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GuNERAL INPORMATION

Mr J.J. LEVALLOIS, who was appointed Director of the Bureau
at the XVIth IUGC General Assembly in Grenoble (1975), has retiraed

on the Ind of December. He conseguentlv sent his resignation to the
President of the Union.

The problems which arose about his succession give the i ikt
tunity of reorganizinc the activities of BGT in the context of a new
host Agency which would provide better facilities and result in =

better Service.

Thersfore, the "Groupe de Recherchas de Géoddsi
{GRGE) in Toulouse, and the "Bureau de Recherches Géol
Miniéres” (BR™M) in Orléans, the organization which ha
data base for BGI for four vears, proposed in Canberra (during tho
KVITth IUGC Ceneral Rssembly) to take over the activities of tho
Bureau. The proposal ltself was presented by the French Hational
Comrittee of Geodeny and Geophysics. It obtained the agreenent of
the International Association of Geodesy, of the Internationa
Gravimetric Commission, of the Federation of Astronomical and
1=

M

Ceorhysic ervices, and finnllv of the Union.

Dr. Geoxqges RALMIND, scientist at CRGS, has been armointed

Director of BGI and is happy to undertake this new activity to the

benefit of the Interrational Communits.

Our best wishes to his predecessor J.J. LEVALLOIS and ocur
thanks to him for having kept the activitics of BCGT in Paris

at a time when the means of the Bureau were insufficient.

o

December 12, 1872
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INTEEREHATIONRAL CRAVIMETRIC BUOREAN

PROPCEAL FPROM THE €.R.G.5. IN TOULOUSE,
IN COOPERATION WITH THE B.R.G.M..
TO TAKE OVER THE INTERNATICNAL GRAVIMETRIC BUREAU (I.G.B.)

The Groupe de Recherches de GBodésie Spatjale {(G.R.G.5.). with the help
of zhe Buresu de Becherches GBologiques et Minisdres (B.R.G.M.), proposes
that its team in Toulouse should take ower the activitiez of I1.G.B.
presently located in Paris, from 1980 on. (Informations on these two or-

ganizatious can be found in the appendix).

IGB is an executive office of the International Gravimetric Commis~
sion (I.G.C.) 3 it is chavged by this commission, according to the ins-
tructions of a Directing Board and in collaboration with three working
groups, with cellecting graviiy measurements, with storing them ip a da-
ta base at the international scientific community disposal, with the coor—
dination of works dome by some data supplyving agencies, with the evalua-
tion and comparison of cbservations of various origins, acquisition of
any informations velated to gravity, establishing and management of a
specialized documentation, information of the commmity by means of bul~

letine.

1. PREAMBLE : ADVISIBILITY OF THIS PROPOSAL

During the XVI th 1.0.6.6G. General Assembly in Grenoble {1973), Mr.
Levallois was appointed Director of the International Gravimetric Bureau.
His resignation, sent in to the President of the Union, will becoms &f-
fective at the next assembly in Canberra, aud sets the problem of his suc-
cession at a time when the intevnational commmity wishes the evolution
of some aspects of the IGE taské, mainly because of the increasing con~

tribution of satellite altimetry to the gravity science.
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Besides the prominent part wbich they take in the geoclogical interpre-
ration of fhe suhsoll structure, gravity wessurements are of fundamentul
impoertence for interpreting various geophysical phenomena, This impastance
was recently esprasizad due to the dramatic ineraze of the accuracy and
of the oceanic covarage coming from sateliite data (such as alzimetyry
peasurenents). The vewry large number of new observations thus ool leated,
nlaces the acrivities of iGB in a teeally pew context. To the past
dutias which have always bees well performed a2nd which must be carzvied
on, new tasks must be added and have o be mndertaken by the Bursaus for
validating, cosparing and analyzing very pracissly a1l dava of various
origing, Frineipalily, on pain <! becoming unadapted to ths presaal con~
text, IC8 must Lecome capable of coubining satellite alvimetry data
and has to be given the imporiant means anecessaxy for achieving such a
work, including thelr treansformation into gravity anomalies and the
comparisons of thess with existing gravimetric observations whevever it

ig possibie.

The Fremch organizations which ave invelived are fully conscious of tbﬁ'(
probleme. More particulariy, the Groupe de Rechevches de Géodisie Spatizle
in Touvlouse, which has the experience both in satellite data and gravity
measurements processing for the improvement of the geopotential, and the
Bureau de Recherches Glologiques et Miniéres ~ specializt of subsoill da-
ta taking and processing, also in charge of the gravimetric mep of France -,
consider that they bhave the compelence at the internariomal level, and
that it is their pational duby {for the sake of contimuity) to be in char-
ge of the activitiss of 2 modern ISR, under conditions which will be

explainad balow.

2, LONG TERM ORGANIZATION

2.1. IGB in France

The maintensnce of 168 in France is desivable : as a matter of fack, all
the basic resources and elements (gravity data bank at BRGM, sateilirve da-
ta and their processing in Toulouse, important documentation — station
descriptions for the IGSN 71 nmetwork in Paris) exist and make easy on
ene hend co purcve 2 work which rraditiomnally has alwrys besn mastersd

in our country, on the other hand to develop new scfivities in teking
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care of space technigues.

As we recall it in zppendiz 1, » lavge part of the GRS 2crivities in
Toulouse has been devoted — wirh the support of CHES {the French dentre
Narional dﬁﬁtudeg‘ﬁpatiaiﬁa} and of the B¥B 78 (Sonderforschungsbereich,
Mimich, RFA), te the development of metheds for determiving the geopo-
tential and for solving many relsied problems @ accurate computaiicn o
sateliite avbits, fiitering algorithms, surface gravity data redootion,
processing of satellive altimetry messuremects over the oceans, and re-
cently extension of scwe of rhese techniques to the decarmivation and
interpretation of other planets gravity fields. 8Bo iv is legitimate that
such a research group, which has wom the regard of the internmativnal com
monity, which possesses the competence and has all the necessary sofi~
ware, take over the worldwide graviiy <nd altimelyry data management and
many tasks of compiletion and evaliwvation. Inr particular, we rvecall that
IGE is in charge of collecsting any new set of data, of making compari-
sons which, in the new context, must take accouni of satellite alrimetyy
observations. These cau be comveried into sguivalent gravity anomalies,
s0 as to evaluate the point measursments. Now satellite gravity observa-
tions are all in Toulouse aud analyzed there, whether they come from di-
reet measurvements of the seopotential (altimeiry date from GECS 3 and
SEASAT 1), or they are deduced from orbitral perturbations. The combina—
tion of botn seus ol dats should leac w better geophysical inlerpreta—

tion,

On the other hand, the experience of BRGM in orpenizing gravimetric
cawpaigns, in data raking, in the computation of Bouguer anamalies? a8
well as the development of imterpretation methods in geology and geophy-
sies, puts this agency in the foreground for participating in the data
colleetion and their managowent, more especially as it manages all geo-

logical and geophysical informations about the freach subscil.

2.2. Orpaalzation and rescurcas

T8 will have iis full woral independence amd will act in complete
freedom at the international level (in the scepe of its duties), with res~

pect to the proposing agemcies, which warrant it.



As a general rule, ICB will coutinue to work as am exceuntive ageney of
10G. The relzticaships betwesn the precutive part of the Dureaw, this com
.gﬁgsioaﬁ and the three working gouss of I6B. ag well s the Irequent con~
sultation of &heir.ﬁgmhéﬁﬂg will be stvengthenad due to the broasdening of

the problems to be solved,
2.2.%. Orgmaization

~ The Director of 168 will have ihe dirvectsuship of intermational
reiatibﬁs f&r gravity ané'aitiméﬁry date collaection ; the secratarial,
producticn of culalogues, spdated maps, the dlsseminaricn of the do-
comentation and of ioforwasions {cirvculars, bulletins) will ba hiS 

ssponsibility,

-~ Tn Orléans, ab BRGM, vasks related to the gravimetric data base will
be doue @ coliection, updating (adding or withdrawing), selection of
data suvbsets for the users,

~ Tn Toulouse, tRGS will collect all satellite data and will process
them in order o make them comparsble with gravity values, if neces-
sary witn the help of other orgeuizations {(GRGS/CHES as a whele, O8G,
PMA, ...¥. If will be the bolder of sofiwares used for these traos—
formations, to be made available to the users, Furthermore, GRGES will
make all necegsary conmarisceas betwsen the sarellite and surface gra-

vipy data whevever possible.

This working structure will be in opecvation after a decision has been
token in Canberva, during the next TUCGH Assewbly, and will have a care for

non interrupting of the 168 services.
2.2.2, Resources

. Man power

In order to ensure an efficient opevation of the RBareau and to produce
results of high guality, our analysis of the working conditioms has lead

us to define the following staff, for which the funding iz in each case
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indicated.

In addition o the direcievship which will be given to a member of

CRES in Toulouse, eight person

in the last stage

[

will pconstituate a minimue foll time staff

e

%]

&t GEGS 3
Gos engineer fvom LGN (for all mapping works),
One engineer zsgigned by CHES to sofiware development aud maintenance,

Three perenns hired on CHES -« {ype positions especially glven to IGB
by the french Ministry of Education in 1971 : twe techaicians for col-
lecting and compiling data, one secretavy,

GRGS will also allocate two persons half-rime : one geoscientist spe-
cialized in gravity field problems, 2nd one techaician for altimetry

data processing.

at BRGM :

Cne engineer geophysicist, hall-time, wesponsible for the gravimetric
data and their collection,

(ne compuiet suienss enpitect, half-time, for the data base mainge-

nanta.

. Dffice spnce

Thete 18 2 new problem for the part of IGH in Toolouse. A sclution is

wnder study at the Hational Institute for Astronomy and Geophysics ([HAG)

in order to obtain adequate space for IGB within the offices which will

be built for the Pic du Midi~Teoulouse (bservatory to be moved to a ficld

located between the Tonlouse Space Center {C8T) and GROS buildings, (cthis

operation should take place in i281).

For a first period (193%0!%3@}3 the Space Center has proposed a Lempo-

rary solukion in one of its buildings.



In Orlesms, BROM orovides the necessary means for collecting and storing

the gravivy data, awidsr the “Bancue des Données da Souz-sol’ depavimest.
. Othen fnodfifiss

IGHh wecsives sach vear 3 000 § from FAGYH.

Besides., ¢he sunval participation of ERUM in equipment spd functionning

eovers the 4ata hase Bathgemenl SEpauses.

For a start, OHES will suppori the exiva runuing cost comiog from the

settlement of I6R inside the Space Center. Finaliv, GRGS will obzain in

980 fyom its constliuting agencies the additional means, essential o
TGE ¢+ magnetic capes, wicrofilm for cataloguing and keeping some of the
decumentation, fuvnitwve, uwtilization of an intevactive dispilav console,

cost of other facilitien, computing time {on CIL 7600 and 63200 computers).

3. TEHPORARY ORGANIZATION {(31980-1041)

The availability of some of the means quoted in the preceeding section,
requires rhat the pyrohiem of trassfeving or assigning the people presently
in Paris to anovher £i01d, should be solved.

Miss Ooron, assiscant to the present Director in Paris, will pursue heyx

acrvivicies during this temporary phase.

Tae people having the positions givea fo IGE fm 1971 will be ashed o
work in Toulouse, and the best will be done 1o assure a confinuous career
to them, Here and now, one position is vacant since one of these

persons vetired, and it csn be tramsfered to Toulouvse at the beginming of
980,

Finally. the person who presently works under a contract from the
Institutr de Fhvsigue du Globe in Pavis, and participates te the graviiy
data anmalysis, has sccepred to come to Toulouse, Eis contract will be main-

caingd until mid~1%80 ; he #il)l then have z position in CHES.

ALl these actlouns showld be spread over twe vaars,
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4. THE MISSIONW OF I.G.4.

The main duties of IGR have been rvecalled in the intvoduction te this
proposal. s sctivities are those described hy the International Grayie
metric Oopmission {I603 in Septesbar 1974, radefiped ducing the last
UGG peneral sssembly in Gremeble (1973}, and publlishad in the Dullatin
Geodésigue wn. 115 (1975, p. 87-32;. Some of these petivities mast be
axzended conpiderivg the new satelilite contony 3 eollectiom of gravigy
and altimetyy wnaﬁahqugtay compilation and wpdating of a catalogus of

5% % 5% mean velines o be provided to evaryone, Ua sommarige Uhe present

e

*

SLTuabion oo iew o fhig effect.

Presently, 740 000 dnte points are in the deata base, which is alwost
the whole of what has besn collected since the founding of IGE. B 500 000
measurements recently veceived at the Buresu will be added in the neav
future aftey transfovmation in the base formar (2f£. I6B Informstion Bul~
letin n® 33}, and othey data are being incorporaied. Comsequently, ai-
though some of these sets consizi of old oheervetions, the present data
base, from the peint of view of the gravity measurements only, is in & peod
shape. the management heing the responsibility of BREM since 1975, But
the space side of it {altimetry data coliected frowm 1975 to 1979 by Geos
3, and in 1978 by Seasat 1} is pon existent (although 2 fivst file of
compiled geoid beights have beem sent by DMAY 3 the veason is that there
is no appropriate means ar LGR {for ewaumple, theve is no sofuwave for
processing these dats and comverting them iate gravity ssomaly values,
apd conversely) since no meagures were taken beforshand for this different
rype of obzervation. Therefore the Dureau mast find the way, through rew
seaveh iunstitutes like GRES or 05U, to imcorporate rasily and update these
new data zo be finally walidated, The concerned international commumity

will be informed of these updates by the ISE Bulleiin.

5. WORKING SCHEDULL

The velaticnships between IGE, its @mxking gronvns and the Internaticnal
Gravimetric Compission Lave alveady been mentionsd. We shall limit oursel-
ves balow to describing the tasks to be dong in France, in Toulouse and

Griians.



& trapsfer of soms dava files will be wmede from BRCHM fo CRUS (in Toulouss;
¢ as ke be gvaluated {svatistical omalysis, covvelations with long wave-
length satelilre loforpatrion. corvelstions with altimeryy chservations —
for warine gravivy data, eto...) and 2 summary of this work will he sent
Lo L scientific commmnity. At £he same vime, we shall ztari to combine
surfoce gravity measuremenis with grovicy snomslies cowputed from £he most

n

recent file of sateliite altimetry dervived geold heighis Jinclading the

*

Seasat | daba in some aveas, 88 $o0n 38 poessiblel.
The data colleciion will continue withount interywnition, and will sven
increszse due to the large mumber of satellite measurewents, As far 28 the
surface gravity observaiions sre concevned, the Directoy in Towlouse will
core and keep in touch with the vavious dats suppliers {2z nask purely ful-
filled by Miss Cowon during the temporavy perind). All data will be sent
o BRGM wheve they will be added to the

data, the preferentisl position of GRGS (ome of its mewbevs is Principal

oy

data bank. sz for the sazrellite

Investigator in the Croes 3 program) resvlits in a fast increase of the al-
timetry data set ~ within a few monthg, all measurements acouired sinmes
1875, which means around 20 000 sceauic profiles, will be obtained Frow
NOAA. These measurswments will be processed, and after fsking inlo account
precise Geos 3 oxbiral aves, will be convertad info peoid heighvs and gra-

dualy compared with the graviry saomaliss.

Uther types of acvivity, such as : comparing algoricims for dewiving

I - ©

gravity from satellite observations and for compuzing 17 = 1% and 5° % 5
mean values, could be done by IGB, as well as the bock-keeping of abso-
lute measuremenis of g and possibly the covrection of 2ome nspworks. Such
works, or the participation te projects like 2 satellite to sateliite
tracking evperiment {another technique from which a fantastic reselution
of gravity could be obtained averywhere), will of course he submitted to

the Dirvecting Board snd will require the agreement of its nembers.

Fioally an effort will be devoted te making micto-fiches of the impove
tant documentation f{such as the IGSN 7! station descriptions), aufomatic
contoured maps of auncmalies will be produced, and the inzernavional com~

mmity will be informed as often as possible.
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GRGS apd BROM sgreed o pyopose Dr. S. Balmino asc he Divector of

IG%, ro be in chorge of the duties defised zbove.
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APRPENDIN

The Groupe de Recherchas de G8odésie Spatiaie

{GeB.li 8. )

ORES was founded wn 1971 by the Paris Observatory, the Centre
National d4'Frudes Spatiaies, the Bureau des Longitudes and the Institub
GBographique National. Comnsequently, these orgenizations have pooled
their resources, leadlag to the completion of a coherent space geodesy
programw, The originality of this group lies in the fact that the 4if-
ferent teams it consists of, remsin under wsmagewment of their original
crganizations, wihich bring them the basic support. These teams present
jointly to various nationsl resesrch organizations a program which, af-
rer approval, is upndercaken by the whole growp. The corrvesponding bud-
gets are monaged by the four administrations sbove msatiouned. The over-
all coordinmtics: is eunsured by an BExecutive Divector, who presently is
My, B. LAGD for the GRGS in Tovvlous: {team dependiug of the Centre Na-
rional d’HEtudes Spatiszles — CoES), zssited by & Seientific Divector, My,
B, QUINOYT (frow Parvis Ohservatory ; he i@ alse rhe Directoyr of the Bureaun

International de 1'Heuxel}.

This proposal is presented by the team in Toulouse, lecated in buildings
close to the Space Center (C5T). This sub-group 'is slsc a Research Yeaw

of the Centre Wational de la Recherche Scientifigue {(UNRS).

Since itfs estsblishment, GBGS has carried on works in satellite geode~
sy, gecdynsanics and planetology, We simply recall the main fields in which
important sciemtific results were obltained or for which big projests ave

mder study

. determination and study of the Earth's graviry field (GRIM 1 and
GRIM 2 models, computation of gravimeiric geoids — over the North

Atiantic Qcean, for instance. utilization of satellize sivimetry),



solid and ocsan tides : computation of Earth tide parameters, and of

)

some ccefficients of selected ocean tides by sstellite wetlhods,

physical oceanography : oceenie tide stndles based on satellite al-
timetry, determinacion of the sea surface stete using the same {eaw!

qua,
very precise time syochremisstion {(LASS0Q project),
precise station positioning (EDOC 1 & 2 experimenis, LESARD Coupzi..

planetology : GRGS has begun to study ferresirial bodies by maiural
iy extending the techniques, methods of analysis and interprevation
developped in the Earth and Barth-Moon system cases, ©o other plavets
(dramatic improvement of the Mavs gravitatiomal field wmodel in 1974,

model of evolution of Venus rotation}.
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APPENGIXE 2

A s

The Bureau de Becherches 88ologiques et Minidres

(B.R.G.HK.)

BRGH is a Freoch Staie, pubilc uweilicy agency, of indusirial and
trading charactey. I& is acting as ssational geclogicael service, aud z2a8 2

miniog coppany.

As & public service, it is in charge of collecting, storing all dara
yelated to the french subsoil, including geophysical weasurements. sd of
placing them at the disposszl of anyone., Besides, it does the sarvey and
publication of the geological map of France. and of other maps of geophy-

gical inferast.

The swmall scale and coumplete gravimeisice coverage of France was undas-
taken by BKGM back in 3941 ; it ls »ow being concluded and consists in
about one million messurensnts. The basic scale of the published maps
ia 1780 000. Several mechods aud computer programs have baen developpad
for the interpretation of Boumwer amomalies, irp parvicular an original

inversion algevizhm by the SIGHA frequsncy techniaue,

BRGM recently undertook 2 cooperabive progyas with B  {Bureau
Mational de Mdtzologie) and should be recogouized as Federare Labo-

ratory ip th: Mpasuremant of Gravity,

In 3975, during the IUGG Gemeral Assawbly in Greuchle, BRGM proposged
to help IGB, due to iks cén experiance in gravimetry and also its compe-
tence in the management of large dats bases. The general syocem developped
for the subsoll cata bank (BSS), menageable on an IBN 360-i38 computer,

i+ A

made possible the storuge of £li dara eclliected so far b I8E. Ahour foux

humdred thouvsand dala poinds were available in 1975, Sinee the wiilizanion
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of the BES system, the nusheyr of consultations of the hank inc

tensively, meinly in the form of wagnetic tape awchanzes with importane

forelign agaucies.



Item IIT - ABSOLUTE GRAVITY HEASUREMENTS

Addendum ~ See Bull., Inf. N” 44, p. I-B-2,

Precise tidal corrections for high precision gravity measurements

by B. DUCARME, C. POITEVIK & J. LOODTS

After the presentation of this communication Dr, €. TSCHERNING
makes a remark reported p. I~B-3 and Dr. B. DUCARME adds the following

answelr °

"The large variations of the tidal signal ave due to the indireet
effect nf the oceanic tides. For gravity tides the loeal geologieal
structures have no influence. But of course we cannot exerapolate the DTM
over oceanic areas where larpe tidal signal arisé Ab ehe tides in the
Baltic sea are quite small we can use the same DTM over Denmark and Sweden.
More questiomnable is the crossing of the Channel ¢o inelude British

Islands in the model.

Concerning the behaviour of the DT in areas where large gradients
of the tidal factors cccur further studies are necessary. It is a reason

why some coastal statioms had to be eliminated to increase the stability of
the model™.

The complete text on "Precise tidal corrections feor high precision

gravity measurements” will be published in the next Bulletin d'Information,
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BE~-~-RESOLUTIGNS

RESOLUTION N° |

Indonesian Gravity Network

The International Gravity Workshop of the International Union of Geodesy
and Geophysics meeting in Wairobi from November 20 ¢h to December lst, 1978,

noting the completion, by the Geological Survey of Indonesia in cooperation
with the University of New England, Australia, of a regional Bouguer gravity
map of Indonesia. {Scale 1 : 5 000 00C ; 20 mGal contour interval) and a
regional Bouguer gravity map of Eastern Indonesia (Scale 1 : 2 000 COC ;

10 mGal contour interval},

records its appreciation of this accomplishment. Furthermore, commends the
Indonesian Ministry of Mines and Energy for their actionm in developing a
Centre of excellence within the Department of Mines and Energy for the
measurement, processing, interpretation and presentation of gravity data
whose work represents a major contribution to the Scientific understanding
of the Geotectonics of the region and the Science in general.

RESOLUTION N° 2

Documentation and Dissemination of Gravity Data

The International Gravity Workshop of the Intermational Union of CGeodesy
and Geophysics meeting in Wairobi from November 20th to December ist, 1978,

considering the efforts and cost imvolved in geophysical work in general and
gravity measurements in particular,

realizing the need to refer back to earlier data when any exploration
programme is undertaken,

considers it prudent that all data should be properly documented at the
national service concerned in a retrievable form and that, with due regard to
national interests, the information should be made available to the interna-
tional scientific community after the lapse of a prescribed period of time.
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RESOLUTION N° 3

Release of Gravity Data by Non-Governmental Organizations

The International Gravity Workshop of the International Union of Geodesy
and Geophysics meeting in Nairobi from November 20th to December Ist, 1378,

expresses its appreciation to all non-governmental companies who, at the
request of national and internatiomal services, have already communicated
their results in the form of gravity anomaly map and listed data,

furthermore, in view of the rapid increase of geophysical work carrvied out
in Africa by new national services and to avoid repetitiom of Surveys,

invites the concerned non-governmental organisations to assist these services
B T 3 - - - I3 - -

in establishing general and regional gravity maps by releasing their gravity
anomaly maps and gravity data with details of reference bases to the national
services.

RESOLUTION N°® 4

UNECA Cartographic Inventory of Basic Survey Data in Africa

The Internatiomal Gravity Workshop of the International Unien of CGeodesy
and Geophysics meeting in Nairobi from November 20th to December lst, 1978,

recognizing the significance to the planning of National and Regional develop-
ment of natural resources and the need for the preparation of a cartographie
inventory of basic survey data,

appreciating the programme initiated and being implemented by the UNECA in

this respect for Africa,

recommends

(1) that all African Governments continue to contribute to this programme
to facilitate its early completion,

(2) that UNECA take the necessary action to ensure the continuous
up—dating of the inventory,

(3} that other developing regions congider adopting similar programme,



RESOLUTION N" 5

Gravity Map of Tunisia

The International Gravity Workshop of the International Union of Geodesy
and Geophysics meesting in Wairobi from November 20th to December lst, 1978,

noting the completion of the gravity map of Tunisia,

commends the authorities concerned for the foresight in initiating the
programme and,

recommends that the relavant data should be communicated to the 1.G.B,

RESOLUTTION N? 6

Bouguer Gravity Map ef Kenya

The International Gravity Workshep of the International Union of Geodezy
and Geophysics meeting in Nairobi from Nevember 20th to December Ist, 1978,

noting the completion of a Bouguer gravity map of Kenya,

commends the authorities concerned for the foresight in initiating the
programme and for communicating seme data te 1,G.B.,

recommends that all other relevant data should be communicated to the I.2.B.
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RESOLUTION N° 7

Establishment of Absolute Gravity

Stations for Gravity Calibration Lines

The International Gravity Workshop of the International Union of
Geodesy and Geophysics meeting in Nairobi from November 20th to December lst,
1978,

aware of the Resclution 5 of the Inaugural Heeting of the Commission for
Geodesy in Africa held in Lagos, Nigeria in March 1977,

realising the importance to African countries of establishing gravity
calibration lines in Africa,

recormends

(1) The establishment of absolute gravity stations located so as to
form two calibration lines, one through East Africa and the other
through West Afrieca ;

(2) That the calibration lines should include stations selected from
the list of first oxder gravity stations proposed in Lagos 3

(3) That, so far as practicable, the stations on both lines in Africa
should be in pairs of equal gravity values to facilitate the
establishment of isogal lines ; and

(4) That the absolute gravity statioms on the calibration lines should
be at intervals of 200 -~ 250 milligals.
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RESOLUTION ¥” 8

Technical Assistance for the Establishment of the

Absolute Gravity Stations in Africa

he International Cravity Workshop of the Intermationz2l Union of CGepdesy
and Geophysics meeting in Nairobi from November 20 th to December Ist, 1978,

WP

referring to the Resolution K° 7 regarding the establishment of absolute
gravity stations for gravity calibration lines im Africa,

realising the importance of coordinated effort to accomplish this task,

aware of the offer by the Italian delegation to the Lagzos meeting to support
this project,

recalls the interest of Professor Marussi and Professor Morelli in assisting
the African countries in the field of geodetic and geophysical activities,

requests Professor Marussi and Frofessor Morelli to continue to make the
necessary representations to the Italian Govermment to reactivate the offer
of the Italian Government to support the project,

recommends that the U,N, Economi¢ Commission for Africa approach the
Italian Government for the necessary fimaneial assistance that would enable
the Istituto di Metrologia "G, Colonetti” of Tovino tp undewtake the pyojeet,

RESOLUTION N® 9

Specifications of Gravity Surveys

The International Gravity Workshop of the Internmational Union of Geodesy
and Geophysics meeting in Nairobi from November 20 th to December Ist, 1973,

realising
The importance of adequate spegifications for gravity supveys
recommends

(1) That gravity operations should aim at establishing gravity stations
with a density of one stations per twentv five square kilometres

(2) That, as far as practigable, the stations should be logated at
places not likely to be disturbed,

(3) That base stations should be suitably marked indieating name and
number,

{(4) That base stations should be gonnected by spirit levelling to the
national levelling network ; and

(5) That satellite stations should be established around some of the
base stations,
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RESOLUTION N® 10

Collaboration with the International Gravity Bureau

The International Gravity Workshop of the International Union of Geodesy
and Geophysics meeting in Nairobi from November 20th to December Ist, 1978,

considering

the task of the International Gravity Bureau in connection with the
documentation of gravity data and its work to unify the different gravity
nets in Africa alveady observed with support from UNESCO,

recommends

that the collaboration between the International Gravity Bureau and the
national services of geodesy and geophysics in the African countries
continue and be strengthened with a view to have all new gravity nets
adjusted within the International Gravity Network.

RESOLUTION N°® 11

Offer of Computing Facilities from Canada

The International Gravity Werkshop of the International Union of Geodesy
and Geophysics meeting in Nairobi f£rom November 20th to December 1st, 1978,

noting the offer communicated to the Workshop by the Department of Energy
Mines and Resources, Earth Physics Branch, Gravity Division, Observatory
Crescent, Ottawa, Canada, to make available under certain conditions,
computing facilities and overall direction to assist African Nations in
adjusting national gravity nets,

invites African countries to consider taking advantage of the offer.
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RESOLUTION N° 12

Appreciation

The International Gravity Workshop of the International Union of Geodes
and Geophysics meeting in Nairobi from November 20th to December ist, 1278,

considering the scientific and technical benefits derived from the Workshop,

realizing its contribution to the advancement of technology in the field of
gravity and related topics,

conscious of the interest this workshop has stimulated in fostering gravity
activities in developing countries,

conveys its thanks and appreciation to the IUGG Commiittee for Developing
Countries for convening the Workshop and to the IUGG for its financial suppor

RESOLUTION N° 13

Publication of the Proceedings of the Workshop

The International Gravity Workshop of the International Union of Geodes
and Geophysics meeting in Nairobi from November 20th to December ist, 1978,

considering the value and importance of the papers and other documents
presented in the course of the Workshop,

realizing the advantage of having a permanent record of the proceeding,

request the Survey of Kenya to make the necessary arrangements to publish

the complete record of the proceedings —Workshop.
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RESOLUTION N° 14

Appreciation

The International Gravity Workshop of the International Union of
Geodesy and Geophysics meeting in Nairobi from November 20th to
December lst, 1575,

appreciating the tremendous effort and amount of work involved in the
organization of the Workshop in'Nairobi,

noting that the Workshop has been a great success,

conveys its thanks and appreciation to the Government of Kenya for
providing the facilities for the Workshop and for its hospitality and

thanks the National Committee for Geodesy and Geophysics for the excellent
arrangements made for the Workshop and for the welfare of the participants.




- GEOPHYSICAL INTERFRETATION OF

GRAVITY DATA

Chaivman : Prof. 5. SAXOV

One session held on Friday 15 September 1978,

3

Five pzpers were presentsd. &. Dasvignes (France)
interpretation of some large scale gravity anomali
while H.G.
Gravity Field and Geodyenamic Implicaticnms. V. Vysk
talked on the construction of the density models
A. Vogel (German Federal Republic) dealt with the

interpretation of standard Earth gravity snomalies

it.i5 am -

1.15 pm.

discussed geophysical

es and geoid undulations,

o . v
ocil (Czecheslovakia)

in the lirhosphere, and

rroblem of geophysical

. 5, Saxov (Dermark)

preseatad various examples showing how gravity can be applied to geology.
REPORT of the SPECILLY, STUDY GROUP ¥° 3:46

At the end of the session a repert on the activicy of the study group was g

the main ewmphasis being pub on the recent symposium on the Role of Density

{Aarbws, ¥May $-11, 1978}, The proceedings of the svmposium is publishaed in

GEO-SERIFTER 10 issued jointly by the Laboratory of Physical Geography and

the Laboratory of Geophysics, Aarhus Usiversicy.

At the sysposiug the {S{-members present adopted the following reselution ¢
Llowing tha Symposium on The Rele of Density, Special Study Group N° 5:46

held 2 me
and the conseguences which could be dvawn from if.
the

Gravity nomalies, and

feel thar the proper uwzility of gravimerr

physical imterpretaticn winh

3
application of addinional information. In

$ an important parameter. Thereforve, 884 3:46 fe

Kzhle (Switzerland) presented a paper dealing with the Swiss Alps

to discuss the svamposium

SEG 5:46 a2lso dealt wi
ipeypratation of
the
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Dr. Xenpeth I. Daughe
Professor, Dr. E. CGro
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o

a. Development and Improvement of gravity predictic
o

methods {conventional, statistical, georhysical) for an:

v

tion in surveyed or unsurveved areas, both continen:

oceanic.

c. Applications of gravi

d. Development of combine
Tc-the gravity srediction pro
€. Developmant of global surface gravity models using sur~

face measurenments and prediction methods.

Yerk on geophysical gravity prediction for continental areas
continues at DMAAC although progress has been slowed consider-
£S of completing other non-related

lished new gravity ancmaly maps ly
revised and updated set of gravity maps fer South America. Both
sets of maps &re bazsed on 1%%1° mean gravity anomaly predicticen
Work now underway or planned for the future includes new mean

anomaly predictions for the Antaretic continsnt and revised and

Other work completed since 1975 includes a comprehensive rveview
of grapbical and analytical mathods for gravitarisnael modelling
of garth structure and a review of Alry Iszostasy as interpreted
by G.P. Weoollard.

At the Institute of Theoreticel Geodesy, Technical University
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ect of the removal of a Bouguer plate and & supernosed

n
h
e

o)

y decrease {(Torge 1878). More details are given i

s}
e
m
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The Geclogical Survey of Finland has carried out gravity measure-~

v
ments for the purpoeses of prospecting and investigartion of geo-
logical structures in the uppermost crust. About 50 000 observe-
tions have been made aach year: Helicopter transportation has
been used in regilonal gravity surveys in Lapland. During the
winter time detailed gravity measurements have baen made on

ake ice. Underground gravity measurements have been made in the

Pai

d

dnne tunnel.

L.
m

Bedrock density profiles were derived from surface and under-
ground gravity measurements along the PEijEnne tunnel. The
ancmalies due to the overburden, topography and tunnel were
evaluated by means of two-dimensional models and removed fron
the observed gravity values. The calculated densities were conm-
parsed at 2% locations to the welighted averages of measured
densitites of rock specimens collected from the tunnel. The mean
and the standard deviatvion of the differences were 0.03 and
G.08 g/cm3 respectively. The observed negative correlation Letwsasy
these differences and the densities determined in laboratory is
probably due to anomalous free-azir gradients czused by density
t

tions under the tunnel.

to incorporate density and geological daxta
ravity ancmalies as described in the
paper by Puranen, Elo and Ailre, presented at the symposium orn
D

the Role of Density In Aarhus ipo 1278.

From Earth Phvsics Branch, Canada, an extract from t“u National
b2 >

Report on Gravity Research is listed below.

s

25

erpretation Stud
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74, & number of interpretation studies using gravity
ated data have been undertaken. These have included
regional interpretations connected with the issue of new maps
in the Gravity lap Series, modelling of intrusive bodies, and
studies of fossil meteorite c¢craters. Perhaps the most intep-
esting ones are those continuing studies which have concen-

trated on the Arctic Ocean, the continental margins and the




structural boundaries in the Canadian Shield.
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of the Paleozolic oceanic rocks surrounding Notre Da
Newfoundland. These Paleozolic "oceanic®™ units ¢an be traced
across the Newfoundland shelf by gravity, magnetic., re
seismics and drill hole evidence, and they lie so close to the
Labrador coast at 52°3C7 ¥ that a rmajor salient/recess must
have existed at the western edge of the Paleozole collision

zZone.

4t the Geodetie Surwvey of Canada the application of least

collocation to astrogravimetiric levelling was studiled

es
hapellie 1975a, 1873>). The use of a combined integral

{Lac
formulee and collocation approach to estimate geoid undulations
ad deviations of the vertical is described (Lachapelle 1978a}.

using geopotential coefficients and sur-
r& given in (Lachapelle 18772, 1877b) while
of geopotential coefficients, surface
gravity dara and astrogecdetic deviationms ¢f the vertical ave
given in {Lachapelle 1S76b). The evaluation of 1°x%1° mean free
alir ancmalies in (Canadz from surface gravity data and
57%10' or 1%°x1° mean topographic heights was carrisd out by

Lachapelle 1878).

At the Laboratory of Gsophysics., Aarhus University, the research
hes consisted partly of detailed surveys of different geological

-
i

structure, e.g. s&lt domes and synclines, partly of studies of

the applicabllity of gzv ty to ground water problems, and partliy

a
of theoretical investigations and model calculations.
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t. Introduction

The Latin American Grevity Standardization Net 1977 (LAGSN77)
results from a wnified adjusiment of the national aetworks of some
20 countries in Latin America. Diagrams of esach national net and
the complete LAGSN77 are given In the Appendix.

LAGSN77 has been presented to the SILAG {Sistema Informativo
Latinoamericana de Gravedad) Working Group of the Pan American institute
of Geography and History at its August 1977 meeting. This group
recommended that LAGSNY7 be adopied as a reference standard for Latin
America and 2 resolution to this effect was passed by the Geophysics
fommission of PAIGH.

The purpose of the present report is to provide & brief
description of the adjusiment fechnique sufficient to permit discussion

in WG2 with a view to having LAGSH77 endorsed by the IGC.

2. Structure of LAGSNTT

LAGSNT7 contains some 4500 LCR gravimeter measurements inter-
connecting 964 stations of which 250 are common o I6SN71. The national
nets which make up LAGSMN?7 are, in some cases, well linked together
e.¢. Argentina, Bolivia and Paraguay. In other cases (Peru, Chile,
Ecuador etc.) the nets are essentially Independant. Fortunately, all
the nationai nets have been tied to one or more IGSN71 stations. Since
the same gravimeters have been used on several neis, LAGSNY7 has relatively
good structure Trom the mathematical point of viaw,

{6SM71 stations {notably those in Brazil) which are not
connected ta LAGSN have been includeg in the splution. The adiusted
values for these siations in the LAGSNY7 sysiem will be identical ¢

their (6SN71 values.
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Hational gravicy networks in Latin America have, for the

mOST pari, been observed to a uniform sei of standards developed by

the Interamerican Geodetic Survey {1AGS) in Panama. Raw Field obser-
vations and station documeniation were forwarded to EPB by Hr. Roman
Geller of !AGS. Observations over the ACL in 1972 resulted from a
joint project of EPB, 1AGS andHawall Institute of Geophysics. HNational
net data for Brazil was not in suitable form for inclusion iIn LABSNT7
but will be incorporated in 2 later adjustment as the Brazilian network
project deveiops.

All dats has been observed with Lacoste Romberg gravimeters

only.
A summery of the surveys iz gliven in Table 1.
4, Data Reduction

The gravity differznce beiween two stations having readings

Ri and Ry vespectively was computed as

el
| —ry
it
0 30

R-
dR + £ - éﬁde + € {13

where ! s the gravimeter interval factor (supplied by the menufacturer)
and £7 and €] are the earth tide corrections computed according to
Longman's formulae (Lengmac, 1958). The Honkasalo correction (Honkasalo,
1364}, has not been applied since it is essentially linear over the

range of the observations and will be implicit in the scazle correction
factor determined in the adjustment for each gravimeter., Periodic screw

error corrections were not available for any of the meters used.
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5. Adiustment Model

Phvsical forsiderations

frrovs in graviity measurements arise from Tactors related o
conditions at sach cobserving 3ite and o conditions during transporg
between observing sites. Both types of errors may have random and
systematic components, the latter belng the more troubliesome. Systematic
errofs due to site misidentification, Instrument drift, dial cellibration,
atmospheric pressure, temperature effects and magnetic effects are treated
in two ways depending on the frequency with which they occur. For those
which cccur rarely, the affected observation may be rejected or, if the
systematic arror is suspected to appear in all observations, by including
appropriate parameters in the observation equation to account for it.

in the present analysis, only linear approximations of instrument
drift and scale correction Tacteor are Included as unknowns in the

observation equation. The non-linear component of drift produced by

-

3]
£

-
)

instantaneous reading changes commonly refsrred fo z2c Yiarcs

L

directly relatad to inadvertent Jarring of the instrument during
transport and are presumed to be removed by the rejection limit are not
specifically accounted Tor in {he observation sguation. Thelr presence

wili bhe reflected in the internal consistency of the measurements with

a particular instrument.

Observation Lguation

H H soam e s ol has T o £
The gravimeter observalions ars reprasentes by the sysiam o7

anuations

y‘fgm {Qz - gj e Kp?’.gg“ E)"??;j = ‘E.;j} {2)
vhera
g7 is the unknown value of gravity at the ith station
3 is the unitnown value of gravity at the jth station
&; is the unknown scale correciion Yector for the pth
instrument
R is the observed gravizy diffarsnce given by equation {1}

o r

fune




dp is the unknown drifr rate Tor the prh iastrument

T;+ is the time difference betwsen the ith and jth station
o

€53 is the observaiional error in Rjj

P s the weight of ihe mth observation, m= 1, 2

ey
%

. w3 L P . 0 & e : Co .
Substituting trial values g%, g%, ﬂ5$ agﬁ for g;. Gy, %pe 4y
Fquation {2} bscomes '
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{2)

iT the discrepancy between the observed and trial gravity differences

is defined by g? - g2 ~ K

.

- y = =0
R ép?;j 3

L .

then {3) becomes

Sorwa
'
LY
o
L)
beans
fout
o
2
Cpnet’

or In maitrix form
P=ipgy = prlz - o

where
B e an nxr matrix of coefficients for r unknewns and n observations,
8% is an rxl vector of correciicns te fhe irisl values,
e ig an nxl vestor of corrections o residuals computied
From the trizl values,
= iz an nx! vecior of observational errors,
et s zn nun dizgonal matrix of chservation welights
The minimum variznce soiution of sguation 15 I8
~ g ] i - PR
X = ~{ATPA} T Alpg {5}

The estimates of the uninown gravity values,

terms are given by

]
kS
o
<&
o
b
“
o
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Mt
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In this analysis the observations with each gravimeter are assumed

tc form separate populations with different wariances.. Since the
weights are not known a priori, we take P = 1 for the first cycle

of the adjustment and then calculate new weights Pp for each instrument

according to

2 -
S L op gt
P == ..-.....49...... where Sg (U (LA I B
B 2 -
SP 2 -1

summed over thel observations with the pth instrument and

P e?.
Sg - ,E_ e is an estimate
n - 7
of the standard ervor of unit weight. The adjustment is then recycled

with these weights and with the previous solution values used as trial
values. On the first cycle of the adjustment no observaticns are
rejected. On the second and subsequeni cycies measurements are rejected
if ke g/Fg >4S, |where Sy is taken from the previous cycle, the purpose
of the rejection limit being to separate a small number of Gross errors
from measurements whose errors are otherwise normally distributed.
Datum and scale in LAGSN77 are provided by entering IGSN7I

gvalues through equations of the form:

"m (6g; = 2 -€9)
where E? is the difference between the 1G5N71 gvzlue and the trial value

s3
and P =

2
Cfi % 2

where Oy; Is the published error estimate of the IGSN71 station and
the factor 2 is the “Uotila correction factor required to provide

corvect scaling of the IGSN71 error estimates.




£. Adiustment Procedurs

fata Editing

The Tlow diagram for the data processing system Is given
in Fig. 1. Each national net was adiusted separately for internal
conststency Tixing 1G5KYI stations for datum control and the scale
factor of one gravimeter. This provided a basis for detecting and
correcting errors in data enceding.

Since no coherent station numbering system had been used
in the original data some confusion arose where more than one station
existed in a given city. The connections to the 1G5N71 stations were
particulary difficult o identify. Over a peviod of 2 yesars with the
co~operstion of lABS and the nationzal agencies in Latin America these
problems were gradually resolved. The agonies and frustrations of

this process will not be described hers.

Combined Adjustment

stum and scale for the combined adjustment of the national

o)
HE

nets and their interconnecting measurements was determined by the

IBSHTT 3 values Introduced as described in the previous section.

-
""a

For the initial cyeles of the adiusiment scale unknowns
were assioned fo zach instrument/vear combination. This resulted in
unrealistic variations in scale Tacter {up to 5 parts in IQA) from
one year to the next for a given insirument. tandard errors of the
scale factors showed a considerable vaeriation reflecting the relative
strength of the Ycalibration” of each instrumsnt/vesr group against
1G5N71. Since the scale factors of LUR gravimeters rarely change by
more than 1 part in ESQ over pericds of several years, except where
internal repairs or adjustmenis have been made, the manufacturer was

consuited on the maintenance history of each instrument.

B

a.



On the basis of this information it was deemed appropriate to solve
for a single scale unknown for each instrument with the exception of
611 which required separats scale unknowns for the two vears it was
used. )

Prift unknowns were also included for each instrusent/vear
combination during initial cycles of the adjustment but were later |
dropped as none were significant at the 5% level on a t-fest.

New weights were computed for each instrument/yvear combination
after each cycle of the adjustment and normalized to & mean of one.
Before the final cycle the dependence of residual size on T;j was
examined. This was dons by sorting the equations by T;j, subdividing
them into 10 groups of 440 observations each and computing the variance
of the weighted residuals in each group. The results of this analysis
are shown in Fig. 2 along with tha derived 7ij weighting functions.,

The eppropriate function was applied in the Final cycle of the adjustment .

The standard error of unit weight of the final adjustment was
£.03k mGal. There were 32 observations rejected at the Lo level.
Standard errors of the 16 sczle unknowns varied from 1.2 X 1075 2o
6.8 X 10-5 with the exception of 361 which had a standard error of
2.5 % 10~%. Yhe latter gravimeter was the sole instrument ussd on the
Uruguayan net which is only weakly connected to {GSN7I.

Weights of the 43 individual instrument/years varied from
extremes of 0.10 to 4.33 with most falling in the range C.50 to 1.50.

Standard ervors of the gravity values ranged from 0.011 to 0.068 mBais.

7. Presentation of LAGSNT7

LAGSN/7 station locations are in general well documented and
a large percentage have photographs. Therefore the descriptions were
reproduced by photo offset printing and are available in 7 loocse ieaf

volumes as follows:




Lo Gk

Volume Humber Area

1 Mexico A o M
z

[a8]

Hexico H 1o

3 Central America

& Brazil, Buvanz, Surinam and the Caribbean
5 Colombia, Ecuador and VYenezuela

& Argentina, Paraguay and Uruguay

7 Pery, Beolivia znd Lhile

Explanatory notes, network dizgrams and principal facts listings are
included in each volume. Sample station descriptions are ztiached to

this report.




SURVEY

¥exico and Lentral

America 1962
Eouador 1966
Panama 1967
Feru 1967

wrgentina
Paraguay 1968
Botivia

Lruguay 1948

Bominican Republic

1968
Mexizo 1969
Honduras 1869
Colembia 1970
Paraguay 1870
Chile 1870

Yenezuela 1870

e oo

HEH

0. OF
ASES NO. OF
STABLISHED CONNECTIONS
112 565
22 85
28 59
20 124
oy 580
25 52
39 231
140 QF}
34 224
L7 238
it 78
21 121
57 333
Lk 345
i 302
8 225
250 _ {0

GRAVIMETERS

USED

611, 619

atl, 655, €57

656

856, GE7

&56, 657, BlA5,
G146
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Fig. 1
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NUMERO DE ESTACION
9322-68

STATION NUMBER

PAIS
ARGENTTNA

COUNTRY

NOMBRE DE ESTACION

GOBERNADOR GREGORES

STATION NAME

PROVINCIA O ESTADO

PROVINCE OR STATE RIO GALLEGOS
ESTABLECIDO POR
ESTABLISHED BY SHN /UNBA

FECHA DE LA ULTIMA REVISION 1968
FATE OF LAST REVISION

OTRA DESIGNACION
OTHER DESIGNATION __ UNBA & FI2

Le estacibn se encuentra en la aula
de radic balizas al aeropuerto de
Gobernador Gregores, Estd sobre un
piso de cemento a 1.24 m, de la pared
de frente y a 0.37 m. debajo de la
referencia de le U.N.B.A. empctrado en
la pared.

R, W

The stetion is located in the radio
beacon room at the Gobernador Gregores
airport. It is on the cement floor
1.2k m. from the front wall and 0.37
m. below & U,H.B.A. reference merker
get in the wall.

Using Depositos

Salg de Radio
Belizos

LG - T



STATION NO.

IGSN STATION DESCRIPTION QUAD. DEG.SQ.

43914 K

! 13 | 31084
Station Name CORDOBA DIAGRAM
\/ _|_CONCRETE
Country ARGENT INA II WALKWAY
Other Designation ___EPB : 3670-63

PAJAS BLANCAS TERMINAL
DOWN TOWER

National Contact Agency UNBA

Access Restrictions

TO BASEMENT

PARKING W
AAREA 0o

[

The station is located at Pajas Blancas
Airport. It is on the concrete sidewalk
at the SW corner of the terminal in a
patio area 1.3 m. 5 from the S wall ard
1.3 m. W of the stairway leading teo the
terminal basement, The station is monu-
mented with a bronze disc inscribed
YIGM ECG 2",

——e Qe

lia estacidn se encuentra en el Aero-
puerto Pajas Blancas. Esté en la
acera de hormigdn, en la esquina SW
de la terminal, en un patio & 1.3 m.
5 de lapared Sy a l.3 m. ¥ de la
escalera gue lleva a1l sdtano de la
terminal. La estscidn estl identi-
ficada por un disco de bronce marcado
"IGH ECG 2".
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Trem IX - NEW GRAVIMETRIC INSTRUMENTATION

Chairman : 0.W. WILLIAMS

One session held on Thursday 14 Sepember 1978, 2.15 - 3,00 L,

The Chairman recalls the previous attempts of measuring gravity
from an aircraft and announces that 3 contributions will be presented on
the new gravimetric instrumentation.

First, Mr. P.M. SCHWIMMER gives lecture of the paper prepared by
Mr. W. GUMERT :

"On the status of helicopter gravity development and application

“For over two decades, various government agencies and private
industries have attempted to measure gravity from a moving fixed-wing-
aircraft. A system was needed that could collect gravity data raridly
throughout the world to satisfy geodetic requirenments, and could assist
in geophysical exploration for minerals and oil,

During the mid-1960's, a different form of airframe was examined:
the helicopter. Several feasibility trials were conducted using various
gravity instruments, navigation techniques, and altimetry systems., These
efforts have culminated in the design and selection of instruments for the
Helicopter Gravity Measuring System (HeMS) ¥

He rteviews the different tests of measuring gravity from a heli-
copter from 1963 to 1974, pointing out the difficulties and the improvements
in each attenmpt.

He gives many details concerning the instrumentation :

*

- The LaCoste and Romberg seca-air gravity meter (model $) consists of
a highly overdamped, Spring type gravity sensor mounted on a gyro stabilized
platform with the aszociated electronics for obtaining gravity readings and
for recording the results on strip chart and magnetic tape records.

The model $ gravity meter has a range without resetting of 12,000

milligals, and a statric accuracy of better than 0.01 milligals. However,
readings are recorded only to the nearest tenth milligal,

- Different navigation systems were used, particularly the Del Norte's
Trisponder which is an electronic positioning system which provides accurate
line of sight distance informationm from a master station to one Or more remote
stations. This is done by measuring the round trip times of radio frequency
signals transmitted between the two stations. Each distance displayed is an
average of 10 to 100 measurements, which reduces statistical error and
increases system Aaccuracy and stability,

~The altimetry system used is a combination of a precise pressure
sensor, digitally timed radar, and a highly accurate laser distance measuring
device. The pressere sensor was designed for precise measurements of the stati
pressure position of an aircraft and is utilized in this system as a nartow
range altimeter,




iﬁéua

The laser system provides absolute reference altitudes using the reflectance
of its coherent light from the ground surface.

Ground tests of the laser altimeter show an accuracy of .15 meters
in 1,850 meters. The pressure altimeter is calibrated to repeat to + 7.5
centimeters over a 50 meter range. In flight the combined system gives
absolute control to better than 25 centimeters.

~All data is monitored in flight by amalog strip chart recoxders with
common time events. Simultaneously signals are digitized and sampled at a
one to ten second sampling interval, put onto tape, and then onto a printer
that reads the tape after writing. The digital system used is the Monitor
Labs data logger mated to a Digi Data incremental tape deck:

The gravity data accuracy can be evaluated in analysing the results
at line intersections and in comparing the airborne gravity data to data
measured on the ground (Bouguer or free-air if the topography is flat).

-During a survey over an area in New York, a total of 244 line
intersections were made. This analysis was performed on the Bouguer gravity
values before any mistie corrections or intersection adjustments were made.
The R.M.S, mistie erroxr is 2.3 milligals.

+Two methods of comparison to the existing gravity data were made.
Method one consists of plotting profiles of the airborne Bouguer gravity
data and comparing these plots to profiles made from U.S. Government data
that exists in the area. Method two is to compare the final contoured
airborne data to the contoured existing data.

Method one produced profiles that showed R.M.S. errors of 1.8 to
3.2 milligals for values compared along the line values were compared at
50 second intervals along the lines, No upward or downward continuation
was made.

Method two produced contour maps that for the regional expression
compared to within 2 milligals of each other.

In conclusion, the results of this survey, and of several thousand
line miles of data rum since the mid-part of 1977, show that the system
with the current instrument package, and the present state of data processing.
can create useful Bouguer gravity contour maps. These maps will show
anomalies associated with medium to large seological features of half wave
length from a minimum of | 1/2 tc 2 miles. Accuracies of the data will be
in the range of ! 1/2 to 2 milligals{

Mr. W.G. HELLER presents the paper on :

"Developments in moving~base gradiometry”

“Gravity gradiometry, the measurement of the spatial rate of change
of the gravity vector, has, in recent years, been the object of comsiderable
attention in the United States. Since the report to the Seventh International
Gravity Commission (Williams, 1974), the development of a moving-base gra-
diometer instrument has progressed considerably (Ames 1978), (Metzger 1978),
{(Trageser 1978).
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Attention has also been given to the integration of moving-base gradiometry
with other technologies such as multisensor gravimetric survey data proces—
sing (Thomas 1976}, aided inertial mapping (Heller 1977), and navigation
(Gerber 1978). Geophysical and geologicn? applications have also been
addressed, e.g., {(dammer 1973}, (Jordaua 19773.

Prototype gravity gradiometer:z have continued to be developed by
three manufacturers : The RBell Aerospace ivigion of Textrom, Inc.,
The Charles Stark Draper Laboratory and the Hughes Aircraft Corporation.
Each developer has demomstrated, under carefully controlled laboratory
conditions, resolutions of the oxder of a few E* and approached residual
instrument noise power levels of 10 -gec.

The developer’s gradiometers are quite different from each other.

¥W.G. HELLER summarises key featurcs and the status of the 3
gradiometer programs. Then, he presents the various applications of
gradiometers and points out some concluding remarks and perspective.

On the basis of both theoretical design limits and observed data it
is likely that initial moving~basz gradicueter operations will take place
in the early 1980's. The performance level of the first mobile instrument
will probably be modest - several Eotvos referred to a ten sacond moving
window averager. Nemetheless, such an accuracv level wili be adequate to
explore a variety of gradiometric applications such as :

-~ Real-time vertical deflection compensation for marine imertial
navigation systems.

- Position determination using a prestored map of the gravity
gradient field.

- Improved defi:.ition of the very short wavelength portion of the
Earth's gravity field for future wcrld geodetic systems.

- Adrberne or seaborne gravity mappir~ of areas in which highly
dersified gravimetric data is desir.d,

— Improved accuracy of ground-based inertial survey systems.

~ More accurate specifications of geophysical structures and
resources.”

Dr. L.E. WILCOX gives lecture of the paper :

"Determination of gravity anomalies and deflections
of the vertical from inextial surveying’.

prepared by H. BAUSSUS wvon LUETZOW.

“Based on considerable progress in inertial techmology and on a
technical proposal by Litton (1270), the U.S. Army Engineer Topographic
Laboratories (ETL) developed a Position and Azinuth Determining System
(PADS) for U.S. Army field surveying needs. ...

ETL tests at White Sands Missile Range in 1976, described by Fishel
and Roof {1977) established the system's capability of determining gravity
anomalies and deflections of the vertical with average rms errors of 2 mGal

o+ -7
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E = Botvos upit : 0.1 mGal/km = 10 “sec .,
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and 2 arcsec, respectively £or 50 km runs. Critical present hardware consists
of an AI0C0 vertical accelerometer, two A200 horizontal accelerometers, and
two G200 gyroscopes. The unit operates as an optimal local-level system in
the Inertial Positioning System (IPS) mode and as a quasi-local-level system
in the Rapid Gravity Survey System (RGSS) mode. The RGSS mode without

Kalman platform tilt corrections has advantages concerning gyro bias
estimations.”

Then, the spezker indicates the methods for the determination of the
gravity anomalies and the deflections of the vertical. He points out that
“the following RGSS applications appear to be promising

-~ Rapid iﬁg, fts p-determinations along selitary courses of about
60 km length. , e

= Establishment of regional &g, &, n-grid information networks
suitable for use in a gravity-programmed inertial positioning
system and for analytical continuation in space in the case of
flat or moderate terrain by means of computable horizontal

derivatives = .l g, :Ag, ¥ , T for a first-order Taylor
= Ty .1 X hy

expansion of Mg, S , n to a level surface and subsequent application
of Laplace's equation.

~ Improved point positioning approaching or equaling classical
surveying accuracy.

~ Flood plame profiling and mapping under consideration of the
underiying geoidal structure.

- Geophysical prospecting, including detecticn of significant
subterraneous mass anomalicd’

in conclusion, it can be noted that™ modern imertial technology in
combination with advanced mathematical techniques can achieve rapid extension
or demsification of contimental g, -, y-data with accuracies sufficient
for many geodetic applicatioms. It ig expected that an advanced BGSS,
potentially available in 1981, can make significant geodetic-geonhysical
contributions. Provided that the system's reliability is also increased
during the next three years, the advanced RCS3 wilil prove to be highly
cost-effective. The establishment of regional 5g. 7, penetworks with
2 km spacing by means of an advanced RGSS or by a pradiometer—aided
RGS8 will facilitate the development of a gravity programmed inertial
surveying system with great potential benefits.”




Item XL ~ PREDICTION OF GRAVITY VALJES

Chairman @ Prof. U.A. UQCTILA

One session held on Thursday 14 September 1975, 11.45 -~ 12,30 am.

Mr. G. LACHAPELLE presents the paper

"Evaluation of !° x 1° mean free-air gravity anomalies in Canada”

“1° x 1° mean free-air gravity anomalies for Canada and surrounding

areas are derived from surface gravity data and mean topographic heights.

A regular 5' grid is first evaluated and reduced to mean heights (where
available) of blocks (5% or 1°} using standard Bouguer factors. 1° % 1°

gravity anomalies are then obtained by straight arithmetic means of smalier block
blocks. Variances are given by an estimator which is a function of signal and
error covariances. The final data set is compared with that of RAPP (1977)

and that derived directly by least squares collcecation.

Mr. C.C. TSCHERNIN® presents the paper

"Gravity predictiou using collocation and taking known mass density
anomalies into account’.

"The anomalous (gravitational) potential of the Earth, T, is split in
two parts, T = T¢ + T,, Bere Ty is a harmonic function generated by known mass
density anomalies and TC = T -~ Ty, This funetion will also be a harmonic
function, which thersfore may be approximated using the method of collocation,
based on known gravity anomalies or altimeter derived geoid undulations, for
example. Gravity anomaliecs can then be predictud using the known linearized
relationship between T and 2Hg. This procedure may give a 40 - 50 % increase
in the precision of the prediction results as compared to a procedure where
mass density anomalies are not taken into account?.

The speaker points out specially that the technigue of removing and
restoring the masses has been tested im a 1° xz 1° area in New Mexico, USA
with strongly varying gravity ancmnlies due to a mountain chain running Morth-
South through the area. Details describing a similar test, where deflections ”
of the vertical were predicted, can be found in Tscherning and Forsberg (1973).
Two approximations to T was computed using the method of stepwise least Sguares
collocation. As data was used a set of potential coefficients, 1° « equal
area umean free-air gravity anomalies, point free-air gravity anomalies
(98 values spaced &' apart in the 1° x 1° area) and demsity values in the
form of topographic heights. The terrain was considered to be ismsticzally
compensated at a depth of 30 km. One approximation was computed without using

R ——
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£ devsity information.

-

"Prediction of deflections of the vertical®™. Proc. Second International
Symposium on problem related to the redefiniticn of North American Geodetic
Netrrorlks . Washington D.C., April 1978,




The two approximations were then used for the prediction of 113 wvalu
free-aiy gravity cnomalies in the 30° x 30° block in the middie of the area.
The standard~deviations of the difference between observed and predi

values are shown in the following table:

Standard deviation of the observed and the diifsrence
between observad aud predicted gravity anomalies.

Ohserved free-air anomalies + 10
Difference not using density information 5
Difference using density information 3

Let us finally notice that a similar improvement in the prediction
results can be expected in gencral. The improvement will depend on the
magnitude of the variation of the topographic-isostatically reduced gravity
anomalies as compared to the variatiom of the free-alr gravity anomalies.

The Paper "Prediction of mean gravity anomalies in unsurveyed areas”

by Dr. L.E. WILCOX and W.J. ROTHERMEL was also distributed nt the meeting.

*1a this text a number ox zecphysicalw-gravity apomaly prediction
methods have been briefly described and discussed. Of these, the NOGAPF
EXGAPY, UNGAP', and GAPFREE™ IMethods have been used to obtain 1° x 1° mean
gravity anomalies in regions that contained very limited, if any, measured
gravity data. Two interpolation methods, GRADEY and GAIN', have been useq
to densify existing fields of gravity data for the purpose of 1° x 1° mean
gravity anomaly prediction. All these methods give values in unsurveyed or
partially surveyed areas that ave superior to those which could be obtained
using comventional averaging techniques and cnly the sparse amount of
measured data available. Some new ideas whici. utilize multi-regression ars
being developed.

Since no two geologic and tectomnie settings are exactly identical,
it is safe to say that nome of the geovhvsical methods have cver been
applied twice in cxactly the same manner. In fact, many variations of
each method are possiblie and the scientist doing the prediction always
must be nlert for new ways to =dant the standard methods so that they
properly apply to different regions. Experience, insight, and judgement
are very important factors in geophysical prediction’

-+

2

NOGAP : Normal Gravity Anomaly Prediction
EXCAP : Extended Gravity Anomaly Prediction
ULGAE : Unreduced Gravity Anomaly Prediction
GAPTRER : Normal Gravity Anomaly Prediction~Free Alr Version
GRADE @ Graovity Densification and Extension
GATN 3 Geologic éttractionm Interpretatiomn.
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Item XII - COMPARISON AND COMBINATION OF SATELLITES RESULTS WITH SURFVACE DATA

Chairman : Dr. R.H. RAPP

Cne session held on Thursday 14 September 1979, 11.60 - 12.30 am.

Mr. O.W. WILLIAMS precsonts the paper "Contributi-n of satellite

radar altimetry to Earth gravitational field definition”
by O.W. WILLIAMS and K.L. BRACE

Since the early 1960s, considerable effort has been expended in ar
mpt to ccurately define the Earth's gravitational field, Holdings of
ace gravity data have increased and numerous representations or models
cf the Earth’s gravitational field have been developed, usually in the form
of gecpotent ial coefficient sets. The data used eifher singly or in combinetioa

ra
v f

x, op 1ﬂaL ﬂﬂd 1¢5er satelllte tracking data, ete. The geopotentlal
coelfficient uOldLlonu have been made to different degrees and orders, para~
meters other thon coefficients have been solved for simultaneously, and
varions weighting schei»s and mathematical techniques have beer used.z

Also, che solutions have been affected by the dif-
ferent pumber and location of tracking stations providing data and the prac-
fice of preassigning values to certain coefficients. (The latter has been
ggpezially true with respect to the zonal harmonic coefficients). Thus,
despite the availability of ever increasing amounts of conventionally-
tainad surface gravity and satellite data, including improved calculation
chniques, progress toward an accurate definition of the Earth's gravita-
onal fiald has been slow. However, results from the Naticnal Aeronautics
d ace Administration (HASA) GEOS 3 Satellite, launched 9 April 1575,
2 onsxdelable chunge in this unsatlsfactory gsituation.

Then, the speaker indicates the main objectives of the GEQS~3
program with vespect te altimetry, the GEO0S-3 and the geoid height comparisons
w7 siniler data computed by spherical harmonic expansion using the Goddard
Zarth lodel 10 (GEM !10) and the Smithsonian Astrophysical Observatory Smith-
sonion Standard [ reh LI (SA0 SSE II) geopotential coefficient sets.

He shows also the comparisom of subsets of the GEM~10 and GE0S-2
gzcid heights for 3 oceanic areas :
- off the West coast of the United States,
~ off the East coast of the United States, the GE0S-3 calibration geoid area,
=~ and ocean area South and Fast of Australia.

From these results, it can be concluded that "although only approxi~
mately 25 % of the GE0S-3 data has been processed, preliminary results have
been impressive. Based on analyses completed to date, it appears that GEGS—3
data (available between &5° north and south latitude) is capable of providing :

Jata from different satellites of varied inclinations and altitudes have
influenced tha different solutions,
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An oceanic geolid accurate to approximately + 1 meter.

o

Ocean~area 1° x 1° mean free~air gravity anomalies accurate to
approximateiy + 8 milligals,

Ocean-area deflection of the vertical components accurate to approximately
+ 2 arc seconds.

The major portion of the data needed to define a worldwide geoid of far
greater accuracy than heretofore possible.

A substantial improvement in Earth gravitational field modeling either
singly or in combination with (sufficiently accurate) conventional lané
and ocean gravity survey data, satellite-~deduced geopotential coefficients..

Information on the location of seamounts.

More accurate results will be achieved as data reduction and calculation
procedures improve and as additional data is incorporated into the GEOS-3 data
base, With the availability of Seasat—1, DOD efforts will continue toward the
development of ocean—area geoid heights, deflection of the vertical components,
and mean free—-air gravity anomalies of the best possible accuracy and
resolution.

Dr. R.H. RAPP presents "A cowbined terrestrial altimefer

1° x 1° mean gravity anomaly field”,

He describes recent improvements in our knowledge of 1° x 1° mean
free—air gravity field of the Zarth. This improvement is described in two
main ways. First we consider the status of the 1° x 1° values based only on
the terrestrial gravity measurements. The second is based on recent anomaly
determinations made from the Geos~3 satellite altimeter measurements,

A set of 29405 1° x 1° anomalies based on terrestrial information
only, and a set of 27465 (std.dev. < 15 mGal) anomalies based on the Geos~3
altimeter data were formed. These anomaly setswere merged to form an almost
global set of anomalies of 50650 biocks.

Although the average standard deviation of the terrestrial data is
+ 15 mBal, and for the altimeter anomaliecs, + 8 mGal, we found 203 anomalies
where the differences exceeded 50 mGal when restricting the comparisons to
ancmalies having no standard deviations greater than 25 mGal (for terrestrial)
and 13 mGal for the altimeter. (Considering all terrestrial data the number
of such 50 mGal differences increases to 708).

There remains significant areas in which work needs to be done. This
includes finding the source of the large discrepancies between terrestrial and
altimeter anomalies. In addition better documentation is needed on the methods
and accuracies for the computation of 1° x 1° anomalies.

If the reliability of the altimeter derived anomalies can be further
substantiated, with more feos-3 data, and data to become available from the
Seasat-! satellite (launched in June 1978) the need for, and use of ship
measurements for 1° x 1° mean anomaly estimation should drastically be
reduced.
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Mr. G. DESVIGHES presents the paper "Some numerical

results on the statistical behaviour of gravity anomalies”.

He gives some preliminary numerical results on the covariance
function and semi-variogram for local mean gravity anomalies over a test
area, particularly results concerning isotropy’s properties.

The test area extends from 10°W to 20°E in longitude and from
35°W to 60°N in latitude, so covering the whole occidental Europa and
Mediterranea.

On this area, altitudes are between ~ 5000 m and 2700 m
so it corresponds to various topographic features.

All BGI data on this region have been homogeneized in order to
compute 11250 mean 127 x 20' free-alr anomalies {and also mean isostatic
anomalies).

From these computations the speaker points out the Ffollowing
conclusions which can be comsidered as somewhat representative @

-~ Free-air anomalies covariance shows an anisotropy which exists for all
distance (20 km up to 700 km) ; average rate of anisotropy is about 16
but its maximum values can exceed 50 Z.

]

- The use of isostatic anomalies strongly reduces the anisotropy of the
covariance function : mean rate is only 8 7 ; so the interest of this
kind of anomalies for predicticn problems is emphasized.

~ The behaviour of semi-variogram is quite different : anisotropy is smaller
and chiefly important at small distances

8o we can say in conclusion that the error in prediction methods
assuming isotropy of the covariance function may be not negligeable if
free-air anomalies ave used.

Dr. R.H. RAPP gives lecture of the paper : "The geoid and

continental gravity data banks : the role of satellite altimetry”.

by R.S. MATHER. The program of research on the unification of
geodetic levelling datums is done in collaboration with
C. RIZ0OS and T, MORRISON.

"Point gravity values have to be processed in conjunction with a
geopotential Zdifference ( /AW) before use in high precision geodetic compu~
tations. Users expect these values of AW to be differences with respect to
the geoid. In fact, they are differences in relation to the height of local
mean sea level (MSL) at the regional levelling datum.

Satellite altimetry provides, in principle, a means of defining a
unique geoid. The parameters defining the geoid obtained from GEO0S-3
altimetry are presented and their significance is discussed.



A geoid defined in this manner can be used in conjunetion with a
contipental gravity anomaly data bank to obtain the height of MSL at the
regional datum for levelling provided the gravity ancmalies are beased on
a levelling network related to this datum.

Preliminary computations using the gravity anomaly data bank for
Australia (AUSGAD 7¢) provide estimates of the height of MSL at the Jervis
Bay datum f£or the freely adjusted level petwork for Australia., 4t first
glance, this is found to be in good agreement with oceanographic estimates.
A closer analysis of the GEO0S-3 ephemeris indicates a continuing uncertainty
in the definition of the potential W, of the geoid which has still to be
resolved,

The problems inmvolved in applying this technique to gravity anomaly
data banks which are not unambiguously related to levelling networks, are
illustrated by a study of the gravity anomaly file computed for North
America. Despite these reservations, the difference in the height of MSL
between Jervis Bay and a Galveston datum for HNorth America obtained using
this technique, is in good agreement with the oceanographieally determined
value.
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* 617 — SEARLE R.C. % R.B., WHITMARSH - "The structure of King's Trough,
Northeast Atlamtic, from bathymetric, seismic and gravity studies".
from : Geophys. J., R. Astr. Soc., M° 53, p. 255-287, 1978.

We present new seismic and gravity data from the linear chain
of deeps and flanking ridges known collectively as King's Trough,
and combine them to produce crustal models of the western end of
the complex. These models show that there is an abnormally low-
velocity, low-density crust under the trough itself, and that the
whole King's Trough feature is situated in a region of slightly
thicker than normal oceanic crust. The flanks and basins of Ring's
Trough are not in local isostatic equilibrium, although the feature
now appears to be inactive. We believe these data indicate a history
of extension and of hot-spct activity at King's Trough, and that the
feature was formed either as a slow-spreading arm of an R-R-R triple
junction associated with a Mid-Atlantic Ridge hot-spot, or by sub-
sequent rifting of a pre-existing hot-gpot trace.

623 - CHOWANSKA~OTYS D. - "Gravimetric methodical research works at the south
part of  Baltic Sea.
Proc. Inst. Geod. & Cartog., t. XXIV, Z. 1(55), p.3-22, Warszawa, 1977.

In 1971-72 Institute of Geodesy and Cartography organized four
gravimetric sea expeditions. Investigations, having character of
general gravimetriec survey, were carried out at the area of south
part of Baltic Sea along the Polish seacocast in the zone of about
100 km f£rom the shore. Measurements were made along the profiles
running parallel to the shore in the mutual distance about 5 nm and
along the profiles crossing this area. Besides, semidetailed gravi-
metric survey on the area of 1300 km2 was made in the shape of regular
network of profiles being 2 + 3 nm away one from another. Many of these
profiles were measured twice. CGravimetric instrumentation consisted of
three strongly suppressed russiazn gravimeters of GAL-Y type, placed
on the giroscopically stabilized plates. System Decca was used for
ship navigation, and during the semidetailed survey system Sea-fix
was utilized additionally.

As a result of measurement elaboration gravimetric data for points
placed at mutual distance on the average 1,7 nm were obtained. Rate of
general gravimetric survey can be estimated as one point/5 mm2. Mean
error of determination value g at given point after adjustmeunt is
+ 1,6 mGal. For scmidetailed gravimetric survey mean error of accele-
ration gravity value after adjustment was + 0,7 mGal. The rate of this
survey is much higher than at the area of general survey ; it is ome
point / 1,4 nm2,

Gravimetric data obtained for south part of Baltic Sea have made
possible realizing a number of further geodesical and geological works.

* Les numéros font suite & ceux indiqués dans le Bull., Inf. N° 44, Mai 1979,
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KRYNSKI J. - "Application of low-low satellite observations to local
geoid determination’.

Geod. 1 Kartog., Polska Akad. Naul, Komitet Geod., t. IXVII, Z. 1,
p. 17-27, Warsgawa, 1978.

Low=low satellite observations are studied as a means to improve the
geoid in local areas from a limited data coverage. Least squares collo-
cation is used for this purpose because it allows to combine heterogeneous
data in a comsistent way and estimate the integrated effect of the atte-
nuated spectrum. In this way accuracy studies can be performed in a
general and reliasble manner.

It is shown thet it is sufficiemt to have a limited number of satellite
observations in a 7° x 7% area around the estimation point with distances
between profiles of about 3° and between two satellites of the order of
few hundred kilometers. The accuracy of the geoid determimation is
strongly dependent on the degree and order of the reference field used.
An accuracy of zbout + 2 m can be achieved with a reference field of
(18, 18). -

The influence of measuring errors is discussed and it is shown that
only low-low sztellite observations with accuracies better than
0.5 mm/sec will give an improvement of the geoid. Fimally, some results
on the combination of low-low satellite observations and terrestrial
gravity measurements are given.

The proposed method seems to be especially interesting for unsurveyed
areas. Furthermore, it has the practical advantage that only, a local
coverage data is needed.

BARLIK M. - "Investigation of the geoid shape in Tatra Mountains®.
Geod. i Kartog., Polska Akad. Nauk, Kom. Geod., t. XXVI, Z. 3, p. 211-217,
Warszawa, 1977.

There are given some notices of the author connected with the
determination of the geoid shape on the territory of special testnetwork
in the Tatra Mountains. Author presented some properties of the astro—
gravimetric levelling in mountain areas which are different from works
in flat terrain. There are given conception of calculation of the vertical
deflections and a proposition of taking into account some new stations in
order to improve results of the astro~gravimetric levelling. Author points
out that empirical formulae given hereafter are not adequate for esti-
mation of the geoid hight errors in mountains.

KRYNSKT J. & K.P. SCHWARZ - "Application of satellite gradiometry measu-
rements to local geoid determination”.

Geod. i Kartog., Polska Akad. Nauk, Komitet Geod., t. XXVI, Z. 2,

p. 38~101, Warszawa, 1977.

Satellite gradiometry is studied as a means to improve the geoid in
local areas from a limited data coverage. Least-—squares collocation is
used for this purpose because it allows to combine heterogeneous data
in a consistent way and to estimate the integrated effect of the attenuated
spectrum. In this way accuracy studies can be performed in a general and
reliable manner.
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It is shown that only three second-order gradients contribute
significantly to the estimation of the geoidal undulation and that it
is sufficient to have gradiometer data in a 5% x 5° area arcund th
estimation point. The accuracy of the geoid determination is stron
dependent on the degree and order of the reference field used. An
accuracy of zbout + 1 m can be achieved with a reference fisld of
(12, 12). There is an optimal satellite altitude for each reference
field and this altitude may be higher than 300 km for a field of low
degree and order. The influence of measuring errors is discussed and
it is shown that only gradiometer datz with accuracies better than

0.05 E will give a significant improvement of the geold. Fipally,
some results of the combination of satellite gradiometry and terrestrial
gravity measurements are given.

The proposed method seems to be well suited for local geoid deter-~
minations down to the meter accuracy. It is especially interesting for
unsurveyed and difficult areas because no terrestrial measurements are
necessary. Furthermore, it has the practical advantage that only a loecal
data coverage is necded.

2
gLy

Geophysical Imstitute of the Czechoslovak Acad. Sci., Praha.

627 - Studia Geophysica & Geodaetica, t. 21, n° I, 105 p, 1977.

628 - o H " t. 21, n® 2, p. 107-206, 1977.
629 - ” i * t. 21, n"3/4, 1877,
a) BURSA M. ~ "Exwnansion of a function given over an equipotential
surface into spherical harmonics”
p. 217-227.

b) BERANEK B. & 1. ZOUNKOVA - "Investigations of the Earth's crust in
Czechoslovakia using industrial blasting’.
p. 273-280

Results obtained in studying the Ii~discontinuify by means of deep
seismic scunding in Czechoslovakia are presented. Apart from profile
measurements, surface surveys are beiny carried cut in Czechoslovakia
using 1ndu°trlal blasting, where the measured sections are at epicentral
distances of 80 to 120 km. The international profiles and polnts, at
which data from surface measurements were obtained, are given in ¥ig, 1.
The suitability of using the method (Fig. 2, 4) is discussed, and a
structural map of the M-discontinuity for Czechoslovakia has been
constructed from the results obtained (Fig. 5). The M-discontinuity in
Gzechoslovakia is comnected with its layout in the neighbouring countries
and tae map of the M~discontinuity has been established for Central
Furope (fig. 8). It was found that the zones of larger crust thicknesses
in the Alps and Carpathians are very important for treating the contact
between the Furopean Platform and the foundations of the Alpine System.

-
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., p. 165-250, Paris, 1578.
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PAUL M.K, ~ “Recurrence relations for integrals of associated
Legendre functions®,
p. 177--190.

Recurrence relations for the evaluation of the integrals of associated
Legendre functions over an arbitrary interval within ¢0°, 9%0°) have been
derived which yield sufficiently accurate results throughout the entire
range of their possible applications. These recurrence relations have
been used to compute integrals up to degree 100 and similar computations
can be carried out without any difficuity up to a degree as high as the
memory in a computer permits. The computed values have been tested with
independent check formulae, also derived in this work ; the corresponding
relative errors never exceed 10723 in magnitude.

TSCHERWIKG C.C. - “Collocation and least scuares methods as a tool for
handling gravity field dependent data obtained through space research
technigues”™.
p. 199-212.

Least squares adjustment and collocation methods have in the last
decade been the tool for extracting gravity field information from data
obtained through space research techniques (satellite orbit tracking,
altimeter observations, doppler determined positioms), and when combining
these data with data observed at the surface of the Earth.

The mathematical framework for the two models is described and the
models are compared. It is shown that the two methods only become
equivalent in cases where the npumber of parameters are equal teo the
number ¢f obgervations.

It is pointed out that several arbitrary choices (of parameters,
weights and norms) will have to be made before the methods can be

applied, and that further investigations are needed in order to justify
the specific choices.

Osser. Geof. Sper. - Boll. di Geof. tecr. appl., v. HIX, N° 75-7%
p. 107295, Trieste, Sett.- Dec. 1977.

2

MORELLL C., F. GIESE, M.T. CARROZZO, B. COLOMBI, A. HIRN ...

"Crustal and upper mantle structure of the Northern Apennines, the
Ligurian Sea and Corsica, derived from seismic and gravimetric data®.
p. 199-260. (& chapitres).

In 1574, the crustal structure between Corsica and the Northern
Apennines was investigated by seismic refraction measurements within a
French, German, and Italian cooperation. This offers the possibility
to discuss the structure of this area involving alsc other
geophysical methods. The first paper (Morelli and Giese) outlines the
general aim of this project and presents some technical data.
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The second report, given by Nicolich, deals with seismic refleetion
data of the area under study which completes the picture in the wipzr-
most part of the crust. Some time-contour maps (base of the Plio-
Quaternary, base of the upper Miocene, top of the crystalline basement)
delineate the structure of the sedimentary cover under the Ligurian lJex,

The next three papers, presented by Colombi et al., Letz et al.,
Hirn et al., describe the results obtained by the seismic refraction
project 1874,

The main facts are the following : {orsica shows a typileally ccnti-
nental crust, 20 km thick. Elba and the WF Ligurian Sea are characterized
by two discontinuities, both having the properties of a crust/mantie
boundary.The deeper boundary (40-50 km) lLelongs to the Corsica~Sardinia
block whereas the shallow one (15-25 km) must be associated with the
Adria micropiate.

Carrozzo and Hicolich checked the cross—saction, derived from the
seismic data, by gravimetric calculations. In general, the seismic
results eould be confirmed. In some cases, minor modifications must be
applied. E.g. under the Corsica channel a small updoming of the crust/
mantle houndary must be claimed in corder to compensate the thick
sedimentary £ill of this graben.

A short contribution by Rower et al. deals with the results of a
selsmic refraction profile observed in 196&, running from the Massif
Mercantour along the Ligurian coast. A crustal overlapping for the
transition between the Horthern Apennines and the Western Alps W of Genove
could be evidenced.

The last paper by Giese et al, summarizes the results and contains
some geclogical remarks.

The crustal structure presented here is understandable only when
considering simultaneously the tectonic structure and development of
the southern Western Alps and the Northern Apennines. Two different
continental units have to be distinguished. The Corsica-Sardinia crust,
being a fragment of the European continent, is of normal continental
comrosition and extends, under reduction of its thickness, some ten
kilometers east and northwards under the crust of the Adria microplate.

The Adriatic crust has 2 minimum thickness of 20 km under Elba and
15-20 kar in the northern Ligurian Sea. Proceeding towards the crest of
the Apennines, crustal thickness increases at least to 35 km.

Comparing the structure of the area under investigation with that
of other Mediterranean orogenic zones, a distinet difference is recogni-
zable. In the Ligurian region the crust of the hinterlaand, that is
Corsica, plunges urnder the Apenninic and Adriatic erust. In the Alps
and the Carpathians, however, the crust of the hinterland overlies
geosynclinal series and the crust of the foreland. The different situa-
tion in the Ligurian Sea has to Lec seen in a larger frame, that is the
transition from the Alps to the Apennines. Just in this arcas, the Adria
microplate behaves as hinterland in respect to the Western 4lps whereas
it is foreland with regard to the Northern iApennines.

- RIAD 8. & A.4. OTHMAN - “A contribution to the methods of calculating

the vertical gradient of the gravity field”.
Osser. Geof. Sper., Boll., Geof. Teor. Appl., v. XX, n° 77, p. 52=80,
Marzo 1978.



The given formula for calculating the vertical gradient of the
gravity field is based on the well known Poisson's Lntegral for twu-
dimensional problems. The integral equaticn representing the new
function was divided into three integrals, integrated and then
expressed in the form of the given summation.

0, 6) = N (2,0 -v ¢ o)l

"+
ey f+ R
Vez R z i, 7]

The values of the coefficient 4, are given in a table. This foracin
was checked on theoretical models of simple body forms and of a sot of
two spherical bodies located at different depths.

Results of calculations show that the accuracy of the suggested
formula is good enough and its resolving power too. Besides, it is in 2
form easy for manual computations and alsc for electronic computer
programming.

638 ~ MARSOW I. & F. ALASIA - "Absolute gravity measurements in the United
States of America”.
AFGL~TR~78~0126, AFSC, USAFT, 79 p, Hanscom AFB Mas., 1978.

The measurements of gravity acceleration described in the report
were performed in 1977 within a grant program spomsored by the US Air
Force. The introductory part of the report illustrates the transpor .bi.
absolute gravimeter and ancillary instrumentation used in measurements,
and describes the measurement method applied ; uncertainty and errors
are anal}sed as well, Measurements of gravity acceleration made in
Europe prior to the USA program are also briefly considerad befors a
detailed account is given of the measurements made in the USA. The
numerous tables in the text and at the end of the report form an
essential part of it. Six stations were observed in the USA and
approximately 100 measurements made per station. The results show
an overall uncertainty in g measurements of the order of 12 #Gal,

642 ~ MILLER H.G. & E.R. DEUTSCH ~ "The Bouguer anomaly field of the Notre
Dame Bay area, Newfoundland with map : N° 163 - Notre Dame Bay'.
Earth Physics Branch, Gravity Map Series, & p, N° 163, Ottawa, 1978,

Gravity observations at 705 locaticns in the Motre Dame Bay area of
Hewfoundland delincate an arcuate belt in which closely spaced gravity
anomaly contours tend to follow the coastline. This belt marks the surface
contact between mafic volcanics and ophiolite sequences witckin the Notre
Dame tectono—stratigraphic zone and (1) sedimentary and volcanic roeks
in the Exploits zome to the south and east and (2) predominantly meta-
sedimentary and metavolcanic rocks in the Fleur de Lys zone to the west.
Positive Bouguer anomalies over the Fleur de Lys zone to the east of the
Baie Verte lineament indicate a westerly subsurface extension of the
oceanic rocks found in the Notre Dame zoner Sedimentary rocks in the
Exploits zone have no perceptible effect on the gravity anomaly Fiald®,
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643 -~ WATTS A.E. - "Gravity field of the Northwest Pacific Ocean Basin and

644 =~

645 -

its margin : Hawaii and vicinity™.
The Geol. Scc. of America, 1975.
Lamont-Doherty Geol. Obs. Col. Univ., Contr. n” 2214, % p, Falisades.

A total of 14,425 surface=-ship and pendulum gravity measurements
have been combined with land measurements in 2 new free-air gravity
anomaly map of the Hawaiian Islands and adjacent sea areas. The map has
been contoured at 25 mGal intervals, and gravity anomaly values have
been annotated at maxima and minima between contours. Defined on this
map is a narrow belt (about 120 to 180 km wide) of large—amplitude
positive anomalies {as much as + 700 mGal) asscciated with the Hawaiian
Ridge, a narrow belt (about 120 to 180 km) of large amplitude negative
anomalies (as much as - 136 mGal) that flank the ridge, and a broad
belt (ebout 200 to 300 km) of positive anomalies (a8 much as 25 mGal)
that border the negative anomalies. We discuss here the significance
of these belts of positive and negative anomalies, which extend for
distances of as much as 1,000 km across the map area, and their corre-
lation with features of sea—~floor topography.

WATTS A.B. - "Gravity field of the WNorthwest Pacific Ocean Basin and
its margin : Aleutian Island, arc—trench system".

The Geol. Soc. of America, 1975.

Lamont~Doherty Geol. Obs. Col. Univ., Contr. n° 2242, 5 p., Palisades.

Surface~ship and peadulum sea gravity measurements have been
combined with land measurements in a new free—air anomaly map of the
Aleutian island arc—~trench system. The most prominent features of the
map are a narrow belt of large amplitude positive anomalies that reach
a maximum value of + 242 mGal over the northwest part of the Aleutian
island arc and a narrow belt of large-amplitude negative anomalies that
reach a minimun value of - 21% mGal over the central part of the Aleutian
Trench. The map alsc defines the main features of the free-air anonmal;
field landward of the Aleutian arc and seaward of the Aleutian Trench.
Free-air anomalies are generally zero over the Aleutian Basin landward
of the central part of the Aleutian island arc and generally positive
(as much as + 50 mGal) seaward of the Aleutian Trench.

WATTS A.B. - “Gravity field of the Northwest Pacific Ocean Basin and
its margin : Philippine Sea®.

The Geol., Scc. of America, 1976.

Lamont-Doherty Geol, Obs. Col. Univ., Contr. n° 23211, 4 p, Palisades.

Surface-ship and pendulum gravity measurements have been combined
with land measurements in a2 new free—air anomaly map of the Philippine
Sea. The map defines the main features of the freewair anomaly field as~
sociated with the island arc-trepch systems that border the Philippine
Sea. The Japan, Bonin, and Mariana island arcs are associated with
narrow belts of large amplitude positive ancmalies that reach a maximuwm
value cf + 386 mGal and negative anomalies that reach a minimum value of
- 352 mGal. The map also defines the field associated with the marginsl
basins that comprise the Philippine Sean,
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The Shikoku and Parece Vela marginal basins are associated with
p051t1ve anomalies in the range + 15 to 25 mGal. The West Philippine basin
is associated with a variable free-air anomaly pattern. The deepest parts
of the basin ( > 6.1 km) are associated with negative anomalies in the
range of Q¢ to — 10 mGal.

DREWES H. — "Lz compensacion de redes gravimetricas”
Univ. del Zulia, Postgrado Ing., Pub. Interna W° 23, 28 p, Maracaibo, 1%77.

The theory of the adjustment of gravimetric network is described and
applied in a network around the Lake of Maracaibo (Venezuela). The given
method is different to the models used in former evaluations and is based
on a strict development, while the others include approximations and
neglections.

A computer~program is given and desecribed at full length. The
program is universal and may be used for different types of adjustment
(e.g. free networks or comnected networks).

NAKAGAWA I., Y. TAWAKA, M. SATOMURA, M. KATO & K. QOIEE -~ "Internatiomal
connection of gravity between Japan and South America®.
from : J. Geod. Soc. Japan, v. 23, »n° 2, p. 82-87, 1977.

An internatiomal connection of gravity was carried out by using a
couple of LaCoste & Romberg gravimeters, G-29 and G-196, at Kyoto, Tokyo,
Oahu~Honolulu, Los Angeles, Mexico City, Lima, Arequipa and Santiago.

The gravity difference was of about 2.1 Gals.

After the data obtained were adjusted, correction factors for the
scale constant of the gravimeters G-29 and G-1%6 given by the manufacturer
were determined to be 1.000893 and 1.000526, respectively. The value of
the correction factor for the gravimeter 0-20 was slightly larger than
that of another international gravimetric comnection among Tokyo, Moscow,
Potsdam and Paris which was performed by the Ceographical Survey
Institute.

Using these correction factors, the grav1ty value at each measuring
station was recalculated under the assumptlon that the mean value of
gravity at all atations registered in the IGSN 71 was asgumed to have
undergone no change. The discrepancy between the value thus obtained and
that of the IGSN 7! was less than + 0.05 mGals at all stations.

ROWELL U.H. - "Geology and geophysics in Hawaii : a bibliography of
theses and dissertations 1909~1977%,

4 total of 278 academic theses are included in the biblicgraphy ¢
38 7 from the University of Hawaii, and 11 % from universities and
colleges outside Hawaii. Rﬂughly two thirds are regional studies om tho
Hawaiian Islands ; the remaining third, all by University of Hawaii
graduates, are partly theoretical works, partly werks on non~Hawaiisr
geclogy and geophvsics.

The blbllogranhy has two main secticns, both with full biblicgraphic
information ; one is chromological . and one is arranged by subject.
There are three indexes that all refer to the chronological section by
year and author : one geographical index, one alphabetlcal author index,

and one list of universities and colle*es represented in the bibliography.




The sources consulted for the compilation of the bibliograrhy are
listed in the introductory chapter.

649 -~ KELLER G.V., C.EK. SKOKAN, J.J. SKOKAW, J. DANIELS, J.7. KAUARIEAUA ...
"Geoelectric studies on the East Rift, Kilauea Volcano, Hawaii Island”

Univ. of Hawaii, HIG-77~153, Geothermal Resources Exploration in Hawaii
N® 3, 185 p, 15977.

Three geophvesical research organizations, working together under the
auspices of the Hawall Geothermal Project, have used several electriecal
and electromagnetic expleration techniques on Kilauea volcano, Hawaii to
assess its geothermal resources. This volume contains four papers detailing
their methods and conclusions. KELLER et al. of the Colorado School of
Mines used the dipole mapping and time-domain EM sounding techniques to
define low resistivity areas around the summit and flanks of Kilauea.
Kauahikaua, and Klein of the Hawaii Imstitute of Geophysics then detailed
the East Rift with independent, two-loop induction and time-domain EM
soundings. Finally, Zablocki of the U.S. Geological Survey delineated
four anomalous areas on the East Rift with an extensive self-potential
survey ; one of these areas was chosen as the site of a test hole.

5

650 — BERG E., J.A. CARTER, D. HARRIS, S.H. LAURILA, B.E. SCHENCK, G.H. SUTTON ...
"High precision laser distance measurement in support of lunar laser
ranging at Haleakala, Maui, 1967-1077".

Univ. of Hawaii, HIG~78-5, 184 T, 1978,

The United States lunar laser ranging program utilizes two obsarva=
tories, one of which is atop Haleakala on the island of Maui, Hawaii. The
Hawaii Institute of Geophysics has implemented a comprehensive geodetic~
geophysical support program to monitor local and regional crustal defor-
mation on the island of Maui. The program includes repeated geodetic
laser surveys between the LURE Observatory and an island-wide and inter—
island networks, gravimetric surveys and firet order levelling ; also
ocean tide gages, tiltmeters for monitoring the local vertical, and
seismic surveillance of erustal activity, (CARTER et al., 1377 ; BERC and
SUTTON, 1977).

This report describes the resulis of the first high-precision elec-
tronic distance measurements accomplished in the support pregram : the
instrumentation used and instrument nodifications, the procedures adapted,

s and the ztmospheric conditinns that preclude standard methods on long lines
through an inversion laver.

We aimed at an overall distance ac~uracy of 1 part in 107 for the
individual lines. This objective is reflected in the discussions and cali-
brations of the Range-master II, the laser distance measuring instrument
used, the barometers and thermomsters used to obtain atmospheric data con
the gound and in the air by helicopter to determine the refractive index,
and finally, in the calculation procedures.

The repoert presents the actual laser-measured line lengths and new
coordinate computations of the line terminals, and discusses the internci
consistency of the measured line lengths. Several spacial chord lengths
have been reduced to a Hercator plane, and conditional adjustments cu
that plane have heen made.

The report also comrares the old Hawaiian data and the new measu~
rements, and discusses the relative merits of the direct integration versus

5 modeling approach to obtain the mean refractive index along a laser line.




