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The final system used in this project contained 27 wt% CO2 in a wollastonite-

analogue composition, the highest concentration allowed by the system described in

Equation 2.7. This system was used in experiments PC-37 and PC-38:

:
CaCO3 + SiO2 ->CO2 + CaSiO3 (2.7)

I
The composition and masses of chemicals used to make the above systems are

indicated in Table 2.1:

:
* all measurements in grams

The chemicals for the synthetic melts were weighed using an analytical balance.

All mixtures were ground in alcohol for 20 minutes, with mortar and pestle, to ensure

complete mixing. All synthetic mixtures containing CaO were kept in glass vials

wrapped in parafilm, and stored in a glass desiccator. This method was used to minimize

exposure to CO2, because Equation 2.4 is reversible, and CaCOs has greater stability than

CaO. Synthetic mixtures that did not contain CaO were stored in an oven at 100°C.

The systems described above were composed of high purity chemicals from Alfa Aesar®,

a supplier of research chemicals. Table 2.2 gives the specifications of each chemical:

Table 2.1 Synthetic Matrix Compositions
Chemical

SiO2

MgO
CaO
Mg(OH)2

CaCO3

Total mass
Fluid mass

CaMgSi2O6

+ 0 wt% fluid
4.1618
1.3964
1.0883

6.6465
0

CaMgSi2O6

+ 5 wt% H2O
1.4818
0.1824
0.6918
0.4550

2.8110
0.1405

CaMgSi2O6

+ 5 wt% CO2

0.9738
0.3266
0.3368

0.2101
1.8473
0.0924

CaSi03

+ 27wt%CO2

0.7504

1.2499
2.0003
0.5496
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Table 2.2 Purity of Chemicals
Chemical Purity
CaCO3 99%
MgO 99%+ (metals basis)
Mg(OH)2 95-100.5%
SiO2 99.5%, 325 Mesh Powder

2.3 Reaction Assembly

Experimental pressure-temperature cells were assembled by welding a 10 mm

platinum cylinder shut at one end, using a Miller Maxstar® STH welder. The rounded and

ultrasonically-cleansed grain was placed in the cylinder, along with the melt of interest.

Any liquid water used in the experiment was added with a micro-syringe at this point.

The top of the cylinder was clamped, minimizing the free space in the capsule and

welded shut, creating a closed system. This capsule was flattened at both ends using a

hammer.

The welded platinum capsule was placed into a MgO holder the same length as

the capsule, but larger in diameter. Two more MgO pieces were cut for the cell

assembly. The first piece was placed above the capsule, and accommodated the

thermocouple. The second piece was solid, and was placed below the capsule. The upper

was 12 mm long, and all three pieces together were 32 mm long. A small alumina disk

was placed on top of the capsule, which prevented direct contact of the Pt capsule with

the thermocouple.

The pieces described above were placed inside a cylindrical graphite furnace. The

experiment was heated by passing a current through this furnace. The bottom of this

assembly was glued to a circular graphite base, and the furnace was placed inside a
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barium carbonate (BaCOs) pressure cell. The BaCOs pressure cell is chosen based on its

ability to tolerate high temperatures and its high thermal insulation. Literature calls for a

pressure correction of 5% for this material, because of the effect of friction (Watson et al.

2002). Pressure calibration experiments in the Fedortchouk lab using the melting of

NaCl also indicate a 5% friction correction is appropriate (Fedortchouk and Hilchie).

The BaCOs cell also offers a moderate oxygen fugacity buffer. Oxygen fugacity is

assumed to be constant in all the experiments because the reaction assembly is the same.

The complete assembly was then wrapped in lead foil, which provided lubrication

at high pressures and temperatures. Figure 2.3 shows the final assembly. The

dimensions of each component are given in Table 2.3.

32 mm

-MgO thermocouple holder

•BaCO3cell

-Alumina disk
- Pt capsule

•MgO capsule holder

- MgO spacer

" Graphite furnace

- Graphite base

Figure 2.3 A complete reaction assembly for a piston cylinder experiment.
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Table 2.3 Experiment Assembly Dimensions
Component
BaCO3 cell
Graphite furnace
AliOa Thermocouple casing
MgO Thermocouple holder
MgO spacer and capsule holder
A12O3 disk
Graphite base
Platinum cylinder

Height /mm
32
32
49
12
20
1
2
10

Diameter /mm
12
8
1.5
7
7
3
11
2

Temperature during the experiment was determined using a C-type thermocouple,

made of W5<>/0Re/W25%Re. A 49 mm alumina cylinder was used to hold the thermocouple

wires. A digital wall unit converted the voltage created by the thermocouple into a

temperature reading. The reading gave the temperature at the junction of the two wires,

which was directly adjacent to the capsule. Thermocouples work by conversion of the

voltage created at the junction of the two dissimilar metals into a temperature, using a

voltmeter inserted between the two wires connecting to the wall unit. The temperature

difference between the junctions is recorded because the voltage will be proportionately

different (Boyer 1995).

Next, the piston-cylinder apparatus was assembled. Figure 2.5 shows the piston-

cylinder apparatus. Table 2.5 contains the labels for this diagram.
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Table 2.5 Experimental Conditions
Experiment Mineral Compositon (grain) Melt Composition Temperature Pressure /kbar Heating Rate/ Duration

(°C/min) /min
PC-45 _ Group 3 chromite (Rl aG 1 3) CaMgSi2O6 + 0 wt% fluid 1 400 _ 10.6 _ 100 _ 60
PC-30 Group 1 chromite (RlaGll) CaMgSi2O6 + 5 wt% H2O 1400 10.5 ~ 100 60
PC-32 Group 1 chromite (RlaG6) CaMgSi2O6+ 13 wt% H2O 1400 10.7 100 62
PC-29 Group 1 chromite (RlaGl) CaMgSi2O6+ 15wt% H2O 1350 10.6 100 63
PC-35 Group 2 chromite (RlbGH) CaMgSi2O6 + 5 wt% CO2 1400 10.5 100 60
PC-37 _ Group 2 chromite (Rl bG2) CaSiO3 + 27 wt% CQ2 _ 1400 _ 11.2 _ 100 _ 61
PC-39 Ilmenite (RlaGS) CaMgSi2O6 + 5 wt% H2O 1400 10.4 "" 100 61
PC-38 Ilmenite (RlaG2) CaSiO3 + 27 wt% CO2 1400 10.5 100 61
PC-42 _ Ilmenite (RlaG7) _ MgO + 31 wt% H2O _ 1400 _ 10.5 _ 100 _ 60
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Experiments PC-37, 35, 32, and 45 had matrix adhered to the surface of the

experimental grains that was not easily removable using tweezers. These grains were

placed in concentrated hydrofluoric acid overnight to dissolve the residual matrix and

recover the chromite grains.

The mounts and grains were examined using optical microscopy, SEM, and BMP.

See Appendix B for BMP standards, and Appendix C for raw BMP data. SEM and

optical microscopy images are given in Chapter 3. The silicate analysis uses an

accelerating voltage of 15.0 kV, a 2 urn beam width, and a probe current of 1.998x10" A.

The silicate analysis is not corrected for the V-Ti signal overlap. The oxide analysis used

ft

an accelerating voltage of 15.0 kV, a 3 urn beam width, and a probe current of 1.998x10"

A. These analyses are corrected for the V-Ti and Cr-V signal overlaps.

The instruments used are a Hitachi S-4700 PEG Scanning Electron Microscope

located at the Facility for Materials Characterization, which is managed by the Institute

for Research in Materials, and a JEOL 8200 electron microprobe located in the Robert

MacKay Electron Microprobe Laboratory. Both facilities are located at Dalhousie

University.


































































































































































