
ALTERATION OF SURFICAL SUEVITES AT THE RIES CRATER, GERMANY: MINERALOGICAL 
AND STABLE ISOTOPE EVIDENCES.  N. Muttik1, K. Kirsimäe2, G. R. Osinski3, P. Somelar4 and T. W. Ven-
nemann5, 1Department of Geology, University of Tartu, Vanemuise 46, 51014 Tartu, Estonia, nele.muttik@ut.ee, 
2Department of Geology, University of Tartu, Vanemuise 46, 51014 Tartu, Estonia, kalle.kirsimae@ut.ee, 
3Departments of Earth Sciences/Physics and Astronomy, University of Western Ontario, 1151 Richmond Street, 
London, ON, N6A 5B7, Canada, gosinski@uwo.ca, 4Department of Geology, University of Tartu, Vanemuise 46, 
51014 Tartu, Estonia, peeter.somelar@ut.ee,.5Institute of Mineralogy and Geochemistry, University of Lausanne, 
Building Anthropole, CH-1015 Lausanne, Switzerland, torsten.vennemann@unil.ch. 

 
 
Introduction:  The 24-km diameter Ries impact 

crater, southern Germany [1] exhibits well-preserved 
crater fill and surficial suevite deposits that are altered 
to various extent. It is generally accepted that the alte-
ration of suevites was governed by post-impact hydro-
thermal fluids reacting with impact-generated glasses 
and/or fine-grained crystalline basement material [2-4]. 
The same was assumed for the origin of calcite in the 
surficial suevites. However, recent studies have sug-
gested that calcite and a substantial proportion of the 
fine-grained ‘clays’ in the groundmass of surficial su-
evites of the Ries represent a combination of primary 
impact-generated melt phases and high temperature 
devitrification products [5-6], which are variably al-
tered to smectite type clays. Earlier studies have shown 
that hydrothermal alteration of the crater-fill suevites 
(impact melt-bearing breccias) is pervasive and cha-
racterized by argillic-type hydrothermal alteration with 
zeolitization; an early phase of K-metasomatism ac-
companied by minor albitization and chloritization at 
temperatures of approximately 200–300 oC [2]. Sup-
posed impact-induced hydrothermal alteration (IHT) 
within surficial suevites at the Ries crater is limited 
and typically restricted to montmorillonite and zeolite 
(mainly phillipsite) deposition within cavities and frac-
tures [2-3].  

In this contribution, we discuss the origin of hydr-
ous silicate (clay) phases in surficial suevites that have 
been previously interpreted as resulting from post-
impact hydrothermal processes.  

Material and methods: Alteration mineralogy of 
surficial suevites was studied by means of X-ray dif-
fraction and scanning electron microscopy. The inter-
pretation of phases was checked against the EDS spec-
tra. Stable oxygen isotopic composition was measured 
in clay separates from the suevite matrix at the Stable 
Isotope Laboratory, University of Lausanne. Chemical 
composition of surfical suevite whole-rock samples 
was analyzed by means of ICP-ES and ICP-MS at the 
ACME Analytical Laboratories Ltd Vancouver, Cana-
da. 

 Studied material represents surficial suevites, 
which were collected from 4 outcrops in the Ries im-

pact structure: Altenbürg, Aumühle, Lehberg, and Oet-
tingen. Altogether 29 samples were studied. 

Samples include suevitic material that varies from 
fresh suevite (with no or limited noticeable alteration) 
to highly altered suevites. 

Results and discussion: The mineral composition 
of suevite is characterized by an assemblage of mont-
morillonite-type smectite, plagioclase, quartz and K-
feldspar. Both the qualitative and quantitative compo-
sition of different suevite types is rather constant and 
does not show any variation between different loca-
tions. However, highly altered suevites contain halloy-
site in remarkable amounts (up to 81 wt% of crystal-
line phases). The content of the rest of the minerals are 
below 5 wt%.  

The clay fraction of all samples is characterized by 
montmorillonite-type smectite, which is indicated by 
strong 001 reflection at 14-15 Å in air-dried state that 
expands to 17 Å in ethylene-glycolated states. Struc-
ture refinement suggests that montmorillonite is of Al-
Fe montmorillonite type. Low-charge octahedrally 
substituted dioctahedral Al-montmorillonite is a typi-
cal low temperature smectite, whereas the high tem-
perature smectite is usually tetrahedrally substituted 
Al-beidellite [7-8]. 

The structural composition of smectite does not 
have any variance regardless to the location within the 
structure. Moreover, no signs of compositional or 
structural variation (e.g. illitization) was found be-
tween the possible fluid conduits and surrounding 
rocks that would have been induced by temperature 
gradients. However, in some samples halloysite along 
with smectite was identified. Halloysite was found in 
the same samples where it was identified in whole-
rock XRD analysis. 

These findings are not consistent with a hydro-
thermal origin of the suevite clay “alteration” phases 
with the surfical suevite. Hydrothermal alteration in 
active endogenic hydrothermal systems is typically 
characterized by a zonal distribution of alteration and 
directional distribution of altered minerals that is prin-
cipally related to mass transfer between minerals and 
hydrothermal solutions as temperature decreases when 
the hydrothermal solutions pass through rock [9]. The 
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distribution and morphology of alteration zones are 
basically influenced by fracture distribution, porosity, 
and permeability of the rocks.  It is expected that con-
ditions such as slow flow rate of solutions, porous 
rocks, and glassy material, facilitate the growth in size 
of alteration zones around the fracture [10]. 

The chemical composition of major oxides in the 
whole-rock samples agrees with the mineral composi-
tion. The composition of material in different types of 
suevites at a particular location is fairly homogenous, 
which can be noticed by the generally small variation 
of major oxides. However, there is substantial syste-
matic variation in contents of major oxides between 
different locations within the crater. 

Freshly broken interior surfaces of a suevite sample 
have the typical vesicular structure of groundmass and 
melt phases. The glass phase has frequently a flow-
texture and contains irregularly-shaped vesicle inclu-
sions. All samples show the ubiquitous clay coatings 
and vesicles within the glasses are lined by clay aggre-
gates, which is consistent with the high percentage of 
clay in the suevite identified by XRD analysis. In addi-
tion, other authigenic minerals such as calcite, plagioc-
lase(?), haolloysite(?) and opal-CT were identified by 
EDS spectra and they have a characteristic morpholo-
gy when replacing the vitric matrix and glass frag-
ments in studied suevites. 

Petrographic relations suggest that the smectite was 
the first and major mineral to form. The lepispheres of 
opal-CT that rarely coexist with smectite appear to 
postdate the major smectite formation. 

It is to be noted that the majority of silicate impact 
glasses and mineral fragments in the suevites are unal-
tered. The glass appears to have transformed directly 
to smectite through dissolution of glass to form smec-
tite without forming amorphous precursor or primitive 
clays. Randomly oriented montmorillonite type smec-
tite flakes fill or coat the walls of existing round cavi-
ties and pores that were formed by dissolution of the 
glass. The observed similarity of the mineral in differ-
ent parts of the rock and in different localities suggests 
that the precipitation of smectite has not been con-
trolled by hydrothermal fluids, but rather by percolat-
ing meteoritic waters. 

Zeolite minerals have been recognized in the 
groundmass and impact glass clasts of surficial su-
evites by several authors [3-4; 6], but its abundance is 
very low and its occurrence is scarce. In this study a 
trace amount of harmotome type zeolite was identified 
in only one sample .  

The low temperature origin of smectite in surficial 
suevites at the Ries crater is supported by the δ18O 
values of the monomineral smectite fractions. Mea-

surements of δ18O values vary between  19 to 23‰ 
VSMOW. According to Vennemann et al. [11] the 
oxygen isotope compositions of impact glasses at the 
Ries crater sampled from widely spaced localities are 
very homogeneous with δ18O values in the range of 6.7 
to 7.4‰. The major modification of the original oxy-
gen values suggests a large water/rock ratio, which 
also rules out the incipient devitrification of the impact 
glasses. Moreover, the significant enrichment of  18O 
implies an alteration at low temperatures. The variation 
of measured oxygen isotope compositions of smectite 
in surficial suevites generally agrees with alteration 
fluids corresponding to the average isotope composi-
tion of the (modern) precipitation in the area (-7 to -
8‰, ) [12] and the mean annual temperature of 9-10 
°C. 

Conclusions:  The mineralogical and isotopic re-
sults of this study indicate that the dominant alteration 
phases are dioctahedral Al-Fe montmorillonite and 
halloysite, which are typical of low temperature clay 
minerals. We suggest that the surficial suevites are not 
altered by hydrothermal processes and that alteration 
occurred by low temperature subsurface weathering 
processes. If the surficial suevites were indeed hydro-
thermally modified during the early stages of the im-
pact cooling, then the alteration was of limited charac-
ter and is completely masked by later weathering of 
unstable impactites. 
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