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Abstract

The technique of reconstructing the Earth’s geological structure from geoid topography data is
considered. The results permit the design of vertical cross-sections and spatial distribution maps
of land masses at different depths. The possibility of determining the outer boundary of the
continental margin, which is hidden under the upper seabed layers, is shown by using the example
of the Argentine shelf region.

1. Introduction

Geoid topography is caused by the gravitational nature of the inhomogeneous geological structure
of the Earth. This topography coincides with the ocean’s surface at rest, and continues under the
continents. Satellite altimeter measurements (annex 1) allow us to determine the stationary
geoidal undulations (elevations and depressions) on the ocean’s surface which correlate with the
location of the disturbing land masses. The more dense mass generates an elevation, and the less
dense generates a depression in the surface of the sea.

The geoid can also be represented (besides through altimetry) by a mathematical model as sets of
a spherical harmonic expansion of the geoid topography (annex 1). The main point of our
investigation is that the harmonics can be used not only to calculate the geoid -- the outer surface
of the geopotential -- but also to determine the topography of the internal equipotential surfaces.
The depth of the layer which disturbs this surface is determined by a harmonic number, using a
dependence which is computed by us. This makes it possible to obtain a vertical cross-section of
the seabed structure similar to seismic profiling.

Therefore, our technique allows us to use satellite altimetry data to synthesize a combination of
gravity and seismic data.

The UN Commission on the Limits of the Continental Shelf (CLCS) recommends using altimetry
data to calculate gravimetric anomalies in addition to ship-board gravity measurements. The
purpose of this report is to expand the capabilities of the application of geoid data (global models
or direct satellite altimeter measurements) and to offer a certain method for determining the outer
edge of the continental margin by using the Argentine shelf as an example. It is a cost-effective
method because it is solely a computational method.



2. An approach to the problem and methodological features

The use of spherical harmonics is a useful technique not only to compute the shape of the Earth
but to study its structural density as well [1], in particular to determine the deep boundary of the
continental margin which is hidden under the thickness of the upper layers of the seabed.

The mathematical methods used in physical geodesy have no evident connection with the
geological nature and geophysics of the Earth. At the same time, the estimations of the thickness
of the layers of land responsible for disturbances in specified harmonic ranges are shown in some
works. The technique of determining the differential geoid by means of an extraction of different
harmonics is also known. It is used for revealing local dense inhomogeneities. In other words, it is
possible to analyse a density structure of different layers of the lithosphere by choosing those or
other harmonics.

The most completed theoretical substantiation of potential anomalies usage for determination of
density anomalies is shown in reference work [1].

In our method an assessment of the disturbing layer’s depth is computed by a known harmonic
function in physical geodesy in the case of the potential of the internal masses confined by a
sphere (annex 2)

2 P, (cosy).

r Rn+1

where r is the distance from the sphere surface down to the disturbing mass , X is the distance
from the center of the sphere up to the disturbing mass, R is the radius of the sphere, P, (cos'P) is
the Legendre polynomial of n™ degree, ¥ is the angle between R and X.

The calculation was carried out by using npi;=2. Furthermore, the multiplier (2n+1)"? was taken
into account in the right side of the expression, which is used for computing the geoid for the
normalization of spherical functions in the particular case where W¥=0 P,, (cos'¥) =1 for all of n,
and r=R-X. Thus, an appropriate n was selected by the assigned values of r, X and R .

The interdependence obtained between n and r is shown in fig. 1. The degree n on the diagram
characterizes the sum of harmonics in a range from 2 up to n. The depth r marks the upper cover
of the disturbing layer, where thickness X is considered from the center of the Earth.

The diagram in fig. 1 is a good approximation for the practical evaluation of the depth and
thickness of the disturbing layer. It is coordinated with estimations of depths in reference work
[2], where it is noted that the density inhomogeneities at the center of the Earth are responsible
for harmonics of about 2< n <5, the lower mantle is responsible for the range of 2< n <20, and the
upper mantle for the range of 2< n <100. It is supposed in another reference work [3], that
harmonics up to 8 degrees are probably caused by the impact of masses located at a depth of more
than 1000 km, and from 8 to 22 at a depth of 50-300 km.



3. Initial information

Geological aspects of the United Nations Convention on the Law of the Sea (UNCLOS, article
76) concerning continental shelf zones extending beyond 200 nautical miles, are now being
actively dealt with in documents of the Commission on the Limits of the Continental Shelf
(CLCS). Their analysis shows that the conventional marine geophysical survey for determination
of the continental margin boundary can be complemented effectively with satellite altimetry
measurements of marine geoid topography. The Commission recommends determining the
boundary of the foot of the continental shelf, which can be made "visible" with the help of such
contemporary means as echo-sounding and seismic surveys of the seabed and with gravimetric
and magnetic measurements.

The use of such research means are provided for, for example, by the Argentine Project UNDP
ARG/98/008 on the determination of the boundary of the Argentine continental margin [4]. The
survey will be carried out in the area covering the continental slope and the adjacent part of the
Argentine basin (fig. 2a).

It is obvious that the real continental margin extends under the upper layers of the abyssal ocean
floor further seaward than the visible continental slope. The geoid data which are caused by the
density structure of all layers of the Earth permits a "glance" through the depths like the powerful
seismic methods.

Two sections of the geoid surface along parallels 40°.0S and 45°.5S are considered in this work.
The geoid is computed with the EGM96 geopotential model. The profile lines of the geoid
topography and the earth surface (visible terrestrial and the seabed) with the digital ETOPOS
Data Base are shown in fig. 2b. The spatial resolution of the geoid model under the conditions
Nmax=360 is 30’, and of the ETOPOS5 data is 5°. The extent of the profiles is at an interval from
70°.0W up to 49°.0W. Both profiles cross the Argentine polygon along the planned geophysical
sections.

It is possible to note the following by our experience in computing the Black Sea geoid based on
the ERS-1 altimetry data (including the geodetic mission) [5, 6]. The resolution of the altimetric
geoid is higher than that of the geoid model at latitudes such as those of the Argentine polygon,
since the average interval between satellite tracks is 2-3 km.

4. Modeling of a deep structure

Vertical structural sections of the lithosphere on the geopotential values are shown in fig. 3-6.
Input data are cuts of the internal equipotential surfaces computed with the EGM96 spherical
functions. Each profile was filtered by the moving average at intervals of 1° to reveal the local
anomalies. Therefore the relative high-frequency values of the potential are shown in the figures.
In particular, the structure of the top level on the n=360 (range of harmonics is 2+360) is obtained
by smoothing the geoid curve in fig. 2b. Fourteen (14) ranges of harmonics and appropriate
depths in accordance with fig. 1 were used:



Range of Depth of the Range of Depth of the
harmonicas, upper layer harmonicas, upper layer
n cover, km n cover, km
2-13 125 2-90 8.5
2-18 105 2-120 5
2-20 90 2-130 4
2-24 60 2-180 3
2-32 40 2-220 2
2-36 32 2-300 1.3
2-60 15 2 -360 1

As it was noted earlier, the n degree (in figures 3-6) defines the sum of harmonics from 2 up to n.
The depth of a layer is considered from the geoid surface.

According to [1], the surfaces of the constant potential coincide with the surfaces of the constant
density. Therefore the isolines, which are shown in the figures in units of the geoid heights, are
the contours of the density inhomogeneities. The colour scale from blue to yellow corresponds to
increasing of the relative gravity potential. The sections along the corresponding latitudes are
constructed by using the same data. The scale of the depth axes in different figures is changed
only to provide for a more detailed presentation of certain layers.

The contours of the bodies revealed coincide at the upper layers with frontiers of known
geomorphological provinces on the ground surface and the seabed. The (x) markers show the
depths of the crustal layers and the Mohorovicic discontinuity, observed by deep seismic
soundings [7, 8] taken at the point 40°13’S and 56°23°W nearest to the section at 40°.0S (fig. 3,
4), and also at the point 45°37’S and 56°22°W nearest to the section at 45°.58S (fig. 5, 6).

Here it is necessary to note that the water layer of the World’s Oceans comprises 0.02% of the
Earth’s mass, and the value of its potential is only 3-10°, in comparison to the Earth’s potential of
3.98-10". That is, the contribution of the water layer to the disturbing potential of the geoid has
no practical significance for modeling the internal structure. And the changes in the potential of
the upper layers within the water column (700 m on the section 40°.0S and 5200 m on the section
45°.5S) in fig. 3-6 are caused by the bottom toEography and the density inhomogeneities of the
seabed. Therefore depths of the 4™, 5™ and 6™ layers of crust are considered from the ocean
bottom. At the same time, the Moho depth, as noted in [7, 8], is shown from the ocean surface.

The (x) marking positions in the figures coincide, as a rule, with changes in the isoline contours
at the appropriate lateral levels. For example, the lower boundary of the continental crust at a
depth of about 30 km and the oceanic crust at about 15 km are coordinated with seismic
surveying.

Deep layers of the lithosphere under the Moho are represented as homogeneous enough.

Two layers at intervals of 1-9 km and 1-31 km are shown in detail by depth in figs. 4 and 6.



The roots of the Andes extend to 60-70 km (fig. 3, 5), and the lower boundary of other continental
structures up to approximately 30 km.

The zone of the continental rise is labeled in figs. 3-6 which includes the point of maximum
change in gradient of the continental slope. It is visible in fig. 2 at 53°.3W on section 40°.0S and
at 55°.3W on section 45°.5S.

The body of the continental slope under the upper layers of the seabed extends eastward past the
foot of the continental slope: up to 51°.0W at 40°.0S and up to 54°.0W at 45°.5S. Apparently, the
continental margin of the Argentine region relates to the Rifted Volcanic Continental Margin type
with the crustal lens of high seismic velocity 7.2-7.6 km/s (according to the geological draft of an
example 6.1E in [9]). The epicenter of the lens is well seen at section 40°.0S at 51°.5W at a depth
of 4.5-5 km (fig. 3), and especially at section 45°.5S at 54°.0W at a depth of 8.5 km (fig. 5).

5. Conclusions

Figures 3-6 show the complex structure of the interior of the Earth in the Argentine region. The
closed contours of isolines show different bodies under the bottom.

14 layers were used only for the vertical cross-sections, while the model allows us to calculate
360 levels. Using altimetric measurements will considerably increase the detail of representation
of the upper layers.

The data obtained, which is both clear-cut and highly informative, can be an important addition to
the study of the continental margin of coastal states. Marine geophysical investigation for
determination of the continental margin is carried out, as a rule, by a wide-spaced grid with
sections at intervals of 50-100 km. They can be used as a basic network, and the satellite
altimetric tracks at intervals of 2-3 km should be used for an analysis of the region before a
marine survey is undertaken. It will permit concentration of labor-intensive and expensive marine
research in the local areas only.

The application of altimetry data is also advantageous and cost-effective because the detailed
mapping and geological-geophysical analysis can be carried out without the necessity of doing
field work in the study area.
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Annex 1
Satellite Altimetry
The figure below is a functional diagram of satellite altimetry (Altimeter & Microwave

Radiometer ERS Products. User Manual. Ref: C2-MUT-A-01-IF, Version: 2.2, Date:
21/10/1996/. French Processing and Archiving Facility).

"'.‘-_.....‘l—-— _-—-.l_.q_-.__\_|
Ground
Station
Sea Surw

Geoid

/ Bottom Topography

_?ﬁ

H, is the distance from the satellite to the surface of the earth, as measured by the altimeter. It is
800 km in average.

S is the height of the sea surface above the geoid. It is a time-varying value up to 1 m due to tides,
currents, atmosphere pressure and other effects

€ is the height of the geoid above the reference ellipsoid. It is changed from +70 m to —100 m.
The elevations of the geoid are correlated with the very dense masses within the earth and
depressions with less dense masses.

Altimeter measurements are the most detailed information on geoid topography. An average
resolution is A=6 km, and it is 0.7 km even for the special survey of the ERS-1 satellite.

Moreover, the geoid can be presented (besides the altimetry) also as a mathematical model as sets
of a spherical harmonic expansion of the geoid topography. A harmonic number characterizes the
wavelength of the geoid topography. The higher the harmonic number, the shorter the
wavelength. The maximum resolvable of the current models where ny,.x=360 is 30°. These are
OSU91 and EGM96, for example.

Spatial resolution A of the altimeter data in km can be translated into a corresponding harmonic
number n where n=20000/A..



Annex 2

Estimation of the depth of the disturbing layer by the harmonic number

The expansion in series of the inverse distance r from the Earth’s surface to the disturbing layer
can be calculated with
n

1 [ee]
i +1 P"
roazo R”
where r is the distance from the sphere surface down to the disturbing mass (annex 2), p is the
distance from the center of the sphere up to the disturbing mass, R is the radius of the sphere, P,
(cos'P) is the Legendre polynomial of n degree, ¥ is the angle between R and p.

(cos l//) ,

The calculation of this formula was carried out under certain conditions, namely, ny,;,=2, ¥=0 and
then P, (cos'¥)=1 for all of n and r=R-p. Furthermore, the multiplier (2n+1)1/2 was taken into
account in the right side of the expression, which is used for computing the geoid for
normalization of spherical functions. Thus, an appropriate n was selected by the assigned values
of r, p and R with

oo n
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Geometry of the essential components 1, p and R
is shown in the figure.
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Fig. 1. Ratio diagram between spherical harmonic degrees n and depths r of the disturbing layers of the Earth.
Value n characterizes the sum of harmonicas in a range from degree 2 up to n.
Depth r corresponds to upper cover of a disturbing layer, which thickness is considered from the center of the Earth
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IO ClITYTHUKOBbIM AJIbTUMETPUYECKHM JAHHbIM
N TI'PABUTAIMOHHOU MOJEJIM TEOHU A

P.X. I'pexy (1), A.P. I'pexy (2)
HNuctutyt reonornueckux Hayk HAH Ykpaunsl,

JIaGopatopust ciryTHUKOBBIX Mopckux TexHonoruit CATMAP, Ykpauna, 01010, Kues-10,
a/s 105, Tem: 380 44 2907188, daxc: 380 44 2169334, E-mail: satmar@svitonline.com
(2) SATMAR AUSTRALIA - Satellite Marine Technology Laboratory Ltd.,

Suite 2A,438 High Street, Penrith, NSW 2750, AUSTRALIA
Tel: (61-02) 1300 73 1300, 4732-4227, Fax: (61-02) 4722 5021
E-mail: mailbag@greatwesternpages.com.au

PaccmarpuBaercst MeTON BOCCTAHOBIIEHHSI T€O0JOTMYECKOIO CTPOCHHUS 3€MIIM [0 JTaHHBIM
Tonorpaguu reouja. Pe3ynbTaTel MO3BOJIAIOT CTPOUTh BEPTUKAIBHBIE DPa3pe3bl U KapThl
MIPOCTPAHCTBEHHOTO paclpesieieHusl 3eMHBIX Macc Ha pa3luyHbIX riyOmHax. Ha mpumepe
pErMoHa KOHTHUHEHTAJIbHOrO Ienb(a ApreHTHHBl II0Ka3aHa BO3MOXHOCTb OIpPEAEICHUs
BHEIIHEH TIPAaHUIbl KOHTHUHEHTAJIBHOW OKpPAWHBI, KOTOpas CKpBITA I0J BEPXHHUMH CIOSMU
OKEaHMYECKOIo JHA.

1. Berymiienne

Tomorpadus reona 00ycI0BICHA TPABUTAITMOHHOW TTPUPOION HEOTHOPOIHOTO TE€OIOTHUECKOTO
cTpoeHus 3eMin. DTa Tonorpadus COBIATACT CO CIOKOWHOM (HEBO3MYILIEHHOW) MOBEPXHOCTHIO
OKeaHa W TMpOJOJDKAeTCsl MoJ KOHTHMHEHTaMU. CIYTHUKOBBIE aJIbTUMETPUUECKHE H3MEPEHHUS
(mpunokenue 1) MO3BOJSIIOT ONpeNensaTh HaJ OKEaHaMH CTallMOHApHBIE T'€OMIaTbHbIE
OHIyNSUUU (BO3BBILICHUSI U JACTPECCHH), KOTOPbIE KOPPEIUPYIOT C PAacloNOKEeHHEM
BO3MYIIAIOIIUX 36MHBIX Macc. bosee mioTHast Mmacca reHepupyeT BO3BBIIICHUE, @ MEHEe TUIOTHAs
— JIETIPECCUI0 Ha MOPCKOW MOBEPXHOCTH.

I'eon MoXeT OBITH MPEICTABICH TakXKe (MOMUMO aJbTHMETPUHN) C MOMOIIBI0 MaTeMaTHYECKOM
MOJICIM B BHJAEC PSIOB pa3lokeHus chepuyeckux TapMOHHK [0 Tomorpapuu Treounaa
(mpuntoskenue 1). CyTh HaIero MCCiaeIOBaHUs COCTOUT B TOM, YTO 3TH TAPMOHHKH MOTYT OBIThH
HCIIOJIb30BAHbI HC TOJIBKO IJId paCdCTOB Irconzia — BHEIITHEH MOBCPXHOCTU I'CONNOTCHIIMAJIA, HO
TaKKe IS ONpeAeiieHHs Tonorpaduu BHYTPEHHHUX OKBUITOTCHIIMAIBHBIX ITOBEPXHOCTEH.
I'myOuHa c1051, KOTOPBII BO3MYILAET TAKYI0 OBEPXHOCTh, ONPENENIAETCS TI0 HOMEPY T'apMOHUKH,
UCTIOJB3ysl PACCUYUTAHHYIO HAMH 3aBUCHUMOCTh. biaromaps 3TOMy MOSBISETCS BO3MOXHOCTb
MOJIy4aTh BEPTUKAIBHBIN pa3pe3 CTPOSHUS MOPCKOTO JHA MOJOOHO JAHHBIM CEHMCMUYECKOTO
poGUITUPOBAHHS.

[TosTOMy, WCIOJIB30BaHUE CIYTHUKOBBIX AIBTUMETPUYECKUX JAHHBIX C Hallled TEXHOJOTHEH,
MO3BOJIACT CUHTC3UPOBATH I/IH(bOpMaTI/IBHOCTB T'paBUTAlUOHHBIX U CECMHYECKHUX JaHHBIX.

Komuccuss OOH no rpannmam koHTHHEHTaNbHOTO menbda (CLCS) pekomeHayeT uCciob30BaTh
AIBTUMCTPUUCCKUC HOAHHBIC I pPacuCTa TI'PABUMCTPUUYCCKUX agoManuil B JOIIOJIHEHUE K
CY/IOBBIM TPaBUMETPUECKHM H3MepeHHsiM. L{enb HacTosiei paboThl — pacIMpUTh BO3MOXHOCTH



NpUMEHEHHUsT JaHHBIX reouga  (T100anmbHBIE  MOJAENM  WJIM — NPSIMbIE  CITyTHHUKOBBIE
AIbTUMETPUUECKHUE U3MEPEHUS) U MPEATIOKUTh KOHKPETHBIN METOJ] ONIPEIeICHHS BHELTHETO Kpast
KOHTHHEHTAJIbHOTO MacCHUBa Ha MpUMepe menbha ApreHTHHBI.

OT10 peHTabeabHbIA METO]T IOTOMY, YTO 3TO TOJIBKO BHIYMCIUTENIbHBII METO/.

2. IMoaxox k nmpo6JieMe U MeTOANYECKHE 0COOEHHOCTH

Metoa pasnoXeHus: BBICOT IO ChepudecKUM (YHKIMAM HNPEACTaBISIETCS IUIOJOTBOPHBIM HE
TOJILKO TPU UCCIIEAOBAaHUH (UTYpH 3eMJIH, HO U MIPHU MU3YYEHUH €€ TUNIOTHOCTHOM CTPYKTYpHI [1],
B YaCTHOCTH, JUIsl OIPENEJICHUS] peajbHON INIyOMHHON I'paHUIbl KOHTMHEHTAJIBHOW OKpauHBbI,
KOTOpasi CKpbITa O] TOJIIEH BEPXHUX CIIOEB MOPCKOTO JIHA.

Maremarudeckue MCTO/bI, UCITOJIb3YCMELIC B (pumqecxoﬁ reoac3nu HE UMCIOT O‘-IGBPII[HOﬁ CBA3HU
C TEOJIOTUYECKOW Mpupomoil u reodusukoit 3emnn. Bmecte ¢ tem, B psge paboT mpUBOASTCS
OICHKU MOMIHOCTH CJIOCB 3CMJIM, OTBCTCTBCHHLIX 34 BO3MYIICHHUC OIMPCACIICHHBIX IHUAIIA30HOB
rapMoHHK. M3BecTHa Takke MeTOoAuKa onpezeneHus AuddepeHnaIbHOro pa3HOCTHOTO reoua
NOCPCACTBOM BBIACICHUSA PA3JIMYHBIX T'apMOHUK. On HCIIOJIB3YCTCA JIA BBIABJICHUA JIOKAJIbHBIX
IUIOTHOCTHBIX HeoJHOpoaHocTe. To ecTh, BbIAENsAs Te€ WIM HHbIE TapMOHUKHU, TMOSBISETCS
BO3MOKHOCTh aHAJTM3UPOBATh IUIOTHOCTHYIO CTPYKTYPY Pa3IMYHbBIX CIOEB JTUTOCHEPHI.

HaubGonee momHoe TeopeTHueckoe OOOCHOBaHHE BO3MOXKHOCTH HCIIOJIB30BAHMSI aHOMAJHI
MOTEHITMAJA I ONPeIeNICHNs aHOMaJINi TUIOTHOCTH IPUBOAUTCS B padote [1].

B paccmarpuBaeMOM HaMu MeETOJE JUIsl OLEHKU TNTyOMHBI BO3MYILAIOLIETO CJIOSI UCIOJIb3YeTCs
M3BeCTHAasE B (DU3MYECKOW TeoNe3nu TrapMoHWYeckas QyHKIUsS I ciydas MOTCHIIHAala
BHYTPEHHHUX MaccC, OTpaHUYEeHHbIX cepoii
1 oo n
;: 4 #PH (COSW),
n=o
TJie ¥ — PacCTOSTHUE OT MMOBEPXHOCTHU CEPhI 1O BO3MYIIAIOLIECH MacChl,
X - paccTosiHHE OT LIeHTpa chephl 1O BOZMYILAIOLIEH MacChl,
R - panuyc chepsl,
P, (cos¥) - nonmuroMm Jlexxanapa cTeneHu 7,
¥ - neHTpanbHBIN yroa Mmexay X u R.

Brrunciiennss npoBOAMINCE NPH Hyi,=2. KpoMme Toro, B mpaBoil 4acTU BBIPAKEHUS YUUTHIBAJICS
muoxuTenb  (2n+1)"%, KOTOPBIM HCIIOJIB3YETCS B pacyerax Treouaa Uil HOPMalIW3aluu
chepudeckux ¢yHkiuid. B wactHom cinyuae npu ¥=0 P, (cos't) =1 nns Bcex n, a r = R-X. Ilpu

9TOM, JIJISl 3aJIaHHBIX 3HaYeHUH 7, X U R moa0HUpanoch COOTBETCTBYIOIICE 71.

[TonydyeHHast 3aBUCUMOCTh 7 M 7 TlOKa3zaHa Ha puc. 1. CreneHp n Ha Trpaduke XapaKTepusyer
CyMMy TapMOHHMK B Jauama3oHe oT 2 1o n. [nyOuHa » OTMeYaeT BEPXHIO TpaHUILY
BO3MYULIAIOILIETO €05, MOITHOCTh X KOTOPOTO CYUTAETCS OT LEHTpa 3EMIIU.

I'paduk Ha puc. 1 sABAsSETCA XOPOIICH ammpoOKCUMAIMEH ISl IPAKTUYECKUX OICHOK TIIYOWHBI U
MOIITHOCTH BO3MyIIaromero cios. OH cornacyercs ¢ NpuOIU3UTENbHBIMU OLIEHKAaMH TIIyOUHBI B



pabore [2], roe oTMedaeTcs, YTO IUIOTHOCTHBIE HEOJAHOPOJHOCTH sIpa OTBETCTBEHHBI 3a
FapMOHUKH MopsAaka 2< n <5, HWKHEW MaHTHUU COOTBETCTBYET AvanaszoH 2< n <20, BepxHei 2< n
<100. B mpyroii pabote [3] mpeamonaraercsi, YT0 TAPMOHUKH J0 8 CTETIICHU, BEPOSITHEE BCETO,

00YCIIOBJIEHBI BIUSHHEM Macc, PacloioKeHHbIX Ha rimyounax 6osee 1000 kM, a ¢ 8 mo 22 na 50-
300 km.

3. Hcxonnast nunpopmanus

I'eomornueckune acmnektsl KonBennmm OOH mo mopckomy mpaBy (UNCLOS, crates 76) B
OTHOIIEHHUHU IENTb(OBBIX 30H, MpeBbIIAONMX mHpuHYy 200 MIIIb, B HAacTOSIIEEe BPeMsi aKTUBHO
paccmatpuBatorcst B matepuanax CLCS. Mx aHanu3 mokas3bIBaeT, 4TO OOMICTIPUHSATHIE MOPCKHE
reopu3nYecKue ChEMKH JJISl OINpENeNIeHUs] TPAaHHIbl KOHTHUHEHTAJbHONW OKPAaWHBI MOTYT OBITH
3¢ (})EeKTUBHO JOMOJHEHbI CIYTHUKOBBIMU aJIbTUMETPUUECKUMU HU3MEPEHUSIMH Tonorpapuu
Mopckoro reouga. Kommcecuelt CLCS  pekoMeHOyeTcsi  ONpeAensaTh  TIpaHully 1o
KOHTHHEHTAJIbHOMY TOJHObI0, KOTOPOE MOXET OBITh «BUIMMBIM» C MOMOIIBIO COBPEMEHHBIX
CpCACTB IO JaHHBIM 3XOJIOTUPOBAHHA H CceCMHYECKOT0 30HAUPOBAHUA MOpPCKOIro gHa, 1o
IPaBUMETPUYECKUM U MAarHUTHBIM U3MEPEHUSIM.

Takoill KOMIUIEKC HCCIEIOBAaHUW MPEIyCMaTPUBAECTCA HCMOJIb30BaTh, HAIMpUMEp, MpHU
BBIMOJIHEHUN  apreHTuHcKoro rmnpoekra UNDP  ARG/98/008 “Ompenenenue  rpaHHIIBI
KOHTUHEHTAJILHON OKpauHbl ApreHTUHbI [4]. CheMKHU IJIaHUPYETCS MPOBOAUTH HA IMOJUTOHE,
OXBAaTBHIBAIOIIEM O0JIACTH KOHTHHEHTAILHOTO CKJIOHA W TPWIETAIOMIeH 4YacTH ApPreHTHHCKOM
KOTJIOBUHEI (pucC. 2 a).

OueBUHO, YTO peasibHasi KOHTUHEHTAIbHAsl OKpauHa paclpOCTPAHAETCS O] BEPXHUMH CIOSIMHU
abuccaabHOrO JTHA OKEeaHa Jaibllle, YeM BUIUMBIA KOHTUHEHTAIBHBIN CKJIOH. «3arjistHYTh» Ha
0oJbIIMe TIYOWHBI, MOMHMO MOIIHBIX CEHCMHMUYECKHX METOOB, MO3BOJIAIOT TaKXKe JlaHHBIE
reoujia, KOTOpble 00YCIIOBICHBI TNIOTHOCTHOM CTPYKTYPOM BCEX CIIOCB 3€MIIH.

B HacTtosmeit pabore paccMaTpuBalOTCs JiBa CEYCHUs MOBEPXHOCTH reouaa mo napamuiesnsim 40°.0
10.101. 1 45°.5 10.111., pacCYMTaHHBIE 0 TI00aNbHON rpaBuTaliMoHHON Monenu EGM96. Ha puc. 2
0 mokazanbl mpodunn reonsa EGM96 u 3eMHOM MOBEPXHOCTH (BUIUMOW 36MJIM I MOPCKOTO JTHA)
no nanHbM ugpoBoro maccua ETOPOS. TIporsikeHHOCTh npoduieil HaxoauTcs B HHTEpBaJie
or 70°.0 3.x1 mo 49°.0 3.1 OO6a mpoduias TmepeceKaroT AapreHTHUHCKUN TOJIMTOH IO
3aIlJIAaHUPOBAaHHBIM reou3ndeckuM paspe3aM. IIpocTpaHcTBeHHOE pas3pelieHne MoJenu reouia
IPH 1,0, =360 coctasisieT 30°, a manHbIx penbeda mo ETOPOS - 57,

[lo Hamemy ombITy co3faHus Tomorpapuu reouga B UYepHOM MOpe IO alIbTUMETPHUECKUM
naaabiM UC3 EPC-1 (Bkiro4asi reo/1Ie3M4ecKyl0 MUCCHIO) [S5, 6] MOXKHO OTMETHTH CIEAYIOIIEe.
Pa3spemienne anbTUMETPUUECKOrO IeoHMJa Ha IIMPOTax, COBHNAJAOIIUX C apreHTHHCKUM
MOJINTOHOM BBIIlIE, YEM TEOHJa, PACCUUTAHHOTO IO MOJENH, TaK KaK HWHTEpBAl MEXIy
CIIlyTHUKOBBIMH TPACKTOPHUSIMU COCTABISIET B CPEAHEM 2-3 KM.



4. BoccTranoBiieHHe IIIyOMHHON CTPYKTYPHI

Ha puc. 3-6 mokaszaHbl BepTHKaJIbHBIE CTPYKTYpHBIE pPa3pe3bl JUTOC(Ephl, NOCTPOCHHBIE IO
3HAUEHHUSIM TeolNoTeHlHana. VICXOAHBIMM  JaHHBIMH  SIBJISIFOTCS. CEUEHUs BHYTPEHHUX
SKBUIOTEHIIMAIBHBIX TOBEPXHOCTEH, pacCUMTaHHbIX N0 cdepuueckuMm (yakmusiv EGM96.
UToOB! BBISIBUTH JIOKAJIbHBIE aHOMAJINH, KaXJ0€ CeUYeHUE ObLIO MOABEPrHYTO (PHIBTpalMH CO
CKOJIB3SILIMM HMHTEpBaloOM criaxuBaHus 1°. To ecTb, Ha pUCyHKaxX IOKa3aHbl OTHOCUTEJbHBIE
BBICOKOYACTOTHBIE 3HAUEHUS NOTEHIMANA. B 4aCTHOCTH, CTPyKTypa BEPXHEIr0 YPOBHS 110 JTUHUU
n=360 monyuyeHa MyTeM CrJIaXHBAaHUS KPUBBIX reowaa Ha puc. 2 0. beuto ucmons3oBano 14
JIara3oHOB TAPMOHUK C TTyOMHAMHM CJIOEB, COOTBETCTBYIOIIUX I'paduKy Ha puc. 1:

Huanazon | 'myOuna BepxHe#t | [lnanason I'mybuna BepxHei
TapMOHMK | TPaHUNbBI  CJOS, | TAPMOHHK TPaHMIIBI CIIOA,

n KM n KM

2-13 125 2-90 8.5

2-18 105 2-120 5

2-20 90 2-130 4

2-24 60 2-180 3

2-32 40 2-220 2

2-36 32 2-300 1.3

2—-60 15 2 -360 1

Kak oTmeuanock paHee, cTeNeHb 7 Ha pUCYHKaX 3-6 XapakTepu3yeT CyMMYy I'apMOHMK OT 2 10 A.
I'myGuHa ciiost cuMTaeTcst OT MOBEPXHOCTH EOUa.

CornacHo [1] mOBEpXHOCTH MOCTOSTHHOT'O MOTEHI[MaJa COBIIAIAIOT C TOBEPXHOCTAMH MOCTOSTHHOU
mI0THOCTU. [103TOMY HM30JIMHKMM, KOTOPbIE MPUBOJATCS HAa PUCYHKAX B €IMHMIIAX BBICOT I'€OUJIA,
MOKa3bIBAIOT KOHTYPHI IJIOTHOCTHBIX HEOJAHOPOAHOCTEH. [[BeTOBAs mIKala OT CHHETO K JKEITOMY
COOTBETCTBYET YBEIMYECHHUIO OTHOCUTEIBHOTO TPABUTALMOHHOIO TNOTeHIMana. Pa3pe3sl 1o
COOTBETCTBYIOIIUM IITUPOTAaM IOCTPOEHHI 1O OJHUM M TeM XK€ JaHHbIM. Ha pa3HbBIX puCyHKax
MEHSIETCS TOJBKO MacmTad 1Mo OCH TIyOWmH Juis Oojee JeTalbHOTO MPEACTaBICHHS
OTIpEJICJICHHBIX CJIOCB.

B BepxXHHX COSIX KOHTYpHI BBISIBICHHBIX CTPYKTYP COBMAJAlOT C TPAHHWIAMH H3BECTHBIX
reoMopQOJOrMYECKUX MPOBUHLUN Ha IMOBEPXHOCTH 3€MJIM MU HAa MOPCKOM aHe. MeTku (X)
MOKA3bIBAIOT TJIYOWHBI CIIOEB 3€MHOI KOpBI M TIpaHHIbl MoxXo, HaOJIOAEHHBIE MO MOPCKHM
JaHHBIM TIIyOMHHOTO celicMuueckoro 3oHaupoBanus [7, 8] B mynkre 40°13 ro.m. u 56°23 3.1,
ommwkaiimeM Kk paspesy Ha 40°.0 ro.1m. (puc. 3 u 4), a Taxke B myHkTe 45°37 10.1m1. u 56°22 3.1,
OmkaiimeM K paspesy Ha 45°.5 1o.11. (puc. 5 u 6).

31ech HE0OXOAMMO OTMETHTh, YTO BOJHBINA cioii MupoBoro okeana cocrasisier 0.02% macchbl
3eMiM, a 3HAUYCHHE €ro MOTEHIHala MPUTSKEHUS JTIOCTUTaeT JUIIb 3-103, 10 CPaBHEHUIO C
norernuanoM e 3.98-10'. To ecTs, BKnag BOZHOTO ClOS B BEJIMYMHY BO3MYILAOLIETO
MOTEHIMaja TeouJla HE HMMEET NPAKTUYECKOro 3HAYEHUs I MOJACIIUPOBAHUS BHYTpPEHHEH
CTPYKTYpbI. MI3MeHeHHs MOTEHIMAIa BEPXHUX CIIOEB B IpeaeaaXx MOUTHOCTH BogHOTO cios (700
M Ha paspese 40°.0 ro.m1. u 5200 M Ha pa3pese 45°.5 10.11.) Ha puc. 3-6 00ycIOBIEHBI penbedom 1



CTPYKTYpOH TIOTHOCTHBIX HeoIHOpoaHocTe aHa. [loaromy rimyOunsl 4-ro, 5-ro U 6-T0 ClOEB
3eMHOM KOPBI IPUBOJATCS OT NOBEPXHOCTHU AHA. B TO *e Bpems, riryonHa Moxo, Kak 0TMEYEHO B
[7, 8], moKa3aHbl OT MOBEPXHOCTH OKEaHA.

[TonoxxeHne METOK Ha PUCYHKAaX COBMAAAET, KaK MPABUJIO, C U3MEHEHUSIMH KOHTYPOB U30JIMHUMN
Ha COOTBETCTBYIOUIMX JaTepasIbHbIX ypoBHsIX. Hampumep, HUXKHSS rpaHulla KOHTHHEHTATbHOM
KOpbl Ha TIyOuHe oKoyio 30 KM M OKEaHHYECKOH OKOJIO 15 KM cormacyercst ¢ CeHCMUYEeCKIUMHU
HaOJIIOIEHUSIMU.

I'my6okue ciou nmutocdeps! Mo Moxo MpeACTaBISIFOTCS TOCTaTOYHO OHOPOoAHbIMEU. Ha puc. 4 u
6 ¢ OospIIel AETANBHOCTBIO O INTyOMHAM MPUBOASATCS /1Ba CJIOs B nHTepBaiax 1-9 km u 1-31 km.
Kopuu ropHoro maccuBa AH pacnpoctpanstorcs 10 60-70 km. (puc. 3 u 5), a HIDKHsIS TpaHUIa
KOHTHHEHTAJIBHBIX CTPYKTYp MPHOIU3UTETHHO 10 30 KM.

30Ha KOHTUHEHTAJILHOTO MOJIbEMa, OTMEUEHHAsi Ha PHUC. 3-6 BKIIIOYAET TOUYKY MAaKCUMaJbHOTO
W3MEHEHUS YKJIOHA B OCHOBAHMH KOHTHHEHTAJIBHOTO CKJIOHA (TIOIHOXHKE). DTO BUIHO 10 puc. 2 0
Ha 53°.3 3.1. o pa3pe3y 40°.0 ro.11. 1 Ha 55°.3 3.1. o paspesy 45°.5 1o.11.

MaccuB KOHTHHEHTAJIBHOTO CKJIOHA TI0JT BEpXHUMH CJIOSIMH MOPCKOTO JIHA PaclpOCTpaHsAeTCs Ha
BOCTOK JaJbllle, YeM KOHTHHCHTAIbHOE noaHoxue: 10 51°.0 3.4. Ha 40°.0 ro.m1. u mo 54°.0 3.1. Ha
45°.5 rw.m. Ilo-BuaumMoMy, B permoHe ApPreHTHHCKOTO Ienb(a KOHTHHEHTAJIbHAs OKpauHa
otHocutcs Kk tumy Rifted Volcanic Continental Margin ¢ KOpoBOW JHWH30W TOBBIIIEHHBIX
ckopocTteit 7.2-7.6 km/c, cormacHo oOpasity npumepa 6.1E u3 [9]. DnuueHTp JUH3BI XOPOIIO
BHJIeH Ha paspese 40°.0 ro.m1. Ha 51°.5 3.1 Ha rmyOuHe 4.5-5 kM (puc. 3), 1 0cOOEHHO Ha pa3pese
45°.5 10.1u1. Ha 54°.0 3.1 HA TIyOuHE 8.5 KM (puc. 5).

5. 3akaouyenue

Pucynku 3-6 oTpakaroT CJIOKHO€ BHYTPEHHEE CTpPOCHUE 3eMJIM B APreHTUHCKOM pPETHOHE.
BaMKHYTBIe KOHTYPEIL HU30JIMHUH ITOKa3bIBAIOT Pa3JIMIHbIC MACCUBEI 11O THOM.

bruto ucnonp3oBaHo TONBKO 14 cimoeB, B TO BpeMsi Kak MOJENb MO3BOJSAET paccuutarh 360
ypoBHe#. Vcnonbp3oBaHue albTUMETPUUECKUX U3MEPEHUH 3HAUUTENFHO YBEIMYHUT MOAPOOHOCTD
MIPE/ICTaBICHUS BEpXHUX CIOEB.

Bbicokass H”HPOPMATUBHOCTb M BBIPA3UTEIBHOCTh MOJTYYEHHBIX JJAHHBIX MOXXET OBITh BaXKHBIM
JIOTIOJTHEHUEM TIPH W3YYEHHH KOHTHMHEHTAJIBbHOW OKpauHbI MPUOPEXKHBIX TrocyaapcTB. Mopckue
reopu3NYecKue HUCCIEAOBAaHMUs JJs OINpPENEe]ICHUs] TPaHMLbl KOHTHHEHTAIbHON OKpauHbI
BBIIIOJIHAIOTCS, KaK IIPABUIIO, C PEAKON ceTKoi pa3pe3oB ¢ uHTepBanamu 50-100 km. OHu mMoryT
UCIOJIb30BATECS B KaueCTBE OMOPHOM CETH, a CIyTHUKOBBIC aIbTHUMETPUYECKHE TPACKTOPHH C
MHTEPBAIOM 2-3 KM OYyAyT UCIOJIB30BaHbI JIsl aHAIM3a PETMOHA 0 Havyalla IPOBeIeHUs] MOPCKOM
CbEMKH. OTO IMO3BOJUT KOHLEHTPUPOBATh TPYAOEMKHE M  JOPOrOCTOSIIME MOPCKHE
HCCIIEIOBaHMSI TOJIBKO B JIOKAJIbHBIX palioHaXx.

HpeI/IMYH_ICCTBO n pCHTaGQHBHOCTB NPUMCHCHUS AJIBbTHUMCTPUUCCKUX HAHHLIX COCTOUT TAKIKC B
TOM, 4TO UX 00paboTKa, JAeTallbHOE KapTorpadupoBaHWE U Te0JIOrO-reoPU3NUSCKU aHAIN3
MOTYT BBIIIOJHATBCA 0€3 MOJIEBbIX PabOT B pailoHe HCCIeI0BAHUH.
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