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Most readers likely agree that GIS software, such 
as ArcGIS, is an effective and powerful technol-
ogy for mapping and displaying our world. Not-
withstanding this convention, there are numerous 
alternative applications of GIS to mapping fea-
tures whose geometry is not typically defined by 
earthly coordinates. 
 This article describes two examples, illustrat-
ing how ArcMap and ArcScene can be used to 
create and display nongeographic spatial data. 
The first example uses Cartesian coordinates for 
mapping atomic-level silicate structures based 
on the geometry of bonded ions. The second ex-
ample uses polar coordinates to display the Hue-
Saturation-Value (HSV) color space and shows 
how it relates to other abstract color spaces.

Silicate Mineral Structures
Many of us have seen drawings or computer ren-
derings of intricate molecular compounds that 
show how atoms or ions are bound to each other 
to build a complex three-dimensional framework. 
At first glance, the challenge of creating such dis-
plays using GIS might seem daunting. In the field 
of geology, however, many of the most common 
minerals are often represented by combining tet-
rahedra in a geometrically consistent and some-
times coplanar arrangement. [Coplaner refers to 
points located on the same geometric plane.]
 The basic building block of all silicate min-
erals is the silica tetrahedron comprised of four 
large oxygen atoms and one smaller silica atom. 
Any three of the four oxygen atoms are coplanar, 
so a model of such a structure would lie flat on 
a table. As shown in Figure 1, the tetrahedron is 
created by drawing lines in three dimensions to 
connect the centers of the four oxygen ions. The 
resulting shape is a tetrahedron, a four-sided pyra-
mid with an equilateral triangle for each face. The 
silica atom is suspended in the middle of the tetra-
hedron. 
 Silica tetrahedra combine by sharing oxygen 
atoms and are often represented as touching at 
one or more vertices. The resulting atomic struc-
tural frameworks are important because their 
geometry is reflected in certain physical proper-
ties of minerals such as the directions in which 
they will easily break. Figure 2 shows a sheet 
silicate structure displayed in ArcScene and 
viewed from above. The regularity of the spac-
ing between adjacent tetrahedra made the mod-
els straightforward to create in a spreadsheet, 
given the geometry of an equilateral triangle. 
A rotate attribute was used to account for both 
orientations of tetrahedra. The spreadsheet was 
added to ArcMap as an event theme and ex-
ported as a shapefile before being displayed in 
ArcScene.
 Displays of such structures in three dimen-
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sions may assist  learning  through interactive vi-
sualization or manipulation. For example, mica 
minerals have sheet structures that allow layers to 
be peeled off as paper-thin sheets with about the 
same effort it takes to remove a Post-It note from 
a pad. This is because silica tetrahedra form two-
dimensional sheets with strong bonds (like a Post-
It note), but the bonds between these layers are 
much weaker (like the mild adhesive on the back 
of the Post-It note). The same theme shown in Fig-
ure 2 can be added to ArcScene multiple times 
to represent separate sheets as shown in Figure 3. 
Sheets are offset from each other by adjusting the 
base height, and marker symbols are inverted for 
two of the four sheets displayed to approximate 
the correct atomic structure. In the interactive 
ArcScene environment, the perspective can be 
adjusted to view the sheet structure from above, 
at an oblique angle, or between layers and along 
the planes of weakness. 

Hue-Saturation-Value Color Space
Color models are constructs for showing, select-
ing, varying, and combining colors. The simplest 
displays show “all or nothing.” Figure 4 shows 
an example of the additive colors used in the 
red-green-blue (RGB) color model. This Venn 
diagram is similar to results achieved with the 
Union operation in GIS. For example, the red area 
is 100 percent R, 0 percent G, and 0 percent B; the 
yellow area is 100 percent R, 100 percent G, and 
0 percent B; and the white area is 100 percent R, 
100 percent G, and 100 percent B. 
 More complex displays are required to show 
how colors mix in any desired proportion. Al-
though the RGB color model can be extended to a 
three-dimensional cube in a Cartesian coordinate 
system, the RGB color model is not ideal for pick-
ing colors. This is because it is not a perceptually 
based system. Other color systems include vari-
ables more in tune with the way colors are often 
described. One frequently used system is the HSV 
color model. With this system, richer or darker 
colors result from changes in the S and V values, 
respectively.
 The HSV color model, created with ArcMap 
and displayed in ArcScene, is shown in Figure 5. 
It looks like a cone pointing downward. The flat, 
circular top shows changes in H and S only. Hues 
of the rainbow change around the circumference 
of the color circle. Moving toward the middle of 
the circle, all colors become more pale or less 
rich as they approach the white center. The Value 
(V) changes down the axis of the cone. All colors 
change from being light to very dark. Along the 
central axis, white changes to black.
 A three-dimensional display of this color 
system can be created using GIS. This applica-
tion begins with making the top of the cone with 

a polygonal representation of five-degree incre-
ments of latitude and longitude for the northern 
hemisphere, shown in bright yellow on the left 
side of Figure 6. This grid is then projected into a 
polar map projection (as shown on the right side 
of Figure 6). Hue and Saturation are varied with 
longitude and latitude, respectively. The resulting 
unprojected colors are shown in Figure 7. Once 
projected, they define the top of the HSV color 
model shown in Figure 8.
 The top of the HSV model can be copied and 
modified to create the cone beneath. First, it is 
necessary to make a three-dimensional surface 
on which the colors will be draped. This is ac-
complished by creating a TIN based on the lati-
tude. New colors are then assigned to the circle 
that will be draped over the cone. In Figure 5, Hue 
continues to vary with longitude, but now Value 
varies with latitude. All colors along the outside 
of the cone are fully saturated.
 The resulting HSV color model in Figure 5 
may look like a solid, but the GIS representation 
is really a hollow cone with a lid on top. However, 
it is possible to show any number of horizontal 
layers through the HSV color model. This mod-
el makes a copy of the top layer and adjusts the 
value of all colors by an equal amount. The new 
layer can then be positioned by offsetting its base 
height in the three-dimensional display to corre-
spond to the Value level in the HSV cone. The 
size of the color circles is also scaled to account 
for decreasing diameters moving down the cone. 
Figure 9 shows four horizontal cuts through the 
HSV cone. Each cut represents a 20 percent varia-
tion in Value.
 This HSV color model can now be related back 
to the RGB color model. The image in Figure 10, 
created with ArcScene, shows a visualization of 
the contribution of blue to all fully saturated HSV 
colors. The plateau centers over blue and includ-
ing all colors beneath represents a contribution 
of B = 100 percent. Moving toward the opposite 
side of the color circle centered on yellow, blue’s 
contribution decreases to B = 0 percent along the 
edges of the bottom color circle. The decreased 
contribution of blue moving toward the red- 
orange-yellow-green colors follows a surface 
shaped like a portion of a cone. This one-third 
of a cone has sloping “wings” on either side. The 
wings are centered over the red-to-magenta and 
green-to-cyan portions of the HSV color model. 
The relative contributions of red and green to the 
color circle can additionally be displayed in a 
similar manner as shown in Figure 11. 
 Figure 11 contains much more information 
than the Venn diagram in Figure 4, but the same 
relationships are apparent here. For example, 
there are only three radial lines along which two 
of the additive colors each contribute 100 percent 
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Figure 1: A silica tetrahedron

Figure 2: A sheet silicate structure

Figure 3: Three three-dimensional 
views of layers of sheet silicate 
structures shown looking down from 
above, at an oblique angle, and from 
the side

Figure 4: A simple display of the 
red-green-blue (RGB) color space

Figure 5: A display of the hue-satu-
ration-value (HSV) color space

Figure 6: Latitude and longitude 
lines in the northern hemisphere in 
geographic (left) and polar (right) 
coordinates.

Figure 7: Colors showing variations 
of hue and saturation in geographic 
coordinates

Figure 8: Colors showing varia-
tions of Hue and Saturation in polar 
coordinates

Figure 9: A display showing five 
slices of the HSV color space at lev-
els separated by 20 percent value

Figure 10: A display of variations 
in blue related to the top of the HSV 
color cone

Figure 11: A display of variations in 
red-green-blue related to the top of 
the HSV color cone

Figure 12: Isoluminosity 
contours on the top of the 
HSV color cone

Figure 13: 
Hillshadings of a 
Martian terrain 
using variations 
in luminosity and 
fully saturated 
red-orange-yellow 
colors (top) and 
a reddish-orange 
color with changes 
in value (bottom).

and the other contributes 0 percent, centered over 
cyan, magenta, and yellow. There is only one point 
where all three colors contribute 100 percent—the 
white center of the HSV color model.
 A quick glance at Figure 7 or Figure 8 con-
vinces most people that some colors are brighter 
than others, despite all having the same HSV 
Value of 100 percent. Magenta, even more than 
cyan—and especially yellow—appear much more 
luminous than neighboring colors. It is possible to 
quantify these changes in luminosity by relating 
the HSV color model to another color model, the 
International Commission on Illumination’s CIE-
LAB color model. Using ArcMap, luminosity for 
all the HSV colors that appear in Figure 8 was 
calculated and contoured in Figure 12. Isolumi-
nosity values vary from 100 percent (white) to just 
less than 30 percent (fully saturated blue).
 Understanding the spatial patterns of lumi-
nosity change in the HSV color space provides 
opportunities for creating distinctive cartographic 
displays. For example, hillshaded maps almost al-

ways vary the Value in HSV color space, causing 
somewhat muddied hues in the resulting maps 
because pure hues are intermixed with shades 
of gray. A hillshading effect, however, can also 
be achieved by varying luminosity of pure hues. 
In keeping with the nongeographic nature of this 
article, luminosity-based hillshading is applied to 
a Martian landscape using colors associated with 
the white dots spanning the fully saturated red-
orange-yellow hues in Figure 12. The resultant 
rendering  is shown at the top of Figure 13. For 
this otherworldly terrain, the brightly variegated 
alternative contrasts with the comparably lacklus-
ter hillshading shown at the bottom of Figure 13.

Summary
The world abounds with spatial data that is 
not tied directly to some geographic coordi-
nate system. Although GIS software may not 
be specifically designed for all such applica-
tions, its flexibility and versatility open up pos-
sibilities limited only by the user’s imagination.  
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