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ABSTRACT 

The deuterium and oxygen-18 compositions were monitored in several single rain events in 
south-eastern Spain from November 1989 till April 1990. Large variations in both[> D and[> 180, 
as well as in the value of deuterium excess (d-value) of up to + 27D/ DD' were recorded during this 
time period. The observed variations are clearly related to different source regions of the vapour 
(Atlantic Ocean or Mediterranean Sea) as well as to different trajectories of precipitating air 
masses. Whereas the rains of Atlantic origin were characterized by d-values close to + lQD/DD' 
the Mediterranean-derived precipitation showed much higher values, of up to + 27D /DD. The 
apparent correlation between altitude of the sampling site and the d-value of the corresponding 
rain can be attributed to two mechanisms: the evaporative isotopic enrichment of rain drops 
below the clouds, especially at initial stages of the given precipitation event, and/or precipitation 
from air masses with different isotopic signature (d-value) of the water vapour. The range of the 
d-values observed in samples from local springs and wells (between + 10 and + 13D/ DD) suggests 
that groundwater in the studied areas is recharged predominantly by the Atlantic-derived 
precipitation. 

1. Introduction 

Spatial and temporal vanations in the 
deuterium and 180 composition of precipita­
tion are caused by isotope fractionation effects 
accompanying evaporation from the ocean and 
condensation during atmospheric transport of 
water vapour (Dansgaard, 1964 ). It has been 
demonstrated in numerous studies that the 
isotopic composition of local precipitation is 
primarily controlled by regional-scale processes, 
i.e., by water vapour transport patterns into the 
continents, and by the average "rainout history" of 
the air masses precipitating at a given place (e.g., 
Merlivat and Jouzel, 1979; Rozanski et al., 1982; 
Johnsen et al., 1989; Fisher, 1990). 

The magnitude of the deuterium excess "d", 
defined as d = b D - 8 · b 180, is controlled by the 
source region of the evaporation process, primarily 
by the relative humidity over the evaporating 

surface and the wind speed (Merlivat and Jouzel, 
1979). As the condensation processes in clouds 
appear to proceed close to isotopic equilibrium, 
the d-value of newly formed rain droplets is close 
to that of the source water vapour. Therefore, the 
d-value observed in precipitation should reflect 
specific conditions in the vapour source regions. 
The d-values close to + 10°/00 are observed in 
most continental meteoric waters at present 
(Craig, 1961; Yurtsever and Gat, 1981 ). The 
deuterium excess of snow may vary in response to 
changes of the supersaturation of vapour with 
respect to temperature of snow formation (Jouzel 
and Merlivat, 1984; Fisher, 1991; Petit et al., 
1991 ). It is thought that this process is important 
only in low-temperature environments (polar 
regions). 

Vapour generated over closed basins with or 
without restricted communication with the open 
ocean is usually characterized by a higher d-value, 
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