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Introduction: The floor of Ius Chasma has several 

geological light-toned units in MOC, THEMIS-vis and 
HRSC (Fig. 1) images. Our observations, based on 
these images, indicated that the individual stratified 
light-toned blocks of Ius Chasma consist of a lower 
lighter strata and an upper darker gray-tone strata. The 
blocks were most probably slided, fallen or toppled 
down from the stratified canyon walls. 

 

 
Fig. 1. The MEX HRSC nadir image 2182 shows light-
toned stratified units on the floor of Ius Chasma. The 
studied fault is indicated. 

 
The PR image TRA_000823_1720, taken by the 

High Resolution Imaging Science Experiment 
(HiRISE) camera onboard Mars Reconnaissance Or-
biter (MRO) on 29-9-2006, revieled astonishing new 
details of the geology, strata and tectonics of one of the 
light-toned units (Fig. 2). The distinct layering and a 
cross-cutting strike-slip fault system, partly observed 
already from the MOC and HRSC images, are now 
able to be studied in details.  

Numerous thin layers form both the light-gray 
strata unit and the darker gray-toned strata unit. The 
distinct dark layer between these two strata units can 
be well identified from the HiRISE image in several 
blocks on the floor of Ius Chasma. The faults cuting 
through the strata stacks and the dark marker layer can 
precisely be studied and measured. 

The main strike-slip fault: The strike-slip charac-
teristics of the NW-SE main fault that cuts across the 
block with NE-SW strata is right-handed. The fault 
displacement measured from the dark marker layer is 
approximately 70 meters. The fault has drag features 
which bend the strata close to the fault plane. 

There are additional smaller faults that cut across 
the dark marker layer in several locations as well as 
across the lighter and darker gray stacks of layers. The 
available HiRISE image reviels numerous interesting 

individual fault structures together with multiple fault 
interactions and conjugate faults. The faults seem, 
however, to be restricted within the light block only 
without any major continuation into the surrounding 
terrain.   

 

 
Fig. 2. The MRO HiRISE data over the Ius Chasma 

block (with wide black border) studied. The main dark 
marker layer in the middle of the block (from lower 
left to upper right) is cut by numerous faults. The most 
intense strata displacement due to the right-handed 
strike-slip fault is well visible in the centre if the im-
age. The parallel strata layers used for the measure-
ments are indicated by thin lines. 

  
In addition to the main dark layer, certain other 

marker layers can be identified for measurements. 
These layers play a major role in understanding the 
block movements and the subsequent fault formation. 

The identified stratigraphic layers locating on both 
sides of the main strike-slip fault were measured in 
order to find a more precise evidence of the character-
istics of the movements which took place in addition to 
the strike-slip faulting. We try to approach the rota-
tional component of the fault movement and to investi-
cate if a rotational movement could have taken place 
and what was its share in faulting. Further, this may 
give some insight into the block re-location, basis for 
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estimations of the block thickness and, in a wider 
sense, help us to understand the early development of 
Ius Chasma and its surrounding plateau strata. 

 
 
Measurements: In order to obtain an estimate of 

the rotational aspect of the fault movement, 37 dis-
tances from the marker layer to the two smaller marker 
layers on both side of it were measured. The measure-
red values were averaged separately over the two sub-
blocks NE and SW from the main fault. The NE sub-
block revealed the average x = 548 meters distance 
between the smaller marker layers while the same dis-
tance in the SW sub-block was 85 meters longer (Δ in 
Fig. 3). Using a basic geometric (Fig. 3) we calculated 
the value of the relative rotational angle (δ) between 
the two sub-blocks for different depths of the rotational 
axis (z in Fig. 3). Table I gives some values calculated. 
 
Table I. The depth of the rotation axis z, the angle α 
(tan α = x/z) and the relative block rotation angle δ (cf. 
Fig. 3). 
   z (m)     α (degr.)         δ (degr.) 
 1500                 20                    2,8 
 1000               29                    3,6 
   750                   36                    4,0 
   590                   42,9                 4,1273 
   500                   48                    4,1 
   350                   57                    3,7 
   200                   70                    2,5 
   100                   89                    0,13 
 

Conclusion: The rotational component seems to be 
rather small with its possible maximum of δ = 4.1˚ at z 
= 590 m. The function (Fig. 3) has a rather flat maxi-
mum and the values z = 600 m ± 150 m give all basi-
cally the same angle δ ≈ 4 degrees for the relative rota-
tion between the two sub-blocks. The depth of the 
block may thus be within these ranges The highest 
values of z shown in the Table I are too large and 
would suggest that the block is a high tower- or blade-
like formation mostly buried deep under the surface. 
The lowest values of z, in contrary, would indicate a 
lens-like block with a very thin vertical dimension.  

In addition to the main strike-slip movement, a mi-
nor - but still a distinct - rotation took place in the 
block tectonics. The strike-slip nature, linear shape, 
fresh-looking morphology of the faults within the 
light-toned block and the absense of the fault lines 
outside the block provide a set of clear evidences that 
the block has moved to its present location. Sets of 
similar layering with a main layer have been identified 
fom the walls of the Valles Marineris canyon system in 
different locations. The studied layered block may thus 
represent a distinct set of depositional layers re-located 
from their original layering environment into the floor 
of Ius Chasma.   

The recognized wide extent of the layered canyon 
wall with a major stratum approximately 100 m below 
the surrounding planitia surface allows us to propose 
that the light-toned blocks are the remnants of slided, 
fallen or toppled units from the higher canyon wall and 
that the the faults within the studied blocks are results 
of the stresses taken place during the block re-location. 
The Geryon Montes massif in the middle of Ius 
Chasma and the northern canyon wall are the possible 
sources for the blocks studied. The observations of the 
Ius block stratigraphy allow an insight into the deposi-
tional processes that formed the stratigraphic stack into 
which Valles Marineris was carved. The dark marker 
layer may add to the present picture providing a clue to 
one of the major volcanic activity phases in this area. 

 
Acknowlegdements: This work is based on the 

MRO HiRISE data. The authors are grateful for the 
HiRISE Operations Center (HiROC) at the University 
of Arizona (http://hiroc.lpl.arizona.edu/) for making 
the data available. We also thank the Mars Express and 
HRSC Teams at DLR, Freie Universitaet, ESTEC, 
ESOC and all Co-I Teams for their work for the HRSC 
data. The authors hope that the work highly accentu-
ates the value of the high-resolution data in precise 
Mars studies. The HRSC data set provides the neces-
sary coverage, color, stereo and photometry while the 
HiRISE data reviels the details required for the precise 
geologic studies. The combined data sets allows us to 
find and measure Martian structures in details and to 
make improved interpretations of the history of geo-
logic formations on Mars. 

. 
 

Lunar and Planetary Science XXXVIII (2007) 1604.pdf


