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MINERALS
Bristol Culture| Bristol Museum and
Art Gallery Minerals are naturally
occurring inorganichemical
Handle with caution, especially substances that are the basic
unknown minerals. o
Always wear gloves when handling building blocks of rocks. The
minerals as general bestautice. way their atoms and

molecules are arranged gives
them certain properties that

If allowed time and room to develop, many are clues to their identity.
minerals will grow into crystals, the faces of
which reflect the arrangement of their The following are the main

mo!ecules. The shapes of crystals.fall into six characteristics we need to
maingroups that are based on their symmetry. ]
look at for mineral

identification

Crystal Form

Cubicg three axes of the same length, at right
angles to each other.

Examples fluorite, galena, pyrite, garnet, halite Crystal Form
(common salt).

Habit

Tetragonal two axes of the same length with a

third of a different length, alt right angles.
Colour

Examples wulfenite, zircon.

Streak

Orthorhombic three axes at right angles to each

other, but of different lengths.
Lustre

Examples celestine. baryte, cerussite.

Monoclinic three axes of unequal lengths, two Hardness

not at right angles, the third at a rigangle to

the plane of the other two. Cleavage

Example gypsum. Fracture

Triclinic three axes of different length, none of
these at right angles.

Specific Gravity

Examples plagioclase, feldspars, albite.
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Exagonal/Trigonathree axes of equal length lying in the same plane, the fourth téréift length at a
right angle to the others. Example quartz, calcite

Habit

Minerals may grow into specific forms that are included in their system of symmetry. Some have an
acicular (needldike) habit, like the zeolite mineral naturalite; others may éiavtabular (flattened habit),
such as baryte; or prismatic habit, forming prisms, like quartz.

Some have no crystalline formassive, fibrous.

Colour

The colour of a mineral is the part of ordinary light that has not been absorbed by the mineralisThere
single cause of colour in minerals. Sometimes it is a particular element, copper minerals are usually green
or blue and iron minerals are in the red to yellow range.

Specimen of Galenalead ore and very dense!

Streak

The colourof a mineral in powder form is often diagnostic. The most common way of seeing this is to rub a
sample across a piece of unglazed porcelain and examine the streak it leaves behind.

Lustre

The lustre is the appearance of the surface of the minerabutdcbe metallic like galena or pyrite, vitreous
(glassy), greasy/resinous, pearly from reflections from planes inside, silky from fine géaratklearthy.
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Hardness

a2 KQa aao ref&enéelofiminerals in increasing hardness

1. Talc 6. Orthoclase

2. Gypsum 7. Quartz

3. Calcite 8. Topaz

4. Fluorte 9. Corundum

5. Apatite 10. Diamond
Cleavage

Many minerals break along a line or lines of weakness in the bonds between molecules. Mica is the classic
case, with a perfect cleavage which it splits ititim sheets.

Calcite cleaves in three directions, ending up with rhombohedral shape.

Fracture

Breaks that are not along cleavage planes are more irregular. Conchoidal (shell like) fracture is that seen
after taking flakes from flint and quartz.

SpecificGravity

The ratio of weight in relation to volume can be worked out with sensitive instruments, but can sometimes
be judged by hand, a piece of baryte is heavier than calcite of the same size piece.

Occurrence and Association

Many minerals occur in pacular associationin veins, geodes, pegmatites, or separated out by weight in
water-lain sediment.
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A quick introduction to rock identification

Igneous Rock

Thisis formed when magma (molten, fluid material formed deep under§he NI K Q& & dzZNF I OS 0
underground where it crystallizes or when it erupts onto the surface of the earth, where it cools and then
crystallizes. Magma that erupts onto the surface of the earth is called often called lava.

When magma cools slowly tloeystals are large enough to see. When it cools quickly the crystals are very
small and you would need a magnifier or a microscope to see them. Sometimes, when magma cools very
quickly, it forms a kind of black glass that you cannot see through.

Sedimenary Rock

This idormed from particles that are worn or weathered from pegisting rocks. The particles are most
commonly sand, silt, and clay. Sand will generally constitute the largest particles while clay has the
smallest. Sedimentary rocks can benfi@d by pebbles and large chunks of jgpasting rocks. The sediment
gets turned into rock by being buried and compacted by pressure from the weight above it. Another way it
becomes rock is from being cemented together by material that has been dissolediein Often, both
cementing and compaction take place together.

Metamorphic Rock
Thisis formed by great heat, or pressure, or both.

t NBaadz2NBY ¢KS LINBaadz2NE Oy 0O02YS FNRY 0SAy3 0 dzNR €
tectonic platespushing against each other.

Temperature: The deeper below the surface of the earth, the higher the temperature, so deep burial also
means high temperatures. Also when magma rises through the earth's upper crust, it is very hot and bakes
0KS &adzZNNBdzy RAYy3d WO2dapbvedNE Q NRO|1 GKNRdIzZZAK 6KAOK Al

Hot liquids or gases from the magma also can cause chemical changes in the rock around the magma.

Some common metamorphic rock types:

DySAaaa o6alée WyaioSQo

What Does It Look Like@Gneiss is usually light in colour, but it can be quite dark. kddike it has bands

or stripes of minerals running through the rock. The grain size is usually fairly coarse. Gneiss usually breaks
into blocky pieces, not along the layers. Unlike granite, in which the crystals are randomly arranged, the
crystals in gnais are lined up and in layers. Gneiss is a tough and hard rock.
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What Minerals Make Up the Rock®most always: feldspars, quartz, and mica. Sometimes: kyanite,
garnet, hornblende, tourmaline, magnetite, and many others.

How Was It Formed®@neiss is ofte formed from another metamorphic rock, called schist. The schist
formed from fine grained sedimentary rock (often shale). Gneiss can be formed also from some igneous
rocks, especially granite. It is usually formed under great pressure from moving fétessarth's crust.

{OKA&U oale& wWakKAaaidQo

What Does It Look LikePop and bottom layers are usually a silvery, to green, to brown, to black mica, or a
green to very dark green chlorite. The mica minerals are often small flaky crystals. Layers are usually thin,
often with lens like layers of quartz between the mica laydmayers may be somewhat wavy. Grain size
varies from medium to coarse. Schist usually splits easily along the layers of mica, unlike gneiss.

What Minerals Make Up the RoclkQuartz, feldspar, mica (muscovite, biotite). Sometimes: chlorite,
garnet, hornbénde, actinolite, kyanite, magnetite, pyrite, staurolite, tourmaline, and many others.

How Was It Formed3chists are usually formed from shales. They are most often formed when plates of
the ocean floor push under, into, or up onto a continent. It isgka floor rocks that get crunched to form
schists.

Marble

What Does It Look Like®ften pure white. It may be streaked or patchy grey, green, tan, or red. Marble is
fine grained to very coarse grained and crystals are usually easy to see. The rtatk&yeoft; it will not
scratch glass (quartzite may look like a fine grained marble, but easily scratches glass). The powdered
marble will often fizz with weak acids. If it does not fizz, it may be dolomitic marble.

What Minerals Make Up the Roclk@atite, or dolomite (dolomitic marble); Sometimes: graphite, pyrite,
mica, tremolite, and a few others

How Was It Formed®arble forms from the metamorphism of limestones.

Quartzite

What Does It Look Likel? the quartzite is pure quartz it is white.rftay have a yellowish to reddish colour

if it contains iron minerals. Rarely, it is black if it contains a lot of magnetite. Sometimes, using a magnifier,
the grains of sand from which it formed can be seen. Unlike marble, quartzite is very hard and easily
scratches glass.
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What Minerals Make Up the RoclkQuartz, sometimes a little mica, feldspar, magnetite, pyrite, ilmenite,
garnet, and a few others.

How Was It Formed®lost quartzite is metamorphosed sandstone.

Slate

What Minerals Make Up the RocKficas, feldspars, quartz (but they cannot be recognized because the
grains are so small you would need a microscope to see them); Sometimes contains pyrite.

What Does It Look LikeSlate can be black, grey, brownish red, bluish grey, or greenish gieyett fine
grained and has thin, quite smooth, flat layers. Unlike shale, slate easily splits into thin flat pieces. It often
will scratch glass, with a little difficulty.

How Was It Formed3late is usually formed from clay sediments or shale thabbas heated and put
under pressure by tectonic plate forces. The pressures and temperatures that form slate ar¢Haw
those that form schist.

The rock forming minerals:

The list of minerals that commonly form rocks is relatively short. With a fitHetice you can get your eye
in to recognize most of them when you see them.

Quartz:Quartz is the often the last mineral to crystallize, so in igneous rocks it never has any definite
shape. Colour: It is usually grey in igneous rocks; grey, whiteywdat red in sedimentary rocks; and grey
or white in metamorphic rocks. It has a glassy, or sometimes waxy, look to it.

Potassium Feldsparsi{microcline, orthoclase) Potassic feldspars are pink or tan, sometimes white. They
show flat, shiny faces in igonus rocks. The crystal grains are usually blocky and nearly rectangular. They
look like porcelain or china.

Plagioclase Feldspars (sodiumYalbite, labradorite) Look like the potassium feldspars, except they are
white to dark grey, sometimes black. Jhmay show flashes of blue or green.

Micas*:0 Ydza O2 @A GS IyR 0A20AGS0 aAlla KIFIZS OSNE (GKAY
they are usually flakes or layers of flakes. Muscovite is silvery to brown and biotite is black.

Chlorite*: Like mica, but the flakes are usually not as thin and do not peel apart as easily. The colour is
medium to dark green, sometimes almost black but with a greenish tint.

Hornblende:Hornblende is dark green to black. It shows nearly flat, shiny facesmasatectangular or
long thin needle like crystals in rock. Hornblende is usually found in dark coloured metamorphic rocks;
sometimes in igneous rocks.
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Olivine*: Olivine in rocks is an olive green to greenish yellow. In rocks it is found in rounded Hrénese
is much of it, it is almost sugary. It is found mostly in dark coloured igneous rocks.

Calcite and Dolomite¢ KS O2f 2dzNJ A& dzadzr t £ & GKAGSS odzi OFy 0
show flat shiny faces, often shaped like paralledmgs. Calcite and dolomite are both soft. They are easily
scratched with a steel point. Powdered calcite will fizz in white vinegar; dolomite not so much. The

minerals are found in limestone or dolostone, (the mineral is dolomite) and marble.

note: Namesmarked with an asterisk} are groups of related minerals.

Some common igneous rock types:

Rhyolite

What Minerals Make Up the Roclfuartz, feldspars; Sometimes contain: biotite, diopside, hornblende,
zircon

What Does It Look Like@sually light coloured; light grey, tan, reddish, greenish, brown. Fine grained, but
often contains scattered larger crystals. May contain small pockets that were gas bubbles. Sometimes
shows flow lines or bands.

How Was It FormedRhyolite is a volcaniock. It forms from the rapid cooling of a magma or lava that
contains a lot of silica (quartz). The molten material often contains gas bubbles.

Granite

What Minerals Make Up the RoclkQuartz, feldspars (microcline, orthoclase, albite), biotite, muitepv
Sometimes contain: hornblende, augite, magnetite, zircon.

What Does It Look LikePhe feldspars give granite most of its colour, which may be white to light grey,
yellowish, or pink. The quartz is usually smoky grey or white. Black specks of biotite, or sometimes
hornblende, are common. So is silvery to brownish muscovite. Granibaisecgrained to very coarse
grained. The crystals are mostly randomly arranged (unlike gneiss where they are in lines or layers).

How Was It Formed@ranite forms deep in the earth's crust from cooling magma. The magma contains a
lot of silica (quartz)Slow cooling produces the large crystals in granite.

Diorite

What Minerals Make Up the Rock?ark coloured plagioclase, hornblende, pyroxene, and sometimes a
little quartz. May contain light coloured plagioclase feldspars, but only a little.

What Does It Look Like®ostly it looks like dark coloured granite. The dark coloured plagioclase feldspars
and pyroxenes give it a darker colour. It is usually medium to dark grey. Unlike granite, diorite has no mica,
or very little, and those are dark colourdtlis coarse grained (larger than rice).
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How Was It Formed®iorite forms deep in the earth's crust from cooling magmast like granite. But,

the magma does not contain a lot of quartz or the light coloured minerals that make up the granite. Instead
it contains only dark coloured minerals.

Basalt

What Does It Look LikeBasalt is dark grey to black. When exposed to the weather, it may turn yellow or
brown on its surface. Basalt is fine grained rock. You may or may not be able to see crystals with a hand
magnifier. The crystals are often microscopic. Basalt is a harghtack. It is difficult to break.

Sometimes, basalt contains gas bubbles. It is then called vesicular basalt.

What Minerals Make Up the RockHagioclase feldspars, augite, hypersthene, olivine

How Was It FormedBasalt is a volcanic rock. It is fachfrom a magma that is rich in iron and

magnesium, and poor in silica (quartz). The magma erupts from a volcano or a fissure (a crack in the earth's
surface) as lava. Because the lava cools rather quickly, basalt is fine grained.

Gabbro

What Does It Lok Like?Gabbro is dark green to black. When exposed to the weather its surface often
turns brown. It has a large grain size (most of the rock is grains larger than rice).

What Minerals Make Up the Rock?lagioclase feldspars, augite, hypersthene, oliy&Gmnetimes
contains: magnetite, chromite, titanite, ilmenite.

How Was It Formed®%abbro forms from a magma that is rich in iron and magnesium, and poor in silica
(quartz). The magma cools and crystallizes deep below the earth's surface. Gabbro issfeaméhkind of
magma as basalt, but because it cools more slowly, it develops larger crystals.

Pumice

What Does It Look LikeRPumice is very light grey to a medium grey in colour. It contains a large number of
gas bubbles, each surrounded by a thin layer of volcanic glass. Pumice looks something like a sponge. Itis
very light in weight. Most pieces of pumice will float on watelow lines or bands may show.

What Minerals Make Up the Roclk@Blassy silica, any mineral grains are unusual.

How Was It FormedPumice is explosively blown out of volcanoes. It comes from a highly silicic magma

that is thick and sticky. The gases that trapped in the bubbles are the same that cause the explosive
eruption. It is the same kind of magma which would form rhyolite or granite.

10
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Obsidian

What Does It Look Like@bsidian is a glass and is usually black, although sometimes it may tg sligh

greyish or greenish. It may include some white crystals that look like snowflakes (snowflake obsidian). It
may include swirls of a red colour. Obsidian breaks and chips like glass. The location where the chip came
out is scoop shaped, like the insidieaoclam shell. The chip often has ridges that that are s@millar. This
1AYR 2F ONBI]l] Aa OFftfSR I WO2yOK2ARIfQ FNI OGdzNBd

What Minerals Make Up the RoclBlack glassy silica

How Was It Formed®bsidian is volcanic. It forms from rapid cooling lava ktzes a lot of silica. The lava
cools so fast that crystals do not have time to form.

Some common sedimentary rock types:

Sandstone

What Does It Look LikeSandstone is often red to brown, light grey to nearly white. Sometimes it is yellow
or green. It usually is composed of rounded grains that are all of the same size; and it is usually medium
grained. Some sandstones show slight colour variations in feyeri

What Minerals Make Up the RoclQuartz; Sometimes contains: feldspars, mica, glauconite (in green
coloured sandstone), magnetite, garnet, ilmenite.

How Was It Formed®aterial that is produced by the weathering of other rocks (such as granite, gneiss
and other sandstones) is deposited by rivers, waves, or wind. The loose sediment may have been a sand

bar, an ocean beach, or desert sand dunes. The sand is buried under other material, compacted by the
weight, and cemented by material dissolved in watet seeps through it.

Shale

What Does It Look LikeShale may be black, grey, red, brown, dark green, or blue. It is fine grained, so
particles usually cannot be seen.

What Minerals Make Up the Rocklay minerals; Sometimes with some quartz, pyrite and gypsum
How Was It Formed®Zlay sediments settle in low energy environments such as quiet lakes, lagoons, bays,

or off-shore areas. When buried and compacted the clays become shale. Iron oxidesalftea bement
the particles together.

11
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Limestone
What Does It Look LikefZimestone is usually white, grey, tan, or yellow. It may contain impurities to make
it red or black. It may be very smooth or even sugary in texture, fine grained, or mediumdyraimee
powdered rock will usually fizz in weak acids. Unlike marble, limestone is not composed of visible crystals.

What Minerals Make Up the RocK@ostly calcite

How Was It Formed®lost limestoneis composed from skeletal fragments of marine organisms.

Conglomerate

What Does It Look LikeConglomerate looks like a mixture of sand and different sizes of rounded pebbles.
What Minerals Make Up the RocK@ostly quartz

How Was It Formed®and and pebbles collect along sea shores, lake shores, or rivex dragken glacial
deposits. They are compacted by the weight of sediments that collect above them and cemented by
material dissolved in the water that seeps through them.

Breccia (say Brectyia)

What Does It Look LikelZke a conglomerate, but the "pelas" in it are jagged and blocky, not rounded.
What Minerals Make Up the Rockihe "cement" holding the rock together is mostly quartz, but the
pebbles can be almost any kind of reakten quartzite, granite, or another tough rock that does not easily
erode into sand or silt.

How Was It FormedWhere the environment is drylike in deserts. When mountains erode, broken

pieces of rock don't get carried away by water. When deposits get deep enough, the combined weight
above the deposit compresses the jggl pieces and they get cemented together.

12
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Identification of natural materials

Health and safety
Key things to consider:

- Radiationsources areaunlikely

- Zoonosis (diseases that can be transferred to humans
from animals)re likely on fresh material

- Respiratory diseaseparrots have a dander that can
cause Psittacosfsom the feathers

- Toxinssuch asAbrussp. Seeds(see picture below)
contain abrin, similar to ricin this is LETHAL! Do not ha
as part of your handling collection.

- Pesticides: DDT, Ethylene, Arsenic (arsenical soap on pp ;s sp. Seeds
al1Aya yR KARSAU dingsKuBt@e]  (image courtesy of wikepedia.cgm
use

- Webber test, arsenipaper, XRF, I@RS, SEM EDS.
Asbestog; rules recently updated

13
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CITES

The Convention on International Trade in Endangered Species of Wild Fauna and Flora is an international
agreementbetween governments. Its aim is to ensure that international trade in specimens of wild animals

and plants does not threaten their survival.

CITES
Cites objects displayed as part of a paying exhibition
e.g. Modern Ivory with no certificate
NEED ARTICILB, 30+60from AHVLA

CITES objects used in a paid school session is illegal.

Antiques derogation

Made beforethe 12 ¥ WdzyS mdpnt YR KFa 0685 QP
This counts as antique and needs no certificate UNLESS its
'YRSNI 6KS WAGNROGSNI YSIF adz2NBaQ Ay 3

rhino horn andvory.

Identifying human bones

Human bones tend to be straight with articulations on the top of the bones rather than the sides

!

A
" l

A Ca:is

Sus Ovis/Capra

Human Horse, cow, pig, sheep/goat and dog humerus.

Leftimage courtesy aboneclones.conright Image courtespf paoloviscardi.com

14
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Human fingetbones can be very similar to dogs and bears finger bones. Other primates tend to have more
curved digits and longer fingers, plus a lip on the back of the phalanges with a sharp deep groove (hence
0KS 1ydzO1tS g f1 | yeRtosstbhthandkbeddng)ii KS gNRAG Ay | LI

-

CHIMPANZEE TOES HUMAN TOES

(Leftimage courtesy of University of Missouri via bbc.cp.uk

Human Skult has a bony chin, small teeth and incisqometimes have a persistent frontal suture in
SINIe& .NAOGFAYQa®

Humanhair ¢ long and very fine hair not coarse likéorses hair.

lyeUKAY3 gA0K | w023 tA1SQ
ungulate.

(s}
<
pufi

(Imagecourtesy offlintknappers.com
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Plant Ivoryor Vegetable Ivory
Plant ivory refers to lots of different materials but mainly seeds as shmmlow. An example would be the

ivory-nut palm(Phytelephas aequatoria)i®r theMetroxylon amicorumThese are tropicgllants and the
seeds are so hard they are used for carving

[ 221 F2NJ GKS avylrft K2f¢
in the ivory.

Open root on whale teeth

- Some juvenile animals have apen root aghese aretheir
baby teeth.

- Crowmdileteeth have an open root as their teetlre
continually replaced.

Flying fox has massively grooved canines

16
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Fish vertebrae have two rectangular holes either side

Tootn Aot Canids
g -V shape where the root meets the gum line
‘ " - Gr20Sa Ay (GKS (220K WwWgSI
- Straighter root coming off the tooth before
curving
Squashed conical shape

Flat dental arcade flat meeting of root and tooth at the gum line
Curved in shape tooth plus rbo
Conical in crossection

Often Dolphin, dog anftuit bat are mislabded. Remember
dolphin have peg like teeth with no wear facets, almost
featureless teeth as their dentition does not occlude like other
mammals.

(Imagecourtesy of schulebw.de
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Hippo teeth
Often the enamel will crack and explode as thentine
expands inside the tooth hippos have extremely hard
teeth that show grooves on them. They have an infilled
pulp cavity with secondary dentine and a single like that

runs down the bisected tooth.

(Image courtesy of bushcraftuk.cgm

Elephantlvory

Has Shreger lines, no groves (sometimes in young elephants but these wear off oveNtitee).
mammmoth ivory has a sharper angle to the Mss than 99

(Let imagecourtesy of pocketdentistry.comight imagecourtesy of antiquesreporter.com.gu
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