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ries, it was taken for granted that landscape 
pictures had no corollary in reality: They 
were inventions that might rely on nature 
studies in their details but in their overall 
composition were subject solely to the laws 
of vraisemblance.13 The second, metaphori-
cal claim that this vista was “never imagined 
before” seems forced as well: One ordinarily 
imagines an ideal mountain landscape in 
virtually this same way.
	 Instead, what is actually expressed in 
these statements is astonishment at the 
birth of a new kind of picture, one that 
had not existed before, that looked amaz-
ingly like nature but was entirely created 
by a computer. It had to seem like a minor 
miracle that with the proper programming, 
totally abstract fractal algorithms could 
create an image of mountains and valleys 
like those seen in the Alps or the Rockies.14 
“Constantly,” Mandelbrot marveled in refer-
ence to another, equally transporting fractal 
landscape, “I lapse into wondering during 

which trip I actually saw the vista. . . .”15 But 
what does this verisimilitude mean? Could 
it possibly indicate an inner relationship 
between fractal geometry and nature? This 
is the kind of attractive but at the same time 
highly problematical conjecture that gives 
fractal geometry its allure.
	 In fact, “nature” is perhaps the most 
important term in Mandelbrot’s theory; for 
him, it is nature that allegedly obeys a fractal 
logic and produces fractals. Mandelbrot’s 
credo was that “there is a fractal face to the 
geometry of nature.” He has quite explicitly 
criticized existing theories of geometry that 
have “turned away from nature.”16 Just how a 
landscape like the one in the IBM advertise-
ment was created is shifted somewhat into 
the background. Not every fractal algorithm 
ultimately produced mountains and val-
leys. A long process of experimentation 
with various functions, the tiniest variations 
on the so-called “Hausdorff Dimension” D 
and various graphic options, produced a 
huge number of pictures of which only a 
very few ultimately resembled landscapes 
(see Found Images III, cats 1–8).17  For 
that reason, there were fundamental 
doubts about Mandelbrot’s theory early on. 
Mathematicians argued that his graphics 
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Fig. 1. “This place is really nowhere,” 1987. Advertise-
ment for IBM featuring a fractal landscape image 
created by IBM physicist Dr. Richard Voss. Reprint 
Courtesy of International Business Machines Cor-
poration, © 2012 International Business Machines 
Corporation. MB-15

I coined fractal from the Latin fractus, which 
describes the appearance of a broken 
stone: irregular and fragmented.2
—Benoît Mandelbrot

Nature is rough.3
—IBM

Fractal Nature

Is nature “rough”? Since antiquity, philoso-
phers, theologians, and scientists have tried 
to demonstrate the regularity of nature. 
Mandelbrot’s fractal geometry, by contrast, is 
based on the proposition that many natural 
phenomena are so irregular and fragmented 
that they cannot be described by means of 
Euclidean geometry.4 Instead of approach-
ing the forms of nature in the customary 
way—as regular, three-dimensional bodies—
Mandelbrot made use of strange construc-
tions that can no longer be accommodated 
within our familiar spatial dimensions: end-
lessly long curves that are nowhere smooth 
and in magnification constantly reveal new 
twists.5 It was Mandelbrot’s pathbreaking 
idea to call these mathematical oddities the 
fundamental model of nature.6 A number of 
physicists, biologists, and geographers rec-
ognized the subversiveness in his proposal 
immediately—and enthusiastically accepted 
it. At last there was a way to describe in 
mathematical terms such varied phenomena 
as coastlines, vascular systems, clouds, and 
star clusters. It seemed that by way of fractal 
geometry, any number of problems could be 
scientifically investigated for the first time.7 
“Without fractal geometry, there would be 
no language to describe the results, except 
to say that they look like a mess.”8

	 Apparently, this new “language” was 
needed if we were to obtain a new view of 
many natural phenomena.9 Whereas previ-
ously, order had been sought, now it was 
discovered that there existed “disorder on 
all fronts.”10 Indeed, the availability of fractal 
geometry appears to have had enormous 
effects on the way we look at nature. In 
what follows, I mean to show that a whole 
new concept of nature was shaped by 
Mandelbrot’s theory.11

Places Often Imagined Before 

We have been oversold on nature’s  
mathematical regularity.12

—Stephen Jay Gould

Just what was the new concept of nature 
introduced by Mandelbrot, and how did 
it differ from earlier concepts? These 
questions are illuminated by an advertise-
ment produced by IBM in 1987 (fig. 1). It 
presents a computer graphic resembling 
a mountain landscape, with ridge lines, 
snow-covered peaks, and a lake in the val-
ley below. The caption boasts: “This place 
is really nowhere.” The accompanying text 
explains that the company gives its out-
standing researchers considerable freedom 
because “the freedom to explore ideas can 
lead to places never imagined before.” In 
connection with the mountain landscape, 
to be sure, these statements appear to 
overlook what makes Mandelbrot’s graphics 
special. For what is new and exciting about 
them is hardly that they picture places that 
are “really nowhere”—one could say the 
same thing about any given landscape by 
Claude Lorrain (1600–1682). For centu-

3. The Fractal View: 
Nature in Mandelbrot’s 
Geometry1

Jan von Brevern
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our views of nature have changed over 
time—and also how those views have been 
dictated by prevailing geometry.
	 Early on, it was noted that mountains 
appear to be irregular, even chaotic. After a 
journey through the Alps, the English theo-
logian Thomas Burnet (1635–1715) could 
assert that “there is nothing in Nature more 
shapeless and ill-figur’d than an old Rock or 
a Mountain, and all that variety that is among 
them, is but the various modes of irregu-
larity.”27 In his Telluris theoria sacra, first 
published in 1681 and repeatedly reprinted 
up into the nineteenth century, Burnet tried 
to dispense with the prevailing doctrine that 
the earth was regularly formed. Mountains 
served him as a prime example, for “they 
have neither form nor beauty, nor shape, nor 
order, no more than the Clouds in the Air.” 
In Burnet, one of the fundamental problems 
with disorder becomes apparent: Disorder is 
difficult to describe. Irregularity is defined as 
the absence of order and pattern, but there 
were no positive terms with which Burnet 
might characterize it. This was still the case 
even in the eighteenth century: The terminol-
ogy available to Geneva’s natural philoso-
pher and Alpine explorer Horace-Bénédict 
de Saussure (1740–1799), for example, 
was equally limited.28

	 Beginning in the nineteenth century, 
scholars were no longer willing to accept 
the irregularity of mountains. Geographers 
and geologists searched for regular struc-
tures behind their disorder, which they took 
to be only superficial. Such profound skepti-
cism regarding the world of our direct per-
ception was surely in part owing to Kant’s 
distinction between the “thing in itself’ 
and “things as they appear.”29 The German 
geographer Carl Ritter insistently warned 
against “taking the impression that strikes 
our senses for the object that produces it.” 
One was by no means supposed to infer 
from such apparent confusion and lawless-
ness the actual absence of coherence and 
order. According to Ritter, what was needed 
was a “more profound consideration” of 
phenomena. Behind the planet’s seemingly 
chaotic exterior there were doubtless higher 
symmetries and harmonies.30

	 The language available to scientists 
for the discovery of such symmetries and 
harmonies was geometry. Already, Ritter 
argued, the perfectly geometrical forms of 
cobwebs, plant cells, and crystals had been 
seen under the microscope. Geologists now 
went out in search of such regular patterns 
on a larger scale. Léonce Élie de Beaumont 
(1798–1874), one of the most influential 
figures in French science, postulated huge 
mountain systems that spread a pentagonal 
network—the so-called réseau pentagonal—
across the entire globe (fig. 3). From the 
relative position of these mountain chains he 
hoped to be able to determine their age and 
reconstruct the conditions that had given 
rise to them.31

	 The belief that nature obeys geometrical 
principles runs through the entire nineteenth 
century. Perhaps it was most pointedly 
expressed by the French architect Eugène 
Viollet-le-Duc (1814–1879), who engaged 
in geology for many years. While studying 
Mont Blauen, he noted that it was highly 
fortunate that geometry was invented before 
the worlds were created, “for without it, 
building these worlds would have been 
impossible” (fig. 4).32

	 Needless to say, such views decisively 
influenced the contemporary view of nature. 
And even though today such theories as 
Élie de Beaumont’s réseau pentagonal 

Fig. 3. Léonce Élie de Beaumont. “Le pentagone 
européen,” 1852. Bibliothèque de l'École des mines 
de Paris, MINES ParisTech. MB-12

had little to do with nature—that the only 
thing one could see and study in them were 
the (admittedly highly complex and very 
beautiful) intrinsic geometric shapes of algo-
rithms.18 There was also harsh criticism from 
art historians: To assume an essential struc-
tural similarity based on visual resemblance 
was seen to be an argument by analogy of 
the “crudest sort.”19

	 Nevertheless, the suspicion prevailed that 
the sciences were being offered enormous 
opportunities. And quite apart from the issue 
of whether nature in fact obeys a fractal 
logic, one thing can be stated with certainty: 
Fractal geometry has effected a paradigm 
shift in our concept of nature.20 For example, 
in the IBM ad from 1987 it was already 
assumed that natural objects are irregular: 
“Now scientists and artists can create com-
puter images—like this mountain—that have 
all the quirks and irregularities of natural 
objects.” This was a rejection of the pos-
tulate that nature is essentially orderly and 
always produces predictable forms, which 
had stood unchallenged since the begin-
ning of the modern era.21 As the philosopher 
Alfred North Whitehead (1861–1947) wrote 
in 1926, without the widespread conviction 
that there is an order to nature, there could 
have been no science.22 But with the advent 
of fractal geometry—together with that of 
contemporary chaos theory, which during 
the 1980s was becoming increasingly prev-
alent23—scientists began to see a disorderly 
nature everywhere they looked. Reality itself 
had become irregular, and with the aware-
ness of fractal geometry our view of it had, 
as it were, lost its innocence: “Only recently,” 
it was noted in 1997, “there was no word to 
describe fractals. Today we are beginning 
to see such features everywhere. Tomorrow, 
we may look at the entire universe through a 
fractal lens.”24

	 Landscapes were now being seen 
through a fractal lens as well. Suddenly, it 
seemed that one had been searching for 
geomorphological regularities for far too 
long. A new view was required, one that 
took into account the irregular aspects of 
land forms as well. Geoscientists were 
now convinced that “certain phenomena 

refuse to fit into a regular perspective.”25 
Comparison with another IBM advertise-
ment from a quarter-century earlier, in which 
the computer company seems to celebrate 
its mastery of the Euclidean paradigm, 
sheds light on the major changes in our 
thinking and observation that have taken 
place since then (fig. 2). The clear volumes 
seen in this 1960s ad—on which one could 
easily measure angles, place diagonals, and 
designate meridians—represented the basic 
building blocks of the scientific imagina-
tion. But the word “nature” was nowhere in 
evidence—it seemed that with logic alone, 
however brilliant, it was impossible to con-
struct mountains.

Ill-figur’d Mountains

The nineteenth-century mathematicians may 
have been lacking in imagination, but nature 
was not.26

—Freeman Dyson 

Mountains have always been difficult to 
fit into the order of nature. Using them as 
examples, it is possible to show how greatly 

Fig. 2. “Euclid’s geometry turned on the lights of logic,“ 
1960. Advertisement for IBM. Reprint Courtesy of 
International Business Machines Corporation, © 2012 
International Business Machines Corporation. MB-14
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may strike us as absurd, they laid the 
groundwork for the tectonic theories of the 
twentieth century.33 Plate tectonics, which 
finally came to be an acceptable geological 
theory in the 1960s, is still based on vast 
global structures that are only indirectly 
deduced from the planet’s outward appear-
ance. Although there was no longer any 
hope of finding perfect symmetries, to say 
nothing of pentagons, it was still possible to 
believe that one might find clearly defined 
forms that were compatible with Euclidean 
geometry.

Pattern Without Regularity

It is messy, and in the right way.34

—Michael Marder 

One can now imagine what made fractal 
geometry seem like such an enormous 
provocation. In a sense, Mandelbrot was 
returning to the pre-Kantian theories of 
the seventeenth and eighteenth centuries. 
He ignored the whole distinction between 
“things as appearances” and “things in 
themselves,” which had been a basic 
premise of modern scientific practice. 
Instead, like Burnet, he took the irregularities 
of natural phenomena at face value: Nature 
not only appears to be “irregular and 
fragmented,” it is so. But unlike Burnet, 
he did not grow speechless in the face 
of disorder. On the contrary, with fractal 

geometry he developed a languagefor 
describing formerly indescribable 
phenomena. It is only his “morphology of 
the amorphous” that makes it possible for 
science to deal with disorder.35

	 To be sure, the irregularity of nature 
that Mandelbrot postulates can hardly be 
compared to that of the seventeenth and 
eighteenth centuries. It cannot be simply 
chance or “noise,” otherwise it could not 
be captured in algorithms. Mandelbrot’s 
achievement consists of having given a 
structure—a pattern—to fractal nature. This 
pattern is called “self-similarity.” One recog-
nizes fractals not in the forms themselves 
but in the invariance of their forms in scale: 
It does not matter how closely one zooms 
into the graphics, the same elements appear 
again and again.36 Up close, it is claimed, 
coastlines would look precisely as irregular 
and random as from a great distance. Self-
similarity seems like a revival of the notion 
of the macrocosmos in microcosmo so 
beloved by the ancients and by the hermeti-
cists of early modern times, the idea that the 
whole cosmos is mirrored in the tiniest of 
objects and organisms.37 But identifying it as 
the inherent pattern of natural irregularity—
that would wait for Mandelbrot’s insight.
	 Scientists have had to become accus-
tomed to this unfamiliar “idea of pattern 
without regularity,” which is also essential to 
the theory of deterministic chaos.38 By now 
it appears that the “fractal lens” can hardly 
be set aside: Today, nature unquestion-
ably appears to us as far “rougher” than it 
did half a century ago. It almost seems as 
if Mandelbrot had not only invented a new 
geometry—but a new nature as well.

1  I could not have written this text if Nina Samuel had 
not permitted me to read her dissertation on Mandelbrot 
before publication: many thanks to her. I also thank Katja 
Müller-Helle for her critical comments and helpful sug-
gestions.
2  Benoît Mandelbrot, The Fractal Geometry of Nature 
(New York: Freeman, 1982), 262.
3  http://www.ibm.com/ibm100/us/en/icons/fractal/ (ac-
cessed March 28, 2012).
4  Benoît Mandelbrot, Fractals: Form, Chance, and 
Dimension (San Francisco: Freeman, 1977), 1.
5  Mathematicians here speak of functions that are 
constant but nowhere differentiable.

Fig. 4. Eugène Viollet-le-Duc. “Disposition des rhom-
boèdres granitiques.” From Eugène Viollet-le-Duc, 
Dictionnaire raisoné de l’architecture, vol. 8, (Paris 
1868), 481. MB-13


