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Abstract

In the present contribution an integrated archaeological and geochemical study of Iberian amphorae found at the indigenous settlement of various
Laietanian sites are presented. Two of the analysed sites are production sites and three are consumption sites. Two chemical groups were identified.
The first is the reference group of the Kiln site of Riera de Sant Simé and the second is the Paste Compositional Reference Group of the Iberian village
(consumption site) Puig Castellar. The final results proved, on one hand, a diversification of the productions on the various analysed sites and, on the
other, some wider commercial contacts. The chemical complexity reveals the existence of a multiplicity of productions in each geographical area and

clearly indicates a commercial interaction between the Laietania and the Cossetania, at least. Adding to those results the typological information too, a
certain standardization of forms in each of those regions was observed.
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Introduction and State of Art
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Figure 1: The Iberian territories in the NE of the Peninsula and the different Iberian amphorae types, defined for the different
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During pre-Roman times, different tribes or ethnoi occupied
the Iberian Peninsula. Each had its own economic, social, legal, and
administrative system and spoke its own language. Nevertheless,
all of them had a global cultural identity which archaeologists have
identified as ‘Iberian culture’. The Iberians occupied the region
that today is equivalent to southern France, Catalonia (North- east
Spain) and Valencia (East Spain) (Figure1). During this period there
were two great economic and commercial impacts on the Iberian
Peninsula. Both had significant consequences on the evolution of

the Iberian society:
a)  The Phoenician Commercial expansion and
b)  The Greek commercial expansion.

Both the
establishment of nomad Iberian populations in stable habitats and

colonization processes were essential for
for the development of autonomic and autarchic tribal units with a

global economic system based on agriculture and stock-breeding.
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Figure 2: The sites where Iberian kilns and/or Iberian pottery production related structures have been located.
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There are numerous pre-roman kiln sites found in the
Iberian Peninsula (Figure2) [1], however, very few were
producing Iberian amphorae. Iberian amphorae were originally
classified as type Mafia B3 [2] which derived from older Phoenician
models. The evolution of proper Iberian types varied across the
different regions of the Iberian Peninsula (Figure 1) (e.g. [3-9]). Four
main typological categories have been defined for the northeastern
coast of the Iberian Peninsula (currently in the Spanish region of
Catalonia) and eight for the Levantine coast (in the present-day
region of Valencia, Spain) [8,9].

Within the four principal categories that pertain to northeaster
Spain, several types and variants have been defined. Type 2A
(Figure 1), dated from the 5% to 3™ centuries BCE and derived
from archaic Types that all belong to the generic category of Type
1 [10, 11] is most abundant in northern Catalonia, with several
examples found at Ullastret and Empuries (Indiketes in Figure 1),
and only a few examples in Laietania. No kilns producing this type
have been discovered to date. Types 2B (Figure 1), dated from the
second half of 6™ to the 2" century BCE, appear in large numbers
in the Laietanian region, with few examples in Cossetanian area
and in Indiketa (Figure 1). The kilns discovered at Riera de Sant
Simé [12, 13], Vista Alegre 17 [14] and Can Badell or Vedell
[Hernandez 19833, b] are all located on the Laietanian coast. This

leads to the assumption that these types might be a local or regional
Laietanian product. Types 2C (Figure 1), dated from the end of the
3 to 1t century BCE [8,10], are later types and frequently found in
Cossetania (Figure 1). The main kilns that produced types 2C are
at Darr6 [9], Hortes de Cal Pons (Pontdns; Alt Penedes) [14] and
Fontdelsigols, in the vicinity of Hortes de Cal Pons. Finally, types
2D (Figure 1) are dated between the 5" and 3" centuries BCE, like
types 2A, and are mostly found in Indiketa (modern-day Empuries
and Ullastret). Although no kilns producing these types have been
located to date, it is assumed to be a local/regional product of the
region.

A specific chronological evolution of the types of Iberian
amphorae from the Levantine coast (Edetania, Contestania, etc.) has
been published elsewhere [15,16] (Figure 1). The current regions
of Castell6 and Valencia were inhabited by the Ilercavones, Edetani
and Bastetani (Figure 1) during the Iberian period. Meanwhile, the
remaining province in the region, Alicante, was populated by the
Contestani. The archaeological record has revealed some types of
amphora (I-1, I-2 and I-4) only in Iberian Contestania (Figure 1)
(southern Alicante nowadays) and others, such as [-7 and I-8, only
in Edetania (northern Valencia). Nevertheless, type’s I-5 and 1-6
have appeared in both areas [8,9]. So far, four areas of production
of Iberian amphorae have been distinguished in Edetania and
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Constestania (Figure 1). A kiln site was found at the coastal
Edetania area of Arse-Saguntum (Figure 1), with no evidence of
early amphorae types. The abundance of the late I-8 type (Figure 1),
both at the kiln site and along the River Palancia, suggest that this
specific type might have been produced there. Towards the inner
parts of Edetania, around the ancient area of Kelin, there is another
workshop known as La Casa Guerra (Requena), which seems to have
produced amphorae between the 4" and3™ centuries BCE, although
the extremely fragmented state of the material does not allow their
type to be defined. It is believed that this kiln might have been
producing type I-6, since this specific type is the most abundant in
this area. In the Contest an area (Figure 1), the best-known Iberian
amphora kiln site (with 6 kilns working at the time) is Campello
(Alicante). At Campello, there are clear archaeological evidences on
the production of type [-3 (related to the trade of garum: fish sauce)
and I-5, although the manufacture of types [-2 and I-4 cannot be
excluded, since they are frequently found in this geographical area
as well. In the area surrounding Ilici (Contestania), another area
of pottery production has been located that seems to be related to
the production of types [-4 and I-5. Finally, various kilns producing
pottery from the Iberian period up to the Islamic period were
discovered at Cerro de les Balsas (Albufereta, Alicante) [17]. Two
of the kilns discovered at this site and a workshop produced all

kinds of Iberian pottery (amphorae and common domestic wares).
The amphorae produced there mostly include type’s I-3 and I-5. In
contrast, in Ilercavonia (Castelld), only one kiln site, Mas d’Aragé
(Cervera Del Maestrat, Castell6) is documented in the literature
and it is not clear what types of amphora were produced there.
The abundance of the north Cosetanian variant 2C in this region
led to the hypothesis that a imitations of this type might have been
produed in that kiln [9,18].

Provenance studies applying mainly chemical (XRF) and
mineralogical (XRD) characterization published to date comprise
Iberian amphorae dated to between the 6th and 2nd centuries BCE
selected from 22 archaeological sites (Figure 3) (Table 1). These
sites arelocated in the littoral and pre-littoral areas of contemporary
Catalonia (ancient Laietania and Cossetania); in Riberad’ Ebre, Alt
Emporda and Osona (ancient Ausetania, Indiketa and Ilercavonia);
in the central and southern coasts of Valencia and Alicante (ancient
Edetania and Contestania); and in the Balearic Islands (mostly in
Menorca and Mallorca) [9, 18-21]. Within these sites there are two
kiln sites, Riera de San Sim¢é (Laietania) and Hortes de Cal Pons
(Cossetania); two kiln dumps, Vista Alegre (Laietania) and Campello
(Contestania); one possible kiln at Fonsdels gols (Cossetania); and
seventeen consumption sites (Figure 3).

of the Iberian Peninsula

-

INDIKETES

LACETAM!

Iberian territories in the North-East coast

TB1, 2

LAI
PC

AandB

VB and VA

m—
-
-

183, 4

.....

CONTESTANI

BALEARIC ISLANDS
—

PUNT

S w
POSTALAYOTIC
CULTURE

B
Camp A and B

-

CDB1,2,3,4

and Paste Compositional Reference Units of Iberian Amphorae
the site or broader geographical areas..

Figure 3: Left: Archaeometrically studied Iberian settlements, up to date, in the Peninsula and Right: The reference Groups

identified in previous archaeometrical associated to each one of

The Archaeometric study allowed establishing four Reference
Groups (RG’s) (as defined by Picon [19]), associated with specific
production sites, indicated as LAI, VA, Camp A and Camp B (Figure
3) and seven Paste Compositional Reference Units (PCRU’s) [20],

associated with consumption areas and labelled as PC, PV, VB, A, B, IB,
TB. The RG’s are related to specific production sites, with certainty,
since the material was sampled at the kilns [6,15]. Specifically, LAI
represents the reference group of the kiln site of Riera de San Simé
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that has been also archeologically associated to the closely located
kiln dump of Vista Alegre (Iberian Laietania, now Martaré) (Figure
3). VA corresponds to the production of the kiln of Hortes de Cal
Pons (northern Cossetania, now Villafranca Del Penedés) (Figure
3) and finally Camp A and B are two variants of Campello’s kilns
(Contestania, now Alicante; Illeta de Banyets) (Figure 3). As for the
PCRU's, some of them can be related to specific regions according
not only to the typological and archaeological information but
also to the geochemical compatibility of the groups with specific
geological areas [18] (Table 1). PC is related to the site of Puig
Castellar (Iberian Laietania, now Matard). PV is geochemically
compatible with certain non-calcareous Ordovitic and Siluric
slatic and quartzitic areas (IGME 1982-Lliria) of Edetania (now a
days it would be the broader area of Lliria) [20]. VB seems to be a
variant of the RGVA, and it can be therefore associated to northern
Cossetania (now Villafranca de Penedés). PCRU’S A and B (Figure
3) are two variants of the same production that geochemically fit
the continental and/or transitional quaternary areas of Southern
coastal area of the Cossetania (Figure 3) (now geographical area of
Garraf). Finally, TB is composed by individuals sampled at different
consumption sites (Castellet de Banyoles, Mas Catellarde Pontos

and also Alorda Park) (Figure 3). It is a broader chemical cluster
with some subgroups that exhibit minor chemical differences in-
between them and they cannot be related, at least at the present,
to none of the studied areas. Even though the groups VA and VB
are quite similar, certain differences were observed that indicate
that each one corresponds to a different chemical group. Finally,
previous works [8, 18-21] in consumption sites from the Balearic
Islands, has help to define the so-called PCRUIB, a chemical group
that so far contains only individuals from the Balearic Islands.
Nevertheless, IB’s chemical composition suggests that the raw
materials are associated to specific geological formations from the
area of Alicante.

To summarize, the results from these previous works [6,15-
18] integrating chemical and typological suggest that, each general
type (Figure 1) was produced by different workshops at regional
scale. For instance, type 2B is represented by the Laietaian chemical
groups LAl and PC, and type 2C by the Cossetanian chemical groups
A, B, VA and VB (Table 1). This, clearly, indicates that even if there
is certain typological standardization in wach one of the regions,
there is no technological homogenity nor the same materials were
used for production.

Methodology and Sampling and Short Description of the Sampled Archaeological Contexts

Methodology
Table 1: Summery of the description of the up to now identified Iberian pottery productions in pervious works.
Archaeological Production Chronolo
Chemical Sites and Area or gy Type Total number . A
. . Type of of the . L Macroscopic description of the
group (RG | Iberian areas Possible site/s sampled (Figure of individual aste (colour) texture and aspect)®
or PCRU)* the samples Production - 1) in the group P ! P
: material
come from Area (Figure 1)
Alorda de Rural Iberian
Town-
park (south Consumption i
cossetania) 'mp Colour: f.rom red to reddish brown
site. to greyish-black depends on the
sample’s firing conditions Hardness:
very hardc Surface feel: smooth
Talalotic 6-2nd Fracturein fresh break: smooth
South settlement Macroscopic description: very fine
A (PCRU) Trepucé COSSETANIA functioning Ce];l(t:l}lzry 2C 16 and vitrified texture covered with
(balearic from 1400 very frequent white translucent
islands / BC. to Roman crystals (mainly seem quartz and
minorca) times- feldspars), black crystals (micas:
Consumption biotite) and frequent iron rich
site. particles.
Colour: from red to reddish brown
to greyish-black depends on the
sample’s firing conditions. Hardness:
Hard Surface feel: smooth Fracture
Alorda de Rural Iberian 6-2nd in fresh break: finely, 1rregu.lar
South Town- almost smooth Macroscopic
B (PCRU) park (south . . century 2C 28 o ) o
. Cossetania Consumption description: very fine and vitrified
cossetania) ) BCE -
site. texture covered with very frequent
white translucent crystals (mainly
seem quartz and feldspars), black
crystals (micas: biotite) and iron rich
particles.

How to cite this article: Tsantini E. Archaeometrical Identification of the Iberian Amphorae Productions at the Area of the Ancient Laietania (Now Maresme):
Some Considerations on Production and Distribution Patterns. Arch & Anthropol Open Acc. 1(4). AAOA.000519. 2018. DOI: 10.31031/AAOA.2018.01.000519

109



http://dx.doi.org/10.31031/AAOA.2018.01.000519


Archaeology & Anthropology: Open Access

Arch & Anthropol Open Acc | a |

Field of
Vinya d’en Iberian.silos;
pau (north Iberian
cossetania) rural area-
Consumption
site.
Talalotic
settlement
Trepucé functioning
(balearic from 1400
islands / BC to Roman
minorca) times
-Consumption
site.
Rural
Alorda de park Iberian Town- Colour: From light brown to
(cossetania) Consu.mption brownish-red to greenish brown
site. or cream brown; depends on
2A and the sample’s firing conditions
Iberian 2C and Hardness: Relatively hard Surface
Castellet de Imported from Village- 530 a later feel: smooth Fracture in fresh break:
banyoles Cossetania . finely irregular almost smooth
TB (PCRU) . L . Consumption century type 2¢ 23 . .
(illercavona) (Similar with VA site BCE with Inclusions and texture Macroscopic
and VB) ' flatter description: fine texture, frequent
rim white (seem calcareous minerals)
Rural ’ and translucent (seems quartz and
Mas castellar Iberian feldspars) particles and less frequent
de pontés settlement black crystals (seems biotite), some
(indiketa) with field of microfossil.
silos attached.

Colour: From light brown to
brownish-red to greenish brown
or cream brown; depends on the

sample’s firing conditions
Hardness: Hard
Surface feel: smooth
Hortes de cal Cosl\sIZ:étl?lia . Production 6-2m 2Cand Fri;ﬁz;ill:rf;le;}:)?: :;k(;sltr;]ely
VA (RG) pons (north Kilns ofHort.es site- kiln site: century Common 14 i o i
cossetania) de Cal Pons with 4 kilns. BCE Wares Macroscopic de.scrllptlon: fine
calcareous matrix with frequent
white (calcareous inclusions) and
microfossils, secondary calcite
within the pores, less white but
translucent inclusions (probably
quartz and feldspars), few and small
black coloured plates (probably
biotite)

Colour: From light brown to
brownish-red to greenish brown

or cream brown; depends on

. the sample’s firing conditions
North pri?isllsclgfn Hardness: Harfi Surfac.e f.eel: smooth
Fons del Cossetania Kilns site with 6-2m 2Cand I\;Iacroscoplc S?SCI‘]};}??]’I. fine ¢
VB (RG) igols (north of Hortes de Cal possible 1 century Common 32 c;careotlls matrx Wll .requend
cossetania) Pons o kiln of kiln detected BCE Wares w 1.te (ca careous me usmns)'an
Fonsdelsfgols. during rr¥1cr.of0551ls, secondary c.alc1te
prospecting. within the pores, less white but

translucent inclusions (probably
quartz and feldspars), few and small
black coloured plates (probably
biotite).
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Hortes de cal Production
pons (north site- kiln site
cossetania) with 4 kilns.
Field of
Vinya d’en Iberian.silos;
pa (north rural are
cossetania) .
Consumption
site.
Colour: From brown to brownish-
red depends on the sample’s
firing conditions Hardness: Hard
. . Iberian Surface feel: smooth Fractureir.l
Puig castellar Laletama. Village- 3rd _pnd fresh .br(.eak: s.mooth Macroscopic
PC (PCRU) ; - Area of Puig . 2B 6 description: fine texture common
(laietania) Consumption | century BCE ) . .
Castellar. site very fine calcareous inclusions also
' translucent inclusions (probably
quartz and feldspars), few and small
black and golden coloured plates
(probably muscovite and biotite)
Production
Riera de sant site: Kiln
sim6 (laietania) site with one
pottery kiln
Colour: Red, brown and frequently
sandwich (red inside and black
) outside) depending on the firing
Vista alegre Production temperature and conditions
(laietania) site: pottery Hardness: Very hard. Surface feel:
Laietania Kiln kiln dump. Very smooth Fracturein fresh
of Riera de St, 3rd _gnd 2B and break: Quite smooth. Macroscopic
LAI (RG) Simé and kiln century BCE Common 59 description: Very find texture
dump of Vista Wares randomly big long pores, very
Alegre (Mater6) common white translucent
) Necropolis- inclusions (probably quartz),
Turré dels dos Consumption frequent black and golden plates
pins (laietania) site. (micas: muscovite and biotite). The
inclusions generally are small and
the texture is very fine.
Iberian
Puig castellar Village-
(laietania) Consumption
site.
Colour: Red, brown to reddish
brown sometimes grey. Hardness:
Fortified Very hard. Surface feel: Very smooth
Puntal dels Edetania Iberian 5-2nd I-5; I-6 Fracturein fresh break: Quite
PV (PCRU) llobs (edetania) (actual area of Village- century and I-6a 15 smooth. Macroscopic description:
Liria) Consumption BCE (Edeta) Very find texture and frequently
site. vitrified. Frequent translucent white
inclusions. Very fine texture and also
very fine porosity.

* RG= reference Group
* PCRU=Paste Compositional Reference Unit
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Table 2: Description of the analysed material from the different sites and information on the archaeological sites.

. . Type of . N2 of
Area Arch. site Province site Chronology Type of material Typology indiv.
Riera De Sant Matar6 Iberian nd . .
Simé (Maresme) Kiln 2 -2" Century BCE Iberian amphora 2B (Figure 1) 8
) Mataré . " Iberian amphora and )
Vista Alegre (Maresme) Kiln dump | 3"Century BCE (UE10007) iberian common wares 2B (Figure 1) 59
. . Turé Dels Dos | Cabrera De Mar . First % del of the 3™ . 2Band 4
Laietania (115 Pins (Maresme) Necropolis Century BCE Iberian amphora fragments of 8
Individuals) y ’ 2C (Figure 1)
Cabrera De Mar Iberian " . .
Can Bartomeu (Maresme) village 3" Century BCE Iberian amphora 2B (Figure 1) 18
Sta Coloma
. Iberian Second %; of the 3™ Century . .
Puig Castellar De Gramer\let village BCE. (UE 2190 recinte 19) Iberian amphora 2B (Figure 1) 22
(Barcelonés)

The studied samples from the area of the Laitenaia are listed in
Table 2. The chemical composition of the samples was determined
by XRF using a Philips PW2400 spectrometer with a Rhexcitation
source. A 25g specimen (to ensure it was representative) from
each shard was powered and homogenized in a tungsten carbide
mill and dried at 105 °C for 24h. The major and minor elements
were determined by preparing duplicates of glassy pills in a
Philips Perl’X-3 high induction furnace using 0.3g of the powdered
specimen in alkaline fusion with 5.7g of lithium tetra borate at 1/20
dilution. Trace elements and Na,0 were determined in powdered
pills made from 5g of dried specimen mixed with 2ml of Elvacite
2044 agglutinant, placed over boric acid in an aluminum capsule
and pressed for 60 sat 200kN. The concentrations were quantified
using a calibration curve based on 60 International Geological
Standards. A total of 29 compounds and elements were determined:
Fe,0, (as total Fe), Al,0,, MnO, P,0,, TiO,, MgO, Ca0, Na,0, K,0, Si0,,
Ba, Rb, Mo, Th, Nb, Pb, Zr, Y, Sr, Sn, Ce, Co, Ga, V, Zn, W, Cu, Ni and Cr.
The loss on ignition (LOI) was determined by firing 0.3g of dried

powder at 950 °C for 3h. Statistical analysis of chemical data was
performed using S-Plus software [Mathsoft 1999].

Description Of The Studied Laietanian Production Sites

The Kiln of Santa Cecilia, Riera de Sant Sim¢6 (Mataro)

La Riera de Sant Sim¢ is located in the northeast of Matar6
(Figure 4 & 5: A), in the area of Santa Cecilia. In 1968, the
archaeological prospecting was carried out and the subsequent
excavations highlighted the existence of three Iberian kilns located
three meters from each other (Figure 4). The Iberian chronology of
the kilns was established according to the typology of pottery found
at the site. The pottery was Iberian amphorae and common wares.
The only fragment of imported amphora was Greco-italic that dates
the kilns between the 3rd and 2nd centuries BCE [11]. In 1973 one
of these kilns was excavated to study the structure (Figure 5: A).
Most of the material that is preserved at the Mataré Museum, today,
corresponds to fragments of Iberian amphora on the Catalan coast,
belonging to variant 2B (Figure 4).

Riera de Sant Simé

Gt 7

| Bl 2

Figure 4:Above: One of the kilns of the site of Rierade Sant. Sim6 and the typology of the Iberian amphora it was producing.
Bellow: The kiln dump of Vista Alegre during the excavation and the types of amphora discovered at the site.
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B Kiln dump of Vista Alegre

‘*ﬂ.

A Kilns of Riera de San Simo
: . c
yal W "R ‘ Village of ® =
: | P T : Can Bartomen ¥
(s — 1 'Qtf@w A
L=/ W = @
=R k o [ o
R — g el T & 'Y |
Necropolis of Turré 3 D

dels dos Pins

Village of
Puig Castellar

NN

_“,\_\_.‘\_“!.l\x CATRNRR

Figure 5: A: The plant of the site of Rierade Sant Sim6 and the section of the kilns; B: The section and the plant of the kiln
dump of Vista Alegre; C: The plant of the Iberian Village of Can Bartomeu; D: The plant of the Necropolis of Turré dels dos
Pins; E: The plant of the village Puig Castellar and the typology of the Iberian amphora discovered at the site.

The Kkiln dump of Vista Alegre (Matard)

The kiln dump excavated at the camino de Vista Alegre [14] that
located southwest, next to the Iberian kiln of Riera de Sant Simo,
archeologically seems to be associated to this kiln (Figure 5: B). The
dump is situated next road that goes from the road of Valldeix (Riera
de Sant Simd) to the neighborhood of Vista Alegre. Between 1981
and 1991, several archaeological surveys were carried out. Finally,
in 1991 the excavation was completed [14]. The sector 10000 two
archaeological layers were located that provided building materials
(bricks and tiles), fragments of mural painting, large amount of
Iberian ceramics (handmade common wares, amphora and typical
Catalan grey wares). One part was Roman pottery: Italic and African
Sigillata. The other part (in UE10007: Figure 5: B) was Iberian
amphorae located at sector 10000 that dates the Iberian layer to
the 3. century BCE. The amphorae’s typology corresponds mainly
to subtype 2B (Figure 4).

Description of the Consumption Sites
The site of Can Bartomeu (Vall de Cabrera de Mar)

The importance of the Cabrera de Mar valley in terms of
occupation models during the Iberian era is well known [24].
Cabrera de Mar is located in the north of Barcelona (Figure 5: C),
next to Can Segarra and the old field called Can Bartomeuthatisan
Iberian village is about 300 meters from the oppidum of Burriac.
Two chronological phases were defined for this Iberian village.
The moment of its construction that dates to the beginning of 2nd
century BCE, and a moment of re modelling/reconstruction and/or
restructuration of the site, which dates to the second half of the 2
century BCE. 30 silos (grain storage) surround the village (Figure
5: C) that were chronologically grouped into two groups. The first
group, which contains 15silos, seems to be quite homogeneous
and dates between the second half of the 3™ century BCE and the
beginning of the 2" century BCE. The second group is formed by
13 silos that are quite heterogeneous. Two of them were used up
to the middle of the 2" century BCE and eight of them were used
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up to the last quarter of the 2" century BCE and/or the beginning
of the 1° century BCE [22]. Among the Iberian ceramics recovered
in this site there are a large number of Iberian amphorae, however
they haven’t been defined typologically, because of the fragmented
state they were found.

The necropolis of turé dels dos pinos (Vall de Cabrera
de Mar)

Another probable consumption site is the Iberian necropolis of
the Tur6 dels Dos Pins [21] that is located in the municipal district
of Cabrera de Mar, such as the Can Bartomeu. The necropolis (Figure
5: D), in fact is located in the lower part of the Cerro dos Pins. The
discovery of the site was accidental, in 1986, owed to plunder of
some of the tombs. The necropolis is formed by 94 tombs (Figure
5 D) that surround a small rural settlement [22]. The tombs were
separated into three different chronological groups: the first dates
between 250 and 200 BCE, the second, between 220 and 200 BCE
and the third, between 200-180 BCE. The pottery discovered at
the Necropolis is very important. It contains imported pottery.
Nonetheless, the 90% is indigenous. The Iberian amphora mainly
belongs to the subtypes 2B [10] (Figure 5: D), only few of them fit
to the subtype 2C.

The Iberian village of puig castellar (Santa Coloma de
Gramenet)

The Iberian settlement of Puig Castellar [26] is located at the
top of the hill with the same name, 303m above the Sea level in the
Santa Coloma de Gramenet, in the northeast of Barcelona. The site
(Figure 5: E) was discovered by Father Joan Pala and the historian
Ferran Sagarra and Sis car, in 1998 and it is provided ceramic
material, currencies, metal objects, remains of fauna and human
remains. With regard to the occupation of the settlement, two
different phases have been distinguished [23]. The first correpsonds
to the construction of the first habitats and the creation of the
Urban fabric and it dates to the end of the 5" century BCE and/or
beggining of the 4th century BCE. The second phase dates between
the end of the 3d century BCE and the beginning of the 2™ century
BCE and it is related to some constructive modifications and finally
the abandonment of the site. For this second phase, a significant
increase in Iberian amphorae was observed (Figure 5: E) [26].

Chemical resulta and identification of the Refence
groups and Paste Compositional Refence Units for the
Laietania

The summary of the information on the analysed material
is given in Table 2. Whereas, in Table 3 the normalized chemical
composition of the analysed individuals is presented (see also
Tsantini 2007). Most of the studied sites are situated in a geological
area which is characterized by the main presence of granitic and/or
granodioritic volcanic sequences. The chemical composition of the
raw materials of that kind, normally, is characterized by relatively
high Ba and MnO concentrations. Table 3 reflects exactly that
fact for most of the analysed individuals. This is a compositional
indication that the raw materials would be local/regional for most
of the analysed pottery. For the statistical treatment, some of the

elements determined (P,0,, Pb, Mo, Co and W) were left out to
avoid misinterpretation due to very low values and or possible
contamination and/or alterations.

The purpose of chemical analysis in the framework of
provenience studies is to compare the chemical composition of the
analysed individuals trying to identify clusters. This is normally
done by using statistical treatments. If the statistical treatment
is not done cautiously, erroneous results can be obtained, due to
various problems that the compositional data present [24,25].
To avoid these problems, the raw data set is transformed into
logarithms (additive log ratios) following the considerations of
Aichison and Buxeda.

One of the most important steps in a chemical study, since
the objective is to compare the composition between individuals,
is to calculate somehow the existing variation within the dataset.
The simplest way to control this variability is the calculation
of the compositional variation matrix (MVC) [26]. This matrix
includes all the necessary information to measure the variability
in compositional data, such as the total variation and the degree of
variability introduced by each chemical element in the data set. The
total variation (vt) quantifies the total variability and if it exceeds
0.3 indicates that the analysed material is chemically heterogenic
or polygenic that means heterogeneous chemical composition and
diversified origin and/or provenience. In other words, the existence
of more than one production/group. The variation matrix is used
to define the most variable chemical elements and also the less
variable chemical element that used as divider in the logarithmic
transformation, as well.

To examine chemical variability in our dataset, first, we
calculated the Compositional Variation Matrix (CVM) (Table 4), on
the following sub-composition: Fe,0,, TiO,, Ca0, K,0, Si0,, ALO,,
MgO, Ba, Ce, Cr, Cu, Nb, Ni, St; V, Zn and Zr. The total variation
(vt) is 0.9778 that suggests a chemical heterogeneity [27]. After
a logarithmic transformation using SiO, as a divisor, a Cluster
Analysis was performed on that same sub-composition. The results
from this analysis, applying the squared Euclidian distance and the
centroid agglomerative algorithm, is the cluster tree presented in

Figure 6.

Several observations can be done, after these first results. First,
AMI211 (indicated with a red circle in Figure 6) is a chemical outlier
with very high Ba wt%. AMI200, AMI023 and AMI024 (indicated
with a circle in Figure 6) present higher CaO percentage sand
lower Na,O. At the same time, the chemical data indicates some
similarities between AMI023 and AMI024, but not between these
two and AMI200. AMI032, AMI046, AMI047, AMI173, AMI175,
and AMI177 are separated from the rest of the individuals, in a
lower ultra metric distance. The similarities that these individuals
present (border to low CaO; relatively high Al,0., Fe,O, and Na,0)
compared to the rest, grouped in the blue rectangle, in Figure 6,
indicate similar geochemical origin (raw materials might come
from the similar deposits). However, they don’t belong to the same
production.
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Figure 6: Cluster tree, on the 114 individuals, resulting from the cluster analysis performed using the Square Euclidean distance
and the centroid agglomerative algorithm on the log ratio transformed sub composition Fe O
Na,0, K,0, Ba, Rb, Nb, Zr, Y, Sr, Ce, Ga, V, Zn, Ni, Cr and Nb using SiO, as a divisor in the log ratio transformation.

AL,0,, MnO, TiO,, MgO, CaO,
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After this first approximation, therefore: AMI023 AMI024,
AMI032, AMI46, AMI47, AMI173, AMI175, AMI177, AMI200 and
AMI211 cannot be well classified into a specific group since they
present important differences from all the analysed material,
coming from the Laietania. From these individuals: AMI023
AMI024 and AMI032 were sampled at the site Can Bartomeu.
AMIO46, AMI047, AMI173, AMI175 and AMI177 in the Iberian
village of Puig Castellar and AMI211 and AMI200 came from the
kiln dump of Vista Alegre, which is considered the kiln dump of
the Laietanian workshop of Riera de Sant Sim6 (Matar6). Another
individual VAC005, which is a common ware, is separated from the
rest, and it was sampled in Vista Alegre.

We recalculated the CVM excluding of the above-mentioned
chemical outliers (AMI023, AMI024, AMI032, AMI046, AMI1047,
AMI173, AMI175, AMI177, AMI200, AMI211 and VACO005), and
the total variation is significantly lower: 0.4293. A vt of that range,
certainly, indicates a common geological origin for all the reaming
pottery, even if, they not necessarily form part of the same chemical
group (or production). A new cluster analysis was performed in
those remaining 103 individuals. The cluster tree of that analysis

is presented in Figure 7. According to this graph, there are five
individuals: AMI174, AMI180, AMI184, AMI166 and AMI170 that
form a small chemical group (PC in Figure 7). All five were sampled
at the Iberian site of Puig Castellar. From geological point of view,
Puig Castellar is located to the north of Barcelona, in the area of
the hill Coixarola, on a metamorphic and sedimentary ground,
where the calcareous rocks are relatively abundant, opposite to
the volcanic ground of the Maresme, where the rest of the sites
are situated and, where the acidic igneous rocks like granite and
granodiorite are dominant.

In Table 3, similarities in the chemical
composition of individuals, the
ommondifferencesfromrestoftheanalysedmaterialcanbeobserved.
PCisacalcareousgroup (CaO between 8.98% and 10.76%) that
also present lower concentrations in Fe,0,, MnO, TiO, Na,O, Th,
Nb, Zr, Y, Ce, V, Zn and Ni. The calcareous character of this group is

important

these five and

compatible with the location of the site where these five individuals
came from. Therefore, the probability they were produced at this
site and/or this are/region is high. Nevertheless, since there is no
archaeological information on the existence of kiln/s on the site or
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its surroundings, it can only be identified as Paste Compositional
Reference Unite (PCRU) of Puig Castellar. The mean weight
percentage of each element and their standard deviations can be
seen in Table 5.

AMIO029 is separated from PC since the only similarity with
it is its calcareous character (14.32%). In this same cluster tree

(Figure7) there is another larger group indicated with LAI that
is formed by 59 individuals. The samples specified by the grey
rectangles in Figure 7, at the right of LAI, according to the chemical
data (Table 3) present some relatively important chemical
differences (showed in this Figure 7) according to which they don’t
fit 100% inside this group. Despite that, in production terms, they
must be local/regional variants of the group LAI

10
|

s

0o
|

Figure 7: Cluster tree, on the 103 individuals, resulting from the cluster analysis performed using the Square Euclidean distance
and the centroid agglomerative algorithm on the log-ratio transformed sub-composition Fe O,, Al,O
Na,0, K,0, Ba, Rb, Nb, Zr, Y, Sr, Ce, Ga, V, Zn, Ni, Cr and Nb using SiO, as a divisor in the log ratio transformation.

,0,, AL,O,, MnO, TiO,, MgO, CaO,

Finally, LAI (Figure 8) contains 59 individuals. Between them
are all the individuals sampled from the kilns of Riera de Sant Simé.
It also comprises the 35 individuals from Vista Alegre, a kiln dump
archaeologically related to the kilns of Rierade Sant Simé. Since
those are productions sites LAI can be identified as the Reference
Group (RG) of the kiln of Rierade Sant Simon without any doubts.
It is important to mention that one of the amphora included in this
group (AMIO53) have been sampled at the Cossetania, three come
from Can Bartomeu (AMI036, AMI036 and AMI057), six from Tur6
dels Dos Pins (AMI019, AMI020, AMI021, AMI022, AMI028 and

AMIO054), eight from Puig Castellar (AMI182, AMI165, AMI169,
AMI168, AMI172,AMI179, AMI185 and AMI176) and finally eight
from the kiln site of Riera de Sant Sim¢6 (AMI1188, AMI189, AMI190,
AMI191, AMI192, AMI193, AMI194 and AMI195), which represents
the total number of the sampled amphorae at this site, and the rest
of the individuals belonging to the group coming from the kiln dump
of Vista Alegre. The main typology of this production can be seen
in Figure 9 and its mean chemical composition and the standard
deviation in each analysed elements is given in Table 6.
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Figure 8: The cluster of the Reference Group (RG) of the kilns of Rierade Sant Simé: LAI, with red circle the individuals from
Puig Castellar are indicated, with light blue stars the individuals of the kiln of Rierade Sant. Sim6, with yellow rectangles the
individuals from Turré dels Dos Pins, with light green triangles the individuals from Can Bartomeu.

H':I J __. amMies | ;ll'
g

AMI B

P, B2

AMIDZ

Figure 9: The typology of the Iberian amphora of the RG: LAI
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Discussion and Conclusion

The chemical results lead to various conclusions. Regarding the
Laietania (Figure 1), half of the individuals (50.43%) are classified
in the RG of Rierade Sant Sim¢ (LAI), while only the 5.22% belongs
to the PCRU of Puig Castellar (Figure 10: A). The 24.35% of the non-
clearly classified individuals are chemically related to Riera de Sant
Simd’s production. Their chemical composition indicates a common
geochemical origin, and therefore, they must be regional variants of

the group LAI 17.39% of the individuals cannot be classified within
any Laietanian group. However, they preserve geochemical relation
with the Laietanian area. Finally, the 2, 61% individuals that are
basically constituted by three individuals sampled at Can Bartomeu
(AMI023, AMI024 and AMI029) and typologically identified as
2C, is not related to the Laietanian area at all. All the individuals
(100%) sampled at kilns of Riera de Sant Simd belong to the LAIL
That is why LAI was identified as the reference group of that kilns.
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F
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Figure 10: A: Percentages of the productions and unclassified individuals at the Laietanian area; B: Percentages of the individuals
classified into LAI and the non-classified ones in Vista Alegre; C: Percentages of the different productions and non-classified at
the site of Can Bartomeu; D: Percentages of the different productions and non-classified at the Necropolis of Turré dels Dos Pins;
E: Percentages of the different productions and non-classified at the site of Puig Castellar; F: The proportion of the participation
of each studied site in LAI (the RG of Rierade Sant. Sim6) and G: The proportion of the participation of each studied site in the
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More than a half of the individuals (57.63%) sampled at the
dump of Vista Alegre is classified into LAI (Figure 10: B) and,
generally, the 93.22% is somehow chemically related to this same
production. There is only 6.78% that cannot be classified, nor can
be related to the Laietanian productions (Figure 10: B). Regarding,
now, the individuals sampled at Can Bartomeu (Cabrera de Mar)
a high percentage is of unknown origin. 16.67% cannot even be
related to the Laietanian area, while exactly the same percentage
(16.67%) is clearly classified as LAL The 11.11% seems to have
Laietanian origin, even if they not belong to LAI (Figure 10: C).
On the other hand, the 75% of the Iberian amphora sampled at
the Necropolis of the Turré de dos Pins belongs to LAI and the
rest of the individuals are distributed equally among unclassified,
Laietanian origin and unclassified non-Laietanian origin (Figure
10:D). With regard to the pottery sampled at Puig Castellar (Sta.
Colomade Gramanet, Barcelona) 31.82% is classified within the
production of La Riera de Sant Sim¢ (LAI) (Figure 10: E), while the
27.7% of constitutes the PCRU of this same consumption site (PC).
13.64% is unclassified but geochemically related to the Laietania
area and 27.27% cannot be related to the Laietanian area at all
(Figure 10: E).

Considering LAI, the RG of the Iberian kilns of La Riera de
Sant Sim¢, it includes the totality (100%) of the samples from that
specific kiln site that corresponds to the 13,56% of the production,
while 57,63% of the individuals that belong to LAI were sampled
at the kiln dump of Vista Alegre. A fact that clearly evidences that
Vista Alegre was the kiln dump of Riera de Sant Simé. Additionally,
the 11.86% of this production is represented by individuals coming
from Puig Castellar, 10.17% from Turé de Dos Pins and 5.08% from
Can Bartomeu (3 individuals).

It is important to mention that within LAI there is one single
individual (AMI053) that was sample data Cossetanian site of
Alorda Park (Calafell, Baix Penedeés). This individual represents a
very small part of the Laietana production (1.69%), nevertheless, it
is clear indication that Iberian amphorae produced in the Laietanian
site of Riera de Sant Sim¢ travelled to southern Cossetania. This
shows an exchange between the Cossetania and Laietania [28].

To conclude, there are other important facts to emphasize. LAI
integrates both amphora and common wares that indicates the
employment of the same recipe for the different type of ceramics.
Additionally, from the amphorae sampled at Turré of the Dos Pins
two that match with the smallest variants of the sub type 2C, which
is archaeologically assigned to the Cossetania, belong to the RG of
a Laietanian kiln site (Riera de Sant Sim¢), where the individuals
mainly classified as local/regional subtypes: 2B, witnesses that the
workshop, at least, produces imitations of other non-local Iberian
amphora types. These specific results also stress out the local/
territorial character of the productions, which means the use of
local/regional raw materials and the maintenance of a technological
sequence in the production.

Another important aspect is that 24% of the analysed material
of Laietan origin is chemically related to the kilns of Riera de Sant

Simé, meaning similar geochemical origin, without necessarily
having been produced at this same workshop (Figurel0). Other
7.39% of the material is not classified within the LAI production,
however geochemically related to the Laietanian area (Figurel0)
and only the 2.61% is of non-known origin (Figure10) and all of
them sampled from Can Bartomeu. Regarding the composition of
the non-classified individuals (Figure 10: G) 60% of the individuals
were sampled at Can Bartomeu, 20% at Vista Alegre, 15% at Puig
Castellar and only 5% at Turré dels Dos Pins. Therefore, the sight,
where highest the diversity is Can Bartomeu.

To finish, the diversification of the participation of the different
analysed sites in LAI (the reference group of the kilns of Riera de
Sant Sim¢) evidences that this kiln was providing with Iberian
pottery different areas of the Laietanian region. Also indicates some
wider commercial inter-relations.

The high percentage of the unclassified material points to the
existence of high divergence of productions that still have to be
identified in the future. The results clearly indicate a commercial
interaction between the Laietania and the Cossetania, for the
moment. The chemical complexity reveals the existence of a
multiplicity of productions in each geographical area, which still
complicates the interpretation of all the available information.
Adding to those results the typological information, even if, there is
a diversification of production in the geographical areas (mean use
oflocal/regional raw materials and specific technological processes
in each kiln and production site) there is a certain standardization
of forms in each of those regions. These results, of course, can be,
and should be modified and expanded with future analysis.
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The normalized chemical data of the analysed pottery.

.

Table 3

Fe,0, | ALO, | MnO | P,0, | TiO, | MgO | CaO | Na,0 | K,0 | Si0, | Ba Rb Nb Pb Zr Y Sr Ce Ga v Zn Cu Ni cr
AMIO19 | 7,70 | 1944 | 0,10 | 0,12 | 1,11 | 1,96 | 3,52 | 1,21 | 2,93 | 61,74 | 0,0608 | 0,0139 | 0,0019 | 0,0022 | 0,0262 | 0,0029 | 0,0124 | 0,0107 | 0,0023 | 0,0131 | 0,0095 | 0,0012 | 0,0018 | 0,0060
AMI020 | 831 | 19,56 | 0,10 | 0,17 | 1,14 | 2,18 | 3,65 | 1,07 | 2,89 | 60,76 | 0,0737 | 0,0135 | 0,0021 | 0,0026 | 0,0245 | 0,0030 | 0,0125 | 0,0101 | 0,0023 | 0,0130 | 0,0099 | 0,0014 | 0,0020 | 0,0059
AMIO21 | 7,64 | 19,50 | 0,09 | 0,27 | 1,06 | 1,95 | 3,01 | 1,16 | 3,02 | 62,14 | 0,0733 | 0,0137 | 0,0020 | 0,0025 | 0,0285 | 0,0030 | 0,0119 | 0,0094 | 0,0023 | 0,0130 | 0,0092 | 0,0012 | 0,0020 | 0,0062
AMI022 | 7,90 | 1846 | 0,11 | 0,22 | 1,05 | 2,28 | 525 | 1,17 | 292 | 60,47 | 0,0716 | 0,0132 | 0,0021 | 0,0026 | 0,0254 | 0,0034 | 0,0140 | 0,0096 | 0,0022 | 0,0118 | 0,0098 | 0,0016 | 0,0019 | 0,0062
AMI023 | 5,64 | 21,92 | 0,04 | 030 | 0,80 | 3,93 | 7,76 | 023 | 434 | 54,86 | 0,0593 | 0,0201 | 0,0019 | 0,0027 | 0,0171 | 0,0027 | 0,0294 | 0,0091 | 0,0029 | 0,0101 | 0,0080 | 0,0015 | 0,0033 | 0,0084
AMI024 | 6,11 | 21,63 | 0,05 | 0,20 | 0,74 | 448 | 10,26 | 046 | 446 | 51,44 | 0,0502 | 0,0212 | 0,0020 | 0,0024 | 0,0152 | 0,0025 | 0,0248 | 0,0078 | 0,0027 | 0,0088 | 0,0072 | 0,0019 | 0,0034 | 0,0083
AMI025 | 7,33 | 19,68 | 0,08 | 023 | 0,81 | 1,91 | 557 | 0,74 | 336 | 60,10 | 0,0804 | 0,0172 | 0,0023 | 0,0029 | 0,0184 | 0,0032 | 0,0139 | 0,0086 | 0,0025 | 0,0109 | 0,0111 | 0,0034 | 0,0029 | 0,0074
AMI026 | 6,71 | 18,66 | 0,07 | 027 | 0,86 | 1,83 | 671 | 093 | 3,14 | 60,64 | 0,0660 | 0,0140 | 0,0020 | 0,0027 | 0,0226 | 0,0032 | 0,0172 | 0,0081 | 0,0023 | 0,0111 | 0,0097 | 0,0014 | 0,0024 | 0,0067
AMI027 | 891 | 2092 | 0,14 | 0,25 | 1,07 | 1,76 | 2,40 | 0,80 | 2,84 | 60,68 | 0,1259 | 0,0125 | 0,0022 | 0,0028 | 0,0226 | 0,0038 | 0,0122 | 0,0119 | 0,0024 | 0,0135 | 0,0113 | 0,0018 | 0,0020 | 0,0068
AMI028 | 927 | 21,12 | 0,11 | 0,22 | 1,22 | 2,39 | 3,54 | 0,94 | 3,00 | 58,03 | 0,0567 | 0,0144 | 0,0022 | 0,0028 | 0,0196 | 0,0035 | 0,0117 | 0,0119 | 0,0026 | 0,0156 | 0,0117 | 0,0015 | 0,0022 | 0,0100
AMI029 | 6,51 | 1696 | 0,10 | 0,28 | 0,85 | 1,93 | 1536 | 0,82 | 2,69 | 54,34 | 0,0749 | 0,0131 | 0,0018 | 0,0021 | 0,0208 | 0,0031 | 0,0190 | 0,0092 | 0,0020 | 0,0093 | 0,0099 | 0,0019 | 0,0019 | 0,0054
AMI030 | 865 | 20,54 | 0,11 | 0,14 | 1,06 | 2,11 | 682 | 1,14 | 2,59 | 56,67 | 0,0563 | 0,0136 | 0,0021 | 0,0025 | 0,0194 | 0,0033 | 0,0160 | 0,0112 | 0,0026 | 0,0136 | 0,0113 | 0,0019 | 0,0018 | 0,0057
AMI031 | 888 | 2044 | 0,10 | 0,30 | 1,11 | 2,17 | 535 | 1,08 | 2,73 | 57,67 | 0,0750 | 0,0136 | 0,0021 | 0,0027 | 0,0201 | 0,0033 | 0,0159 | 0,0108 | 0,0024 | 0,0154 | 0,0115 | 0,0019 | 0,0017 | 0,0057
AMI032 | 6,78 | 17,82 | 0,06 | 0,26 | 0,88 | 1,20 | 3,74 | 0,72 | 259 | 6577 | 0,0608 | 0,0117 | 0,0021 | 0,0055 | 0,0289 | 0,0030 | 0,0126 | 0,0093 | 0,0021 | 0,0141 | 0,0076 | 0,0034 | 0,0040 | 0,0089
AMI033 | 883 | 20,15 | 0,10 | 0,23 | 1,11 | 2,31 | 7,22 | 1,33 | 235 | 56,19 | 0,0621 | 0,0123 | 0,0021 | 0,0022 | 0,0200 | 0,0035 | 0,0199 | 0,016 | 0,0025 | 0,0143 | 0,0116 | 0,0017 | 0,0015 | 0,0053
AMI034 | 870 | 20,15 | 0,11 | 0,18 | 1,08 | 2,03 | 689 | 1,07 | 245 | 57,17 | 0,0690 | 0,0124 | 0,0020 | 0,0026 | 0,0180 | 0,0030 | 0,0173 | 0,0103 | 0,0026 | 0,0144 | 0,0113 | 0,0018 | 0,0017 | 0,0054
AMI035 | 925 | 21,01 | 0,13 | 022 | 1,13 | 2,14 | 539 | 1,19 | 2,54 | 56,85 | 0,0642 | 0,0132 | 0,0021 | 0,0025 | 0,0192 | 0,0035 | 0,0134 | 0,0105 | 0,0026 | 0,0153 | 0,0121 | 0,0017 | 0,0017 | 0,0054
AMI036 | 9,80 | 22,23 | 0,11 | 0,12 | 1,20 | 2,44 | 458 | 1,17 | 3,03 | 5516 | 0,0522 | 0,0152 | 0,0024 | 0,0027 | 0,0163 | 0,0038 | 0,0123 | 0,0121 | 0,0029 | 0,0155 | 0,0114 | 0,0009 | 0,0014 | 0,0054
AMI037 | 9,54 | 20,08 | 0,11 | 0,34 | 1,27 | 2,42 | 520 | 143 | 294 | 56,47 | 0,0678 | 0,0140 | 0,0025 | 0,0033 | 0,0247 | 0,0045 | 0,0148 | 0,0127 | 0,0026 | 0,0142 | 0,0125 | 0,0009 | 0,0013 | 0,0052
AMIO38 | 859 | 1894 | 0,12 | 0,17 | 1,16 | 246 | 672 | 1,20 | 2,94 | 57,52 | 0,0545 | 0,0145 | 0,0023 | 0,0027 | 0,0248 | 0,0042 | 0,0143 | 0,0118 | 0,0025 | 0,0137 | 0,0113 | 0,0011 | 0,0021 | 0,0058
AMI039 | 9,14 | 20,53 | 0,10 | 0,25 | 1,17 | 1,79 | 401 | 0,73 | 2,76 | 59,32 | 0,1026 | 0,0141 | 0,0023 | 0,0030 | 0,0204 | 0,0035 | 0,0137 | 0,0128 | 0,0023 | 0,0146 | 0,0103 | 0,0010 | 0,0018 | 0,0063
AMI040 | 9,10 | 20,50 | 0,13 | 0,26 | 1,17 | 242 | 3,36 | 1,13 | 3,26 | 5849 | 0,0734 | 0,0162 | 0,0024 | 0,0030 | 0,0206 | 0,0038 | 0,0110 | 0,0123 | 0,0026 | 0,0143 | 0,0116 | 0,0011 | 0,0021 | 0,0062
AMIO41 | 883 | 19,89 | 0,11 | 0,17 | 1,15 | 2,19 | 449 | 1,05 | 3,06 | 5887 | 0,0661 | 0,0152 | 0,0024 | 0,0029 | 0,0202 | 0,0036 | 0,0128 | 0,0121 | 0,0025 | 0,0139 | 0,0115 | 0,0014 | 0,0022 | 0,0066
AMI042 | 9,05 | 2075 | 0,12 | 0,17 | 1,15 | 2,15 | 4,11 | 1,06 | 2,77 | 58,50 | 0,0668 | 0,0138 | 0,0021 | 0,0027 | 0,0220 | 0,0034 | 0,0137 | 0,0113 | 0,0025 | 0,0151 | 0,0120 | 0,0020 | 0,0018 | 0,0058
AMI043 | 9,03 | 2025 | 0,10 | 0,23 | 1,14 | 223 | 7,36 | 107 | 2,46 | 5594 | 0,0681 | 0,0129 | 0,0022 | 0,0028 | 0,0198 | 0,0034 | 0,0162 | 0,0106 | 0,0025 | 0,0145 | 0,0115 | 0,0016 | 0,0017 | 0,0054
AMIO44 | 884 | 19,63 | 0,15 | 030 | 1,16 | 2,16 | 575 | 1,28 | 335 | 57,22 | 0,0600 | 0,0152 | 0,0023 | 0,0028 | 0,0244 | 0,0039 | 0,0127 | 0,0114 | 0,0025 | 0,0137 | 0,0114 | 0,0009 | 0,0017 | 0,0057
AMIO45 | 858 | 20,06 | 0,12 | 0,17 | 1,14 | 2,12 | 3,10 | 1,05 | 3,07 | 60,42 | 0,0618 | 0,0159 | 0,0023 | 0,0031 | 0,0242 | 0,0039 | 0,0131 | 0,0121 | 0,0025 | 0,0136 | 0,0112 | 0,0013 | 0,0020 | 0,0064
AMI046 | 6,37 | 17,23 | 0,08 | 021 | 0,80 | 1,40 | 629 | 0,67 | 3,01 | 6379 | 0,0723 | 0,0113 | 0,0018 | 0,0026 | 0,0236 | 0,0028 | 0,0116 | 0,0067 | 0,0017 | 0,0099 | 0,0078 | 0,0016 | 0,0019 | 0,0075
AMI047 | 6,46 | 17,58 | 0,07 | 0,19 | 0,81 | 1,63 | 441 | 092 | 3,20 | 64,58 | 0,0605 | 0,0140 | 0,0021 | 0,0029 | 0,0262 | 0,0032 | 0,0109 | 0,0089 | 0,0021 | 0,0100 | 0,0087 | 0,0020 | 0,0024 | 0,0076
AMI048 | 9,83 | 21,78 | 0,11 | 0,20 | 1,25 | 2,24 | 3,65 | 0,86 | 2,93 | 5699 | 0,0571 | 0,0168 | 0,0026 | 0,0028 | 0,0191 | 0,0041 | 0,0121 | 0,0134 | 0,0028 | 0,0154 | 0,0120 | 0,0012 | 0,0021 | 0,0073
AMI049 | 885 | 1992 | 0,12 | 0,33 | 1,18 | 2,45 | 2,44 | 1,17 | 3,02 | 60,33 | 0,0760 | 0,0141 | 0,0022 | 0,0022 | 0,0239 | 0,0035 | 0,0138 | 0,0114 | 0,0024 | 0,0163 | 0,0121 | 0,0014 | 0,0017 | 0,0060
AMI050 | 830 | 21,01 | 0,09 | 0,16 | 1,14 | 2,09 | 3,75 | 1,39 | 321 | 58,69 | 0,0650 | 0,0154 | 0,0022 | 0,0026 | 0,0204 | 0,0035 | 0,0130 | 0,0130 | 0,0026 | 0,0133 | 0,0111 | 0,0009 | 0,0016 | 0,0058
AMIOS1 | 890 | 1992 | 0,12 | 022 | 1,28 | 2,11 | 3,55 | 1,22 | 3,04 | 59,47 | 0,0567 | 0,0146 | 0,0025 | 0,0028 | 0,0270 | 0,0040 | 0,0114 | 0,0116 | 0,0025 | 0,0145 | 0,0114 | 0,0008 | 0,0017 | 0,0060
AMIOS4 | 882 | 21,10 | 0,11 | 0,19 | 1,14 | 2,20 | 3,44 | 0,95 | 2,84 | 59,02 | 0,0651 | 0,0142 | 0,0021 | 0,0030 | 0,0228 | 0,0029 | 0,0111 | 0,0098 | 0,0025 | 0,0149 | 0,0101 | 0,0010 | 0,0019 | 0,0063
AMI0S5 | 7,39 | 19,88 | 0,09 | 021 | 0,85 | 1,92 | 531 | 0,75 | 333 | 60,07 | 0,0789 | 0,0169 | 0,0023 | 0,0026 | 0,0183 | 0,0032 | 0,0135 | 0,0087 | 0,0026 | 0,0108 | 0,0112 | 0,0036 | 0,0029 | 0,0077
AMI056 | 7,30 | 19,50 | 0,07 | 0,28 | 0,88 | 1,79 | 691 | 0,78 | 3,11 | 59,22 | 0,0629 | 0,0147 | 0,0021 | 0,0029 | 0,0210 | 0,0037 | 0,0129 | 0,0092 | 0,0024 | 0,0118 | 0,0101 | 0,0021 | 0,0028 | 0,0071
AMIO57 | 7,78 | 19,00 | 0,09 | 0,21 | 1,05 | 1,91 | 3,26 | 1,03 | 2,95 | 62,57 | 0,0549 | 0,0147 | 0,0021 | 0,0028 | 0,0237 | 0,0032 | 0,0122 | 0,0105 | 0,0023 | 0,0124 | 0,0106 | 0,0019 | 0,0023 | 0,0072
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AMIOS8 | 9,21 | 20,40 | 0,10 | 0,19 | 1,18 | 2,40 | 8,16 1,06 | 2,30 | 54,83 | 0,0576 | 0,0123 | 0,0022 | 0,0022 | 0,0172 | 0,0037 | 0,0175 | 0,0116 | 0,0026 | 0,0152 | 0,0121 | 0,0019 | 0,0014 | 0,0049
AMIO59 | 8,34 | 19,56 | 0,09 | 0,31 | 1,08 | 2,18 | 9,11 1,00 | 2,37 | 55,79 | 0,0680 | 0,0125 | 0,0020 | 0,0025 | 0,0195 | 0,0034 | 0,0165 | 0,0103 | 0,0024 | 0,0134 | 0,0114 | 0,0018 | 0,0017 | 0,0053
AMIO60 | 942 | 2046 | 0,12 | 0,19 | 1,27 | 232 | 4,28 1,11 | 3,05 | 57,63 | 0,0628 | 0,0145 | 0,0024 | 0,0028 | 0,0219 | 0,0037 | 0,0119 | 0,0113 | 0,0025 | 0,0150 | 0,0117 | 0,0010 | 0,0017 | 0,0059
AMIO61 | 9,15 | 19,66 | 0,10 | 0,17 | 1,18 | 2,31 | 3,47 087 | 2,98 | 59,95 | 0,0652 | 0,0150 | 0,0023 | 0,0027 | 0,0207 | 0,0036 | 0,0115 | 0,0109 | 0,0025 | 0,0146 | 0,0124 | 0,0019 | 0,0021 | 0,0064
AMI165 | 9,76 | 22,42 | 0,11 | 0,52 | 1,20 | 2,08 | 2,93 1,04 | 2,67 | 57,10 | 0,0547 | 0,0130 | 0,0022 | 0,0030 | 0,0196 | 0,0042 | 0,0129 | 0,0103 | 0,0028 | 0,0166 | 0,0127 | 0,0023 | 0,0022 | 0,0078
AMI166 | 7,54 | 21,56 | 0,08 | 0,22 | 0,96 | 2,17 | 9,51 0,75 | 3,47 | 53,58 | 0,0572 | 0,0173 | 0,0020 | 0,0024 | 0,0173 | 0,0026 | 0,0152 | 0,0067 | 0,0026 | 0,0109 | 0,0084 | 0,0011 | 0,0019 | 0,0062
AMI167 | 8,19 | 23,55 | 0,10 | 0,94 | 1,07 | 2,20 | 548 0,69 | 3,02 | 54,62 | 0,0613 | 0,0128 | 0,0023 | 0,0026 | 0,0217 | 0,0032 | 0,0140 | 0,0087 | 0,0027 | 0,0126 | 0,0090 | 0,0013 | 0,0020 | 0,0069
AMI168 | 947 | 21,83 | 0,11 | 0,28 | 1,17 | 2,08 | 3,32 1,22 | 2,68 | 57,68 | 0,0523 | 0,0128 | 0,0022 | 0,0029 | 0,0208 | 0,0040 | 0,0132 | 0,0120 | 0,0028 | 0,0158 | 0,0121 | 0,0022 | 0,0022 | 0,0072
AMI169 | 9,86 | 22,56 | 0,10 | 0,45 | 1,22 | 1,99 | 2,69 1,00 | 2,63 | 57,34 | 0,0552 | 0,0123 | 0,0022 | 0,0030 | 0,0203 | 0,0041 | 0,0128 | 0,0113 | 0,0028 | 0,0172 | 0,0126 | 0,0022 | 0,0022 | 0,0075
AMI170 | 7,32 | 21,29 | 0,09 | 0,23 | 0,95 | 2,12 | 10,35 | 0,71 | 3,42 | 53,36 | 0,0569 | 0,0172 | 0,0020 | 0,0025 | 0,0182 | 0,0027 | 0,0165 | 0,0071 | 0,0027 | 0,0105 | 0,0088 | 0,0013 | 0,0020 | 0,0061
AMI171 | 7,87 | 22,33 | 0,10 | 0,52 | 1,02 | 2,14 | 6,04 0,73 | 3,31 | 55,78 | 0,0551 | 0,0151 | 0,0021 | 0,0026 | 0,0208 | 0,0030 | 0,0133 | 0,0082 | 0,0027 | 0,0122 | 0,0083 | 0,0011 | 0,0018 | 0,0068
AMI172 | 9,54 | 22,11 | 0,11 | 0,50 | 1,19 | 2,09 | 3,22 1,23 | 2,64 | 57,21 | 0,0541 | 0,0129 | 0,0022 | 0,0031 | 0,0212 | 0,0041 | 0,0132 | 0,0096 | 0,0028 | 0,0159 | 0,0124 | 0,0022 | 0,0022 | 0,0074
AMI173 | 7,70 | 19,67 | 0,11 | 0,25 | 0,89 | 1,71 | 3,96 0,36 | 2,98 | 62,20 | 0,0636 | 0,0134 | 0,0020 | 0,0034 | 0,0231 | 0,0035 | 0,0109 | 0,0090 | 0,0024 | 0,0128 | 0,0115 | 0,0032 | 0,0041 | 0,0099
AMI174 | 6,86 | 20,05 | 0,09 | 0,19 | 0,92 | 2,02 | 11,10 | 0,74 | 3,31 | 54,57 | 0,0538 | 0,0157 | 0,0020 | 0,0022 | 0,0206 | 0,0027 | 0,0172 | 0,0064 | 0,0025 | 0,0107 | 0,0082 | 0,0011 | 0,0017 | 0,0060
AMI175 | 882 | 22,77 | 0,11 | 0,49 | 1,06 | 1,43 | 2,33 0,54 | 3,04 | 59,23 | 0,0871 | 0,0120 | 0,0022 | 0,0048 | 0,0214 | 0,0031 | 0,0131 | 0,0074 | 0,0026 | 0,0150 | 0,0122 | 0,0019 | 0,0030 | 0,0092
AMI176 | 8,44 | 20,05 | 0,11 | 0,16 | 1,12 | 2,31 | 4,30 1,12 | 3,04 | 59,17 | 0,0532 | 0,0132 | 0,0021 | 0,0025 | 0,0262 | 0,0034 | 0,0128 | 0,0098 | 0,0025 | 0,0141 | 0,0106 | 0,0021 | 0,0023 | 0,0077
AMI177 | 8,03 | 20,53 | 0,10 | 0,12 | 1,02 | 1,64 | 1,51 084 | 3,51 | 62,51 | 0,0575 | 0,0160 | 0,0021 | 0,0033 | 0,0249 | 0,0028 | 0,0135 | 0,0101 | 0,0026 | 0,0137 | 0,0111 | 0,0038 | 0,0042 | 0,0100
AMI178 | 8,28 | 19,83 | 0,10 | 0,21 | 1,05 | 2,17 | 5,72 1,06 | 2,85 | 58,54 | 0,0634 | 0,0131 | 0,0022 | 0,0028 | 0,0260 | 0,0037 | 0,0150 | 0,0107 | 0,0026 | 0,0135 | 0,0114 | 0,0021 | 0,0027 | 0,0074
AMI179 | 9,02 | 20,86 | 0,12 | 0,63 | 1,17 | 2,06 | 3,91 1,11 | 2,53 | 5844 | 0,0526 | 0,0111 | 0,0022 | 0,0027 | 0,0261 | 0,0039 | 0,0144 | 0,0092 | 0,0025 | 0,0144 | 0,0115 | 0,0020 | 0,0021 | 0,0075
AMI180 | 6,86 | 20,22 | 0,08 | 0,15 | 0,90 | 2,14 | 11,32 | 0,92 | 3,32 | 53,95 | 0,0534 | 0,0171 | 0,0020 | 0,0022 | 0,0214 | 0,0028 | 0,0167 | 0,0073 | 0,0026 | 0,0099 | 0,0081 | 0,0012 | 0,0019 | 0,0057
AMI181 | 8,47 | 23,81 | 0,08 | 0,26 | 1,08 | 2,32 | 4,67 0,69 | 3,61 | 54,85 | 0,0483 | 0,0179 | 0,0022 | 0,0025 | 0,0164 | 0,0030 | 0,0124 | 0,0076 | 0,0031 | 0,0146 | 0,0096 | 0,0013 | 0,0022 | 0,0072
AMI182 | 9,18 | 21,32 | 0,11 | 0,34 | 1,15 | 1,80 | 2,79 1,06 | 2,61 | 59,48 | 0,0632 | 0,0115 | 0,0021 | 0,0026 | 0,0241 | 0,0037 | 0,0141 | 0,0089 | 0,0025 | 0,0146 | 0,0116 | 0,0019 | 0,0019 | 0,0073
AMI183 | 7,59 | 20,42 | 0,10 | 0,14 | 0,97 | 1,88 | 5,10 0,96 | 3,04 | 59,64 | 0,0604 | 0,0136 | 0,0020 | 0,0043 | 0,0236 | 0,0030 | 0,0129 | 0,0078 | 0,0025 | 0,0123 | 0,0111 | 0,0014 | 0,0026 | 0,0079
AMI184 | 7,54 | 22,21 | 0,09 | 0,17 | 1,00 | 2,21 | 7,89 0,74 | 3,21 | 54,78 | 0,0607 | 0,0151 | 0,0020 | 0,0021 | 0,0176 | 0,0027 | 0,0154 | 0,0073 | 0,0027 | 0,0114 | 0,0081 | 0,0011 | 0,0019 | 0,0062
AMI185 | 9,05 | 21,20 | 0,11 | 0,14 | 1,18 | 2,47 | 3,82 1,08 | 2,99 | 57,80 | 0,0470 | 0,0129 | 0,0021 | 0,0023 | 0,0253 | 0,0033 | 0,0123 | 0,0088 | 0,0025 | 0,0153 | 0,0105 | 0,0015 | 0,0022 | 0,0082
AMI186 | 7,99 | 22,17 | 0,09 | 095 | 1,11 | 2,14 | 4,22 0,76 | 3,02 | 57,40 | 0,0591 | 0,0129 | 0,0023 | 0,0032 | 0,0217 | 0,0032 | 0,0134 | 0,0079 | 0,0027 | 0,0133 | 0,0093 | 0,0014 | 0,0030 | 0,0086
AMI187 | 7,35 | 22,70 | 0,07 | 0,60 | 1,11 | 2,16 | 3,55 095 | 3,24 | 58,11 | 0,0475 | 0,0131 | 0,0021 | 0,0024 | 0,0274 | 0,0031 | 0,0118 | 0,0091 | 0,0027 | 0,0136 | 0,0074 | 0,0007 | 0,0020 | 0,0073
AMI188 | 8,29 | 19,47 | 0,09 | 0,11 | 1,12 | 2,05 | 2,71 1,32 | 3,32 | 61,33 | 0,0572 | 0,0143 | 0,0022 | 0,0030 | 0,0252 | 0,0035 | 0,0124 | 0,0108 | 0,0025 | 0,0132 | 0,0122 | 0,0015 | 0,0021 | 0,0082
AMI189 | 9,06 | 20,32 | 0,11 | 0,12 | 1,16 | 2,13 | 2,98 0,83 | 3,15 | 59,96 | 0,0701 | 0,0137 | 0,0022 | 0,0030 | 0,0222 | 0,0031 | 0,0127 | 0,0093 | 0,0026 | 0,0144 | 0,0115 | 0,0021 | 0,0026 | 0,0077
AMI190 | 843 | 19,24 | 0,10 | 0,13 | 1,14 | 2,11 | 2,45 1,14 | 3,36 | 61,71 | 0,0633 | 0,0150 | 0,0025 | 0,0038 | 0,0254 | 0,0039 | 0,0127 | 0,0111 | 0,0025 | 0,0146 | 0,0127 | 0,0017 | 0,0023 | 0,0073
AMI191 | 8,84 | 20,00 | 0,13 | 0,17 | 1,15 | 2,41 | 3,00 1,19 | 3,51 | 59,42 | 0,0617 | 0,0150 | 0,0024 | 0,0027 | 0,0264 | 0,0046 | 0,0162 | 0,0129 | 0,0026 | 0,0138 | 0,0132 | 0,0022 | 0,0022 | 0,0076
AMI192 | 9,01 | 20,40 | 0,11 | 0,11 | 1,14 | 2,25 | 3,90 0,97 | 2,94 | 59,00 | 0,0531 | 0,0134 | 0,0022 | 0,0028 | 0,0235 | 0,0036 | 0,0120 | 0,0089 | 0,0026 | 0,0151 | 0,0117 | 0,0017 | 0,0026 | 0,0085
AMI193 | 8,69 | 19,43 | 0,10 | 0,13 | 1,17 | 2,19 | 2,61 1,18 | 3,26 | 61,06 | 0,0549 | 0,0136 | 0,0024 | 0,0029 | 0,0252 | 0,0038 | 0,0124 | 0,0098 | 0,0025 | 0,0145 | 0,0125 | 0,0015 | 0,0020 | 0,0077
AMI194 | 9,12 | 21,09 | 0,10 | 0,19 | 1,17 | 1,96 | 2,77 1,10 | 2,66 | 59,66 | 0,0754 | 0,0123 | 0,0021 | 0,0027 | 0,0243 | 0,0030 | 0,0155 | 0,0089 | 0,0026 | 0,0162 | 0,0116 | 0,0020 | 0,0019 | 0,0072
AMI195 | 8,69 | 20,20 | 0,11 | 0,12 | 1,12 | 2,20 | 3,90 1,04 | 2,99 | 59,47 | 0,0551 | 0,0132 | 0,0021 | 0,0028 | 0,0240 | 0,0034 | 0,0129 | 0,0113 | 0,0026 | 0,0149 | 0,0113 | 0,0018 | 0,0025 | 0,0083
AMI196 | 9,06 | 19,82 | 0,11 | 0,11 | 1,17 | 2,12 | 4,44 1,15 | 3,30 | 58,55 | 0,0606 | 0,0144 | 0,0024 | 0,0029 | 0,0228 | 0,0038 | 0,0125 | 0,0097 | 0,0026 | 0,0145 | 0,0121 | 0,0016 | 0,0022 | 0,0072
AMI197 | 9,00 | 19,41 | 0,12 | 0,14 | 1,17 | 2,50 | 5,88 1,13 | 3,01 | 57,46 | 0,0581 | 0,0139 | 0,0023 | 0,0028 | 0,0229 | 0,0041 | 0,0134 | 0,0101 | 0,0025 | 0,0140 | 0,0117 | 0,0016 | 0,0024 | 0,0075
AMI198 | 9,49 | 20,84 | 0,13 | 0,14 | 1,21 | 2,56 | 3,67 1,05 | 3,28 | 57,46 | 0,0554 | 0,0150 | 0,0024 | 0,0029 | 0,0191 | 0,0043 | 0,0113 | 0,0108 | 0,0027 | 0,0156 | 0,0120 | 0,0016 | 0,0024 | 0,0074
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AMI199 | 9,66 | 21,82 | 0,11 | 0,09 | 1,19 | 2,50 | 3,71 1,01 | 3,41 | 56,33 | 0,0534 | 0,0156 | 0,0023 | 0,0025 | 0,0191 | 0,0033 | 0,0105 | 0,0100 | 0,0029 | 0,0156 | 0,0117 | 0,0013 | 0,0017 | 0,0068
AMI200 | 6,10 | 16,37 | 0,06 | 0,17 | 0,79 | 2,64 | 1530 | 0,57 | 3,28 | 54,53 | 0,0953 | 0,0114 | 0,0017 | 0,0026 | 0,0168 | 0,0023 | 0,0319 | 0,0059 | 0,0022 | 0,0082 | 0,0091 | 0,0019 | 0,0020 | 0,0060
AMI201 | 8,26 | 19,15 | 0,12 | 0,14 | 1,07 | 2,05 | 7,62 1,14 | 3,21 | 57,07 | 0,0534 | 0,0137 | 0,0022 | 0,0026 | 0,0239 | 0,0034 | 0,0125 | 0,0097 | 0,0025 | 0,0128 | 0,0112 | 0,0013 | 0,0019 | 0,0069
AMI202 | 8,49 | 20,56 | 0,12 | 0,10 | 1,13 | 2,40 | 547 1,18 | 3,38 | 57,01 | 0,0534 | 0,0162 | 0,0022 | 0,0025 | 0,0215 | 0,0031 | 0,0129 | 0,0110 | 0,0026 | 0,0127 | 0,0108 | 0,0017 | 0,0017 | 0,0063
AMI203 | 8,69 | 19,73 | 0,12 | 0,17 | 1,08 | 2,33 | 6,85 1,04 | 2,82 | 57,01 | 0,0664 | 0,0133 | 0,0021 | 0,0024 | 0,0202 | 0,0035 | 0,0159 | 0,0096 | 0,0025 | 0,0144 | 0,0114 | 0,0020 | 0,0019 | 0,0068
AMI204 | 880 | 19,76 | 0,12 | 0,20 | 1,10 | 2,44 | 2,61 1,32 | 3,05 | 60,44 | 0,0619 | 0,0131 | 0,0021 | 0,0025 | 0,0254 | 0,0036 | 0,0135 | 0,0100 | 0,0024 | 0,0159 | 0,0124 | 0,0020 | 0,0020 | 0,0079
AMI205 | 8,89 | 20,29 | 0,11 | 0,16 | 1,15 | 1,97 | 599 0,99 | 3,20 | 57,05 | 0,0923 | 0,0132 | 0,0024 | 0,0026 | 0,0223 | 0,0033 | 0,0152 | 0,0084 | 0,0026 | 0,0130 | 0,0115 | 0,0011 | 0,0015 | 0,0060
AMI206 | 7,53 | 19,87 | 0,08 | 0,17 | 0,88 | 1,72 | 5,55 0,86 | 3,17 | 60,00 | 0,0544 | 0,0142 | 0,0021 | 0,0030 | 0,0230 | 0,0039 | 0,0114 | 0,0091 | 0,0025 | 0,0112 | 0,0100 | 0,0026 | 0,0030 | 0,0083
AMI207 | 898 | 20,08 | 0,11 | 0,14 | 1,20 | 2,17 | 3,47 1,28 | 3,48 | 58,90 | 0,0671 | 0,0148 | 0,0024 | 0,0029 | 0,0243 | 0,0040 | 0,0128 | 0,0114 | 0,0027 | 0,0147 | 0,0120 | 0,0013 | 0,0020 | 0,0065
AMI208 | 9,03 | 19,31 | 0,11 | 0,16 | 1,18 | 2,40 | 547 1,34 | 3,07 | 57,76 | 0,0513 | 0,0141 | 0,0024 | 0,0030 | 0,0225 | 0,0042 | 0,0146 | 0,0109 | 0,0026 | 0,0133 | 0,0126 | 0,0016 | 0,0021 | 0,0067
AMI209 | 8,72 | 20,36 | 0,10 | 0,09 | 1,12 | 2,20 | 3,30 1,14 | 3,35 | 59,45 | 0,0571 | 0,0146 | 0,0022 | 0,0025 | 0,0243 | 0,0036 | 0,0118 | 0,0092 | 0,0025 | 0,0144 | 0,0109 | 0,0012 | 0,0018 | 0,0070
AMI210 | 9,19 | 20,82 | 0,14 | 0,16 | 1,15 | 2,41 | 4,51 1,00 | 3,20 | 57,26 | 0,0605 | 0,0154 | 0,0023 | 0,0028 | 0,0208 | 0,0043 | 0,0119 | 0,0110 | 0,0027 | 0,0152 | 0,0116 | 0,0018 | 0,0024 | 0,0071
AMI211 | 6,42 | 18,05 | 0,10 | 0,09 | 0,93 | 2,21 | 2,35 045 | 3,12 | 65,76 | 0,4069 | 0,0119 | 0,0018 | 0,0029 | 0,0271 | 0,0024 | 0,0191 | 0,0060 | 0,0022 | 0,0106 | 0,0095 | 0,0028 | 0,0023 | 0,0077
AMI212 | 9,00 | 20,12 | 0,11 | 0,10 | 1,15 | 2,23 | 4,83 1,13 | 3,15 | 58,01 | 0,0586 | 0,0147 | 0,0024 | 0,0030 | 0,0218 | 0,0040 | 0,0126 | 0,0104 | 0,0027 | 0,0147 | 0,0125 | 0,0015 | 0,0022 | 0,0070
AMI213 | 9,36 | 21,58 | 0,11 | 0,20 | 1,20 | 2,57 | 4,11 1,26 | 3,37 | 56,07 | 0,0559 | 0,0162 | 0,0024 | 0,0026 | 0,0208 | 0,0037 | 0,0126 | 0,0111 | 0,0028 | 0,0145 | 0,0116 | 0,0012 | 0,0016 | 0,0061
AMI214 | 833 | 19,76 | 0,10 | 0,12 | 1,12 | 2,08 | 3,75 1,33 | 3,32 | 59,92 | 0,0566 | 0,0151 | 0,0023 | 0,0030 | 0,0246 | 0,0036 | 0,0130 | 0,0115 | 0,0026 | 0,0138 | 0,0121 | 0,0014 | 0,0020 | 0,0079
AMI215 | 9,19 | 20,73 | 0,13 | 0,12 | 1,16 | 2,57 | 4,17 1,09 | 3,25 | 57,41 | 0,0521 | 0,0157 | 0,0024 | 0,0028 | 0,0216 | 0,0045 | 0,0119 | 0,0110 | 0,0028 | 0,0154 | 0,0122 | 0,0016 | 0,0024 | 0,0080
AMI216 | 9,61 | 21,15 | 0,13 | 0,14 | 1,20 | 2,54 | 2,64 1,37 | 3,18 | 57,87 | 0,0570 | 0,0156 | 0,0024 | 0,0026 | 0,0234 | 0,0046 | 0,0114 | 0,0122 | 0,0028 | 0,0159 | 0,0121 | 0,0016 | 0,0018 | 0,0071
AMI217 | 9,37 | 20,60 | 0,13 | 0,12 | 1,20 | 2,47 | 3,18 1,25 | 3,36 | 58,14 | 0,0515 | 0,0152 | 0,0023 | 0,0026 | 0,0221 | 0,0046 | 0,0113 | 0,0112 | 0,0026 | 0,0151 | 0,0120 | 0,0018 | 0,0020 | 0,0074
AMI218 | 897 | 1997 | 0,12 | 0,17 | 1,17 | 2,57 | 5,21 1,22 | 3,13 | 57,29 | 0,0531 | 0,0145 | 0,0022 | 0,0028 | 0,0199 | 0,0040 | 0,0142 | 0,0102 | 0,0027 | 0,0136 | 0,0118 | 0,0016 | 0,0018 | 0,0064
AMI219 | 8,17 | 1895 | 0,11 | 0,16 | 1,05 | 1,90 | 7,27 1,16 | 3,08 | 57,99 | 0,0590 | 0,0135 | 0,0022 | 0,0027 | 0,0248 | 0,0037 | 0,0134 | 0,0102 | 0,0025 | 0,0120 | 0,0111 | 0,0015 | 0,0021 | 0,0066
AMI220 | 9,49 | 19,82 | 0,11 | 0,14 | 1,28 | 2,28 | 4,95 1,34 | 2,95 | 57,46 | 0,0577 | 0,0132 | 0,0025 | 0,0029 | 0,0264 | 0,0044 | 0,0143 | 0,0119 | 0,0027 | 0,0149 | 0,0121 | 0,0010 | 0,0014 | 0,0060
AMI221 | 9,48 | 21,00 | 0,12 | 0,11 | 1,19 | 2,40 | 2,56 1,31 | 3,24 | 58,43 | 0,0512 | 0,0152 | 0,0023 | 0,0025 | 0,0234 | 0,0045 | 0,0106 | 0,0106 | 0,0027 | 0,0151 | 0,0115 | 0,0018 | 0,0018 | 0,0073
AMI222 | 8,01 | 1899 | 0,09 | 0,15 | 1,10 | 1,97 | 4,14 1,10 | 3,26 | 61,00 | 0,0689 | 0,0137 | 0,0022 | 0,0027 | 0,0250 | 0,0034 | 0,0133 | 0,0099 | 0,0024 | 0,0137 | 0,0116 | 0,0014 | 0,0017 | 0,0069
AMI223 | 7,17 | 20,90 | 0,06 | 0,11 | 0,87 | 2,05 | 3,74 1,05 | 3,78 | 60,10 | 0,0650 | 0,0164 | 0,0019 | 0,0027 | 0,0217 | 0,0031 | 0,0138 | 0,0091 | 0,0028 | 0,0119 | 0,0109 | 0,0019 | 0,0030 | 0,0080
AMI224 | 9,58 | 20,82 | 0,13 | 0,14 | 1,19 | 2,52 | 3,79 1,03 | 3,27 | 57,35 | 0,0548 | 0,0154 | 0,0024 | 0,0030 | 0,0201 | 0,0044 | 0,0112 | 0,0106 | 0,0028 | 0,0154 | 0,0122 | 0,0019 | 0,0024 | 0,0072
VAC002 | 9,54 | 21,17 | 0,13 | 0,14 | 1,23 | 2,44 | 2,85 1,22 | 3,13 | 57,99 | 0,0588 | 0,0148 | 0,0024 | 0,0029 | 0,0233 | 0,0048 | 0,0111 | 0,0109 | 0,0025 | 0,0157 | 0,0119 | 0,0017 | 0,0017 | 0,0062
VAC003 | 9,02 | 1987 | 0,12 | 0,15 | 1,19 | 2,26 | 2,49 1,11 | 3,33 | 60,28 | 0,0579 | 0,0151 | 0,0024 | 0,0031 | 0,0239 | 0,0040 | 0,0115 | 0,0122 | 0,0024 | 0,0146 | 0,0128 | 0,0016 | 0,0018 | 0,0072
VAC004 | 894 | 1985 | 0,12 | 0,12 | 1,17 | 2,28 | 2,65 1,15 | 3,34 | 60,22 | 0,0520 | 0,0150 | 0,0024 | 0,0029 | 0,0238 | 0,0039 | 0,0112 | 0,0112 | 0,0024 | 0,0149 | 0,0127 | 0,0016 | 0,0017 | 0,0074
VAC005 | 9,05 | 19,52 | 0,07 | 0,14 | 1,20 | 2,30 | 1,70 1,27 | 3,47 | 61,11 | 0,0532 | 0,0149 | 0,0024 | 0,0036 | 0,0259 | 0,0047 | 0,0128 | 0,0117 | 0,0024 | 0,0162 | 0,0127 | 0,0012 | 0,0015 | 0,0063
VAC006 | 8,05 | 1859 | 0,11 | 0,19 | 1,09 | 1,94 | 3,64 1,04 | 3,09 | 62,08 | 0,0671 | 0,0126 | 0,0022 | 0,0035 | 0,0295 | 0,0043 | 0,0123 | 0,0104 | 0,0022 | 0,0139 | 0,0108 | 0,0011 | 0,0019 | 0,0068
VAC007 | 852 | 19,16 | 0,09 | 0,19 | 1,15 | 2,17 | 3,22 1,26 | 3,35 | 60,71 | 0,0630 | 0,0145 | 0,0023 | 0,0035 | 0,0272 | 0,0044 | 0,0134 | 0,0127 | 0,0023 | 0,0148 | 0,0122 | 0,0012 | 0,0017 | 0,0060
VAC008 | 9,11 | 20,38 | 0,13 | 0,13 | 1,16 | 2,19 | 4,90 092 | 3,01 | 57,88 | 0,0615 | 0,0154 | 0,0024 | 0,0036 | 0,0199 | 0,0045 | 0,0128 | 0,0118 | 0,0024 | 0,0152 | 0,0128 | 0,0019 | 0,0029 | 0,0088
VAC009 | 879 | 19,89 | 0,11 | 0,12 | 1,15 | 2,01 | 3,82 1,05 | 3,09 | 59,76 | 0,0773 | 0,0137 | 0,0024 | 0,0033 | 0,0234 | 0,0038 | 0,0127 | 0,0118 | 0,0023 | 0,0136 | 0,0115 | 0,0015 | 0,0021 | 0,0066
VACo10 | 885 | 20,18 | 0,11 | 0,12 | 1,15 | 2,26 | 4,39 1,01 | 2,96 | 58,79 | 0,0597 | 0,0135 | 0,0022 | 0,0029 | 0,0228 | 0,0038 | 0,0133 | 0,0121 | 0,0022 | 0,0148 | 0,0117 | 0,0019 | 0,0023 | 0,0078
VACO11 | 8,79 | 1943 | 0,14 | 0,20 | 1,10 | 2,13 | 8,09 0,86 | 3,24 | 5584 | 0,0738 | 0,0140 | 0,0024 | 0,0033 | 0,0198 | 0,0039 | 0,0128 | 0,0092 | 0,0022 | 0,0134 | 0,0125 | 0,0016 | 0,0020 | 0,0062
VAC012 | 9,60 | 20,01 | 0,14 | 0,23 | 1,26 | 2,50 | 591 0,89 | 2,96 | 56,31 | 0,0863 | 0,0138 | 0,0025 | 0,0030 | 0,0203 | 0,0043 | 0,0150 | 0,0109 | 0,0023 | 0,0163 | 0,0126 | 0,0013 | 0,0019 | 0,0062
VAC013 | 6,65 | 17,43 | 0,10 | 0,18 | 0,92 | 1,57 | 6,93 1,29 | 2,97 | 61,77 | 0,0702 | 0,0121 | 0,0021 | 0,0028 | 0,0359 | 0,0039 | 0,0150 | 0,0095 | 0,0021 | 0,0110 | 0,0093 | 0,0012 | 0,0018 | 0,0061
VACO14 | 7,78 | 19,80 | 0,09 | 0,09 | 1,12 | 1,78 | 5,23 1,59 | 3,27 | 59,08 | 0,0700 | 0,0151 | 0,0023 | 0,0030 | 0,0220 | 0,0031 | 0,0147 | 0,0118 | 0,0022 | 0,0111 | 0,0110 | 0,0015 | 0,0014 | 0,0057
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Table 4

TiO,, Ca0, K,0, SiO,, Al,0,, MgO, Ba, Ce, Cr, Cu, Nb, Ni, Sr, V, Zn and Zr.

M_MN Fe,0, | ALO, | MnO | TiO, | MgO0 | Ca0 | Na,0 | KO0 | SiO, | Ba Rb Nb 7r Y Sr Ce Ga v Zn Cu Ni cr
Fe,0, | 0.0000 | 0.0118 | 0.0198 | 0.0023 | 0.0334 | 0.2504 | 0.0553 | 0.0346 | 0.0173 | 0.0850 | 0.0295 | 0.0073 | 0.0354 | 0.0131 | 0.0692 | 0.0167 | 0.0125 | 0.0040 | 0.0068 | 0.1167 | 0.0824 | 0.0406
ALO, | 0.0118 | 0.0000 | 0.0461 | 0.0133 | 0.0236 | 0.2043 | 0.0878 | 0.0146 | 0.0085 | 0.0712 | 0.0121 | 0.0076 | 0.0319 | 0.0282 | 0.0406 | 0.0320 | 0.0024 | 0.0172 | 0.0215 | 0.1040 | 0.0523 | 0.0235
MnO | 0.0198 | 0.0461 | 0.0000 | 0.0217 | 0.0676 | 0.2912 | 0.0590 | 0.0711 | 0.0466 | 0.1036 | 0.0657 | 0.0332 | 0.0545 | 0.0295 | 0.1167 | 0.0365 | 0.0475 | 0.0265 | 0.0234 | 0.1484 | 0.1244 | 0.0765
P,0, 0.2350 | 0.1970 | 0.2925 | 0.2376 | 0.2581 | 0.3590 | 0.3665 | 0.2532 | 0.2223 | 0.2746 | 0.2518 | 0.2263 | 0.2457 | 0.2514 | 0.2204 | 0.2709 | 0.2125 | 0.2351 | 0.2625 | 0.3214 | 0.2414 0.2351
TiO, | 0.0023 | 0.0133 | 0.0217 | 0.0000 | 0.0322 | 0.2544 | 0.0508 | 0.0337 | 0.0171 | 0.0840 | 0.0305 | 0.0076 | 0.0296 | 0.0151 | 0.0682 | 0.0159 | 0.0148 | 0.0052 | 0.0101 | 0.1335 | 0.0895 | 0.0440
MgO | 0.0334 | 0.0236 | 0.0676 | 0.0322 | 0.0000 | 0.1942 | 0.1093 | 0.0249 | 0.0355 | 0.0990 | 0.0207 | 0.0281 | 0.0644 | 0.0442 | 0.0400 | 0.0467 | 0.0201 | 0.0424 | 0.0399 | 0.1398 | 0.0852 | 0.0535
Ca0 0.2504 | 0.2043 | 0.2912 | 0.2544 | 0.1942 | 0.0000 | 0.3347 | 0.2038 | 0.2135 | 0.2566 | 0.1931 | 0.2192 | 0.2637 | 0.2643 | 0.1263 | 0.2771 | 0.2034 | 0.2869 | 0.2602 | 0.3235 | 0.2569 0.2644
Na,0 | 0.0553 | 0.0878 | 0.0590 | 0.0508 | 0.1093 | 0.3347 | 0.0000 | 0.1086 | 0.0798 | 0.1812 | 0.1034 | 0.0666 | 0.0708 | 0.0554 | 0.1557 | 0.0515 | 0.0862 | 0.0606 | 0.0571 | 02186 | 0.2011 | 0.1347
KO0 | 0.0346 | 0.0146 | 0.0711 | 0.0337 | 0.0249 | 0.2038 | 0.1086 | 0.0000 | 0.0140 | 0.0750 | 0.0061 | 0.0158 | 0.0336 | 0.0412 | 0.0435 | 0.0488 | 0.0151 | 0.0438 | 0.0371 | 0.1156 | 0.0472 | 0.0239
Sio, 0.0173 | 0.0085 | 0.0466 | 0.0171 | 0.0355 | 0.2135 | 0.0798 | 0.0140 | 0.0000 | 0.0525 | 0.0173 | 0.0082 | 0.0132 | 0.0262 | 0.0411 | 0.0297 | 0.0128 | 0.0218 | 0.0191 | 0.0877 | 0.0455 0.0195
Ba | 0.0850 | 0.0712 | 0.1036 | 0.0840 | 0.0990 | 0.2566 | 0.1812 | 0.0750 | 0.0525 | 0.0000 | 0.0855 | 0.0732 | 0.0718 | 0.1046 | 0.0663 | 0.1060 | 0.0807 | 0.0943 | 0.0791 | 0.1266 | 0.1070 | 0.0870
Rb | 0.0295 | 0.0121 | 0.0657 | 0.0305 | 0.0207 | 0.1931 | 0.1034 | 0.0061 | 0.0173 | 0.0855 | 0.0000 | 0.0143 | 0.0451 | 0.0387 | 0.0452 | 0.0391 | 0.0112 | 0.0393 | 0.0346 | 0.1174 | 0.0533 | 0.0328
Nb | 0.0073 | 0.0076 | 0.0332 | 0.0076 | 0.0281 | 0.2192 | 0.0666 | 0.0158 | 0.0082 | 0.0732 | 0.0143 | 0.0000 | 0.0246 | 0.0126 | 0.0530 | 0.0185 | 0.0089 | 0.0138 | 0.0115 | 0.1125 | 0.0624 | 0.0295
Pb | 0.0326 | 0.0273 | 0.0663 | 0.0341 | 0.0651 | 0.2592 | 0.1103 | 0.0326 | 0.0179 | 0.0717 | 0.0385 | 0.0205 | 0.0304 | 0.0345 | 0.0682 | 0.0443 | 0.0318 | 0.0332 | 0.0304 | 0.0957 | 0.0429 | 0.0257
Zr | 0.0354 | 0.0319 | 0.0545 | 0.0296 | 0.0644 | 0.2637 | 0.0708 | 0.0336 | 0.0132 | 0.0718 | 0.0451 | 0.0246 | 0.0000 | 0.0346 | 0.0707 | 0.0420 | 0.0379 | 0.0360 | 0.0360 | 0.1194 | 0.0692 | 0.0359
Y 0.0131 | 0.0282 | 0.0295 | 0.0151 | 0.0442 | 0.2643 | 0.0554 | 0.0412 | 0.0262 | 0.1046 | 0.0387 | 0.0126 | 0.0346 | 0.0000 | 0.0854 | 0.0156 | 0.0271 | 0.0166 | 0.0125 | 0.1250 | 0.0878 0.0488
St | 0.0692 | 0.0406 | 0.1167 | 0.0682 | 0.0400 | 0.1263 | 0.1557 | 0.0435 | 0.0411 | 0.0663 | 0.0452 | 0.0530 | 0.0707 | 0.0854 | 0.0000 | 0.0855 | 0.0413 | 0.0817 | 0.0684 | 0.1176 | 0.0818 | 0.0680
Ce | 00167 | 0.0320 | 0.0365 | 0.0159 | 0.0467 | 0.2771 | 0.0515 | 0.0488 | 0.0297 | 0.1060 | 0.0391 | 0.0185 | 0.0420 | 0.0156 | 0.0855 | 0.0000 | 0.0325 | 0.0188 | 0.0171 | 0.1365 | 0.1006 | 0.0617
Ga 0.0125 | 0.0024 | 0.0475 | 0.0148 | 0.0201 | 0.2034 | 0.0862 | 0.0151 | 0.0128 | 0.0807 | 0.0112 | 0.0089 | 0.0379 | 0.0271 | 0.0413 | 0.0325 | 0.0000 | 0.0189 | 0.0202 | 0.1055 | 0.0547 0.0266
V| 0.0040 | 0.0172 | 0.0265 | 0.0052 | 0.0424 | 0.2869 | 0.0606 | 0.0438 | 0.0218 | 0.0943 | 0.0393 | 0.0138 | 0.0360 | 0.0166 | 0.0817 | 0.0188 | 0.0189 | 0.0000 | 0.0113 | 0.1196 | 0.0839 | 0.0413
Zn | 0.0068 | 0.0215 | 0.0234 | 0.0101 | 0.0399 | 0.2602 | 0.0571 | 0.0371 | 0.0191 | 0.0791 | 0.0346 | 0.0115 | 0.0360 | 0.0125 | 0.0684 | 0.0171 | 0.0202 | 0.0113 | 0.0000 | 0.0994 | 0.0804 | 0.0416
Cu 0.1167 | 0.1040 | 0.1484 | 0.1335 | 0.1398 | 0.3235 | 0.2186 | 0.1156 | 0.0877 | 0.1266 | 0.1174 | 0.1125 | 0.1194 | 0.1250 | 0.1176 | 0.1365 | 0.1055 | 0.1196 | 0.0994 | 0.0000 | 0.0618 0.0703
Ni | 0.0824 | 0.0523 | 0.1244 | 0.0895 | 0.0852 | 0.2569 | 0.2011 | 0.0472 | 0.0455 | 0.1070 | 0.0533 | 0.0624 | 0.0692 | 0.0878 | 0.0818 | 0.1006 | 0.0547 | 0.0839 | 0.0804 | 0.0618 | 0.0000 | 0.0182
Cr | 0.0406 | 0.0235 | 0.0765 | 0.0440 | 0.0535 | 0.2644 | 0.1347 | 0.0239 | 0.0195 | 0.0870 | 0.0328 | 0.0295 | 0.0359 | 0.0488 | 0.0680 | 0.0617 | 0.0266 | 0.0413 | 0.0416 | 0.0703 | 0.0182 | 0.0000
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Table 5: The mean composition and the standard deviation in Table 6: The mean composition and the standard deviation in
each of the elements of the Paste Compositional Reference Unite each of the elements of the Reference Group (RG) of Riera de Sant

(PCRU) of Puig Castellar. (PC) Simé. (LAI)
Elements Mean Stand. Dev Stand
Elements Mean
Fe,0, (%) 7.24 0.35 Lo
Fe,0, % 8.94 0.55
ALO, (%) 21.11 091
ALO,% 20.42 0.94
MnO (%) 0.085 0.001
Mn0% 0.11 0.01
i 0,
TiO, (%) 0.94 0.04 P,0.% 019 0411
MgO (%) 214 0.07 TiO,% 116 0.05
Ca0 (%) 10.05 1.39 Mg0% 2.23 0.19
Na,0 (%) 0.77 0.08 Ca0% 3.53 0.69
K,0 (%) 335 0.10 Na,0% 112 013
0,
Si0, (%) 54.15 0.60 K,0% 3.08 0.24
Si0,% 59.06 1.62
Ba (ppm) 565 29
Ba ppm 604 73
Rb (ppm) 165 10
Rb ppm 143 12
Th (ppm) 22 1 Nb ppm 23 1
Nb (ppm) 20 1 Pb ppm 28 3
Zr (ppm) 190 18 Zr ppm 231 26
Y (ppm) 27 1 Y ppm 38 5
Sr []me) 162 8 Sr ppm 125 11
Ce (ppm) 69 4 Ce ppm 109 11
Ga ppm 25 2
Ga (ppm) 26 1 PP
V ppm 147 10
V (ppm) 107 6
Zn ppm 117 8
Zn (ppm) 83 3 Cu ppm 16 4
Ni (ppm) 18 1 Ni ppm 20 3
Cr (ppm) 61 2 Cr ppm 72 9
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