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Abstract–With this addendum we provide some correction and additional information
regarding the above cited publication. It addresses the following two topics. (1) Clarification
for a correct application of the criteria for certain shock stages of chondrites, in particular
stage C-S6. (2) Correction of a printing error in the table that contains the shock
classification system of chondrites.

Discussions between the authors and with
colleagues using the shock classification of chondrites
revealed some uncertainty regarding the correct
application of the classification system proposed for
chondrites in the above cited paper (table 8, page 33).
The uncertainty applies for the shock stage C-S6
representing the second highest degree of shock
metamorphism before whole-rock melting occurs (shock
stage C-S7, which can be identified by texture, mineral
and bulk chemistry, and in-situ oxygen-isotopic
signatures in olivine; e.g., Lunning et al. 2016). In the
Manual for the Classification of a Shock
Metamorphosed Rock or Sediment section of St€offler
et al. (2018), the text concerning the correct use of table
8 remains somewhat unclear. Moreover, table 8 also
contains errors regarding shock effects in olivine of
shock stages C-S4 and C-S5. Therefore, we corrected
table 8 and added some additional explanation in the
subscript, which is shown here in a corrected and
improved version (Table 1) replacing table 8 of St€offler
et al. (2018).

The essential points in defining shock stage C-S6 by
thin section microscopy are the following:
1. The thin section must show regions with “pervasive

formation of melt pockets, veins, and dikes as well
as opaque shock veins.”

2. Within and directly adjacent to these melt zones
olivine has to be affected by “melting and (re)
crystallization and yellow-brown staining” and
plagioclase should be “melted and appear as
normal, flow-textured glass.”

3. Thin section areas adjacent to the regions displaying
the above-described maximum shock effects in
olivine should display olivine with strong
mosaicism, planar fractures (pf) and planar
deformation features (pdf), and diaplectic
plagioclase glass (maskelynite). It has been defined
(St€offler et al. 1991, 2018) that at least 75% of the
plagioclase grains in a thin section should be
transformed to diaplectic glass. Consequently, this
means that in a thin section of shock stage S6 up to
25% of the grains may still be birefringent or rarely
partially isotropic.

4. We want to point out that the mode of definition of
shock stage S6 is somewhat different from the one
of stages S1–S5 because the shock effects defining
S6, as described above in item (2), occur only in
restricted local regions of the thin section, i.e., inside
or directly adjacent to melt veins and melt pockets.
Thus, if a thin section of a given specimen contains
material that is petrographically consistent with the
S6 material properties proposed here, it is of shock
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stage S6. A “multiple” classification for a given thin
section/sample (e.g., “S4–S6,” or “S5, partly S6”) is
not defined by any classification system proposed so
far.

5. The assignment of a certain shock stage holds only
for the specimen from which the thin section is
made. It cannot be concluded with absolute
certainty that all samples taken from a large
meteorite or from a meteorite strewn field show the
same degree of shock metamorphism, although the
probability that this is the case is rather high.
It is important to note that the identification of

high-pressure phases (hpp) of olivine, pyroxene, and
plagioclase inside or adjacent to melt zones (see legend
of table 8) is not critical per se for the identification of
shock stage C-S6, although this may be concluded from
previous shock classification systems of chondrites
(St€offler et al. 1991; St€offler and Grieve 2007). There
are two reasons for excluding hpp’s as sole shock stage
indicators. First, with the exception of ringwoodite, they
cannot be safely identified by the polarizing microscope,
which is the tool on which all shock classification
systems are based. Moreover, they are not indicative of
the “equilibration peak shock pressure” achieved in the
relevant regions of the chondrite sample in question
because they crystallize during pressure release but only
if the shock pressure pulse is long enough.

One further critical point to be addressed here
concerns again the above mentioned Manual for the
Classification of a Shock Metamorphosed Rock or
Sediment section. We stated in St€offler et al. (1991) that
for all shock stages of chondrites lower than S5, i.e., S2,
S3, S4, “we recommend to choose the highest shock
stage shown by any significant fraction of grains (at
least 25% of grains) to establish the shock level of a
chondrite.” We changed this in St€offler et al. (2018) to
50%. This change is obviously not reasonable, and it
was recommended to keep the 25% rule in order to
avoid incompatibilities between shock classifications of
chondrites made between 1991 and 2018 and those to
be made after 2018. We agree to keep the 25%
threshold and propose a change of the text on page 35
of St€offler et al. (2018). However, we emphasize again
that in shock stages C-S5 and C-S6 (outside the melt
veins and pockets) at least 75% of the plagioclase
grains need to be converted to diaplectic glass
(maskelynite) as expressed in both papers (St€offler et al.
1991, 2018).

Finally, we want to add a comment on the contents
and applicability of Table 1 (table 8 of St€offler et al.
2018). The table can be applied to all types of
chondrites including ordinary chondrites and C
chondrites (see also St€offler et al. [1991] and Scott et al.
[1992]). In the case of enstatite chondrites, shock effects

in pyroxene can also be considered in addition to shock
effects in olivine and plagioclase (Rubin et al. 1997).
They are, however, less relevant because some of them
exist over very large ranges of shock pressure (table 2 of
St€offler et al. 2018). For the shock classification of C
chondrites some restrictions have to be considered
which relate to the application of the pressure scales
(columns 2, 3, and 4 of Table 1) and the post-shock
temperature estimates. Because of the elevated porosity
and the presence of OH-bearing sheet silicates, the
pressure scales given in Table 1 are not applicable. For
the same reason a post-shock temperature scale has
been omitted in compatibility with table 5 in St€offler
and Grieve (2007). For the classification itself, these
P–T scales are absolutely irrelevant as they serve only
as supporting information. Moreover, shock stages
higher than S3 are very rare (Scott et al. 1992).

Editorial Handling—Dr. Christian Koeberl
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