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The formation of sedimentary basins in a purely extensional setting is 
traditionally related to active tectonic processes during the syn-rift phase 
and passive processes such as thermal subsidence during the post-rift 
phase. In a purely extensional setting there is no room for uplift events. 

Can unconformities that are observed on seimic data, and are 
interpreted as such, be explained with the lateral displacement of a 
mantle anomaly? 

SETU
P 1

D
ep

th
 (k

m
) 0

200

400
∆σ [MPa]

0 1400
 

0 800

0 1000 2000
Distance (km)

020
00

10
00

20
00

10
00

SETU
P 2

D
ep

th
 (k

m
) 0

200

400
∆σ [MPa]

0 1000 2000
Distance (km)

020
00

10
00

20
00

10
00

14000

b. Geometrical setup

c. Thermal parameters

d. Rheological strength envelopes

a. Physical fundamentals
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Radiogenic heat production at surface 1.5E-9
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Thermo-tectonic age of the lithosphere
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Surface heat flow 40

 
mW/m^2

 Mantle heat flow 15 mW/m^2 

Thermal property Value Unit Thermal property Value Unit 
Surface temperature 10 °C 
Temperature at the bottom of the 
thermal lithosphere 1330 °C 
Thermal conductivity crust 2.5 W/m °C 
Thermal conductivity mantle 3.5 W/m °C 
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a. Setup 1 b. Setup 2

It is possible to create uplift episodes triggered by a mantle anomaly.

The order of magnidue of the vertical variations is within 100’s of meters, 
not of kilometers.

The thickness variation of the basin in�ll observed in both models might be 
related to a change from symmetric to a-symmetric spreading.

A seismic stratigraphic study of a rifted margin basin could provide more inside 
into the minor unconformities and relative timing of the vertical movements of 
the basins.

The thermal and dynamic results from this modelling excercise can be used as 
input for basin models to investigate the impact of ma processes.

T = 0 T = 0

De
pt

h 
(k

m
)

De
pt

h 
(k

m
)

0 0

-100-100

-200 -200

-300 -300

-400 -400400 400 600600 800 800 1000 1200 1400 16001000 1200 1400 1600
Length (km) Length (km)

T = 25

De
pt

h 
(k

m
)

0

-100

-200

-300

-400
400 600 800 1000 1200 1400 1600

Length (km)

T = 30

De
pt

h 
(k

m
)

0

-100

-200

-300

-400
400 600 800 1000 1200 1400 1600

Length (km)

T = 25

De
pt

h 
(k

m
)

0

-100

-200

-300

-400
400 600 800 1000 1200 1400 1600

Length (km)

T =15

De
pt

h 
(k

m
)

0

-100

-200

-300

-400
400 600 800 1000 1200 1400 1600

Length (km)

T = 30

De
pt

h 
(k

m
)

0

-100

-200

-300

-400
400 600 800 1000 1200 1400 1600

Length (km)

T = 15

De
pt

h 
(k

m
)

0

-100

-200

-300

-400
400 600 800 1000 1200 1400 1600

Length (km)

-12

-10

-8

-6

-4

-2

0

2

4

0 5 10 15 20 25 30 35 40

Time versus vertical displacement base of the basin

Time (myrs)

El
ev

ati
on

 (k
m

)

Base basin right

Base basin left
Topography basin left

Topography basin right
-12

-10

-8

-6

-4

-2

0

2

0 5 10 15 20 25 30 35 40

Time versus vertical displacement base of the basin

El
ev

ati
on

 (k
m

)

Time (myrs)

Base basin right

Base basin left
Topography basin left

Topography basin right

°C

A number of post-rift unconformities on the seismic data cannot be explained with 
the eustatic sealevel curve of Haq et al., 1987, they have a tectonic origin.

Even though the cell-size of the model in�uences the modelled basin depth, a 
component of vertical displacement (up and down) in the post-rift phase is 
observed.

The topography being constantly lower on the right side of both models might be 
the result of the initial rheological 
parameters.

The onset of the thickness variation over time 
(�g. 5.1) is contemporaneous with break-up. 
It could be the transition change from 
symmetric rifting/early drift to 
a-symmetric spreading.

c. Vertical displacement of the basin’s base and topography on both sides of the modelled margins
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Figure 5.1. Graph showing the sediment thickness variation of the four modelled 
basins over time. The thickness in�ll is constant until break-up. After this, the left 
basin of Setup 1 and the right basin of Setup 2 show a sudden thickness increase. 

Vertical displacements of 
the basin’s base is in the 
order of 100’s of meters.

The topographic evolution 
of both basins is 
comparable in terms of 
depth and geometry 
allthough the right side is 
constantly at lower 
elevation.
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Unconformities observed on seismic data in the Orange Basin:
6At1:  syn-rift - transition unconformity
13At1: transition - drift unconformity
13Et1: 1st drift unconformity: 
  coinciding with drop in eustatic sea-level
14At1: 2nd drift unconformity: 
  not coinciding with drop in eustatic sea-level
15At1: 3rd drift unconformity: 
  coinciding with drop in eustatic sea-level
16Dt1: 4th drift unconformity: possibly 
  coinciding with drop in eustatic sea-level
17At1: 5th drift unconformity: 
  possibly coinciding with drop in eustatic sea-level
18At1: 6th drift unconformity: 
  not coinciding with drop in eustatic sea-level
22At1: 7th drift unconformity: 
  coinciding with drop in eustatic sea-level

Figure 3.1. Bathymetric map overlain by map with magnetic ages indicating the di�erent times of opening: 
Rifting in the South Segment started around 132 Ma, rifting in the central segment started around 112 Ma. 
opened before Central segment). The four segments of the South Atlantic are shown. The investigated transect 
is the Colorado-Basin Orange Basin. The red line indicates the location of the seismic section below. data from 
Ryan et al., 2009 and Müller et al., 1997

Figure 3.3. Seismic line located perpendicular to the margin of the Orange Basin 
(see map for exact location). Interpretation shows major and minor  
unconformities in the post-rift/drift phase. After Paton et al., 2008.

Figure 3.2. Crustal cross-section through the conjugate Colorado Basin and Orange 
Basin after Blaich, et al., 2013. Note that the package of Late Cretaceous sediments 
(post-rift) is thicker in the Orange basin then in the Colorado Basin.

Figure 3.4. a) Eustatic Sea-level curve after Haq 
et al., 1987; b) Relative base basin ’high’ or  ‘low’. 
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