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Introduction
The papers presented in this special issue of Open Geo-
sciences (also see [1]) cover a diverse range of topics
from the graphite-diamond association in carbonatites, to
platinum-group element (PGE; including platinum, palla-
dium, rhodium, ruthenium, iridium and osmium) miner-
alization and many aspects of the petrogenesis of ma�c–
ultrama�c rocks, in keeping with the research interests of
Professor Kogarko. Studies of PGEmineralization inma�c-
ultrama�c rocks are of great interest to exploration geolo-
gists due to the fact that PGEs o�er the dual attraction of
rare, high-value precious metals as well as major indus-
trial applications. Platinum has aesthetic qualities, com-
bined with a permanent lustre, which encourage its use in
themanufacture of jewellery and, like gold, it also �nds an
investment role. Platinum, rhodium, and palladium have
important applications as catalysts, enabling petroleum

*Corresponding Author: Lalchand Govindram Gwalani: Copper-
Gold-Fluorite Research Project, KRCL-Uni.WA, c/o Ms. Shradha L.
Gwalani, Boronia 26 Mounts Bay Village, 122 Mounts Bay Road,
Perth WA 6000, Australia
Ken Rogers: Speewah Research Project, King River Copper Limited,
7 Norton Ridge, Winthrop (Perth) WA 6150, Australia
Francesco Stoppa: Petrography and Petrology, G. d’Annunzio Uni-
versity, Department of Psychological Sciences, Humanities and
Territory, 66100 Chieti, Italy
Peter J. Downes: Department of Earth and Planetary Sciences,
Western Australian Museum, Locked Bag 49, Welshpool DC, WA
6986, Australia
Kirtikumar Randive: Department of Geology, Rashtrasant Tukadoji
Maharaj Nagpur University, Nagpur – 440 001 (MH), India
K.R. Hari: School of Studies in Geology and Water Resource Man-
agement, Pt. Ravishankar Shukla University, Raipur 492 010 (CG)
India
Michał Bucha: University of Wroclaw, Institute of Geological Sci-
ences, Max Born Square 9, 50-210 Wrocław, Poland

and fuels and chemicals to be produced e�ciently from
crude oil. At present, most of the world’s reserves of PGEs
occur in South Africa, with virtually all the South African
production being derived from the Bushveld Complex.

PGEs are strongly siderophile and chalcophile ele-
ments and have similar geochemical behaviors during
magmatic processes. Traditionally, the PGEs are subdi-
vided into two groups, the compatible IPGEs (Os, Ir, and
Ru) and the incompatible PPGEs (Rh, Pd, and Pt). IPGEs
are refractory and tend to be retained inmantle peridotites
during partial melting, whereas the PPGEs are concen-
trated in the base metal sulphides (e.g. pentlandite, chal-
copyrite) and fractionated into the magma. Due to their
unique geochemical characteristics, the PGEs can be used
to identify magma sources and unravel complex petroge-
netic processes, such as partial melting, melt percolation
and metasomatism (e.g. [2–4])

PGE-rich magmas are most often high-Mg intraplate
magmas, including komatiites and picritic �ood basalts,
producedbyhighdegrees ofmelting of theirmantle source
regions. High degrees of melting allowed all of the sulfur
in the mantle source to be dissolved in the silicate melt,
thus maximizing the PGE content prior to magma ascent
[5]. Ultrama�c complexes that are potential targets for PGE
exploration broadly fall into two categories: (i) Kambalda-
type deposits [6, 7]; and (ii) PGE reef-type deposits [8–11],
and in both cases PGEs are produced as a by-product of
Ni–Cu extraction.

Papers presented
Professor Kogarko leads the volume in her honour with an
important studywith her colleague, Dr Igor D. Ryabchikov,
on the physiochemical conditions of graphite and dia-
mond formation in carbonate-rich melts. Based on their
study on the mineral relationships and compositions in
carbonatites from the Chernigovka Massif, Ukraine and
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the Chagatai carbonatite complex, Uzbekistan, they es-
timate the graphite crystallization temperature and the
composition of the �uids involved providing vital informa-
tion about the formation of diamond in the Earth’s mantle
[12].

Three papers examine PGE mineralization and
geochemistry in ma�c-ultrama�c complexes in India.
Meshram et al. [13] describe, PGE mineralization in
chromitite cumulates within the Kondapalli Layered Com-
plex (KLC), Krishna District (Andhra Pradesh). The KLC is
a dismembered ma�c-ultrama�c layered intrusion that is
mainly composed of gabbroic and anorthositic rocks with
subordinate ultrama�cs and chromitite. The PGE min-
eralization is orthomagmatic, comprising laurite (RuS2),
irarsite (Ir, As, S), iridosmine (Os, Ir), Os-Ir sulphide and
Ru-Os-Ir-Zn alloys (grains ≤10 µm wide), and formed in a
supra-subduction zone.

The Madawara Igneous Complex in the southern part
of the Bundelkhand Craton in Central India is bounded by
twomajor shear zones and comprises ultrama�c rocks en-
riched in MgO, Ni, Cr and PGEs. Satyanarayanan et al. [14]
describe the geochemical evolution of an ultrama�c suite,
that includes lherzolite, olivine websterite, orthopyrox-
enite and harzburgite, where pyroxenite, websterite and
olivinewebsteritemaybe relatively enriched in PGEs. They
suggest the presence of a PGE-enriched source magma,
which formed at moderate to greater depths by a high de-
gree of partial melting of the mantle.

Subramanyam et al. [15] examine the petrology and
geochemistry of the Pedda Cherlo Palle (PCP) gabbro-
diorite pluton from the Prakasam Igneous Province in
Andhra Pradesh. They identify cumulate textures in sub-
alkaline tholeiitic gabbros that have undergone fractional
crystallization andwere derived by partial melting of a de-
pleted mantle source. Geochemical signatures, including
a low abundance of PGEs, suggest that the tectonic setting
of the PCP gabbros may have been a subduction-related
intra-oceanic island arc that had accreted to the SE mar-
gin of India during Ur to Rodinia amalgamations.

Another contribution from India is an examination of
unusual ma�c igneous dykes from the Kawant area near
the AmbaDungar Carbonatite Complex in Chhota Udaipur
district of Gujarat, India. They contain a dense population
of quartz xenocrysts within a basaltic groundmass. Ran-
dive and Hurai [16] describe �uid inclusions in the quartz
xenocrysts and explore the possible links with �uids ex-
solved during the �nal stages of evolution of the Amba
Dungar carbonatites.

Downes et al. [17] use the U-Pb ages of zircons derived
from a lower crustal granulite-facies xenolith in alkaline
intra-plate volcanics to reveal Neogenemetamorphismbe-

neath the Pannonian Basin in Hungary. Most of the zir-
cons were younger than 30 Ma, and ranged in age to∼5.1–
4.2 Ma, coinciding with the age of eruptions of the host al-
kali basalts. These young zircons that are close to the erup-
tion age of the host basalt suggest that the heat �ow in the
base of the Pannonian Basin was su�ciently high to keep
many of them close to their blocking temperature. This im-
plies that metamorphism is continuing in the lower crust
of the region at the present day.

Siani et al. [18] provide age constraints on Eocene ep-
ithermal gold mineralization at the Glojeh deposit in NW
Iran using Ar-Ar geochronology. This mineralization over-
laps in timing with the emplacement of associated granite
and high-K calc-alkaline to shoshonitic volcano-plutonic
rocks in the Tarom-Hashtjin metallogenic province. Siani
et al. [18] suggest that thesemagmaswere derived from the
partial melting of a depleted mantle source during Neo-
Tethyan subduction.

In three other papers various aspects of alkaline and
ma�c-ultrama�c magmatism in South America have been
described. Giovarnardi et al. [19] establish a Neoprotero-
zoic age (800–780 Ma) for the Cana Brava Layered Com-
plex (CBLC) in Northern Goias, Brazil, by SHRIMP U-Pb
analyses of zircon. This study indicates that the age of the
CBLC is the same as that of the Niquelandia Complex, an-
other ma�c-ultrama�cmassif within the Brasilia Belt, and
resolves previous uncertainty over its emplacement age.

Ernesto et al. [20] investigate the palaeomagnetic
characteristics of alkaline igneous complexes in the Alto
Paraguay Province (APP) at the border of Paraguay and
Brazil. The age of the APP is well constrained within the
range 240–250 Ma (preferred age 241 Ma). The calculated
palaeomagnetic pole of 319° E 78° S is in agreement with
other South American poles of Permo-Triassic age.

Finally, Ponce et al. [21] describe suites of spinel-facies
ultrama�c xenoliths from Cenozoic basalts in the Paso
de Indios region in Argentina, providing an insight into
mantle processes related to this magmatism. Variations in
the degree of partial melting were observed in the man-
tle column beneath the Matilde and León Hills (>22%)
in comparison to the peridotites from the Chenque suite
(∼10%). They also documented two main mineralogical
reaction schemes due to channeled and/or pervasive melt
extraction/migration. These are: i) pyroxene dissolution
and segregation of new olivine in olivine-rich peridotites,
and ii) replacement of primary olivine by orthopyrox-
ene ± clinopyroxene in orthopyroxene-rich peridotites. En-
hanced pyroxene dissolution is attributed to channeling of
silica-undersaturated melts, whereas replacement of pri-
mary olivine by orthopyroxene ± clinopyroxene points to
reaction with silica-saturated melts.
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Figure 1: Friendly meeting of the Prime Ministers of Australia and India at the G20 summit.

Acknowledgement: Encouragement from a con�dent
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