Dynamics II: Oxygen Isotopes, 2. July 2007

1. Derive an expression for the temperature dependence of §. in a Rayleigh system. First

calculate
dIn(d. + 1) d

using the equilibrium condition d,0 = 1/ag — 1.

2. Plot %0, and §'80; for an open and closed system, depending on f. Remember, f, the
remaining water in the vapour phase, depends on the condensation temperature. Assume
Ty = 20°C ie. f=1.0 at T =Tj, lower condensation temperatures lead to lower f with
0.0 < f < 1.0. Further assume

a=1/2(a(20°C) + a(T,)).
Where are the largest differences between the open and closed system?

3. The north wind advects dry air (h=50%, [|v|| = 15ms™!, Ty = 20°C) over the Mediter-
ranean. Calculate the corresponding deuterium excess and the § of the precipitation
(T. = 15°C, assume Rayleigh fractionation). Increase h, v, and T by 20 percent (3 sepa-
rate calculations). What is the effect on 6. 7

Definition of Delta-values:
5a = (RA —1) where R =["0)/[0], or [D]/['H).
Ry syow
Absolute values for VSMOW:

B0 Rysyow = (2005.2 4 0.45) - 107° (1)
D: Rysyow = (155.76 +0.05) - 107° (2)

Usually, 0-values are given in %eo:

5a = (RA _ 1) 1000 (3)
Rysmow

“permill” is not a physical unit!

Consider (water) phase change between A and B (e.g. liquid and vapour): R4y = as_pRp,

where R4,Rp isotopic (water) compositions in phase A and B, aa_p the fractionation factor.

Empirical « values for Liquid — Vapour, and Ice — Vapour:

BO: Inap_y = 1;37 108 = M50 g 667 1073 (4)
B0 Inaj_y = 11.839 28.224 - 1073 (5)
D: Inapy= 2‘}8244 100 = B8 5o 61210 (©)
D: Inajy= 122288 —93.4-107° (7)



— = o)~ with de; = —dv; and de = —dv

dc v

du = oz(T)@ integrate from time 0 to t
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Inyl, = alnol) where @ is a value € [0, ]

i ° . i l
vi(t) = —U(t) with R, = % and f= —U< )
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With liquid condensate ¢, vapour v, ¢; and v; corresponding isotope fraction, and (1— f) rainout

fraction.
0y = [(5110 + 1)fa_1 - 1] (13)
b = [0y +1)f* " = 1] (14)
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v, 1 vi(t) 1
— o 18
vol—f o) f1-1 (18)
1 1
— (b +1)= 19
51} (50+ )al(i_1>f+1‘| ( )
1
0 = (0p0+1 20
B 1) | T=35771] (20
Definition GMWL: D= 8 x 0 + 10%o
Definition deuterium excess: d =D — 8 x40
DH18O
—2— = 0.9723 21
e (21)
DIHDIGO
—— = 0.9755 22
o @)
L_p(1 + 215
|+ 2185 = (1 = L F 700 (23)
1 — h
0.006 180
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