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Introduction:  The North Polar Layered Deposits 

(NPLD) on Mars records the recent climate history of 
the planet. The NPLD preserves a sequence of strati-
graphic layers and dating these layers would yield in-
sights into recent Martian climate change. However, 
age estimates for the surface of the NPLD range wide-
ly. Herkenhoff and Plaut [1] assigned an age of less 
than 120kyr based on the lack of any visible craters in 
Viking images. Tanaka [2] derived an age of 8.7kyr 
based on two superposed craters. Banks et al. [3] 
searched CTX and HiRISE data and recorded a popu-
lation of ~100 craters on an area that they determined 
had recently accumulated. Using the crater production 
function of Hartmann [4], they inferred that the current 
craters were an equilibrium population, with crater 
lifetime proportional to crater size, and that all of the 
current craters likely accumulated within the last 10-
20kyr. 

Not only is the age of the whole deposit not well 
constrained, there are also open questions about the 
current mass balance of the NPLD. Models suggest 
that the NPLD should currently be accumulating at the 
expense of mid-latitude ground ice [5]. However, the 
sizes of ice grains on the NPLD surface in late summer 
suggest that old ice is currently being exposed, so there 
is net annual ablation in progress [6].  This situation 
cannot have persisted long, as those same data show 
that the old ice surface has not accumulated any signif-
icant amount of dust. Examining the cratering record 
will put further constraints on how quickly the NPLD 
could be accumulating or ablating in the recent past, as 
well as the minimum age of the deposit. 

 

 
Here, we revisit the NPLD crater population, de-

scribed in [3], with an important new piece of infor-
mation. Recently, Daubar et al. [7] measured the pro-
duction of small craters on Mars directly, and this new 
production function yields different conclusions for 
north polar history.  We have also acquired more 
HiRISE images of these craters since the Banks et al. 
[3] study.  Several craters were originally measured 
with CTX data alone and now these diameter meas-
urements can be refined.  

Methodology:  Crater diameters were measured 
using the ArcMap Crater Helper Tools, available from 
the United States Geological Survey. Where craters 
were in close proximity to each other (~1 crater diame-
ter separation), they were identified as clusters and the 
effective diameter was calculated according to the 
formula (Σ D3)(1/3) [3,7].  Where multiple HiRISE im-
ages existed for a site, the diameters were measured in 
each and averaged. 

 
Figure 2. Differential size-frequency distribution of NPLD 
crater population is plotted in red.  The Daubar et al. [7,8] 
isochrones for 0.5, 1 and 2 kyr are shown in solid black while 
the Hartmann [4] isochrones for 5, 10 and 20 kyr are shown 
in dashed blue. 
 

We took crater counts above a diameter of 31m to 
be statistically complete, as it is the diameter bin be-
fore the roll-over of the data on the differential plot.  
There are 56 craters fitting this criterion  (e.g. Figure 
1), twelve of which have had their diameter measure-
ments refined through newly acquired HiRISE data 
after the publication of [3]. For craters previously im-
aged by HiRISE, the new diameters were on average 

Figure 1. HiRISE 
image of small NPLD 
crater originally identi-
fied a CTX image [3]. 
The rim (D ~70m) is 
outlined in light blue, 
and ice is present at the 
bottom of the crater. 
Image: NASA/JPL/ 
University of Arizona. 
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2±5m smaller than [3] (at most a 10% difference due 
to differing determinations of degraded or irregular 
crater rims). For craters that had only been measured in 
CTX images reported in [3], the diameters were re-
vised by at most 20m (~4 CTX pixels). 

Results: Figure 2 shows the differential size-
frequency distribution of the impact craters in this 
study, plotted in red, against several isochrones based 
on the current production function given in [7] and 
recently revised in [8]. The size-frequency distribution 
of the impact craters on the NPLD is close to the 1kyr 
isochron from [7,8], while it crosses multiple iso-
chrones from [4].  Error bars shown are standard 
counting statistics. There is also uncertainty associated 
with the production function determinations in [7,8] 
and [4].  Overall, ages determined are accurate within a 
factor of four using [7,8] and ten using [4] for this 
population.    

Discussion: The closeness of the data to a model 
age using the updated isochroes from [8] of ~1kyr sug-
gests two possible scenarios. First, a resurfacing event 
1kyr ago could have reset the surface and all visible 
craters formed afterwards. Second, this may be an 
equilibrium population with both small and large cra-
ters having the same lifetime (~1kyr) on the surface 
(Figure 3). For shallower craters to persist as long as  

 
Figure 3. Lifetimes for NPLD impact craters calculated from 
the updated catalog using the [4] (blue) and [7,8] (black) 
production functions. The red line shows the lifetime func-
tion reported in [3]. The dashed lines represent the upper and 
lower limits of the lifetime function based on uncertainties 
propagated from crater counting. 
 

deeper ones, the accumulation rate of ice within small-
er craters must be lower than within the large craters. 
Modeling accumulation rates of the NPLD surface in  
craters of different sizes would distinguish between 
these two scenarios.  

These conclusions stand in stark contrast to 
those of Banks et al. [3], which relied on the Hartmann 
[4] isochron system (Figure 2).  They concluded that 
these craters were best explained as an equilibrium 
population where crater lifetime is roughly proportion-
al to diameter (Figure 3). Therefore, infill rates are 
roughly the same for large and small craters.  The 
Hartmann isochron system also indicates that the cur-
rent crater population accumulated over the past 10-15 
kyr, with small craters being erased more quickly by 
the uniform infill across crater sizes.  

 In order to take into account the different target 
properties between craters used to calculate production 
functions and the craters present on the NPLD, we 
used pi-group scaling described in [9] to calculate an 
age correction factor for our calculated lifetimes. We  
assumed that the surface of the NPLD had an effective 
strength and cohesion similar to that of soft rock  and a 
density similar to pure water ice. We found that our 
crater age is likely an overestimate of the actual life-
time of the impacts by a factor of 2-5.      
 
 
 
Figure 4. Using scaling 
laws in [9], we compared 
the diameter of impact 
craters in solid water ice to 
those in regolith and bed-
rock. This scaling, along 
with the fit to the size fre-
quency distribution, allows 
us calculate the factor by 
which the age may be in 
error due to the icy target 
properties.  
 

References:  [1] Herkenhoff, K.E. and Plaut J.J. 
2000. Icarus 144: 243–53 [2] Tanaka, K.L. 2005. Na-
ture 437:991–94 [3] Banks, M.E. et al. 2010. JGR 115  
doi:10.1029/2009JE003523 [4] Hartmann, W.K. 2005. 
Icarus, 174:294–320. [5] Chamberlain, M.A. and 
Boynton, W.V. 2007. JGR. doi: 10.1029/2006JE002 
801  [6] Langevin, Y. et al. 2005. Science, 307: 1581-
1584 [7] Daubar, I.J. et al. 2013. Icarus 225: 506-516 
[8] Daubar, I.J. et al. 2014. 8th Int’l Conference on 
Mars. [9] Holsapple, K.A. 1993. AREPS 21. 
doi:0.1146/annurev.ea.21.050193.002001  
     Additional Information:  This work was made 
possible through grant NNX13AG72G.  


