PRELIMINARY ASTER AND INSAR IMAGERY COMBINATION FOR MUD VOLCANO DYNAMICS, AZERBAIJAN
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Abstract- Eight  ERS-2 scenes and one ERS-1 from 1996 to 1999, covering Azerbaijan onshore mud volcano region, are analysed using interferometric synthetic aperture radar (InSAR) in combination with hyperspectral satellite ASTER imagery (3 scenes from 2000 to 2002) and field data (2001 and 2002).

In Azerbaijan oil mud volcanoes form on the surface as expressions of the vertical migration of oil and gas as a result of gravitational loading of largely unconsolidated sediments in combination with structure control and stress regime. In general it is believed that mud volcano eruptions are triggered by earthquake activity since this can cause hydrate instability and explosive dissociation of the hydrocarbons can occur. We look for evidence of surface deformation patterns related to mud volcano activity. Initial InSAR processing used a digital elevation model (DEM) based on the combination of 1-month interval SAR combination with a high resolution DEM based on ASTER stereo optical data. Correlation over the area was fair with several mud volcanoes (Touragai, Great and Lesser Kjanizadag) showing high to moderate correlation over a time period of 3 years. Preliminary results show clear indications of deformation throughout the available dataset. 

I.  INTRODUCTION

Mud volcanoes are some of the world’s most dynamic and unstable clastic features. A mud volcano can be defined as a positive topographical feature constructed mainly of mud, and other sedimentary constituents, which periodically or continuously vents liquid mud, including water, oil and gas [1]. Oil and gas fields in Azerbaijan in the South Caspian Basin are intimately associated with mud volcanism. The extruded material forms characteristic isometric to elongated morphological features largely varying both in shape and size, which shows a large contrast to the surrounding sediments. 

The spatial pattern of deformation related to local stress fields, subsidence and chimneys as well as the size of the mudchambers are not well known. Here we use Synthetic Aperture Radar Interferometry (InSAR) to reveal the dynamic evolution of the mud volcanoes over a period of three years.

In onshore Azerbaijan, about 50km southwest of Baku, three mud volcanoes are situated (fig. 1). The Touragai mud volcano is situated in the western part of the selected area. The Great Kjanizadag is situated in the northeastern part of this area. The Lesser Kjanizadag is situated in the southeastern part. They are represented by large elevations, having the shape of a truncated cone.  Numerous gullies are radiating from the summits towards the foot of the elevation. Eventhough the mud volcanoes did not show any spectacular visual activity for the last decade, we hope to find deformation using InSAR, which is an evidence for continuous activity.

II.  DATA PROCESSING AND ANALYSIS

During the periods 1993-1999, European Remote Sensing (ERS) satellites imaged the area several times. However, many of the potential pairs have baselines that are too large and no correlation between the scenes can be calculated. Eight ERS-2 scenes and one ERS-1 scene from 1996 to 1999, covering Azerbaijan onshore mud volcano region, are analysed. The interferograms have been processed using the repeat orbit interferometry pack-age ROI PAC developed at Stanford University. A total of seven interferometric combinations from three different frames could be used for interpretation. Unfortunately none of the combinations with the scene from 1993 shows any coherence. Also the gullies reduce the availability of useful phase information (fig. 2).

An accurate DEM should be provided to look for evidence of deformation. Therefore we tried to create a DEM based on a tandem pair with a temporal baseline of one day.  Due to bad data this was impossible. Hence we created a high resolution DEM based on ASTER stereo optical data, but the differences in height between the SAR and ASTER DEM were too high. Probably atmospheric effects within the ASTER scene cause problems in the automatic DEM extraction algorithm. Therefore we decided to use an interferogram with a temporal baseline of 35 days as a preliminary DEM. 

The identification of significant localised atmospheric signal is possible using linear combinations.  Two interferograms (01/04/99-06/05/99 and 06/05/99-10/06/99) share a common image acquired at 06/05/99.  Atmospheric signal during the acquisition will contaminate the deformation signal in both interferograms.  Since the 06/05/99 acquisition is used as 'slave' in the first interferogram and as 'master' in the second interferogram, the sign of the anomalies is reversed in both interferograms.  Therefore, the sum of both interferograms results in complete removal of these atmospheric anomalies, whereas subtraction of the interferograms results in amplification of the atmospheric signal with a factor two.  For this particular situation both interferograms cover 35 days, and the deformation rate can be called separate approximately constant in time according to the data of the Geological Institute of Azerbaijan.  Therefore, addition of the interferograms results in a doubled (70 day) deformation signal, whereas subtraction removes the deformation signal entirely [2]. The results of these linear combinations show the correctness of our decision to create a DEM based on an interferogram with a temporal baseline of 35 days.
The interferograms, with a timespan larger than 35 days, show more decorrelation. Subtraction of the DEM from these interferograms can result in erroneous data and misinterpretation.  After unwrapping the phase difference is converted to height by applying the following formula:
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Figure 1. In top a) DEM of the area in which A is the Touragai, B is the Great and C is the Lesser Kjanizadag  and b) fringe intensity of the DEM.


[image: image3.wmf]sin

,

4

R

H

B

lq

f

p

^

=-¶



(1)

in which ( is the radar wavelength,  R is the range, ( is the lookangle, B( is the perpendicular  baseline and (( is the phase difference [2].

The DEM is then subtracted from the interferogram resulting in local deformation patterns. Fig. 2a shows preliminary deformation patterns with a temporal baseline of 210 days (17352-20358) days; fig. 2b has a temporal baseline of 560 days. The period of 560 days covers the period of 210 days (fig. 2c). In the same way deformation patterns with timespans of 70, 520 and 1085 days are created. 

III. DISCUSSION AND CONCLUSIONS

Even though the three mud volcanoes do not show any visual activity, there is a continuous deformation process going according to the first results (fig. 2).  Fig 2a) shows deformation over a period of seven months. Around each volcano there is sign of uplift, which can be explained by increasing pressure at depth.  
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Figure 2. Deformation patterns of the three mud volcano area with a timespan of a) 210 days and b) 560 days; c) overview of the timespan.

Over the larger timespan the Touragai shows negative deformation (fig. 2b), i.e. erosion. However in the timespan of 210 days (fig. 2a) there is uplift at the eastern flank of the volcano. 

There is a large increase in activity in the following 210 days hereafter. 

Comparable phenomena are visible at the Great and Lesser Kjanizadag mud volcanoes. They both show negative deformation at the top, i.e. erosion. The Great Kjanizadag has a large increase in activity at the northern limb in the last 210 days and the Lesser Kjanizadag shows more uplift at the northern and southeastern flank in the last 210 days. Fig. 2b) shows more decorrelation than fig. 2a) due to the larger timespan. This is especially the case at Touragai mud volcano. We found evidence for deformation for the shorter timespans, but not for timespans of 510 days or more. The black areas can be explained by several reasons. Due to the large elevation of the volcanoes one side is always in the shadow of the illumination of the radar. Therefore no information is returned from this side and noise appears in the image [3]. Also atmospheric noise and dense vegetation can cause distortion. So even though the three volcanoes seem to be dormant, there is a large amount of activity at depth, which eventually will lead to activity at the surface again by (large) eruptions of mud, oil and gas. The results have to be processed further on to define patterns of deformations. 

Unfortunately less interferometric combinations were available for other active mud volcano regions, such as Lokbatan and Bozdag mud volcanoes. Lokbatan, which had a spectacular eruption in October 2001, is situated at the edge of the frame with the most suitable images.  The results however also show an active deformation process in this area. 

Another area in the centre of onshore Azerbaijan, around Aktharma-Pashaly mud volcano, only evidence of deformation is shown at very short timespans. If the timespan is larger than 70 days, too much noise appears and interpretation is impossible. 

IV.
FUTURE WORK

Changes in the surface deformation are a reflection of changes in pressures within the volcano due to variations in mud chamber location and volume. We will apply a simple model according to [4] to infer changes in the source of deformation to locate the mud chambers.
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