A ‘box’ model for the past d18O composition of deep waters in the Caspian Sea.
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	A: surface water box with:
	input from Volga River (volume V and d18OV), 
	input from precipitation (volume P and d18OP), 
	output from evaporation (volume E and d18OE),
	exchanges with deep water box (volume F)

	B: deep water box with 
		input from surface water box A (volume F and d18OA)
output from deep water (volume F and d18OB) 



The isotope balance equations for box A (d18OA) and for box B (d18OB), assuming a time step of 10 years, are as follows:
d18OB(t+1) = d18OB(t) + d18OA*F – d18OB*F
d18OA(t+1) = d18OA(t) + d18OV * V+ d18OP *P - d18OE*E + d18OB*F – d18OA*F

The fluxes are considered as constant. 
The d18OV and d18OP values correspond to the input (I=V+P) of surface water and are calculated from paleoprecipitation data reconstructed from lake Ammersee (von Grafenstein et al., 1999). The isotopic value integrates the Rayleigh distillation evolution (Clark and Fritz, 1997) between lake Ammersee and Caspian Sea.
The isotopic fractionation of d18OE during water evaporation (E) is calculated using the equation by Bottinga and Craig (1969), by Gionfantini (1986) for kinetic isotope fractionation, and  taking into account the value of I calculated previously and the assumptions of a constant evaporation rate and temperature defined for the present day.
Deep-water annual renewal rate (F) represents 7% of the total volume of the Caspian Sea (Peeters et al., 2000).





Calculation of the current isotopic composition of the Caspian Sea water based on the volume and d¹⁸O of input and evaporation and using the equation below, gives a value of -1,55‰ that is consistent with the present-day Caspian water composition.


with :
· : calculated isotopic composition of the Caspian water taking into account values of volume and d18O of input and evaporation, 
· : total input volume
· : isotopic composition of input : d18OI = (d18OV*V+ d18OP*P)/(V+P)
· : evaporated volume
· : relative humidity
· : equilibrium isotope fractionation
· : kinetic isotope fractionation
· : isotopic composition of the evaporated vapor
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 (IAEA data 1995) Caspian water at the surface  -1,55‰
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		Caspian Sea

				surface		371,000 km²

				water volume		78,000 km3

				average depth		210 m

				deep-water annual renewal rate		7%

		surface water - box A		average  depth  		52 m

				average volume 		19,5 km3

		deep water - box B		average depth 		158 m

				average volume		58,5 km3

		input		river		341 km3/yr

				precipitation		76 km3/yr

		output		evaporation		417km3/yr

		relative air humidity above the lake at 20°C				0.7

		current δ18O(*) (IAEA data 1995)		Caspian water at the surface		 -1,55‰

				Caspian deep water at 500 m		 -1,5‰

				precipitations		 -8 ‰

				Volga		 -14‰

		(*)IAEA Report on the 1995 Caspian Sea cruise, 1997



		*IAEA Report on the 1995 Caspian Sea cruise, 1997; Froehlich et al., 1998		2



		* IAEA, 1995

		N?						0-18cc		h - 0,7?

				0-18w		t °C		0.6956812043

		O?		-1.5		5		0.9480799813

				-1.5		4

						at 20°C?

		grafenstein et al 1999		According to IAEA data (IAEA, 1995) δ18O of Caspian Sea water is currently about -1.5‰ at a depth of around 500 m, a similar depth for the two core sites. Again, IAEA data indicates that the water temperature at ~500 m depth is approximately 4°C and varies only slightly, 

				Their work indicates that δ18OOST gives a reliable estimate of the oxygen isotopic composition of former lake water after correction for any vital offsets and the fractionation between water and calcite at 4°C (Friedman & O'Neil, 1977).

				We infer 818Qp from 818OL by correct- ing for the observed present-day difference of -0.75%o, assuming that variations of the drainage-basin water balance (precipitation minus evapotranspiration) and of the long- term humidity have only negligible effect

		P

		Q

				eps eq at 20°C?

				eps kin 								isotope value?

		H						291(volga)+50

		I						71*1factor

		J		input river		341 km3/yr		367+50

				precipitation		76 km3/yr

		F calc		evaporation		417km3/yr

		G calc

				d18O caspian surface water 

				d18O caspian deep water 
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