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Introduction:  The study of impact craters is still
a relatively young field, and our understanding of the
processes involved in crater formation remains far
from complete.  The current extent of our knowledge
is derived from investigations spanning many
disciplines, including: geologic mapping and
geophysical exploration (both in situ and based on
remote-sensing for Earth, whereas almost exclusively
the latter for other planets); numerical simulations;
and small-scale laboratory and larger-scale nuclear
explosion experiments.  An unfortunate side effect of
the cross-disciplinary nature of such investigations is
that inconsistencies in terminology commonly arise
because the data sets are so disparate.

Observations of terrestrial and extraterrestrial
craters provide complementary data sets with which
to study craters and the cratering process; however,
the differences between these data sets complicate
comparisons significantly.  On one hand, features
discernable in the types of data that can be acquired
for terrestrial craters, where observations are made in
situ and to a limited extent in three dimensions, are
often impossible to detect at comparable craters on
other planets, where the only available data are
acquired from orbit.  On the other hand, terrestrial
craters are subject to rapid erosion, tectonic
modification and burial, leaving few fresh examples,
whereas craters on other planets are typically less
modified (if not unmodified) and provide much
information on crater morphology, especially
regarding relationships between geometric aspects of
craters as a function of crater size and target
properties.  It is therefore difficult to accurately
compare a pristine extraterrestrial crater with the
eroded remnant of a terrestrial crater; particularly if
the original size or nature of the eroded crater is
uncertain. This problem can be exacerbated by the
generic use of the terms “crater size” and “crater
diameter” in reference to impact structures that have
been studied using different methods, or that have
complicated morphologies.  For example, many of
the largest impact structures have multiple concentric
features, leading to ambiguity in establishing which
feature is the best measure of crater size.  The
inconsistent use of terminology has led to
considerable, and, in some cases, avoidable,
controversy within the impact community.

Why does it matter if different sizes are quoted
for a given crater?  The precise definition of crater
size may seem to be a relatively unimportant,
semantic issue; however, misinterpretation of an
impact structure’s size can have significant
implications.  At our current level of understanding,
the dimensions of many aspects of craters are still
determined by scaling based on information obtained
from other craters.  Although such scaling
relationships are often not well constrained, they are
currently some of the best tools available.  For
example, the diameter of a pristine crater is related to
the kinetic energy of the projectile, but the nature of
this dependence is not fully understood.  Scaling
relations were developed to allow derivation of
impact energy based on measurements of final crater
diameter.  However, if a different metric for crater
diameter than the one for which the scaling relation
was developed is used, the energy estimate can be
incorrect by a significant factor.  Accurate knowledge
of the impact energy is paramount to assessing the
environmental effects of an impact, and it is also vital
as an input parameter for numerical simulations of
crater formation.  Our understanding of the
consequences of impact cratering, as well as of the
process itself, therefore depends on the use of
consistent measurements of crater dimensions.

Recommended Terminology:  To avoid the
kinds of semantic misunderstanding that have
plagued this field, it is necessary to be as explicit as
possible.  We suggest explicit definitions that
correspond to several common measurements of
crater features (see also Fig. 1).  If a feature is of
unknown origin or category, we recommend that this
be clearly stated.  In the cases of heavily-modified
craters, the degree of degradation also needs to be
documented as well as possible.  We will discuss this
terminology in the context of four terrestrial
examples (Chicxulub, Sudbury, Vredefort, and
Chesapeake Bay) with the aim of moving toward
consistent usage of terminology and diameter
determination.

Transient crater diameter: the diameter of the rim
of the idealized transient crater measured at the pre-
impact surface; that is, the maximum radial extent
achieved by the opening cavity before rim collapse
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begins.  This diameter is equivalent to the diameter of
the excavated zone of target material.

Final crater (rim-to-rim) diameter: the diameter
of the topographic rim that rises above the surface for
simple craters, or above the outermost slump block
not concealed by ejecta for complex craters.  This
diameter is relatively easy to measure on most
planetary bodies where the topographic rim is usually
preserved due to low rates of erosion.  On Earth,
however, pristine craters are rare.

Apparent crater diameter: the diameter of the
outermost ring of (semi-)continuous concentric
normal faults, measured with respect to the pre-
impact surface (i.e., accounting for the amount of
erosion that has occurred).  For the majority of
terrestrial impact structures this is the only
measurable diameter, due to erosion.  It is not always
clear whether this apparent diameter is equivalent to
the rim-to-rim diameter.

Central peak diameter: the diameter of a central
peak measured at the contact with the surrounding
crater floor (i .e . , measured at the top of the
allochthonous crater-fill breccias and melt rocks).
For eroded craters the central uplift diameter is less
easily defined because distinguishing uplifted
material depends on the available stratigraphic
markers and their position relative to the amount of
vertical uplift and the amount of erosion.

Peak-ring diameter: the diameter of the peak of
an internal, often discontinuous, mountainous ring
that rises above the crater floor.  To unequivocally
call a ring-like feature in an eroded terrestrial
structure a peak-ring, it must be proved that this ring
originally protruded through the crater-fill deposits in
the fresh crater.  Where this is not possible, we
suggest the term ‘interior’ or ‘inner’ ring.

External ring diameters: the diameters of the
crests of semi-continuous, concentric fault scarps
external to the final crater rim.  Structures outside the
rim are not always apparent, e.g., they can be easily
concealed by ejecta blankets.  Furthermore, in some
cases (e.g., Chicxulub) external rings can stand
topographically higher than the structural rim.
However, for the purposes of crater scaling, the
origins of features are more relevant than their
elevations, so topography alone should not influence
the identification of the final rim.

Outer limit of deformation: the maximum
distance at which impact-related deformation can be
identified.  This metric clearly depends heavily on the
types of data that can be acquired; only large features
can be identified from orbit, whereas even faults with
little offset can be identified if they are preserved in
the terrestrial geologic record.

Figure 1:  Schematic cross sections illustrating various diameters

and depths associated with hypervelocity impact craters: (a) simple

crater, (b) pristine complex crater, and (c) eroded complex crater.

For a fresh simple crater (a), the rim-to-rim diameter is obvious;

however, with increasing amounts of erosion, it will only be

possible to measure the apparent diameter.  In an eroded complex

crater (c) it is often difficult to identify which of the inward facing

faults corresponds to the final crater rim in the original crater (b).

For complex structures eroded below the crater-fill deposits, it will

not typically be possible to measure the central peak diameter, but

rather the diameter of the central uplift.  In such cases, an estimate

of the depth of erosion is important as the central uplift diameter

will change considerably with depth (cf., the amount of measured

stratigraphic uplift).

Conclusions: In interpreting crater sizes it is
important to be as consistent and clear as possible.
The exact nature of the features being measured, or
the interpretations thereof, should be specified and
uncertainties in their values should be provided.
When scaling between different features, care must
be taken to ensure that the starting values used are
appropriate to the scaling relation, so that the
resulting values are reasonable.  When assessed
consistently, some longstanding disagreements about
crater size disappear; however, we still have much to
learn about the impact process, so there may be many
cases in which discrepancies in diameters determined
using different methods simply can not be resolved,
yet.
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