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SUMMARY
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The application of crater degradation as a tool for the relative age dating of geological units has been an important component in deriving interplanetary correlations of geologic time. The global image dataset acquired by the Mercury Dual
Imaging System (MDIS) on the MErcury, Surface, Space, ENvironment, GEochemistry, and Ranging (MESSENGER) spacecraft allows for rigorous classification of craters previously imaged by Mariner 10, as well as the classification of
craters in newly imaged regions of Mercury. In this study, we attempt to standardize classification for Mercurian craters by developing a consistent scheme based on clear, uniform morphological criteria. We classified all Mercurian
craters ≥40 kilometers in diameter with our system, thus establishing the first global dataset of crater degradation on Mercury and providing a useful tool for understanding the evolution of Mercury’s surface.

The classification of Mercurian craters was a joint effort with the global geological
Mercury mapping project led by Dr. Louise M. Prockter (Abstract #1245). The First
Global Geological Map of Mercury is being presented at this poster session at
poster location #401.
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Due to the overlapping of rim diameters between simple and modified simple crater morphologies, and
the possibility of mistaking secondary craters for simple or modified simple craters, Class 2 through
Class 5 craters were not evaluated.

200km

200km

MARINER 10

MESSENGER

First developed for the Moon [e.g., 2-4], the degradation
classification system was later extrapolated to Mercury [1,5].
Though these initial studies used a 4- or 5-class system ranging
from fresh to very degraded, there have been several classification
systems used since, and morphological variations exist among
them. These inconsistencies led us to reevaluate the
classification criteria.

Figure 2. Dostoevskij crater (lat: 45°S, lon: 183° E) was historically the type example of a Calorian aged (Class 3) crater [1] but later was suggested
to be one of the oldest basins on the planet (Class 5)[6]. Our classification scheme places it in the Tolstojan time period (Class 2). This example is
one of several craters that had differing historical classifications, revealing that crater classification based on Mariner 10 data needed to be revisited.
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CHALLENGES WITH PREVIOUS SYSTEMS
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Classification system based on only half the planet
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The interpretation of crater morphology can be influenced heavily by geological activity. Though the main
erosive force on Mercury is space weathering (solar wind and impact gardening), cratering and volcanism
in Mercury’s past have caused some craters to appear older and more degraded than most craters formed
during the same time period. It is very likely that these processes are at work on the surface in areas that
cannot be easily identified.
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Figure 3a shows a set of three craters (lat: 38°N, lon: 175°E) superposed on top
of the Caloris interior plains (cfp). Due to their stratigraphic position on top of
Caloris related units, they must be younger than Caloris and therefore Class 3 or
fresher. However, due to the influence of superposed crater ejecta, the crater
referenced by the white arrow displays characteristics of a Class 4, Tolstojan aged,
degraded crater. Though the stratigraphic relationship with Caloris can be used
to more accurately identify this crater’s age, there are many craters that exhibit
these same characteristics that cannot be tied to a specific stratigraphic marker
(e.g. craters that lie within Mercury’s intercrater plains).
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Figure 3b

No Class 1 or Class 2 multiring basins have been
identified.

Figure 3b shows a peak-ring basin (lat: 40°N, lon: 73°E) that has been embayed
by the northern smooth plains unit (ps) from the north. The part of the rim that
has not been embayed is still crisp and a portion of radially textured ejecta is
visible to the southeast. Though this crater has been largely obliterated
(characteristic of a Class 4, Tolstojan aged crater), the fresh ejecta suggests that it
may be younger.

RESULTS

Figure 1. Crater degradation is broken down by initial crater morphology [10, 11]. Different crater features will be more prominent depending on crater
diameter (e. g. plains units are more pronounced in basins than in simple craters). Ages are derived from previous models [6] and indicate the base of each
system. Selected craters are centered in each image with diameters approximately one third the width of the image.
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Mariner 10 quadrangle maps, as well as other classification systems, were inconsistent in their
interpretations of morphology and how they defined each class
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Table 1. Crater feature matrix segregating aspects of crater morphology into each class of degradation allowing for more consistent classification across the globe.
Feature descriptions were derived from [1], [6], and the Mariner 10 geological quadrangle maps. Bold features are more prominent indicators of class than nonbolded features. *Descriptions only valid for crater morphologies that have these features.
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Figure 4a. A cumulative size-frequency distribution using the entirety of Mercury’s surface as the area of interest. Shifts in the cumulative
numbers of craters in each class may suggest ancient resurfacing events. Error bars have not been included as more analysis will be
necessary to quantify the error in classification.
Figure 4b. A cumulative plot of the number of craters in each bin where the bin size is 10 kilometers. Though trends are visible, it is clear
that several outliers skew the cumulative size-frequency plot in Figure 5a.
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CONCLUSIONS


Our classification system is based on morphological criteria broken down by initial crater morphology.



Though this system provides a method that can be applied consistently across the globe, proximity
weathering and volcanism can cause craters to look much older, particularly in more heavily cratered
regions. This can contribute to uncertainties in classification.



The ratio of craters in Classes 4 through 2 remains relatively constant, suggesting that craters spend
equal percentages of their lifetimes transitioning through each degradational class



There are very few mid-sized Pre-Tolstojan aged craters between 0° and 90°E, possibly suggesting a
resurfacing event in this area
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Figure 5a-e. Global distribution of craters identified in each class. In 5e, the region of Intercrater Plains between 0°
and 90°E is devoid of mid-size craters. Unconfirmed basins b30 (1390 km diameter) and b56 (~1000–1500 km
diameter) [11] have been classified as Pre-Tolstojan in age and are located in this region. These basins are sufficiently
large to have obliterated a large number of mid-size craters, possibly contributing to this pattern.
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