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Abstract In this paper we present the results of a study aimed to define the 
environmental impacts of quarry activities in the suburban belt of Rome. The 
hydrological and hydrogeological modifications induced by the quarry 
activities receive particular attention and can be summarized as: (a) disruptive 
groundwater lowering as a result of quarrying activity below groundwater 
level; (b) dewatering of large parts of the area as a consequence of quarry site 
back-filling with low permeability materials, morphological alteration and soil 
degradation, with consequent loss of environmental structure in large parts of 
the area; and (c) river system alteration or its complete disruption as a result of 
dispersed and unplanned site development. The study has been developed 
through a multidisciplinary approach using sedimentological, geo-
morphological and hydrogeological methods. 

INTRODUCTION 

The Galeria-Magliana quarry basin represents the main source of building and granular 
materials in the greater region of Rome. Its development started in the early 1940s with 
tunnel working techniques to support post-war reconstruction. Since then, quarry 
activities have not ceased due to the increasing demand for building materials. Coupled 
with the evolution of quarrying techniques, this has lead to an intensive use of stone 
resources with consequent heavy and uncontrolled effects on environmental resources 
and particularly on groundwaters. 

The quarry basin is located in the southwestern part of Rome (Fig. 1), close to the 
G.R.A. Highway, in an area already impacted by extended urban and industrial 
development. In this sector there are several urbanized areas (B.te Massimina, Casale 
Lumbroso, Ponte Galeria), together with oil treatment factories, incinerators and waste 
disposal sites. This area also carries several highway and railway lines of regional 
importance (G.R.A, Rome-Fiumicino Airport and Rome-Civitavecchia highways, 
Rome-Pisa highspeed railway). The coexistence of so many industrial and civil 
infrastructure features gives the area a particularly high environmental sensitivity. 

During the last few years and starting from this degraded situation, the Rome 
Municipality has started several studies and projects aimed both to implement 
remediation interventions in the most damaged areas and to plan further development 
strategies to ameliorate the effects of the major impacting industrial activities. Among 
them must be highlighted: 



Fig. 1 Galeria-Magliana quarry basin synthetic map. The yellow areas define the sites where the quarry activities have extended below the water table and where 
the groundwater hydraulic continuity has been interrupted. Note the mid basin sector (limited by the Galeria River to the west and the G.R.A. highway to the east) 
where there is the major impact on groundwater resources and where the further development of quarry activities will lead to a complete loss of residual 
groundwater resources. 
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(a) the establishment of a National Natural Park (the Roman Coastal Park); 
(b) the establishment of two District Parks (Tenuta dei Massimi Park and Arrone-

Castel di Guido Park); 
(c) more restricted application of urban and environmental bonds; 
(d) testing project implementation, aimed at defining the remediation interventions on 

the quarrying activities in abandoned areas. 
Within this overall scenario, some preliminary results of the study carried out by the 
Department of Geological Sciences of University of Rome TRE are presented. 

GEOLOGICAL, HYDROGEOLOGICAL, ENVIRONMENTAL AND URBAN 
OUTLINE 

The Galeria-Magliana quarry basin is geomorphologically limited by the Magliana 
River to the east, the Tiber delta plain to the west, the Tiber River to the south and the 
Quarto délie Colonne hills to the north. Reconstruction of the residual 
paleogeographical setting has been realized through stratigraphical analysis and 
comparison both of outcrops and collected well data. The sediments outcropping in the 
area are Lower Pleistocene-Holocene in age. The stratigraphie succession has been 
described (Bellotti et al, 1993; Carboni, 1980; Conato et al, 1980; Marra et al, 1997) 
as having a base of a clayey marine Plio-Pleistocene bedrock overlain by transitional-
continental fluvial-coastal Middle Upper Pleistocene sediments, with interposed 
pyroclastic deposits. The stratigraphie succession is topped by Holocene fluvial 
sediments (Figs 2, 3). The relationships between the stratigraphie units have been 
deeply influenced both by eustatic oscillations and tectonic events. 

The Plio-Pleistocene marine bedrock, outcrops sporadically in the deepest river 
valleys and is not interesting from a quarryable point of view but still retains the 
original morphological setting and influences the groundwater circulation in the lower 
aquifer complex. The Plio-Pleistocene marine bedrock upper surface is at 25 m a.m.s.l. 
in the hilly parts, while it is located at -60 m a.m.s.l. below the recent fluvial deposits. 

From a hydrogeological point of view, the lithologies described above present 
different permeabilities, due to their sedimentological and stratigraphical features. It is 
possible to identify the alluvial plain aquifers of the main streams; an upper 
hydrogeological complex, represented by the continental sediments at the top of 
Venerupis senescens clays, which has a medium permeability value; a lower 
hydrogeological complex, formed by the alternating sandy and clayey horizons 
included between the Venerupis senescens clayey horizon at the top and the marine 
clays at the bottom, which present a mid to low permeability value. 

The lower hydrogeological complex, is used as quarrying complexes, and 
moreover, it is divided, in the northern sector, into two sub-units. Indeed the Helicella 
clayey horizon, which is interposed between the upper and lower quarry complexes 
(Fig. 3(a)), varies in thickness throughout the area; it decreases from north to south until 
it is completely absent in the southern basin sector (Fig. 3(b)). The Helicella clayey 
horizon represents a "no-flow" boundary both for the upper phreatic and the lower 
confined sub-units, which constitute the lower aquifer. The analysis of current and 
historical water table contours shows that in the southern part of the area there is 
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Fig. 2 Galeria-Magliana quarry basin cross sections west-east. The sharp reduction of aquifer complexes volume is clearly shown, as well as the extension of low 
permeability back fill materials which have heavy influenced and reduced the groundwater circulation in the last thirty years. 
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Fig. 3 Picture 1 Campo di Merlo quarry site, a: upper 10 m of sandy-gravelly quarrying aquifer complex; 
b: clayey low permeability backfill materials; c: pyroclastic deposits of Sabatini and Albani volcanic 
complexes. The exposure of the water table due to quarry activities is clearly visible. The water table is 
up to 5 m above the lower aquiclude. At this site the groundwater hydraulic continuity will be interrupted 
due to backfill with low permeability materials. Picture 2 Stallonara Mount quarry site, a: the upper 
aquifer currently dewatered due to the quarrying activity; b: the lower sub-unit aquifer outcrops and is no 
longer confined. The vulnerability of the lower aquifer to pollution has been significantly increased. 1 : 
pyroclastic deposits of Sabatini and Albani volcanic complexes; 2: S. Cosimato formation; 3: Venerupis 
senescens clayey horizon; 4: upper quarry complex gravelly conglomerate and cross laminated sands; 5: 
Helicella clayey horizon; 6: lower quarry complex fluvial gravelly conglomerate. 
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nowadays only one unconfmed aquifer. In the northern and the western parts, less 
influenced by quarry activity, an upper unconfmed aquifer and a lower confined are 
present. 

The lithological and morphological features of this area generate high run-off 
discharges, with discharge peaks during the major rain periods. 

The comparison of an aerial photograph survey taken for this study in early 1997, 
with one from 1961, clearly highlight the major modifications induced by human 
activities in the area. 

EVALUATION OF GROUNDWATER RESOURCES LOSS AS A 
CONSEQUENCE OF CURRENT AND FURTHER QUARRYING ACTIVITIES 

A multi-task approach has been adopted aimed at evaluating the groundwater resources 
still present in the area, to define their loss as induced by quarry activities and 
particularly by under-water quarry techniques. This will enable the identification of 
further areas for future quarry activities, and help to evaluate the groundwater 
resources that will be lost as a consequence of planned further development. 

The results of several aerial flights taken for different periods, have been analysed 
and areas where there have been major groundwater and stone resources loss have 
been identified. Areas where future quarrying activities could be further developed 
have also been identified. In addition, a census of pumping well data has enabled 
reconstruction of groundwater surfaces and monitoring of chemical-physical water 
features has been undertaken. 

Through the analysis and comparison of overmapped historical aerial photograph 
series (1944, 1955, 1961, 1984, 1994) and with a new 1997 flight coupled with field 
surveys, we have identified the boundary surfaces of quarrying horizons which 
represent the groundwater reservoirs in the study area. 

The migration through the years of quarry sites, and the progressive 
geomorphological alteration and soil degradation, have sharply reduced the amount of 
effective infiltration. This, coupled with the substitution of quarried mid-permeability 
lithologies with very low permeability back-fill materials, has led to complete 
dewatering of both the upper aquifer and of the upper hydrogeological sub-unit of the 
lower aquifer. The lower sub-unit of the lower aquifer also shows clear signs of high 
level damage of its qualitative and quantitative features. In many cases, indeed, the 
lower sub-unit is no longer top-confined and it is currently depressurised (Fig. 3(b)). 

The cross-sections in Fig. 2 show the reduction of aquifer thickness both in the 
western and in the southern sectors of the study area. It must be noted that the 
reduction of the groundwater table is already remarkable in unquarried sectors, (up to 
25 m down), and that the further development of these sites will lead to total 
dewatering of the aquifers. 

The overmapping of derived water table contours and the reconstruction of the 
residual paleomorphology setting has furthermore pointed out that the loss of the 
hydrogeological reservoir is equivalent to as much as 500 000 000 m 3. 

The overmapping of the river system (1949 and 1991) shows clearly the sharp 
reduction in drainage density, less than 1, in the higher quarry developed sectors. In 
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many cases the river system has been disrupted and completely buried with the 
development of large boggy areas due to substitution of soil with low permeability 
quarry back-fill materials. This is a result of fragmented, unplanned site development 
and its influence on groundwater resources can be summarized as: an increase in 
superficial runoff with a reduction of the effective infiltration and the development of 
potential pollution points in the boggy areas. 

On the basis of planned development policy, it is predicted that a further loss of 
the hydrogeological reservoir, of up to 200 000 000 m 3 will take place if no technical 
specifications are applied to quarrying activities. 

FINAL REMARKS 

The Quarry Activities Plan (QAP) is a regional administration planning territorial tool. 
In 1996, the Lazio regional administration authorized the Rome Municipality to realize 
the Quarry Activities Plan which will be limited at first, to the Galeria-Magliana area, 
due to its importance as a major sand and gravel source for the Rome area. 

The Environment Department of the Rome Municipality has chosen with the QAP, 
to offer a new way to perform quarry activities, joining private enterprise needs with 
environmental management, protection and remediation policy. Consequently the 
realization of QAP in the Galeria-Magliana quarry basin will be necessary at the same 
time as development and remediation of new sites, coupled with remediation 
intervention projects for old and abandoned ones. 

The burden of new taxation on quarry industries, due to site remediation will not 
disadvantage anyone because within the whole basin, each cubic metre quarried will be 
restricted to pre-1997 costs. 

The priority remediation orders will be initiated by the municipal administration 
with the publication of inventories based on site and aerial surveys of the kind noted in 
this study. 

The QAP moreover, contains Plan Technical Rules (PTR) which have been 
developed jointly by municipal technicians and Geological Sciences Department 
researchers, to give the municipal administration the best tools to control the real 
effects of quarry activities on groundwater resources. Implementation of PTR will 
require the project manager to retain a minimal thickness of the complex lower part of 
the quarry succession. This particular rule is intended to provide a minimal 
groundwater resources volume; maintain the aquifer hydraulic continuity and allow 
renewal of groundwater resources in order to maintain their quality. 
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