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Lecture 1
Philosophy

Orientation of Lines and Planes in Space
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Lecture Topics

1 Introduction
A. Philosophy
B. Orientation of lines and planes in space

2 Rock structures

A. Fractures
B. Folds

3 Stress and strain
4 |sostacy
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* The crust of the
earth is deformed
at many scales,
locations, and
times; this
deformation
produces
identifiable
structures in the
crust such as
fractures and folds.

http://en.wikipedia.org/wiki/File:Caledonian_orogeny_fold_in_King_Oscar_Fjord.jpg
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Class Themes

* An appreciation of
earth structures has
both enormous
practical value and
profound intellectual
implications for how we
view this planet.
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Class Themes

* Recognition and
characterization of
major structures in the
earth's crust and ways
to gain insight into how
these structures form.

2010/ i i http://irapl altervist
~by-Bailey-Willis--1891-.jpg
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Class Themes

* Earth'scrustasa
mechanical system

G.K. Gilbert (1843-1918) R
httpy//www.esacademic.com/pictures/eswiki/71/Grove_Karl_Gilbertjpg http:.//3dparks,wr,usgs,gov/pp1515/chapter6/ﬁg6-8,jp$




Class Themes

* Macroscopic structures
V. uctur

http://www.rci.rutgers.edu/~schlisch/structureslides/chevron.jpg http://www.ouraycountyhistoricalsociety.org/dropped_image.gif
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Class Themes
Visualizaon

SPECIAL MAP OF DISTRICT OF CLOSE FOLDING.
(PART OF GREENVILLE, TENNESSEE, ATLAS SHEET |

GeoLooy BY ARTHUR KEITH.

Secrions ey Bawey Wiluis .

a Sopla. + emnss

2/7/12 From Willis, B., 1894, The Me¢kanics of Appalachian Structure
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Class Themes
Visualization

Anticline

s

http://www.tulane.edu/~sanelson/images/anticline.gif
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Anticline Oil Field Trap

Hlustration () 2006 by Ken Balley

http://picasaweb.google.com/maryhefley4/HistoricRangelyOilField#
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Introduction/Philosophy/Science

* Science

— Possession of knowledge as distinguished from ignorance or

misunderstanding;

— Knowledge attained through study and practice

— Knowledge covering general truths or the operation of general laws especially
as obtained and tested through the scientific method

* Scientific Method

Principles and procedures for the systematic pursuit of knowledge
involving the recognition and formulation of a problem, the collection of
data through observation and experiment, and the formulation and testing

of hypotheses.

* Fundamental concepts vs. vocabulary; critical thinking vs. cookbooks

¢ Quantitative predictions (Where, when, how big?)
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The Scientific Method

Fig. 1.1
Scientific Method
r\ Limited existing observations
of natural phenomena
Test hypotheses: Y
Make new, fully ol s Revise model if necessary
analyze observations; &
interpret analyses in light of theory predictions add to stockpile of
observations \
Simplified conceptual model
Ad hoc theory General theory
(i.e., case-specific theory) (e.g., Newton's Laws of physics)
Note: consider predictive power of
ad hoc theories versus
general theories
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Mechanistic Approach to Structural
Geology

Descriptive geometry The representation of the spatial Used to describe the geometry of
relationships of points lines and deformed or undeformed bodies.
planes by means of projections Relies on good field work (e.g.,

preparation of geologic maps)

Kinematics The study of the position of bodies Used to describe how a body
through time without regard to the changes shape and/or position
causative forces through time

Mechanics The study of forces and their Used to understand and predict

effects on bodies, and in particular how bodies deform
how bodies deform in response to
forces
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Key Steps in Structural Analyses

* Geometric analysis
— Establish location, size, orientation, shape of individual elements
— Establish relative positions and orientations of a collection of elements

* Kinematic analysis
— Establish sequence of deformational events

— Establish (or infer) initial, intermediate, and final geometry of bodies (e.g.,
undeformed and deformed states; initial and final positions, etc)

* Mechanical analysis
— Conceptual model
— Establish boundary conditions (e.g., pressure on boundaries)
— Set governing equation (reflect rheology of material)
— Find general solution of governing equation
— Solve governing equation to fit boundary conditions
— Compare with field observations
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G try of Lines and Planes
Li ORIENTATION OF LINES AND PLANES
° ines PLANES
— Trend: Bearing of the projection of Stike decton
a line into the horizontal plane oo S poteertal Lne
— Plunge: Inclination of a line below ]
the horizontal plane
* Planes
Horizontal Plane
— Strike
-&mmemem“mmm i o Pt b 1 dechcn
in a plane
* Bearing of a line connecting two nes
points of equal elevation in a plane
— Dip HorzontlLne IR Horzontal Lo
* Inclination of a plane below the LGz Trend
horizontal plane Let
e The maximum inclination of any line
contained in a plane - vereatplane
* Poleto aplane: Aline that is
normal to a plane S —
The POLE to a plane is a line that is perpendicular to the plane.
The trend of the pole is opposite the direction a plane dips.
The bunae o = e o i of s s 0
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Geologic Conventions for Measuring
Orientations

Compass Bearings
. Symbols for Li Geologic M
e By quadrant (relative to north or south). ymhoslortines naneciogictap
The angle does not exceed 90° 30° 30 Trend: N45°

E
R Trend: N45°W 30° Nas
* By 360° azimuth (0° - 360°) Plunge: 30° ‘\ / Plunge: 30
Examples
o Trend: 270° » Trend: 90°
NHEE Plunge: 30° < 30° Plunge: 30°
30°
0 45°  90°  135° 180° 225° 270° 315° / \30“
Trend: S45°W 30°

Pl 30° Trend: S45°E
. unge: o . 30°
Lines 30 Plunge: 30

Trend: A compass bearing
Plunge: An inclination below horizontal
The lines to right all plunge at 30°. Their ’L Strike: 315° 70° | 70°

Dip: 70° NE
trends vary according to the table. The "NE" is usefN /<700

Planes 70 Strike: N9OE

Symbols for Planes on a Geologic Map

. . . - . Dip:70°S
Strike: A compass bearing along a horizontal 70° 707 o s is useful
line in a plane Strike: S45°W %a \>\

. . . . . Dip: 70° NW
Dip: An inclination below horizontal The W 6 useful 70°

The planes to right all dip at 70°. Their
stzr}b%s vary according to the table.
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Trend, Plunge, & Pitch of a Line

Trend, Plunge, & Pitch
b

Vertical plane
containing
plunging line

Vertical plane
normal to strike
of dipping plane /. .

Dipping plane

Pitch = angle between

\ plunging line and
A the line of strike for
a the dipping plane
b
plunge (¢) pitch (Q) dip (8) L4
a t a
sin e e t c
c d b d
cos e e f c
. _a_ | _a | b
an < d b d

(1) Trend = 6 = strike + ¥ = strike + cos™1 (d/c) = strike + cos~1{(cos Q)/(cos )}
(2) Trend = 6 = strike + ¥ = strike + tan"1 (b/d) = strike + tan-1{(cos 8)(tanQ)}
(3) Plunge = ¢ =sin"1 (a/e) = sin"1 {(sin 8)(sinQ)}

(4) Pitch = Q =sin-1 (t/e) = sin1 {(sino) / (sin &)}

2/7/12 GG612 16

2/7/12



