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Introduction: Among the geomorphic features in-

dicative of liquid water flowing across the surface of 

Mars, valley networks [1] are perhaps the most striking. 

Similarly, hydrous minerals indicative of alteration, 

such as the widespread phyllosilicates [2], are the best 

mineralogic indicators. While valley networks [3,4] and 

phyllosilicate minerals [2] are most commonly observed 

in Noachian-aged terrains (Figure 1a), closer examina-

tion reveals they lack a strong spatial correlation (Fig-

ure 1b). The lack of specific mineralogy associated with 

the valley networks [5] and the general lack of a corre-

lation between hydrous mineralogy and valley network 

drainage density [6] has been previously noted. This 

study uses statistical methodology to determine the ex-

tent of this lack of correlation and works out possible 

explanations for the relationship. While valley net-

works, and hydrous mineralogy share the necessity for 

liquid water, the factors of time and temperature must 

also be considered. Valley networks may have formed 

very quickly in less than 106 years [7], likely too quick 

to host stable environments which would facilitate the 

alteration of host rock. However, some estimates claim 

the valley networks may have been active over 108 years 

[7], lending these environments to wetting and drying 

cycles which may have been closer to the expected con-

ditions for hydrous mineralogy formation. Hydrous 

mineralogy on Mars has been proposed to form in an 

number of ways including (a) impact-generated hydro-

thermal systems [e.g. 8], (b) near surface alteration [6], 

(c) alteration under a supercritical steam atmosphere 

following magma ocean crystallization [9] (d) wide-

spread low-grade hydrothermal alteration [10]. The ex-

ploration of the relationship between hydrous mineral-

ogy and valley networks may be able to shed some light 

onto the plausibility of each of these as the predominant 

formation mechanism and how they fit into the two end-

member Noachian climate models “warm and wet” [11] 

and “cold and icy” [12,13]. 

Methods: A database of the 1613 hydrous mineral-

ogy detections from previous works [6,10,14] was used 

in this study. A data point was considered to be near a 

valley network if it was within 1-km of the valley’s 

mapped extent. To quantify the relationship between the 

valley networks and hydrous mineralogy, a random set 

of 1613 points was generated using ArcMap and distrib-

uted across the surface of Mars. This test was iterated 

1,000 times. Both valley networks and hydrous miner-

alogy are generally restricted to the Southern Highlands 

and as such, a geographically restricted, randomly gen-

erated dataset of 1613 points was also created. Again, 

this was iterated 1,000 times. 

Results: Only 13 hydrous mineralogy detections 

were found to associate with a valley network. 12 valley 

network-correlated points on average in a randomly 

generated dataset, and an average of 23 valley network-

correlated points was determined to be representative  

of the geographically restricted runs. 

 

Figure 1. a) Global distribution of hydrous mineralogy 

(blue triangles)[6] and valley networks (red lines)[5] 

overlain on MOLA hillshade. b) Zoomed in view of a 

relatively dense region of both hydrous mineralogy de-

tections and valley networks north of Hellas basin. 

While both datasets are concentrated in Noachian-

aged terrains, there is a general lack of spatial corre-

lation on a finer scale. 
Discussion: Using iterated statistical analyses it was 

found that, when accounting for geographic restrictions, 

hydrous mineralogy was approximately two times less 

likely than a randomly placed point to be spatially cor-

related with a valley network. 

This inverse relationship may be used to evaluate the 

plausibility of each of the hydrous mineralogy for-

mation mechanisms. Impact generated hydrothermal 

systems would be expected to show a correlation of hy-

drous mineralogy with impact structures such as the 

crater rims, walls, ejecta, and central peaks [e.g. 8]. This 

would not be expected to show a correlation with valley 
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networks, though a higher correlation may occur with 

valley networks dissecting crater rims and walls. 

The near-surface alteration does not appear to be 

consistent with an inverse relationship. The valley net-

works [15] may be roughly temporally concordant with 

the phyllosilicates on Mars, however the exact time of 

the phyllosilicate formation is debated. Broadly speak-

ing, these minerals are found on Noachian-aged terrains 

[2], but this alteration may have occurred at any point in 

early Martian history as aqueous alteration is not repre-

sentative of the crater age of the host terrain. Should the 

hydrous mineralogy have been formed during the Noa-

chian, a “warm and wet” scenario would be conducive 

to near-surface alteration. During this climatic regime, 

an arid climate with intermittent rainfall at a low rate 

would characterize the majority of the era [11]. Infiltra-

tion would dominate and valley networks would not be 

forming at this time. Due to the pervasiveness of altera-

tion on Mars and the exceptionally low rainfall rates 

during this time, it is unlikely the alteration would have 

taken place during this period. This is followed by peri-

ods of extremely high rainfall rates with little infiltration 

and high runoff, which forms the valley networks [11]. 

Due to the low timescale of this regime, coupled with 

low infiltration rates, these would also not be ideal con-

ditions to form widespread hydrous mineralogy. 

Alteration under a supercritical steam atmosphere 

would be expected to form a random distribution of hy-

drous mineralogy across the globe. This would be redis-

tributed by impact cratering and resurfaced as Mars’ 

history progressed [9]. However, unless there is a mech-

anism shielding the valley networks so that hydrous 

mineralogy detections are non-preferential to those re-

gions, this should follow the random distribution runs. 

If the valley networks were at lower elevations, then 

they may be acting as debris traps, armoring the surface 

against detection techniques. The average mean channel 

elevation of valley networks are statistically signifi-

cantly higher than the average elevation associated with 

hydrous mineralogy as determined using a Student’s t 

test. However, it should be noted that this is representa-

tive of the global population and may not reflect local 

effects. 

Widespread low-grade hydrothermal alteration re-

quires a fundamentally different environment than does 

the formation of valley networks. While the valley net-

works are indicative of runoff, low-grade hydrothermal 

alteration would require infiltration or wet crust. The in-

verse relationship implies there is a difference in envi-

ronmental factors which control the formation of valley 

networks versus hydrous mineralogy. These regions 

may differ in porosity or permeability of the underlying 

terrain. Higher porosity and permeability will allow for 

higher infiltration rates, causing cation stripping and the 

formation of hydrous minerals. Lower porosity or per-

meability would allow for higher runoff rates and lower 

infiltration, causing the formation of valley networks. In 

this case, the valley networks may represent the surface 

expression of water on Mars, while the hydrous miner-

alogy would be mainly representative of the subsurface 

work that would have taken place during/post infiltra-

tion. 

Conclusions: The valley networks and hydrous 

mineralogy on Mars show an inverse correlation, 

demonstrating they are approximately two times less 

likely to be spatially associated with one another than a 

randomly generated, geographically restricted dataset. 

In the few instances of positive correlation, their envi-

ronments do not show a geomorphic link between the 

formation of the valley network and the formation of the 

hydrous mineralogy present there. This quantified rela-

tionship is most consistent with widespread hydrother-

mal alteration in the crust and inconsistent with near-

surface alteration as the main method of formation of 

hydrous mineralogy. This argues against a constantly 

“warm and wet” environment with a climatic optimum 

during the Noachian period of Mars. 
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