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Abstract: Our calculation estimates that 
ejected fragments of the Ries impact probably 
may return gradually with an observable fre-
quency. 

Introduction: Opportunity of solid ejecta 

escape: Based on numerical simulations, for the 
largest impact events the opportunity of solid 
ejecta to escape to the space is existing (18 km/s 
impacting into the wet target at 45-degree angle), 
and the estimated volume of such high-speed 
ejecta totals to approximately 3 % of the whole 
projectile volume [1]. This amount is certainly 
lower for medium sized impacts, such as the Ries 
impact event (~10 times smaller in diameter pro-
jectile) mainly due to the interaction of ejecta 
with the atmosphere. Still, even 0.3 % is a lot of 
material, which comprises 0.005 km3 for the Ries. 
Thus the probability of solid ejecta on geocentric 
orbits is not zero [1]. On the other hand the prob-
ability to find these ejecta is very low. 

The Nördlinger Ries [2] and the Steinheim 
Basin impact craters (~24 km and ~3.8 km in 
diameter) [3] are situated on the Upper Jurassic 
limestone plateau of the Swabian and Franconian 
Alb. Pre-impact stratigraphy consists of 
sedimentary layers: Tertiary sand, clay, and 
freshwater limestone on top of Upper Malmian 
limestone formed a discontinuous layer at the pre-
impact surface, in a thickness of 0-50 m. This unit 
is underlained by ~600-1200 m thick Tertiary and 
Mesozoic sedimentary rocks (limestone, shale, 
sandstone), underlain by Hercynian crystalline 
rocks [4,5]. The excavated Middle and Upper 
Jurassic formations also contain Fe-rich (also 
siderite – Fe-carbonate) rocks of Dogger age. 
This raised the aim of the following calculation, 
as siderite can be candidate for detecting 
returning ejecta via atmosphere [6]. 

Both impact structures are thought to have 
formed simultaneously during the Middle 

Miocene by the impact of a binary asteroid [7,8]. 
Since the first radiometric and biostratigraphic 
ages became available, there has been a general 
agreement that the two impact craters as well as 
the moldavite strewn field [4] were formed during 
a single impact event some ~14.8 Ma ago [9]. 

Estimated frequency of the re-entry of the 

Ries ejectites: Assuming the 0.3 % of projectile 
volume solid ejecta, the 0.005 km3 for Ries and 
supposing a 10 cm3 solid ejecta object that means 
5×1011 pieces. If we estimate that only 1 % of this 
amount could reach long term geocentric orbits 
that is 5×109 pieces. Calculating with the 5×109 
fragments on the orbit we may expect 10 frag-
ments on an area of 1 km2 (on one time horizon, 
homogenous distribution on the whole Earth’s 
surface). Taking into consideration that only less 
than 1 % of the sedimentary ejecta material could 
be siderite (draft estimation on Ries ejecta mate-
rial and source rock, pers. comm. E. Buchner, 
2013), one fragment can be waited in every 10 
km2 areas with inhomogeneous time and areal 
distribution. Though the estimation of the amount 
of siderite is less than 1%, for an easier calcula-
tion 1% was used as maximum estimation. The 
task is, first to find these fragments, and second, 
to distinguish them from normal terrestrial rocks. 

Basically, the existence of Ries ejecta on 
geocentric orbits and the return of these 
components to Earth seem to be possible. Based 
on our experiences on field works on the variety 
of sedimentary rock types (nodules, concretions), 
we conclude, that siderite would be an excellent 
candidate for the identification because its color 
asks for macroscopic attention [6,10]. In 
measurements the carbon isotopic and 
mineralogical changes in the exposed surface of 
the sample can prove degassing processes via re-
entry [11]. Limestone and dolomite also suffer 
degassing, but macroscopic features do not differ 
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much from the original rock causing difficulties 
in identification [11]. Detailed study of 
sedimentary siderite concretions, especially their 
exposed surface resulted controversies. Together 
with chemical, mineralogical and isotopic 
modifications on the exposed surfaces of samples 
all data witnessed the effect of elevated 
temperature (degassing). However, the real origin 
and fate of those samples left open questions. Can 
this mineral assemblage and textural features be 
formed via simple sedimentary processes, or not? 
To ascertain coherence between the Ries impact 
and any found sedimentary rock (concretions), 
however, needs further investigations and have to 
be regarded as one of several options at the 
moment. 

Considering the Ries impact event as a highly 
hypothetical model even this medium sized im-
pact event could cause the escape of considerable 
volume of solid ejecta to geocentric orbits serving 
as the potential source of terrestrial meteorites. If 
this hypothesis is valid, it means that our calcula-
tion raises a much larger area affected by Ries 
ejecta material, and late fall of those boulders 
which could escape to far earth orbit (GEO). 

Historical: Gladman and Chan published in 
2012 [10], that „from numerical integration of the 
orbital evolution of simulated ejecta escaping 
Earth” they „calculate[d] the fractional rate of 
return for several ejection speeds.” … they esti-
mate[d] the current redelivery rate to the top of 
our atmosphere for terrene ejecta from an impact 
65 million years ago (the K/T event). Estimating 
an ejection of 30 billion escaping fragments from 
a major terrestrial impact, and normalizing this to 
the current delivery rates and total number of 
martian and lunar meteorites in the world's collec-
tion, we show that many fragments launched by 

the K/T impact should in principle be arriving at 

the top of Earth's atmosphere today. In addition, 
any high-speed (>23 km/s) kilometer-scale im-
pactor striking land in the last ~10 Ma would also 
produce a current flux of terrene meteorites that 

rivals the lunar or martian flux, which seems un-
reasonable given the lack of identified terrene 
meteorites.” 
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