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Landforms on raw “Mars Express” images 

Crater Gulliver on the image H5870_0000.nd2 (left), systems of grooves on the 
image H2813_0005.sr2.06 (right) 

Выступающий
Заметки для презентации
The grooves and impact craters are main relief-forming factors on the Phobos. Using raw images and processed orthoimages, obtained from “Mars Express”, we have created electronic catalogues of grooves and craters. Impact craters similar to craters on terrestrial planets are prevail on the Phobos. Small gravity define mode of craters generation, when general factors are mechanical properties of rocks. Studying craters we paid attention to its inner and outer morphology. 



External morphology of craters 

Elliptical craters 
(image H8974_0000.nd22) 

Polygonal craters: 
Drunlo (left, H2780_0000.nd2); 
Hall (right, H9574_0000.nd2) 

Выступающий
Заметки для презентации
The shape of some craters is different from the isometric. Among them were identified elliptical and polygonal craters. The study of inner morphology showed, that there prevails simple bowl-shaped craters. 
Elliptical craters formed when trajectory of impact body is at an angle less than 15 degrees to the surface.
 
There are at least two large polygonal craters: Drunlo (in the northern subpolar area) and Hall (south pole).



Polygonal craters 

Crater Wendell  
1.6 km in diameter 

(left: H4307_0000.s22, right:H4847_0000.nd2) 

Unnamed crater,  
800 m in diameter 
(H3843_0000.nd2) 

Выступающий
Заметки для презентации
Other polygonal craters are situated within systems of grooves. And usually straight parts of rim are formed by these systems. 
The found polygonal craters are degraded. 
This suggests an important role in the formation of grooves and (or) modification of such craters, for example, through more intensive slope processes on the intersection areas crater walls and grooves.



Internal morphology of craters 

• Craters with simple internal 
morphology 

   bowl-shaped funnel, 
  depth to diameter ratio: 
  d/D = 0.2-0.3,  

Выступающий
Заметки для презентации
Also we identified a small population of craters with complex internal morphology, which, by analogy with similar lunar craters, divided into flat-bottomed, with a central mound and concentric craters. Moreover, based on elevation data, obtained from global digital elevation model  and calculation of relative depth, craters with D >2 km by the stage of degradation were classified
Flat bottomed craters in general are less than 1 km in diameter.
It is possible that among the craters larger diameter  are also flat-bottomed craters. as indicated by the presence of significant populations with craters steep slope, but very small depth to diameter ratio detected to craters with a diameter of more than 2 km (Kokhanov et al., 2013). However, the flat bottom of the crater profile can also be formed by modification processes when crater funnel is filled with material, falling from the craters rim.
 
Craters with central peak are also found among craters with small diameter. Identificication of such craters is hindered, cause central peaks in small crater sunder adverse illumination conditions are similar to avalanche bodies, especially, if the peak is small in comparison with craters diameter.
 
The most developed craters with complex inner morphology are concentric. Example of such type is Reldressal 3.3. km in diameter.
 
Other concentric craters with diameter 100-600 m supposed to be formed in regolith.
In case of Phobos craters with complex inner morphology are located near the simple shaped craters the same diameter.  This suggests that  inhomogeneity in regolith has local distribution.




Internal morphology of craters 

Flat-bottomed crater 
(image 8974_0000.nd2) 

Two craters with central peak 
(image H0756_0000.nd2) 

Concentric crater  
Reldresal 

(image H0756_0000.nd2) 

• Complex internal morphology 

    

Выступающий
Заметки для презентации
Also we identified a small population of craters with complex internal morphology, which, by analogy with similar lunar craters, divided into flat-bottomed, with a central mound and concentric craters. Moreover, based on elevation data, obtained from global digital elevation model  and calculation of relative depth, craters with D >2 km by the stage of degradation were classified
Flat bottomed craters in general are less than 1 km in diameter.
It is possible that among the craters larger diameter  are also flat-bottomed craters. as indicated by the presence of significant populations with craters steep slope, but very small depth to diameter ratio detected to craters with a diameter of more than 2 km (Kokhanov et al., 2013). However, the flat bottom of the crater profile can also be formed by modification processes when crater funnel is filled with material, falling from the craters rim.
 
Craters with central peak are also found among craters with small diameter. Identificication of such craters is hindered, cause central peaks in small crater sunder adverse illumination conditions are similar to avalanche bodies, especially, if the peak is small in comparison with craters diameter.
 
The most developed craters with complex inner morphology are concentric. Example of such type is Reldressal 3.3. km in diameter.
 
Other concentric craters with diameter 100-600 m supposed to be formed in regolith.




Выступающий
Заметки для презентации
Presence of craters with complex internal morphology shows
In case of Phobos craters with complex inner morphology are located near the simple shaped craters the same diameter.  This suggests that  inhomogeneity in regolith has local distribution.




Grooves on Phobos 

The fragments of GIS-based map of the grooves with underlying  photomosaic 
of the Phobos; differently oriented groove sets are shown by colors 

Выступающий
Заметки для презентации
presence of several sets of the grooves, crossing each other and forming a frequent network is the unique Phobos feature, which is not known somewhere else among the small stony worlds. An
origin of the grooves remains unclear; their detailed measurements and analysis carried out in this research contribute to understanding of their nature.. During analysis, new grooves, not identified in earlier mapping attempts, were detected. About 1000 grooves were mapped by now; it is most of identified grooves on the Phobos. Current version of our map contains the most of grooves sets and bands
identified before, and several new groove sets were detected. 
Preliminary measuring grooves in GIS we have obtained the following parameters: width varies between 30 – 500 m, depth of several grooves was measured by detailed DEM, obtained by photogrammetric image processing. Results of these measurements changes from 20 to 80 m.



Morphological types of grooves 

chains of separated funnels chains of the overlaying funnels  gutters 

Выступающий
Заметки для презентации
Morphological features: All grooves in the catalog were divided into three morphological types: gutters (seen as simple linear depressions), chains of the overlaying funnels and chains of separated funnels. The grooves of varuing morphology were classified by dominant morphological type.



Morphological regions 

Nothern polar area 
(image H3310_0000.nd2) 

Выступающий
Заметки для презентации
Focusing on a combination of different grooves sets and the craters, we have divided the Phobos surface onto 15 morphological regions (Figure 4). Each region is an area differs from surrounding areas by the presence, orientation and spatial relations of grooves sets and the large craters (over 3 km). Thus, each of the regions should have its own geological history.
Generally the Phobos surface could be divided into three regions: Northern and southern polar areas and middle latitudes belt.
In the northern polar region are noticeable some closely located large craters and one prevailing meridional oriented system of grooves.




Morphological regions 

Middle latitude belt 
(image H7478_0000.s22) 

Выступающий
Заметки для презентации
In the middle lattitudes belt the larges crater Stickney is situated. To the east of Stickney prevailing system of grooves with latitude orientation.
The southern polar area is characterized by small craters, excepting Hall, and evidence of some crossing systems of grooves.



Morphological regions 

Southern polar area 
(image h4307_0000.nd2) 

Выступающий
Заметки для презентации
The southern polar area is characterized by small craters, excluding Hall, and evidence of some crossing systems of grooves.



Morphological regions 

1) Regions with prevail one or two systems of grooves in sub parallel 
orientation;  

 
2) Regions with crossing two systems of grooves, which have global 
distribution;  

 
3) Regions with large impact craters; 
 
4) Regions with low density of grooves;  
 
5) Regions with three or more grooves systems crossing.  

Выступающий
Заметки для презентации
Based on type of relief in selected regions, we could combine these regions in five groups:
1) Regions with prevail one or two systems of grooves in sub parallel orientation. Surface in such regions. These regions are characterized by oriented-ridge relief.
2) Regions with crossing two systems of grooves, which have global distribution. Is characterized by plenty of ridges in two main directions.
3)Regions with large impact craters
4) Regions with low density of grooves. Plains with monotone relief and normal density of craters
5) Regions of three or more grooves systems crossing. 




Geomorphological map of craters 

Выступающий
Заметки для презентации
Geomorphologic map of craters shows the spatial distribution of craters with D >200 m. Based on results of morphological analysis of Phobos surface we have suggested new symbols for planetary mapping, based on new classifications of relief features: morphological types of grooves and impact craters. With specially developed symbols classifications of craters by inner and external morphology and by stage of degradation (only for craters with D >2 km), avalanche features are shown. 



Geomorphological map of grooves 

Выступающий
Заметки для презентации
map represents the spatial distributions of grooves including their classifications by morphological types. The identified morphological regions are shown, and relief characteristics of these regions are briefly described. 



Выступающий
Заметки для презентации
map represents the spatial distributions of grooves including their classifications by morphological types. The identified morphological regions are shown, and relief characteristics of these regions are briefly described. 



Atlas of Phobos 

Выступающий
Заметки для презентации
Studies of the Phobos were summarized in a new atlas of Phobos [6], a unique publication with 43 maps, including two maps mentioned above.



This work was carried out in MIIGAiK and supported by Russian Science Foundation, 
Project “Study of fundamental geodetic parameters and relief of planets and satellites”  

#14-22-00197 

Acknowledgments 

References 
Karachevtseva et al. (2014), PSS 102 (1), pp. 74-85.  
Lorenz et al. (2012), LPSC XLIII, abs. no 1142.  
Quide and Oberbeck (1968), JGR 73, p. 5247.  
Nadezhdina and Zubarev (2014), SSR 48 (4), pp. 269-278.  
Nass et al. (2011), PSS 59 (11-12), pp. 1255-1264.  
Karachevtseva et al. (2015), Planet. Space Sci., V. 108, pp. 24-30.  
  



Thank you for attention 
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