Zhamanshinite-Like Black-Glass Melt Rocks
from the Saarland (Germany) Meteorite Impact
Site
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INTRODUCTION - THE SAARLAND IMPACT

The Saarland impact (Fig. 1, 2) has been an established event for several years with the existence of two craters
with diameters of about 250 m (Nalbach) and Saarlouis (2.3 km) [1-4, Fig. 1)]. Finds of rocks and glasses in a
strewn field (Fig. 1) with typical impact features (e.g. suevites) strengthened the impact hypothesis and initiated
comprehensive mineralogical SEM-EDS and thin section analyses [2-4] establishing strong shock

metamorphism [2, 5].
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Fig. 1. Location maps. It is still unresolved whether the small elliptical distribution with a NNE - SSW
strike is typically impact related as a strewn field or simply due to incomplete mapping evidence.



Fig. 2. The Nalbach 250 m-diameter impact crater.
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Fig.3. The Saarlouis 2.3 km-diameter semi crater und characteristic rim wall cross sections. Digital
Terrain Model DGM 1.




Fig. 4. Suevite from Saarlouis with basalt-andesitic, sedimentary and meltrock components.



Fig. 5.Suvite from Wallerfangen (see Fig. 1) with sedimentary components and black glass fragments.

Impact inventory From earlier publications:

Impact melt rocks in the Nalbach strewn field
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NEW: THE BLACK-GLASS IMPACT MELT ROCKS

Here we report on new impact melt rocks from the Saarland impact region (Fig. 6), which have been discovered
and sampled by authors D.P. and W.M., may define a special class of impactites, and served for the local
production of stone age artifacts.

The material

Abundant black glasses in widespread distribution have been found and excavated in the impact strewn field for
some time before, mostly pure glasses, but also occurring as major components of impactites (breccias) in
centimeter size. SEM-EDS analyses of a black glass show SiO,-poverty, abundant calcium and as much as
1wt.% arsenic (Fig. 10). Fe and Mn may be mainly responsible for the black color. It is unclear to what extent
the mineral soil and its source rock were the source of the widespread glass formation. Carbonate rocks of the
Muschelkalk and sandstones of the Buntsandstein make up the bulk in the region, and geogenic arsenic may
occur in the Buntsandstein.

Fig. 6. Larger black-glass melt rocks from the new find locations, a few of which consisting of pure black
glass. Coin diameter 22 mm.

Besides the pure black glasses and black-glass melt rocks, special forms with admixtures of other colored glasses
are found (Fig. 7). The composition is mostly more complex throughout, partly with proportions indicating
original rock fragments (Figs. 8, 9). Admixtures of chiemite fragments are observed in many cases (Fig. 3 B, C).
Chiemite is a carbon impactite composed of over 90% carbon and, according to detailed petrographic and
mineralogical studies, was formed by direct shock metamorphism of target vegetation at pressures of several
GPa and temperatures between 2,500 and 4000 K and with the formation of diamond and carbines [7, 8].



Fig. 7. A: Polymictic vesicular melt breccia (front and rear) with coiled globular bluish glass components.
B, C: Polymictic melt rock with brownish-olive glass in sharp contact with bluish glass. ch = a freshly
broken chiemite component (see text). Arrow: artifact retouch (see below).

Fig. 8. Massive black glass chunk with a vesicular, in part polymictic melt rock shell with structures
reminding of volcanic Pahoehoe lava flow.



Fig. 9. Similar chunk of black glass wrapped round by partly melted sedimentary (reddish Buntsandstein)
rock.
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Fig. 10. SEM-EDS element analysis of a black glass from the Nalbach impact strewn field [6]. The main
constituents show strikingly high agreement with calcium silicate wollastonite, especially when the content
of Fe and Mn occurring in natural wollastonite is taken into account. A formation of the black glass near
to wollastonite glass seems possible. The wollastonite melting point is 1,540 °C.

Properties:

The density of the pure black glass is 2.9-3.1 g/cm?, and the Mohs hardness 6 - >7. All black glasses so far
measured show enhanced magnetic susceptibilities

of 1-3* 1073 SI.

A nearby newly discovered ejecta(?) layer.



Fig.12. Detail of the erosive emplacement of the diamictite showing mega-crossbedding.



Fig.13. The contact zone between diamictite and autochthonous Tretiary well-bedded sand.
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Fig. 15. Impact melt rock from the dark d
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LOOKING INTO THE BLACK-GLASS MELT ROCKS.

Preliminary analyses of thin sections for three glass specimens (Fig. 16 - 21) show recrystallization in large parts, partly with
(iron)metallic microspheres and strongly fractured quartz grains, isolated as single grains and as assemblages of a few grains.
Sets of subplanar open fractures indicate shock spallation. In the recrystallization microstructure, a close resemblance to a
microcrystalline chert structure appears (Fig. 20), with confusion ruled out by the bubble-rich matrix, fractured quartz, and

metallic inclusions.

Fig. 16. Bars of three black-glass melt rock samples for thin section preparation and SEM-EDS analyses.

Fig. 17. The sample on the right in Fig. 16 shows the contact between a strongly bubbly and a rather dense
glass with finest bubbles. Both the small polymictic breccia fragments (pb) and the black glass contain tiny
(iron)metallic particles (met).



Fig. 18. Optical stereo photomicrograph of the middle sample in Fig. 16 showing a complex finest mixture
of glass and rock fragments in a distinct flow. texture. Sections have been selected for SEM-EDS analyses.
Photo M. Hiltl, ZEISS Microscopy.

Fig. 19. Close-up of Fig. 18. Field width 10 mm.



Fig. 20. Recrystallization microstructure of the middle sample in Fig. 4., photomicrograph, PPL and XX
polarizers.

The multiple-breccia generations

The polymict breccias in the new discovery area of black-glass melt rocks show in many cases a texture of
multiple breccia generations, with up to four phases of breccia formation observed in one hand specimen. Such
rock strain can be virtually ruled out in ordinary geologic processes of brecciation and should be considered as
almost compelling evidence of impact deformation. In impact, one can imagine this sequence of brecciation:
shock and rarefaction stress with monomictic brecciation - mass movement behind the shock front with fragment
mixing: polymict breccias - excavation and ejection of the masses with further mixing of rocks of different
origin: further breccia generations - landing of ejecta under high pressure: further brecciation and mixing with
local in-situ material - modification stage with collapse of the transient crater, uplift and ring formation with
further rock mixing and brecciation. If the impact-affected bedrock is lithologically diverse, complex breccia
generations can develop, as can be impressively observed here in the Saarland (Fig. 21, 22). Which processes
took place during which impact event in detail is still completely unclear.

3rd generation

4th generation



Fig. 21. Up to four breccia generations in the section A of Fig. 18. Optical microscope and SEM images.

Fig. 22. Up to four breccia generations in the section B of Fig. 18. SEM image.

SEM-EDS

(http://www.impact-structures.com/wp-

content/uplggke&]s/2021/03/SEM-EDS-SaarIand-A-D-Kopie-KohIenstoFF.de) CLICK IMAGE!
(http://www.impact-structures.com/wp-content/uploads/2021/03/SEM-EDS-Saarland-A-D-
Kopie-Kohlenstoff.pdF)

Clicking opens a PDF with a selection of SEM-EDS images for the sections in Fig. 18 with
electron images, EDS layered images and spectra. Note the reference to the carbon artifacts of
the epoxy resin in the cavities.


http://www.impact-structures.com/wp-content/uploads/2021/03/SEM-EDS-Saarland-A-D-Kopie-Kohlenstoff.pdf
http://www.impact-structures.com/wp-content/uploads/2021/03/SEM-EDS-Saarland-A-D-Kopie-Kohlenstoff.pdf

A frequently occurring distinct mineral structure with complete extinction under the polarizing microscope is
ascribed to cubic spinel (Figs. 23, 24). Because of its high melting point of 2,135 °C the spinel is assumed to
have survived the temperatures of the glass formation more or less as the only mineral. The formation of
multiple sets of PDF (Fig. 24) with width and spacing down to 1-2 um has, so far known, not before mentioned
in the literature as a shock feature.

Fig. 23. Spinel grain with planar deformation features and twinning in contact to the glass matrix. Sample
to the left in Fig.16, PPL. Field width 500 pm.



Fig. 24. Multiple sets (eight at least) of PDF in the spinel grain of Fig. 21. PPL.

The archeological aspect - the black glass artifacts

The use of the Saarland glasses as Paleolithic artifacts also sheds light on previously established artifacts made
of natural glass, with volcanic obsidian glass probably being the best known, and Libyan desert glass now
generally recognized as impact glass. Otherwise common impact glasses usually do not have the size and
consistency for fabrication of even smaller tools. Therefore, the large, often very pure black glasses from the
Saarland were so predestined already in the Paleolithic. If the chronology for these artifacts is correct, the impact
that left the glasses must have occurred as early as the Pleistocene and not, as assumed at the beginning of the
Saarland impact research, in the recent Holocene [1]. A side effect of the artifact distribution is that all
glassworks arguments of impact critics are untenable.



Fig. 25. Characteristic Paleolithic black-glass tools: e.g. hollow, end and side scrapers with retouch and old
patina.
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Fig. 26. One of the bigger glass chunks from the Litermont mountain (Fig. 1) weighting 1 kg, which must
have been even larger because stone age men reduced the size when producing a side scraper (Fig. 27.).
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Fig. 27. One of the bigger glass chunks from the Litermont mountain (Fig. 1) weighting 1 kg, which must
have been even larger because stone age men reduced the size when producing a side scraper (middle.).
Right:

Fig. 28. Paleolithic hollow scraper, made of black glass.

Discussion

Discussion: The event of the Saarland impact with the already immensely substantial finds has been considerably
enriched by new observations and findings. The black glasses, some of them weighing more than one kilogram,
and the accompanying larger polymictic melt rocks with mostly also high glass contents stand out. A similarity
with many glasses and melt rocks of the Zhamanshin impact structure (zhamanshinites) is unmistakable.
Similarities with the special type of layered Muong Nong tektite glasses should also be pointed out. Interesting to
note that the black glasses do not show aerodynamic shape (like e.g. the Irghizites from the Zhamanshin impact
structure) but rather intense flow textures of the melt rocks. This could suggest that the glass formation happened
in situ directly on the ground underlining the possibility of near-ground airbursts [10], which could have heated
the target up to temperatures of 5,000 K or more [11].
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