A COMPUTER ANALYSIS OF IONIC CAPITALS

MONICA MARGINEANU-CARSTOIU
1. INTRODUCTION

The purpose of this paper is a deductive statistical study of a given set of Lunic capitals.
It is an obvious and legitimate (uestion to ask : why a deductive analysis rather than an induc-
tive one, which is desirable for any thereoretical investigation.

We must state from the beginning that the starting point of this study is the corpus of
data measurements on Ionic capitals gathered by Dinu Theodorescu . This collection contains
numerical information on 82 actual Ionic capltals described by 75 variables referring to hpatml
composition and details of sculptural style.

The application of an inductive statistice requires a detailed knowledge of the distri-
butional qualities of the populations to which we apply the inferences and a complete control of
the formation of the samples from which we infer. None of these requirements aie met in our
case, and more fundamentally we have no possihility to observe the eptire population of existing
Ionic capitals and carefully define how our sample was extracted in a way that makes it possible
to use meaningful inference statistics.

In a deductive analysis we have no a priori asswunptions that we cannot control. We have
at our disposal a definite system of archaeological objects described by a definite set of variables.
All restrictions and limitations refer only to the data and this leaves us in full control to use
statistical methods properly. _

Faced with a tremendous quantity of numerical data, we iry to extract only the ‘‘im-
portant’’ information necessary for further analysis and interpretation of the structure and evo-
lution of Ionic capitals in a large geographical area.

There is also an immediate reason that makes such an analysis necessary. Four Ionic
capitals originating from Histria, that had been in archaeological storage for some time, have been
investigated recently. Another Histrian capital had already been investigated by Dinu Theodo-
rescu and included in the data corpus supporting this study.

Theodorescu’s study is based on a method known as the graphical matrix method that has
been worked out and developed by J. Bertin?. For a bhrief discussion on the method, a clearer
definition of the termns is necded. The quektion is how to classify a collection of items (Where item
means something very general) starting from a given number of characteristics (variables). In the
best of situations, these variables can he codified numerically in an unambiguous way, so that a
matrix is obtained including on each row a given item,and on each column the answer for
that item to a given question from among the variables. Of course, should the codification of the
variables be changed, the matrix we obtain is altogether different. However, it is hoped that, in
most cases, the relevant correlations between items can he preserved from which a consistent
classification or perhaps a relevant structure in the item system as a whole should he deduced.
In archaeology, the purpose is mainly a straightforward seriation of the items in terms of a con-
tinuity parameter which is commonly associated with the chronology (or evolution) of the item
svstem In the case of a presence /absenee matrix or of abundance matrix, a thorough mathe-
matical theory of seriation and a significant number of algorit hms leading to a satlsfactory solution
of the problem are available 3. '

~ In principle, any such algorithm introduces a special type of distance between items and
an atimonotonic function of that distance known as similarity. Usingsome typicaltechniques into
the details of which we shall not go right now, the similarity matrix is converted to a Robinson
configuration which is the final result of the algorithm.

1 D. Theodarescu, Le chuapiteau ionigue grec, essai mono- 3 Mathematics in the Archaeological and Historical Scien-
graphique, Généve, 1980. ces. (eds. F. R. Hodson, D.G. Kendall and P. Tdutu). Edin-
1 J. Bertin, Sémiologie graphique, Paris, 1973. burgh. See e.g. Kendall's paper, p. 215.
DACIA, , tome XXXI1V, Bucarest, 1990, p. 77~110
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The technique employed by Theodorescu ranges within this latter class of methods. It
is worth nothing that all matrices cannot be brought to a perfect Robinson shape. For archaeolo-
gical purposes, an approximate solution of the problem still have some merit.

In view of the current influence of widespread computer use,{he mere svriation of a
collection of archaeologicalitems is no longersatisfactory. At present, some extremely sophisticated
techniques such as correspondence analysis (CA), principal components (PCA), principal coordi-
nates (PCO), multidimensional scaling (MDS), all of which range within a broader class known
a8 Factor Analysis (FA), have become available to archaeology and are applied to a variety of
archaeological problems. Another method, called nonmetric multidimensional scaling (NMDS),
that does not fall into FA class, but produces practically the same kind of output information
is also in current use.

Unfortunately, in classical architecture, only one case ¢ of partial application of such me-
thods has been reported so far, namely A.-M. Collombier’s PCA investigation on the same data
corpus.

What we intend to do below is use the whole mathematical arsenal available for a statis-
tical investigation on Ionic capitals. The results obtained by Theodorescu and Collombier shall be
regarded both as a guide and as a further check of our main conclusions.

2. THE DATA

Theodorescu’s collection consists of 82 actual Ionic capitals that have been collected
uniformly from four large traditional geographic areas as follows : 22 from Asia Minor (AM), 21
from Aegean (E), 29 from Continenta) Greece (C) and 10 from Western Greece (GO). From a chro-
nological viewpoint, their distribution is asymmetrical as 73 of them date back from a period
earlier than 330 B. C. while only 9 of them come from a later period. So, we are dealing with a
capital sample that can be regarded as representative for a rather long time span from archaism
to classicism.

To describe these 82 capitals 75 variables have been used that fall into two distinct sets :
(a) the so-called ‘‘quantitative’”’ set consists of 25 ratios referring to 14 basic dimensions
that detine the volumetric composition of a capital ; these variables are sufficient for the sche-
matic characterization of any capital ; (b) the further 50 variables (the ‘‘qualitative” or ‘‘style’
set) refer to sculptural details,thus giving a full architectural picture of the capital.

Unfortunately, a complete description including all 75 variables is not available for
every capital, Some of the variables could not be observed due to the poor state of the items,
and others have been lost because they have not been reported. Even though some mathematical
procedures can be used to reconstitute the missing variables, we thought such operation might
have been too assuming for our case, so we have had to do without 12 items (2—3; 10—11; 16;
24;35—36;47—48; 53; and 61). Itis a quite important loss in view of the overall number, small
as it is. The remaining items have been renumbered from 1 to 70.

Out of the 25 ‘“quantitative’ variables, we have kept along only 17, as we decided to
give up all ratios that included abacus elements. According to Collombier, the abacus is not a
relevant element in the structure of Ionic capital. Variable no. 8 i.e. the stress transmission angle
(=), has been replaced by the tangent of that angle which is a strictly monotonic function. We
left trivially correlated variables out of question. For instance,it is obviousthat A=E + D + D
(using Theodorescu's denotations, see Fig. 1a).

Moreover, we took upon ourselves to correct some little printing crrors in the original
table (e.g. A/L cannot be 0.328 with item Kavala 42) and a few values have heen updated ®.

In exchange, we thought it most useful that a new variable, G/A be introduced, taking
into account the relevance of that ratio for the general composition of the main front of the capital.
Four further capitals from Histria 8, two from Priene and one from Labranda 7 have been added
to the original 70, so a final list of 77 Ionic capitals has been obtained (see Table 1).

4 A\
p. 79--96.
8 Data for Lrechteum (no. 50) and llalicarnassus (no.
11) taken from W. Hoepfner, Bathron, Beitrage zur Archi-
tektur und’ verwandten Kiinsten, Saarbrucker Studlen zur
Archiologie and Allen Geschichte, 3, 1988, p. 227.- and

Collombier. RRevue Archéologique, 1983, 1,  published elsewhere (sce infra note 26--27). The data (In
ceutimetres) for capital no. 74 are: A== 743: B = 53.8;
C=54.; C'=59.; B=2588; I'=1350.; H -=562: L=
—=303; L=16.4; M =32; K=68; J=96; 1=13.;
G =23.6; D=22: the volule dimensions rcpresent a

reconslilution attempl.

W. Hoepfner, E. — .. Schwandner, Haus und Stadt! im Klassi-
schen Griechenland, Miinchen, 1986, p. 161 —166.
$ The date for Histrian capitals no. 71, 72, 73 have been

http://www.daciajournal.ro

7 The new introduced capitals are from I’ricne and Lab-
randa : data taken from W. Hoepfner, E. —[. Schwandner,
ap. cil., loc. cit.
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To avoid size effects, all “‘quantitative’ variables have been rescaled in a simple manner,
following a suggestion by Collombier, so that only their ranks have been retained for analysis. Also,
the “style » set of variables will be discussed in a subsequent paragraph.

3. CORRESPONDEXCE ANALYSIS OF QUANTITATIVE VARIABLES

As suggested by Bolviken ct al.? and an entire series of Scandinavian archacovlogists @,
the mcthod of correspondence analysis seems to be one of the most promising tools for analysing
archacological data of abundance or presence/absence type. \WWe do not intend to describe the
method in details, however some features of this method are to be emphasized.

Correspondence analysis belongs to the large group of data reduction methcds. The original
imput matrix X is transformed by a rather complex scaling procedure into a matrix A, and then
the eigenmodes of the overlap matrix A* A aud AA' are found by standard techniques. Alv ery nice
feature of this method is the symmetrical treatment of units and variables, which can be analysed
together in the same low-dimensional space spanned by very first exgenvectors

Let X be the input matrix with rows correspondmg to units and columna corresponding to
variables. The CA method defines average profiles, the expected unit profile (EUP), and the ex-
pected variable profile (EVP) in terms of column marginals and row marginals, respectively. The
method draws a ‘“‘plane’ (a low dimensional variety) through EUP in the direction of the maximal
variation of points and the reduced material can be obtained as projections of points onto this
plane. According to Bolviken, there are three main properties of these plots : (a) the total variation
of the data can be divided into contributions from each principal axis and conseqyuently each plot
can be judged on its percentage contribution to the total ; (b) variables contribute with a certain
amount to the explanation of cach axis and this reveals their importance ; (c) the relative posi-
tions of units and variables in the plots can be used for cluster identification or seriation effects,

The latter property is of a great importance for the analysis of a real archaeological situa-
tion. Other methcds such as MDS and PCA may also be used to reveal both clustering and seria-
tion. However, PCA requires data with normal distribution and MDS uses a questionable ingre-
dient, the snmllarlty coefficient. With CA we have another method to analysc the structure of the
data and the results of all these methods can he correlated together to ‘draw some meaningful
conclusions.

Fig. 1 pr osentq the plot of the first two principal axes from CA. These axes account for
39.69%, and 25.9Y%, respectively, from the total variation of the data. The third axis contribules
with 119, giv mg a total explanation of about 779, so that a discussion based on the first three
axes seems to be satisfactory. -

A direct examination of the unit distribution in Fig. 1 evidences a complicated combina-
tion of seriation, expresscd by the general V-shaped form and ‘itl ong clustering effects. The same
is true for var nbleb in Fig. 2.

Clustering effects are most prominent. Although the division into clusters of units is quite
clear, we have considered it necessary to intrcduce a precise method to ohtain not only the cluster
composition, butl also the form of cluster, degree of homogeneity, center, radius, satellites, out-
liers, etc. For this reason, we intrcduce a one-body density, a function of two variables, defined
as follows :

Let (xi, yi),i =1, 2, ... N be the coordinates of N points in a plane, then the number

of points per unit area in an arbitrary point (x, y)is :
N
f(x,¥) =AY, exp{—asf(x—Xi)s2 (Y —yi)«»2)]}
i=1
where a is a parameter and A the normalisation constant, obtained (for fixed a)from the condition :
S S A%, ¥) dx dy = N
—x —-

Parameter ais free and reflects the degree of geometrical correlation we want to introduce.
For large values of this parameter we obtain a homogencous densily and for small oner, the

¢ E. Bolviken et al., World Archeology, 14, 1982, 1. p. 41. 9 Multivariate .Archaeology. Numerical Approaches in
Scandinavian Archueoloyy, A. Archus, 1988.
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Numerical values of Lhe quantitalive variables: the old numbering (ID. Th) and the new one (M. M—C)
D.TH. M.M-C A/B| c/B F/B C/A A/H C/H F/HI tg a, D/A F/E F/G A/L K/L d/LI I/L G/D| &4, /0 G/A
EPH 1 1 2.775‘1 78511.83010.643 '2.170"'1.395 1.43016w374[5l297 1.625'1.940'4.040'0.627 0.372]0.752 1.142 1.165 '0.339
EPH 4 2 1.6681 1.176 1.079 0.698 1.667 1.164 1.067 0.258 0.306 1.676 1.838 3.820 0.578 0.422 0.751 1.140 1.124 0.349
.EPH 5 3 1.565 1.033 1.042 0.693 1.500 1.040 1.000 0.111 0.306 1.718 1.920 4.500 0.625 0.375 1.000 1.132 1.218 0.346
EPH 6 4 1.800 1.200 1.167 0.083 1.982 1.350 1.175 0.455 0.344 1.925 1.550 4.770 0.634 0.366 1.012 1.115 1.118 0.383
EPH 7 5 1.580 1.095 1.005 0.695 1.455 1.010 0.928 0.122 0.323 1.820 1.725 3.680 0.555 0.445 0.756 1.140 1.150 0.368
DID 8 6 2.500 2.000 1.3530 0.800 2.300 1.S10 1.440 0.753 0.332 1.800 1.560 3.930 0.626 0.394 0.663 1.125 1.156 0.384
DID 9 7 2.050 1.453 1.340 0.708 1.842 1.305 1.203 0.354 0.299 1.620 1.885 4.115 0.679 0.310 0.836 1.161 1.165 0.348
DID 1e 8 1.420 1.040 0.925 0.765 1.430 1.050 0.980 0.203.0.280 1.5680 2.180 5.750 0.520 0.480 1.000 1.127 1.122 0.314
DID 13 9 1.500 1.030 0.950 0.685 %.490 1.020 0.980 0.167 0.304 1.680 1.920 5.200 0.458 0.542 1.000 1.128 1.155 0.351
HAL 14| 10 1.940 1.522 1.067 0.785 2.338 1.835 1.287 0.566 0.389 2.450 1.235 3.200 0.545 0.455 0.792 1.145 1.187 0.461
HAL . 15] 11 1.494 1.000 0.993 0.669 1.495 1.001 0.994 0.131 0.288 1.575 1.9B89 4.612 0.645 0.322 0.903 1.156 1.127 0.333
XAN 17 12 1.570 0.9390 0.830 €.630 1.740 1.100 0.990 0.203 0.370 2.1680 1.385 3.760 0.634 0.372 0.887 1.150 1.242 0.426
PRI 18| 13 1.500 1.000 0.998 0.665 1.621 1.080 1.080 0.070 0.300 1.666 1.940 4.630 0.545 0.456 0.875 1.127 1.140 0.338
PRI 19| 14 1.640 1.128 1.180 0.687 1.639 1.125 1.177 0.258 0.258 1.487 2.475 5.080 0.528 0.470 0.8415 1.130 '1.147 0.292
SAR 20] 15 4.570 1.050 1.000 0.668 1.610 1.090 1.038 0.167 0.325 1.817 1.688 3.750 0.510 0.390 0.802 1.161 1.143 0.363
MAG 21| 16 1.512 1.000 0.994 0.677 £.%37 1.080 1.005 0.176 0.302 1.660 1.880 4.680 0.610 0.390 0.950 1.155 1.154 0.349
PER 22| 17 1.632 1.1S0 1.145 0.730 1.632 1.192 0.885 0.344 0.288 1.5B82 2.100 4.520 0.520 0.480 0.815 1.137 1.145 0.327
DELP 23| 18 2.640 2.200 1.890 0.825 2.540 =.320 1.820 0.932 0.248 1.420 2.420 4.270 0.400 0.600 0.730 1.195 1.173 0.296
DEL 25| 19 2.180 1.R10 1.250 0.744 2.580 1.8560 1.600 0.767 0.340 1.950 1.600 3.800 0.410 0.590 0.800 1.135 1.093 0,386
DEL 26| 20 2.73) 2.000 1.€10 0.735 2.840 2.040 1.670 0.624 0.326 1.790 1.430 3.300 0.565 0.435 0.823 1.260 1.223 0.411
DEL 27| 21 1.750 1.540 1.400 0.BBO 2.430 2.180 1.560 0.726 0.328 1.830 1.790 3.140 0.400 0.600 0.640 1.075 1.132 0.353
DEL 28| 22 2.090 1.350 41.2°0 $.645 2.C5C 1.710 1.610 9.509 0.375 1.950 1.490 3.820 0.630 0.370 0.855 1.175 1.168 0.405
DEL 29| 23 2.150 1.856C 1.7.20 0.725 2.660 1.5C0 1.270 39.434 0.360 2.190 1.490 3.580 0.635 0.250 0.850 1.450 1.135 0.414
DEL 30| 24 2.000 1.360 1.250 0.6545 1.940 1.250 1.125 0.237 0.382 2.460 1.350 3.800 0.485 0.300 0.950 1.132 1.103 0.432
DEL 31| 25 1.730 0.929 0.960 0.i230 1.8230 0.950 1.000-0.04C 0.410 3.050 1.130 3.100 0.485 0.250 0.930 1.200 1.172 0.492
SAM 32| 26 2.15C 1.76% 1.450 0.822 1.930 1.6235 1.340 0.589 0.302 1.705 1.940 3.700 0.570 0.430 0.747 1.150 1.186 0.347
SAM 33| 27 2.120 1.149 1.3220 0.%565 2.120 1.410 1.320 0.389 0.328 1.850 1.680 3.900 0.370 0.520 0.890 1.129 1.113 0.370
CHI 34( 28 2.600 1.745 1.690 ©.570 2.62C 1.755 1.705 0.531 0.314 1.750 1.855 3.660 0.640 0.360 0.716 1.115 1.108 0.350
LES 37| 2S 1.666 1.065 1.040 0.645 ¢.£40 1.05C 1.030 0.194 0.314 1.845 1.745 4.300 0.575 0.#25 0.857 1.145 1.152 0.360
THA 38| 30 2.03C 1.315 1.150 0.633 2.030 2.315 1.150 0.258 0.381 2.400 1.251 3.250 0.636 0.364 0.855 1.1689 1.126 0.453
THA 39| 31 2.142 1.285 1.190 0.690 2.550 1.420 1.310 0.240 0.380 2.330 1.110 2.670 0.600 0.400 0.810 1.315 1.202 0.499
THA 40| 32 2.780 1.£90 1.700 C.6:0 2.4€D 1.430 1.290 0.383 0.359 2.175 £.395 3.110 0.505 0.495 0.834 1.220 1.130 0.438
SAL 41| 33 2.300 1.675 1.325 C.743 2.620 1.89:0 1.515 0.723 0.364 2.120 1.335 4.080 0.710 0.290 0.935 1.130 1.152 0.411
KAV 42( 34 2.436 1.730 21.365 ¢ 773 2.330 2. 1.6G2 0.637 0.383 2.400 1.253 3.280 0.705 0.265 0.835 1.170 1.161 0.448
HIS 43( 35 2.138 1.620 1.230 0. 2.:200 1. 1.270 0.434 0.374:2.285 1.385 3.380 0.698 0.402 0.756 1.113 1.182 0.416
ATH 44( 36 2.110 1.590 1.173 0. 1.940 1. 1.125 0.455 0.365 2.160 1.380 3.450 0.480 0.520 0.880 1.148 1.131 0.419
ATH 45| 37 1.885 1.315 1.170 0. e.740 1. 1.680 0.509 0.315 1.680 1.660 3.080 0.485 0.515 0.654 1.4187 1.148 0.374
ATH 46( 38 2.580 1.830 1.590 ¢.77% 2,256 2. -1.820 0.700 0.315 1.600 1.660 3.600 0.460 0.540 0.828 1.170 1.156 0.369
ATH 49| 39 1.530 1.000 O.843 C.&un 20710 4£.42G 1.000 0.122 ©0.375 2.390 1.360 3.520 0.516 0.241 0.828 1.148 1.163 0.431
(ATH 50| 49 1.560 0.970 0.9%% 0. $.200 0. 0.75% -C.03 0.309 1.658 1.805 3.700 0.R00 0.400 0.754 1.145 1.183 0.353
ATH 51| 41 1.740 1.233 1.128 Q. 1.828 1.: 1.182 0.354 0.298 1.608 1.970 4.130 0.%00 0.250 0.757 1.104 1.142 0.329
ATH 52| 42 1.523 1.068 0.950 0.° 1.675 4. 0.978 0.122 0.371 2.260 1.460 3.510 0.492 0.242 0.810 1.080 1.151 0.400
ATH 54 43 1.530 1.070 0.9¢3 C. 1.545 1.420 0.942 0.440 0.:338 1.820 1.545 4.1680 0.690 0.310 0.955 1.130 1.218 0.382
ATH 55| 44 1.815 1.245 1.082 O. 1.845 1. 1.062 0.315 0.342 1.885 1.532 4.240 0.475 0.270 0.8B83 1.132 1.159 0.387
ATH 56| 45 1.820 1.137 1.140 0.¢ 1.785 1. 4$.099 2.21%2 0.332 1.815 1.580 3.900 0.565 0.342 0.830 1.470 1.129 0.388
ATH 57| 46 1.660 1.200 1.044 0. 1.730 1.220 1.140 0.345 0.345 1.720 1.740 3.770 0.675 0.286 0.777 1.162 1.175 0.366
ATH 58| 47 1.660 1.100 1.048 O. 4.000 1.: 1.125 0.277 0.324 1.775 1.565 3.850 0.636 0.295 0.940 1.235 1.193 0.400
ATH 59| 48 1.660 1.060 1.050 O. 1.835 1. 1.15G 0.240 0.317 1.730 1.627 3.660 0.555 0.300 0.945 1.230 1.162 0.390
ATH 60( 49 1.680 1.133 1.02% 0. 1.680 1. 1.027 0.183 0.322 1.705 1.617 4.030 0.665 0.335 0.950 1.183 1.200 0.379
ATH 62| 50 1.635 1.175 0.980 O. 1.73C 1. 1.032 0.296 €.331 1.770 1.510 3.590 0.630 0.200 0.863 1.200 1.224 0.397
ATH 63| 51 1.597 1.130 0.915 0. 1.740 1. 1.640 0.258 0.352 1.950 1.450 3.670 0.580 0.228 0.864 1.142 1.168 0.402
ATH 64| 52 1.475 0.97 0.83 C. 1 1.463 0.875 0.242 0.34 1.70 1.535 4.18 0.70 0.30 0.965 1.15 1.153 0.391
ERE 65| 53 1.63 1.255 0.€95 . 1.71 0.374 0.305 (.41 3.04 1.165 2.89 0.51 0.49 0.775 1.11 1.132 0.455
MAR 66| 54 1.63 1.093 1.045 . 1.91 1.49 0.2E3 0.3¢ 1.86 1.59 3.79 0.64 0.37 0.905 1.19 1.119 0.391
DELP 67| 55 1.67 1.022 0.96 0.81 1.65% ¢ 1.095 0.230 ¢.363 2.42 1.345 3.48 0.485 '0.375 0.775 1.138 1.13 0.419
CAP 68| 56 1.535 0.983 0.382 0.645 1.72 -+. 2.0 0.10% 0.389 2.6 1.3 3.22 0.535 0.32 0.805 1.142 1.176 0.444
oLY 69| 57 1.5 1.0 0.94 C.67 1.55 1, 0.945 0.185 0.3:6 1.71 1.8 5.8 0.55 0.45 1.1 1.112 1.126 0.350
oLy 70| 58 1.24 0.92 0.825 0.74 1.24 0. 0.825 0.0G1 nN.235 1.618 2.02 5.2 0.75 0.25 1.0 1.1418 1.192 0.330
oLy 71| 59 1.61 1.06 1.425 0.566 1.43 ©2.145 0.073 0.278 1.58 2.20 4.6 0.666 0.334 1.13 1.14 1.172 0.347
oLy 72| 60 1.4 1.01 0.975 0.585 1.Z5 1.¢256 0.1€67 ©0.530 41.65 1.95 4.65 0.64 0.36 0.85 1.122 1.453 0.337
MAR 73| 61 2.05 1.755 1.29 0.854 2.15 1.348 0. 1. 1.68 3.37 0.6 0.4 0.755. 1.16 1.195 0.374
PAE 74| 62 2.32 1.65 1.37 0.707 22.23 1.32 0. 2. 1.44 3.12 0.653 0.347 0.817 1.155 1.203 0.411
GEL - 75| 63 2.30 1.82 1.43 (C.73 2.32 1.43%5 0. 4. 1.643 2.99 0.455 0.5 0.645 1.147 1.152 0.376
SYR 76| 64 1.685 1.61 1.13 0.25G 1.72 1.15 0 1 1.94 3.64 0.64 0.24 0.72 1.162 1.15 0.345
LOoC 77| 65 1.60 1.53 1.08 0.935 1.72 1.15 1.965 3.25 0.613 0.307 0.643 1.172 1.133 0.340
SEL 78| 66 1.675 1.617 0.998 0.885 1.99 1.483 0 1.455 2.71 0.595 0.27 0.604 1.161 1.163 0.406
SEL 79| 67 1.49 1.285 O. 91 C.Bb2 1.63 1. 0.89%5 9 1.865 2.83 0.586 0.265 0.595 1.127 1.106 0.367
SEL 80| 68 1.605 1.428 0.95 0.837 1.733 1. 1.93 3 1.528 2.8G2 0.582 0.324 0.643 1.458 1.184 0.395
SEL 81| 69 1.7 1.16 1.083 0.683 1.7/% 1. 1.092 ¢ 1.63 2.99 0.602 0.398 0.628 41.185 1.196 0.382
SEL 82| 70 1.55 1.0 0.963 0.548 1.59 1. 1.CZ ¢ i. 1.73 3.1 0.632 0.378 0.646 1.2i2 1.19 0.361
HIS C40( 71 1.623 1.052 1.002 C.648 1. 74 1.1 1.383 0 i. 1.540 3.44 0.€43 0.352 0.804 1.2C2 1.149 0.400
HIS A111| 72 1.594 1.0 0.972 0.627 4.842 42.07 1.002 0 1. 1.3i1 3.471 0.747 0.277 0.814 1.487 1.135 0.404
HIS C34| 73 1.367 0.985 0.904 0.720 1.Z74 2.797 0.308 0 1.5 1.8t4 4.S00 0.442 0.553 1.000 1.004 1.142 0.304
HIS Co| 74 1.381 1.000 0.9229 0.727 1.322 Z.360 0.302 0.041 0. _ 1.650 2.110 4.530 0.414 0.585 0.792 1 072 1.127 0.317
-®RIENE 75 1.531 1.000 1.015 C.6BH3 1.573 4.027 1.543 0.476 N.200 41.562 1.950 4.713 0.554 0.445 0.856 1.127 1.130 0.338
PRIENE 76 1.508,1.000 1.000;0.3T3|1 w75 ﬂ.Oiﬂij.Gﬂl.O.‘\“ ©.258011.606, 1 965814.906/0.514;0.485/0.90611.14+7711.12410.333
LABR 77 1.)00 1.000‘1.COO:U,U’";1 5 BN V1 1.90730_1-,jb.,d' 1 %GB 1.3¢€9 A.SGOIO 87810.5?3Jf S/H 1. 1/R i ?OOlO 338
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Fig. 2. — P’lot of first two principal axes from CA. Distribution of variables.

density takes significant values only in the strict vieinity of the points. By moving parameter &
between these extremes, we obtain a dynamic picture of cluster formation. In Fig. 1, with an
optimal choice of parameter a (of the order of ~0.05) the density function is presented as contour
plots, revealing all characteristics mentioned above. In Fig. 3 we have a 3-dimensional picture of
the density function, stressing the complexity of the cluster identification problem.

The CA plot of the first principal axes can also be used for solving the seriation problem.
However, the first axis accounts for only 409, from the total variation of the data and for this
reason we expect some difficulties. The units and variables were seriated according to their first
CA coordinate. By coding the variables into three ‘“‘colours’ (open signature for low values, hatch-
ed signature for medium values and heavy signature for high values) we obtain the pattern from
Fig. 4. This figure also gives full information on the nuibering, the source and time classificaticn
of the Tonic capitals according to Dinu Theodorescu (on the right hand) and the new numbering
utilized throughout this paper (on the left hand),. The first impression created by this figure is
that of an approximate Robinson matrix with black (heavy) signatures (i.e. high values of the
variables) located on the main diagonal. Geing from top to bottoni, we also observe & clear time

6 — c. 2527
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effect in this matrix : hellenistic capitals at the top, classical in the middle and archaic at the
bottom. We shall return to this problem later.

The contribution by which variables accounted for eah axes can be extracted from Fig. 5.

This diagram suggests that only few variables contribute esscentially to the explanation of the

first principal three axes. This is especially true for axis 2 and 3, where groups of about four

variables cover 709, and 789,

o5 T of the total, respectively. The
& explanation for the first axis
b seems to be shared by a large
group of variables, as the four
=3 most prominent contributors,
namely A/L, I/L,C/H, C/B only
> account for 589,. This aspect
. probably explains the pattern
ng | in Fig. 4 which is entirely based
OCJ: on projections of units and vari-
a ables onto the first CA axis.
e ]
4. COMPARISON OF CA
WITH OTHER METHODS
ml' As afirst check, we com-

parethe CA results with similar
plots given by other data reduc-
tion methods : MDS, PCA and
NMDS. Amathematicaldescrip-

tion of these methods is beside
the scope of this paper. The rea-
der may consult for example
the paper of Mardia et al 19,

Multidimensional scaling constructs a configuration of N points in Euclidean space using
information on distances bhetween the N items. However, the distances need not be based on
Euclidean definition and can represent many types of dissimilarities between the items. In some
cases, only similarities are available, but these can be converted into distances by a standard
transformation. In our case, the Ionic capitals are observable as N = 77 points in a 18-dimensional
space. Certainly, many of these dimensions are redundant and any distance matrix based on these
coordinates will be non-Euclidean.

Bearing in mind this observation, we have performed two MDS calculations : one based
on Euclidean distance (Fig. 6) and another based on chi-square distance (Fig. 7). Both figures
present the plot of the first two principal axes, suitably reflected to fit the configuration produced
by CA. We point out in these figures the main clusters defined by CA.

Concerning Fig. 6 we observe a good enough similarity with Fig. 1. The first CA axis
and first MDS axis are strongly correlated, so a seriation based on MDS gives similar results
as those in Fig. 4. The outliers, namely capitals 14, 17, 18, 25 and 58 are clearly separated from
the bulk. Nevertheless, the Euclidean MDS plot is much more agglomerated, with clusters that
areless well separated. The internal structure of each cluster is significantly changed. For example,
the capitals 67 and 68, members of CA cluster IIT are shifted strongly towards cluster VIII ;
cluster IT is virtually divided into two subclusters. The only cluster which gets consolidated in
its structure is cluster IX, with Hellenistic components. We shall resume all of these problemsin a
subsequent paragraph. ; .

_ In the plot of Fig. 7, the M DS is performed with chi-square distances as dissimilarities.
This plot fits the CA result perfectly,as bothmethodsare based onthe same type of correlation
betweenitems. A single difference concerns the outliers 14, 18, 25 and 58 which are shifted much
strongly from the rest. '

The main objective of all data reduction methods is the determination of a minimum set
of independent variables, necessary to account for the redundant set of observed variables. PCA
is ideally suited to deal with this problem, when the redurdancy of the observed variables is

Fig. 3. — 3-dimensional plot of point density distribution of fig. 1.

10 K.V. Mardia, J.T. Kent, J.M. Bibby, Mullivariate Analysis, London, N. Y. 1979.
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attributable to their linear dependence on a smaller set of underlying variables. As pointed out
by Collombier, some of the variables are trivially correlated : A = E 4+ D. + D. Another example
is L = J + K. But for many variables this dependence is severely nonlinear. In such cases PCA
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Fig. 7. — Plot of first two principal axes from MDS with chi-square distance.

fails to rcduce the observed variables to an optimal representation and the number of the observed
dimensions will greatly exceed the true degree of freedom contained in the data. Furthermore,
PCA can be used safely only with data for which the covariance and correlation concepts are
meaningful, that is for normally distributed variables. For a complete discussion of this problem
the read:r is urged to consult Madsen’s contribution in Multivariate Archaeology (see note 9).
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1 A COMPUTER ANALYSIS OF IONIC CAPITALS 87

The PCA plot in Fig. 8 is quite similar to the MDS plot with Euclidean distance as dissi-
milarity.Itis not a surprise that MDS and PCA bothgive the same results, because these methods
are completely equivalent in this context (see note 10).

The last method we turn to for checking CA results is the nonmetric multidimensional
scaling (NMDS). In Fig. 9 we present a two-dimensional plot obtained with a program ! which
follows closely the algorithm of Sheppard and Carol 12 and Kruskal 13.

One important question connected with the NMDS problem is true dimensionality of the
space in which we want to produce a configuration of points. For a direct comparison with other
results, we decided to choose from the verv beginning a two-dimensional solution, which is not too
far from the real situation, as suggested by all other methods. In spite of a high stress (due to
an incomplete convergence process this is 0.203), close to the upper limit of acceptance, the plot
in Fig. 9 confirms once more the CA configuration. A single observation is to be made here : capital
67, which raises frequent problems, is completely ejected from cluster III.

Combining the results from all {hese methods, we have at this moment a comprehensive
image of the cluster structure of the Ionic capital distribution. The almost perfect fit between
configurations given by CA, MDS, PCA and NMDS can be taken as a strong argument for the
usefulness of the criteria chosen to define the Ionic capital.

Also, one of our main objectives, the classification of Histrian capitals, can be firmly
established in the main stream of Greek Ionic capital.

5. THE DYNAMICS OF IONI(C CAPITAL — A CHRONOLOGICAL SURVEY

One of the most important problems in archaeology is the chronology. In our case, there is
no question to establish a chronology for Ionic capitals. Our task is only to compare the existing
chronology with the classification given by correspondence analysis 14.

It has been pointed out in a preceding paragraph that the seriation can profitably be
solved by CA and the single axis which parametrize the data reflects time intervals between
items. This fact was suggested by Fig. 4, where units and variables were seriated acording to their
projcetions onto the first CA axis. Going from top to bottom, we penetrate deeplyinto the history
of Ionic capitals. Another argument is offered by the diagram of Fig. 10, where the coordinates of
units onto first CA axis are directly correlated with their time coordinate. Due to some ambiguity
in the dating of capitals, these appear as intervals (error bars) with a specifie sign in the middle.
The sign corresponds to the conventional partition of the evolution of Ionic capitals in the period
570—100 B.C. (see the insert in Fig. 10).

Of course, we cannot expect all points to he located on a smooth curve. This would only
be possible for a small-stepped quasi-continuous evolution in time and space of the Ionic capital.
However, as it is well known, the situation is quite different. There were a number of periods
more or less clearly delimited (in time), that were particularly rich in architectural ideas and
came up someratherdefinite structures of the Ionic capital. Tlic passage from one period to another
was more often than not an abrupt one. Aratherlong series of factors such as geographic diffusion,
sheer reproduction, imit ations, comebacks,developments in geometry and number theory, various
social factors have led to time fluctuations, including considerable ones. This is particularly true
for that part of the diagram in Fig. 10 that corresponds 1o Hellenism where the time correlation
of the first CA axis is manifestlylost. We should also bearinmind that some links might be missing
from the chain of capitals we are investigating. Last but not least, we must recall that the first CA
axis is but responsible for 409, of the overall data variation.

A much more consistent picture of the time evolution of Ionic capitals is obtained by
matching the two-axis CAdistribution to the time coordinate, as shown in figs. 11 and 12. These
figures prove an obvious correlation of the three main CA axes, particularly of the first two ones,
and the time coordinate.

A careful analysis of fig. 11 reveals that the V-shape of the CA distribution is associated
with time arrow, and the cluster structure of the distribution illustrates a distinct separation of
the periods, i.e. archaic-transition-classical-Hellenistic Clusters I and III (archaie), VIII (classical)
and IX (post classical and Hellenistic) are the most homogeneous of them all. Transition capitals
raise some interesting problems. As they are cvidence of a boiling period of search for new solutions,

11 Computer program designed by F. Carstoiu. 14 For the chronology of the Histrian capitals nos, 35
12 R.N. Sheppard, J.D. Carol, Multivariate Analysis, (500—480 B.C.), 71 (425—400 B.C.) 2 (after 475 B.C.)
London, 1966. and 73 (IV—III centuries B.C.) see note no. 18, 26, 27.

13 J.B. Kruskal, Psychomelrika, 29, 1964, p. 1—27,
5 —129. The dating of capital no. 74 established in thispaper, . .
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they do not gather into a well defined group on the (‘A diagram, but rather occupy a diffuse arca
in qu'\dr'mt I —II. Their position with respect to the center of diagram, as well as their relative
positions suggest considerable fluctuationsin the variables governing the 2nd axis (see Fig. 3). Tran-
s#ition capitals may incidentally appear incorporated on the outskirts of some clusters (e.g. nos.
65, 32) or gravitating like satellites (e.g. nos. 41, 43).
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~ The diagram in Fig. 12 does not bring forth substantial news regarding the time distri-
bution of Ionic capitals, whereas it shows a lower separation ability of the variables that govern
the 3rd CA axis. Nevertheless, a marked group of capitals pertaining to one same period is quite
evident, so the cluster structure resulting from the first two axesis proved stable.
Further information can be derived from Fig. 13 in which the geographic and the CA dis-

tributions are comparcd. A quite consistent picture is obtained that underscores the definite
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15 A COMPUTER ANALYSIS OF IONIC CAPITALS 91

importance of the geographic factor for the stability of the cluster structure of our Ionic capital
system, someregional predilections for a certain style of Ionic capital design, and alsosome instan-
ces of a subordonation of the design by regional traditions.

To establish a final cluster composition two major tests have been performed. The first
such test (Fig. 14) referred to stability and consisted inruline out a considerable number of capitals
in a quite brutal manner as it seems. First, we eliminated outlier capitals (81, 25, 58) that largely
influence the first two CA axes by the extreme values of a great many variables. Second, we
got rid of recent capitals (post classical and Hellenistic capitals). We thus confine ourselves to a
shorter timz period in which the ranges of the variables urdergo a less dramatic evolution.
Surprisingly, the typical V-shape is lost, suggesting that the subsystem can no longer be ordered
in terms of one sole parameter that varies perinancntly. The cluster structure however is left
unchanged as far as cluster identity and their internal structurc are concerned. A major charac-
teristic of the distribution in Fig. 14 is a more uniform and balanced location of the clusters with
respect to the center of the diagiam (EUP).

An interpretation problem concerns the diagram location of the couple of clusters I and II,
wherein cluster I1is placed beneath cluster I, soits position on tiine axis appears unnatural. This
may suggest the distinction of archaic from late archaic is merely formal one.

As the last test to check up the composition of CA-identified clusters, we have performed
two cluster analyses using the UPGMA algorithm of Sncath et al 5. The resulting diagrams,
Figs. 15 and 16 are based on similarity coefficients that were defined in terms of the Euclidean
inter-unit distance and the chi-square distance,respectively. More on this topicis to be found below.

6. COMPOSITION ANALYSIS

We will now refer to the specific items that imake up the clusters resulting from the above
procedures and to this aim we will resuine our discussion starting from Figs. 1—16. Since an
exhaustive discussion on all of correlation, as they have been revealed by our methods, does not
fit into economy of our study, we will turn to such correlations that are of general nature. Fur-
thermore, we will focus our attention on the Histrian items, hoping that the results of previous
studies will receive some improvements. We will begin with quadrant IV and follow the natural
order of time evolution.

Quadrant IV

In this quadrant three clusters can be noliced. Cluster I only brings together archaic
capitals. The chronological sequence is headed by the Delos capital no. 19 (the Naxian Oikos,
575—1360 B.C.) which also takes a central location in the cluster, followed by other Delos items,
nos. 21 (4560 B.C.) and 20 (the Naxian Sphinx, 560—545 B.C.). Next inthe chronological
chain comes capital no. 6 from Didyma ( ~ 530) and after it capital no. 28 from Chios (525 —
500 B.C.). The sequence is closed by two Athenian “votives’”, nos. 37 (4 520 B.C.) and 38 (520—
510 B.C.) and capital no. 63 from Gela (525—500 B.C.). Items from the Aegean area and Asia
Minor appear to prevail (Fig. 13) with Delian capitals nos. 19, 20 and 21 acting as focuses whose
influence extends to both Attica and VWestern Greece. We also note capjital no. 20 (the Naxian
Sphinx) as having an eccentric position within the cluster. The UPGMA methods (Figs. 15 and
16) can be used to complete certain observations regarding the direct correlations between items of
that group. We will dwell on the votive capitals, in view of peculiar character of being noncon-
structive. The Athenian votive no. 37 appears to be in direct correlation with nos. 21 and 19,
which may lend some support {0 the assumption that Athenian capital should originate, in point
of composition, from an evolutive chain in which the Delian items from the Naxian Oikos and the
“engraved” capital play an essentia) role. This might be true even though the Athenian votive
exhibits as will be said below — a peculiarity that makes it distinct from the rest. Besides, Fig. 16
shows a high degree of correlation between the votive no. 37 and the other Athenian votive, no. 38,
all the more so that they are relatively contemporary to each other. The latter (no. 38).also appears
in direct correlation with no. 20 (Fig. 15), thus emphasizing the importance of the Delian-

Cycladic center as a source of Ionic influence upon the continental area.

168 P.H.A. Sneath, R.R. Sokal, Numerical Tazonomy, San Francisco, 1973.
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17 A COMPUTER ANALYSIS OF IONIC CAPITALS (%

The last “votlive® in the cluster, capital no. 63 from Gela appears to be closely correlated
with nos. 6, 26 and 61, i.e. Didvma, Samos and Marseille, respectively. If we admit the dates
as such, we could confine ourselves to setressing once again the interdeperdence of centers in the
Western Greece (herein Marseille and Gela) and those in the Aegean — Asia Minor area (Didyma,
Samos). While taking no final de¢ision on a potential chronological reassessment, it can be nof iced
that a correlation of the three metheds would perhaps suggest the following time sequence. So,
the leading position could be ascribed to capital no. 6 (Didvma) located at the center of cluster I,
followed by nos. 63 (Gela), 61 (Marseille) and 26 (Samos). The current dating would not be con-
tradicted for we may either place capital no, 63 as definitely closer to 525 B.C. and no. 61 (Mar-
seille) ax clearly subsequent to {he former, or else accept a of capitals from the Asia Minor —
Acgean area arnd Western atca (Fig. 13). Exceptling capital no. 27 (Samos), the chronological
sequerce is shared by archaic period represented by The Ephesus capital no. 1 (550—526 B.C.)
and a transition period, the exponent of whichistheitem no. 65 (Locri/Maraza)dating from *‘before
450”. The interdependence of the A observe the correlation of nos. 64, 63,66, 67, 68 from this
viewpoint, we find two items rivaling for the “mcdel’ of capitals from the Asia Minor— Aegean
area and Western area (Fig. 13). Excepting capital no. 27 (Samos), the chronological sequence is
shared by archaic period represented by the Ephesus capital no. 1 (550—523 B.C.) and a tran-
sition period, the exponent of which is the item no. 65 (Locri/Maraza) dating from ‘‘before 450,
The interdependence of the Asia Minor, Aegean and Western centers is emphasized once again.

Figures 15 and 16 document a close relation between the head of series,no. 1 (Ephesus)
and capiial no. 26 (Samos) dating from the late archaic period. We may interpret this relation as
a dependence of the Samos type on the Ephesus one, which is also confirmed by the MDS method
(Fig. 6) and cannot be contradicted by NMDS (Fig. 9). From among the Western capitals in cluster
IT, no 64. (Syracuse) and no. 65 (Locri) (Figs. 15 and 16) appear to be in direct correlation to
each other. In view of the latter’s position in the cluster, in close proximity 1o nos.1 (Ephesus)
and 26 (Samos), and the intergroup correlations mentioned earlier, one could draw further conclu-
sions — besides the compositional ‘‘dependence’ of the Western capitals on the Aegean — Asia
Minor ones — and possibly review the chronology of capital no. 63, though not in contradiction
with its original dating. It is thus possible that the Locri/Maraza capital should move upwards
on the time axis, and be dated in the late archaic. It is worth noticing that, on account of Figs. 15
and 16, capital no. 65 appears to be correlated to three more Western capitals — which seems quite
natural — only the latter three belong to a different cluster. They ar two votives from Selinus
(510—480 B.C. and Vth—IVth) nos. 66 and 67 and another votive (also V—IV) at the Palermo
museum, no. 68. If we observe the correlation of nos. 64, 65, 66, 67, 63 from this viewpoint, we
find two items rivaling for the ‘“model” for the votive part in this series. These are no. 64 (Syra-
cuse) and no. 66 (Selinus) and it is not impossible that they should mark a source of inspiration
which might have had its “launching platform’’ in Ephesus (no. 1), then overlain by Atticinfluences.

A particular problem is raised in cluster IT by the position of itcin no. 27 (Samos), dated
in the late classical period (4350 B.C.) and thus appearing as a chronological exception in the
cluster’s population.

In Figs. 15, 16, the direct correlations revealed by the investigation method point to
a high proximity of nos. 19, 21, 37 (according to Fig. 15) and nos. 36, 32 (Fig. 16). Thus, this
correlation refers o two Delian itemns (from the Naxian Oikos and the “engraved™ capital), one
Athenian votive (4 520 B.(".) and another Athenian votive (540—3530 B3.C'.), and finally a Thasian
capital (500—450 B.C.). In conclusion, the position of no.27 in cluster IT imay be interpreted
in two ways : either it should be dated considerably earlier in accordance with the chronologic
characteristics of the cluster (the other correlatinns mentioned strengthen this assumption); or
it belongs indecd Lo sequence -+330 B.C., thus illustraring the re-use of earlier archaic-like pro-
cedures. Such experiment-does not appear unnatural in the known framework of an Ionic revival
in the geographic areas of Asia Minor and Aegean origin in the IVth century B.C. Account taken
of the composition features expressed by the iimportant variables (to be discussed below), this

latter interpretation appears to be more corect.

Asto the small cluster IT-1,it consists of items nos. 7 and 41 : alate archaic votive capital
from Didyma (490—430 B.C..) and another capital discovered in the Athons agroa (475—450 B.C.),
respectively. Their affinity revealed by CA meauns has been  contradicted by neither MDS (Fig. 6)
nor NMDS (Fig. 9). Figs. 15, 16 give clear evidence of their direct correlation, which hence can
be interpreted as a dependence of Athenian model on the Asia Minor type of composition (no. 7).

The 3-cluster distribution deseribed above is c¢learly supported by the composition fea-
tures resulting from the analysis of the main variables (Figs. 1, 2, 4 and 3).
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04 MONICA MARGINEANU-CARSTOIU 18

Thus, the population of cluster I is characterized (at a general level) by :

(a) an oblong plane (the C/B ratio is maximum in four items and medium to high in other
four iteins). An exception is the Athenian capital no. 37,that is actually an illustration of the
Attic contribution to the Ionic evolution by introducing a square plane (C/B minimum) ;

(b) a thin shaft (C/His minimuin in eight items and medium for one) ;

(c) medium volutes (D/S and G/A have mediumn values in every case ; the two minimum
values for G/A are also quite close to the medium ones) ;

(d) high ceniral body (on the face) (A/L is minimum in seven cases and medium in two
cases) ; . :

(e) the volute eyes line is placed above the line of lower surface (I/Lis minimun in six
items and medium in another one);

(f) the shape of volutes mark a slight elongating tendency in the vertical direction. This
featule is apparent from the F/G ratio (minimum in seven cases and medium in two), as correlated
with F/E (minimum in every case) and G/A (medium values mostly). Volute-spacing is maxi-
mum in comparison with center spacing (F/E is minimum).

Cluster 11is characterized by :

(a) @ medium-oblong plane (the C/B ratio is medium in three items and maximum in one
case, the Ephesian head of series, no. 1). The exception is the Samos capital no. 27 whose plane is
square (C/B is minimum), thus evincing an Attic influence.

(b) average shaft (C/H is medium in every case).

(¢) small volutes (G/A is minimum in four cases ; D/A minimum in three) with a slight
trend towards medium values in the case of Samos capital no. 26 (minimum G/A, but medium
D/A). Again the Samos capital no. 27 is an exception by its medium values for both G/A and D/A.

(d) the central body illustrates the passage from maximum height to medium massive-
ness (A/L is minimum in two cases and medium in three other ones)

(e) the eyes line is determined by the I/L ratio which is minimum in four cases and me-
dium in capital no. 27.

(f) volute spacingis maximum (minimum F/E) ; except for capital no 27 that shows a front
compacting trend (medium F/E); this corresponds to a significant departure from the oblong
shape (by correlation of a medium F/G with medium D/A and G/A).

Cluster II-1.

(a) a medium oblong plane tending to a square shape (C/B is medium in capitalno. 7 and
minimum in the Athenian capital no. 41)

(b) a thick shaft (C/H is minimum in both cases)

(c) small volutes (D/A and G/A are minimum in no. 7 ; with no. 41, G/A is minimum and
D/A tends to medium)

(d) central body of average height (medium A/L)

(e) the eyes line is high in case no. 7 and slightly lowered in the case of no. 41 (I/L is
minimum and medium, respectively)

(f) maximum volute spacing in comparison with center spacing; tlie elongation of the
volutes is significantly decreased (F /G is medium in both cases, and correlated with aminimum G/A)

In the quadrant in question one should note the downright isolated position of capital
no. 18 (the Naxian Column) from Delphi. This distancing from every cluster is confirmed by all
methods. The only hint of correlation is revealed in Fig. 16, where no. 18 appears directly related
to Asia Minor capitals no. 1 (Ephesus) and 28 (Chios) 18,

Quadrant I

The population of cluster III corresponds to a chronological sequence that is generally
defined by archaic and particularly late archaic dating. The only exceptions are two votive capi-
tals from Selinus, nos. 67 and 68, hoth generously dated in the Vth—IVth centuries B.C. Capital
no 22 from Delos (560—540 B.C.) can beregarded as head of this chronological series. It is follow-
ed closely by no. 23 (P’6rinos Naos, 540—310 B.C.). Besides, they have a central place in the

10 Capital no. 18 has been associated to the Cyecladie  ECII, Supplément I, Etiudes deliennes, 1972, p. 371—398 ;
capitals and the Naxian volives from Delos. Its oblong  Annc—DMaric Collombier, op. cit., p. 93) In this study, capital
plane and thin shaft would support such association (T. no. 18 appears definitely distinguished from the above,
Amandry, La Colonne des Ncxiens et le portique des Atliénictis.  as evidenced by variables of axis 2. One further variable
Fouilles de Delphes, 1I, Paris, 1953 ; R. Martin. on axis 1 (I/L) is emphasizing this distinclion.
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19 A COMPUTER ANALYSIS OF IONIC CAPITALS 95

cluster, along with the Athenian votive no. 36 (540—530 B.C.) 1?. The importance of the Cycladic-
Aegean centre as a focus of irradiation towards the mainland and Western Grecce is emphasized
again (Fig. 13). Neither MDS nor NMDS contradict this fact ; moreover, direct correlations are
observed in Figs. 15 and 16. First, both these dendrograms confirm the existence of a close corre-
lation between nos. 22 and 23. Together, these two Delian capitals are correlated, in their turn,
with no. 33 (Salonic, 510 —480 B.C.), no. 62 (Paestum, --310), no. 34 (Kavalla, 500—480 B.C.)
and finally no. 35, that represents the late Histrian archaic ®. The Histrian capital thus tuins
out to originate in the Delian models and quite close to the Western capitalno. 62. A chronological
analysis of these capitals together with the position of no. 35 in cluster IIT and the correlation
degrees expressed in Figs. 15, 16 allow us to assume the Histrian capital is chronologically closer
to 500 B.C. rather than 480 B.C.

The Athenian votive no. 36 (540—330 B.C.), appears to be directly correlated tono. 10
(Halicarnassus, 500—480 B.('.) and no. 32 (Thasos, 500—450 B.C.). Hence, it is not unlikely that
the latter should be dated with quite a good accuracy during the late archaic (500—480 B.C.) 1°.

It is possible that the subseries mentioned might represent a composition model ‘‘irrradia-
tion” after two different directions from the same original focus (nos. 22 and 23). The second
“chain’ (starting from the Athenian votive no. 36, whilc having the same original Delian ‘peak’’)20
could in fact express a prevailingly votive line (illustrated by nos 36 and 10 ; the Thasian item
no. 32is an exception) that would perhapslead to the Western votive group, as will be seen below.

The very close correlation of nos. 36 and 10, as shown in Figs. 15, 16 would thus be per-
fectly justified. It is these very values resulting from their non-constructive character that justify
the separation from tlie first .‘‘chain’’, since the main variables of the clusterastaken individually
do not manage to distinguish them from each other (Figs. 4, 5).

Capitals nos. 67 and 68 (two votives from Selinus) differ more clearly in their main values
from the rest of the cluster (Fig. 4). The direct correlations expressed by Figs. 15, 16 bear evidence
of their proximity to no. 66, another votive from Selinus. So a Western votive group having its
“chronological ‘“‘peak’ in no. 66 (510—480 B.C.)?, definitely stands out. Through no. 66 the com-
position pattern of group can be traced back to the same focus of Cycladic-Aegean origin.

Capitals nos. 68 and 67 seem to bear witness of Atticinfluences. Withno. 68, it is especially
its position within the cluster, quite close to the Athenian votive no. 36 that is significant in
this respect. As to capitalno. 67it exhibits most evidently a square plane concept 2. Anyway,
it appears located on the extreme left of the group (Figs. 1, 11) thus nearing the classic capital
group. The MDS method (Fig. 6) actually ascribes it to that group, while NMDS, (Fig.9) locates
it between the cluster II and II-1 which is probably due to its square plane thatisthe only ele-
ment that may relate it to the Athenian item no. 41. The \Vestern subgroup could thus end the
votive subseries of this big cluster. Its Athenian ‘‘peak’ no. 36 can be regarded as correlated
indirectly to the Western group, since in Figs. 15 and 16, the Asia Minor votive no. 10 (which is
directly related to no. 36) forms a “bridge’ to the votive group 66, 67, 68 through capital no. 62
(Paestum). On the other hand, as a result of these relations one might come to consider shifting
capitals nos. 68 and 67 to an earlier chronological sequence (Vth century B.C.).

As far as the main variables are concerned, the prevailing features of cluster III are
as follows:

(a2) a medium oblong plane (10 items, one maximum oblong plane and one square plane),

(b) medium thick shaft (8 items, plus four more thin-shaft items).

(c) large volutes (8 items, while three more capitals tend to mediumn volutes — medium
D/A and G/A, but minimum F/G — and one single item, no 67, clearly revealing medium volutes.

(d) a central body of maximum height (while medium values are only foundin two items).

(e) the volute eyes line is in an medium position (except for four items in a maximum
position).

(f) medium volute spacing as compared to the inter eyes distance (except for three items
showing maximum spacing).

http://www.daciajournal.ro

17 The population of cluster III (excepting nos. 67 and
68) includes the series first determined by R. Martin, i.e.
Delos no. 22 and 23, Paestum no. 82, Athens no. 36, Salonic
no. 33, Thasos no. 32, Kavalla no. 34, Halicarnassus no 10,
Histria no. 35, Selinus no. 66 (R. Martin, REA, 61, 1959,
p- 1—15; idem BCH, 96, 1972, p. 303 ff ; see also A.—NM.
Collombier, op. cit., p. 92, Fig. 5, and p. 93—94, that recon-
firms it fully without further additions.

18 For the dating of this capital, see V. Theodorescu,
Dacia, N.S., 1968, p. 261 —264.

19 1t is interesting to notice that votive capitals (except
for nos. 36 and 68) are generally located on outskirts of
the cluster (e.g. nos. 10, 66, 67), as ‘‘satellites’”’ around the
central group.

20 A correlatlion of capital no. 36 with the Dclian focus
could be suggested by Fig. 16, via capital no. 10 which can
be correlated in its turn with nos. 62 and 35.

21 ‘Their relation to other Western items, the votive from
Syracuse no. 64 and capital no. 65 from Locri, has been men-
tioned before.

2 D. Theodorescu, Le chapifeau ionique grec, passim,
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Cluster IV brings together a less abundant series consisting of Thasian capitals nos. 30
and 31 (both dated in 510— 430 B.(C.), no. 24 (Delos, 489—479 B.C.) and uo. 55 (Delphi, + 477
B.C.). The importance of the Aegean arearemains high, however the continental influence marked
by the Attic square plane gets pervasive. It is only the Delian capital through its slightly oblong
plane that still bears witness of Aegean inertia. The group character is confirmed by its close seria-
tion s proved by correlations shown in Fig. 16. Apart from reconfirming the direct correlations of
s, 24 and 30, Fig. 15 also reveals connections with the population in cluster III and that of the
next cluster (V), evidencing the intermediate transition character of the cluster IV opposite to
tlic composition type expressed by the clusters IIT and V. The MDS and NM DS reassert this con-
clusion. The general composition type can be described as follows :

(a) squarc plane excepting no. 24 of medium oblong plane

(b) thick shaft (excepting no 31 of medium shaft)

(c) large volutes

(d) maximum height of the central bcdy (except for no. 24 of medium massiveness)

(e) the volute eyes line in medium position

(f) medium volute spacing as compared to the distance between their centers.

Capital no. 53 (Eretria, 490—470 B. C.), appears isolated from cluster IV. As far as the
main variables are concerned, it differs from the cluster population by a maximum spacing of
the volutes. Its correlations (Figs, 15, 16) as a whole define it as an intermediate type between
the clusters IV and V. Its position according to MDS and NMDS does not contradict this inter-
pretation, while its position in CA (Fig. 14) and PCA distribution (Fig. 8) further supports it 2,
Even though its peculiar character as compared to the neighbouring capital populations has to
be emphasized.

Quadrant 1I

The cluster V consisting of two capitals, i.e. no. 39 (Athens, 480 B.C.) and no 36 (Cape
Sunion, 475—430 B.C.), brings together the satellite no 42 (Athens 475—470) an all continental
group. This distinction of the group from cluster 1V capitals is emphasised by direct corielations
as shown in Figs. 15 and 16. However, the possibility for defining a continental series is revelated
correlations between this group and the two capitals from Delphi (no. 55) and Eretria (no. 53).
So the continental series appears defined by the chronological ‘“‘peaks’ no. 53 (Eretria, 490 -
475 B.(l.)and no. 39 (Athens, 480 B.C.), followed by no. 55,42 (Athens, 475—470 B.C.) and no. 56
(Cape Sunion, 477—450 B.C.). As for the values of the main variables, we notice that the popu-
laticn of eluster V belongs to a group following the same composition type as that of cluster 1V
(including no 53). So all these capitals (clusters IVand V including no. 53) pertain to the same
large group of composition, where a continental subseries can be distinguished. The clearcut
separation of cluster V (Figs. 1, 11) with respect to IV can also express a particularity of com-
position since, among others, the continental group (nos. 39, 42, 56) clearly exhibits a tendcncy
to alower height of the echinus in the front (J/I,is minimum), whercas the height of a remains
medium (J/L is medium) in group 1V 24, At the same time however, it is worth mentioning that
the separation is also an expression of the time anieriority of cluster IV (510—480 B.(.) as
compared with series V (480—450 B.C.). The “intermediate” position of capital no. 53 fiom
Eretria (490—170 B.C.) is also relevant from this point of view. On the other hand, it cannot DLe
ruled out that the isolate position of no.53 should express in this context a reconsideration of
the composition of the Ionic capital due to a highly original architectural outlook.

Votive no. 25 (Delos, 480—450 B.C.), similarly to votive no. 18 in quadrant IV, appears
completely driven to a margin, even though it generally presents the same characteristics of
the main variables as subgroups V and IV do. It belongs essentially to the big composition
group (series 1V, V) earlier described, which is confirmed by correlations in Figs. 15, 16. Still,
these arve distant correlations as it is evidenced by its isolated place in Fig. 1.

('luster VI appears for the time being to consist of nomore than two items,i.e. no. 12
(NXanthos, 410 --400 B.C.) and no. 72 (Histria, later than 475 B.C.). Comparing its characteristics
to those of cluster V deseribed above, some important similarities are found such as the square
Dlane and the thick shaft. As to the volutes, they have maximum largeness in cluster V, but

2 As far as the front side appearance Is concerned, capi- ¢ In terms of the echinus contribution to the front side,
tal no. 53 (Eretrla) Is different, for Instance, from group capital no. 53 (Eretrla) is also correlated with a mainland
IV by its very high echinus (J/L max.) as compared to the Athenlan capital (no. 36) In cluster III the J/L value of
medium one prevalling in that group (see Fig. 4). which is also maximum.
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21 A COMPUTER ANALYSIS OF TONIC CAPITALS 97

they decrease to medium vaiues with capitals nos. 12 and 72. Likewise, volute spacing tends
to incrcase in cluster V (F/E from maximum to medium) and decrease in cluster VI (F/E from
minimum to medium).

In Figs. (1,11) the Histrian capital no. 72 i3 seen to be quite close to the classical capital
from the Neried Monument in Xanthos. The same proximity is also suggesting indirectly in
Fig. 15. Both Figs. 15 and 16 prove an indirect correlation between the Histrian capital and the
large group of Attic capitals, beginning with itein nos. 50, 49, 43, 48, etc., inciuding Histrian
capital no. 71. We also notice (Figs. 15, 16) a direct correlation between no. 72 and the classical
Athenian item no. 52. According to the CA method (Figs. 1, 14), the latter is found to form the
small cluster VII, along with no. 43 (Athens, 480—450 B.C.). Examining the main variables
(Fig. 4) one may regard group VI (nos. 12 and 72) as an “intermediary’ between the clusters
V and VII.

These, the slight tendency toward medium volutes, which is typical of cluster V appears
as a definite fact in ciuster VII (nos. 52, 43), just as the volute spacing grows downright ma-
Ximum in the same cluster VII. In a similar way, the cluster VI tendency toward a medium
height of the central bedy turns to a definitely medium central body in cluaster VII, while volute
eyes line turns from medium in VI to maximum in VII. Allthe groups (V, VI, VII) share a
number of characteristics, i.e. square plane, thick shaft, low echinus. So, allin all, it appears
that group VI can be regarded as a ‘‘bridge’ from V to VII. Intergroup correlations, as shown
in Figs. 15, 16, are in support of such interpretation and of an evolution of the latter groups
(VI, VII) towards a classical structure which is evident in cluster VIII.

That series in which outline such experiments that will finally result in a classical
structure proceeds chronologically as follows : no. 39 (Athens, +480 B.C.), no. 56 (Cape Sunion,
475—450 B.C.) and 42 (Athens, 4475 B.C.), no. 43 (Athens, 480—450 B.C.), no. 72 (Histria,
475—450 B.C.), no 52 (Athens, Vth century B.C.) and no. 12 (Xanthos, 420—400 B.C.).

In the above, the Attic center is seen to hold both a predominant part in the classicizing
evolution and a large power of irradiation into the Asia Minor area (evidenced here by the
capital of the Nercid Monument at Xanthos).

Examining such correlations that describe large groups, as shown in Figs. 15. 16, we can
fill up the chronologlc continental chain with older capital such as Athenian items no. 35 (540—
530 B.C.),no 37 (4520 B.C.)and no. 38 (520—510 B.C.). In this way, the continental series i ~veals
its origin in the Cycladic-Aegean model expressed by no. 22 (Delos, the Naxian Stoa). As a
result, the first great continental chain starts from an irradiation focus, no. 22 and proceeds
with nos. 36, 37, 38, 53, 55, 39, 56, 42, 43, 72 and 52 %. One can sce in this chain a type of
time development of continental composition schemes that will result in the flourishing period
of Attic classicism. The particular features of this evolution are clearly expressed by the appro-
priate variables in Fig. 4. This sequence is not uniform however, as far as composition evolution
is concerned. There is evidence of at least two uncommon moments.

The first such moment is suggested particularly by the capital from Eretria (no. 53) and
cven by the Athenian Stoa capital from Delphi (no. 55), suggesting {hat the chronolngic bsidge
within the series ending with no. 38 and then resuming with no. 39,is marked by nexpecte:l
interferences.

The second important moment is evidenced by Histrian item no. 72 2¢ and by a capiial
from the Athenian temple of Dionysos Thermaios (no.52) that both reveal an inteiference from
a different chain that we will dub the Marathon sequence as we describe it below.

Cluster VIII is definitely dominated by classical Athenian capitals. Of a particular impor-
tance is the place of capitalno. 54 from the Marathon Mcmorial, which is the oldest ( =- 475 B.C.)
in the cluster. According to it, one can assume the composition scheme of capital no. 54 already
included the main characteristics that would lead o the most representative capitals of Athenian
Classicism. Internal vicinities in the cluster as well as relations within the Atlic population as
suggested in Figs. 15, 16 point to a significant degree of correlation with the classic Athenian
capitals no. 44 (Hadr. Libr. 4450 B.C.), no 45 (440—420 B.C., no. 48 (Nike Apteros, +430 B.C.),
nos. 50 and 51 (both from the Erechteum) no. 47 (I. Ilissos, 440—430 B.C.), no. 49 (Asklepieion,
430—420 B.C.), no. 46 (Propylaea, 437—432 B.C.) and no. 47. In Fig. 14 illustrating the application
of CA but to the items ranging from the archaic to the classic structure, marked correlations can
be seen again, while relative distances (from the ‘“focus’’, no. 54, seem to express relative levels of
chronology. To describe the chronologic continental chain, whose nodal point in composition evo-

.2 A chronological assessment of this time sequence as * M. Mdrgineanu— Cdrstoiu, in Histria, Line Grieclien-
f . f it ltion in Fiz. 1 might d stadt an der Rumdniscl:e Scliwarzmeerkiiste ; Xcnia, Konstan-
a function of its position in Fig. 1 might suggest to reduce zer Althistorische Vorirdre und Forschung, Konstanz 25,

the dating period for the Lrctria capital to 490—480 B.C. 1990, p. 103—111.

7 — c. 2527
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98 MONICA MARGINEANU-CARSTOIU 22

lution is the Marathon capital (expressing a qualitative ‘‘leap’’ as compared to relatively contem-
porary capitals from the first continental sequence earlier described), we have to note the large
number of correlations in Figs. 15, 16. Thus, to complete the ‘AMarathon chain’ one can take into
account the Athenian capital no. 41. It appears in Figs. 15, 16, and confirmed by MDS, NMDS
and particularly CA (Iigs. 1, 14), in direct connection with the Asia Minor item no. 7, alate archaic
votive from Didyma. Hence, this no. 7 can be regarded as the source ‘‘pattern’’ of the continental
series in which the Marathon capital plays such an important role. Of course,in the general frame
work, one can consider formally that no. 7 bears witness of archaic influences from the Cycladic-
Aegean center. However, both capitals, nos. 22 and 19 are very far away and in quite distinct
clusters,and the system of correlations (Figs. 15, 16) emphasize that distinction.

Abiding by the information from the above stailistic methods, we will have to confine
ourselves to the idea of an irradiation ‘“focus’ in Didyma (no. 7). However, we cannot rule out
the possibility that the Ephesian item (no. 1) from Artemision “D” should hint to a potential
bridge to anotheritem, perhaps older, missingfrom the present statisties. (Anyway, an Asia Minor
source can be considered). Such suppositions will not be subject to further research until the
number of items in the statistics is efficiently completed.

Now back to cluster VIII (figs. 1, 10), we notice that the ‘Marathon chain’’ leading to
the acme of Athenian classicism also has direct scions in the Asia Minor — Aegean area. The late
classic capital no. 4 from Ephesus (400—370 B.C.) follows close on Athenian models, so an even
tighter dating about 400 B.C. might come in for discussion. The IJellenistic capitalsno.5 (Ephesus,
320—300 B.C.), no. 15 (Sardes) and no. 29 (Lesbos, + 280 B.C.) revive some similar composition
schemes into a later epoch. The irradiation of Attic classicism 1eaches as far as the Western area
through votives nos. 69 and 70 from Selinus. It is worth mentioning that the Selinus votives to-
gether with the Hellenistic eastern capitals have marginal positions in cluster VIII. (The conti-
nental capitals of first (‘‘less perfect’’) chain also have eccentric positions in Fig. 14, which may
support the assumed distinction of two continental series).

The classic Histrian capital no. 71 27 appears in cluster VIII atlittle distance from nos.
47 (T. Ilissos) and 48 (Nike Apteros), and especially the Erechteum capital no. 50 (Northern
Portico). Such considerable proximity to the composition type of no. 50 further strengthens an
earlier hypothesis of ours? concerning some particular connections between the composition tech-
niques that areapparent on both the Erechteion capital and the Histrian one. The positions of the
two Histrian capitals nos. 71 and 72 can illustrate the actuality of a quality ‘‘leap’ from no. 72
to no. 71. We were describing in the same earlies study a possible procedure of transforming a
composition scheme which is ‘‘less perfect’’, as expressed by no. 72, into another more elaborate
one in no. 71 (where the values of the main ratios are extremely close to the ‘‘golden number”’).
So, the Histrian series begins withno. 35,takesupa classical Attic influence, illustrated by no. 72,
the structure of which gets through another transformation, in fact a decisive leap that brings,
in no. 71, the Histrian form quite close to that of classic Athenian capital.

One also finds in Fig. 14 some useful information on the Western Selinus capitals nos. 87
and 68. Their intermediate location between the archaic — transilion group and the compact
classic zone is a good evidence of an archaic prone inertia amidst classical trends. The composition
particularities illustrating this fact are scen in Fig. 4.

The location of capita! no. 40 (‘“Inwood”’) iu Figs. 1, 11, 13, 14, hints some particularities
that have to be strong enough to make it eccentric to the classical “Marathon chain”, and also
to its part as an intermediary between the continental classicism and the subsequent (post —classi-
cal and Hellenistic) ages. So, Figs. 15, 16 reveal strong correlations between no. 40 and no. 2
(Ephesus, Artemision “E”, 330—320 B.C.), no. 5 (Ephesus, 320—300 B.C.), no. 29 (Lesbos,
~ 280 B.C.) and no. 15 (Sardes, 4 300 B.C.). According to the indirect correlations in Figs. 15,
16, the “Inwood” capital seems to be related rather to the first continental chain (the eccentric
one) still similarly to the Histrian item no. 72, it also shows evidence of interferences by the ‘Ma-
rathon chain” 26, The “Inwood’ capital appears as a link between the Attic classicism and the
population of cluster IX in which the Hellenistic capitals prevail.

Cluster VIII appears to be quite homogeneous in its main variables :

(a) square plane (all items)

(b) thick shaft (all items)

(c) medium volutes (all items)

27 Ibidem, p. 111—114; idem, Dacin, N.S.,; 28, 1984. as the oldest Atlic link of the series leading to the “classic
. 157—180. triad” (Ilyssos, Nike Apteros, Propyleae). He claims the
38 Tbidem, passim. starting point of this chain is the Naxian Stoa prototype
20 D. Theodorescu has estimaied Lhe Marathon capital from Delos (no. 22) (see D. Theodorescu, op. cit., p. 127).
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23 A COMPUTER ANALYSIS OF JONIC CAPITALS 99

(d) central body height from maximum (eight items) to minimum (seven items)
(e) volute eyes line, expressed by I/L, generally in medium position
(f) maximum volute spacing as against inter-center distance (F/E is minimum in all items).

Quadrant III

Cluster IX brings together a number of postclassic and Hellenistic capitals (Figs. 1, 11).
This chronological group is also wellillustrated in Figs. 15, 16, where correlations with items eccen-
tric to the group, but still pertaining to the same chronologic sequence, are present too.

Capital no. 11 from the Mausoleum of Halicarnassus lies at the center of cluster which is
an indication of the role as a chronological ‘“‘peak’ and a potential focus radiating influences on
a chain pertaining prevailingly to Asia Minor. This focus role might also be suggested by Figs. 15,
16 where no. 11 appears sufficienily correlated to both the post-classical capitals from Priene
(nos. 13, 75 and 76) and Hellenistic ones from Olympia (no. 80) and Magnesia (no. 16).

Since the Hellenistic population in the statistics is not large enough, we will not try a
detailed study on intergroup correlations *°. We only notice the eccentric singular positions held
by capitals no. 14 (Priene ), no. 17 (Pergamum) and no 58. (Olympia, Leonidaion) with respect to
cluster IX. Their participation in clusters whose populations cannot be determined in this gstudy
is 1o be assumed.

Cluster X consists now of Histrian capitals nos. 73, 31 ((34, IVth—IIIrd c¢.B.C.) and 74
(CO), and of the Hellenistic item no. 8 from Didyma (Apollonion II). Figs. 15, 16 on the whole
suggest a relative correlation between the Histrian capitals ard also some more or less distant
connections with the post-classic capitals from Olympia (no. 57, Philippeion, 338 —336 B.C.) and
perhaps even no. 58 (Lconidaion, 4325 B.C.)

As a result of these considerations, which are of course only preliminary, we believe the
Histrian no. 74 could be dated about the IVth—IIIrd centuries B.C.

As far as the main variables are concerned, the population of the post-classic-Hellenistie
clusters dominated by Asia Minor items illustrates the following characteristics, as expected :

(a) square plane

(b) thick shaft

(c) small volutes

(d) central body height allernating froni medium to maximum

(e) volute eyes line in proximity to the line of lower surface and even coinciding to it in
some items (e.g. nos. 73, 58, 9, 3).

f) maximum volute spacing as against inter-center distance.

7. ANALYSIS OF STYLISTIC VARIABLES

As mentioned in paragraph 2, Dinu Theodorescu describes the Ionic capital by means of
50 stylistic variables of presence/absence type, to complete the architectural iimage of the capital.
We do not want to insist here on the correctness of the definition of these variables, though some
of them are in evident coniradiction with the very nature of a presence/absence type. Note
also that some variables cannot be of much help, as the answer is ‘‘yes’ for more than half
of the capitals. The main question is now to manage together the two sysitems of variables, account
being taken of their different nature. Remember that the quantitative variable system was scaled
in a simple manner, so only the rank variable was retained for analysiz. This rank ranges between
0 and N—1, where Nis the total number of items, thatis 77 in cur case. It is impossible to avoid
size effects when we join the two systems. This fact is clearly demonstrated in Fig. 18, where we
have performed a CA of 18 quantitative variables and some 40 stylistic variables. The image that
emerges is practically unchanged in comparison with Fig. 1, demonstrating a dominant size effect
of quantitative variables. For this reason, we decided to treat the stylistic system of variables
separately by performing a CA based on a selected subsystem of 40 vaiiables (Fig. 17)and a cluster
analysis (UPGMA algorithm) based on Jaccards, Yules, Phi and simple matching similarity coeffi-
cients (Figs. 19—22). For the sake of completeness we have also performed a seriation based on
row and column marginals ordering (Fig. 23). (This algorithm, as generalised by F. Carstoiu
for the abundance t ype matrix is presented in Appendix 1 of the paper of R. Harhoiu, ‘“Chrono-
logische Fragen der Volkewanderungszeit in Ruménien’ , this issue).

90 A more comprehensive slatistic analysis of Icllenistic capitals is in progress.
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Fig. 17. — CA plot of 750 Ionic capital’s 40 stylistic variables.

If we compare Figs. 1 and 17 we came easily to the conclusion that style cannot perturb
the chronologic groups resulting frcm an analysis of composition features only. So, the compo-
sition is more relevant for the time evolution of Ionic capital physiognomy.

CA and cluster analysis conducted in terms of sole stylistic variables reveal an organi-
zation in which regional particularities carry the major weight. Still, on the whole, a distribution
after the direction of chronologic evolution can be noticed. The CA however does not result in
clusters, but rather in a somewhat diffuse picturein which, but for a few exceptions, t he chronolo-
gy can be observed on quadrants rather in terms of compact clusters. Such chronologic distri-
bution is non-linear,revealing the persistence from one period to another,even within relative groups,
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102 MONICA MARGINEANU CARSTOIU 26

of certain style characteristics and pointing thus to their inertia as they can be either kept on or
revived at different times.

Such inertia that can be noticed in correlation groups expressed by cluster analysis (Figs.
19—22) and even CA (Fig. 17) actually suggest the strong persistence of s~me regional characte-
ristics.

From the CAin Fig. 17 one notices that the archaic and late archaic are prevailing in
quadrant IV. Two of the capitals pertain to the Hellenistic age, suggesting that certain regional
archaic-like characteristics arerevived during Hellenism. (As amatter of fact, capitalno. 15 (Sai1des)
and perhaps capital no. 2 (Ephesus) are associated to the Asia Minor focus ; the Histrian capital
no. 74 itself proves the persistence of some style features originating from AsiaMinor, namely from
the old Milesian colony). The archaic capital no. 61 (Marseille) likewise bears witness of an irra-
diation from the eastern focus to the West.

Hence, it is the Cycladic-Aegean-Asia Minor center that governs the style characteristics
of the populations in quadrant IV. The simultaneous presence of the two Histrian capitals, i.e.
no. 74 3 mentioncd above and a later archaic capital (no. 35), suggests, besides what we have said
above through the time persistence at Histria of these dominant features of Asia Minor origin,
that something we may call a *“Histrian school” actually existed in that continental center. So, a
style that had been acquired during the archaic period via the direct natural influence from Asia
Minor (we once again recall that Histria was a Milesian colony) has generally preserved its parti-
cularities well off. They overlapped with some composition developments that have supported in
time — as we have pointed out above — Atticinfluences 32,

Ve note the CA location (Fig. 17) of the “Inwood' capital no. 40, which we regard as
relevant for the source of its own individual style features subject to influences from the Cycla-
dic— Aegean — Asia Minor areas, and for its relations (even though less illustrative) .to the Western
population group, 1nc1ud1ng1nf1uences from the same geographic areas.

Whereas the population of quadrant IV appears dominated by the Cycladic — Aegcan
— Asia Minor area, that of quadrant Iis governed by Western Grecce. Nevertheless, two archaic
Aegean capitals are present here suggesting an irradiation from the Cycladic—Aegean center
to the West.

Also included in that vast group are archaic Athenian capitals no. 36 and 37. From the
chronological viewpoint, their dependence on the Aegean items nos. 19 and 25 may be considered.
Back to the ‘“‘Inwood” capital, one can say that its location in CA (Fig. 17) makes it possible that
it be sort of a *‘bridge’’ from the Cycladic — Aegean Acia Minor areatothe western area.

It is the archaic and transition periods that prevail in this quadrant, and the corres-
ponding style are transmited as far as to the classic Western population (nos. 65, 67, 68) and
even to the Athenian capital no. 45.

Quadrant IT, that illustrates significantly a tendency to Attic classicism, is defined chrono-
logically somewherc between the transition period and classicism.

By its position in CA (Fig. 17), the Delian capital no. 24 (Thesmophorion, transition
pericd) appears as a ‘“‘bridge’” between the quadrant I and the Attic capitals. The sole archaic
item in the group, Athenian votive no. 38, is associated to the same context. Capital no. 32
(Thasos) also appears stylistically closer {o the continental group. Once again the Marathon
capital no. 54 holds a important position within this large group. The Histrian capital no. 73
appears related from a stylistic view point to the Attic group while it is still quite near to the
border of the next quadrant.

Quadrant IIT is dominated geographically by the Asia Minor area, and chronologically
by the post-classical and Hellenistic aspect. The classical capital from the Nereid Monument at
Xanthos as well as Histria capitals nos. 71 and 72 are related stylistically to the Asia Minor focus.

We will now try to discriminate between stylistic groups (or series) using the results of
UPGMA metheds (Figs. 19—22) which prove very effective to this aim.

A first series of correlations (most likely yointing to a stylistic series) seems to have as
chronologic ‘‘peaks’ the capitals no. 18 (the Naxian Column), and no 20 (the Naxian Sphinx).
They are both strictly correlated to each other, thus suggesting that their typical patterns are also
most similar to each other. Two subseries each of them closely connected to one of these patterns
can be observed.

31 M. Mdrgineanu-Carstoiu, Xenia, 25, 1990, p. 117— composition type it replicates in the IVth— ITIrd cc. siill

123. The data of capilal no. 74 arec mentioned in notc 6. hOIS:-O b d X ( Hist hool

- ! : . R n the presumed existence of a ‘“Histrian school’” as
As to no. 73, even though it be a Roman replica (a possibility far back as the Vth century B.C., see M. Mdrgineanu— Cars-
that has been mentioned in that study), the location of the oy, op. cit,, p. 113.
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The first subgroup, that is associated to no. 18, has the Delian capital no. 22 (the Naxian
Stoa) as a “peak’ from wich further five capitals derive : no. 1 from Ephesus, nos. 6 and 7 from
Didyma, no. 8 from Chios, and no. 26 from Samos.

The second subseries includes some late archaic capitals from Salonic (no. 33), Kawalla
(no. 34), and Halicarnassus (no. 10), as well as the postclassical capital no. 2 from Ephcesus. It
isinteresting to note thatin CA (Fig. 17), the secona subseriesis distributed as a chain surrounding
eccentrically the population of the first subgroup.

Of utmost eccentricity is the position of the “Inwood’ capital (no. 40) that appears closely
correlated with no. 62 (Paestum) and no. 42 (Athens). Together they make up a small stylistic
group as is suggested by Figs. 19—22 which also reveal a potential correlation with capital no. 10
from Halicarnassus. Thus, our earlier observations onno. 40 are furthermore enrichedand rounded
off with a picture of the irradiation of Eastern influences to Attica.In Fig. 17 this “Inwood”
group appears in connection with both the previous group included in quadrant IV and with the
distinet group of Western capitals. Intergroup correlations uncovered by UPGMA method (Figs.
19—22) associate indirectly the “Inwood’’ group to the following subgroups in quadrant I :

(a) the Western group consisting of capitals nos. 61, 63, 64, 65, 66, 67, 68, correlated with
the archaic Athe:ian item no. 37 and the classic Athenian item no. 45. So this group is subject
to influences from the large group of quadrant IV.

(b) the “Eretria’ group consisting of no. 53 (Eretria), no. 25 (Delos, a votive), no 39
(Athens) in direct correlation to one another. This stylistic subseries rounded off accordirg to the
correlations and described in chronologic order, reveals a distant focus in the Delian capitals
from Naxian Oikos (no. 19) and the “engraved’’ capital) (no. 36), correlated to each other and fol-
lowed by capitalsno. 53 (Eretria), no . 24 (Delos),no. 39 (Athens) and no. 25 (Delos).

Comparing the CA ordering of composition variables (Fig. 1) with intergroup and the
CA ordering in terms of style (Fig. 16, 17), it can be noticed that, wherecas the original (distant)
sources of influences are generally the same, the stylistic correlations are transmitted outside the
composition clusterstoo. Forinstance, capitals no. 10, 34, 33 in cluster III (Fig. 1) are styvlistically
correlated with no. 20 of cluster I, no. 2 (isolated in quadrant ITI), nos. 69 and 70 of cluster VIII.
In the same way, capitals nos. 1, 6, 28, 26 pertaining to the same composition cluster I and same
stylistic group (Figs. 1,16, 17) are correlated stylistically with no. 22 of cluster 11T, and,cven no. 18
(which appears isclaied from composition viewpoint as it seen in Fig. 1).

http://www.daciajournal.ro https://biblioteca-digitala.ro



29 A COMI'UTER ANALYSIS OF IONIC CAPITALS 105

The capital from Eretria (no. 53) is once again significan{ : in Fig. 1 it is located in inter-
mediate position between the clusters IV and V, while in point of style appears correlated with
elements of these clusters through numbers 24 and 39, respectively. Of course, where the stylistic
correlations define a number of groups coinciding to compositional groups, the series (or sub-
series) t hus established can be regaided as the most complex and decisive for the general evolution
of Tonic formula of style and composition. The “Inwood’ capital (no. 40) remains an exception,
account being taken ofits position in Fig. 1 and its direcl stylistic correlations withno. 62 (clus-
ter III) and no. 42. In a general view, it may be assumed to pertain to & composition chain, we
have formally called “the less perfect’ one.

Before we move over to the next quadrant, we will have toreview the capitalsin quadrant
IV that have been left out of the correlation so far. It is the case of the late archaic capital
no. 30 from Thasos. Figs. 19 —22 reveal its close stylistie correlation with the late archaic Histrian
capital no. 35. This couple is correlated inits turn with Ephesian capitals no. 4 (classical), no. 3
(post-classical) and no. 5 (Hellenistic).

It is also, though more distantly, related {o the subgroup consisting of the post-classical
capital no. 27 from Samos and the Hellenistic nos. 59 and 15 (Olympia and Sardes, respectively).
The other Thasos capital no. 32. also exhibits a correlation, even though weaker, with that group.
We notice that the Delian archaic item no. 23 (Porinos Naos) seems to be the chronologic ‘““peak”
of that stylistic series. The Thasian group (whose stylistic features have their distant origin in
the center expressed by Delos no. 23) can be assumed to suggest an important interference of a
somewhat distinct character (a ¢ Thasian school’” perhaps) that will have influenced the Histrian
archaie styleillustrated by no. 35. The features of the Thasian group will then have spread through
subsequent epochs down to Hellenism across the Asia Minor area (Ephesus, Sardes), the Aegean
(Samos) and even mainland (Olympia) arcas. The importance of the Thasos center in the Ionic
development gets clearer now, account taken that the group of nos. 30 and 31 exhibits a complex
unitary structure preserving it s strong lasting correlation from both viewpoints of composition
and of style.

So, two different trends (both starting froin the same distant Delian source) have made their
contributionin the formation of the Histrian archaic capital (no. 35) : as far as composition is concer-
ned it depends mostly on such pattern as developed at Salonic (no. 33), Kavalla (no. 34) and Paestum
(no. 62), which in their turn originate in the Delian focus no. 22 ; from the stylistic viewpoint,

the Histrian capital bears witness of a direct Thasian influence, via nos. 30 and 31 that descend
stylistically, in their turn, from the Delian capital no. 23 (Porinos Naos). It is worth noting that,
whereas no. 22 (Naxian Stoa) and no. 23 are closely correlated to each other as to their compo-
sition, each of them appears to he the source of a distinet stylistic chains. As for Naxian Oikos,
as we have already seen,itisindebtecd to anolder patternillustrated by capital no. 18, the Naxian
Column. The other Delos capital no. 20 (the Naxian Sphinx), event though correlated — however
distantly — to no. 20 (each of them part of a different composition cluster), appears as if it might
have been a third Delian ‘‘peak’ of a distinet stylistic sequence, as we have mentioned earlier. The
manifold creative power of the (veladic — .Aegean center and its role in the original formation
of Ionic capitals are clearly suggested by statistic mmethods in this study.

Several distinct stylistic subgroups are apparent within the great Attiec group in qua-
drant II. According to UPGMA results (Figs. 19—-22), all these subgroups appear correlated to
cach other at a distant level, suggesting actually a large continental series, quite distinct from
former ones and revealing the creative role of Attic in the Ionic evolution.

The first stylistic group in this large series is formed by direct correlation and includes,
the capital from the Athenian Stoa in Delphi (no. 53), the capital from the Marathon Memorial
(no. 54) and another one from Hadrian’s Library (no. 44). The peculiar character of no. 55 appears
less clearcut now : whereas its composition patiern ranks it closer to the ‘less perfect” chain
from a stylistic point of viewit now seems more closely related to the At ic patternillustrated by
the Marathon capital and Hadrian’s Library one. Another stylistic group begins with Athenian
item no. 43 (Kynosarges Gymnasium), continues with the Athenian classic no. 41 and ends up with
the post-classic item (no. 58) from the I.eonidaion in Olympia.

The next group defines unequivocally the classic Athenian triad including no. 46 (Pro-
pyleae), no. 47 (the Temple on Ilissos), and no. 48 (Nike Apteros). Certainly quite close to it is the
classic capital from the Asklepieion (no. 49).

The last group consists of two Erechteum capitals (nos. 50 and 51) that appear indirectly
correlated with the ‘“Marathon group’. Bexides, a number of more distant correlations with hoth
capital no. 45 and the archaic Athenian capital no. 37 are vicible in Figs, 19—22. This lattcr cor-
relation wilh no. 37 might point both ito come distant stylistic echoer of Bastern origin and {o some-
thing we may call the Attic “‘ring’’ (no. 37) of propagation of these influences to the Erechteum items.

http://www.daciajournal.ro https://biblioteca-digitala.ro



\{ONICA MARGINEANU CARSTOIU

60 | 1] 72.
1 21,
] 12,
2 gg.
17
58 ll §70
13 § 18
11 g€ i5
i4 & 18
9 $ 13
74 # 0
57 % 69
52l €64
76 § #*
52 ™ SZ.
4
73 [ 1 B % s
a7 & 33
59 $71
72 *®0
5 5 6;
54
3 s
12 [y 17
41 A sé-
4 X '
2 n | & 4.
56 m 68
54 I x 63,
48 x 59
44 x 85
49 X 60
as s 49
47 58
15 [ $ 20
46 x_57
42 e 52,
50 x 62,
31 a 39.
36 430
74 t #0
53[ F‘, a 65
24 a4 30,
30 a 38.
23 | °® 3?
38 | e ’
32 F:__. 40,
36 e 44
24 e 27.
64 e 73
25 s 31,
45 X 56
22 28
69 : TT1% 81
70 & 82,
i8 e 26
37 ® 45,
€8 x 80.
67 - x 78.
62 s 74.
i8 11 ® 23.
863 A 75,
40 a 50
10 | A 14,
33 ‘*‘f s 44,
85 s 77.
4 o 1
34 a 42
66 A 78
28 A 34
20 e 26,
26 a 32,
6 e 8
G4 A 76
7 a 9.
D shsence - pressnce

& post classic $ hellenistic o Histria
e archaic

http://www.daciajournal.ro

a archaic rec. & transition x classic
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In Figs. 19—22, Histrian capitals nos. 71, 72, 73 turn up as a small distinet group with
the connections between no. 71 and no. 72 obviously closer than others. Their presence in CA (Fig.
17) in a zone of Asia Minor prevalence, reveals that the stylistic features of Asia Minor origin pre-
dominate with these Histrian capitals. So,on the whole, the so-called ‘‘Histrian school” appears
to be characterized by an Attic trend in point of composition cevelopment, and a prevailing Asia
Minor orientation in style. '

Group correlations as suggested by Figs. 19—22 give specific evidence of this consider-
able proximity to the Eastern style.
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33 s A COMPUTER ANALYSIS OF IONIC CAPITALS 109

(c) Alarger group (nos. 31, 30, 33, 4, 3, 5, 27, 59, 15),related to the quadrant IV (Fig.17)
earlier discussed ;in this group now we ouly overscore the direct correlations that reveal, on one
hand, the subgroup of Ephesian capitals with the classical no. 4 as chronologic peak followed by
a post-classical capital (no. 3) and a Hellenistic one (no. 5) and, on the other hand, a subgroup
withits chronologic peakin no. 27 (Samos) and including besides a Hellenistic votive from Olym-
pia (no. 59) and another Hellenistic capital from Sardes (no. 15) ;

(d) a Hellenistic group consisting of no. 9 (Didyma) and no. 16 (Magnesia/M) and corre-
lated with the Histrian group, as we have pointed out above.
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Fig. 26. — Capftal no. 74 : plan.

Of course, there are among all these stylistic groups or series a number of overlappings
(as revealed by cluster analysis) that also account for their somewhat diffuse distribution in CA
(Fig. 17). The stylistic variables in terms of which the correlations described above can be deter-
mined and the aspects expressing intergroup irradiation can be seen in Fig. 23. The table, which
is an illustration of a simple seriation method, describes on whole both the large stylistic groups
distinguished earlier and the possibilities for reassessing some of the interpretations that have
been outlined so far,

*

The purpose of this study has not been to bring forth some surprising novelty ou the Ionie
capital, but rather to underscore the capacity statistical methcds have to dig out fundamental
information on the account of which research on the Ionic evolution could be circumscribed
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in a more complex range of topics. From this viewpoint, we hope our study to be one step for-
ward in the direction opened by D. Theodorescu and A.—23 Collombier. The main difficulty (be-
sides the lack of a complete description in many a case, which D. Theodorescu had already had
to cope with) arose from that a number high enough of pictures and inappings of the capitals in
our statistics were unavailable to us due to a quite limited access to references we have had so
far. That is what barred us from a deeper approach, including a classification of the issues and a
discussion in terms of style and composition at the same time. Some of our interpretations in
this paper are likely to illustrate the drawback much to our regret 33,
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