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Oil seeps migration from deep sediments 

to sea surface 

Offshore natural oil seeps are streams of naturally 

occurring oils that migrate from the sediments below 

the seafloor and flow through the water column as 

oil drops, resulting in telltale slicks on the sea 

surface (Fig.1). 

Oil seeps in radar images 

Oil seeps floating on the sea surface becomes 

visible on radar images because it damps the short 

gravity-capillary waves that are responsible for the 

radar backscattering (Fig.2, Fig.3). 

The Vertical Drift Model 

Our goal is to locate the SeaFloor Source (SFS) 

from the oil seeps Sea Surface Outbreaks (SSO) 

observed on the radar images. 

oil slick clean sea surface 

Fig. 1: Oil seeps migration from deep sediments to sea 
surface. 

Fig. 3: Numerous oil seeps observed on a ENVISAT ASAR image 
acquired on  16 October 2008 over the Gulf of Mexico. 

Fig. 2: Backscatter radar waves on the sea surface. 

SAR images preprocessing 

Original methods have been developed to numerically 

process the images (Fig.4). 
 

Oil seeps detection from SAR images 

Oil slicks are visible in SAR images because they 

reduce the backscattering of the returning microwave 

signal resulting in dark signature in radar images. Oil 

slicks are divided into two major categories: biogenic 

and mineral. The mineral oils are subdivided into those 

of natural seeps or anthropogenic oil spills (Fig. 5). 

The classification of oil slicks uses: 

-Geological data 

-Wind fields 

-Sea surface current 

-Bathymetric data 

-Petroleum platforms (Fig. 6) 

-AIS … 
 

Vertical Drift Model  

 

 

 

 

 

 

Fig. 4: Example of Applying a model-based equalization and inter-swath correction 

Oil seeps case examples 

  
 

  
 

Application to the Gulf of Mexico 
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Fig. 10:  Different astroseeps (multidates seeps). 

Fig. 6: Petroleum platforms (in yellow) in the Gulf of Mexico. 
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Fig. 5: Main offshore oil slicks seen in SAR images.. 

Fig. 7: 3D scheme of the vertical drift model of an oil 
seep remotely detected.  

Fig. 8: Illustration of the sources paths principle. Left: sources path (red line) of a sea surface outbreak 
(SSO1) corresponding to an oil seep 1(observed on date 1). The black disks are the seafloor sources 
corresponding to droplets sizes. Right: sources paths corresponding to the oil seep 1(observed on date 1) 
and the oil seep 2(observed on date 2). The red point corresponding to the intersection between the two 
sources paths is likely the seafloor source of the two multidate oil seeps.  

Fig. 9: Two sources paths generated by the VDM from the SSOs of two oil seeps 
observed on Envisat ASAR WSM image acquired on 02 October 2010 at 16:00:50.  

Fig. 11: Map of coverage density of Synthetic Aperture Radar 
scenes from 2002 to 2012 in the Gulf of Mexico. 

Fig. 12: Oil seeps in the Gulf of Mexico. Left: the 682 Sea Surface Outbreaks (SSO = Black dots), calculated from the 682 oil seeps sea surface 
outbreaks visually detected from 215 SAR images (2002-2012). Colour chart: GOM bathymetry. Right: the normalised density map of the 
682 Sea Surface Outbreaks. One may note the high amount of SSO that lead us to choose the NGOM for the application of this VDM. 

Fig. 15: An 
example of three 
sources paths 
crossing. The 
yellow star is the 
estimated SFS of 
the three oil seeps 
observed on 
23/10/2003, 
14/09/2009, and 
21/10/2010. 

Fig. 13: The sources paths and their intersections in the Texas-Louisiana Slope. The intersections points (yellow 
points) correspond to the estimated seafloor sources (SFS) 

Fig. 14: The 
number of 
occurrences of the 
calculated oil seeps 
SFSs as a function 
of the diameter (d1 
or d2) and the 
difference between 
d1 and d2 (|d1-
d2|). 

Fig. 16: The 
histogram of the 
distance of the 
observed oil seeps 
from their seafloor 
sources. 

Fig. 17: The relationship between oil seeps SFS and the salt tectonic. 


