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FIG. 8(A) VARIATION OF BRONZITE CRYSTALLINITY AS A FUNCTION OF STRATIGRAPHIC
POSITION WITHIN THE B UNIT AND C, SUBUNIT OF DRILL CORE ZS7. THE
ABUNDANCES OF CHROMITE IN THE SUCCESSION ARE SCHEMATICALLY
PORTRAYED BY STIPPLING OF THE BOREHOLE LOG



FIGS. 8A(i) to (v): Photomicrographs of bronzitites within the B unit and Gy
subunit of the studied section. All sections have been
photographed with transmitted light under crossed nicols.
The scale on Figs. 8A(i) to (iv) is 5cm = 2mm, and
lem = 100 micrometres (microns) on Fig. 8A(v).

(i): Adcumulate-textured bronzitite exhibiting stubby
orthopyroxene crystals and chromite grains intergrown with
plagioclase feldspar. Note the anhedral, secondary growth
textures of orthopyroxene in juxtaposition to the chromite
grains {sample 265; B unit).

(ii): Adcumulate-textured bronzitite exhibiting elongate laths
of orthopyroxene (sample 271; B unit).

(iii): Coarse-grained, feldspathic and chromitiferous,
mesocumulate—-textured bronzitite; hanging-wall of the LG 2
chromitite layer (sample 261). A point of interest 1is
that very few chromite grains are encapsulated or indented
within these well-formed orthopyroxene crystals.
Secondly, the chromite grains are large (+ 300 microns)
and fairly euhedral. The textural features suggest that
both cumulus phases experienced extended growth periods in
an unrestricted melt volume, as may be envisaged if they
settled through a 1liquid column. Electron microprobe
analysis of these chromite grains indicates Crp03 contents
in excess of 56 wt. Z.
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FIGS. 8C(i) TO (v):
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(i):

(ii):

(1ii):

Examples of bronzitites within the D unit exhibiting a
wide range in textural features and orthopyroxene
crystallinity. All sections have been photographed with
transmitted light under crossed mnicols. The scale on
Figs. 8C(i) to (v) is the same as on Fig. 8A(i).

Mesocumulate-textured, feldspathic bronzitite depicting
well-formed orthopyroxene crystals and irregular to lobate
protrusions of orthopyroxene into the plagioclase
mesostasis (sample 134). Crystallinity = 180.

Coarse, adcumulate-textured bronzitite with micropegma-
titic mesostasis. Plagioclase is subordinate to the modal
proportion of micropegmatite, mica and quartz (sample
155). Crystallinity = 350.

Granular-textured ©bronzitite composed of a polygonal
mosaic of orthopyroxene crystals (sample 136).
Crystallinity = 4120.
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to (a) contrasting the «compositional variation of chromite 1in
relation to textural and mineralogical enviromment, and (b) the
interpretation of grain-to-grain cryptic changes with stratigraphic
height in chromitite layers. In sum, the notion of grain annealing
supports the assumption that the compositions of grains within
chromitite layers approximate closely to primary liquidus
compositions. This assumption follows from the notion that grain
annealing induces expulsion of interstitial melt at near—-liquidus
temperatures, but a point to be recognized is that annealed areas may

have "blurred" cryptic variationms.



FIGSs. 8(F) TO (L)
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(F)

(e))

(1)

Photomicrographs of <chromite-rich domains within the
studied section. All sections have been photographed
under plane polarized reflected light.

Polygonal assemblage of annealed chromite grains within
the LG 6A chromitite layer, drill core ZS 7.

: Higher power wmagnification of a portion of (F),

illustrating smaller particle sizes in microdomains with a
residual silicate gangue component.

Microdomain within the LG 3 chromitite layer exhibiting a
wide spread in textural features. The domain in the upper
right hand side of the photograph portrays small particles
intergrown with a silicate mesostasis (serpentine), and is
presumed to represent an area within the chromite ore
where grain annealing was not effective by virtue of poor
compaction. Microprobe analysis of grains in relation to
textural environment and grain-size 1indicates (a) no
detectable =zoning, and (b) small, isolated particles
exhibit higher Cr/Al ratios (2,80) and lower MMF ratios
(0,496) than polygonal grains (Cr/Al = 2,70; MMF = 0,512).
Section cut normal to drill core axis.
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FIGS 8

(1)

(1)

(x)

(L)

Chromitite lens depicted within granular—textured
bronzitite at the stratigraphic level of sample 28 (E
unit). Progressive degrees of grain annealing towards the
interior of the chromitite are evident.

Gradational footwall contact of the LG 3 footwall leader
chromitite layer with granular-textured bronzitite. Note
the high relief olivine <crystals (intergrown with
reaction-replacement orthopyroxene) within the
chromite-rich domain. Electron microprobe analysis of
these olivine crystals indicates magnesian compositions
and NiO contents in excess of 0,40% (section 214A).

Gradational hanging-wall contact of the 2cm thick C
chromitite layer within the B unit. Shearing parallel to
the base of the layer has obscured the contact
relationships (not shown), but these appear to represent
an abrupt contact with adcumulate-textured, coarse-
grained bronzitite, which grades rapidly downwards into
mesocumulate—textured bronzitite. The immediate hanging-
wall, however, 1is a granular-textured and finer-grained
bronzitite; a low modal ©propertion of intercumulus
plagioclase appears within 2cm of the upper chromitite
contact.

Textural features portrayed within a layered silicate
parting in the LG 6A chromitite layer (drill core ZS 7).
The original silicate assemblage within the parting, a
medium-grained granular-textured bronzitite depicting
impersistent stringers of chromite grains, is replaced to
varying degrees by olivine-rich ultramafic pegmatite (not
shown in section), but no disturbance of the fine-scale
layering 1s visible: chromite stringers pass through
large, structurally continuous olivine crystals, which
exhibit wundulose extinction stemming from deformation
lamellae. Considerable conversion to reaction-replacement
orthopyroxene 1is also shown, suggesting that replacement
of the primary bronzite assemblage occurred while pore
fluids were still exuding from the juxtaposed chromitite.
A point of interest in the photograph 1s that chromite
grains defining the stringers are comparable in size to
grains within the massive ore. The possibility exists,
therefore, that grain growth 1is not entirely 1In response
to grain annealing.




















































































































































































FIGS. 19(A) to (D):
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(A):

(B):

(c):

(D):

Photomicrographs illustrating the rise in modal chromite
content with increasing stratigraphic height 1in the
footwall of the LG 6A chromitite layer (drill core ZS 3).
All sections were photographed with plane polarized
transmitted light, and are orientated parallel to the
drill core axis.

Thin section 304(A): immediate footwall of the LG 6A
massive chromite ore, showing layering defined in terms of
the modal chromite/orthopyroxene ratio. Intercumulus

plagioclase (+ minor biotite) is present in the bronzitite
at the base of the section.

Thin section 304(B): bronzitite immediately below section
304(A).

Thin section 304(C): bronzitite 10 - 12 cm below the base
of section 304(A).

Thin section 305: Granular-textured bronzitite with
plagioclase in poorly annealed cavities, some 85 cm below
base of section 304(A).






FIGS. 20(A) to (D):
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(A):

(B):

(c):

(n):

Photomicrographs illustrating the irregular decline in
modal chromite content with increasing stratigraphic
height in the gradational hanging-wall of the LG 6A
chromitite layer (drill core 2S5 3).

Thin section 300: chromitiferous and feldspathic,
mesocumulate—textured bronzitite, some 3 m above the LG 6A
chromitite layer. Intercumulus plagioclase is conspicuous
in thin section, and intergrown chromite grains exhibit
exsolved needles and rods of rutile. Intercumulus
clinopyroxene (minor) poikilitically encloses rounded
chadacrysts of orthopyroxene and occludes orientated rods
of an opaque spinel.

Thin section 302(A): chromitiferous bronzitite with low
mesostasis volume, 27 cm above the LG 6A chromitite.

Thin section 303(A): chromite bronzitite and bronzite-
chromitite layers, 9cm above the massive chromite ore.

Thin section 303(C): chromitiferous Dbronzitite and
bronzite-chromitite assemblages in the immediate hanging-
wall of the LG 6A chromitite layer.

SYMBOL:

@ positions of analyzed orthopyroxene crystals
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spherical chromite~types are described by Hulbert and von Gruenewaldt
(1980)). These chromite grains are large (0,3 mm) and only occur as
an intergranular phase, commonly intergrown with plagioclase.
Spherical chromite often encloses mica and no intracrystalline
chromite-chromite grain boundaries are evident (Fig. 24(B)). The
occlusion of smaller silicate inclusions is a typical feature. An
example of a pseudo-mantle chromite is shown in Fig. 24(C), where the
presence of at least one intracrystalline grain boundary is of
significance. Rutile is ubiquitous within this composite chromite
grain as an exsolved phase and as externally exsolved granules.
Furthermore, a few stubby rutile needles, nucleated on the chromite
grain boundaries, project into the circumjacent plagioclase and also
occur within two of the silicate inclusions. These features were
noted for other chromite grains of differing morphologies, but
unattached rutile was not observed as inclusions within intercumulus
plagioclase. The degree of chromite anhedralism within the sample
appears to be a function of grain-size and the number of silicate
inclusions: subrounded chromite 1s smaller with few 1inclusions,
whereas anhedral chromite 1is coarser with a higher number of
inclusions. Arrested suturing of intergranular chromite is a common
feature, but it is clear from Fig. 24(D) that this process cannot
wholly account for the disposition and incidence of silicate
inclusions. Hence, the interpretation favoured here 1is as follows.
The chromite morphologies are not primary, in situ growth forms, but
result from annealing of fine-grained aggregated chromite with a
component of secondary, inclusion-free growth to yield planar
interfaces. There is no valid reason for stipulating that annealing
is only feasable in a compacting crystal mush: the process may
initiate during a period of suspension or long-range settling of a
porous chromite aggregate, and the resultant densification may
influence the rate of settling. However, as suggested by Young
(1984), the silicate inclusions may be representative of residual
liquid droplets (derived from the footwall) not miscible with a more

primitive, supernatant melt.

To summarize, silicate inclusions within dispersed chromite grains
may stem from annealing of chromite aggregates while settling through

a liquid column or during compaction of the crystal pile. The latter

regime cannot, however, account for spherical silicate 1inclusions



FIGS. 24(A) to (F):
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(A):

(B):

(c):

Photomicrographs of chromite grains with contrasted
morphologies and silicate inclusions.

Porous grain (dark brown in transmitted light) resident in
a triple Jjunction of polygonal orthopyroxene crystals
within a granular-textured bronzitite (sample 125; Dy
subunit). The textural features may be indicative of
resorbtion, prior to encapsulation, of a grain which
initially contained a high number of silicate inclusions.
A point of interest is that a trace occurrence of olivine
crystals (i.e., one crystal within this thin section) 1is
exposed within the fine—grained bronzitite. Microprobe
analysis shows the chromite grain to be enriched in Mg and
Al relative to grains with wusual morphologies in
underlying, coarse—grained and adcumulate-textured
bronzitites. A photomicrograph of an equivalent granular-
textured bronzitite host 1s presented in Fig. 8C(iii), and
a microprobe analysis of the chromite grain is given in
Table 26 (analysis 125/1). Section photographed with
plane polarized transmitted light. The longer dimension
of the grain measures 60 microns.

Spherical morphological type with mica as the occluded
phase (the highly reflective material is a remnant of
graphite coating), and representative of an intergranular
grain between orthopyroxene crystals (sample 258; top of
the B unit). The diameter of the chromite grain 1is 300
microns. Silicate minerals within the small, spherical
silicate inclusions (less than 30 microns in diameter) are
usually mica and quartz. Section photographed with plane
polarized reflected light.

Grain with a pseudo-mantle morphology showing (i) straight
intracrystalline grain boundaries, (ii) well-formed,
smooth planar boundaries, and (iii) silicate inclusions.
The grain abuts agalnst orthopyroxene crystals on three
sides, with intercumulus plagioclase feldspar (low relief,
light grey) enclosed within the incomplete terminationm.
This chromite grain is depicted in a microdomain adjacent
to (B). Note that rutile rods within the chromite are not
resolved under the magnification used, which 1s the same
as in (B). Section photographed with reflected light.
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FIGS. 24(D):

(E):

(F):

Aggregate of intergranular grains in an olivine-bronzitite
near the base of the Cj subunit (sample 255). Note the

irregular grain  boundaries, incidence of silicate
inclusions and occurrence of a small, equant grain (bottom
left) with a spherical silicate inclusion. Section

photographed with reflected light.

Equant, welded grains showing a high 1incidence of
spherical inclusions of varying sizes, and enclosed in a
structurally continuous grain of reaction-replacement
orthopyroxene. Chromitiferous poikilitic harzburgite 1in
the hanging-wall of chromite dunite and olivine-chromitite
lithologies (Cp subunit, sample 222; within 4 m of the
basal contact of the LG 3 chromitite layer). Section
photographed in transmitted light. -Scale 5cm = 0,25mm.

Small grain, with a diameter of 100 micromns, welded
against a larger, equant grain with a diameter of 210
microns. Reflected 1light microscopy reveals no grain
boundary separating the two grains, both of which are
encapsulated within a well-formed orthopyroxene lath (Cp

subunit, sample 215; footwall of the LG 3 chromitite
layer). The silicate assemblage within the larger
silicate inclusion comprises mica and quartz. Section

photographed with plane polarized transmitted 1light.
Chromite grains with silicate inclusions are generally
seen near the footwall contacts of chromitite layers and
in association with the appearance of olivine as a cumulus
phase. They are very rare in the interiors of chromitite
layers (where advanced degrees of grain annealing are
indicated) and in isomodal, homogeneous units of rock.
These observations are relevant to Young's (1984) proposal
(refer to p. 107 of the present text).
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cumulates in the Jimberlana Intrusion, Western Australia, by virtue
of the adcumulate texture of the rocks. Where serpentinization has
reached advanced stages in dunites of the C; and C3 subunits,
alteration of chromite to ferritchromite 1is common along grain
boundaries and fractures, and chromite is partially pseudcmorphed by
sulphides in a few samples (Fig.IZSA). Nickel and Hudson (1976)
describe chromian valleriite pseudomorphs of Cr-spinel in the Nepean
and Perseverance Ni-Fe sulphide deposits, Western Australia, in which
chromite 1is intergrown with sulphides 1in the main ore zones.
Similarly, intergrowths in the C unit of the studied section may stem

from hydrothermal reactions.

Chromite 1s also prone to alteration where replacement of layered
bronzitite by ultramafic pegmatite assemblages has occurred. The
example <cited in Fig. 25(B) 1is from drill core ZS3 at the
stratigraphic level of sample 331 within the Dj subunit: a
circumjacent zone of ferritchromite is disposed about a subrounded
chromite grain, and the thin silicate selvage between the two spinel
phases 1is a common feature. The ferritchromite 1s porous and a
sulphide phase is often depicted within the silicate voids. The host
pegmatite assemblage comprises olivine-orthopyroxene-magnesite-—
amphibole, and the magnesite occurrence may attest to a replacement
phenomenon associated with the ingress of a COp-rich fluid. In
contrast, non-porous ferritchromite 1s developed along annealed
chromite grain boundaries in the gradational footwall of the LG 7
chromitite layer, where shearing parallel to the plane of layering

has fractured the chromite.

GRAPHITE

Graphite 1is a trace constituent within bronzitites in the upper 2
metres of the B unit, occuring as elongate flakes up to 2,5 mm in
length. These grains are penetrative structures, cross—cutting
well-formed orthopyroxene grain boundaries (Fig. 25C) and the
following textural features suggest that graphite crystallized as a

primary magmatic phase:



FIGS. 25(A) to (C):

MB4AAD

(A):

(B):

(c):

Photomicrographs illustrating alteration of chromite, and
graphite platelets within bronzitite.

Intimate intergrowth of sulphide (higher reflectivity) and
chromite in serpentinized dunite above the I chromitite
layer, C3 subunit (sample 183A). Section photographed
with plane ©polarized reflected 1light. Scale b5cm =
0,25mm.

Pseudomorphic alteration of «chromite to ferritchromite
(higher reflectivity) in an  ultramafic pegmatite
assemblage, drill core ZS 3 (D] subunit, sample 331).
Scale 5cm = 0,25mm.

Graphite platelets (acicular, opaque) in an adcumulate-
textured, chromite-bearing bronzitite. The microdomain 1is
within 10 mm of the first appearance of cumulus olivine
crystals marking the base of the Cj subunit. Micro-
brecciation of the bronzitite 1is linked to serpentini-
zation of olivine in adjacent domains, but no fracture
control on graphite distribution 1is evident. Section
photographed with transmitted light under crossed nicols.
Scale 5cm = 2mm.
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granules. Use of a broad beam commonly resulted in inferior analyses
and the procedure finally adopted emploved a 20 micron diameter beam,
positioned in a structurally homogeneous area of the grain, in order
to obtain a provisional total analysis (i.e., of Cr, Fe, Mg, et
cetera). The concentrations of Ti were then determined at five other
positions and averaged. It should be stressed, therefore, that the
chromite  analyses are  strictly representative of subsolidus
equilibrium compositiouns; an inordinate number of analyses would be
required of each grain to ascertain the bulk, near-solidus levels of

Ti.

Instrumental problems imposed a 20 micron limit on the minimum
grain—-size suitable for analysis. Attempts to refine the beam
diameter to below 10 microns resulted in severe shape distortions
leading to spurious analyses. Hence, spinel occurrences which could
not be studied were (a) minute, facetted octahedra transmitting amber
to reddish-brown 1light, (b) anhedral platelets transmitting pale
green to amber light and (c) a trace occurrence of exsolved platelets
within olivine (sample 184A; C3 subunit), orientated parallel to the
olivine c-axis and transmitting brown light (Fig. 27A). The latter
are less than 5 microns in width but can be up to 0,25 mm in length,
and an attempted microprobe analysis indicated a composition of at
least 22 wt. per cent Crj03. The spinel octahedra, usually 10
microns in diameter, are a common feature of the D; subunit where
they = occur  as inclusions  within  coarse— and  fine—grained
orthopyroxene crystals. These may represent grains isolated from the
magma at an early stage, but this 1is inconsistent with the
observation that crystals of less than 10 microns can occur within
0,05 mm of grains which are greater than 300 microns in diameter and
which are indented within orthopyroxene grain boundaries (Fig. 27B).
Furthermore, clusters of minute octahedra or prisms can be seen in
juxtaposition to larger grains (> 60 microns), all of which are
wholly enclosed within orthopyroxene core- or marginal-domains. This
bimodal grain-size distribution may therefore be indicative of mixing
of two populations of chromite, viz., very small crystals that grew
in situ from a limited melt volume and larger crystals (> 60 microns)
that settled through a substantial 1liquid column. An alternative

explanation, and one that is favoured here by virtue of the perfect

idiomorphism, is that the small octahedra represent a suspension of



FIGS. 27(A) to (C): Photomicrographs of chromite particles which could not be
analyzed with the electron microprobe by virtue of the
exceptionally small sizes. However, Cr-count rates well
in excess of background were recorded where the particles
were exposed in polished surfaces. All sections
photographed with transmitted light.

(A): Crystallographically orientated lamellae of Cr-spinel
within a large olivine crystal. The latter is exposed
within an olivine/reaction-replacement orthopyroxene
inclusion in the I chromitite layer (C3 subunit, sample
184A), and represents the only occurrence of this type in
the studied section. Scale 5cm = 0,25mm.

(B): Facetted octahedron of chromite (diameter of 10 microns)
in juxtaposition to a chromite grain with a diameter of
300 microns. The latter 1is deeply indented in an
orthopyroxene grain boundary, whereas the small particle
is wholly within orthopyroxenme. Grains of this size were
never recognised as inclusions in intercumulus silicate
phases (Dj subunit, sample 147). Two other octahedra are
visible deeper into the section which 'is about 35 microns
in thickness. These small crystals are very rarely seen
with reflected light.

(€): Granule of amber-coloured spinel in orthopyroxene within
an olivine-bronzitite(Cy subunit, sample 255). Juxta=-
position of rods or trails of opaque oxide granules are a
sympathetic feature. Scale 5cm = 62 microns.
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FIG. 30(B):
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Photomicrographs of (i) wupper, (ii) middle and (iii) basal
textural environments within an orientated section of the C
chromitite layer, B unit {(sample 276). Photographed with plane
polarized reflected 1light wunder 1low power magnification.

(5¢m = lmm). The intercumulus silicate phase 1is orthopyroxene
(light grey).
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FIG. 43(A):

43(B):

43(C):
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Textural features of a coarse-grained, adcumulate-textured
bronzitite exposed in the basal portion of the Dj subunit (sample
165). Section cut normal to the drill core axis and photographed
with transmitted light wunder crossed nicols. Field of view
measures 2,5 by 1,7cm.

Granular-textured bronzitite near the base of the D9 subunit
(sample 83), showing a polygonal mosaic of orthopyroxene crystals.
Note the very much smaller particle sizes of chromite grains
relative to Fig. 43(A). Photographed with transmitted light under
crossed nicols. The field of view is the same as (A) above.
Section cut normal to the drill core axis.

Photomicrograph of the <central portion of an oxide-charged
orthopyroxene crystal within a granular-textured bronzitite (D)
subunit, sample 125). These features are (i) not a pervasive
characteristic of all granular-textured bronzitites (e.g., the
assemblage shown in (B) above), (ii) are rarely displayed within

coarser—grained rocks, and (iii) are more prevalent within
bronzitites which host a minor abundance of olivine crystals.
Section photographed with transmitted light. (Scale 5ecm =
0,25mm) .
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