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Isotopes
Isotope: any particular element contain the same

number of protons, but different numbers of neutrons.

o Most of the isotopes which occur naturally are stable.

o Afew naturally occurring isotopes are unstable.

o Unstable isotopes can become stable by releasing
different types of particles.

e 1his process is called radioactive decay and the
elements which undergo this process are called

radioisotopes.




The Atom

The atom consists of two parts:

1. The nucleus which contains:

protons

neutrons

2. Orbiting electrons.



Mass number = number of protons + number of neutrons
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Element symbol

Atomic number = number of protons

Number of neutrons = Mass Number — Atomic Number
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Radioactive Decay

Radioactive decay results in the emission of either:

e an alpha particle (o),
* a beta particle (),

e Or a gamma ray(y).



Alpha Decay

An alpha particle 1s 1dentical to that of a helium nucleus.

It contains two protons and two neutrons.
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Beta Decay

A beta particle 1s a fast moving electron which 1s emitted
from the nucleus of an atom undergoing radioactive decay.
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Gamma Decay

Gamma rays are electromagnetic radiation with high
frequency.

When atoms decay by emitting o or 3 particles to form a new

atom, the nucle1 of the new atom formed may still have too
much energy to be completely stable.

This excess energy 1s emitted as gamma rays (gamma ray
photons have energies of ~ 1 x 10-12]).



Where do these particles come from ?

JdThese particles generally come
from the nuclei of atomic isotopes
which are not stable.

d The decay chain of Uranium
produces all three of these forms
of radiation.
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Radioactive Decay

Radioactive elements are unstable. They decay, change, into different
elements over time. Here are some facts to remember:

The half-life of an element 1s the time 1t takes for half of the
material you started with to decay.

Each element has 1t’s own half-life

The half-life of each element 1s constant.

Each element decays into a new element
C!% decays into N'* while U?3® decays into Pb?"¢ (lead), etc.

Now let’s see how we can use half-life to determine the
age of a rock or other artifact.
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Schematic diagram showing decay of radioactive parent 1sotope (e.g. U-238) to
a daughter (e.g. Pb-206). The original 1sotope was sealed in a mineral grain at
time of crystallization. Note changing ratio of parent/daughter after 2 half-lives.
Note that to get an estimate of the geologicc age, you need the ratio of the parent
1sotope to the daughter 1sotope, €.g. two measurements.
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Half-1L.ife calculation

For example, suppose we had 20,000 atoms of a
radioactive substance.

If the half_life is 1 hour, how many atoms of that
substance would be left after:

. #atoms % of atoms
Time .. ..
remaining remaining
1 hour (one lifetime) ? 10,000 (50%)
2 hours (two lifetimes) ? 5,000 (25%)

3 hours (three lifetimes) ? 2,500 (12.5%)



Radioactive elements

Not all elements are radioactive. Those that
are and are the most useful for geologic dating
are:

U-238 Halt-life = 4.5 By
K-40 Halt-life = 1.25 By
C-14 Halt-life = 5.73 years

Also, Sm-147, Rb 87, Th-232, U-235



Gems

Gemstone is a mineral, stone, or organic matter that can

be cut and polished or otherwise treated for use as
jewelry or other ornament.

A precious gemstone has beauty, durability, and rarity,
whereas a semiprecious gemstone has only one or two
of these qualities.

Diamond ..., corundum <. cruby and sapphirey,s «; ~.;
beryl cemerald and aquamarine), topaz, and ;.z:-opal are
generally classed as precious stones.

All other gemstones are usually classed as semiprecious.
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Geologic environment

Gems tend to be
o Scattered sparsely throughout a large body of rock. or

o Crystallized as small aggregates. or

e fill veins and small cavities.

e The average grade of the richest diamond kimberlite pipes
in Africa is about 1 part diamond in 40 million parts "ore.’

Kimberlite, a plutonic igneous rock, ascends from a depth

of atleast 100 kilometers
18



Geologic environment

Most gemstones are found in igneous rocks and alluvial
gravels, but sedimentary and metamorphic rocks may
also contain gem materials.

Major characteristics

e Hardness and

e Specific gravity
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Examples of geologic environments in which gemstones

are found:
o Pegmatite a coarse_grained intrusive igneous rock

body,
o Stream gravels (placers) deposits. Often tourmaline,

beryl, and many other gem-_quality minerals have
eroded out of the original rock in which they formed
and have moved and been concentrated locally by

water in streams.

o« Metamorphic rocks that have been altered by great
heat, pressure, or both. Garnet, for example.
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Organic gemstones

The four organic gemstone groups listed below are
highly prized for their beauty and rarity. However, they
are not as durable as gemstones from minerals:

1. Amber A mixture of hydrocarbons

2. Coral Formed mainly of calcite (calcium carbonate,
3. Jet Carbon plus various hydrocarbon compound

4. Pearl Formed within a mollusk, such as an oyster
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In Pegmatite

Aquamarine
Topaz
Danburile
Morganile
Tourmaline
Goshenile
Amethysl
Moonstione
Fluorile
Rock crystal
Cilrine
Herderite
Scheelite
Rhodochrosite
limenorutile
Amazonile
Hassonite
Zircon

In Alkali Syenite

In Syenitic Rocks

Pegmatite

Sapphire Sapphire

Spinel Spinel

Schorl Sphene

Almandile Almandile
Zircon

In Paridotite

In Skarn

Peridol
Enslalile
Hornblende
Chrysoprase

Painile
Badeleyite
Anatase
Sphene
Poudrelleite
Sodalile
Hackmanile
Sinhalile
Serendebile




Mohs Scale of Hardness

The following is a chart of mineral gemstones and gemstone-like
materials you're most likely to find used in jewellery.

Gemstone Name Hardness | Gemstone Name Hardness
Agate 7.0 Jet* 2.5
Alexandrite 85 Kunzite 7.0
Amber* 2.5 Kyanite 7.0/5.0
Amethyst 7.0 Labradorite 6.0
Ametrine 7.0 Lapis Lazuli 5.5
Andalusite 7.5 Malachite 4.0
Apatite 5.0 Moonstone 6.0
Aquamarine 7.5 Morganite 75
Aventurine 7.0 Obsidian 5.0
Azurite 35 Onyx 7.0
Beryl 7.5 Opal 60-65
Bloodstone 7.0 Pearl* 3.0
Blue Chalcedony 7.0 Peridot 6.5
Carnelian 7.0 Rhodochrosite 4.0
Cat’s Eye - Chrysoberyl 85 Rhodonite 6.0
Cat’s Eye - Quartz 7.0 Ruby 9.0
Chrysoprase 7.0 Sapphire 9.0
Citrine 7.0 Sardonyx 7.0
Coral* 35 Scapolite 6.0
Diamond 100  |Serpentine 25-50
Emerald 7.5 Sillimanite 7.5
Fluorite 40 Quartz 7.0
Garnet - 65-75 |Sodalite 55
Goldenite 7.0 Spectrolite 6.0
Goshenite 7.5 Spinel 8.0
Heliodor 75 Sunstone 6.0
Hematite 6.5 Tanzanite 6.5
Hiddenite 7.0 Tiger's Eye 7.0
Howlite 35 Topaz 8.0
lolite 7.0 Tortoiseshell* 2.5
Ivory* | 25 Tourmaline 7.5
Jade 6.5-7.0 |Turquoise (Stabilized) 6.0
Jasper 7.0 Zircon 7.5

* Not technically a gemstone or mineral these materials are organic but used in jewellery.
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