
Stable isotope variability in precipita�on and underground drip water
along an orographic transect (South Carpathians, Romania)

18 2The stable isotope ra�os in precipita�on water (δ O and δ H) are ideal tracers in the hydrological cycle, 
providing informa�on about air mass history, moisture sources, or underground flow. The stable isotope 
composi�on of precipita�on is site-specific and reflects the geographic characteris�cs of each loca�on in 
rela�on with its source of moisture (Dansgaard, 1964). The isotopic ra�os are subject to frac�ona�on 
(deple�on) due to a complex of regional and local condi�ons, commonly named effects, such as: la�tude, 
con�nentality, seasonality, precipita�on amount, al�tude, etc. (Rozanski et al., 1993).

Isotopic frac�ona�on occurred during water infiltra�on into the bedrock due to a complex of processes 
18 2leads to more nega�ve values of δ O and δ H, a phenomenon which can be best observed in stable 

underground environments like caves or ar�ficial tunnels.

We present here the isotopic composi�on of precipita�on and cave drip water along the south-facing side 
of the Buila–Vânturarița Massif (central South Carpathians), in order to iden�fy the isotopic response of 
local waters to site-specific environmental condi�ons.

The monitoring ac�vi�es were carried out in the Buila-Vânturarița Na�onal Park (South Carpathians).

Local geology consists in a metamorphic basement and sedimentary cover of the Ge�c Unit, mainly reef 
limestones of Upper Jurassic age. Eleva�ons reach up to 1875 m in the Vânturarița Peak. The limestone 
ridge is oriented NE-SW and is frequently subjected to mountain storms due to its sharp rise against the 
dominant western (North Atlan�c) airmass circula�on.

We collected the water samples between April 2017 and October 2020, from three main sta�ons:
Ÿ Pietreni (570 m) - precipita�on water (PP1)
Ÿ Old mine (1062 m) - drip water from three underground sub-sta�ons (B1, B4, B5)
Ÿ Buila Mount (1820 m) - precipita�on (PP2) and cave drip water (Collapsed Cave)

Precipitation water was collected in plastic bottles of 5 l during November 2016 - January 2018. Drip water 
samples were collected in 2-ml bottles between April 2017-October 2020 and stored at 4ºC until stable 
isotope analysis. The ²H/¹H and ¹⁸O/¹⁶O isotopic ratios were determined at the Stable Isotopes Laboratory 
of Northumbria University, by using a LGR IWA-45EP isotope water analyzer.

The results of isotopic fractionations were reported as deviations versus the Vienna Standard Mean Ocean 
Water (VSMOW), and expressed in delta (δ) notation:
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Figure 1. Loca�on map of sampling sites in the South Carpathians (le�) and inside the old mine

Figure 2. Distribu�on of sampling sites along the orographic transect, with the average δ¹⁸O values reflec�ng 
seasonality and al�tude effects in precipita�on (data from April-August 2017)

Figure 4. Plots of local δ²H vs δ¹⁸O values in 
precipita�on and cave drip water against the GMWL.

Figure 3. Local al�tude, seasonality, and amount effects 
in precipita�on recorded in the isotopic differences 
between PP1 and PP2.
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The local meteoric water line (LMWL), aggregated from all precipita�on isotopic values for April - August 2017, 
plots to the le� of the global meteoric water line, showing that vapor and condensa�on was produced under 
low humidity and high evapora�on typical to warm season. Both slope and intercept are similar to GMWL 
(Craig, 1961) and other Carpathian LMWLs (e.g., Drăgușin et al., 2017; Nagavciuc et al., 2020).

The δ¹⁸O and δ²H winter average values (–13‰; –90‰) are considerably lighter than summer values (–5.5‰; 
–30‰). A discrete al�tude effect is given by a difference in δ¹⁸O values ranging between 0.3‰ in summer to 1‰ 
in spring, resulting in a lapse rate of –0.8‰ km-¹.

Dripwater shows more depleted isotopic values and mirror the site-specific infiltra�on mechanisms. Short 
infiltra�on paths reflect higher ranges (1.5–2‰ in δ¹⁸O and 13–23‰ in δ²H), closer to the seasonal isotopic 
values of precipita�on. The isotopic differences between B1 and B4 sites were interpreted as an effect of 
bedrock thickness (40 m vs 110 m, respec�vely). Outlier values could be explained by the rapid infiltra�on of ²H- 
and ¹⁸O-enriched water along open fractures, under dryer clima�c condi�ons. The most homogenous values 
were iden�fied at B4, where bedrock is 100 m in thickness and lacks significant fractures.

The isotopic values in dripwater collected from the ridge–top cave (1820 m a.s.l.) fall around –8‰ in δ¹⁸O and 
–55‰ in δ²H, very close to precipita�on values. We interpret these results by the lower bedrock thickness 
above the sampling site (~20 m) and the lower capacity of grassland than that of forest in retaining water.

The ¹⁸O enrichment seen in precipita�on water is higher than the average value of ~–8 ‰ over the Romanian 
territory versus the VSMOW (0‰), mainly because they reflect the warm season condi�ons. Typically, summer 
precipita�on show isotopically enriched values, whereas winter precipita�ons are depleted.
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Figure 5. Stable isotope variability in precipita�on (A) 
and underground drip water (B).

Average δ¹⁸O values of cave drip water:
B1 = –9.794‰

B4 = –9.884‰        

B5 = –9.596‰        

Collapsed Cave = –8.08‰ 

The low isotopic differences between B1, B4, 
and B5 sampling sites (0.1–0.3‰) could be 
a�ributed to local joints and fractures, leading 
to ¹⁸O deple�ons. If compared to the isotopic 
values of dripwater from the ridge-top cave, the 
difference is considerably higher (1.6–1.9‰).

This could indicate in part the role of forest as a 
poten�al regulatory factor of water recharge 
into the underground, compared to grassland 
vegeta�on.

Mature to old-growth beech forest covers 
the bedrock above the old mine, whereas 
the ridge top is the habitat of alpine and 
subalpine calcareous shrubs and grassland. 
Vegeta�on structure could influence its 
control over water infiltra�on regime into 
the underground.
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δ²H = 8 × δ¹⁸O + 10

Buila-Vânturarița LMWL (this study):
δ²H = 7.65 × δ¹⁸O + 10.6 (r²=0.98, n=11)

Carpathian LMWL (Nagavciuc et al., 2020):
δ²H = 7.65 × δ¹⁸O + 5.82 (r²=0.98, n=461)

Global Meteoric Water Line
(Craig, 1961; Dansgaard, 1964): 

6�� FORUM CARPATICUM - Linking the Environmental, Poli�cal and Societal Aspects
for Carpathian Sustainability (Brno, 21-25 June 2021)

Ÿ Stable isotope variability of δ¹⁸O and δ²H in precipita�on water collected during the spring-summer of 2017 
along a 8-km transect in the South Carpathians mostly reflects the temperature-dependent seasonality and 
al�tude effects, and an apparent amount effect during the rainy period.

Ÿ The isotopic composi�on of cave drip water outlines the role of bedrock proper�es (higher thickness, lower 
porosity) in controlling the residence �me of water, which results in more homogenous values of δ¹⁸O (<1‰ in 
range) and δ²H (<3‰). Local fractures favor a more rapid infiltra�on and provide connec�ons between mul�ple 
recharge sources.

Ÿ Isotopic differences between the mine and ridge-top cave drip waters could reflect the role of forests in 
controlling the water recharge mechanism, with benefits for the func�oning and resilience of karst systems.

Ÿ The local meteoric water line (LMWL) is very similar to the meteoric water line aggregated from the Carpathian 
region, and close to the global one. This pa�ern indicates the North Atlan�c as the most important moisture 
source, and the connec�ons between NAO and climate variability over the South Carpathians.

δ = -1  
Rsample

Rstandard
)

)

1000 (‰)

Ÿ Craig, H., 1961. Isotopic Varia�ons in Meteoric Waters. Science, 133, 1702–1703.
Ÿ Dansgaard, W., 1964. Stable isotopes in precipita�on. Tellus, 16(4), 436-468.
Ÿ Drăgușin, V.,  Balan, S., Blamart, D., Forray., F.L., Marin, C., Mirea, I., Nagavciuc, V., Orășeanu, I., Perșoiu, A., Tîrlă, L., Tudorache, A., 

Vlaicu, M., 2017. Transfer of environmental signals from the surface into the underground at Ascunsă Cave, Romania. Hydrol. Earth 
Syst. Sci. 21, 5357–5373.

Ÿ Nagavciuc, V., Bădăluță, C.-A., Ioniță, M., 2020. The influence of the Carpathian Mountains on the variability of stable isotopes in 
precipita�on and the rela�onship with the large-scale atmospheric circula�on. Geological Society, London, Spec. Publ., 507, 
h�ps://doi.org/10.1144/SP507-2020-69.

Ÿ Rozanski, K., Araguás-Araguás, L., Gonfian�ni, R., 1993. Isotopic pa�erns in modern global precipita�on. In: Swart, P.K. et al. (Eds), 
Climate change in con�nental isotopic records. 

, , ,Laura Tîrlă¹ ², Virgil Drăgușin² ³, Vasile Ersek⁴, Ionuț Mirea³ ⁵, Nicolae Cruceru³
�rla@geo.unibuc.ro

¹Faculty of Geography, University of Bucharest, Bucharest, Romania; ²Research Ins�tute of the University of Bucharest, Bucharest, Romania; ³Emil Racoviță Ins�tute 
of Speleology, Romanian Academy, Bucharest, Romania; ⁴Department of Geography and Environmental Sciences, Northumbria University, Newcastle upon Tyne, UK; 
⁵Faculty of Biology–Geology, Babeș–Bolyai University, Cluj–Napoca, Romania

mailto:tirla@geo.unibuc.ro

	Page 1

