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Introduction:  The north polar layered deposits 

(NPLD) in Planum Boreum (PB) are the second largest 

water ice reservoir of Mars. Since their discovery, their 

rich stratigraphic record has been regarded as the key 

for understanding climate evolution of Mars in the last 

4 My [1], and its dependency on periodical variations of 

Mars’ orbital parameters (i.e., orbital forcing) [e.g., 2-

3]. Their initial emplacement represent one of the most 

significant global-scale migrations of water in the recent 

history of Mars, yet the dynamics and time scales of this 

migration, and in particular the climatic conditions that 

led to its onset, are still poorly understood. Recent stud-

ies involving orbital radar sounding revealed the com-

position, stratigraphy and morphology of the paleo-PB 

terrains [4], and the earliest NPLD accumulation pat-

terns [5]. These findings enable us to accurately con-

strain the initial conditions and parameter space for sen-

sitivity experiments with the Laboratoire de Météorolo-

gie Dynamique “Zoomed” General Circulation Model 

(LMDZ GCM [e.g., 6]) aimed at understanding the driv-

ing forces responsible of the initial accumulation of the 

NPLD, and its temporal evolution. 

Methods:  First, we generated a new dataset of to-

pography, surface roughness, thermal inertia, and al-

bedo of the paleo-PB based on the most recent radar 

sounding data [4]. We set up the LMDZ GCM with a 

global 64x64 grid and 28 vertical layers zoomed at 

90°N, yielding an horizontal resolution in the north po-

lar region ≥1 ppd. Then, we defined parameter sets of 

spin axis obliquity (15-40°, 5° steps), orbital eccen-

tricity (0-0.12, 0.03 steps), perihelion precession (0-

270°, 90° steps), and atmospheric pressure (current, 

+106% based on ref. [7]). Each GCM run tests one con-

stant orbital parameter, and is 10 MY long, preceded by 

a 1 MY spin-up run in which we remove any ice that 

may be present at the surface in the north polar region. 

In our latest simulations, we added equatorial sources of 

water ice located on the flanks of the Tharsis volcanoes 

and Olympus Mons according to recent mapping of ter-

rains associated with former tropical glaciers [8]. 

Preliminary results: We completed all of the 10 

MY runs testing the variation of spin axis obliquity with 

+106% atmospheric pressure (this choice was made to 

test the stability of the GCM) and no equatorial sources 

of water ice.  Fig. 1 shows that lower obliquities support 

ice accumulation farther from the pole , and water ice 

accumulates permanently at obliquities ≤30°. The accu-

mulation patterns are also irregular, with the largest ac-

cumulation near 80-85°N rather than the pole. In these 

simulations, the largest water ice accumulation is asso-

ciated with an obliquity of 25° rather than lower values. 

We also observed that a significant part of water ice ac-

cumulation is concentrated during northern spring (Ls = 

0-90°) rather than winter. 

We ran additional simulations adding the aforemen-

tioned equatorial water ice sources, over 2 MY. The re-

sults show a dramatic increase in accumulation at high 

latitudes, with the thickest deposits forming in the east-

ern hemisphere between 60°N and 80°N (Fig. 2). Accu-

mulation patterns remain similar among separate simu-

lations that vary obliquity, but lower obliquities drive 

more ice deposition, especially at lower latitudes. 

Discussion: Our preliminary tests indicate that 

obliquity variations are a strong driver of NPLD growth, 

and dictate the minimum latitude at which water ice is 

accumulated permanently. However, significant spatial 

variations occur in the accumulation patterns, with 

obliquity playing a minor role. We hypothesize that ir-

regular patterns are the result of local controls and feed-

backs (e.g. topography, albedo and thermal inertia) ra-

ther than orbital forcing due to obliquity oscillations. 

The reduced accumulation at low obliquities in the first 

simulations (Fig. 1) is easily explained by the lack of 

low latitude sources of water, which causes the north 

polar region to “starve,” perhaps aided by ice sequestra-

tion in the south polar cap. Once equatorial ice is added 

to the simulations, low obliquity drives much stronger 

accumulation at the north pole, with formation of thick 

but asymmetrical deposits at high latitudes as found by 

previous studies [e.g., 9-10]. We find a strong similarity 

of the latest GCM outputs with the isolated proto-Gem-

ina lingula deposit as mapped with SHARAD (Fig. 3) 

and present-day icy outliers of Olympia Mensae. This 

suggests that Olympia Mensae may be a remnant of the 

migration of water ice from low to polar latitudes that 

resulted in the initial accumulation of the NPLD. More-

over, the formation of proto-Gemina Lingula may pre-

date the accumulation of other NPLD units closer to the 

north pole. 

Acknowledgments:  This work was supported by 

NASA MDAP grant NNX15AM52G. The LMDZ 

GCM was developed and kindly provided by the La-

boratoire de Météorologie Dynamique (LMD), UPMC, 

Paris. UT Austin supported a visit to LMD via the 

Global Research Fellowship. 

2854.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)

mailto:stefano.nerozzi@utexas.edu


Fig. 1: GCM snapshots at the end of northern summer 

of MY 10 of runs with no tropical ice source. 

 

Fig. 2: GCM snapshots at the end of northern summer 

of MY 2 of runs with tropical ice sources. 

Fig. 3: Earliest NPLD accumulation units in PB as 

mapped by SHARAD [5]. 
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