
IG(M)AS (+) – A rather long history
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Analytical solution of the volume integral for polyhedra (Götze 1976)

IGAS development started on a mainframe in Fortran (SEG)

IGMAS moved to PC

IGMAS code upgraded (C++)

IGMAS+ project Wintershall/Statoil 

(JAVA)
End of Transinsight
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OUTLINE:

• Modelling at different scales and under independent constraints,

• Facilities for 3D modelling

fast algorithms for gravity & magnetic and their gradients

• Interpretation tools

edge effects, variable densities, stress, 3D plotting

• Outlook (next) & references

Thermal modelling, petrology, uncertainty/sensitivity

IGMAS+ – a tool for interdisciplinary 3D potential 
field modelling of complex geological structures

EGU-General Assembly 2020 (GI2.1,  D-788)



Motivation

Modelling software should be:

- Fast, interactive & robust,

- Forward and inverse modelling,

- User friendly for use in complex

model environments and

- Available for Grav/Mag fields and

their gradients.

LLUR, Flintbek : S-H underground model; UFZ, Leipzig: 

graphic cave

SEG & EAGE: 

SEAM

Modelling software should be:

- Fast, interactive & robust,

- Forward and inverse modelling,

- User friendly for use in complex

model environments and

- Available for Grav/Mag fields and

their gradients.



Different scales: tosion balance vs. GOCE

Principle: Torsion balance Principle: GOCE gradiometer

GOCE flight

direction



Modelling at macro - medium – micro - scale

1000 km

1000 m

Torsion balance measurements in the

NW German Basin

Micro gravity in 

the Cathedral of

Schleswig.



Facilities for 3D modelling

- fast algorithms for gravity &

magnetic and their gradients



Numerical background for Grav/Mag modelling

Rρ1 (r)

ρ2 (r) ρ2 (r)

RR



Further reading: Götze 1976; Götze & Lahmeyer, 1988; Götze 2017

Final mathematical formulas

Potential

3 Gravity field components

6 Gravity gradients

3 Magnetic field components



3D Interpretation tools

edge effects, variable densities,

stress, 3D plotting



Handling edge effects – here of a cube

A text book

example

and

our solution

>
>

>



Handling of edge effects

➢Our solution: Handling of edge effects in 3D modelling

by calculation of a depth-density function which 

surrounds the density model (Schmidt, 2010).



Conventional - extended geometry

(e.g. approx. 5 000km)

Edge effects in 3D modelling

Automatic edge effect reduction

Handling edge effects

Measured gz Calculated gz

<< - 5 000 km ~ - 120 km5 000 km >> 100 km

- 120 km 140 km - 120 km 100 km

Measured gz Calculated gz



Complicated models describe:  

Salt structures -

500 000 triangels and

even more.

Often the layers very

thinn and models consist of

numerous layers

(up to 30).

Other approaches of 3D 

modelling:

GOCAD

PETREL

Geometry of geological structures

F. Heese, PhD, 2012

Salt dome Geesthacht, K. Altenbrunn, PhD, 2014



The medium scale: Gifhorn Trough – NWGB

Research area

and

locations of

Torsion balance

observations.

Number of gradients:

~7 600

out of 22 000

… of curvature:

~ 3 700

out of 17 000. 

Modelled

areat

Torsion balance observ.



Shown here: 

Bouguer gravity, 

recalculated from

torsion balance

measurements.

:

Goltz, PhD, 2001

Define constraints from Geology



Modelling of salt domes in the Gifhorn Trough

The task: How to verify / test a salt structure provided by a 3D seismic survey

using existing old gravimetric data (gravity, torsion balance).

264 subsurface

gravity data

Szmax = -1 457,30 m

b.s.l.

Data base: gravity

BEB & CAU



Parameter reduction: here reduction of triangles – without loss of gravity effect

which is smaller than 1 % … (Götze, Schmidt & Menzel, 2017) 

Original number:

370 000 triangles

Reduced number:

13 900 triangles

Optimize 3D models by reduction of triangles



3D modelling of gravity & gradients

Salt dome is

modelled by

17 vertical

cross

sections -

to define the

3D model

structure

of a salt

dome. 

Dubey et al., 2014



3D modelling, gravity & gradients simultaneously

Not for interactive manipulation, …. but for inversion …                   (Dubey et al., 2014)



Constraints from reflection seismic data
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KTB borehole gravity and magnetics
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Conventional modelling:

Hybrid modelling:

const=2.3

const=2.4

const=2.5

const=2.2=-z*0.05

const=2.3

const=2.4

const=2.5

const=2.2=-z*0.05

Modelling against background densities

Schmidt et al., 2010



Alvers et al., 2015

Modelling against background densities

Colors: densities

Nul-Zone

Positive anomaly

Strong negative 

anomaly

Densities of the

Background 

model causes:

3D - SEAM of EAGE & SEG: transferring a velocity model into a 3D density model.

low high                                   



Hybrid model by voxels and polyhedrons

The complete 3D velocity model of the Gifhorn Trough – transferred into

a 3D voxel density model which surrounds the fixed density polyhedron

model of the salt dome.



2.0

2.9

2.4

Capel & Faust Basin
Offshore Australia

Vert. Exaggeration: 5

The advantage of variable densities

2.0

2.9

2.4-2.9

The improvement of 

the adaptation of 

measured and 

modelled gravity by 

introducing a stratified 

density distribution in 

the Earth's crust



Vertical stress & GravitationalPotentialEnergy

Refer also to Tassara (2010),

and Gutknecht, PhD, 2015
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… after approx. 22 hours

Lowcost 3D plotting by

IGMAS+ plotter software

Interface.

Plot interface: 3D plotter – IGMAS software



… after approx. 22 hours

Lowcost 3D plotting by

IGMAS+ plotter software

Interface.

Plot interface: 3D plotter – IGMAS software



Plot interface: 3D plotter – IGMAS software

The making of a 3D plot of a density model in the NW German Basin.

… after 32 hours.



Examples from Lithospheric Modelling

The big scale:

Alpine Region

Southern Central Andes

Northern Patagonian Massif



KTB borehole gravity and magnetics

Eastern Alps: constraints from refraction & reflection data

J. Ebbing, PhD, 1992



Eastern Alps: constraints from refraction & reflection data

Cameron Spooner et al. (2019):

N-S cross-section along aprox. of

10° latitude of a constrained

density model.

Reddish colors: Upper mantle



Southern Central Andes: seismically and gravity-
constrained 3D lithospheric model

Rodriguez Piceda et al. (2020, under review): Measured gravity Modelled gravity

• Extension: 700 km (E-W)*1100 km (N-S)

• Depth: 200 km

• Lateral resolution: 25 km

• Distance between working sections: 25 km

• Bodies with constant density (except lithospheric mantle)



North Patagonian Massif: gravity-constrained 3D 
lithospheric model

Gomez Dacal et al. (2017):

• Extension: 500 km (E-W)*500 km (N-S)

• Depth: 200 km

• Lateral resolution: 0.5°

• Distance between working sections: 50 km

• Tomographic models were used to create a voxel

cube



Spherical modelling - visualization 

https://worldwind.arc.nasa.gov/



Use of free Web Mapping Services



Outlook (next):

Interface to thermal modelling,
e.g. Przybycin et al. (2017), Spooner et al., under review 

Rock petrology &
e.g. Wind (2015), Oalmann et al. (2019)

Uncertainty/sensitivity
e.g. Schmidt pers. com., Wellmann & Caumon, 2017



References (1)

Amante C, 2009, ETOPO1 1 Arc-Minute Global Relief Model: Procedures, Data Sources and Analysis [Data set], National Geophysical Data 

Center, NOAA. https://doi.org/10.7289/V5C8276M

Altenbrunn K, 2014, Datenbearbeitung und 3D Modellierung des Schwerefeldes am Beispiel des Salzstocks Geesthacht-Hohenhorn. 

Dissertation, Mathematisch-Naturwissenschaftlichen Fakultät der Christian-Albrechts-Universität zu Kiel.

Alvers MR, Götze HJ, Schmidt S, Barrio-Alvers L, Plonka C, Bodor C, Lahmeyer B, 2015, Quo vadis inversion? First Break, Vol 33, No 4, 

April 2015, page 65 - 73

Ebbing, Jörg, 2002: 3-D Dichteverteilung und isostatisches Verhalten der Lithosphäre in den Ostalpen. Dissertation, FB Geowissenschaften, 

FU Berlin. http://www.diss.fu-berlin.de/2002/192/

Dubey C, Götze HJ, Schmidt S, Tiwari V, 2014, A 3D Model of the Wathlingen Salt Dome in the Northwest German Basin from joint modeling

of Gravity, Gravity Gradient and Curvature. Interpretation, vol 2, No. 4, pp. SJ103–SJ115.   DOI: 10.1190/INT-2014-0012.1

Götze HJ, 1976, Zum Verlauf des Vertikalgradienten und der Freiluftanomalie eines digital simulierten Modells. Arch. Met. Geoph. Biokl., Ser. 

A, 25, p. 67-77.

Götze HJ & Lahmeyer B, 1988, Application of three-dimensional interactive modeling in gravity and magnetics, Geophysics Vol. 53, No. 8, p. 

1096-1108.

Götze HJ, 2017, Potential Methods and Geoinformation Systems, pages 22,  In J. Freeden Handbook of Geomathematics, 2nd edition, 

Springer Verlag Berlin/Heidelberg,

DOI 10.1007/978-3-642-27793-1_52-2

Götze HJ, Schmidt S and Menzel P, 2017, Integrative Interpretation of Potential Field Data by 3D-Modeling and Visualization OIL GAS 

EUROPEAN MAGAZINE 4/2017.

DOI 10.19225/171206



References (2) 

Goltz, G., 2001: Lokale Schwerefeldbestimmung und -modellierung mit Hilfe der Ableitungen des Schwerepotentials. Dissertation, FU Berlin, 

Berliner Geowissenschaftliche Abhandlungen, Reihe B, Bd. 39, p. 135.

Gomez Dacal ML, Tocho C, Aragón E, Sippel, J, Scheck-Wenderoth M, Ponce A, 2017, Lithospheric 3D gravity modelling using upper-

mantle density constraints: Towards a characterization of the crustal configuration in the North Patagonian Massif area, Argentina. 

Tectonophysics, 700, 150-161.

Gutknecht BD, 2015, Application of Satellite Gradiometry and Terrestrial Gravimetry to Identify Regional Stress Anomalies in the North Chile 

Subduction System. Dissertation, Mathematisch-Naturwissenschaftlichen Fakultät der Christian-Albrechts-Universität zu Kiel.

Hese F, 2012, 3D Modellierungen und Visualisierung von Untergrundstrukturen für die Nutzung des unterirdischen Raumes in Schleswig-

Holstein. Dissertation, Mathematisch-Naturwissenschaftlichen Fakultät der Christian-Albrechts-Universität zu Kiel.

Oalmann J, Duesterhoeft E, Möller A and Bousquet R, 2019, Constraining the pressure–temperature evolution and geodynamic setting of

UHT granulites and migmatitic paragneisses of the Gruf Complex, Central Alps, International Journal of Earth Sciences, 

https://doi.org/10.1007/s00531-019-01686-x

Przybycin AM, Scheck-Wenderoth M & Schneider M, 2017, The origin of deep geothermal anomalies in the German Molasse Basin: results 

from 3D numerical models of coupled fluid flow and heat transport. Geotherm Energy 5, 1. https://doi.org/10.1186/s40517-016-0059-3

Rodriguez Piceda C, Scheck-Wenderoth M, Gómez Dacal ML, Bott J, Prezzi C, Strecker M, 2020, Lithospheric density structure of the

Southern Central Andes and their forelands constrained by 3D gravity modelling, EGU General Assembly 2020, EGU2020-3313, 

https://doi.org/10.5194/egusphere-egu2020-3313. 

Rodriguez Piceda C, Scheck-Wenderoth M, Gómez Dacal ML, Bott J, Prezzi C, Strecker M, (under review), Lithospheric density structure of

the Southern Central Andes and their forelands constrained by 3D gravity modelling.

Schmidt S, Götze HJ, Fichler Ch and Alvers MR, 2010, IGMAS+ a new 3D Gravity, FTG and Magnetic Modeling Software, pp. 57- 63, 

Konferenzband  GEO- INFORMATIK  2010 "Die Welt im Netz", Herausgeber: A. Zipf, K. Behncke, F. Hillen und J. Schefermeyer, 

Akademische Verlagsgesellschaft AKA GmbH,  ISBN: 978-3-89838-335-6.

https://doi.org/10.1007/s00531-019-01686-x
https://doi.org/10.1186/s40517-016-0059-3


Spooner C, Scheck-Wenderoth M, Götze HJ, Ebbing J, György H and the AlpArrayWorking Group, 2019, Density distribution across 

the Alpine lithosphere constrained by 3-D gravity modelling and relation to seismicity and deformation. Solid Earth, 10, 2073–2088, 

2019

https://doi.org/10.5194/se-10-2073-2019

Spooner C, Scheck-Wenderoth M, Cacace M, Götze HJ and Elco Luijendijk (under review), The thermal field across the Alpine 

orogen and its forelands and the relation to seismicity.

Tassara A, 2010, Control of forearc density structure on megathrust shear strength along the Chilean subduction zone, 

Tectonophysics, 495 (1-2), pp. 34–47, 

doi:10.1016/j.tecto.2010.06.004.

Wellmann JF and Caumon G, 2018, 3-D Structural geological models: Concepts, methods, and uncertainties. In: Cedric 

Schmelzbach. Advances in Geophysics, 59, Elsevier, pp. 1-121.

Wind S, Die Lithosphärendichten der Ostalpen - eine petrologisch - geophysikalische

Modellierung, MSc thesis, Masterstudiengang (M.Sc.), Geowissenschaften, Christian-Albrechts-Universität zu Kiel.

References (3) 


