
The Mysterious World of Kimberlites:
Unveiling Mineralogy, Geochemistry, and
Petrology
When it comes to geological wonders, few can rival the enigmatic nature of
kimberlites. These rare volcanic rocks have fascinated scientists and gem
enthusiasts alike for decades. Kimberlites are known for their unique mineralogy,
fascinating geochemistry, and complex petrology. In this article, we will delve into
the depths of kimberlites and uncover their intriguing secrets.

What are Kimberlites?

Kimberlites are volcanic rocks that originate deep within the Earth's mantle. They
are named after the town of Kimberley in South Africa, where the first kimberlite
pipe was discovered in the late 19th century. These igneous rocks are derived
from partially melted mantle material, known as the "kimberlite melt," which rises
to the surface through narrow conduits known as kimberlite pipes.

Mineralogy of Kimberlites

One of the most distinctive features of kimberlites is their rich mineralogy. These
rocks commonly contain a variety of minerals, including olivine, pyroxene, spinel,
garnet, and ilmenite. However, what makes kimberlites truly special is the
presence of diamonds. Kimberlites are the primary sources of diamonds, as the
high pressure and temperature conditions during their formation are ideal for
diamond crystallization.
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Other minerals commonly found in kimberlites include phlogopite, serpentine,
calcite, apatite, and chromian diopside. These minerals provide valuable insights
into the evolutionary history of the Earth's mantle and the processes that occur
deep within our planet.

Geochemistry of Kimberlites

Kimberlites exhibit a unique geochemical signature due to their deep mantle
origin. They are rich in incompatible elements such as potassium, magnesium,
and phosphorous, while being depleted in compatible elements like aluminum
and calcium. This distinctive geochemistry is commonly referred to as the
"kimberlite indicator minerals," making them useful tools for geologists in
identifying prospective diamond-bearing kimberlites.

Isotope studies have further shed light on the origins of kimberlites. Carbon
isotope analysis indicates that the carbon in kimberlites is derived from the
Earth's mantle rather than the surface. This reinforces the notion that kimberlites
provide vital clues about the deep Earth's composition and processes.

Petrology of Kimberlites
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Kimberlites have complex petrological characteristics. Their igneous textures can
range from porphyritic to hypabyssal, depending on the rate of cooling and
crystallization. The presence of xenoliths, fragments of surrounding rocks that
become incorporated during the ascent of kimberlite magma, is a common
feature of many kimberlite pipes.

The eruption mechanisms of kimberlites have long been a subject of scientific
debate. Researchers hypothesize that volatile-rich magmas and rapid ascent
rates are responsible for the explosive eruptions that form kimberlite pipes. The
study of kimberlite petrology provides valuable insights into the dynamics of
volcanic eruptions and the processes occurring deep within the Earth's mantle.

The Significance of Kimberlites

The study of kimberlites has immense scientific and economic significance.
Kimberlites are the primary source of the world's diamonds, accounting for more
than 90% of global diamond production. Understanding the petrogenesis of
kimberlites is therefore crucial for diamond exploration and mining.

Kimberlites also offer unique insights into the deep Earth's composition and
processes. By studying kimberlites, scientists can unravel the mysteries of mantle
dynamics, diamond formation, and the recycling of Earth's crust and lithospheric
material.

The world of kimberlites is a captivating realm filled with geological wonders.
From their mesmerizing mineralogy to their distinct geochemistry and complex
petrology, kimberlites hold valuable clues about our planet's deep origins and the
extraordinary processes shaping it. As we continue to unravel their mysteries, let
us appreciate the significance of these volcanic rocks that have forever changed
the way we perceive the Earth's geological history.
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This is a book about the petrology of kimberlites. It is not about upper mantle
xenoliths, diamonds, or prospecting for kimberlites. The object of the book is to
provide a comprehensive survey and critique of the advances which have been
made in kimberlite studies over the last twenty-five years. Kimberlites are rare
rock types; however, their relative obscurity is overriden by their economic and
petrological importance to a degree which is not shared with the commoner
varieties of igneous rocks. Kimberlites are consequently of interest to a diverse
group of earth scientists, ranging from isotope g~ochemists concerned with the
evolution of the mantle, to volcanologists pondering the origins of diatremes, to
exploration geologists seeking new occurrences of the diamondiferous varieties.
A common factor essential to all of these activities is a thorough understanding of
the characteristics of kimberlites. For the petrologist, kimberlites are exciting and
challenging objects for study. Their petrographic diversity, complex mineralogy
and geochemistry, and unusual style of intrusion provide endless opportunities for
stimulating hypothesis and conjecture concerning their origin and evolution.
Kimberlites are a part of a wide spectrum of continental intra-cratonic
magmatism. Only by understanding all of the parts of this activity in detail may we
make progress in our understanding of the whole.
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