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MORPHOLOGZC CLASSES O F  GROOVES O N  PHOBOS Scott L. hlurchie and James  W. Head, Department of 
Geological Sciences, Brown University, Providence, RI. C.S.A.: Nicholas D. Efford, Institute for Encrironmental and Biological 
Sciences, Environmental Sciences Division, Uniuersity of Lancaster, Lancaster, U.K. 

Introduction.  High-resolution Viking images of the Martian moon Phobos reveal linear topographic depressions 
which occur on most of the satellite's surface [1,2,3,1]. Four fundamental properties of these "grooves" are apparent in 
the images, and may be used as  a basis for classification of the features into separate groups: groove morphology a t  a 
10-m to 100-m scale; groove orientation or arrangement; spatial distribution of grooves; and crosscutting relations of 
grooves. Thomas et al. [3,41 classified the grooves into five basic sets on the basis of orientation. Their classification 
describes this aspect of the grooves rather well, but it mixes grooves of quite dissimilar morphology. In this abstract we 
classify grooves into three basic morphologic classes on the basis of photogeologic analysis and photoclinometric 
measurements, and we show that  each of these classes is also characterized by a distinct relative age, arrangement, and 
spatial distribution. 

Morphologic classes. All of Phobos's grooves possess the common attribute of dominantly negative topographic 
relief, but groove length, depth, and linearity, rim topography, and along-strike topographic continuity vary significantly 
from groove to groove. Differences in these attributes can be accounted for by a classification scheme consisting of three 
basic morphologic classes and several subclasses. 

Class I contains numerous short, discontinuous, linear-walled grooves 50-150 m wide, several meters deep, and 
hundreds of meters to 2 km long, which appear to possess raised rims. These grooves have northeast-oriented linear 
traces, sometimes intersecting a t  low angles to form a "herringbone" pattern whose vertex points approximately 
southwest. They are  restricted in occurrence to the area immediately east  of the 9-km crater Stickney (Figure 1). 

Class II contains grooves hundreds of meters wide, 2-30 km long, and up to 100 m deep, which consist of coalescing 
pits whose centers fall within a linear band. Grooves in subclass II.1 have sinuous traces and raised rims, and occur east  
of Stickney; grooves in subclass 11.2 consist of bands of raised-rimmed pits grading along strike to chains ,of aligned pits, 
and occur west of Stickney (Figure 2). Grooves of both subclasses are arranged subradial to Stickney, and they cross 
preexisting topographic features without their traces being notably deflected. However they extend only 70' of arc east  
from Stickney, to 340°W, but fully 190" of arc west from Stickney to 240°W (Figure 2). 

Class III contains the vas t  majority of the total groove population. These grooves are mostly 80-200 m wide, 5-20 m 
deep, and up to 10 krn long, and consist of aligned coalescing pits. Photoclinometric topographic profiles provide evidence 
for raised rims along a fraction of the class 111 grooves. Three morphologic subclasses occur, and in some cases they grade 
into each other along the strike of a single groove: subclass III.1 consists of nearly linear-walled grooves; subclass 111.2 
consists of aligned coalescing pits separated by distinct septa; and subclass 111.3 consists of linear chains of discrete pits. 
Grooves of all three morphologic subclasses cross preexisting topographic features without their trends being deflected, but 
their average width and topographic continuity decrease away from Stickney [cf. 3,4]. Thomas et al. [3,4] showed tha t  
Phobos's total groove population possesses three dominant orientations, designated "-4", "B", and "C", each of which is 
parallel to a plane passing through Phobos's semimajor axis. Because the total population is dominated by class 111, 
Thomas et al.'s results are equivalent to this morphologic class containing three dominant orientations arranged subradial 
to the satellite's trailing edge (Figure 3). This arrangement is about 40" different from being subradial to Stickney. 

Age r e l a t i ons  of gruoues. Thomas et al. [3,4] showed tha t  class 111 grooves having "A", "B", and "C" orientations 
have clear age relations near the trailing edge where they intersect a t  high angles. Northwest-oriented "A" grooves are  
crosscut by northeast-oriented "C" grooves, and grooves having both "A" and "C" orientaiio::~ y e  crosscut by east-west- 
oriented "B" grooves. In addtion, our analyses show that  all class ILI grooves are  crosscut by class I and class I1 grooves 
and a r e  therefore older. The different ages of the three classes of grooves, their different morphologies and arrangements, 
and their fundamentally different spatial distributions strongly suggest tha t  each class represents a distinct system of 
structures. 

F u n d a m e n t a l  groove proper t ies  to be m e a s u r e d  by Phobos  2. During its rendezvous with Phobos, the Phobos 2 
spacecraft will explore the anti-Mars region of the satellite [5]. Detailed observations of the class I11 grooves occurring in 
that  a rea  would provide information on these grooves' physical properties that  is critical in testing various models of 
groove origin [e.g.' 61. The FREGAT instrument will image groove morphology a t  a 10-cm to meters scale, possibly 
providing evidence of the nature of regolith movement during and subsequent to groove formation. Radar sounding of 
grooves by the GRUNT instrument may reveal the grooves' subsurface structures or lack thereof. Measurements of 
groove composition and how it compares to composition of intergroove materials will be obtained directly by mass 
spectrometry of dislodged ions (experiments DION and LIMA-D) and remotely by visible and near-infrared reflectance 
spectroscopy (experiments FFEGAT and KRFM-ISM). 

Conclusions.  Phobos's grooves are classified into three major classes on the basis of 10-m- to km-scale morphology 
observed by Viking. Grooves in each of the three morphologic classes have distinct spatial distributions, arrangements, 
and relative ages. Fundamental groove properties measured by the Phobos 2 spacecraft may allow constraints to be 
placed on the genetic mechanism(s) of the largest of the three groove classes. 
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