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CAREERS 
We have been exploring career 
ideas over the past 3 months.  
If you missed those issues, you 
can find activities 38 through 
41 located here: 
http://tra.extension.colostate.edu/
stem-resources/ 

 
The 12 broad interest 
categories are:  
 Adventure 
 Animals and Nature 
 Art 
 Business 
 Computers 
 Math 
 Music and Dance 
 Science 
 Sports 
 Talking 
 Travel 
 Writing 
 
What are your four top ranked 
broad interests from the results 
of your quiz: 
 

1. 
 

2. 
 

3. 
 

4. 
 
Last month, you reflected on 
the project you selected and 
started an interest journal.  
Continue using your journal to 
collect those things that spark 
your interest.  You may find 
that your interest journal is 
different than the broad interest 
quiz.  If that is the case, you 

BACKGROUND 
The image above of engraved ochre (a rock rich in iron) is the oldest 
known art, dated at 77,000 years before present.  It was found in 
Blombos Cave in South Africa.  The cave artifacts include marine shell 
beads, refined bone and stone tools, and ochre making kits (to make red 
pigment).  The artifacts in the cave have been dated from 100,000 to 
70,000 years before present.   
 
The image below was found in a cave in Spain and has been dated to 
65,000 years ago.  The people living in Spain at that time were not our 
ancestors, but our cousins, the Neanderthals (Homo neanderthalensis).  
They used medicinal plants and crafted tools.  They carefully buried their 
dead.  These are hallmarks of culture and society.  They arrived in 
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may want to retake the interest 
quiz. You can find it in issue 
38. Snowflakes, and the score 
cards on the last page of issue 
39. Astronomy on this website: 
http://tra.extension.colostate.edu/
stem-resources/ 

 
This month, you are going to 
plan and design your own 
project, based on your 2-4 top 
interests, your interest journal, 
and the reflections you made 
on your first project. 
 
It can be very similar to the 
project you have already 
completed, or you can try 
something really wild, using out 
of the box thinking.   
 
1. Pick a project topic.  What 

interests you?  What would 
you like to do?  What 
would you like to share 
with others?  For example, 
maybe you are fascinated 
by the stars and planets, 
and you want to learn more 
about them.  Astronomy 
will be the example in each 
of these steps.  

2. Spend time researching 
more information about 
your topic.  For example, 
explore NASA website, 
Astronomy Picture of the 
Day, HubbleSite, etc.  Go 
to the library and ask the 
librarians to help you find 
books about astronomy, 
and activities you can do in 
astronomy. 

3. During this exploration, 
determine what you would 
like to learn or share.  For 
example, you decide that 
you want to learn the 
constellations and the 
other objects in the sky. 

Europe as early as 500,000 years ago.  The physical evidence supports 
that our ancestors arrived about 50,000 years ago, and co-existed with 
Neanderthals for more than 5,000 years.  As with all science, this could 
change if we find additional information, but now we can only assume the 
artist was a Neanderthal.   
 
Our ancestors 40,000 years ago used pigments in rocks and substratum 
to paint.  The red ochre used in the cave drawing below is still used by 
artists today.  It comes from iron-rich rocks, which are abundant in 
Colorado’s mountains.  Recall that the cave in South Africa had red ochre 
kits (to make this pigment), but it doesn’t appear that any of those 
drawings survived.  

Objectives  
You will: 
 Collect substratum and rock samples 
 Identify the different pigment colors found within the rock and 

substratum samples you collected 
 Prepare paints from the pigments using different media 
 Compare and contrast data on the different media used to fix the 

pigments 
 Analyze pigments artists use through time 
 Create a painting using the pigments you made 
 Identify the three different aspects of the theory of color: hue, chroma, 

and value 
 
Materials:   
 Gallon Ziploc baggies 
 Sharpie permanent marker (black works best) 
 Trowel or shovel 
 Option: GPS unit and ArcGIS software program 
 Recycled containers w/lids (e.g. 1 lb yogurt container) 4/sample  
 Newspaper  
 Media (milk, egg yolk, egg white, and white school glue) 
 Hammer (in addition rolling pin and/or mortar and pestle) 

http://tra.extension.colostate.edu/stem-resources/
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 Craft sticks  
 Copy of the Munsell Soil Color Chart (page 8)  
 Paint brushes and paper 
 Google map incorporating all areas that you collect your samples 
 Tape or glue 

DO: 
Opening Question 
 Examine the cave paintings on pages 9-14.  What colors do you see 

in these paintings?  How did these artists find the colors to make their 
paintings?  

 
Directions 
Part One 
 Look around your home, school, 

parks, etc., at road cuts and river 
banks to find different color rocks 
and substratum.   

 To collect substratum samples, 
scrape the top organic, surface, 
and subsoil layers (O, A, and B 
layers diagrammed on the right).  
These layers are rich in organic 
matter, and do not make good 
pigments.  Collect your sample from 
the substratum layer (C layer 
diagrammed on the right).  

 Add the sample to your Ziploc baggie and label with the location. 
 Collect from several locations.  It will be difficult collecting samples 

this way, because until you dig to the substratum layer, you won’t 
know if you found a different mineral composition (i.e. different color). 

 It is much easier to collect these samples from road cuts or river 
banks that have channeled through substratum or bedrock.   

4. Determine how you can 
accomplish this goal.  For 
example, find an 
astronomy club to join. 

5. Develop a list of the 
supplies you need to 
complete your project.  For 
example, your list would 
include a planisphere, a 
flashlight with a red filter, 
good book with the 
constellations and the time 
of year, and maybe a 
mentor—someone in the 
astronomy club—who 
could help you.  The 
astronomy club will also 
have telescopes you can 
use with their help.  Before 
spending a lot of money, 
check it out first.  

6. Find books or search the 
internet for activities to help 
you learn more about your 
project.  For example, the 
Astronomical Society of the 
Pacific has activities for 
different ages online.  The 
librarian may help you find 
a book like “39 Easy 
Astronomy Experiments” 
by Robert W. Wood. 

 
Continue working on your 
interest journal: 
 Keep things that you find 

interesting.  For example, 
you see a beautiful sunrise, 
and you want to capture the 
feeling, take a picture and 
write a haiku in your journal.  
Print the picture and tape it 
next to your haiku.   

 If you see something on the 
internet that is fascinating or 
peaks your interest, print it 
and tape it in your journal. 

 Write your thoughts about 
yourself at the end of the day 
or first thing in the morning.  

Altamira Cave, Northern Spain, 15,000 before present 

C.  
Substratum 
collect this layer 
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 The pictures above are from the San Juan Mountains.  Great rock 
samples there, but you can find all kinds of rock and substratum 
colors in every county in Colorado.   

 Collect the loose debris located in a layer or at the bottom of the road 
cut.  Place each color sample in a different Ziploc bag.  

 Label each bag with the location of the sample (GPS coordinates or 
Mile Marker (MM).  MM 96-97 is between those two MMs ). 

 Sometimes you will find different 
colors layered on top of each other at 
the same location, like the picture on 
the right (The Paint Mines 
Interpretative Park, Calhan, CO). 

 Locate each sample site on a map.  
You can do this one of two ways: 
○ Print a map of the area you 

collected samples, and mark each site. 
○ If you used a GPS unit and have access to ArcGIS, you can 

record each location on one layer of the ArcGIS map. 
 
Part Two 
 Spread each sample out on newspaper, and remove all organic 

matter (like roots, dead leaves and grass). Be sure that each sample 
remains separate to preserve the colors you collected. 

 Use a hammer to crush the rocks and substratum into a fine powder.  
A rolling pin and/or mortar and pestle can complete the powdering 
process. 

 Allow your rock and substratum samples to dry completely. 
 
Part Three 
 Use the Munsell Soil Color Chart on page 8 to identify the closest 

color and record the letter column and number row on the map at the 
site where you collected that sample.  

 In painting, a medium is a substance that allows the pigment to stick.  
Our cave art ancestors used animal fat or spit for their media.  We are 
testing four media: egg yolk, egg white, milk, and white school glue.     

 You will need to separate your egg yolk from the egg whites.   

Try different questions, like: 
Why is my favorite color red?  
When is my favorite time of 
the day? 

 
POWER WORDS 
 medium (plural media): 

material that holds pigments 
together, e.g. oil paint uses 
oil, tempera uses egg yolk; 
the method in which the artist 
works (i.e. oil, watercolor, 
etc.). 

 ochre: an earthy pigment 
containing ferric oxide, 
typically with clay, varying 
from light yellow to brown or 
red.  

 pigment Substance used as 
coloring. Dry coloring matter, 
usually an insoluble powder 
to be mixed with water, oil, or 
another base to produce 
paint and similar products. A 
substance that produces a 
characteristic color in tissue.  

 primary colors: red, yellow, 
and blue. 

 secondary colors: orange, 
green, and purple. 

 substratum: an underlying 
layer or substance, in 
particular, a layer of rock or 
soil beneath the surface of 
the ground.  

 tertiary colors: red-orange, 
orange-yellow, yellow-green, 
green-blue, blue-purple, 
purple-red. 

 
FASCINATING FACTS 
 All the different colors in 

rocks and substratum are the 
result of the minerals that 
make up the rocks. Minerals 
are the building blocks of 
rock. Some rocks consist of 
just one type of mineral, but 
most rocks contain many 
different minerals.  

         Orange         Grey    Dark Red-Brown 
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 Working with one sample at a time, divide it into 4 of the recycled 
containers.  Label each container with the type of medium used (i.e. 
“yolk,” “egg white,” “milk,” and “glue”) and the location. 

 Mix each medium into the rock or substratum pigment powder until it 
is the consistency of tempera paint, stirring with a clean craft stick.  
Repeat for each sample you collected. 

 Use the Munsell Soil Color Chart to identify the closest color for each 
of the 4 samples identified by the medium.  Compare to the dry 
sample.  How did they change? 

 
REFLECT: 
Part One 
 Examine the modern art pictures on pages 15-17.  The paintings are 

from different time periods.  What pigments do you see in these 
paintings?  What do you notice about the paintings through time?  
What colors do you see in modern art that is not present in the cave 
art?  What colors are used in O’Keeffe’s painting that is not in either 
van Gogh’s or da Vinci’s painting?  What colors are present in van 
Gogh’s painting that are not present in da Vinci’s painting? 

Part Two 
 Explore the website “Colors of Art.”  This interesting website has the 

history of pigments.  http://www.webexhibits.org/pigments/ 
○ One of the top tabs (hard to read in the image above of the home 

page, but circled in white) is “Choose a time period.”  The Time 
Period shows the progress of finding and using pigments.   

○ Other tabs will lead you to: 

· “Choose a pigment” provides information about when it was 
discovered, and other information—like Emerald Green was 
poisonous and used not only in paintings, but also clothing. 

· “Browse a color” gives you information about the pigment hues 
and their history. 

· “Make paintings” gives directions for making different types of 
paint (e.g. oil, acrylic, or watercolor). 

· “Look Closer” goes further into concepts of light, 3D modeling, 
microscopy, tomography, dating, and spectroscopy. 

 The most popular color 
worldwide is blue!  Based on 
several global marketing firm 
surveys, they have found: 
○ Blue—40% 
○ Purple—14% 

 Red is the first color a baby 
sees.  Recent studies show 
that 2 week-old babies can 
distinguish the color red. 

 Women are generally better 
at differentiating close range 
of colors than men are.  This 
gene lies on the X 
chromosome, and males only 
inherit one copy, while 
women inherit two copies of 
the gene.  (Men, however, 
are better at recognizing fine 
details in a moving object.) 

 Ultramarine blue is almost 
impossible to find.  It is made 
from lapis lazuli, a gemstone 
only found in a single 
Afghanistan mountain range.   

 The Egyptian made a 
synthetic blue 2,200 B.C. by 
combining limestone and 
sand with copper-containing 
mineral, and then heated the 
solution between 1470 and 

1650°F.  It was easy to go 
wrong, and the process was 
forgotten.   

 The first time ultramarine 
blue was used as a pigment 
is in Buddhist frescoes in 
Afghanistan in the 6th 
century.  It finally made it to 
Europe in the 700s, where it 
cost more than gold!   

 Drinking hot chocolate from a 
cream-colored or orange cup 
makes the hot chocolate 
taste better!   

 Red and yellow increase the 
appetite!  Look at the number 
of food packaging and chain 
restaurants who use those 
colors!  

http://www.webexhibits.org/pigments/
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Part Three 
 Cut out the Munsell colors that are closest to each of the original dry 

rock or substratum samples and tape or glue by the site collected.   
The colors represent different chemicals in the rock or substratum.  
Do you notice anything about the sites and the colors?   

 What colors did you find in close proximity?  Sometimes you will find 
very different colors in layers (see images on page 4).  

 Did the medium change the color of the rock/substratum?  How? 
 The first cave art used animal fat or saliva as the medium.  Which of 

the mediums you sampled (egg yolk, egg white, milk, and white 
school glue) is closest to animal fat? 

 Compare the 4 treatments (yolk, egg white, milk and glue) to each 
other.  How did each medium change the color? 

 
APPLY: 
Part One 
 Plan your painting before you make 

it.  Will you use paper, canvas, 
rock, wood or something else? 

 Do these colors remind you of 
people, animals, or places?  What 
are they?  How about geometric 
shapes and patterns?   

 How do you want to apply your 
paint?  With paint brushes, fingers, 
leaves, cotton or cotton swabs, or 
something else? 

 Create your painting(s) with your 
homemade rock and substratum 
pigments.   

 What do you think?  What do you 
like about it?  What would you 
change? 

 
Part Two 
 Plan another painting, but this time, 

incorporate additional art supplies 
(markers, pencils, etc.).  How will 
this change how you approach your 
next picture?  What will you use this 
time to paint?  What patterns or 
pictures do you envision?  What will 
you use to apply the paint?  What 
additional art supplies will you use?  
How will they add to your picture? 

 Write a story based on your 
pictures.  For example, if you saw 
those colors as a landscape, write a 
story that uses that landscape as 
the place.  You can modify your art 
to capture the additional images 
your story evoked. 

 

 
CITATIONS 
ACTIVITY  
https://www.sabine brosche.com/

making-paint-from-rocks-
substratum/ 

https://www.sabinebrosche. com/
making-paint-from-rocks-
substratum/ 

http://munsell.com/color-blog/
category/color-education/  

http://zbecton.blogspot.com/ 2011/02/
munsell-substratum-color-
chart.html 

http://www.webexhibits.org/pigments/ 
http://www.dangerousroads. org/north

-america/usa/4808-san-juan-
skyway.html 

https://erikas4k.wordpress. 
com/2013/07/29/day-53-
montrose-co-to-norwood-co/ 

https://www.nrcs.usda.gov/wps/portal/
nrcs/detail/substratums/edu/?
cid=nrcs142p2_054308 

https://www.education.com/activity/
article/color-wheel-art/ 

YOUTHS’ PICTURES 
http://www.ecomatters.org.nz/wp-

content/uploads/2017/12/ed-
IMG_4463.jpg  

https://intim8ecology.files. 
wordpress.com/2015/04/finger-
painting-earth-pigments-and-
natural-binders-on-canvas-c2a9-
f-owen-p-ward-2015.jpg 

ART 
https://web.archive.org/

web/20081225115801/http://
www.svf.uib.no:80/sfu/blombos/
Artefact_Review2.html 

https://www.smithsonianmag.com/
history/journey-oldest-cave-
paintings-world-180957685/ 

https://www.independent.co.uk/arts-
entertainment/art/news/40000-
year-old-cave-paintings-include-
oldest-hand-stencil-known-to-
science-9783840.html 

https://www.cnn.com/2013/06/20/us/
tennessee-cave-art/index.html 

https://focus.louvre.fr/en/mona-lisa 
https://www.moma.org/collection/

works/79802 
https://www.metmuseum.org/toah/

works-of-art/52.203/ 
FACTS 
http://www.ucreative.com/articles/22-

intriguing-facts-about-colors-that-
you-need-to-know/ 

 

The above two images are art pieces 
created using rock and substrate 

pigments. 
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Part Three 
 Study of Hues  

○ Hue is that attribute of a color by which 
we distinguish red from green, blue 
from yellow, etc.  

○ If you mix paints of adjacent colors in 
this series and obtain a continuous 
variation from one to the other. Red 
and yellow may be mixed in any 
proportion to obtain all the hues red 
through orange to yellow. The same is 
true for yellow and green, green and blue, blue and purple, and 
purple and red. This series returns to the starting point, so it can 
be arranged around a circle. 

○ Make a color wheel by including the primary, secondary, and 
tertiary colors.  You need a paper plate, glue, old magazines, a 
ruler, a marker, and a compass.  Divide 
the plate into 12 equal pie shape wedges 

(30° wedges if you use a compass) with 
the marker and ruler.  Write on each 
wedge (in this order): Red, Red-Orange, 
Orange, Orange-yellow, Yellow, Yellow-
Green, Green, Green-Blue, Blue, Blue-
Purple, Purple, Purple-Red.  You should 
have a color name in each wedge.  Go 
through the magazines and tear out pieces 
of colors.  Glue them on the plate in the 
wedge that matches the color you labeled on the plate. 

 Study of Values 
○ Value of a color is the lightness 

or darkness of tones. White is 
the lightest value; black is the 
darkest. The value halfway 
between these extremes is 
called middle gray.   

○ Take any color pencil and a sheet of paper.  Start by lightly 
rubbing the side of the pencil as you move from left to right on the 
paper, increasing the pressure of the pencil, making the color 
darker.  This is the value of a color. 

 Study of Chroma 
○ The purity or saturation of a 

color is the chroma. Grey is one 
end, and the less grey in the 
color, the more saturated the 
color becomes. 

○ Take a grey color pencil, any 
hue of a color pencil, and a sheet of paper.  Start with the hue (for 
example green) and lightly rub the color across a swath of the 
paper.  With the grey pencil, start with a lot of pressure, and rub 
the grey over the top of the hue color.  As you move from left to 
right, decrease the pressure on your grey pencil, until you have no 
pressure.  The highest chroma is on the right with no grey, and the 
lowest chroma is on the left with the most grey. 
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Mona Lisa by Leonardo da Vinci (Italian)  ~1506 A.D. 
Leonardo da Vinci is widely considered one of the greatest painters of all time.  His interests 
included anatomy, architecture, astronomy, botany, cartography, engineering, geology, history, 
invention, literature, mathematics, music, painting, science, sculpting, and writing. 
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Cow’s Skull: Red, White, and Blue by Georgia O’Keeffe (American) 1931 
 


