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ANNOUNCEMENT

THE BUREAU GRAVIMETRIQUE INTERNATIONAL HAS BEEN MOVED TO THE CENTRE
NaTIONAL D'ETUDES SPATIALES IN TOULOUSE, IN THE LAST WEEK OF JUNE.
ACCORDING TO THE PROPOSAL WHICH WAS ACCEPTED AT THE LAST IUGG GENERAL
AsseMBLY IN CANBERRA,

CONSEQUENTt?, We KINDLY ASK YOU TO SEND ALL CORRESPONDENCE TO THE
FOLLOWING ADDRESS

ASSCCIATION INTERNATIONALE DE GEODESIE

BUREAU GRAVIMETRIQUE
INTERNATIONAL

CENTRE NATIONAL D'ETUDES SPATIALES

18, Avenue Edouard Belin
31055 TOULOUSE CEDEX
{FRANCE)

TEL. : {61) 53-11.-12 Ext. 5072
TELEX : CNEST B 531 081 F
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I-1.

o RESULTS OF THE QUESTIONNAIRE CONCERNING THE BULLETIN D! IVFORMATION
'_“NﬁAND DOCUMENTATION OF THE BGI ENCLOSED IN Bull Inf N°'45, Dec. 1979

e Sent ~ Returned
-Europe _ o 15? | IQBNT' :
:.'ASla '-I.Q"iIiIﬁZQIf..IIINr:
:ﬁ;}Amerlca_'_Ix:INfIégN:IIHZQmNN' o
53AfrlcaITVIfINN;Ilexf:HNJSN;ﬁNIﬂN”
IAustrala91a L iN?fINN[f4f°I'”'I'

- Number of sheets ‘sent D '238
-Uﬂ]f-?;_ffﬁj]__returned 123

Anewers i

S e yith abstraet 1020
. Are you interested in bibliog. references '+ 0o
o R Sonelnl s s without abstractt 180

e L L s e e R 'frée;air'_f_'*'éoﬁ.'fi;
Lo t | K B R R e  mtemmma 1 S e . H S
o %E.QSP??§?_39°m?¥l?S_@@?S_j Bouguer :x-'l;_84j

Se.o".o " . in gravity measurements at sea :. . .. T0

Some remarks submitted for the next issues of the Bulletin |
lf) Publlcatlon of mlnutes of grav1ty meetlngs should be lnserted

2°) Announcement of gravity international symposium and informatidn

‘on national: gravity projects.:
' 3°) As far as possible, insert english texts.
4°) Publish abstracts of bibliographic references in french.

5°) Publication of a biblidgraphy section for various countries

in Africa.



I - 2.

STATUS OF BGI HOLDINGS AS OF JUNE 1lst 1980

The Data Bank is held by the "Bureau de Recherches G&ologiques
et Minid&res" (BRGM) in Orléans. It is comnsidered as an archiv file
from which any set of data can be retrieved. A copy of this file is
presently at GRGS in Toulouse, where a specific data management system
is being developped for the purpose of evaluating the measurements, and
merging different data sets according to various crlterla still under
-study. o

HOLDINGS_

l ) The BGI data base lncludes about 282000 marine’ observatlons and
547000 land ‘stations. The" repartltlons of these data is shown on map 1°
‘for ‘each square degree of ‘the Earth surface, with the followxng code

: numbers : B o

Symbol . Number of data point in a sguare degree
blank B 0 '
L0 10=25

- 26=50

51-~100

161250

251-500

501~750

750-1000 "
1001-2500
Such a map will appear once a year in the January Bulletin
(andtw1ce thlS year for the reason glven below} . -

X0 0 VU W R

2°) .Oour holdlngs also 1nclude';

Mean'free -air anomalies’ - - T
- one set of 1° X 1° mean graVLtj anomalles computed at BGI in_
.- one. set of 1° x 1° mean grav1ty anomalles prov1ded by DMAAC L
="one: set of 5° x 5% mean- graV1ty anomalles computed at BGI

: n?g(lssued 1n June 1979) :

';QMean:elevatlon of topography -
.~ one worldwide set of 1° x 1 ‘mean values prov1ded by DMAAC
- one set of 0.9Y 20 x-0.9%, 20 mean values for Europe"
- one set of (0.05 gr in long.) x (0. 04 gr in lat ) mean values
‘. for France and its wicinity. . ..o S

-_These_flles, or part of them can be obtalned on request.

'3°) We received in 1979 about 1.5 million gravity measurements (on
land at sea) from DMAAC, covering various parts of the world. This set,
considered as a geparate data base, should be hopefully merged this year,
‘at GRGS, with the BGI data bank, and the resulting file sent back to
BRGM. Consequently, the next map summarizing our holdings and to appear
in the next Bulletin, should show a con51derable increase in the coverage.

By this time, we thlnk we shall have developped some capabilities
in data evaluation ; although most of it is being done at DMAAC, we
intend to implement specific methods of marine data evaluation with
respect to satellite altimetry derived geoid heights. The algorithms will
be tested in theindian Ocean (Kerguelen Island area) and the results
Yeported in the Bulletin d'Information when appropriate.
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SCME SERVICES WHICH BGI CAN PROVIDE

The list of the services given below is indicative of

some of the tasks which BGI can perform for the users.

Although in_many cases (e.g. when dealing with a user_on
a data or'documentétion exehange basis) some of these servioes:.
can be: prOV1ded free of charge, in other: cases we shall have to- :
'oover some of our expenses. A proposal of charglng the 1ncremental
costs to the users w1ll be submltted to our Dlrectlng Board thlS '

L summer, and When approved w1ll appear 1n the Bulletln.:f
- Deta'retrieval on any support (tape, punched cards, printout),

- Data coverage plots and detalled 1nd1ces of BGI holdlngs,'as“
shown on ‘maps 2 and 3, for areas extenéed over 20° in longltude -
and latitude (flxed blocks) ~ standard procedure, or for any area .

of any size.

—~ Contour maps of Bouguer or free-air anomalies, at a given
scale, with a chosen projection - Map 4 is an example of what our
automatic contouring program can draw (this map represents the
level curves, at one meter interval, of the geoid heights as
derived. from Geos 3 satellite altimetry data in part of the

Pacific Ocean}.
- Data screening over some areas.
- Gridding (interpolation at regular intervals)

- Computation of mean gravity anomalies

(free—air, Bouguer, iscstatic).
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" EXTRAORDINARY APPEAL TO CONTRIBUTE DATA
FOR THE PRODUCTION OF WORLD GRAVITY ANOMALY MAP SERIES

(WGAMS)

We recall your attentlon on the 1mportance of the

'hLWGAMS, for whlch Mr. J J Leva1101s sent a c1rcular letter to

"the Pre51dents of all Natlonal Commlttees of the IDGG last fall,-
'_of whlch you w1ll flnd a: copy next page._g.-,

The productlon of these maps is. fundamental to the

whole IUGG community, as stressed in ‘this letter.

Unfortunately,_we have recelved SO far five pOSltlve
answers: only, and that is why we urge you to forward our request
to the most approprlate person(s)

The data may be submitted in any form. Suggestions
were given by my predecessor in an appendix to his letter ;
others can be found in this issue of the Bulletin d'Information,

on page I - 41,
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TOREAT GRAVIMETRINUE INTERNATIONAL

A
“t

Place Jussieu, tour 14
Q a7
75230 PARIS Cedex G5 October 18, 1%7%

s
(France)

ir, President of the National Committee
of the I.U.G.G.

Dear Mr.'Présideht,

Recently the Internatiomnal Gravity Bureau (Bulletin &'Information
N°® 43, November, 1978) drew attention to the need for gravity data to
fulfill its mandate to establish a world wide data bank on bshalf of
the International Association of Geodesy and issued an apmeal to all

—countries to - contribute their national holdings to the file as scon as
possible. Subsemuently the Directing Board of the International Gravity

. -Bureau - {IGR). reached an acoreement to vroduce.a series of world gravity
maps at a scale of 1:15,008,000. The specif*catlons for this World

. Gravity Anomaly Han' Serlas (NGAJS) are currently beinc drawn’ up and

it is expectad that final nroduction details will be availakle for
presentation to the XVII General Assembly of the IUCC in Canberra,
Australia, December 1979, As these mawms are intended to represent as
comprehensively as rossible the global aravity anomaly field, great
interest has alrcady been expressed by qeonnvsic1sts and gecloaists as

- well as gecdesists and .we therefore. feel we must . nroceed with this
-nroject as cu;cklv as we can._,. e e i

Clearly it is imﬂoruant that WEAMS contain all wossikle aravity

anomaly information. Therefore, at the reaquest of the presidents of
‘‘Section IIT of the International Association of Geodesy and the Inter-
~.national Cravity Commission, I am makina this extraordlnary appeal to
- all Mational Sections to the IUGE to sunport our efforts and encouraqge.

their national aqenc1es to contribute their ‘data to ‘the world data bank
and hence to the production of WGAMS., In this context, I would like to
note that it is the normal practice of the Bureau to make all data

~freely. available to the world qeoscientific ‘community and T would -

therefore expect that all data used on the maps will bz openly ava*laklc

'upon publica ion ‘of the’ 1"1&1715.-1?c howevcr,_countrios wish to limit the
.-use of data for thelr national - ragions to the coempilation of regiocnal
or alobml maps or to the romputation of mean anomaly cataloogues in

_——

connection with IGB- s~onsor=d activities without further anﬁvﬁval on
their part, this should be clearly indicated in their resconse
I hope, “owevpr tha* thls w1ll not be the case.

. As with any project of this scove, I exrect that the collection
of data from many sources and their conversion to a uniform svstem

~will be the most difficult and time~censuming part of the comrilation

task. In order to minimice the nroblems in this area, T have attached
suggestions for submitting the data. Data submitied will be melded
with that already in our IGE files and contributors should not worry
unduly about duplication of data. Procedures are available to check
routinely for this, so the emphasis should be given to »resentina

the most completsz data set possible.

o/
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I+ is also. possxble that member countries mav not ke in a

position to present their data in a computer nrocessable format,

In these cases the IGB will gladly accept typed. listings of trlnc1nal
- facts for aravity 'stations or. contoured gravity maps. showing: the -
locations and’ anomalv values of ‘the: statloes. in these cases. contrl-
butors are: requested to describe the reference svstem (e.&,, IG8N 71
GRS 57) upon which the measurements are based and +he procedures
followed in thls reductlon.

S In concluelon,_l belleve WCrU% w1ll constltute a major contr;—
;_butlon to our knowledge of the. global agravity field as we plan to :
7present the rosults of. measurements 1n ‘most countrles as well as for
“.many. oceanic. reglcns of: ‘the earth I~ therefore urqe you to co~onerate

: ffullv w1th thls exactlna undertaklnq. SRR :

“ooYours: sincerely,.

A
P R
a’.‘ —":.

L Inn._ral weo¢r._J J LEVALLOLg
Dlrector of thﬂ Internatlonal Grav1ey Bureau

P.S. : As you probably know, I am retirine and I resign my functions
of Director at the beginning of the General 1'\.i-'.sex*'sb"‘v‘ of IUGG
{December 1377%).,

The new Director will no doubt get in touch with yvou for the
same purpose. Help him as ruch as nossible. Thank vou.,
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SUGGE ONS FOR DATA SUBMISSION

The data may be submitted as punched cards, magnetic tape files,
coding forms, nublished tables Or maps. Digital data are prefer-
red but not essentlll.,. : - S

If maqnetic'tane files are sﬁﬁﬁiﬁféd the data should be coded

.. in card-~image ‘format and the tape should be readable on an

| f’IWW 300/370/3633 computer system,. Header and trailer labels

should not be used if the files are ‘generated on other. computer
systems. The contributor should include a descrlstion of the
tape, including the number. of tracks, the - recordlng densitvy,
record blocking factor, récordinﬂ'ccde,'etc.; s¢ that the file
can be easily read. A recorﬁ descrintion which defines
position, length, units of. measurement, stc., bﬁuld ;lso be
1nc1uded. :

if coples of codina forms or rublished data are submitted, the
cony qualitv must be sufficient to ensure easy readability.
Any explanatory notes or references that could be provided
would be aprreciated.

It is often difficult to convert purely anomaly data from one

“reference system tc another ; if rossible, the data submitted

should include the wvalue of observed ﬂrav1tj, elevation and:
water deoth for each observation.

If the data are not tied to the IGEN 71 reference system, a llst
of the reference bases and »f their aravity values as used 1n

-the data reductlon should be 1ncluded

Fach contr1bu+0r shoulﬁ sunﬁly a llstlnq of the formulae used
in the reduction cf the submitted data ; this is particularly
important 1f the theoretical value of aravity was not computed
on the GRS 67 ellipsoidal reference system or if the Bouguer
anomalies were computed with a density.other than 2.67 em/cc.
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MINUTES of the ¥VIIth GENERAL ASSEMBLY of I.U.G.G.

in Canberra, December 1979

SUMMARY OF THE PRESIDENTIAL ADDRESS
TO THE INTERNATIONAL GRAVIMETRIC COMMISSION

5.12.1979

1. Present situation

1.1 The 8th Meeting of the I.G.C. was held in Paris, 12-
16 Sept. 1978. At this meeting, an extented Report was presen-
ted by the writer, comprehensive of all the relevant facts
(scientific, operational and organizatory ones) pertinent to
the activity of IGC.

The scientific advancements were presented subdivided in

the different chapters, with the pertinent references

Theoretical gravimetry New gravimetric instrumentation
Absolute measurements Microgravimetry

IGSN 71 Secular variation

New Nets and Adjustments Space gravimetry

Gravity at sea Lunar gravity

The organizatory problems concerned mainly the restructu-

ration of the I.G.B. and the activity of the Working Groups

created by I.G.B. to improve this activity.

1.2 The scientific advancements since Sept. 1978 are al-
ready presented in the Report on the activities 1975-79 of
Sect. IIT (Gravimetry) by J.G. Tanner and W. Torge . The Re-
pert on the &th I.G.C. Meeting is published in Bull. &'Inform.
I.G.B. n. 43, Nov. 1978,
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The I.G6.B. situation deteriorated and culminated at the
Meeting of the D.B. in Paris (23-24 June 1979) with the let-
ter of resignation of the Director, J.J. Levallois, effective
from Canberra's IUGG opening session.

At the same D.B. meeting, a first proposal for the fu-~
ture of I.G.B. was presented by the Groupe de Recherches de
Géodésie Spatiale (G.R.G.S.) - Toulouse. After subsequent dis-
cusssions, the proposal was officially presented by the
President of the French. Nat. Comm. for Geodesy and Geophysics,
Prof. Goguel, at the Canberra Meeting, and approved in princi-
ple by the IGC Extraordinary Meeting on Dec. 5th, 1979. The
open questions were discussed with the new Director,

Pr. Balmino, Prof. Goguel and Dr. Weber of B.R.G.M. in a
Meeting of the D,B. on December 8th, 1979.

A twoyear (1980-81) period of transition is forecasted. In
this time, the international scientific support (through the D.G.
W.G.'s and coordinators channels) and the French administra-
tive and logistic support will be strenghtened.

2. Immediate future

In addition to the activity through the S.S.G.'s, the
I.G.C. tasks for the next two years (a Meeting of IGC is sche-
duled during the I.A.G. General Meeting in Tokyo, 10-15
May 1982) can be outlined as follows

2.1 Absolute measurements (coordinated by W.G. n.2)

~ Purposes :

a) World wide Super-Net ; ¢) Calibraticn and non-linear
effects ;

D) Geodetic control ; d) Regionalization.
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~ Intercomparison of the newly developed transportable apparatuses

(in Sévres and USA)

- Selection of new absolute sites, with following requirements :

on bedrocks and so far as possible near anfidromal points
to be selected through earth tides profiles ;
- good environmental control (water level, meteorology,

micreogravimetric and altimetric ties ;

possibly near monitoring stations of space technigques
(VLB or Laser) ;

tidal recording.

2.2, IGSN'71

Improvements and extensions (to be cocrdinated by

New regional adjustments.

2.3. Satellite altimetry

The D.B., in the Paris 1979 meeting, proposed to I1.G.C.
to consider that "the formation of a new W.G. related to the problem

of satellite altimetry data might be necessary”.

It is proposed that W.G. n. 1 forms a Sub-Group to
study the recommendation and to present the proposal to the next
D.B. Meeting (scheduled for the 2nd half of March 1980 in Paris).

2.4. Regicnalization

The By—-laws of I.A.G. state "The structure of each

Commission may be organized according to i1ts own reguirements”.
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To fullfill the tasks above discussed, i1t is proposed

that for the problems connected with -

- new absolute measurements ;

- IGSN 71 improvements and extension ;

- new regional adjustments.

1.G.C.

first ones

ones :

- 8.C. for
- 8.C. for
- 5.C. for
- 3.C. for
- 5.C. for
- §8.C. for

be structured in Sub-Commissions (5.C.)}. The

proposed, and the Coordinateors, are the following

North America : Strange ;

Central & South America : Tanner ;
Eurcope : Boedecker ;

Africa : Coker ;

the NE Pacific : Nakagawa ;

the SW Pacific : Reilly.

The Coordinators are regquested to send proposals and
Programs to the President of I1.G.C. before March 15, 1880

{in time for a meeting of the Executive of I.G6.C. to be held
in the 2"%Malf of March, 1980).
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5.12.1979, 11.0C - 12.30

EXTRACRDINARY MEETING

OF THE INTERNATIONAL GRAVITY COMMISSION

This meeting followed the I.A.G. section ITI-meeting,
where theFrench proposal to establish the Bureau Gravimétrique
International at G.R.G.S. in Toulouse, had been extensively

discussed.

Prof. Morelli, president of the I.G.C., gave a short in-
troduction and reopened the discussion about the proposal.
Main items coming out from the I.G.C.-members were :

- that the primary task of the B.G.I. be the collection,ana-
lysis and distribution of surface gravity point data (W.I.
Reilly, Yu.D. Boulanger, C.C. Tscherning),

~ that the national agencies in coordination with the B.G.I.,
should collect and homogenize the gravity data acccrding to
a uniform scheme, before supplying them to B.G.I. (C.C.
Tscherning, S. Bakkelid, W.E. Strange) ; this problem has
already partly been solved and will be further attacked by
W.G.1l and W.G.,2 of the B.G.I. Directing Board {(C. Morelli,

J.G. Tanner),

- the problem of the continuity of B.G.I. work during the
transition period (Yu.D. Boulanger), and the question of
the eventual shifting of the present B.G.I. staff to Toulocuse
(C.C. Tscherning). It was stressed that in a two-years tran-
sition period the continuity of data collection will be gua-
ranteed by Dr. Coron, acting in Paris in cocperation with
B.R.G.M., and that the personnel problem will be solved
partly by retirements and partly by transfers to Toulouse
{(C. Weber),
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- that an expansion of the B.G.I. Directing Board 1s not ne-
cessary, since the Director of B.G.I. 1s member of the
Directing Board working groups. In addition a small coor-
dinating group will be set up by G.R.G.S. and B.R.G.M.,
in order to solve any internal problems (C. Weber).

Prof. Morelli then presented a drafit resolution on B.G.I.

which will be forwarded to the I.A.G.. This resclution was
unanimously accepted by the I.G.C..

W. Torge, recorder
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INTERNATIONAL ASSOCIATION OF GEQDESY

SECTION III - GRAVIMETRY

ACTIVITIES AT THE XVII I.A.G.-GENERAL ASSEMBLY, CANBERRA 1979

5.12.1979, 9.00 - 10.30 : Meeting of Section III - Gravimetry

The session was opened by the President of section III,
Dr. J.G. Tanner. He discussed briefly future section activi-

ties, which will include

proposed continuation of §.8.G. 3.37 - Special Techniques
of gravity measurements - (E. Groten),

- the proposed continuation of $.85.G. 3.40 - Secular varia-

tions of Gravity - (¥Yu.D. Boulanger),

- a project of carrying out high-precision relative gravity
measurements along the 50°N paralell, as proposed by

Dr. Xiviniemi,

~ the studies of the marine gravity field, especially the
evaluation of the sea gravity data, the use of satellite
altimetry data, and preparation of a harbour control sta-
tions catalogue. The gquestion of establishing a Special
Study Group was briefly discussed (Dr. Woodside).

The main topic of the meeting was the proposal of the
French National Committee on Geodesy and Geophysics, to esta-
blish the Bureau Gravimétrique International (B.G.I.) at the
Groupe de Recherches de Géodésie Spatiale (G.R.G.S.) in
Toulouse. After the proposal had been introduced and back-
ground comments given by Dx. Tanner and Prof. Morelli, an
open and intensive discussion followed. The major points ari-

sing during the discussion were
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- that the primary emphasis in the B.G.I. work will be the
collection, analysis and distribution of surface gravity
data (U.A. Uotila, R.H. Rapp, Yu. Boulanger, L.E. Wilcox),

- the question, whether regional data banks shall cooperate
in the gravity data collection, and forward their results
then to B.G.I. for inclusicon in the global data bank and
subsequent distribution to users (W.E. Strange, Ch.
Whalen). It was remarked that in many countries national
data banks exist or are established (U.S.A., Canada,
Denmark, Australia, New Zealand), these national gravity
data collections can be directly forwarded to B.G.I.,
although the establishment of regiocnal centres may also
have advantages in some areas particulary with respect
to data analysis (W.E. Strange, U.A. Uotila, W.I. Reilly,
C.C., Tscherning). This problem will be further handled by
W.G.1l, Directing Board, B.G.I. (L.E. Wilcox, J.G. Tannexr),

- the use of satellite altimetry data at the B.G.I.. It
was stated, that the satellite data are now being analy-
zed very well only by a few agencies, and that in the
B.G.I. the satellite data may be used for comparison and
control of the surface data, but must not be mixed or

combined with them (C. Morelli, R.H. Rapp, Yu.D. Boulanger),

- the continuation of the B.G.I. work in collecting and
analyzing gravity data during a transition period of about
2 years (Yu.D. Boulanger), the problem of emploving a
sufficient number of people in the B.G.I., for efficient
operations especially 1n the data bank work (L.E. Wilcox,
J.M. Woodside) and

- the necessity for the B.G.I. staff, to do their own scien-

tific research (C.C. Tscherning).

Dr. Weber stated, that emphasis in B.G.I. work will remain

on the land and sea surface gravity data, that more full-time
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staff shall be engaged in the B.R.G.M. with data bank if ne-
cessary, and that a combination of space and surface data in
the data bank will not happen.

Summarizing the peint of view of the I.A.G., Prof. Moritz
stressed

- the importance to have one bureau as a central gravity

data depository,

- the necessity of clearly distinguishing terrestrial data
from other data, and clearly specifying the interrela-
tions bhetween different data,

- the importance of the B.G.I. being a FAGS institution,
doing its own scientific research. In this respect, the
new B.G.I. relation to CNES is very fortunate.

Finally, Prof. Morelli concluded that the French proposal
be accepted in principle with thanks, but that discussions
between the B.G.I. Directing Board and the French National
Committee on Geodesy and Geophysics he held to clarify some
details in accordance with the consensus of the general dis-
cussion in Section ITIT. He promised that the B.G.I. will oh-
tain all possible scientific support by the Association,
through the Directing Board and the Working Groups.

W. Torge, recorder
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6.12.1979, 14.00 bis 17.30 :
INTERSECTION MEETING C

"GLOBAL GRAVITY MEASUREMENTS"

Convenor : J.G. TANNER

Meeting dedicated to the memory of
Donald A. RICE

14.00 - 14,05 The 1life and career cof Donald A. Rice,.

John Bossler.

14.05 -~ 14.20 Comparison of Soviet absoclute gravity results in the
hustralian region with IG3N 71, GAG-2 and Soviet
pendulum gravity measurements,

Yu. D. Boulanger, S.N. Scheglov,
G.D. Karner and G.P. Arnautov.

14.20 ~ 14,35 The new gravity base net of the Federal Republic
of Germany (DSGN 76),
G. Boedecker, E. Reinhart, B. Richter

14.35 -~ 14.50 Gravity measurements in the province of Buenos Aires,
A.A. Cerrato, FP.L.A. Masciotra, O. Nuﬁez,

F.C. Ignazzi.

14.50 - 15.05 A digital acgquisition system for LaCoste-Romberg
gravity meters.

C. Poitevin.

15.05 - 15.20 An intercomparison of 14 absolute gravity stations
in Burope using LaCoste-Romberg gravimeters.
R.XK. McConnell, I. Marson, R. Berutt, B. Toro,
D.B. Hearty. Presented by J.G. Tanner.
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Comparison of 5 LaCoste-Romberg gravimeters on the
Belgian gravity net. '

C. Poitevin and B. Ducarme.
Break

Periodic calibration errors of LaCoste-Romberg
model G and D gravity meters.

W. Torge, E. Kanngieser.

Instrumentatl capabilities of LaCoste-Romberg gravity
meters for the detection of small gravity variations
with time

G. Boedecker.

Constraint on the planetary scale value of the
Newtonian Gravitational constant from the grawvity
profile within a mine

J.G. Tuck, F.D. Stacey.

A new set of global 1° x 1°
mean gravity anomalies.

R.EH. Rapp.

A new absolute gravity apparatus.

A. Sakuma.

The world gravity standardization svstem.
J. Uotila.

On the Honkasalo term.
M. Heikkinen.



I - 23,

8.12.1979, 10.30 - 11.45

MEETING OF THE DIRECTING BOARD
BUREAU GRAVIMETRIQUE INTERNATIONAL

Present : C. MORELLI, President International Gravity Commission,
member.
¥.,G. TANNER, President Section III (IAG), member.
W. TORGE, Secretary Section III (TIAG), member.
Yu. D. BOULANGER, member.
J. NAKAGAWA, member.
U.A. UOTILA, member.
J.M. WOODSIDE, member.
J. GOGUEL, President CNFGG.
G. BALMINO, propesed Director BGI.
C. WEBER, BRGM (last thiréd of session)
H.M. DUFOUR, IGN.
L.BE. WILCOX, DMAAC.

After a short introduction by Prof. Morelli, Dr. Balmino
explained and clarified some points of the French proposal to esta-
blish the BGI at the Groupe de Recherches de G&ocdésie Spatiale
(GRGS) in Toulouse
- It is well understood that the international gravimetric community
primarily needs surface gravity data, so the collection etc. of
these data will continue to be the primary task of BGI.,

- Satellite altimetry data, being processed by GRGS, will primarily
help in validating gravity measurements at sea,

- The BGI needs technical services of other agencies, as provided
by the working groups,

~ Near future activities of the BGI will comprise continuing data
collection in Paris (Dr. Coron), the inventory of the state of
the data bank {with BRGM}, and circulation of the resulis o the
national agencies. Such activities will have to consider the
guestion whether and how to update the data for the resp. countries,

- The BGI activities will follow the guidelines given by the Inter-
national Gravity Commission and the Directing Board,

- The BGI will have complete independence from the host agencies -
the GRGS and BRGM simply provide some manpower and facilities but

will not interfere with the mission of the BGI in any way.
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These explanations were followed by a general discussion,
in which the Directing Board members expressed their appreciation

of the proposal. The following items were discussed in more detail

- Visit of the data bank specialists to the EPB system in Ottawa,
following an invitation of Dr. Tanner,

- Restrictions on certain data sets, given by the national agencies
for special internaticnal projects 1ike the WGAMS, but not free
for general distribution (Tanner): Prof. Goguel stated that BRGM
can and will respect faithfully restrictions on distribution
imposed by national sections,

- The control of data, which is important for data analysis and
adjustment (Boulanger}. Dr. Balmino explained the control proce-
dure as taking place at two levels : a rough control by hand or
by a special computer program in Toulouse (M. Sarrailh), and a
subsequent more refined at BRGM (M. Lepré&tre). Prof. Boulanger
and Dr. Tanner offered the technical service and computer programs
and help from specialists in converting the data to a uniform
global system,

- The circulation to the gravimetric community of the Bulletin
d'Information will be continued, with at least two issues per year
in addition, circulars will be sent out for rapid information

purpose i1f necessary (Balmino).

Prof. Gogue), speaking for the French National Committee of
Geodesy and Geophysics and BRGM, reviewed the historic development
of the BGI, with emphasis on the progress in data storage and
processing. He stressed that all necessary help will be given in
order to obtain an effective data handling at BRGM. While the
Director of BGI will be completely responsible for the BGI work,

a small coordinating group will be set up for solving any problems
arising between the different French agencies that will host the
BGI.

Dr. Tanner reported that the IAG Executive Committee meeting
of 7.12.1979, accepted the recommendation of the IGC and agreed

to the nomination of Dr. Balmino as Director of BGI.
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Prof. Morelli presented the draft resolution on BGI,
prepared at the extraordinary meeting of the IGC, Canberra 5.12.19%79,
and scheduled as IAG resclution at the Canberra IUGG General Assembly,
asking for acceptance by the French National Committee of Gecdesy
and Geophysics. Prof. Goguel agreed, with the modification "remain”
instead of "be" in line 9 of the draft. In addition, the words
"on principle" (line 7) have been cancelled, and "and BRGM" have
been added after "GRGS" {line 13).

In closing the session, Prof. Morelli thanked the French
National Committee of Geodesy and Geophysics for the generous

support, and congratulated the new Director of the IGB, wishing
him full success.

The next meeting of the Directing Board of the IGB was
scheduled to be held in Paris, during the second part of March 1980.

Recorder,
W. TORGE
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10.12.1979, 10.30 - 12.30

INTERSECTION MEETING D
"NON-TIDAL GRAVITY VARIATIONS"

Chairman : W. TORGE

Meeting dedicated to the memory of
Tauno HONKASALQC

10.30 - 10.35 The life and career of Tauno Honkasalo.
T.J. Kukkamdki

10.35 - 10.50 Global gravity network for the study of non-tidal
gravity variations.

Yu. D. Boulanger, N. Pariisky

10.50 - 11.20 Report $.5.G. 3.40 "Non-tidal gravity variations".

Yu. D. Boulanger

11.20 - 11.35 Fast—-west transcontinental gravity profiles :
comparison ¢f their measurement with results
cbhtained 20 or 30 years ago.

A.A. Cerrato, J.L.A. Masciotra,

V.L.. Massini, J.A.R. Pardo

11.35 - 11.50 Assessment of secular gravity changes in
Fennoscandia.

E. Klingele, H.G. Kahle

11.50 - 12.05 Graphic representation of gravity changes.
J. Nakagawa, Y. Fukuda, M. Satomura

12,05 - 12,15 Report "Recent crustal movements" .
P, VyscoCil

11.12.1979

11.00 - 11.30 Report 5.5.G. 3.37
"Special Techniques of Gravity Measurements".
E. GROTEN

1i.30 - 12.30 Business meeting of $.5.G. 3.37
E. GROTEN
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Meeting of I1.C.B. Working Group N* t (WG1)
"DATA PROCESSING AND EVALUATION"
Tuesday, 11 December 1979

attendees : TANNER, Convenor

WILCOX, member

STRANGE, member

MORELLI, ex—~cffiecio member
BALMING, ex~officio member
UOTILA, member IGB Dlrectlng noard
NAKAGAWA, " "

WOODSII}E n " " Ll
TORGE, guest

ECKARDT, guest

PERRY, guest

FITSCHEN, guest

ROUSSEAU, guest

plus several additiomal guests.

¢ = & * -
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Convenor TANNER suggested that an inventory of IGB data holdings should
be completed as soon as practicable. At first this inventory could be in the form
of a dot plot of the data held in digital form. Themaps and non-digitized data
need not be indexed for the time being since this is a very time consuming and
a diffieult task,

This suggestion was agreed to by WGI.

The non digitized data may be mostly older material, and one possibility
is to ignore this material especially when newer material is remewed that covers
the same areas as the old. This could save processing costs, The IGB could await
the outcome of the WGl appeal for new gravity data to support the World Gravity
Anomaly Map Series (WGAMS). What to do with the older material may become clearer
after all the new material has been renewed.

he dot plot inventory is to be circulated to all natiomal Committees
to supplement the WGAMS appeal,

TANNER suggested that only the observed gravity data value be worked in
the IGB data banks - gravity anomaly values can be computed as needed and with
respect to the geodetic system requested by users. This is particularly important
after adoption cf the GRS-80 by the IAG, Some users may still desire use of GRS-67

International, or other systems,



BALMINO announced that 1,100,000 data poimts are ecurrently available
in the IGB in the form of tapes, listings and cards of these, about 900,00
stations are available in the digitized data base., Another 1,500,000 staticns
have been renewed in digitized form. After checking for duplication, these will
be entered into the data bank,

Doecumentation of the data base, including formats, is still arn open
question. BALMINO indicated that comments to a documentation scheme, proposed
by the IGB last September are still being renewed by the IGB, He will attempt
to finalize this by next March in time for the next meeting of the IGB Directing
Board.

WGI needs to establish c¢yiteria for accuracy of the varioug data
elements (observed gravity, elevation, position etc.) in material contributed
to the IGB. WILCOX cautioned that some potential contributions might be dis-
couraged if minimum accuracy criteria were established. TANNER requested WILCOX
to make recommendations with respegt to the accuracy of data submitted tc the
IGE.

Procedures also need to be established for adjusting oceanic surface
gravity data especially where significant differences in gravity occur at cross-
over points. WG! decided to recommend that a special sub-group be established

for this purpose.

L.E. WILCOX
Recorder



Meeting of IGB Working Group N° 2 (WG2)
"GRAVITY STANDARDS"
Tuesday, 11 December 1879

Attendees : U. UOTILA, Convenor
W. TORGE, member
L. WILCOX, member
C. MORELLI, ex-officic member
G. BALMINO, ex—officio member
J. TANNER, member IGB Directing Board
1. NAKAGAWA, i 1 " T
J. WOODSIDE i " "
D. ECKARDT, guest
W. STRANGE, guest
C. PEERY, guest
E, FITSCHEN, guest
B. ROUSSEAU, guest
prlus several additional guests.

Convenor UOTILA reminded the eurrent situation with respect to global
absolute gravity measurements. There have been a large number of new absolute
gravity measurements in the USSR and Australia by the BOULANGER apparatus, in
Europe and Horth America by the Italian apparatus, and in the USA by the HaMMOLD
apparatus. Although only fine absolute measurements were indicated in the IGSN 71
adjustment, the IGSN 71 system has been proven by the new absolute measurements &t
be well within its design accuracy specification of + 0,1 mGal, (mCal = 107%a sac™2).
The IGSN 71 is more than adequate to control gravity anomaly computations, and may
be retained indefinitely 2s a standard for this purpose. WG2 has recommended that
no new global gravity network adjustment be undertaken to replace the IGSN 71 for
scientific applications. Instead local or regional adjustments tied intc new
absolute measurements have been recommendesd. The absolute stations used shoula be
sufficiently far apart in latitude in each case to control the scale of relativs
gravimetrie work.

UYOTILA further emphasized the importance of making intercomparisons
between the different absclute apparatus at a number of sites before extensive
absolute measurement programs are begun in order to detect any systematic dif-
ferences that may exist between the different instruments. The IGC has recommendead
that such intarcomparisons be done along the European Calibration Line (ECL).

The Italian apparatus has already made measurements along this line.

The Rugsiap and Hammond apparaztus should now do this also,
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TANNER pointed out that there is an IAG resolution made at Grenoble with
respect to absolute gravity intercomparisons that is still in effect.

STRANGE mentioned that by next Spring, intercomparisons between the
Ttalian and Hemmond imstruments should be availeble at a number of sites in the
United States. He reemphasized the importance of such intercomparisons.
Comparisons between the two instruments to date suggest that they agree in most
instances but, occasionally and apparently in a random fashion, disagree by
inacceptable amounts. The reasons for the occasional disagreements must be
resolved.

UOTILA suggested that comparisons also be made in the Southern Hemispherc
to determine whether absolute gravity instruments behave differently in the
Southern Hemisphere than they do in the Hortherm.

ECKHARDT urged that comparisoms be made in Paris at an early date. This
will enable comparisons with the permanent Sakuma apparatus. He also stressec the
value of bringing all instruments together at the same time so that each cbserver
¢can view and discuss the others.

UOTILA recommended that continuously recording tidal gravimeters be
installed at each intercomparison station to detect small changes of gravity
with time.

TANNER reported that such a recommendation is going to the IAG from
Section 3.

It was generally agreed that all intercompariscn statioms should be
located at very stable sites, preferably on bed-rock.

UOTILA summarized the intercomparison question by observing that adequote
solutions have been proposed, and an IAG resolution already exists so it is only
necessary for WG2 to reemrhasize the importance of making an adequate number of
intercomparisons.

UOTILA next directed the discussion to a consideration of a wnroposal by
Prof. BOULANCER and SSG 2.4C to establish a global network of absolute gravity
stations to detect non-tidal changes in gravity. Since WG2 is responsible fer
absclute site selection ik commection with gravity standards work and thers are
a limited number of absclute instruments available, it is appropriate that VWG:
provides its recommendations with respect to the S$8G3.40 proposal.

STRANGE recommended that absolute gravity sites be co-lccated with space
stations (i.e., VLBI laser etc.) so that changes in gravity and geodetic positicrn

can be monitored simultaneously. This recommendation was generally agreed tc by WCT,

-
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Current and potential sites for space statiom location will be closely monitored
by the group. ECKHARDT agreed to provide a lot of current and planned space statizrs.

BALMINO informed the group that SAKUMA plans to move his equipment te tl.e
space site at Grasse in the future,

ECKHARDT and UOTILA urged that absolute statioms in the global net be
located at very stable sites. Thus we must be concerned nof only with site distri-
bution but alsc site quality.

UOTILA noted that BOULANGER does not always follow stability eriteria in
his absolute site selections.

MORELLI recalled the proposal made by LEVALLOIS in 1970 that specified
criteria for absolute site selection,

LEVALLOIS provosal includes specification for howxizontal and vertical
control of absolute sites and svecifies envivommental eonditions that are appro-
priate. It was agreed that good knowledge of loeal invizonmental conditions are
essential so that, if gravity changes are deteeted, theipr e¢auses can be accurately
determined. That is, we should be able to aseribe the ehange to loeal conditioms «r
actual changes in the gravity field itself,

As to the number of stations reguested at the start for a global absolute
network, TANNER recalled that a 1975 IAG resolution called for 10 stations. BALMIND
agreed that 10 well distributed stations is sufficient to begin, but there sihouldl
be at least one or two stations within each continent or margin land area. This
number and distribution were generally agreed to, but the group also accepted iz
fact that many additional absolute stations are likely to be established in parti-
cular areas to meet the particular needs of national and local organizationms.

Thus WG2 feels that the large number of absolute stations recommended by
SSG 3.40 is not appropriate at this time. Instead, precise relative ties from a
few absolute stations can be used to detect secular changes at the reminder of
sites in the S5G 3.40 proposal at least in the near future.

STRLNGE recommended that, if possible, each absolute determination
consists of measurements at three sites interconnected by relative measurements.
If the gravimeter differences between the three sites agree with the differences
in absolute measurements, then we have most assurance that the absolute instruments

are working properly.

It was agreed that this procedure is valid, but might be too expensive

in some cases.



It was agreed that the criteria to be used for selecting sites for the
basic global abtsolute network recommended by WG2 should consider space site lo~
cations, good areal distribution, stability plus gecdetic and eovirommental facters
such as those enumerated by LEVALLCIS.

It was agreed that actual site selection be done by regional groups. In
the U.5. the U.S. Gravity Base Coordination Commiktee will de the selectiom. EPB
can do the job for Camada. Latin American sites will be selected by the U.S, Gravity
base Coordination Committee and EFB in association with the Inter American Geodetic
Survey (IAGS). The Geodetic Commission for Africa will handle that continent.

Prof. NAFAGAWA has agreed to handle the Pacific. (Furope and the USSR are cpen).

It was agreed that frequency of repetition of absolute measurements at
each site would be specified after the rate of local envirommental changes are
determined fer each site.

MORELLI requested that consideration be given to calibrationm needs. In
this connection, FITSCHEN cffered cooperation of U.S. Africa to establish absolute
gravity sites at space and other sites in that country. The group agreed that this
is desirable since sites in South Africa and Rhodesia can have the effort of
extending the ECL closer to the equator, and fill in "South" of Catania.

UOTILA raised the question of whether relative ties are still needed
between continents. TORCE stated that if azbsolute and relative control is precisely
established within the continents, intercontinental relative ties are no longer
required. However, relative ties should be made to islands that do not have ahscw—
lute measurements. Also, he recommended periodic relative ties between absclute
stations and other stable site in the vicinity.

The question of publicizing completion of new regional or local absclute
gravity network adjustment was discussed next. It was decided that scientists will
be requested to keep WG2 and the IGB informed by such work. Any new adjustments can
be published in the IGB Bulletin d'Information. Every few vears, a map can be
published showing where more accurate absolute adjustments are available.

Finally, the question of tieing in base stations used for sea gravity
measurements was raised. It was agreed that a tie to IGSN 71 is sufficient. It is
probably incumbent on each ship’s crew to transfer gravity from a stable shore sic
where an IGSN 71 value is kmown to the shin.

Harbor stationms are usually unstable and, zenerally, poorly marked and
in many cases, should not be used. WG2 recommends establishment of well monumented
IGSN 71 stations clese to harbors for use by ships. WG2 also recommends that
stations already used as bases for ship surveys be tied to the IGSN 71 whers this

has neot been dome previously.

L.t. WILCOX
Recorder
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MINUTES OF BGI DIRECTING BOARD, March 1380

FIRST SESSION OF MEETING OF WORKING GROUP 1
HELD ON MONDAY, MARCH 24, AT 9.00 HOURS

Attendees : Prof. C. MORELLT
Dr. G. BALMINO
Melle S. CORON
Dr. L. WILCOX
Prof. U. UOTILA
Prof. Yu. D. BOULANGER
Mr. R.X. McCONNELL
Mr. J.P. LEPRETRE
Prof. I. NAKAGAWA
Mr. M, OGIER
br. J. TANNER

Mr. BALMINO and Mr. Leprétre reported on their progress
toward achieving an index of holdingé in the BGI data base.

Currently some 800,000 observations were current in the files
with another 1.5 million observations waiting to be meshed with them.
An index of holdings, by ten degrese sguares, has been compiled for
the northern hemisphere. The working group briefly reviewed this
index and the status of the report descriking the data base.

It was agreed that this latter report should be updated by
the time of the next meeting of the I.G.C. in Tokyo. It was also
apparent that an economical means of advising the world geodetic
and geophysical community of the distribution of holdings of the
BGI through the medium of the Bulletin &'Information. A discussion
cf this question and other matters lead to the formation of a

sub-group to investigate in detail the following questions

a}) The contents and lay-out of the report describing the BGI
data base and its operation,

b) Meshing of new data sets with existing files,

c) An economical way of indexing the data base for the
information of the world geodetic community,

d) The strategy for submitting data to the BGI,

e) The strategy for dealing with marine gravity data.
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Topic (e} was defined tentatively and subject to the results
of a more general working group discussion to follow (see below).
It was agreed the sub~group would report back to the main working
group at its next session on Tuesday, March 25 at 11.30 hours.

Dr. Wilcox presented three reports which had been requested
at previous meetings of the working group. The first of these
contained a suggested set of guidelines for contributors of gravity
data to the BGI. The report recommended a philosophy which made the
process as simple as possible. He proposed a simple set of instrue-
tions broken down into :

(a) Essential information,

(b) Optional information.

The essential information would consist of position of the
observation, elevation of the observation and the measured gravity
value together with any information necessary to describe the
reference system in which these quantities have been observed.
Optional information would consist of any other information such as
terrain correction, instrumentation, techniques, etc... which would
be useful in evaluating or gqualifying the measurement. After dis-
cussion it was agreed to accept this simple approach and the working
group requested the BGI to prepare a notice to this effect. In doing
so the BGI should clearly separate the two categories sc that
potential donors would not be led into confusing opticnal with
essential and possibly be discouraged by the effort necessary to
supply what appeared to be a great amount of detail. It was also
agreed that, while a computer processable format was desirable, data
would be accepted in any format.

The second report discussed the general principles of
quality control and concluded by recommending a set of standards
for the data base which could serve as an ultimate goal with respect
to accuracy of the measurements. The working group accepted this
report as an internal document, and decided to refer the question
of standards for accuracy to the international community.
Consequently it was recommended that this guestion be discussed at

the next meeting of the IGC and its approval or other recommendations
obtained.
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Specifically the report recommended an accuracy geocal of

0.1 mGal for observed gravity and 1 mGal for ancomalies.

It also recommended that new absclute measurements should

seek an accuracy of 0.01 mGal.

The third report described existing methods and procedures
followed in evaluating data currently in the files ¢f the BGI.
Recipients were asked to review the report and pass the comments
directly to Dr. Wilcox with a copy to the Chairman of the

werking group.

Dr. Balmino reported that no response had been receilved
from National Sections regarding the extraordinary request for
gravity data in support of WGAMS. In the discussicn it was apparent
that a number of these letters had apparently gone astray as many
of those persons were unaware of its receipt in their respective
countries. It was agreed the appeal should be renewed through the

medium of the Bulletin d'Information.

In its discussion of the problems of marine gravity data
{(specifically cross-over values which differed by tens and as much
as hundreds of milligals} the working group concluded it would not
appear profitable to set up a group of experts to carry out a world
wide adjustment of marine data. Instead it was decided to recommend
a set of procedures for doing s¢ and to identify agencies which

might help others in carrying out such an exercice.

Recorder,
Dr. J. TANNER
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REPORT OF WORKING SUB~GROUP TO CHAIRMAN OF WG.1

March 24th, 1980

As requested by the Chairman of WG 1 the Sub-Group

deliberated on the requested topics and produced the following

recommendations and observations

Publication of Indices of Data Held by BGI

BGI should maintain detailed indices (20° lat. by 20° long.) of
data holdings for internal use. Sample of these indices should
be published in the Bulletin and made available at cost on request.

BGI should publish and distribute a generalized index of data
heldings at a scale of appro. 1:50,000,000 showing station density
by degree sguare. The first issue of this index should be dis-
tributed by June 1980 and should reflect present data holdings

of BGI. The next edition should appear about December 1980 and
should show holdings after melding of data set supplied by DMA.
Thenceforth, this index should be updated and redistributed at
yearly intervals.

Mechanism for melding BGI and DMA data

DMA and BGI data will be matched by source. When duplicate data
is found, the DMA version will be accepted. BGI data not in DMA
data set will be forwarded to DMA, on an on-going basis, for
evaluation and subsequent return to BGI.

BGI will attempt to complete melding process by December, 1980.

BGI will send a duplicate copy of their present data holdings to
DMA at the earliest pcssible opportunity. In the event that BGI
encounters specific difficulties in the matching of BGI/DMA data,

DMA will assist in resolving these problems.

BGI will maintain an archive file of all gravity data received,

in its original {(unadjusted) form.



I - 37.

- The data base will contain adjusted data for the most part but
unadjusted data, properly flagged, may be included at the
discretion of BGI.

-y

3. Strategy for Data Submission and Retrieval

- BGI will prepare draft instructions, by April 15, 1580, for
contributing data to BGI data base. This draft will be circulated
to WG 1 members and suggested revisions returned to BGI thorough
the Chairman of WG 1.

- BGI will supply WG 1 members with a report on the questionnaire
sent out with the December 1979 Bulletin by April 15, 1980.

- BGI will prepare a draft information circular containing instruec-
tions for requesting data from BGI data base, including the
schedule of charges for various services offered, by July 1980.
The Director, BGI should forward this to WG 1 members and seek

approval of the schedule of charges from the Directing Board.

4. Satellite Altimetry

~ BGI should maintain a f£ile of mean gravity anomaly and geoid
height data derived from satellite altimetry. This file should
be maintained as a low priority task, i.e, it should not interfere
with the maintenance of the surface gravity data base.

~

5. Strategy re Marine Gravity Data

- Potential contributions of marine gravity data should ensure that,
in future, gravimeters are calibrated using suitable laboratory
procedures or land calibration lines to 5 parts in 1074 or better.
Failing this, marine gravity surveys should be tied to at least
two port stations whose gravity values span the gravity range of
the area surveved. The matter of compiling a catalogue of port
stations will be referred to WG 2.

~ BGI should provide EPB with a data set from the Indian Ocean for
use in developing and testing an automated procedure for adjusting

marine gravity data to a satellite altimetry derived datum.
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- BGI will test a similar procedure independently. Satellite
altimetry data will be supplied to BGI and EPB by DMA as soon
as it is available. BGI and EPB will evaluate these adjustment
procedures and, if viable, will develop a recommended procedure
which, upon appreval by WG 1 will be published in the Bulletin.

6. Report on Data Base for Tokyo meeting (May, 1982)

- BGI should prepare, in collaboration with WG 1, a report on the
status of the data base. This repert should include the following

1) Description of BGI data collection program,

2) Description of holdings (anomaly, reference station,
altimetry data),

3) Instructions for contributing data,

4) Instructions for requesting data including description
of services available and schedule of charges,

5) Summary of data evaluation procedures,

6) Comments on marine gravimetry including suggested
adjustment procedure,

7) Any other issues which may arise up to the time of the
Tokyo meeting.

Item 1, 2, 3, and 4 will be the responsibility of BGI.

Item 5 will be drafted by DMA and item 7 will be drafted
jointly by BGI and EPB with possible input from DMA.

Recorder,
R.K. McCONNELL
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SECOND SESSION OF WORKING GROUP 1

TUESDAY,

Attendees
Dr.

Melle S.

Dx.

MARCH 25,

AT 11.30 HOURS

Prof. C. MORELLI

G. BALMINO
CORON
L. WILCOX

Prof. U. UOTILA

Prof. Yu.

Mr.
Mr.

Prof.

Myx.

D. BOULANGER
R.K. McCONNELL
J.P. LEPRETRE

I. NAKAGAWA

M. OGIER

Prof. W. TORGE

Dr.
Dr.

G. BOEDECKER
J. TANNER

The working group received the report of the sub-group

established to look into the organization of the report describing

the BGI data base o bhe
integrating the new DMA
cation and distribution

for submitting data and

available by the Tokyo meeting in 1982,
file with the present BGI holdings, publi-
of indexes of BGI data base, a strategy

an approach to the adjustment of marine

gravity data. A point-by-point review of the report of the sub-

group was conducted with no problems of any consequence emerging.

It was recommended, however,

the possibility of publishing the results of their

that the BGI and EPR should consider

studies of

technicgues for adjusting marine gravity data.

The report of the sub-group

unanimously,

(copy attached) was accepted

Recorder
Dr. J. TANNER



1.

2.

3.

%

drift.

I - 40.

ESSENTIAL QUANTITIES & INFORMATION
FOR GRAVITY DATA SUBMISSION

Position of the site :

- latitude, longitude {to the best pecssible accuracy),

- elevation or depth :
for land data : elevation of the site {(on the physical
surface of the Earth)x
for water stations : water depth.

Measured (observed), gravity corrected to eliminate the periodic

gravitational effects of the sun and moon, and the instrumental
* %

Reference (base) station(s} used. For each reference station

(a site occupied in the survey where a previously determined
gravity value is available and used to help establish datum and
scale for the survey), give name, reference station number (if
known), brief description of location of site, and the reference
gravity value used for that station. Give the datum of the

reference value ; example : IGSN 71.

Give supplementary elevation data for measurements made on towers,
on upper floor of buildings, inside of mines or tunnels, atop
glacial ice. When applicable, specify whether gravity value applied
to actual measurement site or it has been reduced to the Earth's
physical surface (surface topography or water surface).

Also give depth of actual measurement site below the water surface

for underwater measurements.

For marine gravity stations, gravity wvalue should be corrected to

eliminate effects of ship motion.



I - 41.

OPTIONAL INFORMATION

The information listed below would be useful, if available.

However, none cf this information is mandatory.

- Instrumental accuracy :

- Identify gravimeter (s} used in the survey. Glve manufacturer,
model, and serial number, calibration factor(s) used, and method
of determining the calibration factor(s).

- Give estimate of the accuracy of measured (observed) gravity.

Explain how accuracy value was determined.

- Positioning accuracy :

-~ Identify method used to determine the position of each gravity
measurement site.

- Estimate accuracy of gravity station positions. Explain how
estimate was obtained.

- Identify the method used to determine the elevation of each
gravity measurement site.

- Bstimate accuracy of elevation. Explain how estimate was obtained.
Provide supplementary information, for elevation with respect to
the Earth's surface or for water depth, when appropriate.

Miscellaneous information :

- General description of the survey.

Date of survey ; organization and/or party conducting survey.
- If appropriate : name of ship, identification of cruise.

- If possible, EBtvds correction for marine data.

- Terrain correction :
Please provide brief description of method used, specify : radius
of area included in computation, rock density factor used and
whether or not Bullard's term (curvature correction) has been

applied.

Iscstatic gravity :
Please specify type of isostatic anomaly computed.

Example : Airy-Heiskanen, T = 30 km.

Description of geological setting of each site.

March 25th, 1980



Summary of

Informal DMAAC-BGI Gravity Data
Exchange and Processing Agreement

January 1980

Initial gravity deta bank update.

[

&. During 1979, DMAAC provided magnetic tepes containing approximately
1,500,000 gravity stations to BGI.

b. During 1980, BGI will provide magnetic tapes containing BGI automated
data holdings to DMAAC.

¢. Both DMAAC and BGI independently will compare the two files of data.

d. Data common to both files plus data unique to the DMAAC file can be
entered into the BGI data bank according to the DMAAC adjustment to IGSNTL.

e. Data unigue to the BGI file will be adjusted to the IGSNTL by DMAAC
and retransmitted to BGI.

2. Continuing exchange and processing.

a&. DMAAC will provide, at periodic intervals, data newly acquired and/or
newly evaluated to BGL.

H. BGIL will transmit newly acquired gravity data to DMAAC. If in the
form of original documents, DMAAC will duplicate same and return the originals
to BGI. The new data will Be processed by DMAAC, adjusted to IGSNTL and
eventually, evalusted. Periodically, the adjusted and/or evaluated data will
be sent on magnetic tape to BGI.

c. At a convenient time, older BGI dsta in rawv {not automated) form will
be shipped in increments to DMAAC for processing, adjustment, evaluation, and
retransmitted to BGI in automated form.

3. Miscellaneous items.

a. BGI is authorized to transmit and receive gravity data shipmenis via
the APQ at the US Embassy in Paris.

b. BGI will notify IDMAAC when gravity dats donors place releasability
instructions on gravity data donated to BGI. DMAAC will contact the donor
to obtain necessary relezsses to handle such data.
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MEETING of the DIRECTING BOARD
of the BYREAU GRAVIMETRIGUE INTERNATIOMAL

Paris, 25 March 1980

Attendees: G&. BALMINC Director 8GI, Member
G. SQEDECKER Subcommission Western Europe
J. BOULANGER Member
A. COMOLET-TIRMAN  Secr. IGC
J.C. HUSSON CNES
J.P. LEPRETRE BRGM
R.K. McCONNELL WG I & II
. MORELLI President IGC, Member
1. NAKAGAWA Member
M. OGIER BRGM
J.G. TANMER President Sec. III IAG, Member
W. TORGE Secretary Sec. III TAG, Member
U.A. UOTILA Member
L.E.

WILCOX WG T & 11

After a short introduction by MORELLI, reports of the Working
Groups were given by the chairmen and discussed.

TANNER reports about WG [, that a 20% x 207 index of the presently
existing 800 000 point gravity values in the BGI data base is in process.
A compact index will be published in the Bulletin d'Information. 1.5 million
gravity stations nave been provided by DMAAC, the meshing and/or comparison
of BGI and DMAAC data will be done by both BGI and DMAAC. In case of
duplicate or inconsistent data the DMAAC-file recently evaluated will be
regarded as most up to date and therefore supersede the current BGI-file.

Concerning the reguesting of data from member countries or other
donors, according to a report by Wilcox the details should be as simple
as possible. Avoiding any specification of format the essential data are
considered to comprise position, elevation, observed gravity value,
reference systems (if needed). Additional data may be terrain corrections,
instruments quality indicators etc. After adoption of these principles
by the Directing Board they will be published in the Bulietin d'Infaormation,
and they will become the basis of the appeal for further gravity data supply.

A second report prepared by Wilcox concerns the principles of
data evaluation, which should be followed by WG I[. According to this report,
which was adopted by WG I, DB and IGC should adopt standards to be p rsued
as goals for gravity observations of all member countries. These recommen-
dations ask for normal survey_type gravity observations accuracy of
+ 0.1 mGal {1 mGal = 10-5 ms"z). Ancillary information such as elevation,
position etc. should provide for a free air anomaly accuracy of + 1 mGal,
including systematic effects. New absolute gravity measurements should seek
an accuracy of + 0.0l mGal.

A third report by Wilcox which was circulated described the data
processing methedoiogy applied by OMAAC to the gravity data transferrad
to 3GIL.
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TANNER pointed out, that the appeal of BGI to national agencies
requesting data for the World Gravity Anomaly Map Series (WGAMS) did not
yet bring about any success. The appeal will be published in the Bulletin
d'Information in June 1980 and the director BGI will remind the national
agencies again, asking for an answer.

Marine gravimetry still yields cross over inconsistencies from
different sources amounting to tens of mGal, sometimes even 100 ... 200 mGal.
WG I decided tc review the procedures in use and perform a few tests.

Then it will decide whether to recommend a subgroup or a special study
group within section @Il to deal with this problem.

TANNER then reports on a smail subgroup of WG I, the deliberations
of which were recorded by McConnell and circulated during the meeting.
The first point of 8his report concerns the indices of BGI data holdings.
A detailed 207 x 207 index should be prepared for internal use mainly,
whereas a station density index of degree sguares should be pubiished in
the Bulletin d'Information in 1980. The second point concerns the melding
of BGI and DMAAC data, which was already mentioned above. BGI will prepare
draft instructions for data submission to and data retrieval from BGI.
This will include scheduled {low cost) charges for various services
offered by BGI. The director BGI will keep flexibility in handling the
charges. The data holdings of BGI will also comprise the originally
supplied data. Concerning altimetry,data files for the computation of
gravity anomaly and geoid height should be maintained as a Tow priority
task. For marine gravimeiry the importance of calibrating the gravimeters
to 5:107% or better is stressed. In order to test procedures for the
compination of aitimetry and marine gravity data OMAAC will supply 8GI
and EPB (Earth Physics Branch, Ottawa) with satellite altimetry data of
the Indian Ocean.

After MORELLI expressed his thanks for Tanners WG 1 report,
BALMING comments on the charges for the services of BGI. It is not intended
to charge the full costs of maps etc. but rather the expenses directily
associated with the service in particular materials as magnetic tapes etc.
For donors of data and in other cases special arrangements may be made.

MORELLI gratefully acknowledges the support of agencies such as
GRGS and DMAAC. No objections are made to Balminos cost-philosophy.
The above mentioned low priority in BGI for altimetry, which is only intended
to support the activities of 8GI and working groups, is approved by the
audience. The agreement about technical details of the BGI - DMAAC gravity
data exchange, as outlined by Tanner and as fixed in a draft "Summary of
Informal DMAAC - BGI Gravity Data Exchange and Processing Agreement”
ot January 1980, 1is approved by the audience too. Tanners report is
accepted.

MORELLI announces, that Tanner wants to resign from presiding
WG 1 and that Tanner proposed McConnelf as the successor. McConnell is
accepted as new chairman of DB - WG I.

UOTILA reporis on the subjects of WG II: The IGSN71 station
descriptions were prepared by EPB from the material sent to them and
transferred to BGIl. The descriptions for the U.S. stations are still
missing but they shall be submitted to EPB in the near future. Mo global
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readjustment-of IGSN71 will be made but regional adjustments may be
registered by EPB. The IGSN71-values shall not be changed, but refTarences
shall assure access to sources of new values. The new regicnal coordinators
are reqguested to collect data of regional adjustments and transfer the
information to EPB and WG I1. According to an IAG 1979 resolution the
Honkasalo-correction of the tidal effect shall no Tonger bte applied as
has been the case e.g. in [GSN71. WG II recommends, that no new list of
IGSN71 station gravity values be publishad, because this may cause con-
fusion. Instead, a correction formula and a table will be published in
the Bulletin d'Information in 1980 and in the Bulletin Geodesique for the
correction of IGSN71-values.

UOTILA recalls the proposals of Levailois and Boulanger for a
global net of permanent absolute gravity stations. In order to coordinate
this work, WG Il will first prepare the criteria for the selection of
sites of such stations on the basis of the proposals of the U.S. base
stations committee. These criteria will be sent to the IGC and via IGC
to the regional coordinators, which in turn will select the station sites,
with the help of scientists in the region and submit their proposais to
WG II. WG II then will coordinate the proposals and pass them to the IGC.

Concerning the regional subcommissions which were established
at the IUGG/IAG meeting 1979 in Canberra it was stated, that so far no
coordinator has been appointed for India and the Arab countries. Khosier,
director of the Survey of India, should be asked whether he would recommend
Arour as one possible coordinator of that area. For Eastern Europe and
USSR Boulanger agreed to act as a regional coordinator. WG II also dis-
cissed, that the regional coordinaturs could suppert WG II in some mors

items such as the IGSN71 station description updating.

In the WG II session Boulanger had presented resuits of absolute
measurements in Moskow, Novosibirsk and Potsdam in the years 1975 - 1980,
which consistently show gravity changes of about 30 uGal. Furthermore
the scheduled French absolute gravity sites for the base net as also for
the secular gravity changes monitoring net had been presented. A simultanecus
intercomparison of the absolute apparatus' of the USSR, Italy, U.S. and
Japan was proposed to take place in Sevres in Semptember 1981. MORELLI
states, that the WG II report of Uotila be accepted without objections or
discussion.

BOULANGER reports about the business of WG III, that the data
acquisition for preparing the anomaly maps of WGAMS (World Gravity Anomaly
Map Series) remains difficult. UYOTILA recalls, that originally first
priority of WG III was put on mean anomalies and that WG III should give
guidance to BGI in this matter. BOULANGER sees the mean anomaly compu-
tation as the task of BGI and therefore did not undertake any steps in
this direction but solely was concerned with anomaly maps. Three sheeis
are accomplished, three more sheets are underwork, thus representing about
half of the area to be covered by the USSR national committee. The whole
work will be accompliished 1981/82, at which moment a first example will
be issued. TANNER stresses, that one important goal of the WGAMS-project
was to bring together as many land and marine gravity data worldwide as
possible and that all data should be filed in BGI. He points out, that most
important is a sufficient data input flow. The best evaluation and e.g.
the computation of mean anomalieswill be no problem. He offers the support
of WG 1 to set up the mechanism for e.g. digitazing the maps. BOULANGER
continues, that the maps partly are constructed by inclusion of 3ihar maps



by hand and that the WGAMS maps at first will serve for gecphysical
purposes and partly may have improper accuracy for geodesy. Tnese maps
fterwards may serve for the derivation of mean anomalies. MORELLI
suggests new mutual information during the absolute gravity apparatus
intercomparison campaign in Paris September 1981.

The guestion is discussed among MORELLI, TANNER, UOTILA and
BALMINO, whether it will be necessary to set up a new working group
for mean anomaly computation. After a suggestion of WILCOX to cooperate
with S5G 5.62 it was decided, that the presidents of Sections III and V
shall find a solution for this problem.

After opening the discussion about BGI-business by MORELLI,
SALMIND reports on the present status of the BGI-move to Toulouse:
During a two years transition phase the BGIL will work in Paris as aiso
in Toulouse. In June 1930 one scientist together with Iibrary, maps etc.
moves from Paris to Toulouse, where the main activities will take place.
The necessary acquisition of new personnel will be supported by IGN with
one data engineer and two technicions as also eventually by the %ransfer
of one position by the ministry of cultural affairs. It is not yet
completely clear, what activities will remain in Paris, but Mme Coron
and Mme Bouvet probably continue working until 1981/82. Also the work
done by BRGM will continue. Concerning the finances, FAGS transmitted a
first rate for 1980 of its support amounting to 1500.- $. Due to the
good conditions in Toulouse, the financial situation will be less
critical in future.

Going through the stil} open questions of this BGI-meeting it
was agreed, that the presidents of Sections III and V should se2k for a

solution for the manner, in which satellite altimetry should be treated
by the IGC.

The time required for sessions of the IGC-bodies during the
IAG Tokyo 1932 meeting was compiled as follows: IGC: 2 x 1/2 d,
WAGL: 3 x 1/2 d, WG II: 2 x 1/2 d, WG III: 1 x 1/2 d, SSG 3.40: & x 1/2 d.

BOULANGER proposes, that for the Paris 1981 intercomparison
be invited Japan, U.S., USSR, Sakuma and Italy. TORGE suggests, that
during the Tokyo 1982 meeting there should be a symposium of Section III
dealing with absolute gravity measurements including in particular the
intercomparison results. TANNER adds, that aiso marine gravity deserves
special interest. It was agreed to discuss both these topics in one day
meetings in Section III.

TANNER reports on the impact of the adoption of the new geodetic
reference system GRS 80, which includes a slight change of the equatorial . .
radius and therefore of the normal gravity formula. It was agreed, that
GRS 80 should be used according to the IAG-resciution. If BGI only stores
the {absolute) observed gravity values, it will be no problem to refer
to any reference sytem. The new GRS 80 will be published in a reguiar
issue of Bulletin Geodesique in 1981.

TANNER suggests a new sequence during DB-meetings in order to
improve coordination: First a CR-meeting, then WG-meetings, at last a
DB-meeting again. This proposal was accepted.

. BOEDECKER, racorder
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MEETING OF THE EXECUTIVE COMMITTEE
OF THE INTERNATIONAL GRAVITY COMMISSION

Paris, 25 March 1930

Attendees: G. BALMINOG Director B8GI
G. BOEDECKER SC Western Europe
J. BOULANGER BGI-OB
A. COMOLET-TIRMAN Secretary ICC, Member
1.C. HUSSON CNES
J.P. LEPRETRE BRGM
R.U. McCONMELL WGT I1
C. MORELLI President IGC, Membar
I. NAKAGAUA BGI-DB
M. OGIER BRGM
J.G. TAMNNER President Sec. III
W. TORGE Vice-President IGC, Member
U.A. UOTILA BGI-08
ELE., WILCOX WG T&II

MORELLI reports the conclusions of the IGC-meeting in Canberra 1979 to establish
the following new regional coordinators for the support of the work of the BGI:
REILLY for Southwest-Pacific, STRANGE for North-America, TANNER for Central and
. South America, NAKAGAWA for Northeast Pacific and COKER for Africa. (Remark:
This list was continued by BOULANGER for Eastern Europe and USSR and BOEDECKER
for Western Europe at the DB-Mesting, Paris, 25 March 13980).

Some of the duties of those regional coordinators will be 1. to provide the

DB with a 1ist of addresses of national agencies and scientists for correspondence,
2. to be invalved in the updating of IGSN71 station obscriptions, 3. to

inform WG 11 about new adjustments in the region, 4. to seiect proper sites

for the global permanent absolute stations. This report was accepted by the

audience.

On a question of TANNER, MORELLI adds, the coordinators should have all freedom
to support the work of IGC by various activities. Some major tasks should be
fixed, however. NAKAGAWA and BOEDECKER briefly reported their proposals for the
activities of the regional coordinators. MORELLI and TANNER suggest to use the
proposal of REILLY as a basis for the terms of reference concerning the regional
coordinators. This proposal shall be generalized and completed by ...e) To
untertake in consultation with the president of the IGC other activities as
required in persuit of the objectives of the commission. Those guidelines then
will be sent by MORELLI to the regional coordinators, who are presidents of
their respective subcommissions. The names of the members of the subcommissions
shall be reported by June 1st. I is the own affair of the subcommissions to find
sponsors and to organize the work be done.

The next future meetings of the IGC will be held in Tokye 1932 and in Toulouse.

G.Boedecker, recorder
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Meeting of BGI Working Group N° 2

Bureau Gravimétrigque International (BGI) Working Group N° 2 (WG2)
met in Paris at the BGI offices on 25 March 1980.
Attendees included

J. UOTILA, USA, Convenor

W. TORGE, W. Germany, member

K. McCONNELL, Canada, member

L. WILCOX, USA, member

C. MORELLI, Italy, ex~cfficio member
M. OGIER, France, guest

Y. BOULANGER, USSR, guest

I. NAKAGAWA, Japan, guest

G. BOEDECKER, W. Germany, guest

Convenor UOTILA noted that the President of the International
Gravimetric Commission (IGC) assigned certain additional respon-
sibilities to WG2 at the Canberra assembly of the IAG. The new
tasks include coordination of new absolute gravity measurements
and new regional gravity base net adjustments, and coordination

cf the work of new IGC sub-commissions pertinent to new absolute
measurements, new regional adjustments, and IGSN 71 improvements
and extensions. These tasks are in addition to the original charter
of WG2 to maintain the IGSN 71, to maintain and coordinate distri-
bution of IGSN 71 principal facts and station descriptions, and to
coordinate all international gravity standards work.

R.K., McCONNELL reported that the USA remains the major area for
which IGSN 71 station descriptions have not been completed. He does
not have the basic information from appropriate USA agencies that
he needs to compile the descriptions. WG2 requested that I attempt
to locate the necessary IGSN71 station description information
within the USA and arrange to have the material shipped to McCONNELL
so that the IGSN 71 station description project can be completed.
McCONNELL reported that compilation of the USA data may not be
completed for a year or so after he received the necessary input
because of the pressure of high-priority projects at EPB. WG2
suggested that descriptions for the primary stations he done first,
leaving the excenter descriptions for completion later. However,
due to the possibility that some primary stations may have been
destroyed, the final decision in this matter was left to the
discretion of McCONNELL.

There was an extended discussion of the problem of how to coordinate
new regional gravity base network adjustments. Although some held
the opinion that WG2 should do a review of local adjustments,
others held that a formal review of work done by responsible
agencies is not really necessary. As a compromise, it was decided
that WG2 will prepare and disseminate through the BGI a document
that describes all new gravity base network adjustments, and
recommends how each ought to be used. The document will contain a
comprehensive reference list and recommend that the appropriate
local agency be contacted for additional details where required.
WG2 also decided to annotate IGSN 71 station descriptions and/or
values, where appropriate, to indicate the existence of a value
determined through a local adjustment.
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C. MORELLI suggested that WG2 recommend base network adjustments
to new absolute stations be postponed until there are encugh
absolute stations within a country or region to firmly establish
datum and, especially, scale over the whole gravity range within
the country or region. This suggestion was adopted by WG2.

Y. BOULANGER reported that his absolute measurements in Australia
suggest that scale problems on the order of 35 nGal may exist within
that country. It is thought that these problems may be related to the
age of the Australian calibration line. When a sufficient number of
new absolute sites have been established in Australia to firmly
establish the scale conditions, a new base net adjustment there may
be beneficial.

The WG2 noted that the IGC Sub-Commissions were not completely
established at the Canberra IAG Assembly. At Canberra, the following
Sub-Commissions and Regional coordinators were appeinted by the
President of the IGC, C. MORELLI.

Americas : W. STRANGE and J. TANNER
Africa 0. COKER

NW Pacific : I. NAKAGAWA

SW Pacific ¢ I. REILLY

After discussion, C. MORELLI made the following additional appoint-
ments

W. Europe : G. BOEDECKER

E. Europe and USSR : Y. BOULANGER

In addition, U. UOTILA will correspond with thepirector of the
Survey of India and request he nominate an individual to serve as
Regional Coordinator for a Sub=-Commission for Southern Asia and the
Middle East. Each Regional Coordinator will be asked to assemble an
appropriate group of specialists to serve on the Sub-Commission.

The first major task for theSub-Commission will be to select sites
for new absolute measurements to establish a global absolute gravity
station network. Initially, about 10 stations with world-wide dis-
tribution is desired. The recommendations of the Sub-Commission in
this matter will be passed to WG2 for consideration. WG2 will pre-
pare a f£inal set of recommendations for submission to the IGC.
Additional functions of the Sub-Commissions are toc keep WG2 informed
about new regional gravity base network adjustments, to compile a
list of responsible correspondents and agencies in each country that
can be contacted on gravity related matters and to perform any
pertinent tasks requested by WG2. For the latter tasks, WG2 will
contact the Regional Coordinators via the IGC. C. MORELLI will cor-
respond with the Regional Coordinators of the Sub-Commissions to
inform them of their responsibilities.

WG2 noted that the US Gravity Coordinating Committee is preparing
criteria for selection of primary absolute base station sites in
the U.S. The results of this work will be considered by WG2 and
amended or amplified as necessary. Then WG2 will prepare site
selection guidelines for submission to the Regional Coordinators.
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With respect to removing the Honkasalo Correction from IGSN 71
values, WG2 decided tc publish appropriate formulas/tables and
instructions in Bulletin Gé&odésique and/or the Bulletin d'Infor-
mation. This will avoid having two sets of IGSN 71 wvalues in
circulation. A December 1980 publication data i1s anticipated.

Y. BOULANGER reported results of repeated absolute measurements

at Moscow, Novosibirsk, and Potsdam over the period 1975-1980.
These measurements suggest a quasi-periodic variation in gravity
with a period of about five years and a magnitude of a few 10's

of uGal. His results are generally in agreement with those of
Sakuma at S&vres - which also suggest a small periodic variation

of gravity. However, BOULANGER alsc reported that he has been
unable so far to detect any significant gravity change in the
Southern Hemisphere. In the future, it may be necessary to specify
an epoch for absolute measurements whose accuracy is in the 10 uGal
range, but additional studies are needed to confirm whether gravity
changes are universal or local in nature. Since the maximum perio-
dic variation appears to be on the order of 50 nGal, IGSN 71 which
has an indicated accuracy of 100 nGal is not affected.

M. OGIER reported that the French BRGM is planning to use a new
absolute gravity measuring apparatus to make repeated measurements
at Orléans, Reims, and Nancy in order to observe time changes in
gravity. Three or four measurements will be made at each station
per year. The expected accuracy will be 7 to 10 uGal. WG2 noted
that these measurements will help determine whether gravity time
changes are universal or local.

Y. BOULANGER has requested that all existing absclute apparatus
be brought to S&vres in October of 1981 to make simultaneous
comparison measurements. WG2 will assist in coordinating this
project. It is hoped that at least the following instruments will
participate : Hammond (USA), French, ‘Sakuma, Italian, USSR.

The next meeting of WG2 is scheduled for 26-28 May at Ottawa.

The agenda will include a discussion of the gravimeter measurements
made along the Furopean Calibration Line in 1979, base stations for
marine gravity, accuracy requirements for international gravity
standards, and progress reports on other work underway.

L.E. WILCOX
Recorder
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PRECISE TICDAL CORRECTIONS

FOR HIGH PRECISION GRAVITY MEASUREMENTS

by

8. DUCARME®, C. POITEVIN*¥, J. LOODTS**

SUMMARY

For very precise vidal gravity gorrections it is necessary to tske into
account the chserved amplitude factors (8) and phase differences (o) for the main
diurnal and semi-diurnal camponents. The global method using & fixed factor § = 1.16
or €= 1.20 gives tidel predictions with errors that cam reach 50 rm 5-2 (5 microgals:
From the results of the Trans Eurcpean Tidsl Gravity Profiles (1870-1873) isolines
have been computed for § and o in Western Eurcpe. They can insure in continental
areaz a precision better than cne per cent on the predicted tides (errors less than

2
‘0 nmm s ). An application has been made on the belgian gravity network.

* Observatoire Royal de Belgique - Chargé de Recherches au FNRS

** Tnstitut Géographigue National - La Cambre, Bruxellss.



THE TIDAL PERTURBATIONS

The tidal corrections can be compuied elther by a direct evaluaticn of the global
gffect of the Moon and the Sun using the ephemeris positions, either from the
development of the tidal potentizl intoc a sum of harmonic constituents or tidsl waves.
The first approach has the same accuracy as the second one as long as one does not

teke into account the perturbations introduced by the physical properties of the Earth

The static response of the Farth tc the tidel potential increases the amplitudes of
the gravimetiric fides and give statiec valuss of the § factor (ratio of observed ampli-
tudes to the theoretical anes)

§ = 1.18

The global approach as well as the tidal development allows tc introduce a constant

gcale factor.

As a matter of fact such & static response is only true for the long period part of
the tidal spectrum. A first major perturbation comes From the resonance effect of the
liquid core of the Earth [Melchior, 1978, ch 6] which affects the § factars of the
diurnal waves. Acecording to the model Moledensky I the theeretical § values for the
two major divrnal constituents Dq and K1 are respectively

6{613 1.158

6€K1] = 1.127

This amplitude modulation is well obiserved.

However the largest perturbations are coming from the oceanic tides. They can
g g Yy
. -2 .. i
produce unmodelled residusl on the Mo freguency as large as 80 rm s at the tip of

. 2
Carnwslls. AT Brussels this effegct is still 20 nm = with a phase lead of £4°.

To evaluzts these "indirect effects” we can model the oceanic tides influsnce by
computing the attraction of the water masses and the loading effect. Unhappily for
the time being the cotidesl chartis of the World Ocean are still centradiciery and for
coastal regions the contribution of the nearest water masses is very difficult to
model. In the near future direct altimetry from satellites will help to solve these
problems. Mevertheless for some parts of Western Eurcpe including Benelux, France,
Germany and Great Britain such calculations have been carried out by various authors

{Bower 1970, Gerstenecker, Grotenm 1376, Moens 1977, Baker 1977, Souriau 1978] .

Anather way is to carry out tidal observations with gravity metsrs in such a way
that a sufficient coverasge of a definite area iz insured. The main constituents of
the tidal develgpment are dirsctly multiplied by the observed § factors and afvected

by the observed phase differences a in order to synthetize a "true” tidal signal.

We shall now deal with two guestions
- Which error can we expect when using a FTixed § factor 1.186 or 1.20,.
- Which precision can we reach now using the extensive tidal measurements
performed between 1870 and 1973 under the name "Trans European Tidal

Gravity Profiles” (TEP).



2. TIDAL CORRECTIONS WITH A FIXED FACTOR

If we consider the gravimetric tides as a sum of sinusoidal waves, we can write!

NT = § A cos (wt + a}

A: theoretical amplitude
§: amplitude factor
o phase difference
We can consider errors A on the amplitude factors and € on the phase difference
under the form
WO = (§ + A) A cos{wt + o + €)
The resulting error will be
wc - NT = -2 (6 + A) A sin % (sin wt + al): phase contribution
+ AA cos(wt + a) : amplitude coniribution
The residuals will present spuricus tidal waves with magnitudes proportional to the

wave itself, and to the phase shift or amplitude erraor.

For MZ in Brussels we have -
A= 31.5 nm s
6 = 1,183
o = 2°8
The maximum discrepancy with respect to a static tide (6=1.18) will be
amplitude contribution 9 rm s 2
and phase contribution 18 om = 2

z

. . . . , . . . -2
hich is squivalent to a residusl vector with an amplitude of 20 nm s and a ohase

difference of 64°,

-7
The RMS on one tidal correction asscociated to it is thus 10 nm s .

Generally for a given oceanic basin all diurnal waves cn one hand and all semi-diurnal
waves on the cther have very similar corange and cophase lines and their indirsect
effects will show a close relationship.

21 le SZJ
factors higher than the static response, close to 1.20 and their phase differences

In Western Europe for example the main semi-diurnal waves (N KZJ have ¢

are paositive (fig. 4, 5 and Melchior & alil1878). The diurnal compenents O,, P, and

17 71
K‘1 are cleose to the Molodensky model with very small phase differences (fig. 2, 3
and Meichior & 21111878}, This is due to the fact that Atlantic Ocean and Nerth Sea

have predominantly semi-diurnal %ides.

We can thus roughly extrapolate the data on My te all the semi-diurmal spectrum (at
least 37 per cent of ithe maximum tidal amplituds at a latitude of 50 degrees) and

those on 04 to all the diurnal band which can amount 83 per cent of the phencmenon.



I -~ 51.

The real tidal benaviour is quite complicate . The diurnzal tides disappear when the
declination of the corresponding cslestisl bedy goes through zero. The 14 days cycle

linked to the Moon phases modulates the tidal amplitude by a factor of two.

We can now answer the cuestion: in the global method which amplitude factor is the
most suitable: 1.20 or 1.1B87

Before 211 one must point out that 1.20 is certainly wrong for long period waves

ar. these areg very important for absclute gravity measurements. For gravimestric
survey however this paert of the spectrum is guite negligible except Ffar transconti-

nental ties involving big latitude changes.

Some results based on the thecretical considerations of this paragraph are shown

in vable 1. More realistic data are obtained when we compare tides calculated with
the fixed amplitude factors fo the best aveilable tidal prediction available Ffor
Brussels (table 2). The results shown on figure 1 are self explanatory. The residuals
obtained with a constant factor 1.16 never exceed z 32 nm 5-"2 while those computed
for a factor 1.20 fluctuate between * 80 and -30 nm 5-2 with a modulation linked to

the eguinoxial minimum of the diurnal waves.

If we now consider two measurements made at times T,I and T2, the

associated tidal effect is

§A cos{wTs + &) - 8A cos(m?1 + g) = -2 8A sin w-%; sin {wT + a)
with
AT = T, -
T=T," 7
1+ T2
T 2

When peffarming two measursments separsted by half the period of a given tidal wave

we may introduce an error egual to twice its amplitude.

These consicerations are valid for the residual vectors due to an improper modelling

of the tidal effect.

THE QBSERVED TIDAL FACTORS

We present hers the isclines for the amplitude factors § and phass differences
o Tor the M2 and 81 waves. They are based upon the results obtained in more than 70
earth tides reccrding stations in Western Europe from Faeroe Islands to Tihany and
Frem Tromsoe to Granada. Most of the data were gathered during the Trans eurcpean
Tidal Gravity profiles [Meichior & alii 13978] . As a matter of fact the density
of the stations was only sufficient in Germeny, Benelux, France, Northern Italy and
South of England. We decided thus to produce maps covering en area comprised betwsen
S degrees West and 20 degrees East and between 40 and B0 degrees latitude North.

To avoid resonance effects in the model static sclution were imposed

on 30 degrees East and 320 degrses Norih.
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The first step in procducing isolines is to construct a Digital Terrain Madel (DTM)

[ Loodts, 1977 ) which determines the values of the parameter § or o at each summit

of a sguare grid covering the whole area (15°W to 30°E and 30°N to 60°N). The dimen-
sions of the grid can be locally adjusted as a function of the local density of entry

points (observed values). This possibility leads to & kind of variable grid Digital
Terrain Model (DTM].
At every summit the plane tangent to the surface is least square adjusted from the

values of the neighbouring entry peints. The number of points considered for this
adjustment is determined frem criteria of local iseotropy and their influence is

weighted according to a function of the distance to the summit.

The isolines are then considered as the boundaries between two structures { Loodts,
1978] . It is a problem of structural stability and morphogenesis [ Thom, 1872] .
The model produces two soclutions that should coincide if the surface described is

sufficiently centinucus. It happens effectively for the tidal factors (see fig. 8).

From a practical point of view coastal stations or smell islands where the nearest
water masses have a predominant influence, produce instability in the model. For
exeample the influence of the very low § factors obsarved at Helgoland perturbated

the results in the Netherlands. It's the reason why we discarded Helgoland and Costende

as entry points.

Figure 9 shows the location of 45 stations., Some 30 others are situated cutside of

the fixed limits. On the following maps dashed areas indicates a lack of observational
points. Figures 2 and 3 give the resulis Tor the 61 component. These maps are very
smocoth everywhera. The only remarguable features are low value in Scandinavia and

a bump over Austria. This anomaly is due to the station Graz only and is thus

questionable.

Figures 4 and 5 give the results for Mz. The topography of the 5{ﬁ2] map is smooth
except in the British Islands , specielly in Cornwalls [S(MZ) = 1,48 in Redruth).

The surface is dipping to the North-East. It is a conseguence of the very low 8
factors cbserved along the atlantic cocast of Norway. The behaviour of the phase
difference o is very similar with very high positive values on British Islands and
negative ones over Norway. The infliuence of the Bay of Biscaye produces very high

positive phases in the North of Spain and South-West of France.

To svaluatz the precisicn of the model we can look at the RMS obtained frem the
differences between the observed values at the entry points and the values interpolatec
from the Digital Terrain Mcdel for the same peints (teble 3). However the precision

is much better on the continental area of the central part as seen from the isclines
meps of the residuals Ffor M, (fig. 8,7). These residuals do generally not exceed

0.5 degree in phase and 0.5 per cent in amplitude. Some discrepancies appear in

Normandy with residuals higher than 1 degrze and 1.5 per cent. In the South-West



of France we

Tind lerge resicuals con the phase only. These areas require more

observational data. The British Islands are alsc very difficult to model due to

the influence of the Irish Sea, the North Sea and the Channsl,

The digitel Terrain Model is thus allowing interpolation of the tidzl caremeiers

in continental eress with a precision of 0.5 per cent for & and 0.5 degree for a.

The corresponding errors in the tidal predictions will be

or a maximum

% 5 mm 9"2 for the amplitude

=2 9 nm 5—2 for the phase

total effect of + 10 om 5_2.

Thus the micregal precision can now Le achieved for the tidal correcticns to be

applied on ahsolute gravity measurements.

4

« APPLICATION TO THE FIRST CRDER BELGIAN NETWORK

To investigate the influence of the tidal corrections in a gravity netwerk we have chos

the new First Order Belgian Gravity Network established during a ¥ifteen days campaigr

From the Oigital Terrain Madel (DTM} we have computed the best 8 and o values for the

42 stations of the neiwork.

-

For comparison purposes we reduced the data assuming four different tidel models:

fixed tidal factor (8§ = 1.28),

cocrdinates ¢,A of Brussels

observed tidal factors at Brussels,

coordinates ¢, A of Brussels

observed tidal factors at Brussels,

individual coordinates for the stations

tidal Ffactors computed from the OTM, individual coordinatss for the

stations.

The leng period tides weres not taken ints account,

the country.

Table 4 shows the effects on the Ag valuss for thres lines crossing

line A: maximum changes in the observed tidal factors from UOostende to

Walferdange.

line B: maximum latitude effect

line C: maximum longitude effect
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TABLE 1: Maximum reasiduals with respect to a tidal model

Diurnels Semi—d% rnals Tatal
(rm s ) {om s 3 (nm s~%)
Maximu™
Theoretical 1150 700 1850
Amplitude
{$=5C°)
Residuals - 40 40
for § = 1,18
Residuals
a 3
for 8§ = 1,20 5 4 80
Model: § =
ode g 1.18 for diurnals
o =0
§ = 1,18 L
a = 2°8 for semi-diurnals
-7
{1 pgal = 10 nm s 7)
TABLE 2
TIDAL MDODEL FCR BRUSSELS STATICN
CRaLP NAME A & o
1 -~ B2 &1 115 1.160 -0.2
B3 - &8 01 388 1.180 -0.2
8BS - 110 M1 a0 1.155 -0.2
1M1 - 120 P1 157 1,150 -0.2
121 ~ 123 S1 3 1.150 ~0.2
124 - 443 K1 530 1.150 -0.2
144 - 485 J1 33 1.150 -0.2
168 - 187 001 28 1.158 -0.2
188 - 236 ZN2 23 1.18¢C 3.0
237 - 280 N2 87 1.170 3.0
261 - 288 M2z 3583 4.187 2.8
287 - 300 L 9 1.1780 2.5
301 - 303 52 178 1.208 2.0
310 - 347 K2 57 1.2G0 2.0
348 - 363 M3 3] 1.080 0.a



It is clear that models 2 and 4 are eguivalent for such a lscal network. The
results zare affectaed mainly by the introduction of realistic tidal factors at the
base station (medel 2) and for line C by the use of the true cocrdinates of the sta-
tion., This effect is less pronounced on line B as the tidal parameters are only
slowly changing with latitude.

The cumulated error tetween the poorest model (number 1) and the best ane
(number 4) does not exceed 100 nm 5_2. The nrocedurs here developped thus allows o
reduce the tidal correction error from 18 ugal to 1 ugal which is now desirable

considering the high performances of LCR gravimeters.

TABLE 3: R.M.S3. error on the Digitel Terrain Model compufed Trom the differsnces at

the entry points.

Amplitude factor Phase difference

8§ o
01 L0086 a%3n
K1 .0G8 geza
.012 G270

M2 0
.010 0975

52 01
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TABLE 4a
-2
in 10x rm. sec )
TIDAL MOOEL
d kxR wE R kR
2
-2 1663 -2
=146 494,11 ~14é
-37 55¢.0 -37
-24 093.3 -2 4
-i6 SJ3.R2 ~-16
«7h 449.4 -74
-50 645,14 -850
31 070U 31
-191 D61.1 -1o1

3

165.8 -2
&91.8 -1é
5572 -37
093.7 -24
sSQ4. 4 ~16
470.1 -T4
bbb B -55
G7d.1 31
059.7 -1¢1

164 .8
592.5
558.7
494 .0
504 .5
59,7
YV

070.3 "

N&0.7
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TABLE 4b

[Ag in 10x nm, secnz)

LINE B TIJAL #40DFL
ook k¥ ok * KA kA ko xR
1 2 3 &
ZWANFVEN
-22 296.7 22 396.¢6 -22 396.5 =22 3946.3
MmN
-77 632.7 =77 &34.0 =17 &635.7 -77 63542
WANZE
-30 599.2 -80 599.6 ~850 &01.73 —80 601.%
HUMain
-49 3BQ.% ~49 339.% -430 339.5 =40 339.1
ST HURIRT
-8 951.7 ~8 953.¢ -8 F52.8 -8 953.,2
NFUFCHATE AU
TOTAL —229 920.4 —-229% R23.7%2 —-229 925.8 —229 925.3
LINE C TIdalL MOCEL
* XK KK X L S E 2 1
1 P4 3 4
THIFLLATN
-6 4404 -6 439.1 -4 438.9 -6 439.4
HGYES
-20 D71.5 -Z0 G72.1 - -29 07%1.5 ~-20 1972.5
LOUMATN~L A-NTUVE
21 129.9 21 130.7%3 21 133.¢6 21 131.4
LINCTNT
=13 Z217.1 -15 214.2 -15 211.7 -15 212.1
LIERS
=51 &1it&.l -31 é15.2 -31 613.5 ~51 613.6
KETTENIS

TCT2L =72 21641 ~-72 213%.4 -72 235.0 ~72 20644



APPENDIX

L. like to take this opportunity for rising again the problem of the
Honkasalo correction.
Everyone does agree to correct absolute gravity meesurements reduced using
a tidal prediction including the Mo So term or constant tidal effect.

On the other hand the Working Group on Data Analysis in Tidel Research
appointed by the Internationel Commission for Earth Tides (IAG, section y] propossd
at its first meeting at Bonn in march 1878 thet the constant term Mo Se should
not be censidered in synthesizing theoretical tides for tidal analysis. We should
iike to ask the opinion of International Gravity Commission en the feollowing point:
should we contimue to include in gravity tides predictions a term that will be sub-
dtracted later on for the final reduction of absolute gravity measurements and that
will generally disappear in relative measurements?

We have shown that in any case the precise tidal predictions should use the
potential development that is the easiest way to take into account the perturbations
of the static response of the Earth.

In this method the elimination of Mo So is gquite natural. In the gravity
tides calculated from the ephemeris positicns of the Moon and the Sun, cne can also

sasily subtract this tesrm.
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Eighth Meeting of the
INTERNATIONAL GRAVITY COMMISSION

Paris, 12 to 16 September 1978

_D.—
SENSITIVITY ADJUSTEMENT AND LEVELLING OF

LACOSTE-ROMBERG GRAVIMETERS

by

Michel VAN RUYMBEKE®

Summary
A technigue using the electronic cutput and a digital voltmeter during
field measurements allows tp work at comstant sensivivity without depending upon

level readings.

*Observatoire Royal de Belgique
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We follow tha theory of astaticized gravimeters as given in Melchior (1978)

(see p. 256 figure 8.3 reproduced here as fig.1)

!
{ SPR al FINE MEASURING
MAIN SPRING EDiE M
r'd

0

N

Figure 1
{ Melchior, The Tidess of the Planet Earth)

The main problem in field measurements is to keep constant the value aof the
angle v =T/2 -a-f
that the beam 0B makes with the horizontal axis 0OX.

We have fixed our LaCosfe—Romberg model G gravimegters on 2 larger hase
plate which has only two screws at right angle {similar to VM horizontal pendulum)
[ Ducarme- & al, 1878].

The two screws are micrometric screws, (10 umeter by divisionl.
The best resolution of this screws (1/10 o?idivision] is eguivalent to 1/180 of di-
vision of the bubble lavel. (Figure 2}.

The variations of the angle B are being measured by the capacitive transducc

with a high precision.
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0
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+ 104
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LONSITUDINAL LEVEL
SCREW POSITIGN

Fig.2: Variations of the bubble position with respect
to the rotations of the base plate micrometric screw:
‘1 divisicn of the micrometric screw is equivalent to

0.1 division of bubble level.

An electronic filter increases the signal to noises raetio.

An equivalent rescolution of better than 1 microgal 1s achieved with the
digital voltmeter (in guiet normal conditions).

Before starting for a survéy pperation values of o and B must be adopted.
For what concerns the angle B, we zero the output signal when the beam position is an
the reading line proposed by the maker.
One has to keep the signal as close as possible to zero during the following operatio

By slowly changing the longitudinal levelling, we determine the classical
parabola which is a function of v.[Melchior 1978 page 258 ] and we choose of course
the summit of this parabola to define v.

We have at its summit

¥ =0

/2 - B

For this value of the angle a, we estimate the sensitivity of the gravimsie
In our cese e standard rotation of 20 units of the micrometer screw gives on the

voltmeter a variation of 205 millivolts.
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Our working scheme during the field measurements was to check, at every
station that a same 20 units rotation of the dial was producing 205 z 2 ~millivolts
variaticn in the electronic output. When so, the gravimeter is obviously correctly
set with the convenient o, B, vy valuss.

A difference with respect to this standafd output of 205 millivolts indica-
tes the necessity of correcting the longitudinal tilt of the base plate which can
be done very accurately with the special micrometric screw.

To achieve such a result we have determined indeed the value of one base-
plate screw division in terms of variation of sensitivity for the fixed values of
(o, B).

As an example for gravimeter LCR 33BG: 1 division of base plate screw =
2% sensitivity veariation ar 1/10 bubble level division.

For the cross levelling we search' the summit of the parabola. An adjustmen
within ¢ 0.2 division of the bubble insures less than 4 microgal difference between
the messurement and the exact value of this summit.

With +this technigue of levelling we achieve a determinaticn of the gravity
with a 1 microgal resolution while avoiding any reference to the bubbles during |

‘field measurements.

APPENDIX I

This procedure’ allcwed to point cut very precisely the effect of diurnal temperature
variaticons on the sensitiviiy through their influence on bubble positions.

As pointed out in [Ducarme & al, 1976] the bubbles do not only change their
length for lapge.temperafure variations (3°C) but are also glightly drifting.

Figure 3 shows an example of thermic hubble drift related to temperature T

for a constant sensitivity value.

APFPENCIX TI

Figure 4 shows the variations of the sensitivity as a function of the
tilting of the longitudinal level, Obvicusly the working sensitivity corresponding
to the meker proocsed reading line 2.5 is at the limit of the instrumental stability.
Figure 5 shews the parabola of the longitudinal level as a function of the
chosen reading line. The variations of sensitivity with tilt produce an unsymmetrical

response of the instrument.
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INTERNATIONAL TIES BETWEEN FRANCE AND
THE EUROPEAN ADJACENT COUNTRIES

LIAISONS GRAVIMETRIQUES ENTRE LA FRANCE
ET LES PAYS EUROPEENS LIMITROPHES

par

M. OGIER
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RESUME

Ce iravail résume les liaisons réalisées en 1878-78 entre la
France =2t les pays européens frontaliers afin d'améliorer la connection
des réseau gravimétriques europZens, de définir la formule de passage
Carte Gravimétrigque de la France IGSN 71 et d'essayer de mieux preciser

1g valeur de la pesanteur & 1'0Observatoire de Touloguse.

Les mesures ont été effectuées tant sur des stations IGSN 71
gu'sn ces stations absolues afin d'évaluer la précision de la table
d'étalonnage du gravimdtre utilisée par rappert au systéme IGSN 71 et

par rapport aux mesures absolues.

ta nouvelle valeur de la pesanteur obtenue pour Toulouse est
assurée avec une précision de 0,03 mGal compte-tenu de 1'imprécision de

1'2talcnnage. Cette valeur es5t la suivante

980 427,74 mGal, valeur brute L & R G 225 identique & 1la
valeur IGSN 71 ; _

8980 427,48 mGal, valeur calée sur les stations absolues

italiennes.



SUMMARY

We present the ties undertaken in 1978 and 1979 between France
and the european adjacent countries in order to define with accuracy the
connection between the French and the Furopsan gravity netwerks. An at-
tempt was made to give a more accurate relative value of the gravity at
Toulouse Observatory wich was with Sevres A thse Basic Station of the

French gravity system.

The gravity has been measured in both IGSN 71 and absoluts
stations in order to investigate ths accuraty of the Scale Table of the

used gravity-meter.

A new gravity value has been computed Ffor Toulouse but with
an accuracy no more greeter than 0.03 mGal because of the errors in the

calibration measurements. The new value is as following :

980 427.74 mGal, raw Lacostie & Romberg valus, exactly
the same than the IGSN 71 one ;
£80 427.45 mGal, wich is the adjusted value in regerd of

the italian absolute measuresments.



INTROGDUCTION

Le systéme gravimétrique frangais est basé sur deux stations
Tondamentales Paris A et Toulouse Observatoire. lLa premidre de ces sta-
tions a £té définie par de nombreuses liaisons relatives avec POTZDAM
et d'autres stations pendulaires européennes, alors gue la secconde a
toujours &té établie par des liaisons avec Paris en utilisant des appa-
reils gtalonnés sur 1'C.C.L. Les réseaux de bases établis sur ces deux
stations fondamentales bien gqu'ayant permis la réalisation d'une couver-
ture gravimétrique détaillée de la France (L.G.F.), ne sent plus compa-
tibles avec la précision des gravimétres modernes et doivent &tre complé-
tement révisés. Les campagnes de liaiscons effectudes de 1977 & 1879
gtaient destinges & mieux connaitre la précision de 1'actuel réseau fran-
gais, a etablir sa connection avec les réseaux étrangers, & calculer la
formule de conversicn CGF - IGSN et & définir les modalités de restruc-

turation., Les travaux se sont déroulés de la maniére syivantes

- réactualisation de la Base Gravimétrigue Paris-Toulouse-

Piz du Midi de Bigorre (M. OGIER 1877)

- recompensation & partir de ces données du réseau de

premier ordre frangais (J.J. LEVALLOIS. 1877, inédit) ;

- liaisons Frapce-Europe et Turin-Toulguse (M. OGIER 1978,

inédit) ;
-~ liaisons CGF - IGSN 71 (M. OGIER 18979 inddit].

La méthode de travail utilisée dans toutes ces campagnes sst
cells des boucles se refermant sur elles-méme & des intervalles de temps
varisbles et définis en fonction de la dérive diurne des appareils utili-
s2s. Cette méthode permet de répartir 1'écart & la fermeture au prorata

du nombre d'heure de trajet entre les différentes stations. Les correctians



luni-solaires ont 8té€ calculées selon la méthode de CARTWRIGHT et TAYLER
{1973). Les correcticons de HONKASALO, de pression st de température n'ont
pas &té effectudes. Dans tous les cas la dérive nocturne a été corrigée

par ung double mesure soir/matin sn deux stations identigues espacées de

plusiesurs kilométres.

1. FERMETURES

L*étude comportait deux grandes boucles principales sur lesquel-
les se greffaient de nombreuses boucles annexes gqui permettaient sn tout
moment de contr8ler la dérive diurne du gravimétre. L'itinéraire geénéral

fut le suivant

1@re hcucle : ORLEAN3, TARARE (Lyonl, ARLES, TOULQOUSE, SOUILLAC,
ORLEANS (4 jours].

2éme boucle : ORLEANS, SEVRES, BRUXELLES, WIESBDADEN, KARLSRUHE,

STRASBOURG,STUTTGART, ALTKIRCH, ZURICH, GENEVE, TURIN, ARLES, TOULOUSE,
ZRLEANS {10 jours).

L'écart & la fermeture a été de 11 uGal sur la premiere boucle
gt de 410 uGel sur la seconde. L'étude des &carts aux fermetures des bou-
cies secondaires (tableau 1) mentire que la dérive diurne moyenne est de
8 uGal tantdt positive, tantdt négative. L'excellents fermeturs d'ensemble
est donc die finalement 3 l'absence de dérive systématigue et & une compen-
sation statistique des faibles dérives de transport pour 1'sppareil ytili-

sé& (Lacoste & Romberz G 225).



Boucle Ourée des trajets Ecart & la fermeture
(en heures! {en ubal)
ARLES 13 - 8
FARIS 3 - 3
CAMBRAIL 5 - 2
BRUXELLES B - 3
BRUXELLES 1 + 5
KARLSRUHE 1 + B
ALTKIRSCH 5 + 1
BONNEVILLE 9 + 10
BONNEVILLE 7 + 9
TURIN 2 - 8
TURIN 12,5 + 2B
SOUILLAC 10 + 28
SBUILLAC 3,5 - B
Ecart moyen 38 uGal

TABLEAU 1 : ecarts sux fermetures {dérive diurne)

2. ETALONNAGE DE L'APPAREIL

La comparaison des valeurs Lacoste et Romberg et IGSN 71 pour
5 stations europésnnes st 12 stations francaises (tablieau 2) permet de
mettre en évidence un &cart significatif entre lss deux types de réseau.
Les statiaons européennes, pour des raiscns inconnues, montrent des écarts
importants six fois plus élevés en moyenne gue les stations frangaises.
L’ écart mayen est de 0,113 mGal (ou 0,082 mGal si 1'on élimine Gendve J
dont 1'environnement a probablement €té modifié) pour les 5 stations eu-
ropéennas contre seulement 0,017 mGal pour les 12 stations francgaises.
L'étude de la répartiticn des écaris en fonction de la valeur de z ne

permet pas de metire en évidence aucune errsur systématiaue du coefficient

d'étalonnags.
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TABLEAU 2 : comparaison valeurs lLacoste et Romberg et IGSN 71.
Référence{ Statiaons Valeurs L.R. Valeurs IGSN 71 Ecart
IGSN 71 G 225 en mGal® en mGal
STATIONS EUROPEENNES (13782
180 BZA SEVRES A Valeur de référence 3980 925,87 -
218 C4A BRUXELLES A 884 117,186 881 117,32 - 0,134
180 98C KARLSRUHE 980 542,116 980 842,00 + 1,113
180 89J STUTTGART 9840 832,520 980 232,87 - {3,054
180 789 ZURICH 840 /84,739 980 704,71 + 0,028
( GEBENSDORF) Ecart moyen = 0,082
180 BBJ GENEVE 8380 574,675 7 988 574,44 0,235 ¢
ccart moyen = 0,113
STATIONS FRANCAISES (1977-1879)
180 413 MONTAUBAN 980 481,527 980 481,54 -~ 0,013
180 403 AGEN 980 518,380 3980 519,41 - 0,050
180 40P SERGERAC 880 568,511 380 568,55 - 0,339
180 78J CHATEAURENAULT 80 818,598 880 818,53 + 0,009
180 50P CHATELLERAULT 980 757,132 380 767,13 0,002
18C 813 CHARTRES 8980 871,575 280 871,80 - 0,025
180 50K POITIERS K 988 726,880 880 726,83 + 0,050
180 30P ST GAUDENS 980 328,82 (G 125) 880 328,82 0,000
180 3828 PARIS A (1988) 98¢ 928,850 880 828,65 a,000
(1978) 980 8928, 567
180 31A TOULGOUSE 980 427,74 880 427,74 0,000
180 31X CAPENS 380 388,01 8980 388,03 - 0,020
180 82K LE BOURGET 980 935,326 (G 125)] 980 &35,33 - 1,004
Ecart moyen = 3,017
® les valeurs IGSN 71 sont celies publiées par £. MORELLI et =21. (19743).




tes valeurs Trangaises du réseau IGSN 71 ayant 8té mesursdes
& 1'aide de quatre gravimeétres Lacoste et Romberg opérant simultanément,
on s'appergoiz immédiatement gue la valeur adoptée n’est autre gue ia

moyenneg arithmetique des guatre résultats en valsurs Lacoste =2t Romberg.

Ces resultats aussi satisfaisants qu'ils apparaissent st z'ils
réoondent largement aux bescins des géodésiens et des géologues, ne soni
néanmoins pas suffisants pour les métrologistes qui recherchent la valeur
de la pesanteur avec une précision de guelgues 10_7 m.s . Pour ces der-
niers, 11 est nécessaire de calibrer les gravimeétres non plus sur le ré-
seau IGSN 71, mais sur une série de stations absolues. Nous avons réalisé
cet étalonnags entre les stations de SEVRES, BRUXELLES, WIESBADEM, et
TURIN of L. CANNIZZO, G. CERUTTI et I. MARSON [1878) ont effectué une sd-

rie de mesures absolues en 1976 et 1877.

Les coefficients d'étalonnage obtenus (tableau 3) montrent
d'une part que l’'échelle d’'étalonnage du gravimétre Lacoste et Romberg
utilisé est systématiguement sous estimée de 5 & 8.10“4, et d’autre part
gque le décalage n'est pas constant. Si les étalonnages sur SEVRES-BRUXELLES
et WIESBADEN-TURIN sont assez proches 1'un de 1'autre (8.18_5], BRUXELLES-
WIESBADEN diverge nettement E3.1G“4]. Jne telle divergence n'est pas in-
habituelle, et peut étre facilement expliguge par une dérive diurne un
peu plus importante de 1'apparsil au cours de cette liaison (2 centiémes
de milligal suffiraient). Pour atténuer 1'influence de la dérive gui de-
vient particuliérement importante sur les bases d'étalonnage de faible
différance de gravité, nous utilisons un coefficient de pondération dont

le facteur est incrémenté d'unes unité par 100 miliiGal.



TAGLEAU 3 : &talonnage Lacoste et Romberg G 225 sur stetions absolues.

Stations Valeurs L.R. - G 225 G absolu
{corr. Honkaszalo
saustraite)
SEVRES-BRUXELLES (2 journdesd
SEVRES A 980 925,970
SEVRES Extérieur + 9,283
[
BRUXELLES A *+ 180,853 381 117,272
Ag = 191,218 Ag = 191,302
T (=}
184,302 _
BRUXELLES-WIESBADEN {1 journée)
BRUXELLES A " 381 117,272
KETTENIS " 70,431
WIESBADEN - 9,997 881 035,847
= - = 4
- 80,3582 Ag_ = 80,425
_ 80,425 _
K, = 55355 - 1,000 78
WIESBADEN-TURIN (S5 journées)
WIESBADEN 381 036,847
KARLSRUME - 35,388
- ol
TURIN 408,378 980 534,237
Ag_ = - 502,345 Ag_ = 502,810
r a8
_ 502,810 _
Ky = Sg55z - 1,000 53
2K + K. +5K
K =t 2 3 - 1,000 54
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TABLEAU 4 @ établissement de la formule de conversion CGF-IGSN.

Stations Eor 8 1GsN Scalculs Différence
(mGal) {mGal) {mGal) (m3al)
SEVRES A 980 840,40 980 825,97 880 925,36 3,81
PARIS A 880 843,00 | 980 928,58 | 380 828,57 - 0,01
TOULBUSE Pil. 980 442,80 | 980 427,74 | 980 427,78 - 0,02
LE BOURGET K 380 948,73 | 880 835,33 | 980 835,30 Q,03
ST GAUDENS P 980 343,98 8980 328,82 | 980 324,82 0,00
MONTAUBAN J 9840 506,50 880 491,54 | 980 491,54 a,00
AGEN J 980 534,30 | 980 519,41 9830 518,37 0,04
BERGERAC P 8980 583,33 | 980 568,55 880 588,52 0,43
CHATEAURENAULT Jj880 833,17 8980 818,58 880 818,80 - 0,01
CHATELLERAULT P |980 781,77 988 767,13 ‘@80 767,14 - 0,01
CHARTRES J 980 888,08 8980 871,80 980 871,58 0,01
POITIERS K 980 744,57 | 980 726,83 | 980 726,88 - 0,08
CAFENS X 880 403,11 980 388,03 |} 980 388,02 0.01
Ecart moyen 0,018
%~ 0.001205688 x g ~ 1187,15

Stesn - Ecor

SCGF
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3. ETABLISSEMENT DE LA FORMULE DE CONVERSION CGF-IGSN 71

Cette formule a &té établie par la remesure et le calcul dans
le systéme de la Carte Gravimétrique de la France de 13 stations IGSN
71 frangaises encore accessibles (tableau 4). Le calcul des coefficients
pour g & &té& effectué 3 1'ordinateur afin de pouvoir obtenir une préci-

sion suffisante. Les coefficients obtenus sont les suivants

ALPHA = 0,001 205 5&8
BEFOND = - 1187,15

ce qui donne la formule générale suivante :

+ 0,001 205 8688 x Bogr 1197,15

Eigsn ~ ScoF

Cette formule permet d'effectuer les conversions avec ung pré-
cisicn d'environ 0,02 mGal. Les corrections & apporier seront donc pour
la France comprises entre - 14,20 mGal {Dunkergue) et - 16,01 mGal (Pic

du Midi de Bigorrel.

4. LTAISONS INTERNATIONALES

4.1. Belgique

Nous avons relié le Belgique & la France d'une part, =t &

1'Allemagne d'autrs part. Les bases utilisées sont les suivantes ¢

SEVRES : station A pilier du laboratoirs de A. SAKUMA, piéce n°® 1,

(F] appareil posg directement sur la plague du pilier.

SEVRES 6§ @ statien CANNIZZO-CERUTTI Pilier.
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-

SEVRES Extérieur : station situ@e dans la cours du BIPM, & cAté

{7 du chenil.

ARRAS : parvis de 1’église 3t AGNES (cf. schémal.
(F)

CAMBRAI : place de 1'église St GERY [(cf. schéma).
(F)

BRUXELLES A : pilier de 1'0Observatocire de UCCLE. Station IGSN
(B) 216-04A. Appareil posé sur le pilier.

BRUXELLES B : station extérieure de 1’Cbservatoire d'UCCLE, appareil

(83 sur le sol.

KETTENIS : porche de 1'église. Station de premier ordre du nouveau

(8] réseau gravimétrigue belge. Appareil posé sur le sol.
WLIESBADEN : pilier de la salle K 2 au sous-sol du Hessisches Landes-
(D) vermessungsamt. Appareil posé directement sur le pi-

lier. (station CANNIZZO, CERUTTZI).

Les résultsts sont résumés dans le tableau n°® 5.



I - 92.

TABLEAU 5 liaisons France-Belgigque-Allemagns.
tations Ag LR - G 225 &ﬁg;‘ggggébe
SEVRES 6 980 925,59
SEVRES A + 0.077 + 0,077 980 925,97f§%§%§
SEVRES extérieur + 0,283 + 0,283 00 928,23 |
ARRAS + 427,070 + 427,138 981 053,37
CAMBRAT - 3,821 - 3,823 981 048,55
BRUXELLES A + 67,704 87,741 984 117,29
BRUXELLES 6 - 0,743 - 0,743 981 118,55
KETTENIS - 58,683 - 88,728 381 046,82
WIESBADEN - 8,831 - 9,838 581 036,88

4.2. Allemagne fédérale

Jutre la lizison avec la Belgigue dont nous avons déja parlég,

nous avons relig 1l'Allemagne avec la France et la Suisse. Les bases uti-

lisées sont les suivantes

WIESBADEN cf.

KARLSEUHE
(2]

KARLSRUHE
(D)

SAVERNE : gare cf.

(FJ

STUTTGART @
(D)

ENSISHEIM
(F3

schéma.

église. of. schéma.

IGSN staticn 180-88 C. Apparsil sur le sol.

base IGSN 180-85J. Appareil sur is sol.

n® 18, pilier de la cave séismologie de 1'Universiié ds
Karisruhe. Station réseau premier ordre allemand

(OSGN) . Appareil directement posé sur le piliier.
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ALTKIRCH : cimetigére. cf. schéma.

{F]

ZURICH-GEBENSOORF ¢« base IGSN n° 185-78Q. Appareil sur le sol.
(CH)

o

Les résultats sont résumés dans le tableau 8.

TABLEAU 6 : lisiscns Allsmagne-France-Suisse.

Statiens Ag 1R - G 225 Ag corrigé g

WIESBADEN 981 036,88
KARLSRUHE DSGN - 83,368 - 85,417 980 941,46
KARLSRUHE IGSN * 0,885 * U,885 980 942,13
KARLSRUHE OSGN - 0,885 - 8,865 980 941,46
SAVERNE - 9,577 - 8,582 980 231,88
STUTTGART - 89,087 - 88,114 980 832,77
ENSISHEIM T 35,225 - 35,244 980 797,52
ZURICH * 53,898 * 53,727 980 851,25
ALTKIRCH - 73,188 - 73,233 880 776,01

4.3. Suisse

Nous avong relié deux stations helvétigues (Zurich-Gehensdort
gt Geneve) du réseau IGSN au réseau frangais. La premidre lisison & donné
d'excellents résultats [c¢f. tableau 61, mais par conire le seconde est
beaucoup plus douteuse car 1'envircnnement de la station de Geng&ve-Cointrin
T

(180-68J) a &td récemment moditis.



4.4, Italie

Lzs liaisons France-Italie ont sté menées en deux phases sn

1878 =t 1978, Nous avons utilisé les stations suivantes :

BELLFGARDE : Cimetiére. Cf. schéma.
{F)

BONNEVILLE : gare. Station récemment détruite.
{F)

CHAMONIX : poste de péage du tunnel du Meont Blanc, escalier du

(F) bureau de change {cf. schéma).

TURIN : istituto di Metrologia "G. COLONETTI". Pilier de la salle

(1) £ 9 au sous-sol. Appareil sur le pilier.

FING TDRINESE : Usservatorio di Pino Torinese. Ancienne coupole

(1} astronomique. Appareil sur le sol.

LE BOURGET OU LAC : parvis de 1’é&glise (cf. schémal.
(7

ARLES-FOURCUES B : angle du monument aux morts {(cf. schémal.
(F)

NICE : église de 3% Isidore {Banlieus Ouest de Nice). Cf schéma.
(Fl

VINTIMIGLIA : douane frangaise de l'autoroute A 8.
(I

Les résultats sont rassemblés dans le tableau 7.



TABLEAY 7 : liaisons France-Italise.

Stations Ag LR - G Z25 Ag.corrigé g
ALTKIRCH 980 778,01
BELLEGARDE - 207,887 - 208,079 380 569,93
BONNEVILLE - 93,884 - 53,853 980 516,04
MONT BLANC - 245,391 T 25,524 g5 270,518
TURIN * 283,802 v 283.78% | gap 534,28
PIND TORINESE - 108,007 - 108,084 | gag 428, 20
LE BOURGET * 98,030 + 99,083 880 527,728
TURIN * 8,877 * 8,887 380 534,25
FOURGUES B T 27,774 - 27,783 980 508,47
NICE - 14,804 - 14,812 980 491,65
VINTIMIGLIA * 37,503 + 37,523 980 529,16

4.5, Espagne

Mous n'avons pas réellement effectué une liaison France-
Espagne, mais implanté une station frontaliégre sur l'sutoroute A 3 au
Col du Perthus. La station a été reliée aux bases existantes de
CARCASSONNE, ST MARTIN DE CRAUX et ARLES B, cette dernigre stant direc-

tement reliée & TURIN.
Les résultats sont présentés tableasu 8.

TABLEAU 8 : liasisons France-EZspagne.

Stations Ag LR - G 225 Ag corrigé g
TURIN 580 534,28
ARLES-FOURGUES B " 27,774 - 27,788 980 505,47
‘LE PERTHUS - 177,833 - 177,783 380 328,68
CARCASSONNE * 61,018 + 51,051 380 388,73




5. VALEUR DE LA PESANTEUR A TOULOUSE

Nous avons dans 1'introduction expliqué 1'importance de la
connaissarce exacte de la valeur de la pesanteur & la station de
Toulouse., Aussi pour affiner cette valeur nous avons gufre la liaison
avec Turin, réalisé deux autres liaisans avec Sévres, l'une via
Spuillac et Orléans, l'autrse via Arles et Tarare (Lyon). L'examen des

résultats (tableau 9) améns un certain nombre de remargues.

1) La nouvelle valeur de ila pesanteur a Toulcuse obser-

vatoire, pilier de la premiere salle est de 380 427,48 mial.

2) La preécision de cette valeur =st 1ife plus a 1l'incer-
titude sur lg copefficient d’'etalonnage vtilissé (Km = 1,000 54] qu'aux

écarts entre les différentes liaisaons.

3} La liesiscn Pino Torinese-Toulouse gqui nous aurait
permis de nous affranchir de cette incertitude sur K est inexploita-

H

bie en raison de 1l'imprécision sur la mesure absolus (4,1 mGall.

4} La liaison Paris-Toulouse-Pic du Midi de Bigorre
effectuée en 1877 & 1l'aide du gravimetre Lacoste et Romberg mcdéle
G 125 de la DMA (affectsd du méme coefficient d'éizlonnage par rapport
aux stations absclues gue le G 225) fournit une valeur de g absclument

identigue pour Toulous=a.
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TABLEAU 9 : valeur de l1la pesanteur & Toulouse-Observatoire (Pilier)
Stations Ag LR - G 225 Ag corrige g
TURIN 980 534,285
ARLES B 27,774 " 27,788 980 508,47
TOULDUSE Pilier - 78.857 - 79,008 980 427,47
PING TORINESE 880 428, 12%
TOULOUSE Pilier - 0,731 - 0,731 980 427,30
SEVRES 980 925,37
TARARE - 334,042 - 334,222 380 581,75
ARLES B - 85,213 - 85,259 980 508,483
TOULOUSE Pilier - 78,872 - 78,015 980 427,48
SEVRES 980 925,97
SOUTLLAC - 385,282 - 365,473 980 550, 49
- - [a]u]
TOULDUSE Pilier 132,926 132,588 980 427,49
Liaison 1877 Ag LR - G 125
SEVRES 980 925,87
ORLEANS - 103,18/ - 103,253 980 822,72
— A -
RILHAC RANCON 218,645 218,783 980 503,95
(Limoges]
- A -
SOUTILLAC 3,300 43,323 980 580, 43
— u] -
SLAGNAC 118,528 118,862 980 441,77
TOULOUSE Pilier 880 427,48
PIC DU MIDI DE BIGORRE - 899,19 - B98,368 §79 727,91

* Valeur provisoire valable 2 % 100 uGel, aimablement fournie par

G. CERUTTI.



CONCLUSTIONS

La série de liaisons gravimetrigques longues distances st de
liaisons internationales entreprises par le B.R.G.M. de 1877 a 18749,

a permis

- d'établir la formule précise de passags du systémes de

la Carte Gravimétrique de la France dans ie systeme IGSN 71 ;
- de cantrdler la précision du systame IGSN 71 en France :

-~ de connecter le réseau gravimétrique francais & csux

des pays surcpéens fraontaliers ;

- de calculer une nouvelle valeur de la pesanteur 3
Toulouse Observatoire. Cette valeur, est égale & 3280 427,48 mBal aprés
calage sur les stations absolues de Seévres-Bruxelles-Wiesbaden et Turin.
Cette valeur sera utilisée juscu'a réalisation d’une mesure absolue &

Toulouse.

Ces études ont permis en outre de contrdler 1'2tat de 1'ancien
réseau gravimétrique et de jeter les basks d’un nouveau Réseau Gravimetri-
gue Frencais, le R.G.F. 80 qui sera calé sur des mesures absclues de pe-

santeur.
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The method of sequential optimization for the optimal design of
geodetic networks is described and applied to the planned German gravity basic
network 1976 and to the planned gravity network of Lower Saxomy. The practical
aspects of the optimal design with different target functions are discussed.
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With a torsiom balance certain combinations of the second partial deri-
vatives of the gravity potential can be measured. Near the Earth surface these
data include short periodical parts because of the influence of topographic
irregularities. For geodetic purposes, such as computlng differences of
vertical deflections and geocidal helghts, a suitable integration of these
data is necessary. This operation requlres the elimination of the high
frequent components, which already in hilly terrain will leads to difficulties.

The purpose of this investigation is the geodetic application of torsion
balance measurements with special emphasize to modern evaluation techniques.

Starting with common mathematical models for computing the effect of
topographic masses, a rigorous method is developed. For practical use a
combined procedure is recommended and its accuracy is discussed. It is shown,
that also mathematical smoothing techniques may be applied ; especially the
least squares prediction is a very suitable procedure.

For the interpolation of vertical deflections and geoidal height-dif-
ferences a model is developed, which allows a combined rigorous adjustment of
torsion balance data and observed vertical deflections (astrogradlometrlc
levelling).

All the methods are tested in a test area. The results show, that under
the given conditions (hilly terrain near a mountain—chain) geoidal height-
differences can be determined with a relative accuracy of + 5 mm/km.

RODDE A. - "Simultambestimmungen der Lotabweichungskomponenten % und ¥
mit dem Prismenastrolabium Vb Beobachtungen im 48. Breitengrad im Jahre 1972,
DGK, Reihe B : Angew. Geod. H. N° 199, 102 §, Frankfurt, 1977.

Author reports on his astronomic determinations of longitudes and latitudes
performed simultaneously on i9 stations om the profile of the geoid at 48° of
latitude, as well as on the calculation of the components érand 7 of the
deviation of the vertical.

*Les numéros font suite i ceux indiqués dans le Bull. Inf. N° 45, Décembre 1979.
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BONATZ M. - "Zur Bedeutung der Erdgezeitenforschung fur die Geodasie".
Mit. Inst. Theor. Geod., Univ. Bomn, N° 41, 13 §, 1976,

As a contribution to the interdisciplimary discussion about the aims
and possibilities of earthtide research the relevance of the determination of
ridal deformations of the Earth for solving geodetic problems 1is demonstrated
in a general scope. A complex draft on an iterativ solution of the problem is
presented.

BONATZ M. & Th. WERNER - "Teststation Erpel bein Bonn - Untersuchungen zur
Bestimmung von Einflussparametern bei Klinomettischen Gezeitenregistrierungen'.
Mit. Inst. Theor. Geod., Univ. Bonn, N° 42, 66 §, 1976.

BONATZ M. ~ "Zum Problem der Bestimmung kleiner vertikaler Schwereunterschiede'.
Mit. Inst. Theor. Geod., Univ. Bomn, N° 45, 18 5, 1976.

Measurement of vertical gradients of gravity means always measurement of
gravity differences. To apply the possibilities of modern instruments as well
as for elimination of "local noise™ in gravity along a plumbline due to near
disturbing masses it is proposed uniformely to approximate the vertical
gradient of gravity by that quotient which appears by a vertical displacement
of | meter ; the corresponding variation of gravity is called "small vertical
gravity difference". For determination of such a gravity difference along the
vertical calibration basis of the Earth tide station Bomn four techniques
were applied : combined method of measurement and calculation, measurement by
an astatized lever arm balance, measurement by gravimeters of typ Askania,
measurement by gravimeters of type LaCoste. The results show agreement generally
better than 1.5 %. To improve the precision of measurements of small vertical
gravity differences by gravimeters some proposals are made. It is pointed out,
that it is necessary to solve the problems of possibly occuring systematical
instrumental errors depending on movement of the gravimeter and different
heights of observation.

BONATZ M. & H. WILMES - "Gravimetrisches Gezeitemprofil Bonn — Lomgyearbyen
(Spitzbergen), Hauptpartialtiden fur die Stationen Bodd und Tromso" .
Mit. Inst., Theor. Geod., Univ. Bonm, N°® 46, 16 S, 1976.

The results of measurements in two additional stations of the gravimetric
tide profile Boon - Spitzbergen are presented. Concerning the results of the
earlier observed stations Bonn, Oslo, Bergen and Trondheim see BONATZ M, 1975.

The measurements were carried out with the transformed Askania—~Gravimeter
BN~-02 (GS 12 N° 85a). Relative to the first observation period the electronical
part of its capacitive transducer system was improved introducing two active
filters in series. ...

FISCHER E.U. - "Uber den Finfluss von Fehlern in den Mondkoordipaten auf die
Integration der Bahnmen Kumstlicher Erdsatelliten”.
Mit. Inst. Theor. Geod. Univ. Bonn, N° 47, 40 §, 1977.

A simple method for taking into account the influence of the sun and the
moon on a satellite orbit has been applied by Koch and Morrisom (1570) in
conpection with the simple layer model. The reliability of this procedure 18
examined for the moon by means of lunar ephemeris. Analytic expressions for
the determination of the errors in the orbital elements of a satellite are
given for periodically varying errors in the ephemeris of the sun and the moon.
Finally an alternate method based on the interpolation of ephemeris with high
precision is proposed.
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BONATZ M. & K. SCHULLER - "Erdgezeitenstation Bonn - Ergebnisse fur die
Parameter der Hauptpartialtiden und ihre Konfidenzintervalle nach der BEYCON
methode aus Registrierungen mit elf Gravimetern im Zeitraum 1971-1976".
Mit. Inst. Theor. Geod. Univ. Bonn, N° 50, 28 S, 1977.

The registrations of eleven gravimeters (Type : GS 15, LaCoste-Romberg, BN)
are analysed by the HYCON-method in order to derive actual tidal parameters
of the main tidal frequency bands for the station of BONN. Best unbiased
estimates of the amplitude coefficients and phase differences are presented
with the associated confidence intervals, based on 95 % statistical security.

BONATZ M. & H. WILMES — "Gesamtergebnisse gravimetrischer Gezeiten-
registrierungen in der Station Reunion im Indischen Ozean".
Mitt. Inst. Theor. Geod., Univ. Bonn, N° 51, 18 S, 1977.

From March 1974 to October 1975 at the Isle of Reunion measurements of
the gravimetric tides were performed with an Askania~Gravimeter GS 15. The
observed data were analysed according to Chojnicki's method. The relatively
small indirect effect of oceanic tides within the parameters of the gravimetric
tides as well as the big meteorological perturbation in the 51~ band 1is
remarkable.,

SCHULLER K. — "Uber die Interpretation der Ergebnisse von Fourieraralysen
eindimensionaler diskreter Prozesse im Zeit - und Frequenzbereich".
Mit. Inst. Theor. Geod. Univ. Bonn, N° 54, 23 S, 1977.

It is shown how to apply Fourier techniques to periodic and transient
processes and how to interpret the subsequent results in the time and
frequency domain. Concerning random series, power spectrum estimators are
discussed with respect to unbiasness and consistency. Using the X2 properties
of the power spectrum, confidence intervals are deriwved.

FREEDEN W. - "Stokes" Boundary ~ Value Problem of Physical Geodesy and its
Numerical Computation'.
Mit. Inst. Theor. Geod., Univ. Bonn, N° 56, 26 S, 1978.

This paper is concerned with the solution of Stokes' boundary—-value
problem of physical geodesy and its numerical computation only from discretely
given boundary data.

In the first part, by use of the concept of Green's fumctions Stokes'
integral formula is developed from Green's identities. .

Then 2 method is used to approximate Stokes' integral representation by
a linear combination of values of the integrand at given points and to
optimize the accuracy of computatiom.

The purpose is to explain a simple technique of approximating disturbance
potential only from a finite number of given gravity anomalies.

WILHEM H. - "Bestimmung elastischer Parameter des Erdinnem durch Erdgezeiten".
DGK, Reihe C : Dissert. H. N° 222, 68 S, Minchen, 1976.
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gestorten Erdmodells unter dem Einfluss des Gezeitenpotentials".
DGK, Reihe C : Dissert. H. N° 225, 130 S, Munchen, 1976.

Im Rahmen der vorgelegten Arbeit wird die Bewegung eines Erdmodelles
mit lateral-gestOrter, ansonsten radialsymmetrischer Dichtestruktur unter
dem Einfluss des langpericdischen Anteiles des Gezeitenpotentials mittels
gewohnlicher, linearer Differentialgleichungen zweiter Ordnung beschrieben.
Grundlage der Erstellung der Bewegungsgleichungen bildet das konzept der
Storungsrechnung . Die den raumlich-zeitlichen Vorgang beschreibenden Grossen
bestehen demzufolge aus einer sogenannten Grundlosumg, die der Bewegung einer
rein radialsymmetrischen Erde entspricht, und einer Losungsstorung, die aus
den Dichtestdrungen resultiert. Die Grundldsung steht in funktionalem Bezug
zur Erregung der Gesamtbewegung, d.h. hier in Bezug zum langperiodischen
Anteil des Gezeitenpotentials ; die Losungsstorung bedient sich zu ihrer
Darstellung der Funktiomen, die zur Formulierung der lateralen Einlagerungen
verwendet werden. Beim hier behandelten Sonderfall beschramkt sich die
diesbezugliche mathematische Beschreibung auf die Verwendung Legendrescher
Polynome. Als Storkdrper werden demnach langenunabhangige, ringformige
Dichtestrukturen oberhald der radialsymmetrischen Grundstruktur angenowmmen.
Zur Lésung der angegebenen Bewegungsgleichungen bedarfes der numerischen
Integration, die sich weitgehend des bei (Alterman et al. 1959) aufgefuhrten
Verfahrens bedienen kann, im Rahmen dieser Abhandlung jedoch nich durchgefuhrt
wird.

HEKIMOGLU S. - "Absolute und relative Erdgezeiten—Analyse mit Schwebungs—
parametern und spektraler Darstellung des Storsignals”.
DGK, Reihe C : Dissert. H. N° 226, 103 S, Munchen, 1976.

SCHULLER K. — "Ein Beitrag zur Auswertung von Erdgezeitenregistrierungen'.
DGK, Reihe C : Dissert. H. N° 227, 86 S, Minchen, 1976.

HEIDENREICH £.D. — "Eine Darstellung des normalen Schwerefeldes uber
eine Potentialfortsetzung nach unten”.
DGK, Reihe C : Dissert. H. N° 229, 68 S, Munchen, 1977.

HEIN G. - "Die Berechnung von anomalen vertikalen Schweregradienten
hohexr Prazision".
DGK, Reihe C : Dissert., H. N° 234, 119 S, Munchen, 1977.

Die vorliegende Arbeit beschaftigt sich mit genauen Methoden zur
Berechnung des anomalen vertikalen Schweregradienten auf der Grundlage
der Molodensky-Theorie. ...

PREUSSER A. - "Ein dreidimensionales Berechnungsmodell fur geodatische
Punkt und Geoidbestimmungen'.
DGK, Reihe C : Dissert. H. N° 238, 102 S, Munchen, 1977.

Die Bestimmung von Punktfeldern der Erdoberflache kann als eine
Zentrale Aufgabe der Geodasie angesehen werden. Diese naturgemass dreidi-
mensionale Probiemstellung wurde in der klassischen Geodasie durch Abspalten
des Hohenmproblems auf ein zwel dimemnsionales Problem der Lagebestimmung auf
einem Rotationsellipsoid zurickgefuhrt. Zwar entwickelte Bruns /4/ bereits
1878 eine grundlegende Theorie zur gemeinsamen Berechnung aller drei Koor—
dinaten, doch scheiterte die Verwirklichung eines "Brunsschen Polyeders'
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ins besondere an den Schwierigkeiten, Zenitdistanzen Uber grosse Entfern—
ungen unter Berucksichtigung der Refraktionsanomalien der Luft mit der
erforderlichen Genauigkeit messen zu kdmnnen. So blieb zur Bestimmung der
Hohen in erster Linie das Nivellement. Die getrennte Behandlung von Lage-—
und Hohenproblem war flur die damals durchfuhrbaren Messungen durchaus
gerechtfertigt korrektionen an den Messungen reichten aus, um die geringe
gegenseitige Beeinflussung zwischen Lage und Hohe zu berucksichtigen. Eine
Verfalschung der Ergebnisse war dadurch nicht zu befurchten.

BAYER R. & A. LESQUER - "Les anomalies gravimétriques de la bordure
orientale du craton ouest africain : géomé@trie d'une suture panafricaine”,
CNRS -~ USTL, Centre G8ol. & Geophys. Montpellier, Rapport d'activité& 1977,
p. 71-102, 1978.

A Bouguer anomaly map of West Africa including last gravity surveys is
given here. The gravity trends on the West African craton are very different
from those of the panafrican mobile belt. The limit between the two domains
shows positive gravity anomalies which well define a suture zome. We propose
that the geometry of the suture is almost the same than the craton margin
during the oceanic expansion starting 850 M.y. ago.

According to the suture the Pre—Panafrican subsident basin of Gourma (Mali)
has a transverse position. Its associated positive anomaly may be interpreted
as a crustal thinning and suggests that the basin is an aulacogene.

The structure assoclated to suture positive anomalies are very important,
their thickness varies on an average from 6 to 20 km ; they often present an
unward dipping contact and probably correspond to basic or ultrabasic rocks.

The collision between a rigid block with a complex boundary as assumed
by gravity interpretation and a complex rigid-plastic domain may explain the
virgation of the structure in Mali and the major NS shear belts parallel to
the edge of the craton.

BUREAU of MINERAL RESQURCES, GEOLOGY & GEOPHYSICS, Canberra.
BMR Journal of Australian Geology & Geophysics, v. 1, N° 4, Dec. 1976.

DOOLEY J.C. & B.C. BARLOW - "Gravimetry in Australia 1819-1976".
p. 261-271,

The earliest known gravity measurements in Australia were made by French
expeditions in 1819 and 1824, using pendulums at Sydney. Later in the 19th
century, further pendulum measurements with an accuracy of about 10 mGal
were made at various capital cities by observers from Britain, Bavaria,
Austria - Hunmgary, Russia and Italy.

A very early gravity meter was designed and constructed at Sydney
University during the last decade of the century, but was used only
experimentally. Reasonably accurate gravity meter surveys started about
1947.

The Cambridge pendulums were used in 1950-51 to establish a national
network of 59 stations with an accuracy of about 0.8 mGal ; this was supple-
mented between 1950 and [959 by gravity meter and pendulum measurements made
as part of international surveys, which also helped to relate the Australian
datum to the internatiomnal network.
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Meanwhile, surveys, mainly for geophysical prospecting, were made by
Government authorities, universities, and private companies ; some of
these surveys covered extensive areas and enabled compilation of a pre-
liminary Bouguer ancmaly map in 1959.

Early marine gravity surveys included observations in nearby oceans with
Vening Meinesz' submarine pendulums, gravity measurements on offshore
islands and reefs, and from 1956, underwater gravity meter surveys on the
continental shelf.

Two factors stimulated regiomal gravity coverage in 1959 - firstly the
Petroleum Search Subsidy Act, which ensured that exploration data from sub-
sidized surveys were publicly available, and secondly, use of helicopters
for recomnaissance gravity coverage of the continent, which was completed
in 1973. Gravity data at sea were obtained mainly from reconnaissance marine
geophysical surveys carried out under contract to BMR between 1965 and 1973,
but include also traverses by internatiomal survey vessels and exploration
companies.

Gravity meter calibration ranges were established in the main cities in
1960-61. Gravity values at the Cambridge pendulum stations were revised in
1962 using all relevant data, to establish a more accurate control network
with standard errors ranging from 0.2 to more than 0.4 mGal for compilation
of data from many surveys. These values were superseded by the Isogal Project
of 1964—-67, which gave values with standard errors of 0.1.0.2 mGal, in
which several gravity meters were transported by aircraft along trans-
continental east—west traverses. Values at the eastern ends of the traverses,
forming part of the Australian Calibration Line (ACL), were established by
a U.S. Air Force survey in 1965. The accuracy of the ACL was significantly
improved by Soviet pendulum measurements in 1972-74, and joimnt Soviet~
Australian gravity meter measurements in 1973 - a precision of about 0.0! mGal
being achieved.

MATHUR S.P. = "Relation of Bouguer anomalies to crustal structure in
southwestern and central Australia'.
p. 277-286.

An analysis of the gravity field in two largely Precembrian metamorphic
rock areas of Australia, ome in the southwestern and the other in the central
part, indicates that the regional Bouguer anomalies may be explained by
models of the crust and upper mantle consistent with the other geophysical
and geological observations.

In the southwestern part, the longer wavelength component of the
anomalies is consistent with a crust which has been determined by seismic
measurements to be greater thanm normal in thickness and density in the west
owing to the presence of a high-velocity basal layer that thins out eastwards.
The shorter wavelength components show excellent correlation with the near-—
surface geology.

In central Australia, where no comparable seismic measurements have been
made, the Bouguer anomaly field, which is dominated by large amplitude
(up to 150 mGal) and long wavelength (about 150 to 200 km) components, is
interpreted in terms of thickness and structure of a two-layer crust. The
derived crustal model is based om the conmcept of folding and faulting that
involves the entire crust znd upper mantle, and is compatible with the broad
aspects of surface geology and structure.
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The crustal upwarps in the model, with the intermediate and Mohorovicic
discontinuities at depths as shallow as 15 and 27 km, are assoclated with

the Arunta and Musgrave Blocks, where deep crustal rocks are exposed against
large thrust faults. The crustal downwarps, with the discontinuities as deep
as 31 and 43 km, are associated with basins containing substantial thicknesses
of sediments. Depths to these discontinuities are in agreement with those
estimated from the only two isolated deep seismic reflection preobes in the
basin areas.

WELMAN P. - "The gravity field of the Australian basement”.
p. 287-290.

The Australian gravity field is analysed to determine whether the basement
differs between regions of exposed basement and of covered basement (sedi-
mentary basins). When the thickness of cover is allowed for, there is no
systematic change in gravity variability from exposed to covered basement
regions and the pattern of density differences is inferred to be similar in
the two basement types. With ome exception the trends of the gravity anomalies
are continuous from covered to exposed basement regions ; therefore geolo-—
gical structure and rock formations in the basement are considered to be
continuous between the two kinds of regions. After making allowance for
altitude and the effects of cover beds, the covered basement 1s calculated
to have gravity anomalies that average 5 mGal less than the exposed basement.
This gravity difference is probably caused by the two kinds of basement not
being isostatically balanced relative to each other, rather than the basements
having a different average density. No major differences between exposed and
covered basement are apparent. It is likely that the two basement types have
a similar history of formation, and comsequently similar mineral potential.

DOOLEY J.C. - "Variation of crustal mass over the Australian region'.
p. 290-296.

Seismic refraction surveys in Australia and nearby marine areas provide
data on crustal velocities and layer thicknesses. The averages of these at
various places have been used to estimate a demnsity-~depth structure. By
applying corrections for average elevation and free—air gravity, a crustal
mass deficiency (CMD)} is calculated for each site ; this characterizes a
standard crustal column with zero elevation and zero free—air anomaly,
which is considered to be in isostatic equilibrium over a mantle of uniform
density 3.32 t/m3.

The CMD ranges from about 13 kt/m? in the south-west of the continent,
to about 21 in parts of Queensland ; marine values range from 15 to 17 kt/mZ.
The variations imply that isostasy on a broad scale is not complete at the
base of the crust. As the gravity field indicates that departures from
isostasy are comparatively small, compensation occur partly in the mantle.

WELLMAN P. - "Regional variation of gravity, and isostatic equilibrium of
the Australian crust’.
p. 297-302.

In eastern Australia free—air anomalies and altitudes averaged over
x 1° areas show a positive correlation of + 0.05% + .004 mGal m 1.
Isostatic compensation of topography and crustal masses is thought to be
mainly at the base of the crust, but partly deeper in the mantle, and to be
almost complete for 1° x 1° areas.

]0
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In central and western Australla free—air anomalies and altitudes
have a zero or slightly negative correlation with a larger scatter ;
isostatic compemsation is thought to be complete only for 3° x 3° areas
and to be predominantly at the base of the crust. The deeper compensaticn
in eastern Australia is thought to be related in some way to the vouth of
the crust and the presence of a low velocity zone at about 130 km. Elsewhere
in the world Phanerozoic areas have a positive free—air anomaly altitude
correlation, and Precambrian areas a negative correlatiom ; so the dif-
ferent modes of isostatic compensation found in Australia may apply to
crust of similar age elsewhere in the world.

In Australia the residual 1° x 1° area anomalies found by removing
altitude, long wavelength and sedimentary effects generally have an
amplitude of 30 mGal and a wavelength of 6° ; they are thought to be due
to isostatically compensated variations in crustal density. Using these
anomalies, variations in ecrustal thickness are predicted.

SYMONDS P.A. & J.B. WILCOX - "The gravity field of offshore Australia™.
p. 303-314.

The free-air anomaly field of offshore Australia has been divided into
about fifty regional gravity provinces, each of which is characterized by
uniformity of trend, free—air ancmaly level, or degree of disturbance.
These are discussed in relatiom to structural and/or bathymetric features
in each region. The Bouguer anomalies are used as a rough guide to
variations in crustal thickness.

On the continental shelf the free—air anomaly provinces generally
correlate with the main structural elements. The Precambrian shields are
associated mainly with regional gravity lows, and the peripheral mobile
belts mainly with gravity ridges. On the northwest and southern margins
these mobile belts cut across the comtinental shelf and appear to be
truncated at the shelf-break. On the marginal plateaus and terraces the
free—air anomaly pattern largely reflects the relative elevation of basement
and the thickness of sediment. The well defined gravity highs om the Lord
Howe Island and Tasmantid seamount chains are caused by the combined
effects of sea-floor topography and high-density igneous bodies.

Regional positive free—air anomaly values over the broad continental
shelves of the Northwest and Southern Margins, and negative values on the
adjacent abyssal plains, indicate that slight readjustment of the crust/
mantle interface must occur in these regions if isostatic equilibrium is
to be attained. However, the well-defined free-air anomaly ridges and
troughs which correspond to the top and foot of the continental slope
respectively, are largely a "gravity edge effect" caused by abrupt changes
in water depth and erustal thickness. This can reach + 70 mGal over steep
slopes, such as that bordering the Tasman Basin. Regional positive free-air
anomaly values over the Queeunsland and Marion Plateaus indicate that slight
subsidence of these features is necessary if they are to attain isostatic
equilibrium.

The Bouguer ancmaly values indicate that the crust thins oceanward
except in the Timor Sea area where crustal thickening occurs, probably
due to intevaction of lithospheric plates along the Inner Banda Arc. Crust
of typically oceanic thickness (10 = 15 km) is confined to the lower part
of the continental slopes and the abyssal plains, generally oceanward
of the 4000 m isobath.
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TERRON 0., W. ANFILOFF, F.J. MOSS & P. WELLMAN - "A selected bibliography
on Australian gravity".

p. 315-319.
This bibliography mainly contains reports of those major surveys
used to comstruct the 1976 1| : 5 million gravity map of Australia. The

bibliography is listed in alphabetical order, and the list ig numbered
consecutively. Figure 1 relates the reference number to the area covered

by each report. Most reports give the survey method, logistic information,
the gravity meter number and its calibration details, the datum of horizontal

-coordinates, vertical coordinates and gravity, the accuracy of the reduced

position and gravity data. A Bouguer anomaly map, and a description and
geological interpretation of this map.

Also included are selected publications on the progress of gravity
mapping, on the establishment and refinement of a natiomal gravity reference
network of base stations to define datum and scale, and of the use of the
mapped gravity anomalies in the definition of geological structure and in
geodetic studies.

FRASER A. - "Gravity province and their nomenclature”.
p. 350-352.

Gravity features have been defined and named by the various authors
who have interpreted the results of land and marine reconmaissance gravity
surveys in Australia. In general, two classes of feature have been identified,
gravity provinces and gravity units. A gravity province is a region where the
gravity field is characterized by uniformity of some property, such as contour
trend, gravity level, or degree of contour disturbance, which distinguishes
it from neighbouring provinces. & gravity unit is a subdivision of a province.
Neighbouring units are again distinguished from each other by differences in
contour trend, gravity level, or degree of contour disturbance ~ but on a
smaller scale.

Many gravity features were originally defined from the results of indi-
vidual reconnaissance surveys in isolated areas and have been shown to be
inconsistent with the regional gravity pattern after more extensive coverage
has been obtained. Land and marine gravity coverage is now virtually complete,
and an attempt has now been made to rationalize gravity province boundaries
and names over the whole of Australia and its continental margins. In all,

125 provinces have been defined and named. It is recommended that authors
made use of the names when discussing regional gravity features.

DOOLEY J.C. ~ "Implications of Australian seismic and gravity measurements
for the structure and composition of the upper mantle™.

from : BMR Jourmal of Australian Geology & Geophysics, v. 2, N° 1, p. 1-5,
Canberra, March 1977.

In a2 previous paper densities of crustal layers were inferred from
seismic refraction surveys in Australia and surrounding marine areas. These
indicated substantial variationms in crustal mass. As the free-air gravity
field does not show anomalies corresponding to these, it is inferred that
compensating mass variations must occur in the upper mantle. Sub-crustal
mantle densities, inferred from P, velocities, in general do not provide the
required mantle mass distribution ; however in some parts of the continent
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observed increases 1n seismic velocity at depths of 60 to 100 km suggest
density changes which would lead to approximate compensaticn at about 130 km
depth, correspouding to the top of a low-velocity layer suggested by surface
wave studies.

Marine crustal masses are reasonably close to a common wvalue, but the
wide variation of P, velocities implies a corresponding variation of den—
sities which would counteract this compensation if they persisted in depth.
It is suggested that the P, velocities represent comparatively thin layers,
and that deeper density changes occur so that compensation takes place at
80 to 100 km, at the top of the sub-oceanic asthenosphere.

The West Australian shield has the highest crustal mass, and also the
highest By velocity, which implies a further relative increase in mass
with depth. If the sub—shield mantle is assumed to consist of refractory
peridotite with a relatively low demsity corresponding to its P, velocity,
the discrepancy in crustal mass with respect to the other areas is veduced
with increasing depth, but is still not eliminated at depths less than
about 160 km.

This suggests that the sub—shield mantle above this depth has enough
strength to support the differential pressure associated with the excess
crustal mass. This conclusion is in accordance with other evidence, suggesting
that sub-shield or sub-continental mantle differs from sub—oceanic mantle to
depths of several hundreds of kilometers, and hemce that the return flow
compensating for plate—tectonic moticns cannot take place at depths of 100
to 200 km, as often supposed.

WELLMAN P. - "Gravity evidence for abrupt changes in mean crustal density
at the junction of Australian crustal blocks".

from : BMR Journal of Australian Geology & Geophysics, v. 3, N° 2,

p. 153-162, Canberra, June 1978,

The major gravity anomalies in central and western Australia occur as
elongate dipoles, either in isclation or im a series. Each dipole is thought
to be caused by an abrupt change in mean crustal density at the junction of
two crustal blocks and by the associated isostatically compensating masses.
Typically onme block has along its margin a strip with anomalously high mean
crustal density, and the other block has normal demsity crust covered by
several kilometers of low density sediment. The observed anomalies are
consistent with the anomalous masses being isostatically compensated by
variations in the thickness of the crust, the crustal thickness variatiouns
being gradual and extending to about 100 km from the boundaries of the
anomalous bodies.

The crustal block boundaries inferred from dipole anomalies correspond
in position with the crustal block boundaries inferred from geology, and
approximately with the position of block boundaries inferred from changes
in the gravity trend pattern. Usually the block with younger basement has
high density material along its margin, and the other, older block is
covered with sediment ; both these features are likely to be caused by the
process that created or emplaced the younger block. The presence of relatively
dense material high in the crust along the margins of the younger blocks
suggests that younger blocks are not superficial features on a uniform old
crust. The dipole anomalies on the Australian Precambrian crust are similar
in magnitude and tectonic position to thoese recognised at Precambrian province
boundaries in Canada.



683 — MAKRIS J. - "A dynamic model of the Hellenic arc deduced from geophysical
data".
from : Tectonophysics, v. 36, p. 339-346, 1976.

Combined gravity and seismic data from Greece and the adjacent areas
have been used to explain the high seismicity and tectonic activity of this
area. Computed 2-D gravity models revealed that below the Aegean region a
large "plume" of hot upper-mantle material is rising, causing strong atte-—
nuation of the crust. The hot "plume" extends to the base of the lithosphere
and has very probably been mobilized through compressional processes that
forced the lithosphere to sink into the asthenosphere. The above model is
supported by

- high heat flow in the Aegean region,

- low velocity of the compressional waves of 7.7 km/sec for the

upper mantle ;
~ lower density than normal extending to the base of the lithosphere ;
- teleseismic P-wave travel-time residuals of the order of + 2 sec

for seismic events recorded at the Greek seismic stations

- volcanics in the Aegean area with a chemical composition which can

be explained by assuming an assimilation of oceanic crust by the
upper mantle ;

~ deep seismicity (200 km) which has been interpreted by various authors

as a Benioff zone.

684 — MAKRIS J. & R. VEES - "Crustal structure of the Central Aegean Sea and the
Islands of Evia and Crete, Greece, obtained by refractional seismic
experiments",
from : J. Geophys. N° 42, p. 329-341, 1977,

In 1973 and 1974 deep seismic sounding experiments were performed in the
Aegean area by German and Greek geophysicists, from which two ecrustal seetions
were established. The one strikes along the islands of Amorgos—Mikonos—
Andres and Evia and the other along Crete, in the E-W direction. The main
results obtained are :

Along the Amorgos—Mikonos—-Evia section the crust is updipping from
32 km below Evia to 26 km below Amorgos in the southern Aegean Sea.

The crust is of the continental type with V. = 6.0 km/s for the crys-
talline basement and 7.7 km/s for the upper mantgg.

The average velocity of the crust computed from PP - reflections
has a value of 6.21 km/s.

The sedimentary cover is very unevenly distributed with maximum
thickness at North Evia. The crystalline basement ocutcrops at the southern
part of the island and the Cyclades.

Along Crete the crust is somewhat thicker, than that below South-Evia
with 34 km at the western part and about 30 km at the eastern part of the
island.

At the western part of the island the nappes have their greatest
thickness, the messara pasinin the east containing the largest neogene sequences
on Crete,

The crustal structure of Crete is also of the average continental type.






