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~ ‘We experimentally investigate diffusion of volatile (copper and
lithium) and redox-sensitive (vanadium) elements in pyroxene group
minerals (enstatite and diopside).’

Introduction Modelling diffusion across growth zones of minerals enable us to estimate timescales of geological processes. Advances in analytical instrumentation

and methodology enables accurate constraints on diffusion coefficients [1,2,3]. We are interested in investigating diffusion of trace elements with physical properties
relevant to magmatic processes: lithium and copper can track fast and volatile-sensitive processes e.g. magma ascent [4]. Vanadium and its multiple oxidation states
(V3+, V#, V>*), may track redox-sensitive processes in the magma reservoir.

Pyroxene group minerals e.g. enstatite ( (Mg, Fe),(SiO,),) and diopside ( Ca(Mg,Fe)(SiO,),) are excellent candidates for experimental diffusion studies because they are
found in various magmatic environments and commonly have growth zones. We chose an enstatite from Tanzania (‘Opx-7°, Mg, .. Fe ..,Ca Al ,.,Si ,,.0,) used in
previous studies [1,5,6] and natural euhedral diopside from Otter Lake, Canada (‘OL-DV’, Mg, Fe, . ,,Ca, . ..Al ,.Si, ,,0,) as our pyroxene crystals. Due to the distinct

behaviours of Li/Cu and V, we developed two setups involving both thin film diffusion [1,2] and powder-source [7] experiments.

Project Questions Objectives
1. How fast do lithium, copper, and vanadium diffuse in/out of pyroxenes? 1. Determination of diffusion coefficients (D, D;,, and D, ) in enstatite (Opx-7)

. . . e and diopside (OL-Di).
?
2. What are the factors Iinfluencing Li, Cu, and V diffusion in pyroxenes® 2.Quantification of the effect of temperature, fO, and substitution mechanisms on

3. Why are there differences in diffusion rates between Li, Cu, and V in pyroxenes? D, D,.,andD,,.
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Synthetic diopside powder was mixed with ~1000-1400 ppm V,O, and CuQO
powder in an agate mixer, pressed into a disc, and then fused in a muffle furnace.
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Fiure . evacuatea S,ihca tube sealing apparatus at ULg. Figure 9: Time-of-Flight Secondary Ion Mass Spectrometer at the U. Duisburg-Essen, Germany

The glass was crushed by hand with an agate mortar and pestle
In ethanol and dried overnight.

The powder mixture was fused in a Pd crucible using a muffle m, (N

Experimental runs were analyzed on the Time-of-Flight Secondary lon Mass Spectrometer (TOF-SIMS) at U.
Duisburg-Essen (Fig. 9-10) or the laser ablation inductively coupled mass spectrometer (LA-ICP-MS) at RUB.

Evacuated silica tube

-— Silica tubes with powder source experiments
Figure 4 (above): general setup for a typical (Fig. 5) were held at vacuum (< 0.6 mbars) and

N.B. RUB = Ruhr-Universitat Bochum. ULg = University of Liége. evacuated silica tube experiments run. heated at 115°C for 24-48 hours before sealing. For TOF-SIMS, crystals were embedded in In grain mounts. Crystal orientation for some runs may be determined
using EBSD on the Focused lon Bean Scanning Electron Microscope at RUB.

L| Cu and V difoSion in pyroxene For thin film diffusion experiments, diffusion of V in Opx-7 and OL-Di crystals is slower than Cu/Li in
) ) the same crystal by around 3-4 orders of magnitude.
For powder-source experiments we present results of a run at 1050°C, 1 atm, and buffered at ANNO (Fig.
11). The chemical gradient induced diffusion of Cu from the powder into the pyroxene cubes, but the sealed pygy,gion of v in Opx-7 is faster than OL-DI crystal. At 1050°C, 1 atm, buffered at log,, f0, = -10, the
?I?’IcaTrl]J e ?nta ed.]cf I O | l{[se ou .OD e 5 | (Li ~ ppm) into the Opx-7 (Li ~ ppm) crystals (Fig. relative diffusion rates are Opx-7DV (OpXDV-best-fit =2.45x10""m2s") > Cpx (OL-Di)DV (Cpx (OL-Di)DV-best-fit - 130 x 10°
). The relative diffusion rates are: D, > D, . 2me s1) (Figs. 14-15).
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Figure 11: LA-ICP-MS ablation profile from powder to mineral of Figure 12: Profile of %Cu concentrations of the OL-Di Figure 13: Profile of Li concentrations of the OL-Di crystal in Figure 12. Diffusion Figure 14: Initial profile, convolution model, and diffusion model of Si-normalized Figure 15: Initial profile, convolution model, and diffusion model of Si-normalized V
and Opx-7 crystal. crystal, showing diffusion across the powder-cube boundary. in Li concentration is induced by Li diffusing out of the OL-Di and into the Opx-7. V intensity of OL-Di crystal compared to the analyzed profile. intensity of Opx-7 crystal compared to the analyzed profile.
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