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Searching for Iron Ore

The element iron is found in many metals you see every day. It is often combined with other elements to make very strong and rust-resistant metal alloys. To make steel, carbon is added to iron to increase its strength. Chromium can be added to iron to make stainless steel, which is resistant to corrosion. 

Most natural iron deposits are in the form of iron ores such as hematite and magnetite. These iron ore formations were deposited between 1.8 and 2.6 billion years ago. While they are sometimes found at the surface, many are located underground making them more difficult to find. Most iron ores are ferromagnetic, meaning they are attracted to magnets and can become magnets themselves when placed in a magnetic field. Over time, the Earth’s magnetic field has magnetized these ancient iron ore formations. This unique characteristic allows geologists to locate iron ore formations with a magnetometer, an instrument that measures magnetic field strength. As the magnetometer passes over the surface of the Earth, an iron ore formation will show up as a magnetic disturbance similar to the pattern a magnet would make. This not only locates the iron ore formation, but gives a good estimate of its size as well.
In Part I of this experiment, you will use a Magnetic Field Sensor to investigate the magnetic pattern made by a sample iron ore formation represented by a magnetized washer. In Part 2, you will use a Magnetic Field Sensor to scan a model search area for a buried iron ore formation. The buried formation will show up with a magnetic pattern similar to the sample in Part I.

OBJECTIVES

In this experiment, you will

· Use a Magnetic Field Sensor to map the magnetic field of a sample iron ore formation.

· Use a Magnetic Field Sensor locate a buried iron ore formation.

· Explain your results.

MATERIALS

	LabQuest
	iron ore formation (magnetized washer)

	LabQuest App
	ruler

	Vernier Magnetic Field Sensor
	model search area


PROCEDURE

Part I  Sample Iron Ore Formation

1.
Set the switch on the Magnetic Field Sensor to 0.3 mT (high amplification). Connect the Magnetic Field Sensor to LabQuest and choose New from the File menu. If you have an older sensor that does not auto-ID, manually set up the sensor.

2.
Set up the data-collection mode.

a. On the Meter screen, tap Mode. Change the data-collection mode to Events with Entry.

b. Enter the Name (Dist) and Units (cm). Select OK. 

3.
Zero the Magnetic Field Sensor. This step removes the effects of the Earth’s magnetic field and any local magnetism from the results.

a. Remove anything magnetic from the area where data collection will take place. 

b. Lay the sensor on the tabletop where you will be collecting data with the white dot facing upwards as shown in Figure 1. 
c. When the readings on the screen stabilize, choose Zero from the Sensors menu. When the process is complete, the readings for the sensor should be close to zero.

4.
Prepare the iron ore formation for data collection

a. Place the washer (iron ore formation) on the table with north at the top as shown in Figure 2. 

b. Position the ruler along the line with the 10 cm mark in the center of the washer and the 0 cm mark at the top as shown in Figure 2. Record “10 cm” as the center of the formation in the data table.

c. Determine the ruler markings at the left and right edges of your formation and record them in the data table (in units of centimeters). 

5.
Start data collection.

6.
Position the tip of the Magnetic Field Sensor at the ruler’s 0 cm mark. Important: For each reading, make sure
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The sensor is resting flat against the tabletop.

· The white dot on the sensor is facing up.

7.
When the magnetic field readings displayed on the screen stabilize, tap Keep.


8.
Enter 0 (indicating 0 cm). Select OK to save this data pair.  


9.
Move the tip of the Magnetic Field Sensor to the 1 cm mark. When the magnetic field readings displayed on the screen stabilize, tap Keep. Enter 1 and select OK. 


10.
Repeat the Step 9 procedure at 1 cm intervals until you reach the 20 cm mark. 


11.
When data collection is complete, stop data collection. 


12.
Print or sketch your graph as directed by your teacher.
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Figure 2

Part II  Buried Iron Ore Formation


13.
Place the model search area on your table with the side marked “N” for north at the top. 


14.
Notice the numbers 1, 2, and 3, marked on the north and south sides of your model. These are the guides for the three lines or transects you will make down the model. Position the ruler along the Transect 1 (see Figure 3).


15.
Align the ruler’s 0 cm mark with the north edge of the model (see Figure 3).


16.
Start data collection.


17.
Position the tip of the Magnetic Field Sensor at the ruler’s 0 cm mark. Important: For each reading, make sure

· The sensor is at the same height as the ruler.

· The sensor is parallel to the tabletop.

· The white dot on the sensor is facing up.


18.
When the magnetic field reading displayed on the screen stabilizes, tap Keep.


19. 
Enter 0 (indicating 0 cm). Select OK to save this data pair.


20.
Move the tip of the Magnetic Field Sensor to the ruler’s 1 cm mark. When the reading has stabilized, tap Keep. Enter 1 and select OK.


21.
Repeat the Step 20 procedure at 1 cm intervals until you reach the other side of the model. 
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Figure 3

22.
When data collection is complete, stop data collection. 


23.
Store the data from the first run by tapping the File Cabinet icon.


24.
Repeat Steps 14–23 at Transect 2.


25.
Repeat Steps 14–22 at Transect 3. Important: Do not store this run as you did in the first two runs—proceed directly to Step 26 after you complete Step 22.


26.
Tap Run 3 and select All Runs to display a graph showing all three transects.


27.
Print or sketch your graph as directed by your instructor.

DATA 

	Location
	Part I (sample)
	Part II (buried)

	Center of formation (cm)
	
	

	Right edge of formation (cm)
	
	

	Left edge of formation (cm)
	
	

	Width of formation (cm)
	
	


PROCESSING THE DATA

Part I

1.
Describe the shape of the magnetic disturbance caused by the sample iron ore formation.

2.
Sketch the shape of the sample iron ore formation on the graph created in Step 12. Use your data to draw it the correct size.

Part II

Use your graph from Step 27 to answer the following questions. 

3.
Which transect showed evidence of an iron ore formation? Describe the evidence.

4.
At what centimeter mark is the center of the buried iron ore formation located? Record the answer in the data table.

5.
Estimate the location of the left and right edges of the buried iron ore formation. Record the answer in the data table.

6.
Use your answer to Question 5 to estimate the width of the buried iron ore formation. Record the answer in the data table.

EXTENSIONS 

1.
Investigate other methods geologists use to find deposits of ore in the ground.

2.
Hobbyists use metal detectors to search for lost coins and jewelry. Investigate how these metal detectors work.  

Figure 1 Sensor orientation
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