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Introduction  

It was proposed a quarter century ago that the Mar-

tian northern plains, about 1/4 of the planet’s surface, 

were covered by an ocean that existed approximately 

3.5 billion years ago. This ocean was likely rimmed by 

extensive glacier systems [1,2], and could have re-

mained in liquid form due to a large concentration of 

dissolved solutes [1,3]. Here we propose that the ero-

sion of these glaciers by enormous tsunami waves 

could have been a major contributor to the iceberg 

production within freezing-resistant ocean waters.  

 

Methods  

Mapping in this investigation was performed using 

ArcGIS software. The recognitizion and characteriza-

tion  of erosional and depositional relationships, as 

well as the embayment and overlapping relationships, 

involved an integrated analysis of (i) visible image 

data: Mars Reconnaissance Orbiter Context Camera 

(CTX), 5.15–5.91 m/pixel, and High-Resolution Imag-

ing Science Experiment (HiRISE), 25-32 cm/pixel; (ii) 

thermal infrared image data: Mars Odyssey’s Thermal 

Emission Imaging System (THEMIS) night-time and 

day-time infrared image mosaics, 100 m per pixel; and 

(iii) digital elevation models: Mars Global Surveyor 

Mars Orbital Laser Altimeter (MOLA), ∼460 m/pixel 

horizontal and ∼1 m vertical resolution.  

 

Evidence for icebergs within a Late Hesperian 

northern plains ocean  

We have previously identified three differentiated 

geomorphologies throughout the northern plains of 

Mars, as well as within the Hellas basin floor [4],  that 

are informative of the presence of icebergs floating in 

ancient oceans and/or seas. These morphologies are: (i) 

scattered scour marks, including curvilinear furrows 

several km long and some meters deep; (ii) boulders 

ranging in size from 0.5 m to ~2 m in diameter, dis-

tributed forming clusters with sizes from several hun-

dred meters to 1-2 km; and (iii) flat-topped and conical 

circular fractured mounds (Fig. 1).  

The processes described are well documented on 

Earth and result in distinct morphologies on the ocean 

floor, which are analogous to features observed in the 

Martian basins [5]. For example, the association of  

 

 
Fig. 1: (Upper left) Portion of the image TRA_000841_2460, 
showing clusters of boulders northern Utopia Planitia. (Upper 
right) Scour marks (arrows) in Hellas Basin (HiRISE image 
PSP_009548_1420). (Lower left) Roughly circular features 
with nearly planar tops of varying diameter in Arcadia Planitia, 
as shown in HiRISE image PSP_006852_2200. Scale bar = 
200 m. (Lower right) Roughly circular features with nearly 
planar tops in the Victoria Land Basin, Antarctica, analyzed by 
multibeam bathymetry data. Features have a diameter of up to 
4 km and rise up to 120 m above the surrounding seafloor. 
Figure modified from Lawver et al. (2007). Scale bars are 1 
km, and North is up. 

 

plough marks, clusters of boulders and mounds on the 

northern plains of Mars can be related to the dual pro-

cesses of ice keel scouring and ice rafting of both gla-

cial and non-glacial detritus by a floating ice canopy 

and icebergs [5,6]. 

 

Icebergs, glaciers and paleoshorelines  

The presence of icebergs floating in cold oceans 

early in Mars’ history imply the occurrence of conti-

nental glaciers forming in the highlands and streaming 

northward towards the lowlands. This hypothesis is 

further supported by the fact that the iceberg-related 

features appear mostly spatially restricted to elevated 

areas of the northern plains near the dichotomy bound-

ary. However, proposed boundary Late Hesperian 

glacier valley systems [e.g., 1,7] do not generally ex-

tend to the proposed paleoshoreline elevation (Fig. 2).  
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Tsunami waves as a mechanism for iceberg pro-

duction  

The Martian northern boundary plains appear ex-

tensively resurfaced by numerous Late Hesperian tsu-

nami waves [8,9]. We are producing a map showing 

the approximate location of a latitudinal band of glaci-

er systems in northwestern Arabia Terra and the pro-

jected incursion distance of the tsunami waves in the 

region. We find that the glacier valleys would have 

been likely extensively flooded by the waves (Fig. 2). 

Reworking of large boulders into bedforms during the 

backwash retreat phase evidence extremely powerful 

seaward currents [8] that would have also rafted large 

volumes of glacial ice, even under cold-based condi-

tions.  

 
Fig. 2:  View of northwestern Arabia Terra showing the loca-
tions of (1) canyon systems interpreted as glacier valleys, and 
their embayment by Late Hesperian tsunami deposits. The 
paleoshoreline elevation and tsunami margins are close-up 
views of a map shown in [8]. The base of the map is a MOLA 
shaded relief.  

 

The removal of glacial ice by the tsunami(s) would 

have generated a peak in iceberg production, which 

might have been followed by subsequent spikes in 

productivity if glacial ice was effectively replenished 

during the intervening time. 

 

Martian icebergs and the northern plains histo-

ry  

Our investigation indicates that Martian icebergs 

produced landforms similar to terrestrial analogous 

counterparts. However, we expect that because of the 

extremely cold climatic conditions that existed on 

Mars during the Late Hesperian [10], the icebergs 

could have remained stable for significantly longer 

than on Earth.  

 

Acknowledgements  

The research leading to these results is a contribu-

tion from the Project “icyMARS”, funded by the Euro-

pean Research Council, Starting Grant no 307496. 

 

References  

[1] Fairén, A. G., A. F. Davila, L. Gago-Duport, 

J. D. Haqq-Misra, C. Gil, C. P. McKay and J. F. 

Kasting (2011). Cold glacial oceans would have inhib-

ited phyllosilicate sedimentation on early Mars. Nature 

Geoscience, 4(10), 667-670. [2] Fairén, A. G., 

Davila, A. F., Schulze-Makuch, D., Rodríguez, J. A. 

P., McKay, C. P. (2012). Glacial paleoenvironments on 

Mars revealed by the paucity of hydrated silicates in 

the Noachian crust of the northern lowlands. Planetary 

& Space Science, 70, 126-133. [3] Fairén, A. G., A. F. 

Davila, L. G. Duport, R. Amils, C. Mckay (2009). 

Stability against freezing of aqueous solutions on early 

Mars. Nature, 459, 401-404. [4] Uceda, E. R., A. G. 

Fairén, C. Woodworth-Lynas, J. A. P. Rodriguez. 

Icebergs on early Mars. AGU Fall Meeting, Abstract 

#79966, San Francisco, December 14-18, 2015. 

[5] Woodworth-Lynas, C., J. Y. Guigné, Ice keel scour 

marks on Mars: Evidence for floating and grounding 

ice floes in Kasei Valles. Oceanography 16, 90-97 

(2003). [6] Bass, D. W. & Woodworth-Lynas, C. Ice-

berg crater marks on the sea floor, Labrador Shelf. 

Marine Geology 79, 243-260 (1991). [7] Davila A. F., 

A. G. Fairén, C. R. Stokes, T. Platz, J.A.P. Rodriguez, 

D. Lacelle, J. M. Dohm and W. Pollard (2013). Evi-

dence for Hesperian glaciation along the Martian di-

chotomy boundary. Geology, 41, 755-758. [8] 

Rodríguez et al, this conference. [9] Iijima, Y., Goto, 

K., Minoura, K., Komatsu, G. & Imamura, F. Hydro-

dynamics of impact-induced tsunami over the Martian 

ocean. Planet. Space Sci. 95, 33-44 (2014). [10] 

Fairén, A. G. A cold and wet Mars. Icarus, 208, 165-

175 (2010).  

 

1102.pdf47th Lunar and Planetary Science Conference (2016)


