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Introduction:  Impact melted materials occur in two

main forms in the Ries impact structure [1]: (1) as

isolated bodies of reddish, vesicular, fine-grained impact

melt rock; (2) as in dividual glass y particles or c lasts in

melt-bearing breccias or suevites. The latter lithologies

have been the subject of a considerable number of

investigations over the past few decades. In contrast, no

detailed  investigations of the impact melt rocks have

been published. Here, we present the preliminary results

of an analytical scanning electron microscope (SEM)

study of impact melt rocks from the Ries structure.

The Ries impact structure:  The 24 km diameter

14.5  Ma old Ries impact structure is one of the best

preserved complex impact structures on Earth. The target

rocks consist of a flat-lying sequen ce of pred ominantly

Meso zoic sedimentary rocks that unconform ably overlie

Hercynian crystalline basement. The sedimentary cover

at the time of impact varied in thickness from ~47 0 m in

the north to ~820 m in the south [2]. The structure

possesses a sequence of impactites (impact-produced

rocks), including a thick series of crater-fill rocks,

various types of dista l ejecta depos its (preserved  up to

~37 km  radius), and  a tektite (‘molda vite ‘) strewn field

extending out to distanc es of 260-400 km to the east of

the Ries structu re [3]. 

Impact melt rocks:  Only two occurrences of impact

melt rock sensu stricto  have been documented at the Ries

impact structure. These occur at Amerbach and Polsingen

in the ENE of the structure and represent isolated bodies

of impact melt rock with lateral extents <10-50 m [1].

They are seen to overlie Bunte breccia or megablocks

[1]. Previous workers have described these lithologies as

consisting of a reddish , vesicular, fine-g rained recryst-

allized matrix of feldspar, celadonite, pyroxene and

cristobalite  [1, 4]. These rocks have also been termed

(red) suevites by some workers [4, 5].

Samples and  analytical techn iques:  Four samples

from the Polsingen quarry were collected by GRO during

two field expeditions (August  2000 and June 2001 ). The

Amerbach road cuts are no longer exposed, however,

three samples from the impact collection of the Geo logi-

cal Survey of C anada we re examine d. Polished  thin

sections were investigated using a JEOL 6400 digital

scanning electron microscope (SEM) equipped with a

Link Analytical eXL energy dispersive spectrometer

(EDS) and Si(Li) LZ-4 Pentafet detector. Phase com pos-

itions were determined in EDS mode at count times of

100s, beam operating conditions of 15 kV and 2.5 nA,

and at a working distance of 37 mm. SEM back-scattered

electron (BSE) imaging was used to investigate the

microtextures.

Figure 1. BSE SEM image of impact melt rock from

Polsingen. Note the spectacular ‘swallow tail’ and

dendritic terminations indicative of rapid crystallization

from a melt.

Results: Impact melt rocks from Polsingen and

Amerbach comprise a microscopic matrix containing

variably  shocked  lithic (predo minantly granite ) and

mineral clasts (predo minantly quar tz) (Fig. 1). It is

notable  that  the majori ty of quartz fragments (>75%)

display the so-called ‘b allen’ texture (Fig . 1). This

distinctive texture is widely accepted to form from the

inversion of lechatelierite during cooling [6].

SEM BSE imagery reveals that the microcrystalline

matrix comprises K-feldspar, plagioclase  and quar tz

(decreasing order of ab undance ) with interstices filled by

either a fresh or devitrified glassy mesostasis (Fig. 1).

Accessory minerals include hematite, ilmentite and rutile.

No pyroxene or celadonite have been found in the

samples studied. Skeletal laths of an unknown hydrous

phase have been recognized. Further work is  ongoing as

to the nature o f this material.

Feldspars.  It is notable that the composi tion of

feldspars can vary considerably, even between neigh-

bouring crystallites, although K-feldspar predominates

(Fig. 2). Several feldspars also display unusual Ternary

compositions (Fig. 2). BSE imag ery reveals that
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plagioclase and K-feldspar display a range of crystal

habits and textures. These include (Fig. 1): (1) hollow,

box-like crystallites; (2) single feathery dend ritic crystal-

lites; (3) acicular laths with hollow, ‘swallow tail’

terminations; (4) laths with dendritic terminations; (5)

spherical,  bow-tie, plumose, fan, and axiolitic spherulites.

Skeletal and dend ritic crystal forms are well understood

quench crystal morphologies that indicate rap id crystalli-

zation from a melt [7, 8]. This occurs during quenching

in response to high degrees of undercooling and super-

saturation, and low nucleation densities [8]. S pherulitic

textures are indicative of subsequent devitrification, that

is, the nucleation and growth of crystals at subsolidus

temperatures [7].

Figure 2. Anorthite (A n), albite (Ab), orthoclase (Or)

plots displaying the compositions of feldspar crystallites

in impact melt rocks from Polsingen.

Quartz.  This mineral forms a minor (~5-10 vol%) of

the impact melt rocks. It occurs in two main forms:  (1)

as dendritic  masses, typica lly seen to nucleate on  quartz

clasts; (2) irregular, anhedral intergrowths with K-

feldspar. As noted previously, dendritic textures are

characteristic of quenched m elts.

Mesostasis.  The interstices between crystallites

comprise a fine-grained dark mesostasis that consists of

either fresh or devitrified glass. The Al and Si content of

this material varies dram atically from 57 .7 wt% SiO 2 and

23 wt% Al2O3, to 11.0 wt%  SiO2 and 77.4  wt% Al2O3. In

addition, this material con tains FeO (0 .4-12.6  wt%),

MgO  (0.5-3.1 w t%), CaO  (0.0-1.3  wt%), and K2O (0.2-

2.7 wt%). Oxide totals are typically ~79-91 % suggesting

substantial vo latile content.

Discussion: Feldspar s within the impact melt rocks at

Polsingen and Amerbach display skeletal and often

acicular forms. Th ese are well  understood quench crystal

morphologies and indicate rapid crystallization from a

melt [7, 8]. Such  features are co mmon in im pact melt

rocks from other terrestrial craters [e.g., 6].

It is generally considered that the mode of deposition

of these melt rocks was the same as the fallout suevites,

that is, essentially airborne [e.g., 4]. However, this

interpretation is hard to reconcile with the size (~50 m

lateral extent) and coherent nature o f these lithologies.

We suggest that another possible mode of transport  was

that of an impact melt flow, emplaced outwards from the

crater centre during the excavation stage of complex

impact crater forma tion. Further w ork is planned to

further characterize  the melt rock s and to de termine their

mode o f emplacem ent.
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