
MINERALOGICAL STUDY AND HYPERSPECTRAL MAPPING OF RIES EJECTA DEPOSITS AS A 

MARTIAN ANALOGUE FOR IMPACT MELT ALTERATION.  C. M. Caudill1, R. N. Greenberger2, H. M. 

Sapers2,3,4, L. L. Tornabene1, G. R. Osinski1,5, B. L. Ehlmann2,3. 1Centre for Planetary Science and Exploration / 

Dept. Earth Sciences, University of Western Ontario, Canada, 2Jet Propulsion Laboratory, California Institute of 

Technology, Pasadena, California, USA, 3California Institute of Technology, Pasadena, California, USA, 4Dept. of 

Earth Sciences, University of Southern California, USA, 5Dept. Physics and Astronomy, University of Western On-

tario, Canada. 

 

Introduction: Impact structures and their ejecta 

deposits act as windows into the mineral, lithologic, 

and volatile composition of terrestrial crusts. The Ries 

impact structure (~24 km-diameter, Germany) has ar-

guably the best preserved and best studied ejecta de-

posits on Earth. The two main deposit types described 

include a melt-poor/free ballistically-emplaced impact 

breccia [1, 2] overlain by discontinuous impact melt-

bearing breccias (e.g., [3]). The top-most, melt-bearing 

breccia deposits at the Ries impact structure host evi-

dence of post-impact hydrothermal alteration [e.g., 4, 

5]. One style is found as dissimenated, ephemeral sys-

tems in the impact melt-bearing ejecta unit associated 

with vertical degassing pipe structures [6, 7]. As melt-

rich ejecta deposits are emplaced over volatile-bearing 

material, a degassing of the underlying layer is pro-

posed to have occurred [6, 8]; this is also the preferred 

interpretation of pitted material observed in Martian 

crater fill and ejecta deposits [9, 10, 11]. 

The Ries impact structure is ideal to provide field 

data relevant to impactite deposits on planetary bodies 

due to excellent exposures and preservation states; as 

Earth and Mars both have volatiles, the Ries site allows 

examination of their effect on materials during and 

after impact cratering [12]. The melt-bearing unit at 

Ries has been altered through various processes [13, 

14] and is dominated by phyllosilicate minerals, both in 

the fine-grained matrix and infilling fractures and vesi-

cles. Here, we report on hyperspectral mineral mapping 

of the degassing pipes at Ries, supported by lab-based 

mineralogical studies of the Ries ejecta deposits. We 

discuss how they may relate to: 1) Martian crater-

related pitted material, and 2) the origin of some phyl-

losilicates in the early Martian crust.   

Methods: Hyperspectral imaging of degassing 

pipe-bearing outcrops at the Aumühle quarry, Germa-

ny, were acquired with a Headwall Photonics Inc. co-

boresighted system custom built for the California In-

stitute of Technology. The system contains two sen-

sors: a visible-near infrared (VNIR) sensor covers 

wavelengths 0.4-1.0 µm with 1600 spatial pixels, 372 

spectral pixels, and 5 nm spectral resolution and a 

shortwave infrared (SWIR) sensor covers 1.0-2.6 µm 

with 640 spatial pixels, 283 spectral bands, and 6 nm 

spectral resolution. Spatial resolution depends on dis-

tance from the target but typically was on the order of 

several cm’s in the field and sub-mm in the laboratory. 

Outcrops were scanned by rotating the imaging spec-

trometer on a motor-controlled stage. The dark current 

was subtracted and atmospheric correction performed 

by ratioing scence spectra to that of a known Spectra-

lon target placed in the scene. The spectral characater-

istics were analyzed by calculating spectral parameters 

[e.g., 15] to map minerals and phases. 

Lab-based analysis: Samples of the melt-bearing li-

thology adjacent to degassing pipes were collected 

from Aumühle quarry. Mineralogic analysis utilized a 

micro X-ray diffractometer (µXRD) and Scanning 

Electron Microscope (SEM) for micro-imaging of size 

fraction-separated (<0.2 μm and <2 μm) and cation-

saturated material. Size fractions were separated, then 

cation-saturated and dehydrated to differentiate the 

fine-grained phyllosilicates.  
Results: Preliminary results from our spectral anal-

ysis indicates the presence of hydrated and hydroxylat-

ed mineral phases. Figure 1 shows a spectral mapping 

of the spatial distribution of representative clay mineral 

phases in the melt-bearing unit as they relate to degas-

sing pipe features. The shapes and positions of absorp-

tion features indicate montmorillonite, nontronite, and 

calcite. 
 

 
Fig. 1. Images of an outcrop at Aumühle quarry. a) Approx-

imate true color composite of vertical degassing pipes within 

the Ries melt-bearing unit and b) corresponding mineral 

indicator map. Red: BD2200 parameter, showing common 

absorptions of Al-OH bearing minerals, as in montmorillo-

nites; Green: BD2300 showing common features of Fe/Mg 

smectites; Blue: BD2340, having an absorption indicative of 

calcite. The melt-bearing lithology in the background was 

not highlighted, although it exhibits a 2.2μm feature, weaker 

than the mapped BD2200 parameter which highlights the 

degassing pipes. 
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The matrix of the degassing pipes is characterized 

spectrally by a mix of a weaker 2.2μm feature (repre-

senting Si-OH or Al-OH bearing minerals) shown as 

red and a 2.30μm feature (representative of Fe/Mg-OH 

bearing minerals [16], consistent with nontronite) 

shown as green. The interior of some degassing pipes 

shown in Fig. 1 appears to be dominated by montmoril-

lonite, while rimmed by nontronite. A shift from 2.2μm 

to 2.3μm results from an increased Fe/Al ratio, in the 

dioctahedral site of the smectite. A continnum of smec-

tite compositions are possible, depending on the cation 

substitutions and Al, Fe, Mg in the octahedral sites 

[17]. The calcite, indicated by a 2.34μm feature [18] 

and shown in blue (Fig. 1), is present within the altered 

zone of the degassing pipes, and is also finely dissemi-

nated through the degassing pipes. Iron oxides are also 

abundant. 

The laboratory SEM results indicate classic corn-

flake-textured dioctoahedral smectite with flake and 

ribbon-textured illite. Subtle differences in µXRD pat-

terns show multiple clay phases including kaolinite and 

mixed-layer smectites, having a higher relative propor-

tion of an illitic component to the smectitic component 

[19]. Both size fractions of the clay separates show no 

predictable collapse, consistent with chlorite or hy-

droxy-interlayers. In the <0.2 μm size fraction, dehy-

dration lead to a greater degree of collapse, and an 

amorphous component is more visible [19, 20]. 

Discussion: This work suggests that multiple dis-

tinct clay mineral phases exist within the melt-bearing 

ejecta unit and the degassing pipes of the Ries. The 

degassing pipes have Fe-oxide alteration within the 

pipes and as halos surrounding the pipes. The clay 

phases observed indicate multiple generations of clays 

with perhaps varying degrees and timing of hydrother-

mal alteration. This is at odds with previous work on 

degassing pipes at the Ries, where Newsom et al. [6] 

found an Fe-rich oxide or hydroxide coating on the 

degassing pipes and an absence of clay phase altera-

tion. More broadly, we seek to use the findings from 

Ries regarding the extent and evolution of altered clay 

mineralogy to investigate ties to the mineralogy of 

Martian post-impact alteration. If crater-related pitted 

material on Mars indeed represents melt-bearing im-

pactites as suggested by Tornabene et al. [9, 10, 11] 

and others, their associated alteration products, if de-

tected, could have implications for the origin of clay 

phases identified in the early Martian crust [e.g., 21]. 

Recent detailed mapping of the ejecta deposits of 

the well-preserved ~150-km Bakhuysen Crater, Mars 

(15E, -23), indicates hundreds of km2 area of potential-

ly melt-bearing deposits, analogous to those at the Ries 

[22]. The mapping suggests that: 1) given similarities 

in volatile content and subsurface stratigraphy, similar 

mechanisms of multi-unit ejecta emplacement may 

extend to impact cratering processes on other compa-

rable rocky bodies, and 2) the alterations of such im-

pact melt products through surficial weathering, low- 

and high-temperature post-impact hydrothermal altera-

tion, and devitrification may be an important source of 

hydrated silicates in the Noachian crust. 

Widespread phyllosilicates and expansive valley 

systems are observed in the ancient terrains of Mars 

[23, 24, 25]. These features and associated mineralogy 

have been used as evidence to invoke a past climate 

that supported surface-stable liquid water, mobilized 

by run-off and precipitation [26]. However, age-dating 

these features and materials, and assessing their degra-

dation, has proven difficult [27]. Furthermore, the 

complex alteration and weathering processes associat-

ed with impact-generated heat and materials often 

overprint original mineral phases. As such, elucidating 

mineral provenance, and thus past processes, in heavily 

impacted terrains is difficult [21, 28]. An understand-

ing of the alteration and weathering history of Ries 

impactites may provide insight into the mineral prove-

nance and surface processes on early Mars. 
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