
Figure 1. Geological context of the knobby terrains in 

Acidalia Planitia with CRISM footprints (red arrow indicates 

CRISM image FRT0000979D) 

Figure 2. Ratioed spectra of hydrated silica and Fe/Mg phyllosilicates acquired by 

CRISM over Eastern Acidalia (FRT0000979D) compared to library spectra from the 

CRISM and USGS spectral libraries [6] 
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Introduction: The small conical and mound-

shaped knobs in  Acidala Planitia have intriguing ori-

gins, possibly related to volcanism, subsurface water, 

and/or volcano-ice interaction [1,2], but with the 

expection of Fe-oxides [3], no crystalline minerals, 

which might provide clues as to the formation mecha-

nism, have been previously detected within these 

knobby terrains. Using hyperspectral data acquired 

from the Mars Reconnaissance Orbiter’s Compact Re-

connaissance Imaging Spectrometer for Mars (CRISM) 

we have detected Fe/Mg phyllosilicates and hydrated 

silica accompanied by olivine-bearing units in Eastern 

Acidalia near the  dichotomy boundary. The Fe/Mg 

phyllosilicates are spatially associated with the knobs 

and the hydrated silica occurs near craters and at topo-

graphic lows. Their occurrence and relationship with 

mafic units, reported here, will be further examined 

and may provide crucial evidence to the geological 

history of the knobby terrains and the Northern plains 

in general. 

Geological Setting: The knobby terrains (Fig. 1) of 

Acidalia/Chryse Planitia were first recognized from 

Viking imagery [1]. These knobs and mounds near the 

Acidalia/Chryse dichotomy boundary show diverse 

sizes and morphology, and are categorized into south-

ern cones and northern domes [2]. Different hypothe-

ses for their formation, based on terrestrial analogs, 

include rootless cones formed by lava flows interacting 

with groundwater [1], mud volcanoes 

formed by pressurized release of a liq-

uid slurry of fine-grained materials 

[2,3], volcano/ice interaction [4] or 

geysers [2]. However the chemical 

composition of these knobby terrains 

has not been known. Here we report 

mineral detections with data acquired 

by CRISM that are related to the 

knobby terrains near the eastern mar-

gin of the Acidalia Planitia.  

Mineral Detections: Hydrated sil-

icates are identified by vibrational ab-

sorptions caused by overtones and 

combinations related to H2O and OH 

in the mineral structure. Two different 

spectral classes were initially identi-

fied using parameter maps [5] in the 

region near Acidalia/Chryse dichoto-

my: Fe/Mg phyllosilicates with a ~2.3 

µm band and hydrated silica with a 

broad 2.2 µm absorption (Fig. 2). 
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Hydrated silica is detected in three images in the 

Acidalia region (Fig. 1) with a characteristic broad 

band at ~2.21 µm, caused by overlapping bands at 2.21 

and 2.26 µm from Si-OH and H-bound Si-OH respec-

tively [7-10]. Absorptions at 1.4 and 1.9 µm due to 

H2O are also present. The CRISM data all show a 

characteristic wide 2.2 µm absorption extending from 

2.16 and 2.41 µm, which are distinct from Al-OH vi-

brational absorptions (e.g. in montmorillonite), which 

are much narrower (Fig. 2). Studies [7] have shown 

that removal of H2O in hydrated silica will result in a 

band shift from 1.41 to 1.38 µm and the absorption at 

2.2 becomes narrower, which may correspond to the 

variations in CRISM data.  

Fe/Mg phyllosilicates are detected by the 2.3 µm 

absorption, caused by Fe-OH or Mg-OH vibrations. 

The Fe member of the smectite group (nontronite) has 

a band centered at 2.29 µm while the Mg member 

(saponite) is centered at 2.31-2.32 µm (Fig. 2) [9]. The 

CRISM data are mostly centered at 2.31 µm, which 

indicates Mg-OH absorption, but there are strong vari-

ations in the 1.9 µm band depth, indicating differences 

in H2O content. Differences in the slope of the spectra 

shortward of 1.9 µm are possibly due to mixture with 

olivine, as the phyllosilicates are found in the vicinity 

of detected olivine-rich units.  

Figure 3. CRISM image FRT0000979D with mineral detec-

tions, scaled so hydrated silica is in green; Fe/Mg 

phyllosilicate is in blue and magenta; Olivine is in red. 

Relations to knobby terrains and possible impli-

cations: The detected spectra showing Fe/Mg 

phyllosilicate absorption features are clearly related to 

the knobby morphology in the image (Fig. 3). They are 

predominantly on the slopes of the knobs near ridge 
top. Smaller knobs are possibly more hydrated, in-

ferred from the parameter map with a stronger absorp-

tion bands at 1.9 µm. 

 However, it is still unclear why the occurrences of 

Fe/Mg phyllosilicates are not always related to knobby 

morphology. In several images nearby, the smaller 

cones (~100 m) and large mounds (several kms) do not 

show such mineral signals. There could be a detection 

limit driven by spatial resolution for small cones.  

The presence of Fe/Mg phyllosilicates suggests that 

the knobs and cones in the Northern northern plains 

have interacted with water. Stratigraphic relationships 

need to be investigated to resolve in the age of these 

phyllosilicate-bearing units, which would be important 

for understanding the history of aqueous alteration 

processes over the Acidalia Planitia. 

Hydrated silica is much more widespread within 

the knobby terrains, occurring associated with topo-

graphical lows and often closely related to craters or 

summit pits (Fig. 1, 3). They could be alteration prod-

ucts of materials caused by impacts or be materials 

excavated and ejected during impacts. Alternatively, 

the association with topographic lows could be due to 

preferential collection of alteration fluids and precipi-

tation of minerals in these areas. The previously de-

tected hydrated silica deposits on Mars [8, 10] suggest-

ed a hydrothermal or volcanic origin or alteration of 

basaltic crust, but no direct evidence of these origins 

has been found yet at this site. 

Up to now the CRISM images studied have spec-

tral signals of hydrated silicates and accompanying 

olivine without distinct detection of sulfates, which is 

less consistent with a geyser formation hypothesis [2] 

for these knobs and cones. More observations need to 

be made to confirm if the occurrence of Fe/Mg 

phyllosilicate is regional and broadly related to the 

knobby morphology. By studying the mineralogy and 

morphology of units with hydrated silica, Fe/Mg 

phyllosilicates and mafic minerals, we will obtain bet-

ter constraints on geological history of processes af-

fecting the northern plains.  
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