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Research 

A Geometrical Analysssis of the 
Mausoleum of Sheikh Z…hed-e 
G†l…nii 
Abbssttrractt.. This article aims to explore some geometrical 
schemes that can be supposed to underlie the design of 
the mausoleum of Sheikh Z…hed-e G†l…ni, a monument 
dating back to fifteen century in northern Iran. The 
investigation shows that there are intricate geometrical 
relations among the elements composing the façade of the 
monument. An isosceles triangle and a regular octagon
inscribed in a square, together with some other related 
lines, form the geometrical master diagram that 
determines the design of its façade. The findings of this
research are compatible with the opinion that geometry 
played a decisive role in the Timurid/Turkmen style of 
architectural design.

Introduction 
This paper undertakes a geometrical analysis of the main façade of the mausoleum of 

Sheikh Z…hed-e G†l…ni in northern Iran. This monument was built in the fifteenth
century and contains the tomb of Sheikh Z…hed-e G†l…ni. The most significant 
component of this building is its pyramidal dome which can be considered a unique 
example of its type in traditional Iranian architecture. The beautiful proportions and
pleasing composition of the elements composing this monument prompted the author to
examine whether there might be some thoughtful geometrical relations behind its design. 
Therefore, through a process of trial and error, the façade drawing of the monument was 
studied and fortunately some geometrical and numerical patterns where discovered 
within it.

In this article, after describing and introducing the building being studied, some 
geometrical patterns that were found to govern the design of its front elevation are 
presented step by step through two-dimensional illustrations. 

The monument introduced 

The mausoleum of Sheikh Z…hed-e G†l…ni is located near the city of Lahijan in the 
province of G†l…n in northern Iran. Although Iran’s climate is generally thought of as hot 
and arid, this region of Iran, which extends itself narrowly between the southern coasts of 
the Caspian Sea and the northern slopes of Alborz mountain range has a moderate, f
humid climate, which reflects itself clearly in the design of this monument (fig. 1). 

This monument dates back to early Safavid dynasty in the fifteenth century and is
believed to be dedicated to Sheikh Z…hed-e G†l…ni (ca. 1218-1300) the spiritual trainer of 
Sheikh Safi al-Din Ardabili (1252-1334) who is the great forefather of Safavid dynasty.
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Fig. 1. The main façade of the mausoleum of Sheikh Zf …hed-e G†l…ni 

There is an interesting story about how this monument came to exist, according to
which Sheikh Z…hed was initially buried in his birthplace, far from this current place. d
About two centuries after the Sheikh’s death, Sheik Z…hed appeared to one of the rulers of d
the Safavids dynasty (Haidar) in a dream (892 Hijri/1487 A.D.), saying that in near 
future his tomb would go under water and ordering him to move his body from there 
and transfer it to a safe and secure place. The king obeyed the Sheikh’s order and built 
this new mausoleum for him on the slopes of the mountain that was once the place of f
Sheikh’s spiritual exercise [Sotoodeh 1995: 149].

Fig. 2. According to a legend the construction of this mausoleum originated with a dream

The monument consists of a domed chamber and a surrounding columned veranda.
There is another room which seems to have been added to the original building later
(figs. 3 and 4). The most remarkable part of this monument is its pyramidal dome, which
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is covered with colorful tiles. It starts with a square shape at the bottom and after some
transformations turns into an octagonal pyramid, a form that usually indicates the
mausoleum of Sufi spiritual leaders, at the top of the dome. Of note is that as far as the
studies of the author indicate there is no other similar pyramidal dome in traditional 
Iranian architecture. Therefore, it seems strange that this uncommon dome enjoys a 
highly perfect design.

Figs. 3 and 4. The monument consists of a domed square chamber, a second room that seems to
have been added to the original chamber later, and a columned veranda 

One of the features that make this
dome more impressive is that due to its 
relatively complicated design, its form
cannot be easily grasped. When an
observer moves around the monument
and looks at the dome from different
perspectives, he sees changing views of the
dome which are hard to simplify and
grasp mentally. This feature provides the 
dome with a quality of constant newness
and strangeness while being pleasant; 
properties which correspond to the
mystical qualities that are inherent in 
Sufism (fig. 5). The legend about the
construction of this monument also
underscores this mystical aspect of the 
design. 

This monument belongs to the
Timurid/Turkmen tradition of Islamic 
architecture which typically lays great
emphasis on geometry. Golombek and
Wilber believe that in this architecture
geometry was not just a means to achieve
a goal but it was a goal in itself [1988:
216]. Regarding the decisive role
geometry played in Timurid/Turkmen
architecture, NecipoÞlu agrees with 
Golombek and restates her opinion: 

Fig. 5. In contrast to other domes in Iranian 
architecture, this pyramidal dome is difficult to 
grasp and enjoys a special sense of novelty and 

strangeness 
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Schem   

The obsessive preoccupation with geometry in the planning, construction, and
decoration of Timurid/Turkmen architecture has contributed to the statement 
that it constituted “a form of design theory” in Iran and Turan between the
fourteenth and sixteenth century [NecipoÞlu 1992: 48].

Provided with this historical insight it seems reasonable to try to discover the
geometrical patterns underlying this monument.

Geometrical analysssis of the fafaffaffaf çade 

In order to be able to conduct a geometrical analysis of the front elevation of this 
monument, it was necessary to have a precise plan of its façade. Since there were no
accurate and reliable drawings of this building in relevant authorities in Iran, the author 
had to measure the building and draw its architectural plans himself. Therefore, through
several sessions of manual measuring and re-measuring the monument the drawing 
illustrating the main façade of the building was produced (figs. 6-8). 

Fig. 6 (left). The main façade of the mausoleum of Sheikh Z…hed-e G†l…ni 
measured and drawn by the author. A scale in the traditional Iranian unit of 

measure, the gaz, is shown beneath the drawing 
Figs. 7 and 8 (right). Three-dimensional illustrations of the main façade of the

monument

Next, this drawing was analyzed in order to find geometrical patterns in its design.
The analyses indicate that there are two main underlying geometrical schemes that 
govern the composition of the façade.

SScheme 11 

The most fundamental geometrical order is illustrated in fig. 9. The whole façade is
circumscribed by a square, ABCD. Considering the fact that the current stone paving 
around the building has been recently made over the ground, it is then possible that the
original building was designed to sit on the original lower ground level of the line DC in
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fig. 9. The lines GH and EF halve the sides of the square. GH lays over the widest lower f
step of the dome.  

The boundaries of the dome are defined within the isosceles triangle a1a2E while the
square a1a2IJ approximately describes the boundaries of the tomb chamber (fig. 9). 

Fig. 9. An isosceles triangle inscribed in a square forms the composition of the main façade

SScheme 2 

The second scheme that regulates the general disposition of the elements of the façade 
is a regular octagon inscribed in the same square. One method to construct this octagon 
is as follows: With A as center and Ak as radius an arc is described cutting AB at M and 
AD at R (fig. 10). Similar arcs are described with B, C, and D as centers, thus 
constructing the regular octagon KLMNOPQR (fig. 10).1

Later on we will see how these two schemes have been used in combination with each
other to produce the composition of the main façade.
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Step 2.

Step 3.

Fig. 10. The regular octagon KLMNOPQR inscribed in the square of scheme I, ABCD 

SStep 11.. The line R2RR O2 is drawn parallel to RO while the length of RR2RR  is equal to GR. 
The lines L2Q2QQ , M2P2, and K2K N2 are drawn similarly (fig. 11).  

The lines L2Q2QQ and M2P2 determine the length of the front veranda while the lines 
RO and R2RR O2 decide the height of its columns. In this way the rectangle J1J2J2 3J4

determining the boundary of the front veranda is formed (fig. 11). 

Fig. 11. The boundary of the front veranda is formed by the lines RO, R2O2, L2Q2QQ , and M2P2
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SStep 22. Rectangle ABCD is further divided into smaller squares through drawing lines
parallel to EF and GH. The line L1Q1 is drawn in the halfway between LQ and L2Q2QQ
and in the same way the lines E1F1, E2F2, M1P1, K1N1, G1H1, G2H2, R1O1 are drawn 
in the halfway between each two adjacent parallel lines in fig. 11 (fig. 12).t

Fig. 12. The rectangular network in fig. 11 is further divided into smaller squares 

SStep 33. The distance between LQ and a1J approximately suggests the width of the
columns in the front veranda. So, the rectangle h1h2h3h4 is drawn as is shown in fig. 13.  

If this rectangle is placed 
adjacent to the lines L2Q2QQ , 
E1F1, E2F2, MP and M2P2, 
as is shown in fig. 13, an 
acceptable approximation
of the location of columns
in the front veranda is 
achieved (fig. 13).

Fig. 13. The location of columns in the front veranda 
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t  6.

t  7.

SStep 44.. The lines EJ and
EI are drawn. These lines 
intersect the R2RR O2 in b1

and b2 respectively. From
b1 and b2 two lines are
drawn upward to cut ED
at b4 and EC at b3. 
b1b2b3b4 is a square and
b3b4 determines the top 
end of the first step of the
stepped dome of this 
mausoleum (fig. 14).
Here a remarkable point 
is that the dimension of 
this square, when
measured in the
traditional Iranian unit, 
the gaz, is exactly eight z
units.2

gg

Fig. 14. The square b1b2b3b4 that determines the height of the 
first step of the dome has a dimension of eight gazes 

SStep 55.. In this step we 
will draw the boundary of 
the tile roof of the
building. First, using the 
vertexes of the octagon 
the lines KP and NQ are 
drawn. The intersections 
of these lines with the
vertical edges of the 
square b1b2b3b4 are
named g1 and g2 (fig. 15). 

The midpoint of the 
line b3b4 is marked as the 
point g. the lines gg1 and 
gg2 are drawn and
extended to cut the lines
AD and BC at G4 and H4

respectively. Now the 
polygon RG4g1g2H4O 
finely determines the roof 
of the building (fig. 15). Fig. 15. The boundary of the roof 

 



Nexus Netw J – VolVV .14, No. 2, 2012 399

SStep 66.. In this step the 
current outline of the 
dome, as shown in fig. 9,
is improved a bit in its
lower part. This is done
through drawing the lines
AF and BF, then finding 
their intersection with
b1b4 and b2b3 which are 
the points l1 and l2. Now 
the area which is confined 
by the points l1, l2, a2, E, 
and a1 illustrates more
accurately the outline of 
the dome (fig. 16).

Fig. 16. Refining the outline 
of the lower part of the

dome 

SStep 77.. The next step of 
the dome is determined 
through drawing a square
laid approximately on the
line RO. The lower edge
of this square, C1C2, is 
formed slightly over the 
intersection of EJ, EI, 
and RO. Two other 
vertexes of this square, C3

and C4, are located on 
EC and ED. The upper 
part of the square c1c2c3c4

finely superimposes on a 
step of the dome (fig.
17). Again it is noticeable
that the size of this square
is six gazes by six gazes. 

Fig. 17. A square with a 
dimension of six gazes forms 

the next step of the dome
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Step 9

 

Step 10

SStep 88.. The next step of 
the dome is a square too.
This square is
approximately laid over
the line GH and its
vertexes are closely 
confined by the lines ED,
EJ, EI, and EC (fig. 18).

Fig. 18. Another square that
shapes one of the steps of 

the dome 

The reason why this 
square, unlike the 
previous squares, slightly 
exceeds the dimensions
defined by these four 
lines is not clear for the
author at the time of 
writing. For instance,
there may have been a 
specific structural 
consideration behind this
design, or other reasons. 
However this square has a 
special geometrical
relation with the whole 
façade which is plausible
(fig. 19).  

Fig. 19. This square has
special geometrical relation

with the whole facade
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SStep 99.. This time the
uppermost horizontal 
step of the dome has the
form of an octagonal
prism instead of a cube.
The upper end of this
prism is confined by the
line K1N1, the lower part
of it is set on the square 
c1c2c3c4 and its width is 
defined by the cut that 
EJ, EI, create on c3c4 (fig.
20). 

Fig. 20. The boundary of 
the octagonal prism of the

dome

 

SStep 1100.. Through previous steps we saw how the vertical segments of the dome’s profile 
might be designed. Now the slanting surfaces of this profile are examined.  ff

By drawing the lines 
Ef1ff  and Ef2ff one may find
an acceptable explanation
for how the zigzagging 
outline of the dome is
shaped (fig. 21): the lines
Ef1ff  and Ef2ff cut the 
vertical edges of the
squares in f3ff , f4ff , f5ff , f6ff , f7ff , 
f8ff , f9ff , and f10ff . The lines
f3ff f4ff , f7ff f8ff , and f9ff f10ff
determine the location of 
corresponding lines on
the dome with an
acceptable amount of 
precision, but f5ff f6ff  just 
approximately defines the 
location of the horizontal 
line where the slanting 
lines from c3 and c4 meets 
the square d1d2d3d4.  Fig. 21. Ef1ff and Ef2ff can be used to determine the slanting surfaces 

of the dome
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The profile which is produced in this way is quite similar to the real dome’s profile 
(fig. 22). Fig. 23 illustrates the final result of previous steps combined. Now we can 
hypothesize that the designer/s of this monument probably have used an underlying 
geometrical scheme similar to one illustrated in fig. 24 when designing this building.  

Fig. 22. The outline of the dome

Fig. 23. The result of previous steps combined
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Fig. 24. The general underlying geometrical scheme that might be used to design this building 

When attempting to analyze the form of this building geometrically, considering the
practical issues that the designer/s of the dome had to consider in the fifteenth century is 
essential and helpful. For example, one of the questions that preoccupied the author for a 
long time was that one of the platforms of the dome sets back two gerehs (13.3 cm) from
the top edge of the pyramidal platform beneath it. This setting back differentiates 
between the slope angle of the lines L1 and L2 in fig. 25. Was there a geometrical reason
for it? Considering the humid climate of this region, with a great amount of annual
precipitation, creating such a flat segment on the external surface of the dome does not 
seem a wise design decision. Why did they do it? 

Fig. 25. Is there a geometrical logic behind this setting back? 
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The author realized the reason behind this design while trying to climb the dome as
he was measuring it. In fact, this flat step could simply provide the builders with a place
to stand on or to set up their wooden scaffold. Therefore, there may have been a practical 
reason behind this form instead of a purely geometrical one (fig. 26). 

Fig. 26. The horizontal surfaces on the dome provided a base for traditional wooden scaffolds 

Conclusion 

The analysis presented in this article suggests the presence of thoughtful geometrical 
order within the design of the main façade of the mausoleum of sheikh Z…hed-e G†l…ni. 
Appertaining to the geometry of this design it was demonstrated that an isosceles and a 
regular octagon inscribed in a square formed the geometrical master diagram upon which 
the main components of the façade were to find their form and proportions. 

Through this research we witnessed an example of how geometry may have been 
utilized by master designers of monumental buildings to create harmony and everlasting 
beauty in their designs. This monument testifies to a close relationship between
architecture and geometry in Iranian architecture during and after Timurid period and
reconfirms the opinion of Golombek and Wilber that in Timurid architecture the
buildings were not just supposed to have a geometrical structure, but were rather 
supposed to look obviously geometrical [1988: 216]. Therefore, it is acceptable to 
describe this monument as a valuable example of a “geometry-based architecture” 

Suggestions fofoffor fufuffuf rther research  

Further research is desired to explore other dimensions of geometrical design in this 
monument, that is, how the geometry of this building was integrated with other aspects
of its design. One of the interesting issues that can be studied is that how the designers of 
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this building integrated its geometrical design with its structural design, especially in its
dome. 

Another interesting question is what the relation is between the decoration of the
dome and the underlying geometrical scheme of the building. This question becomes
more interesting when one considers the statement of Golombek regarding the relation 
of the geometry of whole plan and that of its surface decoration in Timurid architecture: 
“The primary grid, which assisted in the design and construction of the building, 
survived as an “after-image” and became the starting point of all decoration” [Golombek 
1988: I, 44]. It would be interesting to investigate whether or not this building too obeys
this rule.

Fig. 27. How the structural design and decoration of the dome is integrated with its underlying 
geometry? 

Notes 

1. Bernard Parzysz illustrates this and another “classical” geometrical method to construct a 
regular octagon within a given square that might have been used in Roman mosaic designs 
[Parzysz 2009: 280]. However, we know that the method described in fig. 10 was well-known 
to Iranian architects at the time; to cite as an example one can see Al-Buzj…ni’s book, which 
was addressed to architects and other craftsmen in the tenth century A.D. Problem no. 101 in 
this book describes this method exactly [Al-Buzj…ni 1990: 43]. For a thorough examination of 
the role geometry used to play in traditional Islamic architecture and especially the role these 
kinds of books on applied geometry played in Islamic architecture, see [NecipoÞlu 1995]. 

2. The traditional Iranian measuring unit was the gaz (pl. gazes), equal to 106.66 centimeters. A z
gaz was composed of sixteen segments called gereh, so each gereh was 6.66 cm in length [Abol h
Gh…semi 2010: 380].
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