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¢ŜŀŎƘŜǊΩǎ bƻǘŜǎ 

 
 
¢Ƙƛǎ ŜŘǳŎŀǘƻǊΩǎ ƎǳƛŘŜ ƛǎ ǎŜǇŀǊŀǘŜŘ ƛƴǘƻ ǎŜǾŜƴ ǇŀǊǘǎΥ 

¶ Background Information  

¶ Curriculum Connections  

¶ Vocabulary List 

¶ Classroom Activities  

¶ Teacher and Student Resources 

¶ How to schedule your Museum visits  

¶ Education Staff List  
 

The Mineral Marvels program teaches students why it is important to understand and classify 
minerals: because they use minerals every day!  Students begin by observing the minerals in 
the gallery and discussing how minerals are formed.  They then move to the workshop where 
they are asked to become geologists and classify minerals based on their properties of luster, 
color, transparency, texture, and hardness.  For the final segment students return to the 
galleries, where they must determine the minerals that are used in everyday objects by 
engaging their new identification skills.  

School programs are inquiry based and promote critical thinking, written, and oral expression. 
They feature hands-on-learning activities using objects from Museum collections and 
exhibitions. Many are interdisciplinary and address various learning styles. 
 
Before your class participates in this program, spend some time viewing the information on the 
aǳǎŜǳƳΩǎ ǿŜōǎƛǘŜ ŀǘ ǿǿǿΦōǊǳŎŜƳǳǎŜǳƳΦƻǊƎΦ  ²Ŝ ŀƭǎƻ ǊŜŎƻƳƳŜƴŘ ǳǎƛƴƎ our Background 
Information and pre-and post- activities to reinforce the concepts your students will learn 
during their visit.  

For school program information contact Diane Clifford, Manager School and Tour Services, at 
203-869-6786 Ext. 324 or by email at dclifford@brucemuseum.org. 
 
For reservations contact Anne Burns at 203-869-6786 Ext. 338 or email 
anneburns@brucemuseum.org 
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 Background Information 

 
 
Minerals are more than beautiful display pieces. They are the very building blocks of the universe. 
Minerals make up the Earth, the Moon, and the meteorites that voyage to Earth from other parts of the 
Solar System. They hold the tangible evidence scientists need to learn about our world. Modern 
civilization relies heavily on mineral resources. You use minerals more than you may imagine. 
 
Crystal Growth 
In stony subterranean gardens, crystals branch and bristle as trillions of atoms connect in regular, three-
dimensional patterns. Each crystal starts small and grows as more atoms are added. 
 
New mineral crystals are always forming τ at the surface and deep within the Earth. Crystals can even 
grow from vapors rich in mineral components. This happens most commonly in volcanic areas where hot 
gases encounter cool surroundings and deposit crystals. 
 
Why are some crystals so large and well formed?  They grew out of mineral-rich solutions in spacious 
rock cavities. When solutions are completely saturated with mineral components, crystals can begin to 
form on rock walls, on other crystals, or even on particles of dust. They can grow quickly or slowly τ or 
even stop τ depending on changes in temperature and the concentration of the solution. 
 
Color 
Since the dawn of civilization, people have treasured minerals for their dazzling colors and varied hues. 
Different kinds of atomsτsome trapped as impurities in a crystal's atomic structureτinteract with light 
to tint minerals a virtual rainbow of colors. These intruders can cause the same mineral to come in 
strikingly different colors. 
 
What gives minerals their colors?  The same phenomenon that gives any object its colorτthe way its 
atoms interact with light. Certain atoms in minerals absorb some of the colors in visible light. You see 
the colors that are not absorbed. Minerals appear black when their atoms absorb all light, white when 
they absorb no light.  The great variety of atoms and atomic arrangements in minerals cause light to be 
absorbed differentlyτyielding a virtually limitless range of colors. 
 
Turquoise and malachite come only in shades of blue or green. Why? They all contain copper. When 
atoms of copper combine with oxygen, as in the specimens here, the atoms absorb all colors from white 
light except blue and greenτwhich reflect back to your eyes. Whether blue or green dominates in a 
mineral depends on how the copper atoms are placed in the structure. 
 
Pegmatites 
Treasure troves of mineral diversity, the mineral deposits known as pegmatites are famous for yielding 
gemstones, giant crystals, and more than 300 kinds of minerals. Pegmatites are exceptionally coarse-
grained rocks born of molten rock, or magma, beneath the Earth's surface. As molten rock cools 
underground, the water-rich portion crystallizes last. It concentrates rare elements that did not fit into 
earlier-formed minerals. This enriched magma squirts into cracks in surrounding rock and cools. 
Pegmatites concentrate rare elements such as boron, beryllium, and lithiumτgiving rise to many 
unusual minerals. aƻǎǘ ƻŦ ǘƘŜ ƭŀǊƎŜ ƳƛƴŜǊŀƭǎ ȅƻǳ ǎŜŜ ƛƴ ǘƘŜ .ǊǳŎŜ aǳǎŜǳƳΩǎ ŎƻƭƭŜŎǘƛƻƴ ŀǊŜ ǇŜƎƳŀǘƛǘŜǎΦ 
 
This information is from http://www.mnh.si.edu/earth/main_frames.html.  Please visit the site for 
further information, and to view the graphics that go along with this text.   
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 Background Information 

 
The Building Blocks of Rocks 
 
Silicate Minerals 
Silicate minerals make up 89% of rocks in our planet's crust and upper mantle. Each 
major silicate family is defined by a characteristic arrangement of silicon and oxygen 
atoms.  Silicon (Si) and oxygen (O) atoms group together in a ratio of one oxygen for 
every four silicon (SiO4).  When they create this group, their atoms form the shape 
of a tetrahedron (fig. 1).  The oxygen atom lies at the center of this tetrahedron, and 

is surrounded by the four silica in three-dimensional space 
(fig. 2).  These tetrahedra then group together to form 
different arrangements, such as chains or sheets.  This 
arrangement ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ƳƛƴŜǊŀƭΩǎ ƎǊƻǳǇ.  It also is the arrangement that 
ultimately determines Ƴŀƴȅ ƻŦ ǘƘŜ ƳƛƴŜǊŀƭΩǎ ǇǊƻǇŜǊǘƛŜǎτits hardness, cleavage, 
fracture, and growth pattern.  Other atoms such as iron, magnesium, calcium, 
aluminum, sodium, and potassium are located around the tetrahedra.  These atoms 
create the different minerals within a group.  They are also responsible for the 
ƳƛƴŜǊŀƭΩǎ ŎƻƭƻǊΦ  

 
Isolated tetrahedra 
The garnet mineral family (called 
neosilicates) consists of a single 
tetrahedron, as in fig. 1.  Minerals 
of this group thus grow in a very 
symmetrical fashion (fig. 3).  
These garnets are in their natural 
crystal form, uncut.  
 
 
Chain Silicates 

In the pyroxene group, tetrahedra of silicon and oxygen atoms connect in 
long chains (fig. 4). They are commonly found in dark-colored volcanic rocks 
and are a major component of the Earth's mantle.  The heat and pressure of 
the mantle encourages their long and thin growth.  In the amphibole group, 
silicon and oxygen tetrahedra connect in double chains (fig. 5). One of the 
most common amphiboles is hornblende, which is often the dark mineral 
that you see in garnet (fig. 6).  
 

  

Fig. 1 Silica and 
oxygen tetrahedron 

Fig. 2 Silica (red) 
and oxygen (gray) 

tetrahedron 

Fig. 3a Isolated garnet        Fig. 3b Aggregated garnet 

Fig. 4 Single chain silicate (pyroxene group)        Fig. 5 Double chain silicate (amphibole group) 

Fig. 6 Hornblende 
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Sheet Silicates 
Mica is an example of a layer silicate, or phyllosilicate.  In this group, 
chains of silicon and oxygen tetrahedra connect to form sheets (fig. 
7).  Each of these layers forms one microscopically thin sheet of mica.  
The sheets then stack one on top of another, with other atoms 
sandwiched in-between. Layer silicates are the major constituent of 
most clays and muds, and also produce talc.  We are able to peel mica 

and rub talc because the forces 

between these sheets are so weakτ
we are literally breaking these atomic 
bonds in the process. The minerals of this class are the products of rock 
weathering and are important in soils. They control the release of 
minerals into the soil for plant growth and help maintain soil moisture. 
They also help the soil interact with atmospheric gases and allow 
burrowing organisms to pass through.  

 
 
Framework Sillicates 

The tectosilicate group includes both 
feldspar and quartz.  This mineral family 
composes about half of the Earth's 
crust. While quartz is pure SiO2, the 
feldspars include other elements such 
as aluminum, potassium, and calcium.  
All tectosilicates have a three-
dimensional interlocking framework of 
tetrahedra, which explains why 
minerals in this group are so hard.   

 
 
 
 

 
 
 
 
 
 
 
 
 
  

              Fig. 7 Sheet silicate 

 Fig. 8 Muscovite mica 

  Fig. 9 Quartz                  Fig. 10 Feldspar 
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Curriculum Connections 

 
 
The Mineral Marvels program, in conjunction with the Pre and Post Activities listed in this Guide, will 
help you to fulfill the following state and local standards: 
 

Connecticut State Science Standards 
Grades 3 
Scientific Inquiry & Literacy 

¶ Make observations and ask questions about objects, organisms and the environment. 

¶ Seek relevant information in books, magazines and electronic media. 

¶ Design and conduct simple investigations. 

¶ Employ simple equipment and measuring tools to gather data and extend the senses. 

¶ Use data to construct reasonable explanations. 

¶ Analyze, critique and communicate investigations using words, graphs and drawings. 

¶ Read and write a variety of science-related fiction and nonfiction texts. 

¶ Search the Web and locate relevant science information. 

¶ Use measurement tools and standard units (e.g., centimeters, meters, grams, kilograms) to 
describe objects and materials. 

¶ Use mathematics to analyze, interpret and present data. 
Content Standards 
3.3 Earth materials have different physical and chemical properties. Rocks and minerals have properties 
that may be identified through observation and testing; these properties determine how earth materials 
are used.  

¶ Describe the physical properties of rocks and relate them to their potential uses. 
Grade 7  
Scientific Inquiry & Literacy 

¶ Identify questions that can be answered through scientific investigation. 

¶ Design and conduct appropriate types of scientific investigations to answer different questions. 

¶ Use appropriate tools and techniques to make observations and gather data. 

¶ Draw conclusions and identify sources of error. 

¶ Provide explanations to investigated problems or questions.  

¶ Communicate about science in different formats, using relevant science vocabulary, supporting 
evidence and clear logic. 

 
Greenwich Science Standards 
Scientific Inquiry & Literacy: See Connecticut State Standards listed above 
Grade 3 

¶ Earth materials have different physical and chemical properties. 

¶ Recognize that minerals differ in shape, color, texture, smell, luster, transparency and hardness. 

¶ The properties of rocks and mineral determine how they are used. 

¶ Identifies the uses of specific minerals. 

¶ Describes the work geologists do in studying rocks and minerals. 
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Curriculum Connections 
 
 

New York Science Standards 
Grades 3-4 
Scientific Inquiry (Standard 1) 

¶ (1.1) Students aǎƪ άǿƘȅέ ǉǳŜǎǘƛƻƴǎ ƛƴ ŀǘǘŜƳǇǘǎ ǘƻ ǎŜŜƪ ƎǊŜŀǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŎƻƴŎŜǊƴƛƴƎ 
objects and events they have observed and heard about.  

¶ (1.3) Students develop relationships among observations to construct descriptions of objects 
and events and to form their own tentative explanations of what they have observed.  

¶ (2.1) Students develop written plans for exploring phenomena or for evaluating explanations 
guided by questions or proposed explanations they have helped formulate. 

¶ (3.3) Share their findings with others and actively seek their interpretations and ideas. 

¶ (3.4) Students adjust their explanations and understanding of objects and events based on their 
findings and new ideas. 

Physical Setting (Standard 4) 

¶ (3.1) Matter is made up of particles whose properties determine the observable characteristics  

of matter and its reactivity. 
o (3.1b) Matter has properties that can be observed through the senses. 
o (3.1c) Objects have properties (color, hardness, odor, sound, taste, etc.)  that can be 

observed, described and/or measured: length, width, volume, size, shape, mass or 
weight, temperature, texture, flexibility, reflectiveness of light.   

o  (3.1e) The materials that make up an object determine some specific properties. 
Properties can be observed or measured with tools such as hand lenses, metric rulers 
and magnets. 

o (3.1f) Objects and/or materials can be sorted or classified according to their properties. 
Grades 5-8 
Scientific Inquiry (Standard 1) 

¶ (1.1) Students formulate questions independently with the aid of references appropriate for 
guiding the search for explanations of everyday observations. 

¶ (1.3) Students represent, present, and defend their proposed explanations of everyday 
observations so that they can be understood and assessed by others. 

¶ (1.4) Students seek to clarify, to assess critically, and to reconcile with their own thinking the 
ideas presented by others, including peers, teachers, authors, and scientists. 

Physical Setting (Standard 4) 

¶ (2.1) Explain how the atmosphere, hydrosphere, and lithosphere interact, evolve, and change.  
o (2.1e) Rocks are composed of minerals. Only a few rock-forming minerals make up most 

of the rocks of Earth. Minerals are identified on the basis of physical properties such as 
streak, hardness, and reaction to acid. 
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Vocabulary List 

 
 
 

Geology ς The science that deals with the history of the earth and its life especially as recorded 
in rocks 
 
Geologist ς Scientist who studies the history of the earth and life through rocks 
 
Igneous rock ς Rocks relating to and resulting from the intrusion or extrusion of magma or 
volcanic activity 
 
Intrusion ς The forcible entry of molten rock or magma into or between other rock formations 
 
Extrusion ς The release of molten rock from within the Earth onto the surface 
 
Magma ς Molten rock located beneath the surface of the Earth 
 
Lava ς Molten rock that is expelled from a volcano during an eruption 
 
Tectonic plate ς !ǊŜŀǎ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ǘƘŀǘ ƳƻǾŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ŜŀŎƘ ƻǘƘŜǊ ŀƴŘ ŎŀǳǎŜ 
volcanic activity 
 
Luster ς The appearance of the surface of a mineral dependent upon its reflecting qualities 
  
Transparent ς An object that allows light through it to be able to see items clearly on the other 
side (for example, a window) 
 
Translucent ς An object that allows some light through it to be able to partially see items on the 
other side (for example, wax paper) 
 
Opaque ς An object that blocks light, causing an inability to see items on the other side (for 
example, a wall) 
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Classroom Activities 

 

Chocolate Chip Cookie Mining 
 
Suggested Grade Level: 5 through 8 
Objective: The purpose of this game is to give the students an introduction to the economics of mining. Each 
ǎǘǳŘŜƴǘ ōǳȅǎ άǇǊƻǇŜǊǘȅΣέ ǇǳǊŎƘŀǎŜǎ ǘƘŜ άƳƛƴƛƴƎ ŜǉǳƛǇƳŜƴǘΣέ Ǉŀȅǎ ŦƻǊ ǘƘŜ άƳƛƴƛƴƎ ƻǇŜǊŀǘƛƻƴ ŎƻǎǘΣέ ŀƴŘ 
ŎƻƳǇƭŜǘŜǎ άǊŜŎƭŀƳŀǘƛƻƴέ ƻŦ Ƙƛǎ ƻǊ ƘŜǊ ǇǊƻǇŜǊǘȅ ǿƘƛƭŜ ǊŜŎŜƛǾƛƴƎ ƳƻƴŜȅ ŦƻǊ ǘƘŜ άƻǊŜ ƳƛƴŜŘΦέ 
Students must make decisions on which property to buy and which tools to use, some of the same decisions 
that must be made in the mining industry. The objective of the game is to learn how to run a profitable 
mining operation that is environmentally sound. 
Materials: 
Play money 
Large square graph paper 
3 different brands of chocolate chip cookies 
Flat toothpicks 
Round toothpicks 
Paper clips 
Pencils  
Instructions:  
Each student starts with $19 of cookie mining money.  Each student receives a sheet of graph paper.  Each 
ǎǘǳŘŜƴǘ Ƴǳǎǘ ōǳȅ ƘƛǎκƘŜǊ ƻǿƴ άƳƛƴƛƴƎ ǇǊƻǇŜǊǘȅέ όŎƻƻƪƛŜύΤ ƻƴƭȅ ƻƴŜ ǇǊƻǇŜǊǘȅ ǇŜǊ ǎǘǳŘŜƴǘΦ 
Cookies for sale are: 
Brand 1τ$3.00 
Brand 2τ$5.00 
Brand 3τ$7.00 
STEP 1. IŀǾŜ ǘƘŜ ǎǘǳŘŜƴǘǎ ǇǳǊŎƘŀǎŜ ŀ άƳƛƴƛƴƎ ǇǊƻǇŜǊǘȅέ όŎƻƻƪƛŜύΦ 
STEP 2. After the cookie is bought, the student places thecookie on the graph paper and using a pencil traces 
the outline of the cookie. The student must then count each square that falls inside the circle. (Note: Count 
squares that are one-half or more inside the circle as a full square. Do not count squares having less than 
one-half of their area inside the circle.) 
STEP 3. bƻǿ ŜŀŎƘ ǎǘǳŘŜƴǘ Ƴǳǎǘ ōǳȅ ƘƛǎκƘŜǊ ƻǿƴ άƳƛƴƛƴƎ ŜǉǳƛǇƳŜƴǘΦέ aƻǊŜ ǘƘŀƴ ƻƴŜ ǇƛŜŎŜ ƻŦ ŜǉǳƛǇƳŜƴǘ 
may be purchased. (Note: Equipment may not be shared between players.) 
Mining equipment costs: 
Flat toothpickτ$2.00 
Round toothpickτ$4.00  
Paper clipτ$6.00 
STEP 4. Have the students mine their property, removing the chocolate chips, following the rules below. 
Rules: 
(1) No student can use his or her fingers to hold the cookie. The only things that can touch the cookie are the 
mining tools and the paper the cookie is sitting on. 
όнύ {ǘǳŘŜƴǘǎ ǎƘƻǳƭŘ ōŜ ŀƭƭƻǿŜŘ ŀ ƳŀȄƛƳǳƳ ƻŦ р ƳƛƴǳǘŜǎ ǘƻ άƳƛƴŜέ ǘƘŜƛǊ ŎƻƻƪƛŜΦ tƭŀȅŜǊǎ ǘƘŀǘ ŦƛƴƛǎƘ ōŜŦƻǊŜ ǘƘŜ 
5 minutes are up should ƻƴƭȅ ǳǎŜ ǘƘŜ ŀŎǘǳŀƭ ǘƛƳŜ ǎǇŜƴǘ άƳƛƴƛƴƎέ ǘƻ ŎŀƭŎǳƭŀǘŜ ƳƛƴƛƴƎ Ŏƻǎǘ όϷмΦлл ǇŜǊ ƳƛƴǳǘŜύΦ 
(3) A student can purchase as many mining tools as he or she desires, and the tools can be of different types. 
(4) If the mining tools break, they are no longer useable, and a new tool must be purchased. 
(5) Sale of the chocolate chips brings $2.00 per chip; broken chips can be combined to make 1 whole chip. 
όсύ !ŦǘŜǊ ǘƘŜ ŎƻƻƪƛŜ Ƙŀǎ ōŜŜƴ άƳƛƴŜŘΣέ ǿƘŀǘ ƛǎ ƭŜŦǘ ƻŦ ǘƘŜ ŎƻƻƪƛŜ Ƴǳǎǘ ōŜ ǇƭŀŎŜŘ ōŀŎƪ ƛƴǘƻ ǘƘŜ ŎƛǊŎƭŜŘ ŀǊŜŀ ƻƴ 
the graph paper. This can only be accomplished using the mining toolsτno fingers or hands allowed. 
(7) Reclamation cost is $1.00 per graph-paper square. 
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Classroom Activities 

 

(8) Apply profit calculation: Revenue (chips mined at $2.00 each) minus Costs (property, tools, mining, and 
reclamation costs) = Profit. 
(9) The player with the largest net profit at the end of the game wins. 
όмлύ !ƭƭ ǇƭŀȅŜǊǎ ²Lb ŀǘ ǘƘŜ ŜƴŘΣ ōŜŎŀǳǎŜ ǘƘŜȅ ƎŜǘ ǘƻ Ŝŀǘ ǿƘŀǘΩǎ ƭŜŦǘ ƻŦ ǘƘŜƛǊ ŎƻƻƪƛŜΗ 
Evaluation and Discussion: 
Have the students discuss the following: 
1. Which cookie gives you the best return (profit) for your mining efforts? 
2. What is the best mining equipment? 
3. What is the total cost of reclamation? 
4. Would you use different mining equipment with different types of cookies? 
5. Is the type of equipment you use related to your mining cost? 
6. What would you do if you owned properties with different types of resources (cookies)? What decisions 
would you make? 
7. What economic choices did you make as you mined your property? 

 
Minerals in Your Body 
 
Suggested Grade Level: 5 through 8 
Objective: This is an exercise to help students learn about the distribution of elements in their bodies. Which 
elements are important for growth and development? Which of these elements are derived from minerals? 
Do the quantities of these elements change through time, as they grow? 
Materials: Copy of table 1 for each student 
Instructions: 
hȄȅƎŜƴ όhύ ƛǎ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ŜƭŜƳŜƴǘ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ƛƴ ȅƻǳǊ ōƻŘȅΦ wŜƳŜƳber, that an element 
is a substance whose atoms have the same atomic number, and a mineral may be composed of a single 
ŜƭŜƳŜƴǘ ƭƛƪŜ ŎƻǇǇŜǊ ό/ǳύ ƻǊ ŀ ŎƻƳǇƻǳƴŘ ƻŦ ŜƭŜƳŜƴǘǎ ƭƛƪŜ ƘŀƭƛǘŜ ƻǊ άǎŀƭǘέ όbŀ/ƭύΦ CƻǊ ŀ сс ǇƻǳƴŘ όол ƪƎ 
person) 40.3 pounds (18.3 kg) of oxygen (61% of total body weight) is found in the body in the form of water, 
proteins, nucleic acids, carbohydrates, and fats.  
aƛƴŜǊŀƭǎ ƛƴ ǘƘŜƛǊ ŜƭŜƳŜƴǘŀƭ ŦƻǊƳ ŀǊŜ ƛƳǇƻǊǘŀƴǘ ŀǎ ǘƘŜȅ ŀǊŜ ǳǎŜŘ ōȅ ǇǊƻǘŜƛƴ άŜƴȊȅƳŜǎέ ǘƻ Ǌǳƴ Ƴƻǎǘ ƻŦ ǘƘŜ 
ōƻŘȅΩǎ ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻns. More than 30 elements play a key role in helping plants and animals live a healthy 
life. Elements are the basic building blocks of life. Our bodies use various elements such as calcium to build 
strong bones, iron to make tendons and ligaments, and iron to help blood carry oxygen. The greatest source 
of these elements is the food we eat. Sometimes we need to take additional dietary supplements, such as 
vitamins, to assure that we maintain the proper chemical balance in our body. 
STEP 1. Using table 1, have the student find the amount of minerals in their body, based on their weight. 
STEP 2. Assign an element (preferably a mineral) to each student or group of students to study. Have the stu-
dents present their findings to the class as part of a group discussion or as part of a writing assignment. 
Evaluation and Discussion: 
Once each student or group of students has obtained information on his/her element, have the student(s) 
present their findings to the class. Discussion items should include what biological functions (role) the 
element has for growth and development. You can lead the discussion by asking the following questions:  
1. Which elements are important for growth and development? 
2. Does the makeup (distribution) of these elements change as you get older? 
3. What is the biological role of these elements? 
4. For Grades 9 to 12, have the students discuss the role of (certain elements)τMg, Ca, Znτas they are used 
ōȅ ǇǊƻǘŜƛƴ άŜƴȊȅƳŜǎέ ǘƻ Ǌǳƴ Ƴƻǎǘ ƻŦ ǘƘŜ ōƻŘȅΩǎ ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎΦ 
5. For Grades 9 to 12, have the students discuss the relation between minerals and vitamins. 
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Table 1. The most common elements in the human body (data derived from Winters, 2005). 

ELEMENT 30 kg person1 40 kg person2 50 kg person3 
Name Symbol Grams Grams Grams 
Oxygen O 18,300 24,400 30,500 
Carbon C 6,900 9,200 11,500 
Hydrogen H 3,000 4,000 5,000 
Nitrogen N 780 1,040 1,300 
Calcium Ca 420 560 700 
Phosphorus P 330 440 550 
Potassium K 60 80 120 
Sodium Na 42 56 70 
Chlorine Cl 36 48 60 
Magnesium Mg 8.1 10.8 13.5 
Silicon Si 7.8  10.4 13 
Iron Fe 1.8 2.4 3 
Zinc Zn 0.99 1.32 1.65 
Copper Cu 0.03 0.04 0.05  
 

1

30 kg person = 67.5 pound person  
2 40 kg person = 88 pound person  
3 50 kg person = 110 pound person 

1 gram (g) = 0.03527 ounces 
1 kilogram (kg) = 2.205 pounds 
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Make Your Own Toothpaste 
 

Suggested Grade Level: 5 through 8 
Objective: The Earth is made of materials that have distinct properties and provide resources for human 
activities. Students will learn about the basic composition of a product (toothpaste) that they use on a 
daily basis. This activity can lead to a discussion of what products we use on a daily basis and the 
importance of minerals in our environment (refer to the following: Frank and others, 2001; Weathers 
and others, 2001). 
Materials: 
3 colored antacid tablets (about 1 tsp of powder) 
1/8 tsp baking soda  
3 to 4 drops of water 
Small paper or plastic cup (like the kind you put ketchup in at fast-food restaurants) 
Small mortar and pestle 
Instructions: 
STEP 1. Pick an antacid color to use to make white, green, or pink toothpaste. 
STEP 2. Grind 3 antacid tablets into powder using a mortar and pestle (coffee grinder will work for bulk 
amounts). 
STEP 3. Place powder in plastic/paper cup. 
STEP 4. Add baking soda and water. 
STEP 5. Stir using toothpick until a paste forms. 

Evaluation and Discussion: 
Ask your students the following questions: 
1. What ingredients are listed on a container of toothpaste? 
2. How do the ingredients you used to make your own toothpaste compare with what is listed on the 
container of store bought toothpaste? 
3. What are the active ingredients in toothpaste? 
4. Antacid tablets contain silica and calcium carbonates, which work as abrasives keeping plaque from 
building up on teeth. Calcium carbonate is derived from mined and processed limestone, and baking 
soda is obtained from the mineral trona. When the right amount of water is combined with the powered 
minerals, it forms a paste. The average toothpaste purchased by consumers today contains some or all 
of the above ingredients. The toothpaste tube contains aluminum, from bauxite, and plastics, derived 
from petroleum products. 
5. Was toothpaste always put into a tube container? Have ǎǘǳŘŜƴǘΩǎ ǊŜǎŜŀǊŎƘ ŀƴǘƛǉǳŜ ǘƻƻǘƘǇŀǎǘŜ 
containers. Modern toothpaste was developed in the 1800s. Soap was added to toothpaste in 1824. By 
the 1850s, chalk was added to toothpaste. Colgate was the first company to mass-produce toothpaste in 
jars. The first collapsible tube of toothpaste was manufactured in 1896. 
 
The three activities above are from http://pubs.usgs.gov/gip/2005/17/gip-17.pdf.  See the website for 
more activity ideas.  
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Grow Sugar Crystals! 

The process of making sugar crystals is very similar to making salt crystals, but sugar crystals can be 
more fun because they're tasty treats. 
Instructions: 
Boil about 1 cup water and carefully pour the water into a glass jar. Slowly stir in three cups of sugar, 
about a teaspoon at a time. Don't rush this step. Continue until the sugar is no longer dissolving but is 
starting to collect at the bottom of the jar. Add a few drops of food coloring. Tie one end of a piece of 
string around the middle of a pencil and tie a paper clip to the other end. Place the pencil over the jar so 
that the string hangs down and the paper clip almost touches the bottom of the jar. Allow jar to sit 
someplace where it will be undisturbed. Check after about 24 hours, and you'll see colorful crystals 
forming on the paper clip. 
Discussion Questions:  
1. What changes occurred in the jar?  
2. What shapes do crystals form? Why? 
 

Crystal Fun with Alum 
Materials: 
¼ cup alum (found in spice aisle of the grocery store) 
1 cup hot water 
Measuring cup 
Sauce pan 

Stirring spoon 
Small mason jar 
Cheesecloth 

Instructions: 
Heat the water in the saucepan on low heat.  Add the alum and stir until it is all dissolved. Carefully pour the 
solution into the mason jar. Try not to splash. Cover the mason jar with cheesecloth to keep out dust and put 
it in a quiet place. It may take 1-н ǿŜŜƪǎ ŦƻǊ ŎǊȅǎǘŀƭǎ ǘƻ ōŜƎƛƴ ƎǊƻǿƛƴƎΦ LŦ ŎǊȅǎǘŀƭǎ ŘƻƴΩǘ ŀǇǇŜŀǊΣ ǎǇǊƛƴƪƭŜ ŀ ŦŜǿ 
grains of alum powder into the solution.  
Variation: When a crystal gets to be about ¼ inch big, take it out of the solution. Tie a fine string around it. 
This is now called a seed crystal. Make a new solution and pour it into another jar. Once it is cool, hang the 
seed crystal in the solution. You can do this by tying the other end of the string to a pencil and laying it over 
the top of the jar. Cover with cheesecloth and watch your seed crystal grow bigger! 
 

How hard are various minerals? 
 

Material Needed: 
About 10 different minerals or rocks, preferably quite different from one another. Have them labeled 
with either their names, or numbers for coding purposes, if names are unknown. Also pennies, table 
knife, steel file. 
Instructions:  
On Table 1 (next page), list the 10 minerals or rocks in the first column. Test each rock/mineral with your 
fingernail, penny, knife, and file. Check with Table 2 (next page) to find a "hardness number" that 
corresponds to the tested rock. Enter the "hardness number" on Table 1 beside the name/number of 
the rock just tested. 
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Table 1 

  Mineral/Rock Hardness Number 

1   

2   

3   

4   

5   

6   

7   

8   

9   

10   

 

Table 2 

HARDNESS TEST HARDNESS NUMBER 

Can be scratched with a fingernail 1 - 2 

Can be scratched with a penny 3 

Can scratch a penny 4 

Can be scratched with a table knife 5 - 6 

Can be scratched with a steel file 7 - 8 

Cannot be scratched with a steel file 9 - 10 

 

Discussion 
What was the hardest rock you tested? 
____________________________________________________________ 
What was the softest rock you tested? 
_____________________________________________________________  
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Books for the Classroom: 
 
Rocks and Minerals : DK Publishing, 2004. 

An informative guide to the amazing world beneath our feet. Color photographs of rocks, fossils, 
minerals, precious metals, crystals, jewels and gemstones give the reader a unique "eyewitness" 
insight into the evolution and composition of the Earth. Learn what the Earth is made of - and how 
its rocks were formed, how early humans made the first flint tools and how diamonds and precious 
stones are cut, polished, and made into jewelry, and much more!  Ages 9-12 

 
Pellant, Chris. Smithsonian Handbooks: Rocks & Minerals: DK Adult, 2002 

The Smithsonian Handbook of Rocks and Minerals is an identification guide that combines 600 vivid 
full--color photos with descriptions of more than 500 specimens. Designed for beginners and 
experienced collectors alike, the Smithsonian Handbook of Rocks and Minerals explains what rocks 
or minerals are, how they are classified, and how to start a collection.  

 

Gans, Roma. [ŜǘΩǎ Dƻ wƻŎƪ /ƻƭƭŜŎǘƛƴƎ : Harper Trophy, 1997. 
The topics of this book include basic rock formation, the characteristics of igneous, metamorphic, 
and sedimentary rocks, the uses of rocks in the past (Roman roads, Egyptian pyramids) and the 
present (cement); and, finally, a bit about rock collecting.  The pair of youngsters featured in Keller's 
brightly colored illustrations certainly convey the joys of being a rock hound.  PreSchool-Grade 3. 

 
Blobaum, Cindy. Geology Rocks! 50 Hands-On Activities to Explore the Earth: Williamson Publishing, 
1999. 

Grade 4-6-Geology's basics are explored in a lively fashion and are accompanied by a combination of 
familiar and not-so-familiar experiments and activities.  

 
Websites for More Information: 
 
Encyclopedia Smithsonian: The Dynamic Earth 

The Background Information in this Guide is from the Gems and Minerals section of this Smithsonian 
website.  Further information in this section includes: crystal growth irregularities, impurities, 
ǊŜŀŘƛƴƎ ŀ ŎǊȅǎǘŀƭΩǎ ƭƛŦŜ ǎǘƻǊȅΣ ƳƻǊŜ ƻƴ specific minerals, gems, and pegmatites like those in the Bruce 
Museum collection.  Also see the GeoGallery for detailed information on individual minerals.   
http://www.mnh.si.edu/earth/main_frames.html 

 
United States Geological Survey Educational Resources 

This site is a list of links to a variety of USGS educational resources on minerals, their use in everyday 
life, statistics, historic uses of minerals, the lifecycle of a mineral deposit, mining, and gemstones. 
CƻǊ ŀ ǾŀǊƛŜǘȅ ƻŦ ŀŎǘƛǾƛǘƛŜǎ ǊŜƭŀǘŜŘ ǘƻ ƳƛƴŜǊŀƭǎΣ ǎŜŜ ά¢ƘŜ [ƛŦŜŎȅŎƭŜ ƻŦ ŀ aƛƴŜǊŀƭ 5ŜǇƻǎƛǘέ ǎŜŎǘƛƻƴΦ 
http://education.usgs.gov/common/secondary.htm#rocks  

 
  

 

Mineral Marvels 
 



Bruce Museum Educators Guide Page 16 
 

 

Teacher and Student Resources 

 
 
Mineral Information Institute 

This organization provides information on the amount of minerals, metals, and fuels consumed in a 
single human lifetime (3.6 million pounds!), and breaks these numbers down to show how our 
society uses various minerals.   
http://mii.org/ 
The Teachers section of this website provides many downloadable packets with more information 
on minerals in our society, and many classroom activities.  
http://mii.org/teacherhelpers.html 

 
Mineralogical Society of America: Mineralogy for Kids 

This site is filled with all of the information, graphics, and photographs your students will need to 
learn about minerals, presented in an interactive and colorful format that makes it easy to 
understand.  Also includes a ǎŜŎǘƛƻƴ ƻƴ άaƛƴŜǊŀƭǎ ƛƴ ȅƻǳǊ ƘƻǳǎŜΦέ    
http://nagt.org/index.html 

  

 

Mineral Marvels 
 



Bruce Museum Educators Guide Page 17 
 

 

How to Schedule a Visit 

 
 

¶ Adult and school groups of 8 or more require advance reservations and are subject to a special 
group fee. 

¶ Museum-Based School programs are available Tuesday through Friday at 10:00 am, 11:15 am, 
and 1:00 pm  

¶ After-School Museum-Based programs are available Tuesday through Friday, last one hour, and 
start no later than 4:00 pm.  

¶ The Bruce Museum is accessible to individuals with disabilities.  

¶ Call Bruce Museum Reservations Manager, Anne Burns, at 203-869-6786 ext.338. You may leave 
a voicemail message at this number at any time. Please leave a choice of times to return your 
call.  

¶ Fees 
A confirmation/invoice will be mailed four weeks prior to the program. Pre-payment is 
preferred, however, Museum programs may be paid on day of visit. Payment is by check only, 
payable to Bruce Museum, Inc. 
Museum-Based Programs: $45 per program. 

¶ Scholarships 
Thanks to the generosity of our corporate members and sponsors, scholarships are available 
under special circumstances. Please contact the Museum for more information.  

¶ Cancellations 
There is a $15 charge if cancellation is less than two weeks in advance of the scheduled 
program.  

¶ No Eating Facilities are available at the Museum 
In case of bad weather, classes will be permitted to eat in the Education Workshop if they 
reserve the room in advance.  

¶ Class Size 
In order to maintain quality education, classes are limited to 25 students. Pre-school class size is 
limited to 20 students.  

¶ Supervision: REQUIRED for all programs 
Museum visit: 1 adult for every 5 children, to accompany the children at all times. 
Self-guided tours: If you would like your class to tour the rest of the Museum before or after the 
scheduled program, you must tell us when you make your reservation to avoid conflict with 
other groups. 
Nametags: Help to personalize program and enhance student behavior.  

¶ Conduct 
In order to enhance everyone's enjoyment of the Museum, please go over these rules with your 
students in advance:  

o Please do not run in the Museum.  
o Please talk in quiet voices.  
o Please do not touch paintings or objects  

Special requests or curriculum needs  
All of the programs are flexible and can be adapted to audiences with special needs or to your 
curriculum objectives. Please discuss with the Museum Education staff in advance. 
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Education Department Staff List 

 
 

 
 
 

 
Anne Burns 

Reservations Manager 
(203)-869-6786 ext. 338 

anneburns@brucemuseum.org 
 

Diane Clifford 
Manager of School Programs and Tour Services 

(203)-869-6786 ext. 324 
dclifford@brucemuseum.org 

 
Sheean Haley 

Manager of Outreach Education 
(203)-869-6786 ext. 323 

shaley@brucemuseum.org 
 

Caroline Shields 
Museum Educator 

(203)-869-6786 ext. 364 
cshields@brucemuseum.org 

 
Robin Garr 

Director of Education and Public Programs 
(203)-869-6786 ext. 325 

rgarr@brucemuseum.org 
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