Fold and thrust belts: Three-dimensional geometries and interaction with topography

Introduction

This lab will serve as an exploration into structural geometries found in fold and thrust belts, with an example from Montana.  The main idea is to use USGS geologic maps draped over Google Earth imagery and topography to get a sense for how fold and thrust belts are expressed in the landscape.  

· Download the .zip file of Google Earth .kmz and .jpeg files.  These define the locations of four geologic maps (USGS 7.5 minute quadrangles).  

· Unzip the .zip file.  Note that four .kmz files and four .jpeg images exist within the FTB_GE folder.

· Open all 4 .kmz files in Google Earth.

· For each placemark that appears in your Temporary Places folder, 

· Right-click and select Get Info.

· In the Description panel, click the Browse… button to the right of the Link: field.

· Select the appropriate .jpeg image in your FTB_GE folder and click Open.

What you see is a set of four adjacent 7.5 minute quadrangles (i.e., a 15 minute quadrangle) in northwestern Montana.  Experiment with several Google Earth preferences (Google Earth > Preferences) to get a sense of what settings will permit you to see the relationships between the structural geometry and underlying landscape most clearly.  Within the Preferences window, adjust the vertical exaggeration of the topography (recall that 1 means no vertical exaggeration).  
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Additionally, you can adjust the opacity of each geologic map independently.  To do so,

· Select one of the geologic map names in the Places listing.

· Drag the slider immediately beneath the Places listing; to the left makes the image more transparent.  

In addition to changing these preferences, take advantage of the full host of Google Earth navigation options, particularly the perspective view.  Make sure to take a look along the strike of the fold and thrust belts, as well as perpendicular to strike (rotate the compass rose in the upper right part of the screen to change the direction, and use the “up” and “down” arrows within the compass rose to change the perspective; “up” makes the view more horizontal; “down” more vertical).  

Assignment
Identify examples of key features in the fold and thrust belt exposed in these geologic maps:

· hanging wall flat

· hanging wall ramp

· footwall flat

· footwall ramp

· imbricate (a series of duplexes)

· klippe and fenster

· fault bend fold (anticline/syncline)

· plunging anticline

· plunging syncline

· overturned hanging wall strata

Your assignment is to create an “atlas” of these features using PowerPoint or Keynote.  Each slide (page of the atlas) should focus on one or two features of the fold and thrust belt and include an image of at least one example.  Annotate this example to clearly show the structure you are describing.  Accompany your image(s) with text describing the formation and significance of the structure.  You may also wish to create a simple cross section “cartoon” to illustrate the feature (hand drawn and scanned, or drawn using a computer program).  Each slide of the presentation should represent a page of your atlas.  You can export the image that is currently in the field of view in Google Earth using File > Save > Save Image…, import the images into your presentation, annotate them using the drawing tools, and add text boxes and other drawings as accompaniment.  

Keep the following questions in mind as you explore the fold and thrust belt and comment on these topics in your atlas:

· What are two different ways that you could determine the strike and dip of thrust faults?

· With that information, how could you tell the age sequence of thrusting?

· Do you see evidence of out-of-sequence thrusting?

· How can you get a sense of the relative dip of a thrust fault (i.e., steeply or shallowly dipping)?

· In general, what is the relationship between the location of thrust faults and topography?  Are thrusts along ridge lines, along valley troughs, or along slopes?

· What is the relationship between synclines and topography?  What is the relationship between anticlines and topography?  Do these relationships surprise you?  Can you think of a mechanical explanation to rationalize the relationships?
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