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| MANTLE
The oxygen fugacity (fO,) of the mantle beneath arc volcanoes, ¥ 4 A
where tectonic plates converge, is poorly constrained. The fO, m 4
of the mantle beneath mid-ocean ridges, where tectonic plates

diverge, can be determined using the Fe3*/>Fe ratio of volcanic r The phases present in the experimental products include olivine,
glass as a proxy. This technique, however, may lead to a elloy and Cotirell. Scionce, 2009 orthopyroxene, clinopyroxene, CO, and H,O vapor, plagioclase,

potentially false interpretation of fO, for the mantle at arcs due _ : :
to interactions between mantle melt and the crust that can shift and V-Fe phase, which are consistent with the expected phases

the Fe3*/2_Fe ratio, potentially making arcs appear to be more . . . .
oxidized than ridges. An alternate proxy for arc fO, is the V/Sc What is Oxygen Fugacity and Why NiO and Ni are still present at the end of each expenment
ratio of the melt. There is, however, some dispute among ..

scientists over the validity of the VV/Sc technique because it has is it Important?

o L ee @ el 2005) e ihe riee e 27 menis fes lhe Oxygen fugacity (fO,) is an intensive variable. Qualltatlvely, the melt fraction for each experiment correlates as
same fO, which is in disagreement with the Fe3*/>Fe like pressure and temperature, that quantifies expected with the added water volumes

technique. There may be variables other than fO, that affect V the redox potential of the mantle at

and Sc partitioning. Here, we have used a new experimental equilibrium. Because fO, controls the SEM Bac kscattered EleCtrOn Images
technique to test the effect of water on the partitioning of V and speciation and mobility of redox-sensitive Plane ng ht Images — I : _

Sc between mantle minerals and basaltic melts. Because arc elements, it directly influences ore genesis )
volcanoes are much wetter than ridge volcanoes, we postulate and the composition of volcanic gases — ‘ Ni
that water could be the cause of the disagreement between the emitted into the atmosphere and ocean. S —m a.]Pil.J.l ‘ | 8 Capsule
Fe3*/YFe and V/Sc proxies for mantle fO,. eDeheh JRUmAIG e o Ot I e “"gEr Y | Olvine g
B & a inner
| I L What are buffers? What is a Partition Coefficient? ""f._\ Z ,i_g ? capsule

Motivation e . "ige~ M Experimental Products _Reflected Light Images

6 experiments, lasting > 33 hrs each, were successful

fO, Buffers — MH o
1 A partition coefficient (D,) is defined in a o

e NINIO

10— When two compounds coexist  gystem as the ratio of the concentration of | R Basalt e
— bVYF In equilibrium through a redox g glement (x) in a mineral, to the \ N fle. 2 ) -
4-15 ) ) : ‘ Ry e % - -y 37 . _—
exchange, it fixes the oxygen  oncentration of an element (x) in the melt. = e : PR SRR Y | T I
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Methods Experimental ~ Microprobe e , Chemical and Spectral Results

| . 5 | - | Fe? N o i vt _» Preliminary FTIR results are not consistent with the quantities of added water or the textures
Fix fO, at the NNO buffer throughthe =  Experiment Components -, : S

reaction: 2Ni+ O, <> 2NiO * | Total H,0 Co, observed in ;the _experlmental products. Nominally anhydrous experiments PC14 and PC19
/ show > 1 wt% dissolved H,0O

Starting materials: Natural basalt
(PC17-19) and basalt doped with 1 wt%
of V and Sc (PC13-15)

FTIR results show large, unexpected, and unquantified amounts of dissolved CO, and
CO,?%, which may account for the large vapor bubbles in the experimental products

Absorbance

Molecular
H,0 - D,, and D¢, are compatible in opx and cpx, and incompatible in olivine. D, became
l _ incompatible in the oxidized experiment, PC18, while Dg, remained constant, as expected

Hold temperature and pressure
constant (1275°C, 1.5 Gpa), and vary

i st ol a1 chemical composition. The detector is sensitive N\ Similar Fe3*/ZFe ratios (~ 0.11) are observed in all hydrous Ni capsule experiments, which

Ni outer capsule and Olivine inner 7110 7111 7112 7113 7114 7115 7116 7117 7118 6000 5500 5000 4500 4000 3500 3000 2500 2000 1500 1000 - -
- are more reducing than the expected ratio of 0.13 for the NNO buffer
capsule experiment design inspired by ~ A Olivine Capsule; B. Platinum enough to measure trace elements like V and Sc Energy (eV) Wave Number (cm) J P

L /, I 2010 S : : : : e
O'Leary et 4 article in IS Capsule; C. MgO rods and Al,O4 It is unclear why the Pt capsule experiment is 3 orders of magnitude more oxidizing than

sheath; D. Graphite Furnace; E. LA_'CPMS NNO

Lead foil-wrapped BaCO; sheath
PP > (Laser Ablation Inductively Coupled Mass Major Elemental Concentrations, EMP FTIR D values, EMPA data D values, LAICPMS data

Spectrometry) Sample P T Dv- DSc- o Dyv- DSc- o | Dv- DSc- Dsc- Dv- DSc-
Name (bars) (°C) i TiO2 AlI1203 FeO* MnO MgO Ca0O Na20 K20 P205 H20 hyp oDv hyp DSc aug o Dv aug DSc| hyp hyp Dv-ol ol aug aug
This technique, performed at the University of Rhode PC13 1.5 | 1275] | 0. : . 214 | 1732 | 988 | 0.16 | 659 | 798 | 4.05 | 0.24 | 0.26 . 1.16 | [2.18/0.38|1.30|0.20(2.570.97(2.21[1.00|2.14|1.280.01 |0.01 |2.99 | 2.48
Island, Graduate School of Oceanography, is capable PC14 1.5 [1275] | 0. . . 2.58 | 17.18 | 988 | 0.13 | 576 | 723 | 429 | 0.43 | 0.30 . 2.5410.17/1.5810.134.06 1 0.382.560.21|2.51|1.46|0.01|0.01|3.23|2.00
Of detecting trace element Concentrations in the PC15 1.5 1275 . . ) 1.92 15.47 9.37 0.14 9.99 8.92 3.46 0.21 0.24 . 1.25 24110.1411.43/0.0913.4210.86(2.31(0.45 4.4312.60

- T PC17 1.5 |1275] | 0. . . 211 | 1591 | 982 | 0.16 | 9.88 | 877 | 397 | 0.25 | 0.25 . 0.74 | [1.60]/0.15| b.d | - [3.38/030| b.d | - 3.38(2.08
experimentaliphases atine pantper m|I.I|on level. PC18 1.5 [1275] | o. . . 224 | 17.01 | 995 | 0.14 | 7.92 | 8.08 | 436 | 0.26 | 0.30 . >2 | 10.13/0.04| b.d | - 10.34/0.13| bd | - |O. : . 2210.591.77
LA-ICPMS serves as a check on the microprobe data PC19 1.5 1275 | 0. . . 2.17 | 1678 | 975 | 0.16 | 758 | 8.08 | 419 | 026 | 028 . 15| [0.441034]| b.d | - [056/038] b.d | - [1.03]1.30]0.02]0.26]1.31/2.39
collected here at the Smithsonian, and as the primary

data source when concentrations are too low to detect
with microprobe
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A piston cylinder apparatus (pictures A and B) is used to simulate _
the high pressure and temperature conditions that exist in the “ XAN ES
Earth’s mantle (X-ray Absorption Near Edge Structure)

ETIR R  All experiments have dissolved H,0 and CO, in the melt, ' e B We thank Maryjo Brounce, Jon Cooper, Tony Lanzirotti, Amelia
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'-‘ 4 N« o quantify the valence presence of water . . magmas. Science 325, 605-607.
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