (illustrated) was begun at Mawson primarily
to determine the energy ranges of anisotropies and secondarily to refine the estimates
of the directions of intensity maxima. The site is on granitic rock 26 metres above
sea level.

The new building was designed to accommodate three high zenith angle north/south
telescopes, the existing rotatable telescopes (both inclined 45 east/west)-and the
neutron monitor.

15.



COSMIC RAY PHYSICS

An underground vault was incorporated to accommodate three large telescopes oriented
at a zenith angle of 24 degrees north in the geomagnetic meridian plane to detect
particles that arrive essentially without deflection by the geomagnetic field, and two
smaller telescopes oriented at a zenith angle of 35 degrees in the geographic south-
west direction to detect primary cosmic ray protons that, at remote distances,
approach the earth along its rotational axis.

The total counting rate of the larger telescopes is designed to be approximately
120,000 particles/hour to give accurate measurements of Right Ascension. The problem
of determining the correct viewing characteristics for the smaller telescopes was
solved by computer optimisation of design.

Since the smaller telescopes should detect no daily variations due to anisotropies,
only the daily variations that are of atmospheric or other very local origin should be
observed. Thus they were designed to act as controls for the north-pointing
experiments as well as to observe transient fluctuations of high energy primaries in
the polar direction. Their expected total counting rate is approximately 40,000
particles/hour.

In the case of the underground telescopes, the total absorber from the top of the
atmosphere is 40 metres of water equivalent and this is equal to the almost entirely
atmospheric absorber that would be vic-wed by the north/south telescopes in the
building above ground by virtue of the high zenith angle of the latter. Thus, in
terms of the energies of the cosmic ray protons to which they respond, there should be
compatibility of response among these different detecting systems.

16.



GLACIOLOGY

PHYSICAL CHARACTERISTICS OF THE ANTARCTIC ICE SHEET*

To determine the history of the Antarctic ice sheet and whether it is now growing or
shrinking, a knowledge of the ice distribution and movement is required.

Measured ice surface elevation, ice thickness, accumulation rate and surface mean
temperature were used in a numerical model of the Antarctic ice cap assuming
equilibrium. The ice velocity and temperature distributions needed for balance were
computed from this model using continuity and heat conduction equations. The computed
Camp Century [Greenland) and Byrd (Antarctica) temperature profiles fitted the
observed profiles with error standard deviations of 0.04°C and 0.15°C respectively.

Surface ice velocity from equilibrium model (metres/year).

Secondary characteristics such as strain rate, volume flow, particle paths, residence
times and particle age were derived from the balance velocity. Temperature gradients,
basal temperature, basal melting, dielectric properties, and flow parameters were
derived from the temperature distribution.

Using the temperature distribution obtained from the equilibrium model a second
velocity distribution was computed, from the flow law of ice. Comparison of this
velocity with the balance velocity was not good, showing that either the ice sheet is
not in a steady state condition or that the flow law parameters used are not exact".
Field and laboratory experiments are continuing to provide more comprehensive data
and actual values of ice properties, and the behaviour of the ice sheet.

17.



GLACIOLOGY

NUMERICAL MODELLING OR TrMPERATE GLACIER SYSTEMS*

In order to provide a ready means of interpreting the history of change of an ice
mass, a model based on the geography of actual glaciers was developed to represent the
dynamics of any temperate glacier system in terms of bedrock profile and net balance
distribution.

The net balance of successive changes in accumulation and ablation for a vertical
section through the centre flo« line was considered. The dynamic equations for this
case were solved itfjratively to give the velocity (and hence the mass redistribution)
for successive steps of accumulation and ablation. The model glacier grew rapidly
above the firn line until, due to increased secretion in this area, it flowed down
•past the firn line.

The computations were repeated until the glacier reached equilibrium (i.e., no
noticeable surface change occurred over a century). The approach to equilibrium
became progressively slower as time increased.

In order to examine the stability of the model, three types of perturbation were
applied to the equilibrium profile, namely a uniform slab, a smooth hump in the upper-
most accumulation region and a sinusoidal variation along the ice surface, and the
return to .equilibrium was studied. In all cases a steady state was attained and in no
case did the glacier surge as the result of applied perturbations.

DYNAMICS OF UNMEASURED GLACIERS

In order to provide a means of predicting the behaviour of unmeasured glaciers and
incidentally to assist the planning of field work on glaciers, a nomogram was
constructed showing total flow as a function of surface slope, velocity and ice
thickness. Empirical data from more than thirty measured glaciers were used for this
purpose. Surface flow and surface slope can be determined readily from a knowledge of
surface contours of the glacier and from the variation of accumulation and ablation
for the particular geographical situation and topography. The velocity and depth can
then be found from the nomogram.

The nomogram was tested on the hitherto unmeasured temperate Vahsel Glacier on Heard
Island. A velocity of 70 m/yr and thickness of 100 m were predicted. Measurements
made on this glacier, during January/March 1971, showed it to be moving at
approximately 65 m/yr and to have a thickness of 80 m at the firn line.

WILKES ICE CAP STUDY (LAW DOME)

Distribution of the strain rates, surface velocities, accumulation rate, surface
elevations and slope over the local ice cap were obtained by comparison between the
1966 and previous survey measurements. These quantities were used to determine
preliminary estimates of mass balance.

Surface lowering within the dome survey triangle was determined by two methods:

Gross outflow from the triangle was derived from transverse veiocities and gross
accumulation from the accumulation and density data. The resulting net volume
loss indicated a surface lowering of 0.21 m/yr.

* In collaboration with the Meteorology Department, University of Melbourne. •-

18.



GLACIOLOGY

The change of elevation of a point fixed in relation to bedrock was considered as
the sum of a lowering due to vertical strain rate, a raising due to a wedge-shaped
section moving down the slope, and a raising due to accumulation. This method
yielded a net average surface lowering of 0.20 m/yr.

Because of inaccuracies in the measurement of transverse velocity which directly
affect the first method, and indirectly affect the second in the calculation of
vertical strain rates, the value of 0.2 m/yr can be taken only as the order of the
average surface lowering rate.

Particle paths were estimated both for balance conditions and for a surface lowering
of 0.2 m/yr. The diagram shows the particle paths and residence ages (dashed lines)
along one line for balance conditions. Comparison of these particle paths with
oxygen isotope results (see below) indicated that the surface lowering is possibly
greater than 0.2 m/yr.

In order to determine the flow law for ice at relatively low stresses (below 0.5 bar),
the stress deviations from the mean caused by the local surface undulations were
compared with the corresponding longitudinal strain rate deviations. The derived
values of the generalised flow law parameter showed good agreement with the results of
other workers.

1400-K

Ice Surface

Particle Paths — > ••

Residence Times

-200
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Particle paths and residence times for balance conditions, Wilkes ice cap.

19.



GLACIOLOGY

KATABATIC WIND

During 1970 measurements of the wind and temperature of the surface inversion were
made from a k i t e in the ka taba t ic wind region of the Law Dome (Wilkes i ce cap) .
Preliminary analysis indicated a trend in the invers ion from near zero at the dome
centre to a -5 C t o t a l inversion in a layer of a i r 150 m deep towards the coas t .

ENERGY FLUXES ACCOMPANYING SEA ICE FORMATION

Using measurements made near Mawson from an instrumented r a f t i n 1969-70, the energy
fluxes over open water and over a newly forming ice cover were ca lcu la ted . Energy
t rans fe r a t the ice-atmpsphere or the ocean-atmosphere i n t e r f ace i s by incoming net
rad ia t ion N, turbulent heat t r ans fe r to the atmosphere H, l a t e n t head t r ans fe r t o the
atmosphere LE, and heat flow in to the water or i c e , R. The energy balance a t the
in te r face can be expressed as N - H + R + LE

H and LE were calculated from measured temperature, humidity and wind grad ien t s over
the surface , net r ad ia t ion N was measured d i r e c t l y and thus R, the heat flow in to the
sea or ice,was derived from above equation. The components of energy balance found
for 30-minu1;e periods throughout the day are shown in the diagrams for open water and
for newly-forming i c e .

Energy transfer ovei open water-

Station Time» L.S.T.+2 (Solar noon at 1410)

N: Incoming net radiation. LE: Outgoing latent energy
H-" Outgoing turbulent energy. R- Energy flow into ice/water.

Energy transfer over new ice.

Station Time- L.S.T.+2 (Solar noon at 1410)

Comparison of energy fluxes over open water and sea ice.

20.
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Comparison of the energy fluxes over open water and new sea ice showed that large
changes occurred in the local heat budget when an ice cover formed.

The energy balance over open water was dominated by a strong diurnal variation, with
the ocean storing heat during the day and losing it at night. Solar radiation was
strong during the daytime; energy loss from the water by both latent and turbulent
heat was intense.

When the sea ice cover formed., the surface albedo Creflectivity) increassd, solar
radiation absorbed at the interface was drastically reduced to less than the outgoing
long-wave radiation and the net radiation became negative (i.e., there was radiative
loss to the atmosphere). The physical barrier of the ice between the "warm" ocean and
the "cold" atmosphere reduced the transfer of turbulent heat and evaporative latent
heat to near zero. As shown by the negative values of R in the graph of energy
transfer over ice, energy was lost continuously from the ice and hence the cover
thickened.

ENERGY BALANCE STUDIES OF PLATEAU ICE

The energy balance of plateau ice was estimated for a one-year period from
micrometeorological measurements made at Mawson in 1967 and compared with a similar
study made at Mawson in 1965. The pattern for both years was generally similar, but
with flux variation up to 20 per cent from one year to the next in association with
variation in climate.

AMERY ICE SHELF PROJECT

Analysis of 1968 and 1969 Amery Ice Shelf survey results to determine velocities and
streins continued. A longitudinal cross-section of the shelf was obtained from the
optical levelling and ice thickness measurements.

OXYGEN ISOTOPE ANALYSIS OF ICE CORES

The oxygen isotope ratio in snow deposited on the Antarctic continent depends on
several factors but principally on the air temperature at the place of condensation of
water vapour to snowflakes. There is a large air temperature decrease inland from the
Antarctic coast and this is reflected in the isotope ratio. Ice formed from snow
deposited at a particular elevation (i.e., at a particular temperature) has an isotope
ratio which distinguishes it from ice from higher or lower places. Thus the isotope
ratio can be used to indicate the place of deposition of ice which has been recovered
by deep drilling.

Isotope ratio profiles were determined by mass spectroscopy for the Wilkes ice cap
surface from the summit of the dome to Cape Folger, and for cores from Cape Folger,
the dome summit and the Amery Ice Shelf.

The ice particle paths for the Wilkes ice cap, which were computed from surface surveys
for both equilibrium and lowering conditions, have been checked by matching points of
equal isotope ratio from the surface and the core.

The end-points of the particle paths determined from isotope ratio measurements did
not agree with, those computed from the survey results and indicated that the ice cap
is not in balance and that the surface lowering is slightly faster than the 0.2 m/yr
previously, indicated.
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It was found necessary to correct the isotope ratio values of core older than 5,000
years for long-term climatic change, and this was done by using published data from
the Byrd and Camp Century ice cores as well as data from the dome summit.

ICE DEFORMATION HISTORY

Extensive investigations of the petrofabrics, crystal size and density of cores from
the dome summit, Cape Folger and the Amery Ice Shelf were made during a visit to the
Antarctic Division by Dr. G. Wakahama of the Low Temperature Institute, Hokkaido,
Japan. In addition, the deformation of these cores under simulated in situ conditions
was followed by viewing stressed thin ice sections through crossed polaroid plates,
.and time-lapse cinematographic records of crystal behaviour were made. Preparations
for study of the creep of ice at very low strain rates and a range of closely
controlled temperatures reached an advanced stage.
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SPECIATION IN GIANT PETRELS

The comparative study of the breeding and ecology of the two species of giant petrel,
Maaroneates giganteus and M. halli, was continued at Macquarie Island until March
1971. The taxonomic status of giant petrels had been a major problem in twentieth
century Antarctic ornithology until 1966 when M. halli was proposed as a separate
species, distinct from M. giganteus, on the basis of differences in appearance,
breeding range, breeding behaviour, and a six weeks earlier breeding season. However,
no detailed comparative field study of the two forms had been made. Macquarie Island
offered one of the few opportunities to study these species at the one location, since
their breeding ranges overlap only in a narrow zone near the Antarctic convergence,
and at the same time to make a contribution to the wider field of study of ecological
adaptations of species to their environments.

Masroneotes giganteus showing exposed
nest sites, colonial breeding
and white phase individuals.

Maeroneetes halli showing sheltered
nest site.

The results provided convincing evidence that the two forms are distinct species.
Most of the differences cited as grounds for separating halli were confirmed, and
some important new grounds were found. Giganteus lays a larger egg than halli,
producing a heavier chick which achieves a greater pre-fledging weight. In addition
to differences in plumage and bill colour, the frequency of occurrence of iris colour
differs very markedly. Differences in diet and feeding behaviour have already been
noted (Annual Report 1969-70).

The island's estimated breeding populations were 4,000 pairs giganteus and 1,000 pairs
halli. Several hundreds of these were checked during the study and only one case was
discovered where a giganteus male (banded) nested with a halli female. This was
observed in the halli season in 1967, 1968 and 1970. Unfortunately the egg was
deserted after a few weeks in 1970 and its fate in previous years was not recorded.
This was the only indication that cross-breeding may occur.

It is proposed that the différences in breeding biology and feeding ecology found to
exist between the species conform with the hypothesis that giganteus is adapted to an
Antarctic/sub-Antarctic, and halli to a sub-Antarctic/temperate environment; each
species being at the limit of its climatic tolerance at breeding stations such as
Macquarie Island, close to the Antarctic Convergence. Some examples of "Antarctic"
adaptations in giganteus are:
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. Exposed nest sites which are unlikely to be drifted over by snow (halli chooses
sheltered nest sites, an adaptation to a relatively snow-free environment).

Larger egg which is better adapted to conserve heat by virtue of its smaller ratio
of surface area to volume (and probably contains a larger yolk providing greater
food reserves for the chick hatching in a climatically harsher environment).

. Greater weight of the chicks before fledging, suggesting (in contrast to the
similarity between adult weights) larger fat deposits for better insulation
(important because of the cold climate and exposed nest sites) and larger energy
reserve for the long migration from the nest to the winter feeding grounds off the
coasts of the southern continents. While migration distance could be the same for
all giant petrels bred at Macquarie Island, for most giganteus (breeding at or
south of the Antarctic Convergence) it will be greater than for halti breeding to
the north.

. An apparently greater dependence on a marine diet and lesser preference for seal
carcases may reflect the relative scarcity of the latter in the Antarctic as
compared with more temperate waters.

i

The later breeding season of giganteus is seen as resulting from the species'
evolutionary past, under the influence of the Antarctic environment, for earlier
breeding in the Antarctic could lead to heavier mortality. This hypothesis is
strengthened by the even more delayed breeding seasons known to occur, up to one
month later, at more southerly locations.

This difference in the breeding seasons of the two species at Macquarie Island would
appear to be a major isolating mechanism preventing hybridisation. However, colour,
voice and plumage differences may function in courtship displays to contribute further
to the extremely high degree of reproductive isolation recorded.

SOCIAL STATUS OF BULL ELEPHANT SEALS

The elephant seal population at Macquarie Island contains animals of known age which
were given individual brands as pups. During September and October 1970, the main
part of the breeding season, the bulls were observed for the second successive season
to study their social status in the harems, a matter relevant to conservation.

Young bulls 6-9 years remained in non-breeding areas and avoided contact with the
harems. Bulls 10-11 years spent most of their time near the harems but were rarely
seen among the cows and were subordinate (as determined from observed aggressive
encounters) to harem bulls. During the 1970 breeding season one 12-year-old bull held
a harem for the first time and a 13-year-old for the second time, but both were
displaced by others of unknown age shortly before mating.

The breeding bulls, or beachmasters, which held harems arrived at the breeding grounds
earlier than other bulls and were larger in length and estimated weight; they were
socially dominant, rarely requiring to resort to physical contact with a challenging
animal to maintain position. Bulls of lower status were involved more frequently in
encounters which involved fighting.

The observations suggest that at Macquarie Island bulls must be more than 13 years old
and 16 ft or longer before they are sufficiently developed and experienced to achieve
high rank in the hierarchy and command a regular breeding position in the harem. This
contrasts markedly with the elephant seals on South Georgia, where in a commercially
exploited population four-year-old bulls appear in the breeding season and six-year-
olds hold harems.
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Elephant seal harem Macquarie Island.
(The beachmasters are stationed within the harem.)
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LIGHT-MANTLED SOOTY ALBATROSS (Phoebetria valyébrata) AT MACQUARIE ISLAND.

"Pee- Aw"!

Light-mantled sooty albatross.
Advertisement call - made only by the male.

LIGHT-MANTLED SOOTY ALBATROSS (Phoèbetria yalpébrata)

Aspects of the biology of the light-mantled sooty albatross were investigated at
Macquarie Island. A census was made during November/December, north of the line
Sandy Bay - Flat Creek, where ISO nests with eggs were counted, from which the total
breeding population throughout the island was estimated to be some 600 pairs; the
total population including non-breeding birds would be considerably greater.

The youngest breeding bird recorded, a female, was seven years old and the oldest, of
unknown sex, was more than eighteen. Breeding therefore appears to start around the
same age as for other species of albatross.

The nests of the sooty albatross are built on hillsides, usually on the steep grassy
slopes on ledges around the coastline of approximately 80km, but also occasionally
inland. The lowest nest found was 30m above sea-level, the highest about 200m. Nests
were mostly solitary (i.e., not intervisible) but groups of up to five within a 10m
radius were found. All nests were protected from the prevailing westerly winds, and
most faced east.

Detailed investigations were made on 37 nests and a further 45 nests were observed
less frequently as a control (minimum interference) series. Altogether 132 adults and
109 nestlings were banded. Measurements were made of bill, wing, tarsus and toe
length and weight of adults, and similar measurements were made weekly on 21 chicks
from hatching until the first week in May.
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No sufficient morphological difference between the sexes was observed to permit ready
sex differentiation. Behavioural differences (see photograph) were found and used for
sexing banded birds.

Breeding success to 30 April in the control series, in terms of chicks surviving to
eggs laid, was 78 per cent; 13 per cent failed to hatch and 9 per cent of chicks died.

The highly synchronized breeding, the short pre-breeding exodus of the females,
leaving the males to build the nest, and the short period between arrival and laying
are noteworthy. The first light-mantled sooty albatrosses for the season were
observed on 4 October, these including a pair and a solitary bird. Egg-laying
occurred from 23 October to 1 November.

First chipping of eggs was observed through the period 26 January - 3 February.
Incubation period from laying to final emergence of chick from shell was 65-68 days.
Chicks were left alone after being brooded for 18-25 days. Both male and female birds
took turns at incubating, brooding, and feeding the young. Chicks departed their
nests 25 May - 15 June, after which no further sooty albatross was seen for the
season.

Detailed written, cine and sound records also were made of behaviour, particularly of
courtship display, for further analyses. Information on population dynamics and
natural regulation was obtained.

LITTORAL ECOLOGY

Analysis of the results of a study of littoral ecology made at Macquarie Island during
1968/69 was completed in 1970/71. Six species of molluscs (Amphineura: Plctxiphora
aumta, Hemiartknan setulosum; Gastropoda: Patinigera maequar'iensis, Cantharidus
(Plumbelenohus) oovusaans3 laevilittorina aaliginosa, Kevguelenella lateralis) were
the subjects of an investigation of possible limiting factors at the upper margins of
distribution.

Six zones of flora and fauna (Lichen, Porphyra, Bare, Upper Red, Kelp, Lower Red)
local to Macquarie Island were related to the universal zonation scheme of Lewis.
Rock pools at different locations were found to "have different algal types and
different ranges of physical conditions, fluctuations becoming wider progressively
higher up the shore. Mollusc occupancy was found to correlate with food available and
physical conditions.

The distribution of molluscs was recorded in relation to the zonation and to special
habitats, food preferences, influence of algal cover, recolonization, prédation, and
tolerances to temperature, desiccation, and salinity. No one factor was found to be
all-encompassing as limiting the upper distribution of all species. The importance of
each was found to differ for each species. Combinations of factors had a strong
influence on limiting distribution, particularly biotic, in conjunction with sub-
lethal, physical, factors.

Further studies on the limpet Patinigera maaqucœiensis showed associations between
characteristics of an individual species and the environment. Generally, limpets in
different habitats showed differences in activity and feeding, reproductive cycle and
shell shape. Emergence initiated different feeding and activity responses; those
that were exposed in the eulittoral increased their rate of feeding and movement
during periods of submergence. Limpets in the eulittoral moved up with the incoming
tide and down with the outgoing tide and this movement was partially influenced by
phototactic and geotactic responses. Increased activity and feeding at high tides did
not occur in limpets continuously submerged. Upward movement by limpets with high
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tides in the upper range of their distribution allowed the most effective usage of the
surrounding habitat. This movement was regarded as a response to environmental cues
and not to a predetermined rhythm.

Study of the annual reproductive cycle of the limpet showed that spawning occurred
over spring-summer after four months of gonadal development following a resting stage
of three months. Associations between environmental factors and timing of the
reproductive cycle were drawn but were not conclusive. There was a phase difference
of two months between the reproductive cycles of limpets from the eulittoral and from
a depth of 3-7m. Lipid was an important reserve material and there was strong
evidence for the digestive gland acting as a storage site; a large increase in Jipid
content of gonads during reproductive development was observed. Differences in shell
height were correlated with the strength of water movement over the shell, the higher
she'll being found in areas of greater turbulence. The limpets had a high degree of
constancy of location and no homing occurred. There was no total migration of limpets
down the shore at any season.

Investigations on reproductive types and cycles from serial collections of marine
invertebrates yielded first records of brooding for six species, and of egg-case
formation for two species.
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Medical laboratory at Casey (fluorimeter used in catecholamine investigation
is on the bench].

CATECHOLAMINES IN HUMAN ACCLIMATIZATION TO COLD

In an investigation of the part of the catecholamines, adrenaline and noradrenaline,
in human acclimatization to cold, the 1970 Casey wintering party was studied in
Australia, throughout the expedition, and after return to Australia.

A highly significant (2P < 0.001) large rise in 24-hour urinary noradrenaline
excretion was recorded on arrival in Antarctica. In subsequent months in Antarctica
it fluctuated but was significantly higher than the pre-Antarctic level; the pooled
result for this period, which excludes the very high value on arrival in February,
also was significantly higher. Further, the post-Antarctic excretion measured after
five months back in Australia returned to a value not significantly different from the
initial pre-Antarctic value so that it is reasonable to conclude that noradrenaline
excretion does rise in humans under the Antarctic conditions experienced. .This
observed pattern of noradrenaline excretion, following closely that reported for rats
placed in a cold chamber, suggests that noradrenaline is the chief mediatec of
chemical thermogenesis.
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Monthly 24-hr catecholamine excretion.

Adrenaline excretion, on the other hand, showed no rapid change, but a gradual rise
throughout the year, and it was not until after mid-winter that the increase became
statistically significant. The post-Antarctic tests showed a return to the pre-
Antarctic level. The initial rise was so much slower than that reported for rats
placed in a cold chamber that it leaves considerable doubt as to whether the increase
in Antarctica was due to cold exposure of the men or to some stress not specifically
related to climate, for example, of emotional origin.

A standard cold stress (2 hr exposure at 10°C), applied each quarter, produced
significant increases in urinary excretions of adrenaline and noradrenaline both in
Australia and in Antarctica, the Australian result being in accord with the results of
other workers on cold-stressed unacclimatized men. However, there was no significant
difference in change of catecholamine response to cold stress in Antarctica compared
with that in Australia. This is in contradistinction to reported changes in rats, but
may have been due to high individual variation.

In contrast, although response in plasma cortisol (one of the adrenal corticosteroids)
under the standard cold stress was not significant either in Australia or in
Antarctica, the change in the response between Australia and Antarctica was significant
(2P < 0.025), the response in Antarctica being a slight decrease. Therefore, with
some reservations it might be concluded from this experiment that acclimatization is
indicated, for it is known that cold-adapted rats require less adrenal .corticosteroid
for survival in cold than warm-adapted rats.

Thus, from these experiments it is shown that urinary excretion of noradrenaline is
increased in the Antarctic and the pattern resembles that of rats kept in the cold.
This, together with the lowered cortisol response to a standard cold stress, indicates
that acclimatization to cold occurred in men in Antarctica and the chief mediator was
noradrenaline. Noradrenaline serves this purpose in newborn infants, so that its
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Standard cold test at Casey.

reappearance in this role in the human adult might be a re-establishment ot the
infantile mechanism. Skin and rectal temperature data have yet to be analysed to show
whether body temperature, the definitive parameter of acclimatization to cold, was in
fact maintained more efficiently in Antarctica than in Australia during the standard
cold stress experiments.

DEHYDRATION AND LOSS OF BODY WEIGHT DURING FIELD TRIPS

A study of the three labile body components (water, fat and protein), and their
alterations due to field work, was undertaken at Davis in 1970 to determine the
relative roles of these components in the large losses observed in weight of men on
prolonged field trips, and the rapid regaining of weight after return to the station.
Some authors have attributed much of the loss to caloric imbalance due to high energy
expenditure, but considered that there also could have been considerable dehydration.

Observations were made on three men who undertook an inland glaciological traverse by
motorized toboggans, and on one control subject who remained at the station.
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While in the field the men lost from S.9 to 9 kg over a period of four weeks at rates
up to 2.3 kg/day, and these losses were largely replaced on return to base. The
results are similar to those obtained during other field traverses including the sim-
ilar dog-sledge traverse at Davis in 1963. Hip girth, skinfold thickness, arm
circumference and urine output varied in a similar manner.

Analysis showed that the weight losses were positively correlated with reductions in
fluid intake, dry bulb temperature and wind speed, but were not correlated with food
intake, which appears to have been in excess of energy needs, thus indicating that
dehydration at least contributed to the changes. In order to examine the processes
more closely, deuterium oxide (heavy water) was given orally and urine specimens were
collected for later determination of changes in total body-water from deuterium oxide
dilution and excretion, .also of creatinine levels, to indicate the relative roles of
dehydration and protein metabolism.

FIBRINOLYSIS STUDY INITIATED AT MAWSON

Reports on British and South African Antarctic Expeditions indicate that significant
seasonal variation in serum lipid levels of men is likely to occur at Antarctic
stations, due to diet and physical activity.

Among the lipid fractions showing significant variation was 0 -lipoprotein, which
several groups have suggested may inhibit fibrinolysis, thereby perhaps contributing
to the pathogenesis of atherosclerotic and thromboembolitic diseases.

Experimental evidence to date regarding the effect of fats (lipids) on fibrinolysis
has been contradictory, and a relationship between them has not been definitely
established.

Advantage was taken in 1971 at Mawson to initiate observations of human blood
fibrinolytic activity and serum lipid levels in a search for more definite evidence of
association.

Fibrinolytic activity is being assessed by measurement of dilute blood lysis time and
euglobulin lysis time. The former indicates variation in fibrinolysis resulting from
fibrinolytic inhibition, the latter detects alteration in fibrinolytic activation.
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Air support - Aramis Range Prince Charles Mountains.

The third phase of an extensive summer programme of mapping, geological and
geophysical survey, in the Prince Charles Mountains in Australian Antarctic Territory
south of Mawson, was completed during the 1970-71 austral summer by twenty-five men
who spent periods of up to fifty days in the mountain area. The party was led by
Dr. D.J. Lugg, Senior Medical Officer, Antarctic Division. Party members and their
affiliations are shown in Appendix 4.

Thirteen tellurometer traverse lines were measured between Depot Peak and Mt Stinear,
and geological reconnaissance was completed south from the vicinity of Depot Peak to
Mt Willing. The Earth's magnetic field was measured, lichens were collected and
medical observations were made.

The field operations were supported by aircraft which were used to carry men and
material from the ice edge to Mawson, and from Mawson to the forward base at Moore
Pyramid, to ferry the working parties among the mountains, to return the group and
their equipment to Mawson. - *

A report on the operations has been published as Technical Memorandum No. 4.
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Prince Charles Mountains showing tellurometer lines
measured in 1970/71.
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FRENCH-AUSTRALIAN EXPEDITION HEARD ISLAND AND MCDONALD ISLANDS

I

McDonald Islands. McDonald Island with Meyer
in foregound, Flat Island on left.

Rock

I
A party of five Australians accompanied a French expedition to Heard Island during
1970/71 summer. The expedition travelled from Mauritius on the French vessel GalHeni
and visited Reunion, Kerguelen, lie St Paul and lie Amsterdam.

The Australian party assisted with the French programme of upper atmospheric studies,
tested an automatic auroral camera, conducted detailed quantitative glaciological
studies, and continued observations of glacier movement around the island; fur seals
and king penguins were counted at Red Island and Vahsel moraine to determine
population trendsj vegetation and littoral marine organisms were collected, and
observations of thermal comfort were made; synoptic weather observations were
transmitted to the Bureau of Meteorology, Melbourne-

With French assistance, two Australians took part in the first reported landing on the
nearby McDonald Islands. A brief reconnaissance of the group yielded many hand-held
aerial and ground photographs and showed it to consist of three, not five, separate
islands. McDonald Island was found to be typically sub-Antarctic in terrain, flora
and fauna, and to contain extensive breeding populations of sea-birds, some breeding
fur seals, and immature elephant seals. A large number of penguins was also observed
a few days earlier, when the east coast of McDonald Island was inspected from the sea
by members of the Australian relief expedition returning from Mawson on board M.V.
Nella Dan.



FRENCH-AUSTRALIAN EXPEDITION HEARD ISLAND AND MCDONALD ISLANDS

Sub-Antarctic terrain, flora and fauna, McDonald Island.

During the stay at Heard Island, an expedition assistant was immobilized on Gotley
Glacier by a leg fracture sustained while traversing the island. The polar vessel
M.V. Bella Dan, under charter to Antarctic Division, was diverted from Davis and
successfully evacuated the injured man.

The operations are described in Technical Memoranda Nos. 5 and 10.
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UNMANNED GEOPHYSICAL OBSERVATORY

Prototype unmanned observatory inland from Casey
(radio picture).

The design and construction of a prototype unmanned geophysical observatory was
brought to the stage where field trials could be undertaken. The observatory was
despatched to Casey in January 1971, and in May was installed on the ice cap £6km
south-east of Casey.

The observatory contains a quartz crystal chronometer-programmer, an all-sky auroral
camera, a riometer for monitoring ionospheric conditions, and magnetic micropulsation
equipment with analog magnetic tape recorder. It is designed for the addition of
digital data logger, magnetometers and micrometeorological equipment, and can
accommodate a variety of other sensors.
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Instrument workshop, Antarctic Division headquarters.

Completion of the prototype was the result of more than a decade of planning and
development by Antarctic Division staff to achieve the necessary facilities ; expertise
and techniques to design and construct a low-power observatory that might operate
reliably unmanned anywhere in Antarctica, or in sub-Antarctica.

Advances in solid-state device technology finally made the concept realizable. The
component circuitry and geophysical instruments of the observatory in general were
developed to consume from 1 to 10 per cent of the power needed for conventional
equipment, and to function at atmospheric extreme temperatures to -100°C. Projected
average power consumption for the complete observatory was 4 to 5 watts, but improved
technology has reduced this to 1.5 watts. Operation in Antarctica at present would be
restricted by use of conventional power sources to the areas where the mean annual
temperature is about -50 C; an isotope power source would be needed for operation in
the colder regions.
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In the latter half of 1970-71, developmental work proceeded on the following aspects:
power supply; feasibility of satellite telemetry; application of new metal oxide
(COSMOS) solid-state technology to replace the TTL logic circuitry now in use to
improve reliability and reduce power consumption; operation and ageing of precision
quartz crystals at low temperatures; improvements to digital data logger and fluxgate
magnetometer.

ANALOG DATA

ANALOG DATA
O - 2V

IO CHANNEL DATA
SCAN B

I/Hour

TIME INPUT GATES

CHRONOMETER

DATA LINES

Data logger for unmanned geophysical station.

SOLID-STATE NOISE GENERATOR

A relatively temperature-independent solid-state noise generator was developed for
low-power low-temperature application and was used as a reference source in the
riometer of the prototype geophysical observatory. Thermionic noise diodes in the
conventional riometers consume some 7 watts, and no stable low-power noise generator
was kr.own.

The device was achieved through the operation of a transistor well above its corner
frequency, in a condition wï-re all but a small fraction of the noise is collector
shot noise, and where this is ~hus virtually proportional to collector current. Power
consumption of this noise source is typically 10 milliwatts.

The test data in the accompanying graph show the virtual linearity and temperature-
independence of the device. Long-term stability of 2 per cent was established over a
two-month period; longer-term testing was initiated in the prototype observatory near
Casey.
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OUTPUT - VOLTS

Noise source linearity and temperature-dependence when
used in a riometer.

FEASIBILITY OF SATELLITE COMMUNICATION

The feasibility of using satellites for communication with Australian stations in
Antarctica was examined.

All the Australjan-occupied stations and the greater part of Australian Antarctic
Territory to 80 S were seen to be within the visibility limits of existing
communication satellites (see diagram).

The Standard Earth Station with its 26m parabolic reflector is massive, costly and
complex, and would be vulnerable to the high winds of Antarctica. Such stations are
designed to utilize the full satellite band-width whereas the feasibility study shows
that a small antenna and low power would be adequate for the relatively narrow band-
widths required by Australian Antarctic stations. This applies particularly to one-
way transmission of data from unmanned Cor manned) observatories and brings the
application of satellite telemetry within the concept of low-power remote automatic
ob s ervat ori es.
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M

Visibility limits of existing Intelsat satellites
in Aus££g&i4n Antarctic Territory.

GLACIOLOGICAL TRAVERSE EQUIP:

ICE-RADAR:

The 100 MHz ice-radar was upgraded in performance and mechanical construction for ice
thickness and bottom profileJSprk during the sprjLng^summer traverse inland from Casey.

aneroid barometers were incorporated into a servo-system
ometric pressure for surface-levelling inland from

RECORDING BAROMETERS:

Sensitive (0.1 mb resoluti
for automatic recording o
Casey.

NAVIGATION RADARS:

Two small marine radars tpre purchased for surface vehicle navigation and survey
support purposes. Reporté indicated that the radars assist this work; tractor travel
is now possible along marked routes in adverse weather; the location of fuel dumps on
the featureless ice plateau is also aided. Radar range is about 24 km for a 1 m -
diameter target.

ICE DRILLING AND BOREHOLE INSTRUMENTATION:

A thermal- drill-is currently being rebuilt and upgraded in performance to drill four
holes in the WiIkes ice-cap (south of Casey) during 1972.
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The Division's earlier developmental work is being consolidated in caravan-housing of
the drill, automatic drilling, centralized control, drill-head telemetry and ice-core
orientation indicator. Modifications were made to the drill heating-head to make the
ever-present danger of "freeze-in" less dependent on operator efficiency by shrouding
the transition area to maintain constant profile.

Assembly and exploded view of new heating head for
thermal drill.

Borehole instrumentation (inclinometer of resolution 0.01 ; borehole diameter caliper,
resolution lmm; temperature probes for a quartz thermometer, resolution 0.001°C) was
designed and its construction begun.

Construction of duplicate equipment, intended for light aircraft installation,
proceeded for studies in the Prince Charles Mountains - Lambert Glacier basin.
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CONSTRUCTION OF NEW OBSERVATORY

During 1970/71 the construction of a new cosmic ray observatory was begun at Mawson.
The building of 1056 sq ft floor area was prefabricated in Melbourne of panels
containing twice the normal thickness of insulation to facilitate temperature control.
It was shipped to Mawson in February 1971, and during the months which followed
excavation was begun, in the granitic rock at Mawson, of the subterranean vaults of
368 sq ft floor area at a depth of 43 ft to accommodate the meson telescopes and
seismic equipment. These had to be completed before the building could be erected
above them. By mid-1971 the shaft had been completed and the excavation of the vaults
was well advanced.

STATION DESIGN

In recent years, some faults have been occurring with increasing frequency in
buildings of standard design and these have prompted a re-evaluation of the principles
involved. These faults included lifting of the outer zincanneal cladding and severe
corrosion on the inner face of the sheets of the older buildings. Tests and
observations have indicated that there is a delayed aggressive reaction between the
zinc coating and the latex-based fleximer compound. Other recurring faults included
deterioration of the closed-cell rubber gaskets which are clamped between the ends of
the panels and this defect has allowed meltwater to penetrate during summer.

At the same time the perennial problem of functional development, restricted by out-
moded layouts of stations which have grown on a demand basis over the years, has
become more acute. This has beé%- an inhibiting factor, especially at Mawson where
expansion of the.original station* core has resulted in a congested complex of small
buildings,most of which are by now inadequate for the function for which they were
originally designed. Another result of this congestion .̂ as been to create larger
snow drifts as more buildings have been added in and around the station core. This
drifting has almost completely prevented the use of vehicles in the station area
during autumn, winter and spring. In summer,movement is again considerably restricted
by the network of wire-rope guys which are essential for anchoring the station
buildings.

Plans have therefore been commenced for a new functional station layout designed to
suit the environmental requirements at Mawson. This will form the basis for
consideration of a developmental project to be submitted for approval.

TRAVERSES

Mawson:

During the latter part of 1970,parties from Mawson placed depots of fuel and
provisions at strategic points on the ice plateau south of Mawson, to be used as bases
for flying operations for the detailed geodetic and geological surveys to be
undertaken during the summer months.

Oversnow trains, consisting of the new D5 Caterpillar tractors and sledges heavily
laden with cargo supported by smaller scout vehicles, were used for these traverses.
Progress was slow over the rough, crevassed, changing snow surface at high altitudes
in low temperatures. Poor visibility during blizzards and whiteouts made travel
impossible on an average of two days out of three. Approximately twenty tons of
technical equipment, stores and fuel were delivered to the main support camp at Moore
Pyramid 250 miles inland. (Two men were left thjre on 7 December 1970, to await the
summer parties who flew in from the relief ship at the ice edge 300 miles away in
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January.) Another 22 tons of fuel was placed at Mount Cresswell 380 miles inland as
the first stage of the build-up for the operations in the succeeding year.

Casey:

Nodwell RN110 vehicles, supported by Caterpillar D4 tractors and smaller tracked
vehicles, placed fuel depots at several points up to 150 miles inland from Casey in
readiness for the planned glaciological programmes to be undertaken in the following
season. Traverses were also undertaken to measure snow accumulation and ice movement
on the local ice dome in April 1970, and to place the prototype automatic geophysical
station in the field for trials 64 route miles from Casey.

The Nodwells were equipped for these purposes with ice-depth radar measuring
equipment, large capacity fuel tanks and specially designed cabins.

Davis:

Since the re-opening of Davis in 1969, field programmes have been carried out on the
ice plateau with OMC motor-toboggans which afford no protection to the operators.
Heavy vehicles cannot be used because it is not safe to operate them on the sea ice in
the fjords which provide the only means of access to the steep ice slope leading up to
the plateau. The motor toboggans were used to place a series of trail markers at one-
mile intervals, and glaciological strain grids at 10-mile intervals, to a point 121
miles inland at an altitude of 6,500 feet on the ice during spring 1970.
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COMMUNICATIONS

Changes in radio communications recommended by the Vlth Antarctic Treaty Consultative
Meeting at Tokyo in 1970 involve alterations in the times of radio operating
schedules. The main change at the Australian stations was to re-orient the radio
teleprinter circuit between Mawson and Mirny to Mawson-Molodezhnaya during February
1971, when the Russians transferred their centre of operations to the latter station.

The equipment improvement programme, which contributes to the compression of
information exchanges into shorter periods of time, is continuing.

MAWSON

The 5 kW transmitter recovered from Wilkes, when the station was closed in 1969, was
reconditioned in Australia in 1970 and brought into service at Mawson late in 1970.
This transmitter will considerably reduce the large number of frequency changes
involved in operating this network and, together with current aerial.improvements,
will cut down the number of switching operations required and so save excessive wear
on the equipment which has been operating for the last ten years. The additional
radio teletype diversity receiver transferred from Wilkes provided an extra channel at
Mawson for use when data exchanges are compressed and teletype services overlap. A
new public radio telephone service to Australia was instituted.

CASEY ,-fï,
• &

Three new 150-foot radi(||j||5ts were provided to replace those which were destroyed in
a severe blizzard late fiiiiî969. Work has commenced at the remote transmitter and
receiver sites to provide diversity working. These masts are designed to carry log
periodic aerials.

DAVIS

A new 1 kW transmitter was supplied and installed to replace the worn-out thirty-year-
old units. New ancillary radio equipment racks and an operating console were
installed.

SHIPS

Additional radio facilities were fitted in Bella Dan for use during relief operations.
These comprises:

i. VHF aeronautical transmitter and receiver for aircraft operations.

ii. radio teleprinter receiving unit to cover the needs of administrative and
meteorological traffic required on board.

iii. APT weather satellite receiver and facsimile recorder to receive pictures from
suitable satellites to assist navigation through ice fields and storms, and so
contribute to relieving the Antarctic stations with less delay and less
likelihood of being beset in thé ice.
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AVIATION

Air support for the geological and survey parties operating in Prince Charles
Mountains was provided in the summer of 1970/71 by three Hughes 500 turbo-helicopters
manned by three pilots and two engineers, and a ski-equipped Pilatus turbo-Porter
fixed-wing aircraft with one pilot and one engineer. In 409 flying hours approximat-
ely 36,000 air miles were flown in 500 sorties spread over forty days. Nineteen field
camps were established and seventy-five other sites were occupied by geologists and
geodetic surveyors assisted by other memlsrs of the Prince Charles Mountains party.

During these operations the helicopters landed at many previously unvisited sites
often involving difficult approaches and landings on and in the vicinity of mountain
tops. To place parties in these locations, the aircraft often had to fly over and
land in the midst of dangerously crevassed terrain to places as distant as Mount
Stinear, approximately 167 nautical miles south-south-east of the base camp at Moore
Pyramid. The turbo-Porter aircraft maintained an air link at this time between
Mawson and Moore Pyramid, positioned fuel at selected forward locations for use by the
helicopters and carried a party to land in a confined space between a heavily
crevassed area and Mount Cresswell at 72 47'S, which will be the centre of operations
for the future coverage of the southernmost regions of this extensive mountain system.

Statistics are given in Appendix 10.
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SHIP OPERATIONS

CHARTER

With the expiration of the current contracts, a new charter was negotiated with the
owners of the ice-strengthened polar ship Bella Dan to cover the period 1971/72 to
1975/76. The French Antarctic Expeditions, who charter Thala Ban, confirmed their
intention of continuing to sub-charter her during the middle of the austral summer to
the Australians for next season.

EXTENSION OF SUMMER PROGRAMMES IN THE MAWSON REGION

The normal logistic support for the expeditions was extended during 1970-1971 to
enable the main summer programmes in the Prince Charles Mountains to be carried out in
optimum conditions of summer weather and continuous daylight.

For the first time a field depot was available well into the interior south of Mawson
and by the end of the year it had been supplied with aviation fuel, food and equipment
and staffed with two men ready to receive the summer parties and support their
scientific project.

The ship carrying the Prince Charles Mountains parties was deliberately taken into the
pack ice in the Mawson region some three weeks before she could be expected to reach
Mawson but not so early that she would be exposed unduly to the risk of being beset in
the ice, nor that she would be unable to penetrate the ice to within flying range of
Mawson.

The timing of the operation, which was rather critical, was based on random sample
observations of ice conditions over the previous fifteen years, but was also assisted
by satellite observations received on the ship as she approached the area.

After penetrating 200 miles of pack ice, the ship reached comparatively stable fast
ice 48 miles north of Mawson on 28 December 1970. • From this point the aircraft were
off-loaded and staged via Mawson to Moore Pyramid and the northern Prince Charles
Mountains. The early commencement of the flying programme achieved in this way
contributed significantly to the success of the geological and geodetic surveys
conducted, in the area.

MODIFICATIONS OF RELIEF SHIP

The transport of men, stores and equipment has always been a factor limiting the
amount and quality of the scientific work which can be undertaken at Antarctic bases.

Whilst M.V. Helta Dan was in dry dock in Denmark last summer,modifications suggested
to the owners were built in to the ship to increase its value as a support vessel for
planned programmes. The helicopter deck was extended to provide more space for the
storage and operation of aircraft and to ensure greater safety. Extra bulkheads were
fitted beneath the helicopter platform and two additional passenger cabins were built
to increase the accommodation available for scientific and support staff on future
expeditions.

LARC AMPHIBIANS

For the first time Army LARCs were used at Macquarie Island and at continental
stations to assist with unloading and transportation of stores. The use of these
amphibious vehicles, with which the Army is replacing the obsolescent DUKW formerly
carried on relief vessels, proved to be successful in most conditions encountered at
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Macquarie Island, Heard Island and in Antarctica itself, where the winds are almost
invariably off-shore but where ice at that time of the year offered no serious
impediment to these vehicles. In the heavy swells encountered at the sub-Antarctic
islands it was found that in some conditions the cargo was exposed to water.

Army LARC.
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STAFF APPENDIX 1

APPOINTMENT OF DIRECTOR

Mr. Bryan Rofe, B.Sc, M.B.E., Principal Research Scientist from the Weapons Research
Establishment, Department of Supply, assumed duty as Director of the Antarctic
Division, Department of Supply, on 2 October 1970.

Mr. Rofe graduated from Adelaide University and served during the Second World War as
a meteorologist in the Royal Australian Air Force. In 1948 he joined the newly-formed
Weapons Research Establishment and in 1958 was appointed to initiate and develop a
programme to investigate the upper atmosphere by means of sounding rockets fired from
Woomera, on the north-west coast of Australia. He was Officer-in-Charge of the
scientific aspects of Australia's first satellite, WRESAT, launched in 1967.

DEATH OF MR. B. SELLICK

Mr. Brenton Sellick of Pompoota, South Australia, fell to his death from a cliff on
Tottan Head, Macquarie Island.

Mr. Sellick was a meteorological observer with the 1971 Macquarie Island Expedition.

STAFF AT 30TH JUNE, 1971

Total Antarctic Division staff at 30 June 1971 was 143 but reached 184 in December
1970 when short-term scientists and support personnel for the 1971 expeditions were
on strength. A long-term establishment of 82 positions provided for continuity of
administration, research and logistic support. The balance consisted of short-term
appointees who spend 12-15 months on expedition and further time in Australia in
preparation or post-expeditionary activities; for example, 57 Antarctic Division staff
wintered at the stations during 1971.

Senior and professional staff at 30 June 1971 is listed in Appendix 2, the wintering
parties in Appendix 3.
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SENIOR AND PROFESSIONAL STAFF AT 30TH JUNE, 1971 APPENDIX 2

(An asterisk* against an official's name indicates that he is acting in the position).

DIRECTOR

B. Roft M.B.E., B.Sc.

DEPUTY DIRECTOR

D.F. Styles M.B.E., B.Sc., MIE Aust.,
F.R.G.S.

ASSISTANT DIRECTOR (SCIENTIFIC)

P.H. Sulzberger* B.Sc., M.Sc.,
M.Inst.P., A.I.P.

ADMINISTRATIVE OFFICER

P.F. McMahon

MEDICAL OFFICER, GRADE 2

D.J. Lugg M.B., B.S.

MEDICAL OFFICER, GRADE 1

A.S. Bodey B.Sc., M.B., B.S.,
M.R.C.Path., M.R.C.P.A.

J.H. Boyd M.B., B.S.

D.A.A. Parker M.B., Ch.B.

A.J. Graff M.B., B.S.

A.S. Waterhouse M.B., B.S.

D.V. Evans M.B., B.S.

SCIENTIST CLASS 3

F.R. Bond B.Sc.(Special)

W.F. Budd Ph.D., B.Ed.

R.M. Jacklyn Ph.D.

SCIENTIST CLASS 1

I.F. Allison M.Sc.

B.M. Allwri^ht Cert.Competency
Surveying

D.H. Bromwich B.Sc.(Hons.)

A.L. Brown B.E.(Civil)

R.A. Buckland B.Sc.(Hons.)

G.G. Cooper B.Sc.

L.R. Denham B.Sc.

G.W. Johnstone Ph.D., Dip.Cons.
(Lond.), B.Sc. (Brist.)

K.R. Kerry Ph.D., B.Ag.Sci., D.D.A.

V.I. Morgan B.Sc.

SCIENTIST CLASS 1 (Cont.)

R.L. Paine M.Sc.

D.D. Parer B.Sc.(Hons.)

H.A. Thelander B.Sc.(Hons.), M.A.S.A.

A. Vrana B.Elec.E.

B.J. V/atkins B.Sc. (Hons.)

N.W. Young B.Sc.(Hons.)

ENGINEER CLASS 3

I.G. Bird F.R.M.I.T., A.M.I.R.E.E.

A.E. Humphreys F.R.M.I.T., A.M.I.R.E.E.,
M.I.E.Aust.

ENGINEER CLASS 2

B.R. Morton B.E. (Elect.)

ENGINEER CLASS 1

K.R. Anderson B.E.(Elect.)

A.L. Foster B.E.

C.S. Hope Dip.Elec.E.

S.R. McArthur Dip Mech.E.

J.A. Major B.Sc.

N.I. Smith B.Sc., B.E.(Hons.)

SENIOR TECHNICAL OFFICER GRADE 2

Radio - D.R. Twigg

Aviation - Gr. Capt. R.F.M. Dalton

SENIOR TECHNICAL OFFICER GRADE 1

Scientific Instrumentation - J.Ballantyne

Buildings - G.D.P. Smith

Mechanical - F.A. Smith

Field Equipment and Clothing -
N. Linton-Smith

Electrical - W.F. Young

LIBRARIAN

(Mrs.) I.D. McMahon B.A.(Hons.), A.L.A.A.

GEOGRAPHIC OFFICER

G.K. McKinnon B.Sc.

LOGISTICS OFFICER

E.L. Macklin
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SENIOR AND PROFESSIONAL STAFF AT 30TH JUNE, 1971 APPENDIX 2

SUPPLY OFFICER

E.V. Cassidy

PERSONNEL OFFICER

R. Edens

PUBLICATIONS OFFICER

M.R.O. Millett B.A.

PHOTOGRAPHIC OFFICER

(Mrs.) J. Hosel*
M.Photography (Frankfurt a M.)

OFFICERS-IN-CHARGE OF STATIONS

G.C. Colback - Macquarie Island

L.E. Macey - Mawson

J.A. Walter - Casey

L.G. Gardner - Davis
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DESIGNATION

O.I.C.*
MEDICAL OFFICER
PHYSICIST
COSMIC RAY
IONOSPHERE +
GEOPHYSICS +
GLACIOLOGIST
GLACIOLOGIST
GLACIOLOGIST
ENGINEER (ELECT.)
RADIO SUPERVISOR
RADIO OP.-IN-CHARGE
RADIO OFFICER
RADIO OFFICER
RADIO OFFICER
SUPER. TECH. (RADIO)
TECH. (RADIO)
SNR. TRADESMAN GR. 2
PLANT INSPECTOR
SNR. DIESEL MECH.
SNR. DIESEL MECH.
SNR. DIESEL MECH.
SNR. ELEC. FITTER MECH.
SNR. CARPENTER
SNR. PLUMBER
SNR. TECH!. RADIO (MET.) 0
WEATHER OBSERVER-IN-CHARGE
WEATHER OBSERVER 0
WEATHER OBSERVER 0
WEATHER OBSERVER 0
MINER
FIELD ASSISTANT
COOK

0 All except those marked
* n T r

MACQUARIE ISLAND

G.C.
D.A.

M.I.

J.A.
A.A.

A.A.
S.J.

J.W.

C.R.
R.L.

F.J.

Colback
\. Parker

McDowell

Major
Morgan

Blundell
Kemp

Wilson

Anderson
Hopley

Iliff
0 Z. Krulis

M.F.
I.T.

Meyer
Marchant

B. Sellick #

M.F.

thus (0)
U . A • Li.

+ Technical Officer in lieu.
# 'Sellick died in January 1971.

Deurwaerder

are Antarctic

MAWSON

L.E.
A.J.

R.A.
K.W.
J.J.

N.I.

P.J.
C.R.
J.R.
J.M.
K.V.
C.L.

R.J.
P.B.
R.M.
S.R.
H.J.
W.J.

P.G.
D.B.
M.S.
R.S.

J.O.

J.F.

Macey
Graff

Buckland
Gooley
Petkovic

Smith

Moonie
Christiansen
Dart
Leckie
Hanson
Scally

Mitchell
Gallagher
Reynolds
Harbour
Rosier
Cartledge

Palmer
Hamilton
Betts
Noble

Cruise

P. Windolf

Division Staff

DAVIS

L.G.
R.S.

K.R.
J.A.

B.P.

X • G •

T.M.

Gardner
Waterhouse

Anderson
Carr

Ryder

Hawthorn

McGann

R. Nicholson
G.T.
I'.R.
P.H.

Maher
Cabrie
Vardy

R. Dyer

CASB

J.A.
D.V.

C.S.

N.W.
A.L.
B.M.
C.S.

f

Walter
Evans

Wright

Young
Brown
Allwright
Hope

A. Warriner
T.W.
R.E.
R.G.
K.C.
R.W.

Inglis
Hinchey
Willey
Martin
Worden

K. Hogan
D.B.
D.A.

Grund
Peterken

P. Schwetz
J. Ackerly
P.A.
J.P.
P.J.
P.R.
L.M.
G.C.

Bensley
Si1lick
Fitzherbert
McLennan
Hall
Barnes

W. Macha
L.T. Sawyer
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SUMMER FIELD PARTIES

PRINCE CHARLES MOUNTAINS DECEMBER 1970 - MARCH

D

R
R
R
J
J.
N,
J.
C,

V.
H.
D.
D.
E.
I.
A.
M.
A.
I.
T.
F.
P.
K.
S.
P.

.J. Lugg

. Dodson

. Tingey

. Hill

. Smart
, Manning
. Edwards
. Ely
. Dohle

, Barkell
, Bosse
, Leckie
King
Schneider
Northcott
D. Parker
J. Robertson*
L. Foster*
C. McCarthy*
W. Weatherson*
R. Johnson*
J. Moonie**
D. Watson*
R. Harbour*
D. Sidall*

Medical Officer and
Officer-in-Charge
Geclogist
Geologist
Geologist
Geologist
Surveyor
Surveyor
Surveyor
Chief Pilot, Helicopter Group

Pilot, Helicopter Group
Pilot, Helicopter Group
Pilot, Fixed-Wing Group
Engineer, Helicopter Groisp
Engineer, Helicopter Group
Engineer, Fixed-Wing Group
Technical Officer
Geophysicist
Engineer (Electronics)
Weather Observer-in-Charge
Radio Technician
Radio Officer
Radio Officer
Plant Inspector
Senior Diesel Mechanic
Cook

APPENDIX 4

1971

Antarctic Division

Bureau of Mineral Resources
ir ti it it

it it it it

it ii it it

Division of National Mapping
n ti it it

ti M it n

Personnel of aircraft on charter to
Antarctic Division

it ti it it

M ti it it

n ti it it

ti H it it

it it it ii

ti H it it

Antarctic Division
Bureau of Mineral Resources
Antarctic Division
Bureau of Meteorology
Antarctic Division
Antarctic Division
Antarctic Division
Antarctic Division
Antarctic Division
Antarctic Division

CASEY

G.D.P. Smith
G.J. Currie
R.L. Oliver
P.A. Arriens
D.J. Hasick
D.R. McArthur
R.J. Brooks
D.F. Clapham
B. Roberts
G.A. Flannery

Senior Technical Officer
Technical Officer
Geologist
Geologist
Physicist
Engineer
LARC Operator
LARC Operator
LARC Operate
LARC Operator

Antarctic Division
Antarctic Division
University of Adelaide
Australian National University
Ionospheric Prediction Service
Antarctic Division
R.A.A.S.C.
R.A.A.S.C.
R.A.E.M.E.
R.A.E.M.E.

DAVIS

B. Rofe
D.F. Styles
E.L. Macklin
R.L. Paine
V.R. Andrae
B.E. Brown
N, O'Donnell
B.G. Bruce

Director
Deputy Director
Logistics Officer
Physicist
LARC Operator
LARC Operator,
LARC Operator
LARC Operator

Antarctic Division
Antarctic Division
Antarctic Division
Antarctic Division
R.A.A.S.C.
R.A.A.S.C.
R.A.E.M.E.
R.A.A.S.C
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MAWSON

B. Rofe
D.F. Styles
E.L. Macklin
B.W. Woods
D.R. Twigg
V.R. Andrae
B.E. Brown
N. O'Donnell
B.G. Bruce

MACQUARIE ISLAND

G.W. McKinnon
F.A. Smith
K.R. Kerry*
G.W. Johnstone*
P.E. Williamson
A.J. Major
L.R. Gould
M.J. Rubenach
R.L. Paine
A.D. Parker
D.R. McArthur
T.A. Vincent
R. Checinski
J. Jenkin
I. Galbally
K.M. Adams
W.F. Ellis
T.G. Cashion
R. Varne
P.A. Tyler
R. Groome
B. Long
V. R. Andrae
R.J. Brooks
B.E. Brown
D.F. Clapham
B. Roberts
N. O'Donnell
B.G. Bruce
G.A. Flannery

Director
Deputy Director
Logistics Officer
Meteorologist
Senior Technical Officer
LARC Operator
LARC Operator
LARC Operator
LARC Operator

Geographic Officer
Senior Technical Officer
Biologist
Biologist
Geophysicist
Geophysicist
Technical Assistant
Geology Assistant
Physicist
Technical Officer
Engineer
Clerk
Technical Assistant
Biologist
Physicist
Biologist
Director
Senior Curator
Geologist
Biologist
Biologist
Geophysicist
LARC Operator
LARC Operator
LARC Operator
LARC Operator
LARC Operator
LARC Operator
LARC Operator
LARC Operator

HEARD AND MCDONALD ISLANDS

H.A. Thelander
I. Allison
G.M. Budd

T. Dillon
I. Holmes

Physicist
Glaciologist
Biologist and Medical Officer

Expedition Assistant
Expedition Assistant

Antarctic Division j
Antarctic Division
Antarctic Division
Bureau of Meteorology
Antarctic Division
R.A.A.S.C.
R.A.A.S.C.
R.A.E.M.E.
R.A.A.S.C.

Antarctic Division
Antarctic Division
Antarctic Division
Antarctic Division 1
University of N.S.W. 1
Bureau of Mineral Resources I
Tasmanian Agricultural Department
University of Tasmania
Antarctic Division
Antarctic Division
Antarctic Division
Antarctic•Division
Antarctic Division
University of Melbourne
C.S.I.R.O.
C.S.I.R.O.
Queen Victoria Museum
Queen Victoria Museum
University of Tasmania
University of Tasmania
University of Tasmania
University of N.S.W.
R.A.A.S.C.
R.A.A.S.C.
R.A.A.S.C.
R.A.A.S.C.
R.A.E.M.E.
R.A.E.M.E.
R.A.A.S.C.
R.A.A.S.C.

Antarctic Division
Antarctic Division
School of Public Health, and
Tropical Medicine, University of

oyoney
Antarctic Division
Antarctic Division

Ex 1970 wintering party
Ex 1971 wintering party
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OVERSEAS VISITS APPENDIX 5

Mr. P.H. Sulzberger, A/Assistant Director (Scientific), visited U.S.A. to attend a
symposium on upper atmospheric currents and electric fields, at Boulder, Colorado, and
afterwards visited the U.S. Office of Polar Programmes of the National Science
Foundation and other scientific organizations and institutions.

Dr. W.F. Budd, Senior Glaciologist, was granted leave to accept the position of
Visiting Professor at the University of Washington, Seattle. Dr. Budd was awarded an
Australia-America Travel Grant.

Dr. D.J. Lugg, Senior Medical Officer, visited U.S.A. to observe the professional
training of Medical Officers assigned to the U.S. Antarctic Operation Deep Freeze,
and visited medical establishments with interests in polar medicine.
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PERMANENT STATIONS APPENDIX 6

CASEY 66°17'S 110°32'E est. February 1969, 25 buildings, floor
area 14,000 sq ft

DAVIS 6S°35'S 77°58'E est. January 1957, 24 buildings, floor
area 6,600 sq ft

MAWSON 67°36'S 62°52'E est. February 1954, 50 buildings, floor
area 21,000 sq ft

MACQUARIE 54°30'S 158°57'E
ISLAND

est. March 1948, 65 buildings, floor area
20,000 sq ft
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TEMPORARY STATIONS AND BASES 1970/71 APPENDIX 7

HEARD
ISLAND

MOORE
PYRAMID

53°01'

70°18'

S

S

73O23'E

65°09'E

occupied by French and Australian
scientific party, January - March, 1971

est. 1970 as forward base for summer
operations, re-occupied summer 1970/71
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SHIPS' ITINERARIES APPENDIX 8

M.V. Nella Dan: Melbourne - Macquarie Island, 20 November - 25 November;
Macquarie Island - Melbourne, 30 November - 6 December; Expedition Leader
G.K. McKinnon; Deputy Leader F.A. Smith.

M.V. Bella Ban: Melbourne - Mawson Approaches, 12 December - 28 December;
Mawson Approaches - Davis, 5 January - 7 January; Davis Heard Island via Mawson
Approaches, 13 January - 19 January; Heard Island - Fremantle, 20 January - 29
January; Expedition Leader D.F. Styles, M.B.E.; Deputy Leader E.L. Macklin.

M.V. Nella Dan: Fremantle - Davis, 2 February - IS February; Davis - Mawson
Approaches, 15 February - 17 February; Mawson Approaches - Heard Island, 17
February - 21 February; Heard Island - Mawson, 21 February - 25 February;
Mawson - Melbourne, 3 March - 16 March; Expedition Leader E.L. Macklin; Deputy
Leader W.F. Young.

M.V. Thala Dan: Melbourne - Casey, 15 January - 10 February; Casey - Melbourne,
13 February - 23 February; Expedition Leader G.D.P. Smith; Deputy Leader
G.J. Currie.
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RELIEF VOYAGES APPENDIX 9

MACQUARIE ISLAND RELIEF VOYAGE NOVEMBER/DECEMBER 1970

M.V. Nella Dan (Captain H.A.J. Nielsen) was taken on charter by the Australian
Government on 18 November and sailed for Macquarie Island on 20 November 1970,
carrying 46 passengers and five hundred tons of general cargo.

A magnetometer, installed and operated by the University of New South Wales, was towed
for three days and the ship's track was modified to suit the requirements of this
experiment.

The ship anchored at Buckles Bay, Macquarie Island, early on 25 November and at 7 a.m.
that day the 1971 party began unloading with two Army DUKWs and one LARC (amphibious
vehicles) carrying the cargo between ship and station. This was the first time the
LARC had been used on ANARE operations.

Scientific parties concentrated on the short summer projects which had taken them to
the Island. Two botanists investigated the lakes.on the plateau; a third botanist
made collections of plants in the vicinity of the station; and a party from the Queen
Victoria Museum, Launceston, collected bird specimens on the northern end of the
Island. Two officers of the Tasmanian Department of Agriculture continued the survey
of the rabbit population which had been commenced the previous year and distributed
rabbit fleas as a vector for myxoma virus. Two geologists and a geophysicist
conducted structural palaeomagnetic and magnetic surveys. Physicists dismantled and
packed equipment for transfer to Davis for the measurement of very low frequency radio
emissions from the upper atmosphere.

Unloading was discontinued for twenty-four hours after lunch on the first day because
of rising seas and swell, but was resumed next day and continued until completed on 28
November.

The ship then escorted the LASC and DUKWs down the east coast of Macquarie Island to
resupply the depots at Sandy Bay and Green Gorge, to obtain botanical specimens from
these localities and to recover the rabbit control party.

The 1971 party assumed control of the station at noon on 30 November and four hours
later the ship left the anchorage to commence magnetometer and depth-sounding surveys
around the Island. The magnetometer failed after two hours, so course was set for
Melbourne where the ship arrived at 2.45 p.m. on 6 December.

RELIEF VOYAGE TO MAWSON (WITH PRINCE CHARLES MOUNTAINS PARTY) AND DAVIS

M.V. Nella Van sailed from Melbourne for Antarctica at 3.30 p.m. on Saturday, 12
December 1970 with 1,300 tons of cargo and forty-seven passengers including half the
Mawson party, the Davis party and the Prince Charles Mountains summer party. During
the passage to Antarctica most of the men were occupied keeping meteorological, radio,
satellite, bird and whale watches, and, when approaching Antarctica, keeping a track
chart, soundings log and ice log.

The ship skirted the outer edge of the extensive ice field grounded north of the
Shackelton Ice Shelf, met the edge of the pack ice 400 miles north east of Davis and
followed it westward for the next five days. During the last week of the approach to
the longitude of Mawson, satellite pictures were carefully examined to help decide
where to turn south into the ice to try to reach a point within flying range of
Mawson, without becoming beset. After following the outer edge of the ice for 1,400
miles, the ship entered it early on 27 December, pushed south for 240 nautical miles
in open pack and reached fast ice 43 nautical miles north of Mawson in the early hours
of Monday, 28 December. After drilling and checking the condition of the ice it was
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considered safe to serve as a temporary ice air strip for the Porter fixed-wing
aircraft.

Whilst the fixed-wing aircraft was being assembled on the fast ice near the ship, a
floe broke away from the ice field under the pressure exerted by the ship, whose
engines were running to help her maintain position, and began to float away carrying
twenty men, the aircraft, spares and tools. The captain manipulated the ship to nudge
the moving floe over against the ice field and a party manhandled the half-assembled
aircraft across the gap to the relative safety of the main ice field.

By 29 December all the aircraft had safely reached Mawson. The first flight was made
to the Prince Charles Mountains on 30 December. The next seven days were spent,
whenever fog, whiteout and wind permitted, ferrying twenty-nine men and eight tons of
equipment and stores by air from the ship to Mawson, and four men and some stores to
start the build-up at Moore Pyramid. These operations allowed the Prince Charles
Mountains geological and survey parties to commence flying at the earliest practicable
date in the season, when full advantage could be taken of the continuous daylight and
the comparatively good weather which prevailed at that time of year.

During the airlift of the Prince Charles Mountains party an emergency occurred on the
ship on Sunday, 3 January 1971, when a member of the crew was found to need an
appendix operation urgently. Weather conditions at the time made it impossible to fly
him ashore to the hospital so a makeshift surgery was prepared in the officers• mess
on board and the appendix was removed by the 1970 Mawson medical officer.

Leaving the edge of the fast ice off Mawson on 5 January the ship was worked on a
tortuous course through 350 miles of scattered pack ice and 150 miles of open water to
anchor off Davis near midnight on 7 January.

The relief of Davis occupied six days. The amphibious LARC was used for the first
time in Antarctic waters and was found to be quite satisfactory in those conditions
where drifting ice floes could be negotiated without trouble and where, because the
prevailing winds were off shore, there was no swell. A new hospital was erected
during this period using components recovered from Wilkes and reconditioned during the
preceding year in Australia. Heavy roof panels were placed in position with the aid
of a crane mounted on the LARC. The LARC was also used to refuel the station by
carrying four ton-loads ashore continuously for thirty-three hours.

Leaving Davis at midnight on 13 January, Nélla Dan made her way back through newly
broken winter ice to a point 67 nautical miles north of Mawson at 1.45 a.m. on
Saturday, 16 January, and where it was found impossible to approach closer without
excessive loss of time. Two helicopters were therefore withdrawn from the Prince
Charles Mountains, refuelled at Mawson, and collected Dr Boyd and two others from the
ship who were to help at Mawson during the summer. Immediately the helicopters had
left, the Captain began to extricate the ship from the tightly packed broken ice field
and sailed north for Heard Island.

Approaching Heard Island the opportunity was taken to reconnoitre the previously
unvisited McDonald Islands. The ship anchored in 45 mètres of water half a mile off
the south eastern corner of McDonald Island at 4 p.m. on Tuesday, 19 January and a
party of three went by ship's boat in a heavy swell to a point 50 metres from a tiny
beach one third of a mile north of the south-eastern corner, which was the only-
practicable landing point from the sea in those conditions of swell and tide. No
attempt was made to land on that occasion because, although it looked quite
straightforward, there was some chance that the boat might be damaged and it was
required for the operations forty miles away at Heard Island the following day.
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The precipitous eastern slopes and terraces of McDonald Island were found to be
swarming with perhaps a hundred thousand penguins. No seals were visible at that
time. After reconnoitring the eastern shore without finding a more sheltered landing
spot, the party returned to the ship and sailed for Atlas Cove at Heard Island, to
anchor there at 8 p.m. that night.

Next day a party landed at Atlas Cove to inspect the old station. Four men took a
LARG across the isthmus into the water at Corinthian Bay and sailed fifteen miles down
the north coast past the glaciers and headlands of Heard Island to Spit Bay where a
depot of field rations was stored for use by the members of the Australian scientific
party who would be traversing the island a week or two later. The ship followed the
LARG two miles further out to sea but found the swell too heavy to take the LARC on
board. The LARC's passage was impeded, particularly during the return trip, by sudden
violent storms in which winds reached fifty-five knots.

Nella Dan reached Fremantle late on 28 February 1972, forty-eight days out of
Melbourne.

RELIEF VOYAGE TO CASEY

Before delivery to Melbourne, Thala Dan had been delayed in the ice off Dumont
d'Urville. She did not sail from Melbourne for Casey, therefore, until 15 January
1971 and met the ice in latitude 65°10'S off Casey on 24 January.

Satellite information received on the ship encouraged an attempt to penetrate the pack
along a lead tending in the direction of Casey but, after arduous and prolonged effort
with very little headway, the weather changed, increased the pressure of ice and the
ship was beset. When the wind changed again eight days later the ship returned to the
open sea and made another approach several miles west, reaching Casey on 9 February.

The changeover period was therefore* reduced from ten to two and a half days during
which the station was resupplied and restaffed, geological and biological surveys were
undertaken on local rock exposures and some off-shore islands, meteorological
equipment was repaired and scientific records of the year's work and other essential
cargo were taken on board. In order to achieve this programme, exceptionally long
hours were worked and the new party was familiarized with the station during the short
off-duty periods at night.

Although pack ice was encountered at the beginning of the homeward voyage, it was
negotiated in three days and Thala Dan was taken'to Hobart, instead of Melbourne, to
expedite redelivery to the French at Dumont d'Urville. The small summer party at
Macquarie Island was picked up by the French on their return voyage from Dumont
d'Urville to Hobart later in the season.

VOYAGE TO MAWSON FEBRUARY/MARCH 1971

Nella Dan left Fremantle on the 2 February 1971 with the second group of the Mawson
party. Half-way to Antarctica she was recalled to sail for the nearest port when a
crew member displayed symptoms which indicated that an operation was necessary;
fortunately the symptoms abated and the ship resumed course for Davis twelve hours
later.

On reaching Davis on 15 February to pick up the physicist who had completed his summer
project there, the Deputy Director, Antarctic Division, instructed the Expedition
Loader by radio telephone to make full-speed to Mawson to collect two helicopters and
go to rescue Holmes, a member of the scientific party at Heard Island, who had been
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stranded in a precarious position on Gotley Glacier, with a broken leg. The
helicopters were flown on board on 17 February as the ship was approaching Mawson; she
turned immediately north for Heard Island and approached Atlas Cove at 2 a.m. on 21
February, in winds exceeding 70 knots.

When conditions allowed, three members of the Heard Island summer party were taken on
board, the ship moved round to the south coast and two helicopters were used, with an
improvised winch to lower Dr Budd and recover the injured man from the heavily
crevassed glacier. Hoi .es returned with Nella Dan on her passage via Mawson to
Melbourne.

Resuming her voyage after a nineteen-hour visit to the Island, Nella Dan reached
Mawson on 25 February, unloaded approximately one thousand tons of cargo, with the aid
of the LARC, DUKW and fuel lines, and, working all parties twelve hours per day,
completed the changeover by 2 March. The Prince Charles Mountains party and their
aircraft were taken on board on 28 February.

During these operations the U.S.C.G.S. Staten Island came to within some thirty miles
of Mawson, and an American party flew into Mawson by helicopter to conduct an official
inspection under the terms of Article VII of the Antarctic Treaty. Staten Island,
waiting for the return of the inspection team, struck an uncharted submerged rock and
suffered fairly extensive damage, but was not disabled. Nella Dan remained within
easy sailing distance of Staten Island for the major part of its voyage to Australia
for repairs.

Nella Dan reached Melbourne on 16 March after an eventful voyage of forty-two days.

Detailed descriptions of these four voyages are given in Technical Memoranda Nos. 2»
7, 8, 9 and 10.
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AVIATION STATISTICS PRINCE CHARLES MOUNTAINS

Available days for programme
Flying days achieved
Days lost (weather)
Days lost (aircraft unserviceability)
Diversions (days)
Hours of flying
Air miles
Number of passengers carried
Pounds of cargo carried
Field camps positioned
Other sites visited
Number of sorties, helicopter
Number of sorties, fixèd-wing
Total sorties

SURVEY 1970/71

40
21
13
2 (one helicopter only u/s)
6

409
- 35,575 (569200 km)

620
- 206,200 (93500 kg)

19
75
420
77
497
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