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AimsAims
•• HomogeniseHomogenise existingexisting gravitygravity surveyssurveys;  ;  

•• CompileCompile constrainingconstraining datadata and and informationinformation;;

•• InvestigateInvestigate isostasyisostasy and and isostaticisostatic statestate;;

•• InvestigateInvestigate thethe effecteffect of of dynamicdynamic topographytopography;;

•• Carry out 3Carry out 3--D D densitydensity modellingmodelling;;

•• StudyStudy thethe rigidityrigidity of of thethe lithospherelithosphere..
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Topography and tectonic setting

Merged topography and bathymetry, 
data source: GTOPO30, Smith and 
Sandwell (1997)

h= Earthquakes

t= Volcanoes



Database



GravityGravity databasedatabase

GravityGravity stationsstations::

1. 1. GeologicalGeological SurveySurvey of of EthiopiaEthiopia
(GSE) ((GSE) (blackblack))

2. Bureau 2. Bureau GravimetriqueGravimetrique Internat.Internat.
(BGI) (Land: (BGI) (Land: greengreen, , SeaSea: : blueblue))

3. GETECH and Sudan 3. GETECH and Sudan GeologicalGeological
AuthorityAuthority (red)(red)

ImportantImportant datadata gapsgaps

(~ 45000))

unsurveyed

confidentialconfidential//oror
notnot accessibleaccessible

Estimated Error:
1.5-4.5 x10-5 m/s2



BouguerBouguer anomalyanomaly mapmap
Positive Positive BouguerBouguer anomaliesanomalies::
alongalong fracturefracture systems of systems of 
GulfGulf of Aden, Indian Ocean of Aden, Indian Ocean 
and Red and Red SeaSea axial axial zonezone..

Relative positive Relative positive anomaliesanomalies::
AfarAfar, , AnzaAnza cross cross riftrift, Eastern , Eastern 
Sudan.Sudan.

Negative Negative anomaliesanomalies
MER, KR, Western MER, KR, Western RiftRift, , 
Plateaus of Plateaus of EthiopiaEthiopia, , KenyaKenya
and Saudi Arabiaand Saudi Arabia..

SeismicSeismic experimentsexperiments
BerckhemerBerckhemer et al. 1970et al. 1970

((EthiopiaEthiopia) and KRISP in ) and KRISP in KenyaKenya

EAGLE (2001EAGLE (2001--2004)2004)

3-D modelling area
X10-5 m/s2



Geometry and density information
•• Topography and geography Topography and geography 

•• Geology, tectonics Geology, tectonics 

•• CrustalCrustal densitiesdensities
DensityDensity measurementsmeasurements in in EthiopiaEthiopia (~ 800)(~ 800)

DensityDensity informationinformation fromfrom easterneastern SudanSudan

DensityDensity fromfrom chemicalchemical compositioncomposition datadata

•• ConstraintsConstraints fromfrom seismicseismic
AfarAfar experimentexperiment (1970); KRISP (1990) & EAGLE (2001(1970); KRISP (1990) & EAGLE (2001--2004)2004)

Axial thinning:Turkana (KRISP, 1900);
NMER (Keller et al. 2004 and EAGLE).

LowLow velocityvelocity:: (7.4-7.8 km/s) in Afar (Berckhemer,1975).

VelocityVelocity--densitydensity conversionsconversions: : SobolevSobolev & & BabeykoBabeyko (1994)(1994)



Methodology



33--D D densitydensity modellingmodelling: : processprocess



IsostasyIsostasy

•• IsostaticIsostatic modelsmodels

•• Interpretation Interpretation 

•• StudyStudy thethe effecteffect of of dynamicdynamic topographytopography

Why is it necessary to investigate isostasy ?

For more constraints (e.g.  isostatic Moho)
For geological correlation



VeningVening--MeineszMeinesz (VM) (VM) modelledmodelled MohoMoho
(D= 10(D= 10 2222 Nm, Te= 10 km),Nm, Te= 10 km),

IsostaticIsostatic regional regional gravitygravity

IsostaticIsostatic modelsmodels



IsostaticIsostatic residual residual fieldfield

Woldetinsae & Götze (2005)



DynamicDynamic topographytopography

Moho ?

Local compensation (Airy)

Regional compensation

Crust

Mantle

Sublithospheric
mantle

Dynamic topography is generated
by flow within the mantleDynamic topography

~600m (Grand)
~400m (Slab)

Total topography= 
(static+dynamic)



Residual Residual fieldsfields
(x10(x10--55 m/sm/s22))

Dynamic topographic
models

DynamicDynamic topographytopography & & isostaticisostatic residual residual fieldfield
Grand Slab

Data source:
Lithgow-Bertelloni, pers. comm.



ModellingModelling



How we define geometry ?IGMAS features
• Geometry input

• Automatically triangulated geometry

• Graphical integration of constraining data

• Interactive modification

• ASCII output, postscript

Calculation of:

• Gravity, gravity gradients, potential, geoid

undulation, remanent & induced magnetic field.



General General structurestructure of of thethe modelmodel

Densities: Mg/m3



ModellingModelling resultsresults and and interpretationinterpretation
MeasuredMeasured gravitygravity ModelledModelled gravitygravity



CrustalCrustal modelsmodels
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CrustalCrustal modelsmodels
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CrustalCrustal modelsmodels
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Rift axial



RiftRift perpendicularperpendicular



Wide to Wide to narrownarrow riftrift



Wide to Wide to narrownarrow riftrift



Horizontal Horizontal crosscross--sectionssections



Moho and basement



MohoMoho fromfrom 3D 3D modelmodel

ShallowestShallowest MohoMoho in in 
AfarAfar: : ~16 km~16 km..

DeepestDeepest MohoMoho in in 
WEP: WEP: 48km48km..

MeanMean MohoMoho: : 
~30km~30km..

The The maximummaximum loadload
in WEP: in WEP: 
~8x10~8x101818kg/mkg/m22 and and 
inducesinduces a a 
downwarddownward flexureflexure
of  of  thethe MohoMoho fromfrom
averageaverage 35km35km to to 
aboutabout 45km45km..



BasementBasement topographytopography

4°N

12°N

8°N

•• BasementBasement topographytopography variesvaries
fromfrom fewfew 100 m100 m to to 7 km7 km..

•• DeepDeep basementbasement existsexists in in thethe
riftrift, , southsouth west west EthiopiaEthiopia, , 

AfarAfar, , TurkanaTurkana and Eastern and Eastern 
Sudan Sudan relatedrelated to   to   
sedimentarysedimentary structuresstructures..

•• ShallowShallow basementbasement
correspondscorresponds to to thethe
PrecambrianPrecambrian structuresstructures..



Rigidity



CoherenceCoherence//admittanceadmittance

•• RequireRequire large large areasareas
•• DifficultDifficult to to includeinclude internalinternal loadsloads
•• MethodsMethods and and resultsresults areare in in manymany casescases controversialcontroversial

((ConvolutionConvolution methodmethod, , e.ge.g. . BraitenbergBraitenberg et al. 2002et al. 2002))

•• PossiblePossible to to includeinclude bothboth externalexternal and and internalinternal loadsloads
•• No No needneed to to calculatecalculate admittanceadmittance
•• HigherHigher resolutionresolution isis possiblepossible
•• Input: Input: MohoMoho geometrygeometry and total and total loadload fromfrom a 3D a 3D modelmodel

EffectiveEffective elasticelastic thicknessthickness//rigidityrigidity



RigidityRigidity

......withwith internalinternal loadload

......withoutwithout internalinternal loadload

Summary results

• Rigidity estimates from this
work and previous work are
different in MER.

• All the models show low
rigidity in highly tectonized
zones of Afar and Turkana.

• Precambrian areas have
medium to high rigidity.

• In Afar, the TGD is marked
by change of lithospheric 
strength in all models.

TGD
TGD

M
ER

Turkana

Te



SummarySummary
• A new consistent regional gravity database;

• Bouguer gravity and isostatic residual maps;

• Isostatic models;

• A new regional 3-D density model using old and 
recent constraints; 

• Moho and basement topography maps constrained
where possible;



•• TThehe 3D 3D modelmodel offersoffers quantitative quantitative estimatesestimates of of 
sedimentarysedimentary thicknessesthicknesses;;

•• TThehe controls on controls on riftrift architecturearchitecture areare: : sedimentsediment
loadingloading, , asthenosphericasthenospheric upwellingupwelling (40 km (40 km depthdepth and  and  
300 km 300 km widewide) and ) and lowerlower--crustalcrustal modificationsmodifications;;

•• EElasticlastic thicknessthickness estimatesestimates::

Te Te AfarAfar and and TurkanaTurkana: 5: 5--20 km;20 km;

Te  Plateau (WEP, EEP), MER: 40Te  Plateau (WEP, EEP), MER: 40--60 km;60 km;

Te Western Te Western riftrift, , easterneastern Sudan basin: 20Sudan basin: 20--30 km;30 km;

Te Sudan Te Sudan cratoncraton: 50: 50--60 km.60 km.



GysersGysers in in DallolDallol--AfarAfar ((EthiopiaEthiopia))
http://www.dankalia.com/index.htm
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RigidityRigidity

TGD

MERMER

Turkana
Turkana

TGD= TGD= TendahoTendaho--GobaGoba‘‘adad discontinuitydiscontinuity

SlabSlab dynamicdynamic topographytopography

......WithoutWithout internalinternal loadload

......WithWith internalinternal loadload

WithoutWithout dynamicdynamic topographytopography
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Fault Fault systemssystems

LongitudeLongitude
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Major Major riversrivers

fault systemsfault systems
(CGMW, 1968)CGMW, 1968)

CoastCoast lineline



IsostasyIsostasy



Rigidity



RigidityRigidity estimationestimation

Pseudo topography (PpT)

http://userpage.fu-berlin.de/~hajo/Bratislava/Files/Isostat/Isostat.html
Source:


	and
	 
	 
	 
	 
	 

