
Introduction 

IN LATE 2013, during the archaeological excavations performed in the “custom” of
the Roman camp of Porolissum (Moigrad, Sãlaj County, Romania), a number of
small metallic debris were discovered, grouped in the same area; among these, a con-

sistent fragment of significant size (the fist of a hand, belonging to a colossal Roman stat-
ue) was identified (see Fig. 1).

Fig. 1. FragMent oF a Colossal roMan statue (the Fist oF a hand), 
disCovered at porolissuM (two diFFerent views)

From the consistent fragment (the fist of a hand), a small sample was collected (Mi1)
and from the group of all small metal pieces, only one sample was chosen (Mi2). 

The purpose of this scientific endeavor was to investigate the possible common ori-
gin of the two fragments (Mi1 and Mi2), which may have belonged to the same Roman
imperial statue. 

As a first stage of investigation, the two samples (Mi1 and Mi2) were subjected to
X-ray diffraction measurements. This method allows identifying the structure of the inves-
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tigated crystalline systems, the determination of network constants and—by applying
Fourier analysis to the diffraction peaks—to determine (by Rietveld analysis) the microstruc-
ture parameters and the substitution processes occurring during the replacement of the
structure of the host material (by Rietveld analysis)1 (Rietveld 1969; Klug and Alexander
1974; Altomare et al. 2001). The obtained results, previously published and discussed
in Munteanu et al. 2014, are presented in Fig. 3:

Fig. 3. the X-ray diFFraCtograMes (X-ray diFFraCtion patterns) For the two saMples Mi1 and Mi2
Contain the Following Crystalline CoMpounds: Ferrosilite (Fesio3—Ñ); Copper (Cu—Ä) ; siliCon

dioXide (siliCa) (sio2—o); iron oXide (Fe3o4—¨) and aMorphous CoMponent
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Fig. 2. the analyzed saMples (Mi1 and Mi2); we notiCe their sMall diMensions (Mi1 has been

ColleCted FroM the Consistent FragMent—the Fist oF the hand—presented in Fig. 1)



According to Figure 3, the investigated samples are multiphase systems, poorly
crystallized, containing the crystalline compounds: ferrosilite (FeSiO3—orthorhombic
structure, Datasheet PDF 72-1509) (Sueno, Cameron, and Prewitt 1976; Martin 2004);
copper (Cu—cubic structure, Datasheet PDF 04–0836) (Suh, Ohta, and Waseda 1988;
Downs and Wallace 2003); silicon dioxide (silica) (SiO2—tetragonal structure, Datasheet
PDF 89-3606 ) (Downs and Wallace 2003) ; iron oxide (Fe3O4—spinel cubic structure,
Datasheet PDF 19-0629) (Pluth, Smith, and Faber 1985). The analysis indicates that
a significant fraction of these samples is amorphous, without a determined crystalline
structure. 

It was also noticed that the Mi1 sample contains significantly higher amounts of
ferrosilite (FeSiO3) and copper (Cu) than Mi2, which could indicate that this sample
comes from an area less exposed to corrosion. Then, the deformations of the crys-
talline network for the crystalline components of ferrosilite (FeSiO3) and copper (Cu)
in Mi2 are significantly higher than in Mi1, which also indicates that this sample (Mi2)
has undergone a more intense process of physical and chemical degradation (Mi2,
being a small fragment detached from the body of the statue, suffered a more pronounced
degradation comparing to Mi1) (Munteanu et al. 2014).

Based on these results, the possibility of the two samples (Mi1 and Mi2) belonging
to the same antique statue can be intuited (Munteanu et al. 2014), but only a quanti-
tative determination of each chemical element found in the composition of the two
fragments can bring additional evidence on this matter. 

Elemental Analysis and Results

A FTER FORMULATING some preliminary conclusions (by using the RX diffraction
method) regarding the possible common origin of the samples Mi1 and Mi2
in the same statue, the only way to validate these results is to perform some meas-

urements with the SEM microscope. 
For this purpose, for each sample two distinctive areas were chosen, which were

scanned at various resolutions (100x and 1000x), finally yielding the elemental com-
position and the planar distribution of the identified chemical elements.

Analysis of the Mi1 sample
a)100x resolution measurement

A first measurement was carried out on an area of the sample, which was magni-
fied 100 times (100x). The identified elements are presented in Fig. 4.

The chemical composition of the analyzed area (mass and atomic percentage) is
presented in Table 1.
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table 1. the identiFied CheMiCal CoMposition For the Mi1 saMple

(100X resolution)

b)1000x resolution measurement
A second measurement was performed by using a magnification factor of 1000x,

on another area of the same sample Mi1. The identified elements are presented in Fig.
5, together with the chemical composition of the analyzed area (mass and atomic per-
cent).

Fig. 5. the identiFied eleMents, 1000X resolution, on another area oF Mi1 saMple
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Fig. 4. the iMage oF the analyzed area—Mi1 saMple (a). identiFied eleMents, 100X resolution (b)
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The chemical composition of the analyzed area (mass and atomic percentage) is
presented in Table 2:

table 2. the identiFied CheMiCal CoMposition For the Mi1 saMple (1000X resolution)

The resulted image of the analyzed area, together with the planar distribution of
the identified elements, is presented in Fig. 6: 

Fig. 6. the iMage oF the analyzed area (Mi1 saMple, 1000X MagniFiCation FaCtor) (a). 
planar distribution Maps For pb (b), si (C), p (d), Fe (e), al (F), Cu (g) and sn (h)
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Analysis of the Mi2 sample
a)100x resolution measurement
As in the case of the Mi1 sample, a first measurement on sample Mi2 was per-

formed on an area that was magnified 100 times (100x magnification factor). The
identified elements are presented in Fig. 7:

Fig. 7. the iMage oF the analyzed area—Mi2 saMple (a). identiFied eleMents, 100X resolution (b)

The chemical composition of the analyzed area (mass and atomic percentage) is presented
in Table 3:

table 3. the identiFied CheMiCal CoMposition For the Mi2 saMple (100X resolution)

b)1000x resolution measurement
In order to respect the symmetry of the measurements performed on the Mi1 sam-

ple, an area of the Mi2 sample was subjected to the same analysis, using a magnifica-
tion factor of 1000 (1000x resolution). The identified elements are presented in Figure
8, together with the chemical composition of the analyzed area (mass and atomic per-
centage, in Table 4).
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Fig. 8. the identiFied eleMents, 1000X resolution, on another area oF the Mi2 saMple

table 4. the identiFied CheMiCal CoMposition For the Mi2 saMple (1000X resolution)

Fig. 9 presents the resulted image of the analyzed area, together with the planar distri-
bution of the identified elements.

The results of the EDX analyses obtained for the two samples (Mi1 and Mi2) at
the two considered resolutions (100x and 1000x) are comparatively presented in the
following tables (the mass and atomic percentages were considered the most relevant
information, and the elements Fe and Al were refined, as they did not play an impor-
tant quantitative role in the alloy):

table 5. CoMparison between Mi1 and Mi2 (100X)
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table 6. CoMparison between Mi1 and Mi2 (1000X)

The presence in the alloy of Copper (Cu) along with Tin (Sn) and Lead (Pb) should
not be an anomaly at least for nowadays, given the fact that there are different bronzes
known to contain these two metals in different proportions: “tin bronze,” “leaded tin
bronze” and “high leaded tin bronze” (Advance Bronze Incorporated). The problem with
the analysis of these artifacts is that instead of a high percentage of Copper (Cu) (between
70 and 90%), the main metal in the alloy is Lead (Pb), followed by Tin (Sn) and only
then Copper (Cu) (see Tables 5 and 6). Also, the presence of Phosphorus (P) in com-
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Fig. 9. the iMage oF the analyzed area (Mi2 saMple, 1000X MagniFiCation FaCtor) (a); 
planar distribution Maps For pb (b), si (C), p (d), Fe (e), al (F), Cu (g) and sn (h)
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bination with Copper (Cu) is known—even nowadays—in the so-called phosphorous
bronzes, which contain—besides the high percentage of copper—an addition of phos-
phorus.

Then, it should be noted that in the Mi2 sample, the percentage of Tin (Sn) and
Copper (Cu) decreases compared to Mi1, while the percentage of Lead (Pb) increases.
This can be explained by the fact that the Mi2 sample, being smaller than Mi1 (which
was taken from the massive fist fragment of the statue), was subjected more aggres-
sively to corrosion. Consequently, Copper (Cu) and Tin (Sn) “have disappeared” (they
corroded quickly), leaving the heavy metal, Lead (Pb).

Establishing the Height of the Statue 

A LAST ISSUE related to this archaeometric investigation is the approximation of the
initial height of the statue, based on the dimensions of its confirmed segments.
Because the only part of consistent size that survived the passage of time is the

fist, our approach has as starting point some measurements on this anatomical area.

Fig. 10. the statue’s Fist diMensions

As can be observed from Fig. 10, the fist of the statue appears in a tight position, as if
was holding something in the palm, with the middle finger bent after the first phalanx.
Due to the fact that this anatomical part (the fist) is also fragmented (we cannot know
precisely the delimitation between the palm and the forearm), the only segment fully pre-
served and which consequently can be used as a reference is the first phalanx of the
middle finger. Thus, our approach aims to determine the height of the statue starting
from the size of the first phalanx of the middle finger. 

In 1973, the reputed surgeon J. William Littler proposed to the academic world
the theory according to which the length of the phalanges is closely related to Fibonacci’s
sequence (Littler 1973). Recent studies have shown that the hypothesis is perfectly
true for the little finger; in contrast, for the index, middle and the annular fingers, the
dimensions of the phalanges are given by a mathematical relationship close to the sequence
of Fibonacci, named Littler series, in honor of the distinguished surgeon (A. L. Hutchison
and R. L. Hutchison 2010). As with the summative sequences, as the number of terms
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tends to infinity, the ratio between a term in the sequence and the previous one will
tend towards the number φ = 1,618, which represents the “golden proportion” (or
the “golden number”), known from Antiquity. In metric terms, if there are two succes-
sive segments of different dimensions, the “golden proportion” refers to the ratio between
the longest and the shortest segment.

Having two successive bone segments a and b (the phalanges of a finger in our
case), according to the theory outlined above: 

b a+b
–– = ––––– = 1,6180 (1)
a b

The middle finger has three phalanges: proximal, median, and distal, the size of which
decreases successively, from the proximal to the other two. 

Then, according to the relationship (1), starting from the known size of the proxi-
mal phalanx (according to the measurements presented in Fig. 10 is p = 5,5 cm long),
the lengths of the other two phalanges and implicitly the length of the middle finger
of the statue can be calculated.

Based on the performed calculations, the median phalanx has a length m = 3,4 cm and
the distal d = 2,1 cm, which means that the middle finger length ld is given by:

ld = p + m + d = 5,5 + 3,4 + 2,1 = 11 cm (2)

If we assume that the length of the palm of the statue (according to the measurements
presented in Fig. 10) is lp = 11 cm (and indeed, in anatomy it is known that the length
of the middle finger is approximately the same as that of the palm), then the length of
the segment from the wrist to the tip of the middle finger is:

lt = ld + lp = 11 + 11 = 22 cm (3)

The first method for calculating the height of the statue
According to Pretty Hands blog, there is a mathematical relationship (for male

subjects) between the distance (in inches) from the wrist to the tip of the middle fin-
ger (lt) and the height of a subject (H):

Hx0,11 = lt (4)

That is, by multiplying the height H of the subject (in inches) with a constant k =
0.11, the length of the distance between the wrist and the tip of the middle finger lt
(still in inches) is obtained.

Based on these relationships, the height of the statue was estimated at about 2 m (the
calculated value being H = 199.94 cm).
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The second method for calculating the height of the statue
Goncharova and Samokhoskaia (2011) propose a method of calculating the height

of a human subject, by using different hand parameters (palm and finger bones), obtained
using the X-ray imaging technique. But because this algorithm involves knowing the
lengths of some bone segments which in the present case are impossible to determine
(the fist is rather destroyed and twisted), this method was discarded.

Consequently, the second option to determine the height of the statue had as its start-
ing point another study that highlighted the relationships between the different segments
and parts of the human body (Kolodovski 2014).

Thus, according to this scientific approach, estimating the height of the studied statute
is based on the following relationships (calculated for adult subjects older than 25):

• the length of the hand (from the palm wrist to the tip of the middle finger) is
1/4 of the length of the upper limb;

• the length of the upper limb is 3.5 times the height of the head;
• the height of the body is 8 times the height of the head.
Taking into account these relationships, the height of the statue was estimated at about

2.01 m (the calculated value being H = 201.12 cm).
The fact that both methods provided the same result (the difference between the

two estimates is only 0.5%) points out that these calculations are relevant and that indeed,
the original size of the statue was about 2 meters.

Conclusions 

THE PAPER discusses the archaeometric investigations carried out on two artifacts dis-
covered in the ancient customs house of Porolissum: a metal fist of an imperial-age
statue and a metallic splinter randomly selected from a multitude of small size frag-

ments, found in the same area as the fragment of considerable size (the fist).
Thus, a first purpose of the research was to identify the possibility of the two frag-

ments belonging to the same statue.
The starting point of this endeavor is a previous study, conducted by the same team,

which focused on the X-ray diffraction analysis of the samples and which presumed the
provenance of fragments from the same statue. In order to provide a verdict of high accu-
racy, the research continued with EDX elemental analyses, made for each sample in
two different points and at different resolutions (100x and 1000x); in this way, the
proportion of chemical elements in each sample was identified, on the basis of which it
was concluded that the two fragments come from the same statue.

Finally, the proposed archaeometric investigation also aimed at determining the height
of the statue, based on mathematical algorithms, which had to take into account the only
intact segment of the statue, the proximal phalanx of the middle finger. Thus, the size
of the statue was calculated by two different methods, but which provided the same
result—a height of about 2 meters.

q
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Note

1. The International Center for Diffraction Data (ICDD)—PDF-2 Release 2012—contains 250,182
data entries from the ICDD experimental powder data collection, as well as data collected,
edited and standardized from ICSD databases. http://www.icdd.com/products/pdf2.htm.
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Abstract
archaeometric investigations on Fragments of a roman statue 

discovered at porolissum

The paper presents the investigation of two fragments of roman bronze artifacts, discovered
during archaeological works performed at Porolissum, an important military and economic cen-
ter on the northern limes of Dacia Province. One of the analyzed fragments (Mi1) was taken
from a consistent fragment of a Roman statue, while the second (Mi2) was among a lot of small
metal pieces, discovered in the same investigated area. Using highly sophisticated micro-struc-
tural analysis techniques (X-Ray diffraction, SEM-EDX) the paper investigates the possibility of
Mi1 and Mi2 belonging both to the same roman statue. Also, based on the dimensions of the hand
and fingers, the height of the statue was approximated.

Keywords 
fragments of Roman statue, RX analysis, SEM-EDX analysis, establishing the height of the 
statue
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