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Introduction:  The Compact Reconnaissance Im-

aging Spectrometer for Mars (CRISM) and the High-

Resolution Imaging Science Experiment (HiRISE) 

instruments on the Mars Reconnaissance Orbiter 

(MRO) have discovered and characterized phyllosili-

cate-bearing beds in fan-shaped deposits in Holden, 

Eberswalde, and Jezero craters [2, 3, 6]. The basal 

parts of these fans were found to have strong spectral 

signatures of Fe/Mg phyllosilicates, and to exhibit sub-

horizontal bedding [2, 5]. These results, plus the spec-

tral similarities between phyllosilicates in the fans and 

those located in associated drainage basins, suggest a 

history of erosion, transport, and redeposition of the 

phyllosilicates from the drainage basins to a deltaic, 

lacustrine environment [2]. Here we report the first 

results of a systematic investigation of 33 fan deposits 

described by Irwin et al. [1]. The purpose of our work 

is to determine which of these deposits exhibit hori-

zontally bedded, phyllosilicate-bearing strata that 

could contain well-preserved sedimentary records of 

Martian paleolakes.  

Background:  Irwin et al. catalogued 33 delta- and 

fan-shaped deposits on Mars [1], located primarily 

within highland craters thought to be the remnants of 

open-basin lakes [8]. Though CRISM has obtained 

coverage of nearly half of the 33 fans in high-

resolution targeted observations and lower-resolution 

multispectral data [7], many of the fans exhibit an op-

tically thick cover of dust that precludes spectral 

analyses of the deposits. Among fans with less dust 

cover, two additional fans exhibiting sub-horizontally 

bedded, phyllosilicate-bearing strata have been identi-

fied using currently available CRISM and HiRISE data 

(fans #2 and #26 from Table 1 in Irwin et al. [1]).  

Fans #2 and #26 are both scarp-fronted deposits 

with no evident distributary channels [1]. Fan #2 is 

located within an unnamed highland impact crater 

(33.9°N, 17.5°E), and is one of two deposits in a chain 

of breached craters forming a tributary to Mamers 

Vallis. Fan #26 (2.1°N, 121.6°E) is located in Nepen-

thes Mensae along the global dichotomy boundary in 

an enclosed depression characterized by fretted and 

knobby terrain. The latter fan most likely formed after 

the formation of the fretted and knobby terrain, proba-

bly during the late Noachian or early Hesperian period 

[1].  

Both fans have a rounded plan form and show little 

to no evidence of “channelization, fan-head trenching, 

scarp dissection, or segmentation that would indicate a 

variable erosional and depositional history” [1]. These 

observations suggest that the deposits were not dis-

sected subsequent to the decline of the base level in the 

terminal basin [1]. Finally, both fans occur at the ends 

of valleys that are V-shaped in cross section, and show 

little tributary development along the lower units that 

are entrenched [1]. They were previously interpreted to 

have formed during a geologically brief period of 

valley entrenchment and sediment deposition [1].  

Overview of CRISM and HiRISE Results:  

Fan #2: Phyllosilicates in this deposit are exposed 

approximately 17 km SW from the fan,  near the center 

of the containing crater (this being the closest available 

coverage by CRISM). These phyllosilicates probably 

represent lacustrine sediment outside the delta envi-

ronment. The area containing phyllosilicates is lower 

in albedo than the surroundings and relatively free of 

dust (Figure 1). A spectral ratio of the phyllosilicate-

rich area to a nearby spectrally bland area shows 

clearly defined absorptions at 1.4, 1.9, and 2.3 µm 

(Figure 2), consistent with Fe/Mg-rich smectite, 

possibly saponite (Figure 3). HiRISE imaging of the 

phyllosilicate-rich area shows fine-scale horizontal 

layering, similar to layering seen in basal potions of 

the Holden crater fan [3, 5]. HiRISE imaging also 

shows a polygonal fracture pattern typical of other 

phyllosilicate-bearing, layered deposits (Figure 4) [2]. 

Fan #26: Phyllosilicates were initially identified 

distal to this fan using CRISM multispectral data [7], 

and later via a targeted observation. The area contain-

ing phyllosilicates is relatively low in albedo with 

minimal dust cover (Figure 1). The strongest phyl-

losilicate absorptions are located in an elevated knob 

10 km away from the main fan, possibly an erosional 

remnant of an originally more extensive deposit. The 

spectral ratio shows absorption features at approxi-

mately 1.4, 1.9, and 2.3 µm (Figure 5), most consistent 

with Fe/Mg-rich smectite, possibly nontronite (Figure 

3). HiRISE imaging shows horizontal layering in the 

basal portions of the fan, also similar to that in Holden 

crater (Figure 6). 

Applications: Due to the ability of certain clays to 

entomb and preserve organic material [2,4,6], the exis-

tence of clay-rich deposits (probably representing del-

tas and layered sediments deposited in Martian paleo-

lakes), is of specific importance to exobiology. Among 

recognized mineralogical/morphological classes of 

Martian aqueous deposits, phyllosilicate-bearing fans 

provide one of the best potential records of an envi-
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ronment of the high water activity and moderate pH 

levels that would be necessary to support life [2].  

Future Work: In ongoing work, we plan to char-

acterize these two fans in greater detail, in addition to 

characterizing other fans described by Irwin et al.. We 

will also assess the suitability of the fans as future 

landing sites for investigation of preserved evidence of 

possible habitats for the development of life on Mars.  
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Figure 1: (a) CRISM image HRL0000853D of lower beds of 

fan #2. (b) CRISM image FRT000147E0 of lower beds of 

fan #26. Areas with Fe/Mg phyllosilicate absorption features 

are shown in red overlain on a 1.3-µm I/F image. Yellow 

boxes indicate locations of Figures 4 and 6. 

 
Figure 2: CRISM ratio spectrum of basal parts of fan #2. 

Compare to library spectra in Figure 3. 

 
Figure 3: CRISM library spectra of saponite and nontronite. 

 
Figure 4: Portion of HiRISE image PSP_010419_2140 

showing finely layered and polygonally fractured lower beds 

of fan #2. 

 
Figure 5: CRISM ratio spectrum of basal parts of fan #26. 

Compare to library spectra in Figure 3. 

 
Figure 6: Portion of HiRISE image ESP_014358_1820 

showing finely layered lower beds of fan #26. 
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