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Pre-Lab Internet Links

1) Fundamentals of
Structural Geology

2) Visualizing Bed Attitude




The student should understand and know:

1) The terminology and basic concepts of structural geology
2) The general techniques and methods used in structural geology

3) The spatial form and deformational development of folds and faults.

4) How to interpret and create geologic block diagrams.

5) How to use the geological compass.

6) How to read a geologic map.




Origin and Nature of Rock Deformation

v’ Stress is an applied force
Confining Stress
Over a n a rea (Stress equal from all diret:tiunsj]_’

’/_; "/ ) /f'
E ’

Tensional Stress

v’ Strain is the deformation of

a solid body
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Compressional 5tress

Tensional = pulling apart forces -

Compressional = pushing together forces Brittle Material

Shear = grinding past each other force

Brittle = breaking into pieces
Ductile = changing shape without breaking

Elastic = deformed body returns to normal
shape after stress released

Plastic = defo'rmed body rémains deformed
after stress released




Resultant Rock Strain from Specific Stresses

v" Original Horizontal layering

A. Undeformed strata (rock body)
X
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v" Shorten horizontally "ﬁﬂi :

v’ Thicken vertically

B. Horizontal compressional stress causes rock bodies
to shorten horizontally and thicken vertically

v’ Folding and Reverse Faulting

v’ Lengthen horizontally

v’ Thin verticall
y C. Horizontal tensional stress causes rock bodies
to lengthen horizontally and thin vertically

v’ Tilting and Normal Faulting

v’ Lateral displacement L d

D. Shear stress causes displacements
along fault zones or by ductile flow

v’ Strike-slip Faulting



Resultant Rock Strain from Specific Stresses

Deformation Type
Brittle Ductile

v" Original Horizontal layering

Stress

v’ Lengthen horizontally Type

Y Thin vertically Extensional g

v’ Tilting and Normal Faulting Nama Falt Trinring (dfficit o recognize)
Com-

v" Shorten horizontally pressiona

Reverse or Thrugt Fault Fmdl

v’ Thicken vertically

v’ Folding and Reverse Faulting
(Lateral)

Shear

v’ Lateral displacement Strike-slp Fau
h - LBR 2/2002

v’ Strike-slip Faulting



Geologic Structures

Folded Rock Layers




1) Strike of beds is always parallel to the direction of the contacts.
2) Rock layers dip towards the youngest exposed rock layers.

3) Oldest rocks exposed in the center of eroded anticlines and domes.

4) Youngest rocks exposed in the center of eroded synclines and basins.

5) Horizontal folds form parallel sets of belt-like outcrop patterns.

6) Plunging anticlines form “V” of "U" shaped, belt-like outcrop patterns.
v Anticline fold plunges toward closed end of “V” or “U” pattern.

/) Plunging synclines form "V” of “U" shaped, belt-like outcrop patterns.
v Syncline fold plunges toward open end of “U” pattern.

8) Steeper the dip of the layer, the more narrow the width of its outcrop.

9) Hanging wall moves up relative to foot wall in reverse and thrust faults.

10) Hanging wall moves down relative to foot wall in normal faults:




Spatial Orientation of Layers
Strike and Dip

1) The spatial orientation, or attitude of a
planar rock layer or structural feature can
be measured and recorded in the field.

2) Two spatial aspects are needed:
v’ Strike = horizontal component
v’ Dip = angle below the horizontal

3) The Strike is the line, or trend that
represents the intersection of the planar
feature with the horizontal.

4) Strike is measured with a compass.

5) Dip is the downward angle, or inclination
of the feature from horizontal at a right
angle to the strike.

- 6) Dip is measured with a clinometer.




Spatial Orientation of Layers
Strike and Dip
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Spatial Orientation of Layers
Strike and Dip

The Strike and Dip of a planar rock layer |

or feature is symbolized on a geology map J& -:' \ \\%&\
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Fold Basics




Fold Basics

B. inclined

Axial plane

‘Fold axis

D. Recumbent

FIGURE .
The axial surface of a fold can be: A, Vertical in upright folds; B. inclined in inclined folds; C. inclined so much that cpposite limbs dip in the same
dircction in overturned Folds: D, horizontal in recumbent folds.(Adapted from Jones, 2001: Laboratory Manual for Physical Geology. 3rd Edition]




Fold Basics




Rules of Folds

Horizontal __ |

Anticlines
1) Oldest unit in center

2) Limbs dip outward

Synclines
1) Youngest unit in center

2) Limbs dip inward

Horizontal Folds

1) Strikes of opposing fold
limbs are all parallel

2) Folds form parallel striped
pattern on geology map

Plunging Folds

1) Strikes of opposing fold
limbs are not parallel

3) Anticlines plunge toward closed
end of “V"-shaped bedding pattern

4) Synclines plunge toward open end

2) Folds form V-shaped pattern
| of “V"-shaped bedding pattern

on geology map
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Plunging Folds

Plunging Folds s T

Anticline and Syncline
in 3-dimensional view

Oldest beds are in
centers of anticlines;

. youngest beds arein
centers of gynclines.
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Anticline and Syncline

plunging toward viewer

Anticline and Syncline
plunging away from
viewer




Plunging Folds

- Mixed sandstone
ond conglomerate

. shate

Sandstone

Shale and
. slitstone

Limestone and
dolomite

m Limestone

Geologic cross sections




Fault Terminology

Features of Faults I

Fault Scarp
Fault Line

Hanging Wall
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Types of Faults

Thrust Fault

Strike-Slip Fault




Fault Slickensides
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1) Strike of beds is always parallel to the direction of the contacts.
2) Rock layers dip towards the youngest exposed rock layers.

3) Oldest rocks exposed in the center of eroded anticlines and domes.

4) Youngest rocks exposed in the center of eroded synclines and basins.

5) Horizontal folds form parallel sets of belt-like outcrop patterns.

6) Plunging anticlines form “V” of "U" shaped, belt-like outcrop patterns.
v Anticline fold plunges toward closed end of “V” or “U” pattern.

7) Plunging synclines form "V” of “U" shaped, belt-like outcrop patterns.

v Syncline fold plunges toward open end of “U” pattern.

8) Steeper the dip of the layer, the more narrow the width of its outcrop.

9) Hanging wall moves up relative to foot wall in reverse and thrust faults.

10) Hanging wall moves down relative to footwall'in normal fau




A GUIDE TO BLOCK DIAGRAMS

BLOCHK DIAGRAM MAP VIEW

A
Shows What's Happening //
in MAP VIEW (on Top)

Shows What's Happening
in NORTH-SOUTH direction

Shows What's Happening
in EAST-WEST direction







surface .-:H;ﬁ the uarh!x




Geologic
Map of
orth Ame

rd
W
R

e

rea




Geologic of Callfornla

Generalized Geologic Map of San Diego County

D posi-Crelaceous sedimentary rocks
'|' [ Santiago Peak Voicanics
Cratacaous [ 105-120 ma gabbroic and granitic rocks
[ 56-53 ma granitic rocks
I Triassic (7} Julian Schist

GEOLOGIC MAP OF CALIFORNIA

COMPILED Y 0.5 GEOLIGICAL SURVEY
AND CALIFOINIA DIVISION OF MINKS AND GEOLOGY




1) A map that displays
the types of rocks and
sediment exposed at
the surface

2) Displays the spatial
orientation of rock
units and rock
structures like folds
and faults.

3) Geology information is
typically overlain on a
topographic base map




Usefulness of Geology Maps

1) Geology maps have

; : Geologic Map of
many vital uses: = California

v’ Mineral Prospecting

Pl [] quaternary sediments
Engineering i - -
\\ag [ vty
Earthquakes N ey B

¥ [l ci¢er metamarphic and sedimentary rocks
¥ {Precambrian, Paleozole, and Mesozoic)
e

Historical geology
Landform studies
Soil development

v’ Biological studies

2) Geology maps are
even useful when




Geology Map Key or Legend

1) The map key lists and
explains the geologic
rock formations and
the structural symbols

v Rock Names

v" Rock Types

v" Rock Ages

v’ Contacts

v’ Strike and Dip
v’ Faults and Folds

2) Each rock unit has a
unique letter symbol

and 1S color-coded
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3) Map key is vital to understanding
the accompanying geology map




1) Strike of beds is always parallel to the direction of the contacts.
2) Rock layers dip towards the youngest exposed rock layers.

3) Oldest rocks exposed in the center of eroded anticlines and domes.

4) Youngest rocks exposed in the center of eroded synclines and basins.

5) Horizontal folds form parallel sets of belt-like outcrop patterns.

6) Plunging anticlines form “V” of "U" shaped, belt-like outcrop patterns.
v Anticline fold plunges toward closed end of “V” or “U” pattern.

7) Plunging synclines form "V” of “U" shaped, belt-like outcrop patterns.

v Syncline fold plunges toward open end of “U” pattern.

8) Steeper the dip of the layer, the more narrow the width of its outcrop.

9) Hanging wall moves up relative to foot wall in reverse and thrust faults.

10) Hanging wall moves down relative to footwall'in normal fau




Geologic Maps — Artwork”

Union County Geolegy

The mzo below is a scan fram the Geolog'c Map of Pennsylvania (1980)
focusing cn Lnion County. The location of Bucknell Uriversity is represented
by the green circle located along the sastemn pertion of the map.
Descriptions far the rock types have been mociied from the original map

o more accuralely describe the gealogy of the Unicn County area

ifrom mapping by Or, Richard P Nickelsen, Bucknzll University).

EXPLAMATION FORTHE ROCK TYPES IN THE LEWISBURG AREA
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Geologic Maps — Devil's Fence Quad
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Folds and Geologic Maps




Structure Web References
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http://www.nature.nps.gov/geology/usgsnps/gmap/gmap1.html#unique

http://www.globalchange.umich.edu/Ben/ES/earthstructure.htm
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http://www.nps.gov/archive/yell/slidefile/scenics/outsidaynpiFacet




