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ABSTRACT

Kimberlite magmas entrain mantle minerals, including chromites, ilmenites, garnets and
diamonds, during their ascent to the Earth’s surface. Kimberlite magma partially dissolves these
minerals during their ascent producing characteristic surface features. Previous studies
established that diamond surface features can be used to infer the chemical composition of
magmatic fluid. Similarly, an examination of more complex mantle minerals, such as chromites
and ilmenites, could provide additional information on the chemical composition of fluid
systems in magmas. The purpose of this study was to experimentally investigate the dissolution
of chromites and ilmenites in melts with C-O-H fluid. Natural mineral grains were manually
rounded and placed in a synthetic mixture of Ca-Mg-Si-C-H-O with 0, 5,.13, 15, and 31% (w/w)
H,0, and 0, 5, and 27% (w/w) CO,. The surface features produced under these conditions were
compared to the surface features on naturally-occurring minerals recovered from kimberlites.
High pressure experiments were conducted using a piston-cylinder apparatus (1350-1400°C and
1 GPa). Scanning electron microscopy was used to evaluate the surface features on the
resulting product. Angular step-like dissolution surfaces common among natural kimberlitic
chromites were only observed in the presence of an H,O-rich fluid phase. The reaction between
chromite and dry melt resulted in the smoothing of chromite surfaces. Chromite dissolution in
COs-rich melts produced rounded and polyhedral relief features, which are not typical for natural
kimberlite-hosted chromite grains. Ilmenite underwent rapid dissolution under our experimental
conditions. In HyO-rich fluid, ilmenite adopted “pyramidal” surface features previously
described as the most common surface feature for naturally-occurring kimberlitic ilmenites. A
comparison to natural minerals recovered from Misery and Grizzly kimberlites (NWT, Canada)
revealed that Misery chromites and ilmenites possess features similar to those produced
experimentally in the presence of H,O-rich fluid. This statement is supported by recent data
comparing the surface features of diamonds in H,O-rich fluids to those of Misery diamonds. The
surface features of Grizzly chromites were unlike any observed in our experiments and warrant
further investigation. This study supports the hypothesis that xenocrystic minerals surfaces can
provide information about the composition of volatiles in mantle-derived magmas. These results
suggest that kimberlites that contain chromites that show angular step-like surfaces indicate the
presence of an H,O-rich fluid during emplacement, and may be associated with high quality
diamonds.
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CHAPTER 1
INTRODUCTION

1.1 General Information

Kimberlites are volcanic igneous rocks, ultramafic in composition, and derived
from the mantle (Winter 2001). They are believed to be rich in volatiles such as CO, and
H,0, which contribute greatly to their explosive emplacement (Dawson 1980). These
rocks represent a small portion of the material present at the Earth’s surface, but much
attention is given to them because of their economic importance. Kimberlites transport
diamonds and other mantle derived xenocrysts from depths of 100-300 km to the surface
of the Earth. Kimberlite eruptions are one of the only ways to sample mantle material
(Dawson 1980; Scott Smith 1996). Kimberlitic magmas rapidly ascend from the mantle
source. Emplacement at Earth’s surface takes only hours or days (Canil and Fedortchouk

1999; Kelley and Wartho 2000).

1.2 Kimberlite Mineralogy

Mineralogically, kimberlites are very complex due to the nature of their
emplacement. There are four mineral sources in kimberlite: mantle xenocrysts, crustal
xenocrysts, products of crystallization from the primary melt, and secondary minerals
produced during alteration. Kimberlites that occur in the same geographic region can
vary widely in bulk composition (Scott Smith 1996), but generally have similar textures.
Most kimberlites consist of macrocrysts and megacrysts in an aphanitic groundmass.

Since kimberlites have several mineral sources, the terms macrocryst and megacryst are



used specifically so that a genetic interpretation is not specified during the mineralogical

description (Scott Smith 1996).

The mega/macrocryst assemblage includes olivine, magnesian ilmenite, Cr-poor
titanian pyrope, phlogopite, enstatite, and Ti-poor chromite. The phases from primary
crystallization include monticellite, phlogopite, perovskite, spinel, apatite, calcite and
minor dolomite, and serpentine. Olivine is commonly altered to serpentine. Close to the
surface, clinopyroxene and diopside can form, as the upper crust causes extensive silica

contamination of the ascending melt (Mitchell 1996a; Scott Smith 1996).

Many hypotheses propose that kimberlites form from the partial melting of the
mantle. If so, there must be a significant proportion of xenocrystic olivine to account for
the extremely high MgO content (Kopylova et al. 2007). Currently, there is no way to
accurately determine the primary melt composition of kimberlite, due to the extensive

contamination and alteration it experiences during emplacement.

1.3 Kimberlite Occurrence

Worldwide kimberlite distribution, shown in Figure 1.1a, includes pipes in
Southern and Western Africa, Siberia, India, Australia, Northern Canada and Greenland,
South-West U.S.A., Western Europe, Argentina, and Brazil (Dawson 1980). The

distribution of kimberlites in Canada is shown in Figure 1.1b.

Kimberlites occur only in continental intraplate settings, and often within cratons.
Cratons are rigid and stable, and form as a combination of very old rocks (>2.4 Ga) and
deformed younger rocks (<1 Ga). Cratons show minimal mineralogical and structural

changes from plate tectonics (Mitchell 1986). Group 2 kimberlites and diamondiferous



Group I kimberlites ordinarily form within cratons, while barren Group 1 kimberlites

may form off cratons (Mitchell 1995).
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showing the distribution of kimberlites in Northern Canada from (Scott Smith 2008).




1.4 Kimberlite Groups

Kimberlites are broken into two groups: Group 1 kimberlites are the most common
and well studied. Group 1 kimberlites are widely distributed on and off cratons, and
sample the asthenosphere during their ascent. Group 2 kimberlites, also referred to as
orangeites, are less common and contain abundant mica and primary diopside. They
occur almost exclusively within cratons, and do not sample below the lithosphere. The
majority of Group 2 kimberlites are composed only as dikes and sills, and usually do not
show diatreme and crater facies, described below, shown by many Group 1 kimberlites.
Furthermore, (Mitchell 1995). Furthermore, Group 2 kimberlites have Sr isotopic
compositions which are greater than, and Nd isotopic compositions which are less than
bulk Earth at the time of emplacement, while Group 1 kimberlites have low amounts of
radiogenic Sr and a comparatively higher amount of Nd. This is believed to be a result of
magma derivation from sources isolated from the convecting mantle for greater than 1

billion years (Mitchell 1996b).

1.5 Kimberlite Facies

There are three facies in the generalized kimberlite model: the crater, the diatreme,
and the root zone (Mitchell 1986). This structure is typical for kimberlites in South
Africa. Each zone is structurally distinct yet part of the same overall system, although it
can be difficult (in practice) to distinguish these zones. A schematic representation of
this classic (Class 1) kimberlite model is provided in Figure 1.2 (Scott Smith 1996; Scott

Smith 2008).



The crater facies is exposed at the surface of the Earth, and is filled with
volcaniclastic kimberlite (VK), resedimented volcaniclastic kimberlite (RVK), or
pyroclastic kimberlite (PK). Often volcaniclastic kimberlite contains more diamonds
than other kimberlite types. The main difference between Canadian and South African

kimberlites is the occurrence and preservation of this facies (Field and Scott Smith 1998).

The diatreme facies is the “carrot-shaped” zone of a kimberlite body. The diatreme
underlies the crater facies, is conical and tapers downward, and terminates 1-2 km below
surface. The kimberlite-country rock contacts are sharp, dip steeply at 75-80°, and show
little contact metamorphism (Mitchell 1986). By definition, the diatreme is composed of
tuffistic kimberlite breccia (TKB), characterized by the presence of pelletal lapilli and
country rock xenoliths that are set in a fine grained inter-clast matrix (Field and Scott

Smith 1998).

The root facies underlies the diatreme facies. This zone contains minerals from
primary crystallization under fluid-rich conditions (Field and Scott Smith 1998). There
are no pyroclastic textures present, although xenoliths of country rock may be present.
Dykes and sills containing hypabyssal kimberlite (HK) are abundant in this facies

(Mitchell 1986).

1.6 Emplacement Mechanism and Geology

Kimberlite structures are divided into three general classes. Class 1 kimberlites are
composed of a root, diatreme, and crater facies, filled with HK, TKB and VK

respectively. Class 2 kimberlites have shallowly dipping crater facies filled with VK or



PK, and Class 3 kimberlites have steep crater zones containing VK or RVK (Field and

Scott Smith 1998; Skinner and Marsh 2004).

Generally, South African kimberlites are Class 1, Canadian kimberlites within the
Prairies are Class 2, and Canadian kimberlites within the Slave Craton are Class 3. A
schematic representation of the three classes of kimberlites is given in Figure 1.2. (Field
and Scott Smith 1998; Scott Smith 2008). Class 2 and 3 kimberlites in Canada have
prominent crater facies, compared with Class 1 kimberlites in South Africa that are
dominated by the tuffistic kimberlite breccia in the diatreme facies. This can be
attributed to the nature of formation, described below, and to the extent of weathering in
each area. Canadian kimberlites have not been subjected to the extensive erosion

experienced by the South African kimberlites (Field and Scott Smith 1998).

Class 2 Class 3

Figure 1.2 Profile of the three classes of kimberlites, after (Field and Scott Smith 1998; Scott Smith 2008).
Class I consists of the root, diatreme, and crater facies filled with hypabyssal kimberlite (HK),
tuffictic kimberlite breccia (TKB), and volcaniclastic kimberlite (VK), respectively. Class II
consists of a shallowly dipping crater faces filled with VK. Class III consists of a steeply dipping
crater facies filled with VK.




The origins of the different classes of kimberlites are currently uncertain. One
hypothesis states that the content and composition of volatiles in the ascending magma
dictates what type of structure is present (Skinner and Marsh 2004). A second theory
states that kimberlite structure depends on the country rocks (Field and Scott Smith

1998).

The first hypothesis attributes the formation of Class 1 kimberlites to the rapid
exsolution of volatiles from the melt in the hypabyssal facies. This causes an explosion
which propagates downward, creating the carrot shape diatreme. This also causes
fracturing of the cap rock, causing the explosive extrusion that creates the crater facies

(Skinner and Marsh 2004).

Class 2 and 3 kimberlites are heavily influenced by the fluid composition of the
melt. According to this view Class 2 kimberlites are formed by CO,-rich, water-poor
melts. The depth of exsolution of CO, is shallower that that of H,O, so the explosion
caused by exsolution will be closer to the surface. Since magma reaches shallower
depths, the likelihood of phreatomagmatism due to groundwater interaction is much
greater. This theory of formation is consistent with the absence of a diatreme facies in

Class 2 kimberlites (Skinner and Marsh 2004).

Class 3 kimberlites have steep-sided craters, which can contain magmaclasts
composed of earlier-formed hypabyssal kimberlite. Although it remains poorly explored,
the hypothesis is that the melt is H,O rich. HO exsolution occurs at a deeper level than
COa,, so the explosion caused by fluid exsolution will occur at a deeper depth. H,O

exsolution may also cause the deep crystallization of an initial kimberlite that will act as a



cap for later ascending magmas. This process leads to an enormous pressure build-up
upon the exsolution of later volatiles, causing a large explosion and forming of a deep

crater (Skinner and Marsh 2004).

In contrast, the second view considers the dominant effect on kimberlite structure
to be the near surface geology and the type of the country rocks. Class 1 kimberlites
form when a resistant or impermeable stratigraphic layer stops an ascending melt. As the
magma accumulates, the pressure exerted by the exsolved volatiles causes the overlying
rock to rupture. These rupture events propagate upwards, expanding the diameter of the
diatreme, and explaining the distinctive ‘carrot-shaped’ appearance of this zone. The
crater is formed when the final stratigraphic barrier is breached, and rapid exsolution of
volatiles causes a violent explosion. In this theory, volatiles are responsible for the
ascent, but the geological setting determines the overall structure of the pipe (Field and

Scott Smith 1998).

The prominent crater facies of Class 2 kimberlites, typical of kimberlites located
in the Canadian Prairies, is also attributed to phreatomagmatism due to melt/groundwater
interaction. Thus, the occurrence of a Class 2 kimberlite should be spatially associated
with an aquifer; the ideal near-surface rock type for emplacement of this class of
kimberlite is poorly consolidated sediments (Field and Scott Smith 1998). It is proposed
that Class 2 kimberlites form in a two-step process. The first step is a large explosion,

and the second step is the infilling of the empty hole.



The second theory does not propose a method of emplacement for Class 3
kimberlites, but it is suggested that formation most likely occurs in basement rocks

overlain by poorly-consolidated sediments.

To summarize, the volatile content and composition play an important role in the
mechanism of magma emplacement and the structure and composition of kimberlites. To
understand the nature of this rock type, it is necessary to constrain their fluid content and

composition.

1.7 Constraining Parental Composition

The depth associated with kimberlite formation has not been shown to exceed 300
km (Dawson 1980). Below 300 km there should be a phase change of olivine to
ringwoodite. Ringwoodite xenoliths in kimberlites have not been reported (Dawson
1980). Due to the extensive contamination between the formation of kimberlite at depth
and the emplacement at Earth’s surface, the primary composition of kimberlite melts are

very poorly understood.

There are two main approaches used to constrain parental kimberlite composition.
The first method uses experimental petrology to place compositional limits on kimberlite
melts that can be created at geologically-realistic pressure, temperature and emplacement
conditions. The second method of constraining parental composition of kimberlite
applies analytical techniques to aphanitic kimberlites, such as Wesselton kimberlite,
South Africa (Edgar et al. 1988) and Jericho kimberlite, Canada (Price et al. 2000), to
determine parental magma composition. Currently, there is poor consistency between the

results of these studies, even those which analyze kimberlites from the same areas.
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Research in experimental petrology, using high purity oxides and carbonates,
indicates that kimberlite melts can originate from the partial melting (0.6-1%) of
carbonated garnet lherzolite, at 60 kb (Dalton and Presnall 1998). In this study, isobaric
invariant points where liquid coexists with olivine, orthopyroxene, clinopyroxene, garnet

and carbonate were determined for the CaO-MgO-Al,03-Si0,-CO; system.

In contrast, other experimental research on natural samples shows that the
Ondermatjie Kimberlite, South Africa, was derived from high degrees of partial melting
of metasomatized asthenospheric mantle, composed of carbonate veins in a
lherzolite/harzburgie substrate (Mitchell 2004). Similarly, it is reported that Wesselton
kimberlite, South Africa may have been derived from highly metasomatized mantle

where CaCOs and olivine coexist (Edgar et al. 1988).

A method of constraining SiO, content in a magma by determining distribution
coefficients (Kp) of Mg and Fe at pressures and temperatures of interest has been
proposed (Canil and Bellis 2008). When applied to a variety of phenocrystic olivines
from natural kimberlite pipes, the experimentally determined K for Mg-Fe exchange
between olivine and melt provides the Mg/Fe ratio of the melt from which the olivine
crystallized. From this data, the SiO, content can be determined. When this method is
applied to kimberlites in the Lac De Gras area, this method suggests a SiO; composition
of the liquid to be 10-25 mol%. In the mantle, liquid of this composition could contain

up to 30 wt% CO,, and significant CaO (Canil and Bellis 2008).

Other methods of constraining primary composition focus on analyzing the

composition of aphanitic varieties of hypabyssal kimberlite. The Jericho kimberlite pipe



is located northwest of Lac De Gras, on the Slave Craton. This pipe is fresh and shows
quench textures, indicating rapid cooling of the melt. This method assumes that the
aphanitic assemblage represents the parental magma composition (Price et al. 2000;

Kopylova et al. 2007).

This method uses an electron microprobe to measure the chemical composition.
Analyses of aphanitic kimberlite from Jericho yielded a parental magma composition of
26-29.5 wt% Si0,, ~7 wt% of FeOr , 25.7-28.7 wt% MgO, 11.2-15 wt% CaO, 8.3-11.3

wt% CO,, 7.6-9.4 wt% H,0 (Kopylova et al. 2007).

X-ray fluorescence was used to measure major and trace elements in the Jericho
kimberlite. This method found the kimberlite to have a parental composition that
contained 20-25 wt% MgO, and a CO; content of 10-17 wt%, 5.3-7.5 wt% H,O, differing

significantly from the previous analysis of the same kimberlite (Price et al. 2000).

The biggest flaw of this method is the assumption that the melt was able to ascend
from its mantle source, without significant contamination. On its ascent, the kimberlite
entrains and assimilates significant foreign material (Mitchell 2008). As the melt nears
the surface its composition contains a significant amount of olivine xenocrysts. The
olivine is transported by a carbonate-silicate melt which is rich in Ti and Mg, and poor in
Al (Mitchell 2008). This study also indicates that the volatile content, consisting of CO,,
CH,, and H,0O is unknown but ‘high’ (Mitchell 2008). This composition is interpreted to
be the result of the parental melt interaction with mantle-derived lherzolite and

harzburgite (Mitchell 2008).
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Since there is so much uncertainty in the effects of ascent on kimberlite
composition, the results from this type of analysis are inherently limited. The ongoing
uncertainty regarding parental compositions of kimberlite melts was the motivation for

undertaking the current project.

1.8 Experimental Petrology

A method of determining kimberlite fluid composition has been proposed, which
correlates natural dissolution-features on diamonds with features experimentally
produced in synthetic kimberlite melts (Fedortchouk et al. 2008). The fluid phase is the
reactive medium in kimberlitic magma responsible for the formation of these surface
features. The study of diamonds with experimental dissolution features has established a
correlation between fluid composition and content, and the presence and morphology of
surface features. These results, applied to diamonds found in natural kimberlites, can
constrain the fluid composition of the kimberlite magma during emplacement

(Fedortchouk et al. 2007).

The limitation of this method is that the simple chemical composition of diamonds
does not allow for the correlation of the depth of their entrainment in kimberlite magma
with the specific surface features recorded on diamonds. Moreover, diamonds are rare
accessory minerals not found in all kimberlites (Dawson 1980). Kimberlites will entrain
other minerals at different depths, thus recording different information about the
composition and amount of fluid in the ascending magma. A more complete
understanding of fluid and melt history will result from the examination of dissolution

features of minerals with more complex chemical compositions.
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1.9 Natural Surface Features

Previous studies of natural kimberlites indicate that chromites and ilmenites each
have different types of dissolution surfaces produced in kimberlititc magmas (Afanasiev
et al. 2001). Ilmenites exhibit ‘pyramidal’ surface features or ‘rough’ surface features,
although in the examined kimberlites the ‘pyramidal’ features are much more pervasive.
The pyramids on the surface of ilmenite are variable in size, but display the same shape

(Fig. 1.3).

Fig 1.3. Ilmenites from Siberian kimberlites, from Afanasiev et al. 2001 a) Pyramidal surface features
(75x). b) Rough surface features (50x).

Chromites also exhibit variable surface features (Afanasiev et al. 2001). The first

type of surface feature is ‘regular steps’ which form on the edges and corners of
chromite, preserving the 111 faces. The second type of surface feature is an ‘irregular’

type which forms on all areas of the grain (Fig. 1.4).
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Fig. 1.4. Chromites from Siberian kimberlites, from Afanasiev et al. 2001. a) Regular step like features
(180x) b) Irregular features (350x).

Based on previous studies of diamond surface features, it is proposed that these
differences in surface features of chromite and ilmenite also result from differing
magmatic fluid compositions. By experimentally examining the cause of the varying
surface features observed in previous studies, it is possible to determine more information
about the fluid composition of kimberlite magmas. Garnet forms a kelyphitic rim
through the reaction with kimberlite magma, which complicates interpretation of its
surface features. Furthermore, chromite was chosen for this study, because the kinetics of

its dissolution in similar magmas was experimentally defined (Brearley and Scarfe 1986).

1.10 Brief Introduction to Project

This project investigates the surface features of chromite and ilmenite - mantle
xenocrysts which are much more abundant in kimberlite than diamond (Mitchell 1986).
Grains were selected from heavy mineral concentrates, from Misery and Grizzly
kimberlites, EKATI Mine Property, NWT, Canada. These grains were imaged for
naturally occurring surface features. These natural surface features were removed, and

the selected grains were exposed to high pressures and temperatures, using synthetic
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compositions close to diopside (CaMgSi,0Os) and wollastonite (CaSiO3) as kimberlite
analogues. These compositions are chosen because the proportion of Ca-Mg-Si is similar
to the estimates on kimberlite composition, the simple composition allows examining the
effect of volatiles on the reaction, and because melting points and water solubility for

these compositions are well-known.

Varying amounts of H,O and CO, were included with the analogues to explore
fluid behaviour and interaction with the mineral grains at the pressure and temperature
conditions of kimberlite emplacement. The resulting surface features were analyzed and
correlated with the content and composition of fluid used to induce the surface features.
These results are then applied to natural kimberlites, to place additional constraints on
fluid content and composition during emplacement. Also, these results may provide a
tool for the diamond exploration industry, as diamond quality may be predicted using the

morphology of kimberlite indicator minerals.



CHAPTER 2
MATERIALS AND METHODS

2.1 Grain Selection

The chromites and ilmenites used in this project were natural mineral grains,
recovered from heavy mineral concentrates of exploration samples from the Misery and
Grizzly kimberlites, EKATI Mine Property, N.W.T., Canada. Grains of ilmenite and
chromite were selected from the concentrate under a binocular microscope, and analyzed
using Energy-Dispersive Spectroscopy (EDS), on a Hitachi S-4700 FEG Scanning
Electron Microscope (SEM) or a JEOL 8200 Electron Microprobe (EMP), to confirm

their composition.

The chromites were grouped into three categories based on their relative
proportions of chromium: high chromium (group 1), medium chromium (group 2), and
low chromium (group 3). Grouping of the ilmenites was not necessary, as their
compositions were much less variable. Representative EDS spectra of ilmenite and the
three chromite groups are given in Figure 2.1. The naturally-occurring surface features

of the selected grains were imaged using SEM; selected images can be found in Chapter

3.
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Figure 2.1 Representative Energy-Dispersive Spectra of a) Group 1 (high) chromite b) Group 2 (medium)
chromite ¢) Group 3 (low) chromite, and d) ilmenite.

Since the goal of this study was to investigate the effect of fluids on chromite and
ilmenite surface features, the naturally occurring surfaces were removed before the
experiments were performed. This was achieved by buffing the grains with 320 grit
Buehler-Met®II Paper Disks for 20-45 min. After this process, each grain was examined
using reflected light microscopy to ensure that it was properly rounded. Also, one
rounded grain was imaged using SEM, which confirmed the rounding technique was
adequate. SEM images of a rounded grain are shown in Figure 2.2. For comparison,

natural surface features are shown in Chapter 3.
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S-4700 10.0kV 12.5mm X380 SE(V) 50.0um

Figure 2.2 Images of a chromite grain with its natural surface features removed, in preparation for a piston-
cylinder experiment. a) Low magnification image showing the full grain b) High magnification
image showing an irregular surface, with no natural surface features remaining.

2.2 Melt Synthesis
2.2.1 General Information

Experiments were done in a synthetic CaO-MgO-Si0,-H,0-CO; system. The
experiment capsules contained three components during the run. The first was a
powdered kimberlite analogue existing above its melting point at the chosen experimental
conditions that was used to approximate the chemical composition of a natural
kimberlite during its ascent. It is composed of powdered oxides in the proportions
corresponding to the composition of diopside or wollastonite (referred to as a diopside or
wollastonite analogue). The second component was a volatile, which was added in
varying proportions to the melt. Volatiles are dissolved in the melt until the reach the
saturation limit to form a free fluid phase. This fluid is responsible for the explosive
nature of kimberlite in a natural system (Scott Smith 1996). The final component added

was a chromite or ilmenite with the naturally occurring surface features removed.

Water solubility in diopside melts is around 10 wt% for the conditions of this

study (Eggler and Burnham 1984). For the starting materials volatiles were reported as
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wt% added to the system regardless of forming a fluid phase or being completely

dissolved in the melt (Eqn. 2.1):

wt % volatiles = [mass of volatiles / (mass of volatiles + mass of matrix)|*100% (2.1)

At the conditions of this study when H,O is below 10 wt% in a diopside melt it is
dissolved in the diopside melt. When the value of H,O exceeds 10 wt%, a free fluid

phase which is in equilibrium with the melt forms.

2.2.2  Chemical Systems Used

Table 2.1 shows the composition of each experiment. Kimberlite analogues used
in this project were diopside (CaMgSi,Og) and wollastonite (CaSiO3). The two fluids

examined were water (H,O) and carbon dioxide (CO,).

2.2.3 Experiments Containing Water

Water was added using two methods. The first method used liquid water, added
to the capsule before welding, using a microsyringe. When this method was used, the
capsule was weighed before and after welding, to ensure no fluid was lost. The second
method used the high temperature degradation of brucite to produce magnesium oxide

and water, shown in Equation 2.2:

Mg(OH), = MgO + H,0 (2.2)

The brucite water source was used in preference, because the risk of water loss
during welding was less. However, this method was not used for water contents higher
than 5 wt%, because the contribution of MgO exceeds what can be accommodated in the

bulk composition of diopside. Equation 2.3 below describes the composition of
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Appendix B: Electron Microprobe Standards

The silicate analysis used the following materials as standards:

Element | Material

Fe Garnet12442
Cr Cr_metal

Na Jadeite

Al Sanidine

Mn Pyrolusite
Ca K kaersutite
Mg K Kaersutite
Si Sanidine

Ni Ni_metal

K Sanidine

Ti K Kaersutite
\ V metal

The silicate analysis uses an accelerating voltage of 15.0 kV, a 2 um beam width, and a
probe current of 1.998x10® A. The silicate analysis is not corrected for the V-Ti overlap.

The oxide analysis used the following materials as standards:

Element | Material

Fe Pyrr 239

\Y% V_metal

Mg Mg metal

Si Sanidine

Mn Pyrolusite

Cr Cr_metal

Al Sanidine

Ti Rutile

Ca K Kaersutite

The oxide analysis used an accelerating voltage of 15.0 kV, a 3 m beam width, and a
probe current of 1.998x10® A. These analyses are corrected for the V-Ti and Cr-V
overlaps.
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