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Abstract

In previous studies, the Reference Group (RG) for common wares produced in the 1st and 2nd
centuries AD at the kiln found at the Roman rural site of Sa Mesquida (western Mallorca) was
established. Recent excavations have revealed that the Roman villa was founded at the
beginning of the Augustan period or slightly earlier and that some ceramics found in these
foundational layers resemble the ceramic products of the kiln. We also know now that the kiln
itself and a large cistern were reused in the Late Roman period (4th and 5th centuries AD) as
rubbish dumps, also containing regional (mostly produced in the island of Eivissa, but also
others that are macroscopically like the products of the kiln) and other imported common wares.
The macroscopic similarities between some of the earlier and later materials generated a series
of important questions related to the possibility of a long-lasting local pottery-making tradition
at this site or more broadly in western Mallorca. To explore this possibility, 74 common wares
from different well-stratified layers were analytically characterized using a combination of
Wavelength Dispersive X-Ray Fluorescence and Optical Microscopy by thin-section and both
typologically and compositionally compared to the Early Imperial common buff wares produced
at the site. The results provided a better understanding of the common wares at the site from a
diachronic perspective. The comparison of the new ceramics analyzed from several contexts

found at Sa Mesquida with the already established reference group for the common wares
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showed, in some cases, strong similarities in terms of chemical composition and petrographic
fabrics both for early Roman and some Late Roman ceramics. On the other hand, the study also
enabled the identification of other non-local groups (primarily products from the neighboring
island of Eivissa), providing new information on the provenance and regional distribution of

buff wares, a ceramic class whose importance has been often denied.
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1. Introduction

The site of Sa Mesquida is located in Santa Ponca bay in the area of Calvia in the western part
of the island of Mallorca in the Balearics (Figure 1a). Archaeological excavations carried out
during the 1980s and 1990s (Vallespir et al., 1985-1987; Orfila, 1993; Orfila et al., 1996)
uncovered the remains of a rural settlement or villa, including one of the few Roman pottery
kilns known in this island (Figure 1b). The kiln and several deposits with discarded materials —
including over-fired ceramics— were clear evidence of pottery-making activities at the site (Cau
2008). The typology of the buff common ware included mainly one-handled jars and other small
vessels for daily use (Mas Florit et al., 2005; Mas Florit and Cau, 2008). The analytical study of
the fine calcareous buff common ware produced at the site allowed the definition of a chemical
Reference Group (herein RG) (Tsantini et al., 2004; Cau, 2008).

Recent excavations have demonstrated that the villa was founded perhaps in the Augustan
period (approx. 27 BC- AD 14) or slightly earlier at the very end of the Late Republican period
(Mas Florit et al., 2015). Subsequent transformations led to structural changes in some floors
and rooms of the main building that was destroyed by a fire by the end of the 2nd or early 3rd
century. The foundational date of the pottery kiln is unclear, although the archaeological
evidence suggests that it was clearly in use during the 1st and 2nd centuries, and it was
abandoned with the destruction of the main building. At the end of the 4th century, the kiln was
certainly reused as a rubbish dump (Mas Florit et al., in press). In a different sector of the site, a
cistern was used also as a rubbish dump with large quantities of ceramics and fauna mainly
dated to the Late Roman period and precisely to the first half of the 5th century, but also with
some later materials dating to the Byzantine period (post AD 534) (Orfila, 1989; Orfila and Cau,
1994; Buxeda et al., 1998; Cau, 2003).

Most of the early Roman and some Late Roman sherds belonging to common buff wares

recovered at the site in recent excavations resemble, from a macroscopic point of view, the



previously characterized pottery produced at the site in the 1st and 2nd centuries. In fact, this is
a more general problem in several areas of Mallorca where it is often difficult to discriminate
common buff wares for the Roman and Late Antique periods and to separate possible local
ceramics from ceramic products manufactured in the neighboring island of Eivissa that were
widely distributed across Mallorca. This generated a series of questions to be answered. Our
aims were to determine whether local common wares were produced only in the 1st and 2nd
centuries or also found in earlier periods; whether any of the Late Roman buff common wares
were also local products, and if they were not, if these could be classified as ceramics from

Eivissa.

To address these questions, some of which could help to understand the timespan of the pottery
production at the site, common wares from different well-stratified layers were analytically
characterized. Only samples that from a macroscopic level could resemble local or regional
products (including ceramics from the neighboring island of Eivissa were included). All those
ceramics that considering the macroscopic characteristics and the typology were clear imports

were not selected for this study.

The chemical compositions of the ceramics were later compared with the chemical RG
previously established for the common buff ware produced at the kiln site. The chemical RG
acts as a fingerprint for the composition of common wares produced at the site in the Roman
period. The same could be applied for petrographic groups when these are defined at production
centers (acting as petrographic control groups), or alternatively, even if defined at consumption
centers, when the pottery can be assigned to a more or less specific provenance due to a very
distinctive composition, or to a combination of compositional, geological, and archaeological
considerations (e.g., Montana 2020). This approach considers the Provenance Postulate
(Weigand et al. 1977), but also the concept of non-resolution space or space of uncertainty
(Picon, 1973, 1984), and the fact that the concept ‘source’ has a multidimensional scale (Arnold et
al. 1991). Of course, clay sources might present natural variation in the deposits (e.g., Hein et
al., 1999, 2004), and the raw materials used in the same production site could also vary over
time due to the use of different raw materials and/or to the preparation of different paste recipes
(often determined by the need to obtain specific properties depending on the function of the
ceramics) (e.g., Buxeda et al., 2003; Hein and Kilikoglou, 2020). However, a positive match
between the composition of the newly analyzed materials with that of the RG would help to
verify the presence of local products. Nevertheless, for the reasons mentioned before, the
composition of the RG does not necessarily have to match other local products. Even if a perfect
match is not established, a relative similarity between the composition of the RG and other

ceramics could be potentially indicative of a similar nature of the raw materials and paste



recipes used, helping to propose the hypothesis of local provenance and to explore regional
variation, and to separate regional products from Mallorca from those produced at Eivissa or
elsewhere. Of course, if the match is not perfect the interpretation should be cautious due to the
possible use of different clays, to the natural variation of the same clay deposits, to different
processing of the raw materials, to the possible influence of use and/or postdepositional
contaminations and/or alterations, to a combination of several of these factors, or even to the
existence of compositional overlapping areas, represented by geographical areas that, although

distant, could present raw materials with similar compositions.

2. Materials and methods

Seventy-four common wares from the site of Sa Mesquida were included in this study (Table 1).
Most of them have a possible local or regional provenance based on the macroscopic
characteristics of the fabrics and on the typology. Most of the selected samples came from the
Late Roman contexts of a cistern used as a rubbish dump between the 5th and 7th century
(labeled MC) (n=57). Other Late Roman ceramics were selected from the late 4th/early 5th
century rubbish dump that was infilling the former kiln (some of the labeled as MCFN) (n=8).
The sampling was completed with three samples from layers related to the initial construction of
the Roman villa, two from early Roman layers, and four from the abandonment layers of the
kiln dated to the end of the 2nd or early 3rd century (all these samples labeled also as MCFN).
The number of samples related to the initial phases of the site was limited due to the low
numbers of possible local/regional common wares of those chronologies found in layers
excavated in the main building of the settlement. This scarcity is also related to the nature of the

layers that were mainly related to building activity.

In a second step, the 68 samples for which we had chemical concentrations were compared to
the compositional Reference Group (n=54) established using ceramics from various deposits of
discarded materials related to the Roman Imperial kiln found at the site (labeled MCF: Table 1)
(Tsantini et al., 2004).

The selected ceramic samples were analyzed by using wavelength dispersive X-ray fluorescence
(WD-XRF) spectroscopy for their chemical characterization and optical microscopy (OM) by
thin section analysis for their petrographic-mineralogical study. Due to weight constraints,

not all sherds were analyzed with all techniques (see Table 1).

The WD-XRF chemical analysis was carried out using a Phillips PW 2400 spectrometer with a

Rh excitation source. Powdered and homogenized specimens were dried at 100 °C for 24 hours.



Major and minor elements were determined by preparing duplicates of fused beads using 0.3 g
of a specimen in an alkaline fusion with lithium tetraborate (1/20 solution). Trace elements and
Na,O were determined through pressed powder pellets, made from 5 g of specimen mixed with
Elvacite agglutinating, placed over boric acid in an aluminium capsule and pressed for 60 s at
200 kN. The concentrations of 29 major, minor, and trace elements were obtained: Fe;Os (as
total Fe), Al,O3;, MnO, P,0s, TiO,, MgO, CaO, Na;0O, K0, SiO,, Ba, Rb, Mo, Th, Nb, Pb, Zr,
Y, Sr, Sn, Ce, Co, Ga, V, Zn, W, Cu, Ni, and Cr. A calibration line based on 60 International
Geological Standards was used for quantifying the elemental concentrations. The loss on
ignition (LOI) was estimated by firing 0.3 g of a dried specimen at 950 °C for 3 h. For the
multivariate statistical treatment of the chemical data, the chemical concentrations were
transformed into additive log-ratios (alr), following the methodology proposed by Aitchison
(1986, 1992) and Buxeda (1999). At the same time, we used the log-ratio transformation to
scale the data avoiding possible perturbation problems that might be introduced by elemental

alterations that could not be detected.

The OM petrographic-mineralogical analysis of thin sections was carried out using an Olympus
BX41 polarizing microscope, working with a magnification between 20X and 200X. The
identified fabrics were analyzed following the methodology by Whitbread (1989, 1995) and
Quinn (2013).

3. Geological background and clays of the area

The island of Mallorca, located in the western Mediterranean Sea, constitutes the most
important emerged segment of the so-called Balearic Promontory, which is the northeastern
prolongation of the external zones of the Betic System (southern and eastern Iberian Peninsula)
into the Mediterranean Sea. This orogenic promontory consists of Paleozoic to Middle Miocene
materials deformed in the thrust and fold system during the Late Oligocene—Middle Miocene
(Sabat et al., 1988; Gelabert et al., 1992; Acosta et al., 2003).

The Roman villa of Sa Mesquida, in western Mallorca, lies in an area generally dominated by
sedimentary geology, with Quaternary deposits —mainly aeolian and beach sands, siltstones,
and clays— lying over a calcarenitic basement (ITGE 1992a, 1992b) (Figure 2). The site was
very close to an ancient lagoon known as el Prat de Santa Ponca, which dried out in the 19th
century. The closest hills are mostly formed by Jurassic limestones, dolomites, marls, and
sandstones. Towards the south, widespread outcrops of siltstones, red clays, and aeolianites
(mares) are also present. The area located to the north of the site is dominated by large outcrops

of Tertiary conglomerates, clays, silts, and limestones (ITGE 1992a, 1992b). In summary, the



geology of the zone of Santa Pongca —as well as of the wider region of the Calvia peninsula— is

mostly sedimentary, with a dominance of carbonate deposits (Figure 2).

Different clays have been studied in the area within an extensive research program focused on
pre and protohistoric pottery and their possible raw materials (e.g., Albero and Garcia
Amengual, 2010; Albero, 2011, 2017; Albero and Mateu, 2012). Some of the collected clays
from Cretaceous, Tertiary, Pleistocene, and Holocene deposits were subjected to the study of
their physical properties and composition including a micropaleontological approach (Albero
and Mateu, 2017). While a full comparison is outside the scope of this paper, we are particularly
interested in the clay from the location called ‘Es Comellar de sa Terra des Gerrers’, a Tertiary
clay with excellent properties (Albero and Garcia Roselld, 2008; Albero, 2011; Garcia Roselld
and Albero, 2011) and an abundant quantity of microfossils. Possible long-term use of this raw
material source has been suggested (Antoni Vallespir, oral communication; Albero, 2017
Albero and Mateu, 2012). The name place in Catalan, particularly in Mallorcan dialect, is
already extremely relevant as it can be translated approximately as 'the valley of the earth (or
clay) of the water-jars potters'. This denotes that the outcrop was used in historical times as a
raw material source and more specifically for the calcareous clays used to manufacture the
typical Mallorcan wheel-made water jars in buff ware fabrics. The outcrop is 500 m away from
the important Iron Age site of Puig de Sa Morisca with an important pottery-making tradition
(e.g., Albero, 2011, Albero and Cau, 2016), and not far (approx. 1 km) from the Roman villa of
Sa Mesquida.

4. Results

4.1. Chemical Results

The chemical study was carried out in two different phases. First, we explored the chemical
composition of the 68 samples for which we had chemical data (labels MC and MCFN, see
Table 1). Later, those were compared to the RG established for the common wares produced at
the kiln found at the site (n=54, labels MCF) (Table 1) (Tsantini et al., 2004). It was important
to verify if the common buff wares found at the earlier layers of the main building could belong
to the already established RG of the kiln. This was relevant as it could demonstrate that the
ceramic production at the site started earlier than previously thought and was active probably
since the foundation of the Roman villa. Second, it was important to explore whether some of
the Late Roman ceramics found at the site could be local products or from Eivissa or elsewhere

in the region. Since the kiln was already destroyed in the 2nd or 3rd century AD, we knew on



archaeological grounds that the Late Roman ceramics were not products of that kiln, and that
the composition of the RG might not match the new ceramics under analysis. Yet, we wanted to
explore if there were enough compositional similarities that could suggest the existence of
possible local products denoting a long-lasting local/regional production of common wares. To
do so, we had to examine to what extent the composition of the new sampled ceramics could be
like the kiln products. The raw chemical composition of a total of 131 samples, including the
pottery used to establish the RG and the north-African common wares included as comparative
material, is presented in Table 2.

Chemical composition

To explore the chemical variability of the dataset, we first calculated the compositional variation
matrix (CVM) (Buxeda and Kilikoglou, 2003) for the 68 samples, without including yet the
samples of the RG and excluding certain elements that could falsely affect the variability. Those
elements, generally, were not considered during the whole statistical treatment. Mo and Sn were
excluded due to low concentrations and analytical imprecisions (both are lower than their
regression limits in our samples). Co and W were not considered due to possible contaminations
during sample preparation (a tungsten carbide cell was used for powdering). The total variation
(vt) according to the CVM is equal to 1.2854, which is too high for a monogenic sample
(homogenous population). The variability that each of the chemical elements introduces in the
dataset is represented in the line plot of Figure 3a.

The most variable element is CaO; nonetheless, its variability (and that of the geochemically
related element Sr) can be explained by the calcareous nature of the analyzed materials (Table
2). In several works dealing with the geochemical variation of calcareous clays in the same
geological source, a large standard deviation in CaO has been observed (e.g., Hein et al., 2004a,
2004b; Belfiore et. al., 2007; Hein and Kilikoglou, 2020). Likewise, the presence of secondary
calcite can also contribute to the CaO variability (e.g., Buxeda and Cau, 1995; Cau et al., 2002).
On the other hand, the variation in Cu seems random, oscillating between 4 and 31 ppm. The
variability of Pb is clearly influenced by the presence of some samples with exceptionally low
contents and, conversely, the individual MC1109 with 114 ppm in normalized data (which
could be indicative of contamination). The variation in Na;O is certainly influenced by the
relatively high concentrations of this element found in samples MCFN58, MCFN60, MCFN70,
MCFN74, MCFN79, MC1100, and MC1110 due to the presence of analcime
(Na2AlSi20s-H20), as confirmed by complementary mineralogical analysis carried out through
X-ray powder diffraction on these samples (Figure 4). Analcime constitutes a secondary mineral

phase precipitating due to post-depositional alteration and/or contamination processes (e.g.,



Picon, 1991; Buxeda et al., 2001, Schwedt et al., 2006; Maritan, 2020) that affects the data with
an enrichment of Na.O, and potential depletion of K>O and Rb. Finally, MnO is generally low
except for two samples (MC1033 and MC1047) that exhibit much higher content. The total
variation removing all the elements mentioned above (CaO, Sr, P.Os, MnO, K0 NaO, Pb, Rb
and Cu) drops down to 0.4156, which is much lower yet still high for a homogenous dataset.

To summarize the chemical results, a cluster analysis was performed using additive logratio
(alr) transformed data for a subcomposition that excludes those elements mentioned above and
that could cause possible perturbations. The cluster tree reveals the presence of three major
groups (G1, G2, and G3) and a series of loners (Figure 3b). The chemical differences between
the three groups (and the loners) can also be observed by performing a principal component
analysis on the same alr transformed subcomposition as the cluster analysis (Figure 5). The
statistical treatment was performed excluding: Pb, P.Os, Cu, MnO, Na;O, KO and Rb, and
using Ga as divisor in the logratio transformation.

In short, the chemistry, not only the statistical treatment but also de detailed examination of the

normalized chemical data, reveals the presence of at least four major groups:

- Group 1 (G1; n= 10) includes the samples labeled as MCFN (MCFNO046, 54, 55, 56, 58, 59,
60, 61, 62 and 64), except for MCFNO57 (Figure 3b), which is much less calcareous and has
important differences in almost all trace elements (Table 2), matching better with Group 3 (G3)
composed by Ebusitan materials (manufactured in the neighboring island of Eivissa). All these
samples come from early Roman layers of the excavation. The vt calculated for G1, including
all elements except for P,Os, is 0.4168. Nevertheless, some other elements might be
contaminated and/or have some accuracy problems (Mn, Pb, Cu), and we certainly know that in
this set of samples MCFN58 and MCFNG60 are samples with analcime precipitation. After
recalculating the CVM without P,0s, MnO, Na;O, K;0, Pb, and Cu the resulting vt is equal to
0.2292, suggesting a monogenic group. The main variations between the individuals are now
marked by the calcareous content (CaO and Sr) and minor differences in some trace elements
such as Y or Zr (Table 2).

- Group 2 (G2; n=10) is clearly formed by a series of Late Roman ceramics (MC1001, 1004,
1005, 1007, 1008, 1018, 1022, 1026, 1096, and 1110) (Table 2), with some samples that behave
as outliers but clearly related to the group 1025 and 1086, 1100 and 1023. The calculation of the
CVM considering all these samples after removing P.Os, MnO, Na,O, K.0, Rb (MC1100 has

analcime), Pb, and Cu provides a vt value of 0.1321, indicating a monogenic character. The



results indicate a chemical proximity between G1 and G2. Those two groups are the most
calcareous ones in the dataset and show also important similarities in trace elements (Table 2).
This cluster (G2) is geochemically consistent with that characterized as Eb-01 in previous
studies (Buxeda et al., 2005).

- Group 3 (G3; n= 29) is the major group in the dataset and includes the following samples:
MC1000, 1002, 1003, 1006, 1009, 1010, 1011, 1012, 1013, 1014, 1015, 1016, 1017, 1024,
1027, 1028, 1029, 1082, 1089, 1091, 1093, 1098, 1102, 1103, 1106, 1107, 1108, 1112, and
1113. Most of the sherds in G3 have been previously identified as groups Eb-02, Eb-03, Eb-04
and Eb-05 for which a provenance in Eivissa has been proposed (Buxeda et al., 2005). The
subgroups (that can be also observed in the cluster tree) are formed due mainly to relative
differences in CaO wt%. Nevertheless, the vt value is 0.3985, suggesting a monogenic sample,
and it is even lower (0.1719) without considering P,Os, MnO, Na;O, K>O (we removed Na,O
and K>0O because there is analcime in at least in sample MC1010), Rb and Pb and Cu.

- Group 4 (G4; n=5) is formed by samples MC1019, MC1021, MC1036, MC1037, and
MC1109, with MC1090 probably forming part of the group, but with some difference, and
MC1020 somehow related. It is a small group of what on archaeological grounds have been
considered Ebusitan products, but with some differences with respect to Group G3, particularly
a relatively lower content of CaO. Sample MC1036 presents analcime, for that if we calculate
the CVM without P,0s, Pb and NazO, K;0, and Rb the vt value is equal to 0.6503, dropping to
0.0763 removing P20s, MnO, Na;O, Rb and Pb and Cu.

There are a few samples that exhibit some chemical differences and enter in the groups already
defined. These outliers/loners can be clearly observed in the dendrograms and in the PCA
scatter plot of Figure 5 (see Table 2 as well). Considering the dendrogram of Figure 3b, in the
right branch the pairs of samples 1025 and 1086, and 1023 and 1100, with 1097 are somehow
outliers to group G2. MC1083 is compositionally somehow related to G1 yet it shows less
Al>O3, SiO;, Zr, Y, Ce and Ni, and slightly more Cr. MC1084 and MC1114 are characterised by
lower Fe;Os, Al;O3 Nb, Y and Ga, and slightly higher Zr. Those differences make them
dissimilar to both G1 and G2, although somehow related. On the other side of the three, samples
MC1061 and MC1099 are similar and tend to gather. Even though some of the chemical
concentrations assimilate them to the Ebusitan products, there are significant differences in
some major and trace elements such as higher Fe,Os, Al,O3 and TiO; and slightly higher Ga, Ni,
and Cr that clearly indicate those are not G3. Samples1090 and 1020, could be outliers of G4.

MCFNO057 seems related to the Ebusitan productions, yet it is more calcareous and have less



Fe 03, Al,Os, Th, V, Zn, and Cr that makes it unique in its composition within the dataset.
Finally, MC1081 outstand because of their slightly higher values in Ni, Nb, Fe.O; Na,O and
lower values in K>O, Rb and Zn. Some of these samples can be considered outliers of some of
the groups defined, but other might represent other products not well-represented in the sample,
and although in macroscopic terms they resemble the local/regional materials some could be

even imported.

The comparison with the chemical Reference Group

A similar statistical treatment was followed by comparing the new samples with the RG for the
common buff wares produced at the site (labeled as MCF in Table 2) (Tsantini et al., 2004). The
total variation now is 1.5990. The line plot in Figure 6a shows no differences in variability from
the previous results. Without Pb, P,Os, Cu, MnO, Na;O, K;0, and Rb the total variation drops
down to 0.8794. In Figure 6b, a cluster tree resulting from the same statistical treatment as in
Figure 3b, and excluding the above-mentioned elements, is presented. The group G1 seems to
relate to the RG of the kiln, with similar chemical compositions, but it does not perfectly match.
To evaluate the chemical variation, we calculated the CVM only for that subset (RG+G1), first
excluding P,Os, Pb, MnO, and Cu, and later excluding also Na;O, K;O, and Rb due to the
presence of analcime, obtaining vt values of 0.3733 and 0.1137, respectively. Therefore, it is
very likely that they can be considered as monogenic group and we can sustain that the ceramics
forming G1 were very likely produced at the site.

Groups G2, G3, and G4 are preserved although separated in a different manner (Figure 6b). The
scatterplot of the PCA analysis of the first and third principal components shows two different
chemical tendencies (Figure 7). The biplot with the first and second components is not
presented here, as both are dominated by the variability in CaO and no further chemical
distinctions can be made. Both cluster analysis and PCA show that RG+G1 and G2 tend to
cluster, while both G3 and G4 are separated from the rest (Figures 6b and 7).

As a synthesis of the chemical groups defined, Table 3 shows the mean and standard deviation
for the RG and for each of the four main groups, including also the mean and standard deviation

for RG and G1 separately to show the small differences in certain elements.

4.2. Petrographic-mineralogical results



Thin-section OM provided further information on the petrographic and mineralogical
characterization of the materials. However, the 49 samples of common wares analyzed through
this technique (Table 1) showed fine-grained fabrics (Figure 8) composed of a similar range of
sedimentary inclusions, making the differentiation of fabrics difficult.

Inclusions in the coarse fraction (>0.10 mm) are absent or scarce, and —when present— they
may consist of limestone, calcareous fossils, iron-rich argillaceous inclusions (clay pellets
and/or iron nodules), quartz, and sandstone. The fine fraction (0.10-0.01 mm) is always
predominant, and it is composed of quartz, micas (mostly muscovite), carbonate inclusions and
iron oxides/opaques, in variable amounts. Porosity is always low and generally consists of small
mesovesicles and mesovughs. The matrix is usually calcareous, ranging from yellowish-brown

or greenish-brown in color under plane polarized light (PPL).

Despite the general similarities in fabrics among all the ceramic samples, gradual variations in
the relative frequencies of the components of the fine fraction were observed, as well as in the
grain-size distribution of the inclusions, from samples with predominant silty inclusions to

others in which both silt and very fine sand are dominant.

Petrography of the reference group

The samples that formed the reference group (RG) of the Early Roman Imperial kiln of Sa
Mesquida (MCF001, MCF012, MCF018, MCF007, MCF008, MCF017, and MCF022) were
particularly rich in carbonate inclusions, both calcite (micrite mainly) and calcareous
microfossils (mostly foraminifera); these were predominantly fine-grained (Figure 8a-b), from
silt to very fine sand, but included also few to common fine sand, and rare coarser inclusions, up
to 1.20 mm. Quartz particles are common, but predominantly in the silty fraction (<0.06 mm),
whereas very fine sand grains are scarce. Very few micas were present in this fabric, with mode
<0.10 mm. The matrix is either yellowish-brown, optically active (e.g., MCF001, MCF012, and
MCF018), or greenish-brown, optically inactive and with signs of having been fired at high
temperatures (MCF007, MCF008, MCF017, and MCF022) (Figure 8a-b). In these higher-fired
samples, reacted carbonate inclusions and secondary calcite are observed; this can be related to
the presence of calcite peaks in the XRD patterns of these samples. In any case, most of this
secondary calcite could be interpreted as only partly allochthonous, where Ca derives from the
ceramic itself rather than from the environment (Cau et al., 2002), since it is observed in thin
section in the form of micritic clots, reaction rims, and some patches. Ghosts of both calcite and
microfossils (Fabbri et al., 2014; Privitera et al., 2015) were found as well. Even in these high-

fired samples, remains of not fully decomposed carbonate inclusions can be found. In summary,



the analysis suggested that the presence of completely allochthonous secondary calcite (Cau et
al., 2002) was not significant in these samples; this corresponds well with the low relative
standard deviation value for CaO in this RG from the kiln (4%).

The rest of the samples from Sa Mesquida

Apart from the RG from the kiln, the ceramic samples from other layers that, according to the
chemical analysis, were similar in composition to the RG, showed, in most cases, similar fabrics
in thin section (Figure 8). These include samples from the contexts dated to the foundational
period of the villa (MCFNO64; Figure 8c), the late 2nd/early 3rd century (MCFNOGO,
MCFNO061, and MCFNO062; Figure 8d), and the late 4th to early 5th century AD (MCFNO054,
MCFNO055, MCFNO056, MCFNO058, and MCFNO059; Figure 8e) and some of the 5th-7th century
sherds (MC1001, MC1005, MC1007, MC1008, and MC1022; Figure 8f-g). However, some of
these samples, particularly those from the late 2nd/early 3rd century and the majority of those
from the 5th-7th century AD, showed slightly different textures, with a slightly higher
frequency of quartz in the very fine sand fraction, even if silty quartz is still dominant.
Moreover, those from the late 2nd/early 3rd century contained occasional, very rare coarse
fragments (0.80 mm) of crystalline rocks composed of quartz and feldspar. In any case, all the
other characteristics of the fabrics are like the RG, so these minor variations may suggest the
use of slightly different raw clays in these periods, perhaps from nearby sources or, less likely,
differences in processing. In summary, the petrographic analysis supports the hypothesis of
local provenance for these samples or at least a provenance in the same broad geological area in
western Mallorca. Samples MCFNO083, MCFNO088, and MCFNO89, for which we only have thin
sections, are linked to the local products in terms of their petrographic composition, as is also
the case of MCFNO84, although with a coarser texture.

Conversely, 16 other ceramic samples analyzed through OM (all of them from the Late Roman
context of the cistern used as a rubbish dump), which were similar in chemical composition to
ceramic products from Eivissa —group G3 and group G4 (Figure 4) / groups Eb-02 to Eb-05
(Buxeda et al., 2005)—, showed in fact different fabrics in thin section (Figure 8h-i). These are
usually richer in very fine sand grains of quartz and with relatively lower frequencies of
carbonate inclusions compared to the local fabrics from Sa Mesquida, and in many cases also
with higher frequencies of micas (muscovite). The clay matrix also tends to present a more
reddish-brown color in PPL. Both the aspect of the matrix and the relative frequencies of
inclusions suggest a lower calcareous composition in these fabrics compared with the RG from
Sa Mesquida; this is consistent with the lower CaO wt% found in the former, while the higher

SiO, wt% should be related to the higher abundance of very fine sandy quartz in these fabrics.



In general, the fabrics observed in these samples are the same as those found in other Late

Roman common wares from Eivissa analyzed so far (e.g., Cau et al., 2019).

5. Discussion

The comparison between the new samples from several ceramic contexts found at Sa Mesquida
with the reference group (RG) showed, in some cases, strong similarities in terms of chemical
composition and in petrographic fabrics. The few new samples analyzed from the early Roman
contexts of the main building of this rural site, contained in group G1, seem to match relatively
well with the RG (except for sample MCFNO57 for which a provenance in Eivissa can be
suggested). Some of the sherds come from layers of Phase | of the main building suggesting that
the kiln was probably active since the foundation of the villa. The typology of the materials
(Figure 9) matches also with the types defined as produced in Sa Mesquida consisting mainly of

jars with different forms.

The materials recovered once the kiln was used as a rubbish dump in the late 4th - early 5th
centuries AD (Figure 9) form also part of group G1 and show also compositional similarities
with the earlier materials and the RG. Despite some textural differences, these materials could
be local or nearby products. The fact that some common buff ware samples from Late Roman
contexts are very similar to the earlier materials could be indicative of continuity of local
ceramic production in the Late Roman period, although this kiln was already destroyed by the
end of the 2nd or early 3rd century AD.

The ceramic materials from the 5th-7th centuries AD found at the cistern used as a rubbish
dump show two main tendencies. The samples forming chemical group G2 exhibit broad
compositional similarities to the Early Roman materials and to the late 4th/early 5th centuries
ceramics from the rubbish dump of the kiln. The forms included in this group are primarily
bowls with spouts and large bowls that are well-represented in the Ebusitan typology (Figure
10). In fact, the samples of this group were classified in previous studies as group Eb-01 with a
supposed provenance in the island of Eivissa (Buxeda et al., 2005). Considering this new
analysis and the compositional similarities with the reference group and the early Roman
materials, the interpretation can be twofold. Group G2 could be interpreted as local or nearby
regional ceramics, perhaps produced using slightly different clay deposits that could have been
differentially exploited over time. However, we should not forget the possible existence of
overlapping areas, that is, regions with similar clayey materials that could result in similar
products in compositional terms. Despite of the similarities with the reference group and the

materials, G2 could also be products from Eivissa that have not been identified yet in other sites



and that are compositionally close to the products manufactured at Sa Mesquida or more
broadly in the area. In this case, the low number of regional common wares and clayey materials
analyzed so far does not allow for stronger conclusions, and the interpretation must be cautious.
If a regional provenance in western Mallorca is possible, this would mean that forms in
"Ebusitan style™ were produced also in Mallorca, a hypothesis that we have already proposed in
the past (Buxeda et al., 2005).

On the other hand, the samples contained in group G3, which is clearly distinct from the local
materials, were previously classified as Groups Eb-02 to Eb-05 (Buxeda et al., 2005) and could
well correspond to what we consider ceramic products from the island of Eivissa. The samples
represented in this group, forming several subgroups, are clearly typical Ebusitan types (Figure
11) including some sherds with the so-called ‘monolinear’ decoration. So, a provenance from
the island of Eivissa can be accepted for these materials. This seems to be the case also for G4
which might represent products from Eivissa but slightly different in terms of composition,

mainly due to its relative lower CaO content.

Despite the evidence of pottery-making activities at the site in the Early Roman period and a
possible continuation of the ceramic tradition over time, most of the common wares analyzed
dated to the 5th-7th centuries are common wares produced in Eivissa or elsewhere. It is worth
mentioning that, of course fine wares, and amphorae, but also other common and cooking wares
from the same 5th-7th century contexts —not included in this study— were imported from other
regions of the Mediterranean as demonstrated by previous analyses and archaeological
considerations (Cau, 2003; Buxeda et al., 2005). Therefore, the results suggest that even if a
small percentage could have been locally produced at the site or their surroundings, the
utilitarian pottery consumed at this rural settlement in the Late Roman period and more broadly
in Late Antiquity was generally allochthonous, arriving from different markets outside the
island. However, this paper is focused on the possible local or regional wares and not on the

imported materials.

The chemical and petrographic results suggest that a calcareous clayey raw material, rich in fine
carbonate inclusions (silt to very fine sand) and silty quartz, was used for pottery making in Sa
Mesquida, with no tempering. This is clear for the Roman and some of the Late Roman
common buff wares. The minero-petrographic composition of the ceramics from the local
reference group, and of those for which the chemical analysis suggests a local provenance, is
compatible with that of the sedimentary deposits in the surroundings of the site (Tsantini et al.,
2004) (Figure 2). The clay of Es Comellar des Gerrers, characterized by Albero and Mateu

(2012) as containing large numbers of microfossils (also abundant in the locally produced



ceramics), could have been used in Sa Mesquida, but this needs a closer comparison with the
already analyzed clays and a further exploration of other possible sources to determine the exact
source (or sources) that was exploited. Approximately similar raw materials, with slight
differences, were also used for manufacturing the Late Roman common wares in group G2. In
this sense it is possible to suggest a provenance in Mallorca, but we cannot discard the
possibility of an origin in Eivissa with the evidence available thus far.

6. Conclusions

The combined chemical and minero-petrographic analysis of the pottery provided evidence for
distinguishing between local (or nearby) products from Sa Mesquida and regional wares from
other Balearic areas (notably Eivissa). The results of the OM analysis showed that despite the
broad petrographic similarities, minor variations in terms of grain-size distribution and relative
frequencies of the inclusions, as well as in the clay matrix, allowed for the identification of a
series of fabrics. Therefore, it was possible to find differences both in chemical composition and
in petrographic fabric between the ceramic samples with a local or maybe more broadly a
western Mallorcan provenance and those with a wider regional provenance from other areas
within Mallorca or as inter-island distribution (materials from Eivissa), even if the

differentiation based on thin-section petrography is not always straightforward.

The obtained results provide analytical evidence for the archaeological hypothesis of the
occurrence of a long-term tradition of pottery production at the area of Sa Mesquida or, more
generally, in western Mallorca, focused on the manufacturing of various forms of buff common
wares. Despite minor textural variations observed in thin section, the combined petrographic
and chemical data suggest the use of similar sources of raw materials for ceramic production
from the Early Roman to the Late Roman periods. Moreover, technical similarities regarding
raw material processing and paste preparation —basically the use of fine-grained calcareous
clayey sediments with no evident added temper— indicate a certain degree of continuity in at
least some of the technological choices made by the potters over time. Considering the
analytical results, it seems plausible that the Roman uilla produced pottery from its foundation
surely until the destruction of the kiln at the end of the second century or beginning of the 3rd
century AD, and probably until the late 4th or early 5th century —although in a different kiln
and with some differences in the procurement strategies or preparation of the raw materials. The
main problem is accepting the possibility of the continuity of the pottery production in Late
Antiquity on the site or more broadly speaking in western Mallorca of common buff wares that
compositionally resemble the local materials but that in typological terms are like Ebusitan

types. This would not be strange considering the large quantities of Ebusitan materials arriving



traditionally in Mallorca, and that could have been imitated. However, although group G2
certainly has compositional similarities to the materials produced at the workshop, we need to
be cautious with ascribing it a local provenance, as it could also be an Ebusitan group not yet
characterized in other sites across the Balearics and made from clays similar to those used by
the potters in Sa Mesquida.

In any case, the presence of local products is not to deny the importance of regional wares
coming from other parts of the Balearics (notably from Eivissa) and elsewhere in the
Mediterranean (imports were not included in this study) as a clear sign of the strategic role that
the Balearics had in the trade routes of the western Mediterranean. In this sense, the Roman villa

of Sa Mesquida was well connected to Mediterranean trade dynamics.

The Roman and Late Roman/Late Antique common buff wares produced in the Balearics are,
both from an archaeological and an analytical point of view, a complex subject that deserves
attention to define better production areas and to clarify intra-island and inter-island production
and exchange. The future research should include the analysis of more ceramics from different
sites —both consumption and production centers (although so far very few Kkiln sites are
known)— across the islands of the archipelago. In addition, the progressive characterization of
potential clayey raw materials, especially if kiln sites are found, complemented with a detailed
study of microfossils, could be also of benefit to fully clarify the common regional wares
produced in the Balearics in the Roman and Late Antique periods.
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Figure captions

Figure 1. a) Location of Sa Mesquida in Mallorca, Balearic Islands, western Mediterranean. b)
Preserved structures of the Roman site of Sa Mesquida (Santa Ponca, Mallorca)

Figure 2. A simplified geological map of the study area, showing the location of Sa Mesquida
(based on ITGE 1992a, 1992b)

Figure 3. a) Line-graph of the variability each one of the chemical elements introduces in the
data set (t;); b) Cluster tree of the 77 new samples from Sa Mesquida (labeled MC and MCFN),
performed using the centroid agglomerative method and squared Euclidean distance, based on
the alr transformed subcomposition Fe;Os, AlO3, MnO, TiO2, MgO, CaO, SiO;, K;0, Nax0,
Ba, Th, Nb, Zr, Y, Sr, Ce, V, Zn, Rb, Cu, Ni, using Ga as divisor.

Figure 4. An example of the XRD pattern of an individual (MCFN060) with analcime.
Abbreviations for minerals: gtz, quartz; kfs, K-feldspar; pg, plagioclase; hem, hematite; px,

pyroxene; anal, analcime

Figure 5. Principal component analysis on the 77 new samples from Sa Mesquida, based on the
same alr transformed subcomposition Fe,Os (as total Fe), TiO,, MgO, CaO, SiO,, Ba, Th, Nb,
Zr, Y, Sr, Ce, Ga, V, Zn, Ni and Cr, using Al,Os3 as divisor. Bi-plot of the 1st and 2nd principal

components.

Figure 6. a) Line-graph of the variability each one of the chemical elements introduces in the
data set (ti); b) Cluster tree of the samples from Sa Mesquida (including the Early Imperial
kiln’s RG), performed using the centroid agglomerative method and squared Euclidean distance,
based on the alr transformed subcomposition: Fe.Os (as total Fe), TiO,, MgO, CaO, SiO,, Ba,
Th, Nb, Zr, Y, Sr, Ce, Ga, V, Zn, Ni and Cr, using Al-Os as divisor.

Figure 7. Principal component analysis of the samples from Sa Mesquida, based on the same alr
transformed subcomposition as the cluster analysis in Figure 6. Bi-plot of the 1st and 3rd

principal components.

Figure 8. Photomicrographs of ceramic thin sections taken in crossed polarized light. Early
Roman Imperial kiln, samples MCF012 (a) and MCF017 (b); Late Republican/Augustan
context, sample MCFNO064 (c); 2nd-3rd century AD context, sample MCFNO60 (d); 4th-5th
century AD context, sample MCFNO56 (e); 5th-7th century AD context, samples MC1001 (f),
MC1008 (g); MC1028 (h); MC1009 (i).

Figure 9. Some of the types represented in Groups G1.



Figure 10. Some of the types represented in Group G2.

Figure 11. Some of the types represented in Groups G3 and G4.

Table captions

Table 1. List of the analyzed samples, with their main archaeological information, and the

outcome of the analytical study.

Table 2. Raw chemical composition of the individuals analyzed by WD-XRF (with major and
minor elements expressed in % of the oxide; trace elements expressed in part per million (ppm);

LOI= loss on ignition).

Table 3. Mean chemical composition, standard deviation, maximum, and minimum values for
each one of the elements determined for the four groups (G1 to G4), also adding the Reference
Group for the kiln of Sa Mesquida (n=54). In parentheses (indicated with *) the mean and
standard deviation values calculated after excluding the individuals with analcime precipitation.
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Table 1
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Samples WD-XRF OM Sector / context

MC1000 X X Cistern: rubbish dump
MC1001 X X Cistern: rubbish dump
MC1002 X - Cistern: rubbish dump
MC1003 X X Cistern: rubbish dump
MC1004 X - Cistern: rubbish dump
MC1005 X X Cistern: rubbish dump
MC1006 X X Cistern: rubbish dump
MC1007 X X Cistern: rubbish dump
MC1008 X X Cistern: rubbish dump
MC1009 X X Cistern: rubbish dump
MC1010 X - Cistern: rubbish dump
MC1011 X - Cistern: rubbish dump
MC1012 X X Cistern: rubbish dump
MC1013 X X Cistern: rubbish dump
MC1014 X X Cistern: rubbish dump
MC1015 X X Cistern: rubbish dump
MC1016 X X Cistern: rubbish dump
MC1017 X - Cistern: rubbish dump
MC1018 X - Cistern: rubbish dump
MC1019 X X Cistern: rubbish dump
MC1020 X X Cistern: rubbish dump
MC1021 X X Cistern: rubbish dump
MC1022 X X Cistern: rubbish dump
MC1023 X X Cistern: rubbish dump
MC1024 X X Cistern: rubbish dump
MC1025 X - Cistern: rubbish dump
MC1026 X - Cistern: rubbish dump
MC1027 X - Cistern: rubbish dump
MC1028 X X Cistern: rubbish dump
MC1029 X X Cistern: rubbish dump
MC1033 X X Cistern: rubbish dump
MC1036 X X Cistern: rubbish dump
MC1037 X X Cistern: rubbish dump
MC1047 X X Cistern: rubbish dump
MC1061 X - Cistern: rubbish dump
MC1081 X - Cistern: rubbish dump
MC1082 X - Cistern: rubbish dump
MC1083 X - Cistern: rubbish dump
MC1084 X - Cistern: rubbish dump
MC1086 X - Cistern: rubbish dump
MC1089 X - Cistern: rubbish dump
MC1090 X - Cistern: rubbish dump
MC1091 X - Cistern: rubbish dump
MC1093 X - Cistern: rubbish dump
MC1096 X - Cistern: rubbish dump
MC1097 X - Cistern: rubbish dump
MC1098 X - Cistern: rubbish dump
MC1099 X - Cistern: rubbish dump
MC1100 X - Cistern: rubbish dump
MC1102 X - Cistern: rubbish dump
MC1103 X - Cistern: rubbish dump
MC1106 X - Cistern: rubbish dump
MC1107 X X Cistern: rubbish dump
MC1108 X - Cistern: rubbish dump
MC1109 X - Cistern: rubbish dump
MC1110 X - Cistern: rubbish dump
MC1112 X - Cistern: rubbish dump
MC1113 X - Cistern: rubbish dump
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Chronology of stratigraphic unit Initial archaeological hypothesis Chemical group

5th-7th century AD Ebusitan G3
5th-7th century AD Ebusitan G2
5th-7th century AD Ebusitan G3
5th-7th century AD Ebusitan G3
5th-7th century AD Ebusitan G2
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5th-7th century AD Ebusitan G3
5th-7th century AD Ebusitan outlier
5th-7th century AD Ebusitan G4
5th-7th century AD Ebusitan G4
5th-7th century AD Ebusitan outlier
5th-7th century AD ? outlier with 1099
5th-7th century AD Ebusitan outlier
5th-7th century AD Ebusitan G3
5th-7th century AD Ebusitan outlier
5th-7th century AD Ebusitan outlier with MC1114
5th-7th century AD Ebusitan G2?
5th-7th century AD Ebusitan G3
5th-7th century AD Ebusitan G4?
5th-7th century AD Ebusitan G3
5th-7th century AD Ebusitan G3
5th-7th century AD Ebusitan G2
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5th-7th century AD Ebusitan outlier with MC1061
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Petrography Observations
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Table 2

Click here to access/download;Table;Table 2.xls

CODE Fe,0;  AlLO; MnO P,0s Tio, MgO Ca0 Na,O K,O sio, Ba Rb
MCF001 3.95 14.61 0.02 0.21 0.79 1.46 19.57 0.69 3.07 457 00435  0.0133
MCF002 4.09 14.95 0.02 0.24 0.68 1.69 21.61 0.59 273 4643 00349  0.0115
MCF003 4.29 155 0.02 02 0.69 1.66 20.03 1.14 2.09 4747 00339  0.0081
MCF004 433 1421 0.03 0.23 057 1.34 22.86 11 241 4343 00479  0.0108
MCFO005 431 16.31 0.02 0.21 0.7 1.75 18.54 06 33 4868 00398  0.0161
MCF006 4.07 14.76 0.02 0.18 0.64 1.47 19.74 053 3.1 4717 00364  0.0140
MCF007 425 14.83 0.02 0.22 0.62 153 20.33 0.56 2.89 4721 00382 00135
MCF008 48 15.97 0.02 0.22 07 1.87 18.79 2.07 1.04 4624 00287  0.0062
MCF009 425 15.3 0.02 0.26 0.66 1.62 19.33 0.62 2.99 4735 00343 00141
MCF010 417 15.3 0.02 0.21 0.65 1.69 2052 1.38 18 4731 00337  0.0084
MCFO011 421 14.88 0.02 0.21 0.61 1.82 19.94 0.68 2.76 4753 00402  0.0126
MCF012 414 14.4 0.02 0.23 0.6 1.48 18.52 0.59 291 4561 00475  0.0140
MCF013 414 15.38 0.02 0.21 0.67 17 20.34 0.72 2.9 4771 00368  0.0126
MCFO014 4.32 15.27 0.02 0.19 0.66 1.68 19.74 1.98 1.08 4623 00273  0.0062
MCF015 4.29 14.62 0.02 0.19 0.63 1.61 20.83 0.58 2.84 4714 00368  0.0128
MCF016 3.98 14,57 0.02 0.18 057 154 20.92 0.58 2.82 4614 00369  0.0140
MCF017 4.09 15 0.02 0.16 0.6 1.66 21.22 0.62 2.88 4748 00354  0.0139
MCF018 4.04 14.18 0.02 02 058 1.49 19.94 0.55 2.93 4509 00433  0.0141
MCF019 4.23 15.96 0.02 0.22 0.68 1.69 18.78 0.63 34 4798 00383  0.0178
MCF021 4.65 16.4 0.03 0.19 071 1.73 17.7 1.24 2.26 5115  0.0385  0.0099
MCF022 4.26 15.12 0.02 0.21 0.68 17 21.13 1.16 2.15 4753 00323 0.0090
MCF023 4.19 15.34 0.02 0.19 0.64 1.74 20.58 0.64 2.88 4685 00330 00128
MCF024 421 15.2 0.02 02 0.66 1.73 18.92 0.58 2.88 4854 00396  0.0138
MCF027 4.02 15.07 0.02 0.19 0.66 1.73 204 0.55 3.01 4718 00346  0.0149
MCF028 4.06 15.37 0.02 0.21 0.62 1.73 20.54 0.64 2.84 4695 00370  0.0133
MCF029 405 15.08 0.02 0.22 0.65 1.67 20.33 0.64 281 463 00376  0.0137
MCF030 419 14.44 0.03 0.19 0.6 1.66 21.72 06 2.68 4614 00329  0.0125
MCF031 4.44 151 0.03 0.26 0.63 171 20.39 0.81 2.86 4661 00400  0.0127
MCF032 421 14.62 0.02 0.21 0.6 2.21 19.17 06 2.82 48 00376  0.0130
MCF033 411 15.07 0.02 0.21 0.66 171 21.47 0.65 27 4661 00363  0.0123
MCF034 436 16.01 0.02 02 0.66 1.73 19.1 1.92 1.15 4681 00308  0.0065
MCF035 391 14.44 0.02 0.19 0.64 1.46 19.53 053 3.01 4648 00390  0.0141
MCF037 4.29 15.73 0.02 0.23 0.66 1.76 19.95 0.98 2.84 4925 00390  0.0119
MCF038 423 14.92 0.02 02 0.69 1.66 2054 1.69 1.33 4681 00268  0.0076
MCF039 436 15.41 0.02 0.23 0.62 1.72 19.83 0.83 2.81 4888 00380  0.0124
MCF040 4.22 15.17 0.02 0.22 0.63 1.74 20.33 0.76 281 4776 00411 00121
MCF041 4.26 15.12 0.02 0.22 0.64 17 20.22 0.75 2.78 4872 00402  0.0123
MCF043 414 14.22 0.02 0.22 0.65 157 206 0.69 2.8 4538 00337 00132
MCF044 431 15.69 0.02 0.23 0.66 1.93 18.21 0.53 2.98 4747 00385  0.0141
MCF046 41 14.61 0.02 0.23 0.62 1.49 20.49 0.69 2.89 473 00445  0.0136
MCF047 43 15 0.02 0.21 0.64 1.66 19.88 0.87 29 4773 00384 0013
MCF048 413 15.07 0.02 0.21 0.64 17 202 0.68 2.85 4739 00349  0.0126
MCF049 3.99 14.07 0.02 021 058 161 19.44 0.59 3.01 456 00362  0.0135
MCF050 416 14.61 0.02 0.23 0.66 1.66 20.67 0.61 2.88 46.79 0.035 0.013
MCFO051 411 14.91 0.02 0.24 0.66 1.61 19.92 0.69 2.86 47.99 00356  0.0129
MCF052 461 16.69 0.02 0.21 0.69 1.76 18.57 1.83 1.35 4926 00272 0.0077
MCF053 43 15.56 0.02 0.22 0.69 1.65 19.62 07 2,91 4827 00395  0.0132
MCF054 4.26 15.28 0.02 0.23 0.65 17 20.17 0.74 2.78 4782 00341  0.0130
MCF055 421 14.68 0.02 0.18 0.65 1.89 19.88 0.83 2.8 4761 00397  0.0128
MCF056 4.06 14.79 0.02 02 0.63 1.64 20.47 0.65 2.86 47.03 00366  0.0135
MCF057 415 15.01 0.02 0.19 0.59 1.68 21.12 0.59 2.86 467 00336  0.0137
MCF058 4.07 14.78 0.02 0.19 0.65 1.64 20.71 0.63 2.87 4661 00345  0.0134
MCF059 418 15.03 0.02 0.19 0.66 1.67 20.92 1.45 16 4695 00295  0.0082
MCF060 411 14.49 0.02 02 0.63 1.63 216 0.67 278 4672 00325 00123

MCFN046 4.145 13265  0.0229 0.22 057 1.43 27.62 0.49 2425 39645  0.0500  0.0097
MCFNO054 45 14625  0.0202 0.20 0.60 171 21.305 0.62 2.76 46315  0.0423  0.0124
MCFNO055 4585 1477 0.0268 0.22 0.56 1.455 25.49 0.415 281 42575 00413  0.0098
MCFNO56 4.05 13875  0.0159 0.16 057 1905 19175  0.495 2815 44945 00386  0.0124
MCFNO057 4.035 1475  0.0198 0.20 077 1.025 10.37 0.73 2925 61745 00362  0.0124
MCFN058 4.43 14705 0.0199 0.27 056 158 25.84 0.895 21 42795  0.0570  0.0078
MCFNO059 4.62 14.3 0.0168 0.14 0.56 1.425 22.59 0.43 2.99 4238 0.0494  0.0128
MCFNO060 5.12 1681 0.0201 0.16 0.69 1.76 17.325  1.205 2535 51.96  0.0506  0.0096
MCFNO061 454 1575  0.0172 0.16 0.63 2.42 16.735 0.59 2.965 5001  0.0435  0.0132
MCFN062 417 1596  0.0151 0.14 0.70 1.46 16.54 06 254 51065  0.0330  0.0126
MCFNO064 4615 1544  0.0166 0.19 0.63 151 18.07 0.63 3.095 4901 00558  0.0142
MC1000 425 15.12 0.03 0.35 0.75 115 7.98 0.96 3.45 60.79  0.0454  0.0143
MC1001 34 11.86 0.03 0.69 051 1.27 19.95 0.83 2.88 4428 00298  0.0120
MC1002 5.9 19.28 0.03 0.23 0.89 158 6.25 0.92 35 5756  0.0436  0.0158
MC1003 4.22 15.31 0.03 0.22 072 1.23 8.2 1.14 3.43 60.73  0.0389  0.0144
MC1004 3.18 12.67 0.02 0.22 053 1.35 18.97 0.74 2.98 4474 00369 00121
MC1005 33 13.37 0.03 0.38 052 1.46 19.15 0.66 31 4364 00306  0.0129
MC1006 5.17 17.8 0.03 0.45 0.78 161 7.02 0.65 469 5618  0.0504  0.0171

*


https://www.editorialmanager.com/jasrep/download.aspx?id=120453&guid=1c4e0fb2-8d14-4644-8beb-2f68fab88874&scheme=1
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Th Nb Pb Zr Y Sr Ce Ga V Zn Cu Ni Cr
0.0011 0.0012 0.0024 0.0139 0.0023 0.0403 0.0054 0.0017 0.0072 0.0076 0.0015 0.0028 0.0058
0.0011 0.0012 0.0004 0.0141 0.0022 0.0367 0.0056 0.0016 0.0062 0.0076 0.0014 0.0027 0.006
0.0012 0.0011 0.0009 0.0137 0.0022 0.0340 0.0062 0.0013 0.0063 0.0079 0.0012 0.0027 0.0062
0.0013 0.0012 0.0014 0.0133 0.0023 0.0330 0.0048 0.0017 0.0065 0.0083 0.0014 0.0030 0.0058
0.0013 0.0014 0.0007 0.0156 0.0026 0.0353 0.0059 0.0019 0.0074 0.0102 0.0018 0.0032 0.0064
0.0014 0.0013 0.0021 0.0157 0.0024 0.0370 0.0064 0.0019 0.0071 0.0079 0.0016 0.0031 0.0056
0.0014 0.0013 0.0010 0.0157 0.0025 0.0385 0.0045 0.0018 0.0070 0.0091 0.0019 0.0033 0.0061
0.0011 0.0014 0.0003 0.0166 0.0020 0.0430 0.0067 0.0019 0.0077 0.0095 0.0019 0.0034 0.0068
0.0014 0.0013 0.0021 0.0154 0.0025 0.0412 0.0056 0.0020 0.0066 0.0087 0.0018 0.0031 0.0062
0.0013 0.0013 0.0006 0.0152 0.0023 0.0394 0.0050 0.0017 0.0068 0.0079 0.0014 0.0029 0.006
0.0013 0.0013 0.0008 0.0153 0.0025 0.0401 0.0066 0.0017 0.0064 0.0090 0.0018 0.0030 0.0058
0.0012 0.0013 0.0027 0.0153 0.0024 0.0443 0.0046 0.0020 0.0075 0.0085 0.0018 0.0032 0.006
0.0013 0.0013 0.0009 0.0153 0.0024 0.0428 0.0056 0.0019 0.0063 0.0085 0.0017 0.0031 0.0059
0.0012 0.0013 0.0002 0.0153 0.0019 0.0385 0.0063 0.0016 0.0074 0.0071 0.0013 0.0029 0.0065
0.0012 0.0013 0.0006 0.0152 0.0024 0.0369 0.0061 0.0017 0.0068 0.0088 0.0017 0.0031 0.0058
0.0016 0.0013 0.0013 0.0154 0.0024 0.0393 0.0058 0.0019 0.0067 0.0083 0.0016 0.0032 0.0058
0.0013 0.0013 0.0008 0.0158 0.0024 0.0400 0.0048 0.0019 0.0067 0.0087 0.0017 0.0032 0.0059
0.0013 0.0013 0.0023 0.0151 0.0024 0.0434 0.0050 0.0020 0.0072 0.0083 0.0018 0.0032 0.006
0.0013 0.0014 0.0013 0.0160 0.0025 0.0368 0.0059 0.0021 0.0073 0.0105 0.0019 0.0034 0.0063
0.0014 0.0015 0.0005 0.0178 0.0025 0.0371 0.0065 0.0020 0.0077 0.0092 0.0019 0.0035 0.0063
0.0012 0.0013 0.0002 0.0162 0.0024 0.0404 0.0065 0.0019 0.0069 0.0089 0.0017 0.0033 0.0061
0.0013 0.0013 0.0004 0.0150 0.0024 0.0363 0.0050 0.0019 0.0068 0.0092 0.0021 0.0031 0.0064
0.0012 0.0013 0.0006 0.0157 0.0025 0.0396 0.0053 0.0019 0.0073 0.0096 0.0018 0.0033 0.006
0.0013 0.0013 0.0007 0.0150 0.0025 0.0368 0.0050 0.0019 0.0071 0.0089 0.0017 0.0032 0.0059
0.0013 0.0013 0.0019 0.0154 0.0024 0.0433 0.0052 0.0019 0.0054 0.0084 0.0020 0.0032 0.0055
0.0013 0.0013 0.0025 0.0154 0.0024 0.0417 0.0061 0.0019 0.0058 0.0084 0.0017 0.0031 0.0058
0.0012 0.0013 0.0017 0.0157 0.0023 0.0367 0.0047 0.0018 0.0061 0.0082 0.0019 0.0031 0.0054
0.0014 0.0013 0.0008 0.0155 0.0024 0.0409 0.0057 0.0017 0.0063 0.0087 0.0018 0.0030 0.0061
0.0013 0.0013 0.0012 0.0156 0.0024 0.0394 0.0060 0.0018 0.0065 0.0088 0.0018 0.0031 0.0057
0.0013 0.0013 0.0002 0.0149 0.0023 0.0389 0.0059 0.0017 0.0063 0.0083 0.0016 0.0029 0.0059
0.0013 0.0013 0.0013 0.0152 0.0022 0.0382 0.0062 0.0019 0.0076 0.0086 0.0017 0.0031 0.0066
0.0013 0.0013 0.0020 0.0154 0.0024 0.0389 0.0054 0.0018 0.0073 0.0078 0.0015 0.0030 0.0057
0.0013 0.0013 0.0004 0.0159 0.0025 0.0410 0.0055 0.0018 0.0070 0.0090 0.0015 0.0031 0.006
0.0013 0.0013 0.0006 0.0161 0.0023 0.0413 0.0046 0.0018 0.0069 0.0087 0.0015 0.0032 0.0062
0.0012 0.0013 0.0004 0.0159 0.0024 0.0410 0.0041 0.0018 0.0069 0.0088 0.0016 0.0031 0.0058
0.0013 0.0013 0.0036 0.0153 0.0023 0.0411 0.0043 0.0018 0.0062 0.0084 0.0017 0.0030 0.0059
0.0014 0.0013 0.0005 0.0158 0.0024 0.0408 0.0055 0.0017 0.0070 0.0084 0.0015 0.0030 0.006
0.0013 0.0012 0.0023 0.0151 0.0023 0.0390 0.0058 0.0017 0.0066 0.0082 0.0017 0.0029 0.0051
0.0015 0.0014 0.0022 0.0155 0.0026 0.0396 0.0068 0.0020 0.0070 0.0090 0.0020 0.0033 0.0055
0.0013 0.0013 0.0013 0.0157 0.0026 0.039%4 0.0057 0.0018 0.0068 0.0077 0.0015 0.0029 0.0055
0.0013 0.0013 0.0017 0.0154 0.0023 0.0377 0.0057 0.0016 0.0067 0.0085 0.0015 0.0029 0.0054
0.0011 0.0012 0.0016 0.0150 0.0024 0.0397 0.0058 0.0017 0.0061 0.0081 0.0017 0.0030 0.0056
0.0013 0.0012 0.0018 0.0142 0.0023 0.0408 0.0044 0.0018 0.0070 0.0078 0.0015 0.0029 0.0061
0.0011 0.0013 0.0009 0.0157 0.0025 0.0395 0.0052 0.0017 0.0066 0.0085 0.0017 0.003 0.0056
0.0013 0.0012 0.0015 0.0157 0.0024 0.0389 0.0056 0.0017 0.0066 0.0076 0.0015 0.0029 0.0059
0.0011 0.0013 0 0.0148 0.0021 0.0382 0.0051 0.0016 0.0077 0.0077 0.0014 0.0031 0.0069
0.0012 0.0013 0.0010 0.0155 0.0024 0.0396 0.0068 0.0017 0.0069 0.0085 0.0017 0.0032 0.0062
0.0011 0.0013 0.0009 0.0153 0.0024 0.0393 0.0052 0.0018 0.0065 0.0090 0.0018 0.0032 0.0062
0.0012 0.0013 0.0016 0.0156 0.0024 0.0387 0.0049 0.0018 0.0067 0.0088 0.0018 0.0031 0.0054
0.0013 0.0013 0.0014 0.0152 0.0024 0.0388 0.0052 0.0019 0.0068 0.0088 0.0019 0.0032 0.0058
0.0011 0.0013 0.0005 0.0151 0.0025 0.0383 0.0063 0.0019 0.0065 0.0086 0.0018 0.0032 0.0059
0.0012 0.0013 0.0007 0.0148 0.0024 0.0377 0.0059 0.0018 0.0064 0.0086 0.0018 0.0031 0.0058
0.0013 0.0013 0.0010 0.0153 0.0022 0.0382 0.0059 0.0018 0.0064 0.0087 0.0018 0.0032 0.006
0.0013 0.0013 0.0011 0.0156 0.0024 0.0395 0.0053 0.0018 0.0062 0.0083 0.0016 0.0030 0.0056
0.0009 0.0013 0.0023 0.0133 0.0025 0.0372 0.0056 0.0017 0.0070 0.0082 0.0022 0.0028 0.0064
0.0010 0.0014 0.0039 0.0160 0.0028 0.0397 0.0056 0.0019 0.0081 0.0093 0.0021 0.0029 0.0066
0.0011 0.0015 0.0015 0.0141 0.0026 0.0293 0.0054 0.0019 0.0073 0.0094 0.0021 0.0030 0.0058
0.0009 0.0013 0.0022 0.0152 0.0026 0.0362 0.0051 0.0018 0.0088 0.0081 0.0014 0.0027 0.0054
0.0013 0.0016 0.0020 0.0246 0.0027 0.0151 0.0066 0.0018 0.0080 0.0052 0.0011 0.0026 0.0060
0.0010 0.0014 0.0018 0.0138 0.0026 0.0348 0.0045 0.0019 0.0067 0.0088 0.0024 0.0031 0.0061
0.0010 0.0014 0.0019 0.0137 0.0025 0.0290 0.0051 0.0018 0.0092 0.0077 0.0017 0.0027 0.0057
0.0012 0.0016 0.0006 0.0186 0.0030 0.0378 0.0063 0.0021 0.0101 0.0090 0.0019 0.0033 0.0074
0.0011 0.0015 0.0021 0.0159 0.0027 0.0387 0.0051 0.0020 0.0079 0.0087 0.0022 0.0031 0.0061
0.0012 0.0016 0.0021 0.0195 0.0027 0.0426 0.0068 0.0019 0.0080 0.0073 0.0018 0.0030 0.0069
0.0010 0.0015 0.0023 0.0165 0.0028 0.0491 0.0051 0.0019 0.0096 0.0080 0.0020 0.0031 0.0058
0.0017 0.0013 0.0026 0.0225 0.0022 0.0180 0.0083 0.0018 0.0076 0.0084 0.0010 0.0023 0.0069
0.0013 0.0009 0.0022 0.0146 0.0018 0.0290 0.0050 0.0015 0.0064 0.0086 0.0012 0.0018 0.0053
0.0020 0.0014 0.0029 0.0214 0.0027 0.0204 0.0080 0.0023 0.0109 0.0100 0.0020 0.0034 0.0090
0.0018 0.0012 0.0027 0.0225 0.0022 0.0171 0.0079 0.0019 0.0074 0.0084 0.0009 0.0024 0.0068
0.0013 0.0010 0.0029 0.0143 0.0018 0.0261 0.0060 0.0016 0.0063 0.0094 0.0007 0.0018 0.0055
0.0011 0.0010 0.0020 0.0130 0.0017 0.0269 0.0041 0.0017 0.0065 0.0093 0.0008 0.0020 0.0057
0.0018 0.0014 0.0025 0.0210 0.0027 0.0149 0.0073 0.0021 0.0099 0.0079 0.0013 0.0031 0.0077



0.0014
0.0013
0.0018
0.0016
0.0017
0.0017
0.0018
0.0016
0.0016
0.0020
0.0016
0.0011
0.0015
0.0012
0.0016
0.0012
0.0015
0.0018
0.0011
0.0010
0.0015
0.0015
0.0015
0.0015
0.0013
0.0021
0.0016
0.0018
0.0010
0.0018
0.0009
0.0016
0.0016
0.0016
0.0017
0.0014
0.0014
0.0018
0.0020
0.0016
0.0021
0.0018
0.0020
0.0016
0.0018
0.0016
0.0017
0.0018
0.0018
0.0015

0.0010
0.0010
0.0013
0.0012
0.0012
0.0013
0.0013
0.0015
0.0016
0.0016
0.0012
0.0010
0.0015
0.0012
0.0014
0.0010
0.0011
0.0013
0.0011
0.0009
0.0013
0.0013
0.0013
0.0013
0.0013
0.0018
0.0012
0.0011
0.0011
0.0010
0.0009
0.0014
0.0013
0.0014
0.0012
0.0009
0.0008
0.0013
0.0017
0.0010
0.0017
0.0013
0.0012
0.0013
0.0013
0.0014
0.0010
0.0012
0.0014
0.0010

0.0023
0.0026
0.0023
0.0032
0.0031
0.0024
0.0025
0.0031
0.0031
0.0034
0.0023
0.0018
0.0030
0.0017
0.0026
0.0022
0.0012
0.0028
0.0017
0.0021
0.0025
0.0030
0.0026
0.0024
0.0025
0.0035
0.0015
0.0025
0.0022
0.0032
0.0019
0.0028
0.0028
0.0051
0.0026
0.0025
0.0013
0.0025
0.0033
0.0021
0.0029
0.0028
0.0030
0.0025
0.0028
0.0103
0.0059
0.0029
0.0030
0.0028

0.0164
0.0137
0.0215
0.0221
0.0209
0.0213
0.0242
0.0206
0.0222
0.0223
0.0204
0.0123
0.0198
0.0157
0.0196
0.0134
0.0180
0.0226
0.0140
0.0125
0.0214
0.0212
0.0210
0.0189
0.0181
0.0212
0.0165
0.0220
0.0159
0.0228
0.0118
0.0191
0.0191
0.0230
0.0188
0.0126
0.0114
0.0198
0.0215
0.0163
0.0254
0.0202
0.0223
0.0195
0.0226
0.0177
0.0149
0.0218
0.0217
0.0197

0.0018
0.0018
0.0023
0.0024
0.0023
0.0023
0.0025
0.0028
0.0029
0.0030
0.0028
0.0017
0.0029
0.0020
0.0028
0.0019
0.0020
0.0024
0.0016
0.0017
0.0023
0.0023
0.0023
0.0025
0.0024
0.0028
0.0023
0.0023
0.0015
0.0019
0.0016
0.0025
0.0026
0.0025
0.0022
0.0017
0.0019
0.0023
0.0029
0.0018
0.0027
0.0023
0.0023
0.0023
0.0022
0.0021
0.0017
0.0022
0.0023
0.0018

0.0258
0.0282
0.0186
0.0179
0.0195
0.0198
0.0156
0.0226
0.0224
0.0227
0.0197
0.0265
0.0264
0.0199
0.0280
0.0269
0.0221
0.0155
0.0258
0.0311
0.0161
0.0188
0.0166
0.0325
0.0305
0.0215
0.0263
0.0161
0.0371
0.0186
0.0247
0.0205
0.0255
0.0139
0.0169
0.0292
0.0381
0.0182
0.0235
0.0196
0.0144
0.0176
0.0151
0.0184
0.0151
0.0304
0.0258
0.0151
0.0146
0.0209

0.0055
0.0053
0.0073
0.0073
0.0067
0.0073
0.0082
0.0078
0.0083
0.0091
0.0068
0.0047
0.0074
0.0051
0.0074
0.0052
0.0058
0.0087
0.0050
0.0047
0.0079
0.0078
0.0062
0.0077
0.0075
0.0083
0.0062
0.0072
0.0033
0.0081
0.0039
0.0070
0.0062
0.0067
0.0060
0.0048
0.0029
0.0066
0.0081
0.0060
0.0088
0.0062
0.0075
0.0067
0.0078
0.0070
0.0047
0.0070
0.0091
0.0053

0.0016
0.0016
0.0018
0.0019
0.0019
0.0018
0.0018
0.0022
0.0021
0.0022
0.0021
0.0015
0.0021
0.0016
0.0020
0.0017
0.0015
0.0018
0.0013
0.0015
0.0017
0.0017
0.0017
0.0019
0.0019
0.0026
0.0019
0.0018
0.0014
0.0013
0.0012
0.0020
0.0021
0.0019
0.0019
0.0014
0.0015
0.0020
0.0024
0.0016
0.0020
0.0020
0.0019
0.0019
0.0018
0.0019
0.0016
0.0019
0.0018
0.0013

0.0064
0.0065
0.0077
0.0084
0.0088
0.0080
0.0078
0.0095
0.0104
0.0102
0.0111
0.0072
0.0098
0.0073
0.0095
0.0066
0.0072
0.0079
0.0060
0.0058
0.0080
0.0081
0.0082
0.0082
0.0086
0.0122
0.0105
0.0083
0.0088
0.0064
0.0057
0.0114
0.0095
0.0095
0.0088
0.0060
0.0059
0.0093
0.0118
0.0071
0.0092
0.0095
0.0084
0.0090
0.0080
0.0091
0.0066
0.0083
0.0088
0.0062

0.0073
0.0090
0.0095
0.0117
0.0127
0.0097
0.0104
0.0107
0.0076
0.0073
0.0098
0.0083
0.0090
0.0069
0.0093
0.0098
0.0116
0.0105
0.0078
0.0088
0.0084
0.0092
0.0085
0.0099
0.0104
0.0107
0.0100
0.0114
0.0097
0.0055
0.0079
0.0094
0.0115
0.0082
0.0084
0.0078
0.0088
0.0090
0.0099
0.0123
0.0094
0.0095
0.0114
0.0083
0.0093
0.0082
0.0070
0.0113
0.0073
0.0064

0.0009
0.0010
0.0009
0.0010
0.0012
0.0010
0.0010
0.0021
0.0019
0.0019
0.0018
0.0006
0.0017
0.0010
0.0014
0.0010
0.0008
0.0009
0.0007
0.0009
0.0024
0.0010
0.0007
0.0023
0.0017
0.0031
0.0027
0.0010
0.0012
0.0009
0.0006
0.0010
0.0023
0.0011
0.0013
0.0010
0.0023
0.0017
0.0021
0.0013
0.0013
0.0017
0.0011
0.0014
0.0010
0.0018
0.0021
0.0025
0.0011
0.0013

0.0021
0.0017
0.0024
0.0025
0.0027
0.0022
0.0024
0.0035
0.0034
0.0034
0.0032
0.0019
0.0031
0.0019
0.0029
0.0021
0.0020
0.0026
0.0014
0.0019
0.0021
0.0023
0.0021
0.0030
0.0029
0.0045
0.0039
0.0025
0.0026
0.0015
0.0014
0.0033
0.0035
0.0023
0.0025
0.0017
0.0023
0.0025
0.0043
0.0021
0.0027
0.0027
0.0027
0.0024
0.0025
0.0031
0.0026
0.0031
0.0025
0.0017

0.0056
0.0056
0.0068
0.0071
0.0072
0.0067
0.0071
0.0085
0.0084
0.0085
0.0089
0.0056
0.0076
0.0062
0.0075
0.0058
0.0055
0.0072
0.0052
0.0053
0.0068
0.0068
0.0069
0.0069
0.0071
0.0097
0.0081
0.0073
0.0081
0.0054
0.0052
0.0089
0.0079
0.0079
0.0075
0.0052
0.0053
0.0076
0.0093
0.0054
0.0077
0.0078
0.0072
0.0078
0.0069
0.0076
0.0057
0.0067
0.0071
0.0054




Lol
10.6003
7.0226
6.9177
10.1563
5.4646
8.7757
7.5459
8.2769
75952
7.0739
7.7249
11.8648
6.0799
9.5208
7.4142
9.2113
6.4804
11.3195
6.0693
12.5969
3.4853
57315
6.8071
6.9853
7.076
7.9706
7.5977
7.2802
7.8833
6.8841
85029
9.9014
3.9174
7.8837
55056
6.2034
6.0738
9.9391
8.0741
7.9779
7.1608
7.1608
11.5247
8.3456
7.6785
5.4567
6.1
6.3895
7.4623
7.9463
7.6584
7.9282
7.6122
7.4062
9.2670
6.8837
55956
6.2034
2.8833
5.8841
8.5029
2.9014
5.9706
6.5977
7.2802
4.22
13.61
2.32
3.47
14.18
13.89
456




13.25
15.39
4.08
3.42
4.46
5.78

4.21
4.04
3.96
1.6
13.13
491
6.57
6.2
118
10.11
231
12.86
16.49
4.26
5.87
4.16
3.2
4.79
3.8
3.87
1.92
11.53
8.24
15.97
3.22
4.07
1.96
6.66
17.98
15.34
5.28
2.59
12.18
2.88
5.46
217
5.88
3.28
8.81
15.06
2.92
7.08

10.98




Table 3

Click here to access/download;Table;Table 3.xls

Group Fe,0:% AlL,0;% MnO%  P,Os,  TiO,%  MgO%  CaO% Na,0%

max 5.12 16.81 0.03 0.27 0.70 2.42 27.62 1.21

RG(n=54) min 4.05 13.27 0.02 0.14 0.56 1.43 16.54 0.42
mean| 4.48 14.95 0.02 0.18 0.61 1.67 21.07 0,64 (0.53%)
st.d 0.31 1.05 0.00 0.04 0.05 0.31 4.13 0,24 (0.09%)

max 4.80 16.69 0.03 0.26 0.79 221 22.86 2.07

G1 (n=10) min 3.91 14.07 0.02 0.16 0.57 1.34 17.70 0.53
mean| 4.21 15.08 0.02 0.21 0.65 1.67 20.11 0,84 (0,72%)
st.d 0.16 0.57 0.00 0.02 0.04 0.13 0.97 0,40 (0.12%)

max 5.12 16.81 0.03 0.27 0.79 2.42 27.62 2.07

G1+RG (n=64)| min 391 13.27 0.02 0.14 0.56 1.03 10.37 0.42
mean| 4.25 15.05 0.02 0.21 0.64 1.66 20.09 0.81 (0.66%)
st.d 0.22 0.66 0.00 0.03 0.05 0.19 221 0.39 (0.14%)

max 4.23 13.89 0.03 0.69 0.58 1.58 2241 0.91

G2 (n=10) min 2.82 11.50 0.02 0.22 0.48 1.23 18.27 0.64
mean| 3.38 12.78 0.03 0.38 0.52 1.41 19.87 0,75 (0,73%)
st.d 0.39 0.71 0.01 0.15 0.03 0.11 1.21 0,08 (0,08%)

max 5.90 19.49 0.04 0.45 0.89 1.65 14.23 1.25

G3 (n=29) min 3.89 14.85 0.02 0.18 0.70 1.12 5.60 0.63
mean| 4.75 16.68 0.03 0.29 0.79 1.34 8.15 0.92 (0.92%)
st.d 0.53 1.41 0.00 0.08 0.05 0.17 1.93 0.15 (0.16%)

max 5.35 17.24 0.03 0.44 0.79 1.64 14.23 1.18

G4 (n=5) min 4.27 15.65 0.02 0.27 0.70 1.35 11.04 0.57
mean| 4.82 16.49 0.03 0.36 0.75 151 12.59 0,78 (0.78%)
st.d 0.36 0.61 0.00 0.06 0.03 0.09 1.16 0,22 (0,22%)

*
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K,0% Si0,% Ba ppm Rbppm  Thppm Nbppm Pbppm Zrppm Y ppm Srppm

3.10 51.96 570 142 12 16 39 195 30 491
2.10 39.65 330 78 9 13 6 133 25 290
2,70 (2,80%) 46.11 461 121 (121%) 10 14 21 157 27 374
0,30 (0,23%) 4.22 77 2(2%) 1 1 8 21 1 59
3.40 51.15 479 178 16 15 36 178 26 443
1.04 43.43 268 62 11 11 0 133 19 330
2,64 (3,11%) 47.17 365 123 (144% 13 13 12 154 24 392
0,56 (0,17%) 1.20 45 1(2) 1 1 8 7 1 22
34 61.75 570 178 16 16 39 246 30 491
1.04 39.65 268 62 9 11 0 133 19 151
2.65 (2.85%) 47.24 381 121 (121%) 12 13 13 156 24 386
0.53 (0.20%) 2.70 61 2(1%) 1 1 8 15 2 43
3.14 46.12 444 138 17 10 59 164 19 311
2.84 38.97 224 111 10 9 18 123 17 258
2,99 (2,99%) 42.95 338 124 (124% 13 10 27 138 18 276
0,10 (=.10%) 2.16 64 7(7%) 2 0 11 12 1 17
4.69 63.95 504 171 21 17 34 254 30 305
2.99 48.84 325 127 13 11 23 181 22 144
3.43 (3.43%) 57.99 399 144 17 13 28 212 25 190
0.26 (0.26%) 3.64 37 1(1% 2 1 3 16 2 4
3.38 52.31 404 146 16 15 103 198 29 325
2.78 48.84 353 131 13 13 24 177 21 264
3,12 (3.12%) 51.21 379 138(138%) 15 14 42 188 25 296

0,21 (0.21%) 1.26 21 6 (6%) 1 1 31 8 3 21




Ceppm Gappm Vppm Znppm Cuppm Nippm Crppm

68 21 101 94 24 33 74
45 17 67 73 14 27 54
55 19 83 85 20 29 62
7 1 11 7 3 2 6

68 21 77 105 21 35 69
41 13 54 71 12 27 51
56 18 68 85 17 31 59
7 1 5 6 2 2 3

68 21 101 105 24 35 74
41 13 54 52 11 26 51
55 18 70 85 17 31 60

7 1 8 8 2 2 4
60 17 72 98 21 26 58
41 14 58 70 6 17 52
50 16 64 85 10 20 55
5 1 4 9 4 3 2
91 23 114 127 25 35 90
60 17 74 73 7 21 67
75 19 89 96 14 27 75
8 2 11 14 5 4 7

77 21 98 104 23 31 76
70 19 82 82 14 29 69
74 20 90 94 18 30 73
2 1 6 8 3 1 3






