
PRESERVATION AND MOBILIZATION OF ICE-RICH MANTLING DEPOSITS IN 

NEREIDUM MONTES, MARS 
Daniel C. Berman, David A. Crown, and Frank C. Chuang 
Planetary Science Institute, 1700 E. Fort Lowell Rd., Suite 106, Tucson, AZ 85719 (e-mail: bermandc@psi.edu) 

Introduction: The Martian mid-latitudes are regions where the surface has been significantly 

modified by periods of volatile-driven activity [e.g., 1-6]. Recent research has focused on small-

scale landforms observed in high-resolution images, including gullies, arcuate ridges, and lobate 

flows (or viscous flow features), as well as widespread ice-cemented mantling deposits [3] 

interpreted as relicts from geologically recent (i.e., Late Amazonian), obliquity-driven ice ages 

[e.g., 2,7].  

The preservation of mantling deposits varies throughout the mid-latitudes as a function of 

latitude, topography, and environmental conditions [e.g., 8,9]. In the southern hemisphere, regions 

such as eastern Hellas show evidence for preserved and degraded mantling deposits on the surfaces 

of lobate debris aprons [10,11]. Current mapping of ice-rich debris aprons in the southern mid-

latitudes has identified Nereidum Montes as a region with large numbers of ice-rich flow features 

[12-14] as well as extensive preservation of mantling deposits. This study focuses on variations in 

these deposits across the mid-latitudes, and comparisons between deposits in Nereidum Montes, 

eastern Hellas, and other regions on Mars with high concentrations. 
 

Nereidum Montes 

 

• Nereidum Montes is a mountainous region along the northern rim of 

Argyre basin (~35°-45°S, ~300°-332°E). White box shows approximate 

location of region of interest. 

 

• Nereidum Montes contains features such as gullies, arcuate ridges, and 

lobate flow features, as well as preserved mantling deposits with various 

textures.  

 

• We suggest gullies, arcuate ridges, and lobate flows have formed by mass-

wasting, fluvial, and glacial processes related to the melting and/or 

mobilization of ice contained within the mantling deposits [e.g., 15,16]. 

References: [1] Malin M.C. and Edgett K.S. (2000) Science, 288, 2330-2335. [2] Mustard J.F. et al. (2001) Nature, 412, 411-414. [3] Christensen 

P.R. (2003) Nature, 422, 45-48. [4] Head J.W. et al. (2003) Nature, 426, 797-802. [5] Berman D.C. et al. (2005) Icarus, 178, 465-486. [6] Berman 

D.C. et al. (2009) Icarus, 200, 77-95. [7] Head J.W. et al. (2006) Earth Planet. Sci. Lett., 241, 663-671. [8] Balme M.R. et al (2006) J. Geophys. 

Res., 111, E05001. [9] Dickson J.L. and Head J.W. (2009) Icarus, 204, 63-86. [10] Berman D.C. et al. (in review) Icarus. [11] Pierce T.L. and Crown 

D.A. (2003) Icarus, 163, 46-65. [12] Chuang F.C. et al. (2014) LPS XLV, this conference. [13] Chuang F.C. et al. (2013) LPS XLIV, abstract 2512. 

[14] El Maarry M.R. and Dohm J.M. (2013) LPS XLIV, abstract 2806. [15] Bleamaster L.F. III and Crown D. A. (2005) Geophys. Res. Lett., 32, 

L20203. [16] Raack J. et al. (2012) Icarus, 219, 129-141. [17] Mangold N. (2003) J. Geophys. Res., 108, 8021. [18] Hartmann W.K. et al. (2014) 

Icarus, 228, 96-120. [19] Milliken R.E. et al. (2003) J. Geophys. Res., 108, 5057.  

Discussion and future work: The ice-related features in Nereidum Montes are similar to those found in 

other mid-latitude regions, but appear more widespread, better preserved, and/or potentially younger than in 

other mid-latitude regions such as eastern Hellas or Newton Basin. Further investigations of Nereidum 

Montes using high resolution images will likely provide additional evidence for extensive deposition and 

mobilization of ice-rich materials. Age constraints for these features from crater counts would also be useful 

for comparison with other regions and relation to climate models. 

Tongue-shaped lobate flows, such as those discussed by [6] and in Greg crater by [18], are observed throughout the southern 

mid-latitudes [see also 19]. Some lobate flows in Nereidum Montes retain mantling deposits within their margins. Previously 

identified lobate flows showed only the moraine-like ridges left behind by flow material that since eroded away. 
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Lobate flows in Nereidum Montes 

An earlier study by [5] suggested a relationship between mantling deposits, gullies, arcuate ridges, 

and crater floor deposits in Newton Basin. In that study, a sequence of events was suggested (left) 

including the deposition, mobilization, sublimation, and melting of the ice-rich mantle resulting in the 

formation of these features as observed in their end stages (model step 5).  

In Nereidum Montes, CTX and HiRISE images reveal extensive preservation of the mantle and 

additional evidence for previously unobserved intermediate stages in the model. These include 

smooth mantle material in alcoves on the walls of a crater (model step 2). Model step 3 includes the 

flow of material down the crater wall and across the floor, with gully incision and removal of the 

mantle along the wall through sublimation. Model step 4 shows gullies and arcuate ridges, but unlike 

in the Newton Basin examples, the mantling deposits behind the ridges are still present. Downward 

flow of the mantling deposits likely formed the arcuate ridges as moraine-like features. Sublimation 

removes some of the fill, but much of it remains. Model step 5 shows the last stage of activity, which 

includes the continuation of melting/sublimation of ice in the wall deposits, subsequent fluid flow 

incision forming the gully channels, and partial removal of mantling deposits, particularly above the 

arcuate ridges. 

 

Textures representative of mid-latitude 

mantling deposits include smooth, knobby, 

and dissected [2,11,17]. As the mantle is 

progressively removed by erosional 

mechanisms such as sublimation, smooth 

textures transition to knobby and dissected 

textures with remnants left behind, including 

isolated knobs and outcrops of layered fill. 

Each stage is observed in the Nereidum 

Montes region. 

 

Crater with hillslope gullies and floor 

mantling deposits in Nereidum Montes. 

CTX images B12_014259_1392, 

B18_016804_1409. 

Model of gully and arcuate ridge formation 

through melting, mobilization, and 

sublimation of ice-rich mantling deposits 

based on observations in Newton Basin 

(from Berman et al., 2005). 

 Remnants of smooth mantling deposits filling 

crater wall alcoves in Nereidum Montes. CTX 

image B11_014088_1332. 

Left: Lobate flow features 

emanating from ridge with 

gullies extending downslope 

from them. HiRISE image 

ESP_017265_1345. 

 

Right: Lobate flow with 

arcuate ridge marking its front 

and mantling deposits 

preserved on its surface. CTX 

image B11_013824_1395. 

 

HiRISE image ESP_028922_1425. 

CTX image B02_010461_1409. HiRISE image ESP_016474_1415. 

CTX image P15_007099_1434. 

Portion of MOC image E11-04033 near 

Newton Basin showing gullies and arcuate 

ridges below them on a crater wall. Feature 

“a” is the main crest of the arcuate ridge; 

features “b” and “c” are less sinuous and 

less pronounced ridge crests beyond primary 

ridges, possibly remnants of older ridges. 

Note lack of mantling deposits above ridges 

(from Berman et al., 2005). 

Hillslope showing gullies, arcuate 

ridges, and preserved mantling 

deposits above ridges in Nereidum 

Montes. CTX image 

G11_022685_1402. Inset: HiRISE 

image ESP_022685_1400. 

CTX image P20_008747_1427. 
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