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The formation mechanisms of Polycrystalline diamonds: diamondites
and carbonados

Ariam. M Aguilera Pradenas

Pradenas Aguilera, A., 2015: The formation mechanisms of Polycrystalline diamonds: diamondites and carbonados.
Dissertations in Geology at Lund University, No. 459, 23 pp. 15 hp (15 ECTS credits).

Abstract: Diamond is a cubic carbon mineral that possess many unique characteristics like extreme hardness and
thermal conductivity. There are many types of diamonds like monocrystalline, polycrystalline and coated/ fibrous
and in this bachelor thesis the focus was on polycrystalline diamonds; carbonado and diamondites (are divided in
three different types of diamonds: eclogitic, perioditic -and websteritic-type). I made a literature study on the for-
mation mechanism of diamondites to see whether they have different crystallisation histories than monocrystalline
diamonds as some researchers argue. Determing a relationship, or lack thereof, between monocrystalline diamonds
and diamondites could be valuable to the mining industry. I also made a literature study on the origin of carbonado
because carbonados are important as abrasives in the industries. Constraining an origin for carbonados would give
us valuable knowledge about their formation mechanisms, could help us to make synthetic carbonado which could
be cheaper than prospecting for natural carbonado. Several origins for carbonado are proposed which are for exam-
ple meteorite impact, uranium-rich carbonaceous sediments and mantle. The most likely origin is the mantle which
is supported among others by textural observations (for example fluid inclusions) but to determine this with certain-
ty a carbon-source needs to be identified in the mantle and komatiite related carbonados. Two different crystalliza-
tion histories are proposed for diamondites which are; fluids/melts derived from upper mantle or fluids/melts that
had a contribution of crustal material. At the moment it is more likely that the formation fluids of E -and P-type
diamondites are derived from the upper mantle because there are more evidence that is consistently supported by
both eclogitic -and perioditic diamondites. Regarding the websteritic diamondites their formation fluids are more

likely to have a crustal origin as all evidence suggest this origin.

Aims: One of the aims of this study was to investigate if diamondites have the same crystallisation histories as monocrystalline
diamonds. To determine a relationship, or lack thereof, between monocrystalline diamonds and diamondites could be valuable to
the mining industry because this would help to predict the potential grade of kimberlite. Another aim was to determine the origin
of carbonado. This is important to determine because carbonados are important as abrasives in the industries and if we know
their origin we would know more about the formation mechanisms. This is useful information in order to make synthetic carbo-

nado which could be cheaper than prospecting for natural carbonado.
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Bildningsmekanismerna for Polykristallina diamanter: diamonditer och
carbonados

Ariam.M Aguilera Pradenas

Pradenas Aguilera, A., 2015: The formation mechanisms of Polycrystalline diamonds: diamondites and carbonados.
Dissertations in Geology at Lund University, No. 459, 23 pp. 15 hp (15 ECTS credits).

Sammanfattning: Det finns manga typer av diamanter som till exempel monokristallina, polykristallina och be-
lagda/fibrosa, vilka har egna karaktdristiska drag. Polykristallina diamanter kan delas in i tvd huvudgrupper carbo-
nado och diamonditer, som i sin tur delas in i 3 typer; eclogitic, perioditic -and websteritic. Litteratur studien bestar
av tva delar, i den forsta delen undersoks bildningsmekanismen av diamonditer for att se om de har annorlunda
kristalliserings mekanism dn monokristallina diamanter. Forstaelse for denna process kan vara viktig inom gruvin-
dustrin. Den andra delen granskade hirkomsten av carbonado som &r viktiga inom industrin for slipmedel. Olika
hirkomster for carbonado har foreslagits bland annat meteoritnedslag, uranium-rika kolhaltiga sediment och man-
teln. For ndrvarande teorin som &r mest sannolikt 4r manteln som stodjs av texturella observationer sasom fluid
inklusioner och kristallografisk riktning. For att kunna veta att denna teori stimmer med sdkerhet behdver man hitta
en kolkélla i manteln och komatiite relaterade carbonados. Tva olika kristalliserings mekanismer foreslas for dia-
monditer vilka &r; fluider/sméltor som hiarstammade fran 6vre mantel eller fluider/smiltor som hade ett bidrag fran

jordskorpans material. For narvarande &r det mest troligt att bildnings fluiderna fér E -and P-typ diamonditer

hérstammar frén 6vre manteln. Vad giller websteritic diamonditer bildades de frdn 6vre mantel fluider.

Nyckelord: diamonditer, polykristallina, carbonado
Handledare: Carl Alwmark and Leif Johansson
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1 Introduction

Diamond properties and crystallisa-
tion origin

Diamond is a rare, cubic carbon mineral, formed when
atoms bond with four other atoms at a distance of
1.544 x 10" meter creating a tetrahedral arrangement
(Fig.1; Rossi 2007; Harlow and Davies 2005). This
structural arrangement combined with the C—C bond, a
covalent bond, accounts for the majority of the dia-
mond properties like thermal conductivity, extreme
hardness and compactness (Harlow and Davies 2005;
Lodish et al. 1999). Diamonds possess other properties
such as electrical insulation, transparency and a high
refractive index. They are electrical insulators and
transparent over a great part of the electromagnetic
spectrum, due to the covalent bonding that causes a
large band gap of 5.5 electron volts (eV) (Harlow and
Davies 2005). A band gap is a gap between the va-
lence band (where the electrons are held in place) and
the conduction band (where the electrons can move
around freely) and when materials are electrical insula-
tors this gap makes it hard for an electron to get invig-
orated enough to jump from one to the other, which
means they block the flow of electricity (Chandler
2010). The high refractive index of 2.41 is rare for a
material with a low atomic number ('*C); the index is
the result of electrons creating a dense area (Harlow
and Davies 2005).

Fig. 1. A crystallographic model of the diamond structure
displaying the tetrahedral arrangement with atoms distances
of 1.544 x 107" meter (Harlow and Davies 2005).

A pure diamond is colourless but diamonds can have
different colours as a result of the presence of other
elements (Table 1; Harlow and Davies 2005).Diamond
normally crystallized in an environment with high
pressures (more than 40 kbars) and temperatures above
950°C, conditions found in the lithospheric mantle at
depths between 150 and 250 km (Harlow and Davies
2005; Shirey and Shigley 2013). However some dia-
monds (5 % of all diamonds analysed worldwide) have
been found to have formed at a much greater depth
than 250 km (up to 800 km depth) (Stachel 2001;
Stachel et al. 2005; Harte 2010). Due to the high pres-
sure in which diamonds crystallized the density of

diamonds is high; 3.51g cm’® (Cartigny 2005).

Table. 1. A summary of diamond properties (Harlow and
Davies 2005).

Composition C (carbon)

Crystallographic
Cubic — hexoctahedral (highest of symmetries)

Space group Fa3m a=3.57 A (cell edge)

Common

crystal forms Octahedron {111}, cube {100}, dodecahedron

{and indices} {110}, rounded variations due to etching

Twins Spinel-law common, yielding the flat triangular
“macle”

Hardness 10 on Mohs’ scale, 56-115 Knoop hardness number
(GPa), 10,000 Brook’s indenter scale, octahedral face
hardest, cube face softest

Moduli Bulk modulus: ~500 GPa; Young's modulus:
~1050 GPa

Cleavage Excellent parallel to octahedron face {111}

Density 3.51 g am™ (or spedific gravity = 3.51)

Luster Adamantine (the definition for this kind of luster)

Colors Colorless, yellow, blue, green, and

many others

Refractive index 24175 (in the yellow light of a sodium lamp)

Dispersion Large (0.0437 — the difference in index at G and B

Fraunhofer wavelengths), leading to rainbow colors

on refraction
Optical
transmission
Transparent over a broad range of the electromagnetic
spectrum; an excellent matenal for optical windows
Thermal
cendactivity Superb, 5 to 25 watts centimeter™ °C"! (at
300K); 4 times greater than copper; an excellent
thermal conductor
Electrical
cenductivey, 0o ~100 ohm cm! (resistivity at 300K); an

insulator



As previously mentioned, diamonds possess extreme
hardness, this property enabled it to withstand weath-
ering which makes it a tool for investigating the man-
tle (Harlow and Davies 2005). Furthermore they are
also used as gems and as super abrasives. In the indus-
trial market of super abrasives, it is estimated that 800
million carats are used annually yielding a profit of US
$ 10° (Harlow and Davies 2005).

Kimberlitic -and lamproitic magmas
The majority of diamonds were brought to the surface
through pipes during intrusion of kimberlitic -or
lamproitic magmas (Fig 2; Nixon 1995). Kimberlitic -
and lamproitic magmas formed at a depth that allowed
for the transport of diamonds but they also prevented
them from transforming into graphite and dissolving in
the magmas due to fast ascent (Cartigny 2005). The
greater part of kimberlites and lamproites are barren of
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diamonds. The diamondiferous magma normally in-
truded stable continental crust (older than 2500 Myr)
(Robb 2005). Nevertheless some diamondiferous mag-
ma have also intruded adjacent regions particularly
associated mobile belts (Ferrini and Sassano 1999). As
a result of kimberlites and lamproites normally being
younger than diamonds, they do not have to be linked
to the origin of diamonds, indicating that they are just
the pathways through which diamonds reached Earth’s
surface (Ferrini and Sassano 1999).

Kimberlites and lamproites contain the following
main minerals; olivine, clinopyroxene, phlogopite and
apatite but they differ in accessory minerals (Ferrini
and Sassano 1999). These rocks can have the same
origin in the mantle which is the enriched mantle type
1 (EM1) but kimberlites have also been derived from
another part of the mantle, the depleted mantle (has
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low 2°Pb/***Pb, ¥’Sr/*Sr and high '*Nd/'**Nd) which
has experienced one or more periods of fractionation
involving extraction of basaltic magma (Jackson 2008;
Kononova et al. 2010; Condie 2001). Lamproites are
usually greenish-grey in colour and ultrapotassic
whereas kimberlites are more or less potassic with a
bluish or greyish-brown colour. Furthermore lampro-
ites differ from kimberlites by having a higher amount
of Silicon, Iron and trace elements Zirconium, Niobi-
um, Strontium, Barium and Rubidium. Another differ-
ence between kimberlites and lamproites is that
lamproites have a lower amount of Magnesium, Iron
and Calcium. Both of these rocks display similar forms
when found, horn -or core-like masses and they can
sometimes be found in the same diamondiferous pipes
in spite of belonging to intrusive phases of different
ages (Ferrini and Sassano 1999).

Diamonds can be found either as single crystals in
the kimberlitic matrix or as minerals within xenoliths
of peridotite, eclogite or websterite which are named
P-E-W-type diamonds respectively (Robb 2005; Mi-
khail 2013). Regarding diamonds found within xeno-
liths they can either be transported by kimberlitic -or
lamproitic magma. P-E-W-type are not only host rocks
for diamonds that are found as minerals within them
but also for other diamonds that have mineral inclu-
sions reflecting similarities with either periodite, eclo-
gite or websterite (Mikhail et al. 2013; Carlson 2005).
If the mineral inclusion in the diamond is Cr-pyrope
garnet, diopside, enstatite, chromite or olivine the na-
ture of the host rock (paragenesis) will be perioditic. In
order to establish eclogitic paragenesis pyrope alman-
dine garnet, omphacite, coesite or kyanite has to be
present as mineral inclusion in the diamond (Carlson
2005). The websteritic paragenesis is rare and is not
clearly defined because this suite include both
“perioditic” and “eclogitic” inclusions (Stachel and
Harris 2008; Aulbach et al. 2012). The “perioditic”
inclusions in the websteritic paragenesis have unusual-
ly low Mg# (Gurney et al. 1994) while the “eclogitic”
garnet inclusion have low Ca content and “ eclogitic”
clinopyroxene inclusions have elevated Mg# and Cr#
(Stachel and Harris 2008).

Mantle diamonds
The majority of diamonds found on Earth were carried
to the surface by either kimberlitic or lamproitic mag-
mas and are called mantle diamonds but there are other
types of diamonds that were not carried this way to the
surface which are for are for example polycrystalline
diamonds; carbonado and meteoritic nanodiamonds
(Huss 2005; Ogasawara 2005; Mikhail et al. 2013).
Diamonds that are derived from the mantle can be
divided into three main morphological groups: poly-
crystalline, monocrystalline and coated or fibrous dia-
mond (Mikhail et al. 2013).

Polycrystalline diamonds

Polycrystalline diamonds can be divided into two
groups: diamondites that are mantle diamonds associ-
ated with kimberlites and carbonados, alluvial dia-

monds not found in association with kimberlites
(Heaney 2005; Mikhail et al. 2013).

Polycrystalline diamonds; diamondites
Diamondites are fine-grained (<100 pm) to coarse
grained and consist of primarily of diamond of differ-
ent sizes that are randomly oriented with inclusions
and intergrowths of pyrrhotite, garnet, clinopyroxene,
magnetite, Fe-carbides, iron, ilmenite and rutile (Fig 3;
Mikhail et al. 2014).

Fig. 3. A diamondite sample (Mikhail et al. 2013).



The most dominant paragenesis in this type of dia-
mond is websteritic where garnet is the dominant min-
eral inclusion therefore referred as websteritic garnet
type diamonds (Fig 4; Mikhail et al. 2013). In addi-
tion, diamondites can also consist of perioditic para-
genesis but this type is more dominant in monocrystal-
line diamonds (Fig 4; Mikhail et al. 2013). Dia-
mondites does not always consist of one paragenesis
several analyses have shown a mixed eclogitic and
perioditic paragenesis where orange garnet with low
Cr and moderate Ca content represent the eclogitic
paragenesis and pink garnets with high Cr and low Ca
content characterize the perioditic paragenesis (Gurney
and Boyd 1982; McCandless et al. 1989; Kirkley et al.
1991).

Diamondites Monacrystalline diamonds
(Southern African) (globally)
72 analyses 2844 analyses

Peridotitic
Eclogitic
Websteritic

Fig. 4. Distribution of paragenesis in diamondites and mono-
crystalline diamonds (Mikhail et al. 2013).

The carbon isotope distribution in diamondites
have two major modes at ca -5%o0 and -20%. (Fig 5b;
Mikhail et al. 2013) whereas the other types of dia-
monds monocrystalline and coated show similar car-
bon isotope distribution with one major mode at ca -
5%o (Fig 5a and c; Mikhail et al. 2013). A significant
observation in the carbon isotope distribution of dia-
mondites is the low -20%o values which represent the P
-type diamondites, these values are rare for perioditic
mantle material (Mikhail et al. 2013). The diamondites
have also low *He/*He ratios implying little contribu-
He

2N e/**Ne ratios that is consistent with the crustal nu-

tion from primordial mantle-derived and

cleogenic production ratio (Burgess et al.1998; Honda
et al. 2004).
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Fig. 5. Carbon isotope distributions for different types of
diamonds. The yellow bar represent the mean mantle
(Mikhail et al. 2013).

Diamondites are different from coated -and mono-
crystalline diamonds in many aspects; mineral para-
genesis, morphology, carbon isotope compositions,
nitrogen isotope compositions, and inclusion composi-
tions (including micron-nano inclusions) (Jacob et al.
2000; Mikhail et al. 2013). Although there are many
petrological differences between diamondites and
coated/ monocrystalline diamonds there are few stud-
ies on diamondites. Diamondites compared with other
morphological groups are not rare, they make up to
50% of the total production of Orapa diamond which
is one of the world’s most productive diamond mines
(Mikhail et al. 2013). Some researches (Burgess et al.
1998; Honda et al. 2004; Mikhail et al. 2013; Kurat
and Dobosi 2000; Maruoka et al. 2004; Gautheron et
al. 2005) argue that the diamondites crystallization
processes are distinctly different from monocrystalline

diamonds and propose different theories.



Monocrystalline diamonds

Monocrystalline diamonds (Fig 6; Tappert and Tappert
2011) formed through precipitation from a metasomat-
ic fluid within solid eclogite or periodite and some-
times in websteritic compositions (Mikhail et al.
2013). W-type monocrystalline diamonds constituted
only 2% of 2844 analyses (Fig.4; Mikhail et al. 2013)
obtained until 2013 which means that the majority of

monocrystalline diamonds are either P -or E-type dia-

monds.

Fig. 6. Two monocrystalline diamonds (Tappert and Tappert
2011).

The low 8"C values <-10 %o in E -and W-type
diamonds are commonly explained by the recycling of
crustal organic carbon by subduction into the mantle
(Stachel et al. 2009). Another explanation for the low
values could be a high-temperature stable isotope frac-
tionation in the mantle which also has been suggested
for diamondites (Heaney et al. 2005).

Coated diamonds

Coated diamonds (Fig 7; Wang et al. 2003) are cubic
and consist of a mixture of polycrystalline-
monocrystalline diamond where the mono crystals
have been overgrown by a thick turbid polycrystalline
coat laden with micro-inclusions of fluid (Shirey and
Shigley 2013; Burgess et al. 1998). If the coat is com-
posed of elongated forms of diamond then it will ex-
hibit a fibrous structure and can be termed fibrous dia-
mond (Shirey and Shigley 2013). The coated dia-
monds exhibit a light- to dark grey colour depending
on the nature and abundance of the micro-inclusions

(Wang et al. 2003). Some observations have indicated

that coated diamonds crystallized from fluids that are
rich in C, O, H, N and low Si (Mikhail et al. 2013).

Fig. 7. A coated diamond (Wang et al. 2003).

Placer diamond

Polycrystalline diamonds; carbonados
Carbonados (Fig 8; Ketcham and Koeberl 2013) are
hard black-grey polycrystalline masses (of 8-12 mm in
size) consisting of sintered diamond grains usually
below 20pum and up to a few hundred micrometers in
size (Cartigny 2010; Kogel et al. 2002). Carbonados
normally occur in alluvial placer deposits in Brazil and
central Africa (Cartigny 2010). An alluvial placer de-
posit forms by selective concentration of heavy miner-
als that have eroded from a bedrock deposit within a
river system (Mudaliar et al. 2007; Stanaway 2012).

Fig. 8 Dark carbonado diamond with samples of calcite,

apatite and almandine garnet (Ketcham and Koeberl 2013).



Carbonados are used for industrial purposes primarily
grinding and drilling (Cartigny 2010). They are differ-
ent from other mantle diamonds by their low " C/** C
isotope ratios (5"°C values ranging from -21%o to -
32%o0, with major modes at -24%o and -26%o), high
porosity, absence of mantle derived mineral inclusions
and textural variation (Ishibashi et al. 2012; Ketcham
and Koeberl 2013). The most common texture is por-
phyritic which consist of small (10-250 pm) euhedral
diamonds cemented together by smaller (<1 pm) mi-
crodiamonds (De et al. 1998; Petrovsky et al. 2010;
Ketcham and Koeberl 2013). Subplanar dislocations
can sometimes be observed in the smaller crystals and
have been interpreted as defect lamellae. The larger
crystals have normally no defect lamellae (Ketcham
and Koeberl 2013).

The most abundant inclusion in carbonado is the
hydrated phosphate florencite, however more than 30
minerals have been identified for example orthoclase,
quartz and kaolinite which are of crustal origin. The
inclusions typically found in diamonds associated with
kimberlite that are of mantle origin have never been
found in carbonados (Heaney et al. 2005). Lastly low
*He/ *He ratios and high *He content have been ob-
served interpreted being caused by a subduction of

crustal component (Basu et al. 2013; Robinson 1978).

2 Methods

This literature study was focused on finding scientific
information about diamondites and the characterisation
of formation fluid. Research was also directed on find-
ing information about carbonado origin. Before focus-
ing on diamondites and carbonados a general investi-
gation of diamonds was performed.

The sources used for the literature study was geolo-
gy books and the database engineering village.com for

finding the scientific articles.

3 Results

As previously mentioned, diamondites were brought to
the surface by kimberlites and some workers for exam-
ple Honda et al. (2004) and Maruoka et al. (2004) con-
sider them to have different crystallization histories

than monocrystalline diamonds. Several theories are
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proposed to explain their crystallization histories.
Some researchers like Burgess et al. (1998) and Honda
et al. (2004) suggest that there is a contribution of
crustal material involved in the fluid when they crys-
tallized while others suggest that it crystallized from
upper mantle melts/ fluids that contained a carbonatitic

component (Kurat and Dobosi 2000).

Polycrystalline diamondite formation

mechanism

Kurat and Dobosi (2000) investigated the character of
the formation fluid for diamondites on the basis of
trace eclement abundances. In the study two dia-
mondites were selected with different mineral assem-
blages, one had a lilac garnet and green clinopyroxene
assemblage while the other had an orange garnet as-
semblage. Those assemblages are similar to garnet
inclusions in diamonds and garnets from known upper
mantle eclogites and peridotites. The source of the
diamondites samples is unknown but it was assumed
to be from Botswana (a country in Africa)since similar
samples have been described from this place before.

In this study severe contamination of fluid inclu-
sions were found during analysis by high trace ele-
ments signals (Fig 9). They detected that the fluid was
rich in LREE, Sr, Ba, U, Th, Rb, Nb and Ta (Fig 10) in
both garnets. Since these garnets are similar to garnets
known from upper mantle eclogites and peridotites and
have same content of LREE, Sr, Ba, U, Th, Rb, Nb
and Ta, Kurat and Dobosi (2000) suggested they
formed from upper mantle fluids of similar origin. The
only difference in chemical compositions between

()

“eclogitic” and “peridotitic” garnets are the Cr and Ti
content. The perioditic paragenesis has Cr,0;=5.2wt%
and Ti0,=0.27wt% while the eclogitic paragenesis has
lower Cr,0;=0.7wt% and higher TiO,=0.61wt%. The
Fe/Mg ratio on the other hand is about the same for
both diamondites 0.82 and 0.84wt% respectively. The
result of the low Fe/Mg ratios in both diamondites,
suggest for a peridotitic source of the fluids.The high
content of elements U, Th and Ta (High Field Strenght
Elements) has been explained. to be caused by trace
element partitioning between carbonates and silicates

which implicates an involvement of carbonatitic com-
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respectively (Kurat and Dobosi 2000).

ponent in the formation fluids/melts of the dia-
mondites. Due to the results in this study they conclud-
ed that the diamondites crystallized from upper mantle
fluid/melts that had a carbonatitic component. (Kurat
and Dobosi 2000).
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Fig. 10. Chondrite-normalized (Palme 1988) trace element
abundances calculated for fluid-poor and fluid-rich garnet in
Dia 016 from analysis periods (A and B) chosen in Fig.9. In
this diagram the fluid is very rich in highly incompatible
elements (Nd to Rb) (Kurat and Dobosi 2000).

Honda et al. (2004) investigated the noblegas geo-
chemistry in ancient mantle by combining vacuum

crushing and step-heating experiments and examining

13

full suite of noble gas isotope and elemental abundanc-
es. Investigating the noble gas geochemistry helps to
understand the structure of the Earth’s mantle and cre-
ate a coherent model for its evolution. To investigate
the noble gas geochemistry of ancient mantle four pol-
yerystalline diamondites of eclogitic paragenesis from
the Jwaneng kimberlite pipe (Botswana, a country in
Africa) were used because diamonds have several
characteristics that makes them useful as containers of
mantle noble gases, for example they are extreme
hard. In this study the neon isotope diagram (of
2INe/”Ne—*"Ne/*’Ne) reveals that three polycrystal-
line diamondites samples are close to crustal nucleo-
genic neon values (Fig 11) which could mean that the
nucleogenic neon observed in the Jwaneng dia-
mondites possible produced in the crust and subse-
quently incorporated into the samples by subduction-
related processes.Another result from this study that
could support subduction- related processes is excess
129Ke. The excess '*’Xe observed in the samples can
be explained by addition of crustal nucleogenic xenon
(which was produced from neutron capture of telluri-
um in the crust and then incorporated into the samples
by subduction- related processes) but further confirma-

tion is required to establish this process.
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One last study that can be mentioned that support
the theory of contribution of crustal material (by sub-
duction of oceanic of oceanic lithosphere beneath a
stable craton) in the formation fluid of diamondites
was done by Mikhail et al. (2013), where they studied
C-N isotope compositions and N-concentrations for 20
diamondites (12 websteritic and eight perioditic). The
8"C values range from -28.5%o to -4.6%o for P-type
garnet diamondites and -22.9%o to -5.5%0 for W-type
garnet diamondites. The 3"°N values obtained show a
range from -6.1%o to +22.6%0 where the highest 5"°N
(negative 5'°N values is characteristic of mantle nitro-
gen) values belong to P-type diamondites. Most of this
data, the C-N isotope compositions overlap with the C-
N isotopic field for crustal organic carbon (Fig 12).
There is also mantle contribution this was estimated
from two samples of each type (perioditic and web-
steritic) 8'°C values of -4.6%o and -5.5%o respectively
and 3N values of +5.2%o and +2.7%o respectively.
The presence of mantle-carbon was explained to have
been caused from the growth of polycrystalline dia-
mond that acted as a nuclei for further diamond for-
mation, absorbing any surrounding mantle derived
with 8" c of-5+3.

Most samples show N-concentrations below the

carbon value

field for pelagic organic materials, only three W-type
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diamondites were above 1000 ppm plotting in the field
for pelagic organic materials indicating a pelagic
(crustal) origin for the nitrogen found in these dia-
mondites. Why most samples show N-concentrations
below the field for pelagic organic materials can be
explained in two ways. One way of explaining this is
that nitrogen in the crustal organic material will be
fractionated relative to carbon during subduction this
will increase the C/N ratio of the subducted compo-
nent greatly to lower N-concentrations. Another expla-
nation is that not all of the diamondites forming carbon
and nitrogen is of crustal origin, giving values that do
not plot on the field for crustal material.

One of the studies that support the theory that dia-
mondites crystallized from upper mantle melts/fluids
is Gautheron et al. (2005). In this study they analyzed
noble gas composition and the isotopes of C and N on
six polycrystalline diamonds (four belonged to either
perioditic-or eclogitic paragenesis). This analysis ob-
tained radiogenic isotope ratio of helium R/Ra=0.14 —
1.29 (R=’He/*He ratio, Ra=present-day atmospheric
*He/*He ratio; Anderson et al. 2006), *'Ne/**Ne ratios
up to 0.0534 ccSTP/g, “°Ar/*’Ar ratios 477 — 6056
ccSTP/g and '*Xe/"**Xe ratios 6.54 — 6.91 ccSTP/g.
The Ne ratios and the Ar ratios found in this study are

similar to the ratios found in the mantle. The lowest
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value obtained in '"*Xe/"**Xe ratio is analogous to at-
mospheric source which could be caused by atmos-
pheric contamination. Maruoka et al. (2003) also sup-
port that diamondite crystallized from upper mantle
melts/fluids. They investigated the carbon isotope
abundances from diamondites with perioditic -and
eclogitic garnet. 35 diamondites of unknown origin
were analyzed. 13 of the 35 diamondites were P-type
diamondites and 19 were E-type diamondites; 3 did
not have any inclusions. The 8"C values obtained
show a range from -3.2 to -27.9 %o and a peak around -
18%o for both perioditic and eclogitic diamondites.
This peak could be explained by high temperature sta-
ble isotope fractionation (Rayleigh type) in an open
system before diamondite formation. Partial oxidation
of mantle CH,4 generated CO,. This resulted in a mix-
ture of *C-rich CO,and °C depleted CH, followed
by BC-rich CO, reaction with olivine to form magne-
site and clinopyroxene. Magnesite was subsequently
removed from the system resulting in diamondites
precipitation from *C depleted CH;, Marouka et al.
(2004) also support that the upper melts/fluids were

carbonate rich because the CO, generated by partial
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oxidation in the mantle can incorporate carbonatitic
fluids/melts.

An investigation that interpret their values to either
be caused by upper mantle melts/fluids or crustal ma-
terial is Burgess et al. (1998) study. For this research
ten diamondites and eight carbonados were investigat-
ed. Six diamondites were of eclogitic paragenesis
while the four others had unknown paragenesis. In this
study He -and C-isotopes and U content was investi-
gated. The values obtained from the diamondites were
*He/*He 0.1 — 3 Ra, bimodal 8'"*C values -6 and -20%o
(Fig.13) and U content 26-160 ppb. The low values of
*He/*He and 8'"°C and high U content could have been
influenced by subduction of crustal material. However
the low 8"°C value could also be explained by mantle
C-isotope fractionation during growth of the micron-
sized diamond crystallites and if this was the case then
the low *He/*He ratio cannot longer be explained by
subduction of crustal material and another process is
required to explain this. The low isotope *He/*He ratio
could then be explained by a-implementation of ‘He
by U, Th rich minerals. The latter process and the

mantle C-isotope fractionation suggest that the charac-



ter of the formation fluid of diamondites came from

the upper mantle.
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Fig. 13.Distribution of the *He/*He vs §'*C compositions in
carbonados (Burgess et al. 1998).

Carbonado origin

It is unclear where carbonado formed and several hy-
pothesis explaining their origin are proposed. Smith
and Dawson (1985) propose that carbonado has a me-
teorite impact origin. They argue that a meteorite im-
pact caused an impact metamorphism which explained
carbonado characteristics like carbon isotope ratio
(8"°C -27.8%0) and inclusions of crustal materials. This
could also explain londsalite an impact generated min-
eral which was present in one carbonado sample
(Smith and Dawson 1985). However no known evi-
dence for meteorite impact around the Brazilian carbo-
nado deposits have been observed (Ozima and Tatsu-
moto 1996).

Another hypothesis is that they formed within ura-
nium-rich carbonaceous sediments byimplementation
of a-particles (Kaminsky 1991; Ozima et al. 1991).
One argument for this hypothesis is the existence of U-
rich carbonaceous sediments that contain diamonds.
Another argument that support this hypothesis is high
levels of polycyclic aromatic hydrocarbon, PAH
(0.0020-0.0039%) which supports for a crustal carbon
source but is has not been confirmed yet that these
levels are primary and not secondary. If these values
are primary it could support a crustal carbon source.
Finally great amount of parentless fission '*>Xe has

been identified, which is only achievable if the carbo-
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naceous precursor of diamonds (and the diamonds
itself) were formerly part of a material that was rich in
U and finely dispersed over time (Daulton and Ozima
1996).

A mantle origin for carbonados has been rejected
early due to several factors; their C- isotope data is
closer to organic matter than typical upper mantle val-
ues, they are absent in kimberlites and lamproites and
mineral inclusions that are commonly found in mantle
diamonds for example garnet are absent in carbonados.
Even though a mantle origin has been rejected, Car-
tigny (2010) obtained results that could be explained
by mantle origin. He examined diamonds from the
Dachine komatiite that have C-N isotope composi-
tions, -32.6 to +0.15%0 (mode at ~-27%o) and -4.1 to
+6.9%0 (average ~+2.1£2.9%o) respectively identical to
those found in carbonado therefore Cartigny (2010)
developed a model linking carbonado to komatiite
magmas. In this model the sintering of diamond aggre-
gates that form carbonado was developed within the
hot komatiite magma on its way to the surface. The
sintering of diamond aggregates formed to komatiite-
related high temperatures perhaps up to 1600°C for
short periods of time. The high temperatures of ko-
matiite is the cause why carbonados are present in
these rocks and not in the kimberlites. The transport of
the komatiite together with the porous nature, old age -
and metamorphism of carbonado caused alteration in
the original inclusions and were replaced by crustal
inclusions.

The low 8"C (~-27%o) value in the Cartigny
(2010) study is different from the convective upper-
mantle §°C (~-5%o) value and is most likely to been
inherited in the transition zone as the other suggestion,
incorporation of subducted organic carbon in komatiite
failed to explain this value because their obtained
depth <90 km for the subducted organic carbon is to
shallow to account for occurrence of diamond (is sta-
ble ~150 km depth). The transition zone is proposed
because it yield eclogitic diamonds (transition dia-
monds). The transitions diamonds peculiar characteris-
tic, the low 8">C values that are different for different
places, Juina (Brazil), Jagersfontain and Kankan (from

southern and western african cratons respectively) for



example show C isotopic modes of ~-8%o, ~+1%o, ~-
21%o respectively has not successfully been explained.
Furthermore these values are also distinct from the
shallower upper mantle value of ~-5%o.

Another study that propose a mantle origin is Ishi-
bashi et al. (2012) where they studied the growth con-
ditions of carbonado. Their observations revealed
among others presence of: a certain crystal size distri-
bution, fluid inclusions and {111} (a plane in the crys-
tallographic structure) growth steps along grain bound-
aries. The crystal size distribution (Fig 14) pattern is
similar in shape to those rapidly formed crystal in liq-
uid media. The presence of fluid inclusions is support-
ed by a negative crystal (an octahedral void) and iso-
lated voids in single diamond crystals. They are inter-
preted to be fluid inclusions because they are found
isolated thus is consistent with one of the mechanism
that form fluid inclusion. Another argument explaining
why they are interpreted to be fluid inclusions is the
fact that they are primary texture since they are sur-
rounded by the {111} growth steps (primary texture
because they are found at diamond—diamond bounda-
ries) where they formed to compensate the crystallo-
graphic orientation disproportion among neighboring
crystals and were filled by the coexisting fluid. Fur-
thermore their smooth surfaces indicate that near-
equilibrium was obtained between the fluid and the
host diamond and the type of fluid was suggested by

infrared absorption spectra bands to be water.
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Fig. 14.Crystal size distribution of carbonado (Ishibashi et
al. 2012).

4 Discussion

Diamondites

Crustal material can explain the following values;
high 8N values (in websteritic -and perioditic dia-
mondites), *C-depletion (in perioditic, eclogitic -and
websteritic diamondites), high N-concentrations (in
websteritic diamondites) low *He/*He ratio and excess
of 'Xe isotopic compositions (in eclogitic dia-
mondites) (Mikhail et al. 2013; Honda et al. 2004).
However the °C depletion has also been suggested to
reflect fluids/melts from the upper mantle (in eclogitic
-and perioditic-type diamondites) and exactly which
process that could have caused the *C-depletion is
mantle C-isotope fractionation during growth of the
micron-sized diamond crystallites. If the *C-depletion
was caused by mantle C-isotope fractionation then the
low *He/*He ratio cannot longer be explained by sub-
duction crustal material and another process is re-
quired to explain this, a-implementation of “He by U,
Th rich minerals could cause low *He/*He ratio
(Maruoka et al. 2003; Burgess et al. 1998). This means
that both mantle -and crustal components could have
caused *C-depletion and low *He/*He ratio.

There are two main arguments against the theory of
contribution of crustal material. The first one is that
eclogite diamonds with low &'"°C are '"N-depleted
which cannot reflect crustal material because crustal
material are 'N-enriched suggesting that they might
not have a contribution of crustal material in their for-
mation mechanism. However the majority of dia-
mondites (of websteritic -and perioditic paragenesis)
show crustal like '*N-enrichment.

Another argument is that most monocrystalline
diamonds with low &°C values have low N-
concentrations. Those arguments are valid against the
theory of contribution of crustal material for mono-
crystalline diamonds but diamondites are not mono-
crystalline diamonds and show '“N-enrichment and
high N-concentrations. Even though the diamondites
could have a crustal contribution in the formation flu-
ids they could also be closely related to monocrystal-
line diamond formation events as Mikhail et al. (2013)
suggest. In the Mikhail et al. (2013) study the P -and



W-type garnets have REE-patterns that are analogous
to eclogitic garnets. The REE-patterns were caused by
incomplete mixing between volatile saturated eclogitic
and perioditic melts, a process that is consistent with
the model for websteritic garnet petrogenesis. This
could mean that the diamondite formation (of eclogitic
-and perioditic garnets) is closely related to websteritic
monocrystalline diamond formation events. If a crustal
contribution origin were to be determined they could
at the same time be closely related to websteritic
monocrystalline diamond formation events.

As there are many evidence for crustal contribution
there are also several evidence thatsupport upper man-
tle melts/fluids for eclogitic -and perioditic dia-
mondites which are; Ar (ratios 477 — 6056 ccSTP/g)
and neon ratios (*'Ne/**Ne up to 0.0534 ccSTP/g) have
similar values to mantle values, inclusions (the orange
-and lilac garnet inclusions are similar to garnet known
form the upper mantle eclogites and periodites), high
abundances of incompatible trace elements and strong
positive abundance anomalies of HFSEs (Kurat and
Dobosi 2000; Burgess et al. 1998). The only values
that upper mantle melts/fluids cannot explain are the
high 3'°N values obtained in websteritic -and periodit-
ic diamondites and the high N-concentrations obtained
in websteritic diamondites.

At the moment it is more likely that the formation
fluids of E -and P-type diamondites were derived from
the upper mantle because there are more evidence that
is consistently supported by both eclogitic -and peri-
oditic diamondites while the other hypothesis evidence
are not consistently supported by both eclogitic -and
perioditic diamondites. To determine this origin with
certainty a process or processes that implicate mantle-
origin are needed to explain high 5'°N values obtained
in perioditic diamondites.

Finally the websteritic diamondites formation flu-
ids are more likely to have a crustal origin as all evi-

dence mentioned suggest this origin.

Carbonado

Some researchers propose a meteorite impact origin

for carbonado (Smith and Dawson 1985). Impact met-
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amorphism caused by a meteorite impact could explain
the light 8"*C values, magnetic inclusions, crustal in-
clusions, and the high polycyclic aromatic hydrocar-
bon levels observed in carbonados. Pervasive defect
lamellae which implies plastic deformation has been
observed in some TEM studies of carbonados. Howev-
er this can also be observed in another type of poly-
crystalline diamond; framesites (mantle diamond),
originally and experimentally. Defect lamellae is
therefore not restricted to shock metamorphism and
can not be used as an argument to support the impact
scenario (Heaney et al. 2005). A clear argument
against the meteorite impact scenario is the absence of
londsalite, a mineral found in yakutite, an impact gen-
erated variety of polycrystalline diamonds (has only
been found in one sample of carbonado (Smith and
Dawson 1985). Another argument against this process
is shock wave calculations which have indicated that
the maximum size for a diamond formed by impact is
~1 cm (impact-generated diamonds are normally sub-
millimeter in dimension and less cohesive than carbo-
nado), thus is not consistent with the 8-12 mm size of
carbonado (Kogel et al. 2003). Finally the typical ab-
sorption of 1.8 eV observed in impact generated dia-
mond is not observed within carbonados (Sano et al.
2002).

Other researchers (Kaminsky 1991: Ozima et al.
1991) propose that carbonados formed within uranium
-rich carbonaceous sediments by implementation of -
particles. The arguments for this hypothesis are; the
existence of U-rich carbonaceous sediments that con-
tain diamonds, high levels of polycyclic aromatic hy-
drocarbon, PAH (0.0020-0.0039%) and parentless
fission **Xe. The existence of U-rich carbonaceous
sediments that contain diamonds is ruled out because
these diamonds do not exceed 500 nm while carbona-
dos are larger than this (8-12 mm in size) (Heaney et
al. 2005). PAH values supports for a crustal carbon
source but nothing has been mentioned that this source
has to be uranium-rich as well. Since the PAH values
has not been mentioned to be caused by uranium, these
values only support for the carbonaceous part of the
hypothesis and not uranium-part. The strongest argu-

ment of this hypothesis is the great amount of parent-



less fission '**Xe, that is only possible if the carbona-
ceous precursor of diamonds (and the diamonds itself)
were formerly part of a material that was rich in U and
finely dispersed over time (Daulton and Ozima 1996).
At the moment one strong argument is not enough to
determine this as the origin of carbonados but if carbo-
nados of smaller sizes were to be found this origin
would be more possible.

The probability that carbonado formed in the man-
tle is often rejected because there are many parameters
this origin can not explain, for example 5"°C -23%o to -
30%o ratio (is closer to organic matter than upper man-
tle values) and their absence in kimberlites and
lamproites (Cartigny 2010). However, Cartigny (2010)
obtained results that could be caused by mantle origin.
He examined diamonds from the Dachine komatiite
that have C-N isotope compositions, -32.6 to +0.15%o
(mode at ~-27%0) and -4.1 to +6.9%. (average
~+2.142.9%0) respectively identical to those found in
carbonado therefore Cartigny (2010) developed a
model linking carbonado to komatiite magmas. This
model support the C-isotope compositions to originate
from the transition zone, this is problematic because
there are other C-isotope compositions (from other
studies) that suggest to derive from this source as well.
How can it be possible that the transition zone can
have different C-isotope compositions? Another pa-
rameter that is also problematic to explain is the low
variability at a given place from upper mantle 8"°C -
5%o values to transition zones 8'"°C -21%o values. Car-
tigny (2010) solve the mentioned problems by propos-
ing that there are deep mantle domains that might have
distinct C-isotope compositions, which could be true
but at the moment no supporting data has been found
for this nor samples of carbonados related to komatiite
magmas.

Another study that propose a mantle origin is Ishi-
bashi et al. (2012). They propose that carbonado crys-
tallized from a carbon-oversaturated H,O-bearing fluid
due to the following observations; crystal size distribu-
tion, {111} (a plane in the crystallographic structure)
growth steps along grain boundaries, and fluid inclu-
sions. The crystal size distribution (Fig 14) pattern is

similar in shape to those rapidly formed crystals in
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liquid media, which means that some type of liquid
media was implicated in the formation of carbonados.
The {111} growth steps along grain boundaries sup-
port that carbonado crystallized from a carbon-
oversaturated H,O-bearing fluid because other studies
(for example Akaishi and Yamaoka 2000; Sokol et al.
2009) have reported the growth of {111} faces during
the formation of polycrystalline diamond in carbon-
oversaturated-H,O-fluid and melt. Lastly the voids and
the negative crystal with their smooth surface reveals
that a coexisting fluid (had H,O as revealed by infra-
red absorption spectra bands) was present (a near-
equilibrium was obtained between the fluid and the
host diamond).

It is clear by the above observations that a coexist-
ing fluid was present during growth of the carbonado.
The existence of a coexisting fluid during growth re-
veals that the host mineral phase (in this case it would
be the carbonado-forming diamond) is under stable
thermodynamic conditions and even supersaturated in
the coexisting liquid phase, thus Ishibashi et al. (2012)
conclude that carbonado crystallized from a carbon-
oversaturated H,O-bearing fluid where diamond is
thermodynamically stable (for example in Earth’s
mantle). This suggestion is consistent with other ob-
servations (Fukura et al. 2005; Kagi and Fukura 2008)
where the residual pressure in carbonado (central Afri-
ca) correlates with the stability field of diamond at
high temperatures.

Finally even though the Ishibashi et al. (2012)
study could neither identify the carbon source of car-
bonado a mantle origin is the most likely origin for
carbonado at the moment as it is supported by many
textural observations and could explain the absence of
common mineral inclusions and why they are not
found in association with kimberlites but to determine
this with certainty the carbon source needs to be iden-
tified in the mantle as well as komatiite related carbo-

nados.



5

Conclusions

Diamondites

Eclogitic and perioditic diamondites are most
likely to have been formed from upper mantle
melts/fluids. To determine this with certainty a
process or processes are needed to explain the
high 3"°N values obtained in perioditic dia-

mondites.

The websteritic diamondites formation fluids
are more likely to have a crustal origin as all

evidence mentioned suggest this origin.

Eclogitic, perioditic -and websteritic dia-
mondites have distinct crystallization histories

than monocrystalline diamonds.

Carbonados

Carbonados are not formed by a meteorite im-
pact because this hypothesis have no concrete
evidence that links the characteristics to just a
meteorite impact scenario and there are several

clear arguments against this hypothesis.

Parentless fission '**Xe is the only argument
that can evidence an origin from uranium-rich
carbonaceous sediment but is not enough to
determine this origin for carbonados. If smaller
sizes of carbonados were to be found this could

be a possible origin.

Carbonado could be formed in the mantle since
there are many textural observations that sup-
port this however to completely determine this
we have to identify the carbon source of carbo-

nado and komatiite related carbonados.

20

6 Acknowledgements

I would like to thank my family for their shown sup-
port during this process and above all my sister which
was the person that was there for me the most. I would
also like to thank my supervisors Carl Alwmark and

Leif Johansson for their comments and guidance.

7 References

Akaishi, M., Yamaoka, S., 2000: Crystallization of
diamond from C-O-H fluids under high-pressure
and high-temperature conditions. Journal of Crystal
Growth 209, 999-1003.

Aulbach, S., Stachel, T., Viljoen, SK., Brev, G.P.,
Harris, J.W., 2002: Eclogitic and Websteritic
diamond sources beneath the Limpopo Belt- is slab
-melting the link? Contributions to mineralogy and
petrology 143, 56-70.

Anderson, D.L., Foulger, G.R., Meibom, A., 2006:
Helium: Fundamentals models.
©MantlePlumes.org

Burgess, R., Johnson, L.H., Mattey, D.P., Harris, JW.,
Turner, G., 1998: He, Ar and C isotopes in coated
and polycrystalline diamonds. Chemical Geology
146,205-217.

Boyd, S.R., Pillinger, C.T., 1994: A preliminary study
of the ""N/'N in octahedral growth form dia-
monds. Chem. Geol 116, 43-59

Carlson, R.W., 2005: The mantle and Core: Treatise
on Geochemistry. Elsevier Science. 608 pp.

Cartigny, P., Boyd, S.R., Harris, J.W., Javoy, M.,
1997: Nitrogen isotopes in perioditic diamonds
from Fuxian, China: the mantle signature. Terra
Nova 9, 175-179.

Cartigny, P., Harris, J.W., Javoy, M., 1998: Eclogitic
diamond formation at Jwaneng: no room for a re-
cycled component. Earth planet Science Letters
280, 1421-1424.

Cartigny, P., Harris, J.W., Javoy, M., 1999: Eclogitic,
perioditic and metamorphic diamonds and the
problems of carbon recycling—the case of Orapa
(Botswana). In 7" International Kimberlite Confer-
ence Extended Abstract. 117-124.

Cartigny, P., Stachel, T., Boyd, S.R., Harris, J.W., J



avoy, M., 2004: Constraining diamond metasomat-
ic growth using C- and N- stable isotopes: exam-
ples from Namibia. Lithos 77, 359-373.

Cartigny, P., 2005: Stable isotopes and the origin of
diamonds. Elements 1, 79-84.

Cartigny, P., 2010: Mantle-related carbonados? Geo
chemical insights from diamonds from the Dachine
komatiite (French Guiana). Earth and Planetary
Science Letters 296, 329- 339

Condie, K.C., 2001: Mantle Plumes and Their Record
in Earth History. Cambridge University Press. 326
pp.

Chandler, D.L., 2010: Explained Bandgap. Under
standing how electrons get excited is crucial to
creating solar cells and light emitting diodes. MIT
News Office.

Daulton, T.L., Ozima, M., 1996: Radiation-Induced
Diamond Formation in Uranium-Rich Carbona-
ceous Material. Science, New Series 271, 1260-
1263.

Deines, P., Harris, J.W., Gurney, J.J., 1993: Depth-
related carbon isotope and nitrogen concentration
variability in the mantle below the Orapa Kimber
lite, Botswana, Africa. Geochimica et Cosmo-
chimica Acta 57, 2781-2796.

Drescher, J., Kirsten, T., Schifer, K., 1998: The rare
gas inventory of the continental crust, recovered by
the KTB Continental Deep Drilling Project. Earth
planet Science Letters 154, 247- 263.

Fettke, C.R., Sturges, F.C., 1933: Note on the structure
of carbonado or black diamond. A merican Miner-
alogist 18, 172-174.

Ferrini, V., Sassano, G., 1999: Nature, origin and age
of diamonds: a state-of-the-art report. Periodico di
Mineralogia 68, 109-126.

Fukura, S., Nakagawa, T., Kagi, H., 2005: High spatial
resolution photoluminescence and Raman spectro-
scopic measurements of a natural polycrystalline
diamond, carbonado. Diamond and Related Materi-
als 14, 1950-195.

Gautheron, C., Cartigny, P., Moreira, M., Harris, J.W.,
Allégre, C.J., 2005: Evidence for a mantle compo-
nent shown by rare gases, C and N isotopes in pol-

ycrystalline diamonds from Orapa (Botswana).

21

Earth and Planetary Science Letters 240, 559-572.

Gurney, J.J., Boyd, F.R., 1982: Mineral intergrowths
with polycrystalline diamonds from Orapa mine,
Botswana. Carnegie institution. Wash. Y earbook
81,267-273.

Harlow, G.E., Davies, R.M. 2005: Diamonds. FEle-
ments 1, 67-70.

Harte, B., 2010: Diamond formation in the deep man-
tle: the record of mineral inclusions and their distri-
bution in relation to mantle dehydration zones.
Mineralogical Magazine 74, 189- 215.

Heaney, P.J., Vicenzi, E.P., De, S., 2005: Strange Dia-
monds: The mysterious Origins of Carbonado and
Framesite. Elements 1, 85-89.

Honda, M., Phillips, D., Harris, J.W., Yatsevish, L.,
2004: Unusual noble gas compositions in polycrys-
talline diamonds: preliminary results from the
Jwaneng kimberlites, Botswana. Chemical geology
203, 347-358.

Hough, R.M., Gilmour, 1., Pillinger, C.T., Arden, JJW.,
Gilkes, K.W.R., Yuan, J., Milledge, H.J., 1995:
Diamond and silicon carbide in impact melt rock
from the Ries impact crater. Nature 378, 41-44.

Ishibashi, H., Kagi, H., Sakuai, H., Ohfuji, H., Sumi-
no, H., 2012: Hydrous fluid as the growth media of
natural polycrystalline diamond, carbonado: Impli-
cation from IR spectra and microtextural observa-
tions. A merican Mineralogist 97, 1366-1372.

Jacob, D.E., Viljoen, K.S., Grassineau, N., Jagoutz, E.,
2000: Remobilization in the Cratonic Lithosphere
Recorded in Polycrystalline Diamond. Science
289, 1182-1185.

Jackson, M.G., Dasgupta, R. 2008. Compositions of
HIMU, EMI1, and EMI2 from global trends be-
tween radiogenic isotopes and major elements in
ocean island basalt. Earth and Planetary Science
Letters 276, 175-186.

Kagi, H. and Fukura, S., 2008: Infrared and Raman
spectroscopic observations of Central African car-
bonado and implications for its origin. European
Journal of Mineralogy 20, 387-393.

Ketcham, R.A., Koeberl, C., 2013: New textural evi-
dence on the origin of carbonado diamond: An

example of 3-D petrography using X-ray computed



tomography. Geosphere 9, 1336-1347.

Kirkley, M.B., Gurney, J.J, Richard, R.S., 1991:
Jwaneng framesites: carbon isotopes and inter-
growth compositions. In proceeding of the fifth
international kimberlite conference. CPRM special
publications, 127-135.

Kogel, J.E., Trivedi, N.C., Barker, J.M., Krukowsk,
S.T., 2002: Industrial Minerals & Rocks: Com-
moditites, Markets, and Uses. Society for Mining,
Metallurgy, and Exploration. 1548 pp.

Kurat, G., Dobosi, G., 2000: Garnet and diopside-
bearing diamondites (framesites). Mineralogy and
Petrology 69, 143-159.

Kononova, V. A., Bogatikov, O.A., Kondrashov, 1. A.,
2011: Kimberlites and Lamproites: Criteria for
Similarity and Differences. Petrology 19, 34-54.

Lodish, H., Berk, A., Zipursky, L., Matsudaira, P.,
Baltimore, P., Darnell, J., 1999: Molecular Cell
Biology. W. H. Freeman. 1184 pp.

Maruoka, T., Kurat, G., Dobosi, G., Koeberl, C., 2004:
Isotopic composition of carbon in diamonds of
diamondites: Record of mass fractionation in the
upper mantle. Geochimica et Cosmochimica Acta
68, 1635-1644.

McCandless, T.E., Kirkley, M.B., Robinson D.-N.,
Gurney, J.J., Griffin W.L., Cousens D.R., Boyd. F.
-R., 1998: Some initial observations on polycrys-
talline diamonds mainly from Orapa. Extended
abstracts, Workshop on Diamonds, 28™ Interna-
tional Geological Congress, 47-51.

Mikhail. S., Dobosi, G., Verchovsky, A.B., Kurat, G.,
Jones, A.P., 2013: Perioditic and Websteritic dia-
mondites provide new information regarding man-
tle melting and metasomatism induced through the
subduction of crustal volatiles. Geochimica et Cos-
mochimica Acta 107, 1-11.

Mikhail, S., Howell, D., McCubbin, F.M., 2014: Evi
dence for multiple diamondite-forming events in
the mantle. A merican Mineralogist 99, 1537-1543.

Mudaliar, G.G., Richards, J.P., Eccles, D.E., 2007:
Gold, Platinum and Diamond Placer Deposits in
Alluvial Gravels, Whitecourt, Alberta. 4 /berta En-
ergy and Utilities Board,

EUB/AGS, SPE 089, 24 p.

22

Nixon, P.-H., 1995: The morphology and nature of
primary diamondiferous occurrences. Journal of
Geochemical Exploration 53,41-71.

Ozima, M., Tatsumoto, M., 1997: Radiation- induced
diamond crystallization: Origin of carbonados and
its implications on meteorite nano-diamonds. Geo-
chimica et Cosmochimica Acta 61, 369-376.

Pinti, D., Matsuda, J., Maruyama, S., 2001: Anoma-
lous xenon in Archean cherts from Pilbara Craton,
Western Australia. Chemical Geology 175, 387-
395.

Robb, L., 2005: An introduction to ore-forming pro-
cesses. Blackwell Publishing, Boston, MA. 373 pp.

Sano, Y., Yokochi, R., Terada, K., Chaves, M.L., Ozi-
ma, M., 2002: Ton microprobe Pb-Pb dating of car-
bonado,
Research 113,155-168.

Shelkov, D.A., 1997: N and C Isotopic Composition of

Different Varieties of Terrestrial Diamond and

polycrystalline diamond. Precambrian

Carbonado. Planetary Science Research Institute,
The Open University, Milton Keynes. 219 pp.

Shirey, S.B., Harris, J.W., Richardson, S.H., Fouch,
M., James, D.E., Cartigny, P., Deines, P., Viljoen,
F., 2003: Regional patterns in the paragenesis and
age of inclusions in diamond, diamond composi-
tion and the lithospheric seismic structure of
Southern Africa. Lithos 71, 243-258.

Shirey, S.B., Shigley, J.E., 2013: Recent Advances in
Understanding the Geology of Diamonds. Gems &
Gemology 49, 2.

Sobolev, N.V., V.N,, G.A.,
Yefimova, E.S., Taylor, L.A., 1999: Significance

of Eclogitic and Related Parageneses of Natural

Sobolev, Snyder,

Diamonds. International Geology Review 41, 129-
140.

Sokol, G.A., Palyanov, Y.N,,
Tomilenko, A.A., Melenevsky, V.N., 2009: Fluid

regime and diamond formation in the reduced man-

A.G., Palyanova,

tle: Experimental constraints. Geochimica et Cos-
mochimica Acta 73, 5820-5834.

Stachel, T., 2001: Diamonds from the asthenosphere
and the transition zone. European Journal of Min-
eralogy 13, 883-892.

Stachel T, Brey G.P., Harris, J.-W., 2005: Inclusions



in sublithospheric diamonds: glimpses of deep
Earth. Elements 1, 73-78.

Stachel, T., Harris, J.W., 2008: The origin of cratonic
diamonds; constraints from mineral inclusions. Ore
Geology Reviews 34, 5-32.

Stanaway, K.J., 2012: Ten placer deposit models from
five sedimentary environments. 4 pplied Earth Sci-
ence (Trans. Inst. Min. Metall. B) 121, 43-51.

Tappert, R., Tappert, M.C., 2011: Diamonds in Na-
ture: A Guide to Rough Diamonds. Springer. 142
pp.

Thomazo, C., Pinti, D.L., Busigny, V., Ader, M.,
Hashizume, K., Phillippot, P., 2009: Biological
activity and the Earth’s surface evolution: insights
from carbon, sulfur, nitrogen and iron stable iso-
topes in the rock record. CR Palevol 8, 665-678.

Wang, W., Moses, T.M., Shigley, J.E., 2003: Physical
and chemical features of a large coated natural dia-
mond crystal. Diamond and Related Materials 12,
330-335.

23






Tidigare skrifter i serien
”Examensarbeten i Geologi vid Lunds
universitet”:

409.

410.

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

421.

Olsenius, Bjorn, 2014: Vinderosion,
sanddrift och markanvdndning pé Kris-
tianstadsslatten. (15 hp)

Bokhari Friberg, Yasmin, 2014: Oxygen
isotopes in corals and their use as proxies
for El Nifio. (15 hp)

Fullerton, Wayne, 2014: REE mineralisa-
tion and metasomatic alteration in the
Olserum metasediments. (45 hp)
Mekhaldi, Florian, 2014: The cosmic-ray
events around AD 775 and AD 993 - As-
sessing their causes and possible effects
on climate. (45 hp)

Timms Eliasson, Isabelle, 2014: Is it pos-
sible to reconstruct local presence of pine
on bogs during the Holocene based on
pollen data? A study based on surface and
stratigraphical samples from three bogs in
southern Sweden. (45 hp)

Hjulstrom, Joakim, 2014: Bortforsling av
kaxblandat vatten fran borrningar via dag-
vattenledningar: Riskanalys, karaktirise-
ring av kaxvatten och reningsmetoder. (45
hp)

Fredrich, Birgit, 2014: Metadolerites as
quantitative P-T markers for Sveconorwe-
gian metamorphism, SW Sweden. (45 hp)
Alebouyeh Semami, Farnaz, 2014: U-Pb
geochronology of the Tsineng dyke
swarm and paleomagnetism of the Hart-
ley Basalt, South Africa — evidence for
two separate magmatic events at 1.93-
1.92 and 1.88-1.84 Ga in the Kalahari
craton. (45 hp)

Reiche, Sophie, 2014: Ascertaining the
lithological boundaries of the Yoldia Sea
of the Baltic Sea — a geochemical ap-
proach. (45 hp)

Mroczek, Robert, 2014: Microscopic
shock-metamorphic features in crystalline
bedrock: A comparison between shocked
and unshocked granite from the Siljan
impact structure. (15 hp)

Balija, Fisnik, 2014: Radon ett samhéll-
sproblem - En litteraturstudie om geolo-
giskt sammanhang, hélsoeffekter och
mdjliga 16sningar. (15 hp)

Andersson, Sandra, 2014: Undersdkning
av kalciumkarbonatférekomsten i infiltra-
tionsomrddet i Sydvattens vattenverk,
Vombverket. (15 hp)

Martin, Ellinor, 2014: Chrome spinel

422.

423.

424.

425.

426.

427.

428.

429.

430.

431.

432.

433.

434.

grains from the Komstad Limestone For-
mation, Killeréd, southern Sweden: A
high-resolution study of an increased me-
teorite flux in the Middle Ordovician. (45
hp)

Gabrielsson, Johan, 2014: A study over
Mg/Ca in benthic foraminifera sampled
across a large salinity gradient. (45 hp)
Ingvaldson, Ola, 2015: Ansvarsutred-
ningar av tre potentiellt fOrorenade
fastigheter i Helsingborgs stad. (15 hp)
Robygd, Joakim, 2015: Geochemical and
palacomagnetic characteristics of a Swe-
dish Holocene sediment sequence from
Lake Storsjon, Jamtland. (45 hp)

Larsson, Mans, 2015: Geofysiska un-
dersdkningsmetoder for geoenergisystem.
(15 hp)

Hertzman, Hanna, 2015: Pharmaceuticals
in groundwater - a literature review. (15
hp)

Thulin Olander, Henric, 2015: A contribu-
tion to the knowledge of Féard's hydrogeol-
ogy. (45 hp)

Peterffy, Olof, 2015: Sedimentology and
carbon isotope stratigraphy of Lower—
Middle Ordovician successions of Slem-
mestad (Oslo-Asker, Norway) and Brun-
flo (Jdmtland, Sweden). (45 hp)
Sjunnesson, Alexandra, 2015: Sparim-
nesforsok med nitrat for beddmning av
spridning och uppehéllstid vid aterinfiltra-
tionav grundvatten. (15 hp)

Henao, Victor, 2015: A palacoenviron-
mental study of a peat sequence from Iles
Kerguelen (49° S, Indian Ocean) for the
Last Deglaciation based on pollen analy-
sis. (45 hp)

Landgren, Susanne, 2015: Using calcein-
filled osmotic pumps to study the calcifi-
cation response of benthic foraminifera to
induced hypoxia under in situ conditions:
An experimental approach. (45 hp)

von Knorring, Robert, 2015: Un-
dersdkning av karstvittring inom Kristian-
stadssldttens NV  randomrade  och
beddmning av dess betydelse for
grundvattnets sarbarhet. (30 hp)

Rezvani, Azadeh, 2015: Spectral Time
Domain Induced Polarization - Factors
Affecting Spectral Data Information Con-
tent and Applicability to Geological Char-
acterization. (45 hp)

Vasilica, Alexander, 2015: Geofysisk
karaktérisering av de ordoviciska kalk-
stensenheterna pa sodra Gotland. (15 hp)



435.

436.

437.

438.

439.

440.

441.

442.

443.

444,

445.

446.

447.

448.

Olsson, Sofia, 2015: Naturlig nedbrytning
av klorerade 16sningsmedel: en modeller-
ing 1 Biochlor baserat pa en fallstudie. (15
hp)

Huitema, Moa, 2015: Inventering av
fororeningar vid en branddvningsplats i
Link6pings kommun. (15 hp)

Nordlander, Lina, 2015: Borrning-
steknikens paverkan vid provtagning infor
dimensionering av formationsfilter. (15
hp)

Fennvik, Erik, 2015: Resistivitet och IP-
mitningar vid Aspd Hard Rock Laborato-
ry. (15 hp)

Pettersson, Johan, 2015: Paleockologisk
undersdkning av Triberga mosse, syddstra
Oland. (15 hp)

Larsson, Alfred, 2015: Mantelplymer -
realitet eller ad hoc? (15 hp)

Holm, Julia, 2015: Markskador inom
skogsbruket - jordartens betydelse (15 hp)
Akesson, Sofia, 2015: The application of
resistivity and IP-measurements as inves-
tigation tools at contaminated sites - A
case study from Kv Renen 13, Varberg,
SW Sweden. (45 hp)

Lonsjo, Emma, 2015: Utbredningen av
PFOS i Sverige och virlden med fokus pa
grundvattnet — en litteraturstudie. (15 hp)
Asani, Besnik, 2015: A geophysical study
of a drumlin in the Asnen area, Smaéland,
south Sweden. (15 hp)

Ohlin, Jeanette, 2015: Riskanalys &ver
pesticidforekomst i1 enskilda brunnar i
Sjobo kommun. (15 hp)

Stevic, Marijana, 2015: Identification and
environmental interpretation of microtex-
tures on quartz grains from aeolian sedi-
ments - Brattforsheden and Vittskovle,
Sweden. (15 hp)

Johansson, Ida, 2015: Is there an influ-
ence of solar activity on the North Atlan-
tic Oscillation? A literature study of the
forcing factors behind the North Atlantic
Oscillation. (15 hp)

Halling, Jenny, 2015: Inventering av

449,

450.

451.

452.

453.

454.

455.

456.

457.

458.

459.

sprickmineraliseringar i en del av Sorgen-
frei-Tornquistzonen, Dalby  stenbrott,
Skane. (15 hp)

Nordas, Johan, 2015: A palynological
study across the Ordovician Kinnekulle.
(15 hp)

Ahlén, Alexandra, 2015: Carbonatites at
the Alnd complex, Sweden and along the
East African Rift: a literature review. (15
hp)

Andersson, Klara, 2015: Undersdkning av
slugtestsmetodik. (15 hp)

Ivarsson, Filip, 2015: Hur bildades Bush-
veldkomplexet? (15 hp)

Glommé, Alexandra, 2015: ¥Sr/**Sr in
plagioclase, evidence for a crustal origin
of the Hakefjorden Complex, SW Swe-
den. (45 hp)

Kullberg, Sara, 2015: Using Fe-Ti oxides
and trace element analysis to determine
crystallization sequence of an anorthosite-
norite intrusion, Algén SW Sweden. (45
hp)

Gustafsson, Jon, 2015: Nér borjade
plattektoniken? Bevis for plattektoniska
processer i geologisk tid. (15 hp)
Bergqvist, Martina, 2015: Kan Olands
grundvatten 6ka vid en uppddmning av de
utgravda dikena genom strandvallarna pa
Olands 6stkust? (15 hp)

Larsson, Emilie, 2015: U-Pb baddeleyite
dating of intrusions in the south-
easternmost Kaapvaal Craton (South Afri-
ca): revealing multiple events of dyke
emplacement. (45 hp)

Zaman, Patrik, 2015: LiDAR mapping of
presumed rock-cored drumlins in the
Lake Asnen area, Smaland, South Swe-
den. (15 hp)

Aguilera Pradenas, Ariam, 2015: The
formation mechanisms of Polycrystalline
diamonds: diamondites and carbonados.

(15 hp)

LUNDS UNIVERSITET

Geologiska institutionen

Lunds universitet

Solvegatan 12, 223 62 Lund



	Examensarbete (Ariam Aguilera Pradenas)
	Nr 459



