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stations with small gravity changes as reference, converting
significant gravity variations with the factor -0.2 mgal/m
into height variations. By this procedure, the height refe-

rence could be kept within + 0.1 m.

3.Gravity and height variations before the rifting process

The location of the gravity and partly also height profiles
established in northern Iceland is given in Fig.1 in a genera-
lized manner (from Kanngieser 1982). Repetition surveys be-

fore the present rifting process were carried out along the
west-east main profile in 65°40" latitude, stretching from
Akureyri (longitude 18° west) to Hof (15o west), with an

average station distance of 1 km. This profile crosses the
neovolcanic zone and covers about 50 km of the adjoining we-
stern and easternpleistocene and tertiary basalt zones. Gra-
vity and height have been observed in 5-year intervals, 1965,
1970/71, 1975 and 1980 (see Fig.2). The small gravity increase,
indicated in the axial rift zone between 1965 and 1970 (Schleu-
sener and Torge 1971), was confirmed at the following observa-
tion epoch 1975-1970/71 (Torge and Drewes 1977), resulting in a
gravity change of appr. + 0.05 mgal/10a with respect to. the
western tertiary basalt zone. The maximum horizontal gradient

of gravity change (0.07 mgal/10a) occurred over appr. 15 km in
the Namafjall area, south of the Krafla caldera. In today's
view, this variation may be explained as some kind of precursor
of the present rifting episode. The 1980-1975 comparison already
contains the regional long-term effect of this process. We find,
that an extended region of appr. 70 km width is affected by gra-
vity decrease and correlated uplift, . with a maximum of -0.15
mgal/5a and + 0.7 m/5a resp. at the activated Krafla fissure zone.
The central part of this zone is characterized by short-periodic
variations (see next section), which accumulate to + 0.2 mgal/5a

in gravity, and -1.1 m/5a in elevation, respectively.

4.Gravity and height variations at the present rifting process

The Krafla fissure swarm is one of several south-~north directed
fissure swarm in the axial rift zone of northern Iceland, with

about 80 km length and some 5 km width (see Fig. 1). Since
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December 1975, this swarm shows tectonic and volcanic activity,
with the Krafla caldera as the activity.center. Here,rapid sub-
sidence lasting few hours to few days occurs periodically, inter-
rupted by uplift intervals of some months. During the subsidence
events, brittle deformation is found at different parts of the
fissure swarm (Palmason 1981). These short-periodic variations
are carefully monitored by Icelandic geoscientists (Bjdrnsson

et al. 1979, Johnsen et al. 1980), whereas our Institute has
controlled gravity and height variations at different parts of
the fissure swarm, in one-year intervals between 1975 and 1981
(Torge and Kanngieser 1980b, Torge 1981). Altogether six trans-—
verse profiles (Hverfjall; Namafjall; Gjastikki south, central,
north; Lyngas) crossing,and one profile (Gjastikki-Kelduhverfi)
running along the fissure zone have been established (see Fig.1),
with the observations concentrated on the Namafjall and the cen-
tral Gjastikki-profiles, located appr. 10 km south resp. 15 km
north of the Krafla caldera.

The observations clearly reveal the regional wandering of the
swarm activity, from the north (1975/76) to the south (Namafjall
1977/78), concentrating since 1976 on the Gjastikki area. Although
the observed annual variations change their magnitude with time,
they show a systematic trend, characterized by gravity decrease
and correlated uplift at the swarm flanks, and gravity increase
and subsidence at narrow central parts of 0.5 to 2 km width, with
maximum' values of + 0.1 mgal/a and + 0.5 m/a respectively. Fig. 3
shows, as an example, the annual variations along the Namafjall
profile, with decreasing pbut still significant values, from 1978
to 1981.-Fig. 4 shows the annual variations of the central
Gjastikki profile. The central part of this profile has been
destroyed by lava outflow in 1980 and more extensive in 1981.

The variations are decreasing since 1980. Only the gravity of
station no. 556 changed strongly because of large new basalt

lava masses near the station. The gravity-height variation

ratio is -0.2 mgal/m on the average, which corresponds to a

Bouguer-type relationship, and with extreme values at recently
activated areas.

For geophysical model calculations of the subsurface mass shifts,
continuous time-space models of the gravity and height wvariations

have been developed, using least sguares collocation technigues
(Kanngieser 1980).
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STUDY OF SHORT TERM GRAVITY VARIATIONS
ALONG A BASELINE IN THE RHEINGRABEN

Matthias Becker

Institut fir Physikalische Geodidsie

Technische Hochschule Darmstadt

Abstract:

For the detection of short term gravity changes a one-milligal
baseline in the upper Rheingraben was observed over a period of

16 months. The measurements with two LaCoste and Romberg gravity
meters were repeated every two weeks. The results indicate varia-
tions in the gravity difference with a yearly period and an ampli-
tude of 5-10 ugal. The periodical change 1is superposed by short

term disturbances whose magnitude can reach 20 pgal.

Paper presented at the IAG Gravity-~Workshop of SSG 3.37 and 3.40

in Paris, Oct. 26-28, 198l
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. Introduction

The upper Rheingraben as part of the 'World Rift System' has been
the object of intensive studies. Repeated precise levellings
(Schwarz, 1978) give the chance to detect tectonic as well as non-
tectonic height changes. The Institute of Physical Geodesy, Darm-
stadt,participated in this research by performing precise gravity
observations in the first order levelling network (Groten, 1974).
In 1977 the 'Rheingraben gravity monitoring net' was installed
(Fig. 1.1). The 23 sites are mainly points of the levelling net-
work so that gravity- and related height changes could be detected.
A more detailed description concerning the design and the results
can be found in (Weichel, 1980). The measurements showed that on
one hand there may be a longperiod trend at some points of about
1-3 pgal per year, but on the other hand there are short period os
cillations in the gravity values between the epochs(the net has .
been observed every spring and autumn ). For the study of such
short term gravity variations, one gravity difference was chosen
to be measured every two weeks. One reason for choosing these par-
ticular points (marked 7005 and 7200 in Fig. 1.1) was a different
trend found in the adjustment computations of the gravity moni-
toring net. Another reason was to be able to repeat measurements
with several instruments in a short interval of time, e.g. the
measurements on three days during one week showed a clear negative

trend of 5 ugal.
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2. Description of the points

The sites 7005 and 7200 are levelling benchmarks. They are made of
granite and sandstone respectively, their foundation is about

1.2 m deep. The position of the sites can be seen in Fig. 2.1.
7200 lies on a sediment layer consisting of sand, gravel and clay,
more than 100 m thick. It is in the central part of the Rhein-
graben where the most dramatic height changes take place. As can
be seen in the figure, the height has changed about 1.4 cm in the
last ten years. This movement 1is four times as big as the change
between 1938 to 1967. The reason 1is suggested to be the increasing
extraction of ground water during that time (Fahlbusch et al,1980).
The other point, 7005, lies on the western shoulder of the Rhein-
graben on the so called 'Lothringische Scholle'. No height waria-

tion has been detected in the last 40 years.

3. Measuring procedure

For all measurements the LaCoste and Romberg D38 and G258 gravity
meters are used. The instruments are transported by car on mainly
good roads between the two sites. The distance is about 40 km.
Open wooden cases with a special padding are used to prevent
shocks and vibration during transportation. In order to minimize
temperature effects the instruments are left in the car ome night
before the day of observation. In addition our G258 is put into
an outer aluminium box (Gerstenecker, 1978). Each measuring day
consists of 7 observations, four omn 7200 and three on 7005 and
lasts about eight hours. All precautions necessary in precise

gravimetry are taken, e.g. waiting five minutes after unclamping
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4, Data evaluation

For the adjustment of the daily observations we use a Serbetci-Type
model. Starting values are the corrected gravimeter readings. They

are corrected as follows:

- conversion to approximate milligals using
the manufactorer's table plus an additional

scale factor

~ earth tide corrections calculated by the

Cartwright-Taylor-Edden tidal development
- height correction
- air-mass correction

The observation equations read

(1) v, = Zi— 1i (i=1,n)
. .=Z7.-2.+8¢t.-8t.+Ag. . i = - j =
(2) ul’J Zl ZJ étl 6tJ Agl’J (i=1,n=-1) (j=2,n)
St. = a +a,(t,-t )+a, (t,-t )2+ NN
1 o} I1>7"1 "o 271 o
v, = residual of reading 1
ug ; = residual 'between the stations'
3
£ = time of reading
to = starting time
a; = drift coefficients
Zi = gravimeter reading
Ag. .= gravity difference
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The linear system is solved for the unknown parameter Z., a., and
the gravity differences. The vi's are the residuals of the gravi-
meter readings whereas the uij’s are the residuals of the irregular

drift behaviour. They are weighted according to empirical tests as

2:1 and it is assumed that they are uncorrelated.

5. Results

The results are listed in table 5.1 and figure 5.1. Originally it
was planned to repeat the observations every !4 days. During the
16 months which are reported - here it was not always possible to
keep the time schedule, and greater intervals were sometimes ne-—
cessary. On 3 days, only the D-38 was used. On 30.10.80 the car
broke down and only 3 observations could be taken. In all observa-
tions took place on 28 days. The mean square errors obtained from
the adjustment of the D-38 measurements vary between 0.4 and 6.3
vgal. The mean value is 2.5 ugal. The G-258 values for the mean
square error are slightly bigger, varying from 0.9 to 6.8 ugal and
are 3.0 ugal in the mean. Some of the bigger errors, and conse-
quently the bigger differences between the instruments, are related
to small accidents happening with the gravimeters. For example
prior to measurement of 7.01.8] which has the biggest mean square
error the D-meter got a big shock leading to a tare of 0.7 mgal.
Heating failures in the G-258 lead to similar aftereffects in June

1980,
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There are quite large differences between the two instruments, up
to 22 ugal and they are not at all normally distributed. The mean
values of G and D differ about 4.3 ugal. This difference, corre-
sponding to a scale factor of 4x10_‘3 is caused by systematic er-
rors. A preliminary introduction of the circular errors found on
the staircase calibration line did not lead to a reduction of the

discrepancy. In fact, even bigger discrepancies appeared.

6. Drift of the Gravimeters

Fig. 6.1 shows the drift curves of the instruments. The D-38 has
an overall linear trend of | ugal per day,superposed by large non-
linear terms. We observed static drifts of =30 up to +80 ugal. The
G-258 showed an abnormal drift behaviour during 1980. It started
with an 0.8 mgal tare on April 10. In the following time there
were drifts of 0.8 mgal per month, which were partly affected by a
failure of the heating. The mean square error of the gravity dif-
ferences measured at that time is higher than those of times with
regular drift behaviour. This happens in spite of the very good
drift control with 3 and 4 observations on the same sites. From
this it is evident that our modelling of the drift with a contin-

uous polynomial does not fit very well to the real drift behaviour.

The G-meter drift obviously has a positive correlation with temper-

ature whereas the D-meter shows only a small negative correlation.
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7. Environmental Effects

In order to detect tectonic or related gravity changes one has to
remove the known environmental effects. These are mainly grouna—
water and rainfall. At site 7200 the deepth of the water table 1is
about 5.5 m below the gravimeter beam. The changes of the water
table are measured at intervals of 7 days in several wells. The
distance of point 7200 to the nearest well is about 500 m. Using
the weighted mean of the 6 nearest wells the groundwater table at
the time of gravity measurements was interpolated for the site.
During the period reported here it rose about 62cm (see Fig. 5.1).

The effective porosity of the ground has been determined in connection

with a drilling profile. It is about 15%Z, the total porosity 1is
28%Z. As the gravity at 7005 is greater, the attraction because of
the higher density should result in a decreased measured gravity
difference. The correction calculated for a Bouguer~plate of 100 m
radius amounts to a maximum of 3.76 ugal on the last observation
date (Tab. 7.1 column GW). At site 7005 there is no effect of
groundwater changes. The accuracy of the correction can be esti-
mated to be better than ZOZ} corresponding to a maximum absolute
residual of 0.7 ugal. The second correction occurs because of the
changes in the humidity of the ground in the near-surface layers.
Because we did not have the means to measure directly the humidity
we used the rainfall records at 4 sites near the observation points.
The distance between the points is only about 24 km in a direct
line. Therefore the climate, temperature, humidity of the air etc.,
is almost the same on both sites and we can assume that the long-

period changes in humidity of the ground are about the same. Their
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magnitude can be 15%7 - 20% but the effect on both sites will be

almost equal.Changes in humidity differing at both sites can be

caused by different amounts ofrrainfall in the days before obser-
vation. THerefore we took the sum of the rainfall of 4 days pre-
ceding the date of measurement plus the amount of the day itself
and computed the difference between the sum collected near 7005
and 7200 respectively. This difference minus the amount of the
mean evaporation was used to calculate the density changes in the
first 50 cm of the ground and the resulting changes of the gravity
difference. The corrections are listed in tab. 7.1. They are 0.7
ugal at a maximum and therefore should not affect the measurements
significantly. This could be seen also in the correlation coeffi-

cient between rainfall and gravity difference which is only 0.13

at both stations. The values for evaporation, humidity and related
quantities are taken from hydrological studies made in the Rhein-

graben area (Toussaint, 1980, Schubach, 1973).

The introduction of these two corrections led to an increased mean
value of the gravity difference of 1.0037%0.0011 mgal. The standart

deviation was not reduced.

8. Conclusions

Fig. 8.1 shows the corrected mean values of the gravity difference
together with its mean square error. The mean value of this error
is 4.6 ugal with 3 pgal standart deviation. There is no indication
of a secular change in the gravity difference. Instead ome can as-
sume an almost annual variation. The difference is smaller in the

second quarter of the year and has a greater value between October
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and February. This variation is superposed by short term disturb~
ances with an amplitude of more than !0 ugal. They can be seen
clearly in December 1980 whereas in June the inter-instrumental
discrepances allow no final decision as to what happened here. Up
till now there is no explanation for these changes in gravity. In
spite of the corrections applied there may be additional influ-
ences of groundwater and ground humidity, but these can not com-
pletely explain the variations. The computation of correlation
coefficients with air pressure and temperature did not reveal sig-

nificant results.

Furthermore the comparison of the two instruments showed again the
importent effects of systematic errors. The differences can not,

or at least not completely, be explained by periodic errors alone.

In precise measurements at least two instruments should always be

used simultaneously.

The results given here show clearly how careful one has to be in
interpreting gravity changes as long as there are unexplained va-
riations an order of magnitude bigger than the ones which can be

expected from tectonic or non-tectonic gravity and height changes.
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Istablishment of a LaCoste & Romberg

Gravity Network in Greenland
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Denmark

Abstract

The Danish Geocdetic Institute has since 1976 established
c. 40O LaCoste & Romberg gravity stations in Greenland, prima-
rily in northern Greenland in connection with the major geode-
tic survey recently carried out. The principal aim of the gra-
vity surveys was to provide a regional gravity coverage in
northern and north-eastern Greenland in addition to the esta-
blishment of a fundamental network of gravity reference sta-
tions and tying in older gravity networks.

The IaCoste & Romberg gravity network have been connected to
IGSN-stations in Denmark, Iceland, Canada (Alert) and Norway.
The adjustment of the measurements indicated systematic scale
errors in the LaCoste & Romberg calibration tables and the old
gravity networks of 0.5 and 3 promille respectively, assuming
the IGSN-scale to be correct. Due to the relatively low pri-
ority of the gravity measurements the structure of the gravity
network is often suboptimal, necessitating assumptions of con-
stant instrument drifts during longer periods. This combined
with the rough arctic environment causes the standard deviation
of a single measurement to become 30 - 50 ugal, somewhat larger
than precision measurements in e.g. Europe, but satisfactory
especially taking the huge area and the large gravity diffe-
rences into account.

In the paper the gravity survey operations and adjustment

method will be outlined, and a brief account of our experiences
using LaCoste & Romberg gravimeters in the Arctic will be given,

1. Introduction

The Danish Geodetic Institute initiated modern LaCoste & Romberg gravity

measurements in Greenland in 1976 in connection with a surveying expedition
to Washington ILand in northwestern Greenland, and since then gravity measure-
ments have been performed each summer as an integrated part of the institute!

other surveying activities.

=3
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Most of the gravity measurements have been made in northern and north-
eastern Greenland in connection with the so-called "North Greenland Project'
(see Madsen 1979), the large scale survey of the uninhabited northern areas
of Greenland, executed 1976-80, covering the area from 78°N on the west coast
to 76ON on the east coast, a total icefree area of 300000 km2c The principal
aim of the North Greenland Project was to provide ground control for use in
aerotriangulation and subsequent topographic mapping. The geodetic survey was
based on doppler positioning and to a smaller extent on classical geodetic
surveying. A& total of c. 150 doppler stations was established and these wers
supplemented by a roughly equal number of barometric height determinations.
The gravity measurements were made whenever possible primarily in order to
obtain a regional gravity anomaly coverage to be used in geoid computations
(Forsberg and Madsen, 1981), but also with the establishment of a fundamental
gravity network in mind. The distribution of the gravity stations can be seen
in fig. 1, which also shows the main internal and external gravimeter ties in
the area. The transportation mode was airborne exclusively, using Bell Jet
Ranger helicopters or a Twin Otter STOL aircraft capable of landing on unpre-

pared natural landing strips.

In addition to the north Greenland survey the establishment of a fundamen-
tal IaCoste & Romberg gravity network, covering the whole of Greenland, has
been in progress since 1975. The principal aims of this work have been to
establish a network of gravity control stations to be used as a reference for
Tuture gravity surveys, onshore as well as offshore, and to remeasure stations
in the old gravity network in order to be able to transform results of pre-
1976 gravity measurements to the IGSN71 gravity datum. As in northern Greenland
all LaCoste & Romberg gravity measurements have until now only been made in
connection with other geodetic activities in Greenland, so many ties and new
stations have still to be added in order to be able to talk about a "fundamental!
network, Fig. 1 shows the present (1981) status of the network and ties (mea-
sured by Geodetic Institute) to external fundamental gravity stations. The net-
work has been tied properly to the two existing IGSN71 station groups in Green-
land - Thule Air Base (TAB) znd Sondre Stremfjord (SFJ) - and to IGSN71 sta-
tions in Alert, Canada (ALE), Iceland (REY) and Copenhagen (CPH) in addition
to ties to the Norwegian first order network in Oslo and Iongyearbyen on Sval-
bard (SVB). A total of nine connections between Denmark/Iceland snd Greenland

have been obtained at present. Three different Ialoste & Romberg gravimeters
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have until now been in use. Table 1 gives a short chronological summary of

the measurements,

2. Reduction and adjustment methods

As a first step in the adjustment process the raw observations are con-
verted into 'reduced" observations using the LaCoste & Romberg calibration
tables and the tidal correction formulas of Iongman (1959) supplemented with
the Honkasalo correction to eliminate Longman's time-invariant tidal effects.
As earth tide factor 5 = 1.15 is used. The "reduced! observations are then
combined in a least squares adjustment with the station gravity values, drifts,
tares and (eventually) gravimeter scale factors as unknowns using the system
described in detail in Forsberg (1979b). The type of observation equation used

for new stations in the adjustment is

E{ yi} = él-(gk + al(t—tl) + bm) (1)

J

which is linearized to

o
t-t ¥.
1 1 1 i
= — N L - A
E{ Ayi} = —3 bg + —5=day + —= Mo 5 55 (2)
s, s, 5, s,
J J J J
o)
< - A at )
(Ji =7y, + by, ete.)

Here yiis the 1i'th reduced observation, sj the gravimeter scale, g, the sta-

tion gravity and a_ and bm drift and tare parameters respectively. The drift

1
and tare parameters are associated with given gravimeters for given periods
of time, defined on the basis of the network structure, known changes in the
handling mode of the gravimeter, and systematic trends in the adjustment resi-

duals,

The advantage of using an observation equation of type (2) compared to
the adjustment of gravity differences is that the basic (reduced) reading is
used directly as the observation, whereas the forming of gravity differences
results in successive observations being correlated with a correlation coeffi-

a
cient of -0.5. Furthermore the normal aquations associated with (2) are of a

very simple nature: when the unknowns are ordered with the 2g 's first, the
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corresponding first part of the normal equation matrix is simply a diagonal.
The main drawback of (2) is the difficulty of establishing a realistic
weighting. In many cases the observations will be highly correlated, e.g.

for repeated measurements in a station, and in principle a non-diagonal weight
matrix should thus be used, resulting in an ordinary, more or less full normal
equation matrix. If, however, the network measurements are more ''regular',

with roughly equal time spans between the observations in the various stations,
the mutual correlations will have relatively little effect and a diagomal
weight matrix (initially a unit matrix) wight be justified. This will especially
be the case when the measurements are made in loops, starting and ending on a
base station, and we for each loop solve for the drift parameters ay and bm.

Tn this case we would have identical results using either of the alternative

adjustment methods.

Tn northern Greenland the gravity network to a large degree consist of
such loops, each loop representing a day trip - typically where the helicopter
leaves the base camp in the morning, a number of gravity stations is measured in
the day along with the other geodetic operations and finally the helicopter
returns to the base camp with the gravimeter in the evening. A simple unit
weight matrix has therefore been used for the adjustment, even though other
parts of the Greenlandic network is less ''nice'. For these parts of the net-~

work longer ""drift periods" (t1+1_tl> have been necessary.

To investigate the influence of such long-period constant instrument drift
assumptions, table 2 shows results of the adjustment of the reasonably regular
network in Peary lLand, northernmost Greenland. When more drift and tare para-
meters are introduced into the adjustment the number of overdeterminations
decrease and thus also our ability to detect gross errors and erroneous instru-
ment behaviour, and thus the choice of average drift period should be a trade-
0ff between a low standard deviation and a high relative redundancy for the
observations (the relative redundancy is in this case simply the number of over-
deminations divided by the number of observations). Table 2 seems to indicate
that drift periods of up to some days extent might be used, in spite of the
well-known dependency of the drift of LaCoste & Romberg gravimeters on the mode
of handling and transportation. Examples of drift curves (i.e. the change in
reduced observations as a function of %time) for the base stations in northern

Greenland is shown in fig. 2.
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3. Results of the adjustment

The combined adjustment of all measurements, using an average drift

period of some days, showed a standard deviation of
g = 0.044 mgal

with reasonably 'white-noise!" residuals (r.m.s. variation of the residuals

from year to year was 0,027 to 0,043 mgal).

In the final adjustment the IGSN71 stations were held fixed together
with the Norwegian stations in Svalbard (the single tie to Svalbard showed
an agreement of 0.03 mgal fixing the IGSN stations only). The scale factors

for the three gravimeters were estimated to

G 69: 1.00049
G L66: 1.00053
G 495: 1.00035

representing roughly a # mgal error from Copenhagen (56°N) to Thule (76°30'N).
The LaCoste & Romberg calibration tables are thus not in correspondence with

the IGSNY1-scale.

Station gravity values for a few of the most important stations are shown
in table 3. As a curiosity it can be mentioned that the highest gravity value,
g = 98% 183.6L4 mgal, occurred at Kap Bridgman (83024'N, 25052'w); c., 100 km
ESE of the north tip of Greenland, thus probably representing the highest

g-value for any permanent marked gravity station on the northern hemisphere,

4, Comparison with older networks

Older gravity measurements in western Greenland have relied on a primary
gravity network established 1950-55 by Kejlse (1958) and Svejgaard (1959),
using a Frost-gravimeter. The datum of the o0ld network were based on ship con-
nections betwwen Denmark and Greenland, using the "Danish Potsdam' datum
(15.0 mgal above IGSN71) as reference, while the scale was determined by mea-
surements on the later European calibration line from Copenhagen (56ON) to

. - e - : . , . o
Hammerfest (771°N). LaCoste & Romberg ties to the older networks have until now
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been made in'Thule, Sendre Streomfjord, Godthdb and Southern Greenland, and

a plot of the differences is shown in fig. 3. The apparent trend suggests a
scale srror of 1,0031 in the o0ld network. This relatively large scale error
is in part due to a scale error in the pendulum measurements used as basis
for the Frost-calibration, data from Kejlse (1958) compared to the IGSN71
values (Morelli, 1974) thus indicates a 1.0018 calibration scale error, shown
as a broken line in fig. 3. The discrepancy betwwen this scale error and the
apparent scale error might be due to unlinearities in the used Frost-gravi-
meter or an undetected gross error in the northern part of the old net, but

this can not be ruled out or verified on the basis of the present available
data.

S, Some brief experiences and concluding remarks

Generally the LaCoste & Romberg gravimeters have functioned excellently
under the at times rough treatment unavoidable in heliborne surveys in areas
like northern Greenland. The variations in temperature occurring between
transportation and measurement, the air pressure variations and the vibrating
environment are vrobably a main source of the relatively high standard devia~-
tion of 0.044 mgal obtained in the adjustment (compared to values around
0.020 mgal obtained in southern Denmark using the same gravimeters and pro-
cessing), but also the suboptimal networks structure effects the results,
especially when the drift is assumed constant for longer periods. The sensibi-
lity of the drift to external factors may be seen from fig. 2, where the
apparent nearly level sections of the last half of the drift curve of G 466
year 1978 represents periods of bad weather, where the instrument was not
moved. TFor the 1979 and 1980 examples of fig. 2 the instruments were
"exercised" daily, and here the bad weather does not seen to "influence' the
drift.

Associated with irregularities in the drift is the tares (jumps), which
generally have been small. The largest tares (of the order 1 mgal) have occurred
in connection with power failures, mostly when the standard NiCd-batteries used
with LaCoste & Romberg occasionally ran out of power during extraordinarily
long "trips". In the low temperatures of northern Greenland the storage capacity
of the NiCd batteries has been lower and the power consumption of the gravimeter
higher, thus necessitating more frequent change of batteries than in more tem-
perate climates. As power source for recharging the batteries in the base camps

a small Honda generator was used.
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This presentation has merely been intended as a report on the present
state of modern gravimetric measurements in Greenland, the measurements are
planned to continue in the coming years, and the network will thus graduately
improve., The gravity anomalies,which have seen the primary objective of the
gravity surveying, will not be treated in this paper, preliminary results have
been published in reports from the Greenland Geological Survey (Forsberg, 1979,

Weng, 1980, Forsberg, 1981).
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Table 1. LaCoste & Romberg graviiy measuremenis in Greenland
by the Geodetic Institute, Copenhagen

- Number of e . y
Year | ., .. . Gravimeters Main area(s)
stations; observations

1976 27 125 G 69 Washington Land

1977 60 270 G L6s Western Greenland and
Inglefield Land
Mestersvig area (east
Greenland)

1978 94 220 G L66 Peary Land (northern Green-
land)

1979 115 300 G L66 Northern Greenland (north
of 81°N)

1980 121 %35 G 466,G L95 | North-eastern Greenland

1981 27 100 G L466(G L495) | Godthdb. Southern Greenland

Table 2, Adjustment results using various length
of drift periods (Peary Land)

Single observation
Assumed average
period of copguant drift Relative Standard
redundancy deviation
7 weeks 0.71 0.091
1 week 0.62 0.070
%— week Q. 57 0. 053
Near daily 0.43 0.053
Table 3. Gravity values for some key stations in Greenland
GI Number Name g(mgal)
1001 Station Nord 983 068,12
(astronomical pillar)

3358 Thule Air Base (hospital) 982 918.1
L1100 Mestersvig (airport) 982 £82.88
67701 Sendre Stremfjord M (hotel) 982 368,47
78104 Godthib (harbour) 982 191,86
88109 Narssaq (church) 981 957.29
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Fig. 2, Examples of gravimeter drift curves determined at the operational
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Fig. 3. Differences between gravity values of the old network (Frost) and
the LaCoste & Romberg network (IGSN scale) on the western coast
of Greenland, as a function of the LC&R gravity values. The broken
line represents the known scale error in the original calibration
of the Frost gravimeter.
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ABSTRACT

Equations of free fall, accounting for Corioclis forces and constant

vertical gravity gradient, are derived by application of the principles
of Classical Mechanics (Goldstein, 1980). A least squares fitting of the
observed height of the falling body to a polynomial in time is proposed.
Formulae for computing gravity and gravity gradient from the polynomial

coefficients are established.
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INTRODUCTION

For several decades absolute gravity measurements have been envisaged
and realized using free falling objects (Volet, 1947), (Sakuma, 1971),
(Hammond, 1978). Our purpose is to derive practical formulae for absolute
gravity reduction from free fall measurements (ti, zy) i=l,..., m
where ti are the measured times corresponding to the vertical coordinate
values z;. At this stage of the theory we assume that the measurements
are free from instrumental errors and that the corresponding times ti
and elevations z; rigourously satisfy the equations of motion which are
derived in the present paper. The practical formulae will be obtained from
a Taylor expansion of the solution z(t) of the equations of motion. Terms
beyond the fifth degree are discarded then gravity g and gravity gradient n
are expressed in terms of the remaining coefficients. Least squares adjustment
is proposed for the practical computation of these coefficients from
observations. A similar procedure was used in the past (Hammond and I14iff,
1978) involving only terms up to degree two, neglecting Coriolis forces and
gravity gradient. These authors pointed out that inclusion of gravity
eradient was weakening the least squares determination of g. It is already
interesting to make the distinction with our procedure. In fact we are
proposing to make the least squares fit of a polynomial of degree five to the
observed time series (tq, zi) i=1,...,m and such a computation should be a
very stable one provided appropriate methods are used. Then gravity and
gravity gradient are computed from these coefficients by straightforward

algebra.
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THEORY

Let us apply the law of Classical Mechanics (Goldstein, 1980) to a
freely moving point mass (m) in a reference frame Axyz fixed with respect
to the earth's crust, (figure 1) under the influence of some gravitational
field. Denoting by Evthe earth instantaneous angular velocity vector and
T its center of mass, absolute acceleration ?M of point M having mass m

is given by (Mandel, 1968)

Tt v E LW e F k@ aTh o+ + Bx T 1
Ty =Yr T3 ¥ X x T} {Mf x Yy , (L)

1 . > .
where x 1s vector cross-product, YT the acceleration of the earth's center
- , . >
of mass T, 7vyp relative acceleration of I and VMr relative velocity of M
T

both in reference frame Axyz. Assuming for our theoretical derivation

N2y
%% = (0 and denoting by EM and 3M the earth and other celestial bodies

gravitational fields respectively, we apply Newton 's Second Law of Motion

(Goldstein, 1980; p. 1) and using (1) we have
- > > 7 = > LT
$y * oy Y - O x (Q x ™M) = YMr + 22 x VMr . (2)

In the present theory, we assume the left-hand side of (2) to be a constant
> . A . - > .
vector g independent of time and position plus a linear term zn where n 1is
+ ]
the vertical gravity gradient in A and z the elevation of point M. n is
—
assumed to be a constant in the sequel and g is the gravity vector at

point A. Equation (2) becomes:

- - - T
g+ zn = vy + 20xVy . (3)
X T
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- Choosing Az parallel to é in the opposite direction and Ax towards
instantaneous North and finally Ay to make Axyz a right handed cartesian
—

reference frame, 2 is contained in the instantaneous astronomical meridian

plane Axz, making the angle L (latitude) with Ax (figure 1).

Figure 1. Axyz reference frame fixed with respect to earth crust

> ¥ (West)

QcosL
x (North)
(m)

Expressing (3) with coordinates x, v, 2z, their first and second derivatives

with respect to time being denoted by dots and double dots respectively,

we have:
X - 2y0sin L = 0 , (4)
v + 2xQsin L - 2zQcos L = 0 , (5)
z + 2yQcos L = - gtnz , (6)

+ . .
where g is the third component of g in Axyz and n = dg/dz its vertical

gradient component.
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Let us solve this system of three linear differential equations
of the second order with constant coefficients and obtain the complete
solution for the yet unknown function z(t). Integrating (4) yields an
expression of x in terms of y. That expression substituted in (5) yields
z in terms of y and y. Differentiating once vields % and once more 'Z. Diffe-
rentiating(6) with respect to time and substituting z and Z previously

obtained in terms of y, V¥ and y, we obtain the following equation:

; + §(492—n) + v (—AﬂzsinZLn) + (-20sinL (ic— 2y, Q@sinl) n) = 0 . (7)

The solution of (7) is

ft -ft

y(t) = (v, - %, /2Qsinl) + Cze + C3e + C4 coswt + C. sinwt, (8)

5
2 2 A .
where f~ and ¢~ are the two real roots of the characteristic equation

of (7) and C2, C3, Ca, CS’ vy, and kc are integration constants (see
Appendix A).

We deduce

z(t) = C, + C, J(f)eft - Cy J(f)e‘ft
+ C5 K{w)coswt -~ C4 K(w)sinwt, (9)
x(t) = C7
o ft -ft .
+20sinL ((C,e”" - Cqe )/f-(Cscosmt - Csinwt)/w), (10)

where C6 and C7 are integration constants and

J(£) (f/2Qcosl) + (ZQsinzL/fcosL), (1)

K{w) (w/2QcosL) - (ZQsinZL/ucosL). (12>

These formulae are derived in Appendix A.
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Since z(t) will be used in the sequel as our lav of motion,
for practical purposes we wish to have it in terms of powers of t.
Tayvlor expansion of equation (9) up to the fifth degree yields (see

Appendix B for the computational details)

- > ?
z(t) =z, + £ + (-%g+ 4z, 0 - 3, QcosL) ¢~

4 ((Z/B)QZCOSL(écsinL - z,cosL) + (1/6)z,n) t3

+ ((1/3)Q3cosL(§;+ gcosL/2Q) + n (z,n - g)/24

"~ n QcosL (v, + zanosL)/S) t4

4 ((-2/15)0" cosL (%, sinL - z, cosL)

+ nﬁzcosL((éosinL - 2z, cosL)/30) + zozn/lZO) tS, (13)
where z_, Z, , y, are initial values at time t = 0.
This type of polynomial equation will be used as observation

equation in the least squares adjustment.

Practical formulae for gravity (g) and vertical gravity gradient (n)

In order to use formula (13) we assume that our theory is accurate
enough so that systematic errors arising from the inadequacy of theory
with reality are much smaller than instrumental errors of today's
existing apparatus (1981). Then for our subsequent derivations we can
assume that, besides instrumental errors, observations are rigourously
described by formula (13). The first step of our proposed procedure is
to adjust by least squares the time series (x4, zi) i=1l, ..., m with the
mathematical model

z(t) = A + Bt + Ctz + Dt3 + Et4 + Ft° (14)
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‘Step two will consist of performing spectral analysis by least squares

(Vanféék, 1971) of the residuals s; given by

“ - - A4 A
s.= z.- (A + Bt,+ Ct,+ Dt? + Et, + Ft? ) s (13)
1 1 1 1 1 1

=

~

where ;, E, E, 6, g and T are least squares estimates of parameters A, B,
C, D, E and F of formula (14). The purpose of that spectral analysis is
to test the residuals for white noise (Jeudy, 1981; ch- V) and to compute
their spectral representation in case white noise hypothesis is rejected.
In practice, some residual effect due to microseisms may be present and

we will obtain the least squares compensated values of the residuals

-~ -~ -~ -~

( akcosmkti + b, sinw t, ) , (16)

s, = H + x 1

1

i g

k=1

-~ -~ -~ ~ -~

where sy~ s; 1is white noise and where u, ap, by , wy are parameters

computed by a simultaneous least squares adjustment of all the m frequencies
pointed out by the spectral analysis.

Step three consists of computing the corrected time-series zy - ;i which

is least squares fitted to polynomial of formula (l4). We now see that an
iterative procedure can be adopted where differences between the original
time-series zj and the adjusted polynomial of step three are calculated

and again fitted by least squares to mathematical model (16). Then
computing the corrected time-series as in step three, we adjust polynomial
of formula (14)., Repeating that procedure until convergence will give the
solution which would be obtained from simultaneous adjustment of polynomial (14)
plus spectral.respresentation (16). The advantage of such a procedure,

known as cvclic descent (Bloomfield, 1976; p. 22) is to avoid the possible
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~instability which may be encountered in a simultaneous .adjustment.

Once all this set of computations is achieved we have the best possible
estimates a, b, ¢, d, e and £ of coefficients A, B, C, D, E and F in
formula (14). Before using these estimates to derive formulae for
gravity g and gravity gradient n, we can simplify our polynomial expression
in using the translations’T and 7 along the axis t and z respectively such
that the constant term and the coefficient of the first power of time
disappears. Putting z = z' + gand t = t'+ 1, Z and t are computed by
writing.
z' +z=a+ b (£'+1) + ¢ (t'+T)2 + d (t'+T)3 + e (t'+‘c)4 + £ (t'+T)5, (17

kY

so that

I = a+ bt + CT2+ dT3 + ew:/+ T (18)
where T is a root of equation

b+ 2cT + 3dt2 + heto 4+ 5f 10 =0 . (19)
Equation (19) means that z}, projection of point mass (m) velocity 3%

along z' axis is zero (see figure 2). Finally we obtain the polynomial

representation

2= e (e +a (e’ et (et # )’ (20)




- 189 -~

Figure 2. Coordinate changes for z and t.

\

— )

Y

!

where coefficients c¢', d', e' and £f' are functions of c,d,e,f and 7.

Identifying (20) with (13) after changing coordinates x, y, z. for
o

x', y', z' and putting z, = z{ = 0 where x' and y' axis are defined in

figure 3, we have

¢! = —‘% - &;QCOSL s (21)
Q 2 .
d' =2 5 xé cosL sinL , (22)
3 .
Q L . )
el = F ocosL (yb+sg 550 -3(E + 3 acosn), (23)
' Qz . n 2
f' = 2 = %' cosL sinL ( = - Q7). (24)

15 o) 4
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We obtain a system of four equations (21), (22), (23) and (24) with
four unknowns g, v¢ , %4 and n. In first approximation since x4 and
&é will be small non zero initial velocities due tc some instrumental
perturbations, we have the solution g=-2c' as obtained from (21) and
n = 12e'/c' as obtained from (23) using the approximate value of g
here above. For the rigourous solution we see a problem when L=0,
then d'=f'=0 and g cannot be computed separately but only g+2ydQ.
Unless y,' is derived from other observations (such as measurements of
east-west deflection), g cannot be evaluated rigourously since in
practice §5 will never be rigourously equal to zero. In this case, we

obtain from (23) the gravity gradient rigourously n=(12e'/c')+492.

In the general case (L#0), the rigourous solution for g and n is

the following:

n=20£' + 4%, | . (25)
d'
2
g=—2¢'-2 (c/QZCOS"L + 6e' - nc’/2) . (26)
2 .2 ‘
Q sin L

If yJ can be derived from other observations, then better formulae will be

g = -2¢ -2yiQcosl (27)
2 .
n = 12e' + 4Q cosL (cosL—yéQsinZL) . (28)
C) CY

In practice (28) can be approximated by

n = 12e' + 4Q2coszL . (29

CY
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Figure 3. Coordinate changes for x, y and z.

L.
>

()

Legend. (I') is trajectory of point mass (m) in space. It is not a
straight vertical because of deviation x and y (see formulae (8) and
(10)). Fof the purpose of illustration we have exaggerated (T')
curvature. At time t'=o(t=T<0), point mass (m) is in O’ with velocity
gé contained in horizontal plane of coordinates 0'x'y' (z2'=0). At

e
time t=0(t'=-t1>0) point mass (m) is in 0O with velocity Vo.

>Y
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Similarly we could define £ and n by x=E+x’ and y=n+y' where £=x(7) and

n=y(t).

Precision estimation

First, polynomial coefficients significance has to be tested (Hamiltonm,
1964; p. 169). Using the variance—-covariance matrix of the least squares
adjustment, one can easily deduce the variance of g and n given by (25)

and (26) respectively (Mikhail, 1976; p. 161).

Conclusion

According to the principle of Classical Mechanics (Goldstein, 1980),
the fundamental free fall formula (13) was derived. A procedure for
computing the best polynomial representation of a set of free fall
measurements was proposed and the basic equations for gravity (25) and
gravity gradient (26) were derived. Also a procedure for precision
estimation was proposed. It appears in the discussion of the obtained
formulae that some implementation in the existing free fall gravimeters
could be made to measure east-west deflection during free fall and deduce

a good value for initial velocity east-west component at time zero.
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APPENDIX A

A 1. Solutiom of equation (7)

Characteristic equation is the following:

r4 + r2 (492— n) + (~4n QZ sinzL) = 0

Putting X=r2 we obtain two real roots for X denoted by f2 and - w2 and

this yields formula (8).

A 2. Solution for x(t) and z(t)

From (4) we have

x(t) = 2@sinL ((y, - x,/20sinl) + C2eft + CSe—ft + C4 coswt + C5 sinwt)

+ x, - 2y,QsinL.

Then follows formula (10). For computing z(t), from (5) we have

2(8) = =i  (20sinL(C.+29sinL ((C.e C - c.e”fty/f
2QcosL 7 2 3
R ft ~-ft
- (Cscoswt - C4 sinwt)/w)) + sze - C3fe
— S‘ ] 1
C¢u inwt + Cswcoswt) + C6
Putting tgl C7 + Cé = C6yields formula (9) where

J(f) and K{(w) are easy to derive.
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APPENDIX B

B 1. Equations for integration constants
In order to derive the coefficients of the Taylor expansion of z (t)
we need the equations defining the integration constants. We have
C C C
. 2 3 5
= + 20 L. - 2,
X, C7 2QsinL (f 7 - ) (21
%, = 20sinl (C, + C, + C), (22)
v, = sz - C3f + Csw, (23)
z, = C6 + CZJ(f) - CBJ(f) + C5 Kw), (24)
z, = C2£J(f) + CBfJ(f) - Cw Kw), (25)
and from (6), C, = &
6 n
B 2. Taylor expansion of z(t)
i) Constant term
From (9), we deduce that the constant term is
C6 + (CZ—CS) J(E) + 05 Rw) = z, from (24) .
ii) Coefficient of t
From (9), it is
szJ(f) + C3fJ(f) - CAmK(w) =z, from (25).
iii) Coefficient of t~

From (9), it is

L 2 2 2
L (sz J(£) - C,£73(f) - CSK(w)w Yy =

3
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fZJ(f) - C5 wz Kﬁn)} . From (23),

2 3)
(C2~C3) = (v, —(nCS)/f and substituting in the previocus

2
formula, coefficient of t~ becomes

i (.- wCg) £3() - Cw’ K@) ) =

5 (v, £3(£) - wCg (£J(£) +wK@) ) ) . (26)
Let us evaluate separately £J(f) + wK(w), we have from (11) and (12)
2 2
£ 4w
£) + wK = 7
EI(5) + wk@) Z0cosk (27)
From (23) and (24), we have
Cq = (v. J(£) - £z, + fg/n) / WJI(f) - £ Kw) ). (28)
.2 2.2
But wJ(f) - £ Kw) = 20sin"L (w +£7)/fwcosL . (29)
Using (27),(28) and (29), (26) becomes
Fo. 2 A . 2 2 -
5 (wf J7(E) - 3 £7 J() K@) - ofy, J7(£) -’ 5 J(f) K@))
@ J(5) - £ KW ) + £%?s, Ju’sin’
- ff0lg/tm®sin®L] . (30)
From §Al we have
f2—m2=-—4822+n, (31
- £2,% = = 4ng%sin’L. (32)
From (11) and (12) we have
2 . 4 2 2
JOREW) = - 4 sia’r. (£%-0)sin’L
407 cos L wfcos L wfcosZL
= w252-160% sin®L - 4% (-40%+ 1) sin’L)
(492 wi cosZL)—l (33)

492 sinzL/mf~ (34)

il



iv)

v)
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Using (34), (29) and (32), (30) reduces to

- kg + Lz n - ff, QcosL.

Coefficient of t3 From (9) it is

(1/6) (c2f3 J(E) C3f3J(f) + C4w3 Kw) ) =

(1/6) (£3(£) (%, /20sinl - C,) + CuRW) ) (35)

4
after using (22). From (22) and (25) we have

c, = (~z, + % £J(£)/20sinL) / (£3(£) + wK(w) ). (36)

Using (36), (35) becomes

(k. /120sinLl) (£23(F) - £3(E) (£23(E) - K@) ) / (EJ(£)+wk(w) ) )
+ o5, (E23(E) - oK) ) / 6 (£3(£) + wK(w) ). (37)
We compute

b4 4 2, 2 ., 2
f3 J(f)~w3K(@) - I Tw + (£™4w”) 20sin’L

2QcosL cos L

2
_ 2D (cee® n) + selsin’L)
2QcosL

2
= (f2+w2) (n - 407 coszL) / 2QcosL . (38)
Using (34), (27) and (38), (37) becomes

(2/3) 92 cosL (x,sinL - z, cosL) + Zz n/6 (39)

Coefficient of t4 From (9), it is

(c,£43(6) - c3f4 I + ¢, 0% K(w) )/24, (40)

using (23), (40) becomes

(£3(5) G. - wey) + o K@) )/28, (41)

5
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Ysing (28), (41) becomes

0 (R W) =E2I(£) ) (3. J(E)-fz +fg/n). (42)
24 (03 (F)—FR () )

£ J(E) T, /26 +
Using (38) and (29), (42) becomes

§Q ( wé—fa) J(£) K{w) fw cosL

24 (w2+f2) ZQsinzL

z £242 (n—&ﬂzcoszL) g fzwz(n—AﬂzcoszL) . (43)

< o
2
26 49%sin’L 24n 4% sin’L

Using (32),(31) and (34), (43) becomes
A (492—n) QcosL/12 + (n—&chos2L) (z,n~g)/24. (44)

(44) is equal to the coefficient of t4 in (13).

v) Coefficient of tS. From (9), it is

5 5 5
(CZJ(f)f + C3J(f)f - CAK(m)w ) /120. (45)

Using (22), (45) becomes

( (%, /20sinLl-C,) J(D)E - C K(w)u)/120. (46)
Using (36), (46) becomes
% WET(E)R(w) (£%-u™)/2400sinl (FI(£) + wK(w) )

F 5, (F23(8) + oK) )/120 (£3() + wK(w) ). (47)

We compute, using (11) and (12)

£ (£) 40 K (0) = ( (£2400)+ (£%-0™) 205in°L) / 20cosL,

2
2 2
= (£202) ((£2an®) + 2P (£%-w?)2051nL) /20c0sL. (48)

Using (31) and (32), (48) becomes

2

(f2+w2) (BQZCOSL (20%-n) + a®) /29cosL. (49)
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Using (49), (27), (34) and (31), (49) becomes

kcﬂzcosLsinL(—4QZ+n)/3O
+ z (SQZ cosZL (292—n) + nz)/lZO . (50)

<

And (50) is equal to
( (—2/15)QacosL (iosinL—éacosL)

+ ancosL ((x, sinL-2 z,6 cosL)/30) + ien2/120, (51)

which is the coefficient of t5 in (13).
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RESOLUTIONS

. The attendants of the Workshop express their sincere thanks to the French Na-

tional Committee for Geodesy and Geophysics, to the Institut de Physique du
Globe and to the Director of the BGI, Dr. BALMINO, and his staff for their sup~

port in organizing the meeting.

The Workshop expresses is sincere thanks to the Director of BIPM for providing
a location for the absolute apparatuses operated during the meeting. Special
thanks are due to Dr. SAKUMA and his colleagues for the assistance in making

the measurements.

Considering the importance of high-precision tidal corrections to absolute and

relative gravimetry, it is recommended that a standard tidal correctiom be
adopted where the problem of the permanent tide is resolved in a manner satis~-

factory to all relevant disciplines.

Recognizing the role of highly precise gravity measurements in research rela=-

ted to crustal dynamics, earthquake occurence, etc., and

Considering the necessity of improving their precisiom to carry out such stu-

dies the Workshop fully endorses the intermational D-meter campaign as designed

and planned during its meeting.

. Recognizing the continuing need for close co-operation of gravimetrists, the

Workshop recommends that a request be forwarded to the Soviet Geophysical Com-—
mittee to organize a meeting of specialists in high precision relative and ab-

solute gravity measurements in 1984,

. All relative gravity measurements carried cut in connection with absolute mea-

surements during the International Campaign (Oct. 1981) should be processed by
the observers according to the rules established by Prof. BOULANGER. For tidal
corrections the Cartwright—-Edden model should be used with a provisional gra-
vimetric factor of 1.16 and a provisional phase lag zero. The data processed

in this way should be sent to Prof. GROTEN no later than December 1, 1981. He
will collect them and will send the combined results to all participants of the

campaign no later than January 1, 1982.
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7. Recognizing the need to publish the results of this Workshop and the inter-
comparison of absolute gravity apparatuses which has taken place simultaneous-

ly the Workshop recommends that

(a) all manuscripts be published in the Bulletin d'Information as soon as pos-

sible (authors are requested to send them to Dr. BALMINO, by Dec. 1, 1981),

(b) results of comparing absolute gravity apparatuses be published in Bulletin

d'Information,

(¢) all countries possessing absolute apparatuses be asked to send a descrip-
tion of their equipment and measurement procedures, including a detailed
discussion of systematic errors, to Dr. Ralph HUDSON, editor of Metrologia

at B.I.P.M. by Jan. 1, 1982 for publication in that journal.

8. Recognizing
that IAG adopted at the Canberra IUGG General Assembly a resolution calling
for the presentation of gravity results on a tide-free for research in physi-
cal geodesy,
and further recognizing that geophysicists, astronomers and oceanographers
have a need for gravity data based on an earth model which includes the per-

manent tide,
and considering the obligation of the International Gravity Commission through
the Bureau Gravimétrique Intermational to provide gravity data in a form suita-

ble for all users,
the Workshop recommends that
(a) BGI provide gravity values to the users in either system,

(b) the Director of the BGI publish a notice in the Bulletin d'Information to
this effect, and

(c) the Director of BGI prepare a short note, to be included with completed

requests for data, describing the two tidal reduction systems,
and further recommends
(d) that all agencies submitting gravity data to the BGI clearly state which
kind of tidal reduction has been employed.
8. Recognizing the advisability of intercomparing absolute apparatuses on a regu-

lar basis,

the Workshop recommends that the Director of B.I.P.M. be approached by the

International Gravity Commission to arrange a repetition of this year's expe-

riment.
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401 - MAJOR, J.A. - "Mount turner geophysical survey Georgetown area Queensland

52

1976".
B.M.R., Rep. n° 203, 1-26, 1979.

buring 1976, the Bureau of Mineral Resources made a geophysical survey

at the Mount Turner porphyry copper prospect, near Georgetown, Queensland.
The objectives of the survey were to askist the geological evaluation of
the porphyry copper prospect and to study the applications for geophysics
in exploration for porphyry copper orebodies. The prospect occurs in an
alteration system within a pluton of Proterozoic Forsayth Granite, which
contains enclaves of Robertson River Metamorphics. Vertical electrical
soundings were made to map the chargeability and resistivity of the un-
weathered bedrock. Resistivity and chargeability zones are identified and
appear to map out areas of different alteration types. Gamma-ray spectro-
metry, total-count radiometrics, and magnetics did not contribute to the
porphyry copper prospect.

401 - GREGSON, P.J., PAULL, E.P. - "Preliminary Report on the Cadoux earthquake.

52

B.M.R., Rep. n° 215, 1-12, 1979,

An earthquake occured on 2 June 1979 near the small town of Cadoux, West~
ern Australia. Only one person was injured, but the cost of damage in the
town and surrounding district could exceed S !.5 m. Preliminary results
show that the earthquake had a Richter magnitude of 6.2 and occured at
09h 48 m Ols UT at latitude 30.83° S, longitude 117.15° E, and at a depth
of 15 km. It is the third earthquake of magnitude 6 or greater to occur
in the southwest seismic zone in eleven years. The maximum Modified Mer-—
calli intensity observed was IX. The surface of the Earth fractured in a
zone 14 km long. Three scarps were formed, the largest was 8 km long and
ran northerly with overthrusting up to 1.1 m from the west, and vertical
uplift up to 0.6 m. Some right-hand strike-slip occurred. The general di-
rection of movement (70°-80°) conformed roughly with the direction of the
axis of maximum stress measured in the area in 1976. The two smaller
faults (2 km and 5 km long) ran about southeast ; the area between them
was ralsed by up to 0.5 m and left-lateral motion reached 0.6 m.

A map of the fracture zone is printed on the other side of this card. Fi-
gures 5, 6, 7, 8, 9, and i3 are reproduced by courtesy of West Australian
Newspapers Limited.

ALT - AGREEN, R.W. - "Storage of satellite altimeter data’.

7

GN

N.O.A.A., Tech. Mem. NOS NGS 28, 1~11, Dec., 1980.

Software has been developed for storing any amount of satellite altimeter
data on tape and disk devices with the ability to select parts of exis-
ting data sets and form new ones as required. The same data set structu-
re is employed for storage and applications. Users are encouraged to run
the maintenance software to tailor altimeter data sets to their specific
needs. These features were designed to provide sufficient data manipula-
tion capability for research without the extensive developmental effort
neceded for a true data base. The system is written in IBM FORTRAN. Ins-
tructions for the user are not provided because they are subject to chan-

ge.

TSCHERNING, C.C. - "The role and computation of gravity for the processing
of levelling data”.
Presented at the Second Int. Symp. on Problems Related to the Redefinition
of North American Vertical Geodetic Networks, Canada 1980, 17 p..
The computation of geopotential differences from levelling data requires
the knowledge of gravity values with a spacing As between the points of
observation depending on the gravity prediction root mean square error ug
and the height variations AzASl/2 along the levelling line...

Various gravity prediction techniques are briefly reviewed and compared.
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NAKAT, Y., KANO, T., YOSHIKURA, $.I. - "Explanatory text of geological map
of cape Ryiigli Antarctica".
Nat. Inst. of Polar Res,, 1-12, March, 1980,

SCHANZ, J.J. - "Nongeological dimensions of resource assessments’,
Math. Geol., Vol. 10, n® 5, 637-642, 1978,

GEORGES, G. LEPELTIER, C., NICOLINI, P,, PRZENIOSLO, 8. — "Mineral Resources
inventory in the Northern part of Haiti : A basic rationale for selecting
areas of potential mining interest",

Math. Geol., Vol. 10, n® 5, 629-636, 1978,

BAROUCH, E., KAUFMANN, G.M. - "The interface between geostatistical modeling
of oil and gas discovery and economics".
Math. Ceol., Vol, 10, n°® 5, 611-627, 1978.

HART, P.E., DUDA, R.O., EINAUDI, M.T. ~ "Prospector - A computer—based con—
sultation system for mineral exploration'.
Math. Geol. Vol. 10, n°® 5, 589-610, 1978.

BAXTER, G.G., and al. - "Workshop on the Delphi method".
Math., Geol., Vol. 10, n°® 5, 581-587, 1978.

SINDING-LARSEN, R,, VOKES, F.M. - "The use of deposit modeling in the asses-—
sment of potential resources as exemplified by caledonian stratabound sulf-
ide deposits".

Math. Geol., Vol. 10, n°® 5, 565-579, 1978.

PANTAZIS, T.M. - "Reserve assessment of cyprus copper and iron pyrites and
chronites",
Math, Geol., Vol. 10, n° 5, 581-~587, 1978,

GAAL, G., KOISTINEN, G., LEHTONEN, M., TONTTI, M. - "Deposit modeling of a
nickel belt in Finland",
Math. Geol., Vol, 10, n® 5, 543-554, 1978,

DE VLETTER, D.R. - "Criteria and problems in estimating global lateritic ni~
ckel resources".
Math. Geol., Vol. 10, n°® 5, 533-542, 1978.

HANSEN, M.V., and al., - "Workshop on deposit modeling".
Math. Geol., Vol. 10, n°® 5, 519-531, 1978,

MEYER, R.F. - "The volumetric method for petroleum resource estimation®,
Math. Geol., Vol, 10, u® 5, 501-518, 1978,

KINGSTON, G.A., .and al. - '"Workshop on Volumetric estimations",
Math, Geol., Vol. 10, n® 5, 495-499, 1978,

GARRETT, R.G. - "An abundance model resource appraisal for some Canadian
commodities".
Math. Geol., Vol, 10, u°® 5, 481-494, 1978,

CELENK, O., and al. - "Workshop on abundance estimation',
Math. Geol., Vol. 10, n® 5, 473-480, 1978.

GRIFFITHS, J.C. - "Mineral resource assessment using the unit regional value
concept",
Math. Geol., Vol. 10, n°® 5, 441-472, 1978.

MISSAN, H,., and al. -~ "Workshop on area value estimation",
Math, Geol,, Vol, 10, n°® 5, 433-439, 1978,
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102 -~ GABERT, G. - "The importance of mineral and energy inventories".
36 Math. Geol., Vol. 10, n° 5, 425-432, 1?78.
i

102 - GILL, D., and al. - "General guidelined for national inventories of mineral

36 resources'.
Math. Geol., Vol. 10, n°® 5, 419-423, 1978.‘

102 - CARGILL, S.M., CLARK, A.L. - "Report om the activity of IGCP Project 98".
36 Math. Geol., Vol. 10, n° 5, 411-417, 1978.

GEO — NAKAI, Y., and al. - "Explanatory text of geological map of Kjuka and Telen
7 Antarctica".
Nat. Inst. of Polar Res., 1-5, March, 1979.

Kjuka and Telen are located at 69° 34 - 69° 40' S and 39° 37' -~ 39° 50'

£ in Sbya Coast which is the eastern coast of Liitzow-Holm Bay, Antarctica,
The Telen Glacier about 4.5 km in width separates the Telen area from the
Kjuka area.

The topographical map "Kjuka and Telen" on.a scale of 1:25000 was publi-
shed in March 1975 by the Geographical Survey Institute of Japan ; the
map was compiled from air-photographs taken on January 21, 1962 and Ja-
nuary 20, 1969 with ground air-photos control points established by the
l4th Japanese Antarctic Research Expedition (JARE-14).

The geological survey in Kjuka was carried out in 1973 by Terumi Ishikawa,
a member of JARE-13. The geology of Telen was surveyed by Yutaka Nakai,
Takashi Kano and Shin-ichi Yoshikura, members of JARE-19, between January
31 and February t, 1978.

GEO ~ SUZUKI, M., MORIWAKI, K. - "Explanatory text of geological map of Cape Omega
3 Antarctica'.
Nat. Inst. of Polar Res., 1-7, March, 1979.

VS - ANDERSON, A.J. - "Fennoscandian uplift secular variations of gravity and de-
34 termination of changes of density within the asthenosphere’.
Jost. of Geophys., Rep. n® 9, 1-9, 1980.

Studies of disturbing effects upon the measurements of gravity along a
central microgravity profile in Fennoscandia are investigated. The lar-
gest uplift gravity gradient differences expected along the profile occur
in the mountainous region separating Norway and Sweden, These differences
amount to 0.4 pgal/year/100 km.

Disturbing quantities which are investigated across the profile are ocean
loading tidal variations, ground water variations, snow cover and sea le—
vel water height changes, and the effects of regional meteorological pres-
sure differences across Fennoscandia.

Very stringent control of all of the above disturbing quantities must be
made in order for a significant secular gravity gradient uplift model to
be obtained on a reasonable time scale. Furthermore the determination of
short term instrumental drift characteristics need to be improved by an
order of magnitude over that obtained in previous experiments.

ME - SCHERNECK, H.G. - "A drift correcting apparatus for tidal gravimeters”.
244 Inst. of Geophys., Rep. n° 8, 2-15, 1979,

An apparatus has been built for automatic readjustwent of a Bonatz modi-
fied ASKANIA-GS 11 recording gravimeter in order to keep the measuring
sensor within a tolerable limit around its centre position. This device
marks one step towards permanent installation of recording earth-tide
stations that operate without periodic maintenance.

GN - ANDERSON, A,J, - "Evaluation of doppler point positioning and tidal gravime-
63 ter data at Onsala Space Observatory obtained during 1975-1979".
Geod. Inst., Rep. n° 7, 1-19, 1979.

This report summarizes results of Doppler point positioning data obtained
during 2 intervals : June 1975, and February 1978, at two separate sites
at Onsala Space Observatory (0S0). The computations were carried out at
Uppsala. The coordinates are given in the WGS-72 system, and intercompa-—
rison with several different results is made. It is shown that a discre-
pancy of ~ 10 meters in the Z component of the Doppler for 0S0-1 exists
in earlier reported results for the 1975 data.

Earth tidal data acquired during May 1979 at 0SO are analysed. Although
the duration of data is short, evaluation of the results with theoretical
values has been satisfactory. Anomalous amplitudes of My and Mg tidal wa-
ves are found, which indicates periodic systematic ocean loading effects
of the order of | cm in vertical displacement occur at 0S0.

During the course of preparation of this report an unsatisfactory lack
of agreement was found in the geodetic material made available for this
study. Likewise, the interval of earth tidal recording available was too
short for a firm analysis to be made.

STA -~ SZACHERSKA, H.K. - "Method of analysis of the composition of random and sys-
59 tematic observation errors",
Geod. Inst., Rep. n° 6, 1-18, June, 1977,

The proposed method of the analysis of the precision of measurements is
based on the assumption, that an observation error is a mixture of random
and systematic components (formulae (1.1), (1.2), (1.3)). When in the
course of a measurement occur random errors only, the empiric distribu-
tion of the set conforms to the model of Gauss. Anomalies of the empiric
distribution of errors, when compared with the normal law, can therefore
form the basis for the definition of the character and the value of sys-
tematic observation disturbances., The method of the analysis of the com~
position of errors, presented here, consists in the comparison of the
empiric distribution function with chosen theoretical functions. The the-
oretical justification and the mode of carrying out the analysis is des-
cribed by formulae (2.1) - (2.7). Fig. 1, 2, 3 show the principles of the
computation of the normalized value of the random variate for chosen the-
oretical models, The study is completed by three practical examples of
the application of the method to the analysis of the composition of the
application of the method to the analysis of the composition of errors of
angle observations in the Polish astro-geodetic network and the comple-
mentary network, as well as to the estimation of systematic errors of
precise levelling.

STA - REMMER, 0. - "Statistics and/or common sense a geodetic example'.
59 Geod. Inst., Rep. n° 6, 2~9, June, 1977,

STA - MATHISEN, O. - "Estimation and testing of variances and covariances",
59 Geod, Inst., Rep, n° 6, 2-16, June, 1977,

The method is based on reduction of a linear system to a set of condition
equations and fitting the covariance matrix of the residuals w to the ma-
trix we¥, w¥ being the transpose of the vector w.

The estimators are unbiased and invariant for transformations of parame-
ters, condition equations and random variables for arbitrary distribution
functions. Hypothesis testing and computation of confidence intervals on
given levels of significance can be made provided the distribution func-
tion of the standardized observations is known.

For normally distributed observations the estimators have locally minimum
variance and in some cases uniformly minimum variance.

Examples of applications are computation of covariance functionrs for least
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squares prediction and determination of variances in geodetic networks
comprising different types of observations.

]
KOCH, K.R. - "Parameter estimation in mixed models'.
Geod. Inst. Rep. n® 6, 2-10, 1979.

Mixed models contain parameters defined 4s fixed quantities and as random
variables with zero expectations. To estimate the parameters best linear
unbiased estimates in the Gauss-Markov model are applied for the fixed
parameters and in the generalized Gauss-Markov model for the random para-
meters after introducing an approximate mixed model. It is shown that
these estimates are identical with the estimates in the mixed model by
means of the least squares adjustment and the maximum likelihood method.

EKMAN, M. - "The stationary effect of Moon and Sun upon the gravity of the
Rarth and some aspects of the definition of gravity",
Geod. Inst., Rep. n® 5, 1-13, 1979.

ANDERSON, A.J. - "Scandinavian studies of recent crustal movements and the
space geodetic baseline network".
Geod. Inst., Rep. n° &4, 1-12, 1979.

A brief review of crustal movements within the Fennoscandia shield is gi-
ven. Results from post—glacial studies, projects for measuring active
fault regions, and dynamic ocean loading experiments are presented.

The 1979 Scandinavian Doppler Campaign (SCANDOC I) Network is discussed.
This network includes Doppler translocation baseline determination of
future VLBI baselines to be measured in Scandinavia. Intercomparison of
earlier Doppler translocation measurements with a high precision terres-
trial geodetic baseline in Scandinavia has yielded internal agreement of
6 cm over 887 km. This indicates a precision of better than 1 part in 107
may be obtainable with these techniques.

ANDERSON, A.J. - "Lunar paleotides and the origin of the Earth-Moon system'.
Geod. Inst., Rep. n° 3, 1-20, 1978.

A new method for determining the early history of the Earth-Moon system
is described. Called the study of lunar paleotides, it describes a method
for explaining features of the remmant lunar gravity field, and the gene~
ration of the lunar mascons. A method for the determination of Earth-Moon
distances compared with the radiometric ages of the maria is developed.
It is shown that the Moon underwent strong anomalous gravitational tidal
forces, for a duration t < 10® years, prior to the formation of the mas-
con surfaces. As these tidal forces had not been present at the time of
the formation of the Moon, this shows that the Moon could not have been
formed in orbit about the Earth.

EKMAN, M. - "On the time-independent part of the tidal effect and its role
in tidal corrections to geodetic observations®,
Geod. Inst., Rep. n® 2, 2-15, 1978.

In this paper an attempt is made to deduce a general formula for the time-
independent part of the tidal potential. The role of the formula in tidal
corrections to geodetic measurements and the choice between zero geoid

and mean geoid as a geodetic reference surface is also discussed. Final-
ly, a few comments on the Honkasalo formula is made.

MORITZ, H., SANSO, F. - "A dialogue on collocation’.

Presented at the 7th Symp. on Mathematical Geodesy, Assisi, Italy, June 8-10
1978.

Bol. Di Ceod. e Scienze Affini, Revista dell'Istituto Geog. Militare, Anno
XXXIX, n® 1, 50-51, 1980.

THP -~ MORITZ, H. - "Statistical foundations of collocation",

7
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Presented at the 7th Symp. on Mathematical Geodesy, Assisi, Italy, 8-10 June
1978.

Bol. di Geod. e Scienze Affini, Revista dell'lstituto Geog. Militare, 2, An-
no XXXIX, 132-186, 1980.

The paper deals with mathematical models suitable as a basis for the sta-
tistical treatment of collocation.

As a preparation, stochastic processes on the circle are discussed first;
such processes are simple to understand and exhibit already essential
features of the problem, Then the paper treats stochastic processes on
the sphere, which may be suitable as statistical models for collocation.

Lauritzen's theorem on the nonexistence of ergodic Gaussian stochastic
process models for collocation is seen to be essentially dependent on the
Gaussian character. Two non-Gaussian ergodic models are given, one of a
genuinely probabilistic character similar to Lauritzen's model, and ano-
ther based on a formal probability theory in rotation group space.

This second model gives a statistical foundation of the usual homogeneous
and isotropic covariance analysis of the anomalous gravity field ; it al-
so provides a basis for the study of the statistical distribution of
quantities related to this field.

This model allows a formal statistical treatment of the anomalous gravi-
tational Ffield which is independent of an interpretation of this field as
some genuinely physical stochastic process and seems, therefore, to be
preferable.

MUIR, M.D. ~ "A Sabkha model for the deposition of part of the proterozoic
Mc Arthur group of the northern territory and its implications for minera-
lisation". i
B.M.R., Vol. 4, n® 2, 149-162, June, 1979,

HARVEY, N., DAVIES, P.J., MARSHALL, J.F, - "Seismic refraction a tool for

studying coral reef growth'.

B.M.R., Vol. 4, n® 2, 141-147, June, 1979.

CLARK, A.L. - "Guidelines for international data collection and resource as-
sessments and analyses',
Math. Geol., Vol, 9, nu® 3, 221-233, 1977.

ECKSTRANI, O.R. ~ "Mineral resource appraisal and mineral deposits cowmputer
files in the geological survey of Canada®. R
Math. Geol., Vol, 9, n® 3, 235-243, 1977, :
HERR, J.J., PHILLIPS, S.L., SCHWARTZ, S.R,, TRIPPE, T.G. - "Standards for
multilateral and worldwide exchange of geothermal data",

Math. Geol., Vol. 9, n° 3, 259-263, 1977,

JEFFERY, K.G., GILL, E.M., - "fhe use of G-Exec for resource analysis',
Math. Geol., Vol. 9, n° 3, 265-272, 1977,

MEYER, R.F, ~ "Petroleum resource data systems",
Math, Geol., Vol, 9, n® 3, 281-299, 1977,

PICKLYK, D.D. - "Requirements of the data to be used for resource appraisal”,

Math. Geol., Vol., 9, n® 3, 301-308, 1977,
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optimum degree of expansion for a given data set. It was also verified by
the computations, that, since the computed expansions essentially have a
zero value outside the domain of the input, it is possible to combine the
results of separate non-overlapping expansions.

B.G - CLARKE, F.L., - "Modelling position dependent erxoxs in gravimetric deflec-
tions of the vertical®. ;
Bulletin Géodésique, Vol. 55, n° I, 1-16, 1980.

Comparisons of gravimetric and astrogeodetic deflections of the vertical
in the Australian region indicate that the former are affected by posi-
tion dependent systematic errors, even after orientation onte the Austra-
lian Geoderic Datum. These are probably due to errros in the predicted
mean anomalies for gravimetrically unsurveyed oceanic regions to the east,
south and west of the continent. Deflection component residuals (astro-
geodetic minus oriented gravimetric) at 83 control stations are made the
observables in a sed of observation equations, based on the Vening Meinesz
equations, From which pseudocorrections te the mean anomalies for a set
orbitrarily selected surface elements are computed. These pseudocorrec—
tions compensate for prediction errors in much larger unsurveyed regions.
Their effects on individual deflection components are calculated using the
Vening Meinesz equations. Statistical tests indicate that pseudocorrec—
tions computed for four large offshore elements and six smaller elements
in unsurveyed areas produce corrections to the gravemetric deflections
which make the & and n components in seconds of arc consistent with ano~
mally distributed populations N (0.00, 0.70%).

ET ~ "Calibration of gravimeters by tilt method",
7 Int. Geophysical Projects, 7-196, 1979.

The book deals with one of the acute problems of gravimetry, i.e. elabo-
ration of methods and measurement facilities allowing to obtain at any
point of the globe the gravity acceleration values with a given precision
in the system of physical units.

. Introduction and brief history of research of gravimeters calibration

. The theory of gravimeters calibration by tilt method

. Devices for calibration of gravimeters by tilt methods

. Tilt method of calibration

. Processing of results of calibration by tilt method

. Results of calibration of gravimeters by tilt method

. Basic results of calibration by tilt method and prospects of develop-
ment of the method.

B.C - SANSO, ¥. - "The geodetic boundary value problem and the coordinate choice GRD - GROT?N, E; - “Determination of plumb line curvatures by astronomical and
problem'. 49 gravimetric methods".
Bulletin Géodé&sique, Vol. 55, n° I, 17-30, 1980, Technical Memorandum, NOS NGS 30, 1-17, Feb. 1981.

The actual plumb line curvatures for several selected stations of the

U.S. triangulation network .in the Rocky Mountain area are estimated using
two formulas by H. Bodemiillexr. By taking terrain inclination data from to-
pographic maps, as well as elevations and conservative estimates of hori~
zontal gravity gradients, it is shown that the determination of actual
plumb line corrections is practically impossible. By varying the data to
within reasonable limits totally different estimates for the constituents
of the plumb line correction are found. Taking into account the 30" by 30"
estimates for mean elevations in the United States, it seems that the on-
ly fairly reliable estimate of actual plumb line corrections is obtaina-
ble from topographic models. Also normal plumb line curvature is conside-
red.

The geodetic boundary value problem (g.b.v.p.) is a free boundary value
problem for the Laplace operator : however, under suitable change of co-
ordinates, it can be transformed into a fixed boundary one. Thus a gene-
ral coordinate choice problem arises : two particular cases are more clo-
sely analyzed, namely the gravity space approach and the intrinsic coordi-
nates (Marussi) approach.

B.GC - DE JONC, G. - "Vector integral representations in gravimetry".
Bulletin Géodésique, Vol. 55, n® 1, 59-72, 1980.

In the theory of gravitation, usually a potential function is introduced
to describe the gravity field. This has the advantage that Green's inte-
gral representations of potential theory can be used in a straight~forward
manner. However, the introduction of a scalar potential also has some dis~
advantages. Although the potential can be associated with the work done
when moving around a point mass in a gravitational field, it still is a
somewhat artificial quantity that cannot directly and unambiguously be
measured. This is in contrast with the gravitational field strength. In the
present paper we investigate the possibility of avoiding the introduction
of a gravitational potential and concentrate on the gravitational field
vector itself. In that case, appropriate vector integral representations
of the Green type have to be derived for the gravitational field. It turns
out that these vector integral representations are also suited for descri~
bing the gravity field of the earth.

SAT ~ LALA, P. - "Computer program prior used for orbit determination at the Ondre-
200  jov Observatory".
Adv. Space Res., Vol. 1, 57-67, 1981.

The computer program used mainly for determination of orbits of the Inter—
kosmos satellites is described. Examples of results are given for Geos B
and Interkosmos 17 satellites.

SAT - SEHNAL, L. - "The motion of an artificial satellite under the terrestrial
201  radiation pressure".
Adv. Space Res., Vol., 1, 37-41, 1981.

The terrestrial infrared radiation pressure effects on the motion of an
artificial satellite are investigated. The radiative field is described
by a series of spherical harmonics, The equations for the changes of the
elements are found and numerical examples for the case of the satellite
D~5-B (1975 39 B) are given,

B.G - NAGY, D. - "High degree spherical harmonic expansion of gravity data",
Bullerin Géodésique, Vol. 55, n° I, 86-93, 1980.

A spherical harmonic expansion of the gravity field up to degree and order
200 was carried out. Free air anomaly data over Canada (1° x 1° block ave-
rages) with a range of 211.1 mgal were used for testing. A low degree ex-
pansion (N = 30) produced a map with a range of 63.6 mgal with contour pat-
terns that could hardly be correlated with the original hand contoured map,
A high degree expansion (N = 200) on the other hand resulted in a map with
a range of 199.8 mgal which quite faithfully reproduced the original inclu-
ding its local variations. Test computations verify that by monitoring the
RMS values and the range of the expansion it is possible to arrive at an
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ANO - SAIDOU, L.Y., and al. - "apport de la gravimétrie 2 la compréhension de la — WYATT., B YEATE TUCKE D ~
98 chaine panafricaine dans 1'Adrar des Iforas”, 401 WYATT, B.W,, YEATES, A.N., CKER, D.H,
0.R.S.T.0.M. Geophys., n° 17, 37-57, 1980,

"A regional review of the geologi-
54 cal sources of magnetic and gravity anomaly fields in the Lachlan Fold Belt
of NSW'.

: BMR, Vol. 5, n° 289-300, Dec. 1930,
The gravity map of the Adrar des Iforas (Mali) completes the survey of » YO s A, ec. 1980

the eastern margin of the West African craton. The interpretation of the
gravity data is based on a confrontation with the geological and aeroma-
gnetic maps. The main features are i

Regional airborne magnetic and graviry data and field observations have
been used to define four geophysical domains in the Lachlan Fold Belt
South Wales. Each has a different pattern of anomaly trend and amplitude.
Three domains correspond with provinces containing rocks of similar 1itho-
. . s ; s logy and age ; the other corresponds with the Darlin Basin. The magnetic
- the suture 1is ?hara?terlsed by the tectonic emplacement of ultrabasic data highl?ght minor variation in magnetite abundancg, chiefly in igneous
and basic massifs with thrusting towards the craton and NNE-SSW trans-— rocks, and, across the region, reflect slight differences in magma compo~
Form faules i . - . . ) sition, structural trends, and possibly also style of volcanism and sedi-
important positive anomalies are associated with late Pan-African gra” mentation. The gravity data also delineate the same structural trends and
n%to}des 3 o . some major lithological variations., The boundary of the Darling Basin is
. within the craton a large positive anomaly is related to the Gourma au~ gradational. The other domain boundaries are sharp, but with no evidence
lacogen. of major faulting.

the virgation of pan-African structures ;

The qgantltatlve fnt?rpretaCLOn'uslng the inverse a?proach Hinear pro= Within the geophysical domains a classification of magnetic anomalies by
gramming and statistical analysis allows one (o estimate the form, densi- length, width, and amplitude appears capable of distinguishing between

£y and depth of some structures. the various sources, thereby providing a useful mapping tool in regions
with surficial cover. Circular anomalies of largeslt extent occur over
granitoids, the smallest over small pipes and veins, and the intermediate
size over basic and ultrabasic stocks. Elliptical anomalies are associa-
ted with magnetic granitoids and some basic and ultrabasic bodies. Sour-
ces of narrow anomalies include basic dykes, steeply tilted Plaeozoic la-
vas, ignimbrites, and serpentinites. Sources of complex zones include
Tertiary basalt flows, piles of basic and intermediate lavas surrounding
small intrusions, and some inhomogeneous granitoids.

It is suggested that during collision the shape of the wargin of the cra-
ton which corresponds to the suture as defined by the gravity pattern has

had a controlling influence on many tectonic features within the Pan-
African mobile belt.

ANO - DAIGNIERES, M., - "La chaine des Pyrénées et son avant-pays Aquitain-
99 Languedocien. IT Imtroduction géophysique'.
Bull. Cent. Rech. Explor. ELF Aquitaine, 11-14, March 1980.

The regional gravity data reflect features with very large dimensions or
large density contrasts. A major north-northeast tranding Bouguer = anoma-
1y low corresponds with the Eastern Highlands, a region of high relief,
thick crust, and extensive granitoids. A norrower low corresponds Lo ano-
ther belt of granitoids trending north-northwest from Holbrook to Cobar.
Small-scale gravity features include the Coolar Serpentinite and its asso-
ciated basic rocks, the Mid-Silurian to Mid-Devonian Hill End Trough, and
numerous regions of Late Devonian quartzose sedimentary rocks.

ANO - GERARD, A., and al. - "Etude gravimétrique de la moitié Sud-Est de 1'ile de
100 la Réunion".
C. R. Acad. Sc., T. 290 série B, 139~142, 11 Feb. :1980:

A gravity survey of Reunion Island shows a NW-SE anomaly joining the po-
sitive anomaly associated with Piton des Neiges to another positive ano-
maly on the east coast. The Piton de la Fournaise volcano is marked by
short wave length negative anomalies.
. . . . . 401 ~ MUIR .D. RMSTRO| J. K g - a i ¥ i s
401 - BLAKE, D.H., - "The early geological history of the proterozoic mount isa 54 Me A;tgug £a2i381§T§G, K.J., JACKSON, M.J Precambrian hydrocarbons in the
54 inlier, north western Queensland : an alternative interpretation’. a’ .
X ° B, . 1 - . .
BMR, Vol. 5, u° 4, 243-256, Dec. 1980. MR, Vol. 5, »° 4, 301-304, Dec. 1980

401 - PINCHIN, J. - “Intracrustal seismic reflections from the Lachlan Fold Belt
54 near Canberra'.
BMR, Vol. 5, i® 4, 305-309, Dec. 1980,

401 - BUBELA, B. - "Some aspects of interstical - water movements in simulated
54 sedimentary systems'.
BMR, Vol. 5, n° 4, 257-263, Dec. 1980,
. i . . TP — CHOVITZ, B.H. - "Modern geodetic earth reference models',
401 - BLACK, L.P. - "RB-SR geochronology of the jervois range area 1in the Eastern 8 £0S, Vol. 62 ° 7. 65-67, 17 F
- f . , 0 B s eb. 1981,
54 part of the Arunta block, NI".

BMR, Vol. 5, n° 4, 265-270, Dec. 1980. A geodetic earth reference model is defined as a seltgravitating body of

given mass and rotational rate whose surface is an equipotential ellipsoid
of revolution of specified dimensions. Over the course of this century,
the International Association of Geodesy has sanctioned three such models
as recommended standards for both scientific and practical applications.
The most recent model was approved in December 1979, replacing one chosen
in 1967, which in turn supplanted another originally adopted four decades
earlier.

401 - JACOBSON, G., NILL, P.J. — "liydrogeology of a raised coral atoll - nive Is-
54 land, south Pacific Ocean™.
BMR, Vol. 5, n° &, 271-278, Dec. 1980.

401 - SHERATON, J.W. - "Geochemistry of precambrian metapelites from east Antarc—
54 tica : secular and metamorphic variations".
BMR, Vol. 5, n® 4, 279-388, Dec. 1980,
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GER - TSCHERNING, C.C., FORSBERG, R. - "GCeoid-determinations in the Norwegian-

160

Greenland sea, An assessment of recent results”,
Fourth Discussion Meeting on the Blue Road Geotraverse Berlin, I-12,
Feb. 1981, !

The Goddard Earth Model 10C and a model based upon Rapp's potential coef-
ficient solution complete to degree and' order 180 are compared with dop-
pler-derived geoid undulations, SEASAT-A altimeter values and point free-
air gravity anomalies in the Norwegian-Greenland Sea and in the coastal
areas. An agreement between observed and computed gravity anomalies at
the 27 mgal level (compared to a r.m.s.v. of the observed values of * 46
mgal). A comparable result is found for deflections of the vertical in
the Scandinavian area.

It is pointed out, that collocation is a suitable method for making local
corrections to or improvements of a global gravity field model, This is
illustrated through the computacion of an improved geoid for the area
bounded by 6675<¢ <6975, 735<A<1675.

Finally the geoid calgulated based on Rapp's coefficients is compared
with undulations derived solely from the isostatically compensated sea-
bottom topography. This comparison exposes geophysical information, which
otherwise is not clearly seen.

DEV - NEDOMA, J. — "Accuracy of deflections of vertical determined from discrete

78

solutions of the geodetic boundary value problem'.
Pageoph., Vol. 115, 639-645, 1977.

The general problem of determining the figure of the earth leads to the
solution of the geodetic boundary value problem. By its discrete approxi-
mation we obtain the discrete disturbing potential that maintains all pro-
perties of the original problem. Thus, the discrete approximation of the
disturbing potential can be used in studying the bebaviour of the earth's
gravity field outside the disturbing masses. The deflections of the ver-
tical are one of the quantities describing the behaviour of the earth's
gravity field. A method for their computation from the discrete solution
of the geodetic boundary value problem is put forth and estimates for its
accuracy are given.

ANO - SENGUPTA, S§. - "Interpretation of the gravity effect due to two-dimensional

101

asymmetrical triangular prism by Fourier transforms'.
Pageoph., Vol. 115, 647-654, 1977.

Fourier transforms of the theoretical gravity effect due to a two-dimen-
sional asymmetrical triangular prism have been derived. Evaluation of the
parameters from the analysis of the Fourier Spectra has been outlined.

ANO - PAL, P.C., KHURANA, K.K., UNNIKRISHNAN, P. - "fwo examples of spectral ap-
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proach to source depth estimation in gravity and magnetics".
Pageoph., Vol. 117, 772-783, 1978-1979.

Fourier transformation of gravity and magnetic anomalies from space to
the frequency domain provides a ready method for source depth estimation
since progressively deeper sources are indicated by the lower frequency
components of an anomaly. Two examples are presented here to demonstrate
the efficacy of this approach. One example pertains to the interpretation
of vertical intensity magnetic anomalies over a layered ultramafic body
for estimating the thickness of relatively non-magnetic layer in it and
map the dispositions of the layers. The other example is the estimation
of crustal thickness in the Indian region from the Bouguer anomaly wap.
The spectral method is shown, by these two examples, to provide a rapid
and elegant tool for the source depth estimation for magnetic and gravi-
ty data.

PMA -~ NIELSEN, J,0., PEDERSEN, L.B. - "Interpretation of potential fields from in~
clined dikes in the wevenumber domain'",
Pageoph., Vol. 117, 761-771, 1978-1979.

The interpretation of the gravity and magnetic fields from inclined dikes
has been studied with artifical data contaminated by various noise compo-
nents : base level, linear trend, and random noise. A Gaussian window was
applied to the data prior to transformation to reduce the influence of
noise as demonstrated by an analysis of the horizontal cylinder. The case
of the dike is more complicated due to the fact that its spectrum has a
number of zeroes at wavenumbers which are inversely related to the width
of the dike. Around these wavenumbers, especially the random noise dis-
torts the spectrum making interpretation ambiguous.

ANO - KLINGELE, E., KAHLE, H.G. - “Gravity profiling as a technique for determining
the thickness of glacier ice".
Pageoph., Vol. 115, 989-998, 1977.

Detailed gravity measurements recently carried out on the Gorner glacier,
Switzerland, are used to determine the variation of thickness across the
glacier ice. The Gorner glacier was chosen as a test site because seismic
control was available. The glacier ice at a profile near the Monte Rosa
massif is associated with a relative gravity low of about -23 mgal. Model
calculations yield a corresponding ice thickness of about 400 m at the
central part of the profile. A comparison of the derived residual gravity
anomaly with the calculated effect of the 3-D ice model based on seismic
information is made. It is shown that the regional field determined for
the Gorner glacier is appropriate and gives the correct residual anomaly
associated with the glacier ice. Therefore, the proposed gravity techni-
que for determining variations of the thickness of glacier ice appears to
be a valuable and rather inexpensive method for surveying glaciers.

THP ~ QURESHI, I.R. - "lwo dimensionality on spherical earth a problem in gravity
reductions".
Pageoph., Vol. 114, 81-94, 1976.

A mass distribution which remains constant perpendicular to a dianmeter,
within the walls of a vertical cylinder, is defined as a bounded two-di-
mensional mass distribution. Assumption of such a distribution may be more
realistic than the assumption of an unbounded two-dimensional distribution
in many situations. The gravity effect of such a distribution is compara-
ble with the effect calculated by conventional three-dimensional methods
of reduction. The effect of sphericity of the earth may be allowed as an
additional correction. For the calculation of the gravitational effect of
this distribution, a formula for the attraction of a cylindrical strip,

at a point on the axis, is derived. The effect is compared with that of a
two-dimensional distribution., To calculate the effect of sphericity, a
formula for the attraction of a spherical cap is derived and this attrac-
tion is compared with that of a flat disc. The proposed distribution and
the correction for sphericity are particularly applicable in marine gravi-
ty reductions.

NUM ~ DILLINGER, W,H. - "Subroutine package for processing large, sparse least-
squares problems".
Technical Memorandum, NOS NGS 29, 1-18, Janu 1981.

A package of subroutines has been compiled to make it relatively easy for
application programers to use several existing subroutines for forming and
solving very large, sparse sets of normal equatioms, The package provides
a method for reordering, solving, and computing a portion of the inverse
for sparse matrices, including the step of building the normal equations
from the observation equations.
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The two sections of the package include (1) reordering the normal equa~
tions and (2) building the normal equacionb. It then reduces, solves, and
computes the inverse. Although the tho sections can be used 1udepgndent1y,
they were designed to be used togbther. Implementing each section invol~
ves three basic steps : (1) initialize some work space, (2) pass the ob-—
servation equations to the system, and (3) call for the needed operacxon.
The number of parameters passed in each call has been kept rto a minimum
to make the procedure easy to understand and use, A simple example de-
monstrates how quickly the package can be implemented.

-~ YASKOWICH, S.A. - "Investigation of the stability of the mekometer"
Surveys and Mapping Branch, 241-25}, 1979.

The Geodetic Survey has used a KERN ME3000 Mekometer since 1974 to preci-
sely measure baselines designed for the calibration of other electronic
distance measuring instruments. For this purpose it is necessary to have

a detailed knowledge of the behaviour of the Mekometer under varying con-
ditions. Error sources, field calibration and laboratoy calibration proce-
dures are described. Calibrations in the field and in the lab are compa-
red. The service record of the instrument is reviewed. It is recommended
that lab frequency be continued and that an altitude correction be applied
for high altitude baselines.

~ VAMOSI, §. - "Three dimensional positioning with MX 1502 satellite surveyor".
Surveys and Mapping Branch, 238~238, 1979.

Two MX 1502 Satellite Surveyors have been utilized on an experimental ba-
sis simultancously operating with two CMA~722B Satellite Doppler Survey
sets, from days 102 to 108 in 1978, The paper describes the experiment and
results obtained from the first operation of the MX 1502 by the Geodetic
Survey of Canada. The MX 1502 is a modern microcomputerized satellite sur-—
veying receiver built in one unit, capable of automatically producing
three dimensional positionning almost immediately after the end of a sa-
tellite pass, using On-Board (broadcast) Ephemeris. The CMA-722B is an
carly (1973) receiver model presently in use by the Geodetic Survey of
Canada. It has since been superceded by the CMA-751 which was not availa-
ble at the time of the test,

~ WILKINSON, G.A. - “Covariance analysis for a local level inertial survey sys-
tem"
Surveys and Mapping Branch, 199-236, 1979.

Inertial survey systems use real-time optimal estimation techniques (Kal-
wan filtering) to control time-dependent errors inherent in the system,
Space and time limitations of the on-board computer make it necessary to
use suboptimal filters based on simplified models derived from a larger,
more complex model that takes into account all known effects. The complex
nature of error propagation in these systems makes it necessary to use co-
variance analysis techniques for evaluation of proposed filter designs and
investigation of the effects of individual error sources.

Theory and equations necessary for the analysis of covariance propagation
are presented., A computer program has been written to generate simulated
ervor covariance histories of suboptimal filter designs in inertial survey
systems. These histories can be analyzed to evaluate the performance of
the filter. The user defines the model to be used and the traverse confi-
guration to be simulated. Results from sample simulations for the two-di-
mentional navigation problem are given.
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~ SWANSON, M,T., — "Field experience with the Lambert “twin"” tower at the Geo-
detic Survey of Canada"
Canadian Surveyor, Vol. 33, n° 3, 196-196, September 1979.

A new survey tower, which combines the provision for precise angle measu-
rement, characteristic of wooden and steel structures, with the mobility
and ease of assembly of lightweight aluminium structures, was tested un-
der field condition to establish its viability for use on first-order
horizontal control surveys,

Constructive criticism from the user and cooperation from the manufactu-
rer combined to produce a survey tower that can be used to advantage in
the variety of field conditions encountered on conventional type control
surveys.

- SCHWARZ, K.P., LACHAPELLE, G. - "Local characteristics of the gravity anoma-
1y covariance function”.
Surveys and Mapping Branch, 194-194, 1979.

Using a data set of 260 000 gravity anomalies it is shown that cowmmon cha~
racteristics for a local covariance function exist in an area as large as
Canada excluding the Rocky Mountains. After eliminating global features

by referencing the data to the GEM-10 satellite solution, the shape of the
covariance function is remarkably consistent from one sample area to.the
next. The determination of the essential parameters and the fitting of the
covariance function are discussed in detail,

To test the reliability of the derived function, deflections of the verti~
cal are estimated at about 230 stations where astrogeodetic data are avai-
lable. Results show that the standard error obtained from the discrepan-—

cies is about 1" for each component and that the error covariance matrix &i
of least~squares collocation reflects this accuracy remarkably well. o
~ PENTON, C. - "Inertial survey system'. !

Interdepartmental Coordinating Committee on Control Surveys Ottawa, Surveys
and Mapping Branch, 178-192, 1979,

This presentation brlefly describes what the Inertial Survey Syotem is,
how it works, and what it has produccd to date. The 185 has been in servi-
ce for four field seasons, beginning in 1976. Summaries are given for each
year's production, including statistics on the number of stations surveyed
and the estimated cost per station, The total of 3500 stations is conside-
red in light of conventional methods in both cost per station and total
time. The purchase price of the two complete systems owned by the Geodetic
Survey is easily justified by the 2.5 million dollars saved over the past
four years without considering the estimated six to eight extra field sea-
sons needed ‘to complete the task by conventional means. Finally, a brief
account is given of the horizontal and vertical accuracy exhibited by the
1SS on the 1979 Ottawa ISS test line.

- O'BRIEN, L.J. - “The combination of inertial and doppler systems for seconda-
ry surveys'.
Commonwealth Survey Officers Conference Cambridge, U.K.
Surveys and Mapping Branch, 166~175, 1979.

Survey data requlred to control mapping of the Canadian landmass at a sca-
le of 1:50,000 is being accumulated rapidly through the employment of mo-
dern methods of data collection and reduction. An Inertial Survey System
(1SS) is described and operational factors are summarized based on experi-
ence gained since 1975. The establishment of a grid of horizontal control
points by satellite Doppler methods at optimum locations and bpﬂClngS for
subsequent interpolation by the 18§ is discussed. Cost comparisons with
more conventional survey methods are cited,



.

101 - LACHAPELLE, G., WHALEN, C.T, - 'Redefinition of north America vertical geo~

151

101
151

101
151

detic networks". !

Presented at the Joint Meeting of the International Association of Geodesy
Committee on Recent Crustal Movements and United European Levelling Net Sub~-
commissions, The Hague May 14-18, 1979. s

Surveys and Mapping Branch, 130-163, 1979.

The status of the North American levelling networks is described as well
as the numerous datums that are used over the continent. Problems associa-
ted with these networks are discussed ; specifically the unexplained dis-
crepancies of systematic nature that occur between surveys over the same
lines performed during different epochs. A redefinition is necessary to
meet present and future needs in surveying, geodesy and earth sciences.
Preparatory work including data automation, research of various related
problems and relevelling campaigns is reviewed. The 100,000 km relevel-
ling program of the United States is described in detail. Past and future
events related to the redefinition project are also given,

LACHAPELLE, G., MC CONNELL, R.K., - "On the vertical reference system of the
Canadian National Gravity Data Base".

Presented at the XVII General Assembly, Canberra.

Surveys and Mapping Branch, 124-124, 1979,

The effect of the departure of the vertical reference system used to de-
rive free-air anomalies from a single equipotential surface in various
geodetic applications is described. The departure of the vertical referen-
ce system used to calculate free-air gravity anomalies of the Canadian
National Gravity Data Base from a single equipotential surface is investi-
gated by comparing heights used to derive gravity anomalies with more re-
cent and presumably better heights at over 1500 gravity anomaly points
coinciding with lake surfaces and distributed over large parts of Canada,
Analysis of the results reveals statistically significant departures bet-
ween different areas. The use of a least squares prediction method to esti-
mate the departure at remaining gravity anomaly points is discussed and a
related signal covariance function is derived from the numerical data,
More sophisticated methods to estimate the above departure are proposed.

LACHAPELLE, G., MAINVILLE, A, - “Evaluation of deflections of the vertical
in mountainous areas using a combination of topographic-isostatic and astro-
geodetic data'.

Surveys and Mapping Branch, 100-122, 1979,

A method to predict deflections of the vertical in mountainous areas from
a combination of topographic and astrogeodetic data is described., Tests
carried out in the Western Cordillera and the New Mexico area of the Uni-
ted States indicates that an accuracy of 2V0 to 25 can be obtained in
these areas for the meridian and prime vertical deflection components
when using readily available | km (West. Cordillera) and 1 arcsec (New
texico) topographic grids to evaluate the effect of the topography and
its isostatic compensation in the immediate vicinity of computation
points, When no astrogeodetic data is assumed to be available, an accura-
cy of about 3V O is achieved on the basis of the topography only.

101 - LACHAPELLE, G. - “"Redefinition of National Vertical Geodetic Networks",
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Presented at the 72 nd Annual Meeting at Toronto.
Surveys and Mapping Branch, 98- 98, 1979.

A brief review of uses and applications of vertical comtrol points is pre-
sonted, followed by a description of national levelling networks which are
based on the 1928 Canadian Vertical Datum, Problems and shortcomings rela-
ted to these networks are discussed. Plans and preparations for redefini-

tion of North American yertical gegdetic networks by the late }980‘'s ave
presented, RBenefits of such a redefinition are discussed.

101 - LACHAPELLE, G. - "Research and development capabilities and potential of the

51

Geodetic Survey of Canada",
Presented at the National Conference Ottawa.
Surveys and Mapping Branch, 96-86, 1979,

The current objectives and resources of the Geodetic Survey are described
together with users of Geodetic Survey's outputs. Allocation of resources
to be devoted to geodetic R&D in the forthcoming ten years is treated. Re-
lated recommendations of the Task Force on National Surveying and Mapping
are followed to a large extent, Objectives and outputs of major geodetic
R&D projects are given, Contracting out of geodetic R&D is discussed. Co~
operation with institutions involved in geodetic R&D is discussed and re-
lated proposals are put forward.

101 ~ LACHAPELLE, G. - "Comparison of doppler—derived and gravimetric geoid undu-

151

lations in north America",
Presented at the Second Int. Geodetic Symposium Austin, Texas,
Surveys and Mapping Branch, 78-94, 1979,

Geoid undulations are estimated at Doppler satellite stations located in
North America using detailed surface gravity data and/or geopotential
coefficients and compared with corresponding Doppler-derived undulations,
The effect of the surface gravity data is calculated by a combined least
squares collocation (inner zone of radius up to 1°) and Stokes' integral
formula (outer zone of radius 10°)., The agreement between Doppler—derived
undulations and those evaluated using current geopotential coefficients
solutions is, in terms of the root mean square difference, of the order
of 1.4 to 2,2 m. The corresponding rms value when combining surface gra-
vity data to geopotential coefficients to evaluate gravimetric undulations
is of the order of 0.8 to 2,2 m, The implied semi-major axis of the mean
earth ellipsoid is found to be 6378134.,5 m,

101 - LACHAPELLE, G, ~ "Status of vertical geodetic networks in Canada",
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Presented at the first Int. Conf.
Surveys and Mapping Branch, 76-76, 1979,

A brief historical review of first-order levelling networks in Canada is
presented, The first continental Canadian adjustment of 1928 comprising
over 30,000 km of levelling lines is described. The datum implied by this
adjustment is still that currently used. The present status of first-
order networks, now comprising some 100,000 km of levelling lines, is des~
cribed. Associated topics such as gravity coverage, vertical crustal move-
ment and systematic errors affecting these networks are discussed. Plans
and preparations for the fourthcoming North American vertical redefinition
are also treated,

101 - KOUBA, J., LACHAPELLE, G, -~ "Orientation of doppler and astronomical observa-
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tions in Canada and the United States using gravimetric deflections of the
vertical®,
Surveys and Mapping Branch, 58-74, 1979.

Gravimetric and astrogeodetic (based on NWL 9D Doppler system) deflection
components at over 1600 stations of the Canadian geodetic framework and
U.S. transcontinental traverse are compared in order to study, firstly,
the nonparallelism of the zero geodetic meridian plane of the NWL 9D sys-
tem with the zero astronomic meridian plane of the Bureau Inteamnational
de £'Heure (BIH) and, secondly, possible biases between Canadian and U,S.
astronomical longitude observations carried out by the Geodetic Survey of
Canada and U.$. National Geodetic Survey respectively. Results pertaining
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to the first objective, using U.S, data only, are in agreement with those
obtained previously by other investigators using different methods, name-
ly that longitudes in the NWL 9D sysfpem should be increased by about ov8
to be compatible with the BIH system. Results related to the second objec—
tive show there exists an average difference between Canadian and U.S, as-
tronomical longitude observations of the;order of 0VB. Further comparisons
using data subsets in both countries reveal that the above difference va-
ries from area to area ; however, this result is based on the assumption
that gravimetric deflections are themselves free of regional biases.

Progress continued in the automation of the national control data bank,
scheduled for completion in 1983, Although preparations for the redefini-
tion of the new North American positional datum continued on schedule, the
completion data will now be 1984 instead of 1983 because of delays in the
U.S. effort. Approximately 50 Z of Geodetic Survey's national secondary
control has now been evaluated, for integration by 1985 into the readjus—
ted primary system,

Research and development was conducted concerning the new North American
datums (Horizontal and vertical), the prediction of deflections of the

101 - BLAIS, J.AR. - "Least—squares estimation in geodetic horizontal control den- vertical and geoid undulations, error propagation in inertial surveying
151 sification” systems, satellite positioning and the automation of astronomic observa-—
Surveys and Mapping Branch, 32-53, 1979. tions,

A Geodetic Survey long~term plan was completed to serve as a guide for

Any readjustwent of a geodetic horizontal network also implies corrections Loore N TUNET
the division's activities from 1980 to 1985,

for neighboring geodetic positions of lower order or classification. These
corrections are usually obtained through local adjustments, or some other
estimation procedures, depending on the geodetic observational information
available, When only two sets of corresponding coordinates are given for a
number of geodetic control stations, the positional differences can be mo-

GEN — LACHAPELLE, G., KOUBA, J. - “Relationship between terrestrial and satellice
29 doppler systems".
IAU, n° 56, 2-9, Sept...1980,

delled using least-squares estimation. Because of geodetic consideratioms,
some structural constraints need to be implemented in the estimation of a
regional Functional trend, followed by a residual interpolation procedure
for local refinement. The use of complex variables has proven advantage-
ous in formulating the estimation model. Practical results illustrate dif-
ferent characteristics of this proposed solution to the problems of geo-
detic control densification. The approach can also be adapted to other ap-
plications.

In order to estimate the degree of compatibility in terms of longitude
orientation between satellite Doppler and geodetic astronomical systems
as realized by current observations, astrogeodetic (based on CIO pole,
BIH longitudes, and NWLID satellite Doppler system) and gravimetric de-
flections of the vertical were compared at several hundred stations of
the Canadian geodetic framework and U.S, transcontinental traverse. The
geocentricity of the NWL9D system with respect to other systems such as

the Goddard Earth Models and SAO Standard Farths is also analyzed by com-
101 - BLAIS, J.AR. - "On the Canadian geodetic horizontal datum and related ques- paring satellite Doppler derived geoid undulations with GEM and SA0 SE un-
151 tions". dulations,
Surveys and Mapping Branch, 12-30, 1979. . ) N
GN -~ KLINGELE, E., KAHLE, H.G. - "Une ligne de calibration gravimétrique Interla-
64 ken~Jungfraujoch (Suisse)",
Separat. Vermessung Photogram., 10-13, Jan. 1981,

The definition of a geodetic horizontal datum involves different aspects
which are closely interrelated. The consideration of terrestrial, astro-
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nomical, geopotential and satellite Doppler information in optimally com—
patible reference systems is required in network adjustments. The recent
test adjustments of the Canadian horizontal framework have raised ques-
tions about systematic biases in the observational information. The dif-
ferent aspects of the situation are reviewed in the sequel and some pre-—
liminary conclusions are drawn. A number of experiments and studies are
currently being carried out in different places in preparation for the
North American readjustment of 1983. The principal recommendation of this
progress report is that another test adjustment of ‘the Canadian horizon-
tal framework be done before entering the data into the continental ad-
justment. Those test adjustment results would provide the final check on
the observational data and prove useful in analysing the continental ad-

Une ligne de calibration gravimétrique a &té &tablie, sous 1'@gide de la
Commission GBod&sique Suisse, entre Interlaken et le Jungfraujoch durant
1'automne 1980 en accord avec les résolutions de 1'Association Interna-
tionale de C&odésie. Cette ligne permet une calibration &conomique des
gravimdtres relatifs de terrain. Elle comprend sept stations, dont les
deux extrémes Interlaken et le Jungfraujoch (3500 m) ont une valeur de la
pesanteur connue par des mesures absolues, La différence totale de pesan-
teur entre Interlaken et le Jungfraujoch vaut 604,7 mgal et l'analyse des
résultats montre que la concordance des différences de g entre valeurs re-
latives et valeurs absolues eést meilleur que 50 ugal (1 ugal = 1070 ms™2).

GEQ - HAWORTH, R.T. - "Interpretation of geophysical data in the northern Gulf of
9 St. Lawrence and its relevance to lower paleozoic geology'.
Geological Society of America Bull, n° 80711, Vol. 89, 1091-1110, Aug, 1978.

justment results.

101 = BABBAGE, G. - "Acrivities of the geodetic survey of the Canada in 1979".
151 Surveys and Mapping Branch, 4-10, 1979,

Satellite Doppler and inertial surveying methods continued to dominate
the establishment of horizontal control in 1979. liowever, conventional
terrestrial electronic distance measurement methods continued to provide
accurate and useful control in urban areas and for some northern mapping
projects.

Precise levelling progress continued to be good, although the total dis-
tance covered was about 12 Z less than the previous year, Much less accu-
rate, but extremely useful, elevations continue to be established by a
variety of other methods such as the Ground Elevation Meter, airborne al-
timetry and trigonometric levelling.

The southern, subsurface boundary of the crustal section typical of the
Grenville Orogen can be traced from the St. Lawrence. Estuary to western
Newfoundland by means of a prominent gravity and magnetic gradient. North
of the boundary, the gravity and magnetic data suggest that the upper sur-
face of the Precambrian basement is irregular and is overlain by Paleozoic
sedimentary rocks of the St. Lawrence Platform which outerop in a regular
undisturbed pattern on Ile d'Anticosti. The areas known to have a thick
Paleozoic section, such as Ile d'Anticosti and offshore from Bay of Is-
lands, Newfoundland, coincide with areas of relatively low gravity. East
of Ile d'Anticosti, however, an area with similar low gravity values and
bounded by steep magnetic gradients was previously thought to be under-
lain by a thin Paleozoic section on the basis of seismic refraction data
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obtained from nearby areas, If the Paleozoic section is indeed thin, the
gravity and magnetic anomalies can be explained by the presence of an
anorthosite intrusion with a minimum:thickness of 4 km within the Precam-
brian basement. However, a more tenable interpretation, which is consis—
tent with the known sedimentary thickness elsewhere in the Gulf and which
does not contravene the refraction data,, is that the Paleozoic section
thickens locally to at least 5 km. This thick section is postulated to
occur over a downfaulted portion of a salient on the early Paleozoic mar-—
gin of North America.

HAWORTH, R.T., LEFORT, J.P. - "Geophysical evidence for the extent of the
Avalon zone in Atlantic Canada".
Canadian Journal of Earth Sciences, Vol, 16, n® 3, Parc 1, 552-567, 1979.

LEFORT, J.P., HAWORTH, R.T, - "Geophysical study of basement fractures on
the western european and eastern Canadian shelves : transatlantic correla-
tions, and late hercynian movements'.

Canadian Journal of Earth Sciences, Vol. 15, n® 3, 397-404, 1978,

“Rapport sur les travaux géod@siques ex8cutés de 1975 2 1979".
Presented at the 17&me Assemblée Gé&nérale UGGI, Canberra.
3-13, Dec. 1979.

HAWORTHl, R.T. - "Appalachian structural trends northeast of Newfoudland and
their trans-Atlantic correlation".
Tectounophysics, n° 64, 11-130, 1980.

LACHAPELLE, C., SCHWARZ, K.P. - "Empirical determination of the gravity ano-
maly covariance Ffunction in montainous areas'.

Presented at the XVII General Assembly Canberra.

Surveys and Mapping Branch, 126-127, 1979.

An evaluation of the empirical gravity anomaly covariance function using
over 95 000 surface gravity anomalies in the North American Western Cor-
dillera was carried out. A regression analysis of the data exhibits a
strong and quasi-linear correlation of free air gravity with heights. This
height correlation is removed from the free air anomalies prior to the nu-
merical evaluation of the gravity anomaly covariance function. This cova-
riance function agrees well with that evaluated previously by the authors
for the remainder of Canada. A possible use for such a covariance function
of "height independent" gravity anomalies in mountainous areas is descri-
bed. First, the height independent gravity anomaly at a point of known
height is evaluated by least squares prediction using neighboring height
correlation is calculated using linear regression parameters estimated
previously and added to the predicted height independent gravity anomaly
to obtain a predicted standard free air anomaly. This technique can be -
used to densify the coverage of free air anomalies for subsequent use in
integral formulas of physical geodesy, e.g., those of Stokes and Vening
Meiuesz. This method requires that point topographic heights be given on

a grid,

B.G - SCHWARZ, K.P., LACHAPELLE, G. - "Local characteristics of the gravity anomaly

covariance function".
Bull. Geod., n° 54, 21-36, 1980. .
7

Using a data set of 260 000 gravity anomalies it is shown that common cha-
racteristics for a local covariance function exist in an area as large as
Canada excluding the Rocky Mountains. After eliminating global features by
referencing the data to the GEM-10 satellite solution, the shape of the co-
variance function is remarkably consistent from one sample area to the
next. The determination of the essential parameters and the fitting of the
covariance function are discussed in detail.

To test the reliability of the derived function, deflections of the ver-
tical are estimated at about 230 stations where astrogeodetic data are

available, Results show that the standard error obtained from the discre-
pancies is about 1" for each component and that the error covariance ma-
trix of least-squares collocation reflects this accuracy remarkably well,

MMG — MILES, P.R., SAUNDERS, M.R, - "“Geophysical studies of the Gulf of Aden, Gulf

81

of Omand and Owen basin (Arabian Sea)".
10S DATA, n°® 13, 6-64, 1978,

This report contains magnetic, gravity, seismic and bathymetric data col-
lected by the I.0.S. projects during Cruises 3/75 and 4/75 on R.R.S,
Shackleton in April - May 1975, The profiles and track charts were all ge~
nerated automatically from data files set up from the shipboard data log-
ger, Included in the report is a description of methods used in data ac-
quisition and preparation.

511 - ANGER, G. — "Uniquely determined mass distributions in inverse problems",
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Proceedings, Presented at the 3rd International Symposium Ceodesy and Physics
of the Earth, GRD, Weimar, Oct. 25-31, 1976.

Akad. der Wissenschaften der DDR, Zentralinstitut fur Physik der Erde, n® 52,
Teil 2., 633-656.

We consider a special class of inverse problems. The righthand side v
(sources) of a linear differential equation is to be determined from boun-
dary values or initial values. Such problems arise in geophysics, heat
conduction, diffusion processes, scattering theory of elasticity, wave
propagation and so on. In geophysics the gradient of the earth's potential
is known on the boundary of the earth, As a first step in these considera-
tions we study all mass distriburions inside the earth which produce out-
side the same potential. This set is convex and weakly compact. The extre-
wme mass distributions of this set are uniquely determined if the support
of the mass distribution is fixed, The other mass distributions are not
uniquely determined. In this paper we characterize extreme mass distribu-
tions for the Laplace equation. At first we develop our ideas for the one-
dimensional Laplace equation without deep results of mathematics.

DOBACZEWSKA, W. — “The geoid problem in Nowadays works".

Proceedings, Presented at the 3rd International Symposium Geodesy and Physics
of the Earth, GRD, Weimar, Oct. 25-31, 1976.

Akad. der Wissenschaften der DDR, Zentralinstitut fur Physik der Erde, n® 52,
Teil 2., 397-403.

In present day investigations of the Earth's figure, Earth's structure,
continental drifts, geodynamics, in determining absolute position in spa-
ce of terrestrial triangulation points a good geoid is necessary. Up to
now the geoid has been determined from astrogeodetic and gravimetric data
for local territories. At present the geoid can also be determined from
Earth's satellites, Moon observations, altimetry, as well as space inves-
tigations. Even though the geoid is defined univocally, in practice seve-
ral kinds of geoid are distinguished. Depending on the king of data used
for geoid determination various figures can be obtained between which con-
siderable differences in undulation can be observed.

Depending on the kind of observations and elaboration method the following
categories of geoids can be distinguished ;

i, global or generalized geoid,
ii, free-air geoid,
iii. astrogeodetic geoid,

i
iv. levelling geoid etc,

Corresponding to various solutions for sach category there are a number of

- S1Z -



geolds,

511 — DUFOUR, H.M. - "Formule de Whittaker poér le calcul du potentiel terrestre'.

100

511
100

Proceedings, Presented at the 3rd International Symposium Geodesy and Physics
of the Earch, GRD, Weimar, Oct. 25-31, 1976.

Akad. der Wissenschaften der DDR, Zentralinstitut fur Physik der Erde, n°® 52,
Teil 2., 405-417.

The author shows that the inversion (O, az) gives a method to rveplace the
DIRICHLET's problem exterior to a sphere (0, a) by the DIRICHLET's pro-
blem interior to the same sphere. The computation of an harmonic potential
inside a sphere (0, a) is then possible through a development in orthogo-
nal harmonic polynomials for which some formulae have been given by
WHITTAKER. The use of these formulae leads to different recursive formu-
lations ; some of these seem to be efficient in practice,

LELCEMANN, D. - "On the definition of the listing - geoid taking into consi-
ration different height systems".

Proceedings, Presented at the 3rd International Symposium Geodesy and Physics
of the Earth, GRD, Weimar, Ocr. 25-31, 1976.

Akad. der Wissenschaftei der DDR, Zentralinstitut fur Physik der Erde, n°® 52,
Teil 2.,419-439.

The geoid is considered as a certain equipotential surface of the earth
gravity field. This paper is concerned with a specification of this equi-
potential surface. The final proposition for a definition is based on the
geodetic height systems by an inclusion of given information from oceano-
graphic science sea surface topography.

The realization of the geoid should be made in two steps. First, the exis-
ting height systems are corrected by information about sea surface topo-
graphy. An equipotential surface is then chosen in such a manner that the
sum of the squares of the deviations to the corrected main height systems
is a minimum. This particular equipotential surface is called the geoid.

A least squares procedure is derived for a realization of this definition.
The precise CARTESIAN coordinates of geophysical stations and in addition
the quasigeoidal undulations and the normal heights in these points are
needed as data. The unknown corrections to the various height datums in-~
fluence, of course, the gravity anomalies and consequently the geoidal
undulations. This influence is regarded in the least squares procedure,

Using the procedure described above a method is developed for the separa-
tion of the altimeter bias SA from the zero order term . of the geoidal
undulations,

511 ~ BARTA, G. ~ "The surface mass distribution of the earth and the geoid figu-

100

re'.

Proceedings, Presented at the 3rd International Symposium Geodesy and Physics
of the Earth, GRD, Weimar, Oct. 25-31, 1976.

Akad. der Wissenschaften der DDR, Zentralinstitut fur Physik der Erde, n® 52,
Teil 2., 369-378.

As it is well known, the geoid is composed of two rotation symmetrical
forms as their sum... the deep seated sources produce - corresponding to
their global nature - rotation symmetrical forms. We succeeded to deter—
mine the two such forms of a general position suitable to approximate the
geoidal figure in a most accurate manner. After removal of these values,
the still remaining residual undulations contain purely the effects of
surface inhomogenecities. These have their origin partly from isostatical-
1y balanced masses, partly they are of dynamical pature, Their amount is
about one third of the undulations brought about by deep seated sources,

511 ~ GROTEN, E., SCHAAB, H. -~ "Alternative determinations of geodetic datum
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Proceedings, Presented at the 3rd International Symposium Geodesy and Physics
of the Earth, GRD, Weimar, Oct. 25-31, 1976,

Akad. der Wissenschaften der DDR, Zentralinstitut Ffur Physik der Erde, n° 52,
Teil 2., 333-368.

Two previously published computational methods in determining absolute
orientation of geodetic datums are applied to the European Datum (1950).
Using plumb line deflections, geoid heights and satellite data results

for several types of combinations are presented. In comparison to classi-
cal least-squares approaches alternatives on applying collocation procedu—
res are discussed and first numerical data are outlined,

TSCH@RNING, €.C, ~ "Models for the auto and cross covariances between mass
density anomalies and first and second order derivatives of the anomalous
potential of the Earth".

Proceedings, Presented at the 3rd International Symposium Geodesy and Physics
of the Earth, GRD, Weimar, Oct. 25-31, 1976,

Akad. der Wissenschaften der DDR, Zentralinstitut fur Physik der Erde, n° 52,
Teil 2., 261-268.

Using a combination of satellite determined potential coefficients and
free—air gravity anomalies a global (isotropic) covariance function for
the anomalous potential of the Earth was computed by TSCHERNING and RAPP
in 1974,

The variation (as expressed for example through this covariance function)
is uniquely determined by mass density anomalies, but the inverse rela-
tionship is not unique.

Uniqueness may be.imposed by requiring for example the mass density ano-
maly function to be harmonic (and correspondingly the anomalous potential
biharmonic inside the Earth). Under these and slightly different circums~
tances are cross covariances between density anomalies and derivatives of
the anomalous potential derived. Corresponding to a free-air gravity ano-
maly variation of £42 mgal (at the surface of the Earth) the mass densigy
variation becomes +0.80g/cm3 at the surface of the Earth and £ 0.04 g/cm
in 10 km's depth.

GRAFAREND, E., HAUER, K. - "The equilibrium figure of the Earth",
Proceedings, Preeented at the 3rd International Symposium Geodesy and Physics
of the Earth, GRD, Weimar, Oct. 25~31, 1976,

Akad. der Wissenschaften der DDR, Zentralinstitut fur Physik der Erde, n® 52,
Teil 2., 239-256.

B?sed on the.method of virial equations, the integro-differential equa-
tions governing the physical figure of the earth are derived. Volume for-
ces of gravitational type and surface forces of stress type are assumed,
In}tial ' stress is represented by the H. TAKEUCHI (1951) model. Equili~-
brium figures for different earth models - elastic, elastic under initial
stress, liquid - are studied, It is proved that non~liquid earth models
allow’ellipsoidal structures of Maclaurin type.

LOUIS, P., RECHENMANN, J. - "“La carte gravimétrique de 1'Afrique et de
Madagascar",

Le Courrier du CNRS, n° 39, 16-22, Jan, 1981,

Des mesures sur le terrain des anomalies de la pesanteur ont permis d'é&-
tablir des cartes gravimétriques. Les auteurs nous présentent quelques in-
terpr§tations de certaines de ces anomalies qui permettent une meilleure
connaissance du sous-sol,
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B.G - LELCEMANN, D. - "Analytical collocation with kernel functions".
Bulletin Géodésique, Vel. 53, n® 4, 273-289, 1979.
[

T. KRARUP proposed the use of collocAtion with kernel functions for the
approximation of a potential function on the earth surface as well as in
local regions of a sphere. Starting from the smoothing criterion of the
least norm of the horizontal gradients oh a sphere, a neighbourhood cri-
terion was derived taking into account smoothness as well as stability
properties of the series evaluatiom. It is finally shown how to choose the
kernel functions in order to obtain a smooth interpolation function at the
surface of the earth.

B.G - SJOBERG, L. - "Integral formulas for heterogeneous data in physical geodesy".
Bulletin Géodésique, Vol. 53, n° 4, 297-315, 1979.

The least squares estimator is derived for a random stochastic process im-
plied by one or two heterogeneous random stochastic processes on a sphere.
The solution can be regarded as least squares collocation in the conti-
nuous case. When the method is applied in physical geodesy the statistical
expectation is usually substituted by the global average and the method
will then give the minimum mean squares errors of the estimated quantities,
The solutions can also be considered as generalizations of the classical
integral formulas in physical geodesy for heterogeneous data information,

B.G - GRAFAREND, E£., HAUER, K. - "The equilibrium figure of the Earth”.
Bulletin GBodésique, Vol, 52, n° 4, 251-267, 1978.

Based on the method of virial equations, the integro-differential equa-
tions governing the physical figure of the earth are derived. Volume for-
ces of gravitational type and surface forces of stress type are assumed.
Initial stress is represented by the H. TAKEUCHI (1951) model. Equilibrium
figures for different earth models —elastic, elastic under initial stress,
liquid- are studied. It is proved that non-liquid earth models allow el-
lipsoidal structures of MACLAURIN type.

B.G ~ SPRINSKY, H. - "Improvement of parameter accuracy by choice and quality of
observation".
Bulletin Géod&sique, Vol. 52, n°® 4, 269-279, 1978,

In a least squares adjustment (a minimum variance solution) using the
technique of variation of coordinates (observation equations), a key re-
sult is the co-variance (dispersion) matrix of parameters. Assuming that
standard errors'of observations are used in the formation of the normal
equations, rather than relative weights, this dispersion matrix gives the
estimates of standard errors for the parameters solved for in the adjust-~
ment. A method will be presented which allows the designer of the obser-
ving plan to alter this dispersion matrix, which may not meet user requi-
rements, so that it will meet user requirements and, from its inverse,
solve mathematically for the selection and quality (accuracy) of the ob-
servations required to form this altered dispersion matrix of parameters.

B.C - FANG, B.T. - "Couments on "Least-squares prediction and filtering in any di-
mensions using the principles of array algebra'.
Bulletin Géodésique, Vol. 52, n° 4, 281-283, 1978,

B.G - BLAHA, G. - "Response to "Comments on least squares prediction and filtering
in any dimensions using the principles of array algebra",
Bulletin Géodésique, Vol. 52, n° 4, 285~295, 1978.

B

B.G - RUMMEL, R., RAPP, R.H, — "Comments on the paper "On estimating gravity anoma-
lies a comparison of least squares collocation with conventional least squa-
res techniques®”,

Bulletin Géodésique, Vol, 52, n® 4, 297-297, 1978.

B.G - ALBUISSON, M., and al, — “Detailed gravimetric geoid for the north Atlantic".
Bulletin Gébdésique, Vol. 53, a° 1, 1-10, 1979.

A detailed gravimetric .geoid in the MNorth Atlantic Ocean, named DGGNA-77,
has been computed, based on a satellite and gravimetry derived earth po-
tential model (consisting in spherical harmonic coefficients up to degree
and order 30) and mean free air surface gravity anomalies (35180 1° x 1°
mean values and 245000 4' x 4' mean values). The long wavelength undula-
tions were computed from the spherical harmonics of the reference poten-
tial model and the details were obtained by integrating the residual gra-
vity anomalies through the Stokes formula : from O to 5° with the 4% x 4'
data, and from 5° to 20° with the 1° x 1° data. For computer time reasons
the final grid was computed with half a degree spacing only. This grid
extends from the Gulf of Mexico to the European and African coasts.

Comparisons have been made with Geos 3 altimetry derived geoid heights
and with the 5' x 5' gravimetric geoid derived by Marsh and Chang [8] in
the northwestern part of the Atlantic Ocean, which show a good agreement
in most places apart from some tilts which probably come from the satel-
lite orbit recovery.

B.G — SCHAAB, H., GROTEN, E. - "Comparison of geocentric origins of global systems
from uniformly distributed data",
Bulletin Géod&sique, Vol. 53, n® 2, 11-17, 1979.

In contrast to tracking station fitting procedures where non-uniformly
distributed data are applied to the determination of the relative loca-
tions of origins of specific coordinate systems (like GEM, SE etc.) uni-
formly distributed mean geoid values .are used in an alternative approach.
Those geoid data are obtained from sets of truncated spherical harmonic
coefficients related to specific systems as GEM 8, SE IV, GRIM 2 etc. It
is shown that relatively small (in genmeral less than % 1 w) distances bet-
ween the origin of GEM 8 and those of different other systems are found
for recent models, The study corroborates the result obtained mainly in
the US and reveals clear disagreement with previous investigations where
separations between origins of the order of > 10 m were detected.
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B.G -~ KRYNSKI, J. - “Improvement of the geoid in local areas by satellite-to-satel-
lite tracking".
Bulletin Géodésique, Vol. 53, n® 1, 19-36, 1979.

In the paper only medium and short wave length effects affecting the mea-
sured relative velocity have been considered. The influence of measuring
errors is discussed and it is shown that only satellite-to-satellite ob-
servations with accuracy better then 0.1 mm/sec will give an improvement
of the geoid. Finally, some results on the combination of low-low satelli-
te-to-satellite tracking and terrestrial gravity data are given.

B.G - PETROVSKAYA, M.S. - "Solution of the geodetic boundary value problem”,
Bulletin Géod&sique, Vol. 53, n°® 1, 37-51, 1979. .

The possibility of improving the convergence of Molodensky's is conside~
red. The new formulas are derived for the solution of the geodetic boun-
dary value problem. One of them presents an expression for the boundary
condition which invélves a linear combination of Stokes' constants and
surface gravity anomalies. This differs from the usually used relation by
the appearance of additional terms dependent on second order terms with
respect to the elevations of the earth's surface, The formulas are derived



for Stokes' constants and the anomalous potential in terms of surface ano-
malies, As compared to the Taylor's series of Molodensky, they are presen—
ted in the form of surface harmonic deries. Due regard is made to the
earth's oblateness, in addition to tle terrain topography.

B.G —~ WASSEF, A.M, - "The concept of poodness of geodetic observations restated in
view of the requirements of studies of recent crustal movements".
Bulletin Géodésique, Vol. 53, n° 1, 53-60, 1979.

The estimation of recent crustal movements from repeated geodetic observa-
tions is somewhat hampered by an apprehension of the uncertainties invol-
ved in the estimation of the standard errors of the observations and by
the lack of correlation between the actual errors in networks and the the-
oretical estimates of these errors.

It is here shown that a more reliable evaluation of the quality of the ob-
servations may be reached through a factor analysis of several statistical
parameters, The suggested procedure is tentatively applied to some publi~
shed data and a scheme aiming at a generalized treatment is proposed.

B.G - CHRISTODOULIDIS, D.C. —~ "Influence of the atmospheric masses on the gravita-
tional fieldof the Earth".
Bulletin GEodésique, Vol. 53, n° 1, 61-77, 1979.

Seasonal and latitude dependent corrections to the gravity and height ano-
malies are developed in order to account for the neglect of the atmosphe-
ric masses outside the geoid, when using Stokes' equation. It is shown that
the atmospheric correction to gravity at sea level is almost constant,
equal to 0.871 mgals with a variation of 2 jgals whereas the height anoma-
ly correction varies between -0.1 cm and -1.3 cm. Further, when the combi-
ned latitudinal/seasonal dependence is neglected in the atmospheric correc-
tions, the maximum error introduced is of the order of 40 ugals for the
gravity corrections and 0.7 cm for the height anomaly corrections.

B.G - PARKINSON, B.W. - "The global positioning system (Navstar)".
Bulletin Géodésique, Vol. 53, n® 2, 89~108, 1979.

In October 1978, the rhird of a series of prototype navigational satelli-
tes of an entirely new design was successfully launched. By the end of the
first phase (1979) there will be 'six of these "NAVSTAR" satellites. They
constitute one piece of a major development thrust to deploy a revolutio-
nary navigation system called the Global Positioning System (GPS), or
NAVSTAR. This system, being developed by the Air Force for the joint use
of -all components of the Department of Defense, has been under development
since 1972, The purpose of this article is to describe the system, indica-
te the requirements which have caused the Department of Defense to spend
many millions of dollars on the development, outline how the geodetic com—
wunity can potentially use it, present the test results that have been ac~
cumulated to date and finally, indicate what future plans lie in store for
this new system.

B.G - ANDERLE, R.J. - "Accuracy of geodetic solutions based on doppler measurements
of the Navstar global positioning system satellites™.
Bulletin Géodésique, Vol. 53, n® 2, 109-116, 1979.

A dual frequency Doppler receiver is being developed by the Naval Surface
Weapons Center for possible use by the Defenge Mapping Agency in determi-
ning the position of ground sited based on observations of NAVSTAR Global
Positioning satellites. Preliminary analysis indicates that the relative
position of widely separated sites can.be computed to better than 40 cm
accuracy at eight hour intervals. A number of possibilities ave being ex—
plored to improve the accuracy to the sub-decimeter level.

B.G ~ MACOORAN, P.F. - "Satellite emission radio interferometric earth surveying
series ~ GPS geodetic system”,
Bulletin GBodé&sique, Vol. 53, n° 2, 117-138, 1979,

The satellites of the Global Positioning System (GP8) offer am important
new geodetic resource making possible a highly accurate portable radio
geodetic system. A concept.called SERIES (Satellite Emission Radio Inter-
ferometric Earth Surveying) makes use of GPS radio transmissions without
any satellite modifications. By employing. the technique of very long ba-
seline interferometry .(VLBI) and its calibration methods, 0.5 to 3 cm
three dimensional baseline accuracy can be achieved over distances of 2

to 200 km respectively, with only. 2 hours of on-site data acquisition, The
use of quasar referenced ARTES Mobile VLBI to establish a sparse Fundamen-

~tal control grid will provide a basis for making SERIES GPS measurements

traceable to the time-invariant quasar directions. Using four SERIES sta-
tions deployed at previously established ARIES sites, allows the GPS sa~
tellite apparent positions to be determined. These apparent positions then
serve as calibrations for other SERIES stations at unknown locations to
determine their positions in a manner traceable to the quasars. Because
this proposed radio interferometric configuration accomplishes its signal
detection by cross-correlation, there is no dependence upon knowledge of
the GPS transmitted waveforms which might be encrypted. Since GPS radio
signal strengths are 108 stronger than quasar signals, a great reduction
in telecommunications sophistication is possible which will result in an
order of magnitude less cost for a SERIES GPS station compared to a qua-
sar .based mobile VLBI system. The wvirtually all-weather capability of
SERIES offers cost-effective geodetic monitoring with applications to crus-
tal dynamics :and earthquake research,

B.G ~ COUNSELMAN IIX, C,C., SHAPIRO, I.I, - "Miniature interfevemeter terminals for
Earth surveying",
Bulletin Géodésique, Vol. 53, n° 2, 139-163, 1979.

A system of miniature radio interferometer terminals is proposed for the
measurement of vector baselines with uncertainties ranging from the mil—
limeter to the centimeter level for baseline lengths ranging, respectively,
from a few to a few hundred kilometers, Each:terminal would have no moving
parts, could be packaged.in a volume of less than 0.1 m® , and could ope-
rate unattended. These units would receive radio signals from low-power

(< 10 w) transmitters on Earth-orbiting satellites. The baselines between
units could be determined virtually instantaneously and monitored conti-
nuously as long as at least four satellites were visible simultancously,
Acquisitién of the satellite signals by each terminal would require about
one minute, but less than a second of signal integration, and the collec—
tion of only a few kilobits of data from two receiving units would suffice
to determine a baseline. Different baseline lengths, weather conditions,
and desired accuracies would, in general, dictate different integration
times,

B.G - SAITO, T. - "The computation: of long geodesics on the ellipsoid through gaus-
sian quadrature”.
Bulletin Géodésique, Vol. 53, n° 2, 165-177, 1979.

Formulas for computing geodesics on the bi-axial ellipsoid through Caus-
sian quadrature are shown ; the estimation of computational errors, trun-
cation and roundoff errors, for the quadrature is carried out ; and test
examples found in {3] together with those which consist of near anti-podal
points on the neighborhood of the equator, are computed with the evalua~
tion of the computational errvors.
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B.G - NAGY, D, - "Taylor expansion of the theoretical gravity formula",
Bulletin Géodésique, Yol. 33, n® 2, 179=184, 1979,
i
A recurrence relation has been deriveéd to obtain the derivatives required
for the Taylor expansion of the theoretical gravity formula in powers of
latitude. The computations using the relationship derived can provide ea-
sily all required derivatives for any reference ellipsoid.

B.G - GRAFAREND, E.W., MUELLER, I.I., PAPO, H.B,, RICHTER, B. - "Concepts for refe-
rence frames in geodesy and geodynamics : the reference directions'.
Bulletin Géodésique, Vol. 53, n° 3, 195-213, 1979.

Modern high accuracy measurements of the non-rigid earth are to be refer-—
red to four-dimensional, i.e., time —-and space-~ dependent reference fra-
mes. Goedynamic phenomena derived from these measurements are to be des-
cribed in a terrestrial reference frame in which both space -and time-

like variations can be monitored.., The ultimate goal of this study is the
establishment of a reference frame, moving with the earth in some average
sense, in which the geometric and dynamic behavior of the earth can be mo-
nitored, and whose motion with respect to inertial space can also be deter-
mined,

The study is conducted in several parts. In the first part problems rela-
ted to reference directions are investigated, while subsequent parts deal
with positions, i.e., with reference origins and scale. Only the first
part is treated in this paper.

B.GC - BLAHA, C. - "Feasibility of the short arc adjustment model for precise deter—
minations of the oceanic geoid".
Bulletin Céodésique, Vol. 53, n® 3, 215-220, 1979.

A key element in any attempt to achieve a 0.1 m precision in geoid repre-

sentation via satellite altimetry is obtaining an ephemeris of comparable

precision, or circumventing this requirement by adjusting the ephemeris in
some way, together with the geoid. The first possibility requires extensi-
ve satellite tracking and involves an enormous number of adjustable para-

meters in the long arc approach.

The second possibility allows for a piece -wise treatment of short orbital
arcs considered mutually independent, in which slight adjustments of the
state vector parameters can compensate for an inherent modeling error. The
main question to be answered when pondering the possibility of using the
short arc adjustment in SEASAT-A altimetry reductions is whether or not
this method is inherently capable of representing the detailed geoid with
0.1 m precision. An analysis of computer simulations provides at least a
partial answer to this question by pointing out the necessary conditions
in order to achieve the desired precision ; under certain favorable cir-
cumstances, not described in detail, these conditions could prove to be al-
so sufficient.

B.G - VANICEK, P. - "Tensor structure and the least squares",
Bulletin Géodésique, Vol. 53, n° 3, 221-225, 1979.

Tt is shown that for linear parametric adjustment models all the least-
squares equations can be obtained from a commutative diagram, where the ob-
servation and parameter spaces are regarded as covariant, Their contrava-
riant counterparts are defined through the metric property of the covarian-
ce matrix of the observations.

B.G — SJUBERG, L. - "On the existence of solutions for the method of Bjerhammar in
the gontinuous case",
Bulletin Géod&sique, Vol, 53, n® 3, 227-230, 1979,

The method of Bjerhammar is studied in .the continuous case for a sphere.

By.varying the kernel function, different types of unknowns (u¥) are ob-—

tained at the internal sphere (the Bjerhammar sphere). It is shown that a
negessary condition for the existence of u* is that the degree variances

(0g) of the observations are of an order less than n~?, According to Kau-
la's rule this condition is not satisfied for the earth's gravity anomaly
field (Gﬁ = n~!) but well for the geopotential (Gﬁ = n~%),

B.G - BARB@RELLA, g., UNGUENDOLI, M. - “On the distribution of the systematic er-
ror in the direct measurement of distances",
Bulletin Géodé&sique, Vol, 53, n® 3, 231-238, 1979.

An exami§ation is made of the error of alignment of bars (tapes, wires) in
Fhe rectilinear measurement of distance between two points in space. This

is evidently a systematic error, of which one derives the frequency func-

tion, Starting from .the two dimensional case for which we obtain a general
formula for the moments, it is possible to determine the frequency func-

tion in the three-dimensional case being examined, and a closed formula for
1ts moments,

B.G — HEIKKINEN, M. - "On the Honkasalo term in tidal corrections to gravimetric
observations".

Bulletin Géodé&sique, Vol. 53, n® 3, 239-245, 1979.

The Honkasalo term is discussed and the author arrives at the conclusion

that its application to gravimetric observations is harmful and should be
avoided,

B.G ~ ?JERHAMMAR, A., SVENSSON, L, - "The convergence of harmonic reduction to an
internal sphere",

Bulletin GEodésique, Vol. 53, n°® 3, 247-257, 1979,

The boundary value problem of physical geodesy has been solved with the
use of a harmonic reduction down to an internal sphere using a discrete
pfocedure, (For gravity cf. Bjerhammar 1964 and for the potential cf.
Bjerhammar 1968). This was a finite-dimensional approach mostly with one-
to-one correspondence between observations and unknowns on the sphere.

Earli?r studies were made with the used of surface elements (on the sphe~
re) with constant gravity. Integration over the surface elements was re-—
placed by a discrete approach with the used of the distance to a point in
the centre of the surface element. See Bjerhammar (1968) and (1969). This
approach was -later presented as a “reflexive prediction” technique for a
weakly stationary stochastic process. Bjerhammar (1974, 1976). Krarup
(}969) minimized the L2-norm of the potential on the internal sphere. It
w11} here be proved that the two solutions are identical for a proper
choice of the radii of the internal spheres. The proof is given for a
spherical earth with selected choice of "carrier points'.

The convergence problem is discussed. The L%-norm solution is found con-
vergent for the fully harmonic case. Uniform convergence is obtained in
the non—harm?nic case with the used of the original procedure applied in
accordance with the theorems of Keldych~Lavrentieff and Yamabe.

- 61T -



B.G - PETROVSKAYA, M,S. - "Upward and downward continuations in the geopotential
determination”. ;
Bulletin G8odésique, Vol. 53, n° 3, 2594271, 1979.

The geopotential on and outside the earth is represented as a series in
surface harmonics. The principal terms im it correspond to the solid har-—
monics of the external potential expansion with the coefficients being
Stokes' constants Cpy and S;,. The additional terms which occur near the
earth's surface due to its non-sphericity and topography are expressed in
terms of Stokes' constants too. This allows performing downward continua-
tion of the potential derived from satellite observations. In the bounda-
ry condition which correlates Stokes' constants and the surface gravity
anomalies there occur additional terms due to the earth's non-sphericity
and topography. They are expressed in terms of Stokes' constants as well.
This improved boundary condition can be used for upward and downward con-
tinuations of the gravity field. Simple expressions are found representing
Cpm and S, as explicit functions.of the surface anomalies and its deriva-
tives. The formula for the disturbing potential on the surface is derived
in terms of the surface anomalies. All the formulas do not involve the
earth's surface inclinations.

B.G - CROSS, P.A. - "A fill - in storage technique for geodetic normal equations".
Bulletin Géod&sique, Vol. 54, n° 4, 503-509, 1980.

A minimum fill-in scheme, published by Yale University and not previously
discussed in the geodetic literature, has been tested on four typical tri-
angulation networks. Tts computer storage requirement has been compared
with that of the profile method using Snay's station reordering algorithm.
Tests have been carried out for terrestrial and mixed terrestrial/satelli-
te networks,

The conclusion is that the fill-in scheme is a viable method for geodetic
networks and, in some cases, it needs less computer storage than the pro-
file method.

B.G - OSADA, E. -~ "Deformations of geodetic networks in gravity~invariant and po-
tential-invariant representations".
Bulletin Géod&sique, Vol. 54, n® 4, 510-520, 1980.

The analysis of deformations and reductions of the geodetic networks in
general gravity-invariant and potential-invariant representations of the
actual gravity field of the Earth by normal (theoretical) gravity field has
been presented.

It has been shown that the linearized formulae of the scale factor and 1li-
nearized formulae of the transformed azimuth and zenith distance induce the
conformal character of transformation of three-dimensional networks in iso-
zenithal-type of gravity-invariant representation. In isozenithal-type of
gravity-invariant and potential-invariant representations the two-dimen-
sional (horizontal) networks are transformed conformally. In isoparametric
cases of gravity-invariant and potential~invariant representations, the
two-dimensional networks are transformed equivalently with respect to the
scale and angles, but non-~conformally.

B.G ~ AMDERLE, R.J, -~ "Accuracy of mean earth ellipsoid based on doppler laser and
altimeter observations",
Bulletin Géodésique, Vol. 54, n® 4, 521-527, 1980.

The error in the mean earth ellipsoid computer on the basis of Doppler .or
laser observations of artificial earth satellites or radar altimeter ob-
servations of the ocean surface from a satellite depends upon instrument
precision, on uncertainties in-the specification of the earth’s gravity
field at both long and short wave lengths, on uncertainties in the origin

of the coordinate system, on modeling errors in ionospheric (except laser)
and tropgspheriec refraction, and, for altimetry, on oceanographic effects.
The magnitude of the uncertainty in the computed ellipsoid will vary de-
pending on the size of these errors and on the number and distribution of
observation stations, Review of computations based on various data sets
indicates that differences in the computed ellipsoids are consistent with
those expected due to the various error sources and that the best fitting
ellipsoid has a semi-major axis of 6378136 % 2 m,

B.G ~ EKMAN, M, - "On the error introduced into Stokes' formula by applying the
Honkasalo tidal gravity term".
Bulletin Géodé&sique, Vol. 54, n°® 4, 528-530, 1980.

The error caused by using the Honkasalo tidal gravity term in geoid com—
putations with Stokes' formula is discussed, It is pointed out that the
relatively large value of the error to a great extent is generated by in-
teraction between the Honkasalo term and the weight function in Stokes'
formula.

B.G -~ SCHMITT, G. - “Second order design of a free distance network considering dif-

ferent types of criterion matrices".
Bulletin Géodé&sique, Vol. 54, n°® 4, 531-543, 1980.

A numerijcally efficient solution strategy is developed for the second-
order design of a free distance network, It is based on the fact that the
direct (non-canonical) way has a regular least-squares solution. A flow
chart illustrates the direct construction of the final equations, using a
list of point coordinates and a list of projected distances as inpub. Re-
sults are shown for an actual network (11 points, 47 distances), conside-
ring different types of criterion matrices : Taylor-Karman structure with
homogeneous-isotropic point error ellipses and special Taylor-Karman struc—
ture with isotropic relative error ellipses. Finally, the construction of
a criterion-matrix Qx is briefly discussed in the case that a certain num-
ber of quantities shall be derived from the network.

B.G ~ ANDERLE, R.J., OESTERWINTER, C. - "Determination of high frequency variations
in Earth's rotation from doppler satellite observations".
Bulletin Géodésique, Vol. 54, n°® 4, 544-552, 1980,

The determination of high frequency variations in UT-1 and a component of
pole position from a single pass of Doppler observations of a Navy Navi-
gation Satellite is affected by instrument errors and uncertainties in the
gravity field and atmospheric drag forces used in computing the satellite
orbit, For elevation angles above 20°, instrument errors contribute about
2 msec to the determination of UT-1 and ".03 to the determination of pole
position. Gravity and drag errors contribute about 0".03 of correlated er—
ror. But gravity errors may be inferred by statistical analysis of resi-
duals after frag errors and reduced by drag-compensating devices aboard
future Navy Navigation Satellites. Since 20 Doppler stations nominally ac-
quire about 100 passes each day, daily observations of UT-1 and pole posi~
tion could achieve precisious of 0.2 msec and ".005, respectively, assu-
ming half the passes contribute of Doppler results for two day solutions
is about 50 cm for pole position and 1 msec for high frequency variations
in UT-1.

B,G - BOSSLER, J.D., GOAD, C.C., BENDER, P.L., - "Using the global positioning sys-
tem (GPS) for geodetic positioning".
Bulletin Géodésique, Vol. 54, n® 4, 553 - 563, 1980,

The development of relatively inexpensive satellite receivers in the ear-
ly 1970's has resulted in cost-effective applications of satellites for a
variety of geodetic surveying needs. Currently achievable accuracies ran-
ge from 10 to 20 centimeters. The NAVSTAR Global Positioning System, now
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under development by the Department of Defense, incorporates advanced
technology which has the potential cgpability of revolutionizing satellite
geodesy, '

Several concepts for utilizing GPS signals are briefly reviewed, and ano-
ther concept, called the reconstructed carrier phase method, is described
in some detail. This concept is being pursued by the Defense Mapping Agen-
cy, National Oceanic and Atmospheric Adwinistration, and the U,S, Geologi~
cal Survey. These agencies have numerous requirements for accurate posi-
rioning. Several prototype receivers are planned to be available for
testing in mid-1982. These receivers should be highly portable, consume
little power, and obtain base line accuracies of several centimeters in
several hours of observation time, However, water vapor radiometers will
be needed in order to achieve the full accuracy. Initial simulation results
utilizing the reconstructed carrier phase method are included.

B.GC - FELL, P.J. - “A comparative analysis of GPS range doppler and interferometric
observations for geodetic positioning"”.
Bulletin Géodésique, Vol. 54, n° 4, 564-574, 1980.

Geodetic positioning accuracies obtained from range, integrated Doppler

and double differenced interferometric phase observations from a constel-
lation of twenty-four Global Positioning System satellites are presented.
1t is demonstrated that GPS range and Doppler observations will provide
sufficient accuracy for the estimation of geodetic coordinates. However

the instability of the receiver atomic oscillator will limit the useful-
ness of these cbservations in providing rapid first-order baseline deter-
mination. Interferometric phase measurements twice differenced to eliminate
clock error appear as an alternate procedure for providing such accuracies.

524 - RUDOWSKI, G. - "The influence of structure of observed objects and construc~
99 tion of measurement devicss on the thermal imagery",
IGIK, tom XXVIT, ZESZYT 2 (65), 3-68, 1980.

524 - SMOLKA, M. - "Concept for the solution of geometric and kinematic system of
99 a theodolite”.
IGIK, tom XXVII, ZESZYT 2 (65), 71-88, 1980.

524 - BOCHENEK, Z. -~ "Uvilization of aerial multispectral photographs for classifi-
99 cation of some types of crops”.
IGIK, tom XXVII, ZESZYT 2 (65), 91-105, 1980,

401 - WILLCOX, J.B., SYMONDS, P.A., HINZ, K., BENNETT, D. - "Lord howe rise, tas-
55 man sea—preliminary geophysical results and petroleum prospects”.
BMR, Vol. 5, n°® 3, 225-236, Sep. 1980.

401 ~ DERRICK, G.M., WILSON, I.H., SWEET, J.P. - "The quilalar and surprise creek
55 formations~new proterozoic units from the mount isa inlier : their regiomal
sedimentology and application to regional correlation".
BMR, Vol. 5, n® 3, 215-223, Sep. 1980,

401 - HARRISOM, P.L. - "The toomba fault and the western margin of the toko syncli-
55 ne georgina basin, queensland and northern territory".
BMR, Vol. 5, n® 3, 201-214, Sep. 1980.

401 ~ RADKE, B.M. - “Epeiric carbonate sedimentation of the ninmaroo formation (up-
55 per~lower ordivician) georgina basia".
BMR, Vol. 5, n® 3, 182-200, Sep. 1980.

401 - KRUSE, P.D., WEST, P.W, - “Archaeocyatha of the amadeus and georgina basins".
55 BMR, Vol. 5, n® 3, 165~181, 1980,

GEN -~
30

SAT =
202

THP -
1

GN -
65

66

509 -
32

509 -
32

“Information astronomical union. Union astronomique internationale',
TAU Bulletin, n° 45, 3-58, Jan, 1981,

"Laser tracking quick-look data catalag and earthpole positions short merit
campaign'.
NASA GRANT NGR, 09-015-002, 2-77, Oct. 1980.

This is a catalog of quick-lock laser data received and processed by the
Smithsonian Astrophysical Observatory (SA0). It is intended to serve as a
guide to the final data that will ultimately become available and as an
indication of .the results of the laser tracking efforts known as the SHORT
MERIT (Measurement of Earth Rotation and Intercomparison of Techniques)
campaign from August through October 1980.

MEISSL, P. - "A study of covariance functions related to the Earth' distur-
bing potential™,
Scientific Report, 1-86, Apr. 1971.

The following quantities are consideréd ; geoidal undulacions N, gravity
anomalies Ag, deflections of the vertical Av, a fictitious surface den~
sity A, the vertical gradient of gravity anomalies Aa. These quantities
are interrelated by linear operators having the spherical harmonics as
eigen-functions. If the covariance of one of these quantities is specified,
that of the others can be computed. Attention is focused on potentials ob-
tained from a combination of satellite information and gravimetry. In that
case the introduced quantities are considered as residuals with respect to
a geoid resulting from the adjusted lower degree harmonic coefficients. It
is shown that the covariance of any one of the residual quantities tends
to have certain theoretical properties. These are a predetermined number

of zeros as well as negative correlation at certain predetermined distan- !
ces. )
N
—

PHILLIPS, J.0. ~ “Classificarion, standards of accuracy and general specifi-
cations of geodetic control surveys". |

NOAA, S/T 81-29, 1-12, June 1980.

PHILLIPS, J.0. —- "Specifications to support classification standards of accu-
racy, and general specifications of geodetic control surveys™.
NOAA, S/T 80-98, 1-46, June 1980.

HYTONEN, E. - "Some remarks on the Vaisdld comparator'.

Proceedings of the IAG-Symposium "High precision geodetic length measurements”
June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
I-6, 1980.

The principle of the Vaisild interference comparator and a description of
the measuring method are presented. Some remarks on the method are made.

BAYER-HELMS, F. - "Calibrations of Vaisdl#d standards".

Proceedings of the IAG-Symposium "High precision geodetic length measurements”
June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
7-23, 1980.

Measurements of geodetic base lines and calibrations of 24 m invar wires
applying the Vaisil# multiplication method are based on ! m length stan-
dards. Consequences for the measurement of these standards result from
their geometrical form. A review of calibrations between 1933 and 1970 is
given and the results are discussed. The methods used for calibratioas
differ in principle with different sources of systematic errors. Against
the uncertainty of the multiplication, e.g. 6.1078 of 864 m, the coinci-
dence of the calibrations deviating one from the other by more than 107 m
should be improved. For this reason, it is proposed to introduce standards
with plane and mutually parallel surfaces.
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KUKKAMAKI, T,J. - "Ydis#ld interference gomparator",

Proceedings of the IAG-Symposium "High precision geodetic length measurements”
June 19-22, Helsinki, Finland, 1978. Rep, of the Finnish Geodetic Imstitute,
24~26, 1980,

The reasons for the direct measurement of the Nummela comparison baseline
with the Vdisdld comparator are set out. The main data of the nine Nummela
measurements are given. After description.of. the administrative arrange-
ments leading to the standard baselines abroad, the results of measurements
of these baselines are given. On the basis of mutual comparisons and of
absolute length determinations the lengths and annual changes of the Vdi-
sdld quartz meters are computed. The provisional results of all 19 measu-
rements, published or unpublished, are reduced according to the above
lengths in one consistent system.

GIRARD, G, - "Sur la mesure des &talons géodésiques au Bureau International
des Poids et Mesures'.

Proceedings of the IAG-Symposium "High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978. Rep., of the Finnish Geodetic Institute,
30-57, 1980,

Instruments of the Bureau International des Poids et Mesures (BIPM) for
the base of geodetic length measurement and a 24 m dilatometer are descri-
bed. Several measures for stabilizing invar and investigations are carried
out by the BIPM for ensure good reproduction and great accuracy in the
length of invar wires and tapes. Examples give some idea of the temporal
stability of different geodetic gauges.

Several one-metre bars of fused silica with spherical end surfaces are mea-

sured at the BIPM using different methods. The obtained accuracy corres—
ponds to expectations.

CISAK, J. - "A new approach to the problem of the thermal expansion coefficient
of the invar wires".

Proceedings of the 1AG-Symwposium "High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978. Rep. of the Fianish Geodetic Institute,
58-63, 1980.

The paper deals with the results of thermal expansion investigations of
invar wires. The expansion measurements were performed at the temperature
range - 10°C * + 50°C. The experimental curves were approximated using
the third order polynomial. It was found that the shape of the expansion
curves depends on the loade.

KAKKURI, J. ~ "The baselines of the finnish first-order triangulation net',
Proceedings of the TAG-Symposium "High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
64-66, 1980. i

Baseline measurements have a long tradition in Finland. The first baseline
was measured as early as 1735 by the French astronomer Pierre de Maupertuis
Three baselines were measured for the Russian~Scandinavian Arc Measurement
the first of them in Elimdki in 1844, the second in Oulu in 1845, and the
third in Ylitornio in 1951. Russian topograpliers measured the baselines to
Aland, Kemid and Sulva with invar tapes in the years between 1908 and 1912.
In addition, one baseline was measured to Kemijdrvi by the National Beard
of Survey in 1920. None of the above baselines are in use any more. Part

of them have been destroyed, the rest do not fulfill the accuracy require-
ments of modern geodetic networks,

509 - REINHART, E,, SIGL, R., TREMEL, H, - "High precision length measurements by
32 the German Geodetic Research Institute”,
Proceedings of the IAG-Symposium "High precision-geodetic._length measurements"
June 19-22, Helsinki, Finland, 1978, Rep, of the Finnish Geodetic Institute,
68-91, 1980,

A survey of .the development of the high precision length measurements at
Deutsches Geoditisches Forschungsinstitut since 1954 is given. After a
brief historical review informations of the following projects of investi-
gation are presented

1. Measurement of the velocity of light. .
2, Determination of the length of the standard base lipe Munich and the
48 m comparison. base line by the VAISALA light interference comparator.
3. Base lines and base extension nets.
4, Measurements and computations for the European satellite traverses.
5. The system of quartzmeters at the DGFI,

509 -~ GERVAISE, J, ~ "Invar wire measurement - a necessary evil",

32 Proceedings of the IAG-Symposium "High precision geodetic length measurements”
June 19-22, Helsinki, Finland, 1978, Rep, of the Finnish Geodetic Institute,
93-131, 1980,

Invar metal was discovered at the beginning of the century by BENOIT and
GUILLAUME, directors of the Bureau International des Poids et Mesures. In—
var has been used in.the form of wire, and sometimes tape {(USA), for mea-
suring the geodetic base required for scaling of triangulations over large
countries, When invar was first employed, however, certain difficulties
were encountered due to ageing, the temperatures to which it was exposed
and way in which it was handled.

During the second half of the 20th century, invar's importance in geodesy
decreased as distancemeters became increasingly reliable and precise. In-
var has therefore only two specific areas where it still has a significant
part to play. In the short term, it will continue to be used for measuring
the bases needed for calibrating distancemeters. From a longer-term stand-
point, it is still the one and only solution for the geodetic approach dea-
ling with large engineering structures in the 100 m range.

Over a 20~year period, more than 30 km of invar wire were used for posi-
tioning the magnet components of the large accelerators of the European Or-
ganization for Nuclear Research (CERN). The Survey Group had to overcome
invar's capricious behaviour, develop new instruments and use methods which
would be free from its shortcomings.

The present paper is essentially concerned with the description and histo-
rical background of this unique experience. From an intensive study of re-
sults a limit is obtained for the accuracy of invar wire measurements in
conditions similar to those of metrological laboratories.

509 ~ ANGUS-LEPRAN, P.V. - “Effects of temperature on precise distance measurement",

32 Proceedings of the TAG-Symposium “High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978, Rep. of the Finunish Goedetic Iastitute,
132-161, 1980.

This paper deals with cases of distance measurement in which temperature
affects the accuracy significantly : measurements with invar tape, EDM, and
interferometer. An invar tape suspended near the ground is heated by radia-
tion from sun, sky and surface, Its temperature is generally higher than
air temperature, often by several depgrees, so direct measurement of the ta-
pe temperature. is recommended. Suitable instruments using contact sensors
are now available. The problem of the representative temperature of an EDM
line may eventually be solwved by using two-wavelength instruments. In the
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meantime, improved atmespheric models are available, The Heat Balance-
Turbulent Transfer Model, which has shown promising results in field tests,
is ourlined, Modern interferometers a?e capable of high precision over
short distances. The accuracy and the range are affected.by temperature
fluctuations in the atwmosphere. These are minimized by observing when the
sky is heavily overcast, or close to the times of sunrise and sunset. Mea-
surements should not be mwade under conditions of calm or very light wind.

509 - PODER, K., OVERCAARD, T. - "Determination of general network scale from the

32 densification network survey'.
Proceedings of the TAG-Symposium “High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978, Rep. of the Finnish Geodetic Institute,
163~173, 1980,

The possibilities of using the numerous distance measurements in the den-
sification network for a general network scale determination are surveyed.

509 -~ FISCHER, W, - "The scale of the swiss first order triangulation net".

32 Proceedings of the IAG-Symposium "Righ precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
174-191, 1980,

In a part of the Swiss lst order triangulation net electronic distance mea-
surements have been carried out in the years 1969 - 1977 by means of Geo-
dimeter 8.

The comparison of the measured distances with the corresponding side
lengths according to the “official" coordinates show regional scale diffe-
rences. The recently new adjusted triangulation net fits distinctly better
with the measured distances, except one point whose trigonometric configu-
ration is i1l conditioned.

Although the block CH (Switzerland) of the European Triangulation Network
(RETrig) does not cover the whole national network and the distances mea-
sured before 1973 were already introduced in the adjustment RETrig II
"1977" of this block, the measurements of 1974 - 1977 were compared with
the resulting distances and show good agreement.

509 - VINCENTY, T. - "fhe use of the relative lateration method for reducing errors
32 on length measurements”,
Proceedings of the IAG-Symposium "High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
192-204, 1980.

The method of measuring lines in groups was applied in a survey of seven
radial lines ranging in length from 32 to 93 km. Measurements made a month
apart and adjusted to a common scale were totally consistent and agreed wi-
thin 0.2 parts per million, These remarkable results encourage further stu-—
dies in the application of this method.

509 - HOLSCHER, H.D. - "Extension of the 432 m Vidisild base at pienaarsrivier to
32 864 m and 1728 m'.
Proceedings of the I[AG~Symposium 'ligh precision geodetic length measurements"

June 19-22, Helsinki, Finland, 1978. Rep. of the Pianish Geodetic Institute,
206-214, 1980.

the extensions to the VAisdlid base line in South Africa were measured using
a high resolution Electromagnetic Distance Measurement (EDM) instrument as
a comparator. The results show that the accuracy of the extension is of the
order of 3 parts in 107 which is considerably better than the absolute ac-
curacy that can be obtained with the instrument,

509 -~ HALMOS, F, - "A particular case of the calibration of distance-meters and of
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the increase of the accuracy of distances",

Proceedings of the IAG-Symposium "High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978, Rep. of the Finnish Geodetic Institute,
215-232, 1980.

The basic formula of calibration and determination of cyclic errors are
given for electromagnetic distance meters, For the direct solution filter
equation with practical examples are proposed,

For the deducing of high precision distances the measuring method in all
combinations are given,

For the determination of the scale factor the problems of comparative base-
lines outlined, '

The method can be used for the deducing of high precision distances being
an everyday task in movement and deformations studies.

PETERSON, I. ~ "Base for calibration of steel tapes and EDM-instruments®.
Proceedings of the IAG-~Symposium "High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
233~239, 1980.

Between two pillars 50 m apart is an U-shaped bar where the reflector of an
interferometer can be moved with an electric motor.

A standard steel tape is measured with the interferometer. The standard ta-
pe can then be photographed together with another tape at every tenth meter
and the differences between the graduations measured in a special apparatus.

A reflector can be automatically moved for certain intervals (2.5, 1.25 and
0,1 m) between 22.5 and 47.5 m to determine the calibration constants for
an EDM~instrument,

MEIER-HIRMER, B. - "Investigations on the long term stability of the scales

of various EDM-instruments®.

Proceedings of the TAG-Symposium "High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Imstitute,
241-254, 1980.

We determined the time dependent trend and the resulting standard ervor in
the length standards of various EDM-instruments. We observed two microwave
instruments (MRA 4, CA 1000) and three light wave instruments (Geodimeter
8, MA 100, ME 3000) for about six years. The results obtained are valid of
course only for the instruments investigated, but they should be characte-
ristic also of the corresponding types.

To eliminate the error influence of a possible instability of the fine mea-—
suring frequency, the modulation frequency has to be measured in the field
during a distance measurement. Such a procedure is reasonable at least for
the Mekometer, because its frequency errors can exceed the errors in the
representative refractive index.

At the Geodetic Imstitute of Karlsruhe we are therefore developing a small
portable frequency calibration unit suitable for all EDM instruments.
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509 - KONTTINEN, R, - "Determination of zero and scale corrections of the mekometer
32 on the Nummela standard baseline'. i
Proceedings of the IAG-Sympsoium "High precision geoderic length measurements"
June 19-22, Helsinki, Finland, 1978, Rep. of the Finnish Geodetic Institute,
255-279, 1980.
i
The Mekometer was calibrated using the Nummela Standard Baseline, Several
distances from 24 m to 864 m were measured., All measurements made with the
Mekometer are compared with known lengths, The concrete pillars of the in-
terference baseline were used in the calibration. The stability of the pil-
lars is studied and the projections of the Mekometer measurements onto the
Standard Baseline treated in detail. The air temperature and pressure were
carefully recorded at the Mekometer station and betwecen the pillars obser—
ved, The observation method and the results are presented.

The zero and scale corrections are computed from the residuals i.e. the
Mekometer measurement minus known distance. The temperature dependence of
the scale correction is determined in the range 17-5°C. The distance de-
pendence of the zero correction is also studied. The measuring ranges 10~
500 m and 500-3000 m are studied separately.

509 ~ VARONEN, J. - "On the determination of the zero correction of mekometer kern

32 me 3000 and some notes on the dependence of the zero correction on distance",
Proceedings of the TAG-Sywposium "High precision geodetic length measurements"
June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
280-296, 1980.

Indoor calibration of Mekometer was carried out on two calibration lines,
The maximum lengths of these lines are 75 and 280 meters and the lines con-
sist of concrete pillars mounted on the ground rock,

Standard deviations of adjusted zero corrections were between 0,06 and
0.10 mm. It seemed obvious that the value of zero correction for range 1
depends slightly on distance in the case the distance is less than 100 me-
ters.

It was also shown by simulation that certain deviations in the operation
of the wodulating cavity cause errors of the same type especially on short
and very long distances,

509 -~ VAATAINEN, S. - “"Determination of the periodical phase error of the mekometer"
32 Proceedings of the IAG-Symposium "High precision geodetic length measurements"

June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
297-301, 1980.

If the Mekometer has the periodical phase error, it is probably very small,
Therefore the test method used to determine this kind of error must be ex-
tremely accurate. The required accuracy of the measuring method was deter—
mined to be 0,02...0,03 mm, so that the error greater than 0,! mm can be
found out reliably. This requirement could be fulfilled by using the HP-
laserinterferometer and by applying Abbe's comparator principle,

The results from the two different half wavelengths were rather similar and
the periodicity is obvious. However, the error is very small, about 0,05...
0,10 mm. When an extremely high accuracy is desired, it is profitable to
reduce the observations with corrections corresponding to the periodical
error.

509 - HEADE, B.K. and al, - "Distance measurements in special purpose surveys",

32 Proceadings of the IAG-Symposium “"High precision geodetic length measurements’
June 19-22, BRelsinki, Finland, 1978, Rep., of the Finnish Geodetic Institute,
303-311, 1980,

Distance measurements between oil well platforms in the Gulf of Mexico,
obtained from aircraft line-crossing using Autotape DM ~ 32 equipment, ha-
ve been determined to accuracies of better than one meter over lines on
the order of 100 to 200 km in length,

Simultaneous satellite Doppler observations are also being used to determi-
ne positions andf/or distances to platforms off the Gulf and Atlantic Coasts
of the United States,

Results of the line-crossing and satellite Doppler tests are discussed in
detail.

509 ~ SPOFFORD, P,R. — "Application of periedic functions to geodimeter delay line
32 calibrations",
Proceedings of the IAG-Symposium "High precision geodetic length measurements"
June 19-22, Helsinki, PFinland, 1978. Rep. of the Finnish Geodetic Instritute,
312-324, 1980.

In preparation for its portion of the New Adjustment of the North American
Datum, the National Ocean Survey plans to recompute as many as 95,000 uni-
que electronic distance observations. A significant number of these obser-
vations were made using the Bergstrand System, Model 4~type Geodimeters,
This type of geodimeter requires a calibration of its electronic units to
length units in the distance computation, Historically, these calibrations
have used graphical methods to produce the required conversions in tabular
form. To insure that a completely systematic approach is taken in the
length computations, all delay line calibrations will be reviewed and the
conversion tables described by mathematical functions, The paper discusses
the length recomputation effort, the need for an automated procedure in
delay line calibrations, and some preliminary results,

509 —~ FRONCZEK, C.J. - "Realistic length accuracies",

32 Proceedings of the TAG-Symposium '"High precision geodetic length measurements’
June 19-22, Helsinki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
325-350, 1980.

The National Geodetic Survey of the National Ocean Survey and its predé~
cessor, the U. S. Coast and Geodetic Survey, have performed over 20,000
unique length determination ~ distances varying from 6 km to 93 km. Thou~
sands of line lengths have also been measured in the short to medium ran-
ge (up to 6 km)., Various techniques and instrumentations have been emplo~
yed, Many of.- the individual lines have been observed using several diffe-
rent mechods. Approximately 30 linesalong the High Precision Transconti-
nental Traverse have been measured both by mechanical (steel tapes, invar
tapes, ice bars, etc.) and electronic means. A critical evaluation of the-
se observations leads the author to pose the question : "Are accuracy esti-
mates exceeding one part per million realistie" 7.

509 - BAYER-HELMS, P. - "Geodetic length measurements and the definition of the me-
32 tre”.
Proceedings of the IAG~Symposium "High precision geodetic length measurements™
June 19-22, Helsginki, Finland, 1978. Rep. of the Finnish Geodetic Institute,
357~-364, 1980,

The present state of the definition, developments of wavelength standards
and concepts of alterations of the definition are briefly described,
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514 - YOLKOY, V.A, and al, - “Earth tide gbgeryations by gravimeters in Obninsk
7 and Pulkovo/U,S.S.R,/ during 1975-1978",,
W.G. 3.3, -~ Study of the Earth Tides, Huﬁgarian Geophys, Inst,, Bulletin n®
3, 4-32, 1980.

514 - DITTFELD, H,J. - "Digital earth tide registrations at Potsdam 1974-1978.

i Results of standard analysis methods",
#.¢. 3.3, - Study of the Earth Tkdes, Hungarian Geophys. Inst., Bulletin n°
3, 32-56, 1980.

A report is given on the results of analyses of 1320 days of registration
by an Askania GS 15 gravimeter. The fully corrected results of different
analysis methods are in a good agreement. The éffect of the resonance of
liquid outer core is compared with the results of other European stations.

Analysing intervals of the whole data set the variation of the resulting
tidal parameters in time seems to be a hindrance for a further arising of
the accuracy as well as for the universal validicy of the results obtained
by temporary measurements at a given station.

514 ~ PUCIN, A.M. - "Data compression filters coordinated with the least squares
7 forms method /LSFM/ for the amalysis of a polyharmonic signal®.
W.G. 3.3. ~ Study of the Earth Tides. Hungarian Geophys. Imst., Bulletin n’
3, 56-79, 1980.

The article describes a method of data compression filter construction for
a polyharmonic signal. It is advisable to use such filters when processing
large volumes of geophysical information, Polyharmonic signal amplitude
dispersions being dependent on coefficients of data compression discrete
filter, it is possible to define the effectivity of the existing filters
such as those of Venedikov and Lecolazet to analyze Earth tides. Data
compression filter can be constructed as an optimal one with respect to
perturbation spectrum,

526 ~ JOO, I. and al. — "Recent vertical crustal movements of the Carpatho-Balkan
10 region'.

Presented to the XVII Gal. Assembly of IUGG, Canberra, Australia, Dec., 1979,
i3 p., 1979,

MP - "MAKEES TERRESTRES".
246  A.1.G., Commission Permanente des Marées Terrestres., Obs. Royal de Belgique,
Bulletin d'Informations n°® 84, 5323-5412, Sept., 1980.

. Description des principales Etapes de la mise au point de capteurs capa-
citifs adaptés aux pendules horizontaux Verbaandert-Melchior, by M. Van
RUYMBEKE ,

. Utilisation de capteurs capacitifs adaptés aux extensom€tres, by M. Van
RUYMBEKE, .

Sur la possibilité@ qu'ont les h&térogéné€ités horizontales du manteau
d'apparaitre dans les observations de marfes terrestres, by S.M.
MOLODENSKIT, M.V. KRAMER.

Influence des forces d'inertie sur les variations de marées de la force
de pesanteur et des inclinaisons, by N.N, PARIISKII, B.P. PERTSEV,

Calcul des nombres de charge de Love pour le modEle terrestre 508 de
Cilbert et Dziewonski, by B.P. PERTSEV, M.V. IVANOVA,

SEL — BURSA, M. - “On the rotational motion of deformable celestial bodies",
25 Studia Geoph. et Geod., 23, 307-310, 1979,

DAT - "The Marine Geophysical Data Exchange format - MGD77 - Bathymetry, Magnetics,
2 and graviey",

Workshop for Marine Geophys, Data Format, K,.G.R.D, Series, n® 10, 18 p,, 1977,
y

GET - NOE, H. - "Numerical investigations on the problem of Molodensky",
281 Mitt. Geod. Inst, Tech. Univ, Graz, Folge 36, 80 p., 1980,

GEN - KAHLE, H.G. - "Aktuelle probleme der Geoddsie und Geodynamik".
31 Vermes., Photogram. Kulturtechnik, 7, 289-295, 1980.

Avec 1'ach@vement en fin d'année 1979 du projet international de g@odyna-
mique, auquel la Suisse méme participa de manidre active par 1'intermé-
diaire de 14 groupes de travail (cf Miller et Oberholzer), une série de
questions importantes de la g€odynamique ont pu Crouver réponse. Les &tu-
des conduisent en méme temps & de nouveaux problémes en rapport Etroit
avec la géodésie. Le présent article a pour but de présenter les questions
qui se posent actuellement, L'exploration de 1'épine dorsale de 1'océan
méditérranéen dans son ensemble y sert d'exemple. Les travaux de recherche
interdisciplinaire et leurs conséquences sur la tectonique globale des
couches y sont décrits, Un des buts principaux de la géodésie des années
80 pourrait consister en la saisie quantitative des mouvements de la li-
thosph&re, & laquelle pourrait se greffer une collaboration accrue entre
les géodésiens et les spécialistes des sciences naturelles.

ANO ~ GOGUEL, J. — “Utilisation de la gravimétrie en G&ologie structurale".
104 0.R.S.T.O0.M., Geophys., n® 17, 59-78, 1980.
Bulletin d'Information n°® 47, B.G.I., 27-57, Dec., 1980.

RED - WOOLLARD, G.P. - "The evaluation of gravity data.
139  Hawaii Inst. of Geophys., 42 p., June, 1967.

530 - KAHLE, H.G., KLINGELE, E,, MULLER, S., EGLOFF, R. - “Gravimetrie, Spreng-
54 seismik und Krustenmichtigkeit entlang der Schweizer Geotraverse'.
Schweiz, Mineral. Petrogr. Mitt, 56, 679~684, 1976.

Explosion-seismic data and detailed gravity measurements were used to de-
termine the variation of crustal thickness through the Swiss Alps along
the Swiss GCeotraverse. The relief of the crust-mantle boundary is clearly
asymmetric : It dips gently from a depth of about 30 km south of Basel to
a maximum depth of about 56 km near Biasca. From there to the south the
crust-mantle boundary rises quite steeply, The isostatic anomalies between

Luzern and Biasca are negative (v - 20 mgal) coinciding with the region
of recent crustal uplift thus suggesting a similar cause for both sets of
data,

530 —~ KAHLE, H.G,, KLINGELE, E. - "Recent activities in Gravimetry and physical
55 Geodesy".
Schweiz. Mineral. Petrogr, Mitt, 59, 207-217, 1979,

INT ~ GUBLER, E., KAHLE, H.G., KLINGELE, E., MUELLER, ST., OLIVER, R. - "Recent
147 crustal movements in Switzerland and their Geophysical interpretation".
Tectonophysics, 71, 125-152, 1981.

In this paper a review is presented on the most recent results of geode~
tically determined recent crustal movements in Switzerland. These data are
compared with the new Bouguer gravity map of Switzerland, and an attempt
is made to discuss the geodetic and gravity results in connection with

the crustal structure of the Swiss Alps in terms of seismic compressional
wave~velocities and depths to the crust-mantle boundary.
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