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Abstract

The art of bas-reliefs at Persepolis represents a remarkable synthesis of indigenous aesthetics
and the cultural and artistic elements of various civilizations, executed with exceptional ac-
curacy and precision. A significant aspect of these prominent motifs is their resemblance to
fractal geometry, which mirrors patterns derived from nature. This relationship has proven in-
strumental in conveying modern motifs within the context of ancient Iranian art. This article
seeks to address the following questions: What are the fractal motifs found in the bas-reliefs,
and what are their defining characteristics?
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Introduction

Long before the formal introduction of
fractal geometry by modern science, art-
ists in ancient Iran were adept at employ-
ing fractal patterns in their artistic ex-
pressions. Achaemenid artisans, through
meticulous observation of the natural
world and an intuitive understanding of
fractal principles, developed distinctive
motifs that are prominently displayed
in the bas-reliefs of Takht-i Jamshid, as
well as in the reliefs at Nagsh-I Rostam,
Nagsh-1Rajab, and Pasargadae. This qual-
itative research adopts a descriptive-ana-
lytical methodology to examine thirteen
bas-reliefs from Persepolis, focusing on
the identification and analysis of fractal
motifs.

Discussion

The presence of fractal motifs in the re-
liefs of Persepolis is a salient feature that
manifests across various depictions, in-
cluding human figures, animal symbols,
plants, and objects. The following anal-
ysis outlines several specific examples of
these motifs:

- Men’s Hair and Beard: As depicted in
Figure 1 and referenced in Lines 1, 2, and
3, the representation of Persian men’s
hair and beards showcases a hemispheri-
cal, “self-similar” design characterized by
three distinct sizes. Each ring of hair ex-
hibits a spiral configuration-narrow and
thin-with an inward tapering aspect that
aligns with the “microscale” pattern.

- Men’s Clothing: Illustrated in Figure
2, the long and loose garments worn by
Persian men feature pleated sleeves and
skirts. Lines 1 and 3 indicate a “self-sim-
ilar” pattern present in the pleats of the
skirt and sleeves, while Line 2 emphasiz-

es the “equal repetition” pattern observed
in the vertical pleats of the skirt.

A Wing in a Winged Human Figure:
Within the context of ancient Iranian
iconography, the shape resembling a
hollow circle paired with a human form
symbolizes “Iranian xVaronah.” Figure 3
and Lines 1 and 2 highlight the short and
long wing feathers, with the short feath-
ers exhibiting an “equal repetition” pat-
tern, whereas the longer feathers display
a “self-similar” pattern that aligns with
the extraverted additive fractal type.

- Lion: The motif depicting the lion’s
victory over a cow, illustrated in Figure 4,
reveals a complex interplay of patterns.
Lines 1, 3, 4, and 5 demonstrate “equal
repetition’, particularly in the design of
the lion’s facial features, mane, ear lobes,
and paws. Conversely, Line 2 illustrates
a “self-similar” pattern in varying sizes
within the lion’s mane, belly, and tail,
characterized by small spirals indicative
of an introverted decreasing fractal.

- Bull: The depiction of a bull on the
steps of the Apadana Palace, as repre-
sented in Figure 5, reveals intricate pat-
terns. Lines 1 portray small spiral shapes
in the bull's belly and the backs of its
thighs, reflecting an “equal repetition”
pattern, while Lines 2 emphasize “mi-
croscale” features in the neck and back,
underscoring a “self-similar” repetitional
structure on a different scale.

- Winged Cow with a Human Head
(Lamasu): The Lamasu, a mythical crea-
ture comprising a human head, a cow’s
body, and two large wings, is depicted in
Figure 6. Lines 1 illustrate the short feath-
ers of Lamasu’s wings following a fractal
“equal repetition” pattern, while Lines 2
highlight the long feathers, exhibiting a
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“self-similar” pattern that is ultimately
characteristic of an introverted decreas-
ing fractal design.

- Horse: As observed on the eastern
staircase of the Apadana Palace, the fig-
ures of horses are captured in Figure 7.
Lines 1 illustrate the mane of the horse,
which is created using a fractal “equal
repetition” pattern, while Lines 2 focus
on the intricacies of the horses’ faces, re-
vealing remarkable similarities, despite
partial occlusion of the rear features.

- Ram: The narrative of two rams be-
ing presented to the Achaemenid court is
depicted in Figure 8 on the eastern stair-
case of the Apadana Palace. Lines 1 show-
case the wool design on the ram’s body,
characterized by a fractal pattern of “sim-
ilar repetition,” with each tuft culminat-
ing in small complex forms derived from
the “microscale” pattern. Lines 2 refer to
the utilization of the golden ratio in the
ram’s head and horn structure.

- Cypress Tree: The recurring motif of
the cypress tree, prominently featured
at the edge of the Apadana Palace steps,
is analyzed in Figure g. Lines 1 and 2 de-
pict the trunk and fruit of the tree with
a “self-similar” pattern, where one de-
piction is smaller than the other. Lines
3 identify needle leaf shapes aligning
with a “microscale” pattern, and Lines 4
illustrate the cypress tree branches corre-
sponding to an extroverted additive frac-
tal example, characterized by a “self-sim-
ilar” design.

- Lotus Flower: In the bas-reliefs of
Persepolis, the presence of lotus flowers
in the hands of kings and princes is a no-
table motif. Figure 10, along with Lines 1
and 2, illustrates the intricate details of
this flower, showcasing an “equal repeti-

tion” pattern that is notably inverted.

- Rosette: These floral motifs frequent-
ly adorn the stonework of Persepolis, par-
ticularly in the margins of various scenes.
Figure 11 portrays a rosette with twelve
petals, with Lines 1 detailing the petal
design via an “equal repetition” pattern,
whereas Lines 2 feature two concentric
circles reflecting a “self-similar” pattern
at the center of the flower.

- Dish: In Figure 12, the depiction of
two dishes held by a Luddite man reveals
fractal motifs. Lines 1and 2 showcase mo-
tifs with “equal repetition” patterns in the
handles, mouth, and throat, illustrating
the intricacies of fractal designs charac-
terized by both identical and inverted
repetitions.

- Column: The grand Achaemenid
architecture was marked by monumen-
tal stone columns. Figurei3 presents the
upper portion of the capital of Persepolis,
where Lines 1, 2, and 3 exemplify fractal
motifs characterized by a “similar repeti-
tion” pattern, symbolizing the complex-
ity and beauty inherent in Achaemenid
reliefs.

This discussion underscores the so-
phisticated application of fractal pat-
terns in the artistic representations
found in Persepolis, reflecting not only
aesthetic values but also deeper cultural
significances intrinsic to ancient Iranian
civilization.

Conclusion

This research has identified three pri-
mary fractal patterns-namely, “equal
repetition,” “self-similar,” and “mi-
croscale”-within the bas-reliefs of Perse-
polis. Certain motifs exemplify the prin-

ciple of equal repetition by maintaining
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consistent shapes and sizes, while the
repetition and expansion of other motifs
occur with variations in scale and orien-
tation. The complexity of the motifs ad-
hering to the microscale fractal pattern
surpasses that of the previous two cat-
egories, as they incorporate repetitions
of microscale fractal motifs in multiple
directions. Consequently, the fractal pat-
terns observed in the bas-reliefs of Perse-

polis can be systematically classified
into three distinct types: “introgressive
decreasing fractal patterns,” “extroverted
increasing fractal patterns,” and “equal
repeating fractal patterns.” This classi-
fication not only elucidates the artistic
techniques employed in these reliefs but
also contributes to the broader under-
standing of fractal geometry in ancient
Iranian art.
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Fig. 1a. Hair and Beard in the Relief of Persepolis; 1b. Fractal Pattern Guide in Hair and Beard Design.
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Fig. 2 A. Men’s Clothing in The Relief of Persepolis. B: Fractal Pattern Guide in Men’s Clothing Design.

53 U Sl i 4o garme oS Sl 53 ype s i S L U slasisS 0,
4 3pdome L bt S80S Gt p M (5503 458 S S 3 5 s e 3 o
Wl s Ll il a8y 0350 43503 iz gl ol odaline

N - . . . 7 N .

Oap s e slage Sllas gladiged 3l slagSl Sty

S W b ol b e Glespen wged W Ll 5 e w4 (SRS ol s
LJS}Q}\)L@JTUO)\)Q‘JJAM\)&)W J-_’.ngbj.&gﬁ.d 4:5-‘.3‘]:: cj.:ab- JL&A gww



\A

Ancient Iranian Studies | 3kl o 5l 46liags

)\bdtg ol Jb f‘/.b)a duﬂ ‘_;ﬂ‘ ‘_g\.g.;hb < ¢ ddno= OB “:""“?Jiﬁ)")‘édt{ ol UL.E.: A PR
Fig. 3a. Winged Man in the Relief Motifs of Persepolis; 1b. Fractal Pattern Guide in Winged Human Wing Design.
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Fig. 5a. Cow in the relief of Persepolis; 5b: Fractal Pattern Guide in Cow Design.
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Fig. 6a. Winged Cow with a Human Head (Lamassu) in the Relief of Persepolis; 6b. Fractal Pattern Guide in Head
of Lamassu. C. Fractal Pattern Guide in Feathers and Wings of Lamassu.
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Fig. 7a. Hours in the Relief of Persepolis; 7b. Fractal Pattern Guide in Hours Design.

db slage S8 4 e o s )
5okigi)LSS (S b aS aas e ol |
S o oY byl 5 ol LSS 648
oo Sl (b o ) dB el gl )| S5
O (1SS b _SaSG slomes ol 53 Bl 5
da Je s 95 cplply e e Wl
omled &y pBite 5 4lise Glaen J 5 g5

MUPCMRLY

P
55 ezl ola) Sl saKin s s o

Mol 5 ails ool Coeal glielsen 695

¥y pyadp ‘5‘,.@\ sleal, '

——
P e S35 BT 8 5,5 oS s
S sS a bl 55 S Gl 25
ol slas b awglis 55 obsS alil
gl 5 K e 0das df.w/ Slaaus 5 L
3 s S Gosba (el 0d LS sl
i el oo a3 S 055 Olgn
Lacwl ool Sys L6 e &l cals
oy b s S Gzmer oo S bl
bz dn 0345 a; SRR ] Oledir



Vo

Ancient Iranian Studies | 3kl o 5l 46liags

T8 Vb 53 JBp ) slasaly o b S5 da p A 53 8 SR (I goc
Fig. 8a. Ram in the Relief of Persepolis; 8b. Fractal Pattern Guide in Ram Design.
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Fig. ga. Cypress Tree in the Relief of Persepolis; gb. Fractal Pattern Guide in Cypress Tree Design.
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Fig. 10a; Lotus Flower in the Relief of Persepolis; gb. Fractal Pattern Guide in Lotus Flower Design.
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Fig. na. Rosette Flower in The Relief of Persepolis. 11b. Fractal Pattern Guide in Rosette Flower Design.
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Fig. 12a. Vase in the Relief of Persepolis; 13b. Fractal Pattern Guide in Vase Design.
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Fig. 13a. Column’s Capital in the Relief of Persepolis; 13b. Fractal Pattern Guide in Column’s Capital Design; 13c.
Fractal Pattern Guide in Column’s Shaft; 13d. Fractal Pattern Guide in Column’s Base Design.
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Table 2. Types of Fractal Patterns in The Relief Motifs of Persepolis.
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