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SUMMARY

This Record gives the results of an overseas visit in August-

' September 1974, I attended a meeting of the International Gravity

Commission in Paris, a Recent Crustal Movements Symposium in Zurich,

and I also had talks with staff of the Gravity Diﬁision, Department of
Mines, Energy and Resources, Ottawa, the Institute of Physics of the
Earth, Moscow, and the Institute of Arctic and Antarctic Geology,

Leningrad. The conferences can be summarized as foliows.

In areas of active faulting there is increasing interest in

the accurate.measurement of the rate and mode of relative movement

" along the fault zone using geodimeter and levelling networks. Away

- from afeas_of active faulting the main studies of recent crustal move-

ments are repeated precise levelling using mean sea-level control, and

a few studies of secular variation of gravity.

A new,generﬁtion of portable absolute gravity apﬁafétus should
be'afﬁilable-in a few years. These apparatuses,togefher with fﬁrther
sﬁrveys with groupé of LaCeste & Romberg gravity meters, should siénifi—
cantl& increaéé fhe accuracy of nafiohal and internétipnal gravity'ﬁetworks.
The increased éccuracy is necessary té contrsl gravity map compilation forA

geodesy and secular variation studies.
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4. .INTRODUCTION

Australia sends a delegate.to the International Gravimetric
Commission (IGC) meetings because it is at these meetings that inter-
national standards in gravity scale and datum are.recommended, important
advances,in gravity instrumentation are reported, and international |
cooperative programs are arranged. | o

En route to and from the IGC meeting in Paris in September 1974,
_ I attended alﬂecent Crustal Movements Symposium in Zurich, and discussed

technical prohlems with gravimetricians in Ottawa;<Noscow, and Leningrad.

2.  GRAVITY DIVISION, EARTH PHYSICS BRANCH, DEPARTMENT OF MINES,
ENERGY AND RESOURCES, OTTAWA, CANADA. VISITAD 21-23 AUGUST.

Q;, R.K. Mganngll.

There are tvo distinet methods of reducing national and inter -

national gravity control networks. From disoussions,with Dr. McConnell

it appeared'that the Canadian - United States - IGSN7t”computer method |
(Morelli et al., 1971) is to determine the precision of measurement of

‘each gravity meter and derive from this a relative weight for the meter.
Each relative weight is used for explicit rejection of poor ties at the
three times standard devidtion level -and for veighing observations made
with that meteriin the final calculation of grav1ty values. The resultant

'gravity netﬁorh:has a scale andﬂdatum defined hy ;fleést sduares fit to a
set of 'fixed stations-', go the network does not have a unique datum and

~ scale. Gravity values at national'netnork Stations-ehange-fromvyear to
year as the network is adjusted to new observations. iin contrast the
Australian - Soviet hand calculation method (Hellman et al., 1974b) is to

reject observations if thsy do not reach a constant high accuracy (1mp11c1t
rejection) The observations that were not rejected are given the same
weight, or are weighted using their variance. The gravity network is based
on a defined datum and scale. The datum, scale, and base-station gravity

values are changed only in major revisions of the network.
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A privaféfcdmpan& under cﬁntract to tﬁelDepartment of Minés,_

~ Energy and Reéources'continualiy upgrades the Canddian National Gravity

Network.: The&'re-describe and monument stations, and carry out inter-town

and intra-town tiés using Gravity Divisioh LaCoéte gravity meters. These

- and other Graiity Division LaCoste meters are Cglibrated yearly using -
commercial aircraft flying along the Eastern Ameriéan éalibration Lire.

The Gravity Division favours station deﬂcriptions c§ntaining station

' number,»negrest town, approximate latitude and ioﬁgifﬁde t&gether_with a
sfation sketch and photograph. Exact latitude,-ldﬁgitude, altitude, and
gravity value are stored in a computer, The statibn descriptioné are
stored on 35mm_film; and photocopies made when requiréd.

Thevétrengths and weaknesses of the IGSN71 work were discussed.
Af.highvlatitudés the derived gravity values are wegk because of the rapid
change in fhe ratio scale division/milligal for LaCosté gravity meters.
The IGSN71 used observations made up to 1269, Later work needsto be inte-~
grated, but no aegisions have been made on vwho is fo.db this work. The
IGSN71 committee found that the International Gravity Bureau (16B) numbering
systems was ugsatisfactory because excentres of a ﬁajor station somefimes
fell in differéﬁt 1° x 1° squares so had different IGB numbers. Excentre
ties more accurate than 0,02 mGal are necessary.

A tilt table for calibrating quartz type gfavity meters has been
constructed. Th; téble tilts on three precision ball béarings that are

.arranged so-that when the table is tilted the direction of tilt does not

change. The gravity meter is very firmly attached to the tilt table.

Calibrations of sufficient precision esn be made using this table; however,

calibrations at Ottawa differed systematically from calibrations made at a

higher latitude, This suggested that the calibration factor of quﬁrtz tvpe

gravity meters is a function of the acceleration due to gravity. Development

of this table was therefore suspended. As an alternative a 200-mGal range
for calibrating quartz type gravity meters was established in Alberta. This
range involves 200 km of road travel, the gravity interval being known to

0.02 mGal from measurements using four LaCoste gravity meters.



Dr Dgn'Bgugz.

Verbaandert-Melchior pendulums installed near Ottawa in a niche
30 m underground are disturbgd by noise caused by daytime wind. This nois:
has a similar character to the noisg on BMR pendulum records from Cdoney
Observatory near Armidale.
| Botﬁ LaCoste and modified North American tidal gravity méters are
operated in Ottawa, the modified North American giving better results. The
LaCoste tidal gravity meter had to be changed to capacitance output at an
extra cost ofV$1O 000. Apraratus has been developed‘tq calibrate tidal
gravity metefs by giving them an oscillatory vertical acceleration. The
accufacy of this calibration is now about 10%, but it.is planned tq improve

the accuracy to 1%.

BPr R.A. Gi D._X,

Freé»air and isostatic gravity anomaly maps are thought by Earth
Physics Br#néh to be valuable supplements to Bouguér anomaly maps. VThe
Gfavity Division has no plans at present to produce isostatic anomaly maps
because'theré is no consensué on what type should be produced. They plan to
produce free air maps in which data within 0.1° squares are averaged, the
position of fhe mean data taken to be the mean latitude and longitude of the
data points. Most 0.10 squares will contain only one data point. In pro-
duciné these maps the most expensive task is the computer contouring. In
future all Canadian gravity maps will have red and blue as the dominaﬁt

colours.

3 _ . RECENT CRUSTAL MOVEMENTS SYMPOSIUM IN ZURICH,
SWITZERIAND, _ 96-30 AUGUST,

Paperé'given at this one-week symposium were on the measurement and
interpretation of recent crustal movements and earth stress.

Surveys on'knowﬁ well-defined fault systemsfeﬁployed repeated
measurements of level, angle, distance, gravity, or strain (or a combination

of these) to determine the amount of movement, and correlate the_movement
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with seismic evenfé and the time of surféce fauitihg. Wﬁen obéervations _
were ‘faken &early, or at longef intervals, the reseéréhefs genefally had
difficulty distinguishing the movement due to continuous creep from fast
movement associated with earthquakes. 'Two papers are consiﬁered especially
significant. Burford divides the San Andréas Fault into three sgéti‘ons -
a section where the fault has a low fractional resistance ﬁnd only steady
state creep occurs, a section where the frictionai resistance allowé smail
.Aeafthquakes and movement is 5y faulting and creep, ahd a section where no
fault creep occurs and moveﬁent takes place only at the time of inrge earth-
quakes, Fujita reports that over an aréa that-subsided regionally during
an earthquake the suiface gravity values have decfegséd, nét increased.
This must be due to large subsurface mass movemeﬁts at the time of the
earthquake, During'the symposium there was a series_bf papers on the geol-
ogical mapping of recent fault moveuents, and the correspondence between

tris mapped fault pattern and the plate tectonic model.

Dr J. Simms gave an important talk on the recognition of deformation '

‘structures in section of young lake sediments in ordér to determine the dates
of significant earth shaking during the period of the sedimentary record,
The deformed horizons can be used to detcrmine the earthquake fecurrence

interval for the site, and from this the earthquake hazard of the éreg can

be more accurately evaluated. A quiet paﬁer showed thatlthe known distribu- .

tion of earthquake strain on the San Andreas Fault sysfen could be reproduced
experimentally. The known fault system was represented by cuts ir a small
photo-elastic model, and a north-soutﬁ stress was applied. |
Eagtern European countries presented many papers on their~measurement
of the rate of recent vertical crﬁstal povement using repegted high-accuracy
levelling. A new large detailed map of eastern Europe shoﬁing rates of
vertical movement was shown and discussed. Good correlafions have been
obtained betweeh the rates of vertical cruétal movement and the charécter—

istiecs of river courses., This correlation is economically important.
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Theré is a correié£ion in the position of abrupt changes in velocity of
recent'érustal movements, and the position of crustal faults found by deép '
seismic sounding. This correlation suggests that each major lithosphere
plate consists of a number of smaller blocks, each of which is moving
slightly relative to the others. Prof. J.P. Schaer showed that in the Swiss
Alps there was good arreement hetween recent vertical_uplift rates determined
by levelling, and rates of uplift during the last few million'yéars determinéd.
by dating apatites. The apatifes are from vertical‘seQuénqes of samples, and
are dated uéihg the fission ffack method.

_ ThereAwas a one-~day session on the measuremeh£ of stressAin rocks and
its inferpretation in terms of continental drift. The_methbds_of measuring
in situ stress were described aﬁd discussed. It is clear that all‘fhe‘methods
‘are expensive. Inféasterﬁ North America, Scandinavia, and éouthgrh_ﬁffiééf'
there are regions where most stress measurements are consistent. Discrepanf
in situ stress résulté in these areas are attributed to fossil streéses in |
the rocks set at the time of crystaliization, or to local stréss fiéld in
areas of complex geology such as serpentized ultrabasié bodies., Mining areas
tend to have a complicated structufe s0 these'are.lesg'desirable sites for in
situ measurements of regionallstress. The feeling of the mégting vas that
more in situ.stress measurements should be hade, but-that the relation between
the present.measurements and epeirogeny or continental drift is not yet well

defined.

4, ~ INTERNATIONAL GRAVITY COMMISSION - 7th MEETING IN PARIS,
FRANCE, 2 -~ 6 SEPTEMBER. )

The froceedings of this meeting will be published in the International
Gravity Bureau Bulletin d' Information Volumes 35 and 36;

Thé meeting spent considerable time discussing the organizational
struéturé, financing, and future program of the Intefnational Gravity Bureéu,

the permanent ihternational gravity centre in Paris. A proposal to expand

and modernize the'BurQau vas agreed upon; finahcing will depend on the
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attitude to the uroposals of the French Government (licst country) and the
Federation of Permanent Services in Astronony, Geodesy, Geophvs1cs and
" Related Sciences (FAGS) which receives money from ICSU and UNESCO, Revorts
from Special Study Croups were presented and discussed, as well as other
papers of special 1mportance in gravimetry. National reports were
d1str1buted, BMR's contribution was a National Report on Gravity in
Avugtralia, :uly.1970 to June 1974 (Nellman, 1974), and a comparison-of
Western Pacific and Australian Calibration Line Scales and evaluation of
secular variation (Wellman et al., 197db). |

Permanent absolute gravity stations now operate in France_and
USSR, and a new station is being built in Japan. Portable absolute
apparatuses are being tested in USA.and Italy; these should_give_
results to 0.05 to 0.01 nGal accuracy. Absolute.gravity apparatuses
-provide the datum and scale for the present world grav1ty network future‘
’ observatlons ‘will refine these and will d1rect1y measure secular variation .
of gravity.: Compllatlon of gravity data to a more accurate datum and scale
is necessary for newly proposed geodetic studies suchvas mapping the sea o
surface topography with an accuracy of 10 cm, | |

It was clear from the IGSNT1 work that by far the best grav1ty meter
for setting up international and national networks was the LaCoste & Rombereg
model G gravity meter. German, Fennoscandian, United Stites, and Australian

work shows that groups of 4 to § of these meters can be used to set up a

calibration llne or extended gravity net with an accuracy of abnut 0.01 nGal.

The model G is unlikely to be replaced bv model D for this work in the near
future, because although the model D is ten tines more accurate, it has a
rangerf only 200 mGal and it is more difficult to calibrate accurately.

In Fennoscandia, LaCoste & Romberg measurements define secular variation of

gravity along an east-west traverse. In the area of isostatic upwarping

where gravity values should be decreasing the secular variation in five years

varies from_an ihcrease of 20 -8 mGal to a decrease of 14 JBmGal.



Several companies in the United States are still trying to build
economic airborne gravity meters, but at present there is no operational

system.

5. INSTITUTE OF PHYSICS OF THE EARTH, ACADEMY OF SCIENCES
~ OF USSR, MOSCOW. VISITED 9 - 13 SEPTEMBER.

Discussions were held on instrumentation, the USSR ﬁationai gravity
network, and interpretation of gravity and receﬁt crustgl movements. The
USSR national gravity network is based on GAG-2 gravity meter and OvH
pendulum results, because neither Sharpe nor LaCosté & Romberg gravity
meters are available to the Institute. Gravity mapping is by Soviet quartz
type insfruménts. No defailed gravity maps were seen. The isostatic gravity
field in USSR is considered to consist of two éOmponéntsrof different wave-
lengthé; the two components being caused by bodies above and below thé 16;-

velocity layer.

6., INSTITUTE OF ARCTIC AND ANTARCTIC GEOLOGY; LENINGRAD
USSR _VISITED 16 — {7 SEPTEMBER.

The Arctic work -of this institute aprears to be secret, so I was

unable to visit the institute itself. I met one of their geophysicists
(Mr, R.G. Kurinin) and saw Bouguer andvresidual gravity anomaly manrs ofv
the Amery Ice Shelf/Prince Charies Mountains area of Antarctica. The base
maps were derived from Australian 1:1 000 000 base maps. Both BiR and
Soviet gravity coverage extends over most of'therock4outcrop area., The

Soviet ice stations cover the Amery Ice Shelf, the Lambert Glacier, and

the area to the east. The Australian ice stations consist of two traverses

to the west (1957-58) and the 1972-T74 glaciological stations to the south,
The ice station coverages are therefore complementary. The Soviet gravity
work is obviously a major effort, intended to cover the whole of the rift

zone so that seismic results can be extrapolated.
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