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STONE MONUMENTS FROM CARNUNTUM AND
SURROUNDING AREAS (AUSTRIA) - PETROLOGICAL
CHARACTERIZATION AND QUARRY LOCATION IN A

HISTORICAL CONTEXT

Gabrielle Kremer', Isabella Kitz', Beatrix Moshammer?, Maria Heinrich? and Erich Draganits®
! Institute for the Study of Ancient Culture, Austrian Academy of Sciences, Vienna, Austria

(gabrielle.kremer@oeaw.ac.at; isabella.kitz@oeaw.ac.at)

? Department of Mineral Resources, Geological Survey, Vienna, Austria

(Beatrix. Moshammer@geologie.ac.at; maria.heinrich@gmx.at)

? Department of Prehistoric and Historical Archaeology, Department of Geodynamics and Sedimentology,
University of Vienna, Vienna, Austria (Erich.Draganits@univie.ac.at)

Abstract

The currently ongoing project on Stone Monuments and
Stone Quarrying in the Carnuntum - Vindobona Area
(FWF 26368-G21) focuses on petrological and litho-strati-
graphic investigations of well-dated Roman stone objects.
The majority of the examined monuments are made
from local Neogene limestone varieties, sedimentary
breccias and sandstones - lithologies widespread in the
surroundings of Carnuntum, the edge of the Vienna Ba-
sin and the western margin of the Pannonian Basin.
Analyses of historical maps and high resolution airborne
laser scans (ALS) are used to detect potential ancient quar-
ry areas, which are ground-checked by geological methods.
So far, ancient quarrying areas in the immediate sur-
roundings of Carnuntum and in the Leitha Mountains
have been localized, providing deposits of different algal
limestones and calcareous arenites.

This interdisciplinary approach promises to provide in-
sight, not only into the provenance of stone material but
also into matters of transportation, workshops and eco-
nomic interaction between Carnuntum, Vindobona and
the hinterland.

Keywords
Pannonia, Roman quarries, Neogene

Introduction

Carnuntum is situated on the right bank of the
Danube River, on the northern border of the Roman
Empire, some 40 kilometers east of Vienna (Roman
Vindobona). Carnuntum was the capital of the Roman
province of Pannonia Superior. In the middle of the first

century AD, a permanent legionary fortress was built,
and step by step, Carnuntum became a flourishing me-
tropolis, which existed until the 5% ¢c. AD.!

The arrival of the Roman legions involved -
among many other things - demand for construction
material, including stone, which until then had not
been used by the local population.> From Carnuntum
we have a record of far more than 2000 stone artefacts
from Roman times, and the collection is still increasing.
This huge number only includes decorated monuments.
Over 770 objects related to religion have been published
recently in the new volume of Corpus signorum imperii
romani, including monuments of different types, such as
statues, altars, inscriptions or architectural decoration.’

About 10 to 16 % of these artefacts are carved in
white marble, a material which had to be imported to
Carnuntum, mainly from the south-eastern Alpine re-
gion, and even from Mediterranean countries.*

One of the objectives of our current interdisci-
plinary project® is to learn more about the properties and
the provenance of local and regional limestones used in

1 STIGLITZ et. al. 1977; JOBST 1983; KANDLER et al.
2004; HUMER (ed.) 2006; HUMER, KREMER (eds.)
2011; GUGL et al. 2015.

2 MOSSER 2003; KREMER 2013.
3 KREMER 2012.

4 KREMER et al. 2009; UNTERWURZACHER et al.
2010; UHLIR, UNTERWURZACHER in: KREMER
2012.

5 Austrian Science Fund (FWF) P 26368-21: “Stone
Monuments and Stone Quarrying in the Carnuntum -
Vindobona Area” (G. Kremer). KREMER 2016; KRE-
MER, KITZ 2016.
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Roman times, quarried at a distance of less than 50 km
from Carnuntum. The corresponding and complemen-
tary part of this project, dealing with the stone artefacts
from the settlement and legionary fortress of Vindobona/
Wien, is presented by Michaela Kronberger et al.®

The area under investigation is the hinterland of
Carnuntum and Vindobona, up to the neighbouring
town of Scarbantia (modern Sopron) south of Carnun-
tum, situated directly on the so-called Amber-Road’,
which connected the North Sea with Italy. Quarry re-
gions and potential quarrying sites are located both to
the East and to the West of Carnuntum (Fig. 1). One of
our research foci is to compare the materials used in the
urban centers Carnuntum and Vindobona with those
used in the rural hinterland, to assign the Roman mon-
uments to their respective provenance regions, to pos-
sibly identify ancient quarries themselves and to draw
historico-cultural conclusions from these data. For these
goals we have combined geological and archaeological
methods as well as approaches with constant exchange of
information and data in progress, aiming for open-mind-
ed, interdisciplinary progress in this research.

6 See in this volume. KRONBERGER et al. 2010; KRON-
BERGER et al. 2016.

7 e.g. DRAGANITS et al. 2008a.
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Fig. 1.

Project area with find-spots of
Roman stone artefacts and pos-
sible quarry areas

(map: M. Mosser)

Geological outline, Neogene sedimentary
rocks and quarries

This study investigates Roman building and
decorative stones in the northern part of the Roman
province Upper Pannonia. The rock types covered by
our research are mainly of Middle to Upper Miocene
sedimentary rocks comprising fossiliferous red algae
limestones, calcarenites of various kinds, different
dolomite breccias, various conglomerates and some types
of siliciclastic dominated sandstones. They crop out in
certain areas on the rim of the southern Vienna Basin and
on the former western margin of the Pannonian Basin.
These lithologies are also found in several hills within this
area (Leitha Mountains, Hainburg Mountains, Rust Hills).
Especially on these former islands carbonate platforms
developed, reaching maximum thicknesses of some
tens of metres. The geological map of the research area
in Figure 2 is based on published maps and shows the
above-mentioned Neogene deposits. They are known as
resources for the extraction of building stones and building
material evident from quarries and pits. The localizations
of the extraction sites are taken from the quarry archive
and database of the Austrian Geological Survey, where
information on mineral resources and quarry histories
have been collected. This data stock is addressed for



G. KREMER, I. KITZ, B. MOSHAMMER, M. HEINRICH AND E. DRAGANITS

___Tulln An 1
Der Donau BT o ‘Ron: mm Bisamberg N
“Wipling e bagl (Wi UMGERUNE 4 20 km A
[.5. ; = 1 1 1 =
\ o Klosterneuburg G Gerasdort tsche™ 7 -
\\ 7 -* Bei Viien am ) / I\
ubie 7 Naturpark izt \ &
! Eichenhain = Remise \/“\ o a
s o2l = L Kahlenbes A o7
= ¢ Fitzel dolrecs529m sstiftswald GANSERNDORE 12 3 N Borinka
tskirchen' M - i o 22aBezik- $ £
p S'\\ Mauerbach: Steinbach & 50 m 2 Donau;md( 3 B : : e Hananka
= Riederfor ',""’A‘J s g /70 Bedirk- = g 3\‘ N
I s i a Sehottérwald ‘ Brigittenau, ey $§ \ \ )
; Hochr h\ Y ‘S "l B»mk 3 < ) ‘\:
gy Richter- -~ >3 G 0o & LD % (< \r/s! RNDORE
gmmg /\- = S ~ W\Ol V D’b BONA - : s Markinet o
= Umegou'\lgeer’tgmd\— » .5 . ’\\ 'L'z‘f;‘zr:: = / \ Lobau o T ( s i
L “v/ A -." s e & % NI
£ B1, 5. / Rinmenng: leona\p.‘lk Adgl
“;“ A23, Eckartsau o 73“‘"6"
, i G & Sl <5
s, $icsing — 2 Hansbmt CARNUNTUM )
chigd-dort ‘ﬁ | P istias, 6 Flughafen T RolER e ~ o) (i
Kalterlegtgensh™ s NIRDERQ- ﬁ‘ e Leopoldsdorf e Pl amy \’\;‘ ni e M 0 li nta i S
I i ° >
! Naturpark i \Q Km e
"«,, Féhrenberge
/\/ wijor !lh iedemannsdort ‘, /”V\;,é e ha Baahs.\inm
Alland " =
Ebergassing -~ ¢
£ / '/ BRUCK AN DER LEITHA
/ Y b An Der
At X Moosbrupn’” Weide s~
Yomet, Fig
Trumau
Y- VL)L ———
N ‘Qber.wa\lerador'/ y perwald
\\ R Ebreichsdorf
Pottenstein o 82 3
Bemdorty 2., A
J
ich g
= R Sotented Q%0 NEUSIEDL AM SEF
¢ x X . P 5
L5 "ul\m/ / \, Felixdorf | = . : i (\o Manchhof y
7 1 piestin ) E 2 2 £ Nefis g
g Eggendorf W SENSTADT-UMGEBUNG 7 Q‘b é
’ z v o N
C /'.° NEUSIEDL AM SEE A
Lichtenw orth A Fravenkirchen ,
= Osli 3 ! - l
It Wiener <N T 1 B
Neustadt - Sa b \
o 2 Poits ching Maroge! ) 7"
$ Neudorl > ! r
./’\h’ ; g
Kat zelsdorf Bufoe ey, Siegegd: - \
WGrach & Kiéinfrauentaid EIS el n&t 3% 7 ek |
Zs % X
$i6p ro irey “asm |
5 ’{:« Pottelsdorf . \ X )
iocene sediments ¥ ° 3 - ! ;
G853 Viesen Mattersburg o > | e i §
an) 14,6618 my [ detiitarereithakalk  © NN | e ¢
memte,,,mndngmavel ") ga‘aenFianmw‘s 128my, - ° PA> \ A u an;\
Dhenstan fivbac & > S , AUS
“sand, sandstone"""“""" X \ ~ | s =
o Atzgersdorfer Kalksandsteln, [ breccia, conglomerate, \\ \ /) l\_ e \\\J\("\
safd, sandstone = partly loose | R/ Softenbarialva Sowc;n e
~ Leithakalk, -
'tonYidmerate, sand, gravel < X Ferto Hans &
an ~ clastic sediment . ¥
Inners childgyal N Nemzeti Park
clasti¢sediment, qJetrnarer I Lelthaka?k”“‘““ - Gy Sources Esr| HERE, DeLorme, TomTom, Intermap, increment P Corp.,
Leithakalk', oolite My . % <GEBCO, US\GS ‘FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL,
7 clayey marl, saznd Qunarrles (totél otf’ 325) 4 TN O?dnance Survey Esri'Japan,,METI, Esti China.(Hong Kong), swisstopo,
Gi n WIENER NEUSTART-L D -3
S sanastely e R' \ o5 “Mapmyindia, © OpenStreetMap, contributors, and the GIS User
RELL ) 7 J’\ z “'Cor’rlmumty chkiedz \ s, — : —~ Kapuvar

/
/ Ediitz.

Fig. 2. Targeted geological units and distribution of pits and quarries within the outline of the project area bounded to the north by

the Danube (map: B. Moshammer)

selecting quarries with respect to our detailed comparative
petrographic analyses of rock types between the samples
from the quarries and the investigated stone artefacts.
Among the given sedimentary rocks we are inves-
tigating the calcareous algae limestones, the Leitha lime-
stones (‘Leithakalk’) and related calcarenites (‘detritarer
Leithakalk’) from the Middle to Upper Miocene of
Central Paratethys named after their occurrences in the
Leitha Mountains (compare Fig. 2). Leitha limestones
have proved to be very important resources for build-
ing and sculpture stones, exploited since at least Roman

time®. Today there remains only one active production
site for natural building and sculpture stone, which is
the huge so-called ‘Roman quarry’ at St. Margarethen in
the Rust Hills. A few other sites with active quarrying in
Leitha limestone for other end uses are notable as they
incorporated the sites of important historical quarries.’
One is the large quarry for cement and previous lime

8 MOSHAMMER, ROHATSCH 2015.

9 MOSHAMMER 2013.
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Fig. 3.

Airborne laser scanning topography,
and active and abandoned quarries
in the area of the north-western
part of the Hainburg Mountains
(Pfaffenberg); the geological map is
taken from FUCHS, WESSELY 1985

manufacture at Mannersdorf. Other examples are the for-
mer lime, chalk and current filler production quarry at
Miillendorf and the large quarry area in the northwestern
part of the Hainburg Mountains, which completely re-
moved former Neogene limestone quarries and at present
produces dolomite aggregates from the underlying, slight-
ly metamorphous Mesozoic carbonates. For these reasons
it is essential to reconstruct the former quarryscapes from
various sources. Therefore, airborne laser scanning topo-
graphic data, geological maps and historical documents
are combined with historical maps and geological field
work. Figure 3 shows one result of such a combination for
the area of Bad Deutsch-Altenburg on the northwestern
boundary of the Hainburg Mountains, near the important
Roman army camp and city of Carnuntum. The outlines
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Fig. 4.

Example of a weathered
quarry face with rare tool
marks in the quarry area
from figure 3 that could be
of possible Roman origin

of the active open mine and the remaining older quarries
and spoil heaps are hatched. The Mesozoic meta-limestone
and meta-dolomites are indicated in darker blue whereas
the sedimentary rocks above are shown in light colours:
blue for the Badenian sediments with ‘Leithakalk’ among
others and green for the Sarmatian including ‘detritarer
Leithakalk™. Field work observations suggest that quar-
rying started rather in the lower areas of the hills, which
means that the older sites are mostly covered by spoil from
the ongoing later extractions. In spite of this, traces of very
old quarrying might still be preserved. The much weath-
ered vertical tool marks on a rudimentary quarry face in

10 FUCHS, WESSELY 1985.
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Fig. 5 A-E. Polished slabs of Leitha limestone samples from old quarries of Pfaffenberg area corresponding to stone monuments

from Carnuntum; explanations are given in text

this area shown in Figure 4 are such an example. In ad-
dition, this outcrop consists of a type of Leitha limestone
which is a good match for a couple of stone monuments
from Carnuntum.

Methods for stone provenancing, examples of Leitha
limestone types near Carnuntum

According to the determined rock types derived
from the stone monument investigation, rock samples
from relevant quarries are taken and prepared. In accor-
dance with the example from the nearest possible stone
resources of Carnuntum given in Figure 3 a choice of
polished surfaces of Leitha limestone types sampled in
the old quarries is presented in Figure 5. Both sample
preparation and pictured scans are provided by team
members Barbara Hodits and Andreas Rohatsch from

Vienna Technical University. We aim to describe the
samples macroscopically as well as on the basis of thin
section, geochemical and petrophysical analyses. Stone
artefacts made of fine grained sedimentary rocks qualify
for analysis with a portable XRF aiming at hints in their
chemical compositions. Otherwise the investigation of
the Roman stone objects is based mainly on the surfi-
cial macroscopic determination. If they show altered or
contaminated surfaces the conclusions are limited. Thus
it is important to discover distinguishing diagnostic
characteristics of the different rock types. The range and
definition of the lithotypes from the stone objects is still
a work in progress.

The following lithological descriptions of the
five samples pictured in Figure 5 give an impression of
rock types that are essential as stone materials for the
monuments in Carnuntum. Figures 5A-D serve as
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examples of different kinds of Leitha limestone we refer
to as ‘local types of Leitha limestone’ and are supposedly
of Badenian age. Although the rock sample in Figure 5E
also comes from the same area near Carnuntum, it is not
very specific for this area as it crops out for example in
the Leitha Mountains as well. The sample of Figure 5E
represents a calcarenite supposedly of Sarmatian age.

Figure 5A: Cream to beige-coloured red algae
biogenic limestone (rudstone) with prominent dark blue
extraclasts (mainly meta-dolomite). The red algae are
unattached or of rhodolithic growth forms. Further bio-
clasts reveal bryozoans, echinoderms, foraminifers and
molluscs. The components vary in grain size from coarse
sand to fine gravel. A groundmass of fine carbonate sand
is present. Sorting and abrasion are weakly developed,
stratification is poor. Open pores are particularly related
to the coralline algae.

Figure 5B: Cream to beige-coloured oyster bioclas-
tic limestone (rudstone) / coarse coquina. Well aligned
elongated oyster shells as well as shells hashed up to coarse
sand grain size dominate, followed by strongly abraded
red algae fragments, extraclasts of grey and red-coloured
carbonates and other bioclastic grains. Pervasive porosity
as fine sediment is lacking, sorting and alignment of the
components are well developed. That altogether reflects a
high energetic depositional environment. The sample was
taken from the old quarry face in Figure 4.

Figure 5C: Cream to beige and light blue co-
loured bioclastic limestone (rudstone to grainstone) with
a coarse layer containing broken and unbroken oyster
shells. Striking encrustations from bryozoans and some
red algae occur, the sediment shows fining upward and
is as porous as usual. This coquina is less reworked than
the previous example.
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Fig. 6.

Building inscription of a centuria of
the Legio XV Apollinaris, found in the
legionary fortress of Carnuntum (CIL
111, 13479; Arch. Museum Carnunti-
num, Bad Deutsch-Altenburg)

Figure 5D: Brownish-grey porous coarse clastic
limestone and fine breccia. Its components are similar to
5B, however, among the meta-carbonate extraclasts, the
red coloured meta-limestones are enriched. They are an
identification criterion for the northwestern Hainburg
Mountains.

Figure 5E: Medium sand sized bioclastic limestone
(grainstone), ivory-coloured with light rusty banding, The
clasts are composed of red algae, foraminifers, bryozoans,
echinoderms, molluscs and others. A tiny rhodolith is
visible. The well-sorted and -layered sediment has a fine
porosity.

Archaeological implications from the ongoing
evaluations

The study of the archaeological objects themselves
and their comparison with geological samples provides
first important results. A representative number of about
100 safely dated objects have been selected, for example
funerary monuments erected by members of the legions
based at Carnuntum during certain, well-defined peri-
ods. Among them, a group of early dated slabs for funer-
ary or other inscriptions were erected for or by soldiers
of the 15™ legion, and are therefore dated to between the
1** and the early 2" century AD (Fig. 6).!" Some of these
early funeral slabs comprise an assortment of rock types
(compare Figure 5) which indicates a probable provenance
from the area of Bad Deutsch-Altenburg - Hundsheimer
Berge, only 4 km east-northeast of Carnuntum. There
the typical lithologies are porous unsorted clastic lime-
stone to fine breccia composed of mainly coralline algae,

11 MOSSER 2003.
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Fig. 7. Funerary slab of Marcus Gavius Cupitus, legionary of
the Legio X Gemina (CIL III, 14358/18 a; Arch. Museum Car-
nuntinum, Bad Deutsch-Altenburg)

characteristic dolomite clasts and minute but specific clasts
of ared limestone (‘local types of Leitha limestones’). From
this geological observation and the scarcity of pre-Roman
building stone use we can already conclude that the local
quarries in the immediate vicinity of Carnuntum were
opened most probably by the Roman military. The rocks of
this region east-northeast of Carnuntum are still exploited.

Roman quarries are therefore most likely com-
pletely destroyed or covered by spoil. In spite of that, as
already mentioned, the location of some pre-Modern quar-
ry sites by geological field-work was possible (Fig. 3, 4).
The combination of different generations of historical maps
and high resolution airborne laser scanning topography
interpretations indicate that the most probable areas for
Roman quarry sites are the lower areas directly north and
northwest of the Pfaffenberg in Bad Deutsch-Altenburg.
Unfortunately, a major part of this area was reshaped for
railway and road constructions. Another part is completely
covered by vegetation and modern buildings and therefore
access has been very limited so far.

Additionally, the lithological types of the funeral
slabs of Carnuntum also indicate further quarry regions,

Fig. 8. Funerary slab of Matta, from Gols (CIL III, 4392; Burgenl.
Landesmuseum Eisenstadt)

which are not in the immediate surroundings of the cap-
ital. The 10™ legion was based in Carnuntum only for a
few years, between 63 and 68 AD, but a group of mon-
uments survived from this period (Fig. 7)."* They are
very similar to each other, not only from a stylistic and
typological point of view, but also concerning the rock
type which confers to a certain lithotype of Leitha lime-
stone (light, porous grain- and rudstone, predominant-
ly composed of reworked coralline algae, typically with
additional quartzite clasts). The material of these slabs
can be referred to a region in the northeastern Leitha
Mountains, close to the village of Winden, where several
quarrying sites are recorded.” Therefore the funeral slabs
give us information about quarrying activity and prob-
ably related workshops in this period, which seem to be
closely connected with the military troops.

Another specific group of monuments was erect-
ed by the local population and is strikingly different from

12 VORBECK 1980, n. 9-26, 28-30, 262; KRUGER 1972.
13 ROHATSCH et al. 2016.

563



STONE MONUMENTS FROM CARNUNTUM AND SURROUNDING AREAS (AUSTRIA) - PETROLOGICAL CHARACTERIZATION...

those from the metropolis, regarding both the figural
representations and the technical quality (Fig. 8)." They
commonly show local Celtic names, and also the char-
acteristic costumes of the region, first of all the repre-
sentation of women with huge Pannonian caps and their
specific jewelry.”” This population seems to have been
concentrated on the western slopes of the Leitha Moun-
tains, where a number of historic quarries are recorded
too, and where we assume the existence of several local
workshops. Further stone analysis will show whether
these observations will be confirmed and if an allocation
to specific quarries can be confined.

Anticipated archeological objectives

From the synthesis and evaluation of the recorded
data we expect insights into the historico-cultural de-
velopment of the region, such as the organization and
evolution of quarries and stonemason workshops in the
Carnuntum - Vindobona region, the development of
Roman settlements, infrastructure, transportation links
and economy of the region'®. The exchange between
the two legionary forts Carnuntum and Vindobona, as
well as their relationship to the so-called hinterland will
be investigated. Last but not least we also expect some
practical benefits, such as new possibilities for the dating
of certain monuments, or new information for the im-
proved detection of forgeries."”

14 WEBER-HIDEN 2008; KREMER 2013; KREMER,
KITZ 2016.

15 GARBSCH 1965; GARBSCH 1985.
16 Compare with DRAGANITS 2008b.
17 KREMER 2012.
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