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Figure 1: (Left) A scene using the shader on various objects with different parameters.
(Right) A stone teapot and a round rock on tree stump.

Abstract

This paper covers the methodology of creating a realistic shader
of a rock covered with lichen. The results are based on references
of rocks with lichen and research into the field of rock lichen be-
haviour. The process of the shader creation is explained step-by-
step, through the sections, and the pros and cons of each technique
are observed. The shader was created using the Renderman Shading
Language (RSL) and the final scenes were composed in a Render-
man RIB file.
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1 Introduction

Scientifically, there are only three types of rocks, namely: Igneous,
Sedimentary and Metamorphic (Ask GeoMan 1997). Each of those
types, however, split into hundreds of sub-categories. In practice
we can say that no two rocks are alike. Therefore, rocks and stones
tend to be a very broad topic when it comes to shader writing.
Rocks with lichen were chosen, for the shader creation as that nar-
rows down the array of features and provides a specificity which
decreases the ambiguity to a large extent and specialises the shader
into a concrete field.

2 Background and References

The first thing that had to be investigated were rocks in general.
What types of rocks was lichen likely to grow on and what do they
commonly look like. Lichen could be found on every single conti-
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nent on the planet and all it needs is fresh air, an undisturbed surface
and some time (Goerig, and Chatfield 2004). The combinations of
lichen and rocks quickly become far too vast if one wants to be
absolutely accurate. That is why for this project a more narrow ap-
proach was taken. The shader was created not based on all lichen
and rock types, even though it is generic and covers a lot of ground
it wont be precise for every scenario. Instead, it is developed based
on the local references that were available, some of which can be
seen in Figures 2, 3 and 4.

Figure 2: A side view of a small stone with specular dots and
white lichen.

Figures 2 and 3 depicts two images of a rock with lichen. This
is a handheld rock and thus the lichen on smaller stones tend to
be smaller, mainly due to the fact that they are more prone to be
disturbed by natural or human activity. Some of the features that
are clearly visible from the photographs are that the overall shape
is smooth, however there is a grainy surface which makes it very
rough and diffuse. Also visible are small very shiny, specular dots
on the rocks surface, which are found in similar types of rocks. The
small lichen is found only on one of the sides of the rock which
probably means that this was the side that received most of the
sunshine throughout the year, according to Gooley (2013). If one
looks closely, he could notice other lichen patterns forming under
the main lichen spot, which are much less evident and pale, which
progressively fade into the rock colour over distance. All those fea-
tures are simulated by the shader and different separate techniques
were used for all of them. Some similar results could be seen in



Figure 3: A top view of a small stone with specular dots and white
lichen.

the right image in FIgure 1, where a small round stone simulates
similar behaviour, but at a greater scale.

Lichen on rocks, makes the topic very specific due to the fact that
lichen is not a single organism, but rather a stable symbiotic as-
sembly of fungus and algae (The British Lichen Society 2014) and
(Slater 2013). Another reason for choosing this topic was that there
are plenty of references in Bournemouth, UK, where I was situated
at the time of this project.

Lichen prefer humid environment but also don’t mind the sunshine,
unlike moss. Thus they can be found often times on the south-
western faces of rocks and trees. That is the reason they are even
used by orienteerers for navigation (Gooley 2013). This charac-
teristic of lichen is supported in the shader as described in Section
2.

There are many types of lichen, but when it come to their colour
two are most prominent and those are the white and the golden
lichen. The golden lichens being the ones which are normally on
the southern side of rocks, thus facing the sun. Unlike moss, lichen
prefers the sunshine. This is not a rule, however, if there are lichens
on a certain surface, the ones on the southern side are most likely
to be golden (Gooley 2013).

Figure 4: Golden lichen growing between and on top of a white
lichen colony.

3 Geometry

Rocks can come in all sizes and there certainly is no standard rock
shape. Therefore most primitive shapes offer a good starting point
for the geometrical description of a rock. The two scenes rendered
with the shader, Figure 1, depict the shader used on some of the
Renderman primitives such as Sphere, Cylinder and Patch. Some
basic transformations, such as non-uniform scaling, are applied to
further enhance the models.

Figure 5: A rock covered in white and golden lichen. The golden
lichen seems to be taking the sunnier positions and appears on top

of the white lichen. Some moss is also visible in the shade of the
concavity.

4 Displacement and Bump

Having started by describing the geometry and transformations, we
will continue with the various displacements involved in creating a
realistic rock surface. Beginning with a top-down approach the op-
erations are described in order of scale, concluding with the BRDF.

4.1 Displacement on the whole rock shape

Fractional Brownian Motion is used for the displacement of the sur-
face of the whole rock. This type of function is chosen as it provides
multi-layered (fractional) natural-looking displacement in both di-
rections (inwards and outwards), throughout the entire rock surface.
The scale of this effect could be manipulated through the shader in-
terface.

4.2 Roughness of the rock surface

A more subtle displacement is done on the rock surface to simulate
the rock roughness itself. Different rocks vary in their roughness
but we take an approximation and follow some of the references
seen in Figures 2-5, to get plausible results. This displacement is
achieved using a turbulence function as it simply produced more
eye-pleasing results than the fBm. The rock roughness could also
be controlled in scale via the interface.



4.3 Displacement of the lichen

The pattern of the lichen is discussed in Section 5. However, it is
important to note that the displacement and the surface shaders both
use the same function to calculate the position of the lichen on the
rock. The reason that values cannot be passed from the displace-
ment to the surface, for this specific function is that both shaders
call the function with different colour values, as the displacement
shader uses the colour values as displacement scalars. Thus the
function needs to be recalculated in the surface shader in order to
shade with correct colours. The function is described in greater
detail in Section 5.

4.4 Cracks in the rock

Another important feature of most rocks are cracks, cavities and
cravasses in the surface. The cracks in the rock surface are created
by using a large scale voronoi diagram which keeps track of the two
closest seed points. This way the offset between the voronoi cells
is kept stable. That isn’t very important in this case though as we
use a fBm function to distort the borders between the voronoi cells,
so that they look more irregular and natural. This border is then
multiplied by a user controlled scalar value for inward displacement
of the surface to be achieved, which simulates cracks on the surface
of the rock.

4.5 BRDF

As one would probably think, the surface roughness of a rock does
not stop there. In reality the rock’s surface is micro faceted and
this complexity continues in a fractal fashion as most things in na-
ture. Of course mimicking this roughness with displacement is not
possible nor would it be efficient. For those properties of the mate-
rial, and how it interacts with light at a microscopic level, we need
to use an appropriate BRDF. To begin with, a Lambertian specu-
lar model was used as it offers a good starting point. Effectively,
a matte surface is achieved, when the specularity is decreased. In-
stead of using the Lambertian model though which scatters light in
all directions evenly, the Oren-Nayar reflectance model was consid-
ered. The Oren-Nayar is more relevant for a rock surface, as stones
generally do not scatter light evenly and tend to be very diffuse.
One would not necessarily see great contrast between the two mod-
els especially in still images as the ones provided. However the
Oren-Nayar was kept because, as with many things in Computer
Graphics, the lack of it might be felt otherwise.

5 Lichen and the surface shader

5.1 The lichen pattern

One of the most important features of the shader is undoubtedly the
lichen. After lots of trial and error with different noise algorithms
and various techniques with which lichen could be generated on the
surface of the rock, eventually the turbulence pattern was chosen.
Where the magnitude of the turbulence is used for the interpola-
tion between a number of colours using a spline function. This way
we get realistic results, as the natural unevenness of the turbulence
gives plausible patterns which are further enhanced by the usage of
an interpolation algorithm with the appropriate colours and mixing
values. The shader uses three default colour values which are pro-
moted as parameters to the surface shader, in order for the user to
be able to tweak his lichen colouring. The shader demonstrates the
two main types of lichen which were mentioned earlier, namely the
white and golden lichen. If the user wishes only one type of lichen
on the rock, the second and the third colours should be identical.

This behaviuor is simulated in one of the rocks in the left image of
Figure 1, which has only white lichen. The ground patch in that
scene also uses the shader but has all it’s colours set to the same
value thus, no lichen is visible, as it aims to imitates rocky barren
surface, similar to that of the red planet.

5.2 The lichen position

As we already mentioned lichen is not like moss and does not mind
the sunshine. That is why lichen could be found very often on the
sunny side of rocks and trees. To simulate that behaviour of lichen,
a so called ’Sun Ray’ is used. it is also provided as a parameter
to the user and it should specify the ”sunny side” or the direction
where the most sunshine comes from, on average, throughout the
year. In the northern hemisphere, this would normally be the South-
West. This ray is likely to be a constant as it should portray the
average direction and not the position of the light source at that
moment in time. This is precisely why a separate ray is required.
If the direction to the scene light source was used instead, and the
shader was used for an animation with dynamic light sourse(s) or
rocks, this would result in the lichen dancing all over the rocks.
Certain values, from the dot product of that ray and the surface
normals, are used to scale the lichen presence on the calculated
spot. This produces unexpectedly realistic results as it mimics the
exact behaviuor of real lichen, as could be seen in Figure 2. The
further away the lichen gets from the direct sun beem, the more it
fades away until it blends with the rock surface.

For even more theoretical correctness, this same sun ray is used
to calculate the approximate balance of lichen types. As we men-
tioned earlier, golden lichen is considered to be more sunshine-
friendly and thus in the example images this could be seen as the
golden lichen takes on more and more space towards the direct hit
of the sunray and falls-off with the widening of the angle between
the surface normal and the sunray. This doesn’t mean that other
parts of the rock would lack it, as this value simply controls the bal-
ance between them. This allows for mimicking the growth of the
golden lichen over the white one, as seen on some of the references.

5.3 Specular dots

The tiny white dots which are seen in some of the rocks in Figure
1 in both demo scenes aim to simulate the shiny mineral spots in
the rock surface, which were mentioned earlier, as seen in FIgures
2 and 3. Their random spread is achieved by a simple noise func-
tion and rejection sampling based on the surface colour to check if
they fall into the colour nuance of the rock surface, as beeing part of
the rock itself, as they wouldn’t be seen on top of the lichen. Then
the specular is scaled up to a very high value on that spot. Which
would glitter at the sharp angles with the camera. A variable pro-
moted to the interface controls the density of those specular points.
This value should be handled with caution as the pursued effect is
very subtle in real rocks. Some of course have more than others,
but they are only visible at certain sharp angles and at the appro-
priate lighting conditions. In the example images, Figure 1, some
of the rocks have more then others, so that this feature might be
demonstrated clearly.

6 Scene description

There are two demo scenes, seen in Figure 1. The first scene com-
prises a futuristic environment in which ancient rocks and a hand-
crafted column, covered in lichen are found on the surface of the
red planet. The second scene depicts a small smooth stone simi-
lar to that of Figures 2 and 3, and a stone teapot, placed on a tree
stump. The backdrops on both scenes were added as a post process



in Nuke, both being referenced images. An environment map was
also added in the surface shaders of both scenes despite the fact that
it is not of great use since most objects are entirely diffuse.

6.1 Lighting

Since lighting and compositing is not the main aim of this project,
no complex algorithms were used. The lighting of both demo
scenes consists of an ambient light and a distant (directional) light.
The distant light is top-down in both scenes and imitates sun light,
the ambient light is weak and it is added so that no areas appear
absolutely black, serving as a fill light. The left scene in Figure 1
also uses an additional week directional light so that the underside
of the rocks might be more visible. Directional lighting is chosen
over point or spot lights because both of the scenes are situated in an
outdoor environment and directional light simulates sunlight better,
and avoids perspective shadows. The shadows of the displacement
have also been activated, for visual accuracy.

6.2 Camera artifacts

A subtle Depth of Field was also added to both scenes to draw at-
tention on the items of interest and to further enhance the camera
artifacts which suggest photo-realism.

7 Overview

In this section we will consider a brief overview of the main steps
involved in the creation of the shader.

A breakdown of the main components of the shader and how they
individually contribute to the final outcome, is depicted in Figure 6.

8 Conclusion

We have discussed the process of creating a shader for rendering
realistic rocks with lichen. The above techniques could be used as
a guideline and are by no means the only solution to the problem.
The presented shader could be further extended into a more flexible
rock shader by having more features added to it. The two demon-
strational scenes, Figure 1 are created using Renderman and RSL
but the techniques are in no way restricted to the Renderman Shad-
ing Language and could be translated into other shading languages
and even optimised for real time rendering.
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