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Abstract

In zircon from the kimberlite pipe Koffiefontein Mine, Free State Province, South Africa, we describe in short two types of diamond: Besides this single-
band diamond, there are also two-phase diamond particles present with a Raman doublet at 1324.5 and 1330.6 cm™. The applicability of the Ti-in zircon
thermometer in the described case is doubtful.
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Introduction

In the Koffiefontein Kimberlite farm near the town of Kimberley
in 1870, diamonds were found for the first time. The diamonds are of
good quality because they are of excellent clarity. Famous are the pink
ones. The mines have had a varied history. Details are in Naidoo et al.
[1]. Zircons from Kimberlites are studied, for example, by Page et al.
[2]. In the last contribution, they determined for zircons using the Ti
in zircon thermometry for the Kaapvaal Craton zircons a mean of 750
+ 57°C, which implies shallow depths of formation of zircon outside
the diamond field of stability. The resulting pressure is about 30 kbar.

In this contribution, we will show that there are some uncertainties
in the formation conditions. It raises the question of why the studied
zircon is full of diamonds. As we can see, these diamonds are not only
“classic” diamonds with a very sharp Raman band at 1333 cm™ [3].
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In the sample, we ObVlOUSIY have a 31gn1ﬁcant portion of hexagonal Figure 1: The polished zircon chip used was from the Koffiefontein Mine/South Africa.
diamonds in addition to cubic diamonds.
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Sample and Methods

Sample

As a sample, we used a small museum piece about 300 um thick
and 560 x 700 pm large zircon chip on both sides polished. After
polishing, follow a careful cleaning in an ultrasound water bath. The
very transparent zircon is almost colorless and contains slight fluid
inclusions and some, often corroded, diamond crystals together with a
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small amount of carbonaceous material. Figure 1 gives an impression
of the sample. Graphite could not proofed.
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Figure 2 shows a typical Raman spectrum of the matrix zircon,

and Table 1 shows the measured Raman lines, the Raman active 200 400 800 800 1000 1200

modes, and the intensity, according to Stangarone et al. [4]. . -
Raman shift (cm™)

Figure 2: Typical Raman spectrum of zircon from the Koffiefontein Mine/South Africa.

According to Nicola and Rutt [5], the Raman data of the used
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Table 1: Raman lines of the studied zircon sample and the corresponding Raman modes.

Raman line (cm™) Raman mode Intensity (%)
75 -

201 A, 6.2

215 B, 115
225 Eg 10.5
357 Eg 20.5
440 Alg 40.9
976 A, 20.8
1010 B, 100.0

zircon demonstrate nearly poor zircon with only traces of hafnon and
no remands of reidite. In tiny areas, increase the HfSiO, portion to
higher values notified by a shift of the B, prominent bands from 1010
to 1015 cm™.

Methods

Besides the classic polarization microscopy, we used a petrographic
polarization microscope with a rotating stage, coupled with the
RamMics R532 Raman spectrometer working in the range of 0-4000
cm” using a 60 mW single mode 532 nm laser. For the exposure,
30 mW on the sample is the standard condition for the study. More
details are in Thomas (2023a) [6].

Key Observations

Generally, the zircon is a classic zircon without any remnants of
reidite. There are three possibilities: (i) the zircon was formed at low
temperatures and pressures (750°C, 30 Kbar), as Page et al. [2] wrote,
zircon/reidite formed at significantly higher temperatures (~1000°C)
and pressures (higher than 8 GPa) and stay at such, however a little
bit lower values for a long time that the structure transformation to
zircon is retrograde [7], or there is an additional zircon type, which
not incorporated titanium because it was not present in the primary
magmatic melt. Thomas (2023b) [8] demonstrates that the water-
clear zircon from the Udachnaya diamond pipe, Siberia, contains tiny
diamond crystals in the growth zones of this zircon. That means that
during the zircon growth, the diamonds were trapped in the diamond
stability field and not, according to Page et al. [2], at low temperatures
of 727 + 63°C [8]. In the zircon, there are some tiny diamond crystals
(gray points in Figure 1) together with some carbonaceous material.
Figure 3 shows such a typical diamond crystal. From 15 and 6 different
diamond crystals, about 10 to 20 pm in diameter, result for the first-
order band the data presented in Table 2.

A reference diamond (water-clear crystal from Brasilia) gave
(1332.3 £ 0.5 cm™) - see Thomas et al. [7]. A couple of diamond
grains in zircon (Table 2) represent two-phase particles of diamond-
lonsdaleite [9,10]. Lonsdaleite is a stable hexagonal polytype of
diamond. Another explanation for the “two-phase” crystals is
the higher and variable isotope portion of *C [11] in diamonds.
However, all diamonds in the sample have low first-order diamond
band values (Table 2). That speaks for the hexagonal diamond
polytype (Figure 4) [12].
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Figure 3: A typical diamond crystal in zircon from the Koffiefontein Mine/South
Africa. The diamond contains carbonaceous material (black parts in the upper right
photomicrograph). Carbon is not graphite, as indicated by the typical and broad D1, G,
and D2 bands (Beyssac et al. (2002).
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Figure 4: Raman spectrum of a typical two-phase diamond-lonsdaleite crystal. The
blue and red show the mathematical deconvolution of the bulk spectrum into Gaussian
components.

Table 2: Results of the Raman measurements of the first-order diamond bands of different
tiny crystals distributed in the zircon from the Koffiefontein Mine/South Africa.

First-order Raman FWHM n Raman FWHM n
Raman band(s) | shift (cm™) (cm™) shift (cm™) (cm™)

Single band | 1326.8 +2.7| 23.1+9.0 15

Doublet 13245+ 1.7| 158 +£6.0 6 13306 +0.5 53+1.1 6

n: number of measured crystals
FWHM: Full Width at Half Maximum
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Besides the two different diamonds (diamond and lonsdaleite-
bearing diamond), there are also a tiny couple of fluid inclusions in
zircon. The study is complicated because these inclusions are deep
under the surface of zircon. Only one strong Raman band (3429.3 +
2.0 cm™, n = 9) would determined. According to Hurai et al. [13,14]
this band can be provisionally assigned as antarcticite [CaCl, - 6H,0].

Discussion

This short paper describes diamond-bearing zircon from the
Koffiefontein Mine, Free State Province, South Africa. The zircon
contains many diamonds with a relatively low first-order diamond
band at 1326.8 cm™. Besides this single-band diamond, there are also
two-phase diamond particles present with a Raman doublet at 1324.5
and 1330.6 cm™. The diamond doublet is, according to the authors,
a combination of cubic and hexagonal diamonds. The hexagonal
lonsdaleite forms in nature in meteorite debris when meteors
containing graphite strike the Earth. The immense heat and stress of
the impact transform the graphite into diamond but retain the graphite
hexagonal crystal lattice. In earth material, lonsdaleite was described
by Shumilova et al. [10] from the Kumdykol diamond deposit in North
Kazakhstan. Thomas et al. [9] found lonsdaleite in a synthetic diamond
sample (Figure 5 in [9]), and now we describe lonsdaleite from the
Kofhiefontein Mine, Free State Province, South Africa.
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