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Investigating Density and Earth’s Differentiation

Learning goal

Students investigate how density separation contributed to planetary differentiation and how
differences in the density of representative Earth materials provide evidence for Earth’s
compositionally differentiated internal structure.

Success criteria
Students:
e Use observations from a density-layer model to explain the hypothesised role of density
separation in planetary differentiation.
e Collect, process and represent quantitative density data for representative Earth
materials.
e Use experimental evidence to explain Earth’s differentiated structure and evaluate the
investigations’ limitations.

Background Information
Density describes the amount of mass contained within a particular volume. It is calculated using:

_m
P=vy

where:
e prepresents density
e m represents mass
eV represents volume.

Density is commonly expressed in grams per cubic centimetre: g/cm3

Earth formed approximately 4.6 billion years ago through the accretion of rocky material. Energy
released by collisions, gravitational compression and radioactive decay caused extensive heating and
melting within early Earth.

Gravity caused materials to separate according to density. Denser, iron-rich materials moved
towards Earth’s centre, while less-dense silicate materials remained closer to the surface. This
process is known as planetary differentiation.

Planetary differentiation contributed to the formation of Earth’s broad compositional layers:

e thecrust
e the mantle
e thecore

Density separation can occur when materials have sufficient mobility to move relative to one
another. During periods when early Earth was extensively molten or partially molten, denser
metallic materials could move towards the centre under the influence of gravity, while less-dense
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silicate materials remained closer to the surface. The liquid-layer investigation provides a simplified
model of this process.

Continental crust contains a relatively high proportion of low-density felsic rocks such as granite.
Oceanic crust is dominated by denser mafic rocks such as basalt and gabbro. The mantle is
dominated by ultramafic rocks such as peridotite. Earth’s core is predominantly composed of iron
and nickel.

Scientists cannot directly collect samples from most of Earth’s interior. Instead, evidence from
accessible rocks, mantle xenoliths, meteorites, seismic waves and laboratory investigations is used
to develop models of Earth’s structure.

In this investigation, rocks are used to represent continental crust, oceanic crust and the mantle. An
iron-rich rock is used as a core analogue. It represents the general increase in density towards
Earth’s centre but is not an actual sample of core material.
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Part A: Modelling density separation during planetary differentiation

Aim
To model the hypothesised role of density separation in planetary differentiation.

Materials:
e 20mL golden syrup
e 20mL vegetable oil
e Food colouring (optional)
e Glass or beaker
e Tray
e 20mL water

Variables
e Independent variable: type of liquid used
e Dependent variable: final vertical position of each liquid in the container
e Controlled variables: volume of each liquid, container used, order and method of adding
the liquids, setting time and room temperature

Method:

1. Place a clear container inside a tray.
Predict the order in which golden syrup, water and vegetable oil will settle.
(Optional) Add a small amount of food colouring to the water and mix.
Add the golden syrup, coloured water and vegetable oil to the container.
Allow the liquids to settle into layers.
Observe and record the final arrangement of the liquids.
Compare the final arrangement with your prediction.

NoukwnN

Predict the order in which the following liquids will settle, from the top to the bottom of the

container:
e golden syrup
e water

e vegetable oil

Predicted liquid
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Explain the reasoning behind your prediction.

Results
Draw and label the final arrangement of the liquids in the space below.

Review questions
1. Which liquid formed the lowest layer?
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3. How does the demonstration model one aspect of planetary differentiation?
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Part B: Density of representative Earth materials

Aim

To measure and compare the density of rocks representing continental crust, oceanic crust and
mantle, together with an iron-rich core analogue.

Materials
e One rock representing continental crust: granite
e One rock representing oceanic crust: basalt
e One rock representing the mantle: peridotite
One iron-rich rock acting as a core analogue: magnetite-rich rock
Electronic balance
Displacement can
Measuring cylinder
Collection beaker
Water
Tray
Paper towel
Calculator
o Safety glasses

Variables
e Independent variable: rock sample or Earth component represented
e Dependent variable: calculated sample density in g/cm?3
e Controlled variables: equipment used, displacement method, initial water level in the
displacement can, volume-reading method, sample drying procedure and density
calculation method.

Method
1. Inspect each rock sample and record its name and the Earth component it represents.
2. Measure the mass of the first dry sample using an electronic balance. Record its mass in

grams.

Place the displacement can on a level surface inside a tray.

Fill the displacement can with water until water begins flowing from the spout.

Allow the excess water to drain until it has completely stopped dripping.

Place an empty collection beaker beneath the spout.

Carefully lower the rock sample completely into the water. Ensure the sample does not

cause splashing and is completely submerged.

Collect all water displaced through the spout.

9. Transfer the displaced water into a measuring cylinder.

10. Read the volume at eye level from the bottom of the meniscus.

11. Record the volume of displaced water in millilitres. Because 1 mL = 1cm3, this value is
equal to the volume of the rock sample in cubic centimetres.

12. Calculate the density of the sample:

Nouew

o
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mass

p = % or density = pH—

12. Record the density in grams per cubic centimetre (g/cm3).

13. Remove and dry the sample.

14. Refill the displacement can until water flows from the spout and wait for it to stop
dripping.

15. Repeat the process for each representative rock sample.

Results

Volume of
Earth component | Rock sample displaced
water (mL)

Sample Density
volume (cm?) | (g/cm3)

Continental crust

Oceanic crust

Mantle

Core analogue
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Part C: Processing and analysing rock-density data

Class results

Combine your results with results collected by other groups. For each Earth component, calculate
the mean density and range of the class results.

Calculating the mean
The mean provides an average of a set of results.

sum of results

mean =
number of results

For example, three groups measured the density of a basalt sample as 2.8 g/cm3, 3.0 g/cm?® and
2.9 g/cm3:
284+3.04+29

mean = ——————= 2.9g/cm3

Calculating the range
The range shows the spread between the highest and lowest results.

Range = highest result — lowest result

Using the previous results:
Range = 3.0 — 2.8 = 0.2g/cm3

A small range generally indicates that results were relatively consistent. A large range indicates
greater variation and may require investigation.

Earth component Rock Sample Mean density (g/cm?3) Range (g/cm3)

Continental crust

Oceanic crust

Core analogue
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Graphing
Construct a column graph comparing the mean density of the four representative Earth materials.
Your graph must include:

e adescriptive title

e the Earth components on the horizontal (x) axis

e mean density in g/cm? on the vertical (y) axis

e anappropriate numerical scale

e one column for each Earth component.
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Discussion
Expected density pattern

Granite 2.5-2.8 g/cm?
Basalt 2.7-3.3 g/cm?
I reridotite 3.1-3.4 g/cm?
Magnetite-rich rock 4.0-5.2 g/cm?

1. Describe the overall pattern in the mean densities of the four representative Earth
materials. Include evidence from the class results in your response.

2. Compare the experimental mean densities with the expected density ranges. Identify any
result that is inconsistent with the expected pattern and suggest a possible explanation.

3. Explain how the experimental results support the scientific model of Earth as a
compositionally differentiated planet.
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Evaluate the investigation by:

e Assessing the reliability of the results using the class ranges

e Assessing the accuracy and precision of the measurements

e Assessing whether the samples and method produced valid evidence for the aim
e Identifying one limitation

e Proposing one specific improvement or further investigation.
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Conclusion
Write an evidence-based conclusion addressing the aim of the investigation.
Your conclusion should:
e Directly answer the investigation’s aim
e Describe the overall density pattern
e Use relevant quantitative evidence
e Explain how the results relate to planetary differentiation.
Do not introduce new results, limitations or proposed improvements in the conclusion.
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