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Fig. 1 Córdoba, Great Mosque, dome over third extension entrance (962-5) [author’s photo (2007)]
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This research constitutes an alternative to proportional composition 
studies of the original Great Mosque and its four extensions in Cór-
doba, based on diagonals of a square and rectangles in ratio 1:√2 and 
1:√3 (Fernández-Puertas, 2000, 2008). The method for this alternative 
research consists of graphic analyses by iteration of hypothetical 
products of the golden section in AutoCAD 2D software conducted on 
architectural drawings of the original Great Mosque and its four exten-
sions, in reconstruction, according to measurements from the relevant 
literature. The alternative method insists on geometric harmonization 
derived from only one starting length in all drawings of same scale. It 
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resulted in the production of a single harmonization pattern based on 
the golden section, with an additional sequence of a√2/Φn, succes-
sively developed for the original monument and its four extensions. It 
also includes otherwise excluded basic composition elements (mina-
rets) and reveals otherwise hidden proportional qualities. The alterna-
tive approach enabled a deduction of algebraic expressions having 
only one variable for all drawings of the same scale. Their arithmetic 
values and deviations from real dimensions are calculated. Geometric 
harmonization by golden section with another starting length is 
applied to the drawing of the elevation at a different scale.
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iNtroductioN

 Explanation of subject matter1 - The sub-
ject matter is conceived as congruent to the 
dominant historical and essentialist discourse 
in research on Islamic architecture. Geomet-
rically elaborate Islamic architecture inevita-
bly spurs a quest for geometric principles as 
the basis of recognizable unity actualized 
from composition to structure and decora-
tion, not only on a particular monument, but 
within a particular style and even its entirety. 
Architectural drawings of monuments, once 
subjected to graphic analyses, based on the 
iteration of hypothesized geometric princi-
ples, create the possibility for objective inter-
pretation and contextualization of the archi
tectural value of particular work.

Architectural design is not governed by pro-
portions of specific parts. Rather, it tends to  
a comprehensive and consistent geometric 
system that harmoniously governs the di-
mensions of all essential building elements. 
The more applicable the system is to design 
requirements, i.e., the requirements of di-
mensioning a structure’s elements, the more 
harmonious the result. Hence the term geo-
metric harmonization.

The research is particularly focused on pro-
portional compositions based on the golden 
section (dividing a line at a point so that the 
ratio of the line and the larger segment, de-
noted as Φ, equals the ratio of the larger and 
smaller segments, known in classic Greek 
and Islamic tradition as the division of a line 

into mean and extreme ratio). The research 
serves as an alternative to the proportional 
compositional study of the Great Mosque in 
Córdoba, based on the diagonals of a square 
and rectangles in 1:√2 and 1:√3 ratio (Fernán-
dez-Puertas, 2000, 2008). It is the only pro-
portional study of the Great Mosque in Cór-
doba available and one of the best and most 
influential studies of its kind.

Significance of the Great Mosque in Córdoba 
- Besides its exceptional architectural value, 
the Great Mosque of Córdoba is noteworthy 
as a monumental vestige of almost three 
hundred years of flourishing Muslim rule in 
Iberia by the Umayyad dynasty, i.e., the Emir-
ate/Caliphate of Córdoba (756-1031). Despite 
its extensions, the Great Mosque in Córdoba 
is one of the few monuments of the first two 
centuries of Islamic architecture with signifi-
cant parts of the original structure. Moreover, 
the latter, specifically the preserved original 
two-story arcades, are monumental in char-
acter and innovative in structure.

All four extensions of the Great Mosque, ex-
cluding the Gothic cathedral’s insertion, re-
spect the basic spatial and structural con-
cept. This has been achieved by repetition of 
the spans, height and structure of the origi-
nal two-story arcades in the extended cov-
ered parts of the Mosque (Fig. 2ii; 2iv; 2v). 
The layout position of the original minaret, 
alongside the outer wall of the Mosque’s 
yard, is followed by the second extension's 
new minaret position and preserved by the 
later extension of the yard (Fig. 2i; 2iii; 2v).

Research methodology and hypothesis - The 
research method consists primarily of deduc-
tive graphic analysis via iteration of hypo-
thetic geometric principles, applied to archi-
tectural drawings of an extant building. In the 
approximate analyses, not presented here, 
the templates are digitized and analyzed in 
AutoCAD 2D software. Architectural drawings 
of the Great Mosque in Córdoba, published 
with proportional analyses based on diago-
nals of a square and rectangles in 1:√2 and 
1:√3 ratio (Fernández-Puertas, 2000, 2008), 
are hereby subjected to alternative hypothet-
ic geometric analyses based on the golden 
section. The research hypothesis is that the 
alternative geometric harmonization of the 
original Great Mosque in Córdoba and its four 
extensions is a product of the golden section.

The subject of the detailed analyses is de-
duced from those approximate analyses that 
have their architectural drawing dimensions 

1 This research was conducted as a component of work 
on the undefended doctoral dissertation entitled Geo
metric Harmonization in Islamic Architecture, supervi- 
sed by Prof. Zlatko Karač, Ph.D., and Assist. Prof. Marija 
Šimić Horvath, Ph.D., at the University of Zagreb, Faculty 
of Architecture.
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published in the literature, in a manner that 
enabled graphic reconstruction of layouts 
and one elevation in AutoCAD 2D software, 
with or without negligible deviations. Unlike 
the proportional analyses by Fernández-
Puertas (2000, 2008), these analyses insist 
on the geometric harmonization method 
based on only one starting length in all draw-
ings of the same scale, and another applied 
to a drawing of the elevation at a different 
scale. This methodological rigor resulted in 
the deduction of algebraic expressions with 
only one variable for all drawings of the same 
scale for the entire monument.

review of the literature

The only published scientific book dedicated 
exclusively to the geometric harmonization in 
Islamic architecture, albeit with regional limi-
tations, is Bulatov (1988). Its pioneering pre-
sentation of the aesthetic and mathematical 
sources of the Islamic theory of architecture 
gives it additional value. Based on the de-
tailed analyses of 47 Central Asian monu-
ments dating from the 9th century onward, 
Bulatov demonstrated “a systematic evolu-
tion of architectural form from elementary, 
based on squares and equilateral triangles, 
to more complex, based on half-squares and 
the division of lines into mean and extreme 
ratio [i.e., golden section]” (Bulatov, 1988: 
301). Geometric harmonizations based on the 
golden section are demonstrated in detail on 
single monuments by Boussora and Mazouz 
(2004) and Azizova (2015). Initial geometric 
harmonizations of two monuments based on 
the golden section are done by Hejazi (2005).

Geometric harmonization based on diagonals 
of a square and rectangles in 1:√2 and 1:√3 
ratio has been demonstrated in detail in the 

Great Mosque of Córdoba by Fernández-
Puertas (2000, 2008). Fundamental usage of 
equilateral triangles in geometric harmoniza-
tion has been demonstrated in detail on two 
monuments in Maghrib by Ewert (1986), and 
without detailed analyses by Arnold (2017). 
Geometric harmonizations based on the di-
agonal of the square are demonstrated in de-
tail on single monuments by Ewert (1986) and 
Tabbaa (2008), and without detailed analy-
ses by Creswell (n.d.). Proportions based on 
modular nets are demonstrated on single 
monuments with no detailed analyses by 
Klingelhofer (1988), Tabbaa (1988), Begley 
and Desai (1989), Blasi (1997), and in detail 
by Balasubramaniam (2009).

A series of initial geometric harmonizations 
based on arithmetic ratios without detailed 
analyses were done by Tuncer (1986). A re-
view of studies of integer and irrational ratios 
in the proportions of Ottoman monuments is 
provided by Sağdiç (2015). Six initial geomet-
ric harmonizations, based on grid-patterns 
originating from the division of a circle with-
out detailed analyses, are done by El-Said 
and Parman (1976). Initial geometric harmo-
nizations based on square division and a 
combination of different symmetries on sin-
gle monuments with no detailed analyses are 
done by Critchlow (2011), Mir (1996), Pour 
Ahmadi (2012) and Burckhardt (2009). A geo-
metric harmonization of the northern dome 
chamber of the Juma Mosque in Esfahan, 
based on products of a rectangular triangle 
that has its longest side equal to the sum of 
its shortest side and its height, is done in de-
tail by Özdural (2015).

The variety of geometric methods for the con-
struction of 2D patterns is best presented by 
Bulatov (1988), Crtichlow (2011), El-Said and 
Parman (1976), Pūrnādarī (2000/1) and Lor-

Fig. 2
building, construction dates: Córdoba, Great 
Mosque, 785, 848, 951/2-8, 962, 988
construction phases: original form (i) and four 
extensions (ii-v)
content and drawings: proportion analyses  
of layouts, according to Fernández-Puertas,  
2000: 220 (2), 227 (5); 232 (7); 236 (10); 242 (14)
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zādeh (1995/6). El-Said (1993) supplement-
ed his method primarily by producing ap-
proximate integers for irrational values of 
geometric 2D patterns without any reference 
to architectural proportions.2 A review of ba-
sic methods is given by Dabbour (2012), with-
out any reference to architectural propor-
tions. Pentagonal symmetry and the golden 
section based 2D patterns in particular are 
studied in articles by Lu and Steinhardt (2007), 
Makovicky (1992), Fleurent (1992), Chorbachi 
and Loeb (1992) and Sarhangi (2012). Multi-
layered patterns are studied by Bier (2012). 
The pattern based on a rectangular triangle 
that has its longest side equal to the sum of 
its shortest side and its height is studied by 
Özdural (1995, 2000, 2015).

The general literature on proportioning in the 
arts and architecture, in particular Padovan 
(1999) and March (1998), demonstrate a 
great variety of methods, excluding those in 
Islamic arts and architecture. Comprehensive 
and insightful research into the application of 
the golden section in the arts and architec-
ture, excluding Islamic, is done by Pejaković 
(2000). The general literature on Islamic ar-
chitecture hardly ever mentions geometric 
harmonization, but does offer an abundance 
of recorded and contextualized morphologi-
cal concepts and architectural drawings suit-
able for approximate analyses, in particular 
Hillenbrand (1994), Ettinghausen, Grabar and 
Jenkins-Madina (2001), Creswell (1932, 1940), 
Michell (ed., 1991), Frishman and Khan (ed., 
1994), Bentley Ševčenko (ed., 1988) and the 
journals Ars Orientalis, Muqarnas and Nexus 
Network Journal. The most comprehensive 
and coherent critical historical research into 
social and theoretical contexts can be found 
in Necipoğlu (1995). The best theoretical work 
using the essentialist approach is Burckhardt 
(2009).

The variety of geometric methods for the con-
struction of patterns in Islamic arts is well 
studied in literature. However, only occassion-
ally is it coupled with research into the geom-
etry applied in Islamic architectural composi-
tions. Moreover, only a few of such studies are 
detailed enough to corroborate their initial 
hypothetical geometric compositions.

ProPortioN aNalySeS  
of the Great MoSque iN córdoba by 
ferNáNdez-PuertaS

Fernández-Puertas demonstrated proportion-
ing of the fourfold extended layout of the 
Great Mosque in Córdoba (Fig. 2) “based on 
the side of a square (=1), its diagonal (=√2), 
and the successive proportional rectangles 
that are formed with the diagonal of the previ-
ous rectangle... √2 rectangle and √3 rectan-
gle” (Fernández-Puertas, 2000: 217).3 The 

original mosque dates to 785 (Fernández-
Puertas, 2000: 223). It was expanded the first 
time in 833-48 (Yetkin, 1965: 35), the second 
time in 951/2-8 (Fernández-Puertas, 2000: 
231), the third time in 962-5 (Fernández-Puer-
tas, 2000: 235), which included the innova-
tive segmented domes and arches, and the 
fourth time in 988 (Fernández-Puertas, 2000: 
243).4 Fernández-Puertas demonstrates the 
enlargement of the mosque’s original square 
layout (Fig. 2i) by the first extension (Fig. 2ii) 
by taking the side of the square as “length 
unit (=1)” and rotation of “the square diago-
nal (=√2)”, thus “obtaining the rectangular √2 
layout” (Fernández-Puertas, 2000: 226). He 
demonstrates the second extension (Fig. 2iii) 
by “rotating the diagonal of the rectangle √2, 
with a value of √3 on the longitudinal sides, 
so a new extension is constructed with rectan-
gular √3 layout” (Fernández-Puertas, 2000: 
231). For the third extension (Fig. 2iv), he took 
“the mosque’s width (=1) as the longitudinal 
length of a rectangle √3 on a smaller scale, 
with a 30° angle applied” (Fernández-Puer-
tas, 2000: 235). If we express it with unit 
length (=1), this means that he demonstrated 
the layout of the third extension as equal to a 
rectangle with sides 1 and 1/√3, thus obtain-
ing √3+1/√3 for the total length of the mosque. 
He demonstrated the fourth extension (Fig. 
2v) as “adding two rectangles √3” (Fernán-
dez-Puertas, 2000: 243). If expressed with 
unit length (=1), he in fact obtained the exten-
sion by a rectangle with a longer √3+1/√3 and 
shorter side (√3+1/√3)/(2√3).

The lines as part of the architectural drawings 
used by Fernández-Puertas in his analyses 
provided sufficient dimensions to reconstruct 
the drawings in AutoCAD 2D software (Fig. 2). 
However, he neither declared the unit’s di-
mensions, i.e., the starting length, designated 
here as aF, nor is it deducible from his draw-
ings, except approximately since the square 
side lengths, both net and gross, differ.

Fernández-Puertas defines the axle span of 
the longitudinal central nave of the original 
mosque by rotation of the shorter sides of 
the mosque’s covered half, that is, half of  
the starting square, centered in the outer cor-
ners producing, in fact, two equilateral trian-
gles constructed on half of the initial length, 

2 The sole copy of the 2001 edition is otherwise avail-
able in the National Library of Denmark / Royal Library in 
Copenhagen, but has been out on loan since 2019.
3 The finding was first published with no drawings by 
Fernández-Puertas, 1994: 101-104, 110.
4 Ettinghausen, Grabar and Jenkins-Madina exclude 
the second extension from, as they see them, the three 
major extensions as they only associate it with the con-
struction of a new minaret in 951/2 (Ettinghausen, Grabar 
and Jenkins-Madina, 2001: 84-85). Fernández-Puertas 
sees it as a major extension, since it included extension of 
the layout with a new outer wall (Fernández-Puertas, 
2000: 231).

Fig. 3
building, construction date: Córdoba, Great 
Mosque, 785
construction phase: original form
content and drawing: proportion analyses  
of arcade northeastern elevation, according to 
Fernández-Puertas, 2008: 342 (11), 343 (12, 13),  
344 (14)
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while he defines the remaining five naves 
both to the left and right of the central nave 
by division of the line into five equal seg-
ments [Fernández-Puertas, 2008: 337, 339 
(5), 340 (6)].

By applying the sum of the heights of the 
square and equilateral triangle constructed on 
the axle arch span of the original arcade (=1), 
Fernández-Puertas defines the net height in 
the lower arch vertex (Fig. 3), designated here 
by the algebraic expression (1+√3/2), while he 
defines the gross height of the upper arch ver-
tex by the addition of the equilateral triangle’s 
equal height (1+√3) and the net height of the 
room by three halves of the starting length 
and two equilateral triangle heights (3/2+√3) 
[Fernández-Puertas, 2008: 345, 344 (14)]. By 
rotating half of the starting square diagonal 
(Fig. 3), he defines a height (1/2+√2/2), which 
when rotated defines the height of a column 
with capital, the latter being rotated there 
upon to define the height of the arch spring 
[Fernández-Puertas, 2008: 344, 343 (12)]. He 
defines the gross height in the lower arch ver-
tex by the height of the equilateral triangle 
(Fig. 3) based on height 1/2+√2/2 [Fernández-
Puertas, 2008: 344, 343 (13)].

aNalySeS

Methodology - Five analyses (A:1 - A:5) 
have been conducted, corresponding to the 
original form and the four extensions on six 
architectural drawings (Figs. 4-9). Each anal-
ysis is introduced by providing basic informa-
tion on the building and construction phase 
with the source of the graphic reconstruction 
of the architectural drawings. Geometrical 
analyses begin by defining only one starting 
length for all layouts and the other for the ar-
cade section (Fig. 4) as a result of numerous 
iterations not presented here. Geometric 
analyses are marked by dashed and dotted 
black lines drawn on grayscale architectural 
drawings with light gray dimension lines and 
parts of the building demolished by a later 
reconstruction phase. The geometric defini-
tion of architectural elements is then trans
lated into algebraic expression. The geomet-
ric harmonization of an extension phase is 
additionally marked in a drawing by respec-
tive algebraic expressions on dimension 
lines. The specific and innovative values of 
applied harmonization in a respective case, 
accompanied by comparison with the harmo-
nization demonstrated by Fernández-Puer-
tas, are stated.

In cases where more than one graphic recon-
struction was possible, the chosen recon-
struction based on the iteration process was 
the one that last deviated from the dimen-
sions specified in the architectural drawings 
by Fernández-Puertas. In cases where differ-

ences between the graphic reconstruction 
and declared dimensions appear (Figs. 6-9), 
these are declared at the respective dimen-
sion line, firstly by its graphic size, and sec-
ondly by its positive or negative deviation 
from the declared dimensions. The declared 
dimensions were applied in the arithmetic 
calculations of algebraic equations. Building 
elements with unpublished dimensions were 
reconstructed approximately, based on the 
published template, but I neither declared 
their sizes nor applied them in the arithmetic 
calculations of algebraic expressions of geo-
metric harmonization analyses. Since minor 
deviations appear among the declared di-
mensions of the sides of the square, which 
was undoubtedly conceived as the starting 
square, the arithmetic quantities were calcu-
lated for those two perpendicular dimensions 
which produce the smallest difference, that 
is, the maximum net width in the qibla wall, 
designated at, and minimum net length, des-
ignated al. The presented geometric harmoni-
zation is drawn on the variable producing the 
smallest deviations, that is, al=7429 cm. All 
dimensions, either declared or deduced, are 
declared at the dimension lines. Their arith-
metic values are calculated from algebraic 

Analysis 1a (A:1a; Fig. 4)
building, construction date: Great Mosque  
in Córdoba, 785
construction phase: original form
content: geometric harmonization of arcade 
northeastern elevation
architectural drawing: arcade northeastern 
elevation according to Fernández-Puertas,  
2008: 342 (11)
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expressions of geometric harmonization via 
introduction of the starting length as vari-
able, designated a, and listed as theoretical 
values coupled with calculated deviations 
from real dimensions (Table I). Deviations are 
expressed in percentages. Deviations less 
than 1% are interpreted as negligible, those 
up to 5% as small, up to 10% as significant 
and over 10% as large. If calculated alterna-
tively, smaller deviations are taken as the 
conclusive result for the respective building 
element.

Fernández-Puertas successfully demonstrat-
ed the harmonization of the original form, 
constructed during the reign of Emir Abd al-
Rahmān I (756-788), and the four extensions 
based on diagonals of the square and rect-
angles in 1:√2 and 1:√3 ratios (Fig. 2) [Fernán-
dez-Puertas, 2000: 220 (2), 227 (5), 232 (7), 
236 (10), 242 (14)]. However, the layout posi-

tion and size of the original minaret point to 
the additional principle of harmonization. 
Namely, the southern façade of the minaret 
intersects the starting net square width at the 
point of its division into a/Φ and a/Φ2 seg-
ments (Fig. 5), a fact otherwise neglected by 
Fernández-Puertas in his own work in the 
form of its arithmetic variance. The gross 
square side of the minaret equals a√2/Φ6, a 
quantity produced by the diagonal of the 
square with sides a/Φ6 (Fig. 5).

Besides Fernández-Puertas’ harmonization 
based on the axle arch span with the square, 
equilateral triangle and √3 rectangle applied 
(Fig. 3) [Fernández-Puertas, 2008: 342 (11), 
343 (12, 13), 344 (14)], the original arcade ele-
vation can be analyzed alternatively by using 
the net arch span as starting length b (Fig. 4). 
The height of the lower arch spring is then  
bΦ. The net height of the lower arch equals 

Analysis 1 (A:1; Fig. 5)
building, construction date: Great Mosque in Córdoba, 785
construction phase: original form
content: geometric harmonization of layout
architectural drawing: layout, according to Fernández-Puertas, 2000: 220 (2)

Analysis 2 (A:2; Fig. 6)
building, construction date: Great Mosque in Córdoba, 848
construction phase: first extension
content: geometric harmonization of layout
architectural drawing: layout, according to Fernández-Puertas, 2000: 227 (5)
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b√2/Φ2 and its radius is b√2/Φ2-b/Φ5. The col-
umn width is 2b/Φ5 and column height with 
capital is b/Φ-b/Φ5. The thickness of the lower 
arch is b/Φ3. The radius of the upper arch is 
b/2 with its center at the vertex of the lower 
arch. The vertex height of the upper arch, dec-
orative frieze included, is bΦ+b√2/Φ2+b. The 
total net room height is 2bΦ+b√2/Φ2.

The starting length for geometric analyses of 
all four extensions is the side of the layout 
grid square of the original building, according 
to analysis A:1 (Fig. 5).

Fernández-Puertas demonstrated the first ex-
tension, constructed during the reign of Emir 
Abd al-Rahmān II (833-52), as an increase in 
the original length to measure aF√2 (Fig. 2ii). 
However, it can be alternatively interpreted 
as an increase in the length to measure a+a/
Φ2 (Fig. 6).

Fernández-Puertas demonstrated the second 
extension, constructed during the reign of 
Caliph Abd al-Rahmān III (912-61), as an in-
crease of the extant length from aF√2 to aF√3 
to new outer wall (Fig. 2iii). Since this exten-
sion included the construction of a new mina-
ret as the most accentuated element of its 
composition, the geometric harmonization of 
the second extension can be alternatively 
demonstrated as an increase in the extant 
length from a+a/Φ2 to aΦ to the inner façade 
of the new minaret as located on the inside of 
the new outer wall (Fig. 7). The northern fa-
çade of the new minarets oriented to the 
main central axis is defined by the expression 
a/Φ-a/Φ5, that is, a/Φ2+a/Φ5. The side of the 
new minaret layout square is 2a/Φ6, so that 
the total length of the building is aΦ+2a/Φ6. 
The extant length of the mosque yard of a/2 
is increased by the addition of a/Φ3 to the in-
ner façade of the new minaret, so that the 
total length of the yard up to the new outer 
wall is a/2+a/Φ3+2a/Φ6.

Fernández-Puertas demonstrated the third 
extension, constructed during reign of Caliph 
Al-H

˙
akam II (961-76), at starting length bF 

equal to the extension’s length (Fig. 2iv), so 
that he actually attributed a value of bF√3 to 
the width of the extant building. The hypote-
nuse of rectangular triangle so constructed 
with shorter sides bF and bF√3, cartabón in 
Spanish5, is bF√4, or 2bF. However, geometric 
harmonization of the third extension can be 
alternatively demonstrated by adding a value 
of a/Φ, defined by original construction to 

Analysis 3 (A:3; Fig. 7)
building, construction date: Great Mosque  
in Córdoba, 951/2-8
construction phase: second extension
content: geometric harmonization of layout
architectural drawing: layout, according to 
Fernández-Puertas, 2000: 232 (7)

the extant length of the building to the mina-
ret, resulting in the expression aΦ+a/Φ, 
which is equal to a√5 (Fig. 8). The net length 
of the third extension is a/2. The gross length 
of the mihrab room with inner pilasters is 
a√2/Φ5.

Fernández-Puertas demonstrated the fourth 
extension, constructed during the reign of Ca-
liph Hishām II (976-1013), with starting length 
cF equal to the extension’s width (Fig. 2v), so 
that he actually attributed a value of 2cF√3 to 
the length of the extant building. However, 
geometric harmonization of the fourth exten-
sion can be alternatively demonstrated as an 
extension of the width of the extant mosque 
yard to a size double that of its extant length 
(Fig. 9), i.e., 2(a/2+a/Φ3+2a/Φ6).

Results of geometric analyses - The layout 
position of the original minaret defined by 
the first term of the a/Φn geometric sequence 
is a further example of the practice of placing 
the minaret outside of the starting square 
and demonstrates the impossibility of har-
monization based exclusively on the a√n geo-
metric sequence. Geometric sequence a√2/Φn, 

5 Fernández-Puertas shows how a diagonal cuts a 
square into two rectangular triangles called escuadra with 
a hypotenuse equal to √2, shorter sides equal to 1 and 
angles of 45° and 45°, while the diagonal of a rectangle in 
a 1:√3 ratio cuts it into two rectangular triangles called 
cartabón with a hypotenuse equal to √4=2, shorter sides 
equal to 1 and √3, angles of 30° and 60° [Fernández-Puer-
tas, 2000: 218 (1), 219].
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supplemental to the golden section, is ap-
plied in the definition of the original minaret 
layout square size and the height of the lower 
arch of the original arcade elevation.

The extension series, interpreted by Fernán-
dez-Puertas as harmonized by rectangles in 
1:√2 and 1:√3 ratios with different starting 
lengths, are demonstrated here as based on 
the a/Φn geometric sequence with only one 
starting length, namely, the side of the net 
square layout of the original building (A:1). 
The key extension is the second one (A:3), 
where the new layout assumed the form of a 
golden rectangle with a shorter side equal to 

the starting length, and the longer side, equal 
to aΦ, defined by the inner façade of the new 
minaret while its outer façade defined the 
new outer wall. The third extension produced 
a harmonization value of a√5 by adding a 
length of a/Φ to extant length aΦ (A:4). Har-
monization of the original arcade elevation is 
demonstrated by the golden section with the 
net arch span as the starting length (A:1a).

Results of arithmetic calculation of algebra-
ic expressions of geometric harmonization 
- Geometric harmonization is demonstrated 
with four negligible and three minor devia-
tions. The negligible deviations appear in the 
primary compositional elements of all ex-
tensions. The minor deviations appear in the 
detailed compositional elements, such as  
the layout size of the minarets and net length 
of the third extension. One negligible, six mi-
nor and one significant deviation have been 
confirmed in the original arcade elevation 
analysis.

An increase in deviation values appears in the 
more detailed aspects of the composition. 
This can be interpreted as an expected in-
crease due to the adjustments in construction 
dictated by technical conditions, including the 
standard building measurements. The share 
of negligible and minor deviations in the re-
sults of detailed analyses is surprisingly high. 
However, the mere fact that differences ap-
pear among the measured dimensions that 
are undoubtedly conceived as the same, i.e., 
the sides of starting square, proves that devi-
ations from the measured dimensions which 
appear in the theoretical values of algebraic 
expressions of geometric harmonization can-
not stand as conclusive proof of demonstrat-
ed geometric harmonization.

coNcluSioN

Unlike Fernández-Puertas’ proportion stud-
ies of the Great Mosque in Córdoba based on 
the a√n geometric sequence, this study has 
demonstrated an alternative geometric har-
monization based on the golden section (a/
Φn sequence), supplemented by the a√2/Φn 
sequence. Also, unlike the aforementioned 
proportion studies, all elements of this alter-
native geometric harmonization are products 
of only one starting length applied in the lay-
outs of all construction phases.

The clear advantage of this alternative meth-
od is the inclusion of otherwise excluded 
 basic composition elements, i.e., minarets, 
into a single harmonization pattern for the 
entire monument and all of its construction 
phases. This alternative method revealed 
otherwise hidden proportional qualities, in 
particular the definition of third extension 
layout rectangle a:a√5 produced by the ini- 

Analysis 4 (A:4; Fig. 8)
building, construction date: Great Mosque  
in Córdoba, 962
construction phase: third extension
content: geometric harmonization of layout
architectural drawing: layout, according to 
Fernández-Puertas, 2000: 236 (10)
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Analysis 5 (A:5; Fig. 9)
building, construction date: Great Mosque in Córdoba, 988
construction phase: fourth extension
content: geometric harmonization of layout
architectural drawing: layout, according to Fernández-Puertas, 2000: 242 (14)

tial square coupled by two smaller golden 
rectangles (A:4), i.e., a:(aΦ+a/Φ), and the 
definition of mosque’s net height in the ori-
ginal arcade (A:1a) produced by the arch 
span’s net height coupled by one golden 
rectangle beneath and another above, i.e., 
b:(2bΦ+b√2/Φ2).
Moreover, this alternative approach points to 
the possibility of a composition based on the 
combination of two different geometric se-
quences, namely, a√n, as applied by Fernán-
dez-Puertas, and a/Φn, as applied by this al-
ternative method. It may well be that the very 
layout position and size of the second exten-
sion’s new minaret producing golden rectan-
gle a:aΦ, by its inner façade (A:3, Fig. 5) and 
rectangle a:a√3, by the mosque’s outer wall 
(Fig. 2iii), were designed to combine the two 
sequences in one composition as an objec-
tive of harmonization. 
The proximity of deviations in the whole com-
position thus constitutes a possibility for re-
search and findings of alternative patterns of 
geometric harmonization applied to Islamic 
architectural monuments studied in the li-
terature by other methods and geometric 
 sequences.
Applying the same geometry of harmonization 
with one and the same starting length in the 
original structure and all extensions proves 
respect for the original form by the extension 
designs not only in terms of space and struc-
ture, but also in geometric harmonization. 
This opens the additional possibility of proof 
stabilization in the design of architectural 
structures when reconstructing monuments 
that underwent multiple subsequent expan-
sions and those that are preserved in their 
original form.

[Translated by Edward Bosnar,  
Apostrof d.o.o., Zagreb]
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