
































































































































































































































Using & modsl E” which has same k2M° and same volure V7 ss S°, and
with W identical for both $° and £, the integral equation (8a) can alwsys
bs written with sufficient sccuracy:
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where P and U are ortogenal projections on B of P and §°, The solution
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.or the solution of Bjerhamar - Zagrab'fn 8 ellipsoidal re-?e:%nce
problem with the basic boundary equstion
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The modslpropartiss are given from
(e 8%1: aé,,ﬁ - a) 3 Kk given by [Sa)
and the Somiglisna formula for the exterral potsntial of B,

Gbsarve, that here, the slopes of S° o E° are negligeble contrary
to the F-cass, whers they are also indetermineta.
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SATELLIT E S

The first meeting on Thursday morning 5th September, wWas presided

over by Prof. R.H., BAPP.
o) peports on various topics are presented 3 by Prof. R.H. RAPP,

Prof. R.3. MATHER and prof. D.B. DelRA.

prof. R.H. RAPP speaks on ¢ Gravity Anomaly Data from Satellite

Observations - Present and Fusure Results, .

In the first part he deals with gravity anomalies derived from

the SAO standard Barth III and the Goddard Earth Models 5 and 6. These

" anomalies are compared to well determined terrestrial anomalies in 15°,
10° and 5° equal area bloeks., From this analysis an accuracy assessment
of these solutions 1s made.

In the sesond part he deals with results for gravity anomaly
determination that may be made from satellite to satellite tpracking data,
altimeter data, and gravity gradiometer data. The accuracy of anomalies
derived from such data for various size blocks and for various observation
gonfigurations is discussed. =

Prof. R.S. MATHER presents 2 paper : Sea Surface Topography from

gatellite Altimetry - Requirements for Surfase Gravity Data.
(See p.I-86).

After this report, some remarks are made by the Delegates,
especially, M.C.C. TSCHERNING points out that in most countries there
is no correction between the first order levelling networks and the
levelling used to determine the height of the gravity stations. S0 it
will in fact be very difficult in practice to get valid geopotential
height for the gravity stations as required acocording to R.S. MATHER's
presentation.

prof. D.B. DeBRA reports on @ A Satellite preed of all but

Gravitational Forces 3 wrRTAD I".

The abstract and some pages of this report are published hereafter
(See p. 1-93).

® The complete -text will be published in Zeitschrift PUr Vermessungswesen,
1975.



SEA SURFACE TOPOGRAPHY FRCM SATELLITE ALTIMETRY - REQUIREHENTS FOR SURFAZE GRAVITY DATA

R.S. Mzther
The University of Hew South Hales
Sydmey, Australia

ABSTRALT

Mational Aercnautics & Space Administration (MASA) plans to launch & series of spacecraft
equipped with alzimeters for renging to the ocesn surface, as part of Tts Earch and
Ocaan Physics Applications Program (EOPAPY. The flrst of these spacecraft 15 due for
launch a2t tha end of 1974, One of the gozls of this program is the resolution of
quasi~staticnary sea surface topegraphy.

it would appear that the separation of effects uthar than aon-tidsl Mawtonian gravitation
acting on the ocesn surfste using solutions of the gendatic boundary value problem,
cannot be achicved withoutr the use of gravity measurements of adsguate accuracy cn

lend and on the continantal margins. This gravity dete will have 1o satisfy certain
stringent raguirements on a cicbal basis if wnacceptabie lewsls of systematic error

in the computed values are to %o be avolded.

The dominant requivements to be met by the gravlty control setworks ere the followiag:

1} The spacing of starioms cauprising the global gravity standardization network
shoutd be zpproximately 0% lan in continantal aress, the grevitv values having
hear e¢steblished with a resaiutisn epproaching £ 108 uGal ond exhibiting nc
“error correlatlon of significance between values at adjocent staticas.

2} Regional gravity control netwecks should be eszahiished using techniques which
wit! not inzroduce correlated errors at levels sianificantiv above those given
at 1) avove, though larger magnitudes of pursiy sccidental error are rolsrabls.

Froe air anomaiies as conventicnally used, zre inadsquate for the task ocutlined shovs.
The gravity anomsly reguirea for this purpose stouid be computed from geopotantial
differences wizh respect to the datum for geodstic levelling. As the latter are not
necessar; by coincident with the geoid {the equipotentizl surface of ths £arth's gravity
field corresponding ¢o the mean value of msan sse level for the epoch of dstermination),
‘ it is essential thaot compurer Files of gravity data to be used for this purpose, should
contain reference to the ses jevel datum to which the levelliling data Is linked,

tt will be difficult to derermine the guasl-stationery sea surface topcgraphy with any
degree of confidence uniess 2li national orgaizations snd/or gicbal gravity data banks
providing gravity informarion for geodetic purposss, were to correctly ldentify and
describe the i_cvciling datum when pr.?viding sujtably “clean' gravity data.

s



1. IHTRODUCTION

in the next decade, the Unized States Sovernment's Nations! Aeronautics & Spase Bdminizeration {HASA)
plans to. launch 2 series of zateliites souipped with sitimeters for ranglag te the osfean surface, a3
sart of 1ts Earth and fesan Physics Applications Progres (EnpaP)  (RASS 1972; VONEBUM 1974}, A part of
this affort will bs divected towards the syneptic monitering of the iastantanedus incation of the

ocesn surface ang iT3 variations with tims. aparz from providing information on the nrature of tides
in the open oceans, 1T is noped that the successful achievament of EOPAP obisczives will give vaiuable
information which could provide 8 battar undsrstanding of ocesn circulation. Frosent sotions of this
phenomanon are largsiy based on temerature and salinlty msacurenents 2s well as current determinations
of the ocsans and attendant infareaces ea the basis of modele commonly azdopred in physical ocsanography.

Unfortunately the guasi-stationary sed surface topography laferred from these concepts provide a
sicture of the oceans which disagrees with that affarded by the conneczion of tide gauges to géa&e:ic
jevetling networks, The digsrepancies are jargely in the north-south direction §e.g., see MATHER
1972¢,Appendices 1 £ 2 for aa up~to-date summary). While these discrepancies may be coastreed as
either coastal aberrationrs of the srincisles of physical oceancgraphy on the one hand, or soms
hitherto unrecognized source of systematic error in geodetic levelling on the other, the correlation
with latigude is too commonplace O ignore. Satellite altimetvy providés 2 potentlal source of

independent data which could well give the scientific conmunity fresh insights Inte the problem.

The altimetey can provide useful information only if carried out under carefully controlled conditions.
The magnizude of the stationary sea surface topography is notl expected to exceed 32 M. This calls
for a precision approaching 210 om tn the spatial definition of the Rewtonian gravicational offects to
which the undigsturbed sea suvface 13 expected to raspond, in the ahsence of periodic tide-producing

fForges, steric effects and ether non-gravitalional conssquences.

Two types of dats which contain information about Newtonlan gravitational effects ars surface grevity
determinations and elevationr of the ocemn chove the refevence murfave Geduced from satellite altimetry.
The requires determination couid be obtained from surface gravity dats slons fMATHER 1973a) provided

2 global sampiing of ihe curface gqravivy Fieid wers svailable with an error of represeitation at the

23 mGs) level {eguivalest 1o 3 10 im grid ip ron-mowmtainous regions}.  This gravity coverage is
untikely to pe achived within the times-Frame of EOPAF (i.e., before 192867 .

The prognosis for the achievarent of sdequate coversgs in oceanic aress using 3ateiline altimetry

with 2 precision which is anpropriste for the definition of gussi~stationary sed surface topography

is by no means pessimistic. The 1= & low energy modc altimetry aupectes from the GECS-L mission,
due 2o commence in late~15TH, ¢ obtaiasd under conditions of appropeiate tracking, has the potential
to define the stationary Newtonian aravizational effects on the aceen surface to 1~2 m (MATHER 197ka).
The date colliected under condlitions of adegusts trackier by e2a alitimeter wizh the capability spacified
for the SEASAT wission due o commence in 1978, has the putenzial o resulve guasi-stationary sea
surface topogrephy with wavelengtins greater thed 160 k. 1g is guestionable whether shorter wavelengths
are of any significance in Ihe syationsry sense due te 8 variety of iocal effects.

The zbowe statements are pased o0 2 Sormuistion of the solucion of the geodetic boundary value problem



<o that the following types of input data could be accommodated:
a) gravity encmalles In continental end chalf areas; and
b) “gecid helghts" from sarellite altimetry in ocesn areas.

The object of this presentation Vs to review the reguirements ta be mer by the gravity data waasured
st the surfzce of the Earth, and & be used in gquadratures evaivations of the gendetic boundary value
prabiem for the determination of quasi-stationary zed surfacs topogruphy.

2. SURFACE GRAVITY DATR REQUIRTHENTS

Gravity measuremsnis aro ysed in the solutiom &% the gecdetic bowmnaary value probiem in the form of
gravity anomalles. These differ from free air snomslies by swall amounts which are, nevertheless,
significant in ths zontext of high asreclsion geodetic determivaticas. The strutture of gravigy
anomalies is described in Appendix 1, The gravity anoualy data chowid be in the form of an array
which represents continenta! and shelf areas {i.e., 40% of the Eartir's sucface srea) in the quadratures
evalutalons, the surface being divided inte eiements a3 mentionsd in section 1. The dominant probiem
which has to be overcome in achieving & successful quadratures evaluation, is the control of systematic
errors of long wavelength in the data array. The major sourees of systematic errcr can ba asséssed
to be the follawing (MATHER 19732,5-68) :

1} Errors in the global gravity standardization petwork used to calibrate the lnstruments‘used in

regional gravity surveys.
2} Errors in the geopotential negwork used in computing the gravity anomalles.
3j Errors arising from the use of regional geodetic co-ordinates ips:ea& of geocantric

co~ordinates in the computation of normal gravity.

While the power in the giobal representation of gravity anomalies znd geo‘s& heignts are not simitarly
influsnced through terms of eguivalent wavelength, it could be stated that 8 pfet;ision of &5 am in the
ses surfaca topography would call for a precision of 250 us;'t in the gravity anomaly. 1, however,
the former is computed from the latter using quadratures msthods, this figure would only represent ong
foetor in assessing the extent of systematic ervor which could be tolerated in the data. ft does not
refer e the precizion with which individusl gravity anamalles in the giobal arcay should be established
for the fo!lowing reasan. Tne effect of an ercor e in the gravity znomaly data set which holds its
magnitude and sign over an {n°x ®®) area but behaves as &% aceidemsal error over the rest of the globe,
has on effect ¢, wp the quadratures evaiuation gf the ocesn geoid, given Dy the ineguallvy {1810}

e'(‘m) i K e(mﬁa” (n®x mo)ﬁ 1y,
where & [5 a constant, due to the kernel function being bounded berween well defined limits. The
smaller the extent Gver which the systematic error occurs, the larger the magn itude of the error
which can be tolerated before its effect on 2 quadratures evaluation exceeds the prescribed error
limit. Tous purely local errors characteristic of indlvidual gravity anamaly valuss can be retatively
iarge {e.g., 3 mGal for representation on & 10 kn grid in non~mountainaus regions for 5 om ocean geoid
determinations) provided the errovs of adjacent values wers not correlated over s:gnifiés.ﬁt wavelengths.

(] -
s

{n practical teres, this would @mean that low ordef leve!ling connections (£1-2 kGal o} to gravity
stations would not cause the result to deteriorate provided each determination were independent ly

1inked to a regional geodetic levelling network in which the systematis error progagat%én wece hald to



below the 0,18 kBsl m level. any firsz order geodetic jevel meveork should @eet this criterien in
rarms of internal consistency. This would, of course, mot necessarily zpply to the datim adopted For

STUME

£,

the level§iﬁ§.n@tw$rk. Dusdraturss evaluatlions, as commonly used, raguire that the levelll
211 1le on the seme sguipotential surface of the Earth's gravigy Tield ~ the gecic. The sffact of

this not being the case can b formulated (HATHER 19730},

By the same zoken, i1t is quite lmporient Lo snsure thet sampling of the gravity Fleid with ths

£3 mia} error of representation in tand areas s unblased in terms of the local capography .

The secandg most exactlag requirement physical gecdssists con moka on glavimetrisis is the asvailishrent
of global gravity standardization necworks which will szet the reguiremcnts of zes surface topoyraphy
determinations. tn bhroad Tenms, SLSSraTures evaluations for this purpose are tikely to reguire
standardizarlon networks with & density of ong station per 1P ke in continental arcas with errecs i
individual values being uncorrejated &t the 180 uGal level if 10 om rssalution Is 1o be achieved.

To the writer, [t would appear That the most promizimg way in which this goal can be reached withia The
¢ime-frame of the EOPAP program is by the use of transportable gravicy aeasuriag Iystens tike she

system modeled on the B.1.P.N. spparatus {SAKIMA 1973, uniess It is cleariy estall Tshed that the

mulgiple~gravimeter approach
al is capabie of the required prelision; and
) dozs not introduce intolerable systematic efror into the net.
o
A wider station spacing would require 2 proportionate increase ia the reseluticn of dzterwinations at

stations in the standardization network. Thic would still be acceptable if the guality of the

regcional connections did not result im a marked deterioration in the quality of the individusl graviny
values in terms of the criteria sel oul above. For axa#p!e, the establishment of gravizy values at
stariens in the fundamenial astwork with 2 resolution of 10 ptal would permit o reisxation ia ghe
sration spacing to approximately 5900 km. This would, of course, thesw z grester strain on The
regiona) networks Tike the Isoga}l network in Australia which would have to be carefully centrclied

+5 pasure that Systematic evror does nol occur with amplitudes of 100 uC}? and wavelengths of 2000

k.

on reflection, it would not only be decirable but alse well within the raaims of sracticsl possisilicy
va establish absolute gravity values using instruments similar to the Tronsporiable apparatus of the
Type to be marketed shartly in france, provided the systems are not rime consuming Lo operate. it s
envisaned that an ares 1ike Austraila {5% of the gicbatl land sres) will reguire gpproximately 15

SEAL IR it 1s not inconcievabie thet such 2 regional network couid well be establishad ia

approximately one year.

3. CONCLUSION
1t is not uareslistic to expect that the gravity data of adequate precision which is necsssary for

the reprasentation of tand and contine tal shelf arezs in quadratures evaluations of the gecdatic
P g

o
boundary value problem couls be assembied within the time-frame of EOPAP {i.e., in the next decads).

The first Is the collection of data to monitoe the motion of the gsocaalre
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Thic would make it pessible ¢ resoive the quasi-stationary 363 surface ropoaraphy to %10 e if
an appropriate effort i8 muds. '

it must be emphasized thzt this 9&31 cannot be schioved by the use of the gravity data banks
svajlable at present. n the First instance, the intéenationral Gravizy Standardizstion Network
[16SK71), pased largoly on gravimeder connections, has beos sssessed as having an atcuracy of

0.2 mGal (MORELLI ET AL 1971). it is mot clear what ethe sstimats of sysseralic esror in this
network'is. The technigques used oc not cule out the possible sxlstencs of greor correlation

with 2000 km wevelengths st the 0.1 mGa} leve! in continenIxl arsas. Secondly, what io requires
for the aquadratures evaluation 13 the gravity anowady zs d2fined by cquation 2w hopendlx I,

and not the fres air encmaly &g commonly used IT HILsEni. For this purpose, levoi.img informztion
should be retained and used in the form of geopoteniial Qlfierencas with rospest to the ievelling
datum, it can be shown that the lalter Zam pe chiculated with @ prasision adeguate for guadratures
evaluagions from observed gravity on & arid where the error af vapresentation is %3 wGad (10 ko

in non-mountaineus regicns}; gravity resdings are not RECESIYY &5 terminal senchmevks for this

purpose (HITCHELL 1972},

It is also extremely important that the datum of levelling e idencificd on 2tl gravity information
which 1s to be used in quadratures esalusticas, This would enasle the data to to correctiy Identified

when determining the staticnary se2 surface topograohy.

The basic reguirements to be mel by gravity data to be used in guadratures gvaluatrions of the geodetic
boundary value problem teading to evalustions of the glohal stationary se2 surface topography at the
10 cm level are summarized in Appendix 2. The purpose of this presentation is to make a plea to

all natlonal organizations minta;n‘mg gravity date banky, tO tolean up' their gravity data in the
manner described above so that gravity infor stion of adequete quality wil! be avaliable for the
representation of land and continental shelf areas for the guadratures evaluations outiined ezriier.
It is vircuelly irmpossible for arganizavicng not Lrwoived in the eclibration and assemdly oF the
grcvity data to be able o meks the appropricte correstions vhich woxld permit their use in suck
golutions with rescliution atb the 10 o level. This information, when combined with the satellite
altimetry data NASA plens to obtain from the GEQS-C and SEASAT missicns should provide & feasibls

basis for resolving the guasi-stationary sea surface topography.
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%, RPPENDIX 1

The Grauity Anowcly g at a poiat P at the surface of the Earth i35 glven by

b5 = g = ¥ -3.;-“{x¢f+m+§§§-zfs;ﬂ=¢+°{fa3} @,
wihere [ iz ohsarved gravity
Y is novmal gravizy computed To 50 uGal on the ellipsoid of referance
= suz:‘f‘fg - )
a,¥f are paramesers defining the refarence ellipsnid
Yo is ecquatorial nommal gravity
i s che anaular velocity of rotation of the Earth

&5 it the differance ia geopotential belween the general goint ¢ and the datom O for
the gendeiic leveiling, baing given bry

N o= - 1 gex {3},

dz being tre observaed increment in orthometric alevation.
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APPENDIX 2

Summcry of Requinements Lo be Met by Guavity Data for Use in Quadriatunes Evaluations of
the Geodetic Boundary Valfue Pacblem i Sea Sunface Topagraphy Vetpninations

Land and continental shelf areas 1o be represented by & grid of surface gravity maasurements
with an error of representation zaproaching %3 mGel {10 ke in non-mountsinous regions).
Values to be based on & consistent global gravity szandardization network with & sration
spacing of 10 km in continental areas and absolute errors held to jess than 100 uGal
without significant erfror correlation.

Gravity ancmalies tc be computed from geopotential diffarences with respect to levelling
datum {see Appendix 1}. The levelling datum used should be indicated for each

gravity anonaly required for the representation at i.
Normal gravity shouid be computed ¢rom geocentric and not regional gendetic co~ordinates.

The particulars defining the reiation of each levelling datum To m2an s2& level should be

maingained with all gravity anamaly data.

July T 1974
Syduey, Ausiralis



A SATELLITE FREED OF ALL BUT
CRAVITATIONAL FORCES: "TRIAD I

The Staff of the Space Deparitment of
The Johns Hopkins University
Applied Faysics Iaboratory

The Steff of the Guidance and Comtrol lsborsbary of
Stanford University

ABSTRACT

I=-83

Under the sponsorship of the U.S. Navy, we have collaborated in

the design of a "dreg free"” satellite; = satellite in which surface forces

(@rag and radistion pressure) are cancelled by jets.

The satellite was launched Into & polar orbit on September 2, 1972.

The surface-force cancellation system has performed faultlessly since launch.

The sabellite and ii2 in-orbit performance ave described.

Using tracking dats we have:

1. Shewn that the satellite folllows an orbit in which the none

gravitational disturbances are less than lO"llg.

2. Improved the AFL MK-5 geopotential model.

3. Shown, using telemetry data, that the biases in the external

forces balanced by the force-compensation system are less than

11

10" ""g along-orbit and approximetely '10°9g in the radial

direction.

L, Confirmed that the analyticel model of radiztion pressure 1s

correct both in the main and in detail [Ref. 4]. Because the

grag force at this altitude is much smaller than the radiation

pressure force, no similar statement can be made for the



atmospheric density medel [Ref. 6]. The strongest state-
ment we can meke is that the date does not give any

indication of & needed change to the density model.

JINTRODUCTION AND SUMMARY

As part of an on-going effart to improve navigation by satellite,
the U.S. Navy sponsored the experimental TRIAD satellite.

An important experiment aboard the satellite is e gisturbance
(or surface force) compensation gystem (p15c0os}® This system was first
proposed about 10 years é.go [Ret. 1] " Tne bésic idea is that & tiny sa.tei-

- 1ite is completely enclosed in & cavity of a larger satellite. The inner

satellite (or proof mass) is shielded from al) externel surface forces, drag

and radistion pressure. As a part of the Gesign it is necessazy:

1. To eliminste all possible force-interractions between the
two bodies,

2. To sense the relative displacement between the two, and

3. To use this displacement-signal to modify the motion of the
(cuter) satellite. As a result, the satellite ie constrained
to the arbit of the proof mass which is free of all external

surface forces.

If the control system and design were perfect, then the equations

of motion of the satellite would be jdentical with that of the proof wmass:

= uﬁU

4 1H

where U is the gravitational potential.

Z pn exploded view of the DISCOS as built is shown in Fig. 1.
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We sought, in the design, to limit depertures from this ldeal

=13
40 aceelerations of 10 —g. The largest error SOurees wers

a. +the mess-atiraction assymeiries betwesn the proof wags and
+he near-payts of the satellite, and

b. the electrical stbraction between the proof mass and the
capacitive pesition-sensing plates.

mhe seiellite Gesign was also infiusnced by errors Sue ©o:

c. megnetic gradient forces,
d. residual gas in the proof msss cevity, and

e. temperature gradients.

The setellite mass is 86.6 kg. It was launched in a "eollapsed”
configuration; roughly & cylinder 1.6 m high, 0.75 o dismeter,
In orbit, it expsnded into three bodies {= "PRIAZD"). The center body,
comtaining the DISCOS unit, is separated from the twe end bodies by 2.7 m

bocmss ° The top body contains the power supply vhile the lower

snit centains transmitter, receiver, telemetry, and entenna. This configur=-

aetion Wwas chosen

&. +to minimize the febrication problems associated with con-
trolling the mess-attraction essymetries on the proof mase, znd
b. to take advuntage of the gipplicity of gravity-gradient

stabilization.

4 small spinning wheel was ineluded to enforce a 3-exis stebilization rela-

tive to & locally level system of coordinates.



Tre proof mzss and cavity are shown below, scheastically but

to scale:

//\\‘

-
—

The proof masg, 22 mm in diameter, resides in 8 4C mmc éavi‘by. The proct
mass is a 70/30 gold~platinum 2lloy weighing 111 gms or 0.0013 of the
satellite mmzs. This slloy was chogen for its high; devs ity and neearly
‘zero magnetic susceptibility.

In orbit, the proof mzss freely "PIouts” in the cavity; its posi-
tion (relmative to the sevity) is sensed by a se:‘c of 3 capacitance bridges
(2 plates cn each of % orthogonel coordinate sxes). These three independent
pairs of signals ave used {(in & control loop) to turn on {and off) three
corresponding pairs of cold-gas jets. Simply put; 1f the satellite ap~
proaches one side of ine rowf wess then the thrusters {on the oppesite
side) accelerate the smbtelilte to restore the gap Symmeiry.

Tre thrust from ;L single Jet iz either o o cff. Only the on-off
~ medulation is changed by the nearness of the proof mess to the cavity w&u
Among other advartages, +nis scheme minimizes the velve-leekage aad relia~

bility problems.
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T+ was intended thaet the satelllte be placed in a near circuler
orbit (e = 0.0068) at an averege altitude of 87h wm (& = 1.1371). Because
of & malfunction of the lsunch-vehicle guilance, the actusl orbit has an
sverage altitude of 783 km (s = 1.1236) end the correct eccentricity. This
dsfference has had no significant effect on +he DISCCS experiment.

A feiluve in the satellite telemstry systenm, two months afier
launch, has drastically raduced the asrcnomy date of this particular exper~
iment -~ but neot before iis promise had besn shoin. The DISCOS uvnit hes
been on almost continuously since launch (7 wonths ) and comtinues Lo function

normelly.
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GEOPHYSICAL INTERFRETATION of GRAVITY DATA

'Special Study Group n® 5,11

General discussion in view of the newer
concepts of tectonic plates and the role
of the physical Geodesy in this connection

On Monday afternoon, 2nd September, Dr. S. SAXOV, Chairman of this
Special Study Group mekes a communication on this subject, pointing out
particularly the necessity to compare gravity results with other data,
geophysical or geological. (See p. I-100).

At the end of this session, Dr. T. HONKASALO adds a recent
information saying that : ¢

"In the International Symposium on Recent Crustal Movements in
Zurich, August 1974, a paper on : "Gravity and Temperature Anomalies in
the Wales of Drifting Continents"was presented by H.G. KAHIE.

This may be one such idea which should be considered™,

It is to be noted that during the 1.G.C. meeting, interest was
expressed for : . :

1) Gravitational interpretation of plate boundaries and structure ;

2) Geophysical prediction of gravity anomalies ;

3) Gravity and uplift / subsidence.

Special Study Group 11 will ineclude these points in its program,

TIn this topie, it is mentioned the report presented by
Prof. G.P. WOOLLARD on : Regional Changes in Gravity and thelr

Relation to Crustal Parameters.

We publish in this Bulletin only the abstract and some pages.
(see p.I-106). ‘
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Geophiysicai interprstation of Gravity Date

8. SKIOV

Special Study Group i1 iz concerned with Geophysical
Interpretation of gravity anomalies. The Study Group
was initiated by professor Heiskanen, who - as you
all know -had a special relationship to isostatic
problems. onfortunately, professor Heiskanen's illness
and his premature death prevented him from being
effective in the work of SSG 1i. Professor Honkasalo,
who was closely related to professor Heiskanen, then
very kindly took upon himself the task of SSG 11 also,
and in the following I am keeping very close to the
report presented by professor Honkasalo at the Xv

General Assembly in Moscow 1971.

"rhe purpose of this Study Group is to determine the
sizes, forms, densities and depths of the disturbing
masses in the earth's crust which have caused graﬁity
anomalies. All these quantities cannot be compared
solely on the basis of gravity anomalies. Other data,
geophysical or geological, is necessary. In some simple

cases the solution can be based on pure hypothesis®.

Let us consider for a moment the gravity anomalies.

We assume that the gravity measurements are carried out
correctly Qith respect to calibration factors and
reference values; that the geographical position is
correct and that the proper theoretical value has been
applied. The only parameter left in order to obtain an
anomaly is the density value. Depending on the purpose
and on the ancmaly type the density is chosen. It is

customary to apply 2.67 gr/cm3 at continents and 1.00

at oceans. But let us take 2 look at other groups
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working with gravimetry. In mining geophysics it is
psed to measure in & grid gystem, lines 40 to 80

metres apart, and s%aéi@ns 20 to 40 metres 2part;

+he grid system i of 2 limited size, which means that
+he interest is concentrated on Very 1ocal features.
Therefore, gravity influence from regional sources is
filtered. The residual anomaly cbtained is then studied
py model computation, but in these models the density
values applied are obtained from direct determinations
of samples and +he values are #éuaily different fiom

2.67 gr/cmB.

In oil geophysics the procedure i1s similar even i€
+he grid distance is somewhat larger, the jnterpretation,

however, 1is +he same.

in geological applied geophysics you may £ind detaile§
investigations which will then pe similar to the
prospecting onas; however, you may also £ind the
opposite situztion, namely an interest in the gross
features which means that you filter the iocal effects;
the further interpretation ig the same, ¥ou apply €0

your wmodel the density values you know from sampling.

Turning teo physical geodesy I wonder where . you have to
put the gecdetic ypteyxest. Is it in the very detailed
picture, e.g. in relation to the deflection of the
vertical, oxr to jocal crustal movements? Or is it in the
global picture; &.9- continents OT oceans? Furthexrmore.,
ig the density value of 2.67 gr/cm3 the value to be |

preferred.
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This last problem was discussed at the joint meeting
of S8G 11 aﬁd SSG 16 in Uppsala, Sweden, in tha be-
ginning of Hovember 1972. The meeting recommerded

that special attention should be paid to the guestion
of determining subsurface density distributions by new

measuring techniques and new theoretical approaches.

Prior to the Uppsala meeting I had made the first efforts
to establish a small working group which first of all
could consider the density problems. The group consists
of Dr. Gantar, Trieste; Professor Torge, Hannover;
Professor Honkasalo, Helsinki; Professor Tengstrom,
Uppsala, chairman §SG No. 16, and myself. It turned put
immediately that many difficulties would occur; |
firstly, most density values originate from geological
studies; the geological samples are not collected with
‘the'purpose to obtzain representative values for a certain
area; they represent usually special geoclogical occur=
rencess; seccndly,‘most samples available are surface
samples; thirdly, subsurface samples are cften on files
with oxl companies and prospecting companies and may

nct be released; fourthly, the distribution of éamples
ané especially subsurface samples 1s yery uneven; it

- may better be characterized as sporadic.
One, therefore, has to look for other possibilitzes.

It is-a wellknoan”fact that there exists & relation=-
ship between density and selsmic velocxty, in fact the
product of density and P as ‘well as S waves is described

by the elastic moduli. It is also 2 well-known fact that
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the elastic moduli increase in value with éegthg which
actually means that seismic velocities as well as
density increase with depth. Several investigations

have been carried out éuxing the last 20 years, especial-
1y foxr the conditions in sedimentary basins. One result
is that the density is not constant in a specific‘g30°
logical formation but will increase with depth. Another
result is that a plot density=-velocity gives a large
spread of points,and depending on the number of points
different functicns <an he worked out. However, the
trend of the lines is the same. Bven if we do not get

a definite value of density with depth we get valﬁes within
a small range. 2 further result is that Wollard in 1959
{and Drake & Nafe, also in 1959) concludes that for
sedimentary basins (including marine basins) & minimum
density of 2.74 gr/cm3 should be applied. For sediments
i+ has been customary to use values from 2.34 to 2.50
§r/cm3.

When we turn to the continental crust the number cf data a=
vailable is mere limited. wollard (1959) has for North
Aﬁerican‘data mainly estimated the mean densitf of the

continental crust to be in the range of 2.87 to 3.00
gr/cm3, L

In both cases the value is larger than the one used
traditionali§‘ wWhich value cxr values are we going to

apply in physical geodesy?
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Turning again to seismology and to seismics not much
support is to be obtained. From the long profiles with
deep seismic scundings we have inconsistencies; one
result is the establishment of low velocity c¢hannels.
Actually, that is contradictory to the seismic theory
which requests higher velocity with depth. With the

low velocity chamnels we are also getting low density
zones. That is well-~known from sedimentary basins, where
2echatein - rock salt -~ has a lower density and also a
lower velocity than the surxounéing geclogical formations.

Apparently, the phenomena also occur at iarger depths.

In the plate-tectonic—theory, we have plates moving, not
only horizentally, but also vertically, or maybe more
correctly at some inclination angle. However, iighter
material is going down, heavy material is coing up.

That gives rise to large problems in seismology, and

also in gravity.

Ir other words, we will have to obtain support from
other sources. One possibility is palaeomagnetic lnve-
stigations, but again the results so far have been

ambiguous.

I believe that we have to obtain information not only
from traditional seismology and seismics, but also from
free oscillations, deep magnetic soundings and magneto-
telluric. Further support may come from geothermics and
earth tides, and I also believe that gecchemical evidence

must be included.



phis is an enlargement of the problem as gsoch, and 1t
has given NO answer +o the guestion of dangity.

7 feel that we have to continve with the traditional
2.67 grjsm3 value and continue o apply more syscific
values when computing models. It is obvious that in
some cases we can deal with Free ALY arcmalies and then
avoid the density problem. However, a8 soon as we have
ro Geal with practical problems we have 1o apply one

or another density. Therafore, in xmy opinion the density

problem is the most urgant one for the Study Groupb.

It ig difficult, however, tO keep a restricted line of
geophysicai/geoéeticai policy in the study CGroup 11,
because problems connectad with geophysical interpreta~
tion of gravity anomalles are int&rconnscted with several
other problems in physical gecdesy, not oniy with Study
Group 16, and may give some overliapping. Revertheless

I feel that the density problem i3 of cutmost imporiance

and must be given special attention by SSG 1l

There are other problems aisoe to be dealt with e.9.
preéiétion of gravity anomalies, héwever, T pelieve that
firstly we have o deal with specific problems as plate
boundaries and areas of uplift/subsidence before we are
able to contribute satisfactorily to prediction. I have

only referred to two pages from 1959; in r&égst 7ears

more papers have occurred.

P A s s G €S RSB ST S T
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Regicnal Chanxes in Gravity and their Reiatior wo Crustal Farameters
G.E. HJ&JARD

sbstract

‘Dataz are presented that indtcate satellite-defined lomg wave
length free air gravity anomalies zorrsliate ﬁldeely with,overall'
long wave length changes in crustal and upper: mantle pzrzwsser
. values Both in comtinantal areas and 1n aceanic Areas. Botk
local and regional 3nﬁmaly values are shown to be rel&tad te tha
.mass cf ths crust a& éeﬁined By frs thi~knu$sAan& imyl ed*denaity
.28 daduccé from nezn c'nsle saiﬁmic v&lo:*tv valn&ss ané.t&a
‘density of the upper mantle 38 implied in the cEs&rv&é saisnic
velocity values. thre :kese values are Bigh tkera are positive
free aix‘ and iscs:a:ic gravi.ty ancmalies, and conversely wkeze
'they are lcw t&gre are unegative gzavity anomai*as. Aw iutag*a«
tiom of thﬁ resalting surfacs anamsly field as *egresented in
12° x 12°%: average vahnm to gi?e an equivalent areal representa’ion
to that em&odi&& in satellite anoma‘ies &erivad nsin” éegree :
31xteen coaff;cientx clcsely duplicatas the satellita—&cfina&
 free air asomaly field. &lchnug& thasa relaa‘ons do not- rule cct
a pcssiﬁl& nnderlying cause for t&g neaxr snrfscs ™RSS &istribn:xum |

hat alas inatuancas gravity, it is sﬁa&n tﬁat in t&g ﬁn&teé
.States at 1east valuaa of P are 1n opp@s&te sign 1343 the whnl&
._to changao 4o mastle. velocity and t&g &@tel;icc—&afigea fres alz

-

anomaly pgttern.‘
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¥esr Surface ﬁontr@i& of the Satellita«befiﬁeé'Gzavitg Pigld:

That there are zapparesnt correiations of the satellite-
defined gravitcy anomaly field with certzin classes of -geoleogic
features has been noted by ?ﬁficés invaestigabars (S%raﬁg@, §§éé§
Kaula, 1969, 1972; Talwani and LePichen, l%ég Yenazd, 19?3}°
~ That these :alatieaships are” aat aiga?s gcasis&ant gas gls@ geﬁeé
by these>invastigata:s. Eauls {1912}, for sxample, whoe hss aaés u"
the most'exteasive szedy of this Eypa, shaws that althoagh tbare
is a high degree of censzistency 4in the asscciaﬁion af satallite=
-éefine&’gravity anomaly “highs" with Cenczaic orogenic belts,.
mid-ocean sureading centars;‘and zones of crnstal glate caavergence,
these relations are not always found. The midnAtlantic Eidga,
for exanpie, which correlates well witﬁ 2 proaounced satellite—
defined gravity “high” iﬁ the northe”n hemisphere, has, &g shown
in Figure 1, zo expresszon in the satellite—&efined anomal§ £ield.
in the sou:hern hemisphgze.‘ Kaula €e explain tkasa iacaasisteacies‘_
concluded that th& auaaslies ara nat zelated go the surficial
geological expresaien BG much as to ﬁhe ﬁechanism t&at causad thsa,‘
and what&gr it i& still active -3 4 &Dfﬂ&&t*. He at:ributes zhs
anonmalies €0 un&e:lyiag verzical asthenospheric.flcw 0? agcaleraQE
tions OF decelerations in- ho:izcntsl asthenospheric fiaw with the
oxrigin® of the assaciated surfzee featn es being coasequsnt
products,af upwelling oF down flow in the astheuosphere and

jpduced crustal plate movenent.
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To date, Kaula's (1972) explavation for the more than_casual
association of satellite~defined gravity 2nomalies TO certain
classes of geologic features, and for the inccnsistencies noted.
is the most logicel and ¢onvincing one that has been proposed.

Bowever, theae‘is evmdance zleo of maae i‘equalitles having
long wave lengths sxmilar to those baﬁinaq by satellite datn whick
zappear €0 def gitaly nave theiyr ovigin in the earth’s auter-shell..

The evidence for this is the cs*re’a*icu oF lang vave lengtk
isostatic and free &iv anomal a3 def in&ﬁ &v suzface &a*a with -
satellite~definad gravity énomaly "highs" and'icws , and the’
relation of cvustal and upper mantle parametar values‘to isostatic

znomaly valiues and regiaaal (i“ x 1° averaged) free aix anoaallas.

Conclusion:

_ Althcggh»it is not poésible at this tiﬁe to ccﬁclﬁsively
demonstrate that theAsatellite-defined gravit? anomaly pattern
has.predominantly'a gshallow raiher than a deep saurce, sufficlent.
data do exist to suggest this is the case. As showﬁ, the
surface gravmty anomaly pattern can be accouate& for 1n large
measare by surz;ce and pear surface nass variatlons which axe
age—depen&en: on Both the continents aud in the ocean’ Easins._
Alse, zs shown, ags integration of the surface auomaly field to
an equivalent areal rep:esentation as defined by satellite data

and corresponding to 12° x 12° average valves of the snrface:

'data duplicates closely the satellite anomaly pattern. {5'
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R TTHETRIC GBOID OF FIRLARD

1. TTRODEICION

e astwogetdetic gesid of irieed bes been well determined o the
pasis of 321 astyanis 1etituds and ionglituds doterodnations &g 201
astrenusical azimitn mesmurements in the eirat oTder riangelatios.
The first oxder tisngalation 4088 ot cover the whols soumtyy &8 & net
put ecnsists of cheins. Tne form of the geolid inside the chadpn 100pS
15 Yz soeeubel smsconrate. T gravity staticn net of 80 000 statichs
eovers ihe whacle comWy with & o apacing. Ying tis gravity weterisl
argd published Sate from e sarrounding USRS smg from the waole wordd
the gravimetric gesid hus beed determinsd with Stokes! formuls and
devintions of s verticel with the Teaing Medness formals for W61
points. These Lo1H & net of ecusl 10 b Spasing. The rvosulis have been
caapared With seirogeadstic nes.

This i3 & preliminery renort. A scaplets report w1ty he pukiished by
the Firmish Geodside Inetituos.

2. CRAVITE MATERIAL

2.1 Mesp free alr smemalies of 10 x 10 ¥ sguares oo Gensa-Koiiger
{trensverzal Maeentor) mep with 27° EG longitude =5 the femtral Meridien
in Finlend wers compated on ihe pazis of the ¢. 20 000 sravity stations
‘eland date sot yot pedlished). wplding the eorrelaticn sosflicient
wetween elevation aud prae sir momsly o © deration the mean
ancpaiies were compated 1o the mBen he_ig’m of the sgusre. The anomaly
Pe1d was geserlved with a Iaylo¥r polgmoaial of the inird dogree.
Tnis was sdfusted Wil e pethod ‘o leamt soueres to the cogerved
praviiy snomaly velues of the squave in question snd itz eight pelghbour-
ing &guAIes. Weiant one v coker For CLBETVOR assmelies &t less than
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Shnmtnecenmorthesquareandthswei@tformmmmding
stations inversely proportionsl to the sguave of the distance. Ths po-
iynomial was them integrated over e 10 x 16 Ym square snd divided
by its area. The steandard error of the mesn anomelies are in most
cases< 0.5 mGal.

2.2 Hean free alr anomalies of 1° x 1° sgueres outsids Finland at

5 £ @ & 8N
15° € A 6 m

published by the International Gravity Burean [3] completed by some
cruises in the North Atlantic and in the Aretic Ooean. The ACIC list
of 1° x 1° snamalies (1] end updeted andmalles by letter from

Dr. R.H. Rapp (_9} completed the fieid. The Arctic Oceen ares,
however, did remmin weak.

2.3 Mean free encmalies of 5° x 5° squares outside the above aree
sublished by the Tnternational Grevity Suress [ 2] .

3. COMPUTATIONS

Computation of the geold and the deviations of the vertical were
cerried out with a Univae 1108 computer in three phases. The influence
of the anomeliez insids Pinland were computed using 10 x 10 lom mean
encmelies. The geold height was ccawputed for every eentral point of
these squsres, thus for 3161 peints in Finlend. When computing the
deviations of the vertical with the Vening Melnesz formla the Taylor
polynaxisls of the nine squares nearest to the camputation point were
invegrated using epproximsted fumction ([ %}‘p.lal)e ‘

The 1° x 1° sguare mesn snomelies were then used for computing.
This was carried cut for points in geographical coordinates. From
these pointe the geoid height and deviation of the vertical were V
juterpolated for sil the 4161 points in question. The 10 x 10 km square
and 1° x 1% square boundaries did not agmewi‘theachot&aer. Though
itiseuytocmtetheinﬂameofthebm&nmms, this was
notdmesimcetbechanssfmmxmka:mmstoﬁzl‘ squares
caused much greater insscuracies to points near the state boundaries.
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A similer method was used for distant aress using 5° x 5° msan
free alr ancmalies {2} . e geoid on the internaticpal ellipsoid
1924, with flatiening 12207 is illustreted with the atiashad BED-

& ACCURACIES

*Ihesmé&ﬁsmrs%erealsocmtﬁéinthﬁephms. The infiuencs
of the distent sveas, the 5° x 5° meen sromalies, was +2.0 m for the
geoid end 0715 for the components of the deviation of the vertleal.
This estimation is obviocusly w0 optimistic. The correisiiin beotween
the estimated anomaliss could aot be taken intc consideration since
the meteriel used for computing the published mean spomalies was
unknown to the suthor. The same problem comeerns the 1° x 1° squere
mean encmalies. The stendard errors foraN very from C.35 to 0.42 m and
for &% emd &7 srom O%O7 to OF18 but these cen also be too
small.

The sm&mﬁemmcmﬁedbymemzmmmmwmiesm
10 most of the comtryAN £ 5 . Tne asouracy of &% and a7
varies & grest deal depending co the density of the graviiy field ia
the immediste surroundings.

5. COMEARISON WITH ASTROGECLETIC DETERIINATION OF N, % M‘Vg

A realistic estimation of stenderd errors of geold and govistions
. oftheverticalvariaﬁonsin?ini&ndgiv&sﬂy:c0mpar1son
of gravimetric geoid and the geoild
computed ¥ scstrogeocdetie 1evallingi6:§.
The grevimetric geold heights ware interpolated from the ecaputaticn ‘
points thé'\_tﬁan@zlatien stztions. After the mean astrogecdetle
geold was moved &nd tilted to the mean of the revimetric geold we
obtained the quadratic mean of differences &t 254 first order
tzvmngulation stations +19 cm. Agreement s good, MuT there are large
areas of positive or negalive giffercmoe. Touns the aistriution of
diPferences is not random. Tne change of N-gifference between of W
neighbouring stations 45 4n mosi eases £ 5 ea.

KOREONES {7)11&5@@@&*&&&?};@ eastrogeodeties
geoid inm Figlanid a8 8 Teygler polyno-
mial o 17 degrees,{l?@mowa)c & similar
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comparison with this and as was magde abpove with the geold computed
by astrogecdetie levelling gives +20 oo a5 e guadratic mean of =
201 differences. From the 321 astrogecdetic stations used by KORHONEN,
some on the islands and those now in the 3SSR, have not compared
because of the lacking grevity net sround these stations.

A third comparison was made with the estrogeocdetic
gecid of Finland computed by IACHAFELLE fel.

The quedretic mean of 20% differ=nces was 22 om.

The comperison with the observed astrogeogdetie deviations of
the vertical on £35 trisngulation staticos, after elimineiion of the
t41lting ifference of the geoids, gave the quadratic mean of aifferences
a.'i = +0773 andé"r +0%65. The intterpolation from couputed podnts
to the triengnlation points has increased the stendard rrore. The ace
curate gravimetric deviation of the veritieal ne;:dzx e éense gravily
station pet in the immediste surrouwndings of the station. Esviler
. eczputation of gravimetrie deviation of wervical for 21 stations véit.h
2 dense net in the lmmediste surroundings (6] gave the difference
+0%25. Interpolation for these same stétions now gave +0T48.
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£ 561 - GOODACRE A.K., L.E. STEPHENS & R.V. COOPER - "A gravity survey ef
‘ the Scotian Shelf".
Earth Sci. Symposium on Offshore Eastern Canada, Geol, Surv, Can.,
Paper T1-23, p.241-252, 1973.
Earth Physies Branch, Contr. n°L46h4, Ottawa.

During the summer of 1970, 692 underwater gravity stations were
established on the Atlantic continental shelf of Canada. The areas
surveyed include the Laurentian Channel, Cabot Strait, and parts of
St. Pierre Bank and the Scotian Shelf. Stations were located on a
15 km grid and detailed profiles run across the Orpheus anomaly &and
across a diapiric structure northeast of Sable Island, During all
three cruises of CNAV SACKVILLE, standard marine Decca and radar
were used as primary navigation aids but tests were also made to
evaluate the accuracy of differential Omega navigation. The gravity
data are presented in the form of a Bouguer anomaly map. The anomalies
generally strike in an easterly direction across the continental shelf
and the dominant feature is the linear Orpheus anomaly which extends
250 km eastwards from Chedabucto Bay and is flanked to both north and
south by positive anomalies. The northern positive anomaly appears to
be related to Proterozole metavolecanic rocks with interspersed Devonian
basic intrusions. A broadnegative anomaly south of the Orpheus anomaly
is probably underlain by a Devonian granite batholith. Between Cape
Breton Island and the Miquelon Islands a broad positive anomaly area
appears to delineate the underwater extent of the Avalon Platform and

. in this area density variations within the pre-Carboniferous besement
are probably the primary source of variations in the gravity field,
Several gravity anomalies are distorted or terminate at one of both
margins of the Laurentian Channel ; this observation suggests that
deep-seated structure may have been a factor in the formation of the
Channel,

262 - QURESHY M.N. - "Relation of gravity to elevation, geology and
tectonies in India",
Proc. of the Second Symposium on Upper Mantle Project, Dec. 1970,
Hyderabad. Nat. Geophys. Res. Inst., Contr. n°71i-222, 23 p, 1970.

Bouguer anomaly map of India prepared from the data of 01l and
Neturel Gas Commission, Survey of India, Hawall Institute of Geophy-
sics and the National Geophysical Research Institute brings out ccr-
relation between near surface gerlogic variations and gravity anomalies,
It is thereby concluded that bulk of the variation in Bouguer anorgly
values can be sccountered for by isostatic effect and intra crustal
density variations.

% 1 es numéros font suite & ceux indiqués dans le Bull. Inf. N° 35,
Novembre 1974,
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The regression analyses of free-air, Bouguer, Prati-Hayford and
Airy-Heiskenen snomalies against elevation and the correlation of 1s08-
tatic anomelies with geology indlcate that isostatic equilibrium prevalls
in India, at least in a general way.

An approximate crustal thickness map prepared from Bouguer anomaly
and elevation data shows the crustal thickness to vary between 36 ard
L0 km over the bulk of the sub-continent., Higher values are obtained
over the Himalayas (40-80 km), Nilgiris (50 km), Eastern Ghattis (LL km)
and Western Ghats (40-50 km).

From the regression between crustal thickness and elevation, a
standard column for India is inferred which is presumed to have a sea
level thickness of 35 km, and an average density of 2,88 gm/em’ with
an underlying Upper Mantle having a density of 3,47 gm/em>.

DEFENSE MAPPING AGENCY, AEROSPACE CENTER - "Werld relatlve Gravity
Reference Network s IGSN 71". (North Ameriea, Asia, Australia, Africa,
West Indies, Central America, South Americe, Antarctica, Atlantic Ocean),
DeD Gravity Library, 223 p, St-Louis, 1973.

Enclosed is one copy of the new gravity reference base station
values for all volumes of Reference Publication N°25, "World Relative
Gravity Reference Network", previously forwarded to your Office during
the past three years. These new values are keyed to the IGSN 71 adopted
by the International Association of Geodesy inm 1971. All gravity data
requested from the DoD Gravity Library will now be keyed to IG3N 71.

TSCHERNING C.C. - "An Algol-Pregram for prediction of height anomalies,
gravity anomalies and deflectiens of the vertical®.
Geod. Inst. Rep. n°2, 40 p, Copenhagen, 1972.

REMMER 0. - "A stability investigation of leasi sqguares ad justment
by elements".
Geed, Inst., Med. n°49, 11 p, Copenhagen, 1973.

This paper deals with least squares adjustment by elements.

The classical treatment of this subject was fully developed already
in the last century by men like Gauss and Helmert.

Provided that the observations are normally distributed and that
the relative accuracy of the observations 1s known, the classical works
give us a beautiful and complete theory.

This object of the present investigation is the method of least
squares when these conditions are no longer fulfilled, Roughly speaking,
the approach to the problem is this : How rebust is the method of least
squares when we use non-normally distributed observations and a false
welght matrix or variance matrix, (A more stringent formulation of the
approach to the problem is given in Chepters II and ITI) o.o

KAARTAINEN J. - "Uber die 50-M lange Rehrlibelle zur Untersuchung der
Neigung der Erdkruste”.
Finnish Geod. Inst., Rep. n°® ISBN 951-711-002-2, 26 p, Helsinki, 1973,
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568 - HYTONEN E. - "Absolute gravity measurement with long wire pendulum".
Finnish Geod. Inst., Pub. n°75, 146 p, Helsinki, 1972.

269 - KAHMEN H. - "Untersuchung von analogen und digitalen Phasenmessystemen
in der elektrooptischen Entfernungsmessung'.

D.G.K., Reihe C : Dissert., H. n°186, 68 S, Munchen, 1973.

270 - KOLBL 0. - "Kombinierte Auswertung von Satelliten und ILufbildern fUr
die topographische Kartierung".

D.G.K., Reihe C : Dissert., H. n°188, 118 S, Munchen, 1973.

"combined restitution of aerial and satellite photographs for

topographic mapping".

It is shown how topographic mapping especially for the needs of develop-
ping countries can be rationalized by the inecorporation of satellite
photographs. The considerations are mainly concerned in map scales
between 1:50.000 and 1:100.000.

The satellite photographs are used both for bridging and for supplying
the geometric information for topographic mapping. For topographic
photo-interpretation aerial photographs are used with plcture scales
between 1:50.000 and 1:100.000.

A mosaic of rectified satellite photographs represents the first stage
of a photo-map, although there are only a few topographic details which
can be interpreted in this "map". Only by the use of aerial photographs
and by careful coordination with the satellite photographs, sufficient
tepographic interpretation is possible. This controled mosaic of aerial
photographs can serve as a base for further cartographic amendments or
for the derivations of a line map.

As satellite-photographs in the proposed scales can not be used to
supply adequate height control for a topographic map non-photogrammetric
survey methods have to be incorporated for instance statoscope and elec-
tronic altitude measurement(laser altimeter). Plotting of reliable
contour lines can be achieved with such heigh control.

271 - GRAFAREND E. & N. WECK - "Pagung Freie Randwertaufgaben".
Mit. Inst. Theor. Geod. Univ. Bonn, n°4, 84 8, 1972.

a) KOCH K.R. - "Method of integral equations for the geodetlc boundary
value problem".
p. 38-48.

The geodetic boundary value problem, i.e., the determination of the
shape of the Earth and its gravitational field from gravity anomalies,
is investigated using the method of integral equations. To derive the
integral equations, an approximate surface of the Earth, the tellurocid,
as boundary and boundary values with an accuracy of the order of the
flattening of the Earth are assumed to be known. The resulting integral
equation is known as Molodensky's basic integral equation. It is shown
in contrast to Molodensky's results that the conditions of the existence
of solutions of the basic integral equation can only be given for a
poundary which is a sphere, i.e., for an Earth without topography.
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TAURITZEN S.L. - "On the stochastic approach to the determination of
the gravity potential”.
p. 50-59.

It is well-known among geodesists, that it is possible to use
statistical methods to determine the potential of the Earth.

Kaula (1959) itried to use time-series analysis technigues on
gravity measurements and determined an estimate of tThe covariance
function of gravity anomalies.

Krarup (1969) showed how to use a covariance function for the potential
to derive covariances beltween other linear functionals, so that it
became possible to use. e.g., gravity anomalies and deflections of the
vertical simultaneously.

A sufficiently precise mathematical model was never made. The guess
on the uncertainty of the by Kaula determined covariance function was
‘founded only on heuristic arguments,

The present lecture summarizes a paper o appear in the publications
of the Danish Geodetic Institute, trying to formulate a precise model and
prove, that the uncertainty of the covariance function is too large even
if the potential of the Earth happened to he completely known.

GRAFAREND E. - "Die freie geoditische Randwertaufgabe und das Problem

der Integrationsfliche innerhalb der Integralgleichungsmethode".

8. 60-66.

10 propositions (P) collect the typical features of the geodetic
boundary value problem. (GBVP)

P. 1 : The GBVP is not a classical BVP, but a free, oblique BVP of
the LAPLACE-POISSON equation.

P.2,3 3 The natural or astronomical coordinate system is anholonomic,
The gravity g is the basie integrating factor within PFAFFian
forms to find holonomic coordinates.

P. 4 : Assuming the given gravity g or gravity disturbance‘ﬁgg on the
known Earth surface, the BVP is of CARTAN - GIRAUD type.

P.5,6 3 But knowing instead of the real gravity g only the approximative
normal gravity‘?", the ?‘~ holonomic coordinates give not the
real Earth figure. Their approximative surface differs by lon-
gitude, latitude, and height anomalies from the real surface,
The anomalies are found from the geometro-dynamical equation, a
generalisation of BRUNS' formula.

P. 7 : The geometro-dynamical equation is the necessary and sufficient
condition to solve the GBVP.

P.8,9 : Within the integral equation method for solving BVP the typical
problem for a free BVP is the missing a priori information of
the integration surface which has to be determined within the
solving procedure. The integration surface is via the geometro-
dynamical equation dependent of the potential.

P. 10 : Therefore, the integral equation solving the GBVP with singular
surface density is.of HAMMERSTEIN nonlinear type.

CHBJNICKLI T. - "Ein Verfahren zur Erdgezeitensnalyse in Anlehnung and
das Prinzip der kleinsten Quadrate”.
Mit. Inst. Theor. Geod. Univ. Bonn, n°l5, 59 S, 1973.

A method for elaborating tidal observations was presented, based on
the principle of least squares and which, because of the possibilities of
its utilization, was devised as the possibly most universal one amorg
those applied up to date.
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TENGSTROM E. - "Uber das Short-Arc-Satelliten beobachtungsvorhaben im
Bereich des "Europdischen Datums".
Mit. Inst. Theor. Geod. Univ. Bonn, n°16, 7 S, 1973.

The aims of the International Short-arc campaigns are explained
and a report is given on the success of 4 campaigns as performed
hitherto. Then, plans for future work are developed and certain
problems are discussed.

BONATZ M. - "Gravimetrische Erdgezeitenstation KERGUELEN (Indischer
Ozean) Ergebnisse des ersten Registrierzeltraumes Januar bis Mai 1973".
Mit. Inst. Theor. Geod. Univ. Benn, n°20, 17 S, 1973.

Tn cooperation with the "Laboratoires scientifiques du territoire
des Terres australes et antarctiques francais", Paris, and with support
of the "Deutsche Forschungsgemeinschaft", Bonn, in December 1972 at
Port-aux-Francgais, archipelago of Kerguelen in the South Indian Ocean,
a gravimetric earthtide station was established. ..

The situation of Kerguelen-Islands amidst the ocean gives a good
possibility for the study of the loading effect of the oceanic tides.
Tt is of interest too, that the station is relative to the equator
symmetrically situated with regard to the mentioned Westeuropean
stations. In addition, it is possible to study eventual correlations
with other geophysical phenomena by using the data of the numerous
geophysical stations at Port-aux-Francals.

The precordings obtained until 17. May 1975 were analysed in three
separate parts (corresponding to the arrival of the data at Bonn) after
Chojnicki's method. A total analysis was computed too.

BONATZ M. & W. ROCHOLL - "Gesamtauswertung der mit Horizontalpendeln
in der Testation ERPEL, gewonnenen Messungsergebnisse 1965 bis 1971".
Mit. Inst. Theor. Geod. Univ. Bomn, n°2l, 10 S, 197>.

From December 1965 until October 1970 in the test station Erpel
near Bonn the clinometric tides were measured with horizontal pendulums
of the type Verbaandert-Melchior... .

BONATZ M. - "Gezeitenregistrierung mit einem auf kapazitiven
Angriff umgeristeten Askania-Gravimeter GS 12",
Mit. Inst. Theor. Geod, Univ. Bonn, n°22, 11 8, 1973.

Comparing the measurement results obtained by modern BEarth tide
gravimeters Askania GS 15 with those using the older types GS 11 and
GS 12 an augmentation of the inner accuracy by the factor three %o
four is to be stated. As the spring system of the meter in principle
has not been changed the benefit of accuracy is only due to the applied
transducer system instead of photocells. This fact led to the conside-~
ration whether it is possible by installing a capacltive transducer
system into an old type meter to transform it as a modern efficient
earth tide gravimeter...

/
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CESKOSLAVENSKA AKADEMIE VED - Studia Geophys. & Geod. ©.17, n'l,
Praha, 1973.

BURSA M. - "Gaussian curvature of smoothed equipotential surface from
satellite srbit dynamics”,
pr 0. 09) 1o 5 )

Stokes's constants J'.‘and §'_'of the Earth's body, determined from
gsatellite orbit dynamics up to a %omparatively high degree, glve an
unified deseription of the fundamental features of the geopotential
Pield. In the present paper, they were used to derive the Gaussian
curvature of the external equipotential surfaces of the geopotential.

CESKOSLOVENSKA AKADEMIE VER - Studia Geophys. & Geod., t.17, n°2,
Praha, 19735.

BURSA M. - "The mean curvature of the external equipotential surface
and the vertical gravity gradient as functions of Stokes's constants',
p.74-80.

The mean curvature of the equipotential surface and the vertical
gradient ef gravity are expressed in terms of a develepment into a
series of gpherical harmonics, neglecting terms of the erder of 16'8.
The curvature anomalies have been computed using the satellite data.
The symbols used are the same as in n°278(a) above.

KOLEENHEYER T. - "On a method of eomputing the gravitational fields of
inhomegeneous- bodies" .
p.111=-114, .

A golution of the direect gravity preblem for a finite body with
variable density is given. The method is based on Green's formula ard
ie applicable when a particular solution of Poisson's equation is
known. The attraction due to the body is expressed by integrals over
its surface. The exact solution of the direct gravity problem, as
known from the theory of two-dimensional fields is closely connected
with the problem of the analytic continuation of the exterior field of
the attracting mass system into its interior. In the first place, this
is a preablem of determining the singularities of the exterior field,
their distribution within the system and their nature. This approach
to the solution of the direct problem is also meaningful from the point
of view of determining the characteristics of the attracting system and,
therefore, also of solving the inverse problem, In ‘the case of two-
dimensional fields the methods of analytical continuation were widely
developed in a series of well-known papers by V,N., Strakhov, and they
are mainly based on the methods of the theory of the functions of the
complex variable. These methods were also successfully applied by
Tsirulskii and Golizdra in treating the homogeneous and inhomogeneous,
two-dimensional direct problem by means of Cauchy's integrals. However,
as regards three-dimensional fields a number of fundamental problems
has not been solved in this respect.

PICK M. - "On the boundary condition of the gravity disturbing
potential”.
p.173-176.

The boundary condition feor the gravity disturbing potential was
derived up to the second-order terms and the influence of the second-
order terms was investigated.
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TRAGER L. -~ "Zeitliche Konstantenverénderungen der Gravimeter GS 12
n°129 und n°181".
p.177-179.

CESKOSLOVENSKA AKADEMIE VED - Studia Geophys., & Geod. t.17, n°3,
Praha, 1973.

BURSA M. - "Geoidal curvature radii from satellite data for different
degrees of smoothing".
p.195-198,

Radii of curvature and their anomalies of a smoothed geoidal
surface are computed using Stokes's constants J(k), Snk of the
Earth's body, obtained from satellite orbit dynamics. Different
degrees n of smoothing are used (n = 8, 12, 21). The notation are
the same as in n°278(a) above.

TRAVAUX de 1'INSTITUT GEOPHYSIQUE de 1 'ACADEMIE TEIECOSLOVAQUE des
SCIENCES. N° 345-362, 1971 ; v.XIX, Praha, 1975.

BURSA M. - "Undulations of the geoid due te deep anemalous masses on
the territory of Czechoslovakia". - '
p.9-58. o

The paper deals with the results ef determining partial undulations
of the geoid due to masses deeply deposlted on the territory of Czechose
lovakia. Components of the deflections of the vertical, corrected for

. the effect of topographic masses, were used at about 1000 discrete

b)

e)

points of a territory 128.000 km? in area.

KUBACKOVA L. - "Some mathematical problems of diserete optimum (Wiener)
filtering of anomalous gravity fields". ‘
p.101~-108, ' °

The method of discrete filtration of a homogeneous random field in
an additive noise of the same nature is discussed. In the first part a
system of linear equation is derived defining the optimum filter, argd
the uniqueness of its solution is proved. The independence of the
coefficients of this filter at the filtered point follows from the
homogeneity of the fields considered. In the second part certain
problems are considered which are connected with the use of statigtical
estimates of correlation coefficients instead of the real values in
computing the filter.

CHARAMZA F. & L. TRAGER - "Bearbeitung der Messungsergebnisse auf den
Schwerepolygonen'.
p.109-120,

An untraditional method of treating the results of measurements on -
gravity polygons is described. The difference between the method pre-
sented and other procedures, used currently, is in the simultaneous
determination of the unknown values of the acceleration of gravity at
the individual points of the polygon, the dimensional coefficients of
the selected gravity meter, and the parameters of the drift of the
gravity meters during the individual periods of the day. After giving
the fundamental relations, some of results of the adjustment of a
gravity polygon, which was carried out in the way described, are
mentioned.
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DIVIS K. - "Determining vertical gradients of the acceleration of
gravity mountainous regions".
p.121-1%2,
The valuesgof the vertical gradient of the acceleration of gravity

g/ Qz= 90U/ 0z?2 were determined in two independent ways at
17 points in the Velka Fatra Range. The first method is based on deriving
the values of the vertical gradient from the observed values of the
acceleration of gravity at two or more points of the real vertical.
The second method is based on computing the anomalous part of the
vertical gradient, o 2T/ & z2, from a map of gravity anomalies.
The computations were carried out using a procedure derived by
Yurkina for a plane reference surface, which allows the computation
to be carried out by means of successive approximations. In this case
the computation is rectricted to the first approximation. Most of the
computing was done by computer. The results ylelded by both the methods
were compared, and the differences were used to estimate the accuracy
of the vertical gradients in the zero and first approximations ... .

BOTT M.H.P., & D.S. DEAN - "Stress systems at young eontinental margins®,
from : Nature Phys. Sci., v.235, n°54, p.23-25, 1972.
Dept. Geol., Pub., n°398, Univ. Durham,

A study of stresses associated with young continental margins shows
that differential loading across major surface features of the Earth
may cause tectonic activity within lithospheric plates.

BOTT M.H.P. - "Interpretation of global gravity anomalies".
from : Nature Phys. Sci., v.236, n°63, p.23-24, 1972.
Dept. Geol.,, Pub. n°40l, Univ. Durham.

AL-CHALABI M, - "Interpretation of gravity anomalies by non-linear
optimisation",

frem : Geophys. Prospecting, v.XX, n°l, 16 p, 1972.

Dept. Geol,, Pub. n°406, Univ. Durham.

The interpretation of a gravity anomaly in terms of the shape of
the anomalous body is a non-linear problem and may, therefore, be
carried out using non-linear optimisation techniques. The formulation
is extended to include cases where the density contrast and the
regional background are also unknown. For a given model the objective
function is provided by the discrepancy between the ebserved anomaly
and the calculated anomaly due to the model. Given an initial model,
the optimisation procedure searches for a minimum of the objective
function by an iterative adjustment of the parameters. A number of
suitable objective functions is given. The behaviour of these functions
in the parameter hyperspace is quite complex. Accordingly, direct search
methods should be employed at the early stages of the search, changing
to gradient methods at later stages. The use of constraints is also
necessary ito ensure the geological feasibility of the model. The
required computer time may be largely reduced by careful programming.
Two examples of interpretation by optimisation methods .are given,



285 -

286 -

287 -

II - 132,

LONG R.E., R.W. BACKHOU3E, P.K.H. MAGUIRE & K. SUNDARLINGHAM - "The
structure of Fast Africa using surface wave dispersion and Durham
seismic arrvay data".

from ¢ Tectonophysiecs, v.15, n°l/2, p.165-178, 1972.

Dept., Geol.,, Pub, n°415, Univ. Durham,

As a background to the discussion of the array data some results
of studles on teleseismic P-wave delays and surface wave dispersion
within the rift zone are presented, This work uses data from permanent
stations. The deep structure ~f the Gregory Rift ls subsequently dis-
cussed using data from the Kaptagat array station installed by the
University of Durham in Kenya in 1968. A compressional velocity model
for the Gregory Rift 1s presented,

BOTT M.H.P., J.G. HPLIAND, P.G. STORRY & A.B. WATTS - "Geophysical
evidence concerning the structure of the Lewisian of Sutherland ;
N.W. Scotland”.

from : J. Geol. Soc., v.128, p.599-612, 1972.

Dept. Genl., Pub. n°l22, Univ, Durham,

Interpretation of two new gravity profiles across the Ben Stack
line and of the I.G.S. aeromagnetic map indicates that the Lewisian
biotite-gneisses occurring to the north of this line are underlain at
a depth of about 3 km or less by rocks peossessing similer density ard
magnetlic properties to the pyroxene-granulites which crop out south of
the line. The Ben Stac! line forms the fundamental division between
these two metamorphic assemblages of the Lewislan and its plane dips
steeply towards the south. The gravity profiles also indicate that
both the biotite-gneisses and pyroxene-granulites in the vicinity of
the Ben Stack line are anomalously low in density. This 1s attributed
to the penetration of both formations by granitic and pegmatitic in-
trusions of low density. The evidence suggests that the granitic ma-
terial concentrated in the vicinity of the Ben Stack line occupies too
great a volume to be derived solely from the host blotite-gnelsses in
the immediate vieinity and may therefore possibly be of more
extensive origin,

BOTT M.H.P, & A. INGIES - "Matrix methods for Jjoint interpretation of
two-dimensional gravity and magnetic anomalies with applications to
the Iceland-Faeroe Ridge". ,

from : Geophys. J. R. Astr. Scc., n°30, p.55-67, 1972.

Dept. Geol,, Pub. n°423, Univ. Durham.

Gravity and magnetic anomelies caused by & body satisfying the
Peisson condition can be inter-related hy linear algebra through use
of a fictitious equivalent layer. Computer programs using this formu-
lation have been written to carry out two~dimensional pseudogravimetric
and pseudomagnetic transformaticns, to estimate the directlon of magne-
tization, and to compute the ratio of magnetlzation to density within
an assumed equivalent layer. The method 1s applicable to other problems
of direct interpretation of gravity and magnetic anomalies and can be
extended to three-dimensional interpretation. It is amenable to irre-
gularly spaced field data.

The methods have been used to show that the complicated magnetic
anomalies over the Iceland-Faeroe Ridge are partially related to the
gravity anomalies. The correlation is attributed to substantial
variations in the depth to the layer 1l/layer 2 interface.
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GUNN P.J. - "Application of Wiener filters to transformation of
gravity end magnetic fields”.

frém : Gedphys, Prospecting, v.EX, n°4, p.860=-871, 1972.

Dept. Geol., Pub, n°429, Univ. Durham.

Consideration of the spectral representation of gravity and
magnetic fields shows the field to be the result of the convelution of
fectors depending on the parameters of the field Wiener filters, cul-
culated using model transformations, provide an éptimum mcethod for
altering these factors and hence effecting field transformations.

FEN-AVRAHAM Z., C. BOWIN & J. SEGAWA - "An extinct spreading centre
in the Philippine Sea'.
frem : Nature, v.240, n°5382, p.453-455, 1972.

An extinct ocean floor spreading centre identified by a topographic
ridge has been discovered in the West Philippine Basin. BEvidence of
active spreading during the Mesezoic explains the early evolution of
the Western Pacific and some marginal seas.

TAUDON T.S. - "Land gravity survey of the Selemon and Blsmarck Islands”.
from : Gemphys. Monograph n°12, Crust & Upper Mantle of the Pacific
Area, 1968.

Centr. 196 of the Geophys. & Pslar Res. Center, Univ. Wisconsin,
p.279-295, 1968.

Bouguer isogal maps of the Selemen and Bismarck Islands are
characterized by large, extremely steep positive anomalies., Local
anomalies can be related to near-surface geolngical features.
Basement rocks and Quaternary voleanic centers are expressed as
gravity highs ; Upper Tertiary sedimentary basins are expressed as
gravity lows, The regional gravity field of the Solomons consists
of & broad low, elongated parallel to the trend of the islands, with
smaller highs, corresponding to individual islands, superimposed on
its flanks. The gravity results suggest that regional isostatic
compensation of the Solomons has oceurred, Hewever, the gravity
fields of the individual islands suggest significant departures from
isostasy. These are attributed to : support of Quaternary voleanic
plles by the strength of the Earth's crust without isostatic compene
sation ; higher than normel erustal densities ; and upwarping of the
mantle beneath the islands. :

MALAHOFF A. - "Gravity anomalies ever volcanic regions".
from : Geophys. Monograph n®13, The Earth's crust and Upper Mantle,
Contr. 249 from the Hawail Inst. of Geophys., 1969.
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DEPARTMENT of SCIENTIFIC & INDUSTRIAL RESEARCH, Geophysics Division,
Gravity Map of New Zealand, 1/250,000. Wellington

Bouguer anomalies, isostatic anomalies, isostatic vertical gradient
anomalies, sheet 25 : DUNEDIN, 1969.
(3 maps, regional type anomalies)

Bouguer anomelies, isostatic anomalies, isostatic vertical gradient
anomalies, sheet 3 : AUCKLAND, 1971.
(3 maps, regional type anomalies)

Bouguer anomalies, isostatic anomalies, lsostatic vertical gradient
anomalies, sheet 4 : HAMILTON; 1971.
(3 maps, regional type anomalies)

Bouguer anomalies, isostatic anomalies, sheet 26:STEWART ISLAND, 1971.
(2 maps, regional type anomalies)

Bouguer anomalies, lsostatic anomalies, isostatic vertical gradient
anomalies, sheet 2 : WHANGAREI, 1972.
(3 maps, regional type anomalies)

Bouguer anomalies, isostatic anomalies, isostatic vertical gradient
anomalies, sheet 6 : EAST CAFE, 1972.
(% maps, regional type anomalies)

Bouguer anomalies, isostatic anomalles, isostatic vertical gradient
anomalies, sheet 9 : GISBORNE, 1972.
(3 maps, regional type anomalies)

Bouguer anomalies, isostatic anomalies, isostatic vertical gradient
anomalies, sheet 24 : INVERCARGILL, 1972.
(% maps, regional type anomalies)

Isostatic vertical gradient anomalies, sheet 21 : CHRISTCHURCH, 1972.
(1 map, regional type anomalies)

KLINGELE E. - "Contribution & 1'étude gravimétrique de la Suilsse
Romande et des régions avoisinantes".

Thése, Univ. Gendve, Dept. Minéralogie & Géophysique, 94 p, Genéve,
1972.

RECHENMANN J. - "Etude d'une anomalie gravimétrique et magnétique
dans le Nord-Est de la Mauritanie".
Ann. Geophys., t.28, fasc. 4, p.871-877, 1972.

Les résultats de la campagne gravimétrique et megnétique dans le
Nord de la République Islamique de Mauritanie montrent une large ano-
malie gravimétrique superposée & une anomalie magnétique dont 1'inter-
prétation pose le probléme de 1'origine des anomalies régionales. Les
solutions classiques conduisent & des origines profondes, ce qui, pour
1'anomalie magnétique, est incompatible avec la profondeur de la
température du point de Curie.
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Une interprétation au moyen d'un modéle dont 1'aimantation serait
croissante des bords vers le centre est proposée.

MAKRIS J., U. ZIMMERMANN, H.C. BACHEM & B. RITTER - "oravity survey
of South Afar, Ethiopia’.
Zeit. £, Geophys., Band 39, S.279-290, Physica-Verlag, Wirzburg, 1973.

Barly in 1970 South Afar in N.E. Ethiopla was gravimetrically
surveyed by the Institutes of Geophysics, University of Hamburg and
Theoretical Geodesy, Technical University of Hannover.

In an area of approx. 80000 km? 900 gravity stations have been
established. The data were uniformly reduced. They were compiled in
a Bouguer map of 5 mGal isolines. The main results show that

The gravity field follows closely the topographic features.

The gradient towards the Ethiopian escarpment is 2 - 3 mGal/km
and 1 - 1,5 mGal/km towards the Somalianescarpment

The crustal deformation from the Somali plateau to the depression
represents a flexure, whereas the Ethiopian scarp is a zone of crustal
rapture.

The Ethiopian rift continues NNE-SSW into Afar up to the Abbe and
Gamori Lakes,

The crust thickness increases towards the escarpments, and it is
most probably of the subcontinental type as indicated by a 2-D model
that was simulated across the depression in EW direction.

Towards the Aisha Horst the crustal thickness lncreases, since
the gravity field becomes more negative,

ROTT M.H.P. & D. MASSON-SMITH - "The geological interpretation of a
gravity survey of the Alston block and the Durham coalfield".

The Quart. J. Geol. Soc. London, v.CXIII, part I, n°449, p.93-117,
1957. :

Problems of the deep structure of the Alston Blocks and the
Durham Coalfield are outlined in relation to previous geophysical
work. The gravity survey plamned as the most expedient approach to
these problems is briefly described. The results of a density survey
undertaken in conjunction with the gravity survey are stated. '

The main feature of the gravity survey is a large negative anomaly
over the Alston Block. The earlier conclusion, that it is caused by an
unexposed granite, is upheld by the detailed physical and geological
interpretation., The postulated granite approaches closest to the
surface in five bosses, some of which almost certainly reach within
5000 feet of the surface. The shape of the gravity anomalies bears
remarkable resemblance to the zones of mineralization and the volatlle
content of the coal seams, and for these reasons a post-Carboniferous
age seems likely. Possible modes of origin of the postulated granite
are discussed. '

The northward decreases of anomaly across the Stublick fault
system 1s caused by fairly rapid thickening of the Lower Carboniferous
succession, which continues eastwards across the line of the Ninety
Fathom Dyke. A southward Bouguer decrease across the Butterknowle
fault is similarly interpreted as a southward thickening of Lower
carboniferous rocks., The internal structural features of the Alston
Block are interpreted in relation to the assumed granite below.
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A study of the background Bouguer anomaly suggests a North
Pennine crustal mass deficiency in addition to the granite. It is
considered that the granite mass deficlency, if accompanied by an
additional crustal deficiency, could account isostatically for the
present North Pennine uplift, and for the general stability since
the lower Carboniferous.

BOTT M.H.P. & D.G.G. YOUNG - "Gravity measurements in the North
Irish Sea'. '

The Quart. J. Geol. Soc. London, v.126, p,413-434, 1971.

Pub. n°372, Dept. Geol. Sci. Labo., The University of Durham.

This paper presents a Beuguer anomaly map of most of the north
Irish Sea, based on underwater gravimeter measurements. The map
incorporates earlier surveys in the northern part of the region and
new work in the southern part. The new work reveals that the previously
discussed Manx-Furness gravity " ow" (now renamed the East Irish Sea
"Jow") extends southwards to the coast of North Wales. Newly observed
detailed profiles across the north-western margins of the "low" show
that it is caused by a partially fault-bounded composite sedimentary
besin between the Isle of Man, Lancashire and North Wales, with a
local region of basement uplift 30 km southeast of Douglas. High
Bouguer snomalies are observed over a wide area between the Isle of
Man, Anglesey and Ireland, suggesting a reglon with relatively shallow
basement rocks. A negative gravity anomaly of - 40 mGal amplitude
occupies an elongated oblong area 40 x 30 ¥xme in dimension off the
east coast of Ireland near Dublin, The steep gravity gradients and
other characteristics of the anomaly suggest that it is caused by a
sedimentary basin about 3 to 4 ¥m deep. The high density contrast
required to explain the anomaly implies that Permo-Triassic and/or
later sediments form the main infill of the basin. This anomaly is
called the Kish Bank gravity "low'".

DAY A.A. - "Gravity anomalies in the Channel Islands".
Geol. Magazine, v.XCVI, n°2, p.89-98, 1959.

Bouguer gravity anomalies have been determined at seventy-nine
statias on Alderney, Guernsey and Jersey. On Aldernmey the anomalies
are clearly dependent on the nature of the outeropping rock-types,
and permit approximate values for the thickness of two outeropping
rock masses to be obtained. On Guernsey the anomalies are not closely
related to the surface geology, and suggest that the north-eastern
coastal area is underlain by a body of dense rock, possibly of ultra-
basic composition, The anomalies on Jersey indicate that the sedimen-
tery rocks of western Jersey are underlain at no great depth by rock
of density comparable to that of granite, In eastern Jersey the domi-
nating feature of the anomalies is a pronounced "high" centred near
Grande Charriére. It is shown that this feature is most reasonably
considered to be the effect of a large buried gabbro intrusion,
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FROOKS M. & M.S, THOMPSON - "The geological interpretaiion of a
gravity survey of the Bristol Channel”,
from 3 J. Geol., Soc., v.129, part 3, p.245-274, 1973.

A Bouguer anomely map of the Channel and surrounding land areas
is presented and interpreted, The main features of the map are :

1) a negative anomaly epproaching - 20 mGal trending WNW across the
southern half of the Channel and adjacent areas of west Somerset and
north Deven ;

2) a broad flanking area of weak positive anomaly in the northern
part of the Channel whieh may extend southeastwards across the
Cothelstone fault into Bridgwater Bay ; and

3) a local positive anomaly of ever 4+ 20 mGal around Lundy Island,
These anomalies are all superimposed en a strong regional gradient
of + 0.38 mGal km~1l to the southwest.

The negative anomaly in the southern part of the Channel is due
partly to Mesozoic strata in the Bristeol Charmel syncline but partly
to underlying, low density, Upper Palae=zoic rocks which are probably
preserved in a structural basin similar to the South Wales coal basin
but overthrust by the Devonian succession of Exmoor. The parallel belt
of positive anomaly in the northern half eof the Channel is interpreted
as overlying an anticlinorial zone, characterized by 0ld Red Sandstene
at shallew depth, separating the South Wales coal basin to the north
from the postulated basin to the south. The positive anomaly around
Lundy Island is attributed to the effect of a large basic pluton of
Tertiary age occurring at shallow depth, and the gravity field of
Tundy is compared with that of other Tertiary igneous centres. A
sketch structural section across the Bristol Channel is presented.

CHOUDHURY S5.K. & A.N. DATTA - "Bouguer gravity and its geologic
evaluation in the Western part of the Bengal Basin and adjoining
area, India",

Geophysics, v.38, n°l4, p.691-700, 1973.

The Bouguer gravity anomalies in the western part of Bengal Basin
and part of eastern Bihar, India, can be explained in terms of basement
relief which controls the thickness of the Gondwanas. This relief,
however, has no influence on structure within the sedimentary section
overlying the Gondwanas. During Gondwana times, the Bengal Basin
continued further north at least up to Purnea, but in early Tertiary
times, the continuity was interrupted by a basement feature passing
through Jangipur and Malda.

The main line of cennection between peninsular India and the
Shilleng Plateau may be through the Rajmahal hills and the Darjeeling
Himalayas.

RABINOWITZ P.D. - "Gravity anomalies across the East African
gentinental margin".

from : J. Geophys. Res., v.76, n°29, p.710A7-7117, 1971,
Contr. n°1702 of the Lamont Doherty Geol. Obs.

A free-air gravity map along the east coast of Africa from
about 1°S to 7°S is constructed. The most important features of this
map are
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. 1. A relative free-air gravity high that approaches 10 mGal just

316 -

seaward of Mombasa. This high is flanked to the west by a free-air

low more negative than - 100 mGal and to the east by a low more )
negative than - 50 mGal. Isostatic calculations indicate that these
snomalies do not arise from "edge" effects, but result from crustal
structure. The high extends from Pemba Island and appears to rcpresent
a submarine extension of the island. Crustal models indicate thick
sediment accumulations on either side of this submarine extension.

2. A free-air gravity low observed throughout the length of the map

at water depths ranging from about 2000 to 3500 meters. Landward of
this low is a free-air gravity high that appears to extend onshore at
about 2°S. This high is interpreted as representing a continuous
basement ridge, somewhat similar to the ridge observed off the east
coast of the United States. Hewever, unlike the basement ridge cbserved
of f the east coast of the United States, which appears to be generally
located at the shelf break, the presumed basement ridge off the east
coast of Africa does not follow any particular topographle contour,

It is located beneath ocean depths exceeding 2000 meters in the south
to possibly onshore in an area farther to the north. Previous refraction
measurements taken seaward of the gravity high did not detect the
presence of the ridge.

The widespread existence of basement ridges on nontectonic conti-
nental margins indicate their common origin regardless of how they are
expressed, If they are the products of the initial demarcation of the
continents, the location of such ridges and, hence, the gravity
signature associated with the ridges may define the continental edge.

S. CORON & A. GUILIAUME - "Etude gravimétrique sur le Golfe de Gascogne
et les Pyrénées".

Extrait de 1l'ouvrage : Histoire structurale du Golfe de Gascogne,
p.IV.9-1-15, Paris, 1971.

Cet article fait la synthése des mesures de pesanteur connues sur
le Golfe de Gascogne et les Pyrénées en présentant plusieurs cartes.
La premiére est une carte d'anemalies complétes de Bouguer du
golfe de Gascogne. Les deux autres sont celles des tendances régionales
et des résiduelles de la méme région ; elles ont été obtenues par lls-
sage double (moyennes mobiles et polyndmes) des anomalies de Bouguer.
Les figures 4, 5 et 6 concernent les Pyrénées ; elles indiquent
respectivement les anomalies de Bouguer, les anomalies isostatiques
(Airy, 30 km) et un schéma structural.
Ce travail met en évidence :
1) La structure océanique du centre du golfe qui dans 1'ensemble, est
compensé isostatiquement (les anomalies de Bouguer atteignent 300 mGal).
2) Des différences d'épaisseur de crofite de part et d'autre de la faille
nord-pyrénéenne, dans la partie centrale des Pyrénées (écart supérieur
a4 50 mGal). ~
3) Des variations probables de la profondeur du toit du socle dans la
plaine abyssale et sur ses marges : minimums a... d et maximums tel
que A (fig. 3, anomalies résiduelles).
4) L'accident majeur nord-sud de Santander F 3 qui forme vraisembla-
blement la limite occidentale de la zone continentale, vers le paralldle
430",
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5) Des aceidents crustaux impmrteants dans le secteur pyrénéen,
indiqués par les variations de direcition des isanomales et 1'existence
d'extremums graviméiriques particullérement nets. Ces accidents sont
- goit divectiommels : fallle nord-pyrénéenne F 1 ;
- soit transverses ou obligues, les principaux d'entre eux étant :

. l'accident d'Hendaye F 4 ;

. la faille de Bagnéres F 5 qui limite la zone axiale pyrénéenne

vers 1'ouest :
. l'accident bordier des Cévennes et de la Montagne Noire F 6;
. les accidents de type Perpignan-Nimes (F 7 ...).

On notera la présence de nombreux épicentres dans les zones
dlintersection entre les accidents directionnels et transverses.

CATRAR-PUERTAS C. - "Estudio preliminar sobre las anomalias de la
pesantez en el Mar de Alboran",

Revista de Geofisica, n°l-2-3-4, p.87-156,

Talleres del Inst. Geog. ¥y Catastral, Madrid, 1972.

Using the results obtained in 60 observations effeeted in the
Alboran Sea, have been the corresponding anomalies of gravity : Faye,
Bouguer and isostatics of Airy (R = 0, T = 30 km). To support the
track of the corresponding isogams, we use an other 60 terrestrial
observations (16 in N.african litoral and 44 in the spanisch sector
situated at the South of the parallel »f 38°) also from the spanish
statior of Alboran Island,

The analysis of these three fields of isogams appears to indicate a
geostructural scheme that confirms the existence of a sialic root (with
similar importance to the Bética range) that crosses from North to
South the Gibraltar Strait. Towards the meridian 2°30'W.G., coinciding
with the rapid amputation and total disapearance of the dorsal of
Alboran Sea thus like the narrow fosse ascribed to the northern side
it produces a sharp variation in the orientation eof the anomalies as
a2 possible geostructural reply. In the occidental depresion of Alboran
Sea (W. of the meridian 2°30'W.G.) the elongated anomalies like the
dorsal of Alboran Sea (height » 1.700 m) and its ascribed fosse
present an alpine orientation : parallel to the emerging range of the
South of Spain and of the North of Africa. On the contrary, in the
oriental depression of the Alboran Sea (E. of the meridian of 0°30'W.G.)
the disappearing drop of that dorsal and accompanying fosse seems
related with geostructural traits of the orthogonal orientation of the
oecidental ones because the anomalies appear clearly lengthened in a
direction next to the NNW-SSE.

The thickness of the sialic crust seems to diminish progressively
from the CGibraltar Strait towards the East. Inside the oceidental
depression it seems to diminish from the spanish litoral to the South
of the dorsal, reaches its minimum value in the abyssal plane extended
between the dorsal and the continental slope of the Tres Forcas Cape ;
the great dorsal and the deep canyon next to its septentrional flank
does not seem to modify substantially that progression of the sialic
thickness. :

The diverse structural compartiments seems to show arising tendency
in the occidental sectors (Strait) and northerly (between spanish litoral
and the northerly slope of the narrow fosse next to the dorsal). ¢n the
contrary, the abyssal plane extended between the dorsal and the African
litoral seems subject to subsidence, the same as the criental depression
of the Alboran Sea.
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318 ~ IE PICHON X. & M. TAIWANI - "Gravity survey of a seamount near 35°N
46°W in the North Atlantic".
from : Marine Geol. v.2, p.262-277, 1964,
Contr. n° 782 of the Lamont Geol. Obs.

Continuous gravity profiles were obtained over a seamount near
35°N 46°W in the North Atlantic Ocean. The seamount consists of two
peaks but there areno individual Bouguer minima over each peak. Rather,
a Bouguer minimum is centered over a saddle between the two peaks ard
cannot be attributed to a wrong choice of density in the Bouguer
reductions. This minimum is interpreted as due to a secondary magma
chamber.

319 - CORON S. - "Grandes zones d'anomalies de la pesanteur dans le Bassin
Méditerranéen et ses bordures - Détails pour la région de Gibraltar",
Symposium sur la Géodynamique de la région Méditerranédenne, Athé&nes
Nov. 1972 ; C.I.E.S.M., v.22, fasc. 2a, p.31l-33%, 1973.

Sur la carte d'anomalies de Bouguer établie pour la région de
Gibraltar, a été indiquée la position des épicentres (d'aprés BEUZARD,
1972) ; on constate qu'une zone aséismique coTIncide avec la zone mini-
mum gravimétrique d'orientation N.S. On en déduit :

- q'aucune fracture majeure profonde d'orientation Ouest-Est n'est
décelée au niveau du détroit de Gibraltar ;

- qu'un bloc homogéne et stable réunit les 2 continents ;

- que dans cette région, la crofite "continentale" doit avoir une
forte épaisseur puisque les anomalies de - 80 mGal peuvent diffi-
cilement 8tre expliquées par la seule présence des terrains
superficiels légers.

320 - BONINI W.E., T.P. LOOMIS & J.D. ROBERTSN - "Gravity anomalies,
ultramafic intrusions and the tectonics of the region around the
Strait of Gibraltar".

J. Geophys. Res., v.78, n°8, p.1372-1382, 1973.

A new compilation of gravity data in the region surrounding the
Strait of Gibraltar between 2° and 9°W and 34° and 37°30'N is pre-
sented in the form of a Bouguer anomaly map. Published data and new
data obtained by Princeton University in southern Spain are included.
There are four major features of the anomaly map :

1) An arcuate zone of negative anomalies more than 200 km wide,
parallels the trend of the Betic and Rif orogens. The gravity low
erosses the Strait of Gibraltar and included the Atlantic approach

to the Strait and the western Alboran Sea. Values as low as - 130 mGal
in Spain and - 150 mGal in Morocco were reduced.

2) Two coastal gravity high zones along the Moroccan and Spanish
margins of the western Alboran Sea show steep gradients and closures
as high as 110 mGal superimposed on the arcuate negative zone. The
gravity highs in part coincide with a belt of outecrop of ultramafic
and associated metamorphic rocks.

3) A central high in the Alboran Sea begins about 90 km east of
Gibraltar and extends eastward into the axial high of the western
Mediterranean. :

4) Positive anomalies trend WSW from southern Spain and westward fram
northern Morocco into the Atlantic approaches to the Strait of
Gibraltar. All four major gravity features show a rough, symmetry about
a plane striking E.W. through the Strait of Gibraltar. :
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The most important conclusions that can be drawn from the data are
the following :
1) The steep graviity gradients and magnitude of the coastal highs
require steeply dipping density discontinuities probably reaching
the mantle. The data support recent petrological and structural
evidence from Spain of diapiric intrusion of ultramafic rock from
the mantle and eonflict with previous hypotheses that propose a
thin thrust sheet structure of these masses.
2) Continental crust extends across the Stralt of Gibraltar in a belt
more than 200 km wide, including the western Alboran Sea. The conti=-
nuity and symmetry of the anomaly pattern across the Stralt agree with
similar geological observations and correlations of rocks as cld as
Paleozoic and imply that the Betic and Rif have been part of a single
tectonic system including the Alboran Sea probably since Precambrian
time. Neither gravity nor geological evidence supports proposals of a
major zone of plate discontinuity (transform faulting) between Spain
and Morocco as a continuation of the Azores-Gibraltar ridge from the
Atlantic.
3) The central Alboran Sea high is consistent with either a crustal
break or a crustal thinning model. Significant zones of thin crust
and possible crustal extension are found also in the Atlantic approaches
to the Stralt of Gilbraltar.

BOTT M.H.P., C.W.A. BROWITT & A.P. STACEY - "The deep structure of
the Iceland-Faeroe Ridge". '

from : Marine Geophys. Res. 1, p.328-351, 1971.

Pub. n°382, Dept. Geol. Sei. Labo. The University of Durham.

Two long seismic refraction lines along the crest of the Iceland-
Faeroe Ridge reveal a layered crust resembling the crust beneath
Iceland but differing from normal continental or oceanic crust. The
Meho was recognised at the south-eastern end of the lines at an ap-
parent depth of 16 - 18 km, A refraction line in deeper water west
of the ridge and south of Iceland indicates a thin oceanic type crust
underlain by a 7,1 km/s layer which may be anomalous upper mantle.

An extensive gravity survey of the ridge shows that it is in ap-
proximate isostatic-equilibrium : the .steep gravity gradient between
the Nerwegian Sea and the ridge indicates that the ridge is supported
by a crust thickened to about 20 km rather than by anomalous low
density rocks in the underlying upper mantle, in agreement with the
seismic results. An increase in Bouguer anomaly of about 140 mGal
between the centre of Iceland and the ridge is attributed to lateral
variation in upper mantle density from an anomalous low value beneath
Iceland to a more normal value beneath the ridge. Local gravity ano-
malies of medium aplitude which are characteristic of the ridge are
caused by sediment troughs and by lateral variations in the upper crust
beneath the sediments. A steep drop in Bouguer anomaly of about 80 nGal
between the ridge and the Faeroe block is attributed partly to lateral
change in crustal density and partly to slight thickening of the crust
towards the Faeroe Islands : this crustal boundary may represent an
anomalous type of continental margin formed when Greenland started to
separate from the Faeroe Islands about 60 million years ago.

We conclude that the Iceland-Faeroe Ridge formed during ocean floor
spreading by an anomalous"hot spot" type of differentiation from the
upper mantle such as is still active beneath Iceland.
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This suggests that the ridge may have stood some 2 km higher
than at present when 1t was being formed in the early Tertiary, and
that it has subsequently subsided as the spreading centre moved away
and the underlying mantle became more normal ; this interpretation is
supported by recognition of a V-shaped sediment filled trough across
the south-eastern end of the ridge, which may be a swamped sub-aerial
valley.

SERVICE HYDROGRAPHIQUE de la MARINE -~ "Anomalies de la pesanteur en
Mer de Norvége : résultats de mesures effectuées & bord du "Paul Goffeny",
1965-1968" .
Cahiers Océanogr., v.XX, n°5, lléme année, p.503-514, Paris, 1970.
Liste de 797 observations.

KUBOTERA A., H. TAJIMA, N. SUMITOMO, H. DOI & S. IZUTUYA - '"Gravity
surveys on Aso and Kuju volcanic regien; Kyrushu district, Japan".
Bull. Earthquake Res. Inst., v.47, p.215-255, 1969.

Gravity survey at 446 points in an area of about 4300 km? over
the Aso and Kuju volecanic region occupying the central part of
Kyushu Island of Japan was made by use of Worden and LaCoste and
Remberg Geodetic Gravimeters from 1965 to 1966.

This survey was carried out as one of the branch projects of
"Combined Aeromagnetic-Gravity Studies of Calderas in Japan"

Bouguer gravity anomalies over this area are characterized by :
1) a strong negative anomaly on the Aso calder=s,

2) a circular negative anomaly over the Kuju volcano group on the
north-eastern side of the Aso caldera,

%) positive anomalies on the south-western flank of somma of the
Aso caldera and

4) a narrow belt of relatively high gravity running from Ooita to
Kumamoto. ’

The gravity low of the Aso caldera shows characteristic feature of
the "low anomaly type caldera" as is pointed out by Yokoyama.

The Kuju volcanic group also shows the similar feature of "low
anomaly type caldera", though existence of caldera is not identified
from topographical view point. This fact coIncides with the geological
presumption of buried existence of the Kuju caldera which was once as
gigantic as that of the Aso caldera.

On the south-western flank of the somma of the Aso caldzra, the
oldest formation consists of semi-schist (Sambagawa System) and the
outerop of basalt is also being found from geological surveys. The
gravity high which reaches 22 mGal at the center coincides with the
distribution of basaltic formation. It reveals, therefore, the high
density material such as basaltic or metamorphic rocks.

A narrow belt of relatively high gravity is remarkably observed.
The tectoniec line which is geologically presumed to run from Ooita
westward to Kumamoto through the Kyushu Island Jjust coineides with
this belt.



325 =

326 -

327 -

328 -

329 -

I - 21.

TOMODA Y. - "Maps of free-air and Bouguer gravity anomalies in and
around Japan®.
Ocean Res, Inst., Univ, Tokyo, 1975.

Secale : 1/3.000,000 (lat. 35°), approximately 30° to 47°N ;
125° to 145° E.G., interval contour = 2 mGal.

T,0ZANO CALVO L. - "Red de observaciones con gravimetro en la Provinela
de Palencia®.
Inst. Geog. ¥y Catstral, Talleres del IGyC, 31 p, Madrid, 1966

Iiste des résultats de 914 stations. Cartes des anomalles de
Bouguer et des Anomalies isostatiques (Airy 20 et 30 km) .

RUTZ LOPEZ J. - "Red de observaciones con gravimetro en la Provincia
de Santander".
Tnst. Geog. y Catastral, Talleres del IGyC, 36 p, Madrid, 1968.

Liste des résultats de 506 stations.(3 cartes ldentiques au n°329),

INSTITUTO GEOGRAFICO y CATASTRAL -~ "Mapas gravimetricos de la
Provincias de Alava, Guipuzcoa y Vizcaya'.
47 p, Madrid, 1969.

Liste des résultats de 303 stations. Cartes des anomalies de
Bouguer et des anomalies isostatiques (Airy 20 et 30 ¥m) .

TNSTITUTO GEOGRAFICO y CATASTRAL - "Avance del Mapa gravimetrico de
la Peninsula Iberica, escala : 1/2.000.000".

30 p, Madrid, 1972. (3 maps, Bouguer, Free-air, mean heights anomalies).
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Scale : 1/2.000.000 ; gravity anomalies in 1967 Reference System,

SERVICIO GEOGRAFICO MILITAR -~ "Red gravimetrica fundamental, resumen
de valores". le edicion.
Republica oriental del Uruguay, 55 P, Montevideo, 1970.

Liste des mesures faites de 1962 & 1968 : coordonnées, altitude,
valeur de g, anomalies & 1'air libre et de Bouguer,

Ta station de référence est 1'aéroport de Carrasco dont la valeur
provisoire est : 979.T4T,47 mGal, déterminée par rapport & la statiom
Pondamentale de Miguelete (Argentine) : 979.705,00 mGal.

SOBCZAK L.W., L.E. STEPHENS, P.J. WINIER & D.B. HEARTY - "Gravity
measurements over the Beaufort Sea, Danks Island and Mackenzie Delta,
with map n°151 - Mackenzie Delta - Banks Island",

Earth Physies Branch, Gravity map Seriles, 16 p, Ottawa, 1973,

The Earth Physics Branch has made about 7.700 gravity measurements
over the Beaufort Sea, Banks Island and Mackenzie Delta between 1969
and 1972. Measurements were made both on land and on the sea ice of
the Beaufsrt Sea, The major feature ~f the free-air gravity anomely
mep is an arcuate high of arout 100 mGal which is one of many elliptical
anomelies along the c-ntinental margin. These anomelies are explained by
a thinning of the crust at the centinental break.





