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Introduction:  Numerous papers in the recent 

Mars polar science literature have made a variety of 
assertions concerning the mass balance history of the 
North Polar Layered Deposits (NPLD) that we find to 
be of questionable veracity. Below, we present our 
counter-arguments to each of these widely-held con-
clusions.  

1. The top of the NPLD has accumulated over 
the last million years. Laskar et al. [1] concluded that 
the NPLD has been blanketed by 250 m of deposition 
over the last 500 kyr. They based this finding upon the 
correlation of the radiances of layers exposed within 
an NPLD trough to the 51-kyr precessional period of 
perihelion [1], which can only dominate the insolation 
pattern during “lulls” of relatively constant obliquity—
such as the one characterizing the last 300 kyr (Fig. 1).  

But if there has been 250 m of recent deposition 
across the entire NPLD, then why is there no evidence 
for such large-scale deposition at the bottoms of the 
troughs themselves? The only possible explanation is 
that troughs formed extremely recently (within the last 
10 kyr), but this is unlikely given the difficulty of rap-
idly eroding several hundred meters of PLD material 
under close-to-present-day conditions [2]. Further-
more, present-day accumulation is inconsistent with 
the OMEGA-derived results of Langevin et al. [3], 
who argue that the NPLD is now undergoing net abla-
tion based on the rapid appearance of coarse-grained 
(and thus presumably older) ice in mid-summer spec-
tra. 

Therefore, a more likely scenario is that deposition 
does not occur in the current epoch: i.e., the age at the 
top of the trough is not t = 0, as assumed by [1]. After 
all, if precessional variations correlate well with layer 
radiances during the current epoch of relatively con-
stant obliquity, then they will also correlate during 
higher obliquity “lulls” circa 5 Ma, 7 Ma, and 9.5 Ma 
(Fig. 1). And they may even do so without implement-
ing the empirical depth-dependent correction for 
trough radiance invoked by [1], the physical basis for 
which has yet to be explained.  

2. “Accublation” governs the mass balance of 
NPLD troughs. The uniformitarian hypothesis ad-
vanced by Howard [4] assumes that water ice sublimed 
from equatorward-facing (EWF) Layered Terrain con-
tinually condenses upon both opposing poleward-
facing (PWF) Banded Terrain and adjacent flat-lying 
Smooth Terrain, a pattern that results in the steady 

poleward migration of the trough [5]. The evidence for 
deposition upon the Banded Terrain mainly consists of 
this unit’s characteristically wide and diffuse layers 
[5]—although the magnitude of such deposition is 
limited by the apparent thinness of these bands [2]. As 
for the Smooth Terrain, Fisher [6] argues by way of 
analogy with terrestrial glaciers that the bright whitish 
hue of this unit is indicative of accumulation, in con-
trast to the ablation implied by the darker Layered Ter-
rain.   

Figure 1: The obliquity histories of Mars (red) and the Earth (blue) 
over the last 10 Myr, as calculated by [16] and [17], respectively.  
The Martian and terrestrial y-axes are offset 10° for clarity. 

However, this simple albedo-based argument is 
stratigraphically inconsistent. For even though the 
PWF Banded Terrain is more favored for condensation 
than the flat-lying Smooth Terrain (which according to 
Fig. 15a of [4] undergoes more sublimation than a 
PWF slope), the Banded Terrain generally has an al-
bedo intermediate between that of the dark Layered 
Terrain and the bright Smooth Terrain (Fig. 26a of 
[4]). In other words, if the Smooth Terrain has a high 
albedo because it is accumulating fresh water ice, then 
why isn’t the Banded Terrain at least as bright?  

Therefore, we argue that the inter-trough Smooth 
Terrain is undergoing net sublimation, along with the 
EWF Layered Terrain. Moreover, the obliquity de-
pendence of sublimation suggests that the poleward-
facing Banded Terrain may also be ablating. For ex-
ample, Pathare and Paige [4] calculated that the net 
sublimation from a typical PWF trough wall at an 
obliquity of θ = 26.2° is actually slightly greater than 
the net sublimation from a typical EWF trough wall at 
the present-day θ = 25.2°. This implies that opposing 
trough walls are in different sublimation/condensation 
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regimes for a relatively narrow obliquity window. 
Hence we conclude that long-term deposition of H2O 
does not occur anywhere in the vicinity of troughs.   

3. Ablation prevents NPLD trough closure by 
flow. Based on the rapidity of terrestrial trough closure 
rates, Clifford et al. [7] suggested that the continued 
presence of troughs in the Martian PLD is inconsistent 
with widespread flow. However, Pathare and Paige [4] 
calculated NPLD trough closure times on the order of 
a few Myr, which can be attributed to the colder Mar-
tian temperatures and the lower stress dependence of 
grain-size sensitive (GSS) creep, which dominates 
basal dislocation creep at NPLD conditions (Figs. 16-
18 in [4]). Note that Hvidberg [8] predicted NPLD 
trough closure times ranging from 0.1-1 Myr, but did 
so for annual average surface temperatures as high as 
Tsav = 175 K, which is much warmer than the Tsav = 
162 K that is most consistent with Viking observations 
[9]. Consequently, we disagree with her conclusion 
that trough walls must experience enhanced ablation 
(as much as a few cm/yr, which incidentally is more 
than 100 times the average NPLD sublimation rate) in 
order to prevent trough closure [8]. Instead, we find 
that the present ubiquity of troughs throughout the 
NPLD is neither inconsistent with ongoing flow nor 
indicative of localized ablation. 

4. NPLD sublimation at moderately higher 
obliquities produces mid-latitude ice deposits. Head 
et al. [10] argued that water-ice-rich mantled deposits 
located at mid-latitudes formed during a geologically 
recent “ice age” occuring 2.1–0.4 Myr ago as a result 
of enhanced ablation from the NPLD. This hypothesis 
is based on Mars GCM models that predict large-scale 
mass transfer to mid-latitudes at higher obliquities 
[11,12]. However, the stability of mid-latitude deposits 
formed at higher obliquities is fundamentally depend-
ent on the assumptions made regarding the formation 
of a protective sublimation lag—if such a mantle forms 
at mid-latitudes but not at the poles, then of course 
that’s where ice will accumulate.  

Consider a scenario in which dust lags do not form. 
Our sublimation model (described in [4]) then predicts 
that maximum ablation rates from an icy surface at 45º 
latitude are greater than those from an identical surface 
at 85º latitude for obliquities ranging up to θ = 35º. 
This implies that the NPLD would only be favored to 
supply mid-latitude ice deposits at higher obiquities 
(from a purely insolational standpoint). But as shown 
in Fig. 1, Martian obliquity has not exceeded θ = 35º at 
any point in the last 3 Myr. Hence, the formation of 
NPLD-derived mid-latitude ice deposits during this 
time frame necessitates ad hoc assumptions regarding 
the preferential formation of protective dust mantles at 

mid-latitudes. Given that the work of McEwen et al. 
[11] casts doubt on the reliability of the surface age 
estimates of these mid-latitude deposits, we argue that 
the rationale for their recent formation is now suspect. 

5. The NPLD is less than 5 million years old. 
Herkenhoff and Plaut [13] conducted a comprehensive 
search of approximately 75% of the NPLD using Vi-
king Orbiter springtime imagery, and found no craters 
larger than 300 m in diameter within their study area, 
leading them to estimate a maximum crater retention 
age on the order of 100 kyr. However, several large 
craters are located upon the dark outer portions of the 
NPLD [14]. Tanaka [15] divided the NPLD into two 
stratigraphic units based upon crater density, surface 
roughness, and albedo: the younger, smoother, and 
generally brighter “Upper North PLD”; and the older, 
rougher, and much darker “Lower North PLD”. As 
shown in Fig. 21 of Pathare et al. [14], the presence of 
5 large craters with D ≥ 6 km indicates an average 
NPLD surface age of 180 Myr, while the presence of 
two very large craters with D ≥ 18 km suggests an 
average NPLD surface age of 530 Myr.  

Interestingly, the South and Lower North PLD sur-
face ages implied by retention of large craters are quite 
similar, despite the over two order of magnitude dis-
parity in South/North PLD surface ages derived from 
mid-sized craters in the South PLD or the lack thereof 
in the North PLD [14]. This suggests that a common 
process may be operating on longer time scales in 
both. Therefore, given the morphological similarity of 
the North and South PLD, we argue that the NPLD has 
persisted through high obliquity epochs such as the 
one culminating 5 Myr ago (Fig. 1). 
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