
HYDROTHERMAL MINERALS WITHIN IMPACT CRATERS IN AMAZONIAN-AGED TERRAINS ON 

MARS.  S. M. R. Turner
1
, J. C. Bridges

1
, S. Grebby

2
 and B. L. Ehlmann

3
. 

1
Space Research Centre, Dept. of Physics 

and Astronomy, University of Leicester, UK (smrt1@leicester.ac.uk), 
2
British Geological Survey, Nottingham, UK, 

3
Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, USA. 

 

 

Introduction and Aim of this Study: Here we 

present the summary of our research, which aims to 

characterise the mineralogy of Amazonian-aged impact 

craters in the northern hemisphere of Mars, with the 

overall goal of creating a crater database. Specifically, 

the primary objective is to try to identify and map the 

nakhlite suite of alteration minerals — comprising fer-

ric saponite, serpentine, siderite and salts [1-4] — in 

order to the identify the type of crater in which they 

were formed.  

This study draws on research conducted by Bridges 

and Schwenzer [1], who showed that the parent rocks 

of the nakhlite Martian meteorites were altered by a 

hydrothermal brine at ≤200 °C [1] in the last 670 Ma 

[5]. This may have occurred in the setting of an impact-

induced hydrothermal system in the ice-bearing crust of 

Mars. Although the nakhlite secondary assemblage 

formed rapidly e.g. < 1 year [1], such systems have the 

potential to last for up to ~10 Myr [6], resulting in var-

ious phyllosilicate alteration phases [7]. The hydro-

thermal brine that altered the nakhlites also contained 

elements necessary for life [1], therefore a consequence 

of this research is the identification of past habitable 

environments on Mars. 

Data Analysis Approach: Amazonian-aged impact 

craters ≥7 km diameter in the northern hemisphere of 

Mars were selected using the most recent Mars crater 

database [11] and the latest geologic map of Mars [12]. 

CRISM data for this subset of impact craters was then 

obtained. 

Hyperspectral imagery (362–3920 nm; 544 bands) 

acquired by the CRISM instrument onboard Mars Re-

connaissance Orbiter [8], was processed using the 

CRISM Analysis Toolkit ENVI extension [9] to re-

move instrumental, photometric and atmospheric ef-

fects, as well as striping and spiking image artifacts. 

Summary products were then derived to highlight re-

gions of interest, resulting in the extraction of spectra 

that were compared to reference library spectra for 

mineral identification [9,10].  

Results: Results suggest that 8 impact craters (of 

various diameters) out of the 144 analysed show signs 

of hydrated minerals, whereas the rest exhibited a vari-

ety of spectral signatures not consistent with hydrated 

minerals (figure 1). Although dust coverage is an issue 

in some regions, these findings are consistent with the 

general understanding of the Martian Amazonian-

epoch. 

 
Figure 1. MOLA map of Mars showing overview of 

results. 

Craters in Diacria quadrangle:  Here we outline 

2 of the 8 impact craters where analysis of the CRISM 

data suggests the presence of hydrated minerals. 

 

 
Figure 2. A: CTX image of unnamed impact craters 

centered 40.529N, 231.657E and 40.418N, 231.602E 

of diameters 10.82 km and 9.76 km, respectively. 
Pelkey et al. [10] summary parameters BD1900R and 

D2300 are overlain in red and green, respectively. B: 

MOLA profile of craters, location indicated in A by 

dashed line. 
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The two impact craters shown in figure 2 are locat-

ed in Amazonian / Hesperian volcanic terrain [12]. 

Analysis of CRISM data (figure 3) shows 2.3 µm ab-

sorptions, indicating the presence of an Fe-rich phyllo-

silicate in spectra 1, 3 and 4. 1.9 µm H2O absorptions 

are apparent in spectra 1 and 2, and less so in 3 and 4. 

Generally, the spectra extracted from the CRISM data 

are noisy. During the CRISM analysis, pixels in the 

same spectral column were compared to those within 

the region of interest – the spectral absorptions men-

tioned here are not a repeating feature within the spec-

tral columns and so are consistent with a difference in 

mineralogy. 

 
Figure 3. CRISM spectra extracted from locations 

1 – 4 shown in figure 2. Key absorptions are located at 

~1.9 and 2.3 µm for H2O and Fe/Mg-OH absorptions. 

Impact-Induced Hydrothermal Alteration or 

Excavation of Older Terrain?: The origin of hydrat-

ed minerals located in impact craters has been a discus-

sion point for previous investigations [13,14]. The de-

tection of an altered mineralogy located in impact cra-

ters does not immediately indicate the presence of an 

impact-induced hydrothermal system – hydrated min-

erals could be evidence for excavation of an older sur-

face. The location of altered material within the impact 

crater is key to answering this question. 

Pre-existing hydrated minerals from an older sur-

face would differ to those that are the result of impact 

induced hydrothermal alteration, and would be present 

not only within the impact crater, but within the crater 

ejecta. If the hydrated material is restricted to the im-

pact crater alone and not present within the crater ejec-

ta, then it is most likely the result of impact-induced 

hydrothermal alteration. [13] 

Conclusions: The mineral detections shown in fig-

ures 2 and 3 are confined to within the impact craters 

and are not located within the ejecta. This observation 

suggests that these detections are associated with the 

presence of an impact-induced hydrothermal system, 

although the exposure of pre-existing secondary miner-

als cannot be completely ruled out. 

The impact history that affected the nakhlite parents 

rocks must include two impacts – the first inducing a 

hydrothermal system and the second launching the na-

khlites off Mars – thereby resulting in a crater-on-

crater formation [1-3]. 

The crater-on-crater formation, shown in figure 2, 

is a likely type of source location for the sort of hydro-

thermal assemblage present in the nakhlite martian 

meteorites [1-3], though the exact crater identity on 

Mars is likely to remain uncertain.  

In Summary, 258 CRISM images covering 144 im-

pact craters in the northern hemisphere of Mars were 

studied. Eight of these impact craters showed spectral 

features that suggest a hydrated mineralogy with some 

similarities to the nakhlites (Table 1). However, lack of 

clear spectral signatures, caused by small regions of 

interest and surface dust coverage, has hindered the 

investigation. 

Crater 

Name 

Latitude 

(°N) 

Longitude 

(°E) 

Diameter 

(km) 

Crater 

Type 

Domoni 51.403 234.405 13.72 Simple 

 40.529 231.657 10.82 Simple 

 40.418 231.602 9.76 Simple 

 55.345 253.555 11.73 Simple 

Aveiro 21.275 281.041 9.87 Simple 

 8.934 141.283 50.77 Complex 

 52.415 39.861 20.01 Complex 

Stokes 55.621 171.287 62.49 Complex 

Table 1. The eight craters of interest, where 

CRISM analysis suggests a hydrated mineralogy. 

 

References: [1] Bridges J. C. and Schwenzer S. P. 

(2012) Earth and Planetary Science Letters, 359, 117–

123. [2] Hicks L. J. et al. (2014). Geochim Cosmochim 

Ac, 136, 194-210. [3] Changela H. G. and Bridges J. C. 

(2011) Meteoritics & Planet. Sci, 45(12), 1847–1867. 

[4] Turner S. M. R. et al. (2013) EPSC, Abstract #383. 

[5] Swindle T. D. et al. (2000) Meteoritics & Planet. 

Sci, 35, 107-115. [6] Abramov O. and Kring D. A. 

(2005) JGR, 110, E12S09. [7] Schwenzer S. P. and 

Kring D. A. (2009) Geology, 37, 1091-1094. [8] 

Murchie S. et al. (2007) JGR, 112, E05S03. [9] 

MRO/CRISM Data Users’ Workshop (2012) LPSC. 

[10] Pelkey S. M. et al. (2007) JGR, 112, E08S14. [11] 

Robbins S. J. and Hynek B. M. (2012) JGR: Planets, 

117, E05004. [12] Tanaka K. L. et al. (2014) USGS 

Sci. Inv. Map 3292. [13] Ehlmann B. L. et al. (2011) 

Clays and Clay Minerals, 59(4), 359-377. [14] Carter 

J. et al. (2010) Science, 328(5986), 1682-1686. 

2061.pdf46th Lunar and Planetary Science Conference (2015)


