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Introduction

Asphalt surfaces near deforming edges of parking lots, paved bike trails, etc. frequently display extensional crack arrays in which the individual cracks end, step, and connect in ways that mimic well-known and well-studied regional-scale systems of normal faults, such as those the in the Canylonlands (Moore and Schultz, 1999) and the North Sea, and delta-edge collapse features in the Gulf of Mexico (Groshong et al, 2000), and Columbus Channel (Orinoco delta), Trinidad, West Indies (Wood, 2000).  Many of these are regional-scale systems are prolific petroleum traps and thus merit investigation and understanding from a practical point of view.  In addition, this lab helps students develop pattern recognition skills, perhaps the most fundamental skill we apply over and over as geoscientists.  

Activity

In this lab, students map extensional crack arrays, at full-scale, using long pieces of inexpensive craft paper and markers.  I had previously tried this lab having students draw at a reduced-scale in their field notebooks; they seemed to focus on dealing with the scale factor, rather than recognizing patterns.  Mapping at full scale obviates this problem.  Students then highlight or color segments of their maps to emphasize the patterns they recognize; e.g., zones of right-stepping cracks; zones of left-stepping cracks; relay ramp crack connections, strike-slip fault connections, etc. (e.g., see Fig. 6.150 from Davis and Reynolds, 1996 below for the basic patterns; see Fig. 1 from Moore and Schultz, 1999 below for discussion and image of relay ramps).  Students work in groups of two.  In addition to the maps, I ask them to draw one cross-section and to think about and talk about the underlying kinematics and dynamics.  We then lay out all of the maps on the ground, then walk through and discuss them group-by-group.  Each group talks the class through the descriptive, kinematic, and dynamic (sometimes speculative) aspects of their “study area”.

Objectives

The objectives of this activity are to: (1) study the descriptive, kinematic, and dynamic aspects of normal fault system analogues; (2) develop structural pattern recognition skills through a hands-on, intuitive inquiry; (3) map and recognize different types of normal fault linkages: i.e., relay ramps and right- and left-stepping en-echelon connections (see Fig. 1 for the basic patterns; see Moore and Schultz, 1999 for discussion of relay ramps); (4) learn about different fault types; (5) and to begin developing a working, practical, and accessible structural geology (fault) vocabulary. 

Background student knowledge needed

I introduce this his lab with a brief lecture (15 minutes; sometimes in the field, sometimes in the preceding lecture) that introduces basic fault terminology, a basic set of map-view fault patterns (see Davis and Reynolds Fig. 6.150 below), the concept of relay ramp (see Moore and Schultz, 1999 Fig. 1 below) and strike-slip normal fault connections, the difference between dilation (opening) faults and normal faults (Ferrill and Morris, 2003), the possibility of hybrid fault types (dilational-normal were discovered by the students!), and one or two examples of what regional-scale normal fault systems look like in map view so that student can make the connection between what they do in this lab and the “big picture”(e.g., Moore and Schultz, 1999, Fig. 2 below).  We are generally a few weeks into the fall semester when we do this lab, so students have also had a broad introduction to structural geology as a subject and how we approach structural problems (by using and connecting descriptive, kinematic, dynamic approaches; e.g., Davis and Reynolds, 1996, Ch. 1).     

Materials needed

1.  Roll of craft paper

2.  markers –

3.  highlighters – to highlight patterns student recognize; e.g., zones of right-stepping cracks; zones of left-stepping faults; relay ramps, etc.

4.  Silva or Brunton compasses – so students can orient their maps

5.  rulers or scales – to scale maps 

6. scissors

Map Symbols used

These must be given to students at beginning or in advance of exercise:

1.  Normal faults – dark line w teeth on down-dropped side (diagnostic criteria: vertical pavement surface offsets) 

2.  Dilational (opening) faults – dark line, filled-in 

3. Strike slip faults – line w arrows

4. Relay ramps – highlight or color  

5. Fault tips –  open circles

6. A strategy for how to combine symbols for hybrid fault types – e.g., dilational-normal

Figures (6.150 from Davis & Reynolds, 1996; 2,3 from Moore and Schultz, 1999)

[image: image1.png]Davis & Reynolds

En Anastomosing
Echelon or Braided

Relay ' Left- Right-
Stepping Stepping

Figure 6.150 Map-view geometric
arrangements of strike—slip faults: en
echelon, relayed, anastomosing or braided,
Ieft-swpping, and right-stepping. [After
Woodcock and Schubert (1994), Continental
deformation, Figure 12.8; p. 257, reprinted
with permission from Elsevier Science, Ltd.,

Pergamon Imprint.]
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Figure 1. Definition of terms used in this study of segmented normal
faults. Ramp of flexed strata (darker pattern) bridges fault termina-
tions (= fault tips [circles]) of graben-bounding faults. Specific struc-
tures and terminology within the stepover region between echelon
grabens depend on polarity of master fault for each graben.
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Figure 2. Location of graben system in the Needles District of
Canyonlands National Park, Utah, after Schultz and Moore (1996). In-
sets show stratigraphic section from Lewis and Campbell (1965) and
generalized graben locations (within ellipse) from Trudgill and
Cartwright (1994).
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