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 Purpose: We are applying the Constant Scale 

Natural Boundary (CSNB) approach [1] to mapping 
Mercury to provide additional insight on its surface 
formation processes.  

Constant Scale Natural Boundary Mapping: The 
Constant Scale Natural Boundary (CSNB) mapping 
method produces maps that are markedly different 
from those produced by more traditional methods. 
Whereas traditional maps can be expressed as out-
ward-expanding formulae with well-defined central 
features and relatively poorly defined edges [2,3], 
CSNB maps begin with well-defined boundaries.  

For a given body and timeframe, internal, external, 
or combined processes may dominate in shaping global 
high or low relief surface features, which act as con-
stant-scale boundaries or ‘edges’ in this approach [1]. 
On entirely impact-dominated surfaces, such as those 
of most asteroids, we anticipate that morphological 
boundaries would represent radial and concentric fea-
tures formed during crater formation, whereas on tec-
tonically driven surfaces, such boundaries would be 
surface expressions of tectonic plates or cells. Where 
volcano-tectonic processes play major roles, morpho-
logical boundaries would represent crustal disruptions 
occurring as a function of time, such as plate bounda-
ries on Earth, or hot spot progressions on Mars. When 
surface modification processes occur on a rapid time-
scale, such mapping techniques will give insight on 
processes shaping the most recent events.  

Mercury Context: Mercury has apparently been 
shaped by both external processes (impact) and inter-
nal processes (core-formation and tidally-driven epi-
sodes of crustal expansion and contraction) [4,5,6,7]. 
As elsewhere, impact-driven resurfacing rate has 
slowed historically due to the decrease in size and fre-
quency of bombardment. Extensive volcanic resurfac-
ing is associated with two episodes of plains formation, 
the early most extensive of which followed core for-
mation and crustal expansion. Networks of orthogonal 
(NE/SW and NW/SE trending) fractures, now apparent 
only as ‘palimpsests’, should have occurred during 
tidal despin followed by crustal expansion during core 
formation. The global network of north-south trending 
thrust fault scarps is associated with crustal contrac-
tion. The largest visible impact feature on Mercury is 
Caloris, although the ubiquity of craters across the 
range of smaller sizes indicates that the ordinary ‘ero-
sion’ process on Mercury is bombardment, as on the 
Moon.  The dearth of impact events may be due to 
extensive volcanic resurfacing during Mercury’s plains 
formation episode.   

As on the Moon, the earliest tectonic and impact 
events should continue to exert a palimpsestlike influ-
ence over later events.  

CSNB Map of Mercury: We have applied the 
CSNB approach to Mercury, identifying units based on 
the enhanced color mosaic map supplemented by to-
pography information available in the northern hemi-
sphere [4,7]. Two major units derived from the mosaic 
are ‘blue’, indicating older terranes including inter-
crater plains, and ‘orange’, indicating younger volcanic 
plains and pyroclastics. The boundaries themselves are 
bright and typically subdued in relief. Some are obvi-
ously tectonic features and others are impact features, 
for which the quasi-‘ray’s apparently reactivate and 
follow pre-existing tectonic features. The blue terrane 
corresponds to high to moderate regions except for 
Caloris and more recent impact features in the northern 
hemisphere. Medial axes of the two complementary 
terranes generate two similarly complementary world 
maps of Mercury: one depicting orange terrane in 
terms of (framed by) blue terrane, and vice versa. 

CSNB Implications for Planetary Modeling: The 
CSNB projection has now been used to produce global 
maps of bodies lying on a continuum between exter-
nally and internally driven control of surface morphol-
ogy. For the Earth and Mars, representing the internal-
ly driven extreme, ridge and trough boundaries are 
apparently associated with internal activity cells, thus 
CSNB maps allow greater understanding of, for exam-
ple, the pattern of gravity and magnetic anomalies. For 
asteroids, representing the externally driven extreme, 
irregular facet edges become boundaries of a ‘splat’ 
map and allow insight into bombardment history. Mer-
cury, massively resurfaced by volcanic plains with 
regional- to global-scale tectonic features representing 
internal processes related to core formation, is mapped 
in chronologically complementary terrains represent-
ing major volcanic episodes. Without global-scale to-
pography, global mapping based on tectonic features 
alone, which are often of low relief, is not possible. 
Mapping the Moon thusly, rather than as a splat map 
[ref], depicting highlands framed by volcanic basins, 
might also portray its volcanic history in a new light.  
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Figure 1: Mercury map. Blue terrane highlighted; orange terrane shown pale. Blue terrane’s topological network 
shown as yellow line, which is the edge of map in Figure 2; orange terrane’s topological network shown as blue 
line, which is the edge of map in Figure 3.  

  

Figure 2: Constant-scale natural boundary map 
sketch of Mercury composed to feature orange 
terrane in terms of blue terrane. (See Poster for 
completed CSNB map.) 

Figure 3: Constant-scale natural boundary map sketch of 
Mercury composed to feature blue terrane in terms of orange 
terrane. (See Poster for completed CSNB map.) 
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