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Purpose:

The purpose of this lab is to help you develop an understanding of the tectonic processes that shape the earth’s ocean basins and its coastal margins.  It is also designed to familiarize you with the tectonics of the Pacific Northwest.
Objectives:

· To identify and explain patterns of sediment and rock for a section of seafloor from the Juan de Fuca Ridge to Oregon Coast.

· To explain the relationship between plate interactions here in the Northwest and regional volcanic activity, earthquakes, and geography.
Write-up:

Your write-up for this lab should include this handout attached to additional pages needed to answer the follow-up questions contained in the handout.  Since I am providing you this handout in both .pdf (Acrobat Reader document) and .doc (Microsoft Word document) you can do your write-up in one of two ways…

1. Download the .pdf version; print it out, type up your follow-up questions, and then staple all this together as a package that you will turn in during our week 5 lab.

2. Download the .doc version and “edit” the file to include your data in tables 1 and 2 and answers to the follow-up questions.  You will still need to print it out and give me the entire package during our week 5 lab.

Background:

To prepare for this lab, read what your textbook has to say about the theory of plate tectonics while paying particular attention to types of crustal plates, how they move, types of plate boundaries, and how mid-ocean ridges and subduction zones behave.

One question not discussed by your texts is “How does plate tectonics work in the Pacific Northwest?”  Since the purpose of this lab is to have you explore this question, I am going to be rather brief in my comments.  Our part of the world is unique in that we can see a wide variety of plate interactions happening in a rather small area.  Not only do we see a great deal of subduction related volcanic activity, mountain building, and earthquakes occurring on shore, but we can also see seafloor spreading, major faulting, and hotspot volcanism at work in the nearby ocean basin.  Our knowledge about the latter is largely derived using ocean-going research vessels and sea-floor observatories.  Two good sources of information about these research ventures are the ship operations web site at Hatfield Marine Science Center at http://www.shipops.oregonstate.edu/ops/ and the Pacific Marine Environmental Laboratory’s Vents Program described at http://www.pmel.noaa.gov/vents/ .  

In addition to the types of research vessels described on HMSC’s web site, there is another type of research vessel that has provided us with an enormous amount of information about the structure of the ocean crust.  These vessels are mobile, ocean-going, drilling platform that employ much the same technology as stationary oil drilling rigs.  Using these platforms researchers can collect rock samples and measure physical conditions from as much as eight kilometers under the seafloor.  For more information about these vessels and research drilling programs look at the Integrated Ocean Drilling Program Website at http://www.iodp.org/.  

An additional tool that has given us insight into the structure and development of the seafloor are devices called magnetometers.  A magnetometer is a sensor that measures the intensity and direction of the earth’s magnetic field at any given location.  Extremely sensitive magnetometers can measure minute variations from the regional average magnetic field.  Bodies of slightly magnetic rock or metal objects near the sensor create these variations, called magnetic anomalies.  In the case of the seafloor, patterns of magnetic anomalies centered on mid-ocean ridges indicate 1) that new seafloor forms at mid-ocean ridges and then moves away from the ridges, and 2) the strength and direction of the earth’s magnetic field constantly changes.  
Method

I.  Seafloor Spreading in the Pacific Ocean Basin off the Northwest Coast

In this part of the lab your goal is to identify and explain patterns of sediment and rock for a section of the seafloor from the Juan de Fuca Ridge to Oregon Coast.  To do so you will be using a simulation of an ocean-going drilling voyage . The voyage, indicated by the bright blue line begins offshore from Newport, Oregon and ends 120 km (74.4 miles) west of the Juan de Fuca Ridge.  The locations marked on the sea surface (S1 to S10) are sites where your hypothetical research vessel can stop to take depth soundings and drill down into the seafloor.  Using this simulation gather the following data form each site.

· The distance of the site from the shore

· The depth of the seafloor at the site

· Type and thickness of the sediment at that location. 

· The magnetic polarity and age of the basalt beneath the sediments - This can be done by matching the alternating black and white bands found on the magnetic anomaly ruler with the same bands charted in the record of magnetic anomalies for the section.

Record all this information in the voyage log (Table 1) on the following page.

The web address for the voyage simulation is …

<http://www.artemisscience.com/media/ResearchVoyage02.swf >.

TABLE  1 – Research voyage log
	Site
	Distance from shore (km)
	Type of sediment
	Sediment thickness (km)
	Magnetic Polarity
	Age (mya)

	S1
	
	
	
	
	

	S2
	
	
	
	
	

	S3
	
	
	
	
	

	S4
	
	
	
	
	

	S5
	
	
	
	
	

	S6
	
	
	
	
	

	S7
	
	
	
	
	

	S8
	
	
	
	
	

	S9
	
	
	
	
	

	S10
	
	
	
	
	


Follow up Questions:

Make sure to use complete sentences when you answer these questions.

1. How does the thickness of sediment change as you move from the center of the Juan de Fuca Ridge (site S7) east?  When you answer this question also make sure to give the maximum, minimum, and average sediment thickness for sites S7 to S1.

2. What probably caused this pattern you described in question 1?

3. What do you think will happen to the sediment thickness as you move west from S7?

4. How does the pattern of magnetic anomalies as you move west from site S7 (the middle of the Juan de Fuca Ridge) compare to the pattern you observe on going east from S7?  

5. What probably caused this pattern you described in question 4?

6. How old is the oldest basalt found during this voyage?   Based on this information calculate the average rate of spreading that is taking place at the Juan de Fuca Ridge.

7. During the past 10 million years how many times has the earth’s magnetic pole flipped?   Note – A pole reversal is indicated by every time you go from a normal to a reverse polarity.  In other words a reversal is indicated by every time you cross from a black to a white stripe on magnetic anomaly ruler. 

II. Mapping Tectonic Features of the Pacific Northwest

In this part of the lab you goal is to explain the relationship between plate interactions here in the Northwest and regional volcanic activity, earthquakes, and geography.  To do this you will be using the “Digital Field Guide to the Geology of the Pacific Northwest”            < http://www.artemisscience.com/media/AtlasPnw00.swf > to complete table 2 and answer the following questions.

Though we have used the program for other labs, here are some basic instructions to keep in mind.

· To navigate through the journal, click on symbols, words, or phrases done in bright green.

· The maps that you need for this lab begin on the third frame.  The first frame is the title slide and the second is a general description of the journal.  Following the prompts at the bottom of the frame to advance to the third frame.

· Click on topics listed in the map directory to change the type of information that shows up on the map.

· For most of the maps, clicking on items in the legend highlights and identifies important features.

Table 2 – Volcanic, seismic, and tectonic features in the Pacific Northwest.  For this part of the activity give the geographic location of each of the following features. While the crustal plates, volcanoes, and earthquake maps will show you where the features are, the relief map will provide you with the names of these areas (e.g Klamath Mountains or Cobb Seamounts).  Area names are what go into the “location” column.

	Feature
	Location

	Active submarine volcanoes


	

	Active continental volcanoes

(Stratovolcanoes)


	

	The greatest concentration of off-shore earthquakes


	

	The greatest concentration of on-shore earthquakes


	

	Converging boundary


	

	Diverging boundaries


	

	Transform Boundaries


	


 Follow-up questions

1. What type of seafloor feature (e.g. mid-ocean ridge, seamount, abyssal plain) is volcanic? 

2. What causes them to be volcanic?

3. Around what type of seafloor feature do you find the highest concentration of earthquakes?

4. What is happening in these areas to cause these earthquakes?

5. How does the plate movement in the seafloor relate to the volcanic activity now taking place on land?  Suggestion – On the right edge of the crustal plates map are three green arrows.  Clicking on any of them will show you a cross section of the crust an upper mantle along an east-west trending line.  To return to the map, click on the perspective view in the upper left hand corner of the frame.
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