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Introduction and Background:  Impact craters 

form via an excavation event caused by a hyperveloci-
ty impact.  Because of the nature of the event, in most 
cases, almost all of the information about the original 
impactor is lost, except for the energy (where the ener-
gy is a vector function of various components, such as 
the impactor velocity and mass).  The target body on 
which the crater forms also will have some control 
over the final crater shape, and that control is based 
primarily on the strength of the target material in 
which the crater forms.  This is despite most craters 
that are studied (~100s meters and larger) forming in a 
gravity regime, for subsequent modification of the 
crater shape is still driven by target material properties 
(e.g., a crater formed in sand will collapse soon after 
formation much more than a crater formed in metal). 

As impact crater studies have been conducted 
across the solar system for the last ~50 years using 
spacecraft-based data, trends have emerged that show 
crater depth – the excavation depth both below the 
surface and relative to the height of the rim uplift – 
relative to crater diameter – the rim-to-rim distance – 
can yield important information about target properties 
[1].  Therefore, the measurement of these two proper-
ties is a relatively straightforward datum that can yield 
useful scientific information, and it is often one of the 
primary kinds of crater measurements made about a 
surface.  In particular, the crater depth for a given di-
ameter has been linked to the type of material that the 
crust is made of – crystalline rock, sedimentary rock, 
or an icy-rock mixture – and the transition between a 
steep depth-vs-diameter ratio for simple craters versus 
a more shallow ratio for complex craters has been 
similarly linked to the strength of the crust material. 

However, exactly how that measurement is made 
varies considerably depending upon the data available 
and the researcher(s) making the measurement.  Meas-
urement of impact crater diameter can vary anywhere 
from using two points to using all available pixels 
along the rim and yield different results that tend to be 
repeatable and replicable at the ~±10% level [2]. 

Crater depth, however, is subject to significantly 
more measurement variation.  This variation can result 
from three primary sources: Data used, method used, 
and researcher biases (where “biases” is not a judge-
ment call, it is related to small, unconscious idiosyn-
crasies that affect how one implements a technique).  
Data-wise, using a shadow method, laser-based topog-
raphy, stereo-based topography, or photoclinometric-
based topography will all yield different results due to 
different biases in how each technique returns a depth 
measurement [3].  Measurement-wise, there are a myr-
iad of different techniques and exact definitions for 
crater “depth” that all affect the final measurement [3].  

For example, one might choose to take a simple profile 
through topography data along a North-South direction, 
measuring the peak elevation as the rim and the mini-
mum elevation as the floor.  Alternatively, one might 
measure all locally high points along a rim, the single 
deepest position in a crater floor, and take an average 
of the rim points to represent the rim height.  Or a 
maximum.  Or an upper quartile.  All of these different 
methods, coupled with individual researcher bias, will 
return different values for the crater depth, and this 
type of variability was studied and reported in [3]. 

With that context, this work focuses on using Pluto 
and Charon topography data, generated through stere-
ogrammetry, as a case study to examine the depths of 
the visibly best preserved craters on both bodies.  We 
use a few different methods to calculate crater depth 
and will report on both the variations as well as the 
results, and place them into context with other work 
done for other solar system bodies. 

Methods:  We are in the process of gathering data 
at this stage, so we report here on the methods we are 
planning to use in order to understand the variation in 
crater depth based on those different definitions.  To 
begin with, crater diameter measurement is consistent: 
We are using best-fit circles based on tracing the crater 
rims on publicly available mosaics of Pluto and Char-
on.  The rim points are identified visually, recorded in 
decimal degrees, converted to kilometers from the cen-
ter using Great Circles, and fit using several different 
methods that then vote on the most consistent parame-
ters [4]. 

For crater depth, we are also using the publicly re-
leased maps (for shadow length measurements) and 
publicly released digital terrain models that were gen-
erated from stereogrammetry [5,6].  We are using the 
following definitions/methods for measuring crater 
depth, all of which are described in the review paper 
by [3]: 

• Free Shadowfront [7], as modified by [8] to al-
low for off-nadir pointing.  (Technique only 
works for simple, bowl-shaped craters.) 

• 8 chords drawn from the crater center through 
the rim, spaced in 45° azimuths starting from 
the crater center and going due north.  Using the 
maximum minus minimum. 

• Extracting all topographic data for the crater and 
azimuthally collapsing into a merged profile.  
From this, using different metrics and compar-
ing them to yield floor depths and rim heights.  
For the floor, this includes:  absolute minimum, 
lowest 10%, searching a histogram for a mini-
mum depth plateau.  For the rim, this includes:  
absolute maximum, highest 10%, average of rim 
profile, upper quartile of the rim profile. 
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Work by [3] using most of these methods with laser 
data for the pristine lunar crater Linné demonstrated a 
depth range that varied by ±6.6%, which led to a 
depth-vs-diameter variation of ≈±4.5% from the mean.  
We expect that this work will yield significantly more 
variation because of the coarser nature of the data and 
inclusion of craters which are unlikely to be as well 
preserved as Linné. 

Additionally, the most common method of report-
ing depth-vs-diameter results is by fitting a power-law 
through the data.  Even that fitting can yield biases and 
different results based on how the fit is done.  The 
most robust method recommended in [3] is a Deming 
fit [9], which uses a maximum likelihood approach and 
can incorporate uncertainty in both crater diameter and 
crater depth. 

But, the data fed into this are also subject to varia-
tion: How are the craters selected that will be fit to 
yield a crater depth-vs-diameter relationship?  The 
2018 review [3] found practically no standard within 
the crater community, so we plan to explore a few dif-
ferent techniques.  The input data themselves will be 
for the visibly best preserved craters – those craters 
that appear to have retained some form of ejecta blan-
ket, have raised rims, and minimum visible infill mate-
rial.  From those, different researchers tend to select 
either all craters in their sample, or progressively skim 
the deepest craters, be it the deepest 50%, 10%, 5%, or 
some other metric.  Again, we will explore different 
values here in order to examine the variation and pos-
sibly try to arrive at a statistically meaningful result 
that does not appear to be arbitrary. 

Preliminary Work:  The first two authors of this 
abstract have generated preliminary measurements for 
several dozen craters on Pluto, and the first author has 

done so for Charon, as well.  The method used by the 
first author for their measurements was an average of 
the deepest 50% of the crater floor, and an average of 
the highest 50% of the crater rim.  In contrast, the 
method used by the second author for their measure-
ments was maximum/minimum from chords.  The re-
sults already vary considerably, with the first author’s 
data yielding craters approximately 2× deeper than the 
second; however, when properly propagating uncer-
tainties through the analysis, a fit for each dataset are 
within ~1σ of each other due to relatively large scatter 
in both samples.  Similarly, the depth-based transition 
diameter between simple crater and complex crater 
morphologies varied by a factor of 50% between the 
first and second authors, depending on both the depth 
data and the fitting method to those data. 

Future Work:  We are actively working on gather-
ing data as described above, and will report on our 
results at the meeting in July.  These results will also 
be placed into context with other data throughout the 
solar system and where Pluto and Charon fit in relation 
to other bodies. 
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