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Abstract. This work aims at using the Dissolved Organic 
Carbon (DOC) as a tracer of infiltration in karstic aquifers with 
only diffuse recharge. Regular measurements of DOC have been 
carried out in three karstic systems located in South-eastern 
France during an hydrogeological cycle. Considering that the 
DOC is mainly located in the soil, it might be used as a tracer of 
the infiltration. The behavior of the tracer considerably varies 
between the high and low flow periods. 
The low concentrations of DOC occur when the flow is mainly 
due to a long residence time of the water in the saturated zone, 
whereas the concentration of DOC increases with the contribution 
of recent waters during the flood period. So the DOC can be used 
as a tracer of the infiltration. A comparison between the 
magnesium and the DOC allows to demonstrate the ability of 
using the DOC as a tracer of the water residence time. 

Introduction 

Dissolved Organic Carbon (DOC) has previously been used, 
as a tracer in karst, only in particular cases when its high content 
is both a pollution indicator and a potential source of CO2 due to 
its mmeralization (JAMES, 1981 ; ALBERIC & LEPILLER 
1996). 

The purpose of this work is to characterize the variation range 
of DOC and to study its potential as a natural tracer in karst 
aquifers of the lowly anthropized Mediterranean zone. 

In this aim, three aquifers of the Vaucluse experimental area 
have been surveyed. The DOC content of the three outlets is 
studied, according to hydrodynamic conditions. Further more, we 
have compared the DOC to several natural tracers which are 
commonly used, especially magnesium. The latter is known as a 
good tracer of residence time in these systems where the 
limestone Mg 2+ content is low and rather regionally constant. 
Sites and Method 

Three karst systems of the Vaucluse experimental area 
(Southeastern France) have been surveyed during 8 months. This 
period includes a recession period and a proceeding of flood 
period. The sampling has been done weekly in low-water periods 
and daily in flood ones. 
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The three systems are different by their size and their elevation 
range. The Fontaine de Vaucluse is one of the largest European 
karst aqu•ifers with its 1130 km 2 and its yearly average discharge 3 ' 
of 20 m /s; the average elevation of its catchment area is 870 m 
(BLAVOUX et al., 1992). 

Millet spring displays the particularity of being a perched 
system inside the catchment area of Fontaine de Vaucluse. This 

small system (2 km 2) outflows at a height of 1000 m. Its average 
discharge is 301/s (EMBLANCH et al., 1997). 

Notre-Dame des Anges system is situated at the north-east 
limit of the Fontaine de Vaucluse one, its surface is 20 km 2, its 
discharge 120 1/s and its average altitude 700 m (Lastennet et al., 
1995). 

In the three cases, the aquifer is made of recifal limestone free 
from orgamc matter (MASSE, 1968, 1972). So we can consider 
the soil as the unique source of orgamc carbon in this case. For 
DOC analysis, we used in Avignon a Bioritech TOC 700 
analyzer, whose principle is elimination of total dissolved mineral 
carbon by acid attack and analysis of transformed DOC into CO2 
by hot oxydising. Accuracy of this measurement is 0,05 mg/1. 
Magnesimn, used as a tracer of residence time, with a 0,1 mg/1 
accuracy. 

Results 

In a first step, this work deals with DOC and its relationships 
with hydrodynamic conditions. Figure 1 displays seasonal 
variation of discharge and DOC for the three monitored systems. 
It immediately appears that variations have the same order of 
magnitude, with lower contents of about 0,5 mg/1 in dry periods 
and higher ones which are close to 2 mg/1 during flood periods. 
Despite the low contents in DOC compared to Total Dissolved 
Carbon (TDC 65 mg/1), its variation range offers a good 
possibility of interpretation. 

All the DOC obtained values are exactly situated in the 
classical range of groundwaters (SIGG et al., 1992; BEYNEN et 
al., 1997; MULLER et SEILLER, 1997). The low content values 
are observed during low stage flow, the high contents during 
floods. 

A lag is visible between discharge variations (pressure 
transfer) and DOC variations (transit). The lag time is variable 
according to the studied system. This variation can be explained 
by the own inertia of each system. This inertia depends mainly on 
the volume of water to push out before the arrival of recent water 
at the spring. 
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Discussion 

Figure 1 clearly displays significant differences between lo•v 
water figures of different springs. The contents of Millet range 
from 0,6 to 0,7 mg/1, those of Notre-Dame des Anges are about 
0,5 mg/1 while those of Fontaine de Vaucluse are about 0,4 mg/1. 
Natural tracing using magnesium and tritium demonstrates that 
the mean residence time of water in the Fontaine de Vaucluse is 

longer than in Notre-Dame des Anges, which is itself longer than 
in Millet spring (BLAVOUX et al., 1991 ;EMBLANCH, 1997). 

It appears during depletion periods that the more residence 
time is increasing, the more mineralization of DOC into mineral 
carbon is consequent, which promotes DOC as a valuable 
potential tracer of residence time. 

As a consequence, outflows of water highly mmerahzed in 
DOC must reveal outflows of infiltration water, with a short 
residence time within the aquifer because the DOC acquired 
during infiltration had not time enough to mineralize. Residual 
contents which are observed even in long residence time waters 
can be explained by the fact that a part of organic matter can 
hardly be mineralized and so remains within the system, even 
during low water periods. 

On 19th September 1995, we can observe simultaneously 
significant DOC peaks at Notre-Dame des Anges and Millet. 
These peaks are associated to discharge variations which are 
hardly measurable. The fact of f'mding this peak on two different 
systems and not on the third one enables us to affn-rn that it was 
not an operating error, but a reality. 

It corresponds to an arrival, at the outlet, of infiltration water 
originating from stmuner rainfalls. The fact that the F ontaine de 
Vaucluse system does not display any response can be simply 
explained by a more important inertia. The DOC is in this case 
the only tracer whose variations are significant of an arrival of 
recent water at the outlet of the system. All the major elements 
which were analyzed, even if they all display oscillations at this 
period, have no significant variations. 

During flood period, DOC is also an accurate tracer. At Notre- 
Dame des Anges, LASTENNET et al. (1995 ;1997) showed a 
noticeable transit of quick infiltration water which is 
characterized by dilution. This quick infiltration is appearing very 
clearly during the flood increasing of the 11/27/1995, when an 
important and sudden peak of DOC is observed. 

During the depletion period, DOC can indicate 
hydrodynamical modifications with no significant variation of the 
discharge. Is it the same during flood periods ? In February, 1996, 
while the Fontaine de Vaucluse shows a depletion phase which is 
apparently not disturbed, the DOC indicates a recent water transit 
within the system. Heterogeneity and complexity of flows within 
karst aquifers are thus clearly displayed. Even during recessions, 
plenty of infiltration waters can outflow. 

Ability of Tracing Residence Time 

A simple study of DOC and discharge already enabled to 
demonstrate the high sensitiveness of this tracer as a tracer of 
infiltration and heterogeneity of water flows in the karst aquifers. 
Comparing it with Mg 2+ can confirm the possibihty of using 
DOC as a tracer of residence time. 

On figure 1, we can see DOC and Mg 2+ variations with weekly 
samplings during low-water periods and daily ones in flood 
periods, on which was calculated a moving average on three 

points. So it will be necessary to interpret separately these two 
periods when the calculation is not comparable. 

On the three systems, it exists a very clear opposition between 
Mg 2+ and DOC variations. This reverse symmetry shows that 
DOC can be used as a tracer of residence time. Moreover, 

considering the respective variation ranges of both tracers, we 
can, in the studied aquifers, estimate that the rate of 
mmeralisation of DOC is close to that of acquiring Mg 2+. For 
Millet spring, we notice the same opposition between both 
elements, in spite of the low variation of Mg 2+. 

In systems such as Millet, where variations of magnesium and 
other classical tracers of residence time like sihca are hardly 
interpretable, DOC appears as a very worthy tracer for 
monitoring evolutions of residence time. 

Conclusion 

This high sensitiveness of DOC has been demonstrated for 
tracing infiltration waters flows at the outlets of karst systems 
without allogenic concentrated recharge. So, during low waters, it 
was possible to display hydrodynamical modifications, which 
were umneasurable in discharge. 

A significant result of this study is the possibility of using 
DOC as a tracer of residence time in the type of the studied 
system, even when other usual tracers of residence time are not 
usable. 

Without any knowledge about nature and contents of DOC in 
infiltration water, this tracer do not enable us a quantitative 
monitoring of the evolution of the average residence time in the 
aquifer. It allows a qualitative monitoring, even where we cannot 
do it with usual tracers. 

Acknowledgements. We thank the reviewers for their suggestions and 
also the members of the hydrogeology laboratory of the Avignon 
University for their assistance in the samples collection and analysis. 

References 

Alberic P., Lepiller M., Oxydation de la matibre organique dans le 
systbme hydrologique karstique du val d'Or16ans. Actes de la 16 Orne 
r•union des Sctences de la Terre, Orleans 10-12 avril, p 121, 1996. 

Beynen P. E., Toth V. A., Ford D.C., Schwarcz H. P., Seasonal fluxes of 
humic substances in cave drip waters, Marengo cave, southern 
Indiana. 6 ø colloque d'hydrogOologie en pays calcaire et en milieu 
fissure, La Chaux De Fonds, 15 au 18 ao•t 1997, Sciences et 
Techmques de l'Environnement, Besan9on - M6m. Hors-S6rie 12, p. 
120, 1997. 

Blavoux B., Mudry J., Puig J. M. (1992) : Bilan, fonctionnement et 
protection du systbme karsfique de la Fontaine de Vaucluse (Sud-Est 
de la France). Geodinamica Acta, 1991, n ø 5, vol. 3, 153-172, 1992. 

Blavoux B., Mudry J., Puig J. M., The karst system of the Fontaine de 
Vaucluse (Southern France). Environ. Geol. Water Sci., Vol. 19, n ø 3, 
215-225, 1992. 

Emblanch Ch., Les 6quilibres chimiques et isotopiques du carbone dans 
les aquiferes karstiques : 6tude en r6gion m6dit6rann6enne de 
montagne sur le bassin exp6rimental de la Fontaine de Vaucluse. 
Thbse de doctorat, 198 p, Univ. Avignon France, September 1997. 

Emblanch Ch, Mudry J., Lastennet R., Puig J. M., Evolution du r6gime 
des 6coulements karstiques li6s /t une impulsion pluvieuse 
exceptionnelle. Exemple de la source de Notre Dame des Anges 
(Vaucluse, France). 6 ø colloque d'hydrogOologie en pays calcaire et 
en milieu fissur•, La Chaux De Fonds, 15 au 18 ao•t 1997, Sciences et 
Techniques de l'Environnement, Besan9on - M6m. Hors-S6rie 12, p. 
5-8, 1997. 

James J., The relationship between the availability of organic carbon and 



1462 EMBLANCH ET AL.: DISSOLVED ORGANIC CARBON WITHIN THE KARST 

cavern development in the phreatic zone. 8 th. Int. Cong. Speleol. 
Proceedings, Bowling green, USA, p 237-240, 1981. 

Lastennet, Mudry J., Impact d'un 6v6nement pluvieux exceptionnel sur le 
fonctionnement d'un syst•me karstique. Cas de l'orage du 22/09/1992 
/t Vaison la Romaine (Vaucluse, France). C. R. Acad. Sci. Paris, t. 
230, sOrielIa, p 953-959, 1995. 

Lastennet R., Puig J. M., Emblanch Ch., Blavoux B., Influence de la zone 
non satur6e sur le fonctionnement des syst•mes karstiques. Mise en 
•vidence dans les sources du Nord-Vaucluse. HydrogOologie, 1995 
nø4, p 57-66, 1995. 

Lastennet R., Mudry., Role de la karstification and rainfall in the behavior 
of an heterogeneous karst system. Environmental Geology, n ø 32, vol. 
2, september 1997, p 114-123, 1997. 

Masse J.P., L'Urgonien de Sault (Vaucluse). Bull. Soc. Geol. Fr., Vol 9, 
Num. 0004, p 495-496, 1968. 

Masse J.P., Structures cryptalgaires libres dans un complexe carbonat• de 
plate-forme: les calcaires urgoniens (BarrYmien) de Provence (Sud- 
Est de la France). 24 th Int. Geol. Congr. Montreal, 1972, Vol. 7, p 
572-585, 1972. 

Miiller E., Seiler K. P., Microbiologic Activities in open karst aquifers 

with matrix porosity and consequences for ground water protection in 
the Franconian Alb, Germany. 6 ø colloque d'hydrogOologie en pays 
calcaire et en milieu fissurO, La Chaux De Fonds, 15 au 18 aozit 1997, 
Sciences et Techniques de l•Environnement, Besan9on - M•m. Hors- 
S6rie 12, p. 239-241, 1997. 

Sigg., Stumm W., Behra Ph., Chimie des milieux aquatiques. Masson, 
Paris, 391 p, 1992. 

C. Emblanch, B. Blavoux and J. M. Puig ; Laboratoire 
d'hydrog6ologie, Universit6 d'Avignon, 33 rue Louis Pasteur, 
84000France.(e-mail : christophe.emblanch•univ-avignon. f ; jean- 
mi chel.puig•univ-avignon. fr). 

J. Mudry, Laboratoire de G6ologie Structurale et Appliqu6e, 
Universit6 de Franche-Corot6, place Leclerc, 25 000 Besanqon, France. 

(Received October 29, 1997; revised February 13, 1998; 
accepted March 20, 1998.) 


