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Inclusions in ultra deep natural diamonds provide unique insides into processes in Earth’s mantle
to depths reaching even the lower mantle (> 670 km)[e.g. [1, 2]]. During the growth of a natural
diamond, high density fluids, high pressure melts and minerals can be trapped inside. These inclu-
sions are then shielded from the environment during the transport and exhumation of the diamond
host towards the Earth’s surface, preserving their original capture composition and, in some cases,
even their high pressure structure [e.g. [3],[4]]. These inclusions provide the most direct way to
derive information of the composition and structure of the deep Earth [e.g. [1, 2]]. Although the
majority of natural diamonds are formed in the Earth’s lithospheric upper mantle (∼ 100-200 km
depth) [e.g. [5]] a few sources, e.g. Juina (Brazil) and Kankan (Guinea), provide larger amounts
of rare so called ultra deep diamonds which were formed in the asthenospheric upper mantle, the
transition zone (410- 670 km) or even the lower mantle (> 670km) of the Earth [e.g., [1, 2]]. These
unique diamond crystals and their inclusions are the only direct source of information available on
the chemical and structural state of the deep Earth [e.g. [6, 7]]. As most diamonds crystallizes more
than 1 Ga ago they can even provide information on mantle processes of the past.

In order to preserve the enclosed nature of the inclusions (high pressure structures, fluid contents)
a non-destructive high resolution in-situ analysis method is desired. In this respect X-ray tech-
niques like sub-micron XRF is essential. However, due to the high X-ray scattering power of the
diamond host in most cases confocal detection mode is needed in order to examine the mostly
complex, polyphase inclusions inside the diamond. During this experiment a novel 3D elemental
micro-imaging method was used for the elemental micro-analysis, based on full-field micro-XRF
detection technology [8]. Vertical cross sections of the diamond were obtained when excited us-
ing a linearly focused X-ray beam, obtained by using only the horizontally focusing mirror of the
Kirkpatrick-Baez (KB) mirror system of the P06 beamline, and monochromatised using the newly
installed multilayer monochromator at the P06 beamline, obtaining a primary X-ray beam of 17.4
keV and dimensions of 8 micron (H) and 1.2 mm (V) FWHM.

When the diamond (figure is being scanned through the vertical sheet-beam, one gets vertical cross
sections of the diamond, forming a full 3D ED-XRF dataset[8]. K-means clustering is performed
to show regions of similar elemental composition, as shown in figure 2. Algorithms are currently
developed to obtain semi-quantitative information of the inclusions found in the natural deep Earth
diamonds.
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Figure 1: A deep Earth natural diamond mounted in front of the polycapillary lens of a 2D ED detector.

Figure 2: 3D reconstructions of sub regions, obtained by K-means clustering, of similar elemental composi-
tion of inclusion clouds in natural deep Earth diamonds.
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