D JaHA M=

UNIVERSITATEA TEHNICA PO AND ARCHAEOLOGY i\c;iltuEraG A

DIN CLUJ-NAPOCA

INSTITUTE RCHEOLOGY
AND ART HISTORY OF ROMANIAN

ACADEMY CLUJ-NAPOCA

Journal

of Ancient History
and Archaeology

DIRECTORY OF
OPEN ACCESS
JOURNALS

nn

No.12-1/2025




CONTENTS

STUDIES

ANCIENT HISTORY

Vasileios SPANOS
ANCIENT PHTHIA & MODERN PHARSALUS: LIVES PARALLEL OR

Olivier HEKSTER
UNDERSTANDING THE PAST THROUGH THE PRESENT: THE CASE
OF GAIUS SCRIBONIUS CURIO. .. tiiiiiiiiiieiiiiieeiiieeeieeennnn 16

Matt A. CASADO

ON THE LOCATION OF URCI, MURGI AND THE BAETICA-
TARRACONENSIS FRONTIER IN ROMAN HISPANIA. ....ovviiieniiiiiid 22

Annamaria-l. PAZSINT
WORKING IN MOESIA INFERIOR. THE CASE OF SLAVES AND
FREEDPERSONS. ..\ utiutittete ettt et et eeeneeneereee e eeeneenannas 28

Lucretiu MIHAILESCU-BIRLIBA, Ana ODOCHICIUC
THE MOBILITY VECTORS OF SOLDIERS RECRUITED FROM THE
RURAL MILIEU IN MOESIA INFERIOR (OR THRACIA). II. THE
INSCRIPTIONS FROM DOMITIANUS. ...ttt 4

Florian MATEI-POPESCU, Peter ROTHENHOFER
A NEW MILITARY DIPLOMA FOR A VETERAN OF THE EXERCITUS

DACIAE POROLISSENSIS. ..o e e e 50
Péter KOVACS
PROCURATORES PANNONIAE, PANNONIAN PROCURATORS.......... 54
ARCHAEOLOGY
Akin TEMUR
SYNCRETISM OF ANCIENT GOD-KINGS AND ANIMAL GODS: THE
SPHINK. ¢+ v ettt et et et e et e e et e et e et e e 66

Volkan OZTEKIN
SIDE’'S EARLY IMPERIAL COLONNADED (?) STREET IN THE
DIRECTION OF ARCHAEOLOGICAL FINDINGS - SMALL “C” STREET
STUDIES. « v e vt ete et eete et e e et e e e et e e e et e et e et e e et en e e e aneanenas 78

Marisa TIVADAR

ROMAN RURAL LIFE IN ANCIENT DACIA. A BRIEF HISTORIC AND
ARCHAEOLOGICAL OVERVIEW. ...ttt 91

Geanina A. BUTISEACA, Ovidiu TENTEA,

Veronika BRYCHOVA, luliana VASILIEV
NEW INSIGHTS IN THE ROMAN COLONISATION OF DACIA: DID
THE ROMAN CLIMATIC OPTIMUM INFLUENCED THE ROMAN
EXPANSION IN EASTERN EUROPE?.....ciiiiiiiii i 102

Cristina-Georgeta ALEXANDRESCU, Albert BALTRES, Bogdan OLARIU
THE FIRST RECORDS ON LATE ROMAN AND BYZANTINE
FORTIFICATIONS ON THE DUNAVAT PROMONTORY, MURIGHIOL
COMMUNE, TULCEA COUNTY (RO). CONSIDERATIONS ON
LOCALIZATION AND USED LITHIC MATERIALS. ......coovviiiinnn.. . 119

ARCHAEOLOGICAL MATERIAL

Catalin PAVEL
THESEUS AND THE MINOTAUR BY THE BLACK SEA: A NEW

KLEINMEISTERSCHALE FRAGMENT FROM HISTRIA. .................0 148
Suhal SAGLAN

HELLENISTIC PERIOD WHEEL-MADE TERRACOTTA LAMPS FROM

THE SINOP MUSEUM. ..ttt e eannd 162

Gabriel ANDREICA
POTTER OR ARTIST? CONTRIBUTIONS TO THE STUDY OF ROMAN
POTTERY DECORATED WITH INCISIONS, IMPRESSIONS AND
STAMPS FROM POTAISSA. . ettt e e e ieenaaes 178

Vitalie BARCA, Sever-Petru BOTAN, Anca MATIS
NOTES ON A GLASS BEAKER WITH APPLIED DECORATION
FROM THE SARMATIAN CEMETERY OF TIMISOARA - HLADIK 1
(TIMIS COUNTY) + v e evemsnennsnenetnet et tiet ettt 196

ARCHAEOLOGICAL MAPPING

Casandra BRASOVEANU, Andrei ASANDULESEI,

Radu-ALEXANDRU BRUNCHI
RESTORING THE BARROW LANDSCAPE OF NE ROMANIA: INITIAL
REFLECTIONS: «««« e e v vunneeeuuuneeeemumeeeeeuuimeeeeeuuineeeeennnnenn 211

Edmond NOGYI, Razvan MATEESCU, Nica CIUBOTARU
CONSIDERATIONS REGARDING THE NUMBER OF TERRACES IN
THE AREA OF SARMIZEGETUSAREGIA. ....ooviiiiiiiiiiiiiiinnn 223

ARCHAEOLOGICAL TOPOGRAPHY

Edmond NOGYI

THE ENSEMBLE OF FORTIFICATIONS FROM COSTESTI-BLIDARU:
AVISIBILITY STUDY. .« ettt ettt iie e iiee e e 232

Metodi MANOV, Vassil DAMYANOV
AN UNKNOWN TYPE OF BRONZE COIN OF THE RULER OF THRACE
“KAVAROS. ..t e 259

Cristian GAZDAC, Calin TIMOC

COINS IN ARCHAEOLOGICAL CONTEXT (VI). POJEJENA - AN
AUXILIARY FORT WITH A DIFFERENT PATTERN OF COIN
CIRCULATION THAN THE PROVINCE OF DACIA..........cciviinnnnn 265

REVIEWS

Fernando BLANCO-ROBLES
REVIEW: FERNANDO LOPEZ SANCHEZ, MARISA BUENO AND
DAVID MARTINEZ CHICO (EDS.), COINS, RICHES, AND LANDS.
PAYING FOR MILITARY MANPOWER IN ANTIQUITY AND EARLY
MEDIEVAL TIMES, OXFORD & PHILADELPHIA, OXBOW BOOKS,
2025, 265 P. ISBN 978-1-78925-990-2 (HARDCOVER EDITION) //
978-1-78925-991-9 (DIGITAL EDITION).. e vveeeieeeneeennaeannns 293

ISSN 2360 266x
ISSN-L 2360 266x

Design & layout: Francisc Baja

editura

MEGA

EpITurA MEGA | www.edituramega.ro
e-mail: mega@edituramega.ro



Geanina A. BUTISEACA

Autonomous University of Barcelona,

Institute of Environmental Science and

Technology, Barcelona, Spain

Eberhard Karls Universitéat Tlibingen, Department of
Geosciences, Institute of Archaeological Sciences,
Palaeoanthropology, Tibingen, Germany
butiseacageanina@gmail.com

Ovidiu TENTEA

National Museum of History of
Romania, Bucharest, Romania
ovidiu.tentea@gmail.com

Veronika BRYCHOVA

Department of Radiation Dosimetry, Nuclear
Physics Institute of the CAS, Liben, Czech Republic
brychova@uijf.cas.cz

luliana VASILIEV

Senckenberg Biodiversity and Climate Research
Centre, Frankfurt am Main, Germany
juliana.vasiliev-popa@senckenberg.de

NEW INSIGHTS IN THE ROMAN
COLONISATION OF DACIA: DID
THE ROMAN CLIMATIC OPTIMUM
INFLUENCED THE ROMAN
EXPANSION IN EASTERN EUROPE?

Abstract: Records about the Roman achievements and natural events impact-
ing their life are known from major archaeological sites around Europe, how-
ever little it is known about the climatic conditions during the Roman Empire
expansion, particularly in Eastern Europe. Here we look at paleoenvironmental
proxies (i.e., glycerol dialkyl glycerol tetraethers and leaf waxes) from Colonia
Dacica Sarmizegetusa, to evaluate the general climatic conditions during the
roman presence in Dacia Province. Our data indicate mean annual tempera-
tures of ~11.5 °C, two degrees higher than the present-day temperatures in the
region. The higher temperatures are associated with a decrease in C,, and C,
n-alkanes abundances as Roman occupancy continued, indicating an increase
in deforestation around the site. The overall data show warmer and drier condi-
tions during the Roman occupation in central Romania, suggesting a direct link
between climatic conditions and Roman expansion in the area.

Keywords: Roman Warm Period, Dacia, Colonia Dacica Sarmizegetusa, amphithe-
atre, sewage, biomarkers.

1. INTRODUCTION

The maximum expansion of the Roman Empire (I* century BC - II" century
AD) overlaps with a warming period known in the literature as the Roman
Warm Period (RWP; ~200 BC - 400 AD)* due to the historical conjuncture
and it was the warmest period in Europe in the last two millennia®. Here we
focus on Colonia Dacica Sarmizegetusa (complete name Colonia Ulpia Traiana
Augusta Dacica Sarmizegetusa) first Roman city founded in the Roman prov-
ince of Dacia sometime in 108/1103. Despite the high number of Roman
sites in the region, no data exists on the climatic conditions in the settle-
ments at the time of Roman occupation of Dacia. A lack of climatic proxy
records from sites, hampers our understanding of climatic conditions over
the RWP in the area. This is particularly important because the only tem-
perature record that exists for Romania comes from a higher altitude area
(i.e., Mocearu Lake; Eastern Carpathians)* and has low resolution. To assess
the direct climatic conditions during the Roman conquest of the Dacian

1 PATTERSON et alii 2010.

2 HU et alii 2022.

3 PISO 2001.

4 RAMOS-ROMAN et alii 2022.
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territories, we analyzed two sediment samples from the
amphitheatre of Colonia Dacica Sarmizegetusa site. Using
organic geochemistry (i.e., biomarkers) we reconstruct
mean annual air temperatures, soil pH and BIT index based
on branched GDGTs, and carbon preference index, average
chain length and grass over trees ratio based on n-alkanes,
to constrain the short scale climatic conditions in central
Romania during the roman presence. Additionally, we have
tested the presence of organic lipophilic biomarkers to check
if further human-produced biomarkers are preserved in the
sediments.

2. ARCHAEOLOGICAL CONTEXT

The archaeological site is located in Sarmizegetusa village,
in the western side of Hateg Basin (Fig 1) and is part of the
former Colonia Dacica Sarmizegetusa, the first Roman town
in Dacia, symbolically called the first capital of the province.
The amphitheatre was researched during multiple phases
(1890 — 1893; 1934 — 1936; 1981 — 1987; 1993 - 1996)°
and excavated almost entirely until present. Between 2022
and 2024, the research had a preventive character, having
as objective the investigation and identification of building
structures and the monument evolution during historical
time®.

The site expands over ~35 ha intra-muros and another 60
— 80 ha outside of the protection walls’. The amphitheatre is
located ~110 m north outside of the city walls, close to the
northern gate, sacred area and the provincial altar dedicated
to the cult of the emperors (Fig 2). In the vicinity, next to the
eastern gate, a sanctuary dedicated to the goddess Nemesis
was discovered as well®.

3. ARCHITECTURAL ELEMENTS
AND STRATIGRAPHY

3.1. Amphitheatre

The amphitheatre is combining elements of mainly type
IT and some of type I construction typology (i.e., cassettes
filled with soil, above which were placed the stone tribunes -
cavea) (Fig 2). It was built in two phases: a simpler one dated
~108 AD and a later more complex one around 158 AD®.
During the first phase the arena wall and the two lodges were
built (i.e., pulvinaria and suggesta), one on the northern side
and the other one on the southern side. The base was made
of stone, with wood tribunes supported on wooden pillars,
traces of them (post-holes) being identified all around the
amphitheater during the excavation. This phase is consid-
ered contemporary with the foundation of the city. A second
phase is marked by adding two stone concentric circles, held
together by transversal walls.

The dimensions are 88 x 69 m and 66 x 47 m for the
arena. With a capacity of 5000 places, Sarmizegetusa amphi-
theatre was one of the largest buildings of its type in the

> ALICU 1997.

5 TENTEA et alii 2025.

7 PISO 2001; PISO 2017.

8 ALICU 1997; PISO 2001; PISO 2017.
9 ALICU 1997.

10 TENTEA et alii 2025.

Dacian territory (Fig 2). The long ax is oriented E - W, along
the road that joined Tibiscum and Apulum cities and pass-
ing through Sarmizegetusa. The cavea is narrow, sitting on
the stone foundation. The main entrances are at the ends
of the long ax, the eastern one probably being the official
access point (i.e., porta pompae) due to its proximity to the
mentioned temple). On the short ax there were placed two
secondary entrances, and twelve other small ones along the
exterior wall, allowing supplementary access to spaces below
the tribunes.

3.2. Sewage

During the 2022 archaeological excavation of the arena, a
channel (C1; Fig 2) was discovered in the southeastern side,
with SW - NE direction. The channel measuring 40 depth
and 25 cm wide was covered with schist slabs and had a
length of ~21 m. The channel itself was made with the same
rock fragments (quarried nearby) with yellow clay mortar,
a total of five layers. Spaces were filled with smaller rocks
or brick fragments. The covering slabs were also fixed over a
layer of mortar. The channel base is irregular, carved directly
in the soil, allowing the water to infiltrate faster. The interior
of the channel was filled with sediments with two distinct
layers: a dark layer in the lower half and a yellowish layer in
the upper part (Fig 6). The lower layer contains fragments of
charred material. Samples analyzed in this study were col-
lected from both layers, from the central part of the filling
(Fig 7). The role of this channel was interpreted as collect-
ing pluvial water, retrieving the excess from another channel
orientated W - E and it was later decommissioned, possibly
due to filling. Based on the architecture of the channel and
the amphitheater, we overall correlate the filling with the
period of operation of the construction phases''.

4. MATERIALS AND METHODS

4.1. Lipids extraction and analysis for environmental
data

Two sediment samples were collected from the filling of
the sewage channel, one per layer. Samples were dried at
room temperature, weighed, and manually ground. Lipids
were extracted using a Soxhlet apparatus with a mixture of
dichloromethane (DCM) and methanol (MeOH) 7.5:1 (v:v)
in pre-extracted cellulose thimbles. Extracts were evaporated
to near dryness under continuous N, flow using a TurboVap
LV. Elemental Sulphur was removed from the total lipid
extracts (TLE) using Cu shreds activated with 10% HCL. The
vials containing TLE, activated Cu and magnetic rods were
placed on a rotary table for ~20 hours. The TLEs were fur-
ther filtered over a Na,SO, column to remove Cu fragments,
water and other residues. The remaining solvents were
evaporated using N,. The desulphurization was repeated
until no reaction with the Cu was observed. TLE was finally
separated into three fractions containing different lipids
using Al O, column chromatography. Fraction 1 was eluted
by using 4 ml solvent mixture of n-hexane (HEX) and DCM
(9:1, v:v). Fraction 2, containing ketones, was eluted by using
4 ml DCM, while fraction 3, containing the polar fraction

' TENTEA et alii 2025.
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including the glycerol dialkyl diglycerol tetraethers (GDGTs),
was eluted using 4 ml of DCM:MeOH (1:1, v:v) based on
the laboratory protocol used at Senckenberg Biodiversity
and Climate Research Centre (SBiK-F), Frankfurt am Main
Germany™.

The polar fraction containing glycerol dialkyl glycerol tet-
raether lipids (GDGTs) was dissolved in a 1ml mixture of
n-hexane (n-hex)/isopropanol (IPA)-(99:1, v:v) and slightly
dispersed using an ultrasonic bath (~10s/sample), then fil-
tered over a 0.45 mm PTFE filter using a 1 ml syringe. Polars
were measured using a Shimadzu HPLC, using two UHPLC
silica columns (2.1 x 150 mm, 1.7 pm) in series, connected to
a 2.1 x 5 mm pre-column coupled to an ABSciex 3200 QTrap
chemical ionization mass spectrometer (HPLC/APCIeMS) at
SBiK-F. Column temperature was 30 °C and flow rate was 0.2
ml/min. GDGTs were eluted isocratically using 18% B for 25
min, then a linear gradient to 35% B in 35 min, followed by
aramp to 100% B in 30 min, where B is hexane/isopropanol
(9:1; v:v) and A is hexane. For each sample a 5 pl injection
volume was used and GDGT detection was achieved through
single ion monitoring. Branched GDGTs quantification was
performed using the Analyst software and the peaks were
integrated manually for each sample (Fig 7 A).

The apolar fraction containing n-alkanes was measured
using the Gas Chromatography-Mass Spectrometry (GC-MS)
at SBiK-F using a ThermoScientific Trace GC Ultra — DSQII
equipped with a HP-5MS column (30 m x 0.25 um x 0.25
pum). The GC oven was held at 70 °C for 1 minute, ramped at
10 °C/minute to 180 °C (5 minutes hold), then ramped at 3
°C/minute to 320 °C (15 minutes hold). n-Alkanes were iden-
tified by comparing their retention time and mass spectrum
to an external standard (n-C, to n-C,; Supelco) and quan-
tified using peak areas calibrated against the corresponding
standard peak (Fig 7 B). Peak assessment and quantifica-
tion were performed using the Thermo Xcalibur 2.2 SP1.48
software.

4.2. Lipids extraction and scan for organic lipophilic
biomarkers

One sample of the filling of a sewage canal (SAR 1) was
selected to track the presence of organic lipophilic biomark-
ers, such as steroidal compounds (Fig 8). The sample was
dried in the oven at 60 °C overnight, weighed and after addi-
tion of internal standard 5a-cholestane (0.1% solution) was
Soxhlet extracted using a mixture of chloroform/MeOH
(2:1; v/v) for 8 hours at Nuclear Physics Institute of the CAS
in Prague. Before tracking the possible steroidal compounds,
which demands solid phase extraction into several fractions
using different type of extraction mixtures to separate differ-
ent groups of compounds®®, the sample was separated into
neutral and acidic fraction to monitor preserved lipophilic
compounds. After extraction, residual solvent was removed,
and total extract redissolved in 2 ml of extraction mixture.
The TLE aliquot was saponified using 10% solution of KOH in
MeOH at 60 °C for 30 minutes. Saponified aliquot was then
extracted by a mixture of hexane/diethylether mixture (1:1;
v/v) to collect the neutral fraction and after HCl treatment

2 VASILIEV 2021. Laboratory notebook for internal use only.
3 BULL et alii 2003.
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to collect the acidic fraction. For GC analyses, an aliquot was
taken from both fractions of the sample extracts, evaporated
under the stream of inert gas to dryness and derivatized
using the derivatization reagent BSTFA (N-O-(bis)trifluo-
roacetamide) at 70 °C for 1 hour. The excess of derivatiza-
tion agent was then evaporated to dryness under a stream
of inert gas, dissolved in a defined amount of HPLC hexane
and injected onto the column in GC-MS. The separation of
the compounds was carried out on a Restek Rxi-5MS col-
umn with dimensions 30 m x 250 pm x 0.25 pm. An Agilent
8890 gas chromatograph with a Leco TOF flow-through
mass spectrometer was used for the analysis. The carrier gas
was helium at a flow rate of 1.4 ml min-1. The sample was
injected onto the column at 250 °C in split mode (1:50; v/v).
The temperature program for separation was set at 70 °C for
2 minutes, followed by an increase to 180 °C with a sub-step
of 10 °C min™ and a hold time of 15 minutes then with a step
of 10 °C to 320 °C with a hold time of 5 minutes.

4.3. GDGT-based temperature calculation and soil pH

4.3.1. Mean annual air temperature (MAAT) and pH

MAAT estimations are based on the relative distribution
of brGDGT membrane lipids (Tables 1, 3) originating in the
soil from and around the archaeological site, registering the
signal during the deposition of each layer. For MAATs and
soil pH calculation, we used the calibration of de Jonge
where:

MAAT’ = 7.17 + (17.8 x GDGT Ia) + (25.9 x GDHT Ib) +
(34.4 x GDGT Ic) - (28.6 x GDGT IIa)

pH=7.15+1.59 x CBT’

CBT’ is expressed as:

CBT=log10 ((GDGT Ic + GDGT IIa’ + GDGT IIb’ + GDGT
IIc’ + GDGT IllIa’ + GDGT IIIb’ + GDGT III¢’) / (GDGT Ia +
GDGT IIa + GDGT IlIa))

where GDGT I — GDGT III are branched GDGTs.

Root Mean Square Error (RMSE) of biomarker-based
MAAT is ~4.6 °C.

4.3.2. Mean temperature above freezing (MAF)

MAF represents the mean temperature of the months
with a mean temperature above 0°C and is calculated based
on the MBT’5ME index, that summarizes the variability in
Methylation of 5-methyl Branched Tetraethers®, using the
calibration of Raberg?®.

RMSE of MAF is 2.32°C.

MAF (°C) = - 0.5 + 30.4* MBT’ 5ME

MBT’ 5ME = ([Ia] + [Ib] + [Ic])/([Ia] +
[1Ib] + [IIc] + [IIIa])

[Ib] + [Ic] + [IIa] +

4.3.3. BIT Index

The BIT (Branched and Isoprenoid Tetraethers) index is
a proxy that defines the terrigenous versus aquatic compo-
nents of the organic matter in sediments. The BIT index is
the ratio of the three major brGDGTs (mostly terrigenous)
to isoGDGT crenarchaeol (aquatic)'”:

BIT= [(GDGT-I) + (GDGT-II) + (GDGT-III)] /

* DE JONGE et alii 2014.
> DE JONGE et alii 2014.
6 RABERG et alii 2021.

7 HOPMANS et alii 2004.
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[(crenarchaeol) + (GDGT-I) + (GDGT-II) + (GDGT-III)]

Crenarchaeol is a chemical compound derived from the
metabolic activity of the Thaumarchaeota group?®, the most
abundant archaea on Earth'. Is abundant in aquatic envi-
ronments but present in smaller amounts also in soils®.
BrGDGTs occur in high abundances in terrestrial settings,
including soils and peats®'. BIT values close to 1 indicate a
predominantly terrigenous source, while low values (close to
0) indicate a strong aquatic source of the organic matter®.
In continental settings, however, lower values could also be
linked to changes in moisture availability or evaporation®.

4.4. N-alkanes ratios

n-Alkanes were identified using a known external stan-
dard mixture (Alk C-C, - Supelco 49452-U, 1000 ng/pl)
with the Thermo Xcalibur software. To track the n-alkanes
sources and distribution, average chain length (ACL) and
carbon preference index (CPI) were calculated according to
Gagosian and Peltzer*’and Marzi et alii®®, respectively.

ACL = ((C,, x 21) + (C,, x 23) + (C,; x 25) + (C,, x 27) + (C,,
x29) +(C,; x31) +(C,;x33))/(C,, +C,+C, +C,,+C,+
C31 + Csa)

CPI = ((C23 +C +C +C+ C31) + (C25 +C, +C o +C+
CN/@2x(C,+C,+C,+C, +C.))

The grass-tree ratio was further calculated as the C, /C,,
n-alkaneratio®.

5. RESULTS

5.1. Calculated temperatures and soil pH

GDGTs were successfully analyzed for two samples, SAR1
(base layer) and SAR3 (top layer). Calculated MAAT val-
ues are 11.1°C for SAR1 and 11.8°C for SAR3 (Table 3; Fig
3A), therefore, the average value for the channel filling is
11.4°C. Calculated MAF values are higher than MAATs and
are 13.0°C for SAR1 and 12.8°C for SAR3.

Soil pH estimated values correspond to slightly alkaline
soils with values of 7.4 for SAR1 and 7.2 for SAR3, with an
average value of 7.3 (Table 3; Fig 3A). The pH is following the
same trend as MAAT.

5.2. BIT index and n-alkanes ratios

Calculated BIT values for Colonia Dacica Sarmizegetusa
archaeological site are 0.76 for SAR 1 sample and 0.78 for
SAR 3 sample, with an average value of 0.77 (Table 3; Fig 3A)

ACL values are 27.4 for SAR 1 and 28.7 for SAR 3 (Table
3; Fig 3B). CPI value for sample SAR 1 is 2.5, while for SAR
3 it is 0.6. The grass-tree ratio (C31/ C27) values are 1.23 for
sample SAR 1 and 0.90 for sample SAR 3 (Table 3; Fig 3B). As
opposite to ACL, CPI and grass-trees ratio numbers decrease
towards the top of the profile.
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5.3. Lipids extraction and testing for other lipids

Neutral and acidic fractions were analyzed using
GC-MS. Neutral fraction contained linear homologic series
of even n-alkanes ranging from C,, to C,, and linear fatty
alcohols (Fig 8A) for m/z 75). Acidic fraction contained
mainly long and very long chain fatty acids (C,-C,, ), with
dominant abundance of palmitic (C,, ), stearic (C, ) and
unsaturated oleic (C ) acids (Fig 8B). However, no steroi-
dal compounds were detected in any of the fractions, thus,
further solid phase extraction of total lipid extract was not
performed.

6. DISCUSSION

Romans conquered Dacia after the two wars led by
Emperor Trajan between 101 - 102 and 105 - 106. Soon
after, they established a new city that became the first capi-
tal of the province. On its full name Colonia Ulpia Traiana
Augusta Dacica Sarmizegetusa, it took the name of the old
Dacian capital Sarmizegetusa Regia, situated approximately
30 km west. Even though much is known about the general
archaeological context and the roman expansion timeline in
the area, the environmental conditions in the region dur-
ing this time interval were never researched. Here we are
investigating the short-term paleoclimatic conditions at the
site location during the roman occupation and discuss the
implications of our results on a broader scale to understand
how/if climatic conditions influenced the roman expansion
in Eastern Europe and beyond.

6.1. Organic matter sources

BrGDGTs (GDGT I to GDGT III) are membrane lipids
produced primarily by bacteria originating in soils, peats,
lacustrine and deltaic sediments, indicating an overall ter-
restrial origin®. Their terrigenous source and good capacity
preservation over time is extremely useful in reconstructing
mean annual air temperatures and soil pH?:. The analyzed
samples from Sarmizegetusa register the signal from the soil
around the archaeological site, allowing us to reconstruct
the climatic conditions in the area during the time of Roman
occupation (Fig 3; Tables 1, 3).

n-Alkanes are acyclic saturated hydrocarbon compounds
found in the cuticles of vascular plants®®. Due to their
increased resistance against microbial decomposition and
age-determined decay in comparison with lipidic precursor
compounds like fatty acids and alcohols®, n-alkanes are usu-
ally very well preserved in sediments, reflecting the sources
of organic biomass in sediments®™ and the vegetation type
contributors. n-Alkane homologues with chain lengths
shorter than C, are derived from aquatic elements such
as algae and submerged plants, but also microbial activity.
Higher homologues (C,, - C,.) are preferentially produced by
macrophytes, reeds and mosses, while above C,, predomi-
nantly by herbaceous plants, shrubs and trees®*’. n-Alkanes

27 SINNINGHE DAMSTE et alii 2002; HOPMANS et alii 2004.
%8 DE JONGE et alii 2014; RABERG et alii 2021.

? EGLINTON/HAMILTON 1967.

30 DERRIEN/YANG/HUR 2017.

3 EGLINTON/HAMILTON 1967; MEYERS 1997.

32 FICKEN/LI/SWAIN/EGLINTON 2000.
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homologues between C,, and C,, were identified in the sam-
ples from Sarmizegetusa (Table 2). Higher homologues (i.e.,
>C,.) have as source terrestrial vegetation around the site
and are important for the reconstruction of the vegetation.
The lower homologues through are most probably derived
from mosses, bacteria and algae growing in the sewage, and
thus have no importance for the study.

Fatty acids were identified on the site as well, but they are
quite ubiquitous in lipid extract of soils®. They arise from
the decomposition of organic matter, but in this case, it is
difficult to assign the source. Given the presence of mixed
chain n-alkanes, it is possible that some of the fatty acids to
be also derived from algae growing inside the sewage. Linear
fatty alcohols are also present. Their origin together with
alkanes or very long fatty acids probably derives from the
decomposition of plant tissues (e.g., cutin or suberin)®, also
indicating a vegetal source. The lack of steroidal compounds
supports the hypothesis that the channel was draining plu-
vial water from around the amphitheater, and not from the
inside.

6.2. Regional temperature during the RWP

At Sarmizegetusa Ulpia Traiana MAAT averages 11.4°C
for the II" century AD, two degrees higher than present
day 9.5°C at the same location, and ~4°C more than pres-
ent day Hateg Basin mean annual temperatures (6 — 8°C).
Sarmizegetusa MAAT values are also ~2.5°C higher than the
same biomarker-based MAAT values at Mocearu Lake (9°C;
Eastern Carpathians), but close to Mocearu MAF values
(~12°C)*. The close MAAT and MAF values for Sarmizegetusa
(~500 m elevation) indicate warmer and more stable tem-
peratures in the Hateg Basin for the analyzed interval, in
comparison to the Eastern Carpathians (780 m elevation at
Mocearu Lake).

Other available records from Romania also indicate
warmer and drier conditions for the Roman period. The
precipitation curve from Closani Cave (Southwestern
Carpathians; ~50 km south of Sarmizegetusa)®*® indicates
a decrease in precipitations after 50 AD (from ~75 to
~30 mm), while testate amoebae abundance in Lake Iaz core
(Western Carpathians)®” register a major decrease, indicat-
ing an important level drop down until ~300 AD (Fig 4).
The total mineralogenic matter content in Sureanu peat
bog (Southern Carpathians)® (Fig 4) also indicates a dry-
ing of the mire during the roman presence in Dacia, as well
as the Titanium (Ti) content in Lake Ighiel (Northwestern
Carpathians)®. pH and BIT index values from Sarmizegetusa
are also supportive of increased evaporation (pH ~7.3; BIT
values of 0.7) in the soil and aridity (Fig 3A).

Our n-alkanes data show a higher abundance of long
chain n-alkanes in the sediment collected from the lower
layer at Sarmizegetusa, particularly C,, and C,, (more abun-
dant in trees and shrubs; Fig 3B), followed by a decrease

3 RUESS/CHAMBERLAIN 2010.
3 RIEDERER et alii 1993.

3 RAMOS-ROMAN et alii 2022.
3 WARKEN et alii 2018.

37 DIACONU et alii 2016.

%8 LONGMAN et alii 2017.

3 HALIUC et alii 2017.
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to almost half for the upper layer, indicating a decrease in
waxes coming from woody plants, and thus in tree coverage
around the site. Chared material and arboreal pollen from
Oltina Lake® indicate a strong increase in burning mass for
the roman period at the Lower Danube (particulary between
2000 - 1700 BP; Fig 4) over major tree coverage decreasing,
suggesting an increase in the fire regime, as well as an impor-
tant demand of wood for this time period. Pollen data from
Avrig 1 core (S. Transylvania)*, also show a low percentage
of Quercus and a dominance of Carpinus pollen in the area,
a more open space taxon. Even though Oltina Lake char-
coal and pollen fluxes show an important usage of wood for
the roman period in general®?, after 100 AD (when romans
conquered Dacia), there is a short increase in tree coverage/
decrease in charcoal, perhaps due to part of the army/popu-
lation mobilization from the Danubian limes to the Dacian
limes. Based on the available records, we observe an over-
all combined environmental effect for the roman presence
in Romania, generally induced by the natural warming and
locally by human activity, effect that led to a decrease in for-
ested areas in central and southern Romania (i.e., Dacia and
Moesia provinces).

On a continental scale, the long-term European climate
driver for Holocene (that includes the RWP) is the North
Atlantic Oscillation (NAO) which modulates the North
Atlantic storm track, controlling precipitations and temper-
ature over the continent. The positive phase of NAO (NAO")
is responsible for low precipitation rates and milder win-
ters over southern and Eastern Europe, while the negative
phase (NAO") is characterized by a wetter regime. Europe
was under a short NAO* phase between 100 and 200 AD*
(Fig 5), resulting in drier and warmer conditions in the study
area. This period coincides with the maximum expansion of
the Roman Empire and subsequently with the roman pres-
ence in Dacia. The paleoclimate data from Sarmizegetusa
archaeological site (this contribution), as well as other
Romanian records* (Fig 5) indicate warmer conditions dur-
ing this period, that could have favored the displacements of
troupes in areas that normally have harsher climatic condi-
tions (e.g., the Carpathian-Balkan area, Great Britain, etc.).

6.3. Climatic conditions across the Roman Empire

Available data from different records across the Roman
Empire (Fig 5) show similar conditions as in Romania and
Eastern Europe. The deposition rate of calcium (Ca) in
Roaring Cave in Scotland® shows a decrease in the growth
rate for the Roman Warming Period, particularly around
1900 BP (i.e.,, 100 AD; Fig 5). BrGDGTs based MAATSs
from Lake Sant Front (France)*® show an increase as well,
with maximum being registered between 2000 — 1700 BP
(~10°C), as well as pollen based MAATs from Canroute record

“ FEURDEAN et alii 2021.

1 TANTAU et alii 20086.

2 FEURDEAN et alii 2021.

43 OLSEN/ANDERSON/KNUDSEN 2012.

# TANTAU et alii 2006; OLSEN/ANDERSON/KNUDSEN 2012; DIACONU
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4 BAKER et alii 2015.

4 MARTIN et alii 2020.
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(southern France)*, similar to the MAAT average value for
Colonia Dacica Sarmizegetusa site of ~11.4°C.

An important increase in the temperature values is also
recorded in the marine environment, the Aegean Sea sur-
face temperature values (SST) increasing up to 16°C dur-
ing the analyzed time interval®. 80 in Soreq®® and Jeita
cave records® (Fig 5) show an important drying trend from
2000 to 1800 AD, indicating a major decrease in humidity
in Israel, Lebanon and the Levantine area in general for this
time interval. Furthermore, northern Africa is registering a
peak in continental aridity (index close to 1 at Cape Ghir,
Morocco)®* and drought (rainfall index close to —1; Chaara
Cave, Morocco)*?, indicating warm, dry and evaporitic con-
ditions for the Mediterranean-North African domain. The
north hemisphere temperature anomaly®® shows a value of
~0.2 for the interval between ~2000 — 1700 BP, under posi-
tive NAO*. C, /C,, ratio from Sarmizegetusa site shows an
increase in grassy elements during the Roman occupation
(Fig 3), indicative of a drier and more open habitat around
the site. The ACL values also show a dominant terrestrial sig-
nal and a decrease in moisture available for plants (Fig 3).

The cumulated data for the northern hemisphere indi-
cate an overall increase in temperature and evaporation. The
similarity in values, even with different proxies, together
with the cross-continental distribution of records, shows
that the change (i.e., a warmer, drier climate) is not local,
but it impacts the entire northern hemisphere. This signifi-
cant warming overlaps with the maximum expansion of the
Roman Empire, with campaigns in Northern and Eastern
Europe, North Africa and Asia. Taking into consideration the
large extent of the data, we suggest that the milder climatic
conditions could have contributed to the Roman expan-
sion towards new territories, colder in normal Holocene
conditions.

CONCLUSIONS

The biomarker data from Colonia Dacica Sarmizegetusa
site is the first paleoclimatic reconstruction from a Roman
archaeological site in Eastern Europe, placing the site in
the middle of the Roman Warming Period. The calculated
MAATs for the site (11.1°C and 11.8°C) indicate an overall
2°C warmer climate than the present day, under a positive
NAO influence. The high temperatures are accompanied by
a decrease in high taxa n-alkanes and an increase in grassy
elements, indicating an increased deforestation around the
site location. The deforestation is observed in other areas of
Romania during the Roman occupation, indicating additional
anthropic input. The overall data from Sarmizegetusa show
a warmer and drier environment in Eastern Europe during
this time interval, similar to various other proxies across
Europe, Africa, the Mediterranean and Middle East, indicat-
ing that the warming affected a much larger scale territory.

4
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This climatic event overlaps with the maximum expansion
of the Roman Empire, including the conquest of Dacia. We
suggest that the general warming and drier conditions dur-
ing the RWP could have facilitated the Roman expansion in
areas like present day Romania, with harsher weather in nor-
mal conditions, particularly during the winter.
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Fig. 2. Colonia Dacica Sarmizegetusa excavation plan (A) and detailed amphitheatre (B). In plan A, with numbers, are marked the following
main buildings: 1) Capitolium; 2) Forum novum; 3) Forum vetus; 4) Temple of the Palmyrene gods; 5) Domus Procuratoris; 6) Horreum; 7) The
Big Temple; 8) Temple of Silvanus; 9) Glass Workshop (?); 10) Thermae; 11) Temple of Nemesis; 12) Amphitheatre; 13) Schola Gladiatorum; 14)

Temple of Liber Pater; 15) Temple of Aesculapius and Hygia;16) Mithraeum; 17) Dolichenum. In plan B the C1 channel is marked with blue.

No. 12-1/2025 Journal of Ancient History and Archaeology m



Studies

“UOIILIIUSDUOD SIUBY[e-U PUE OIFel s2a13/sseid = “° /5 qa8ua ureyd aferony = THV Xopu] 9dusIRjRI] UOGIE)) = [{)) XOPUI 1943oe13a} prouaidosi/paypuelq = Xopul 1 1g

‘Hd Burzeaiy anoqe amnjeraduia) ueaur = JyA ‘2injeradua) e [enuUe ULIW = [N “TD WI0I] pajoaf[od sajdures oy} wroij pajenored sarxoid paaLiap sueNfe-u pue s;HJD *€ “Sig

saxem Jes|

S19d9

0¥

"0U0D "Yje-u IdD Hd (Do) LYVIN
20000 L0000 0O € Z L 0 V. ) L 2l Gl Ll
| | | | | | | | | | | | | | | | | |
i | ¥VS -

gl

T T
I
hNO\rmO

_ T ]
G0 80 9.0 c¢/l0
119

oy

8¢

ot

ve

ce

0€

Journal of Ancient History and Archaeology  No. 12-1/2025

112



(%]
()
e
-
)
(V)

Sr1ay woay g uarjod 2217, ‘2eT BUN[O WOy Xnul [eodrey)) 3oq jead nueaing woiy WAL ‘Ze] 93T WOIj dUepUNJe 98qa0UTe 9]e)SIT, ‘ALY TUBSO[) Ul 9TwISeels g—60) WoiJ PIALIap Ldd

-axrrdwg uewoy Y3 Jo uorsuedxs WNWIIXRW 3} SYIBW PUR Pai 9] 3[IYM ‘Poliad Suruiie)) UBWOY Y} SHIBW pue(q [eIU0ZII0Y 23UeRI0 3T, 'OV N 3BT BUlI[O WOIJ % US[[0] 9100 T

‘esnyaBoziurieg TN ‘esniadaziurieg JyIN e NIeadON [YVIAl e nNIeadon VA 3YSi1 03 3391 wor d'q 1L 000 T PUB 000E U29MI9q BIURWIOY 10] S[(e[leA® SPI0da1 DeWI0ae] *§ “S1g

av
0

andwz uewoy
ayjo
uolsuedxe ‘xew

(eluewoy °s) 9xe eunjo (eluewoy °s) (eluewoy ‘suelyiedie) MS) e nJeadoN
(%) dv e eun|o [eodleyd e ze| 3qa0We 1e1sa|. 5190949 IVVIN
09 or 0z 0 ol S 0 08 0 OoF 0z O vLzZb oL 8 9
000§ — U I I B O P N I | L. 1 . 1 .1 . | ooog
Japam Jehupy Jawsem | 18p|0d
0062 | ] \ 0062
0082 | ° I 008z
002 — | 0022
0092 0092
0052 ° ,& I 00sZ
ootz \ - oore
\
00z | ,, - ooez
00zZ | o ,o 00zz
0oLz - | [o[s]4
% esmabaziues | 0002
LVVIN
0064 -1 LYUYS o L 006}
o0
008l | EIHYS , - oost
001 esnjabaziwies ° . | oosL
EV [

009} — | - 009}
0051 — [ b ,, 0054
“ ,
oovh / , oork

°
00€l ,, 00€lL
snuidie) |
00zl < snbianp , - oozt
0oL - . J
anyisod aAnebau

000} Y S R E— | L L e ——— n f T T T T 1 % 1 7 [ ¢ [ ¢ 000}
(dg) 0 14 or 06 0z Ol 0L G. 05 S 0 8duepunqe GZL 00L G2 0S S O vL ZL OL 8 9 (dg)
aby wnhey ejjaiayoly aby

OVN (eluewoy) (sueryredie) °s) (eluewoy W\S) aAed 1ueso|) e7 NJeadoN

T 81AY ud|jod 1ead nueaun§ WINIL 2-600 @)wiSe|e1s” 1dd S19a949 4VIN

polad Wiep uewoy

113

No. 12-1/2025 Journal of Ancient History and Archaeology



Studies

“I9ULTEM 0] I9P[0d Wo] ‘quarperd arnjeradwal 9] pajuasaidai st 213y ay) Jo woljoq ay3 uQ aardurg uewoy a3} Jo uorsuedxs WNWIXBUT 9] PIX}ILW ST pUueq Pai YIIM J[TYM
‘porrag Sururrep) UBUWIOY Y] PayIewW ST pueq [eIU0ZLI0y 93UueIo YITA) "91euldLio spiodal Jo sdnoid ay) a1oym seate 9] payIew aie ‘Spueq paio(od Yimm ‘@indy ay3 Jo dol ayy uQ "QVN :24In)
Arewouy arnjeradwa] a19ydsTWSL] YIION] {(0II0IO[A]) XSPUTI AJTPLIE [EIUSUTIUO)) {(0IDOION) dAB)) BIERY) UI X9PUI [[eJUrey {(902315) €ag Ueaday 2] Ul SSUOUSY[e U0 Paseq [,§S {(BIUBWIOY) 311§
[e>130[02BY21y BSN}a8aZIULIES WOIJ PIALIOP-1.HIDI] ILVVIN PU® JVIA ‘(BIUBWOY) 3E] NIBIIOA Ul PIALIDP-1HIDI] ILVVIN PUe JVIA ‘(92ueL) pI03ai a1noiue)) ut paseq-uafjod [V pue
(?dueI]) JUOI JUES AYeT WOIJ STYVIN PRALISP-1HIDHI] ‘2ae) Surreoy ur uoryejrdmaxd a31a1e) :3ydur 03 339] wox] J'd 14 000 T PUe 000 U9aM]aq SPI0Ial UeauelIalIpa]y pue ueadoiny *g 31

Jauiem 19p|02
JUBADT (eluewoy) axeq nieadoA (92ueu4 's) @nouue)
OVN (°%) 0=.9 190949 IVYIN uajjod”IvVIN
b 0 ig o g L vbozb oL 8 9 o 8 8 L 9
000€ | | | | L L | I J | T I J L [ g J g — 000E
pue piuny \ -
0062 —| annisod annebau / moub moj|~ 0062
0082 I 0082
0042 7 Q_manoo/ — 002
0092 | baios , - 009z
i
0052 -| EW k - 005z
ooz - ¢ \ - ootz
00ge \ - ooez
0022 o > ,\ - o002z
ool — f — ooz
av ,
0 0002 - 0002
1 ¥vS | 4
andwg uewoy 008k o e = o. 0 . — =006k
ay}jo 5 5
uoisuedxe xew  008F — Sl , ( ~ oog}
ﬁ
0021 [ * Y - 00
| N\
>
009l — / , ! — 0091
0051 — — 005l
ooyl - oovl
oogl - oocl
ulel+
oozl - oozl
0oLl WBnoup — 0oLl
0001 ] | — ——— — — 000}
(dg) €0 co 90" - 0 b 8l ol vl 2L v oz oL 8 9 zl oL g 9 v 4 0 Z= (d9)
aby . aby
Alewoue ainjesadwa) (022040(A) @ARD BARRYD e3¢5 ueaday (etuewoy) aye| n1ead0oN (92ueuy) Juou4 ues e (pueyoas) ane) Sulieoy
243ydsiwaH YyyoN Xapu| [|ejuley 1ss5n sLOA94q 4VIN S19094q LIYVIN qed
|leubis BoLY 1se3 9|ppIN B adoing
alaydsiway yuoN UMOoN ueaue.d)pa|N |ejuaunuo)

pollad WIeA\ UBWOY

Journal of Ancient History and Archaeology  No. 12-1/2025

14



slabs cover

25 cm (width)

+20 cm 4

(top channel
filling)
0cm —|

»<

13.56 —

34.62 —|

40cm - Y
(channel base)

rock slabs

mortar

yellow clay channel
dark mud filling

Studies

Fig. 6. Stratigraphic column and in-situ picture of the C1 channel filling. With blue and orange squares are marked the two samples analyzed.
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Fig. 7. Chromatograms showing the biomarker distribution in samples. A) Distribution and names of GDGTs
for samples SAR 3 and SAR 1. B) Chromatograms showing the n-alkanes distribution and sources.
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Fig. 8. GC-MS chromatograms of neutral and acidic fractions of SAR 1 sample extract. TMS - trimethyl silyl group,
IS - internal standard (50-Cholestane), FAME - fatty acid methyl ester, AIC - analytical ion chromatogram.
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Table 1. brGDGT data.

Table 3. BrGDGTs derived, and n-alkane based proxies and ratios for Colonia Dacica Sarmizegetusa archaeological site.

Sample SAR1 SAR 3
Depth 37cm 34cm
MAAT 11,10 11,76
MAF 12,97 12,81
= |pH 7,36 7,21
S |BIT 0,76 0,78
MBT 0,44 0,44
CBT 0,13 0,04
o |CP 2,50 0,62
S |ACL 27,41 28,65
= |c/c, 1,23 0,90
S | n-alk conc. (mg) | 0,000 0,000
118 Journal of Ancient History and Archaeology
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Sample |Gnaro  |GDGT1  |GDGT2  |GDGT3  |GDGT-4 | GDGT-4' o
Name a
SAR1 77200 47100 65000 25200 315000 21200 ‘g
SAR3 40900 21200 18600 13400 177000 10900 2
GDGT-la |GDGT-Ib GDGT-Ic GDGT-lla GDGT-lla" |GDGT-lIb GDGT-IIb' GDGT-lIc
SARI 299000 346000 98600 169000 354000 210000 630000 32200
GDGT-lIc' |GDGT-llla |GDGT-llla" |[GDGT-lllb |GDGT-llIb' |GDGT-lllc |GDGT-llIc' "
154000 524000 75000 244000 22500 55700 3250 g
GDGT-la GDGT-Ib GDGT-Ic GDGT-lla GDGT-lla' GDGT-IIb GDGT-IIb' GDGT-llc O
s 239000 200000 93500 137000 302000 251000 200000 56800 <
AR3
GDGT-llc' |GDGT-llla |GDGT-llla' |GDGT-llb |GDGT-lllb' |GDGT-lllic | GDGT-llic'
43300 239000 24100 53600 6110 16700 3870
la b Ic lla lla' 1]s} lIb' llc 5
SARI 0,092937 |0,1075453 |0,0306473 |0,0525293 |0,1100319 |0,0652731 |0,1958194  0,0100085 §
lic' llla llla' 1]]s) b’ llic llic' S
0,047867 |0,162872 0,0233118 |0,0758412 |0,0069936 |0,0173129 |0,0010102 _§ g
la b Ic lla lla' Ilb lIb' llc cQ
© O
S 0,128083 |0,1071823 |0,0501077 |0,0734199 |0,1618453 |0,1345138 |0,1071823 0,0304398 5
lic' llla lla' 1]]s) b’ llic llic' §
0,023205 |0,1280828 |0,0129155 |0,0287249 |0,0032744 |0,0089497 |0,002074 =
Table 2. n-Alkanes data.
C,area C,area C,area Carea C,area C,,area
2,226E+14 | 5,405E+14 2,394E+14  |1,203E+14 3,728E+14 |5,540E+14
C,,area C,area C, area C, area C,,area C,,area
. 7,938E+14 | 2,311E+14 1,023E+14 3,323E+14 1,425E+14 | 1,736E+14
- C,area C, area C,area C,, area C,area C,, area
1,120E+14  |1,962E+14 9,152E+14 3,854E+14 6,431E+14 | 4,547E+14
C,, area C, area C,,area C, area 2
9,550E+14 | 3,483E+14 4,722E+14 8,956E+14 =
=
C,area C,area C,area C,area <té
1,160E+14 3,943E+14 8,055E+14 |2,393E+13
Cgarea C,area C, area C, area C,, area C,, area
L 3,350E+14 | 1,417E+14 4,855E+14 4,039E+14 4,054E+14 |2,756E+14
~ |C,area C, area C,area C,, area C, area C,, area
2,071E+14 3,603E+14 1,050E+14 5,745E+14 1,007E+14 |9,433E+14
C,,area C, area C,,area C,,area
1,127TE+14 7,092E+14 5,948E+14 1,542E+14






