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Investigating Density and Earth’s Differentiation 
Overview 
In this investigation, students explore how differences in density contributed to Earth’s 
compositionally differentiated structure. 
 
The investigation begins with a laboratory experiment in which students use golden syrup, water 
and vegetable oil to model the hypothesised role of density separation in planetary 
differentiation. Students predict and observe how the liquids form layers according to density, 
relate the resulting pattern to the differentiation of early Earth, and evaluate the limitations of 
the model. 
 
Students then conduct a quantitative investigation comparing rocks that represent continental 
crust, oceanic crust and the mantle, together with an iron-rich rock used as a core analogue. 
Students measure the mass of each sample and use a displacement can, to determine its 
volume. 
 
Students process and represent their quantitative data, compare their results with expected 
density ranges and use the evidence to explain Earth’s differentiated structure. They also 
evaluate the accuracy and reliability of their measurements and the limitations of using 
accessible rocks to represent Earth’s internal materials. 
 
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: 

• Use observations from a density-layer model to explain the hypothesised role of density 
separation in planetary differentiation. 

• Collect, process and represent quantitative density data for representative Earth 
materials. 

• Use experimental evidence to explain Earth’s differentiated structure and evaluate the 
investigations’ limitations. 

 
Resource links: 
Density Layers Video 
Density Layers Student Activity 
Determining Densities Video 
Determining Densities Blog 
 
 
 
 

https://www.youtube.com/watch?v=kX7dTzi67E0
https://ausearthed.com.au/wp-content/uploads/2022/01/Density-Layers-Student-Activity.pdf
https://youtu.be/VynlKkyVnFE?si=hyh5P3HhY8T64D9c
https://ausearthed.blogspot.com/2020/11/determining-densities.html
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Suggested lesson sequence 
The activity is designed to be completed across approximately two 60-minute lessons. Timing 
may vary depending on available equipment, sample numbers and students’ experience using 
displacement cans. 
 
Lesson 1: Introducing density and collecting data 
Introduction and background — approximately 15–20 minutes 

• Introduce the learning intention and display the representative rock samples.  
• Students read the Student Background Information.  
• Discuss planetary differentiation and the general increase in density towards Earth’s 

centre.  
• Show the Density Layers video. Students predict the arrangement of the liquids and then 

conduct the Density Layers activity in small groups.  
• Note: Where equipment or time is limited, the investigation may be conducted as a 

teacher-led practical investigation, with students contributing predictions, observations, 
analysis and evaluation. 

• Discuss the difference between observing relative density and collecting quantitative 
density data.  

• Students relate the arrangement of the liquids to density separation within early Earth 
and identify limitations of the model, including the immiscibility of oil and water. 

Introducing the investigation — approximately 10–15 minutes 
• Review mass, volume and the density formula.  
• Show relevant sections of the Determining Densities video.  
• Introduce the four representative materials and explain why an iron-rich rock is being 

used as a core analogue.  
• Ask students to predict the order of the four representative rock samples from lowest to 

highest density. 
• Demonstrate how to measure dry mass and use a displacement can, to determine 

sample volume.  
• Review the risk assessment and safe use of equipment.  

Conducting the investigation — approximately 25–35 minutes 
• Students measure and record the mass of each dry sample.  
• Students use a displacement can, to determine the volume of each sample.  
• Students calculate or begin calculating sample density.  
• Students compare their initial predictions with the emerging results.  
• Equipment is cleaned and rock samples are dried at the end of the lesson.  

 
 
 
 
 
 
 
 

https://ausearthed.com.au/wp-content/uploads/2022/01/Density-Layers-Student-Activity.pdf
https://www.youtube.com/watch?v=VynlKkyVnFE
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Lesson 2: Processing and interpreting the evidence 
Completing calculations and organising results — approximately 15–20 minutes 

• Students complete and check their density calculations.  
• Group results may be combined to develop a class dataset.  
• Students calculate mean density and range where sufficient results are available.  
• Students identify any measurements that may be anomalous.  

Graphing and analysing data — approximately 20–25 minutes 
• Students construct a column graph comparing the density of the representative 

materials.  
• Experimental values are compared with expected density ranges.  
• Students describe the overall pattern and suggest reasons for variation between groups.  
• Relevant information from the Determining Densities blog may be used to support 

discussion of composition, porosity and weathering.  
Evaluation and conclusion — approximately 15–20 minutes 

• Students explain how the results support the model of a compositionally differentiated 
Earth.  

• Students evaluate the accuracy and reliability of the measurements.  
• Students consider the validity and limitations of using accessible rocks to represent 

Earth’s internal materials.  
• Students write an evidence-based conclusion addressing the investigation’s aim. 

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

𝜌𝜌 =  
𝑚𝑚
𝑉𝑉

 

 
where density (𝜌𝜌) is commonly expressed in grams per cubic centimetre (𝑔𝑔/𝑐𝑐𝑐𝑐3), mass in grams (g) 
and volume in cubic centimetres (𝑐𝑐𝑐𝑐3). 
 
Earth is compositionally differentiated. During Earth’s early formation, energy from accretion, 
gravitational compression and radioactive decay caused extensive heating and melting. Under the 
influence of gravity, denser iron-rich materials moved towards the centre of Earth, while less-dense 
silicate materials remained closer to the surface. 
 
This produced broad compositional layers: 

• a relatively low-density silicate crust  
• a denser, magnesium- and iron-rich silicate mantle  
• a high-density, predominantly iron–nickel core.  

 
 
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 sink under the influence of gravity, while less-dense silicate materials 

https://ausearthed.blogspot.com/2020/11/determining-densities.html
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remained closer to the surface. The liquid-layer investigation models this general relationship 
between density and vertical position. It does not reproduce the composition, physical state, 
pressure, temperature or timescale of differentiation within early Earth. 
 
Continental and oceanic crust differ in their composition and average density. Continental crust 
contains a higher proportion of felsic rocks and is commonly represented by granite. Oceanic crust is 
dominated by mafic rocks such as basalt and gabbro and is generally denser than continental crust. 
At convergent plate boundaries, the greater overall density of oceanic lithosphere contributes to its 
tendency to subduct beneath less-dense continental lithosphere. 
 
The upper mantle is commonly represented by peridotite, an ultramafic rock rich in minerals such as 
olivine and pyroxene. Samples interpreted as upper-mantle material can be transported to the 
surface as xenoliths within ascending magma. However, no direct samples have been obtained from 
the deeper mantle or core. Scientists infer the composition and physical properties of Earth’s 
interior using evidence including seismic-wave behaviour, meteorites, laboratory experiments, 
mantle xenoliths, Earth’s mass and its magnetic field. 
 
In this investigation, an iron-rich rock is used as a density analogue for the core. Suitable samples 
include magnetite-rich rock or hematite-rich ironstone. These samples demonstrate the relative 
increase in density towards Earth’s centre but do not accurately represent the composition or 
physical conditions of the core. 
 
Expected density pattern 

Earth component Representative material Approximate sample density 
Continental crust Granite 2.5–2.8 g/cm³ 
Oceanic crust Basalt 2.7–3.3 g/cm³ 
Mantle Peridotite 3.1–3.4 g/cm³ 
Core analogue Magnetite-rich rock 4.0–5.2 g/cm³ 

 
Note: There is no terrestrial rock sample that genuinely represents Earth’s core. No direct sample of 
the core has ever been retrieved because the core extends from approximately 2,900 km beneath 
Earth’s surface to its centre at a depth of 6,371 km. It exists under extreme temperatures and 
pressures, far beyond the reach of drilling technology, and is composed predominantly of iron and 
nickel rather than rock. An iron-rich rock is therefore used in this investigation as a core analogue. 
The analogue represents the relative increase in density towards Earth’s centre but does not 
replicate the core’s composition, physical state or environmental conditions. 
 
Where possible, have groups measure the same labelled samples at rotating stations. If multiple 
samples are used, ensure they are the same rock types. Class ranges based on different specimens 
may reflect natural variation as well as measurement variation. 
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Measured values will vary due to differences in mineral composition, texture, weathering, fractures 
and porosity, as well as uncertainty in mass and volume measurements. A published US EPA 
compilation reports mean densities of approximately 2.67 g/cm³ for granite, 2.98 g/cm³ for olivine 
gabbro, 3.23 g/cm³ for peridotite and 3.28 g/cm³ for dunite. Olivine gabbro is a subtype of gabbro 
and is not specifically required for this investigation. US EPA rock-density table 
 
Teacher Preparation 
Before conducting the investigation: 

• Select and label one sample for each Earth component and ensure each sample fits inside 
the displacement can and can be completely submerged  

• Avoid highly porous, absorbent, sharp or heavily fractured samples 
• Test the density of each sample before the lesson  
• Determine whether groups will test all four samples or rotate between stations  
• Prepare separate wet and dry work areas  
• Prepare the materials and equipment for the Modelling Planetary Differentiation 

investigation.  
• Test all videos and links before the lesson.  
• Suggested sample set: 

o Continental crust: granite  
o Oceanic crust: basalt  
o Mantle: peridotite  
o Core analogue: magnetite-rich rock 

Testing the samples beforehand is especially important because natural rock-density ranges 
overlap. 
 
Risk assessment 
Schools should complete an appropriate risk assessment according to their own procedures. 

Hazard Potential risk Control measure 
Heavy rock 
samples 

Dropped samples may 
injure hands or feet 

Use manageable samples; handle over a bench 
or tray; wear enclosed shoes 

Rough or sharp 
rocks 

Cuts or abrasions Inspect samples before use and handle 
carefully 

Water spills Slips or equipment 
damage 

Work over trays and clean spills immediately 

Water near 
electronic balances 

Damage or electrical risk Establish separate wet and dry work areas; 
measure mass before immersion and keep 
water away from the electronic balance. 

Glassware Cuts from breakage Use plastic equipment where possible and 
keep glassware away from bench edges 

Lowering samples 
into water 

Splashing or pinched 
fingers 

Lower samples slowly; wear safety glasses 

Syrup and oil Slippery spills or 
accidental consumption 

Conduct the demonstration over a tray; do not 
consume materials; clean spills immediately 

https://clu-in.org/characterization/technologies/default2.focus/sec/Geophysical_Methods/cat/Gravity_Methods
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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: 

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

 
Variables 

• Independent variable: type of liquid used  
• Dependent variable: final vertical position of each liquid in the container  
• 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.  
2. Predict the order in which golden syrup, water and vegetable oil will settle.  
3. (Optional) Add a small amount of food colouring to the water and mix. 
4. Add the golden syrup, coloured water and vegetable oil to the container.  
5. Allow the liquids to settle into layers.  
6. Observe and record the final arrangement of the liquids. 
7. Compare the final arrangement with your prediction. 

 
Explanation: Vegetable oil and water form separate layers partly because they are immiscible, as 
well as because they have different densities.  
 
Suggested Answers 

Position Predicted liquid 

Top Vegetable oil 

Middle Water 

Bottom Golden syrup 

 
Explain the reasoning behind your prediction. 
Golden syrup is expected to form the lowest layer because it has the greatest density. Vegetable oil 
is expected to form the upper layer because it has the lowest density. Water should settle between 
them. 
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Results 
Draw and label the final arrangement of the liquids in the space below.  

Review questions 
1. Which liquid formed the lowest layer? 

Golden syrup 
2. What does this suggest about its density relative to the other liquids?  

Golden syrup has the greatest density of the three liquids because the same volume contains more 
mass than the equivalent volume of water or vegetable oil. 

3. How does the demonstration model one aspect of planetary differentiation? 
The demonstration shows materials separating into layers according to density. Similarly, when early 
Earth was extensively molten, denser iron-rich materials moved towards the centre while less-dense 
silicate materials remained closer to the surface. 

4. Identify one limitation of using these liquids to model the differentiation of Earth. 
Suitable answers could include: 
The liquids do not have the same composition as materials within Earth. 
Oil and water separate partly because they are immiscible, not solely because of density. 
The model does not reproduce the temperature or pressure inside early Earth. 
The model does not represent the timescale over which planetary differentiation occurred. 
 
 
 
 
 
 
 



 Investigating Density and  
Earth’s Differentiation 

Teacher Notes 

  

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 

• One rock representing continental crust: granite 
• One rock representing oceanic crust: basalt 
• 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 
• Safety glasses 

 
Variables 

• Independent variable: rock sample or Earth component represented  
• Dependent variable: calculated sample density in g/cm³  
• 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.  
3. Place the displacement can on a level surface inside a tray.  
4. Fill the displacement can with water until water begins flowing from the spout.  
5. Allow the excess water to drain until it has completely stopped dripping.  
6. Place an empty collection beaker beneath the spout.  
7. Carefully lower the rock sample completely into the water. Ensure the sample does not 

cause splashing and is completely submerged.  
8. 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 = 1𝑐𝑐𝑐𝑐3, this value is 

equal to the volume of the rock sample in cubic centimetres.  
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12. Calculate the density of the sample:  
 

𝜌𝜌 =  𝑚𝑚
𝑉𝑉

  or 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

 
 

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 table 
Student results will vary. The following is an example data set only. 

Earth component Rock Sample Mass (g) 
Volume of 
displaced 

water (mL) 

Sample 
volume (cm³) 

Density 
(g/cm³) 

Continental crust Granite 133.5 50.0 50.0 2.67 
Oceanic crust Basalt 142.1 49.0 49.0 2.90 

Mantle Peridotite 155.0 48.0 48.0 3.23 

Core analogue Magnetite-
rich rock 241.0 48.0 48.0 5.02 

 
Example calculation 
For the basalt sample: 
 

𝜌𝜌 =  
142.1
49.0

= 2.90𝑔𝑔/𝑐𝑐𝑐𝑐3 

 
 
Accuracy notes for teachers 
For more accurate results: 

• measure mass before immersing the sample  
• fill the can to overflowing before every measurement  
• wait until water stops dripping before positioning the collection beaker  
• lower samples gently to prevent water loss through splashing  
• ensure each sample is completely submerged  
• read the measuring cylinder at eye level from the bottom of the meniscus  
• use samples large enough to produce a clearly measurable displaced volume  
• avoid highly porous or absorbent samples where possible  
• repeat measurements and calculate a mean if time permits. 
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Expected results 
Students should generally observe: 

continental crust < oceanic crust < mantle < core analogue 
This exact order is not guaranteed because natural rock types have variable and sometimes 
overlapping density ranges. 
Unexpected results may be caused by: 

• genuine variation in mineral composition  
• weathering or alteration  
• fractures and pore spaces  
• water absorption  
• splashing or loss of displaced water  
• air bubbles attached to the sample  
• incomplete submersion  
• inaccurate meniscus readings  
• failure to refill the displacement can before each measurement.  

Unexpected results should be analysed as part of the investigation rather than automatically 
treated as incorrect. 
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Part C: Processing and analysing rock-density data 
The following hypothetical class dataset can be used to demonstrate mean and range calculations. 
 

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

Continental crust Granite 2.67 0.06 

Oceanic crust Basalt 2.90 0.2 

Mantle Peridotite 3.23 0.10 

Core analogue Magnetite-rich rock 5.00 0.16 

 
Example calculations for granite: 
Example mean: 
 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =  
2.64 + 2.67 + 2.7

3
=  2.67𝑔𝑔/𝑐𝑐𝑐𝑐3 

 
Example range 
 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 2.7 − 2.64 = 0.06𝑔𝑔/𝑐𝑐𝑐𝑐3 
 
 
Graphing 
The column graph should show a general increase in mean density from continental crust to the 
core analogue. 
 
The graph should include: 

• a descriptive title  
• Earth components on the horizontal axis  
• mean density in g/cm³ on the vertical axis  
• an appropriate scale  
• four separate columns. 
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The graph below is an example, using the sample data 

 
Discussion 
 

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

 
Answers will vary. Using the example dataset: 
 
Mean density increased from materials representing Earth’s outer layers towards those 
representing its interior. Granite, representing continental crust, had the lowest mean density at 
2.67 g/cm³. Basalt had a mean density of 2.90 g/cm³, while peridotite had a mean density of 3.23 
g/cm³. Magnetite-rich rock, used as the core analogue, had the highest mean density at 5.00 
g/cm³. 
 

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.  

 
Using the example dataset: 
 
All four experimental means were within their expected density ranges. Granite was 2.67 g/cm³, 
basalt was 2.90 g/cm³, peridotite was 3.23 g/cm³ and the magnetite-rich core analogue was 5.00 
g/cm³. Therefore, none of the example results was inconsistent with the expected pattern. 
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If students identify an inconsistent result, suitable explanations may include: 
 

• natural differences in mineral composition  
• weathering or alteration  
• fractures or pore spaces  
• water absorption  
• incomplete submersion  
• splashing or loss of displaced water  
• air bubbles on the sample inaccurate reading of the meniscus  
• failure to refill the displacement can fully. 

 
3. Explain how the experimental results support the scientific model of Earth as a 

compositionally differentiated planet. 
 
The results demonstrate that Earth materials have different densities. Granite and basalt, 
representing the crust, were less dense than peridotite, which represents the mantle. The iron-
rich core analogue was the densest sample. This supports the model that gravity caused denser 
iron-rich materials to move towards Earth’s centre during planetary differentiation, while less-
dense silicate materials remained closer to the surface. 
 

4. Evaluate the investigation by: 
• Assessing the reliability of the results using the class ranges 
• Assessing the accuracy and precision of the measurements 
• Assessing whether the samples and method produced valid evidence for the aim 
• Identifying one limitation 
• Proposing one specific improvement or further investigation. 

 
Reliability 
The example results were reasonably reliable because measurements were relatively consistent. 
The class ranges were small compared with the measured density values. However, if groups 
measured different specimens, some variation may have resulted from natural differences 
between rocks rather than measurement inconsistency. 
 
Accuracy 
The results appear broadly accurate because all examples mean densities were within the 
expected published ranges. Exact accuracy cannot be determined without an independently 
measured reference density for each specific sample. 
 
Precision 
Precision depends on the resolution of the electronic balance and measuring cylinder. Volume 
measurements are likely to be less precise than mass measurements because small differences in 
displaced water may be difficult to read. 
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Validity 
The investigation produced valid evidence for comparing the density of representative materials 
because mass and volume were measured quantitatively and used to calculate density. However, 
the validity of the Earth model is limited because surface rocks and the core analogue do not 
reproduce the temperature, pressure, composition or physical state of materials inside Earth. 
 
Limitation 
Suitable limitations may include: 

• natural variation between rock specimens  
• overlapping rock-density ranges  
• using a magnetite-rich rock rather than actual core material  
• loss of water during transfer  
• water absorption by porous samples  
• uncertainty when reading displaced-water volume.  

 
Improvement or further investigation 
Suitable responses may include: 

• repeat each measurement and calculate a mean  
• use the same labelled samples across all groups  
• collect displaced water directly into the measuring cylinder  
• use a measuring cylinder with finer graduations  
• use larger samples to increase the displaced volume  
• independently determine reference densities for the selected samples  
• investigate how weathering or porosity affects density. 

 
Conclusion 
Write an evidence-based conclusion addressing the aim of the investigation. 
Your conclusion should: 

• directly answer the investigation’s aim  
• describe the overall density pattern  
• use relevant quantitative evidence  
• explain how the results relate to planetary differentiation.  

Do not introduce new results, limitations or proposed improvements in the conclusion. 
 
Answers will vary. Using the example dataset: 
 
The investigation found that the density of representative Earth materials generally increased 
from the crust towards the core analogue. Granite had the lowest mean density at 2.67 g/cm³, 
followed by basalt at 2.90 g/cm³ and peridotite at 3.23 g/cm³. Magnetite-rich rock had the highest 
mean density at 5.00 g/cm³. These results support the model of planetary differentiation, in which 
denser iron-rich materials moved towards Earth’s centre while less-dense silicate materials 
remained closer to the surface. 
 
 


