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Introduction:  Terby is a large (D=164 km), Noachian-

aged [1] crater on Mars that is located on the northern rim of 
Hellas, at roughly 28ºS, 274ºW (Figure 1).  Terby hosts a suite 
of geomorphic units [2] and landforms, including ~2 km-thick 
sequence of sedimentary layers banked along its northern edge 
[2-7, 15].  The deposits in Terby have been studied using 
MOLA, MOC, THEMIS and OMEGA data [2-7, 15] and as of 
January, 2007, the HiRISE camera on the Mars Reconnaissance 
Orbiter has taken two images of the layers in Terby (with 
resolutions up to ~30 cm/pixel) that reveal new aspects of the 
layered deposits, including both fine-grained and bouldery 
layers. 

 
Figure 1.  MOLA over THEMIS daytime IR mosaic [http://themis-
data.asu.edu] of Terby Crater (28ºS, 274ºW). Layered benches 
extend from the northern rim to the moat-like depression near the 
center of the crater.  Numbers on axes in kilometers relative to 
image center, elevation in meters. Box and arrow show location of 
Figures 2 and 5, respectively. 
 

Regional Setting:  Topographic, morphologic and 
stratigraphic evidence in Hellas indicates that the interior fill 
was deposited from suspension, probably in water [8], and that 
Hellas may have been the site of a basin-wide sea [9] or may 
have contained one or several ice-covered lakes [8] in the 
Noachian.  Elevations around Hellas that correspond to well-
developed inward facing scarp boundaries [5, 8] in concert with 
evidence of pits and/or light-toned layers on floors of several 
highland craters around Hellas [3-5, 10-15] below these 
elevations suggests that Terby and the entire Hellas region may 
have once been occupied by a (ice covered?) lake that was up 
to 3.6 km deep [5].   

Layered Deposits: The sedimentary layers in Terby are 
exposed in the bench scarps [2-7], as mounds between the 
ridges, and beneath the crater floor [5].  In general, the layers 
are indurated and fine-grained based on their appearance, 
preservation of faults, thermal signature and cliff-forming 
nature [2, 5]. The beds are typically sub-horizontal [4, 6, 7], 
laterally continuous and dip roughly to the south.   

Four distinct units within the ~2 km-thick sedimentary 
sequence in the western bench were identified using MOC 
images [15] (Figure 2).  Two units (LD1 and LD3) are 
characterized by intermediate-toned layers that are regularly 
interbedded with massive, light-toned layers.  The layers in 
units LD1 and LD3 are laterally continuous on a kilometer scale 
and have relatively constant thicknesses.  Units LD1 and LD3 
are separated by a massive, light-toned unit (LD2) with 
distorted bedding and the entire sequence is capped by an 
intermediate-toned layer(s) that is “sandwiched” between 
distinctive, dark-toned layers (LD4).  HiRISE imaging confirms 
the conclusion that much of the light-dark contrast on the layers 
is due to a dark-toned mantling material covering the slopes 
[15]. 

 
Figure 2.  Detail of layers exposed along the western bench (top 
right is topographic high) in HiRISE image 1662-1520. Dashed 
lines indicate approximate unit boundaries [15]. White and black 
boxes show location of Figures 3 and 4, respectively.  Image is 6 
km across and north is to the top of the image. 
 

Boulder-rich layers.  HiRISE image 1662-1520 confirmed 
the presence of at least two dark-toned, rubbly layers near the 
top of the sequence (corresponding to LD4) that have weathered 
to yield numerous meter-scale boulders (Figure 3).  The 
boulder-rich layers are approximately 5-15 m thick although 
the thickness varies along strike.  The downslope transport of 
the boulders in some cases is evidenced by boulder tracks that 
can be over 1 km long.  The boulders that have accumulated on 
the slopes are approximately 0.5 to over 2 m in diameter, 
although smaller clasts below the resolution limit of the 
HiRISE image are likely.   
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Figure 3.  Dark-toned layer (arrow) apparently composed of 
meter-scale boulders at the top of the layered sequence (unit LD4) 
from HiRISE image 1662-1520. Boulders from this layer have 
eroded downslope (see Fig. 2 for context).  Image is 170 m across. 

 
Figure 4.  Subframe of HiRISE image 1662-1520 (Fig. 2 for 
context) highlights the very regular and repetitive nature of the 
blocky, intermediate-toned layers (white arrows) interbedded with 
the massive, light-toned layers in LD1 and LD3.  Light-toned beds 
are covered with a dark-toned mantling material. Image is 630 m 
across. a)  Indurated, ~10 m wide layer (dashed line) appears to 
break down along meter-spaced joints (white arrows) to weather 
out meter-scale boulders on the adjacent slope.  Image is 60 m 
across.  b)  Knobby nature of ~18 m wide intermediate-toned layer 
(dashed line) where jointing is less defined.  Image is 75 m across. 

Intermediate-toned layers. Lower in the stratigraphic 
sequence, fine-grained, massive, intermediate-toned layers in 
LD1 and LD3 also yield meter-scale blocks that accumulate on 
the slopes (Figure 4).  These rubbly layers have a fairly 
consistent thickness (~10-20 m) and are laterally continuous.  
The regularity in which these layers are interbedded with the 
massive, light-toned layers may be indicative of climatic 
modulation of deposition rates, perhaps in response to quasi-
cyclical orbital variation [16].  Unlike the boulder-rich layers in 
LD4 that are comprised of boulder-sized clasts, these layers are 
likely indurated and are breaking down on widely (meter-scale) 
spaced joints.  Unit LD2 contains evidence of similar layers but 
they are discontinuous and curvilinear.   

Discussion: There are two types of beds that are populating 
the layered slopes in Terby with meter-scale clasts.  The 
boulder-rich layers in LD4 were likely emplaced in an energetic 
environment; the lack of apparent internal bedding or structure, 
however, suggests they were not emplaced via a fluvial 
process. Alternate mechanisms for deposition include (but are 
not limited to) subaerial or submarine debris flows, turbidity 
currents or glacial till.  The massive, fine-grained, strongly 
jointed, intermediate-toned beds in LD1 and LD3 were likely 
deposited by suspension (water or air) and have a different 
lithology, grain size, or degree of cementation relative to the 
light-toned interbeds (Figure 4) that are more easily eroded by 
the wind and do not typically weather into large blocks. Local 
unconformities are also seen within the layered deposits 
(Figure 5).   

 
Figure 5.  Local unconformity in layered deposits. Subframe of 
HiRISE image 1596-1525 (see Figure 1 for context). Image is 
roughly 300 m across, top of image is north. 
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