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ABSTRACT 
In the last quarter of the 20th century the estimation of available space for interment in Lisbon indicated a critical situation; the six
municipal cemeteries were close to exhaustion and without capacity for expansion. The site of the new cemetery at Carnide was
selected between three hypotheses as meeting the main prerequisites. However in the initial opinion it was already recognized that the
topography was too rough and the composition of local soil and relatively high groundwater levels should be considered as less
favourable conditions. The engineering geological characterization of the Carnide’s cemetery site was based on a site investigation
program carried out in 1983. As the groundwater level may reach the elevations of the burials, the design studies proposed to elevate
the burial areas over the natural terrain. With this purpose a terrace modelling of the terrain was proposed, using selected materials to
construct the burials prisms, and designed a deep drainage systems as well as surface system. The Carnide's New Cemetery was
opened in 1996 and after a period of 12 years there were a total of about 10000 burials. According to a preliminary analysis of the first
5 years of activity (1996-2000) it seems that a timescale of 5 to 10 years as design criterion for corpse decomposition failed leading to
studies with the aim of determining the causes and possible solutions for that problem. 

RÉSUMÉ
Vers la fin du XXème siècle il y avait très peu de place pour enterrer les morts à Lisbonne; les six cimetières municipaux étaient
complets et ne pouvaient plus s’agrandir. Le site du nouveau cimetière à Carnide satisfaisait les principales conditions, avec
cependant des  inconvénients: topographie accidentée, composition du sol, eaux souterraines abondantes. La caractérisation
géologique et géotechnique du site s’appuyait sur le programme de  prospection amené en 1983. Le niveaux d’eau souterraine
pouvant atteindre la zone des enterrements, le projet prévoyait le soulèvement du terrain au dessus de la topographie naturelle. Pour
cela, des terrasses ont été prévues, en utilisant des matériaux sélectionnés pour construire les zones d’inhumation, et aussi deux
systèmes de drainage, l’un profond, l’autre superficiel. Le Nouveau Cimetière de Carnide fut ouvert en 1996 et a reçu 10000
enterrements. D’après l’analyse préliminaire des 5 premières années d’activité il semble que la période de 5 à 10 ans, définie comme
critère pour la décomposition des corps, ne sera pas été atteint, justifiant le besoin d’études pour déterminer la cause et les possibles
solutions du problème. 
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1 INTRODUCTION 

In the last quarter of the 20th century the estimation of available 
space for interment in Lisbon indicated a critical situation; the 6 
municipal cemeteries constructed in the 19th century, the largest 
two built in the sequence of a cholera epidemic, were close to 
exhaustion and without capacity for expansion, since they were 
completely constrained in the urban matrix. 

In the 80’s the Lisbon Council started a Project for a new 
cemetery. Between 3 locations the site of Carnide was selected 
as meeting the main prerequisites. However in the initial 
opinion it was already recognized that the topography was too 
rough and the composition of local soil and relatively high 
groundwater levels should be considered as less favourable 
conditions to the decomposition of corpses.  

In consequence, on the basis of the design studies it was 
considered as key issue the geological, hydrogeological and 
geotechnical characterization of the area. 

Ideally the post-mortem decomposition changes in human 
corpses in the earth leads to the entire skeletalisation of corpses, 
which is usually achieved within the regular resting time 
(Fiedler & Graw 2003). However the decomposition depends on 
many factors. The investigation in this theme as well as the 
existing literature is very sparse and focuses on particular 
aspects.  

Between the external factors it should be considered the 
characteristics of the soils, particularly the microbiological and 
physic ones (i.e.: texture, structure, porosity and correct airing); 
pH; depth of burial; degree of humidity of the soils; seasonal 
course of the groundwater; climatic characteristics; and 
characteristics of the materials with the coffin is built or painted 
with (Flogi).  
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Figure 1. Location and geological setting of the Carnide’s Cemetery area. 

2 GEOLOGICAL SETTING 

The area of the cemetery is located, close to the NW Lisbon 
council limit (Figure 1), in the south slope of the Encosta da 
Luz hill. 

The area characterized by Cenozoic formations, is located in 
the contact between Palaeogene and Neogene overconsolidated 
hard soils, gently dipping SE, covered by thin superficial topsoil 
and locally by alluvium (Figure 1). 

The Palaeogene (Oligocene) deposits are characterized by a 
reddish conglomeratic continental series (Complexo de Benfica) 
with gravely to sandy-marls and claystones. The Neogene 
deposits (Argilas de Prazeres), corresponds to the bottom of the 
estuarine Neogene (Miocene) sequence and is characterized by 
intercalated overconsolidated marly clays and calcareous 
sandstones (Almeida 1986). 

The superficial deposits consist of anthropogenic fills, 
colluvium and alluvial soils associated to a small stream located 
in the south zone, which are characterized by a clayey matrix 
with gravels and pebbles from Oligocene formations.  

The regional groundwater level occurs mainly at depths of 
3.5 to 4.5m but lowest at the dry season. In rain seasons the 
water levels tends to rise to 1.5 to 2.5m. 

3 DESIGN 

The engineering geological characterization of the Carnide’s 
cemetery site was based on a site investigation program carried 
out in 1983, which include 34 trial pits with sample collection 
for soil laboratory testing. The engineering geological results 
obtained from the site investigation works were considered in 
the design studies (CESL, 1984) regarding the characteristics of 
the soils sampled (Table 1) and groundwater levels measured. 
Concerning the water table measurements, they reflect 
exceptionally dry conditions caused by several years of low 
pluviosity. Furthermore local geological conditions are suitable 
for rising of water table during rain season. 

The zonation of the studied area takes into account the main 

geomorphological and engineering geological constraints 
(Rodio 1992). Therefore, the areas with poorest engineering 
geological characteristics were reserved for support facilities 
and structures not directly associated to the decomposition 
cycle, preserving the most favourable zones for burials. As the 
groundwater level may reach the elevations of the burials, the 
design studies proposed to elevate the burial areas over the 
natural terrain. With this purpose a terrace modelling of the 
terrain was proposed using selected materials to construct the 
burials prisms. 

The selection and mixing of materials was carried out in 
order to obtain a soil with loamy texture at the inhumation strip 
considered suitable for decomposition of corpses (Almeida & 
Mousaco 1994).  

The soil composition adopted was obtained from a mixture 
of local (40%) and outer (60%) soils, included on groups A2.4 
to A2.7 of AASHTO (American Association of State Highway 
and Transportation Officials). Moreover a soil permeability 
coefficient of 10-7 m/s and aerobic conditions should be 
guaranteed. 

Quality control of original soils and final mixture was 
obtained from statistically sampling of the materials during 
layer emplacement and after homogenization. During 
emplacement it was important to use an adequate degree of soil 
compaction suitable to maintain a open soil structure but that 
also assuring minimum strength characteristics. Accordingly 80 
to 85% of Standard Proctor test compaction level was specified 
and in situ testing control was performed on all burial areas. 

Emplacement practice, mainly spreading and mixing 
procedures, assured that soil compaction characteristics 
specified were reached, without further use of any 
complementary compaction technique. 

In order to control the groundwater level at inhumation 
areas, mainly during rain season, it was design in complement 
of the earthwork terrace modelling, a surface and deep drainage 
system. 

The need of those measures aimed to avoid the flooding of 
the inhumation strips by rising of groundwater level, with the 
consequent risk of aquifer contamination by corpse 
decomposition by-products.  

Table 1 - Results of physical characteristics of local soils 

Particle size 
distribution 

Volumes and weight relationships Permeability 

 % < 80 μm  ( g/cm3) d( g/cm3) w (%) e n (%) k (cm/s) 

Clayey soils 83 - 95 1.97 – 2.15 1.55 – 1.85 16 - 27 0.512 – 0.757 34 – 43 2.8x10-9  - 1.2x10-7

Silty soils 60 - 73 2.02 – 2.29 1.81 – 2.01 12 - 17 0.360 – 0.567 27 - 35 4.9x10-8  - 8.2x10-6

Silty-sand soils 35 2.04 1.73 18 0.558 36 5.5x10-6

Gravel soils 38 - 42 1.83 – 2.14 1.47 – 1.90 13 - 24 0.466 – 0.928 32 - 48 3.0x10-7  - 4.5x10-5

Alluvium 61 2.08 1.85 12 0.492 33 1.7x10-7
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The deep drainage system designed consisted of a drain pipe 
(maximum diameter of =800 mm) network (about 2500 m 
long) emplaced at a depth of 2.5meters. The drain pipes were 
fairly closed spaced, catching both infiltrated rain water and 
groundwater when that one reach a level that could flood the 
inhumation strip.  

Surface drainage system was designed in order to control 
surface water and therefore avoiding the flooding of burial 
areas. 

4 ACTUAL STATUS 

Carnide's New Cemetery was opened in 1996 and after a period 
of 12 years there were a total of about 10000 burials. 

According to the available cemetery records and technical 
documentation a preliminary analysis of the first 5 years of 
activity (1996-2000) was performed. This analysis aimed to 
identify difficulties found by Cemetery Managing Division of 
Lisbon Council (Divisão de Gestão Cemiterial – CML), 
regarding initially predicted inhumation periods, estimated in 5 
years. 

Data of total burials, total exhumations and positive 
exhumations per year during the period between 1996 and 2000 
are presented on Table 2 and Figure 2 and on Table 3 the 
correlations of inhumations versus exhumations. 

Table 2. Data analysis of the Carnide’s Cemetery records 
corresponding to the first 5 years of inhumations 

Year 1996 1997 1998 1999 2000 

Inhumations 1934 1990 2029 1815 1903 
Exhumations 670 626 546 299 110 
Positive Exhumations 1 206 131 68 36 19 
1 Corresponding to total corpse decomposition within a period of up 
to 10 years. 

Table 3. Evolution of the relation inhumations/exhumations 

Year 

Total 
Exhumations/ 
Inhumations 

Positive Exhumations/ 
Total Exhumations 

Positive 
Exhumations/ 
/Inhumations 

1996 35% 31% 11% 
1997 31% 21% 7% 
1998 27% 12% 3% 
1999 16% 12% 2% 
2000 6% 17% 1% 

Figure 2. Inhumations and exhumations monthly evolution.

The data presented on Tables 2 and 3 based on the cemetery 
records show that the relation of exhumations/inhumations as 
well as the correlation of positive exhumations over total 
exhumations are low and decrease each year. The low number 
of positive exhumations so far observed constituted the main 
concern of Carnide Cemetery’s Council Authorities, which 
conditioned or even suspended new burials in the cemetery on 
late years. 

According to those elements it seems that a timescale of 5 to 
10 years as design criterion for corpse decomposition failed 
leading to studies with the aim of determining the causes and 
possible solutions for that problem. As it is predictable an 
expansion of this cemetery, the information obtained is relevant 
at this stage. 

5 UNDERGOING RESEARCH 

In 2008 the Lisbon Council ordered an engineering geological 
study to Laboratório Nacional de Engenharia Civil (LNEC) to 
investigate the geoengineering constrains that may be 
contributed to the non-decomposition of corpses in Carnide’s 
Cemetery (LNEC 2008). Fieldwork carried out on the site 
consisted of seismic and resistivity profiles and trial pits opened 
to a depth of 3.5meters as well as soil sampling for laboratory 
testing (particle size distribution, Atterberg limits, natural water 
content and grain density). 

Based on the results of fieldwork and laboratory testing 
carried out the main issues of the LNEC’s study were as 
follows: (a) the ground of burial area had a clayey sand 
composition being the soils included in SC and SM groups of 
Unified Classification (Table 4); (b) despite in situ or laboratory 
permeability determinations were not available the soils seemed 
to have a very low permeability character; (c) correlation 
between visual observations from trial pits and geophysical data 
showed a reasonable constant shallow groundwater level in the 
burial area; (d) detail observations from the trial pits opened 
close to the grave holes showed that they worked like a “water 
trap” in a very similar way of the bucket effect described in 
bibliography (Dent & Knight 1998). 

Table 4. Results of laboratory testing performed in the exploitation 
area of Carnide’s Cemetery 

Pit reference P105-1 P105-2 P105-3 P106 

Unified Classification SC  
Clayey 
sand 

SC  
Clayey- 
sand 

SM  
Silty- 
sand 

SM 
Silty- 
sand 

w (%) 14.8 23.3 23.5 20.8 
wL (%) 37.8 44.3 54.4 23.7 
wP (%) 20.2 24.9 30.9 NP 
PI (%) 17.7 19.4 23.5 NP 

200# (%) 24.8 37.5 41.6 15.9 
Gs 2.68 2.72 2.70 2.64 

6 CONCLUSIONS 

The cemetery management practice of Lisbon Council requires 
that decomposition of corpses takes place during a timescale of 
5 to 10 years. Taking the Carnide’s Cemetery as case study the 
problem of non-decomposition of corpses in the specified 
period is discussed in this paper. 

The exhumations performed in Carnide’s Cemetery showed 
that a high percentage of the corpses were preserved after a ten 
years period arising a huge cemetery management problem. 
According to the review of the information available including 
literature searching it seems that non-decomposition of the 
corpses is due to a saponification process. Saponification and 
consequently adipocera formation is controlled by several 
factors (Dent et al. 2004). Among those wet/saturated ground 
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conditions where corpses may be partial or total submerged 
constitute an ideal environment for the occurrence of that 
phenomenon. In fact detail field observations showed that the 
grave holes worked as “water traps” and a bucket effect model 
may be used to describe the local conditions in burial areas. The 
occurrence of shallow water table in burial areas is controlled 
by various aspects such as soil permeability, regional and local 
groundwater levels and vegetation type and infiltration 
conditions. As burial areas are covered by grass lawn watering 
may be had a leading role on establishing of the susceptible 
conditions for occurrence of the bucket effect and consequently 
of non-decomposition of corpses process. 

The case study of Carnide’s Cemetery constitutes an 
important guidance in Lisbon area for future planning and 
design studies of new cemeteries or expansion areas of previous 
sites. Engineering geological characterization plays a leading 
role in the planning and design studies of cemeteries and must 
anticipate the most determinant geoengineering constraints that 
should be considered in the project. However this traditional 
approach seems to be not enough in the development of 
cemetery sites and a multidisciplinary approach is necessary to 
establish site-specific concepts that can solve through the 
integration of geological, pedological, microbiological and 
forensic aspects, the main problems concerning the planning, 
design and construction of such undertakings.  
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