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K109510 ,,Human landscape interactions in the Maros valley during
the first half of the Avar period based on comparative interdisciplinary
study of the archeology”

1. Introduction

The main goal of our research was to elucidate subsistence patterns, spatial-temporal relations of
Early Avar Age communities inhabiting the Maros valley of SE Hungary during the 6-7" centuries A.D.
via compilation and comparative analysis of a new database of the archeology complemented by results
of new natural scientific investigations unprecedented for both the study area and the referred cultural
group. Attempts were made to reconstruct the paleoenvironmental conditions, anthropological
characteristics of the inhabitants, regional and distant relations with other cultural groups inhabiting the
Carpathian Basin.

Special attention was paid to the systematic analysis of Meroving, Byzantine relations as well as
those with Transylvania and the Eastern European steppes. In addition, the complex analysis of funerary
practices read from the archeology complemented by natural scientific investigations have promoted the
assessment of similarities and differences between the individual sites and reveal underlying causes.
Provenience of raw materials produced metal artefacts, jewelry have also carried information on
cultural, craftsmanship and trade relations as well as the distribution of exploited resources. By
reviewing the archeology and setting up a new archeostratigraphy complemented by absolute dating
techniques, chronologies of the period have been better confined enabling more reliable temporal
correlations between sites and regions as well as paleoenvironmental proxies. This latter is especially
important in understanding the cultural, climatic and paleoenvironmental causes that may have triggered
and/or contributed to the abandonment of the cemeteries from the mid-7" century and a shift in
subsistence from nomadic to a settled lifeway.

The foundation of our work was based on 557 graves from 22 Early Avar Age sites located along
the Hungarian reach of the Maros River. In addition, other sites with data published during the project
interval (Kovegy M43-49; Maroslele M43-43) has been included along with sites across the border
(Nagylak, Pécska 15). The majority of the sites are cemetery fragments. However, the newly excavated
largest cemetery (251 graves) of Mako-Mikdcsa Hill as well as Kiszombor E and Kiszombor
Tanyahalom diilé were expected to yield reliable new results. As the location of these cemeteries are
known, field surveys, cemetery maps as well as both the archeological, anthropological as well as the
archeozoological material was readily available for interdisciplinary studies. Due to this duality of the
artefact types and the availability of samples collected adequately for natural scientific studies during
the excavation enabled us to call in interdisciplinary methods and tools to complement information read
from the archeology.

2. Chronology
The most important aspect giving one of the cornerstones of our comparative study was the
establishment of a reliable chronology for the studied period of 6-7™ centuries in the Maros valley
(Gulyas et al. 2015 b, 2018 a, b). For the Avar Age in the Carpathian Basin covering a time-scale from
568 till the opening of the 9th century AD, reliable ages based on archeo-typostratigraphy and coins are
available from the 7-9" centuries A.D. alone (Garam 1992; Martin 2008; Somogyi 2011; Zabojnik



2008). The exact age of the Avar invasion at 568 A.D. is known from Byzantine historical records
(Szadeczky-Kardoss 1992). In addition, entry of Byzantine coins to the Avar Khaganate is recorded for
this date alone (Somogyi 1997, 2005, 2014). Developing a reliable archeo-typochronology for the period
of the first two generations (568-600 A.D.) and the 9t" century is thus still a major challenge in Migration
Age archeology in Hungary. This is due on one hand to the general lack of dateable coins. Lack of
clearly dateable typically Avar type artefact assemblages poses further hardships. Assemblages with
pressed buckles are good examples. These are generally dated after 600 A.D, as press stones used for
producing them have been recovered from graves of that age so far (Racz 2014). For the 9" century
assemblages, only some buckle types with a use extending into the century give some information on
the age (Szalontai 1991, 1996).

Archeo-typochronology estimates the interval when certain goods, objects, tools etc. were
manufactured and uses this information to estimate the time (also in interval) when these were placed
into the grave (Balogh 2015, 2017; Garam 1992; Martin 2008; Somogyi 2005, 2011, 2014; Zabojnik
2008). Thus, the time of death is indirectly estimated using this type of approach. The use of coins and
dateable artefact assemblages is the primarily applied tool for establishing a chronology of Avar Age
cemeteries in general (Balogh 2015, 2017; Garam 1992; Martin 2008; Somogyi 2005, 2011, 2014;
Zabojnik 2008). Adoption of this method for the Avar Age is highly restricted, as these artefacts are
rather rare in graves of the referred archeological period. Furthermore, graves dating to the last third of
the 7" century AD, are completely lacking coins suitable for absolute dating. In addition, the derived
chronologies must be confirmed by detailed numismatic examinations to be accepted. Due to these
constraints, the most widely used methods in archeochronology focuses on the presence of horizons,
which are characterized by similar artefacts to coin-dated artefact assemblages. This method was
adopted for developing a typochronology-based absolute chronology for the period of the 6-7™ centuries
A.D. (Avar Conquest) in Hungary too (Balogh 2015, 2017; Garam 1992; Martin 2008; Somogyi 2011;
Zabojnik 2008). In this chronology, the highest attainable resolution is between 25-30 years.
Nevertheless, it must be emphasized that as many artefacts are used for a longer time, they can be
assigned to multiple periods. This uncertainty related to the overlap of artefact use between different
cultures or settlement horizons reduces the fidelity of the created typochronology. Thus, in practice
dating of complete artefact assemblages (grave goods, graves) rather than individual artefacts is adopted.

Radiocarbon dating of bones on the other hand can help us assess the date of death of the deceased
directly (Gillespie et al. 1984; Long et al. 1989; Taylor 1992; Tuniz et al. 2004). This date is however
not a single calendar date, but rather a certain time interval with a certain probability expressing the
error of the actual measurement (Libby 1965; Suess 1970; Aitken 1990, 2003; Bowman 1995). This
measurement error is only a couple ten years presently for Holocene samples (Taylor and Bar-Yosef
2014). However, the diet of the deceased, attributable to freshwater and marine resource intakes, can
further bias the measured dates themselves (Cook et al. 2001; Taylor and Bar-Yosef 2014; Meadows et
al. 2016; Schoeninger 2010). Additional uncertainty from calibration of raw dates to calendar dates can
further widen the age span due to the presence of numerous wiggles and plateaus in the calibration curve
leading often to uncertainties at the multidecadal scale (40-60 or even 80-100 years). This is a serious
problem in cross-validation of archeo-typochronologies with an available resolution of 20-40 years.
There is an opportunity for fine tuning a series of radiocarbon dates with known stratigraphy using the
method of Bayesian analysis (Bayliss 2007, 2009; Bayliss & Bronk Ramsey 2004; Bayliss et al. 2007).
Application of this method clearly supersedes simple calibration. Simple calibration generally yields
time-intervals, which are often broader than the original uncalibrated measurements themselves due to
the previously mentioned reasons. However, if we have a-priori information on the stratigraphic position
of the samples and their association, this knowledge can help us to adjust uncertainties of the calibration
curve using Bayesian statistics relying on the so-called Bayesian theorem. According to this theorem,
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the probability of the outcome is highly influenced and constantly modified by previously available and
newly added knowledge on the input (Gulyas et al. 2018 a, b,c). The resulting outcome is more precise,
reduced time intervals which may be more in line with archeostratigraphic dates (Bayliss & Bronk
Ramsey 2004; Bayliss et al. 2007; Bayliss 2007, 2009). Combination of the results of both methods can
help us filter out outliers and establish an internally more consistent chronology than any method would
yield on its own (Gulyas et al. 2018 a, b,c). First application of this kind of approach to the Avar Period
is known for the Late Avar cemetery of Szegvar-Oromdiilé (Siklossy & Lorinczy 2015). Conditions for
application however were better in our Early Avar Age cemetery of Makd enabling us to assess pitfalls
and advantages of the method (Gulyas et al. 2018 a,b,c).

13 samples with known archeo-typochronology were used in our work. In our study, information
on the dietary habits of the community are readily available from analyses of marker trace elements and
C and N isotope variations of human bones, including those selected for *C dating as well (Gulyas et
al., 2015 a,b, 2018 a,b,c,d). According to these results, exploitation of freshwater resources is negligible
in the community and completely missing in the individuals selected for our study (Gulyas et al., 2015
a,b, 2018 a,b,c,d). So, the received conventional “C dates are not biased by freshwater reservoir effect.

Out of the 13 samples selected for '“C dating, two graves had coins issued under the reign of
Emperor Maurice (583/584-602 AD) from the Rome and Constantinople mints (Gulyas et al., 2018 a,
b,¢). These coins are older than the point in time when the studied individual died. Other clearly dateable
artefacts were missing apart from an early example of a Millefiorian-type pearl. However, the pearl-
based chronology has not yet been fully established. So, its age can be put after 584-602 A.D. The
remaining graves contained highly similar artefact assemblages enabling better dating. The presence of
pressed buckles with masks, pressed boot mounting, Martynovka type pressed buckles (Balogh 2015,
2017) puts most of the samples to the end of the 6™ and first third of the 7" centuries A.D (Gulyas et
al. 2018 a,b,c). The youngest artefacts appearing in some graves are pseudo-buckle mountings with a
frame of ball series assigning them to the middle of the 7" century A.D (Balogh 2015, 2017; Guly4s et
al. 2018 a,b,c).

Based on the archeochronology most of the samples can be dated to the end of the 6™ and first
third of the 7™ century A.D. The last two samples are dated to the turn of the two centuries (Gulyas et
al. 2018 a,b,c). Based on the archeochronology, the cemetery must have been opened during the late 6™
century A.D. (after 568 A.D.). It must have been in use until the mid-7" century A.D. (630-650 A.D.).
Burials thus span the interval of roughly three generations (80-90 years).

Based on simple calibrated 14 C dates the use of the cemetery must have started between 427-
580 A.D (95.4%) and ended between 622 and 685 A.D. The proposed ending is only 20 years younger
than the one established by archeo-typochronology However, the opening of the cemetery is
chronologically impossible as the first date of Avar invasion is clearly put to 568 A.D (Gulyas et al.
2018 a,b,c). Older dates and the twofold increase in uncertainty might be attributed to various factors
like contamination by organic matter or the diet of the individual (reservoir effect). However, both can
be excluded because of findings of trace element and isotope analyses of bone samples (Gulyas et al.
2015 a,b; 2018 d). A clearly apparent plateau can be noted between 420 and 520 cal. AD, which results
in an unreal widening of the age span of the first 4 samples by ca. 100 years; i.e. our seen uncertainty
after calibration.

To eliminate uncertainty due to the mentioned plateau, conventional ages were recalibrated using
Bayesian modeling (Model 1) (Fig.1). In addition, another model has also been constructed where
control by relative chronology of the samples derived from archeostratigraphy was also applied (Model
2). The dates produced by Model 1 show that burial at this site must have begun after 525-560 AD



(68.2%) or 494-581 AD (95.4%) with a median of 538 AD +- 22 years (68.2%) or 538+/-44 (95.4%)
years, respectively. Knowing the exact time of Avar invasion from historical records, the starting
boundary’s upper limit is in the range acceptable for the first generation (570 A.D.). The lower limit at
both confidence levels is significantly different from the expected boundary of 568 though. According
to the modelled dates use of the cemetery as a burial site must have come to an end before 647-675 AD
(68.2%) or 626-697 AD (95.4%) with a median of 662 AD+-16 years (68.2%) or 662 AD+/- 35 years
(95.4%), respectively. The total estimated span of the cemetery was put between 88 and 123 years
(68.2%) and 55-145 years (95.4%) with a median of 104+-22 years (68.2%) or 100+/-45 years (95.4%).
This roughly represents 3 generations of use as estimated by archeo-typochronological investigations.
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Fig.1 Chronological models built for the Mako-Mikdcsa hill cemetery (Gulyas et al., 2018 a,b,c)

In Model 2, the likelihood of absolute age ranges estimated by archeo-typochronology and the
recorded radiocarbon dates were combined to better constrain 14C ages to the expected age interval of
the cemetery. As a result, uncertainties for dates was reduced by half compared to the previous model
(7-10 years (68.2%), 15-20 years (95.4%). The opening of the cemetery must have started between 560-
580 AD (68.2%) or 551-591 AD (95.4%). The cemetery was abandoned between 626-646 AD (68.2%)
or 616-656 AD (95.4%). The estimated span of cemetery use by Model 2 (66+-15 years (68.2%), 65+-
32 years (95.4%), respectively was half of that of Model 1. This data is more congruent with that
proposed based on archeo-typochronology (80-90 years) (Gulyas et al. 2018 a,b,c).

Looking at the spatial distribution of absolute ages, at this stage we may presume a site use starting
from the SW towards the E-NE. Calibrated ages obtained for Kiszombor-O, Deszk-Ordéghalom and
Kiszombor-Tanyahalomdiil6 (628, 633 and 637+/- 10 y AD) seem to overlap with the youngest periods
of Mako-Mikdcsa site (turn and first half of the 7th century AD) (Gulyas et al. 2018 a,b,c).

3. Anthropological characteristics, similarities, differences
Although numerous Early Avar age burials (557) are recorded in the Maros valley (Balogh 2013,
2015a,b, 2017a,b, 2018), the number of preserved human skeletons is much less (375 individuals from
7 sites). Systematic anthropological analysis of human skeletal remains from the largest site of Mikdcsa
and adjacent sites have revealed important information on the anthropological characteristics of the
Maros valley Avar populations. After the establishment of a demographic profile, metric and taxonomic
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analysis of the cranium and post-cranial bones was done. Major nosological units have also been
established following a thorough pathological investigation (Marcsik 2010, 2015, 2018 a,b).

Fig.2. Male and female Mongolic (Sinid-X, Saian-X) skulls from Mako-Mikocsa Hill and a photo of
mandibular tori observed (Marcsik 2015, 2018a,b)

Studies of age and sex distribution of the skeletons in the largest cemetery of the Maros valley
Mako-Mikécsa Hill revealed a relatively balanced demography in terms of adult/children and
male/female ratios with the complete lack of newborns. Children seemed to pass away during their early
childhood, while most females deceased during their young adulthood. Males passed away during their
senior years. The general height of the individuals was medium and moderately high. The neurocranium
was mostly narrow (brachycranic type) and high (hypsicranic type). The viscerocranium was long or
moderately long. Based on cranial metrics no significant difference could have been observed between
sexes (Fig.2). Among the anatomic variances mandibular tori, a heritable character (Johnson et al. 1965;
Mayhall et al. 1970) and spatula-like upper incisors are dominant (Fig.2). Mandibular tori are a bony
growth in the mandible along the surface nearest to the tongue. This latter dental feature is a hallmark
character of Asian and Inuit populations (Mayhall 1979). Among the adults 58% of the skeletons
suitable for typological analysis proved to be Mongolian/East Asian type. 42% had European features.
Among the Europeans, however 50% seemed to display mixed features of Asian/European origin.
Humans of Mako are narrow and high headed, mostly Mongolic Sinid-X and Saian-X subtypes (Marcsik
2018 a,b; Benedek & Marcsik 2017; Marcsik & Varga 2017; Marcsik et al. 2017).

Among the various pathological features signs of arthritis, spondylitis, metabolic-hematogenic
disorders and in case of two individuals’ backbone tuberculosis could have been observed. In addition,
based on endocranial features this infection could have affected 3 adults and 9 children as well (Marcsik
2018 a,b; Marcsik et al. 2016,2017).

Signs of artificial cranial deformation (ACD) could have been observed as well mainly restricted to
female Mongolic types. These are only slight deformations observed in the flattening of the forehead, a
depression of the skull top and a steep flat occipital region. Most ACD types were achieved using simple
bandaging techniques.
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Fig.3. Artificially distorted skulls from Makd-Mikdcsa compared to a reference sample in the center (white
arrows mark affected anatomical areas) (Gulyas et al. 2016)

ACD is characteristic of other Maros valley cemeteries too. To assess similarities in ACD along the
Maros valley Avars and other coeval groups samples have been subjected to cranial morphometric
investigations (Marcsik 2015; Marcsik 2018 a,b; Gulyas et al., 2016, Marcsik & Gulyas 2018).

To assess the degree of ACD, the OGZ index is generally used in anthropology. It’s a ratio of linear
distance measurements between given anatomical landmark points on the side of the skull capturing the
degree of flatness. Application of this index however is flawed in several aspects. Shape is not
independent of size. Thus, equal values may represent highly different shapes. Furthermore, shape
changes can’t be visualized after parametrization. To handle these flaws, in our work landmark-based
geometric morphometrics was adopted for Avar and Gepid female vaults in lateral, frontal and top
views. To filter out unnecessary geometric information like size, location and orientation GPA has been
used via general least squares fit. GPA coordinates were subjected to further multivariate statistical
analyses to determine the most important components of shape variation (PCA). The first 4 PCs captured
90% of total shape variation. PC1 and PC2 was interpreted to represent a widening of the skull base and
a flattening of the crown. In addition, the outward arching of the forehead. PC 3 and PC 4 describe more
localized transformations. Gained shape variables have been subjected to cluster analysis (UPGMA,
cosine similarity) to identify subgroups. Covariation of shape variables with size age, group affiliation
was assessed using regression analysis (Gulyas et al. 2015¢, 2016, 2017 a, b; Gulyas & Marcsik 2015;
Marcsik & Gulyas 2018).

Morphometric studies on the practice of artificial cranial deformation in Early Avar and Gepid groups
in the Maros valley have initiated and continued in 3D. 20 skulls from Makd-Mikocsa, Kovegy and
Kiszombor E have been cat scanned. Methods were developed for digitization, segmentation and fit of
skull parts and fragments in surface laser scans and CTs and presented on international geomathematical
conferences (Gulyas et al., 2017a, b). Initial surficial differences in areas affected by ACD have been
quantified and data compared (Fig.5).
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Fig.4. Anatomical variations connected to ACD by age and site and visualized changes in shapes (hot colors
represent expansion, cold colors retraction of anatomical points compared to the reference shape) (Gulyas et al.,
2017b, Marcsik & Gulyas 2018)

Fig.5. Method of surficial landmark-based 3D geometric morphometrics on frontal and temporal regions of a
female skull from Mako subjected to ACD

For the first time in such studies potential anatomical and structural changes have been quantified and
evaluated using CT scans and medical software packages of Amira and Amide to tackle any neurological
or anatomical effects of ACD to populations (Gulyas et al. 2017a,b). Signs of bone density loss could
have been observed and quantified in areas affected during ACD (Fig.6). Further anatomical variations
and potential alterations as the side effect of ACD have also been evaluated: e.g. shape volume of sella
turcica hosting the pituitary gland, angle of the clivus ( Gulyas et al. 2017 a,b; Marcsik & Gulyas 2018).
Extreme ACD may have effect on not only the optical nerves but the clival angle and the shape, volume
of the sella turcica and sphenoid sinus (Fig.6). A deformation of sella turcica may either lead to the
compression of the pituitary gland or the enlargement causing significant alterations in important body
functions. Pituitary gland controls the production of hormones regulating growth, blood pressure, certain
aspects of pregnancy and childbirth, brest milk production, sex organ functions, thyroid gland functions,
body temperature, metabolism, osmoregulation and pain relief. So, any major changes to these areas
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could have altered body functions. Recent studies have revealed that a larger pituitary volume is
associated with higher social anxiety in children (Murray et al. 2016). Introduction of these novel
measurements into Avar anthropological studies in our work could reveal such behavioral, social aspects
of studied individuals which have remained hidden from environmental archeological studies so far
(Gulyas et al., 2017 a,b; Marcsik & Gulyéas 2018).
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Fig.6. Medical anatomical analysis of a female skull from Mako subjected to ACD (arrows point to areas
subjected to ACD)(Gulyas et al. 2017 a,b, Marcsik & Gulyas 2018)

Our findings on ACD characteristics have revealed the close-knit relationship of Maros valley Avar
groups in terms of ACD practice hinting to the uniformity of the population. This was further
corroborated by a dominance of certain Mongolian haplotypes, which is completely different from the
Avar Age populations of the Danube-Tisza Interfluve (Marcsik & Molnar 2017, 2018).

In case of 77 people (32 male and 45 female) osteological alterations attributable to extended use
of given muscles in general were observed in areas near the hip-, thigh and shin bones. Three groups
have been created characterizing weak, moderate and pronounced alterations. From the males 19 had
moderate and 2 pronounced osteological alterations in the mentioned anatomical areas. Only 5 moderate
and 2 pronounced cases were observed for females. Evaluation of the results is highly subjective as
various types of activities can result in similar osteological changes (Marcsik 2018a,b).

4. Early Avar economies in the Maros valley

4.1 Subsistence

A comparative study of animal remains, tools and artefacts used to include the sourcing and
function of bone tools, food remains, sacrificial animals aided subsistence reconstructions (Balogh
2014a, 2015a, 2016b,2017a 2018b; Balogh & Lérinczy 2016, 2017). Animal remains appear in two
forms in the studied graves: as food or sacrifice (Fig.7). The sheer number of animal bones retrieved
from the graves is a clear indication of a dominantly nomadic agropastoral economic system in which
these communities were engaged. 37% of the graves had animal bones representing food remains. These
are generally restricted to sheep sacral bones, plus shoulder blades but metacarpals also turn up. Pig and
poultry remains appear in less 1% of the graves. Leg bone of a red deer was recorded from a single grave
alone (Kiszombor-Tanyahalom diilé6 Grave 11). All this information indicates the prevalence of lamb in
the diet of these Avar communities (Balogh 2014a, 2015a, 2016b,2017a 2018b; Balogh & Lérinczy
2016, 2017) .



Fig.7 Animal food remains recovered from the largest cemetery Mako-Mikocsa Hill (Balogh
2016b,2017a,2018b)

A stunning feature of the Early Avar Age cemeteries located along the Maros River is the
exceptionally high number of animal burials (Fig.8). Out of the 557 graves 928 animal burials have been
recorded. The taxonomic composition of these is rather surprising with a clear dominance of cattle/calf
(45%), a similar proportion of sheep/lamb (40%) and a highly subordinate ratio of horse (14.4%).
Records of 6 dog burials are also known. The spatial distribution of animal burials is by no means
uniform. Some of the studied cemeteries are characterized by an outstanding number of such features
and animal remains (Deszk G, Deszk H, Deszk Sz, Mako-Mikdcsa Hill), while in others these are present
in lower numbers or completely missing (Balogh 2014a, 2015a, 2016b,2017a 2018b; Balogh & Lérinczy
2016, 2017) .

The site of Mako yielded 698 of sacrificial animal remains. Calf/cattle (280) prevail in addition
to sheep (270). Most are dismembered, with a single complete sheep skeleton. Partial horse remains in
142 graves with a mere 20 complete skeletons were also recorded. Some unique features so far
unprecedented in the literature have been recorded from two cemetery sites: the burial of horse and cattle
embryos together with the deceased at Makd-Mikocsa. Three solitary horse graves so far unknown for
the Trans-Tisza area have been noted in the cemetery of Kiszombor-Tanyahalomdtld (Balogh 2014a,
2015a, 2016b,2017a 2018b; Balogh & Ldrinczy 2016, 2017) .

Zooarcheological analysis revealed information on the anatomical characteristics of herded animals.
Horses of Makd were stout, small and medium sized with 2 different head and 3 different leg and hoof
types. Sheep were mid-size, hornless and pariah types. Mid-size cattle were prevalent (Korosi 2015 a,b,
2018a,b).

Certain artefacts and artefact assemblages also carry information on the importance of free range
animal husbandry (iron bell, flint stones or tinder). Examples of the former two have been recorded. In
the cemetery of Mako presence of a bifurcating iron tool with downward folding spikes and a wooden
handle was noted in several graves most likely representing hoof scraper. Carved wooden, bone and
horn objects preparation of which requires less raw material or practical knowledge like needle cases
made of sheep shinbone, disentangles, bits, tool handles made of antler are also clear records of a
pastoral lifestyle (Balogh 2014a, 2015a, 2016b,2017a 2018b; Balogh & Lérinczy 2016, 2017) .



Fig. 8 Sacrificial animal burials from Mak6-Mikdcsa and Kiszombor F

Hunting was an important activity of the studied communities as most of horn and bone tools
and objects are made of red deer ribs and antlers (65% in Mako6-Mikdcsa). Iron lances recorded in the
graves must have been used for hunting big game too, while arrows and arches could have been used
for small game and wild fowl. Arrowhead and arch plate remains recorded in 5 children graves at Mako
may correspond to weapons used for hunting rather than simple target practice.

Gathering of wild berries, mushrooms, herbs, seeds, grains must have been part of everyday
activities too. Wooden bowls and jars placed into the graves might have been useful for the storage of
such food complements and medical resources. Signs of reed and bulrush use are clearly recorded in
daub fragments retrieved during the wet sieving of ca. 16 tons of soil removed from the site. These might
have been used for preparation of weaved baskets, bowls etc (Balogh 2014a,2015a,2016b,2017a2018b;
Balogh & Lérinczy 2016, 2017) .

No tools indicating plant cultivation are known in the records. Yet detailed analysis of textile
remains attached to some iron tools attest the use and cultivation of flax and hemp. In addition, as a part
of the pottery emplaced into the graves must have had food remains cultivation of cereals (millet, barley)
can also be presumed (Gulyas et al. 2018d). Use of these types of plants in the diet have been
independently attested via biogeochemical analysis of human bone remains to be detailed in the next
subchapter. Geochemical, sedimentological analysis of soil (Corg, inorg, pH, EC, MS, grain-size, color,
8 elements) retrieved from jars of the Mako cemetery also aided elucidation of the nature of organic
matter emplaced into them (Fig.9). Anomalies were assessed via statistical methods plus parameter
maps. Elevated values of K, Mg helped identification of wood ash and burnt flesh, bone remains. Others
(Ca, Mg) may indicate the burial of water bank plants (reed, bulrush) (Gulyas et al. 2015a, 2018e).
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Fig.9. Concentration of selected trace elements in soils from jars

Most analyzed graves had high concentration of Corg indicating the placement of organic matter (food,
flesh) into the pots. Spatial distribution of marker elements connected to the presence of flesh and cereal
meals (Mn, Cu, Zn) in the pots were highly correlated with the amount of Corg. However, burials on
the northern and northeastern margin of the cemetery had anomalously low values implying a different
perhaps plant origin of the organic matter. K also had a moderate spatial correlation with the mentioned
marker elements indicating the presence of burnt flesh and bone remains. Highest K values are found in
the areas characterized by the lowest organic matter, which clearly indicate that these anomalies must
represent burnt inorganic matter (bones) rather than organics (wood ash, burnt flesh) placed into the jars.
High Mg was observed for only a few graves hinting to a subordinate use of water bank plants in grave
goods (Gulyas et al. 2015a, 2018e).

4.2 Dietary reconstructions

To confirm and widen knowledge gained regarding subsistence of the Early Avar communities of the
Maros valley archeological data was complemented with information on bone geochemistry (trace
elements of Mn, Zn, Cu; C, N, O isotopes) containing records of the diet.

Marker trace elements carrying information on wheat, meat, dairy consumption have been
analyzed from the largest cemetery of Mako-Mikocsa Hill (Fig.10). Wheat and other cereal produce
have high manganese content resulting high concentrations of this element stored in the body and the
bones. Values below 500 pp generally indicate a meat & dairy based diet (Watts 1990; Subira and
Malgosa 1992). In Mak¢é the average Mn concentrations in studied bones of 96 individuals ranged
between 160-400 ppm. Zn is above 200 ppm, again indicating meat consumption. Cu ranged between
20-40 ppm. Values above 20 generally mark meat consumption. Elevated level of metals in goldsmith
and blacksmith burials was attested (Gulyas et al. 2015a, 2018d).

Stable isotopic analysis of carbon and nitrogen from bone collagen can assist in distinguishing patterns
of subsistence. Nitrogen is found at its highest concentration in amino acids. These amino acids are
linked together to form proteins, which serve both metabolic and structural functions in tissues. By
examining different nitrogen isotopes in a protein, it is possible to differentiate between animal protein
sources and plant carbohydrates (Ambrose 1993; Larsen 2002). The §'*C values of enamel, bone apatite
and collagen can be used to distinguish if the individual had a primarily C3, C4, or intermediate plant
diet. Additionally, it can be determined if the individual consumes primarily a marine or terrestrial
animal protein diet. Plants follow different metabolic pathways in CO, fixation which leads to different
number of carbon atom bonding during photosynthesis (C3, C4). Both pathways are represented by clear
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813C values. C3 plants generally have lower, while C4 plants have higher 8'*C values (van der Merwe
1982; Ambrose 1993).
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Fig.10. Concentration of marker elements of Mn, Zn, Cu, Fe in bones from Mako6-Mikocsa Hill (Gulyas et al.
2015a,2018d)

Most plant life and plant products of nutritional value fall into the C3 group. These include wheat,
barley, rice, wetland grasses, legumes, vegetables, all root crops, nuts, most fruits, and honey. The C4
groups of nutritional value include millets (e.g. setaria millet, broomcorn millet), maize, sorghum, sugar
cane, some amaranths, chenopods, and tropical grasses (Ambrose 1993; Tykot 2004; Le Huray &
Schutkowski 2005). To assess the taphonomic reliability of the data the C/N ratio and the collagen
content is checked primarily (Ambrose 1993). In our samples the C/N ratios ranged between 2.9-3.2
(mean 3.04) indicating ideal preservation of bone collagen (Ambrose 1993). Collagen content of bones
were also high enough to yield reliable data (5-25%).
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Fig.11. Ratio of 8'N and 8'3C values for the study sites of Early Avar Age Mako-Mikocsa SE Hungary
and Szolad W Hungary, and the Late Avar Age site of Sajopetri, NE Hungary reflecting diet (Gulyas et al. 2018d)

The 3"°N stable isotope values for the Avars at Mako ranged from 9.2-14.6 %o with values above
12 %o being outliers (Fig. 11). The general range for most samples is not a high enough value to indicate
freshwater fish was a staple food item within their diet. This is congruent with the lack of fishbones
from the graves at all Maros valley sites. However, the '°N values do fall within the ranges that indicate
the use of secondary products of domesticated livestock for the entire analyzed population. Individuals
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characterized by 3'°N values of a mixed diet or dominantly plant carb diet were missing from the
analyzed sample population of Mako6(Gulyas et al. 2018d). A similar trend is observed for the Late Avar
Age population of Sajopetri (9.6-11.4%o0 with a mean of 10.7%o £ .5) indicating no major difference from
Mako in consumption of animal proteins (Noche-Dowdy 2015). Most individuals from the 6™ century
Lombard cemetery at Sz6lad in Transdanubia, W Hungary also had similar & 15N values to the coeval
site of Makd and the younger site of Sajopetri (Alt et al. 2014). Conversely, individuals at the baseline
of a mixed diet and a dominantly plant carb diet are also present in large numbers. The picture is even
more interesting when we examine 8'°C values. Apart from one or two outliers the mainline individuals
from the Lombard cemetery at Szolad have strictly lower values and well separated from the individuals
of coeval Makdé Mikocsa site (Gulyas et al. 2018d). This implies that the diet of the Lombard was
dominantly C3 type plant (barley, wheat etc.) based. Conversely, the Early Avar Makd group had
dominantly C4 plants in their diet (millet). This clearly corroborates the archeological assumption of
millet production by the Maké group and the emplacement of millet porridge into the burial jars (Gulyas
et al. 2018d). As other Central European populations occupying the region utilized wheat and barley,
both C3 plants, as staple crops (Hoekman-Sites & Giblin 2012; Motuzaite-Matuzeiciute et al. 2013;
Papathanasiou et al. 2013) the Avars of Makd were non-locals to the area. The Late Avar Sajopetri
population occupies a mid-position between the two extremes indicating a somewhat similar, yet
different plant-based diet from the Early Avar Mako6 group. Their diet is still C4 plant based but
composition must have been different from the Early Avar Maké group. Individuals with outlying 3'°N
and 3'*C values at Maké indicate breastfeeding infants (Gulyas et al. 2018d).

4.3 Utilization of local natural resources in subsistence

The investigation of plant remains yielded useful information on the composition of the wood and plant
matter used as well as that of the nearby available resources. Most of them had poor preservation
rendering them unsuitable for analysis. The presence of oak, maple, lime, elm, poplar, hornbeam, willow
wood and charcoal remain talks about the existence of a mixed temperate deciduous gallery forest in the
surrounding areas (Gulyas et al. 2015a,b, 2018e). In some objects including daub remains reed could
also have been identified harvested from the banks of the adjacent creeks like the Szaraz brook. It also
refers to the use of reed in wattle and daub. In addition, grass and cereal chaff were also observed in
pottery remains indicating the use of these in daub preparation. Visual as well as chemical analysis of
certain hair and leather remains revealed the use of squirrel hair, fox hair in make-up brushes, these
animals were constant inhabitants of the nearby gallery forests. Plant remains from pottery grave goods
were dominantly goosefoot and grass remains readily available in dry grasslands (Gulyas et al. 2015a,b,
2018e).

4.4 Craftsmanship and workshops in the Maros valley

Archeotypological overview of artefacts carrying information on various types of crafts
(woodworks, metalworks: blacksmith-goldsmith, pottery, wool & textile weaving, fur & skin making,
bone, stone tool & pearl making) complemented by archeometric analysis (chemical composition of
dyes, gold plates, jewels, metal artefacts, pearls, excipients of jewelry) was another way to explore
questions of subsistence in our work (Balogh 2015a,b 2016b,2017a 2018b; Balogh & Ldrinczy 2016,
2017). Geometric morphometrics have been introduced to shape analysis of artefacts as a novel
approach.

4.4.1 Woodworks

Remnants of wooden artefacts placed into the graves but only partially preserved talk about the wide
array of wood crafting activities of the community. These artifacts range from handles attached to rusted
iron tools, saddles, wood fragments on sword handles and sheaths. Tools used have also been recovered
from the area like the handsaw, planes, metal files from Mako. In addition, part of the iron knives might
have been suitable for wood carving. Planes must have been used for thinning and smoothing the surface
of wooden buckets, bowls, coffins, furniture (Balogh 2016a,c). Anthracological analysis of wood
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remains revealed a wide array of wood types used sourced from the local gallery forests (oak, maple,
lime, elm, poplar, hornbeam, willow).

4.4.2. Pottery

Production of clay jars, granaries was known to Avar communities. Jars containing meat and/or
porridge were placed into the graves. Certain pottery shapes and more sophisticated decoration types
(dripped dyed jars, nosed bottles) attest the presence of potters using basic techniques. Nosed bottles
and wheeled pottery from Széreg A also speak about the presence of skilled potters.

4.4.3 Fur and animal skin making

Fur and skin production is an embedded part of a pastoral lifestyle. The presence of red deer
bones may refer to the use of deer skin as well besides those of herded animals. Belts, small belt cases,
saddlery, sandals and laces as well as certain clothes were made of leather. Although the majority of
these are not preserved decorations, pins, pegs used are clear signs of their production. Punchers and
prickers recovered from female graves also belong here. Punchers have so far been recovered from
Mako- Mikdcsa alone. Accordingly fur and skin making was a task of women. Two furrier knives with
blades perpendicular to the handle recovered from certain cemeteries of Transdanubia also from female
graves corroborates our assumption.

4.4.4 Wool and textile weaving

Sheep bones clearly speak of sheep herding. There is every reason to believe that both sheepskin
and wool has been used. There are several spinning rings and buttons used for wool spinning. Flax and
hemp must have been grown and used for weaving clothes. Textile fragments attached to rusty iron
surfaces, needle holders made of animal bone also signal this kind of crafting activity. Bulrush, sedge
growing along the riverbanks and shores of oxbow lakes must have been used for basket, hive weaving.

4.4.5, Bone tool industry

Bone and horn tools (197) are mostly bow plate fragments, but tiny hangers, clutches, buckets of the
horse harness or antler bits, bone combs, sabretache sealers, awls, hole-punches, needle cases also turn
up in various forms. The majority is made of red deer antler or rib bone, followed by cattle, sheep, and
goat and horse bone in much smaller quantities. Grave 61 of Mako holds remains of a former bone and
horn craftsmen. A small casting mold holding unfinished bow plate fragments complemented by several
various tools of saws, drill bits, scrapers, and files was recorded. Two similar type of graves are known
from the wider surroundings of the area (Mokrin 30 and Hodmezovasarhely-Szarazérdiilé) (Balogh
2015b,¢). According to our analyses hematite was used as a dye for painting carved motifs of bow plates,
bone latches (Fintor et al. 2018) (Fig.12).

Fig.12 Bone comb, carved and painted bow plate fragment and leather belt case latch

4.4.6. Stone tool industry

Numerous different types of flint stones, polishing stones, grinding stones, grinding handles have been
recovered some of them bearing marks of knife and sword sharpening. Most of flint was hydro quartzite
and radiolarite which are readily available from the Southern Carpathians and the Northern Mid-
Mountains. In addition, various shale types, limestones, sand stones, gneisses, schists have been
recovered all pointing to the area of the Southern Carpathians located south of the Maros valley in
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Transylvania as source areas. Miocene sandstones found among the stone tools must have been sourced
from the marginal areas of the Transylvanian Basin. Some grindstones are made of dark brown coarse-
grained sandstone, which is a characteristic Cretaceous rock found and mined along the southern margin
of the Apuseni Mts from Alba Iulia to Berzova. The general composition of stones with the majority
having a provenience in Transylvania indicates a strong trade link along the Maros river (Gulyas &
Szénoky 2015; Gulyas et al. 2018j; Szénoky et al. 2017).

4.4.7 Metal works: blacksmith, goldsmith

Artefacts recovered speak about the wide array of skills blacksmith and goldsmith had among
Avars populating the Maros valley. These include various types of buckles, decorations, saddlery, iron
tools, weapons and of course jewelry. The number of goldsmith graves recovered in the study area
clearly attest that a part of these products must have been produced locally (Klarafalva B 60, Fonlak,
Deszk T, Mako-Mikdcsa). Some of them had partially ready bronze rivets, blow pipes, bronze plates
used as raw material, metal files, hammers, measuring cups, melting pots, scissors, pliers attesting the
wide array of metalworks. While the formerly recovered blacksmith and goldsmith graves were solitary,
the new ones nicely fit into the well-documented line of cemeteries from SE Hungary offering
possibilities for further comparative studies.

A comprehensive analysis of Maros valley graves containing artisan tools was also done and prepared
for publication (Balogh 2017a,b, 2018). Archeometric analyses of Avar gold artefacts have been
completed. According to our results, quality of gold jewelry was outstanding (24 K) with ca 98% of
gold content and 1.5-1.7% of silver as alloy in general. Byzantine gold coins have the same composition.
This may indicate the direct use of coins in jewel making. A somewhat higher (ca.3-4%) of silver alloy
was noted in case of gold threads, plates used for decorative purposes alone where a more flexible matter
was needed. A Byzantine type of cross pendant have also been evaluated (Balogh 2018a, Balogh &
Pésztor 2016; Gulyas et al., 2018f,g).

Archeometric analyses also focused on the types of auxiliary materials used by goldsmith as well.
Infilling and glue material used for gemstone and glass encrusting as well as gluing metal sheets have
been in use since the 5™ century A.D. in the Carpathian Basin (Borbird, 1996; Horvath 2008). Studies
analyzing such material dated between the 5-8" centuries revealed a complex of organic and inorganic
matter, where the former was interpreted as some type of wax, the latter embedded a large variety of
components ranging from carbonates to silicates. In some cases, the presence of beeswax has been
assumed (Arrhenius 1985; Daim 2002; Heinrich-Tamaska 2006). A disk fibula described from
Keszthely-Dobogdkd also contained traces of beeswax (Daim 2002). In addition, plate knives described
from the Balkans and Southern Italy, taken as secondary archeological records also contained traces of
this organic matter. (Daim, 2002; Vida 2002). Arrhenius also recorded traces of wax in artefacts dated
between the 5-6™ centuries A.D. assuming links with Eastern Gothic traditions (Arrhenius 1985).
Nevertheless, the use of wax in fills and glues has been present in the Carpathian Basin since the 5
century A.D. Analysis of such fills and glues from Early Avar cemeteries along the Maros using FT-
Raman spectra revealed peaks strictly known for beeswax from the literature in addition to calcite,
silicate and inorganic carbon (flue ash) (Conti et al. 2016; Edwards et al. 2016; Fintor et al. 2018).

4.4.8. Pearl and bead production and trade

Pearls of Gepid burials found in our study area (Széreg A, Magyarcsanad-Bokény, Kiszombor B) as
well as those of Avar age (Mako, Kiszombor, Deszk) have been reviewed, photographed and assembled
into a database enabling further typological evaluations (Balogh 2014b,c, 2015b, 2017a; Pasztor 2018).
Out of the 251 graves of the largest Early Avar Age cemetery of Mako-Mikdcsa 104 had pearl grave
goods of various composition and decoration types. (867 analyzed in total) classified into 10 different
groups. The raw material used was glass, silver, gemstones, organic gemstones and stone. 61% of the
pearls are monochrome translucent glass beads. The next largest group had different type of raw
materials and decorations (31%). Group 3 contained 17 glass beads of Millefiorian type (Pasztor 2018).
The remaining group contained gold plated glass beads, polished gemstones (calcedony, carneol, coral,
amber). The Antique and Avar type beads were classified into two major groups. Both groups of
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necklaces contained all the major bead types characteristic of Late Roman, Late Antique, Early
Byzantine fashion. Add on of a smaller number of monochrome beads as accessories to necklaces was
also present in West German Meroving Age cultures. A pronounced preference for monochrome beads
was present among the Gepids and Langobard too. The sheer number of such monochrome beads
at Mako compared to other Early Avar sites is a unique feature. Necklaces containing merely
monochrome beads or antique mixed beads are less frequent during the Early Avar Age in the Carpathian
Basin though (Keszthely-Déli erddfal, Keszthely, Pusztaszentegyhazi-diilo, Szekszard Bogyiszloi 1t,
Szegvar-Oromdiild, Tiszavasvari, Kashalom-diilo, Deszk) (Pasztor 1996, 1997, 2008, 2010, 2014a,
2014b, 2014c; Lorinczy, 1996; Csallany, 1939, 1943).

To tackle similarities and differences between bead production industries of previous (Sarmatian, Gepid)
and coeval groups in the Maros valley a selected sample of colored beads were subjected to chemical
analysis using microprobe and the same methodology as presented in Forizs et al. (2001, 2006). Data is
still under evaluation using a previously assembled database of bead chemistries for the mentioned
period on beads measured by the same instrument and methodology enabling reliable comparison. In
addition, XRF measurements of Millefiorian and traditional stone beads have also been implemented.
Evaluation of results is in progress (Gulyas et al., 2018h)

Finally, amber beads from the largest cemetery of Mako-Mikdcsa, coeval Early Avar sites from the
Maros valley (Széreg, Kiszombor) as well as a Maros valley Gepid site (Kiszombor B) (ca. 60 pc in
total) have also been analyzed for chemical composition using Raman spectroscopy. Published spectral
data on Baltic and Romanian amber types, own measurements of contemporary Baltic amber, as well as
list of amber localities enabled us to make initial presumptions regarding the provenance of amber beads.
Multivariate analysis of spectral data pointed to a clear overlap of Early Avar amber beads of coeval
Maros valley sites. Some beads from the Gepid cemetery cluster together with the Avar ones implying
partial relations (Gulyas et al., 2018h) (Fig.13).

Fig.13. PCA and cluster analysis results of FT-Raman spectra of amber beads (Gulyas et al. 2018h)

According to initial evaluations, Romanian amber types seem to be the dominant ones. Localities with
amber are clearly confined to the valley of the Olt and the Maros River in addition to the SE corner of
the Carpathians. This information seems to corroborate the assumptions on a strong Transylvanian link
of the first generation of Avar communities seen in the tooth Pb isotopes and petrological composition
of stone tools and artefacts of Mak6-Mikocsa as well. This may hint to the use of a route along the Olt
valley to Transylvania by the first group of Avar communities on their way to the Carpathian Basin from
Bulgaria. Comparison of amber bead industries between the individual sites is in progress as well as the
direct evaluation of finer fingerprint spectral peaks (Gulyas et al., 2018h).
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5. Funerary practices, regional similarities, differences

A complex study of funerary practices has been carried out. One major achievement was the assembly
of an archeological database of 558 features dated to the Early Avar period. The distribution of studied
features by sites is the following: Deszk G: 58 graves, Deszk H: 18 graves, Deszk L: 13 graves, Deszk
M: 4 graves, Deszk N: 9 graves, Deszk O: 5 graves, Deszk P: 6 graves, Deszk Sz 31 graves, Deszk T:
70 graves, Ferencszallas 8 graves, Kiszombor B 6 graves, Kiszombor E: 61 graves, Kiszombor G: 3
graves, Kiszombor O: 6 graves, Kiszombor-Tanyahalom diilé: 26 graves, Klarafalva B: 1 grave,
Klarafalva-Barna: 6 graves, Kovegy: 12 graves, Magyarcsanad-Bokény: 4 graves, Mako-Mikdcsa Hill:
251 graves, Szdéreg A 15 graves (Balogh 2015a, 2017a,b, 2018b).

Spatially and chronologically two groups were identified, where both type, orientation and shape of the
graves were different and animal burials were either frequent or completely missing. Out of 557 graves
98 (17.5%) were pit graves, far below the 30% ratio observed in Szegvar-Oromdiilé. In Mako only 10%
of the graves were pit graves. In contrast graves with a sidewall chamber were present in larger numbers
(58%, 323 graves) compared to the lower ratio of 30% for Szegvar (Balogh 2015a, 2017a,b, 2018b).
When individual sites are taken, dominance of this latter type is even more remarkable giving 80% of
all burials in Makoé. Based on these observations we may conclude that the latter sidewall chambered
graves were the prevailing type in the Maros valley. Pit graves of Mako are also markedly different from
the others of the Maros valley and Szegvar-Oromdiilé as well. They seem to show a closer affinity to
the catacombs of the Eastern European Plains (Balogh 2015a, 2017a,b, 2018b). Some graves, or cluster
of graves with a N to S or NW to SE orientation seem to be different from the mainstream of burial
types. Sacrificial animal remains are rare, but solitary horse burials turn up (Kiszombor, Klarafalva,
Ferencszallas). They are exclusively pit graves, chambered pit graves with a complete lack of sidewall
chamber graves. Chambered graves have steeper walls compared to the traditionally observed NNE to
SSE oriented ones. An age younger than the mid-7th century can be inferred. Based on archeotypology,
the first group (Deszk, Mako—Mikocsa Hill, Széreg A) existed until the first third of the 7th century.
The second group lasting until the second third of the 7th century was completely lacking animal burials
(Balogh 2015a, 2017a,b, 2018b).

6. Migration, cultural, trade relations
6.1. Migration, geographical area of inhabitation

Heavy isotopes have also been used for evaluation of human skeletal remains. The analysis of
strontium isotope ratios (*’Sr/*¢Sr) and lead (*°62°72%8Pb/?“Pb) in human skeletal material reveals
information about migration throughout an individual’s life (Turner et al. 2012; Kamenov and Gulson,
2014). Strontium and lead isotopes vary among different types of geological bedrock, and this variation
can be used to identify different geographic areas. These isotopes are transferred from the local soil by
food, water, and soil and/or dust ingestion and become incorporated into an individual’s biochemical
profile (Beard and Johnson, 2000; Price et al. 2004; Bentley 2006; Bentley et al., 2004; Kamenov, 2008;
Voerkelius et al., 2010; Kamenov and Gulson, 2014). ¥Sr is the daughter product of the ¥’Rb isotope
decay. Therefore, depending on the age and initial Rb/Sr ratios different rocks will have different
87S1/36Sr isotopic ratios at present. The highest Rb/Sr ratios are found in clay minerals and oldest igneous,
metamorphic rocks or soils developed on them. Younger rocks and soils on them have lower values.
Voerkelius et al. (2010) suggest that Hungary’s 'Sr/%Sr has a range of 0.70901-0.71100 based on its
natural mineral waters. Several works are known, which has baseline natural Sr values from the
Carpathian Basin and adjacent areas (Seghedi et al. 2004; Harangi et al. 2007; Harangi & Lenkei 2007
) in addition to archeological material (Giblin 2009; Gehrling et al. 2012; Giblin et al. 2013; Alt et al.
2014; Noche-Dowdy 2015; Bickle & Whittle 2016 ). These can also be used for comparison. However,
it must be noted that spatially extensive bedrock such as the loess belt stretching from W Germany to
the East European Lowlands, are characterized by similar range of Sr values posing hardships in
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evaluation. In addition, long-distance importation of food and water may affect the individual’s
strontium isotope ratios and may not be entirely controlled by the local environment.

Lead is more directly absorbed through soil and/or dust ingestion or inhalation including those
of anthropogenic origin as a side-product of domestic good production (Kamenov and Gulson, 2014).
Due to this primary mechanism of absorption, its isotopes are not likely to be affected by importation of
foods from other regions. Therefore, the combination of (¥’Sr/%¢Sr) and (2% 27 298pp/204Pb) isotope
compositions of skeletal remains allows for a tighter constraint to estimate the origin and geographic
mobility of individuals (Turner et al., 2012; Gulson and Gillings 1997). Lead is an element that has also
historically been used for anthropogenic purposes. Lead isotopic values for source rocks, ores of nearby
volcanic mountains are readily available for comparison (Damian 2003; Marcou et al. 2002; Baron et
al. 2011; Harangi et al. 2007; Harangi & Lenkei 2007 ). Unfortunately, there is only a single study from
the Late Avar Age site of Sajopetri, which could have been used for regional comparison for the period
of the 6-8th centuries (Noche-Dowdy, 2015).

Accordingly, enamel of PM, M1 of different human age groups capturing the first 5-6 years of
environmental history of an individual, plus soil, cattle bone samples have been analyzed for Sr, Pb
isotopes from the largest cemetery Mako-Mikdcsa to assess potential differences regarding the
geographic origin of the population. In addition, concentration of 67 trace elements in enamel has also
been included. Based on Sr for cattle bone & soil a narrow local range of 0.7089-0.7096 was established
(Fig.14) overlapping with published ranges for this part of the GHP (Giblin 2009; Giblin et al. 2012).
Most samples are more radiogenic than those of similar age from Transdanubia (Heinrich-Tamaska &
Schweissig 2011; Alt et al. 2014 ), but less radiogenic (Gulyas et al. 2015, a, b; Gulyas & Marcsik 2018)
than published dates from the NE GHP (Giblin 2009; Giblin et al. 2012 ), including recent Late Avar
age study of Sajopetri (Noche-Dowdy 2015). The majority fall into the local range implying
consumption of local resources during early childhood. Samples of similar '*C age have similar Sr values
in general with 5 less radiogenic outliers. Values around 0.7083 (2 samples) are partly overlapping with
that of natural ranges for mineral waters for Transdanubia and the Avar site of Kolked-
Feketekapu(Vorkelius 2010; Heinrich-Tamaska & Schweissig 2011; Gulyas et al. 2015,a,b; Gulyas &
Marcsik 2018).
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Fig.14. Comparison of 8’Sr/%6Sr values for Mako-Mikdcsa with other data (Gulyés et al. 2015 a,b;
Gulyas & Marcsik 2018)

Also fall into the lower end for Gutai Mts, higher end for Apuseni Mts (Seghedi et al. 2004;
Giblin 2009). Other samples are least radiogenic (bw 0.7070 and 0.7075) covering the low end of
mineral waters for Transdanubia, and close to that for young volcanic rocks of Tokaj. These outliers
have also some metals (Ag, Au, Cu) lacking in the others implying an out of site origin or food
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consumption during early childhood. Several grave goods (bronze brush holder, dripped dyed jar, metal
plate pendant, filter spoon) may hint to relations different from the mainstream group and most likely
integrated or travelled with the Early Avars (Gulyas et al. 2015, a, b; Gulyas & Marcsik 2018).

For Pb isotopes our samples are more radiogenic than those of modern Romanians, Bulgarians
(Kamenov 2008; Kamenov & Gulson 2014), or historical Romano-early Medieval populations (Noche-
Dowdy 2015; Montgomery et al. 2004) (Fig.14). They show a good overlap with Late Avar age Sajopetri
population (Gulyas et al. 2015,a,b; Gulyas & Marcsik 2018; Noche-Dowdy 2015). Unfortunately, Pb
isotope analysis was not included in the coeval cemetery of Sz6lad (Alt et al. 2014) enabling comparison
with Langobard groups.
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Fig.14. Lead isotope ratios of the Early Avar site Mako, the Late Avar site Sajopetri and
nearby potential source rocks, ores as well coeval and contemporary European population
(Gulyas et al., 2015a, b, 2018).

The Avars show distinct Pb isotopic compositions when compared to coeval European
individuals. This provides direct evidence that the individuals buried at the cemetery were not exposed
to Roman Pb during their childhood years. This indicates that the buried Avar were not born and raised
in the Carpathian Basin. Therefore, the Pb isotope data further support the earlier conclusion based on
8"3C isotopes, and to some extent Sr isotopes, that the Avar individuals were foreigners to the region
(Gulyas et al. 2015,a,b; Gulyas & Marcsik 2018).

Most of our samples fall into the area of Neogene volcanic rocks and ores from NW Transylvania.
Comparative multivariate statistical analysis of Pb isotope data from the two referred Avar Age sites
and natural rock and ore sources have clustered the Late Avar Age site of Sajopetri, the Early Avar Age
site of Makd-Mikocsa into one group with the Neogene volcanics of the eastern, southeastern Apuseni
Mts and the Inner Carpathian volcanic belt of NE Romania. This group was clearly separated from the
second one embedding the Neogene volcanics of the Eastern Carpathians, metal ores of the Apuseni
Mts. in Transylvania and those of the Eastern Rhodope Mts in Bulgaria. These observations point to a
strong relationship with Transylvania especially NE Romania and the eastern southeastern side of the
Apuseni Mts. fringing the Transylvanian Basin from the west. Several Early Avar Age sites are
documented in this area as well (Gulyas et al. 2015, a, b; Gulyas & Marcsik 2018).

Values for two cattle remains are much less radiogenic than those for humans and fall close to the
values characteristic of the modern Bulgarian population (ratio of 2*Pb/2*Pb and 2°°Pb/?*‘Pb).
Regarding the ratio of 2%Pb/?%Pb the Avar populations of Sajopetri and Makoé clearly overlap.
Conversely, the individuals from Mako seem to be more radiogenic for 2Pb/?%Pb and 2’Pb/***Pb than
those of Sajopetri and the Romano-Medieval populations of Central Europe, modern Bulgaria (Gulyas
et al., 2015 a, b, 2018; Montgomery et al. 2010; Kamenov 2008; Kamenov & Gulson 2014). So,
although both populations were alien to the Carpathian Basin, including the area of Mako (at least during
their early childhood), their differences in the latter two isotope ratios indicate different areas of origin
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in the same wider region. There are three outliers in the Mako populations, whose Pb isotope values are
higher than the rest. Two of these have outlying ’Sr/*Sr values too and high concentrations of lead,
gold and silver in their premolars corroborating the differing origin from the rest of the Avars (Gulyas
et al. 2015, a, b; Gulyas & Marcsik 2018).

6.2.Meroving, Byzantine, Mediterranean, Eastern European relations

Archeological studies focused on the investigation of these distant relations cultural, trade connections
within the Maros valley (Gepids) as well as other regions: e.g. study of Byzantine artefacts (secondary
use of coins in gold jewelry), Meroving and Mediterranean links (buckles), Transylvanian links (stone
tools, amber and colored beads). A comprehensive evaluation of Gepid and Early Avar archeology
enabled us to tackle Gepid Avar relations in the light of cultural aspects, acculturation and assimilation
as well as trade. The investigation of Byzantine and Meroving relations was implemented via the
comparison of the uppermost horizons of serial Gepid cemeteries, and review of Avar graves in serial
Gepid burials. Within the Gepid period presence of a secondary temporal horizon could have been
attested dated to the second half of the 6™ century A.D. The presence of two Germanic origin artefact
types was also noted in the Early Avar period of the Maros valley implying the strong relations between
Gepids and Avars (Kiss P. 2014, 2015a-¢)

The most complex and prominent relationships could have been tackled with artefacts of the Eastern
European steppe regions (Martynovka type buckles, Deszk and Hajduszoboszlo type pendants, cone
shaped earrings with granulations, collared metal plate globes, veil decorations). Some fragmental
sites from the Maros valley (Nagylak, Pécska) has also been studied for comparison. The composition
of beads from Mako hint to a wide array of trade relations with the Late Antique workshops found
along the northern shoreline of the Black Sea, in the Northern Caucasus, Southern Russia or Western
Europe (Maastricht) (Pasztor 2011a,b, 2018). A close-knit relationship is also present with the
workshops of the Banat (Mokrin, Viminacium) (Ranisavljev, 2007; IvaniSevi¢ et al. 2006), Slovenia
(Stare 1980; Bolta, 1981) and several sites along the Maros (Deszk, Kiszombor) (Csallany 1939, 1943;
Torok 1936). Distant relations with Northern Italy and Constantinople could have been proved as well
(Pasztor 2011a,b, 2018).

7. Paleoenvironmental causes contributing to abandonment of the cemeteries

and subsistence changes during the mid-7" century

All cemeteries were abandoned in the Maros valley during the middle part of the 7th century. At the
same time, new cemeteries were opened in the inner areas of the Kords-Tisza-Maros triangle far away
from the rivers. Based on the documented burial practices these cemeteries are in close relationship with
the early cemeteries of the Maros valley (Szarvas, Oroshdza, Székkutas). This has been noted by Bende,
however no archeotypological analysis has been made to refine the age of the opening of these
cemeteries. In our work an attempt was made via revising the earliest artefact horizons of these sites to
elucidate potential causes of cemetery abandonment during the middle part of the 7th centuries.

According to our newly constructed climatic proxy data for the period between 400 and 800 A.D.
(Gulyas et al 2018k, ), the period preceding the Avar Conquest (450-568) was generally characterized
by cold and wetter summers in much of Western Europe known as the Late Antique Little Ice Age
(Biintgen et al. 2016). This was triggered by three major volcanic eruptions in 536, 540 and 547 A.D,
whose climatic impact was prolonged further by the retardant effect of the oceans and a minimum in
solar activity. This period bore witness to a whole series of social upheavals from a famine to the
Justinian plague (541-543 A.D) possibly contributing to the decline of the Eastern Roman Empire
(Biintgen et al. 2016). Proto-Slavic-speaking people migrated, supposedly from the Carpathian region,
into the eastern areas of modern-day Europe that had been abandoned by the Romans, thereby forming
the Slavic language area. In cooler areas, various peoples also migrated east towards China, maybe
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driven away by a lack of pastureland in central Asia. As a result, hostilities broke out in the steppe
regions of northern China between nomadic groups and the local ruling powers. Subsequently, an
alliance between these steppe populations and the Eastern Romans conquered the Sasanian Empire in
Persia, leading to its collapse (Biintgen et al. 2016).

Yet mollusk composition and proxies indicating solar radiation strength talks about the presence of a
mild climate with strong continental influences marked by a strong Siberian High during most of the
site use (Gulyas et al 2018k; Gulyas et al. in prep). There is a shift from a negative Arctic Oscillation
phase towards a positive by 600 A.D. (Gulyas et al 2018k; Gulyas et al. in prep). The degree to which
Arctic air penetrates middle latitudes is related to the AO index, which is defined by surface atmospheric
pressure patterns. When the AO index is positive, surface pressure is low in the polar region. This helps
the middle latitude jet stream to blow strongly and consistently from west to east, thus keeping cold
Arctic air locked in the polar region. When the AO index is negative, there tends to be high pressure in
the polar region, weaker zonal winds, and greater movement of frigid polar air into middle latitudes.

There is a major climatic change from ca. 650 lasting until 720 A.D. (Gulyas et al 2018k; Gulyas et al.
in prep). We must stress, however, that potential links between this and socio-political changes always need
to be treated with great caution whether it fits in well with the main transformative events that occurred in
Eurasia during that time. The referred climate transformation is seen in the weakening of the Siberian
High and a positive phase of Artic Oscillation yielding stronger westerlies and Jetstream bringing more
cyclones from the Atlantic to Western Europe on a more southward storm track (Gulyas et al 2018k;
Gulyas et al. in prep). Solar activity has also decreased marking the weakening of sub-Mediterranean
influences. As the watershed area of the Maros is lacking sub-Mediterranean influences in general
precipitation increases might have caused higher floods during the spring and the early summer. Isotopic
and trace element analysis of freshwater mussel shells from Mako also indicate fluctuations of periods
of still and moving water conditions (Gulyés et al 2018; Gulyas et al. in prep). Similar changes
documenting signs of the Late Antique Little Ice Age have been noted from the Migration Age for the
Transdanubia site Szolad (Gulyas et al. 2018i,k; Gulyas et al. in prep) and the western margin of the
Danube Tisza Interfluve (Gulyas et al. 2018i,k; Gulyas et al. in prep; Tordcsik et al. 2018).

So according to our data, there is every reason to believe that this pronounced climatic change must
have had significant impact on the groundwater table of the GHP and the extension of inundated areas
reducing the spatial extent of available pasturelands. This particularly must have affected sheep, which
was a dominant element of the herds (40%) besides cattle (45%). Similar subsistence crisis has been
documented for the Early Neolithic and Late Neolithic of the Middle and Lower Tisza valleys even at
sites near Mako (Gulyas et al., 2011a,b, Gulyas & Siimegi 2012). Numerous new cemeteries were
opened mid-late 7th century in the Maros valley. Artefacts and funerary practices as well as the reduced
number of animal burials indicate the immigration of a group different from the early groups of the
Maros valley. The composition of herded animals has also changed with a clear dominance of cattle,
negligible amounts of sheep and goat. The former is better suited to wet meadows than sheep (Gulyas
et al 2018; Gulyas et al. in prep).

8. Future outlook
In light of the newly gained results and interpretations of this interdisciplinary project, a decision was
made for spatial expansion of the study area to the entire Trans-Tisza region as part of a new proposal
handed in for evaluation this year (NKFIH ). The manuscript for the monographic work on the Early
Avar cemetery of Mako-Mikdcsa Hill has been assembled along with the corporal volume of the 6-7th
century Avar history of the Maros valley both embedding numerous natural scientific results.
Publishing requires funding by a separate grant.
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9. Achievements in numbers

e 30 plates displaying artefacts of the cemeteries of Kiszombor-tanyahalomdilé and Kiszombor
E in a graphical form

e 140 plates depicting artefacts of the largest site Mako-Mikdcsa-halom.

e 65 plates display finds of 216 Early Avar age graves from older excavations by F.Mora and D.
Csallany in the Maros valley.

e old maps and figures related to the studied cemeteries have been digitized (Deszk L-Sz-T,
Deszk P, Kiszombor E, Kiszombor G, Kiszombor O, Klarafalva-Barna.).

o 295 total artefact drawings has been assembled into a pre-publish format from Maros valley
sites.

e High quality photos have been taken on grave goods from 558 Early Avar age graves.

e Archeological database of studied graves (558 in total)

e 15 'C dates, 200 human samples for trace element analysis, 20 samples of human teeth, cattle
bone and soi for Sr, Pb, C, N, O isotope analysis and 67 trace element analysis of tooth
samples

e 16 tons of wet sieved material selected, material identified

e 20 ACD skulls CT scanned and analyzed for morphometry and anatomical changes

e 50 ACD skulls analyzed using 2D geometric morphometrics

e 70 amber beads analyzed for chemical composition using Raman Spectra

e 20 gold artefacts analyzed for chemical composition using XRF

e 88 conference proceedings, edited manuscripts, book and book chapters, scientific papers have
been published or under publication as part of the project. Additional publications in SCI
papers are to come.
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