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Plan:

1. Review of light stable isotopes

2. O and H isotopes: origin of
hydrothermal water? Multiple fluids?

3. S isotopes: Origin of sulfur? Multiple
sources?




Homework:
Read
Bowman et al. 1987, Econ. Geol.

Write an outline of the major points in the paper.



|sotopes of Hydrogen
@ Hydrogen-1 (protium)
@ Hydrogen-2 (deuterium)

@ Hydrogen-3 (tritium)
Radioactive > helium + electron
Half-life about 12.5 years



Isotopes of O and S

O-16 8p,38n S-32 16p, 16 n
0-17 8p,9n S-33 16p,17n
O-18 8p,10n S-34 16p,18n

S-36 16p, 20 n



Isotopes of O and S

O-16 8p,38n S-32 160p, 16 n
0-17 8p,9n S-33 16p,17n
0-18 8p, 10n S-34 16p, 18n

S-36 16p, 20 n



The Water Molecule
HZO

Abundance of Isotopes

10,000 water molecules:
19,996 atoms of H-1 4 H-2 (deuterium)
9975 0O-16 4 O-17 21 0O-18

Tritium: 1to 10 in 10%* atoms of H
(same order as distance, sun to nearest star, cm)



Notation

* For the stable isotopes, we measure isotope
ratios

R = D/H, 180/10 etc.

e 8 = { (Rumpe/ R ) = 1} x 1000 %o (per

mil)

e Higher 6- value implies more of heavy isotope

e Standards: VSMOW Vienna Standard Mean
Ocean Water, CDT Canyon Diablo Troilite

e 0 (standard) = 0 %o



Equilibrium fractionation of Isotopes

Example: quartz and water at equilibrium

O Isotope ratio In quartz Is not the same as ratio
In water

o ABO (gtz-water) = 680 (qtz) - 630 (water)
IS constant at a particular temperature, and varies
predictably with temperature.



Disequilibrium fractionation of isotopes
(Kinetic)

Example: bacterial reduction of sulfate to H,S

#S0,% — H,*S, rate constant k,
3250,% —— H,*S, rate constant k,

K, > k,, 1.e. “32” reaction goes faster

If sulfate is partially reduced, 83*S (H,S) <
534S(S04)
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Fig. 6.2 Equilibrium hydrogen isotope fractionation curves for various mineral-H; O systems.

The solid lines represent data by Suzuoki and Epstein (1976). The dashed lines are empirical ex-

trapolations based on natural assemblages (Savin and Epstein, 1970a; Lawrence and Taylor,
1971; Wenner and Taylor, 1973). The dotted line is the calculated CH,4-H;0 curve of Bottinga

(1969). Note that below the critical point of H2Q, the curves are all based on values for liquid

water.

Ohmoto and Rye, 1979




|sotope data available

e 3180 quartz, phyllosilicates, anhydrite
e 0D phyllosilicates, fluid inclusions

¢ 534S  sulfides, anhydrite, alunite

e 33/Cl fluid inclusions, biotite



O and H isotopes in PCDS

What is the origin of hydrothermal water?

Method:

Measure 6D and 680 in OH-bearing minerals,
anhydrite, quartz, fluid inclusions

Calculate 8D and 6180 of coexisting water

Extra data needed: Mineral-water fractionation
curves,; temperatures of formation
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Latitude + altitude + continental effects
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Bowen and Wilkinson, Geology, 2002




6D vs. 6180 plot
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Boiling trend from Harris and Golding, Geology, 2002
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Fig. 43: 5D (%) versus 5'30 (%) diagram for the calculated isotopic composition of H,0
in equilibrium with the alteration minerals over the range of temperatures measured in
fluid inclusions. Also given are the oxygen isotope compositions of H,O in equilibrium with
igneous and hydrothermal quartz. Meteoric and primary magmatic water values from

Taylor (1979).
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Mineral Park AZ -- anhydrite

Anhydrite + chalcopyrite; 60 (water) ~ 16 per mil
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MAGMATIC WATER

<15 eq. wt. % NaCl

> 25 eq. wt. % NaCl
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S I1sotopes In PCDs

Questions

 Origin of sulfur — magmatic or external?

* Hypogene evolution of sulfur — oxidation/reduction?
» Supergene evolution of sulfur — bacterial reduction?
* Temperature of mineralization -- cf. fluid inclusions

Much more complicated than O and H isotopes!!
Method:

Measure 84S in sulfides, anhydrite, alunite
Compare variations with spatial, temporal distribution of samples
Calculate 84S of ore fluids

Compare different deposits



S Isotope fractionation
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EVOLUTION OF SULFUR IN MAGMATIC SYSTEMS
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Hypogene
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Mineral Park — anhydrite-sulfide pairs

O Mafic host
@ Felsic host

Lang et al., 1989



Supergene -- Morenci
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Ertsberg -- sulfides

All stages

Vein stages:

| X cpy, bn, anh;
biotite and Kspar stable
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Porter, M.S. thesis, 2004
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