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ABSTRACT 
 
Piping has been observed in both natural and anthropogenic landscapes, in different 
climates, lithologies and soils, as well as under different types of land uses and vegetation 
covers. Despite its importance, no standard widely-applied methodology exists to assess 
susceptibility of soils to piping. 
 
This study aims at evaluating the pinhole test for assessing the susceptibility of soils to piping 
under different conditions. More precisely, the effects of hydraulic head and water quality are 
being assessed. Topsoil samples (remoulded specimens) with a small range of water 
contents were taken in Central Belgium (Heverlee) and the susceptibility of these soil 
samples are investigated under standardized laboratory conditions with a pinhole test device. 
Three hydraulic heads (50, 180 and 380 mm) and two water qualities (tap and distilled water) 
were used, reflecting dominant field conditions.  
 
The results indicate significant differences between different hydraulic heads and water 
qualities. Maximum flow discharge was recorded at 380 mm, showing small differences 
between tap and distilled water. Maximum sediment discharges were recorded at 380 mm 
and significant higher sediment discharges were observed for distilled water compared to tap 
water. The tests indicate that the tested soil has an intermediate susceptibility to piping.  
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INTRODUCTION 
 
Piping or tunnel erosion is defined as the hydraulic removal of subsurface soil, causing the 
formation of underground channels in the natural landscape (Boucher, 1990). (1) Field 
measurements and (2) laboratory experiments have shown that piping can be a very 
important process associated with runoff, sediment and solute yields in many environments, 
particularly in humid temperate regions. Despite the widespread occurrence of soil piping 
erosion in Europe, Faulkner (2006) estimated the areal extent of the land seriously at risk in 
the EU from piping erosion to exceed 260,000 km2, quantitative data on the susceptibility of 
soils to piping and the contribution of piping to sediment yield are scarce. Moreover, 
quantitative information on the susceptibility of different soils is currently lacking. 
 
The aim of the study is to evaluate the pinhole test device (Sherard et al. 1976) for the 
assessment of the susceptibility of soils to piping, under three hydraulic heads and two water 
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qualities. In the near future, validation of the findings and methods will be made for typical 
soil horizons in various regions of Europe.  
 
 
METHODS 
 
The pinhole test device is an instrument for direct measurements of the dispersibility and 
erodibility of fine-grained soil, using a flow of water passing through a small hole (1 mm 
diameter) in a specimen (Sherard et al. 1976), under hydraulic heads (H) ranging between 
50 and 1020 cm (Figure 1). Dispersibility is assessed by observing effluent colour and flow 
discharge through the hole, by visual inspection of the hole after the completion of the test. 
According to Sherard et al. 1976, the test is highly reproducible and the results of each 
individual test can be categorized easily.  
 
The methodology and processes are in general identical to these proposed by Sherard et al. 
(1976), except for the adaptations mentioned below.  
 
Prior to each pinhole experiment the soil was air-dried at room temperature (20 °C) for 3-4 
days and sieved at a mesh size of 1.25 cm diameter. Then, to obtain standardized 
compaction conditions, rainfall simulation was used. The erosion plot (central test area of 
0.60 x 0.94 m2) was filled with the sieved soil. Rainfall was simulated for 60 minutes by a 
single-nozzle, continuous-spray system (Poesen et al. 1990), with mean rainfall intensity of 
67 mm h-1, to slightly compact the topsoil. 
 
 
                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Sketch to illustrate pinhole test measurement set up. 

 
The laboratory pinhole tests were conducted 1, 2, 4, 8 and 15 days after rainfall simulation; 
six samples (stainless steel rings: 8 cm long and 5 cm diameter) were taken every day in the 
morning (at the same time), to test the susceptibility to piping with tap and distilled water (EC, 
800 and 26 µS/cm, respectively) at three consecutive hydraulic heads (H; 50, 180 and 380 
mm), on the same sample. In this study, the pipe flow discharge (Qw) and sediment 
discharge (Qs) was measured continuously. During a time interval of 5 minutes, every 
minute, the effluent was collected during one minute, with cylindrical measuring flasks and 
the samples were dried in the oven at 110 °C. This was carried out for every hydraulic head. 
 
Moreover, before the start of the laboratory experiments, three additional cylindrical samples 
were taken to determine the initial soil moisture content (kg kg-1) and bulk density (g cm-3) 
(stainless steel rings: 5 cm high and 5 cm diameter). 
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hydraulic head. The mean flow discharges were respectively for tap and distilled water 0.46 
and 0.54 cc3/s at 50 mm hydraulic head, 1.25 and 1.54 cc3/s at 180 mm hydraulic head, and 
2.09 and 2.4 cc3/s at 380 mm hydraulic head. 
 
Figure 3 shows the sediment discharge (Qs, g/s) for three replicate samples tested with tap 
and distilled water. Significant differences between tap and distilled water test were observed 
for the three hydraulic heads. During a test with a given H, Qs evolved differently depending 
on the water quality. The mean Qs values were respectively for tap and distilled water 0.0002 
and 0.0006 g s-1 at 50 mm hydraulic head, 0.0005 and 0.004 g s-1 at 180 mm hydraulic head, 
and 0.001 and 0.004 g s-1 at 380 mm hydraulic head. This is in line with results on 
susceptibility of silt loam soils to physical degradation under rainfall simulation using distilled 
and tap water (Boselli et al., 2001). 
 
The results showed that the silt loam soil tested has an intermediate susceptibility to piping 
based on the classification of Sherard et al. (1976). 
 
 
CONCLUSIONS 
 
This preliminary investigation indicates that the pinhole test is suitable for assessing the 
susceptibility of soils to piping in a quantitative way. Moreover, the test gives reproducible 
results. 
The results of this preliminary study (based on 30 specimens and more than 450 data) for 
one silt loam soil shows significant increasing water and sediment discharge with increasing 
hydraulic heads (50, 180 and 380 mm) and higher sediment discharge for distilled water than 
for tap water. 
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ABSTRACT                                          
 
Here we describe a formerly unrecognized dry spell dated at between c. 4330 and 3950 
radiocarbon years BP, and located in the Puerto de Mazarrón (Murcia, southeastern Spain). 
The palaeoclimatical inference is provided by halite levels within a long sequence of a 
multiple core study carried in a palaeo-lagoon. The lithological inference is corroborated by 
palynological records involving a forest depletion. The event is also linked to a population 
decline in the study region. 
 
Keywords: lagoon, aridity crisis, halite, pollen tests, population decline. 
 
 
INTRODUCCIÓN  
 
Por todos es conocida la implicación que el Prof. Thornes tuvo en dinamizar, dentro de los 
estudios arqueológicos, los aspectos geomorfológicos y paleoecológicos que hoy día 
inspiran una disciplina en auge como es la Geoarqueología. Baste citar al respecto su 
contribución al estudio de estos temas focalizados precisamente en el sureste español, - 
donde se le hace este merecido homenaje-, recogida en el trabajo “Land-use and Prehistory 
in South-east Spain” (Gilman y Thornes, 1985). Por ello, los autores del presente trabajo, 
geógrafos, geólogos, paleoecólogos y arqueólogos, queremos sumarnos al homenaje de 
este añorado profesor.  
 
El área estudiada ocupa la llanura aluvial de la Rambla de Las Moreras (Fig. 1), localizada 
en el litoral occidental del Puerto de Mazarrón (Murcia). Geológicamente forma parte de una 
cuenca neógena fundamentalmente margosa recubierta, localmente, por depósitos recientes 
y actuales de origen fluvial. La litoestratigrafía incluye materiales del Permotrías, Mioceno, 
Plioceno y Cuaternario, con gran variedad de formas geomorfológicas: glacis, terrazas, 
cauces secos, conos deltaicos, conos aluviales, playas, fondos lagunares desecados; todas 
ellas identificadas y cartografiadas a partir del vuelo Americano B de mayo de 1956 (Fig. 1).  
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