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Introduction
New data from several Mars missions con-

tinue to indicate that both volatiles and an at-
mosphere may play a role in the formation of 
fluidized ejecta seen at many Martian craters 
[e.g., Barlow et al., 2006], sometimes in ways 
that are unexpected [e.g., Wada and Barnouin-
Jha,  2006].  One  possible  approach  that  may 
distinguish the processes responsible for pro-
ducing craters with certain observed morpho-
logical characteristic is to undertake coordinat-
ed analyzes of the many new types of data  that 
exist for Mars. Such an approach should pro-
vide  constraints  that  may  limit  the  possible 
physical models that can explain a given set of 
observations.

To  illustrate  what 
such   coordinated  ana-
lyzes  might  reveal,  we 
study  bright  haloed 
craters  seen  on  the 
northern edge of Chryse 
Planitia.  We  combine 
imaging data from Mars 
Odessey,  Mars  Global 
Surveyor  (MGS)  and 
Viking,  and  use  topo-
graphic  data  from  the 
laser altimeter (MOLA) 
aboard  MGS.  We  also 
considered  geological 
maps  generated  by 
Tanaka  et  al.  (2003, 
2005).  The  results  of 
this  analysis  and  their 
implications for the ori-
gin of these craters  are 
discussed below.

Bright Haloed Craters
The main diagnostic 

characteristic  of  bright 

haloed craters is the presence of a bright debris 
apron that extends beyond the continuous ejecta. 
Often, the distal edge of these deposits will pos-
sess a wispy appearance. In all cases, the interior 
continuous ejecta appears fluidized, i.e., possess-
es a contiguous rampart surrounding the crater. 
The  parent  craters  to  these  halos  also  appear 
fresh,  possessing  in  images  obtained  by  the 
THEMIS instrument  on Mars Odessey  little or 
no infill, sharp rims and sharp interior structures. 
While visible even in old low resolution Viking 
orbiter  images,  the  halos  are  very  distinct  in 
THEMIS  images  that  possess  resolution  of 
100m/pixel. (Figure 1). All bright haloed craters 

Figure 1: Large 9.4km-diameter bright haloed crater in Chryse Planitia.
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in  Chryse Planitia  are  small,  ranging in  size 
from approximately 1 to10 km in diameter.

THEMIS images (e.g., Figure 1) also show 
that small impacts, which crater the bright ha-
los, sometimes excavate dark material that re-
semble  the  surrounding  terrain  beyond.  The 
sharp  contrast  between  this  dark  and  bright 
materials  essential  produce  small  “dark” 
haloed craters.

Topographic Expression
Individual  altimetric  profiles  obtained  by 
MOLA indicate  that the bright  halos  beyond 
the continuous ejecta are very thin with few to-
pographic  expressions.  They may possess an 
enhancement in roughness relative to what is 
seen  beyond  the halos  but  typical  not.  They 
may also possess a small rampart like-feature 
at their distal ends. But such structures could 
also have existed prior to crater formation, and 
may  simply  have  arrested  ejecta  flow.  It  is 
clear from Figure 2, that a large mound to the 
north of the crater  delineates the edge of the 

bright apron: no material is deposited beyond it. 
Such shadowing does not typically occur during 
ballistic ejecta emplacement.

Ejecta Run-out Efficiency
Ejecta run-out  efficiency is  equivalent  to mea-
surements of L/H for mass movements, where L 
is the distance run-out by a given flow, relative 
to its initial onset height H. A similar parameter 
can be defined for ejecta, except where  H is re-
placed by a term obtained from the kinetic ener-
gy of the ejecta excavated by the parent  crater 
[e.g.,  Barnouin-Jha  and  Buczkowski,  2007]. 
Measurements  of  run-out  efficiency  for  mass 
movements are usually plotted relative to its vol-
ume. In the case of these bright haloed craters, 
their  run-out efficiency is very large. Their  be-
havior is more akin to flows that possess a lot of 
volatiles such as debris flows. This is contrary to 
most other ejecta whose ejecta run-out efficien-
cies compare favorably to that expected for dry 
rock-  and  landslides  [e.g.,  Barnouin-Jha  2005; 
Barnouin-Jha and Buczkowski, 2007].

Figure 2: MOLA profiles obtained from individual orbits through the crater shown in Figure 1. Black and 
red lines indicates where a mound delineates the  northern edge of the bright apron. A rampart may be visi-
ble at the distal edge of the apron to the SW (PEDR 11064 at a distance of 18km from the edge of the im-
age).
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Geological Setting
All ten craters identified in Chryse Planitia are 
located  on  a  topographic  plateau  near  the 
northern boundary of the Planitia (Figure 3). 
They  are  distributed  on  either  the  HCc3  or 
ABvm units as defined in Tanaka et al. [2005] 
(Figure 4). The HCc3 (Chryse Planitia 3 unit, 
Late  Hesperian  age)  is  interpreted  as  fluvial 
deposits from Kasei, Maja and Ares Valles and 
perhaps other channel systems. It typically pre-
dates the formation  of  the Vastitas Borealis 
marginal units.  

The three tiny  halo craters that are furtherest 
south  are  possibly  in  the  Vastitas  Borealis 
marginal unit (ABvm), which is interpreted as 
being reworked sediments from outflow chan-
nels and other sources along the highland mar-

gin and other  lowland  materials.  Although not 
obvious for the area where the haloed craters are, 
the  ABvm which  defines  the  beginning  of  the 
Amazonian period, often possesses unusual mor-
pholgy of periglacial, lacustrine or tectonic ter-
rains with evidence for deformation that may be 
related to near-surface volatile effects. Deforma-
tion, perhaps stimulated by enhance ground-wa-
ter  activity,  caused  reworking  of  original  de-
posits.

Figure  4.  Geological  map  of  region  where  the 
haloed craters are located. (from Tanaka et al., 2005)

It should be noted that craters found on the other 
side of the channel located on the W side of the 
plateau  with the haloed  craters  do  not  possess 
any comparable craters. This is despite the fact 
that those units have also been mapped as HCc3. 
Whatever factors are responsible for the forma-
tion of the haloed craters, these are limited to the 
plateau on which they are located.  

A few other craters are present in the both geo-
logical units where the bright haloed craters lo-
cate themselves, but these are often degraded in 
appearance and may be older.

It  is  also  of  interest,  that  aeolian  processes, 
which are responsible for streak deposits seen on 
the SW side of many craters and other obstacles 
through this area of Chryse Planitia do not influ-
ence these halo in any significant way.   The ha-
los seem to extend more or less radial around the 
craters, except when obstructed by local topogra-
phy.

Figure  3:  MOLA  DTM  showing  location  of 
bright haloed craters (black circles) in the north 
of Chryse Planitia on a small plateau with an el-
evation  between Chryse  Planitia  proper  to  the 
south and the Martian Lowlands to the north.
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Implications and Conclusions
The  bright  haloed  craters  in  Chryse  Planitia 
possess several characteristics with 
1. All  are  located  in  a  similar  region  on 

Chryse, implying that target properties may 
be a contributing factor.

2. Freshness of craters suggests that they may 
have formed in recent times, under similar 
atmospheric conditions.

3. Their  run-out  efficiency  is  very  great, 
which could be due to either the presence 
of volatiles or the presence of fine-grained 
material in the ejecta flows.

4. The halos possess a wispy distal character, 
suggesting that  they are  not  the result  of 
ballistic  deposition.  Such  wispy  deposits 
are  often  seen  at  the  distal  edge  of  fine 
ejecta deposited during laboratory impacts 
in an atmosphere [Schultz, 1992].

5. Topography  delineates  the  edge  of  flow, 
and confirms that the bright halos are the 
result of a ground hugging flows. Scouring 
of the target by a shock [e.g., Wrobel et al, 
2006] is probably not responsible for these 
deposits. 

6. 'Dark”  haloed  craters  form  within  them. 
This indicates that the halo  deposits  pos-
sess significant thickness.

7. Wind  erosion  of  surrounding  terrain  but 
not of halos implies that material compris-
ing  the  halo  is  either  very  fine  or  quite 
coarse. This conclusion is based on wind 
threshold  analysis  [e.g.,  Greeley  and 
Iversen, 1987] that indicate that extremely 
find grained materials or coarse grains will 
not be entrained by common winds. 

These implication suggest that bright halos at 
craters in this region of Chryse are likely the 
result of deposition by a ground hugging flow. 
Their  appearance  resembles  fine  ejecta  de-
posited  most  distally  in  laboratory  experi-
ments.  However,  a  very  volatile  rich  vapor 
flow could  also generate  a similar  flow. But 
evidence of de-watering that might be expect-
ed is not seen, especially in some of the high 
resolution  MOC  images  (3m/pixel)  that  are 

available for this region. The fact that all these 
craters are found in a similar plateau, with simi-
lar geological units, could further substantiate an 
atmospheric origin: winds generated by cratering 
are efficiently entraining and depositing a layer 
of fine grained target material excavated by im-
pact  initially  located  in  the  subsurface  of  this 
plateau. However, the presence of ground-water 
near the surface of the plateau as being responsi-
ble for halo deposition cannot be eliminated.
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