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Earth is a layered planet.  Its layers are the core, mantle, and crust.  Each layer is a different composition.  Note:  with Plate Tectonics Theory, different layers are classified according to the way they deform.  These layers are the lithosphere, a rigid outer layer containing the crust and upper-mantle; the asthenosphere, a weaker, semi-molten layer in the mantle; and the mesosphere, a stronger layer in the lower mantle.

Earth's crust is the most accessible to study, but also more complex, with many more variations in composition.  The crust of Earth is divided into two types: oceanic and continental. Most oceanic crust is composed of the rock basalt.  Basalt is mafic (which means it has a high magnesium and iron content), composed of the minerals:  calcium-rich plagioclase feldspar, olivine, amphibole, and pyroxene.  Continental crust has more range in composition, but for our purposes we will assume that its average composition is similar to the rock granite.  Granite is a felsic rock (which means it has a high feldspar and silica content), composed of quartz, potassium-rich feldspar, and mica.  Mafic rocks contain denser minerals and therefore, oceanic crust is denser than continental crust (the average density of basalt is 3.0 g/cm3 and granite is 2.7 g/cm3). On average, continental crust is much thicker and older than oceanic crust.  

Laboratory experiments indicate that the rock peridotite, largely made up of minerals olivine and pyroxene, has similar physical properties to account for observed speeds of seismic waves that travel through Earth’s upper mantle. Peridotite is more dense than crustal rocks (with an average density between 3.2 - 3.4 g/cm3).  Additional observations come from the field which show peridotites below crustal rocks in areas of deformation where rocks have been uplifted and exposed at the surface.  Peridotite inclusions are also found in kimberlite pipes, cone-shaped bodies of rock where magma has been volcanically emplaced into pre-existing rocks.  Kimberlite deposits contain certain minerals (one of which is diamond) which can only form under the high temperature and pressure conditions found between 100-300 km depth.  The inclusions of peridotite in the kimberlites are thought to represent pieces of the mantle brought up to the surface during eruptions.  A final piece of evidence used to determine the mantle's composition comes from stony  meteorites (chondrites), since they are thought to be remnants of material left over from the formation of the solar system, and have peridotitic composition.  In earth's lower mantle, below the transition zone, greater pressures cause rock of the same composition as peridotite to undergo phase changes to become higher in density.

It is a tougher challenge to gain ideas about the composition of Earth's core.  The inner core’s density is estimated to be between 12.7 - 13.0 g/cm3, using evidence from seismology.  But our best evidence of core composition comes from iron meteorites, which are composed of alloys of iron and nickel.  Seismic evidence and characteristics of Earth's magnetic field are consistent with a liquid outer core (density = 9.9 - 12.1 g/cm3), composed of a mixture of iron and an element of lower density. 

The purpose of this lab is to measure the density of materials which are thought to make up the crust, mantle, and core.  The density of an object relates its mass to its size.  Density is measured as Mass ( Volume.  Determining the mass of an object is a straight forward problem, as long as you have a weighing machine, like a scale, to use.  It is more challenging to find the volume of an irregularly shaped object, though.  In this lab, we will use an adaptation of Archimedes Principle to find the volume of an object.  In this process, a graduated cylinder is filled with a known volume of water.  An object is put inside the water in the cylinder.  The difference in water level of the graduated cylinder is equal to the volume of the object.  

Materials:

Solar System Data Table from the Earth Science Reference Tables, or table with planetary density data




(www.nineplanets.org/data1.html)

graduated cylinder


scale


samples of the following rocks (be sure that they will fit inside the graduated cylinder):






granite






basalt (with few vesicules)






peridotite or dunite






iron meteorite (if unavailable, perhaps try bronze or stainless steel)
Objectives – upon completion, students will review concepts of:



1.  Earth’s layered structure



2.  density



3.  experimental errors



4.  rocks and meteorites



5.  Archimedes Principle applied to the Earth System

Procedure:

In the lab room are rock samples which are representative of Earth's layers:  granite, basalt, peridotite or dunite (an olivine-rich peridotite), and iron-nickel meteorite.  For this exercise you will use Archimedes' Principle to find the density of each rock sample.

1.  Measure the mass of each sample (grams) and record in table below.  To find the volume of each sample, fill a graduated cylinder halfway with water and record the volume (Va). Notice the units of the graduated cylinder are milliliters (mL). Convert to units of cm3 for all volume measurements.  (1 mL = 1 cm3)

2.  Carefully place the rock sample in the graduated cylinder.  Record the new level of the water (Vb).

3.  The difference between the original level of water (Va) and the new level of the water (Vb) is the volume of the sample (V). 

4.  Now calculate the density and record the results in the table.

5.  Compute percent errors of measurements versus values given in discussion.  Be sure to show work.

	Sample
	M          (g)
	Va , no sample (cm3)
	Vb, with sample (cm3)
	V = Vb  - Va (cm3)
	density = M ( V     (g/cm3)
	Percent Error

	Basalt
	
	
	
	
	
	

	Granite
	
	
	
	
	
	

	Peridotite/Dunite
	
	
	
	
	
	

	Iron Meteorite
	
	
	
	
	
	


Questions:

1.  How do these densities compare with the values presented in the discussion? What do you think are some sources of error with your measurements? _____________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2.  Earth is round, although not exactly spherical in shape (it’s slightly bulging at the equator and flattened at the poles), but we can approximate its volume by using that of a sphere:

V = 4/3 ( (  ( R3








where:

V = Earth’s volume = calculated value
R = Earth’s average radius = 6371 km

(  = 3.1415…

Calculate the volume of Earth.  

Using the mass of Earth as:  5.98 ( 1027 g, compute the average density.  

3.  Crustal rocks on Earth have an average density between 2.7 - 3.0 g/cm3.  How does this compare with the average density of Earth that you calculated?  What does this imply about Earth’s density structure?

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

4.  Using data showing planetary density data, which planets have densities similar to the Earth?  Which have densities much different from that of Earth.  Using the positions of the planets relative to the sun, do you see any patterns with average density and distance from the sun?  ________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

5.  A theory of planetary formation is that in the early history of a planet, a certain process called differentiation occurs where denser matter sinks under its own weight toward the center of the planet, and lighter matter floats to the surface.  How do the observations from this lab relate to this theory?  _____________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

6.  Earth's moon has an average density of 3.3 g/cm3.  The prevailing theory of its formation is that a very large impactor (the size of Mars) collided with Earth, and the material that was thrown out into space coalesced to form the moon.  Based upon our observations and this theory, would you think that the moon formed before or after Earth's differentiation?  Please explain your answer.  _____________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

7.  Recent surveys from NASA reveal Earth’s moon has no magnetic field.  What might be an explanation for this observation?  ____________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

8.  Using your discussions of Plate Tectonics theory, and your observations from this lab today, how would you expect density of oceanic crust to change with distance from a mid-oceanic ridge?  _____________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

9.  Within the Earth System, there are also layers of air and water which surround the solid Earth.  How do the densities of air and water compare with the values for Earth’s core, mantle and crust?          ______________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

10.  Why is seismic data necessary to infer Earth’s interior structure and composition?  Why cannot direct observation be used?______________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________
Teacher’s Notes for Activity: Density of Earth’s Layers
Some points to consider:

1.  Why use the g/cm3 when the SI units for density would be kg/m3? 

The density of water at 4(C is 1 g/cm3, it makes sense to use these units to simplify comparisons. Also, using units of kg/km3, the value of Earth’s average density would be 5500 kg/m3.  Sometimes if the value of the measurement is a large number to write, it makes sense to change the units so that a smaller number is used. 

2.  Why is the density of the iron meteorite less than for iron within Earth’s core?  

The enormous pressures within Earth’s interior must be taken into account with the density calculation of Earth’s core.  Large pressures would cause the volume to be smaller, hence the density value would be larger.

Materials:
1.  To order supplies for lab you may visit the following website:  Ward’s Scientific: www.wardsci.com/
2.  Tables representing the values of density of common materials (naturally occurring and manufactured:

www.mcelwee.net/html/densities_of_various_materials.html-  note:  the densities of bronze and stainless steel are comparable with that of iron meteorites.

Questions:

1.  How do these densities compare with the values presented in the discussion? What do you think are some sources of error with your measurements?  some possibilities…

Graduated cylinder:  consider how much the density value would change with slight changes to volume (be sure to look at the meniscus to measure the volume)
Scale:  errors typically much less, but inaccuracies reading values
2.  Earth is round, although not exactly spherical in shape (it’s slightly bulging at the equator and flattened at the poles), but we can approximate its volume by using that of a sphere:

Volume = 1.08 x 1012 km3 = 1.08 x 1027 cm3;  average density =  5.98 ( 1027 g / 1.08 x 1027 cm3 = 5.5 g/cm3
3.  Crustal rocks on Earth have an average density between 2.7 - 3.0 g/cm3.  How does this compare with the average density of Earth that you calculated?  What does this imply about Earth’s density structure?

Since the density of crustal rocks is less than the average density of Earth, this implies that there is something of higher density within the interior of Earth.

4.  Using data showing planetary density data, which planets have densities similar to the Earth?  Which have densities much different from that of Earth.  Using the positions of the planets relative to the sun, do you see any patterns with average density and distance from the sun?  Terrestrial planets (Mercury, Venus, Earth, and Mars) have similar densities to Earth.  The Jovian planets (Jupiter, Saturn, Uranus, and Neptune) and Pluto have different densities.  As distance from sun increases, the planet density overall decreases.  This is an observation that is supported by the Nebula Hypothesis for our solar system’s formation.

5.  A theory of planetary formation is that in the early history of a planet, a certain process called differentiation occurs where denser matter sinks under its own weight toward the center of the planet, and lighter matter floats to the surface.  How do the observations from this lab relate to this theory?   with differentiation, Earth became a layered planet.  Density of materials decreases from center toward surface (core ( mantle ( crustal rocks (  oceans ( air)
6.  Earth's moon has an average density of 3.3 g/cm3.  The prevailing theory of its formation is that a very large impactor (the size of Mars) collided with Earth, and the material that was thrown out into space coalesced to form the moon.  Based upon our observations and this theory, would you think that the moon formed before or after Earth's differentiation?  Please explain your answer.  Since the density of the moon is most similar to Earth’s mantle, it is likely that Earth would have to have gone through differentiation before the impactor collided.   

7.  Recent surveys from NASA reveal Earth’s moon has no magnetic field.  What might be an explanation for this observation?  This question is broadly worded.   Students can consider how a planet’s magnetic field is generated by a high density iron core.  If the moon lacks an iron core, it would not likely have a magnetic field.  A planetary object’s lack of a magnetic field could also be an indication that there is no longer a liquid iron core which could also be considered.  Some useful links: www.windows.ucar.edu/tour/link=/earth/moon/moon_magnetic_field.html; www.phy6.org/earthmag/planetmg.htm
8.  Using your discussions of Plate Tectonics theory, and your observations from this lab today, how would you expect density of oceanic crust to change with distance from a mid-oceanic ridge?  the density of oceanic rocks would increase as the rocks cool with age and distance from the mid-oceanic ridges.

9.  Within the Earth System, there are also layers of air and water which surround the solid Earth.  How do the densities of air and water compare with the values for Earth’s core, mantle and crust?        Density of materials decreases from center toward surface (core ( mantle ( crustal rocks (  oceans ( air)
10.  Why is seismic data necessary to infer Earth’s interior structure and composition?  Why cannot direct observation be used?  Consider the deepest hole ever dug was (MoHole: hwww.nas.edu/history/mohole/) 12 km deep, we have barely been able to directly sample any of Earth’s interior.  The most information we can gather related to Earth’s interior comes from seismic observations.  In a way, they are the most direct of the indirect inferences that we can use to determine Earth’s interior properties.

Name____________________





Class __________
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