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Data description

Following the release of the Enhanced Magnetic Field model (EMM, Chulliat et al, 2015), a vast improvement 
in resolution down to 56km is achieved by increasing degree and order 720, versus the earlier World Magnetic 
model that had spherical harmonic representation to order 12, resolving the magnetic field at 3000 km 
wavelength. The EMM incorporates recent ESA swarm satellite data providing good infill coverage of 
interpolated areas in other satellite magnetic products such as EMAG2 and WDMAM. This has presented an 
excellent opportunity to re-interpret regions of the world previously poorly surveyed by magnetics. Processed 
for IGRF correction, reduced to pole and amplitude gain corrected to enhance crustal magnetizations, and 
remove internal field.

Sandwell Free Air Gravity (Sandwell et al, 2014), presented at 1 minute offshore resolution has been 
processed and a decompensative correction applied to yield residual gravity. The new residual gravity products 
provide better control crustal structure and correlates well with the EMM processed magnetics. Furthermore 
slight corrections to the offshore Bouguer density, plus the depth of sea-level compensation in the Airy-
Heiskanen isostasy model have improved resolution of high frequency, shallow gravity anomalies. Processed 
and corrected for Free Air, Simple Bouguer, terrain, Bullard Earth curvature, Airy isostasy, and residual taken 
from upward continuation to 40km) 
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Use of Sandwell Free Air Gravity

Free air gravity 
correlates with topo-
bathymetric relief, 
neither geology, nor 
shallow crustal density 
variation

Free air gravity must be 
correctly processed to 
yield useful residualized 
products for 
interpretation

Let the data speak for 
itself- do not model raw 
potential fields to 
support a preconceived 
model

Left: Decompensative gravity (corrected for Free Air, 
Simple Bouguer, terrain, Bullard Earth curvature, isostasy, 

and residual taken from upward continuation to 40km) 

RightΥ {ŀƴŘǿŜƭƭΩǎ Ǿно CǊŜŜ !ƛǊ DǊŀǾƛǘȅΣ correlates to topo-
bathymetric relief (Sandwell et al, 2014)
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Use of EMAG2 version 3
Krigged (i.e. interpolated) in areas of sparse shiptrack data

Not spatially homogeneous and continuous sampling of total field

Below: EMAG2 (Maus et al 2009) IGRF corrected, reduced to pole 

No data

Getech

Arabian 
aeromag

Sparse 
offshore 
shiptrack

EMAG version 3 source data

https://maps.ngdc.noaa.gov/viewers/geophysics/

No data

Arabian 
offshore
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EMAG2 version 3 (left) versus EMM2015 (right)
Krigged (i.e. interpolated) in areas of sparse shiptrack data, better onshore correlations where higher resolution 
aeromagnetic surveys exist

Not spatially homogeneous and continuous sampling of total field, versus EMM 2015  
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EMM2015 magnetics - Echelon crustal blocks
In a dextral strike slip setting, strongly suggestive of duplexing (e.g. Woodcock and Fischer, 1986)

Tanzania

Mozambique

Madagascar

Comores

~200km
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Correlative strike slip fault offsets, transform margin, 
crustal extension, and oceanic boundary

Storti et al, 2003 -  On intraplate strike slip tectonics:
ά5ǳǊƛƴƎ ŘƛǾŜǊƎŜƴŎŜΣ ǘƘŜȅ ŀŎǘ ŀǎ ǘǊŀƴǎŦŜǊ ȊƻƴŜǎ ǘƘŀǘ ǎŜƎƳŜƴǘ ǊƛŦǘǎΣ ǇŀǎǎƛǾŜ ŎƻƴǘƛƴŜƴǘŀƭ 

ƳŀǊƎƛƴǎ ŀƴŘΣ ǳƭǘƛƳŀǘŜƭȅΣ ƻŎŜŀƴƛŎ ǎǇǊŜŀŘƛƴƎ ǊƛŘƎŜǎΧ form major persistent zones of 

apparent weakness whose influence may be felt over many hundreds or even 
ǘƘƻǳǎŀƴŘǎ ƻŦ Ƴƛƭƭƛƻƴ ȅŜŀǊǎΦέ 

3 Main transform margin

2 Seismic evidence of 
Neogene inversion + earlier

Anza ς the northern strike slip closure by rotation

Cratonic

Cratonic

1 

2 

3 

4 

5 
6 

1 Closure by rotation

5 Seismic evidence of 
Jurassic pull-apart basin

4 Oceanic transform 
segment

6 Transpression, several
episodes

Below: Decompensative gravity, below right: IGRF corrected, reduced to pole magnetics

7 Oblique rifted passive 
margin
8 Continent-Ocean boundary

7 
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~1500km



Precambrian Suture (E-W Gondwana) to Anza Neogene inversion: 
Left: After Fritz, 2013. Anza 
occupies Neoproterozoic 
Barsaloi suture between the 
Congo cratonic margin and the 
relic Anzania margin as part of 
the East African Orogen. 

Relic faults and sutures 
remain lines of 
weakness, note western 
cratonic strike margin.

Above: Palaeogene- Neogene inversion

Above: Decompensative gravity residual overlain by David 
.ƻƻǘŜΩǎ ¢ǊƛŀǎǎƛŎ YŀǊƻƻ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ, 2017, based on rigorous 
well correlations
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Below: Azanian western 
margin is found in Madagascar 
(Fritz et al , 2013):

~300km



Mafia-Zanzibar-Pemba restraining bend

Mafia

Zanzibar

Pemba

1 

2 

3 

4 

3 Mafia High

2 Zanzibar High

1 Pemba High

5 Oblique fold axis 
correlates with seismic 

4 Synthetic strike slip 
faulting

5 

Below: Decompensative gravity

COMPRESSION

Compressional bend ς ΨƘƻǊǎŜǘŀƛƭ ǎǇƭŀȅΩΣ ŦƻƭŘƛƴƎ ŀƴŘ ǎȅƴǘƘŜǘƛŎ ǎƛƴƛǎǘǊŀƭ ǎǘǊƛƪŜ ǎƭƛǇ ŦŀǳƭǘƛƴƎ ƎƛǾŜǎ ǿŀȅ ǘƻ ŘŜȄǘǊŀƭ 
extension east of Davie Walu Axis
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Below: IGRF corrected, reduced to pole magnetics

~500km



1 Transpression 
restraining fault

Oceanic crust

Duplex fold system

2 Transpression 
restraining fault

3 Failed triple R aulacogen

5 Eastern Transform Margin

1 
5 

2 4 

4 Outer high

Magnetic 
high 
signature

Tertiary 
EARS 
uplift

Tertiary 
EARS 
uplift

Tertiary 
EARS 
uplift

Right: ION line: TZ3-
2700 after McDonough 
et al, 2012

Offshore 
Tanzania, 

failed rifting 
and onset of 

early  
extensional 
duplexing

Published magnetic 
chron picks

Davis, 2016, M0 trace

Triple R failed aulacogen 
on M0 axis

Continental crust

Restraining bend
¢ǊŀƴǎǇǊŜǎǎƛƻƴΩ

Left: Decompensative 
gravity
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Below: IGRF corrected, 
reduced to pole magnetics

3 

Continental Oceanic

~100km



Kerimbas-Lacerda duplex to transtension

1 

1 Southern onset of narrow 
transtensional zone

2 

2 Rotation of Rovuma

3 3 Angoche pull-apart, antithetic fault 
zone

4 

4 Offshore EARS overprint - easterly 
bound by deep basement blocks, form 
bathymetric ridges (yellow 
lineaments)
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Left: Decompensative gravity
Right: EMM, IGRF corrected, 
reduced to pole

~250km



Lacerda-Angoche 
transtension + EARS 

1 

1 Compressional  duplex 

1 

1 

1 
Franke et al, 2015

1 

1 

1 Western limit of 
Nacala
2 ς Western margin of 
strike slip corridor

Mahanjane, 2014

Right and below: 
Mougenot et al, 1986 
mapped en echelon 
synthetic Riedel 
shears, these are 
related to EARS 
propagation, as can be 
seen they straddle the 
bathymetric ridge

The strike slip corridor, in extension, narrows, and 
south of St Lazarre seamount transitions from the 
duplex system to a narrow, deep, extensional 
system, bound to the east by the tightly folded 
Davie Ridge.
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