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- Data screening (selection of ome point per specified unit area, in decimal

degrees of latitude and longitude, i.e. selection of first data point encoun~
tered in each mesh area).

1F/1 000 points to be screenmed (+ data retrieval cost).

. Gridding (interpolation at regular intervals A in longitude and A' in latitude
- in decimal degrees) :
E%E—per degree square (minimum charge : 30 F)

1
0.5 x 0.5

(maximum price : 2 500 F, maximum area : 40° x 40°).

example : 10° x 10° , A = A' = 0,5° x 10 x 10 = 400 F.

- Computation of mean gravity anomalies (free air, Bouguer, isostatic) over

A x A' area : K%; per degree square (minimum charge : 30 F)

example : 2° x 2° mean values over a 20° x 20° zone :

] =
553 ¥ 20 x 20 = 100 F.

(maximum price : 2 500 F, maximum area : 40° x 40°)

Mailing charges will be added for air-mail parcels (when requested).

Non-standard requests will be considered and we hope to be able to satisfy

them after an agreement has been reached on the method and algorithms to be used,
and on the cost.

In any event, precise cost estimates are available upon request.



...l[!_-.

INTERNATIONAL SYMPOSIUM, MANAGEMENT OF GEODETIC DATA

August, 24-28, 1981, Copenhagen, Denmark
ANNOUNCEMENT AND CALL FOR PAPERS
Sponsored by

International Association of Geodesy, The Danish National Committee of UGG and Qeodaetisk Institut

CONVENOR

MAILING ADDRESS

_BACKGROUND

PURPOSE

TECHNICAL SESSIONS

€.C. Tscherning

International Sympaosium
Management of Geodetic Data
Geodaetisk Institut

Gamlehave Allé 22

DK-2920 Chariottenlund, Denmark

The use of computers for the managemant of geadetic data has increased rapidly in the last years. Further.
more the efficient managemant of geodetic data is fundamental for the development of information
systems in surveying, geodynamics and land managament.

The symposium is intended to bring together spacialists in geodesy and related discipiines, having an
interast and/or expertise in data managemaent.

1. Geodetic data bases: Data content, access methads, data models, data base management systems,
query ianguages, report generation facilities.

2. Entry and validation of geodetic data: Instruments with digitai output, interface to geodetic data bases,
data validation procedures.

3. Data handling in support of geodstic oparations or major computational processes: Tha role of the
geodetic data base within geodynamic or land use information systems, data management in support
of adjustment of big networks {"Hatmert" blacking).

4. Data availability: User access to data, data sources, data standardizations.

The sessions will featura invited as well as contributed papers. Procesadings of the symposium will be availabie in spring, 1982,
Authors wishing to contribute papers should submit title and preiiminary abstract to the convenor prior to January 1, 1981,

PLACE

OTHER MEETINGS

OTHER INFORMATION

In the fecture roams of the Royai Danish Academy of Science and Lettars, situated in the center of
Copenhagen, across the Tivolt gardens.

On August 27, 1AG SSG 4.66 will meet, and an informal workshop, discussing the problems brought up
during the symposium will be conducted at Geodaetisk Institut, The symposium "Geodetic Networks and
Computations” takes place in Minchen, BDR, the following week.

The second circular, Aprit 1981, will contain the conference program, details concerning hotel accommo-

dation, entertainment and the registration form. Second circular will be mailed to sach person who has returned the attached
Preliminary Application form,

Name:

Address: . ..

cut hera

PRELIMINARY APPLICATION FORM

if you are interested in participating in the symposium, please check the appropriate boxes:

il will attend

F1100% 1| 50% possibility

i will be accompanied by spouse or other person

| i am interested in Second Circular

1 am interested in the Symposium Proceedings

| 1intand to present a technical paper (please, enclose titie and abstract)

Please address correspondance to the convenor at the above address.
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NOTE TC THE USERS OF
INTERNATIONAL GRAVITY STANDARDIZATION
NET 1971

At the time of the adjustment of the International Gravity
Standardization Net 1971 (IGSN71) (Morelli, et al. 1974), it was
recommended that the so called Honkasalo correction was to be
applied to the gravity observations. This correction was taken
into consideration in the f£inal adjustment. At the XVII General
Assembly of the International Union of Geodesy and Geophysics at
Canberra, 2-14 December 1979 the following resolution was passed
by the Intermational Association of Geodesy:

RESOLUTION No. 15

"considending the importance of a simple and unambiguous
way of treating the permanent tidal deformation due to
the attraction of Sun and Moon,

resolves that the tidal effect be removed completely from
all gecdetic observations, without restoring the per-
manent deformation, and that, consequently, the so-called
fionkasalo correction should not be applied to observed
gravity".

In order to be consistent with Resclution No. 15, the fcllowing
correction must be added to the published IGSN71 values:

= 0.037 (1-3 sin? ¢) mgal
where ¢ 1s the geodetic latitude of the station (South or North)
(Honkasalo 1964). Numerical values for the corrections are given
in Table 1.
TABLE 1

Corrections to IGSN71 gravity values
to remove the Honkasalo correction

Station Station
Latitude Correction Latitude Correction
From - To mgal From - To mgal
0% - 793¢ +0.04 439121 - 48°%22% ~0.02
7°%43' - 19912 +0.03 48%22+ - 53°%35. -0.03
19%12" -~ 26%26° +0.02 53%39+ - 5901461 -0.04
26°26' - 32928 +0.01 59°16% - 65%34: -0.05
32%28' - 37%5g" 0.00 659341 — 73927:% -0.06

37%38" - 439712 - =0.01 73%27+ - 90%Q0¢ ~-0.07
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EXAMPLES:

Station: Helsinki 25004 A ¢ ~60°N
IGSN71 g = 981900.59
Correction -0.05
New Value 981900.54

Station: McMurdo Sound 59676 A $~77°S
IGSN71 g = 982976.83
Correction -0.07
New Value 8982976.76

Station: Bogota 00844 A ¢~4°N
IGSN71 g = 977390.11

Correction __+0.04

New Value 877390.15

All new absolute gravity values or adjusted gravity values should
be published without applying the Honkasalo correction.

Urho A. Uotila
Convenor of Working Group #2, IGR
World Gravity Standards

Honkasalo, T., 1964: On the Tidal Gravity Correction, Bollettino
dl Geofisica Teorica ed Applicata, Vol. VI, N.21.

C. Morelli, C. Gantar, T. Honkasalo, R.X. McConnell, J.G. Tanner,
B. Szabo, U. Uotila, C.T. Whalen, 1974: The International
Gravity Standardization Net 1971 (IGSN71), Special Publi-
cation No. 4, International Association of Geodesy, Paris.



MEETING OF 6B WORKHEG cROUP MO, 2 (We2)
"GRAVITY STANDARDSH
Hay 27, 1230

1. Bureau Gravimetrigque International (BGI) Working Group Fo. 2 (WG2) mat on
27 May 1980 in the puditorium of the Earth Physics Branch (ZPB), Energy, Mines
and Resources Canada at Ottawa. Attendees includegd

Urho A. Uotila, USa, Convenor

R. Ken McConnell, Canada, Member

Bela Szabo, USA, Member )

Luman E. Wilcox, USA, Member ’

Erich Kanngieser, W. Germany, representing member ¥. Torge

William E. Strange, USA, Coordinator of IGC sSub~Commission
for North America

Raul B. Beruff, USA, guest

John Bryon Boyd, Canada, guest

Ronald J. Buck, Canada, guest

Peter J. Winter, Canada, quest

2. M." R. Dence, Acting Director of +he Gravity and Geodynamics Division,
welcomed the attendees. He reminisced about the IGSN71 work done a decade ago
.and noted that the state~of-the-art has advanced to the point where accuracies
in the microgal range now are being achieved by the new absolute gravity
apparatuses. He urged WG2 to exercise control of international gravity
standards and to encourage systematic application of those standsrds.
Eollowing Mr. Dence's welcoming address, +the attendees were taken on a
comprehensive tour of the EPB gravity data center. After the tour, the group
reassembled for a business session.
¢

3. R. K. McConnell gave a report on Eurocal 78, a gravimeter survey run
‘generally over the European Calibration Line (ECL). Lacoste Romberg
gravimeter ties were made between 14 stations from Cataniaz on the south to
Hammerfest on ° the north (Figure 1). Canadian instruments operated by
McConnell and US (DMA) instruments operated by R. Beruff observed the sentire
line. Three Italian groups also observed the Italian portion of the line and
& group under C. Morelli observed the portion between Torino and Hammerfest.
A total of 12 gravimeters were involved. Ladder sequence measurements were
made in both directions (south to north, then north to south).

a. Sclution 1, graphically depicted on Figure 2, was made using simple
linear scale and drift +erms. The survey was divided inte five day segments
and one drift term was included for each segment. Absolute gravity values,
éreviously measured at each station by the Itaiian apparatus, were entered
into the sclution with proper weights. The Figure 2 plot appears o be
slightly parabolic (if Torino is not considered). This suggests that <the
linear scale and/or drift terms used in the adjustment are of inadequate
accuracy.

b. Sclution 2, graphically depicted on Figure 3, includes th first
and second order scale texrms. The absolute measurement value at Torino was
omitted in this solution. The parabolic characteristic evident in Figure 2 ig
absent in Figure 3. However, Uotila pointed out that there is a quasi



‘periodic tendency apparent in Figure 3. This tendency is also apparent in the
table of absolute minus adjusted relative gravity differences for Solution 2
given in Figure 4. Figures 3 and 4 also show clearly *that the &ifferences at
Torino, Copenhacgen, and Vaasa are anomalous. Zven when these threz anomzlous
differences are dropped, the indicated accuracy of the absolute measurenents
at the 90% confidence level appears to be closer to 20 W gal than to 10 uigal
Dropping the three anomalous stations alse reduces the apparent pariodic
nature of the differences particularly on the northern half of the line.

c. Beruff reported that absolute minus relative differences obtained
along the US Mid-Continent calibration line using eight gravimeters alsc
suggest a 20 U accuracy for absolute values and quasi periodic residuals.

a. E. Kénngieser presented his results from running six gravimeters
over the ECL between Munchen and Hammerfest. The differences between absoclute
and adjusted relative gravity wvalues he obtains are given in Figure S.
Although Kanngieser's differences are slightly smaller +han those of
McConnell's Solution 2, the same general pattern of differences appears in
both. For example, Copenhagen and Vaasa are clearly anomalous in Kanngleser's
soclution.’ Kanngieser offered to furnish data from his measurements +to
McConnell for use in future Eurocal 79 solutions.

e. XK. McConnell noted that the meters used ‘in FPurccal 79 varied
greatly in internal consistency. Weights assicned to the meters by McConnell
in his solutiocns varied from 71 +tc 12,000. R. Beruff noted that two of the
DMR instruments (which were assigned the lowest weights) have been used
continuously in Italy in the last four years and are badly in need of
mzintenance. He recommended that data from these twe be dropped in any new
solutions. Z. Kanngieser pointed out that inclusion of data from the meter
weighted 12,000 with data from the remaining 11 meters (2ll of which had much
lower weights) ampunts to adjusting the data from the 11 other meters to the
one "best" meter. McConnell agreed to reduce the weight of the "best" meter
in future solutions. However, Beruff and McConnell both reported that the
same general pattern of differences appears along the ECT when the results
from any one gravimeter is computed by itself. The numbers change slightly
when more than one meter is included in a solution.

f. Beruff commented that the gravimeters exhibitsd unusual é&rift
characteristics on legs that involved water crossings by ferry boat. He
further suggested that there may be other significant drift problems not being
addressed by current adjustment procedures. McConnell agreed that drift was
greater for the water crossings, but suggested that the out and back
observation pairs tend to cancel ferry boat drift problems. E. Kanngieser
remarked that linear drift models generally are not satisfactory; and asked
McConnell to discuss the nature of the drift that occurred during Eurocal
79. McConnell replied that drift was significant ({at +the 95% confidence
level} for only two of the 12 meters used, and that there is no essential
difference between solutions made with or without drift terms. In response to
a guestion by Beruff, McConnell reported that overnight drift was omitted from
the calculations - only that drift that occurred during the day segments when
measurements were actually made was considered. It is evident from the
discussions about drift that there is no general agreement on how 4o treat
drift during adjustment of relative gravity measurements.



a. In discussing the apparent periodic variztieon of 4he Solution 2
dififerences, Kanngieser reported that he has observed a periodic response in
some gravimeters at about 600 and 1200 g&ial count intervals. However,

different gravimeters have different phase angles for the psriocdic r
that the mean value from several gravimeters should bs unaffected by the

periodicity. Beruff suggested that the gear box may be the cause of the
periodicity because this is the only element common o all meters. 1In further
discussion, it was agreed that the periodic appearance of the Solution 2
results may be no more than coincidental. Further analvsis is necessary to

determine whether the perlodlc1ty is real and, if so, whether it is inherent
in the absolute measurements, the relative measurements, or both. Uotila
observed that additional evidence will be provided by the results of new
absolute measurements and relative ties along the US Mid-Continent calibration
line.

h. It was generally agreed that some unknown environmental factor(s)
is causing the difference between absolute and relative measurements certainly
at Torino and probably also at Copenhagen and Vaasa. Althouch the problem may
be inheremt in either the relative or absolute instruments (oxr both), the
consensus was that the problem is more likely due to environmental influences
on the . absolute instruments. The group concluded +that many more
intercomparisons between different absolute instruments is needed before it
will be possible to rely completely on the results given by any one
instrument. Szabo indicated that, when Bammond takes his absolute instrument
to Sevres in October of 1981, he will also occupy a selected number’ of other
sites in Europe previously occupied by the Italian apparatus. So that WG2 can
have a better basis upon which %to recommend specific European sites to
Hammond, McConnell will reprocess the Eurocal 79 adjuetm t by tighteninc up
adjustment procedures and including Kanngieser's measurements.

4. Uotila suggegted that the specifications for selection of the ten sites
for inclusion in the global primary absolute gravity network be based wupon
" absolute site selection criteria and gravity standards heing developed by the
US Interagency Gravity Standards Committee. Members of the US Committee were
given copies of a draft of said criteria and standards at “he last meeting of
the US Committee, and are supposed to discuss and finalize these criteria and
standards during the next meeting of the US Committee that is scheduled for
June 23, 1980. wWith the consent of W. Strange, Chairman of the US Committee,
copies of the US draft criteria for primary absolute site selections were
distributed to those members of WG2 who are not also members of the US

Committee, namely McConnell and Kanngieser. These two individuals will
provide informal comments by June 15 to Uotila who will forward said comments
to Strange. After the US Committee finalizes its criteria and standards,

Uotila will distribute same to WE2 members to use as a cuide for developing a
draft set of international azabsolute site selection criteria and standards.
The draft probably can be prepared through exchange of ideas by mail between
WG2 members. Upon completicn of the draft international criteria and
standards, Uotila will submit same to the IGC Subecommission Coordinatoers.
When feedback has been received from the Coordinators, We2 will meet again to
finalize the work.

5. With respect to base stations for marine gravity surveys, it was
suggested that WG2 recommend that all new work be tied to stazble inland bhase
sites that have been connected to the IGsN71. This was zdonted by the group



- 20 -

with the proviso that the ties be made with a Lacoste Rombery gravimeter,
Harbor base stations %tend +to be very unstable and should not be relied upon
for new marine survevs. The group decided, for the *time being, not to make
any recommendations with respect to older marine surveys that have been ti
to harbor stations. A recommendation may be made later on when it has been
determined which of the older surveys provide data that is still useful and
when the results of a WG1 project pertaining to adjustment of ocean surface
data with satellite altimetry become available.

6. Uotila reguested a report on the status of obtaining IGSN71 station
descriptions for the TUS. Strange indicated that the US National Geodetic
Survey (NGS) is preparing descriptive data for all old base stations plus new
data. He indicated that NGS is planning to publish a document containing
descriptive data for all US base stations including the IGSN71 stations in “he
us. Beruff stated that the DMA Geodetic Survey sSguadron (GSS) plans to
rewrite, redraw, and rephotograph IGSN71 base station descriptive data in the
US as well as provide a report about stations that have been destroyed.
Wilcox suggested that NGS and GSS coordinate their input so that the best set
of descriptive material can be published in the official IGSN71 format.
McConnell reguested that the US agencies handle the entire 3job of compiling
and publishing the US IGSN71 station descriptions. Wilcox indicated that DMA
Aerospace Center probably can do the actual publication task. It was decided
that the job should be completed under the general management of the. US
Interagency Gravity Standards Committee.

7. Uotila is to prepare correction formulas and +tables to be used for
removing the Honkasalo Correction from IGSN71 values, from LAGSN77 values, and
from any other base net adjustment that incorporates this Correction. The
formuias and tables are to be published in Bulletin Geodesique. The graup
decided that it must be made clear tc users that IGSN7%1 and LAGSN77? both
include the Honkasalo Correction, and that this correction must be removed
before the base values are applied. BAny new base station adjustments should
neot include the Honkasaleo Correction. These policies are mandated@ by
Resolution 15 adopted by the International Association of Geodesy in December
1879 at Canberra.

2. McConnell noted that he has taken on the responsibility +to prepare
summaries of new local and regional base station adjustments for publication
by WG2, and reguested assistance in obtaining complete information on what is
available. Uotila agreed to write the Coordinators of the IGC Sub-Commissions
to obtain the necessary information.

9. Uotila distributed copies of a letter from K. Kahle that
describes the Swiss calibration line and indicates its availability for use by
any interested scientist.

10. In closing the WG2 meeting, Convenor Uotila expressed his thanks to the
Canadian hosts and to the meeting participants.

Luman E. Wilcox
Recorder
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ABSOLUTE MINUS ADJUSTED GRAVITY VALUES

(nGal) {(uGal)
STATION Solutiont Solution?2
CATANIA 20 £ 12 +20° ¢ 13
NAPOLI -39 = 1] -~ £ 12
ROMA =33 £ 1] -10 = 1]
TORINO +62 2 11 +68 £ 11
MUNCHEN +9 £ 1) + 7 £ 1]
WIESBABEN -2+ 1] -15 = 1)
BRAUNSCHWE I G +27 £ 11 +11 2 11
HAMBURG -3z 1) =20 = 1}
COPENHAGEN +53 £ 1} +36 ¢ 1}
GOTEBORG +10 = 11 - 5z 1]
GAVLE =12 £ 1] ~20 = 11
VAASA +33 = 11 +30 = 12
SODANKYLA -29 = 12 -19 £ 12
HAHﬁERFEST -26 £ 12 + 32 13

R.M.S. difference 31 18

NOTE: a) Solutionl] had linear scale and drift terms
b) Solution2 had lst and 2nd order scale terms and linear drift terms

c) The absolute measurement at Torino was deleted from Solution?

FIGURE 4

....17'3_
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absolute station residuals {ugal}
Munchen - 9
Wiesbaden - 8
Braunschwelg + 8
Hamburg - 8
Kopenhagen +18
Goteborg + 7
Gavle -11
Vaasa +26
Sodankyla -13
Hammerfest -11

Figure 5: Residuals (= adjusted—observed gravity values)
at the absclute gravity stations.
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PART II i CONTRIBUTING PAPERS
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UTILISATION DE LA GRAVIMETRIE EN GEOLOGIE STRUCTURALE

Jean Goguel

Président du Comité National Prangais de Géodésie et de Géophysique

Introduction

Lorsqu'on cherche & utiliser la Gravimétrie pour préciser des structures &
moyenne échelie -~ mettons, pour fixer les idées, sur des étendues de 10 & 100 km
et plus - on ne peut pas se contenter, comme pour les petites structures, 4'uti-
liser l'anomalie de Bouguer, mais il faut prendre en compte la maniére dont se
fait la compensation iseostatique. Il yv a 30 ans, on utilisait pour cela des car-
tes en anomalie isostatique, mais celle-ci est progressivement tombée en désué-
tude, en grande partie & cause du caractére artificiel et conventionnel des modé-

les utilisés pour la calculer, et gui avaient d'ailleurs été congus & d'autres

fins.

Plusieurs raisons me conduisent & reprendre & leur base les méthodes de
l'interprétation gravimétrique & moyenne échelle. La premiére est que l'on dis-

pose maintenant, grice aux satellites altimétriques, de déterminations directes

de la forme du géoide en mer, c'est-a4-dire d'une donnée sur la forme du champ Ge
gravité, qu'il faut apprendre & utiliser au méme titre que les valeurs de la gra-—
vité.

En théorie, la connaissance des valeurs de la gravité, et celle de la forme
du gécide, sont équivalentes, c'est-i-dire qu'on peut déduire 1'une de l'autre,
et reéciproquement. Mals cela suppose que leurs valeurs sont connues sur toute
1'étendue du globe, la hauteur du géoide se déduisant de la gravité par 1'inté-
grale de Stokes, étendue 4 toute la surface et réciproguement, la gravité en un

point se déduisant de la hauteur du géoide par une intégration étendue & toute

la surface.

Or, les-valeurs de la gravité sont - ou peuvent &tre - bien connues i terre,
et leur connaissance en mer est beaucoup plus rudimentaire ; inversement, la
hauteur du géolde n'est mesurée directement qu'en mer. Plutdt que d'essayer de
calculer, tant bien que mal, l'une ou l'autre de ces grandeurs sur toute 1'éten-
due d'une zone mixte; 4 la fois marine et continentale, miéux wvaut utiliser éi:
rectement les valeurs mesurées, soit de la gravité, soit de 1'élévation du géci-
de, pour contrSler la validité d'un modéle (d'autant plus gue nous verrons gque

cela ne présente aucune difficulteé).
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Il suffit en effet - et c'est la deuxiéme raison de ce travail - de complé-
ter les programmes de calcul de gravité 3 partir d'un modéle dont 1l'usage se ré-
pand de plus en plus. Il s'agit, jusqu'd présent, surtout de modéles & deux di-
mensions, mais il faut é&tre prét & mettre en oceuvre des modéles & trois dimen-

sions, quitte & renoncer & certaines complications, sans doute trés illusoires,

gqui figurent dans nombre de modéles & deux dimensions. -

Pour un modéle de structure, concernant nécessairement une étendue limitée,
nous aurons donc a calculer, pour les comparer aux données dont nous disposons,
d'une part la valeur de la gravité {(ou plus exactement son anomalie) et d'autre
part, la hauteur du géoide au-dessus de la surface de référence (en général,

blan ou ellipscide} laguelle résulte directement de la valeur du potentiel.

Maig il est une autre conditien, & laquelle il convient d'attacher une gran-—
de importance. Nous n'avons pas & décider & l'avance si et comment la compensa-
tion isostatique est réalisée. Mais, si elle ne l'est pas localement, cela veut-
dire gqu'une partie de la charge, celle gui n'est pas compensée, est supportée

par l'écorce, lagquelle transmet des efforts de cisaillements. On a souvent cal-

culé ceux-ci pour des modéles & 2 dimensions, ce pourquoi i1l suffit de transpo-
sey la théorie classique des poutres droites. Nous allons montrer que le calcul
peut parfaitement se faire & trois dimensions ; on peut ainsi, pour tout modéle
dé structure, calculer les efforts de cisaillement transmis & travers la litho-

sphére, gu'il impligue. Il restera 3 juger de la vraisemblance des valeurs trou-

vées.

Dans une premiére partie, nous nous en tiendrons & une approximation plane,

négligeant la courbure de la Terre.

Mais la notion d'équilibre isostatique n'est gqu'un aspect de la théorie hy-
drostatique, formulée en premier lieu par Clairaut, et gui rend compte de la fi-
gure de la Texre & 10_.5 prés. Cette théorie peut également &tre utilisée pour
analyser les écarts & la forme ellipsoldique gu’elle fait prévoir, et ce sera

l'objet de notre deuxiéme partie.

Les écarts & la distribution hydrostatique des densités peuvent se situer
4 différents niveaux. Laissant de c&té le novau, nous examinerons 1'effet de
fluctuations de densités dans le manteau, qui pourraient y correspondre i des
courants de convection, tout en conservant cependant l'hypothése d'un équilibre
hydrostatique, tant de la limite du noyau que de la surface extérieure, et nous

calculerons leur effet, tant sur la distributicn de la gravité que sur la hauteur

du géolide.
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Un autre lieu d'irrégularité-dans la distribution, neon hydrestatique, des
densités, est la crotte, ou lithosphére, doude de rigidité, c'est-d-dire capable
de transmettre des efforts de cisaillement. Il est intéressant de reprendre son

etude, non plus dans l'approximation plane, mais pour un modéle sphérigue,

Nous négligerons, ce faisant, 1'aplatissement dii & la rotation, admettant
gu'il est assez petit pour se superposer simplement aux déformations (beaucoup

plus petites encore) gue nous envisageons.

On prendra partout, ci-aprés, le km comme unité de longueur, 109 tonnes,
comme unité de masse (clest~a~dire la masse d'un km3 de densité 1), et le gal
comme unité d'accélération. Pour ce systéme, la constante de la gravitation,
£ = 0,006666. Cependant, les formules finales seront modifiées pour domnner en

métres les hauteurs du gécide, et en mgal, les ancmalies de la gravité.

Approximation plane

Celle~ci revient & considérer le rayon de la sphére terrestre comme infini.
On se donne - par des considérations de Gécdynamique et de Géologie structurale
qul sortent du domaine de la présente étude -~ un modéle de structure, comportant
la définition de la densité dans un certain nombre de volumes géométriguement

définis, par rapport au plan horizontal représentant le niveau de la mer.

Il faut compléter ce modéle par la définition du profil des dengités en
dessous de ce niveau, considéré comme représentatif de la Terre normale, en
dehors de la région accidentée, en principe &'étendue limitée, dont nous étudicns
les effets ; ce profil de densité peut donc &tre celui qu'impliquerait notre mo-

déle & grande distance.

Ce profil de référence, en 1l'absence des accidents que nous étudions, est
d'ailleurs largement indéterminé, puisque 1l'effet d'un plan horizontal de densité
uniforme, tant sur la gravité que sur le potentiel, est indépendant de sa profon-

deur.

guel gqu'il en soit, on scustraira, en chagque point, la densité correspondant

& cette structure normale, de celle attribuée & notre modéle, la différence de

densité W devant seule intervenir dans les calculs.
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Potentiel

b4
Au point X, ¥, ho’ la contribution de 1'élément de volume de densité, W situé

en xyz, au potentiel est :

_ o dx dy dz 2 _ _ 2 _ 2 R 2
du £ 5 avec D {x xo) + (v yo} + (= ho) (1)

ou, si on pose :

2 2 2
r~ = (x—xo) + (y—yo) {(2)

O (x,y,2) d d o
u = é]ﬁ D (xcy,2) dx dy dz , {(en abandonnant l'indice 0 pour h
1/r2 + (z~h)2 lorsgu'il n'y aura pas de cenfusion

possible)

Pour une structure i deux dimensions, cylindrique indéfinie,cette formule

devrait é&tre remplacée par :

we=-2f |7 (x,2) togV %2 + (z-m)% ax dz (3)

Connaissant la valeur de la perturbation du potentiel u apportée par notre
modéle, on en déduit la hauteur [ du géoide, par 7 = g', oli g est la valeur nor-

male de 1la gravité, 980 gal ou, si on veut calculer [ en métres, u/{(0,98).

Cette formule néglige l'effet de 1'attraction de la tranche d'eau en plus
ou en moins gqui résulte de ce que le niveau de la mer se met en éqguilibre & la
hauteur 7. C'est une approximation justifide dans l'approximation plane, qui
s'applique & une structure de dimensions limitées (une ou quelgues centaines de

km), mais sur laguelle nous reviendrons plus loin.

Gravité

La composante verticale de l'attraction due au modéle, c'est-a-dire la mo-

dification Ag gqu'il apporte & la gravité est donnée par :

Ag = f U (x,y,z} (h-2) dx dy dz 4)
2 5 .3/2
r” + {h-z)

W est en fait un contraste de densité, comme il & &té expliqué page précédente
(¥.d.l.r.)
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Pour une structure cylindrique, 4 deux dimensions :

_ w (h-2) dx dz
Ag = 2 £ 5 5 (5)
x + (h-2)

On pourrait calculer ainsi la gravité correspondant aux mesures faites en
des stations d'altitude h quelcongue. Mais souvent le modéle ne représente que
tres imparfaitement le détail du relief, et on préférera comparer 1'anomalie
calculée, & l'anomalie de Bouguer. Cela conduit & n'effectuer 1'intégration qu'en
dessous de la surface Z = 0 (alors que, pour le potentiel, 1'intégration doit

évidemment porter sur la totalité du modéle) .

On a l'habitude aujourd'hui, dans les régions partiellement marines, d'uti-
liser l'anomalie & l'air libre en mer, l'anomalie de Bouguer & terre ; mais il

convient de préciser la définition de celle-ci.

En principe, l'anomalie de Bouguer s'obtient en appliguant & la valeur mesu-
rée, moins la valeur théorique de référence au niveau de la mex, trois correc-

tions :
1. la correction du plateau.

2. la correction topographigue pour le relief terrestre, dont on estime

souvent qu'elle peut &tre négligée, guand le relief est doux.

3. la correction topographique marine, c'est-i-dire 1l'effet de la substitu-
tion d'une densité 2, 67 & la densits de l'eau de mer (1,027) ; cette

correction peut étre considérable, 4 1l'approche d'un ccéan profond.

Si on veut passer de l'anomalie de Bouguer & l'anomalie & l'air libre, au
passage du littoral, sans discontinuité, il ne faut pas faire de correction de

topographie marine ; on utilise donc une pseudo-anomalie de Bouguer, s'écartant

au voisinage du littoral de la définition classique, mais beaucoup plus commode,

et de calcul, et d'emploi.

Le point de vue de l'isostasie

Pour que la compensation isostatigque locale soit réalisée en tout point, il
suffit que l'intégrale / @ dz appliguée suivant la verticalede. ¥, y,~soitnulle en
tout point. L'auteur qui entreprend une recherche géodynamique peut s'imposer
cette condition, mais il peut é€galement faire 1'hypothése gue l'éguilibre isosta-

tique n'est pas réalisé localement, pour tout prisme élémentaire. La croite ter-
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restre subissant, & sa base, une certaine pression de la part de l'asthénosphére,
cela revient 4 dire qu'il subsiste, pour chague élément de surface dx dy une
charge égale au poids de dx dy J @ dz non compensée, et qui se trouve supportée
gréce & la rigidité de 1l'écorce, qui est le siége d'efforts de cisaillement .
Nous allons chercher comment on peut calculer ceux-ci, leur grandeur pouvant
constituer un critére de vraisemblance, ou en tous cas une caractéristique du

modéle atudié.

Cas du modéle bidimensionnel’

Ce calcul des efforts de cisaillement est classique pour le modéle bidimen-
sionnel, oQ il reprend le calcul des efforts dans une poutre droite, (3 1'appro-
ximation de Saint-Venant). Cette poutre, horizontale, étant soumise & des efforts
verticaux, concentrés ou répartis, F (x), on montre gue l'effort tranchant, ou
cisaillement T, est tel que F = %E—, c'est-d-dire qu'on déduit T de la distribu-
tion de F, par une intégration, avec une constante déterminée par les conditions
aux extrémités ou aux appuis. La poutre transmet un "moment fléchissant" M, qui
est tel que T = %%-, et on obtient M par une nouvelle intégration de T, avec une
autre constante & déterminer. La courbure que prend la poutre est lide au moment
fléchissant M, par 1'élasticité, mais le coefficient, ou raideur de la poutre,
peut trés bien varier suivant sa longueur (de méme que la croiite terrestre peut
ne pas &8tre élastiguement uniforme, mais comporter des failles, ou d'autres par-
ticularités structurales). De la courbure, on déduit par une premiére intégration

la pente, et par une deuxiéme le déplacement vertical.

Il v a, dans ce processus, deux phases : le calcul de la distribution des
contraintes, puls celui des déplacements. Les conditions imposées 4 une poutre
(appuis, encastrement, etc...) peuvent &tre telles gu'elles soient inséparables,
et que les deux phases soient nécessaires pour obtenir la distribution des con-
traintes. Mais il n'en est généralement pas de méme dans le probléme gque nous
envisageons. Les conditions aux limites (décrolssance du cisaillement & 1'infini),
sont généralement telles gqu'on puisse se borner 3 la premiére phase du calcul,

concernant la distribution des contraintes.

Le calcul des déformations élastiques implique d*autres hypothéses, sur
1'élasticité de l'écorce, sur la dlstribution initiale des contraintes, etc...

Il sort du présent travail*.

X
Voir, 4 titre d'exemple : Jean GOGUEL. Gravimétrie et Fossé Rhénan. Gedenkbock

F.A. Veining Meinesz, Verhandeling v. het Nederlandsch Geologisch Mynebouwkundig-
Cenoctschap Gecl. ser Deel XVIII, 1957, p. 125-147.
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Détermination des cisaillements pour un modéle & 3 dimensions

Rappelons briévement que, pour une plague plane, sur laguelle on n'exerce
que des forces et non des couples, les éguations de 1'élasticité se scindent en

deux groupes.

D'une part, les forces et les déplacements dans le plan de la plague, les
compressions Tyq et Tyt le cisaillement P (Oz étant perpendiculaire 3 la pla-

gue) , obéissent aux équations classiques de l'élasticité & deux dimensions.

D'autre part, les forces et les déplacements perpendiculaires i la plague,
sont liés aux contraintes intérieures & celle-ci, non visées plus haut, par des

équations que nous allons étudier.

De ceci résulte que nous pouvons, & l'approximation plane - étudier l1l'ef-
fet des forces verticales sur la crolite, sans nous occuper des compressions hori-
zontales qui peuvent exister par ailleurs, et qui peuvent engendrer certaines
déformations tectoniques. Ceci est essentiel pour la considération de l'Isoéﬁan
sie. Cependant, 1l peut arriver gue la structure de la crofite soit telle gue la
compression horizontale engendre - par le jeu de failles obligues, ou d'une subduc-
tion - des déformations et des contraintes intérieures verticales dans la croftte.
Nous montrerons comment il peut en &tre tenu compte, sans entrer dans le détail

des hypothéses qu'on peut envisager 3 leur sujet.

L'axe z étant perpendiculaire & la plaque, les axes x et y dans son plan

médian, les forces f dx dy s'exercent, parallélement 3 0z, sur 1'élément dx dy.

Pour définir les contraintes intérieures, on coupe la plagque suivant un
contour, orienté dans le sens 0S, et on considére 1la normale-ag'a ce contour et
a 0z, telle que le triédre On sz solt de méme sens que Oxyz. Les forces qu'exer-
ce le cdté n positif sur l'élément ds du contour qui limite le reste de la pla-
que, se réduisent, pour ce qui nous concerne, & un cisaillement paréllélement a
0z, (Tds); & une torsion (Nds), dont le moment est dirigé suivant 1, et & un effort
fléchissant M, de moment orienté suivant Os (qui,s'il est positif, tend & pro-

duire une courbure convexe du cdté des z positifs).

On affecte de l1'indice x ces grandeurs, si la normale-ghest paralléle a

l'axe 0x, de 1'indice y’si.??est paralléle & Oy.

e P
Si n fait un angle ¢ avec 0%, on a :

T =T cCOS G + TY singa , N_=-N (6)



- 34 -

sin 2¢
X 2

=
1

. 2
M c052 o+ M sin o - N
X Y

(7)
sin 20
2

b=
il

N cos 20 + (M -N )
X X ¥

Ces éguations montrent : gue le cisaillement est défini dans le plan de
g
la plague, par un vecteur T de composantes Tx et Ty' I1 est nul sur la surface
paralléle & ce vecteur, et a la valeur T cos  sur une surface dont la normale

fait un angle w avec ce vecteur.

Les conditions 4'équilibre, avec les forces extérieures F, sont les sui-

vantes :

BTX BTY

W + —5-1}-—- + F =0 (8)
oM N N oM

i J— U S, | S 4 (9}

Nous n'aurons, pour l'instant, & considérer que la premiére de ces équa-—
tions, dont l'analogie avec la théorie de la poutre droite est évidente. Mais
nous avens affaire ici & des dérivées partielleg, c¢'est-d~dire qu'au lieu de
constantes d'intégration, nous deveons nous attendre & voir s'introduire des fonc-

tions arbitraires, & déterminer.

Des éqguations (7) et (1} on d&duit que, si :
= 2 2 02
w (xO yo) = o F Logr dx dy y = (x xo) + {y yo) , (10)

et si on poge T = ul - ;, T et Ty vérifient 1l'éguation 4d'éguilibre et

x 3x " Ty 3y x
correspondent & une distribution possible des contraintes.

Mais il faut en envisager d'autres. Si v =st une fonction harmonigue gquel-
congue dans le plan, Az v = 0, les cisaillements Tx = %% ’ TY = %g-, vérifient
l'équation d'équilibre en l'absence des forces extérieures F, et peuvent s'ajou-
ter a la distribution trouvée ci-dessus. Maig une fonction harmonique, ne présen-
tant pas de point singulier, augmente indéfiniment & grande distance ; cette so-
lution correspondrait & l'effet de contraintes exercdes sur une limite éloignée,
alors que nous avons toutes les raisons de penser que, l'éguilibre isostatique
€tant & peu prés réalisé, les cisaillements ne doivent pas augmenter & grande

distance. Nous pouvons donc ne pas introduire une telle solution.
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5i g {x,y) est une fonction gquelcongue, les contraintes

v = .32 T =29 (11)

vérifient 1'équation d'équilibre en l'absence de force F.

Cette distribution de cisaillements correspond donc aux contraintes qui
pourraient exister dans la plaque, en l'absence de forces extérieures. Elles
pourraient résulter du jeu de failles obliques, ou de subduction, sous l'effet
de compressions horizontales. Il pourrait également en apparaitre si,sous l'ef~
fet des cisaillements engendrés par la charge ¥, la plaque avait subi une défor-
mation permanente, par exemple le jeu d'une faille, figeée aprés un certain cou-
lissement. Des contraintes de ce type, qui, comme la fonction G, peuvent se dé-
velopper dans une petite zone, et décroitre & grande distance, peuvent donc par-

faitement avoir & &tre prises en comnsidération, mais seulement 4 la suite d'une

analyse dynamique de 1l'évolution de la croiite, qui so#t du cadre envisagé ici.

Les couples de flexion et de torsion, Mx’ My, NX sont directement 1liés &
la courbure (avec deux directions orthogonales de courbures principales de rayons
différents), prise sous leur effet par une plaque élastique uniforme. Nous ne
sommes nullement assurés que l'élasticité de la croiite soit isotrope et uniforme,
ni que les déformations qu'elle a pu subir soient élastiques. Nous n'aborderons

donc pas ici l'étude de la déformation de la plague qui schématise la croiite.

Nous pouvons retenir gue, pour une distribution guelconque des surcharges
F, que nous savons calculer pour notre modé&le, (et dont le champ d'application
est limité en étendue), il est facile de calculer, (par les équations {(10)}, un

systéme de cisaillements en équilibre avec F.

Mais il peut s'y ajouter un systéme de contraintes, {11}, largement indé-
terminé, qui peut avoir été engendré par une évolution géodynamique de la croiite,

et dont la détermination sort du cadre envisagé ici.

Calcul simplifié de la gravité et du potentiel

Revenons aux €quations (2) et {(4) - qui fournissent les valeurs du poten-

tiel et de la gravité.

Au moins en dehors du modéle - mais nous verrons plus loin que la méthode
peut s'appliquer également dans son étendue - nous pouvons les développer par

rapport & Z, ou par rapport & (Z—ZO}. Nous poserons pour cela :
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2 2 2 2
oo o= (X*xo) + (y-—yo) + (h—ZO)

Intégrant suivant la verticale, pour l'élément dx dy, nous verrons s'in-

troduire les expressions

- ] — I I
IO —j w dz Il = w 2 4z , I2 = wa 4z , 13 = w & dz (12)
) . h
et il wvient en posant cos § = E
I I, P, ({cos B; I, P (cos 8) I, 2 {(cos B)
0 171 272 373
duo = £ dx dy | — - > + 3 - 7 + ... (13}
P D o P
Ao - £ ax a ID Pl(cos 8) _ 211 P2(cos B . 312 P3(cos 8) ) 413 P4(cos 8) .
g = x dy > 3 7 5 .
e o P P

(14)

o Pm (cos @) est le polynéme de Legendre d'ordre m

(p,. =1, P, =cos B8, P =-% {3 c052 g~ 1}y , P. = (5 c053 B - 3 cos 8) etec...

1

1 2 3 Z

Ce résultat était prévisible, puisque notre calcul revient i considérer
une masse, puis un doublet, un triplet, etc..., ramené au point Zo' dont les

potentiels sont caractérisés par la fonction harmonique formée & partir de ces

polyndmes,

P
m

_m+1
p

Si on calcule IOI"" In pour ZO = 0, on en déduit immédiatement les va-

leurs I' pour Zon# 0 par la formule du binome.

2
| I LI —_ 1 - - 1 = -
IO IO . Il Il ZOIO ' 12 12 220 Il + IOZO ; I I 3ZOI +

3ZO Il-ZO IO {15)

8i, & grande distance, nous cherchons les valeurs de la gravité et du po-

tentiel au niveau de la mer, pour h = 0 , ZO = 0, les polyndmes de Legendre se

s s . . - 1 5 .
réduisent & zérco pour m impair, & 1, - 57 + gy - IE'EtC"' pour m pair, et les
expressions ci-dessus conduisent i :

T I 3rI 5 I
w=f —0-—2§-+——g~«--§+... ax dy (16)
p 2p 8 p 16 p
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I 3 I 5.6 L
Ag = £ -%-— _._§.+ —--—%-u coa | 8x dy (17)
p 2p 16 o

Il est clair que, & grande distance, €tant donnés les exposants de p en
déncminateur, on pourra se borner aux premiers termes de ces développements ;
d'une maniére plus précise, il suffit pour cela que p soit grand par rapport &
l'épaisseur de la crofite, sur lagquelle intervient 1'intégration des termes

In (er) -

Ces formules doivent permettre d'aborder 1l'étude de modéles & trois di~
mensions, dont les caractéristiques peuvent &tre résumées en chague point par
les valeurs de EO I1 . In. Celles—ci étant données, le calcul deg intégrales

(16} et (17) sera facile & programmer, terme par terme. L'intégrale IO n'est au-
tre que la charge non compensée F, qui intervient dans le calcul des cisaille~

ments.

A titre d'exemple, et pour fixer des ordres de grandeur, calculons les
texrmes I pour un compartiment terrestre d'altitude h, compensé dans le systéme

d'Airy - 30 km :

I.=0, % =2,67Th [30 + 2,725 h] , I

1 = 2,67 h [900 + 30 x 4,45 h + 6,268 h2]

(18)

2

A premiére vue, les formules {16) et (17) ne paraissent pas pouveir s'ap-
pliquer dans l'étendue du modé&le, ol les I ne sont pas nuls, & cause des puis-

sances de p en dénominateur. Mais il faut y regarder de plus prés.

Revenons donc aux formules (13) et (14), en ne supposant plus h (ou h + Z)
nul, mais petit et égal & e. Dans les formules con posera p = e/cos B, et nous

aurons & intégrer des termes de la forme :

n+l +
In Pn cos 6/e ou In Pn+i cos 8/e

Si I est constant, c'est-&-dire si on a affaire & un feuillet multipolai-

re uniforme, on sait gqu'un feuillet de densité uniforme I, produit une attraction

O

Ag=27E€¢ IO’ uniforme, et donc un potentiel lindaire 27 £ I, % e, et gqu'un

o
feuillet dipolaire Il uniforme, produit un potentiel uniforme 2 7 £ I, et un

champ Ag nul, des feuillets uniformes d'ordre supérieur ont un effet nul.

Pour e petit, l'intégration pour la singularité située au voisinage de

l'origine fournitdonc ces valeurs. Si IO ou I1

calculer a part l'intégration de la différence entre EO cu Il’

ne sont pas uniformes, on pourra

et leur wvaleur au
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point pour lequel se fait l'intégration ; cette différence étant nulle en ce

point, cette deuxiéme intégration ne donne pas lieu & singularités.

Si n_i 2, 1 et g sont nuls si In a une valeur constante ; mais il faut
se préoccuper des variations de cette grandeur. Si elle est continue et dériva-
ble, on développera en série de Taylor sa valeur moyenne I sur un cercle de rayon
r=etg O =& e. Seules, les dérivées paires intervenant dans ce développement

(que nous pouvens supposer ccnduit par rapport & £), on aura donc & intégrer des

expressicns de la forme suivante : {(n étant égal a3 mou am ~ 1) :
Ian(cos 8) LS e2 82 E; e4 84 E;
'——'—m:'I——'dS=2’TT In(0)+——- > +m— 7 + ...
0 2 9E 41 3§
= -1
Pm V1+E ) 5
p— e” & dE (19)
em+1 (1+52) 2

dont on voit immédiatement que les termes résultant de la variation de I restent
finis guand e tend vers zéro, tant gque m n'est pas supérieur i 3 et ne donnent

nulle part de résidus au voisinage de l'origine.

Par contre, si I n'est pas dérivable, ou présente des discontinuités,

nous ne sommes pas strs de pouvoir conduire cette intégration.

81 le modéle envisagé comporte des discontinuités des fonctions I, on peut
en donner au modé&le approché continu, augquel on appliquera la méthode simplifiée
d'intégration, et un modéle correcteur, égal i la différence du modé&le initial
et du modéle approché, auguel on peut appliquer la méthode compléte d'intégration.
Bien souvent, si le modéle approché est convenablement choisi, on pourra s'ar-
ranger pour que l'effet du modéle correcteur scit presque partout négligeable,

sauf au voisinage de la discontinuité.

Lorsque nous étudierons, plus loin, un modéle sphérique de la Terre, nous
admettrons gqu'il en est ainsi, et gque l'effet des irrégularités de distribution
de densité dans la crolite, peut se réduire & l'effet de feuillets multipolaires,

de puissances variablesg, situés immédiatement sous la surface.
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Développement en série de Fourier d'un modéle plan

Mais auparavant, il est intéressant de mettre en évidence l'effet sur le
potentiel et sur la gravité, des wvariations latérales de la puissance d'un feuil-
let, dans le cas particulier oG celle~ci peut étre développée en série double de

Fourier, c'est-d-dire en une scmme de termes tels que

I = A COoS Ux Cos VY (20)
On sait gue la fonction :
- 2

U =1 e P2 cos ux cos VY,pP = u2 + v2 (21)

est harmonique ; il est facile de déterminer, par récurrence, le facteur dont
cette expression doit étre affectée, pour représenter soit le potentiel u, s solit

la gravité g, pour un feuillet de puissance In donné . On trouve ainsi

u., = gﬂé-x P, g arf - ¢ =u,, g, = 2rf .p. P,
° »p 0 o (22)

2t p2 Y =u

fl

o
]

_ 3

Si les largeurs 4d'anomalie, %-et %—et donc é-sont grandes par rapport &
l'épaisseur de la crofite, qui intervient, approximativement, par sa puissance n
dans In' les coefficients diminuent guand n augmente, et on pourra se borner a
considérer les premiers moments. Cet exemple montre trés clairement comment,
pour des feuillets multipolaires dont l'effet est nul lorsgu'ils ont une puis-
sance uniforme, les variations latérales entrainent des wvaleurs non nulles, tant

pour le potentiel gue pour la gravite.

Etude de modéles sphérigues

Par rapport au modéle idéal de Clairaut, les irréqularités de distribu-
tion de densité sous la crofite ne sont pas les seules causes d'écart. En effet,
ce que l'cn sait de la forme du géoide fait appraitre que, en dehors des cor-
rugations locales (mises en évidence par la seule altiméitrie par satellites),
qui peuvent &tre interprétées & partir des irrégularités crustales - {sans en
exclure des subductions, telles que celles des surfaces de Benioff), il existe
de larges ondulations, dont l'amplitude atteint une centaine de métres, qui

sont bien mises en &vidence par différentes méthodes : gdodésiques (déviation
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de la verticale) gravimétriques (formule de Stokes), et par l'étude des pertur-
bations des orbites des satellites {(développement en harmonigues sphériques du
potentiel), ainsi que par l'altimétrie. Ces larges ondulations paraissent sans
rapport avec la topographle et les structures crustales. Elles impliquent donc

un autre type d'écarts au meodéle hydrostatique de Clairaut.

Nous allons étudier un modéle, gui envisage pour leur origine des fluc-
tuations de densité dans le manteau. De telles fluctuations, contraires & 1'é&qui-
libre hydrostatigue, peuvent &tre lifes & des courants de convection. Maisg, étant
dommée la lenteur de ceux-ci, leur existence n'est nullement en contradiction
avec un équilibre hydrostatigue instantané, & d'autres niveaux, que nous suppose-

rons réalisé par hypothése.

Il faut donc envisager un globe en éguilibre hydrostatique formé de plu-—
sieurs couches de densités écheleonnées. Puisgue nous faisons abstraction de la
rotation, les interfaces sont des sphéres concentrigues, et il y correspond un

potentiel de pesanteur et une distribution du champ de gravité, g,dont le calcul

est imnédiat.

Pour ajouter une distribution de densités anormales, positives ou négati-
ves, nous les supposerons distribudes sur une sphére de rayon b, cette distribu-
tion étant représentée par un développement harmonique. Il n'y a pas & considé-
rer de terme Po (constant), puisque l'effet d'une couche uniforme serait inclus

dans le modéle précédent,

Un terme du ler ordre, aurait un effet du méme ordre sur la surface du
géolde, qui se réduit & un déplacement du centre de la sphére, que nous n'avons
aucun moyen de mettre en évidence. Nous pourrons donc Stre amenés & le poser
égal a =zéro. ’

S5i on voulait supposer une distribution de densités anormales sur plu-
sieurs sphéres de rayons différents, il suffirait de calculer séparément leurs
effets et de les ajouter ; et, bien entendu, toute masse perturbatrice ponctuel-

le est équivalente & une sphére de méme masse centrée sur le point.

La méthode que nous allons utiliser serait applicable 3§ un modéle compor-
tant un nombre quelcongue de couches de densités uniformes. Pour alléger le cal-
cul, nous nous bornerons & considérer un manteau et un novau. En lui attribuant
son rayon vrai, ¢ = ¥y a, avec y = 0,545, on reprecduit la densité moyenne vraie
et le moment d&'inertie en prenant pour densitéds me = 12,2 dans le noyau,mﬁ = 4,217

dans le manteau. Avec le rayon de la surface a = 6371, on a g = 980 gal, et

la gravité 4 la limite du novau, 9o = 1182,7, Posant r = p a,on trouve immeédia-
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tement les expressions du potentie]l i l'extérieur, dans le manteau et dans le

noyau :
1 1 2
U = 6,244012 x — , U _ = 1,464619 x — + 7,169089 - 2,389696 p
ext o} m P
{23)
U = 92,36601i8 - 6,913515 p2 (en 106 gal x km)
c

A ce modéle nous ajoutons des masses perturbatrices, sur une sphére de
rayon b = B.a, B &tant compris entre y et 1, nous posons leur masse par unité
de surface égale & :

T _n
Pour tenir compte de l'existence de ces masses, et de leurs effets indi-
rects - déformations de la surface et de la surface du noyau, il faut ajouter au

potentiel envisagé ci-dessus, un potentiel complémentaire qui peut s'dcrire

W=7 g [q‘mn 2 rgr " Qil]3pmn (8,¢) (24)
nm r

On posera :

- (m+1
qmn _ q,mn S , an _ Q,mn a {m+1} (25)
pour écrire :
o n
wu=I% |q"p" +—=p" (6,0 (26)

g et Q sont écrits ici & la place des coefficients valables dans les différentes

couches concentriques

P ou Y B i

q : £ g
o : 0 G H J

_ . . . n R n .
Pour déterminer ces coefficients, qm en fonction de um ; 11 nous faut
d'abord écrire gue les surfaces de séparation sont des équipotentielles, ¢'est-

a~-dire, si 2 (6,9) est la quantité dont se souldve cette surface :

u =gz (z_ ou Za} (27)



- 42 -

D'autre part, ce soulédvement introduit un bourrelet de matiére, de densi-
té mé - mﬁ , ou Eh dont il faut tenir compte dans les raccordements des poten-'
tiels de part et d'autre : si les valeurs du potentiel sont identiques, de part

et d'autre du feuillet, son gradient présente une discontinuité :
Ag = 4mf . zZAW (28)

Cette expression est aussi walable au niveau b des densités perturbatri-

ces.

En écrivant chacune de ces équations, pour les trois rayons ¢, b, a, on:

_— . n . ,
peut obtenir les coefficients fm"' Jm en fonction de pm . En pratigue, il nous
suffira de calculer J pour obtenir le potentiel extérieur, et donc 7z, c'est-a-

dire la hauteur du géoide.

Nous devons calculer également la valeur de la gravité au niveau du géol-
de. A l'approximation oG nous nous plagons, son €cart par rapport & g, ©u ano-
malie Ag)correspcnd d'une part, au gradient du potentiel complémentaire u, et
dfautre part, au fait gqu'a l'altitude 2, la gravité du modéle sphérigue se trouve
diminuée de 2 x 980 —g d'olt :

n n [ m+1 2

Ag=fspPgl(EL_2) _pyppngnlml (29)
m jt1] a a m m =3

Le systéme de ces six équations s'écrit :

G
(1) foegm=——=0
2m+1
v
{(m+1)

(1) f (m-K1) mg + St 1 0

G H
D9 % oy T T ot T O

{30)

{m+1) m+1 X3 m
(V) mg - S G -mh T BT

B B 8
(W) h+H-J=20

(VI) mh - (w¥+l) BE + (m+1-K2) J

]
[
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o n
en sous-entendant -les indices o et en posant

anf a (EE—BQ) Y
Xl = = 1,963169
gC
47f a Eﬁ
K2 = ————— = 2,296468 (31)
gO
K3 = 4nf a = 533,682

L'élimination des cing premiéres inconmues se fait facilement, par ad-

dition des éguations multipliées respectivement par :

{I) x (*m+K1)) (ITI) x (Kl-mC1l)

. 18 2mt+1

(2m+1~KI)(—) + K1
(IV) ¢l = ZmII s (V) x (Kl-mC2) (32)

{(2m+1-K1)

2L + Kl
(vi) c2 = 2m+1l
et on cobtient ainsi :
n n C1 K3 Y2m+1
J =1y (33)
m mom1 K1 K2 (1-y°=Fly
B 2m+1-K1-K2 + T

D'ol les expressions de la hauteur du géolde et de l'anomalie de la gra=-

viteé
g " 1000

Z (en métres) =3 5 —%—p O Ag (en milligals) = —— I I (m-1) J " p ©
0,98 "m ! a m m

(34)

Le facteur m~1 dans la seconde, montre pourquoi la forme du géolde est plus
sensible que la gravité, pour mettre en évidence des ondulations de grandes lon-
gueurs d'onde, qui sont d'ailieurs les seules sensibles a des irrégularités de

densité profonde dans le manteau.

C'est ce que met en évidence la valeur des coefficients Zn/um et Agn/um,
calculées pour différentes valeurs de B et de m,qu’indique la figure 1 gqui don-
ne , en fonction de B, les log des coefficients multipliant les coefficients du
développement harmonique (@6crivant la distribution des masses sur la sphére de

rayon b = B a). On voit que ces coefficients ne diminuent avec B d'une maniére
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notable que pour m élevé. La convergence de la série ne sera donc pas tré&s rapi-

de.

On a fait le calcul de Z et Ag pour une masse ponctuelle M = 106 {ou une
masse sphérique, qui aurait un rayon de 133 km pour une densité 0,1), pour les
rayons B = 0,6; 0,7; 0,8 et 0,9, bien que la convergence dans le dernier cas soit
trés lente. On sait que le développement de cette masse en harmoniques sphériques
est donné par :

M T 2m+1

4T Pm (35)

expression gui n'est pas convergente, mais dont on tire des expressions conver-—

gentes pour tout rayon différent.

Comme il a été expliqué plus haut, on n'a pas tenu compte du terme m = 0,
qui intervient dans la masse totale de la Terrxe, ni de m = 1, qui revient & un
déplacement du sphéroide de référence, et gu'il n'est donc pas possible de met-

tre en évidence.

Les figures 2 et 3 indiquent les résultats de ces calculs. A titre de
comparaison, on a refait le m&me calcul pour B = 0,6, en supposant le novau ri-
gide. X1 suffit, pour cela, de remplacer K! par zéro, dans les formules ci-des-

sus (Fig. 4 et 5).

On a aussi refait le calcul, pour un globe rigide, en plagant la masse M
aux rayons B = 0,6 et 0,9. Les calculs de la dénivellée du géolde - qui, ici,
est une équipotentielle, & laguelle n'est attachée aucune variation de densité,
et de 1l'anomalie de la gravité sont tout & fait élémentaires. Mais, pour les
rendre comparables & celles calculées précédemment, il faut les débarasser du
terme d'ordre zéro du développement harmonique, qui est une constante égale A
l'effet d'une masse M placée au centre, et du terme du premier ordre, qui est

l'effet d'un dipole central de moment M B a. D'oll les formules

7 = —= f1 1 -8 cos 9)} Ag = 100% £ coz(l -1 - 28 cos & (36)
ax0,98 \d a ad

. a . 8
en posant : d =‘J1 + 82 - 2B cos 9 2222 . E1N

B a

Les résultats de ces calculs sont indiqués par les figures 4, 5, 6 et 7.
On voit que, pour B = 0,6, le fait de négliger la fluidité du noyau entralnerait

une erreur atteignant 20 %, mais qui serait sans doute moindre pour B plus grand.

L'erreur entrainée par l'assimilation du globe & un corps rigide est plus

forte, et d'autant plus que B est grand.
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L'amélioration qu'on pourrait en attendre justifierait-elle que l'on ser-
re de plus prés la loi de variation de la densité dans le noyau, en multipliant

les surfaces de discontinuités ? Je laisse au lecteur le soin d'en juger.

Les fonctions représentées par ces différentes courbes pourraient &tre
utilisées pour cbtenir, par comveolution, 1'effet, en Z et Ag, d'une distribution
quelconque de masses sur une sphére de rayon b = B a ; mais en fait, c'est le
probléme inverse qui se pose : connaissant 1'amplitude des ondulations de grande
longueur d'onde de la surface du géoide, en déduire les magses, non en équilibre
hydrostatique,qui peuvent les avoir engendrées, ou en d'autre terme, 1'amplitude
des fluctuations de densité moyenne, sur des distances de l'ordre du millier de
km. Nous avions abordé ce probléme dans un travail antérieur, sur lequel nous ne

. x
reviendrons pas ~ .

Modéle sphérique de crofite

Nous allons reprendre 1'étude des anomalies de la pesanteur et de la dé-—
formation du géoide, résultant d'une crofite, en équilibre isostatique ou non,
mais cette fois, en tenant compte de la courbure de la Terre. Cela ne présente
d'intérét que pour des structures étendues, dont les dimensions sont grandes par
rapport & l'épaisseur de la croite., L'emploi du modale gimplifié, envisagé pré-
cédemment, est donc tout indiqué. Nous supposerons donc, suivant la surface du
globe, des feuillets, simples ou myltipolaires, dont 1l'intensité o“ Iﬁ Zp est
définie en chaque point par les intégrales é&crites plus haut (12). Nous suppose-
rons chacun de ces feuillets, d'crdre o, développé en série d'harmoniques sphé-

rigues. Mais il nous faut auparavant préciser leur définition.

Il n'y a aucune difficulté & définir un feuillet de densité superficiel-
le gMs au rayon a, et & écrire l'expression de son potentiel et de son champ de

gravité extérieur.

EEJean GOGUEL. Une estimation de l'ordre de grandeur des fluctuations de densité
dans le Manteau d'aprés la Gravimétrie, Bull. Géodésique. Nelle Série 1967, n°®
85, p. 289-300, 4 fig..
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Soit :

n_n
oH =1L i oMm By (98 (37)

la densité d4'une couche & la surface, de rayon a. Pour un rayon ¢ différent de a,

la distribution de la méme masse correspond 4 une densité :
n a
2 38
X oM q2 (38)

lagquelle produit un potentiel, et un champ de gravité, dont les expressions sont/

a l'intérieur :

n a2 1 rm n
u, = 4mf L L U4 —= P
int O m q2 el qm—l m
n a2 m rm;i n =2
Iine = " ATE 2 T G0 =5 T m
o 2mtl g
et & llextérieur :
n a2 1 qm+2 n
u = 47f L X U —
ext 0"m q2 ok m+l m
(40}
g = 4mf L T nnéim+lxqm+2 n
ext 0 q2 omtl m+2 m
et au niveau du feuillet (r = g = a)’
bu=0, Ag=ane 2 I u” Pmn=4'fo ot (41)

on obtient l'effet d'un feuillet dipolaire en dérivant ces expressions par rap-

port a p :
n mt+l a2 " n

u, = -4 Z I U

int 1 P qm+2 m

(42)
2 m-1
_ . n m{mtl) a” r

Iint = 4T Ll s w3 Tm

2m+1 q
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et & l'ewtérieunr :

nom atd™ ! _ g
u =4pf L ¥ 4 P
ext 1P m omtd rm+1 m
{43)
2 m-i
n mimti}) a g n
g =4rf 2 E ,q P
ext iYm omal rm+2 m
et au niveau du feuillet (r = g = a)
Ai=4gf 5 % ,pu " P % = anf Ag = 0 (44)
u 1tHp Fm T TR qH ;A9

Pour un feuillet tripolaire, il suffit de dériver par rapport & q les ex-—

pressions (42) et (43) pour obtenir :

2 m
n {(mtl) (m+2) a~ r n
u, =47f ¥ L
t
in 2 m dme1 qm-i-3 m
2 m-1
+ +
qint =-4mt LI 2pmn e Intd) 2 ;+3 Pm
2m+1
n m{m-1) a2 qm_2 n (4s)
u =4nf T L LU ' P
ext 2 omid rm+1 m
2 m~2
- n m+tl)mm~1) a g n
Text ~ anf I L oHp n Z  'm
Zm+1 r
Et, au niveau du feuillet, pour a =g =r , on a :
2 n n 2
Au = - 47€E EZZzum Pm—-41Tfa oM
(46)
_ n m{mtl) n
Ag = 4L T X oW - Pm
Pour un feuillet quadrupoclaire, dérivant encore une fois par rapport & g les
expressions (45) on trouve
n (mtl) (mk2) mt3) a> r° o
u, = - 4mf § ¥ .y o s el MO P
int 3m m+4 “m
2m+1 q
2 _m-1
_ n m{mrl) (m+2) (m+3) a° r n
Jint - WELZ L 5 m o4 m

2m+1 o]
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2 m-3
Uy = 47E I L 3pmn BRI 2 rqn+1 Pmn
* 2m+1 r
2 m=3
N n (m+lim{m-1) (m-2) a g n
Toxr = 4TF L2 gy m 2 ‘m (47)
2m+i r
Et au niveau du feuillet, pour r = g = a :
n (m2+m+6) n
Au=4'rrf223um “—az—}?m
(48)
_ n m{m+l}.4 n
Ag = amf T T ML —————a3 Pm

On se souviendra que les moments P - polaires de la croiite, croissent
tout au plus comme une puissance (P-1) de l'épaisseur de la crotite, et on voit
que l'influence de ces feuillets décroit rapidement, tant que %} c'est-a-dire la
largeur des structures envisagées, n'’est pas de l'ordre de l'épaisseur de la
crofite. Ce dernier cas reléve des modéles complets & 1l'approximation plane, mais
tant gue nous envisageons des structures régionales étendues, de dimensions nota-
bles par rapport 3 l'épaisseur de la crolite, ces formules montrent gue 1l'influen-
ce des feuillets diminue rapidement guand leur ordre augmente. La pulssance du
feuillet d'ordre 0 (masse), est nulle si la compensation isostatique est réali-

s5ee.

8i elle ne l'est pas, la limitation de l'effort de cisaillement que peut
supporter la crolte (voir, ci-dessus, équation 10) signifie que oH ne peut étre
de signe constant que sur une étendue trés limitée, et doit avoir une moyenne

proche de zéxo sur une étendue notable.

Nous aurons donc surtout & considérer l'effet du feuillet dipolaire, de
puissance fonction (pas exactement linédaire) de l'altitude, qui représente 1'ef-

fet du mode de compensation isostatigue.

Prise en compte de l'éguilibre isostatigue & l'échelle du globe

Comme nous l'avons fait précédemment, pour les fluctuations de densite
dans le manteau, nous allons chercher comment 1'éguilibre hydrostatigque du globe
modifie 1l'expression extérieure du potentiel et de la gravité qui aurait été

provoquées par des feuillets mono, ki, tri ou tetrapclaires placés & la surface.

Des expressions ci-dessus 11 suffit de retenir l'effet de l'ensemble des
feuillets considérds, d'une part comme introduisant une discontinuité dans le

potentiel, d'autre part dans la valeur de gravité. Posant :
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bu=2z @ Ag=LF 2" p (49)
mn
Oon a :
n n 2 n m +m+6 It
Oy = ATE L - T oMy 5 3Wp
a (50)
n _ n m{m+1) n dm (m+1} n
P T ATE Loy 2 2 3 3t T

On considére d'abord le méme modéle gue ci-dessus, qui tient compte de
1'équilibre hydrostatique entre noyau et manteau. On fera g = h et G = H, ce gui
réduit le systéme (30) & quatre équations, que 1l'on obtient en écrivant les re-
lations entre potentiel et gravité au niveau de la surface du noyau ; et en in-

troduisant, aux deuxiémes membres, les discontinuités Au et Ag calculées ci-

dessus
G
£f-qg - Sl 0 {(I)
(m+1}G _
f (m+X1l) + mg ol 0] (I1)
Y {(51)
-g-G+J =29 {(IIT)

1

- mg + (m+l) G - (m+l+K2) J = a ¢ (IV)

2

Comme précédemment, on trouve facilement les multiplicateurs A, B, C, D,
tels que f,g et G soient éliminés de la combinaison & (I) + B (II) + C (III) +
D (IV).

On peut prendre

B = 1/ A =m + Ki , C=-mDl - K1
Zm+1+K1 (52)
Y2m+1 Kl

Pl = = ’

et on obtient la valeur de J :

. _ Il
; n_ (mDi+K1) IQm - D1l . a . 2@m (53)
m (2m + 1 + ¥2) D1 + i
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De J on tire les valeurs de Z et Ag par les dquations (34).

Avant de discuter cette expression, il est intéressant d'examiner un au-
tre modéle. Des calculs ci-dessus résulte gque la fluidité du novau a peu d'in-
fluence sur l'effet des masses superficielles. Nous considérons donc un modéle
4 noyau rigide, mais ol nous schématiserons la wvariation des densités dans le
manteau, par une discontinuité & 500 km de profondeur, la densité passant de 3

4 4,3. On trouve pour la gravité & ce niveau : g = 1017,6; Ap = 1,3 ; 3 la sur-

face, la gravité reste g = 980, Aw = 3.

Comme ci-dessus, on écrit les équations

~Etrg+ mrl 0 ()
Y
. (m+1) G _
f {(m+tK4) - mg + W =0 (1I)
Y (54)

mg - (m+l) G + (m+i4+K5) T = - a @2 {IV)
avec :

_Anf a x 1,3 xY _ _dnf xax 3 _
R4 = 1017,6 = (0,628280 ; K5 = ~— 80,2 1,633368 {(55)
et on obtient, comme ci-dessus

n n 2m+1+K4 x4
(mD2+K4) ¢ - D2 a & 2m+1l

J n _ 1'm 2'm D2 = Y (56)
m {2m+1+K5) D2 + K4 | 2mt1

Que ce soiit avec cette expression, ou celle trouvée ci-dessus (53), nous

avons pratiquement deux cas & envisager dans la discussion.

Pour des structures d'échelles continentales, la compensation isostatique
est & peu prés réalisée, et nous n'avons guére & envisager que le moment dipo-
laire LI fonction (non exactement linéaire) de 1l'altitude. Les formes des
continents sont telles que le développement harmonique comportera des termes

d'oxrdre m faible.

Les valeurs de coefficients de lumn dans les expressions (34) sont indi-

gquées par la figure 8,



Si on se souvient que L est de l'ordre de 300 ; pour un continent moyen,
en contraste avec la profondeur moyenne océanique dans le systéme Airy 30, il
apparait, étant donnée la faible marge de variation de ces coefficients, qu'il
faut s'attendre 4 voir la forme du géoide suivre l'allure générale du contraste
océan-continent, avec une amplitude de l'ordre d'une dizaine de métres. En fait,

d'autres influences masquent, sur les modéles existants, cet effet.

Pour la gravité, les harmoniques fondamentaux disparaissent, et la cor-
rélation avec la forme des continents doit &tre beaucoup moins nette ; la dizai~
ne de mgal que nos calculs font prévoir pour m = 8 & 10 doit &tre masquée par
d'autres variations et peut-&tre aussi par la faible précision des mesures ds la

gravité en mer.

La corrélation que les calculs précédents mettent en évidence, entre ia
forme générale des continents, d'une part, la forme du géoide de l'autre - (et
accessoirement la distribution de la gravité) -, mérite une certaine attention.
Une theéorie simplifide, qui revient & considérer le rayon de la Terre comme in-
fini, l'aurait fait méconnaitre ; malgré 1'incertitude qui ré&gne sur le mode
exact de compensation, c'est-a-dire sur la relation entre 1l'altitude et le mo-
ment dipolaire 1K cet effet devrait pouvoir &tre retrouvé sur les modéles glo-

baux du géoide.

=

Pour les structures de faiﬁle étendue, qui correspondent 4 des valeurs
€levées de m, nous avons vu plus haut que le coefficient liant la dénivellée du
géolde au terme dipolaire qui exprime la hauteur du relief pour une croiite en
équilibre isostatique, est une constante, et que 1l'influence sur la gravité est
nulle (faisant abstraction de l'effet secondaire did & 1l'éguilibre hydrostatique

dans le manteau supérieur),

Quant aux irrégularités d'ordre supérieur (représentées par les variations
des moments tripolaires, 2u;quadripolaires 3H ete...) , on a va (46, 48) qu'ils
comportent un facteur de l'ordre de 270ﬁ g-est de l'ordre de grandeur de la lar-
geur des anomalies représentées ; et les valeurs successives de 1M oM gH gte...,
croissent au plus d'un facteur de l'ordre de l'épaisseur de la crofite. Tant que
la largeur %-reste notable par rapport & 1l'épaisseur de la croiite, l'effet de

ces irrégularités de structure reste donc négligeable,

Si on se place' & une plus petite échelle, celle de dix & 100 km, ol ces

irrégularités peuvent jouer un rdle, il faut revenir & 1'approximation plane, et

faire le calcul complet, de Z et Ag, 3 partir d'un modéle détaillsé,
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A l'échelle de 100 & 1000 km, la méthode simplifide & l'approximation
plane peut &tre utilisée, aussi bien gue les formules sphériques, mais ces der-
niéres exigent le déwveloppement de structures en série d'harmoniques sphérigues,

ce gui alourdit singulidrement le calcul.
Conclusion

Il est nécessaire de revenir sur l1'objet essentiel de ce travail, qui ne
doit pas &étre masqué par des calculs, dont l'ocbjet est surtout de justifier la

légitimité des méthodes proposées.

Dans les ondulations de grande longueur d'onde du gécide, un facteur es-
sentiel doit &tre les fluctuations de densité dans le manteau, que nous pouvons
supposer en relation avec des courants de convection., Mais il faut s'attendre &
y trouver aussi un terme, masqué par le précédent parce gue beaucoup moins impor-

tant, lié & la foxrme générale des continents et 4 leur mode de compensation isocs-

tatique.

I n'y a, en pratigue, pas de difficulté a séparer des précédentes les on-
dulations du géolde de faible longueur d'onde afin de les utiliser, concurrement
aux anomalies de la gravité, en vue de contribuer & la connaissance de la struc-

ture de la crofite.

Pour ce faire, la procédure est nécessairement indirecte, c'est-d-dire gu'on
doit se donner, par des considérations structurales, sismigques, thermigues,

ete... un modéle de distribution des densités,

De ce modéle, nous avons montré comment on doit tirer, non pas la seule
distribution de la gravité, mais celle de trois grandeurs : la gravité, la hau-
teur du géoide, et la valeur du cisaillement supporté par la crolite, gui serait

nulle si 1'éguilibre isostatigue était réalisé ponctuellement (comme le sup-

posaient les mocdéles classigues, tels gue Alry ou Pratt).

I1 reste & comparer la gravité et la forme du géoide aux données dont on

dispose &4 la suite des mesures directes, qui pour le géoide résultent de mesures

altiméiriques en mer & partir de satellites,

Quant au cisaillement supporté par la croiite, on s'assurera gue ses va-
leurs ne croisgsent pas d'une maniére invraisemblablé ; ¢'est une maniére de ren-
dre compte d'un éguilibre isostatique régional, sinon local. Bien que nous ne
puissions pas, ici, indiquer la valeur du cisaillement qui ne peut &tre dépassée,

la considération de celui-ci, qui élargit et assouplit la notion fondamentale
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de 1'équilibre isostatique, est une contrainte essentielle qui ne saurait &tre
négligée.

Le modéle de structure gue l'on s'est donné doit, bien entendu, &tre cor-
rigé en fonction des contrdles, par les mesures de gravii€ et de hauteur du gé-
olde, qui wviennent d'étre indigqués en procédant par approximations successives.
Quant aux bornes qu'on se fixe pour les valeurs du cisaillement, c'est en géné-

ral dés la conception du modéle qu'il y aura lieu de les prendre en compte.

Il existe actuellement des programmes qui permettent le calcul de la gra-

vité pour des modéles & deux dimensions, méme trés compliqués.

Il nous paralt souhaitable de passer 3 des modéles & trois dimensions,

quitte & se contenter de l'approximation indiquée ci-~dessus, (formules 12 i 16)
en tous cas & distance, et peut &tre sauf au voisinage immédiat de certaines dis-

continuités,

C'est dans le cadre de tels modéles que seront utilisdes au mieux les
domnées fournies, par les valeurs connues de la gravité, d'une part, et la hau-

teur du géolde en mer, déterminde par altimétrie, de l'autre.

Mars 1980
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COMPARISON CF FIVE LACOSTE-ROMBERG GRAVITY METERS ON THE BELGIAN GRAVITY NETWORK

. . X
C. Poitevin, B. Ducarme*x

SUMMARY: In 1878a twoweeks gravimetric campaign established a new first order
belgian network. Forty two stations were observed by means of five LaCoste-
Romberg gravimetsrs.

In 1878 the Brussels absolute station has been connected to two
ather absolute gravity stations i. ¢. Paris and Wieshaden.

The behaviour of the gravity-meters is discussed hersafter.

* Institut Géographique Naticnal - La Cambre - Bruxelles

xx Chercheur gualifié au F.N.R.S. (G.R.B., U,C.L.) - Bruxelles
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1. Introcduction

In april 1878, the National Ceographic Institute and the Royal Obser-
vatory of Beligium established & new first crder gravimetric network covering
Belgium and the Great-fQuchy of Luxemburg.The former ane had been surveyed by
L. Jones in 1947 and 1948 with a Nbrgaard instrument and was characterized by
a standard deviation of 0,35 mgal (Jones L., 1948). With modern instruments
like LaCoste-Romberg model D or & it is pessible to achieve a precision at least
ten times better. With the kind cooperation of the Belgium Metrologic Service
and of the Laboratories of Civil Engineering of the Catholic University of touvain
(table 1) we put together five LaCoste-Romberg (LCR) gravity meters for a two
wesks campaign.

For the reduction of those observations a programs package was designed
for an automatic handling of the data. It will save much time and manpower
during the future network densification. This standard scheme for reduction
of the data is based on a carefull study of the methods of measurements, of the
properties of the insiruments and of the tidal corrections to be apnlied.

It leade to the creaticn of a gravimetric data bank. In order to check the scale
factor of our network, the fundamental station of Brussels has been connected

in may 1878 to two others absolute gravimetric staetions 1. e. Paris and Wiesbaden.
Amang the five LCR gravimeters used for this missicn, three toke part also to the
1978 campaign. It was thus possible to compute the scale factors of the other

gravimeters by comparison.
2. The Network

The territory of Belgium anc the Great-Duchy of Luxemburg was covered
by thirty six more or less equally spaced gravity stations. The mean distance
between them 1s about forty kilometers. During the campaign six auxililiary
stations were aobserved and a total number of 323 gravity differences measured.

The site selection was based on the accessibility and on the expected
stebility for the next ten years. In order to get preliminary values of the
gravity differences a guick survey was carried out with a Worden gravimeter.

At that stage we eliminated some noisy stations specially in the coastal and

industrial areas. Pictures, sketches and station descriptions were elso available.
On each measuring day we observed seven to gight points along & loop of

some 400 km. It toke twelve to fourtsen hours. Each lcop shared at least two

stations with adjacents loops (fig.1). The epoch of the two weeks campaign

(April 417 - May 2, 1978) was imposed by the disponibility of the five instruments.

Happily we enjoyed a period of good weather without storms.



TABLE I: THE INSTRUMENTS

LCR INSTITUTIONS 1st ORDER ABSOLUTE
NE TWORK TIES
3G Royal Observatory of Belgium X
lent by U.S.A.F.C.R.L.
8 G Rayal Observatory of Belgium %
lent by U.S.A.F.C.R.L.
338 6 Royal Observatory of Belgium X %
434 G Universidad Complutense of Madrid X
487 G Service of Metrology X X
31 D University of Louvain and of Liege ® X
32 D National Geographic Institute X

_09_.
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All the gravity meters, excepted the old LCR 3 which is too large, were fixed
on a plate base as used for guartz horizontal pendulums of Verbaandert-Melchior
type. The plates have one fixed foot and two levelling screws at right angles.
It allows to tiit independently the longitudinal and the transverse level of
the instrument and makes easier not only the setting up but also the check of
the levelling. The Tixed foot ensures that we are always measuring at the same
height above the ground (1mm = 33 nm/sec_zl. _

The measuring technique derived directly from{Ducarme &alii, 1978).

The micrometric screw is set on the full division closest to the zero of the
electronic output and the small residual voltage is converted later in microgals
(1 pgal = 10 nm/sec—z). For sach station five to ten measursments are performed
at one minute intervals after two large displacements for calibration.

We introduced also the concept of equisensitivity (Van Ruymheke, 1$78).
The electronic sensitivity at the output of the instrument,expressed in millivolt
by micremeter division, is determined at the beginning of the day by adjusting
the minimum of sensitivity to tilting for the longitudinal level. The fellowing
installations of the gravimeter reguire only to reach the same sensitivity with
a 5% precision. The minimum of sensitivity to tilting which is a time consuming
procedure is only necessary for the transverse level. Then the total time of
occupation at one staticn is reduced to twenty minutes.

Te reduce the instrumental lag when the beam of the gravimeter is
released, the micrometric screw of the instruments was put in acdvance on the
estimated value determined frem the preliminary survey. A minimum of five
minutes was left before starting the measurements to eliminate most of the
strain release in the spring.

The gravity meters were carefully transported in insulated boxes and
put onshock absorbing material to eliminate as much as possible vibrations and
thermal perturbations.

We experienced power failures due tc the connector beiween the gravimeter

and the battery with all but one instrument.

3. Reduction and adjustment af the data

A complete set of computer programs proceeds to a semi-autcmatic
reduction of the observations and to the constitution of a data bank (fig.2)
Since january 78, this procedure is extended to the handling of the observations
produced by an sutomatic date acquisiticn system installed on the LCR number 0 32
(Poitevin, 1979). |

Among the informeticns stored on computer files let us note
- the Tidal potential after Cartwright-Tayler-Edden for the tidal predictions

- the informations related to the gravity-meters and specially the calibhration tables.
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- the station descriptions with their coordinetes and even the tidal factors
for the main diurnal and semi-diurnal waves for accurate tidal corrections
{Ducarme & alii, 1978).
The micrometric readings are first converted in physical units by
means of the calibraticn tables.
For the set of messurements performed at one station, rejection fests
are applied before the computation of the mean value which will summarize the
results. On each daily loop we eliminate from the data a linear drift. However
in many casgs higher order polynomials should be used for the drifi representation
as shown in ssction 4.
These preliminary resulis are converted in observad gravity differences
between stations and to detect anomalous connexions we compare the results of
the different instruments on the same day. As explained in the following sectiaon
8 per cent of the observed connexions have been rejected mainly due %to power trouble.
We also adjusted independently the scale factors of the gravity meters
as explained in section 5.
In such conditions the adjustment by parameters is anly dealing with

the gravity differences as unknowns.

4. Comparison of the Gravity meters on the first order network

The mean hourly drifis are listed in table 2 for each day. No systematic
behaviour does appear. The LCR 2 meter which is the oldest instrument and which
has a better thermic protection due to its larger size, exhibits always the
lowest drift rate.

For comparison it is interesting to note that during tidal registrations the LCR
gravimeters normally achiave a drift rate as small as 1 ugal/day if the stability

of the levels is good.

The other instruments suffered of power interrupticne and some expe-
rienced jumps (LCR 434, LCR 487). Very low drift coefficients of 4 ugal/hr
like these of LCR3 have in practice no meaning and reflect only the limit of
precision of the measursments. It is easily seen when we compare the two drift
soluticns cbtained on 17/04. The loop had a special structure characterized by

e o I A

It was thus possible to estimate the drift between the two measurements at station
H (solution I) or between the two gtays at station C (soluticn II). The discrepancy
between the two solutions can reach 20 vgals on the total drift but the effect
on the individual gravity differences is less than 5 ugals. To check the drift
behaviour we surveyed during twenty four consecutive hours a triangle with

stations separated by 45 minutes driving.



TABLE 2

Drift of the gravimeters during the profile

Hourly drift, total drift in microgals, time in minutes

DATE 3G 3366 4346 4876 31D
H o 17/04 -1.24 2.71 2.31 2.72 JUMP
17/04 -10.70 518 22.98 508 17.56 456 20.35 449 _157.83 459
c  17/04 0.98 5.14 1.12 3,22 JUMP

17/04 8.65 532 42.86 500 8.56 459 24.33 453 134,56 540
18/04 0.10 JUMP™ 0.83 2.34 ~0.54
18/04 1.30 795 153.58 829 9.95 721 27.72 710 -7.46 831
18/04 0.22 0.53 7.32 0.99 0.85
19/04 2.04 555 5.07 578 61.99 508 8.30 505 8.60 605
20/04 0.868 -0.04 2.58 2.03 -0.39
90/04 8.21 559 ~0.42  SB3 24.17 561 18.61 550 ~3.73 568
21/04 ~0.80 1.25 -5.73 JUMP 3.15
21/04 ~8.54 B4 10.85 519 ~§0.90 638 -126.52 637 27.70 527
24/04 1.71 2.90 No Closure. 2.53 0.71
24/04 19.21 676 30.68 634 665 27.57 655 8.26  B95
25/04 ~0.25 JUMP 3.9 3.81 ~1.03
25,04 _2.37 579 405.98 572 40.38 620 32.98 519 ~9.29 543
26/04 -0.88 5.27 JuMP 1.47 5.34
26/04 ~9.12 618 53.09 605 625.84  GOB 14.56 594 33.75 606
27/04 -3.27 7.26 7.72 1.10 _0.09
27/04 -33.99 623 75.38 623 81.17 631 11.81 644 -0.89 842
28/04 0.34 -0.15 B.47 3.82 -0.13
28/04 ~3.81 666 -1.74 88D 72.62 674 43.67  B8B -1.47 872
02/05 0.34 - 1,92 3.52 _2.43 3.82
02/05 2.99 527 13.51 423 34.34 586 _23.55 582 27.50 432

X Explained by power failure.

_gg_



- 66 —

It was found that the drift changed its sign several times and could be
approximated by & fourth order polynomial.
However such a representation is not possible on a loop as ABCOCEA but only if
we have independent conditions on one statiocn Ae.g. a structure A-B-A-C-A-0-A.
If we compare the abserved gravity differences obtaired with the five
gravity meters to their mean value, the mean discrepancy is * 17 ugal.
The residuals so calculated for each connexion were plotied against
the gravity differences. The first order regression giQe a constant term of 12 pgal
and a slope of 0.15 ugal/mgal (line I, figure 3). For the biggest observed
gravity differaence of 120 mgal it gives & value of 27 ugal. The standard deviation
is 7 ugal. The constant term reflects the best level of precision obtained and
the slope is due to the discrepancies betwsen the scale factors of the instruments.
To support this interpretation we refer to figure 3. The linmes: II ancd III
were abtained after adjustment of the scale factars as explairmed in section 6.
With a standard deviaticn of 5 pgal the slopes are not significant.
Table 3 shows the number of rejected connexions for each instrument.
The rejection procedure was based on the standard devietion o obtained for the
linear regression (line T, fig.3) already mentionned.

We chose the Mayferd criterion (discrepancy higher than 30].

TABLE 3

Rejected gravity connexions

LCR number number percentage
of of
connexions rejections
30 g6 4 g
336 G 52 5
434 G 86 10 15
487 G 65 2 3
31 D 64 B 2
TOTAL 323 27 8
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Linear adjustment of the dizcrepancies between LCR meters
versus measured cdifferences of g.

I: no scale corrections
IT: corrected with absolute scale factors
ITT: as II, but with corrected scale factor for LCR 487G.
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5. Connexions between the absolute gravity staticns

In may 1878 we had the opportunity to realize a direct connexion

between Faris (Sévres point Ac), Brussels and Wiesbaden {(Canizzo & alii, 1978].
The intermediate stations were Thieulain (B} and Arras (F)} on the way to Parig
and Kettenis (B) and Aachen (D) on the way to Wiesbaden. The five instruments
concerned are given in teble 1. Three of them (336G, 310, 320) made a secand
tie tec Paris {point Sévres A3). The two others suffered from thermostatisation
problems (power interruption for 8G and a sticking relay for 487G).This dubble
tie gives a check of the quality of the measurements by comparing the observed

difference A3 + Ac with its absolute veluse as shown in table 4.
TABLE 4

Comparisen of the values obtained for the gravity difference

Sévres A2 - Sévres Ao

AZ > Ao Ag (pgal)
absolute value g0
LCR 336 G 188
ICR 31 D g1
LCR 32 D 23 X

X This anomelous value is due to a large and unexplained crift during the

connexion Brussels - Sévres A3. We consequently rejected this measurement.

We can summarize our results in teble 5. All the measurements were reduced
to Sevres Ao by addition of the absclute value A3 + Ag, i.e. G0ugal.
The measurements of the LCR meter 225G were performed by the "Bureau de
Recherches géologiques et Miniséres” (BRGM) and were kindly communicated by
M. Ogier. The results given here wers recomputed Tollowing our reduyction scheme.
Execpt for LCR 310 on the tie Brussels - Wieshaden the scale factors observed
on the iwo connexions agree within 10“4. The corrections are comprised between
5 107 ang 1077,

As the calibration table is given to five significant figures for
model © and only four in case of model D these corrections are well sbove the

precision claimed by the maker.



TABLE &

Comparison of the results of six Laloste-Romberg Gravimeters

Instrument Brussels A/Sevres Ao Brussels A/ Wieshaden Weighed mean
Absolute Ag- Absolute Ag/ Absolute Ag- Absolute Ag/ Adcpted
observed Ag observed Ag observed Ag observed Ag scale factors

(ugall {ugal)

86 146 1.000 786 71 1.080 88 1.060 8Z
336 G 182 1.000 94 78 1.000 97 1.0800 96
487 G 124 1.000 65 47 1.000 58 1.000 B2

310 162 1.080 85 118 1.001 47 1,001 @5
32 D -32 0.999 83 -10 0.995 a8 0.999 a5
225 G 87 1.000 45 53 1.000 8B 1.000 56

—69_

Ahsclute differences: Brussels A/ Sévres Ao: -191 310 ugal
Arussels A/Wiesbaden: - 80 425 ugal



- 70 -

6. Scaling of the first order gravity network

As the LCR gravimeters 3G and 434G did not take part to the ties with
Paris and Wiesbaden, we had no direct determinaticon of their scale factors.
However it was possible to get indirectly this factor by comparing the gravimsters
on the first order network.

We computed the ratio between the observed gravity differences for
two different instruments for each tie and each pair of gravimeters. Statistical
tests demonstrated that the retios became significant only for differences
higher than 50 mgal.

From the adopted definitian of the scale factar i.e.
Ag abserved x Scale Factor = Ag absolute

it is easily seen that the ratioc between the observed gravity differences (Age) for

two instruments is invertly proportional to the ratio of their scale factors (SF).

I -
Ago _ SFiI
II I

Ag o SF

To check the validity of this method we give in table 6 altogether with the ratios
of the Ago for the 5 instruments the inverse of the ratic of the scale factors
abtained in section 5 for the LCR 338G, 487G and 31D.

We can summarize the conclusion by giving the discrepancies €

defined by I
Ago SFII
€5 T T I
Agm SF
wdl
310 - 3366 € = 0.4 10"
310 - 2876 £ = 1.8 10 %
3366 -~ 487G £ = -1.5 107 %

To give a physical idea of such minute differences let us remember that 10_4

of a 100 mgal gravity difference is 10 pgal which correspond to the limit of
precision shown in figure 3 and section 5.

From the results of table 5 we computed the indirect scale factors
for all instruments by comparison to the LCR 31D, 336G, 487G. It appeared Very
soon that the indirect facter derived from LCR 487G (1ine in italics, table 7)
were not in agreement with those derived from LCR 310 and 336G. The solution
so derived correspond to the line II in figure 2 and produces already a very
strong diminution of the correlation between the dispersion of the measurements
and the amplitude of the gravity differences.

Te improve this sclution we tried to replace the absolute scale factaor

(SF = 1.000 62 ) obtained for LCR 487G by the mean indirect Factor (SF= 1.000 81 ).
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TABLE B

lower part:

in bracket:

ratio's betwesen measurements

ratio’s between scale factors

number of ties used in the computation

X
- 3G 3366 434G 4876 310

vy

36 |1.—— |0.898 75 (12) | ©.999 88 (7) | 0.998 87 (12)| 0.899 84 (10)
3366 | 7 1 ymme 1.000 21 (7) | 4.000_18_ (13){ 1.000.00 (11}
434g | ? ? (. 0.988 85 (7) | 0.889 80 (5)
4876 | ? 1.000 34 ? r— 0.999 80  {11)
31D |2 0.999 90 ? 0.999 56 q g

TABLE 7

COMPUTED SCALE FACTORS (X) ON THE BASIS OF THE ABSCOLUTE DBSERVED ONE (Y)

{in italics: computed factors with measured scale factors of LCR 487G)

(underlined: adopted scale factors)
X
\\\:7‘\\\\\\\ a6 3366 43443 487G 31D
3366 1.000 B5 - 1.080 75 1.000 78 1.00C 85
4870 1.000 48 1.000 78 1.000 &7 - 1.000 82 ,
1.000 89 1.000 98 1.000 78 - 1.001 (2
310 4.000 70 1.001 08 1.000 85 1.000 85 -
Mean 1.000 58 1.001 02 1.000 80 1.000 81 1.000 89
calculated
Absolute - 1.000 98 - 1.000 62 1.001 05
measursments e ——
. -5 -5 -5
Differences - -5.7 10 - -49.,9 10 +5.7 10




The agreement between a*l the indirect scale factors became much better anc this
second sclution is given in details in table 7. It corresponds to iine III of figure
with no correlation at all with the amplitude of the measured Ag. In practice this
solution gave the smallest standard deviation in the final recucticon of the

gravity network. It is a reason why we only give this solution with more details.

I¥ we except the LCR 487G the agreement between recomputed scale factors
and absolute scale factors is of the order of 0.7 ?O_Q.

The anomaly cof LCR 487G could be dues to the problems of the thermostat
bimetallic switch during the 1578 campaign. Later these problems became a real
failure and a new switch had to be installed.

Tabla 8 shows the mean square errors on the unit weight (unweighted
observations) for different adjustments of the net. The left column gives the
R.M.5. errors without any scale factor and the right one with the adaopted scale
factors (second solution, table 7).

As the structure of the net remained unchanged the improvement is slight but
systematic.

A global adjustment of the net showed also a slight improvement. Howevar
the R.M.S. errors an the unit weight are bigger than the errors of the individual

adjustments. It seems that systematic srrors such as periodic errors of the micrometri

screws ere still present.

TABLE 8
Comparison of mean sguare errcrs in the adjustments
m.s.e. Mes.2.
LCR 1st. order 1st. order x sc. f.
{pgall (pgall
3G 8.88 8.88
3366 12.44 12.37
4346 13.18 13.12
487G 10.42 10.40
310 8.87 8.77
Global 14,13 13.5
Net

7. Conclusions

The two gravimetric campaign performed in 1878 and 1878 were very hard
as well for the operators &s for the material.

The fiability of the gravity meters was good except for what concerned
the batteries, that we definitively replaced. The experience acguires in 1878
lead to the conception of completely new digital daite acguisition system [Poitevin,

1879) what has been successfully used on LCR 32D during the 1978 campaign.
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The most severe limitaticn to the accuracy of the measurements remains
the drift behaviour of the gravity meters. Technical improvements are ahsolutely
reguired in the transpcrtation of the instruments and in their thermal stability.

For the time being, simultaneous measuremenits with ssveral meters
is the only way to detect the anomalies in the instrumental behaviour.

The calibration tables of the instruments do not meet the reguired
accuracy for gravity differences larger than 10 mgal and the opportunity to
connect stations with abscluts measurements of gravity should be systematically
used to improve the calibration factors.

Very fine measuring technigues derived from (Ducarme & alii, 1978)
showed their limitations. In laboratory conditions they allow to reach the
microgal accuracy, but in large gravimetric networks used for geodetic purposes
they are unable tc exceed the 10 pgal limit dus to unfavourable environmental
conditions. However it could be dangerous to neglect them for the sake of
maximum efficiency (reduction of the measuring time at each station) because the
gxperience showed also that one of the main deficiency of the instruments was

the stability of the levels.
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A DIGITAL DATA ACQUISITICN SYSTEM FOR LACOSTE ROMBERG GRAVIMETER

C. POITEVIN

Institut Géographigue National - La Cambre - Bruxelles.

Summary
A Digital Uata Acguisition System built for LaCoste Romberg

gravimeters works as well for field measurements as for tidal recordings.
It has been carefully designed tc reach a compact size, a low power consumption
and to be fully compatible with any type af LCR meter.
The main features are:
- filtering of the electronic output of the gravimeter by integrating
technigues
- recording of external parameters such as micrometer reading, epoch and
time, atmospheric pressure, temperasiure and station number.

- high acguisition capacities computer compatible

Tests have been carried out in both field and tidal mode and are presentsd hers.

1. Introcduction

Precise gravity measurements are needed mere and more for
geophysical and geodetic studies. But, if many improvements have been made in
the measurement techniques this last years, no progress seems to be realized
in the data acguisiticn and processing. The purpose of this paper is to expose
our cantribution in this last %opic.

The great accuracy achievable now with the LaCoste-Romberg
madel G or O gravimeters is actually well established . (GROTEN, 1878).

Such results are pessible by application of special techniques deriving from
the method perfected by DUCARME (DUCARME & Al., 1978),

This method improve the measurements by using the electronical output of the
gravimeter.

The LCR meter is levelled in the position of the minimum
of sensitivity to tilt. The great part of the microseismic noise is filtered
with passive RC-filter and the mean voltage is appreciated by the cperator with
an analog or digital voltmeter (WENZEL, 1978).

At this state of refinement, we have to take care of external perturbations;
ramely atmospheric pressure and temperature,

The best way is to eliminate the instrumental effect by appropriate insulation,
but this leads to increase the size and the welght of the measuring system
(GERSTENECKER, 1878).
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In any case, the geophysical pressure effect (loading of the ecrust and atirac-
tion of the atmospheric masses} cannot be removed without recording the atmos-
pheric pressure. 1If sa0, & correction term may be applied to refer the measurements
to the same Standard Atmosphere for later comparison.

Afterwards, tidal corrections must be applied to the
measurements. For precise corrections, the gravity tide may be computed from

the Cartwright-Tayler-Edden potential with adequate tidal factor {DUCARME, 1875),.

This is done with the help of big computer.

At this stage, a fully automatized procedure may be implemented including:

- calibration transformation following the gonventianal or the electronical
reading technigue with the recomputed table of the maker eventually corrected
by a scale factor;

- research of the useful parameters of the stations: (¢, A, h, ...} in a data
bank;

- precise tidal correctian with tidal factors for the main canstituents interpo-
lated at the stations from a digital terrain model (DUCARME & al., 1978).

- rejection tests of bad meassurements;

- drift computation and correction of instrumental effects;

= print of the results;

- storage of the reduced data on file in connection with the stations data
bank in view of further computations or comparisons (adjustements, anomalies,

time gravity changes, etc...]

For tidal gravity registrations the analog signal is usually recorded on a paper
chart. The microseismic noilze is remcved by a proper filtering beforehand. The
curve has to be digitized. This procedure is time consuming and digitization
errors freguently occur.

The recording of the atmospheric pressure is also very important in Earth Tides
reszarch (WARBURTON & GOODKIND, 1877 BARLOW & Al., 1879].

2. The Oigital Data Acguisition System.

By the use of integrating technigques and asutomatic recording
of the data, the digital data acquisition system (DODAS) described hereafter
reduces considerably the personnal errors and save in an appreciate way manpower
and time as well for field measurements as for tidal gravity recording.

It works with either model G or model D LCR-meters and all the conventional
possibilities of the gravimeter are preserved. Parameters like gpoch, universal
time, atmospheric pressure, temperature, micrometer reading and station number

are also automatically recorded.



- 78 -

The unit presents a compact size and & low power consumption. The power supply,
batteries or main line, is monitored by the system and a supply controlier
generates an audible signal in cass of too low voliage.
The high acquisition capacities of this system are computer compatible and may
be fully exploited by the appropriate software e.g. the above-mentionned auto-
matized procedure.
The digital data acquisition system has been puilt gspecially for the gravimetric
service of the National Geographical Institute of Belgium on the basis of the
experiences acquired during the measuremsnts of the new firs:t order gravity net
1878 of Belgium.

ihis was & cooperative project with the department I of the
Royal Observatory of Belgium whose the experisnces in Earth Tides was very helpful
for the design of the system.

This system works effectively since january 1979 in both field and tidal conditions.

2.1 General description

The digital data acguisition system is composed of three main sub-units
- the digital acguisition unit
- the digital cassette recorder

- the time-base & power sugply unit.

The digital cassette reccrder is independent of the digital scouisition
unit. It is located with its own dry battery, ite own battery charger and an
optically-coupled input interface in & 1ittle case (26 x 18 x 25 cm). {fig.2).
When the batieries are to be recharged or during tidal recording the time-base &
power supply unit (fig.3) is connected toc the digital acguisitiorn unit. (fig.2).
This one is the master unit of the system regrouping all the controls for proper
operaticn.

It is mounted with the gravimeter and two cdry batteries on a
special triangular baseplate with cne height fixed pivot and two screws combined
with protractors in order to make easier the research of the minimum of sensiti-

vity to tilt by using the method of sguisensitivity (VAN RUYMBEKE 18783).
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Fig. 2 : The measuring system mounted for field measurements.

Fig. 3 ¢+ The time base & power unit {on the right} wich supplies the system for
tidal recording {on the left, the conventionnal LCR power supply &
gliminator unit}.
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2.2 The digital acguisitian unit (LWA 7828 A/1]).

As power deficiencies are the most frequent sources of failures, 2 low battery
detector is mounted on this unit. An audible signal is produced when the input
volitage is lower than 11.8 volts. Tc continue the measurements it is then possible
to connect an external battery through the ccnnectcr of the charger time base

unit (LWA 7828 A/2). The internal clock of the system is provided with its own

Ni-Cd storage cells. Sg, time is preserved in any case.

Two IC - transducers for pressure and temperature are installed on the right side
paenel. They achisve respectively 1 mbar and 0.2°C precision. The response time is

about 30 seconds.

The signal of the gravimeter is sent to a unit gain differential floating ampli-

fier with 3 separate outputs.

1 - filtered signal for the front panel meter used for the preliminary adjustements.
2 - filtered analog output with surimposed time marks for classical tidal recording.
3 - entry of the voltage to freguency converter (V/F) placed in front of the
integrator. This is a high stability voitage controlled cscillator (non line-
arity 0.1 %, full scale calibration error versus temperature 30 ppm/°C).
Details cn the integrating technigue can be found in (VAN RUYMBEKE & alii,
1878) and (RASSON, 1878).

The measuring range of the integratecr is 10,000 points and the gain of the system
is adjusted te reach a resolution of 0.1 ugal (1 nm 580-2] corresponding to

0.2 mv. at the gravimeter output.

The integration results are displayed on a digital display and also converted

to an analag signal (D/A converter) available as an auxiliary output. As shown

in the functionnal diagram (fig. 4) several informations are to be multiplexed,
i.2. pressure, temperature thumbwheel switches with the epoch, station number and
micrometer reading, clock information and finally integrator. The digital acgui-
sition controlier sterss these informations in a 32 x § bits buffer. When this
ane is saturated the data are sent to the cassette recorder unit (LWA 7828 A/3].
This methed increases appreciably the storage capacity of the magnetic cassette.
The format of the message dzpends essentially of the selected mode (tides of
field) and will be described in details in section 3.

On the front panel (fig. 5} digital slectronic displays show time, pressurse,
temperature and the results of the integrator. Thumbwheel switches alliow to
introduce manually the epoch (6 digits), the station number (5 digits) and the
micrometer reading {6 digits). The other controls are the start/stop mush-butten,
the "busy” warning light, the tide/field mode selector, the sensitivity adjustement
for the panel meter and the clock control switches. The last ones are locked in

normal warking conditions.
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"front panel” of the acguisition unit.

the switch for the iliumination of the displays and the

fiousing of the IC-transducers are located on the right side panel (fig. B).

The total power consumption of the acguisitions unit is 480 mAmp. display off
and 1500 mAmp. all the displays on.

The autonomy of the system with the gravimeter is over 12 hours without external

supply.

Fig. B

BAVITY

"SIDE panel” of the acguisition unit (IC-transducers are shown
protective devicel.

without
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2.3 The power supply & time-base unit.

This power supply allows the whole system to be powered from main line and to
recharge the two dry batteries. Provision is made for connscting a third-spare

battery.

A high stability time base is included in this unit in order to have a better
long-term stability for the clock when the system is installed in tidal recording.

The internal oscillator of the acgquisition unit is then disconnected.

2.4 The digital cassette recorder (LWA 7828 A/3).

The sassette recorder is the low powsr model of RACAL. It is run either from the

mains either from its internal battery with an autonomy of one week.

A special flat cable of 3m. connects it to the digital acquisition unit.

3. Measurements performed with the D.D.A.S.

Since January 1979, the D.D.A.S. is mountad together with the
LaCoste-Raomberg model » gravimeter n° 32 on the same baseplate. All the expe-

riments were done with this instrument.

Because the requirements for tidal recording or field measu-
rements are quite different, it is possible to select either the tide or the field
mode by acting the tide/field switch. The difference lies both in the content of

the records and in the period of integration.

3.1 The field measursments.

In this mode every records contain all the aveilable information : time, tempe-
rature, atmospheric pressurs, epoch, station number, micrometer reading, identi-
fication mark and seven successive integrations. (Figure 7}.

Far field measurements, we have chosen a ten second integration period. A
complete sequence will thus take 70 seconds and each must be initialized by
acting the "start" touch button.

The measurement procedure consist, after the levelling of the instrument, in two
calibration measurements at about 100 ugal on both sides of the zero position
(large displacements) and five to ten meaéurements on the full divisions of the
micrometric screw closed to the zero position.

The large displacemsnts are used later in the reduction program to compute the
ratio pgal/mV necessary to convert the residual voltages in pgal {Ducarme & alii,
1976}. They are also used by the ocperator in the field to check the longitudinal
level of the LCR-meter by the method of equisensitivity (Van Ruymbeke, 1978).
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When the data of the cassette are stored in a computer file, & program put them
in the right format for the reduction program {POITEVIN & alii, 1979).

At this stage, the seven integraticns of each measurements are tested to detect
any systematic trends betraying abnormal date. Then the mean is taken as the most
probable value and the reduction program converts it in pgal units, corrects for
the tide and apply a final rejection test on the different measurements performed

at the station (see table 1).

Routine measurements with the D.D.A.S. showed that the mean sguare error on one
stations (internal error) reduce in the mean to 0.5 ugl ; generally without

rejection.

It must be emphasized that the reading perscnnal error is eliminated by this way,
the work of the operator being restricted to the levelling of the LCR-meter and
the positionning of the micrometric screw. No more manipulations of data are

needed and the results are directly available aft the output of the computer.

The robustress of the material has stood the proof of several months of intensive

measurements in the field.

3.2 The tidal recording.

In order to increase the autonocmy of the cassette for tidal recording, all the
redundant informations are eliminated from the record. It is restricted to

time, temperature, atmospheric pressure and 12 integrations of 60 seconds each.
The cassestte is first initialized by some field measurements, then the tids/
field mode selector is balanced on tide position. The D.0.A.S. becomes fully
autcmatic in this mode, its autonomy is over 11 days without change of the
cassette. This is sufficient enocugh with regards of the necessary weekly calibra-
tiong wich are done in the field mode. Although a check of the good running
condition of the station is given by the galvanometer or the integration display,
the direct analogic ocutput provides a suitable signal for peper chart recording.
Twoc months of tidal recording have been carriec out in the gravimetric cellars

of the Royal Observatory of Belgium. The stability of the clecck has been tested

and is about a few seconds per month. No problem cccurs if the main line is

interrupted helf a day per day during 2 weeks consecutively.

The date have been splitsed by program in Ffour computer files : tide, calibrations,
atmospheric pressure and temperature, in the standart format advocated by ICET
(Ducarme, 1978).

In this way an irksome work of digitization and the errors it inevitably involves

have been eliminated. Results of the asnalysis will be published later.
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4, Conclusion.,

The D.D.A.5. makes a reliable link between the gravimeter
and the computer. It is a way to diminish the risks of power supply failures and

to e2liminate some source of errors namely

- errors due tc manipulation of data (formulary, ...)
- reading errors in field measurements

- and digitization errors in tidal recording

The manpower saved by this system is also an non negligible aspect of the advan-
tages.

Without modifications at the gravimeter itself, many improvements are further-
more possible, for example an automatic levelling of the instrument, a direct
recording of the micrometric screw, a more compact size for the system ...

but it seems not yet easily accessible in the actual state of the technology.
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Announcement

Gravity base at Newcastle upon Tyne University

R.W. Gifdl@f School of Physics, The University, Newcasile upon Tyne NEI 7RU

Received 1978 Auzust 8

The gravity base station described in Browne ef al. (1950) has unfortunately been destroyed
in the remodelling of the Armstrong Building. A new base has been established to the left
of the main entrance to the new School of Physics. The value of the acceleration due to
gravity has been measured relative to the primary base station at Hexham (Fundamental
Bench Mark 5000} using a LaCoste Romberg Model G gravimeter (G167). Details of the new
base are:

latitude: 54° 58°39.57" N,

longitude: 01° 36" 49.22" W,

hetght: 51.636 m,

gravity: 9.8149580 + 0,0000006 m s % (IGSN).

The location of the base is shown in Fig. 1. The exact position is marked by a metal stud
midway between the concrete waste-paper basket and the steps. It is easily accessible from
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Figure 1. Location of Newcastle upon Tyne University, School of Physics gravity base.
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398 R. W. Girdler

the Haymarket and within half an hour’s motoring distance from the various docks at which
research ships tie up.
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CORRECTION TO THE POTSDAM SYSTEM

Yu. D. Boulanger
Institute of Physies of the Earth

Striking successes in determination of the absolute value of gravity acce-
leration have been achieved during the last decade. This work has proved a ne-
cesslity to come over to a new international system since the Potsdam system by
which all gravimetric measurements were made has the zero error close to
14 mgal.

As a result of the efficient activity of the International Gravimetric
Commission headed by Prof. C. Morelli a new global gravity high-precision net-~
work "IGSN-71" was established. By this time the number of gravimetric sites de-
fined in the Potsdam system has reached a value on the order of 7-8. 10%® while
the increase of their number already in the new system comprises not less than
1 x 106 per year., A necessity naturally arises to define the correction to the
Potsdam system with the highest attainable accuracy so that to have a possibili-
ty to reduce any measurements f£rom one system to another omne.

At a regular meeting of the International Gravimetric Commission in 1970
the author supporting the idea of transition to the new IGSN-71 system put for-
ward a proposal to make gravimetric ties of Potsdam with the IGSN-71 sites loca-
ted on different continents. Thus a correction to Potsdam system can be obtained
and IGSN-71 system can be controlled.

Bearing in mind scientifie¢ and practical value of this work the Soviet
Geophysical Committee USSR Academy of Sciences has taken necessary measures for
its realization. To make distant lines it was planned to use the well known
TSNIIGAIK/I/pendulum instruments and for the closer ones GAG - gravimeters de-
veloped at the Institute of Physics of the Earth, USSR Academy of Sciences/2/.

To make gravimetric ties of Potsdam with many sites located on different
continents was much more simple and less expensive via the intermediate site in
Ledovo /3/ which is in the suburbs of Moscow. In connection with this, measures
were taken to define the gravity value at this site by Potsdam system with the
highest precision. It was reached by many pendulum and gravimetric ties between
Ledovo and Potsdam. Results of these measurements are published in /3/ and gi-
ven in Table I.

For Ledovo, the marker 5035, the value of gravity acceleration in the Pots-
dam system appeared to be equal to -

981 565 327 + 10 jugal

The experience showed that distant lines can be realized by a set of OBM
pendulums of the TSNIIGALK censtruction, the error being on the order of
+ 50 lgal. In this case the error of gravity measurements at a defined site
will not increase due to the Ledovo error. This gives possibility to consider
Ledovo as an eccentric of Potsdam and to make all connections form Ledovo ins-
tead of Potsdam. Fig. 1 shows all international gravimetric connections fulfil-
led by Soviet expeditions from Ledovo and Potsdam.
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These connections dre as follows :

1. 1970 Potsdam - Helsinki A
2. 1971 Ledovo -~ Kartum A
3. 1972 lLedovo -~ Cairo B
4. 1972 Ledovo ~ Tokyo

5. 1972 Ledovo - Sydney A

Results of these measurements are published in /4/.

In addition te that in 1976 Dr. Seto made measurements on the Sévres-Tokyo
line via Potsdam and Ledovo by three La Coste-Romberg gravimeters/5/. This gave a
possibility to transfer the Sé&vres value in the IGSN-71 system to Ledovo and to
obtain the correction of the Potsdam system for this point.

By the data of Ag measurements between different pillars in Potsdam accom-
plished by Harnisch /6/ a correction to Potsdam system relative to IGSN-71 for
the pillar S~13 was obtained.

When comparing the Potsdam system with IGSN~7!1 corrections for scale change

were introduced to A g values measured in Potsdam system and those of Honkasalo
to A g values.

Table 1 : The gravity value at the Ledovo site

: Year of ° Initial : The gravity at
© NN ¢ determi- site S e i
: : nation : : the initial : the site in
: ; : site : Ledovo
T T T [T U —
! 1 . 1958 . Potsdam S§-2 . 981 274 711 £ 6 . 981 565 340 % 160
I : : : :
1 2 s 1966 . Potsdam S-7 . 981 275 425 £ 7 . 981 565 322 & 120
! H : : :
1 3 " 1967 . Potsdam S-7 . 981 275 425 + 7 . 981 565 262 & 60
! : : : :
! 4 : 1968 .  Schénefeld . 981 271 789 + 7 . 981 565 290 & 52
! : : : :
! 5 . 1970 . Schoénefeld -981 27t 789 + 7 . 981 565 317 + 40
f : : : :
I 6 . 1971 . Schénefeld . 981 271 789 + 7 . 981 565 310 + 27
t : : : :
1 7 . 1971 . Potsdam S-7 . 981 275 425 + 7 . 981 565 385 z 30
! : H : :
t 8 : 1974 . Potsdam 3-2 . 981 274 711 + 22 . 981 565 314 £ 21
! : : : :
! 9 : 1974 . Schénefeld . 981 271 789 x 7 . 981 565 352 + 21
! : : : :

1o . 1974 : Potsdam 5-13 . 981 275 380 + 7 . 981 565 299 + 30

The weighted mean : 981 565 327 = 10 ugal !

P O,
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Table 2 gives the summary of corrections to the Potsdam system relative to
the IGSN-7!1 system. On the average the Potsdam system correction appeared to be
equal to - 14002 % 15 1ugal.

Table 2
! : : : : !
(NN Name of . g . g . Correction of .
. . sites JAin Potsdam system.;in the system of ; Potsdam system .
0 IGSN-71 ) \
e S e e e e e e e o e o e o e e i !
! ’ z : 1
| . . U gal X L gal . p gal ,
! 1 : Potsdam S-13 :981 275 415 %5 :981 261 371 + 17 : -14 044 + 18 !
! : : : : !
! 2 ¢ paris A 1980 939 908+ 6  :980 925 880 * 14 : -14 028 + 17 !
! H : : : !
! 3 % Helsinki A 1981 914 624+ 20 981 900 590 * 19 : -14 034 * 28 !
! : : : : 1
! 4 % Ledovo, 5035 *981 565 362+ 10 :981 551 332 * 30 : -i4 030 + 32 !
! : : : : !
! 5 % Cairxo B 979 290 735% 51 979 276 760 £ 25 ¢ ~13 975 + 57 !
! H H : : !
! 6 ¢ Xartum A ‘978 302 657+ 70 978 288 640 24 : -14 017 + 74 !
! : : : : !
! 7 ¢ Tokyo C $979 777 124+ 67 979 763 190 % 18 : -13 934 * &9 !
! : : : : !
' 8 : Sydney A 1979 685 81163 :979 671 860 = 21 : -13 951 &6 ;
! : : z : !
! !
i Arithmetical mean {general) : -14 Q02 % 15 :
! !
: Arithmetical mean for Rurope (1) : ~14 034 £ 4 '
i !
p Arithmetical mean for othexr sites (2) : -13 969 + 18 I
! t
‘ Difference (1) - (2) : -~ 65 * 18 )

Attention is drawn to the systematic difference of correction values, ob-
tained on european sites and those located on other continents. In the First
case the correction appeared to be equal to - 14034 * 4 u gal, in the second
- 13969 £ 18 | gal. The difference between them appeared to be equal to - 65 %18
u gal. It is difficult to explain such an essential discrepancy by a random com-
bination of measurement errors. It is rather a result of irregular distribution
of sites, setting the scale of the IGSN-71 system.
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Early in the seventies at the Institute of Automatics and Electrometry
Siberian Branch, USSR Academy of Sciences a gravimeter for absolute determina-
tions of gravity was constructed. The principle of this instrument is based on
observations of the free incidence of angular reflector in vacuum. Description
of the instrument is published in /7/. This instrument has made numerous gravi-
ty determinations in Ledovo, Potsdam, Sévres and Singapocre. In Ledovo measure-
ments were carried out at the same site where they were performed by relative

methods. The instrument was installed on a pillar directly above the 5035 marker.

In Potsdam cbservations were made on the pillar S-13 at the Central Institute of
Physics of the Earth, GDR Academy of Sciences. In Sévres - on the pillax Ay in
the gravimetric laberatery, Internaticnal Bureau of Measures and Weights.

Table 3 gives the results of all measurements accomplished by the absolute
gravimeter in Ledovo.

Table 3 : Absolute determinations in Ledovo

f NN f Date of measure- ‘The number off The number f g f
; ments " drops : of measure- . - 981 551 000 !
. k . ments :
! : - !
1 : u ga]_ !
1 !
] ot e B A e e ettt bk bt ittt i !
b1 % 1976 July 2-5 P 2736 18 377 + 5,6 ;
‘2 7 1976 July 25-26 ° 3889 f 21 f 386 = 6,1 ;
'3 ' 1976 December 8 1548 : 11 : 375 + 5,2 f
‘4 1976 December 17 ° 905 f 8 f 378 + 5,1 i
!'s 1977 august 29-30° 1582 : 12 © 383 :5,8 :
‘6 1977 september 30° 1448 f 11 © 379 £ 6,5 f
! i
1 Lk = 12x108 In = 81 !
1 !
1 Arithmetical means : 981 551 380 + 1,7 !
! !
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Table 4 : Abselute determinations in Potsdam

s e e e

MN . - Absalute date
of measurements

1 . 1976, August 13-15

2 . 1976, August 15-16

: The number : The number of

e e ot o T e s % s o i e e T B it e ® e o oA o ok TP VAR . T . TR B S S e

of drops : measurements
k n
2537 15
le6o 9

: 981 261 421 + 4,4

: 981 261 424 = 9,7

4 A b A4 arm tes B m e b g

Arithmetical mean :

981 261 423 + 1,5

_Table 5 : Abselute determinations in Sévres

NN : Date of

neasurements

1, 1977, September
12-13

2 . 1977, September
13-14

3 1977, September
19-20

: The number : The number of

of drops : measurements
: k n
; 1432 — 11
f 1489 : 12
1328 ; 10

s o e ot . e e e o s T o ¥ . L BB bk e e e o o A St ® o o B . S e e e e e+ o e e . @ L T Ty ——

: 980 925 925 * 5,4

i+

: 980 925 932 2,8

H+

: 980 925 930 3.7

Arithmetical mean :

Lk = 4249 In=33

980 925 929 * 2,1
U Fal
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At consideration of the final results striking agreement of the results
of measurements attracts our attention. It is shown especially well by measure-
ments in Ledoveo. For these two years the instrument underwent many modifica=i
tions : protection by two methods against microseisms and vibrations ; a new
device controlling the laser wave length was introduced ; the dimensions of the
instrument were decreased and inspite of all this the agreement between measure-
ments appeared to be much better than we expected. Discrepancies between measu-
rements do not surpass their mean errors.

The obtained absolute values of gravity acceleration at Ledovo, Potsdam and
3évres enable us to define the correction to the Potsdam system and at the same
time to compare new g values with the IGSN~71 system (Tables 6 and 7).

Table 6 gives the wvalues in the Potsdam system corrected for scale and
with Honkasaloc correction and new wvalues of g defined by the absolute gravime-
ter. In Sydney the new value of g is given by determinations accomplished by
Bell /B/.

Table 6
! : : H !
! NN : Name of : g : New : Correlation to the !
! : sites : in Potsdam system : determinations : Potsdam system !
! : :  adjusted to the : of g : D !
! : : IGSN-T71 system : !
l _______________________________________________________________________________ !
! : : : 1
1 : Potsdam : 981 275 415 = 5 : 981 261 423 * 5 - 13 992 + 7 !
! : : H !
! 2 : Ledovo : 981 565 362 &£ 10 : 981 551 380 t 2 - 13 882 * 10 !
! : : : !
! 3 : Sévres 1 981 939 %08 * 6 : 980 925 929 = 2 - 13 979 = 6 !
! : : : : !
! 4 : Sydney : 979 685 811 £ 63 : 8979 672 PPP % 200 : (- 13 811 = 210) !
! : : : : !
1 H
! Arithmetical mean : - 13 984 + 3.9 !
1 !

The agreement of the cobtained corrections appeared to be quite reliable.
Thelr descrepancies arxe within the limits of the accuracy of their determina-
tion. This is undoubtedly a consequence of high accuracy of accomplished measu-
rements. It indicates also the absence of noticeable systematic errors peculiar
to new measuremenis. An exception is the result cbtained at Sydney. Due to a
large error of determination of g at this point this measurement is excluded
from consideration.
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The obtained value of the error correlates well with the mean value of this
correction obtained from relative determinations (- 14 002 + 18 v¥gal) . Their dif-
ference appeared to be equal to 18 * 19 lgal. However, if we compare this correc-
tion with the one deduced from measurements at european sites this difference is
getting more noticeable : 50 % 7.5 jgal, that indicates a systematic effect for
the IGSN-71 system at least for the sites which are in Europe.

This conclusion is confirmed by comparison of new absclute determinations
with the IGSN-71 (Table 7). The mean value of this difference appeared to be
equal to 49 * 0.5 pgal.

Table 7 : Comparison with the IGSN-71 system

! NN : Name of g : New : Difference

t

t

! : sites : in the IGSN-71 : determinations : !

1 : : system : of g : 1

T e e N ——

- 1

f uGal uGal : UGal ;

- . . . 1

f 1 7 Ledovo © 981 551 331 £ 30 . 981 551 380 £ 2 : + 48 + 30 ;

: : H : !

f 2 | Potsdam 0981 261 371 £ 17 : 981 261 423 £ 5 ) 4+ 51 + 18 :

: H : : !

i 3 | Sévres © 98B0 915 880 * 14 . 980 925 929 £ 2 : + 49 + 14 .

; : . f

! !
. Arithmetical mean : + 49 + 0.5

Comparison of these two values can not be randem and needs further thorough
studies. With this purpose in mind it is necessary first of all to enlarge es-
sentially the number of absolute determinations in the countries of Europe.

Table 8 gives the results of comparison of three absolute gravimeters, made
in 1977 at Sévres. Three instruments were compared : Prof. Sakuma's stationary

gravimeter, Italian and Soviet. Maximum discrepancy between the instruments did
not exceed 3 Ugal.
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Table 8 : Comparison of abscolute gravimeters at the S&ves A sites

3

1 H : !
. NN Instruments : G r
r : ; U Gal .
Q. T Al Lk it e e e o B AR Al B R e e e e S o . T it o e i e e e e R Bl e i s S e P e O B S A 1
S French s 980 925 926 £ 7 !
t s . .

by o Ttalian : 980 925 925 t 10 :
P30, Soviet . 980 925 929 * 2 |
I - 1
1 . .

| Arithmetical mean : 980 925 927 * 4,4 | Gal :

In conclusion let us compare the new g value cobtained for Sévres with the
one given in the catalogue of IGSN~71 system.

We have

IGSN-71 g = 980 925 880 * 14 puGal

New determinations g = 980 925 927 £ 4 U Gal
Difference : 47 £ 15 u 3al

i.e. we obtain one more confirmation that the gravity value at the initial site
of the IGSN-~7i system is less by 47 £ 15 Gal.

The author expresses his deep gratitude to Prof. A. Sakuma and .
Prof. J. Terrien, Director, International Bureau of measures and weilghts for the
opportunity given to carry out measurements at Sévres, to Dr. S.N. Scheglev his
assistant on expediticnal work, to Dr. N.A. Gusev, organizer and the main imple-
mentator of pendulum measurements, to Dr. G. P. Arnautov, the leader of work
with absolute gravimeter and alsc to all the participants of described efforts
without whom this woxrk could not have been done.

Yu. D. Boulanger

Moscow,

February 1978
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NEW DATA ON ABSOLUTE GRAVITY MEASUREMENTS IN SINGAPORE

J.D. Boulanger, G.P. Arnautov, S.N. Scheglov

Institute of Physics of the Earth

Recently, the problem of instability of the Earth's gravity field acquired
greater significance and attractsd attention of scientists from various fields of
natural sciences, geosciences, physics, metrology, astronomy, etc.

In the USSR, this problem achieves much prominence. By present, we managed
to colliect a rather rich data on gravity field changes in the northern hemisphe-
re. The prime interest however, lies in the investigation of possible gravity
changes in the equatorial zone and southern hemisphere because theoretical esti-
mations of this phenomenon are controverse and differ in magnitude at two or mo-
re orders.

Arising from the above mentioned facts, in 1979, the Soviet-Australian expe—
dition was formed to set the new epoch of the research in non-tidal gravity chan-
ges. Its aim was to perform absolute measurements at 5 gites in Australia {Syd~
ney, Hobart, alis Springs, Darwin, Perth), at the site in the Papua-New Guinea
(Port Moresby) and in Singapore. Results of the measurements made in Australia
and Papua are published in [}]. The subject of the present paper is to review on
the measurements taken in Singapore.

The expedition was spcnsored by the Institute of Physics of the Earth, USSR
Academy of Sciences and by the Institute of Automatics and Electrometry, Siberian
Department, USSR Academy of Sciences. The following scientists took part in the
gravity measurements in Singapore

- from the Institute of Physics of the Earth

J.D. Boulanger (scientific leader),
S.N. Scheglov (head of the expedition),

. from the Institute of Automatics and Electrometry
G.P. Arnautov, E.N. Kalish, ¥Yu. F. Stus', V.G. Tarasjuk.

Auxiliary research in Singapore to determine the vertical gravity gradient
and to make adjustment of the site for the system IGSN-71 was made by Dr. Barlow,
Bureau of Mineral Resources in Australia. Great assistance was rendered by Pro-
fessor Rajaratham, University of Singapore.

Absolute gravity measurements in Singapore were taken twice : on April 12-
14, 1979 on our way to Rustralia and on June 1-2, 1979 on our way back to Moscow.
Measurements were taken by an absolute gravimeter GABL constructed in the Insti-
tute of Automatics and Electrometry, Siberian Department, USSR Academy of Scien-
ces. The instrument was installed just in the place of the previous measurements
in December, 1976 : in a separate pavilion within the University of Singapore
territory where the radic-active materials were earlier reserved r2J.

The instrument is to record a free-fall of the test body in the vacuum cham-
ber. To measure its trace it uses the laser interferometer with an operating lia-
ser stabilized by the Lamb gap. Periodical adjustment of the emission freguency
of the operating laser is performed by a special control laser stabilized by
using of an iodic cell of absorption.

The instrument’ is completely automatized. A special installation records
a failing body and then automatically rise it to its initial position. The com-~
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puter display inserted in GABL shows the measured result or the magnitude avera-
ged by number of throwings processed by the computer.

The measured result shows a so-called "effective height" of the instrument
which is determined by the distance from the pillar at which the GABL instrument
is set. This distance can be calculated and is usually about 125 cm. To get the
go at the pillar surface, the reduction, Agp is introduced. For this purpose the
vertical gradient is taken at each site.

Vertical gradient was determined by two gravimeters - La Coste - Romberg G
524 and G 525 by analysis of differences of gravity changes revealed during re-
peated measurements at three levels : Hy = 0,0 m on the floor, in the point where
GABL is established, and at heights Hy = 0,8 m and Hy = 1,8 m. Results of these
measurements are drawn in Table 1. They are calculated for the average increase
of the gravity unit per 1 m of the elevation over the observation site.

Table 1 : Vertical gradient definiticn

! Height : : !
! Intervals : 0,0 - 0,8 m :0,0 - 1,8 m: Average !
! Instrument : pgal/m : ypgal/m : wugal/m !
1 : . s 1
g o Tmmeee e T T T LT LT 1
! 524 299 : 298 : 298 !
I - 1
! 525 : 304 294 : 299 !
{ . 1
! Average : 302 296 : 299 !
1 : I
p oo T mmmmemmm——— LT T T T e e e e ]
! Total Average : 299 + 2,1 ugal/m !
t . 1

The measurement procedure by GABL is as follows. The instrument was set at
the pillar, adjusted and all its recording traces were heated. Then observation
of the free fall of the test body began. 1i0-120 throwings were recorded and
averaged. The interval between throwings is 15-20 seconds. The timing of each
measurement was usually 30 minutes. After each measurement period the instrument
adjustment was controlled. Then another measurement pericd began. In Singapore
site, we took 34 measurements for the first time, and 19 for the second. Results
of these measurements are shown in Tables 2 and 3.

The measured results were corrected for
Agy - for the time of passing through the recording trace,

Ag - for the Doppler effect,

c
Agp - for the resistance of the residual air in a vacuum chamber,
Ag¢ - for the deviation of laser ray from the vertical and for the collima-

tion,
Aqk - for the length of laser wave,
Ag6 -~ for tidal gravity changes.

Besides, so-~called Honkasalo AgH term and reduction for the effective
height of the instrument Agh were considered.
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Accuracy of the obtained measurements was determined by the formula

2
4

where M is a total error at the definition of absolute gravity magnitude, M_ is
an error at definition of 9o by internal scatter of measurements taken in the
given site, m, are errors produced by different recording instruments of GABL.

M=% \/M02+Zm



Table 2 : Results of determination of absolute gravity acceleration at Singapore site in 1979

h = 126,1 cm

Vertical gradient 299 * 2 lgal/m

b= dem b pen b kem kem der e 4w sem B GWR BEe B e Bem bmr bed Bme fmm bem A Sem Gew Alm Amm ke B A KR e Sl he= pew s s b

R

NN of
measurements

B e e e T el
W oI Und Whoe Owom-acun

20
21
22
23
24
25
26
27
28
29

Time of

-

Chsexvations :
by Greenwich :

W o Wwr kO

13
15
i6
17
18
19
20
21
22
23

10
11
13
14
15
15
17

i3
15
i5
25
00
00
30
10
45
35
25
05
55
45
50
30

14
00
00
50
20
10
Qo
25
05
55
35

45
45
55
30

30 :

00
40
i5
05
55
35
25
15
20
00

30
30
20
50
40
30
55
35
25
05

Number of f

throwings

112
118
116
119

116
117
119
117
118
120
112
117
117
118

85
119
116
118
120

118
115
114
120
120
120
115
115
117
117

N

Measured
magnitude

978 069 435 :
657 :
692 :
705 =

e #

679 :
484

484
576

647 :

675
547
468
479
475
516
635
664
685
714

486

"

LTI TR Y

L R L

509

543
639

706
611

564
475

712

574

30
20

A ar e

an e

22
14

16
i3
16
13
14
i4
i7
14
i7
18
17

20
19
io
22
22
23
19
12
i8
19

LR

Y TR T

[T T

!

Corrections Corrected ;
T T : magnitude !
Ag, = Agp : Agg : g :
;

1

: !

- 19 : + 53 : + 172 : 978 069 949 |
- 19 : + 49 : = 53 : 942 t
- 19 : + 46 : - 85 : 942 !
- 19 : + 46 : - BT : 953 t
. !

: : : ¢

- 19 : + 46 : - 66 : 948 !
- 23 : + 45 : + 156 : 970
- 23 : + 46 ; + 171 : 2986 !
- 23 + + 45 : + 63 : 969 i
- 23 : + 42 : - 2 : 972 1
: - 59 : +65 ;: - 21 : 968 ¢
: - 36 : + 57 : 4+ 87 : 9e3 ¢
- 33 : + 54 ; 4+ 161 : 958 !
- 33 : 4+ 51 : 4+ 170 : 875 !
- 33 : + 49 : + 157 : 956 !
- 29 : + 50 : + 130 : 975 |
- 28 : + 48 : + 17 : 980 !
- 28 : + 48 : - 33 : 959 |
- 33 = + 47 :+ - 77 : 930 1!
- 34 + 46 : - B6 : 948 !
. . 1

H H : §

- 23 : + 51 4+ 142 : 964 !
- 23 : + 51 : 4+ 94 : 939 !
- 23 : + 51 : + 44 : 923 !
- 23 : +51 - 41 : 934 !
- 23 : + 51 - 71 : 977 !
- 23 : 4+ 51 -~ 65 : 977 |
- 23 : +51 : + 1 948 |
- 23 : + 50 : + 42 : 951 !
- 27 : + 47 : + 92 : 984 !
+ 46 : + i

i

- 27 : i56 : 958

~ LO] -



Table 2 (Continue)

45

498 ;

27 : + 46

! !
! 30 18 15 18 117 : 14 : 159 984 1
! 31 19 05 19 35 . 113 : 477 16 ; 27 3 + 46 144 948 1
1 32 20 20 20 50 . 119 : 518 14 : 27 : + 46 ; 87 932 !
! 33 21 05 21 35 : 118 : 588 ; 17 27 : + 45 : 42 956 !
! 34 21 55 22 25 ; 116 : 654 : 14 ; 27 : + 45 : 8 : 972 1
! : H : ; !
3949 g = 978 069 959
m + 16,9
M r 2,9
Q

M + 14,1

Systematic errors : Ag_ = - 24 ugal , Ag¢ = ~ 10 ugal,
Ag, = 0 ugal Agh = + 377 ugal AgH ~ 35 ugal.
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Table 3 : Results of determination of absolute gravity acceleration at Singapore site in 1979

h = 125,6 cm Vertical gradient 299 jgal
. Corrections
NN of : Time of : : : : : Corrected
_ . Number of Measured = = @ —o—mmoooomooososeeee .
measurements : Observations : . : . : m : : : :  Magnitude
. throwings magnitude o
n : by Greenwich : : : : M, o Mg Ag : g
X g t P Y
TQ o] : : : :

- 601 -

! !
! {
! !
i !
! 1
i !
! !
! !
! : !
1 : 1 June : : : : 1
i 1 11 35 - 12 05 114 : 978 069 525 : + 15 : - 14 : + 49 : + 35 : 978 069 920 !
£ 2 : 12 15 - 12 45 115 : : 14 : - 14 : + 46 : + 37 : 955 1
t 3 : 12 55 - 13 25 : 119 s 620 : 14 : - 14 : + 44 : + 20 : 977 1
! 4 : 13 35 - 14 05 99 : 605 : 15 ¢+ — 14 : + 42 : + 4 : 944 |
i 5 : 14 25 - 14 55 : 119 : 594 . 13 : - 14 ¢ + 40 : = 10 : 917 1
! 6 : 15 15 - 15 45 : 115 : 641 : 16 : - 14 : + 38 - 16 : 956 !
f 7 : 15 55 - 16 25 : 120 : 661 : 18 : - 14 : + 37 - 15 ; 976 1
f 8 : 16 45 - 17 15 : 118 : 638 17 3 - 14 . + 35 : - 7 : 959 1
! 9 : 17 35 - 18 05 : 117 H 581 : 15 ¢+ - 14 : + 34 : + 7 : 915 1
! i0 : 18 25 ~ 18 55 : 118 H 605 : 17 : — 14 ; + 33 : + 25 : 956 1
1 11 : 19 15 - 19 45 : 118 : 576 : 13 ; - 10 : + 32 + 44 249 1
! 12 : 18 55 ~ 20 25 : 119 : 542 15 : - 10 : + 31 "+ 57 : 927 1
! 13 : 20 35 - 21 05 : 120 : 523 14 : — 10 : + 30 + 67 : 917 1
! 14 : 21 25 - 21 55 117 : 540 ; 17 ; - 10 : + 30 + 74 : 941 1!
! 15 : 22 05 - 22 35 117 : 538 ; 15 :+ - 10 : + 30 : + 74 939 1
! 16 : 22 45 - 23 15 : 118 : 565 : 13 : - 10 : + 29 : + 71 : 962 1
! 17 : 23 25 - 23 55 ; 118 : 516 : 14 : - 10 : + 29 + 63 : ags 1
I - . . - . . H
! : 2 June z : : : : 1
! 18 : 005 - 0 35 : 115 : 535 : 17 «: - 10 « + 29 : + 52 : 913 1
1 19 : 0 45 - 1 15 : 119 : 557 : 14 ; - 10 : 4+ 29 : + 38 : 921 1!
i . . - - . - 1
2216 g = 978 069 939

m o=t 22,2

Mg =+ 5,1

M =+ 14,7
Systematic errors : Agc = - 24 ugal, Ag¢ = - 10 pgal,

ng = 0 ugal, Agh = + 376 ugal, AgH = - 35 ugal.
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Data obtained from the GABL instrument and metrological control made us ac-
cept the following aumerical values :

mAt ~ error caused by electronicS . iu e i n e intoscenarenneeenees = 3 ugal
My, T error at determination of corrections for resistance of
P remmant air in the vacuum chamber. .....ov.oe e eronnenns = * 7 ugal
mA¢ - error for alignment of the vertical and for collimation. = * 10 ugal
myy ~ error at determination of the laser wavelength.......... =% 5 ugal
Rps — €rTOX at determination of corrections for tidal gravity
changes........... . O, =% 2 ugal
my, T error at determination of corrections for reduction to
the pillar surface. ...t io i it cinrnnnnan i ee e =+ 2 jugal

Thus, the total error at determination of absolute gravity magnitude will be

M=t \j Maz + (13.8)2
The finite results of measurements and their errors are drawn in Table 4.

Table 4 : Gravity in Singapore

f - . .
Error for °

! :Number of: Number of ;: : : :

. Date . one M g M

! :throwings:measurements: : z :

. measurements

1
!
4
!
! : : Hgal : Ugal Hgal Ugal !
! 1879 : : : : : : !
112-14 April: 3949 34 : + 16,9 : 2,9 : 978 069 859 : 14,1 1
! : : H : : H 1
! 1-2 June : 2216 : 19 : + 22,2 : £5,1 : 978 069 939 : £14,7 !
! : H !
T TTTTTT TTTTTT TTmmmmm e oo t
; 6165 53 - - 978 069 949 *10,2 ;

Thus, the average absolute gravity calculated by two measurements in Singa-
pore turns to be equal to

978 069 949 * 10.2 ugal

Dr. Barlow established the tie between the new site and the two sites Sin-
gapore A and Singapore B included in IGSN-71 Catalogue [}J. Table 5 shows re-
sults of these measurements.
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Table 5 : Adjustment to the system IGSN-71

Site : g : A : g
IGSN-71 : in IGSN-71 system : g : at new site

Singapore A 978 066,68 *+ (0,025 : + 3,262 : 978 069 942 % 25

s ar sa ar

Singapore B

I T T

978 066,04 % 0,025 : + 3,914 : 978 069 954 £ 25

"

Total : 978 069 948 £ 18

We obtained a complete coincidence of results. In average, the difference
between the gravity measurements by IGSN-71 system and new absolute measurements
is

+ 1 £ 20,6 ugal

Such agreement of results can be explained by accidental coincidence only.
At the same time, it manifests sufficient reliability of g value in the IGSN-71
system and also of new absolute measurements.

Absolute coinecidence of results of new measurements and gravity values in
IGSN-71 system created at the basis of measurements in 1970 is one more support
for the high stability of the Earth's equatorial gravity field, in the region
where more significant grawvity changes might be expected. It allows to conclude
that if, anyhow, there are any gravity changes in Singapore their average yearly
magnitudes do not exceed 2-3 lgal.

In cenclusion, it is necessary to note that the results of absclute gravi-
ty changes obtained in Singapore in December 1976 turned to have significant
systematic error caused by the defect in the installation to cutt-off vibration
of the gravimeter. The exact magnitude of this error was not established. Thus,
we should introduce the error * 0.15 ugal for the g magnitude shown in [_2-]

J.D. Boulanger
G.P. Arnautov

S.N. Scheglov
Moscow, February 1980
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EBRAHIM AGHSHAHI

Institut de Geophysique
Teheran - Iran

ETUDE GRAVIMETRIQUE DU MASSIF
GRANITIQUE DE LA MARGERIDE

-

Dans 1e centre de la France, des affeurements granitiques sont
connus. Parmi les granites du Massif central, ce lui de la
Margeride est particuliérement important, & la fois par son
etendue et par les etudes petrographiques qui y ont deja ete
realisees.

Des travaux gravimétriques anterieurs, realisées par coron S.
(1), sur la carte d'anomalie isostatiaue, (Airy T = 30 km),

Te Massif central se presente comme une regione de fortes
anomalies positives. La carte des anomalies de Bouguer montre
une correlation evidente entre les anomalies toutes negatives,
et le relief. L'etude gravimetrique du Massif de la Maeride,
Presentde ici, est realisee a partir de la carte de 1'anomalie
de Bouguer. Une vaste anomalie gravimetrique negative, directe-
ment associée & ce granite de la Marderide, peut mise en
evidence sur la carte gravimetrique de France, editée par le
B.R.G.M. (1975) (2).

Une etude gravimétrique a pu etablir que Ta plus grande partie

de 1a masse granitique etait superficielle et a permis de
proposer une geometrie pour le granite.

Analyse de Ta carte et commentaires geologiques:
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Le granite de la Margeride est un granite porphyroide, tardiher-
cynien, dont Ta mise en place est probablement comteporaine de celle
des granites des CZvennes, et du Lozere, daté 3 323+ 13 Ma(Vachette,
1979), le massif granitique de la Margeride est intrusif, dans des

terrains sohisteux, métamorphiques.

L'anomalie de Bouguer (Fig.l), est partout négative, ies isanomales
varient de - 12 mgals & - 70 magals, et les gradients sont assez forts,
cette anomalie est dissymetique, sa longueur est environ trois fois

sa largeur.

L'examen comparatif de la carte gravimétrique et de la carte
géologique (Fig.2) montre que les anomalies n&gatifs se superposent
a des zones granitiques. De toute facon, 1'anomalie n&gative liée
au massif granitique de la Margeride doit correspondre 3 une structure
profonde, en effet, comme G. Perrier et J. Rueag (1973)(3), 1'ont
montré, i1 existe une remontee génerale, sous Te Massif Central de
1'asthénosphére.

4)

Couturie (1977)( a distingé, du point de vue pétrographique

trois facids principaux a 1'affleurement:

- faci®s clair; teneuren biotite inférieure i 10%

- faciés moyen: teneur en biotite comprise entre 10% et 20%
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- faciés sombre: teneur en biotite comprise entre 20% et 28.2%

Les résultats des mesures directs sur &chantillons sont repré-
sentds par la (Fig.4). La densité€ croit Tinéairement en fonction
du pourcentage en biotite entre 2.619/cm3 et 2.719/cm3. La valeur

moyenne de Ta densité pour le granite de la Margeride est de 2.66 g/cm3.

La densité des terrains m&tamorphiques encaissante a aussi &té

détarminée, et la contraste moyen est de 1'ordre de - 0.10 g/cm3.

Mous avons utilisé deux techniques pour 1a recherche des modélies:

~ La méthode directe (Pourtous les Profils), en prenant un
contraste de densité de - 0.10 entre le granite et les

terrains encaissants.

- La méthode de 1a programation Tin&aire (5), en recherchant
la solution correspondant au minimum de la masse *totale dans
Te domaine discretisé. Nous avons galement recherché un
modéle dans Te cas du profil Pl’ presentant une augmentation

linéaire de densitd en fonction de la profondeur {Fig.5).

L'examen des modéles obtenus montrent que:

- Sur ia bordure Nord, le pendage extrene des contacts indique
une extension du granite en profondeur qui deborde largement

les affleurement, sous les terrains encaissants, sourtout
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prés de chaudes-Aigues (profil P5), et au Nord d'Entraygues

(profil P7), ainsi que sur les profils P2, P3, PI10.

- Sur 1a bordure Sud, au contraire, le granite s'enfonce
sensiblement verticalement, sauf sur les profils P2, 24, P5,
ou comme au Nord le granite, en profondeur, déborde largement

Tes affleurements.

CONCLUSION:

L'examen des cartes gravimétriques (Fig.l) et structurales (Fig.2)
permet d'aborder le probleme de 1'extension du granite de la Margeride,

au - de 1a de ses limites visibles.

L'ancmalie négative est bien 1ie & la masse granitique tout
sur la carte de Bouguer que sur la carte de derivée premidre (Fig.3).
Les mesurses de densitg montrent un faible contreste entre celle du
granite et celle des schistes et micasohistes encaissants. Cac¢i nous
a conduit d rechercher des modéles correspondants 3 un contraste de
densité de 0.10. Nous avons essay€ egalement sur un profil une
augmentation linéaire de la densité avec la profondeur, comme si une
differenciation par gravité s'etait produite dans le laccolite. La
forme obtenue a &td proche de celle proposde par un contraste de
densité constant. Cela peut se comprendre du fait que 1'epaisseur

du granite de ia Margeride est faible par repport aux autres dimensions
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du massif (Largeur mayenne de 1'affleurement: 30 km environ, longueur:

plus de 120 km).

Au total, on constate bien d'ailleurs une concordance des resultats
gravimétriques qui proposent une géometrie, somme toute assez superficielie,
pour 1'ensemble du massif et les idées exprimées par J.P. Couturie,

a la suite de ses travaux de terrain.
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PART III

LIST OF PUBLICATIONS DEALING WITH GRAVITY MATTERS RECEIVED AT B.G.I.

(Bull. 46 continued)
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The amount of bibLiographical material which is appearing in this issue may
seem very Larnge compared to the past sifuation. This is very unwsual, but Lt sim-
ply replects the delay in the compllation of publications recelved at BGI, and
the gact that we have made up for Lost Eime.
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686 -

a)

b)

MINOWSKA A. & Z. ZORSKI - "Geometric method of the Earth's surface deter—
mination in mountainous terrains’.

Polska Akad. Nauk. Kom, Geaod.,

Geod. i Kartogr. t. XXVIT, 7.2, p.101-107, Warszawa, 1978.

On the base of the ellipsecid parameters (a4, @) and the geodetical
astronomical constants {-£M, w} recosmended by the 22sil Resclution there
is presented the merhod of determination of the normal gravity (72) related
to the Equator and the constants (B,B},B3) being included in the normal gra-
vity formula.

In the latter part of this work it is presented the tables of the

Y1947 values as well as the Av1967-cas and the Ayjgg7-gelm differences.

GEOFYSTKALNY SBORNIK XXIII, 1975. CESKOSL. AKAD. VED
Travaux Géophys. XXEIT, 1975, N°® 431-450, 565 p, Jraha, 1977.

VYSKOCIL V. - "Isostatic properties of the territory of Czechoslovakia
and their association with the motions of the Earth's crust", p. 57-63.

Drawing on isostatic anomalies and the present knowledge of the struc-
ture of the Earth's crust, the isostaric properties of the territory of
Czechoslovakia are studied. The lithosphere in Czechoslovakia is approxima-
tely in a state of isostatie equilibrium, because the values of the isostatic
anomalies only vary within normal limits. In the Carpathian area the shapes
of the Earth's surface are compensated for to a certain extent by an inverse
shape of the Moho discontinuity, but in the Bohemian Massif the conditions

‘are more complicaced. In general the gravimetric aspects of the motious of

blocks of the Earth's crust are discussed. By comparing the isostatic ano-
malies with neotectonic maps, certain preliminary comclusions were drawn
about the development of the isostatic conditicns om the territery of
Czechoslovakia in the recent geological past.

SIMON 2. - "Drei modelle fiir die Ausdrickung der Wirkung Zusserer Einflusse
auf das CGravimeter". p. 65-75..

Sont donnés 3 mod&les mathématiques, grice auxquels on peut se représen-
ter 1'influence de certains facteurs externes sur les gravimitres. On suppo-
se qu'il existe une dépendance statique lindaire de la variation du calcul
du gravimétre par rapport 3 la variation de la grandeur du facteur externe,
soumise 3 1'influence du ralentissement ou des oscillations de 1'appareil.
Les modéles sont basés sur la ressemblance physique avec le filtre RC et
l'oscillateur harmonique pendant un ralentissement grand ou petit. Les €ga-
lisations di§férenticlles et intégrales correspondantes sont indiquées par
(1} et (2), (10) et ( 11), (16) et {17). Sur le dessin 2-10 sont donnés des
exemples de fonctions entrantes et sortantes pour différents modéles.

687 - GEOFYSIKALNI SBORNIK {976, CESKOSLOV. AKAD. VED

a}

b)

688 -

689 -

Travaux Géophys. XXIV, 1976, N° 4531-477, 629 p, Praha, 1976.

BURSA M, =~ "Curvature anomalies determincd from the deflecrions of the ver-
tical on the territory of Czechoslovakia®. p. 9 - 48.

SKALSKY L., J. PICHA, Z. MARTINU & J. JERABEK - "Tidal observations with a
Gs—1i gravitymeter at Ceské Budejovice”. p. 77 - 109

At the beginning of 1972 the Research Institute of Geodesy, Topegraphy
aud Cartography (RIGTC) in Prague, togecher with the Institute of Gecdesy
(1G) established a temporary tidal station in Ceské Budejovice (§,2). Since
buth institutes only had a single gravity metez Gs—11 No. 13] available for
this purpose, the Geophysical Institute CSAS decided to wake use of their
offer and installed their own Gs~1] gravity meter No. 133 at this station j
the instrument had formerly beem used for tidal measurements in Pribram in
1969-1970 (3). The instrument was installed in Ceské Budejovice alb the be-
ginning of March 1972, however, records which could be processed were only
obtained at the end of July 1972 {after the repaired galvanometer had been
delivercd). For this reason the observation series had te be extended into
September 1973, whereas the RIGTC and IG terminated their observations in
March 1973.

WOODWARD D.J. - "Stresses due to phase changes in subducticn zones and an
empirical equation of state for che mantle".
from : Geophys., J., R. Astr. Soc. N° 50, p. 459-472, 1977.

An empirical equation of state, assuming mineralogical equilibrium,
is developed for the top 700 km of the mantle. Assuming a uniform viscosity,
this equation of state is used to show that the stresses due to the changes
in phase induced in a descending lithospheric plate in a subduction zone
are an order of magnitude larger than those due to the nepative buoyancy of
the slab in the asthewnosphere. The stresses predicted are well within the po-
wer law creep region for likely mantle materials and so the effective visco-
sity will vary within the slab. Consequently the stresses will be smaller
than those of 7.0 x 108 N/m? obcained here using uniform viscosities. These
stresses are relatively compressional near the sides of the slab and tensio-—
nal in the centre.

WUNT T.M, - "Recharge of water in Wairakei geothermal field determined from
repeat gravity measurements”.
from : N.Z, J. Geol. & Geophys., v.20, n® 2, p. 303-317 ; 1977.

. Repeat pravity measurements at Wairakei Geothermal Field, New Zealand,
indicate for the period §958-196] about 44 X 10” kg of water replaced

145 X 109 kg withdrawn, for 1961-1967 about 126 X 109 kg replaced

360 X 102 kg withdrawn, and For 1967-1974 about 364 X 107 kg replaced

&0 X 1oY kg withdrawn.
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The amount of recharge appears to be inversely related to the rate of
change of corrected gravity values 2t benchmark AY97 in the main production
borefield. Using this relationship it is estimated that during the initial

period of exploitation (1958~1962) the annual recharge dropped to about 10 I

but subsequently rose, and since 1966 has been about 90 Z.

In any period, the masse replaced has not exceeded that withdrawn, but
since 1966 the net mass loss has been small, and ac the present rate of with
drawa it is unlikely that the field will be depleted of warer for a long Lime

NUNT T.M. - "Gravity and magnetic investigation of the Red Hill complex,
Nelson, New Zealand'.
from : N.Z. J. Geol. & Geophys., v. 20, n® 2, p. 319-334, 1977,

Gravity anomalies suggest the Red Hill Complex consisfs of a keel-shaped
core of peridotite 7 km thick surrounded by a sheath of serpentinite 0°5 km
thick. Aevomagnetic anomalies over the Complex are consistent with this sha-
pe, but difficuley in obtaining a close fit between calculated and observed
anomalies suggests that it is not uniformly magnetised and that the measure-
ments were not made at a sufficient distance above it for the magnetisation
to be approximated to a uniform direction, The measurements show that ulktra=-
mafic rocks do not intrude associated sediments of the Maitai and Pelorus
Groups, but it is wncertain whether they intrude associated voleanics and
sediments of che Lee River Group.

It is unlikely that the Complex was intruded as a dike, as previocusly
supposed. The geophysical measurements are unable however to Jetermine whe-
ther the Complex is the remmant of a shallow, basaltic magma chamber, or an

enormous block in a tectonic mélange.

PETERS K. ~ "Ergebnisse der Gravimetrie im bereich der Minchberger Gneismas-
se und der Refraktionsseismik Langs eines Profils iiber die CGneismasse".
Fak. Geowissens. Ludwig Maximilians Univ. Minchen, 82 §, , 1974.

Es wurden Gravlmeter—\hhsungen (dg(z)) mit Punktabstinden von 20 m bis
50 m lings zweler Profile, die im Nordost-Teil der Minchberger Gneismasse
verlaufen, im Hinblick auf das Ein fallen des NW- und des SE-Randes und der
Dicke der Gneismasse ausgewertet. Profil 2 hat nur eine Linge vor etwa 8 km
und verliufr in gerimger hntfernung vom Nordost-Raad der Minchberger
Gneismasse. Profil | mit einer Linge von ungefahr 30 km beginnt bei Naila
im Frankenwald, Uberquert die Gneismasse und endet bei Niederlaomitz im
Palaozoikum des Fichtelgebirges. Fiir beide Profile wurden die BOUGUER-
Anomalien berechnet. Die Reduktionsdichten wurden fiir das Iange Profil | aus
Gesteiusproben ermittelt. Das kurze Profil 2 wurde insgesamt mit einer mit-
tleren Dichte reduziert, Die BOUGUER+Anomalie von Profil 1 zeigte winen um
etwa 28 mgal hoheren Schwerewert der Minchberger Gneismasse gepenuber dem
Fichtelgebirge. Zum Frankenwald hin nehmen die Werte der BOUGUER~Anomalie
un ca. 5 mgal gegenuber der Gneismasse ab. Beide Profile haben am Siidost-
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Rand der Minchberger Gneismasse einen sehr starken anstieg der BOUGUER-
Anomalie von SE nach NW. Die BOUGUER-Anomalie von Profil | bildete die
Grundlage fiir Stdrkdrper-Berechnungen. Mit HilFe der "Polygon-~Hethode"
wurden die Schwerewirkungen von zwei~ und dreidimensionalen StdrkSrpern
berechnet. Der Vergleich dieser Schwerewerte mit der BOUGUER-Ancmalie fihrte
#zu ainer Dicke der Miinchberger Gneinsmasse ven etwa 5 000 m bei einer Diche
tndifferenz von 0,2 g/cm3 der Gneismasse gegentber dem Flchtelgeblrbe und
0,125 g/cm gegenilber dem Frankenwald. Fiir den Sidost-Rand wurde ein Ein-
fallen der Gneismasse nach Nordwesten von 85° bestimmt. Der Hordwest-Rand
fillt nach diesen Berechnungen mit etwa 55° nach SE ein.

FIMRER F. - 'Die Anomalien der Schwere am Sidwest Rand des Bayerischen
Waldes und ihre Interpretation™.
Fachbereichs Geowissens. Ludwigs Maximilians Univ. Minchen, 114 5, 1974.

Zur Untersuchung der Stdrungssysteme, die das Kristallin-Gebiet des
Vorderen Bayerischen Waldes gegen die Sedimente des Vorlands begrenzen,
wurden entlang von neun Profilen senkrecht zuwm Styeichen der tektonischan
Linien (Doaau-Randbruch, Pockinger Abbruch, Keilberp-Storung) gravimetris—
che Messungen durchgefihre. Die Cesamtlinge der Profile betridgt 173 km bei
einer Cesamtzahl von 1985 Gravimeter-MePpunkten, alse einem mittleren Punic—
tabstand von 87 m. Fir alle Punkte wurden Freiluft- und Bouguer—Anomalie be-
rechnet, wobel die Gesteinsdichten sowohl durch Messung an Handstiicken, als
auch durch das Nettletom-Verfahren bestimmt wurden. Es crgab sich eine Zu-—
nahme der Schwere-Differenz {Bouguer—Anemalie) zwischen Kristallin-Gebiet
und Vorland von 2,5 mgal im Nordwesten bein Regensburg auf 33 mgal sitdlich
Passau,

KOLENKIEWICZ R., D.E. SMITH, D.P. RUBINCAM, P.J. DUNN & M.H. TORRENCE
"Polar motion and Earth tides From laser tracking"
from : Phil. Trans. R. Soc. London, A. 284, p. 485-494, 1977

The tracking of near—-Earth satellites with laser systems permits the
determination of the variation of latitude of the tracking station and the
variation in the rotation of the Earth. The present-day capability of a
single station is approximately 75 cm in latitude averaged over 6 h and
0.8 ms in the length of day. When the Laser Geodynamics Satellite (Lageos)
is launched, a network of laser stations is projected to be able to achieve
better than 10 cm in each coordinate from less than one day of tracking.
The perturbations of near-Earth satellites by solid Earth and ocean tides
are now measurable and can provide new information about the Earth and
oceans. The orbit perturbations have long periods (days, months) and the
analysis of orbital changes are providing estimates of the amplitudes and
phases of the major tidal components.
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"Geodetic applications of laser ranging'.
from : Phil, Trans. R. Sec. London, A. 284, p. 529-336, 1977.
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The measurement of intersite distances with laser ranging te satelli-
tes has been demonstrated during the last few years for distances of se-
veral hundred to several thousand kilometres with precisions of a few tens

of centimetres. These techniques are now being tested across the San

Andreas fault in California where it is hoped place motion will be obser—
vable after several years of measurements. The first measurements, between
sites in southern and northern Califernia, were made in 1972 and vepeated
apgain in 1974 with agreement between the baselines for each of the two years

at the 10 cn level, Tlie next measurements are plammed for the summer of

1976. The results of these and related experiments will be described toge-
ther with simulations of the projected capability using the high alcitude
Lageos satellite. General plans for future experiments will be described.

GODDARD SPACE FLIGHT CENTER — Polar motion from laser tracking data.

5 p, Greenbelt, 1978,

The attached Table and Figures show the pole positions derived from

laser tracking of Lageos for che period May through December §976. The
tracking data was obtained by HASA/GSFC laser systems operating at
Greembelt, Maryland ; San biego, Califormia ; Quincy, California ; Bear
Lake, Utah ; and by the NASA/SAO laser systems at Mt. Hopkins, Arizona ;
Arequipa, Peru ; Natal, Brazil ; and Orrotal, Australia.

INSTITUTE of GEOLOGICAL SCIENCES, Continental Shelf Division
Cruise report on project 78/04 BW Approaches regional survey,

May~July 1978, M.V. SPERUS".

Natural Environment Res. Council., Ren. N° 092, 31 p, Edinburgh, 1978.

This report deals with the mobilisation and operation of the 5W
Approaches regional survey, project 78/04, and covers the period 22 May

to 13 June,

The four legs comprising this project were designed to extend the re-
gional survey of the SW Approaches to the south and west of the Scilly Isles
out to the Concinental Shelf edge. THe survey was to be carried out using

shallow seismic, gravity and magnetic techniques en a skewed 7 km by

12 1/2 km grid. However, dve to lack of time this programme was slightly

modified {see repért For leg 4).

INSTITUTE of CEOLOGICAL SCIENCES, Continental Shelf Division -
"Cruise report for project 78/02, legs &4-7 North sca Gravity Survey

July-August 1978, M.V. SPERUS".
Hatural Environment Res, Council,

, Rep. R® 093, 26 p, Edinburgh, 1978,
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This report deals with the regional demobilisatien of the m. v, Sperus
and legs 4, 5, 6 and 7 of the North Sea gravity project 78/02. Legs 4, 5
and 6 of this project were desigued to complete the gravity coverage of the
North Sea (as commenced in 1976) on a 7 £/2 km by 15 km N-5, E-W grid. Leg
6 was extended by six days for this pumose. Leg 7 represented an extension
of the original project and was designed to collect magnetic data at a num—
ber of sites {see figure la) and also to obtain gravity and magnetic data on
the Orkney Sheet (59°N 4°W) to infill and check dacta collected in previous
years.

NAT 1GHAL AERONAUTICS AND SPACE ADMINISTRATION,
Goddard Space Flright Center, Technical Memoranduw (TM), Greenbelt.

GRABER M.A. - "An information theory approach te the density of the Earch™.
T.M. N° 78034, 39 p, Nov. 1977, :

Information theory can develop a technique which rakes experimentally
determined numbers and produces a uniquely specified™best" density model
sacisfying those numbers. This technique does not depead on previous deasi-
ty models for srarring conditions ; it is self-starting. A model was gene-
rated using five numerical parameters : the mass of the earth, its moment
of inertia, three zero-node tursional normal modes (L = 2,8,26). In order
to determine the stability of the solutiom, six additional density models
were generated, in each of which the period of ane of the three normal mo-
des was increased or decreased by one standard deviation. The superposition
of the seven wodels is shown in Figure 4. It indicates rthat current know-

—
ledge of the torsional modes is sufficient to specify the densicy in the tﬁ
upper mantle but cthat the lower mantle and core will require smaller stan=

dard deviations before they can be accurately specified. 1

VONBUN F.0., W.D. KAHN, W.T. WELLS & T.D. CONRAD - "Gravity anomalies deter-
mined from tracking the Apollo-Soyuz".
T.H, 78031, 34 p, Dec. 1977.

Tn July of 1975 a Geodynamics Experiment was performed during the
Apollo-Soyuz Mission ro assess the feasibilicy of tracking and recovering
high f£requency components of the Earth's gravity field. For this experiment,
a synchronous orbiting tracking station namely the Applications Techuology
Satellite 6 (ATS~6) was utilized to track a low orbiting spacecraft namely
the Apollo. Gravity anomwaly blocks of magnitude of 5 milligals or larger
with wavelengths of 500 te 1000 km have been recovered within the region boun
ded by latitudes 52°$ to 52°N and longitudes 0* to I15°E.

A total of 154 5° x 5° mean free air gravity anomalies have beea reco-
vered. The RMS error associated with the recovered anomalies was found te be
approximately 7 milligals. To further test these values, gravity anomalies
independently recovered from GEOS-3 altimeter data (based on a completely dif-
ferent approach) have been used and are generally in good agreement,
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MARSH J.G., B.D. #HaRSH, 1.D., COMRAD, W.T. WELLS & R.G. WILLIAMSON -
“Gravity anomalies near the Easc Pacific Rise with wavelengths shorter
than 3300 km recovered from GEOS-3/ATS-G satellite-to-satellite,. Dappléts
tracking data”.

T.M. 79553, 260 p, Dec. 1977.

The velocity of che GE0S5~3 satellite measured by Doppler as a Function
oF time from the ATS-6 satellite has been used to recover gravity anomalies
in the region of the East Pacific. The orbit of GEOS-3 at an altictude of
840 km is perturbed by spatial changes in Eatth's gravitational field, The-
se perturbations are measured via ATS-6 which is in a synchronous orbit at
an altitude of about 40,000 km. The range-rate data were reduced using a
gravitational field model complete to the 12 degree and arder, since these
low degree and order coéfficients are well known. A similation of the pos-
sible effects causing the remaining range-rate residuals relative to the
12, 12 field shows that in general the dominant effect iz the neglect of
the higher degree and order coefficients of che gravitational field model.
The reduced range-rate data were smoothed using a filter corvelation length
of 1500 km and the resulting curve differentiated to give accelerations
{mgals) as a function of space. Point values taken at ‘equally spaced points

the earth’s high
of GEQS-3 tracks

along each profile were contoured to produce a map of
degree and order gravity field ; two independent sets
were used to produce two independent maps. These maps match satisfac-
torily, and they are broadly similar to existing maps. In areal extent
the closest match is wicth Rapp's newest cowpilation of surface data,
although his map shows generally smaller ampiitudes and much less derail.
This is a prowmising new method by which to study Earth's high degree and
order gravitational field.

RUBINCAM D.P. - "Information theory and the Earth's density distribution
T.M. 78088, 23 p, Feb, 1978,

The present paper argues for using the information thecry approach
of Jaynes (19753} as an inference technique in solid earth geophysics. A
spherically symmetric density distribution is derived as an example of the
method. A simple model of the earth plus knowledge of its mass and moment
of inertia leds to a density discribution which is surprisingly clese to
the optimum distribution of Bullen (1975). Future directions for the infor-
mation theory approach in solid earth geophysics as well as its strengths
and weaknesses are discussed.

MATHER S.5., C. RIZ0S & T, MORRISON - "On the unification of geodetic
levelling datums using satellice altimecry".
T.M. 79533, 35 p, April 1978,

Techniques are described for deterwmining the height of Mean Sea Level
(MSL) at coastal sites form satellite altimetry. Such information is of va-
lue in the adjustmeunt of continental levelling metworks, Numerical results
are obtained from the 1977 GEOS-3 altimetvy data bank at Goaddard Space
Flight Center usimg the Bermuda calibration of the altimeter.
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Estimates are made of the heights of MSL at the levelling datums For
Australia and a hypothetical Galveston datum for central North America.
The results obtained are in reascnable agreement with oceanographiic es-
timates obtained by extrapolatien. It is concluded that all gravity data
in the Australian bank AUSGAD 76 and in the Rapp data file for cemtral
North America refer to the GEOS-3 altimeter geoid for 1976.0 with uncer—
tainties which do not exceed + 0.1 mGal.

MATHER R.S,, R. COLEMAN & B. HIRSCH - "The analysis of temporal variations
in regional nwdels of the Sargasso Sea from GE0S-3 altimetry".
T.M. 79549, 531 p, May 1978.

Monthly regional models of the Sargasso Sea in the western North
Atlantic are produced for the periods July to Hovember 1975 and April to
Augusc 1976 from GEOS-3 altimetry. The average variability of the models
over the period is + 43 cm. 25 % of this value is due to modeling proce-
dures used in the study. Another non-oceanographic contribution comes from
instabilities introduced by variable pass geometry. Shortwave maxima and
minima in the regional sea surface models are examined for correlations
with surface and remote sensed infrared temperature data. On allowing for
differences in the quantities being compared, an 88 £ correlation is ob-
tained on comparisen with cyclonic eddies reported by the National Weather
Service. This figure drops to 59 % in the case of correlations with maxima
and minima of surface temperature Fields,

The analysis of 32 sets fo 5 to 9 overlapping passes provides a better
picture of instantaneous sea state through wavelengths greater than 30 km.
The improved resolution (+ 33 cm} shows that the variability of the Sargasse
Sea through wavelengths between 150 and 5000 km is + 1§ cm.

MATIIER R.S. ~ "fhe Earth's gravity field and ocean dynamicsY,
The Earth's gravity field and ocean dynamics",
T.M. 79540, 34 p, May 1978.

The spectrum of ocean dynamics lends itself to convenient subdivision
into two components in the context of satellite remote sensing. The first
is the quasi-staticnary constituent, while all features which vary with time
during the period of data acquisitien, comprise the second. As data collec—
ted at the surface of the oceans is realted to sea level and not the geoid,
satellite determined gravity fields are the only source of data on the gra«
v%cy field which can be used for dynamic sea surface topography determina-—
tion.

An analysis of the signal-to-noise ratio of the best gravity Field avai-
lable at the present time shows that a basis exists for the recovery of the
dominant parameters of the quasi-stationary sea surface topography at the
present time. Results obtained from the analysis of GEQS-3 show that it is
feasible to recover the quasi=stationary dynamic sea surface topography as a
Function of wavelength. The gravity field models required for synoptic ocecan
circulation modeling are less exacting in that constituents af fecting radial
components of corbital position need not be known through shorter wavelengths.
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nation of some dominant parameters of the global dynamic sea surface to-
pography froi GE03-3 altimetry".
T.M. 795358, 41 p, May 1978.

The 1977 GECS-3 altimetry data bank at Goddard is analysed for the
geometrical shape of the sea surface as expressed as surface sphaerical
harmonics after referral to the higher reference model defined by GEN 9.
The resulting determination is expressed as quasi-stationary dynamic sea
surface topography (SST). The results obtained are compared with equivalent
parameters obtained from surface measurements of temperature, pressure and
salinity. The most clearly defined parameter is the zonal harmonic of de-
gree 2 which is determined to be =43%6 cm, This is smaller than the ocea-
nographic value of ~46 ¢m. Values with slightly larger uncertainties are
obtained for the 3 rd and &4 th degree zonal terms. These values are in rea-
sonable agreement with oceaznographic values.

Attempts to obtain the first degree harmonic im the S5T were not suc-—
cessiful due to the masking effect of rthe non-guocentricity of the. system of
reference used. The dominant effect is a southwsrd displacement of 1.5 m
along the polar axis. The results are preliminary and subject to improvement
with better ephemerides for GE0S-3.

$.C. COHEN & G.R. COOK ~ "Determining crustal strain rates with a spazebor-
ne geodynamics ranging system - 1, baseline analysis".
T.M. 79565, 26 p, June 1978,

The Spaceborne Geodynamics Ranging System is a proposed satellite-borne
laser ranging system which would be capable of making Righly precice gecde-

tic measurements over baselines ranging from a few tens of kilometers to
several hundred kilometers. In this paper we analyze the precision with
which crustal strain rates could be derived from measurements made with
this sysrem. Using simple site configurations, intersite distances of
about 25-70 kilometers, and measurement programs ranging from a few gears
to fifteen years, we conclude that precisions of several parts in 107 per
year arc achievable. Compared to the expected shear strain rates of about
7 x 1077 yr~1, this produces very favorable signal-to-noise ratios. By
using scaling laxs the results obtaired here may alse be used for other
combinations of baseline distances, measurement times, and system base~
line determination mnoises.

FELSENTREGER T.L., J.G. MARSH & R.G. WILLIAMSON - "Mp oceanitide parameLers
and the deceleration of the Moon's mean longitude from satellite orbit data".
T.M. 79571, 21 p, June 1978.

An estimation has been made of the prinecipal lang period spherical har~
menic parameters in the representation for the M2 ocean tide from the oroi-
tal histories of three satellites — 1967~922 (TRANSIT), Starlerve, and GEOS-I
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The data used were primarily the evolution or the orbital inclimations of
the satellites, with the addirion of the longitude of the ascending node
from GEOS-3, The results are :

+

* = . L] ]
Cyy 3.42 £ 0.24 cm. gy = 325°.5 £ 3°.9
+ +

= = 2.0+ &°
L&Z 0.97 * 0.12 cm. 542 124°.0 £ 6°.9

These values agree quite well with recent numerical models and another re-
cent determination from satellite data.

Dissipational tidat friction in the oceans is known ta provide the
largest contribution to the observed deceleration in the lunar mean longi-
tude. Further, only the second degree components of the ocean tide contri-
bute significantly te this secular decay (Lambeck, 1975). The My paraweters
obtained here infer an ff of - 25 * 3 are seconds/century?, in good agreement
with other investigators. The range of current determinations of H is from
~ 24,6 to ~ 27,2 ard second/centuryZ., Considerably different techniques have
been vsed to derive the estimates : the study of ancient eclipses, transits
of Mercury, Lunar Laser Ranging, and ancother satellite solution.

HAGNER C.A. - "The geoid spectrum from Altimetry".
T.M. 79583, 27 p, July 1978.

Satellite altimetry information from the world's major occeans has
been analyzed to arrive at a geoid power spectrum. Using the equivalent
of about 7 revolutions of data (mostly from GEGS5-3) the power spectrum
of the sea surface generally follows the expected values from Kaula's rule
applied to the geoid.

Analysis of overlapping aitimetry arcs (and oceanographic data) shows
that the surface spectrum is dominated by the geoid Eo about 500 eycles
(40 km half wavelength) but that sea state departures are significant star-—
ting at about 250 cycles (80 km}.

Estimates of geopotential variances from a derived (smooth) geoid spec~
trum show significantly less power than Kaula's rule to about &0 cycles, but
somewhat more from there to about 400 cycles. At less thao 40 km half wave-—
tength, the total power in the marine geoid may be negligible (<< 20 cm) .

GRABER M.A. — “Analysis of daily latitude variations".
T.M. 79585, 16 p, July 1978,

The daily latitude measurements of the International Polar Motion Ser-
vice are analysed. The results are utilized to study the annual oscillation,
and Schuster's test is applied fo determine the presence of non-random fluc-
tuations in the polar motion in addition to the Chandler wobble.

Lel
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T.M. 79603, 29 p, Aug. 1978.

A simple rapid merthod is described for determining the spectrum of a
surface field (in sphefical harmonics) from harmonic analysis of direct {inm
situ)} measurements along great cirvele arcs. The method is shown to give ex-
cellent overall trends {smoothed spectra) to very high degree from even a
few short arcs of satellite data. Three cxamples are taken with perfect
measurements of satellite tracking over a planet made up of hundreds of
point-masses using (I} altimetvic heights From a lLow orbiring spacecrafe,
(2} velocity (range rate) residuals between a low apd a high sateliite in
¢ircular orbits, and (3) range-rate data between a station at infinicy and
4 satellite im a highly eccentric orbir.

In particular, the smoothed spectrum of the Earth's gravitational Field
is determined to about degree 400 (50 km half wavelength) from 1° x 1° gra-
vimetry and the equivalent of 11 revolutions of Geos 3 and Skylab altimetry.
This measurement shows there is about 46 cm of geoid height (rms worid-wide)
emaining in the field beyond degree 180.

DERMANIS A. - "Design of experiment for earth rotation and baseline parametel
determination from very long baseline interferometry™.

059, Dept. Geod. Sci., Rep. N° 245, 116 p, Columbus, 1977,

Prepared for MASA, Washington.

Very Long Baseline Interferometry (VLBI)} is one of the new techniques
which will probably dominate geodesy and geophysics. in the near Future. Its
main advantage lies in the fact that it brings the accuracy of direction
measurements te a level previously possible only for range measurements.
This closes the gap between powerful range determiration technigues such
as laser ranging and the much less accurate determination of diractions
through photographic tracking of artificial earch satellites.

The technique is geometric in the sense that the observations arve inde-
pendent of the gravity field of the earch. However, the "orbits" of the ob-
served extragalactic radio scurces with respect to an earth-fixed system are
dominated and perturbed by the rotation of the earth with respect to inertial
frame. This allows the determination of pelar motion, precession-nutation anc
length-of-the~day variations, and the technique becomes also "dynamic® in
this respect,

The capability of determining the geometry of a network of stations
within a short time interval and with a centimeter level accuracy also al-
lows the study of the variation of network geometry with time caused by eart)
tides and other periedic or secular station drifts.

i
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ATS-6/GEDS~3 satellite to satellite range-rate observations™.
05y, Dept, Geod. Sei., Rep. N° 259, 78 p, Columbus, 1977.
AFGL-TR-~770272, Sci. Rep. H° I1.

The recovery of 5% equal area mean anomalies is investigated from
ATS-6/GROS~3 SST real range-rate data using the least squares c¢ollocation
method. The observational errors can be very satisfactorily filtered out
by using piecewise continuous cubic splines (with continuous First and se-
cond derivatives) to fit the range-rate data in tle least squares sense.

The accelerations are obtained by analycical differenciation of the fitred
spline. The accelerations are obtained optimally, matching the smoothness
characteristies expected at GE0S-3 altitudes, if the nodes of the spline,
where adjacent cubic polynomials meet, are kept every 60 seconds to fit range
rate observations at 10 seconds interval.

It is found that the initial stace vectors of ATS-6 and GEOS-3 are
b?st determined by using observations over a 4 to 6 day period to avoid
biased values due to cccasional faulty observations. The initial state vecg—
tors for any other epoch during this period, but not befora or after this
pera9d, may be obtained by integration, The recovery of anomalies can be
e¥am1ned using observations in one GEDS-3 revolution at a time. Two revoliy-
tloas baving faulty observarions could be identified in this manner.

The residval errors in the initial state vector of GEOS-3 of {0 to 20
meters in position, and | to 2 cmfsec in veloecity were found to cause small
Linear errors in the radial derivative (3T/dr) of the ancmalous potential.
These systematic errors may be adjusted for minimum variance of the discor—
dance between 3T/3r values in ascending and descending revolutions at cross=—
over peints. The number of ascending and descending revolutions should be
more than four each to obtain an over—determined solution.

The recovery of eight 5% anomalies was attemped using three descen—
ding and two ascending revolutions without applying cross—over constraints,
The RMS anomaly discrepancy was about § mgals with standard deviation of pre-
dicted anomalies as about 12 mgals. Tests indicate that these values couid
be much reduced by using observations from additional revolutions, and ap-
plying cross—over constraints.

LEICK A. - "The pbservability of the celestial pole and its nutacions”.
0SU, Dept Geod. Sci., Rep. N° 262, 91 p, Columbus, 1978
Prepared for NASA, GSFC, Greenbelt.

The expected motion characteristics of the real earth are systemati-
cally analysed based on available dynamical theoriecs For the rigid model,
the elastic earth model and the earth model with tiquid core. The various
axes whigh-are implicit in the dynamical theories are investigated regar—
ding observability on the basis of astronomical observations and suitabili-
ty for defining reference directions. The observational insignificance of
the "diurnal polar motion" is demonstrated. A special effort is made to cla-
rify customarily used terminology.
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714 - LEICK A. — "Earth orientation from lunar laser range differencing".

05U, Dept Geod. Sci,, Rep. N" 263, 110 p, Columbus, 1978,
Prepared for NASA, GSFC, Greenbelt,

For the optimal use of high precision Lunar Laser Ranging (LLR), an
investigation regarding a clear definition of the underlying coordinate
systems, idencification of estimable quantities, favorable station geometry
and optimal observation schedule is given.

In Section 2, the Ieast squares adjustment formulation for range-difrfe-
rencing is presented. Taking advantage of the earth-~moon geometry, this
procedure determines the coordinate differences of the stations particular-
ly well. The body-fixed motions of the celestial pole {polar motion) and the
earcth rotation parameter are derived from an orthogonal transfermation rela-—
tive to a standard epoch. This is accomplished by a second least squares
solution which utilizes the estimable parameters of the first adjustment as
new Yobservations". A separation between earth rotatiom variations aund eple-
meris errors in lunar right ascension is not possible. Various station dis-
tributions are analyzed. A station geometry comsisting of two norch-south
lines, being separated in longitude by 90°, and one east~west line determine
the three orientation parameters virtually independent of ephemeris crrors
in declination. However, they include the common motions of the stations due
to cruscal motions.

The third section presents various amalyses of variance models and nu-
merical results. The simplifications comsist of neglecting the earth rotation
duriang the vravel time of the pulse. In some models, the terms of the charac-
teristic order of 1/60, i, e., those terms depending on the ratio of geccen-
trie svation distance to geocentric reflector distance, are neglected and
the declination is taken comstant during one interval. The aralysis shows
that for the given station distribution and an adequate observation sthedule,
the orientation parameters can be given daily with at least the measurement
accuracy.

SJOBERG:L. - "The accuracy of gravimetric deflections of the vertical as

“derived from the GEM 7 potential coefficients and terrestrial gravity data".
05U, Dept. Geold, Sci, Rep. N® 265, 18 p, Columbus, 1977.

AFGL~TR-0287 Sci. Rep. N° i3.

The deflections of the verrtical can be determined with a combined mecthod
using point pravity anomalies, mean anomalies and satellite spherical harmo-
nics in the inner-, intermediate= and remote zone, respectively. In essential
the error sources of the intermediate and distant zone are studied.

The RMS error contribution of the remote zone was found considerably
dependent upon the distance of truncation. Another dominating evror source
is the error due to lack of more detailed gravity data than 1° x 1° mean ano-
malies in the intermediate zone. Smaller block sizes are recommended between
the distances 1° and 10° from the point of computation,

A significant gain of accuracy will be achieved in the toral ervor by
extending the radius of truncation to at least 30°. Anticipating an inner zon
error of 118 (a solution by collocation)} the total RMS error will hardly be
less tha 2V2, while for an inner zome error of OV4 the total error might de-
crease to I3,

716 -
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MORITZ H. - "Recent developments in the geodetic boundary value proplem".
05U, bepr. Geod. Sci. H® 266, 124 p, Columbus, 1977.
AFGL~TR-78002, Sci, Rep. N° 2,

The report reviews progress in the mathematical formulation and treat-
ment of the geodetic boundary-value problem, in parcicular, the existence
and uniqueness theorems of L. HBrmander and the gravity space approach -duc
to F. Sanso. The mechod of ilrmander uses a very advanced inverse function
theorem of nonlinear fuactional analysis. Sanso has transformed Molodensky's
free boundavy-value problem into a fixed boundary-value problem in "pravity
space", thereby essentially reducing the mathematical complexity. As a li-
near approximation, the gravity space approach gives identical resulets to the
conventional linearizatien, bubt gravity space appears superior for treating
questions of existence and uniqueness of the solution, although it is res-—
tricted to the pure gravi tational case without cenmtrifugal force.

MORITZ . - "Statistical foundations of collocatioa".
05U, Dept Geod. Sci. Rep, N® 272, 75 p, Columbus, 1978.
AFGL~TR-78-0182, Sci. Rep. N° 16.

The paper deals with mathematical models suitable as a basis for the
statisvical creatment 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 coilocation.

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

This second model gives a statistical foundation of the usual howmoge-
neous and isotropic covariance analysis of the anomalous gravity field ; it
also provides a basis for the study of the statistical distribution of quan-
tities related to this field.

This model allows a formal statistical treatment of the anomalous gra-
vitational field which is independent of an interpretation of this field as
some genuinely physical stochastie process and seems, thercfore, te be pre-
fFerable.
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718 - SUNKEL H. -~ "Approximation of covariance functions by non-positive definite
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functions".
05U, Dept. Geod. Sci. Rep, N° 271, B4 p, Columbus, 1978.
AFGL-TR-78-0177, Sci. Rep. K° 15.

In some applications of collocation we face twe seriocus drawbacks,
frequent calculations of linear functionals operating on the covariance Func-
tion, and the inversion of a large matrix, both causing much computer time.

The frame of this work is an investigation how to avoid calculations
of the exact covariance Eunction and to replace it by seme approximations.
Taree different kinds of approximating functions are studicd, all of them
being finite elements : the step function, the pieccewise linear funccion
and the cubic spline function,

After stating the essential properties of covariance functions, its
approximations are discussed for the distance dependent covariance function
and ics extension inte space.

KEARSLEY W, - "The estimation of mean gravity anomalies at sea from other
geophysical phenomena'.
OSU, Dept. Geod. Sci. Rep. N® 270, 23 p, Columbus, 1977.

A review of the literature shows there exists a correlation between
free-air anomalies and depth of water in ocean areas, on both a global and a
local scale. Woollard shows that a more Fundamental relationship exists with
crustal age, and Daugherty has some success in predicting gravity from
crustal age in the North East Pacific rvegion. A prediction using collocation
is performed with the same data, and similar results are obtained.

However, the success of this approach is limited by the complexity of
the tectonic and geophysical components in tlie ocean’s sub-strata. It app-2ars
that geophysical prediction techniques at sea will be of less importance than
previously in arcas wiere reliable satellite altimetry is available. In such
cases, the gravity field deduced from altimetry will assist in the interpre-
tation of the tectonic and geophysical mature of the ocean Floor and its sub~
strata.

THE OHIO STATE UNIVERSITY, Dept. Geodetic Sciences -
Rep. N° 269, 62 p, Columbus, 1977
Prepared for MASA, Walleps Flight Center.

RUMMEL. R. - "fhe determination of gravity anomalies from geoid heights using
the inverse Scokes' formula'.
p. 3-47

b

—

c)

A numerical method for the determination of gravity anomalies from
geoid heights is described using the inverse Stokes formula. This discrete
form of the inverse Stokes formula applies a numerical integracion over the
azimuth and an integration over a cubic interpolatory spline function which
approximates the step function obtainad from the numerical integration. The
main disadvantage of the procedure is the lack of a reliable eXror measure.,

The method was applied on geoid heights derived From GEOS-3 altimeter
measurements in the calibration area of the GE0S-3 satellite. The results
for the estimation of several 5%, 2°, and 1° mean gravity anomalies are sa-
tisfactory whem using a regularization cap with a spherical radius of 0.1°
and a reference field as e. g. obtained from the GEM 7 potential coefficients
up to degree 16,

SJOBERG L. - "The determination of gravity ancmalies from geoid heights using
Fourier transforms".
p. 18-49,

A method is outlined for the prediction of mean free-air gravity ano-
malies from altimeter data along one arc at a time. The me thod may be re-
garded as least squares collocation performed in the frequency domain. In
this way a considerable gain in the necessary computer time is achieved. The
final prediction of a block mean anomaly is estimated by the mean value of
all separate estimates from different arcs. A simple formula is derived for
estimating the prediction errors.

The method is tesred for the prediction of 5° equal area anomalies and
x 1° apomalies in the GEOS-3 Calibration Area and in the Philippines Area.
For example, approximately 12800 observations in 85 arc Segments werp proces-
sed for the predicrion of 6 5° anomalies in the Calibration Area. The total
computer time was 2.1 minutes and the RMS difference between predicted and
terrestrial anomalies was 4 mgal. In the same area a subset of 21 1° x I°
anomalies was predicted from 41 arc segments (approximately 6500 observations
with a corresponding RMS difference of 5 mgal.

Due to the simplicity of the method, all available altimeter ares in
an area can easily be included..Additional information mway in a simple way
be taken into account in a posterior prediction.

RAPP R. ~ "The determination of gravity anomalies from geoid heights using
least squares collocation".
p. 50-62,

Geos=3 altimerer data provided by the Wallops Tlight Center has been
processed using techniques developed by Rummel to determing consistent peoid
height information without need For a precise Geos-3 orbit, Data was selected
from fifty-three processed arcs te determine three 5° eaual area anomalies,
two 2° x 2° anomalies and two 1% x 1° anomalies. These blocks were located
S0 as to maximize the amount of sltimeter data in and surrounding the block
whese anomaly was to be estimated. The anomalies were estimated using the
technique of least-squares collocation using hoth an ellipscvidal reference
field and a reference field definad by the GEM 7 potential coefficients
taken to degree 12. The predicted anomalies showed good agreement wich es-
timites based on terrestrial gravity data. The average predicted standard
deviations were * 3 mgals for the 5° blocks ; 2 5 mgals for the 2° x 2°
blocks ; and * 10 mgals For the ° x |°
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KEARSLEY W. — "The predicrion and mapping of geoidal undulations from
GE0S-3 altimetry™.

0SU, Dept, Geod. Sci. Rep. N® 267, 68 p, Columbus, 1977.

Prupared for NASA, Wallops Flight Center.

From the adjusted alcimeter data, one gerLs an approximarioen to the
geoid height in ocean areas. This paper descvibes methods developed in the
Department of Geodetic Science to produce 'geoid' maps in these areas. Geoid
heights are obtained for grid points in the region to be mapped,.and two
of the parameters critical to the production of an accurate map are inves—
tigated. These are (i) the spacing of the grid, which must be rvelated to the
halE-wavelength of the altimeter signal whose amplitude is the desired accu-
vacy of the contour, and (ii) the method adopred to predict the grid values.

In the final production program, least sguares collocation was used to
find geoid undulations on a 1° grid in the mapping area. Twenty maps, with
their associated precisions, have beem preduced and are included in this
report. These maps cover the Indian Ocean, South western and North eastern
portions of the Pacifie Ocean, the South west Atlantic and the U. §. Cali-
bration Area. Lack of data has precluded further mapping at this stage.

RAPP R.H. — ™Mean gravity anomalies and.sea surface heights derived from
GEOS-3 altimeter data'.
0SU, Dept. Geod. Sci. Rep. N° 268, 116 p, Columbus, 1977.

Approximately 2000 Geos—3 altimeter arcs, supplied by the NASA Wallops
Flight Center and received by September 1977, have been analyzed to improve
our knowledge of the geoid and pravity field, The firsct step in this process
was a complex editing procedure used to eliminate bad and unacceptable data.
After this, an adjustment procedure was used teo fit the sea surface heights
(geoid undulations) implied by the altimeter data to the geoid undulations
implied by the GEM 9 potential coefficients, in an adjustment process that
incorporated cross-over constraints. The error model used for the fit was a
one or two parameter model which was designed to remove altimeter bias and
orbit error. The adjustment process was carried out in two stages ; first in
a primary net of global data in 854 arcs ; second in six regional areas.
Typical a priori cross—over discrepancies were * 8 meters while a posteriori
discrepancies were on the order of ¥ 0.6 meters.

The undulations on the adjusted arcs were used to produce geoid maps
in 20 regions where the data was suitably dense. In additiom, the adjusred
data was used to derive 301 5° equal area anomalies and 9995 1° x 1° anomi—
lies in areas where the altimeter data was most dense, using least squsres
collocation techniques. The average predicted accuracy of the 5° anomalies
was ¥ 3 mgals, and I 6 mgals for the 1° x 1° values, Comparisons with ter-
restrial data indicate these anomaly accuracies were reasonable. We also
emphasized the ability of the altimeter data to imply rapid anomaly changes
of up te 240 mgals in adjacent 1° x 1° blocks.

723 - JORDAN 5.K. -

724

"Fourier physical guodesy".
AFCL-TR-78-0056, 56 p, Hanscom AFB, Mas., 1978.
The Analytic Sci. Corporatien, Sci. Rep. N° I,

Fourier transforms are efficient and convenient for analyzing local
gravity data, but the accuracy of Fourier methods is restricted by the
flat-earth approximation. In this paper, the theory of matched asymptotic
(inner and outer) expansions is used to develop improved flat-earth appro-
ximations, determine regions of ceuvecrgence, and match global (round-earth)
and local (flat-earth) gravity models. Accurate solutions in the terms of
Fourier transforms are given for the integrals of Poisson, Stckes, and Vening
Mainesz. The new theory provides an crror analysis of Elat-earth algorithms
and a systemabic procedure for improving their accuracy.

KRYNSKL J. - "Possibilities of low-low satellite cracking for local geoid
improvement".
Mivt. Geod. Inst. Tech. Univ. Graz, F. 3f, , 67 p, 1978.

The concept of satellite-to-satellite tracking measuring the relative
velocity of two orbiting satellites spaced some hundreds lilometers on a
close orbit, provides new possibilities for the investigation of the Earcth's
pravity field. In the paper only medium and short wavelength gravity effects
affecting the measured relative velocity have been considered. Collecation
is used in such an analysis of local geoid improvement, because this mechod
allows to combine heterogeneous data in a comsistent way. The relevant cova-
riance functions For the particular case of a circular equatorial orbit have
been derived and the general application of collocation for analysis and prac
tical use of the method has been shown. Two kinds of observation equations
have been formulated. The choice of observation equation with regard to sa-
tellites configuration is discussed.

It is found that it is sufficient ot have a limited number of satellite-
to-satellite observacions in a 7° x 7° area around the estimation point with
discances bertween profiles of about 1°.5 and between the two satellites for-
ming of the pair of 200 + 350 km ; the altitude of satellite-ro-satellite
observations should be as low as possibe. The accuracy of the geoid deter-
wination strongly depends on the degree and order of the reference field
used. An accuracy of about * | m can be achieved with an assumed reference
field of (40,40).

The influence of measuring errors is discussed and it is shown that
only satellite~to-satellite observations with accuracy better than 0.1 mm/sec
will give an improvement of the geoid. Finally, some results on the combina-
tion of low-low satellite—ta-satellite tracking and terrestrial gravity data
are given.

The proposed mechod seems to be especially interesting for umsurveyed
arcas. Furthermore, it has the practical advantage that only a local covera-
ge data is needed.
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LEHMUSKOSKI P. & J. MAKINEN - "Gravity measurements on cthe ice of the
Bothnian Bay".
Pub. of the Finnish Geod. Inst. N® 86, 30 p, Helsinki, 1978

The authors describe measurements made in Mareh 1976 and February 1977,
Worden Master gravimeters, Decca positioning and helicopter transport were
used, The influence of background noise from ice morions on the gravity
observations is discussed and a mean accuracy of 0.1 wGal is claimed despite
an average noise level corresponding te 0.5 mGal on the gravimerter display.
The standard error in the point anomalies is 0.2 mGal, which compares Favou-
rably with alternative measurement mecthods.

BRETREGER K. & §. MATHER - "Modelling ocean-loading cffects on tidal gravicy
in Australia",
from : Geophys. J, R. Astr. Scc. V. 52, p. 241-257, 1978

Tidal gravity measurements were recorded in Australia and Papua New
Guinea between 1974 and 1976 as a cooperative programme between the Inter-
national Centre for Earth Tides, Bruxelles, the Department of Geodesy at
the University of New South Wales and the Government of Australia's Bureau
of Mineral Resources, Geology and Geophysies, Canberra. This series of ob-
servations was analysed for the effect of ocean loading on tidal gravity
with a view to modelling these effects as a function of space and time in
the Australian region. In the absence of reliable tidal models for 82, Ky
and P, tidal constituents, it was decided to vestrict the analysis to the My
wave as the observations were only taken over Four-month periods at many of
the sites. The ocean-tide models used for the Hy wave in the present study
were two models prepared by Hendershott and one by Zahel.

The ocean-tide loading effecrs were compuled using each of the three
tidal wodels at every one of the nine sites occupied in Australia and Papua
Hew Guinea using a simplified model of the crustal response as an alternative
to representacion by the set of load deformation coefficients h'n, k'y. The
objective was the development of a model for the Earth response which can
generate the ocean loading effect on tidal gravity at any point on the Austra-
lian mainland so that it is adequate for correcting quasi-radial distance
measurcments to extraterrestrial sources in Earth orbit for the effect of

Earth tides to * 2 em, in conjunction with adequate supplementary Liltmeter
data.
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It is shown that a ten-parameter representation of the crustal response
is adequate for modelling the deformation of the Earth tide by ccean loading
at any site im Australia with a resolution of % 2 yugal provided extrapolation
is not performed over distances greater than 10° km, This is assessed as
being of sufficieat accuracy for all purposes in high-precision geodesy, Iz
was not possible ‘te establish the stability of the model over long periods
of time in excess of a few years in the absence of a continuous recording
of tidal gravity over sufficieantly long periods of time. The separation of
the actual radial deformation due to ocean loading from the effect on tidal
gravity could not be achieved in the absence of reliable tiltmeter data in
the region which were only available at Cooney Observatory, Armidale,

Geophys. Imst. Czechoslovak Acad. Sci., Praha
Studia Geophysica et Geodaetica, . 22, N* I, 1978,

KOLBENHEYER T, - "On one method of solving the direct gravimetric problem'.
p. 21-22,

The general solution of the direct pravimetric problem for homogeneous
and inhomogeneous bodies was derived in (1) in the form of Green-type inte-
grals. In the present paper it is proved that this solution simplifies consi-
derably, if the solution of the extermal Dirichler problem, defined by condi-
tions (2), is known for a closed surface bounding the attracting body.

PICK M. - “Gravity potential of the nermal body in the outer and ioner space”
p. 23~37.

The level rotational ellipsoid, best fitting the actual Earth, rotating
with the same angular velocity arcund a common axis of rotation, is assumed
to be a mathematical model of the real Earth. The gravity potential of this
body and its derivatives in the oulter space are derived by means of the ge—
neralized Pizzetti method (1)}. For some analyses of the structure of rhe
Earth we need te know the gravity anomaly and thus the gravity potential and
ics derivatives inside the mathematical model. These values are not defined
in the classical conception. In this paper, the normal potential and its
derivatives in the inner space are derived up to a certain depth, which is
still of significance for gravimetric research.

VELKOEORSKY P, = "On the solution of the boundary problem of the potential
theory by means of the vertical derivative of the gravity anomaly™.
p. 3844,

The boundary problem of the potential theory is treated for the case
in which the values of the vertical derivative of thée gravity anomaly are
known, Three boundary conditions are derived and alzernatives are also treatec

GARGALOVIC L., L. KUBACKOVA, I. JAKUBCOVA & M. PICK - "Influence of atmos—
pheric pressure variations on measurements made with Sharpe and Worden gra-
vimeters'.

p. 93-98,

The paper deals with the influence of the atmospheric pressure varia-~
tions on Sharpe gravimeters CG2 No. 226 and 280 and on the Worden gravime-—
ter No. 978, equipped with a thermostat.
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Geophys. Inst. Czechoslovak Acad. Sci., Praha.

Studia Geophysica et Geodaetica, t. 22, N° 2, 1978

BALMINO 6. - "On the product of Legendre functions as encountered in Geo-
dynamics”.

p. 107-118,

On rencoatre souvent des produits de fonctions de Legendre en plodésie
mathématique, en mécanigue céleste et quantique, et en g@ophysique. Hous don-
nons les expressions générales des coefficients de la décomposition d'un
produit quelcongue sur la base des fonctions de Legendre elles-mémes. Quel-
ques applications immédiates sont emvisagées.

BURSA M. - “Force function of two general spheroids™.
p. 119-128.

SIMOW Z. ~ "Determination of the correction parameters of an Askania gravi-

metric tidal apparatus”.
p. §48-153,

From measurementcs made with an Askania tidal apparatus at a refercace
station it is possible to derive the correction parameters kand T, if re-
quired, for reducing the gravimetric factors O and phase lags K to a unified
system, Eq. (2). It is suggested thar several tidal waves be used to daver-
mine k and T and to take the weighted mean as the resultant value. Suitable
weights have also been derived, Eq. (7}.

BOULANGER Yu.D. & A.K., PEVNEV — "Displacements of the Earth's surface in
seismic regions”. .

Geopliys. Inst. Czechoslovak Acad., Sci., studia Geophys. & Geod. ©.
p. 298-303, Praha, 1978,

22, N° 3,

The Garm polygon for investipating the horizontal and vertical dispia-
cements of the Earth's surface is located in the zone of the South Tian-5han
fault, It is adjacent to the north boundary of the fault zome whieh in gene-
ral is oriented along the valley of the River Surkheb in the area being cen—
sidered and, therefore is called the Surkhob fault (Fig. l-see Supplement
p. 3i6a). The polygon is located close to the most seismically active zone
of the considered area, adjacent to the axial part of the Peter I Ridge. The
tectonic history of the fault zone presents a very complicated pattern of de~
formations of the Earth's surfazce : together with vertical displacements i
many kilometers considerable horizontal displacements can be observed.
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Geophys. Inst. Czecheslovak Acad. Sci., Praha.

Studia Geophysica et Geodaetica, t. 22. N* 4, 1978

MARCAK P, - "A new map of recent movements of the West Carpathians.
p. 320-329.

TORYAS V. & K. DIVIS - "Estimate of the effect of vibrations on Quartz

Gravity Meters 336",
p. 336-347.

Relations for computing the minimum amplitudes of ground vibrations whicl
generate oscillations of the gravity meter reading beam at the limit of the
resolution of the optical system, have been derived. The minimum amplitudes
in the ground displacement period range of O-F to 10 s, for the assumed va-
iues of the fundamental parameters of quarrz gravity meters (i.e. the periods
and damping constants of the pendulum and the mechanico-optical magnification
of the pendulum deflections), range from tenths of a micrometre to units of
micrometres. Larger displacement amplitudes, due to e.g., earthquakes and
traffic, disrupt gravity measurements.

VYSKOCIL V. — '"On the problem of constructing density models of the lithos~
phere".

p. 402-410.

MUSEN P. - "On the tidal oscillations of the liquid core of the Earth".

NASA, Tech, Paper 1223, 64 p, Greenbelt, 1978,

An important goal of a tidal theory is the improvement of nutational
amplitude and of the parameters of the Earth's elastic response. With this
goal in mind, a theory of tidal oscillations inside a rotating elliptical
Earth is developed, with specizl emphasis on tides in the liquid core. The
Holodensky and Kramer theory of the resonance effect, as caused by the pro-
ximity of the frequency of the Erece diurnal wobble of the liquid core to the
frequency of Ky astronomical tide, was amended to include the effect of the
possible deviation of the liquid core from the state of neutral stability.
Coupliag effects between the toroidal and spheroidal osciilations, as caused
by the Coriolis force, are taken into consideration.

TIE SCHOGL of SURVEYING, The Univ. of New South Wales
UNESURV G N° 2B, Sydney, 1978.

NAKIBOGLU $.M. - "Annual and semi-amnual variations in gravity"
p. 3~7.

Annual and semi-annual variations in maxivum moment of inertia of the
earth due to groundwater and atmospheric mass fluctwations, and tidal effects
are determiped, The corresponding variations in gravity anomalies, geoid
heights and the rotation rate of the earth as well as the resulting perturba-
tions in the orbits of artificial earth satellites are computed.

Possibilities of imcorporating satellite and time observations with gra-
vimetric data in the study of long wave-length vaviations of gravity are in-
vestigated.
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MORITZ H. - "Approximation methods in Geodesy — Intreduction Lo interpo-
lation and approximation™.
llerbert Wichmann Verlag, Reprint, 45 p, Karlsruhe, 1978

These lectures are intended as an introduction to approximation theory
For geodesists, The following topics are treated : polynomial intevpolation
(formulas of Newton and Lagrange), polynomial approximation (theorems of
Weierstrass and Chebyshev), least-squares approximation, finite elements,
spline functions, and least-squares interpolation and collocation. Emphasis
is put on main ideas and applications, standard proofs being omitted. OF
least-squares interpolation and collocation, only those features are pre—
sented which place these methods within mathematical approximation theory ;
in particular, an elementary theory of kernel functions is given and their
relation to spline functions is discussed.

COMMITTEE on GEODESY, ASSEMBLY of MATHEMATICAL & PHYSICAL SCIENCES,
NATIONAL RESEARCH COUNCIL - Geodesy : Trends and prospects,
Mat. Acad. Sei., 86 p, Washington, 1978

The body of this report consists of five chapters : Chaprer ¢, on what
geodesy is ; Chapter 3, on whom geodesy serves ; and three chapters on how
geodesy is done ; Chapter 4, on standard methodology ; Chapter 5, on current
and potential instrumental developments ; and Chapter 6, on the people and
organizations of geodesy, both governmental and nongovernmental, In addition
to reviewing the present state of these topies, these chapters include re-
commendations where appropriate. The final chapter, 7, emphasizes the main
themes, problems, and future committee actions. Chapter | is a sumnary em-
phasizing the most important recommendations. This organization has led to
some redundancies, which have largely been allowed to remain for the sake
of textual continuity and completeness.

Geodesy is most succinctly defined as the location of points with res-
pect to the earth and the determination of the earth's gravity field., These
two tasks are comagcted because location techniques are strongly affected
by the gravity field. The diverse evolution of observational techaiques and
earth-related studies in the twentieth ceatury has resulred in many scientist:
and engineers doing geodesy by the above definition, although few identify
themselves as geodesists.

A T.G., COMMISSION PERMANENTE DES MAREES TERRESTRES
Marées Terrestres, Bulletin d'Informaticn n® 76, p. 4408-4503,
30 Septembre 1977, Bruxelles

MOLODENSKIT M.5., M.S. MOLODENSKII & N.N. PARIISKII - "Sur le lien possible
des variations de la Force de pesanteur et de 1a vitesse de rotarion de 1la
Terre".

p. 4462-4475

b} BRETREGER K. — "Ocean loading effects on the K| earth constituent in

d)

Australia®,
p. §8-25,

Variations of gravity due to the ecffect of ocean tides have been cal-
culated at various sites in Auscralia for the Ky tide. A truncation func-
tion method and the Longman-Farrell method have been used to caleulate ocean
loading based on various global ocean tide models. A comparison of results,
obtained by correcting observed Earth tide constituents for ocean loading,
shows that no particular ocean model or method gives suitable corvected Eartl
tide comstituents.

- " A mechod for determining deflections of vertical from ho-

‘Tizontal gravity gradients".

p. 26-46.

A linear Fredholm integral equation of the second kind is found, re-
lating horizontal gravity gradients to deflections of vertical on the sur—
face of the Earth. Yt is shown that the solution of this integral equation
exists, is unique for a spherical surface and equivalent to the solution of
a mixed boundary value problem using a surface layer. The integral equation
is solved to the second approximation by expanding £ and n in powers of
Molodenskii's shicinkage coefficient and tested using Molodenskii's Cone.
The largest errors were found to be 1739, 0Y48 and 0706 occuring 9.6, 4.2
and 0.6 kms from the axis of the cone for the Oth, 1St and Znd approxi-
mations respectively. These results compare favourably with those obtained
by Molodenskii's method.

MATHER R.8. ~ "The influence of the permanent earth tide on determinations
of quasi-stationary sea surface topography".
p. 76-83,

Determinations of quasi-stationary sea surface topography (S$7) from
satellite altimetry are based on data collected during limited periods of
time, The sea surface heights computed from such data are routinely sub-
jected to geometrical corrections for the radial deformation of the Earth
by the lunisolar tide using the Love number hy. Estimation of long wave
features of the quasi-stationary SST requires these heights to be referred
to a higher reference mode 1, e.g., GEMI, The §ST is Fundamental in waintai-
ning the quasi-stationary ocean surface circulation system. The permanent
component of the Earth tide is not included in GEM 9, affeeting g for a
static Earth by -2,1 parts in 10%.

The seasonal variation in the long period Farth tide needs to be con-
sidered after exclusion of the permanent tide, when computing SST from sa—
tellite altimetry, especially from data covering short time spans, The effect
of neglecting the long period tide in such computarions drops to less than
t 1 cm if the data are averaged over a period of one year. The omission of
corrections for the long peried Earth vide can bias determinations of the
second degree zonal harmonic of the SST by about-i part in 25. This is be-
low rhe noise level of determinations at the present time.

In practice, it is desirable that the Earth tide should be allowed for
as a dynamic rather than a geometrie correction when reducing altimetry dava,
noting that the permanent tide is not incorporated in the Cap value of satel-
lite determined gravity fields.
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Marées Terrestres, Bulletin d'Information n° 79, p. 4727-4830,
15 Décembre 1978. Bruxelles

KORDBA P.S., V.G, BALEHKO, V.P. SCHLTAKKOVII & V.A. DVTCHINWIKOV
MCertaines particularités du gravimdtre GS 12 K° 185",
p. AB05-4811.

"Bibliographie générale des Marées Terrestres, supplément 111 1976-1978".
i8 p., Bruxelles.

DUCARME B. & P. MELCHIOR - "Tidal gravity profiles in Western Europe,
Asia, Australia, New Zealand and Pacific Islands".

Obs. Royal Belgique, Bull. 4'Obs. : Marées Terrestres, v.IV, fasc. 4,
106 p, Bruxelles, Mars 1977.

GERONTOPOULOS P. —~ "Molodensky's preblem in the plane™.
Mit. der Geod. Inst. der Tech. Univ. Graz, Folge 32, 139 p, Grae, 1978,

Molodensky's problem is defined and subsequently attacked for a two-
dimensional mathematical model of the Earth.

The simple problem is treated by means of gencralised potentials which
reduce it to equivalent integral equations. The equations are investi-—
gated and the existence and uniqueness of the solution to the problem
is estabiished.

The linear problem is first transformed incto a siwple problem in gra-
vimetric coordinates and similar integral equations are derived via repre-
sentations of complex analytic functions by means of Cauchy integrals. Con-
formal mapping techniques are introduced and variational and approximatioa
methods are employed for reaching a computable solution.

Finally, the non-linear problem is shown to be an inverse boundary

value problem, the solution of which is alsc obtainable by the same methods.

In conclusion, a claim is made that a complete and explicit solution
has been reached.

MORITZ H. — "On the counvergence of the spherical harmonic expansion fer
the geopotential at the Earth's surface".

from : Boll. Geod. Sci. AEf., Rivista dell Isti. Geog. Militare,

Anno XXXVII, n® 23, Aprile - Settembre 1978, p. 363-381, Graz, 1978,

The arcicle reviews the progress made in the investigation of the con-
vergence of the spherical-harmonic expansion of the external gravitational
potential at the surface of the earth (or more penerally, of the attracting
body). The convergence of this series is directly related to the singulari-
ties of the analytical continuation of the external potential inte the in-
terior of the wmasses, Contrary to the two-dimensional case, the regions of
convergence and divergence are not always separated by a sphere, although
this seems to hold in general.

748 -

749 -
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A mathematically rigorous and complete solution of the convergence
problem is still outstanding. However, this problem has lost much of its
significance because of theorems by Runge-Kravup and Keldych-Lavrentiev
to rhe effect that an external potential with expansion divergent at the
surface can be approximated with arbitrarily high accuracy by a potential
whose spherical-harmonic expansion converges at the surface.

MORITZ #, - '"Least—squares collocation".
from : Reviews of Geophys. & Space Physics, Paper N° BR0O3D4, p. 42i-430,
Graz, 1978.

Least-squares collocation is a mathematical technique for determining
the earth's figure and gravicational field by a combination of hererogeneous
data of different kinds. The same formulas may be interpreted in very diffe—
rent ways : as the solution of a geophysical inverse problem, as a statisti-
cal estimation method combining least—squares adjustment and least-squares
prediction, and as anm analytical approximation to the earth's potential by
meaus of harmonic Functions. The present review article attempts a unified
presentation of the subject with emphasis on theory.

KLTNGELE E. & H.G. KANLE - "Gravity profiling as a technique for determining

the thickness of Glacier Ice".
from : Pageoph. v. 115 ; p. 989-998, Zurich, 1977.

Detailed gravity measurements recently carvied out on the Gorner glacier

Switzeriand, are wsed to dectermine the variation of thickness across the
glacier ice. The Gormer glacier was chosen as a test site because seismic
control was available. The glacier ice at a profile near the Monte Rosa mas—
sif is associated with a relavive pravity low of about -23 mgal. Model cal-
culations yield a corresponding ice thickness of about 400 m at the central
part of the profile. & comparison of the derived residual gravity anomaly
with the ealculated effect of the 3-D ice model based on seismic information
is made. It is shown that the regsional Field determined for the Gorner gla-—
cier is appropriate and gives the correct residual anomaly associated with
the glacier ice. Therefore, the proposed gravity technique for determining
variacions of the thickness of glacier ice appears to be a valuable and ra-
ther inexpensive method for surveying glaciers.

KAHLE H.G., E. KLINGELE, §. MULLER & R. EGLOFF - "Gravimetrie, Sprengscis—
mik und Krusteamdchtigkeit enclang der Schweizer Geotraverse'.
from i ‘Schueiz. Mineral. Petrogr. Mitt. 56, p. 679-684, Zurich, 1976

Explosion-seismic data and detailed gravity measurements were used to
determine the variation of crustal thickness through the Swiss Alps along
the Swiss Geotraverse, The retief of the crust-mantle boundary is clearly
asymmetric : it dips gently from a depth of about 30 kn seuth of Based to
a maximem depth of about 56 km near Biasca. From there to the south the
crust-mantle boundary rises quite steeply. The isostatic anomalies betwcen
Luzern and Biasca are negative (~-20 mgal) coinciding with the region of re-~
ceat crustal uplift thus sugpesting a similar cause for both sers of data.
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KAHLE H.G. & D. WERNER - "Gravity and temperature anomalies in the Wake of
drifting continents".

from : Tectonophys. 29, p. 487-504, 1975.

Contr. N® (10, Inst. Fir Geophys. ETH Zirich.

Prominent features of the long-wavelenpth variations of the earch's
gravity field are the gravity lows in the wake of drifting coentinenks such

as along the east coast of America, south of India and southwest of Australi

It is demonstrated that part of these negative anomalies could be caused by
the transient temperature field behing drifting continents. As the conti-
nental lithosphere moves at a given spreading rate aver the aschenosphere,
the radicactive heat sources of the granitic crustal layer supply sufficient
heat to the deeper lying asthenosphere to increase the temperature by abour
80°C. Thus the continent acts like a "flat-iron" moving on the underlying
material. After the continental plate has left the area previously covered,
the asthenosphere cools off. The corresponding lateral temperature diffcren~
ces are associated with lateral variacions in density. The gravity anomaly
caused by the lateral temperature diEferences shows values at the Indian
continental margin which are about 20 wmGal lower than over the Central
Indian Ocean Basin. These theoretical gravity values were subtracted from
the observed Indian Ocean free-air surface gravity anomalies averaged over
8% x 8° squares. It is shown that the remaining residual gravity values are
close to the average value of the total Indian Ocean plate anomaly. The ne-
gative south-north gradient superimposed on the average anomaly can be ex-
plained by the transient temperature anomaly behind the drifting contiment.

TALWANI M. & H.G. KAHLE - "Apolle 17 traverse gravimeter experiment".
(Preliminary results).
from : Geol. Jb., E.7, p. 85-91, Hannover, 1976.

Preliminary results of the traverse gravimeter experiment successfully
performed during the Apolle 17 mission are discussed. Firstly an earth~moon
gravity tie was established. On the basis of several readings a gravity va-
lue of 162695 * 5 mgal was obtained at the lunar module landing site in the
Taurus-Littrow valley. Free-air and Houguer corrections were applied to the
gravivty data. The resultant Bouguer anomaly, analyzed with a two-dimensional
approximation shows a relative gravity high of about 25 to 30 mgal over the
Taurus-Littrow valley. This high is interpreted in terms of a 1 lm thick
bloek of basalt f£low with a positive density contrast of 0.8 g/em’ relative
to the highland material on either side.

753 - KAHLE H.G.
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E. KLINGELE & S. MULLER - “Zur Bedeutung der Schwerereduktion
bei der Bestlmmung der Figur und Massenverteilung der Erde".

from : Varmessung. Photogram. Kulturetechnik, Fachblagt III IV-735,

p. §57-162, Ziirich, 1973.

Es wird eine Ubersicht liber die Grundlagen und Anwendungen von vers-—
chiedenen Schwerereduktionen gegeben, die fiir geoddtische und geophysika-—
lische Zwecke wichtig sind. Diese Reduktionen umFassen die ﬂauguer—, topo—
graphische. Freilufet—, isestatische und geologische Reduktion. Fur die
Reduktion der Gelandewxrkung in den Alpen sind besondere Berechnungsmethoden
erforderlich. Hodelle und Anwvendungen dafir sind zusammenfassend dargestellt.

KAHLE H.G., 5. MULLER, E. KLINGELE, R. EGLOFF & E. KISSLING - "Recent
dynamics, crustal structure and gravity in the Alps".
Inst. Geophys. ETH Zurich Contr. N® 97, 27 p, 1979.

The purpose of this paper is to present and discuss recently obtained
geodetic, seismic and gravity data of the Swiss Alps. These data are then
used to describe the recent Alpine crustal dynamics in terms of crustal
struciure. An attempt will Eurthermore be made to explain the present—day
kinematics of the Alps within the framework of plate tectonics.

JEKELI C. - "An investigation of two models for the degree variances of
global covariance functions". i
AFGL~TR-78-0235, Sci. Rep. N° 1B, 72 p, Hanscom, Sept. 1978,

Degree variances of the covariance function for gravity anomalies ave
represented according to the two-component model suggested by Moritz in an
attempt to arrive at a low horizontal gradient variance (200 E*), The para-
meters of the model are determined through a least squares adjustment to data
consisting of GEM 9 aromaly degree variances, as well as empirical point and
mean anomaly variances.

- 9%1

SJUBERG L. ~ "Potential cocfficient determinations Form 10° terrestrial
gravity data by means of collocation".
AFGL-TR-78-0241, Sci. Rep. N° 19, 36 p, Hanscom, Sept. 1978.

The method of least squares collocation is used to estimate geopoten-—
tial coefficients from 416 10° mean anomalies. The result is cotpared to the
sotutions by pure integration. TFor low degrees (n < 12) the differences bet~
ween the two types of sclutions are generally within 6 % ; for higher degrees
the differences increase. The coefficients obtained by collocation do not
change more than 4 Z when elevation information is included {except for n = 3}
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- "4 comparison of Bjerhammar's methods and collocation in
physical geodesy™.
AFGL-TR-78-0203, Sci. Rep. W® 17, 82 p, Hanscom, July 1978.

In 1963 A. BJethammar solved the geodetic boundary value problem by
applying Poisson's integral equation for a finite set of observed free-air
gravity anomalies. Due to the relation between the nunber of observations
{m) and the number of chosen unknowns (N) different solutions are obtained
nan-singular {m = R), least squares {m > N) and minimum norm solutions
{m < B). In the spaecial case M= it is shown that the Bjerbammar solution
with Poisson's. kernel and a solution by collocation with the correspondlng
kernel are identical. Bjerhammar's method is generalized by using ather ker-—
nel functions, and each minimum norm selution is shown to correspond to one
specific set of degree variamces in collocation.

The impulse approaches (reflexive prediction, Dirac method) of
BJerhdmmar are presented. The kernel function of the non-singular Dirac me-
thod is obtalned from that in collocation by substituting c, /(2n + 1)
(rg*/rjri)™ * P by yfen/2n + 1) (ep/rj)™ * 2. Hence the Dirac‘kernal is wot
symmctrlc in contrast to the one in ccllocatlun Moreover, it is shown that
for a given radius rpof the Bjerhammar sphere, the Dirac method gives a
better conditioning of the equation system. It is demonstrated that the two
solutions are identical for Poisson®s kernel, if the depth of ithe Bjerhammar
sphere in collocation is half of that im the application of the Dirac ap-
proach. The solution by collocation is therefore twice as sensicive to the
choice of radius as is the latter method,

In the theoretical case with a conctinuows coverage uof observacions at
the surface of the earth, it is shown that both the Dirac method and collo-
cation give a unique solution for any choice of positive degrec variances
of the kernel functions, whenever the solutions exist, However, the inter-
mediate solutions for Ag™ and X at the Bjerhammar sphere do not exist in
general, If collocation is applied by solving the Wiener-ilopf integral equa-
tion, a convergent solution is proved outside a sphere. However, imside the
bounding sphere of the earth the convergence is still not proved.

U.S. Dept of the Interior - New Publications of the Geological Suvvey.
List N® 844, Publications issued in November 1378, 28 p, 1978.
List N° 845, Publications issued in December 1978, 26 p, 1978,
List N® 846, Publications issued in Janwary 1979, 33 p, 1979
List N® 847, Publications issued in February 1979, 31 p, 1979
List N® B48, Publications issued in March 1979, 35 p, 1979.

1'"EXPLOITATION des OCEANS - Bulletin d'Informatiomn.
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New Zealand, Dept of Scientific & Industrial Research ;
Geophysics Division, Wellington, New Zealand, 1978.

Gravity map of New Zealand, |
ispstatic anomalies,
sheet 18 : HURUNOL.

+ 250.000°, Bouguer anomalies
isostatic vertical gradient anomalies

Gravity map of Hew Zealand,
isostatic anomalics,
sheet 23 : OAMARU,

1 250.000°, Bouguer anomalies
isostatic vercical gradient ancmalies,

CACON S. = “Project of the World Geodetic Wet for investigatiom of crustal
movements”
Polska Akad. Hauk, Kom. Geod.
Ceod. 1 Kartog. t. XXVII, Z.4, p. 239-252, Warszawa, 1978.

In the paper the idea of the world geodetic net for complex investi-
gation of crustal movements is presented. It is preceded by a general es-
timate of crustal movement observaticns divided according to the investi-
gation range as follows : global {movements of the continents), regional
{studies of continental parts - countries, groups of countries, islands),
and local (geodynamic traverses). The necessity of more complete investi-
gation of mountain massif movements as well as observations of sea and g
ocean beds is justified. The suggested main net (sides about 1000 km) ta-
kes in into aceount placing scations, among others, near mouncain cops and
along coastlines {a possibilicty of connecting future under-water research).
Station building is suggested. Mutwal completing of classical and satellite
metiods s propesed in realization of investipgations.

A

771 bis - CZAJA J. - “The generalized method of determination of geodetic cons-—

truction deformations periodically observed™.
Polska Akad. Wauk, Kom. Geod.
Geod. i Kartog. t. XXVIIL, Z. 4, p. 263-280, Warszawa, 1978.

The present paper deals with the generalized method of identification
of poiats mutually constant with simultaneous determination of deformations
uf any geodetic constructions. This method is explicit for it bases on de-
terministic connections between apparent dislocations of three points (for-
ming the triangular eleuwent of a net), translation and rotatiom vectors of
this element, and components of deformation state. The mencioned parameters
of dislocations and deformations are calculated for all combinations of the
triangular elements using dependences (17)}. Only these points are supposed
to be non-displaced which belong to the triangular elements fulfilling con-
ditions {34a) and (34b). Such points make a set of reference {adaptation)
points for studied reference construction,

Then the way to determine final dislocations of points of the geodetic
copstruction and its deformations is given.

The final part of the paper is the practical numerical example of iden-
tification of points non-displaced in the angular net.
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BULGARTAN ACADEMY of SCIENCES ~ Abstracts of Bulgarien scientific lice-
rature : Mathematics, Physics, Astronomy, Geophysics, Geodesy.
v. XVI, N° 1, July ~ Bec. 1977, 34 p. Sofia, 1978,

v. XVI, N° 2, Jan. - June 1978, 33 p. Sofia, 1978.

INSTITUT fur THEORE?ISCHE GEODEsie der UNIVERSITAT BONN Mitteilungen,
7 p, 1979,

INSTITUTS fir ANGEWANDTE GEODASIE, FRANKFURT
Nachrichten aus dem Karten und Vermessunpswesen, sonderheft,
Sehrifreun liber Fernerkundung (1960~1973), 80 S, 1976.

SCHUENCK B.E. & 5.H. LAURILA - "High-precision gravimectric survey in support
of lunar laser ranging at Haleakala, Maui, 1976-[978".
Prepared for NASA, HIG-78-11, 44 p, Univ. of Hawaii, Dec. 1978.

This report describes the planning, observations and adjustment of
high-precision gravity survey networks established on the islands of Maui
and Oahu as part of the geodetic-geophysical program in suppert of lunar
laser ranging at Haleakala, Maui, Hawaii.

The gravity survey networks include 43 independently measured gravi-
ty differences along the gravity calibration line from Kahului Airport to
the suemit of Mr. Haleakala, together with some key poiunts close te tidal
ganges on Maui, and 40 gravity differences within metropolitan Honolulu on
Oahu.

The results of our 1976-1978 survey are compared with surveys made
in 1961 by the 1381lst Geodetic Survey Squadron, Air Photogeaphic and
Charting Service, United States Air Torce and with those made in 1964-1965
by the personnel of Hawaii Institute of Geophysics on the islands of Maui
and Oahu.

All fimal gravity values are given in the system of the International
Gravity Standardizacion Her 197} (IGSW 71) ; values are obtained by sub-
Eracting 14.57 mgal from the Potsdam value at Lhe gravity base station at
the Hickam Air Force Base, lonolulu. For the annual comparison of inter-
island gravity surveys the secoudary gravity base station at the Kahului
Alrport, Maui has been selected as the referemce station. The tie between
the two gravity netwerks was made from Kahului Airpert to the inter-island
terminal at Honolulu Internacional Airport.

777 ~ MORETZ M. - "The operational approach ko physical gecdesy".

178 -

779 -

The Ohio State Univ., Sci. Hep. N° 21, 62 p, Oet. 1978
AFGL~TR-78~0281

The operational approach to physical geodesy starts from the measure-—
ments and asks how they can be used in the best way to determine the earth's
figure and gravitational field.

All measurements can be represented as nonlinear functicnals of the
pokential and of systematic paramecters such as station coordinates. After
linearization we obrain an improperly pused problem, to which three atan-
dard methods of solving such problems are applied : a change in the solu-—
tion space, a variational principle according to Ticlonov, and a statis—
tical approach. All three approaches scem to converge on collocation with
kernel functions and least-squares collocation. Some alternatives are also
discussed. ‘

UOTILA U.A. & R.H, RAPP - "Studies of the Earth's gravity for geodetic
purposes”.
The Ohio State Univ., Final Rep. For | July 1975 to Sept. 1978, 29 p,
Dec. 1978.
AFGL-TR-78-0301
0SU, Rep. Dept Geod. Sei, N° 279 ; Dec. 1978

This report sumnarizes the work carried out from | July 1975 to
September 1978 on an AFGL project directed towards the study of the earth's
gravity field. Each report is described and put in comtext with the tetal
research effort. The main areas deseribed in the report relate to the theo-
ry and application of least squares collocation : the theory and develop-
ment of covariance functions ; the theory and results from using airborne
gradiometry ; and the use of satellite to satellite tracking data for the
recovery of anomalies on the surface of the earth.

UCTILA U.A. - "Studies in gravimetric geodesy".

The Ohio State Univ., Final Rep. 1 Jan 1977 - 30 Sept. 1978, 65 p,
Dec. 1978.

AFGL-TR-78-0302

05U, Rep. Dept Geod. Sci. N° 281, Dec. 1978,

this is a Final report on research done under the contract. Brief
mention is made of the two scientifie veports submitted under the con-—
tract i "Recent Developwent im the Geodetic Boundary Value Problem” and
"Non~Stationary Estimation in Gravity Prediction Problems". The rest of
the report cencentrates on two technical subjects : Selection of prefer~
red locations of new absolute gravity measurements in gravity base-station
networks: and analyses on the location of absolute gravity measurcments For
calibration of gravimeters,

- 8%I
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LACHAPELLE G. & C.C. TSCHERNING -~ "Use of collocation for predicting
geoid undulations and related quantities over large areas".

20 p, Paper presented at the Int. Symp. on the Geoid in Europe and
Mediterranean Area, Ancona, Italy 25-29 Sept. 78.

The use of the method of collocation for the determination of an
approximation to the anomalous (gravitational) potential of cthe Earth (T}
is briefly described and results obtained when predicting geoid undulations
and related quantities are reviewed.

TSCUERNING €.C. — "A users guide to geopotential approximation by step-
wise eollocation on the RC A000-computer™.
Geod. Inst., Medd. N® 53, 61 p, Copenhagen, 1978.

The method of stepwise {least squares) collocation may be used for the
determination of an approximacion to the gravitacional potemtial of the
Earth. It has with this purpose been implemented on the RC 4000-computer
of the Danish Geodetic Iastitute in the form of a medular system of algoel
procedures and programs.

The implementation has been based on an analysis of the nced for geo-
potential information in geometrical geodesy, namely the need of having
a sufficient accurate numerical representation of the geopotential in a
local area.

It is described how the design principles are reflected in the mcdulax
structure of the program syscem, how the system may be used in order to ob-
tain a numerical representation of the geoporential and how this represen-
tation may be used for the computation of quantities needed in geometrical
geodesy (e.g. height anomalies and deflectionsz of the vertical).

LELGEMANN D, - "Ein Verfahren zur astro-gravimetrischen Geoidbestimmung'.
D.G.K., Reihe C : Dissert. H. ¥° 247, 51 3, Frankfurt, 1978.
Inst. fur Angew. Geod., Frankfurt., Mit. N® 147.

LERCH F.J., R.E. LAUBSCUER, S.M. KLOSKO, D.E, SMITH ...
"Determination of the geocentric gravitational constant from laser ranging
on near—earth satellites'.
from : Geophys. Res. Letters, Paper W° BLIIO4, p. 1031-1034, 1978,

Laser wange observations takem on the near-earth satellites of Lageos
(a = 1.92 e.r.), Starlette (a = 1.15% e.r.), BE-C (a = 1.18 e.r.) aund
Geos-3 {(a = 1.13 a.r.), have been combined to determine an improved value
of the geocentric gravitational constant (GM). The value of GM is
396600.61 km®/sec?, based upon a speed of light, ¢, of 299792.5 km/sca.
Using the IAG adopted value of ¢ equalling 299792.458 km/sec scales GHM
to 398600.44 km®/sec®. The uncertaimty in this value is assessed to be
£ .02 km?/sec?. Determinations of GM from the data taken on these four sa-
tellites individually show variations of only .04 km’/sec® from the com-
bined result.

784 -
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The Lageos information dominated the combined solutiom, and gave
the most consistent results in its data subset solutions. The value ob~
tained for (M from near-earth laser ranging compares quite favorably
with the most recent results of the lunar laser and interplanetary expe-
riments.

BEUTSCHES HYDROGRAPHISCHES INSTITUT — Forschungsschiff '"Meteor"” der
Deutschen Forschumggemeinschafr und des Dewtschen Hydrographischen
Institurs™.

Fahrt N® 48, 30 S, Hamburg, 1979%. i

INSTITUTO GEOGRAFICO E CABASTRAL - Rerrig - Report on present state of
Portuguese works, Madrid, 1979 May.
16C 01/12, C.b.U. 526 4(469) (047), 6 p, Lisboa, 1979.

TALWANT M., G. THOMPSON, B. DENT, H.G, KAHLE & 5. BUCK - "Traverse
gravimeter experiment'.
from : NASA SP~330, p. 13-| to £3~13, Dec. 1973.

The primary goal of the traverse gravimeter experiment (TGE) was
to make relative gravity measurements at a number of sites in the Apolle
17 landing area and to use these measurements to obtain information abouc
the geological substructure, A secondary goal was to obtain the value of
the gravity at the landing site relative to an accurately known value on
Earch. Both these goals were successfully achieved by the experiment. A
gravicy tie has been obtained between the Taurus-Littrow landing site and
the Earch with an estimated accuracy of approximately 5 mgal. Relative
gravity measurements that can be used to infer the substructure of the
area have been obtained at stations visited during each period of extra-—
vehicular activity (EVA).

TORGE W. - "Zur Erneuerung des Deutschen Schweregrundnetzes'.
vom DGK Arbeitskreis "Schweregrundnetz'
5. 83-88, 1976.

WILE H. - "Die Sonderfille der diskreten keollokation'.
Sond. : Osterrei. Zeits, Vermes. & Photog. 65, lleft 3/4,
S. 132-138, L977.

TORGE W. - "Zur Aufbau von Prizisionsschwercnetzen"

Sond. aus : Festschrift fiir W. HOPCKE zum 70. Geburtstag.
Wissens. Arb. Lehrs. Geod. Photog. & Kartog. Tech. Univ. Rannover
N° 83, p. 155-167, 1978.
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790 - CONMELLY J.B..- "Hode of emplacement of the Papuan Ultramafic Belt”,
from ; BMR J. Austr. Geol. & Geophys. v. 4, N° |, p. 57-65, 1979
+ maps

Geological and geophysical evidence from a number of studies has
established that the Papuan Ultramafic Belt is probably an overthrust
sheet of oceanic crust and mantle, with a thicker crustal section than
normal oceanic crust. Earlier workers have described the overthrust as
the result of north~south compression produced by the northwards move-
ment of the Australian Plate. However, lefr-lareral faulting of the Belt
subsequent to emplacement is evident from the displacement of the main
ultramafic bodies. Reconscruction of rhe Belr by reversing the movements
along these faults suggests that the Belt was aligned north-south when
originally emplaced. Theoretical cross-sections of the Belt atong three
profiles were contructed-assuming that is was originally aligned north-
south with a shallow easterly dip, and was sheared in a norhtwesterly
direcrion. The computed gravity and magnetic anomalies along these
theoretical cross-sections matth the observed anomalies closely. The
Belt was probably emplaced 30° south of its present latitude, before
the Australian Plate started to move north about 55 m.y. B.P.

The thick Cretaceous crust which forms the Belt is thought to ex-
tend norch under most of the western part of the Solomon Sea, and east
along the Woodlark Rise where is has been subject to extensive rifting.
The presently exposed part of the Belt is estimated to have been uplif-
ted by up to 10 ka.

791 ~ McINTYRE J.X. & B.W. WYATT - "“Contributions ot the regional geology of
the Broken Hill area from geophysical data",

from : BMR J. Austr. Geol. & Geophys. v. 3, N* 4, p. 265-280, 1978,

The Lower Proterozoic Willyama metamorphic complex and overlying
Adelaidean sediments in the Caloola, Kantappa, and Torrowangee Syncli—
norial Zones form an area of Precambrian outcrop with notable topogra—
phic velief. Surrounding areas are the Mundi Mundi Plajns to the west,
the Menindee Trough to the southeast, and the Bancannia Frough to the
east. Other topographic highs are formed by Precambrian and Placozoic
rocks in the Bynguano Range to the cast of the Bancannia Trough, and
by Ordovician sediments in the Scopes Range which lies between the
Bancannia Trough and the Menindee Trough.

The Menindee Trough has a magnetic basement at a maximum depth of
about 7000 m.

Airborne specirometer data delineate rhe major surface geologicat
and drainage features. The outcrop area of Willyama Complex is well de-
fined by above average radiation levels. The largest anomalies have been
recorded within the Euriowie Inlier and over areas of reported uranium
cccurrences in the west of the Precambrian block.

792 - HINZ K., H. BEIERSDORF, N.F, EXON, H.A. ROESER, H.M.J. STAGG ...

793 -

"Geoscientifiec investigations for che Scott Plateau off northwest
Australia to the Java Trench”.
from : BMR J. Austr. Geol, & Geophys. v. 3, N°® &, p. 319-340, 1978,

Tn 1977 the R.V, Valdivia carried out a survey between Scott Platcau
and the Java Trench, during which 1700 km of 24-channel seismic data,
and 2550 km of batlymetric, gravity and magnetic data, were recorded H
and 31 bottom samples were obtained, in water depths ranging from 2000 m
to 5800 m.

The Scotr Plateau trends MNE and is boundud to the west by the Arpo
Abyssal Plain and to the north by the Roti Basin. The plateau is a foun—
dered continental block, and lies at an average depth of 2000-3000 wm. On
the plateay the dominant Fault direction is N\ to WNW, an ancient strike
direction on the Australian concinent. The western margin probably formed
as a series of ME~trending rifts and Ni-treading transforms during Lace
Jurassic breakup . Canyons cdut the western margin, and some of thease ap-
pear to be fault-bounded. One such fault forms the northern margin of a
major Né-trending feature, the Wilson Spur. This appears to be a transe
form fault and perhaps extends across the abyssal plain as far as the
eastern end of the Java Trench. Valdivia seismic profiles suggest thac,
at the treach, it separates thrust-faulted continental crust to the east
from oceanic crust to the west. This could explain the eastern termination
of the deep part of the trench. The bathymetric depression of the Roti
Basin, which lies southeast of the Java Trench, links the trench to the !
Timor Trough.

The Argo Abyssal Plain slopes gently southward, with water depths
ranging from 5000 m near the Java Trench to 5730 m in the south, Dccanic
basement varies from smooth to hummocky and irregular, and is overlain
by about 400 m of acoustically semi-transparent Late Jurassic and
Cretaceous sediments, that is in turn unconformably overlain by 200 m of
layered Tertiary sediment.
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VOPPEL D., S.P. SRIVASTAVA & U. FLEISCHER -
ments south of the Iceland Faroe Ridge",
Dsche Hydrog. Zeits., J. 32, U, 4, 8. 154-172, [979.

"Decailed magnetic measure-~

Identifications of magnetic anemalies immediately southwest of the
Iceland-Farce Ridge from a detailed survey between the 60° ¥ and 63°N
latitudes shows that anomalies 13 to 24 are present without any major
offsets. Anomalies younger than 22 (56 m.y.) are well developed and do
not decrease in amplitude as the Iceland-Farce Ridge is approached. An
additional anomaly 24 has been tentatively identified in the norchern
part of this region, and its position Fits well with the missing anoma-
ly 24 off Southeast Greenland, which confirms the jump in the ridge axis
prior ro anomaly 22 time postulated by Featherstone, Bott, and Peacock

1977] .
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a)

Furthermore we have tentatively identified anomaly 21 on the Tceland-
Faroe Ridge and the corresponding one on the Greéland-Tceland Ridge. On
both sides they lie in line with anomalies 21 to the south where they are
well established. On the basis of such identifications of anomalies 21 on
the Greenland-Iceland-Faroe Ridge complex, it is postulated that most of
the Iceland-Faroe Ridge was forwed prior to anomaly 21 time (53 m.y.}.

The spreading axis on the Iceland-Faroce Ridpe jumped to the west before
anomaly 21 time, and since them spreading has, -apart frowm smaller jumps-,
continued in line with the preseat Heykjanes Ridge. Our iaterpretation
favours the possibility of the ocean-continent boundary lying west of the
Faroe Islands.

ELSTNER Cl., G. HARNISCH & W. ALTMANN ~ "Ergebnisse prazisions-gravime-
trischer Messugen auf der W.E. Linie der DDR 1970-1976".
Sond. : Vermessungstechnik, H. 1, 3 §, 1978.

INSTITUT fir ANGEWANDTE GEODASIE - Nachrichten aus dem Karten und Ver-

messungswesen.
Reihe IT : Ubersetzungen, ISSN 0469-4244, H, N° 37, 42 5,
Frankfurt, 1978. -

GROTEN E. - "Uber den deterministischen Anteil am Ceoid in Zentral-

europa im Zusammephang mit plattentektonischen Aspekten'.
Typewritten text, 16 p.
Tech. Hochs. Darmstadt. Inst. Physik. Geed.

The european geoid by Levallois and Monge is used after some trans-
formations together with the isostatic geoid in {the Federal Republic of
Germany}  studying interrelations of plate tectonics (or intraplate tec-
tonics) and the gravity field. Previously published astronomical and peo-
physical results are considered. In view of possible hot spots and plumes
within the european place the heat flow data play a major role in that
context. Problems inherent in recent discussions are pointed out and ar-
guments in faver of a south-eastern wotion of the eurasian plate are con-
sidered.

INSTITUT fiir PHYSIKALISCHE GEODASIE der Technischen lHochschule Darmstadt.
Beitrige zur Astronomischen Geodisie & Geodynamik, 185 §, 1978,

LATKA J. - "The use of satellite pradiometry for the determination of
gravity anomalies",
$.5-68.

In the paper uscfuluness of measurements of second derivatives of
the gravity potential by satellite methods in determinacion of the gra-
vity anomalies on the earth surface is considered. As the wmethod of leact

b)

d)

squares collocation was used, mixed data, i.e. satellite measurements of
the gradient and occasional ground measurements of the gravity anomalies
were also adopted. The formmlae of the covariance functions between com-
ponents of the tensor of the second derivatives of the potential, as well
as between these components and the graviey anomalies were derivated.

The experiment, carried out on the simulated data, indicated the pos—
sibility of obtaining the gravity anomaly values on the earth surface with
accuracy better than ! mgal, by means of combined ground and satellite mea-
surements. Influence of the satellite height on the accuracy of the anomaly
determination on the earth surface is also observed. The determination er-
ror increases together with a satellite height.

HEIN G. - "Bestimmung der Schwereanomalie, Lortabweichungen und des Geoidas
im Oberrheingraben aus zweiten Ableitungen des Schwercpotentials™.
5. 83-100

Interpolation of deflections of the vertical and detailed geoid com-
putation were performed in the Upper Rhinepraben by using second deriva—
tives of the disturbing potential as obtained by torsion balance at about
6000 stations. The free-air gravity field calculated by numerical integra-—
tion of the horizontal gradients was compared with the directly measured
(free-air) gravity values. Applications of gravity gradients in geodetic
systems are discussed.

'GERSTENECKER €.~ "The influence of air pressure changes on precise gra- i
“vity measurements'.

p. 10i-110,

I61

The analysis of residuals of earth-tide measurements demonstrates
that air pressure changes influence the gravity value of any station di-
rectly. Estimations of this effect are given'and computational mechods
for an air pressure correction are proposed. The proposed methods are tes—
ted on results obtained from high precision gravity measurements.

GROTEN E. - "Anwendung von interferometrischen Messungen in der Geodisie".
8. 162-185.

A review is given on the actual situation (1976) of contributions to
studies of local geological structures and to solutions of geodetic~
geophysical questions of actual interest. In that respect the applications
of interfervometric principles are outlined in general and details ave dis-
cussed for laser strain inecerferometers in view of epportunities along the
northern Rhinegraben border.
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WORLD DATA CENTER B 1, Moscow.
Catalogue of Data and Publications on Arctic and Antarctic, 1977
Laticudes & Longitudes, 1978
The catalogue of Meteorclogy and Nuclear Radiation data for July 1-
Dec. 1977, 1978
Catalogue of publicarions received by WDC B1, Letween July and December
1977, Issue 38, 1978
+ Glaeiology, Oceanography, Hydrology
Seismology, Gravimetry, Geodesy, Upper Mantle, Geology, Volcan.
. General periodicals.

804 -

Six-wonth catalogue of data on oceanography (ship programs) received
during the period 1 July - 31 Dec. 1977, 1978

. Pare 1

. Part II

. Parr JIT

. Parc IV

ACADEMIE DES SCIENCES U.R.S.S. ~ RéEérences bibliographigues Série 52 :
Géod&sie et photographies aériennes

N°® 11, 32 p, Moscou, 1978.

Index des Articles 1977, 27 p, Moseou, 1978.

805 -~

HYDROGRAPHIC DEPARTMENT of JAPAN, Tokyo.

Data report of llydrographic Observations,
Series of Astyonomy and Geodesy

N® 4, 45 p, Sepc. 1969.
Gravity weasurements at sea in 1968, p. 13-45.

N® 10, 75 p, Tokyo, March 1976.
Gravity measurements in Japan sea in 1972, p. 49-75,

N® i1, 166 p. Tokyo, March 1977, 805 -

Sea Gravity measurements arpund lokkaido in 1972, p. 76-166.

H® 12, B2 p, Tokyo, March 1978.
Gravity measurements at sea in 1973, 1974 and 1976., p. 55-80,

N° 13, 03 p, Tokyo, March 1979,
a} Gravity measurements at sea in 1975. p. 48-55.
b} Observation of sea battom gravity, p. 56-63.

803 - TOMODA Y. ~

"Reference book For gravity, magnetic and bathymetric data
of the Pacific Ocean and adjacent seas, 1963-71",
Ocean Res. Inst., Univ. Tokyo, 158 p, Tokyo, 1974,

INSTITUTO GEOGRAFICO NACIONAL -
Guatemala",
3t p, + Carte gravimétrique, 1965,

"Red Gravimétrica de la Repubtica de

This volume presents descriptions and listings of marine geophysical
data of the Pacific Ocean and adjacent seas, including an index chart,
and bathymerric, magnetic and graviry profiles. In addition, it shows da-
ta formats.

Intended for use with punched paper tapes, tape users will be able
to easily select data according to index numbers consisting of the name
of the ship, year, date and rime, and will be able to get an idea of the
general character by the profiles,

The Geodetic Society of Japan - Proceedings of the Symposium on the recent
crustal movements held on Oct. 14-15, 1976 at the International Latitude
Observatory of Mizusawa.
from : The Journal of the Geod. Soc. of Japan, v. 22, N® 4, p. 225-318, 1976

A symposium on the recent crustal movements was held on October 14~15, !
1976 at the Internacional Laritude Observatory of Mizusawa. The sub-
Committee for the Recent Cruseal Movements, the National Coumittee for
Geodesy and Geophysics of Japan and the Geodetic Soviety of Japan were the
joint promoters of ir. 1

A%

There were five invited lectures and twenty iwndividual contributions
in the symposium. We also had a gemeral diseussion in the final session
for the purpose of summarizing the sywposium and of prospecting the fu-
ture scope of research. This publication presents the talks at the mee-
ting, with the invited lectures as papers and the individual contribu-
tions as letters.

FUMI Y. - "Phase and characteristics of seismic crustal movements with
special references to Japanese erathquakers",
from : Bull. of the Geogr. Survey Inst., v. XXIIX, p. 7-81, Tokyo, [975.
A new cycle of detailed phases of seismic crustal movemant is
sed mainly of the basis of results of geodetic observations. These phases
are o,B (8i,B2), ¥ (Y1,Y2,Y3) and §. The a phase is the stationary crustal
movement. Anomalous crustal movement f phase prior to an earthquake oceur—
rence is divided into two phases B, and Bz.

propo-

Mode of o phase crustal movement can be detected by analysing results
of repeated peodetic works whichk cover wide area in long time intervals.
Results of the studies in order to obtain stationary tectonic crustal mo-
vement in Japan arve summarized.



807 — DEUTSCHE GEODATISCHE KOMMISSION - "Beitrage zur Physikalisehen Geodasie
zusammengestellt von E. GROTEN". .
Reihe B ; Angew., Geod. H. N° 233, 140 p, Minchen, 1978,

a) HEIN G. & J. BRENNECKE - "Gravimetrische Lotabweichungen nach Molodensky'.
5. 5 -~ 25,

Resules of vertical deflections as obtained from Molodensky's formu-
las in linear approximation are presented for several trigonometric points
and stations in the FRG and Belgium. The influerce of the "Molodensky-—
corrections” at the Vening Meinesz-formula is found to be less than 0."2
at all investigated points,

b) HEIN G. - "Humerische Studien zur optimalen Wahl der Grosse und "
Berechnungsmethode der Xernzone bel gravimetrischen Lota bweichiangen™.
S. 26 - 38,

Numerical studies are performed concerning the optimal choice of
size as well as different kind of computing procedutres of the center area
for the precise determination of gravimetric deflections of the vertical.
The difficulties arise by the fact that singular integrals occur. In par-—
ticular, the vegularization by Green's second formula as proposed by‘ .
Heissi (1971} was treated numerically and compared with existing empirical
methods.

Some results concerning the size of the ipnermost zone and the prac-
ticability of the investigated methods are outlined.

c) HEIN G, = “Horizontalableitungen der Schwere sowie dritte Vercikalablei- )
tungen des Storpotentials unter besonderer Berilicksichtigung der Topographic
5. 39 - 52, .

A singular linear inhomogencous integral equation of the se?ond kind
applied already to calculate the anomalous vertical gravity gradient was
used for the computation of horizontal derivatives of 39T/dp as well as
third vertical derivatives of the disturbing potential. The integral equa-
tion is solved by successive approximation and by Molodensky's method. So=-
me numerical tests were performed on a theoretical earth model.

d)} SCHAAB H. - "Orientierung des astrogeoditischen Geoides von Europa.
5. 53 - 78,
e} GROTEN E. & H. JOCHEMCZYK - “Erweiterung einer Molodenskii~Reihenentwicklum

fur das Storpotential®.
S. 79 -~ 86.

A previous study {(Groten, 1970) on truncation coefficients Qp as pro-
posed by Molodensky for Stokes' function is supplemented and applied to
Hotine’s and Pizzeeti's functions. Based oo M.K. Paul's (1973) and
Hagiwara's (1976) recursion formulas studies computational aspects are
dealt with.
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GERSTENECKER C. - "LErdgezeitenmessungen mit dem LaCoste-Romberg
Erdgezeitengravimeter LCR-ET 16",
§. 87 -~ 95.

Die Ergebnisse zcigen, daf das LaCoste~Romberg Gravimeter ET-16
wegen seiner hoben inneren Cenauigkeit fir Erdgezeitenmessungen geeipnet
ist. Es wird deutlich, daB die Amplitudenfaktoren § und Phasenverschie—
bungen Ad der Hauptwelleagruppen an den bis jetzt besetzten Stariomen
keine derzeit erkennbarea signifikanten Unterschiede aufweisen, sofcrn
die Stationen mehr als 100 km vom Aclantik bauw. der Nordsee entfernt lie-
gen. Geotektonische Zusammenhznge in diesem Gebict werden mit Messungen
der Vertikalkomponente erst zu erkennen sein, wenn sekunddre und indirek-
te Effekte besser erfaBt werden und die innere Genauigkeit der Gravimeter
weiter pesteigert werden kana.

GERSTENECKER C. - "Zur physikalischen Interpretation von Messungen der
vertikalen Erdgezeitenkomponente".
S. 96 - 106.

CERSTENECKER C. - "Zur Messung des Cradienten der Erdschwerkraft mit einem
LaCoste-Romberg Erdgezeitengravimeter",
5. 188 - 132,

Das LaCoste-Romberg Evdgezeitengravimeter ET-16 wurde auf sejne Eignaag
zur Messung kleiner Schweredifferenzen untersucht. Messungsanordnung uad
Auswertung werden beschrieben. Es wurde eine Ablesegenauigkeit von 0.1 pgal
erreicht, Der mitrlere Febler filr einen Schwereunterschied betragt im
Durschschnitt * 1.5 pgal. Der mitrlere Fehler fiir das Mittel sinkt ceilweise
auf 0,2 pgal. Die Tagesmittel fiir gemessene Schwereunterschiede sind im !
allgemeinen besser als 1 ygal reproduzierbar, Aus den in verschiedenen
Stockwerken eines Gebiudes gemessenen Schwereunterschieden wird der Ver-
lauf des Schweregradienten rekonstruiert.

391

GERSTENECKER €. & E. GROTEN - "Zur Berechaung der Gezeitenkorrektion von
genauen Schweremessungen im Rabmen von Nivellements 1. Ordouag".
§. 133 - 140,

DESVIGNES G. - "Caleul du géolde gravimétrique détaillé sur 1'Europe
Occidentale et comparaison avee le Géoide astrogéodésique”.
Univ. P, & M. Curie, Labo. Tectonophys. CRE 77 n° 21, 8 p., 1977.

DESVIGNES G. - "Z detailed gravimetric geoid in European and Mediterranean
regions and its comparison with astrogeedetic levelling values®,

Univ. P. & M. Curie, Labo. Tectonophys. CRE/NO6, 9 p, 1978.

Presented at the Inter. Symp. on the geoid in Europe and Mediterranean
drea Ancona - Numana, Sepr. 1978.
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A very detailed gravimetrie geecid has been computed by Stokes for-
mula, using free air anomalies averaged over 12' x 20' squares ; it extends
from 10°W to 20°E longitudes and from 35°H to 60°N latitudes, covering
the whole occidental European and Mediterranean regions.

A comparison, after an appropriate transformation, of the gravimetric
undulations wirh the astrogeodetic values of Levallois - Monge is made
the rms difference is * 1,20 for the whole region (but only about £ 30 cn
for some countries). The influence of the very small wavelengths in our
geoid (due to utilisation of 12' x 20' mean anomalies} is showa to be
significative and its order of magnitude is in good agreement with recent
results on the geoid power spectrum From altimeter daca.

TORGE W. & U.G. WENZEL - "Dreidimensionale Ausgleichung des Testnetzes
Westhara",
D.G.K., Reihe B : Angew. Geod. H. N 234, 60 §, Minchen, 1978,

The adjustement of the geodetic test network Western Harz is earried
out in a local threedimensional cartesian coordinate system. To investi-
gate the weight of the different observation types (distances, horizoncal
angles, astronomic azimuths, latitudes and lengitudes, reciprocal verci-
cal angles, ellipsoidal height diffarences by peomecric-astronomic level-
ling) and their contribution to the coordinates, several different pre—
adjustments are computed. The accuracy of the adjusted coordindtes
(mainly determined by the distacces and the ellipsoidal height differen~
ces) is at the order of £ 2...3 cm for the local x, y and z axis. Finally,
the adjusted coordinates are transformed to ellipsoidal coordinares refe--
ring to the DIDN datum and to threedimensional geocentric coordinates wich
the help of verrical deflections and the geoid undulation computed from
gravity ancmalies,

LELGEMANN D. - "0On a mathematical model for remote sensing altimetry®™,
Inst. Ang. Geod., Typewritren text, 8 p. Minchen, 1978,

A parameter model for a least squares estimation of geoidal undula~
tions, sea surface topography etc., which is eonsidered as Lhe basic tool
for the use of altimetry as a remote sensing method, is outlined in its
general geodetic aspects.

DESVIGNES G. & A. GUILLAUME - “Le gdolde gravimétrique sur les Alpes et
son interprétation tectonique".

Univ. P. & M. Curie, Labo. Tectonophys. Paris

from : Amn. Ceophys. £, 34, fasc. 3, p. 277-2B4, 1978.

Les résultats gravimétriques sur l'enseoble des Alpes occidencales
et orientales sont présentés ici d'une maniére synthétique, sous la forwe
des anomalies 3 1'air 1libre, des anomalies isostatiques et des ondulations
du géoide moyenndes sur des surfaces de 12! en latitude et 20 en longi~
tude. L'interprécation qualitative wontre an particulier 1'importance de
certains accidents transversaux. Le calcul de 1'anomalie et du géoide cor—

813 -
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respondant 3 un mod&le structural suivant un profil typique souligune
1l'accord de ces données avec les principaux r@sultats sismiques rdcents
(profondeur du Moho et distribution de la densitd dans la crefite) sans
qu'il soif nEcessaire de Faire intervenir des variations de densité sous—
crustales. Enfin 1'@valuation des réactions élastiques permet de vérifier
que ce modéle est en accord avec les connaissances actuelles sur ta tee~
tonique des Alpes et que les comtraintes de cisaillement maximales engen-—
drées dans la crofite sont admissibies.

Italian Explosion Seismology Group — “Preliminary interpretation of the
profile HD across the Eastern Alps".
Boll. Geof. Teor. Appl., v. XX, N® 79, p. 287-302, Trieste, Set. 1978,

In the first part, the preliminary interpretation of the ALP-1975
DSS experiments along the profile H (Orglano, Vicenza) D {(Inasbruck) has
been performed by means of horizentally layered models.

In the second part a crustal model has been derived by ray tracing
techniques and the trend of the main discontinuities was further confir—

med by a gravimetric model and the fit between observed and computed Bouguer

anomalies.
Along the investigated profile the crust is continental = like, bug :

I° Horth of the Insubric Line exiscts a typical Alpine crust, coasis-—

ting of a thick upper crust (" 35 km) with well-defined velocity inversions

a normal lower crust (v 15 ko) ; a well defined crust mantle boundary.

I1° South of Thiene, the crust consists of a thinner { v 25 km) upper
crust with no velocity inversions, and a thick lower crust { &~ 30 km}, in
which very high velocities (7.6 km/s at km depth and 8.2 km/s velocity at
53 km depth) could be found. One possible explanation calls for a typical
crust of the platform type, with a soft mantle ; another one for a double
crust, one with the Mohe a 30 km and the other one with the Moho at 50 km,
In this second case, the lower erust of the Adriatic microplate would over-
thrust the lower crust of the European plate.

III° Berween Thiene and the Insubric Line, the c¢rust shows a transicio=-

nal structure between the two types above described.

HATIONALKOMITEE fur GEODASIE & GEOPHYSIK hei der AKADEMIE der WISSENSCUAFTEN

der DEUTSCHEN DEMOKRATTSCHEN REPUBLIK - “Geoddtisch-Glaziologische Arbeiten
am Hays—-Gletscher, Enderby-Land, Wihrend der 17, Sowjetischen Antark-
tisexpedition 1972".

Geod. & Geophys. VerSff. R. IXI, M. 37, 191 S, Berlin, }976.

NATTONALKOMITEE flic GEODASIE & GEOPUYSIK bei der AKADEMIE der HISSENSCHAFTEN

der DEUTSCHEN DEMOKRATISCHEN REPUBLIK - “Arbeiten zum internationalen
Geodynamik-Projekt (Fortschritusbericht fiir die Jalwre 1975 bis 1977)".
Geod, & Geophys. Verdff, R. III, H. 39, 180 S, Berlin, 1978.
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816 — FISCHER E.U., & H. FRIEDSAM - "Optimales Pesign digitaler FIR Filter mit
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a)

linearer Phase".
Mitt. Inst. Theor. Geod. Usniy. Bean, N°-53, 47 8. 1977.

A modified version of a FORTRAN program developed by T.W, Parks apd
J.H. McClellan is presented and explained in derail. Hints for its practi-
cal use and for the interpretation of the results are given. In addition
the program has been extended to design optimal lowpass filters.

FISCHER E.U. - "Entwurf zweidimensionaler nicht-rekursiver digitaler
Systeme mir linearer Phase auf der Grundlage eindimensionaler Systeme".
Mic. Inst. Theor. Geod. Univ. Bonn, N° 55, 56 §, Bonn, 1978.

This report deals with the design of twodimensional finite impulse
response, linear phase digital filters. Their computation is based upon’
similar onedimensional filters, designed by means of Tschebyscheff-
Approximation. The computation of the coefficients is performed by McClellan’
transformation formula, which will be explained in detail.

SURVEYS and MAPPING BRANCH, Depl of Energy, Mines & Resources -
‘"Recueil de travaux levés géodésiques"

“Collected papers, geodetic survey 1976".

215 p, Ottawa, 1977.

BLAIS J.A.R. - "Error analysis of least-squares adjustments'.
p. 9~ 43,

In the physical sciences, and more specifically in the photogrammetric
and geodetic fields, least-squares adjustments of observational daka are
often carried out to determine some specific parametric information. The
accuracy and reliability of the results can then be ensured only through
an appropriate error analysis.

Such an error analysis normally requires theoretical consideratiocus frowm
different points of view. The mathematical aspects of the formulation used
are best studied with the techniques of approximation theory. Statistical
considerations are also required for the implications of the probabilistic
elements in the observational information. In addition, as any adjustment
problem requires computational work, which can be quite extensive, numeri
cal analysis investigations may be necessary to cnsure the pumerical accu-
racy of the results. Also the reliability of the results can be studied by
analysing the stability properties of the least—-squares solution.

- "Prediction of deviations of the vertical using hetero-

“geneous data',

p. 165 - 106,

d)
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A method for estimating deviastions of the vertical from a combination
of topographic-isostatic deviations of the vertical and dynamic information
in the form of geopotential coefficients is presented. The method is espe-
cially well suited for large areas, either continental or oceanic, where no
geodetic measurements, such as gravity anomalies or deviations of the ver—
tical, are available, Ir is ideally applicable in mountainous areas and
along coastlines where the deviations depend greatly on the topography.
Humerical results using topographic-isostatic data calculated in Canada,
Switzerland and West Germany are presented.

Furthermore, if gnodetic data such as observed deviations of the ver-~
tical and gravity anomalies are available in the area considered, they can
be combined with existing estimated deviations by using least squares collo-
cation to achieve a greater accuracy.

. — "Physical geodesy at the Geodetic Survey".

A combined least squares collocation - integral formulae (Stokes' and
Vening Meinesz's) method is used to predict deviations of the vertical and
geoid undulations on the basis of a set of geopotential coefficients, name—
1y GEM8, and surface gravity data. The predicted deviations, all located in
Canada, are compared with corresponding astrogeodetic values., The predicted
geoid undulations, located both in Canada and the United States, are compa-—
red with Doppler derived geoid undulations. The semi~major axis of the mean
earth ellipscid is found to be aboul 6378131 metres. A systematic difference
between combined GEM8 gravimetric geoid undulations and Doppler derived un—
dulations is found in the Rocky Mountains area. The use of a truncated Scokes
function is tested numerically.

LACHAPELLE G. - “A spherical harmonic expansion of the isostatic reduction

potential''.
p. 165 - 186,

The change of potential due to the removal of topography and its isos-
tatic compensation according to Airy-Heiskanen model is expanded inte sphe-
rical harmonics according to a theory rigorous within spherical approximation
the earth being replaced by the usual terrestrial sphere, under the assump-
tion of complete isostatie compensation. Formulae required for calculating
global direct and indirect effects on gravity, deviations of the vertical
and height anomalies are derived.

Numerical results are also presented. Harmonic coefficients up to de-
gree and order 36 were caleulated using 5 by 5 degrees mean topographic
heights obtained by Lee and Kaula (1966). They are compared with the ones
obtained by khan {1973) who represented potentials of topography and its
isostatic compensation by surface density layers.

SURVEYS and MAPPING BRANCH, Dept of Energy, Mines & Resources
“Collected papers, geodetic survey 1977".
284 p, Ottawa, 1978,
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p. 21 - 53,

Estimation methods have always played an important role in the physical
sciences. The least-squares approach is probably best known for its definite
advantages in terms of deterministic and probabilistic interpretations in
addition to the computational aspects.,

Least-squares estimation methods have been gencralized extensively sin-
ce the works of Gauss and Legendre. The Following discussion is mainly a
synthesis of those developments in a concise rigorous manner from the ma-
thematical poiat of wview. In particular, least-squares cotlocation methods
are reconciled with other cellocation approximation methods. Finally, the
notions of signal and self-calibration are discussecd briefly in an attempt

to clarify certain ambiguities thich have arisen in some recent applications

BLAIS J.A.R. - "Inmertia,
p. 55 ~ 78.

inertial refercnce systems and physical geodesy™.

The concepts of inertia and inertial refercnce systems are most funaa-—
mental in physics and nore specifically in Newrtonian and relativistic me--
chanics. A brief review of these theoretical considerations and their im-
plications is given herein.

The study of any physical phenomena nccessitates the choice of appro-
priate reference systems for observational measurements. In general, the
data reduction and analysis involve transformations between different refe-
rence frames in the presence or absence of gravitational fields., In the
neighborhood of the Earth, the gravicy field is well known to be inhomoge-
neous and time depeandent.

Ia physical geodesy, the inertial principles play an impurtant role in
the development of methods for positioning purposes. In particular, the uvse
of accelerometers, gyrocompasses and oscillator clocks require careful con-
siderations for optimum results.

SURVEYS and MAPPING BRANCH, Dept of Energy, Mines & Resources.
Collected papers, geodetic survey 1978",
248 p, Ottawa, 1979.

LACHAPELLE G. - "Escimation of the g¢oid and deflection components in
Canada",

p. §57 - 18],

Pifferent methods te derive the geoid and deflecrions of the vertical
required for the reduction of Canadian geodetic network distances and direc—
tions are examined. It is fouad that current geopotential solutions such as
the Goddard Earch Model series are adequate for the geoid since such undula-
tions are in agrecment with Roppler derived undulations with an aceuracy of
2 metres in Canada. The resulting semi-major axis of the mean carth ellip-
soid is 6378134 metres when assuming that the correct scale correction to
the NWL 9D system is -0.4 ppm. A deflection prediction wethod based on a
combination of Vening Meinesz integral formula and least squares colloca-
tion gives an accuracy of 10 ta I"5 for the deflection components at alt
network stations which are not in the Rocky Mountains. The observations

b)

c)

data consist of a current geopotential solution, detailed surface gravi-
ty and astrogeodetic data, In the Rockies, other methods will have to be
used in order to obtain adequate deflections of the vertical and/or to
minimize their effect on the adjusted coordinates.

LACHAPELLE G. - "Evaluation of 1° x 1°
in Nerth-Amerieca”.
p. 183 - 213,

mean free-air gravity ancmalies

1° x 1° mean free-air gravity anomalies Far North America are deri-
ved from surface gravity data and mean topographic heights. A regular 5!
grid is first evaluated and reduced to mean beights {on land oaly) of
blocks (5' or 1°) using standard Bouguer factors. 1° x 1° gravity anoma-—
lies are then obtained by straight arithmetic means of smaller blocks.
Variances are given by an estimator whieh is a functiom of error varian-
ces of 5' blocks. The final data set is compared with that of Rapp (1977)
and that derived direectly by least squares collacation.

LACIAPELLE G. & C.C. TSCHERNING - "Use of collocation for predicting geoid
undulations and related quantities over large areas".
p. 22% - 231,

The use of the mathod of collocation for the determination of an ap-
proximation to the anomalous (gravitational) potential of the Earth (T) is
briefly described and resulcs obtained when predicting gaoid undulitions
and related quantities are reviewed.

The method requires in principle that a set of linear equations be
solved, with the number of unknowns equal to the number of observarions.
This number will depend on {1) the required precision of rthe predictions,
{2) the size of the area considered and (3) the variation of the anomalous
potential in the area, The number of gravicy observations needed in 1°
sqnare is estimated to be at least 100 if geoid wndulations with a stan-
dard deviation of less than 0.25 m are required. The system of equations
that has to be solved when considering a large area, e.g., Southern Europe,
will therefore be very difficult to handle.

It is therefore proposed that collocation should be used for the ap-
proximacion of the harmonic function T¢ = T — Ty» where Ty is a harmonic
function generated by known mass density anomalies. This will reduce the
needed number of observatious to about 25 Z of the original number.

Tt is also proposed to use either the method of stepwise collocation
or the combined imtegral formulae-collocation method in order te further
reduce the computational effort. Finally the practical orgamization of rha
computations using these two techniques is discussed.

INSTITUTE for ADVANCED S5TUDY in GRBITAL MECIANICS - "™The report of the
workshop ou the spaceborne gendynamics ranging system®,
Univ. Texas, Austin, IASOM TR79-2, 79 p, March 1979.
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WAGNER C.A. & F.J. LERCH - "The accuracy of geopotential models™.
from : Planet Space Sci., v. 26, p. 1081 =~ 1140, Greenbele, 1978.

Extensive tests of two recent geopotential models (GEM 7 and 8)
have been made with observations potb used in the solutions. Several other
recent models are also evaluated. These tests show the aceuracy of the sa~
tellite derived model (GEM 7, with 400 coefficients) to be abour 4.3 m
{r.m.s.) with respect to the global geoid surface. The corresponding ac—
curacy of the combined satellite and surface gravimetry wodel (GEM 8,
with 706 coefficients) is found to be 3.9 w (r.m.s.). These results in-
clude a calibration for the commission errors of the coefficients in the
models and an estimate of the errors from omitted coefficients. For GEM 7,
the Formal precision (commission exrxors) of the solution gives 0.7 m for
the geoid error which after calibration increases to 2.4 m.

Independent observations used in this assesswent include : 139 luw—
ped coefficients from 35 resonant orbits of | and % through 15 revelutions
per day, two scts of (8,8) fields derived from optical-only and laser-
enly data, sets of zonal and resonant coefficients derived from largely
independent sources and peoid undulations measured by satellite altimetry.
In addition, the accuracy of GEM 7 has been judged by the pravimetry in
GEM 8. The ratio of estimated commission ro formal error in GEM 7 and 8
ranges from 2 to 5 in these tests.

KAHN W.D.,, B.BE. AGRAWAL & R.D. BROWN - "Mean sea level decerwination from
satellice altimecry".
from : Marine Geodesy, v. 2, N° 2, p. 127 - 144., 1979,

The primary experiment en the Geodynamics Experimental Ocean Satellite-
3 (GE0S-3) is the radar altimeter. This experiment's major objective is Lo
demonstrate the utility of measuring Che geometry of the ocean surface, i,
e., the geoid. Results obtained from this experiment so far indicate that
the planned objecrives of measuring the topography of the oscean surface
with an absolute accuracy of £ 5 m can be met and perhaps exceeded. The
GEOS~3 satellite altimeter measurements have an instrument precisiom ia
the range of 1 25 em to + 50 em when the altimeter is operating in the
"short pulse" wode. After one year's operations of the altimeter, data from
over 5,000 altimeter passes have been collected. With the mathematical mo=
dels developed and the altimeter data presently available, mapping of local
areas of ocean topography has been realized to the planned accuracy leveis
and better. This paper presents the basic data processing methods employed
and some interesting results achieved with the early data. Plots of mean
sea surface heights as inferved by the altimeter measurements are compared
with a detailed 1° x1° gravimetric geoid.

SHITH D.E., R. KOLENKIEWICZ, P.J. DUNN & M.H, TORRENCE =~ "The measurement
of fault motion by satellite laser ranging'.
from : Tectonophys. N°® 52, p. 59 - 67, 1979.

The distance between two points on opposite sides of the San Andreas
Fault is being derived from laser tracking of nmear-earth satcllites as parce
of an experiment to estimate the motion along the plate boundary. The two
sites, at Otay Mountain mear San Diege and at Quiney in northern California,
are nearly 900 km apart and approximately 150 and 270 km, respectively, avay
from the main strike of the San Andreas Fault. The angle between the fault
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and the intersite vector is approximately 25°. In the Fall of 1972 satellire
laser tracking systems occupied these two sites, and from the data collec-
ted the relative location of the two sites was determined. The two sites
were reoccupied in the fall of 1974 and again in the fall of 1976, and
provided two further estimates of the velative positions of the two sites.

The results of these first three measurements indicate a shortening
of the intersite baseline between San Diego and Quincy at an averape rate
of 9 & 3 em/year, suggesting a much larger possible present-day motion
across the fault system than expected. The main source of ervor in chis
analysis is the motion of the spacecraft which is significanely affected
by unmodeled anomalies in the earth's gravity field. However, major advan-
ces in our knowledge of the gravity field are expected over the next few
years and as these occur the accuracy of the present results will improve.

COLUEN §5.C. - "Postseismic surface deformation due to lithospheric and
asthenospheric viscoelasticity".

GSFC, NASa, Technical Memorandum 79668, 10 p, Greenbelt, Nov, 1978.
from : Geophys. Res. Letters, v. 6, N® 3, p. 129 - {3), March 1979.

This paper proposes a model for
attributing them to lithospheric and
model predicts that the deformations
depend on the ratio of the effective shear modulus acting long after che
tithospheric viscoelastie relaxation to thar acting immediately following i
the earthquake. While such deformations are generally smaller than those
associated with asthenospheric viscoelacticity, they occur om a shorter
time scale and may be in opposite directionm to both the motion occurring
at the time of the earthquake and that occurring as the asthenospheric re-
laxation occurs.

post-seismic surface deformations by
asthenospheric viscoelasticity. The
due to lithospheric viscoelasticity

- LS

COMEN $.C., = “Numerical and laboratory simulatien of fault motion and
earthguake occurrenca”.

from : Reviews of Geophys. & Space Physics, v. [7, N° I, p. 61 - 72,
Greenbelt, 1979,

This paper reviews the simulatien of earthquake occurrence by numeri-
cal and laboratory mechanical block models. Simple linear rheolopical ele—
ments are used with elastic forces driving the main events and viscoelastie
forces being important for aftershock and creep occurrence. Friction and its
dependence on velocity, stress, and displacement also play a key role in
determining how, when,, and where fault motion occurs. The discussion of
the qualitative behaviour of the simelators focnses on the macner in which
energy is stored in the system and released by the unstabie and stable pro-
cesses. The numerical results emphasize the statistics of earthguake occur-
rence and the correlations amoug source parameters.
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WAGNER C.A. - "Gravirarional spectra from the tracking of planetary
spacecraflt in eccentric orbits"™.
GSFC, NASA Technical Memorandum 79721, 41 p, Greenbelr, March 1979.

Two dimensional gravitational specrra are derived from simple har-
monic analysis of range rate tracking data on planetary orbiters. The
eccentricity of the orbit is arbitrary and results are shown ro vary subs—
tantially with the aspect angle of the tracking line of sight with the
orbit plane. The development for arbitrvary start and stop times (with
respect to periapsis) uses modified eccentricity functions evaluated by
gquadrature.

Simulacions with a point-masses model of Venus using tracking data
on the Pioneer Venus Orbiter show excellent predictions of the average
orbiter spectrum over one Venus day. The Venus gravitarional sigral shouli
be above the tracking noise level for are lengths tonger than 40° (in true
anomaly) about periapsis and for terms as high as 55 th degree.

Analysis has been made of tracking residuals from a short are fit to
Mariner Mars 9 data over the llellas Basin (using a complete 6 th degree
field). Results are most consistent with higher residual gravitatienal pa~
wer than predicted from Kaula's rule for Mars.

SANCHEZ B.V. -~ "Qcean tidal excitation of polar motion™.
GSFG, NASA Technical Memorandum 80243, 25 p; Greenbelt, March (979,

An investigation has becn conducted to ascertain the response of the
rotational motion of the Earth te forcing Functions produced by the water
mass redistribution due to the ocean tides. In particular, the components
of displacement of the rotation axis at the surface of the Earth wera ob-
tained. The investigation alse addressed the larger question concecning the
possibility of excitation of the Chandler wobble of the Earth.

In general, the results show the existence of a polar wobble as a res-
ponse to each of the components of the ocean tides. The nagnitude of the
polar displacement depends on two factors : the amplitude of the tidal com-
ponent and its period (in relarion to the Chandler period).

The maximum petiodic contributions are : the Doodson's component pumn-
ber 055.565 with a period of I8.613 years and 50 cm of polar displacement,
the annual component 056.544 with 37 cm of polar displacement and the scemi-
annual 057,555 with 32 cm, The tidal components wich daily and semi-daily
periods yield very small polar displacements of the order of 0.01 cm, The
combined effect of all the periodic components can yield as much as 90 cm
of pole displacements,

The changes produced by the ocean tides in the products of irvertia
are periodic and regular, therefore, they canunot be the source of excita-
tion of the Chandler wobble.

830 -

831 -

832 ~

WORLD DATA CENTER B 1, Moscow.

Catalogues of data and publications on :

Rockets and Satellites (1978)

Oceancgraphy (1978, 4 parts)

Glacioltogy, Oceanography & Hydrology (1978)
Meteorolopgy & Huclear radiation (1978)
Latitudes and longitudes (1979}

SEARLE R.C. ~ "Evidence from gravity anomalies For thinnirg of the lithos-
phere beneath the Rift Valley in Henya".
from : Geophys. J. R. Astr. Soc., N° 2&, p. i3 - 31, t970.
A detailed gravity survey of part of Gregoxry Rift Valley in Kenya
has shown & positive Bouguer anomaly over the rift Eloor between 0-25° N
and 1-25° §. The anomaly is between 40 and BO km wide and has an amplitude
of 300-600 g.u. (30-60 mgal). Actempts to account For the anomaly with
shallow mass~distriburions lead to geotogically unreascnable models. The
geophysical and geological data are best satisfied if the anomaly is due
to a dense intrusion, The required body must be about 20 km wide, and ics
upper surface must be less than 3 km below the land surface. Other eviden—
ce in favour of this interpretation is presented, and it is shown that the
models developed here are consistent with the crustal models of the area
deduced from leng-wavelength gravity snomalies by other workers. An intru-
sion of the magnicude inferred in this paper represents extreme thinping i
of the lithosphere below the rift valley.
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INSTITUT ROYAL METEQROLOGIQUE BE BELGIQUE - Annuaire, Marées terrestres 1976.
84 p, Bruxelles, 1979.

SCHOTTLER H. - "Die Topographische Ubersichtskarte 1 : 200 ooo™,
D.G.K., Reihe C ; Dissert., H. N° 237, Il 8, Frankfurt, 1978
Mitt. N° 144 das Inst. fiir Anpew. Geod.

RODDE A. - "Simultanbestimmungen der Lotabweichungskomponenten £ und n
wit dem Prismenastrolabium Ve Beobachtungen im 48 Breitengrad und auf
der Satellitenbeobachtungsstation Wettzell im Jahre 1973,

D.G.K., Reihe B : ngew. Geod. H. N® 232, 120 8, Frankfurc, 1978

Mitc. N° 146 des Inst, for Angew. Ceod.

Author reporets on his astronomic determinacions of longitudes and la~
titudes performed simultaneously on 19 stations on the profile of rhe geoid
at 48° latitude and on the satellite observation station of Wettzell, as
well as on.the calculation on the components £ and n of the deviation ¢f
the vertical in the system RE 1950.
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BOHUME R. — "Der Verbleib der Originale der amtlichen Kartenwerke des

Deutschen Reiches",
D.G.K., Reihe E : Ges. & Ent. der Geod. H. N° 16, 26 §, Frankfurt, 1978,

Mitr. N® 142, Inst. Angew. Geod.

SZAMEITAT H.J. — “Modell einer elastischen Erde auf der Grundlage finiter
Kugelschalen-Elemente".

D.G.K., Reihe C : Dissert. H. N° 249, 133 §, Frankfure, 1979.

Mitt. N° 149, des Inst. fir Angew. Geod,

BRENNECKE J. - “iber geodatische Differentialgeomeirie im Erdschwerefeld".
D.G.K,, Reihe € : Dissert. H. N° 250, 91 §, Frankfurc, 1979.

I- GROSSE H. — “Satellitenbeobachtungsstation Kloppenheim Bestimmung von
Linge Breite und Azimur mit dem Passageinstrument Ap 70".

II~ SOLTAU G. ~ “Astronomische Koordinatenbestimmungen auf der Satelliten-
beobachtungsstation Kloppenheim in den Jahren 1972-1975 mit dem Zirkumze-
nital VHGTK".

D.G.K., Reihe B : Angew. Geod. H. N® 230, I. 56 S, IL.
Mitt. N° 150 des Inst. fir Angew. Geod.

1} 8, Frankfurt, 1979,

RODDE A. - "Simultanbestimmungen der Lotabweichungskomponenten £ und n
wit dem Prismenastrolabium IV - Beobachtungen im Nérdlinger Ries im Jahre
1970".

D.G.K., Reihe B : Angew. Geod. H. N® 237, 68 §, Frankfurr, 1979.

Mitt. N°® 151,des Inst. fir Angew. Geod.

The author reports on his astronomic determinations of longitudes aud
latitudes performed simultaneously using a Ni-2 Astrolabe on 12 statious
of a meridian-profile across the "Nordlinger Ries", where an impact of a
huge body of extra-terrestrial matter some 14 million years ago left a lar~
ge mass deficiency. The deflection of the vertical im the System RE 1950
are calculated.

ROBDE A, ~ "Simultanbestimmungen der Lotabweichungskomponenten § und n
mit dem Prismenastrolabium :

Vd : Becbachtungen im 48. Breitengrad im Jahre 1974'".
D.G.K, Reihe B ; Angew. Geod. H. N° 238, 96 S, Frankfurt, 1979.

Author reports om his astronomic determinations of longitudes and la-
titudes perforwed simultaneously on 17 stations oa the profile of the gesid
at 48° ' of latitude, as well as on the calecvlation of the cowmponents § and 1
of the deviation of the wvertical in the system RE 1950,
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: Beobachtungen im 48. Breitengrad im Jahre 1963".
D.C.K., Reihe B : Angew. Geod. H. N® 239, 49 S, FrankEurt, 1979.

The International Association of Geodesy has recommended to determine
the astro-geodetic deflections of the vertical along the profile of a pa-
raltel at 48° of latitude ( i] pp. 19 = 21). These dererminations have
been opened by the present observations of astronomic longitudes and la-
titudes on 13 stations.

Vi : Beobachtungen im 48. Breintengrad jim Jjaure 1975".
D.G.K,, Reihe B : Angew. Geod., H. N° 240, 7| §, Framkfurc, 1979.

The author reports on astronomic determinations of longitudes and la-
titudes performed by Ni-2 ascrolab measurements at 9 stations mear the
480 parallel in the Federal Republic of Germany. The resulting deflectings
OF the vertical will be used for the study of a detailled geoid in this re~-
glon.

RAPP R.H. - “Global anemaly and undulation recovery using GEOS-3 altimeter
data®. .

O%U, Dept of Geod. Sci., Rep. K® 285, 49 p + 3 maps, Columbus, May 1979
Final Report prepared for NASA, GSFC, Greenbelt.

This report describes the analysis of 3275 Geos-3 arcs of altimeter
data containing 624670 frame averages. This data was adjusted to remove
orbit error and altimeter bias in a primary adjustment and four regional
adjustments. The root mean square crossover discrepancy was about * 55 em
after the adjustment. The adjusted altimeter data, now considered to give
geoid undulations, was used to predict values at 1° intersections from
which an oceanic geoid map, with predicted accuracies, was prepared at a
two meter contour interval. This geoid was compared to the GEM 9 geoid over
very long profiles to examine the long wavelength error im the altimeter
geoid, At a wavelength of 13010 km the root mean squares difference was
57 em. The altimeter geoid was also compared to altimeter geoids fixed by
precise orbits. We found a root mean square difference of about | m with a
systematic difference that implied the equatorial radius of the earth was
6378137 wmeters.

The adjusted altimeter data was also used to determine a total of 29479
1° x 1° anomalies (and undulations), 27466 of which had an accuracy of 15
mgals or better, Their average accuracy was 8 mgals. In addition, 957 5°
mean anomaly and undulation values were computed. Representative anomaly
differences with verrestrial estimates were 12 mgals for the 1% x I° values
and 7 mgals for the 5° values. Additional computations of point ancwmaly va-—
lues were made to compare with ship data in the area of the Winety East
Ridge. There we found the altimetry anomalies followed quite well variations
of the anomalies at 100 km wavelengths, and clearly showed correlation with
bathymetry.
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contrelled spatial adjustments™.
U.5. Dept of Commerce, HOAA Techn. Memorandum NOS NGS 23, 8 p
Rockviile Md, Nov. 1979,

In an adjustment of a geodetic network in the height-controlled three-
dimensional system it is convenient to use auxiliary ellipsoids. These sur-
faces are used for preserving correct heights of points and for simplifying
the transformation of adjusted coordinates to the geographic systam.

DOUGLAS B.C., C.C. GOAD & F.F. MORRISON - "Determination of the geopoten—
tial from satellite-to-satellite tracking data'.

U.3. Dept of Commerce, NOAA Techn. Memorandum NOS NGS 24, 31 p,
Rockville, Jan. 1980.

Simulations were made of the recovery of mean gravity anomalies from
intersatellite Doppler measurements. A pair of surface-force compensated
satellites was assumed to be in identical polar orbits, spaced by 3°, at
an altitude of 200 km, taking intersatellite data with a precision of
0.00l om/s. The results for a half-year mission indicate that ° x 1° mean
gravity anomalies can be obtained to 2 precisicn of a fow willigals. A so-
called high-low case, when one of the satellites is geosynchronous, appears
to perform about twice as well, but is probably impractical to use because
of the difficulrty in obtaining the vequired data precision {(10~* mm/s) with

the long (v 36,000 km) intersatellite distance involved. In contrast to pre-

vious analyses, our results are indicative of data obtainable from a global
solution free of debatable a priori constraints or assumptions about the

geoporential, Thys a properly optimized mission using additional information,
such as results from altimetry or mean surface anomalies, could improve upon

the results presented here.

CENTRE NATIOHAL POUR L'EXPLOITATION DES OCEANS - Rapport annuel 197§,
87 p, Paris, 1979,

HONGARIAN GEOPHYSICAL INSTITUTE "Roland EDTVUS" - Working Growp 3.3.
Study of the Earth Tides.
Bull. N° 2, 88 p, Budapest, 1979.

U.S. Dept ¢f trhe INTERIOR - New Publications of the Ceoclogical Survey,
List 849 - Publications issued in April 1979, 32 p, Reston, 1979.

KAARTAINEN J. - "Observing the earth tides with a long water—tube tilt
meter',

Pub. Finnish Geod. Inst, N® 88, 74 p, Helsinki, 1979.

from : Ann. Acad. Sei. Fennicae, Ser. A, VI, Physica 424.
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In order to make a contriburion to the crustal tilt measurement
due to earth tides a long water-level instrument was developed at the
Finnish Geodetic Imstitute.

The principle and construction of the instrument are given, and re-
sules obtained with it are presented and discussed.

The instrument consists of a 177.234 o long tube, 53 mm in diameter ;
the tube lies horizontally in what is almost an east—-west direction. The
instrument is located in a limestone mine at a depth of 118 m below sea
level about 50 km west of Helsinki. The tube is approximately half-filled
with water. The movements of the liquid surface with respect to the refe-
rence, attached to the crust, are recorded simultanecusly at both ends of
the instrument using an interferomectric method,

The iaterference patterns are recorded on photographic £ilm and the
readingsaccuracy at one end is * 0.02 um, which covresponds te a tilt of
¥ 5.107° seconds of arc berween twoe successive hourly readings.

Records for 96 days in the course of June 1977-April 1978 were analy-
zed, each day consisting of 24 hourly readings,

The tidal Factor Y for the main tidal wawes was derived from the ob=
servations with an aceuracy of about | Z. In asddition the correlation bet=
ween the drift and the horizontal air-pressure gradient was obtained.

SOCIETE HELVETIQUE DES SCIENCES NATURELLES - Procds verbal de la 124&me
séance de la Commission Géod@sique Suisse tenue i 1'Université de Berne
le 17 Juin 1978,

23 p, 1979,

COMMISSION GEODESIQUE SUISSE & OFFICE FEDERAL DE TOPOCRAPHIE - Rapports
sur les travaux Géodésiques exécutds de 1975 3§ 1979,

13 p + cartes, 1979,

Présenté i 1a 17&me Assembld Générale de 1'U.G.G.I. tenue 3 Canberra en
Décembre 1979,

OBSERVATOIRE ROYAL DE BELGIQUE - Marfes Terrestres.

Bull. d"Inf. N® 80, p. 4833 - 4934, Bruxelles, 15 Féy. 1979,
Buli. d"Inf. N°® 81, p. 4936 - 5079, Bruxelles, 15 Mai 1979.
Bult. d'Inf. N°® 82, p. 5082 - 5i84, Bruxelles, 15 Juin 1979,

XIONG GUANG CIIU - “On the theory about the relationship between the spec—
trums of the magnetic and gravity anomalies of 2-D bodies and those of
3-D bodies",

From : Acta Geophysica Sinica, Vol. 22, Mo. 4, 406 - 414 p, Octobre i979.
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B54 ~ FANG TSUN, XU HOU-ZE et ZNANG CHI-JUN - "Researches on gravimetry and
figure of earth in China".
From : Acrta Geophysiea Sinica, Vol., 22, No. 4, p 321 - 325, Octobre 1979,

The paper summarizes the gravimetrical works which were done duriag
the 30-year's period after the founding of the Pecple's Republic of China.
Firat of all, we have accomplished the general gravity survey throughout
the country. Besides, very dense gravity surveys were carried out around
the astronomical points of the astro-geodetic nets, in order to provide
the precisions for the caleulations of the astro-gravimetric levellings.
Other surveys were also done for special purpeses, such as for geophysi-
cal prospecrings and other scientific researches, Maps of astco-geodetic
height anomalies obtained by the astro-gravimetric levellings were compli—
ted. Maps of free-air and Bouguer anomalies are now under cempilation. For
the theorecical researches, lots of works have also been carried out,

B55 - M.G. KOGAN - "Gravity znomalies and origin of the Walvis Ridge".

From ; J. Geophys. Res., Vol. 84, No. Bl1l, p 6019 - 6025, Qct. 1979,

Gravity amncmalies over the western Walvis Ridge are well explained
by a model of the regional depression of the rigid lithosphere under the
lead of the ridge. Computation of the best~fitting flexural rigidity
yielded small scatter about a single value for all profiles across the rid-
ge. Depending on the value adopted for the density of the ridee. an esti-
mate of the rigidity ranges from 2 x 10%? ro 8 x 10 ¢ dync-cm, The values
cumputéd‘hre an order of magnitude lower than those published for the
Hawaiian-Emperor scamount chain in the cenctral Pacific Ocean. This fact
cannot be attributed to the change in the effective flexural rigidity with
time of loading, since we compare cthe segments of the Walvis Ridge and of
the Emperor chain, which are of similar age. The difference in rigidicy
found favors the formation of the Walvis Ridge en relativety thin lithos-
phere close to the axis of the Mid-Arlantic Ridge, while the Hawaiian-
Emperor chain was produced on old lithosphere far from the East Pacific
Rise crest.

855bis -~ SHIH K.G. ~ '"Sea base gravity values in Marsden Square 150",
Bedford Inst. Ocean., Data Ser./BI-D-79~2, 256 p, Dartmouth, Jaa. 1979.
{d'aprés microfiches adress@es le 3.1.80 par le Bed. Inst. Ocean.,
reproduction faite au G.R.G.5. & Toulouse).

A sea base gravity value is defined for locations where the gravity
data pseude-crossover discrepancy from two different cruises is less than
4.5 mgal. A total of 2655 sea base gravity values for Marsden square !50
is obtained and given in this report. These can be used as check-points for
providing an estimate of gravity measurement accuracy or for identifying
nalfunctions of the gravimeter system al sea.

856 -

857 -
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PAPERS PRESENTED AT THE ETGHT INTERNATIONAL GRAVITY COMMLISSION
Paris, 1} - 16 September 1978.

NAKAGANA 1. et M. SATOMURA - "Gravity changes observed im the Kinkl District
Japan".
Geophys. Inst., Kyoto Umiv., 7 p.

Gravity measurements have repeatedly been carried out in the area
around lake Biwa in Japan since 1950 in order to detect the secular chan-
ge of gravity. The results cobtained so far show that gravity change obser-—
ved on the scuth line of the first order levelling route around the lake
during the period of 1971~ 1975/1976 was consistent with the results of
levelling surveys. This evidence shows that precise gravity measurement
is one of the powerful methods for detecting vertical crustal movement.,

Another precise gravity measurement has been carried out at stations
where the gravity value is almose equal to that of base station (Geophysi-
cal Insticute of Kyoto Universicy ; 979.70775 gals), along the levelling
route in the area covering the Lake Biwa and Kii Peninsula since 1972.
Besides them, the precise gravity measurement has also been carried out
at stations with the gravity value 979.686 gals in due consideration of
their distribution. Gravity changes obtained were not contradicted with
levelling changes. However, the time interval between the first and the
last mweasurements was so short that no significant result was yet obtai-
ned, but it is expected that the gravity values obtained through these |
successive measuremenis will give basic data for the future study on fime
change of gravity in the area concerned.

191

PARIESKY N.N. ~ "To the problem of mon-tidal gravity variations®, |

NAKAGAWA T., M. SATOMURA & T. SETO - "An accuracy of scale constant of
La Coste & Romberg gravimeters (model G) revealed by international and
domestic gravimetriec connections'.

Geophys. Inst., Kyote Univ. & Geogr. Survey Inst., Tokyo, 7 p.

In gravity measurements, a discrepancy among the scale coustants of
gravimeters used is one of the most important but inevitabie problems,
especially when a difference of gravity values among the measuring stations
is tarpge. After the data that were obtained by two sets of international
gravimecric connections amounting to about 1.8 gals and 2.1 gals, respective-
ly, and one set of domestic gravimetric connection amounting to about 1.6
gals in gravity differences were adjusted by referring to the IGSN 71, the
following values of correction Ffactor for scale constants of LaCoste &
Romberg gravimeters G-29, G-1i8 and G~196 were determined.

For the pravimeter G-29  : 1.000663 - 0.4N0042 Ag,) ..
1.000215 - 0.000061 Agohs.

1.000640 + 0.000F2t Aggyg-

For the gravimeter G-118 .:

For the gravimeter G-196
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Using these correction factors, the gravity value ar each measuring sta-
tion was re-caleulated. The discrepancy between the value thus obtained
and ghat of the IGSN 7] was almost less than * 0,03 mgals at all stations.

SENFTL E. - "Schweremessungen in Osterreich™,
Bund. fir Eich-und Vermessungs., Wien, 12 p, Austria.

WILLIAMS O.W. & D.L. BRACE - “Contribution of satellite radar altimetry
to ecarth gravitacional field defimition".
D.M.A., 39 p, U.S5.A.

WENZEL H.-G. & W. TORGE ~ "Establishment of a high precision gravity net-
work for detecting secular variations in Northwestern Europe'.
Inst. Teor. Geod., Techn. Uaiv. Hannover, 13 p.

To concrol eventual gravity variations in the region of the North West
Furopean Lowland Levelling (NWELL), a high precision gravity network has
been established in §976. The network Has been connected to 5 absolure gra~
vity stations and ro VI IGSN 71 gravity stations, a tocal number of 497
gravity differences has been observed by four LaCoste-Romberg gravity me-
kers between 3B gravity stations. The r.m.s. error of the observed gravi-
ty differences vary between * 17 and 13.107%ms™? depending on the age of
the used instrument, the average r.m.s. crror of the adjusted gravity values
is * 9.107%ms™2, The differences botween NWELL 76 and IGSN 71 gravivy values
reach 100.107%ms™2 ) the differences between NWELL 76 and absolute graviry

values are smaller than 17.10 %ms™2.

VYSKOCIL V. - "On the construction of density models of the lithosphere".
Geophys. Inst., Czechosl. Acad. Sci., | p, Sporilov.

Crustal density models, constructed by various authors in different
parts of the world, mostly on the basis of the complex interpretation of
gravity and seismic darta, are sometimes hard to compare with each other,
because different standard data and procedures have been used. In order
to determine a unique association between the values of gravity anomalies
and the physical parameters of the lithosphere, it is necessary to use
1) a uniform system of gravity anomalies,

2) 2 uniform standard density model and
3} a uniform seismic wave velocity - density relation.

An attention should be devoted to the determination of a standard
depth, under which the existence of lateral density in homogeneities is
no longer assumed.

It is also desirable to effect a certain change in the approach to
the methods of mathematical computations of density models. The currently
used methods were elaborated for tie purposes of gseophysical prospecting,
in which the pravitating body of interest is relatively small and the cur-
vature of the Earth's surface may be neglected.

863 -

In constructing density models of the lithesphere it is convenient
to divide the Earth's surface by 2 regular network of meridians and paral-
lels into a system of fields, to which verrical columns divided iato ele-
mentary bodies are coordinated. The suitable formulae for the computation
of the gravitarional effect of such a three-diwensional density moedel have
been given in (1).

The mentioned problems of standard gravity and density data and the
mathematical methods of interpretation have been discussed in detail in

(2).

TSCHERNING €.C. - “Gravity prediccion using collocation and taking known
mass density anomalies into account®.
Geodaetick Insr., 9 p, Danemark.

The anomalous (gravitational) potential of the Earth, T, is split
in two parts, T = T¢ + Ty, Here Ty is a harmonic function generated by
known mass density anomalies and T® = T ~ Ty. This function will also be
a harmenic function, which therefore may be approximated using the method
of collocation, based oa known gruvity anomalies or altimeter derived geoid
undulations, for example. Cravity anomalies can then be predicted using the
known linearized relationship betwenn T and 8p. This procedure may give a
40 - 50 % increase in the precision of the prediction results as compared
to a procedure where mass density anomazlies are not taken into account.

TORGE W. & E. KANNGIESER - "Local gravity variations in Northern Iceland
connected with earthguake and volcanie activicy".
Insc. Theor. Geod., Tech. Univ. Hannover, 12 p.

Monitoring of gravity variations with time in the neovolcanic zone
of northern Iceland, being part of the constructive plate boundary betwecen
the European and the Amevican plites, started in 1938, Re-ohservations in
1965, 1970/71, -and 1975 revealed a2 gravity increase in the neovolcanic
zone, with a maximum of 7.,.8.1078 ms—2/a, for the epoch 1965...1975.

In 1975, a rifting episod started here, consisting of a succession
of slow inflation periods and rapid subsidence events, which is still going
on. The center of-activity is situvated below the Krafla caldera, and the
rifting process is affecting the 80 km long fissure swarm associated with
this central volcanoe.

Gravity and height variations connected with this process have been
investigated by reobserving profiles in the Namafjatl and in the Gjastikki
area, situated nearly 10 km south resp, north of Krafla, as well as by the
cbservation of a nuwber of gravity stations in the northern part of the
fissure zone, in 1976, 1977, and 1978, By repeated observations with 2 resp.
3 LaCoste~Romberg graviry meters, the agcuracy obtained at each gravity
survey is at the order of * 10.1078 ms™“. In the profiles crossing the Eis-
sure zones, a gravity increase oi more than 160.10-8 ms™2/a has been found
in cthe central part, while gravity at the flanks deecreases af the same or-
der. These variations are correlated with subsidence and clevation rates ar
the order of 0.5 mfa. .
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From the regional gravity control along the neovoleanic zoene, between
the Krafla area and the sea, it has been found that graviiy variations
with rime are of rvather lecal character, changing their sign with a half
wave-length of 5...10 km, and reaching a magnitude of %200.i10"8 ms~2 and
more.

These results contribute to the understanding of the mass displace-
ments in time and space in this region, occuring at the present rifting
process.

SAXOV §. - "Physical Interpretation of Gravity Anomalies'.
Aarhus, B p.

VAN RUYMBEKE M. - “Sensitivity adjustment and levelling of Lacoste-Rumberg
gravimeters". :
Observatoire Royal de Belgique, 7 p.

A technique using the electronic output and a digital volemerer during
field measurements allows ko work at constant sensitivity without depending
upon level readings.

RAPP R.H. ~ "A combined terrestrial-altimeter 1° x 1° mean gravity anomaly
Field".

Dept. Geodetic Sci., Ohio State Univ., 13 p, Ohio.

PETTERSSON L. — "The results of repeated gravity measuremeats in Norway
and Sweden on the land uplift gravity line along the latitude 63° R".
Nat. Land Survey of Sweden, 12 p.

PETTERSSON L. ~ "NHigh precision gravity weasurements for studying the se-
cular variation of gravity in Fennoscandia".
Nat. Land Survey of Sweden, 10 p.

HATHER R.S. & LARDEN D.R., - On the recovery of geodynamic information Erom
secular gravity changes".

Univ. New South Wales, Dept. Geod ; Sydney

from : UNISURY G.29, p 11 -~ 23, 78,

Global programs for the determination of secular gravity changes can
provide valuable information on geocentre moLion as well as constraints for
use in modelling the wechanism for mass transfers associated with lithos-
pheric plate motion.

Nuwmerical solutions show that meaningful results can be obtained for
geocentre motion from a well-distributed global network of at least thirty
absolute gravity stations from observations over periods exceeding a decade
with station noise at the * 10 pGal level,

8 -

Expected changes in the shape of the geoid per century, are computed
for different mass rransfer models associated with plate motion. These
include some implausible models to establish upper bounds for the magni-
tude of gravity changes inferred Erom such mass re~distributicns, As the
changes in gravity due to this effect may be significantly smalier, the
required observing period for favourable signal recovery in the presence
of station noise at the * 10 pGal level approaches 10 yr for wost plausi-
ble models.

MATHER R.5. - "The gecid and continental gravity data banks : the rele of
satellite altimetry™.
Univ, New South Wales, 9 p.

Point gravity values have to be processed in conjunction with a geo~
potential difference (A W) before use in high precision geodetic computa-
tions. Users expect these values of AW to be differences with respect to
the geoid. In fact, they are differences in relation to the height of loecal
mean sea level (MSL) at the regional levelling datum.

Satellite altimetry provides, in principle, a means of defining a uni-
que geoid. The parameters defining the peoid obtained from GEQS-3 altimetry
are presented and their significance is discussed.

A peoid defined in this mauner can be used in conjunction with a con-
tinental gravity anomaly data bank to obtaim the height of MSL at the regio-
nal datum for levelling provided the gravity anomalies are based on a level—
ling network related to this dacum.

Preliminary computations using the gravity anomaly dara bank for
Australia (AUSGAD 76) provide estimates of the height of MSL at the Jervis
Bay datum for the freely adjusted level network for Australia. At firsc
glance, this is found to be in good agreement with oceanographic estimates.
A closer analysis of the GE0S-3 cphemeris indicates a continuing uncertain-—
ty in the definition of the potential W, of the geoid which has still to be
resclved.
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The problems involved in applying this technique to gravity anomaly
data bzoks which are not unambiguously related to levelling networks, are
illusrrated by a study of the gravity anomaly file computed for North
America. Despite these reservations, the difference in the height of MSL
between Jervis Bay and a Galveston datum for Worth America obtained using
this technique, is in good agreement with the oceanographically determined
value.
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MARFOLDI G. - "Physical interpretation of the relativistic variation of
gravity coastant".
Hungarian Geopliys. Inst. Roland Eotvos, 11 p, Honmgrie.

The general relativity theory, in accordance with the physical co-
gnizance, can be supplemented with a boundary condition with which the
negative value range of the relativistic space and time co-ordinates are
excluded. Thus, For the maximum material concentration resp. the max.
gravity potential fabsolute black hole/, a boundary condition determined
in its "own" system is stipulated : (m/r) Max = ¢2/k = 1.35 !0?7 kgn~}
and Gyay = 2 =2 9, 1016 mgec~i. The gravity constant /k/ is defined for
vacuum, the material concentration of which is mimioum ; {m/r)hyy = 1-1

1017 }pw~t, pA = 2.95 . 10735 kgw™3, The gravity constant increases,
in the function eof the mazerial concentration, to a double value : I =
=k, (1 + ﬂc/cz). This condition within the solar system r?sulcs in a va-
lue of A k/k < 1075 for the density dependence of the gravity censtant.
On the basis of the gravity limiting condition, the gravity mass quaptum
can be defined : mg = | k/e5 | = 2.73 . 10753 kg. This is 260 vimes as
small as the Planck mass. The diserete structure of space and time is the-
refore | ryIN = 2.47 . 10738 tyn = B.23 .

104 Dﬁ is the gravity metamorphism constant. Mp is the value of
the largest relativistic co~ordinate transformation ; beside light veloci-
ty ¢ and guantum constant h, che third universal constant. The velocity
of transmission of gravity effect, in surroundings of the highest material
concentration, is of light velecity /3. 10%ms~l/ , while in vacuum, 260 ti-
mes as high as the light velocity /7.8 1010 ms~l/ -
energy of the gravity radiation of the highest concentration masses / nuclei
of celestial bodies/ is the same as the mass energy of the proton, at the
wavelength of the proton radius. Thus, in the course of the gravity cxpan-
sion of the Matagalaxis, the continuous genesis of the protons realizes
contraction when having reached the limiting potential ; then, from Lhe in-
ternal Schwarzshild sphere, by further expamsion, a continucus pulsation.

LACHAPELLE €. - “Evaluation of 1° x !° mean free—air gravity anomalies in
Canada"'.
Dept. En., Mines and Res., p 21, Ottawva.

i° x 1° mean free-air gravity anomalies for Camada and surrounding
areas arve derived from surface gravity data and mean topographic heights.
A regular 5' grid is first evaluated and reduced to mean heights (where
available) of blocks (5' or 1°) using standard Bouguer factors. 1° x I°
gravity anomalies are then obtained by straight avithmetic means of smalier
blocks. Variances are given by an estimator which is a function of signal
and error covariances. The final datna set is compared with that of Rapp
(1977) and that derived directly by least squares collocation.

lnited States report op the status of helicopter gravircy
pment and application". .
Geosel. Div., Carson llelicopters, Inc., 31 p, Perkasie, July 1978.

10745 sec = |1/vglwhere t; =1.:

. The longitudinal wave-
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- KEVINIEMI A. - "The results of repcated gravity measurements in Finland
on the land uplift gravity line along latitude 63° N",
8 p, Helsinki.

1

JAEGER - "Transportable absolute gravity meter".
Levallois-Perree, ! p.

1

KIPKIN R.G. - "A microgravimetric network for Sccular Gravity Studies
in Scocland",
Dept. Geophys., Univ. Edinbourgh., 6 p.

DEFENSE MAPPING AGENCY ~ "Developments in moving-base gradiometry".
The Anal. Sci. Corp., Reading, 23 p.

CROTEN E. - "Special techaiques in gravimetry, during 1974-1978".
Report on activities of $5G 3.37, I3 p.
(Publié dans Bull. InE. N° 44, Mai 1979).

H

CANNIZZO L., CERUTTI G. & I. MARSON - “absolute-gravity measurements in
Europe'.
From : Il Nuovo Cimento, V. 1 C, N. 1, p 39 ~ 8%, Italie.

In 1976 and 1977, 25 absclute-gravity measurements were carcvied out
in 17 stations in Europe with the new transportable apparatus of the Is-
tituto di Metrologia "G. Colonnetti", in order to improve the world gra-
vity standard, to begin the study of the scale lincarity along the line
Hammer fesc~Nairobi in IGSN 7] and Lo establish new absolute references.
The uncertainty of the measurements is of the order of 10 pGal, about
20 times better than the accuracy of IGSN-71.

- DESVIGNES ¢, - "Geophysical Interpretation of some large scale graviey
anomalies and geold undulations".
Lab. Tectonophys., 7 p + fig,,

The correlation of gravity with some large scale geophysical Features
is studied for the whole european and mediterrancan regions : compensation
of topography, upper mantle density vaviations (lithospheric plates sub-~
duction) and heat flow variactions ave considered. Gravity data are used
in terwms of mean free air and isestatic anomalies and peoid undulations,
upward continued geoid undulations and simgle layer density variations ;
the importance, for geophysical interpretation, of each of these sets of
values are compared,

882 ~ DESVIGNES G. - '"Some numerical results on the statistical behaviour of

gravity anomaties".
Lab. Tectonophys., 7 p.
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BOULANGER J.D. - "Brief review of research om non-tidal gravity variacioas

1974-1978".
USSR Acad. Sci,, Soviet Geophys. Com., Moscou, 4 p.

BOEDECKER G. - "The new gravity vase net of the federal republic of Germany
(DSGN 76) status report, September 1978".
Dt&eh.“Geod, Forsch. Insc., Minchen, 16 p.

In the Federal Republic of Germany, a new gravity base net {Schwere-
grundnetz 1976 der Bundesrepublik Deurschland, DSGN 76} has been establishe.
since 1975 on behalf of the German Geodetic Commission by the German Geode-
tic Research Institute. The paper deals with the arguments for this renswal,
the design of the net, performance of the observations as also preliminary
resulcs, Ateencion is directed to the discrepancies (~ 1.10™4 in scale) bor-
ween IGSN 7l-values and absolute gravity measurements carried out with the
absolute gravity meter of the Italian Geodetic Commission by the group of
Istituto Metrologia Torino. The net comprises 2i stations with 3 excenters
each, 1) of the stations are identical or closely connected with IGSN 71-
stations, at 4 stations absolute measurements have been carried out, 44
connections were measured 1977 with 4 LaCoste-Rowberg gravity meters repea-
tedly,

BOEDECKER G, - “A precise Naorth South Alpire gravicy profile Zor determi-
ning present vertical movements™.
Dtsch, Geod, Forschung, Insct. abrcl 1, 14 p, Munchen, 1978.

It is proposed to establish a north-south precise gravity profile of
selected stations between Minchen and Verona along a levelling line of the
alpine levelling net. Groups of statioms at different places of the antlei-
pated uplift curve are established with gravity differences = @, which ad-
mits an optimal measurimg accuracy ; this method up to now has been applied
only for east-west-profiles. A remeasurement after 10 ... 20 years will de-
tect the gravity chamge caused by uplift and mass change. The paper deals
with some details of the design of the profile and the instrumental prepa-
rations.

BOEDECKER G. - "Instrumental investigations and improvements of Lacoste~
Romberg gravity mecers".
DBtsch. Geod. Forsch. Inst., Abtl. 1, 13 p, Minchen.

For the relative gravity measurements in the new gravity base net of
the Federal Republic of Germany, LaCoste—Romberg gravity meters (mainly
model G) have been used. The instruments were checked for the influence of
battery-voltage, tewperature, air pressure and magnetic field. The meters
were improved by flat tripods containing more sensitive levels, Latteries
with constant voltage regulator and better foot screws. For the transport
of the gravity meters, an air conditioned and spring suspended box has beern
utilized with good success. Furthermore an attempt was made to determine
the fine structure of the calibration function by means of a Lilc table,
the tilt being determined through & laser interferometer.

The investigations showed again, that each gravicy mecer is an in-
dividual. The determination of coefficients for the influences of atr
pressure and temperature turned out to be somewhat difficult because of
the irregular drift behaviour induced by the changing temperature or air
pressure respectively.

BAPPORTS NATIONAUX PRESENTES A LA 8&me REUNLON de 1la
COMMISSION GRAVIMETRIQUE INTERNATIOWALE

Paris, Sept. 1978

887 - KIVINIEMI A. - Mational report on gravimetry in Finland, 1975 - May 1978,
Fionnish Geod. Inst., 4 p, 1978

888 ~ Report on gravity activities of the Danish Geodetic Institute for the
period 1974-1978.
Geod, Iunst., Charlottenlund, 2 p.

889 - Czechoslovak Socialist Republie, Czechoslovak Academy of Scienceas NCGG,
National report gravity for 1975 - 1978
10 p, Praha, 1978.

c9l1

890 - TORGE W,

Nartional Report on Gravimetry in the Federal Republic of Germany 1974 - 1978.
10 p,
Germpan Geod. Com., 1978.

B91 - Nationalkomitee fir Geoddsie & Geophysik bei der Akademie der Wissenschaften

der Deutschen Demckrarischen Republik. - Bericht zur Sitzung der Interna-
tionalen Gravimetrischen Kommission, Paris, September 1978,
22 p, Potsdaw, 1978.

B892 - DUCARME B. - "National report for Belgium".
2 p, Bruxelles, 1978,

893 - KHOSLA K.L. - "National report on the gravimetric work done in India by
various organisations and institutions during-the perjod 1974-78,
Surveys of India, 12 p + map, 1978.
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WELLMAN P. - National report on gravity in Australia, July 1974 to June
1978,
BMR, Dept Nat. Res. 19 p + maps, 1978.

Report on gravity work in Norway 1975-1978.
5 p, 1978,

ABBAS M.J. - National report on gravity activity in Iraq.
State Organiz. for Minerals, D.G. Geol. Surv. & Mineral Invest.,
Geophys. Dept, 17 p + map., 1978.

National Report of Poland for the period §975-]1978.
Polish Academy of Sciences, Com. Geod., 4 p, Warsaw, 1978.

Memoria gravimetrica espanola (Spanish gravity report)
Inst. Geogr. Nac.n 11 p, Madrid, 1978.

KAHLE H.G., S. MUELLER & E. KLINGELE - "National report on gravimetric
activities in Switzerland 1974-1978.
11 p, 1978.

United Kingdom gravity measurements lst June 1974 — 3lst May 1978.
I.G6.5., 22 p, Edinburgh, 1978.
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