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A. Geological Structures 

Structural geology 

What are geological structures? 
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B. Orientation of Structures 

Lines and Planes 

Linear and planar features in geology 
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Other conventions for defining the orientation of a plane 
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Line that lies in a plane 
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Pole to a plane 
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¥ Lab 1. Orientation of Lines and Planes 
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Strata and Stratigraphy 
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Other lithostratigraphic units 
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Onlap and overstep 
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Paleogeologic maps and subcrops 
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Primary structures in sedimentary rocks 

Stratification 

Outcrop-scale: bedding, lamination 
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Structures generated by currents, way-up indicators 
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Bedforms and cross-stratification 
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Sole markings 

Sole mar king s�<M@�<�N@>JI?�OTK@�JA�N@?DH@IO<MT�NOMP>OPM@�OC<O�DN�PN@APG�AJM�NOMP>OPM<G�B@JGJBDNON
�1JG@�H<MFDIBN�<M@�

AJMH@?� RC@I� >J<MN@� N@?DH@IO� �PNP<GGT� N<I?	� DN� ?@KJNDO@?� M<KD?GT� �PNP<GGT� =T� <� >PMM@IO	� JI� <� HP?? T� NP=NOM<O@
� 1JG@�

H<MFDIBN�DI>GP?@��

`� Gr oove casts��BMJJ Q@N�<M@�H<?@�=T�>PMM@ION�?M<BBDIB�J=E@>ON�<>MJNN�OC@�HP?��OC@N@�<M@�OC@I�ADGG@?�=T�N<I?�<I?�

KM@N@MQ@?�<N�HJG?N�JI�OC@�=<N@�JA�<�N<I?NOJI@�=@?��

`� Flu te casts ��>PMM@ION�KMJ?P>@�N>JJK�GDF@�?@KM@NNDJIN�DI�OC@�HP?�OC<O�A<?@�JPO�DI�<�?JRI�>PMM@IO�?DM@>ODJI��OC@N@�

<M@�OC@I�ADGG@?�=T�N<I?�<I?�KM@N@MQ@?�<N�HJG?N�JI�OC@�=<N@�JA�<�N<I?NOJI@�=@?��

`� Biotur bation structur es (tr ace fossils )��CJMDUJI O<G�=PMMJRN�<I?�OM<DGN�<M@�ADGG@?�=T�N<I?�<I?�KM@N@MQ@?�<N�HJG?N�JI�

OC@�=<N@�JA�<�N<I?NOJI@�=@?
�

`� Load structur es��=PGB@N�DI�OC@�=JOOJH�JA�<�N<I?NOJI@�=@?�AJMH@?�RC@I�?@IN@M�N<I?�NDIFN�DIOJ�G@NN�?@IN@�R@O�HP?
�

Note ��NOMD>OGT�NK@<FDIB��<GG�OC@N@�NOMP>OPM@N�NCJPG?�=@�><GG@?�HJG?N��IJO�><NON
�&JR@Q@M��OC@�O@MH�\><NO]�DN�HJM@�>JHHJIG T�

PN@?
�

�

�><JG:��� 	��>DIJG76I>DC�HIGJ8IJG:H	��6B7G>6C��DA9:CK>AA:�
�G DJE��&DK6�+8DI>6	�

�� ��V��!
�.MDH<MT�1OMP>OPM@N

https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/GrooveCastsNS.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/GrooveCastsNS.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/FluteCastsNS.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/FluteCastsNS.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/BioturbationNS.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/BioturbationNS.jpg


�><JG:���	�% J98G68@H��IDE�K>:L�	�'G 9DK>8>6C��<J6I=JC6�
� DGB6I>DC��(DGI�6J�(DGI�(:C>CHJA6��&:L; DJC9A6C9	�

�><JG:��� 	�%J98G68@H�
�H>9:�K>:L�	�
�6G7DC>;:GDJH�%67DJ�
�G DJE��$>HBDG:��& DK6�
+8DI>6	�

Structures generated by soft-sediment deformation 
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Primary structures in igneous rocks 

Intrusions 
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Volcanic rocks 
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¥ Lab 2. Cross-sections and Three-point Problems 

Topographic profiles and cross-sections 
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D. Stereographic Projection 

Introduction 
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Stereogram basics 

2C@M@� <M@� ORJ� K<MON� OJ� <IT� NO@M@JBM<KCD>� KMJE@>ODJI
�� 2C@�

KMJE@>ODJI� DON@GA�� JM�ster eogram,� DN� PNP<GGT� ?M<RI� JI� OM<>DIB�

K<K@M�� <I?� M@KM@N@ION� <� =JRG�NC<K@?� NPMA<>@� @H=@??@?� DI� OC@�

#<MOC
��2C@�ster eographic net �JM�ster eonet �DN�OC@���"�@LPDQ<G@IO�

JA�<�KMJOM<>OJM
�� 'O�DN�PN@?�OJ�H@<NPM@�<IBG@N�JI�OC@�KMJE@>ODJI
�

2J� H@<NPM@� <IBG@N�� R@� I@@?� OJ� MJO<O@� OC@� I@O� M@G<ODQ@� OJ� OC@�

OM<>DIB�K<K@M
��$JM�KM<>OD><G�M@<NJIN�R@�PNP<GGT�OPMI�OC@�OM<>DIB�

K<K@M�<I?�F@@K�OC@�I@O�ADS@?��=PO�DO�DN�DHKJMO<IO�OJ�M@H@H=@M�OC<O�

DI� M@<GDOT�� OC@� KMJE@>ODJI� C<N� <� ADS@?� JMD@IO<ODJI� <I?� OC@� I@O�

NCJPG?�=@�MJO<O@?�OJ�H<F@�H@<NPM@H@ION
�

2J�>JINOMP>O�<�NO@M@JBM<H��O<F@�<�NC@@O�JA�OM<>DIB�K<K@M�<I?�?M<R�

<� >DM>G@�� RDOC� OC@� N<H@� M<?DPN� <N� <I� <Q<DG<=G@� NO@M@JI@O
�� 2CDN�

>DM>G@�DN�FIJRI�<N�OC@�primi ti ve
�+<MF�OC@�>@IOM@�RDOC�<�>MJNN��

<I?�H<MF�<�IJMOC�<MMJR�JI�OC@�KMDHDODQ@�<O�OC@�OJK�JA�OC@�K<B@
�

+<MF�#��1�<I?�5�� JM���� ������<I?���� 	�KJDION�<O���X�DIO@MQ<GN�<MJPI?�OC@�KMDHDODQ@
��'O�DN�NJH@ODH@N�C@GKAPG�OJ�M@DIAJM>@�

OC@�>@IOM@�RDOC�<?C@NDQ@�O<K@�JI�OC@�=<>F�JA�OC@�OM<>DIB�K<K@M
�

2C@�NO@M@JI@O�H<T�=@�M@DIAJM>@?�RDOC�><M?�OJ�@SO@I?�DON�GDA@
�� 'O�DN�>JI Q@ID@IO�OJ�KG<>@�<I�JG?�A<NCDJI@?�OCPH=�O<>F�

OCMJPBC�OC@�>@IOM@�JA�OC@�I@O
��.MJO@>O�TJPMN@GA�<I?�JOC@MN�AMJH�OC@�OCPH=�O<>F�=T�F@@KDIB�DO�@H=@??@?�DI�<I�@M<N@M�

RCDG@�IJO�DI�PN@
��2C@M@�<M@�N@Q@M<G�Q<MD@OD@N�JA�NO@M@JI@O�<Q<DG<=G@
��5 @�RDGG�NO<MO�RDOC�<�5PGAA�I@O��RCD>C�DN�PN@?�AJM�

OC@�>JINOMP>ODJI�JA�OC@�OMP@��JM�equal -ang le�NO@M@JBM<KCD>�KMJE@>ODJI
�� ' I�G<O@M�G<=N�R@�RDGG�PN@�<�1>CHD?O�I@O��RCD>C�

>JINOMP>ON�<I�equal -ar ea�KMJE@>ODJI
�

" 
�1O@M@JBM<KCD>�.MJE@>ODJI��V����

https://app.visiblegeology.com/stereonet.html


�><JG:�
	�(G>C8>EA:�D;�I=:�HI:G:D<G6E=>8�EGD?:8I>DC	�

Principle of stereographic projection 
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Features of the net 
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Two applications of the stereographic projection 

True and apparent dip 
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¥ Lab 3. Working with Stereographic Projections 

Basic plotting operations 

Setting up the projection 
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Plotting the orientation of a line 
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Example pr oblem: Plot the point L r epresenting the line 300-50 . On your pr ojection label the angles corr esponding to the 

tr end and plunge. 
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Plotting a plane and its pole 
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Example pr oblem: Construct the gr eat cir cle representing the plane 120/50 , and its pole. On the pr ojection label the angles 

corr esponding to the plane Õs strik e, dip and numerical dip dir ection. 

Plotting a line in a plane by rake or pitch 
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Measuring the orientation of a line from its pole 
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Example pr oblem: measure the orientation of the line you plotted in the first e xample and see if you get the answer you 

star ted with! 

Measuring the strike and dip of a plane from its great circle 
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Measuring the strike and dip of a plane from its pole 
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Example pr oblem: measure the orientation of the plane you plotted in the first e xample by wor king backwar ds from its 

pole and see if you get the answer you star ted with! 
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Constructions on the stereographic projection 

Finding the plane common to two lines 
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Finding the line perpendicular to two other 
lines 
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Angle between two lines 
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Example pr oblem: Construct the p lane common to the lines 318- 34 and 206- 78; determine the ang le betw een them; 

also determine the strik e and dip o f the common p lane. 
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Line of intersection of two planes 
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Plane perpendicular to two planes 
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Angle between two planes 
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First method 
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Second method 
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Example pr oblem: Plot the line of intersection of the planes 132 /22 and 07 4/68. A lso plot a thir d plane perpendicular 

to both, and find the angle between the two planes. Determine the orientation of the line of intersection of the first two 

planes. Determine the orientation of the perpendicular plane. 
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Answers to the example problems 
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E. Folds 

Introduction 
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Geometric description of single folded surfaces 
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Single folded surfaces in profile 

Invariant points 
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Inter-limb angle 
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Fold shape 
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Closing direction: synforms and antiforms 
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Younging direction: synclines and anticlines 
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� CI>8A>C:� Antif ormal an ticline Synf ormal an ticline 

+NC8A>C:� Antif ormal syncline Synf ormal syncline 

Single folded surfaces in 3-D 
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Fold attitude 
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Trains of folds in profile and 3-D 
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GDJC9:9�6C9�I=:�2�>H�6C<JA6G��>I�>H�I=:�GDI6I>DC6A�HNBB:IGN�I=6I�>H�>BEDGI6CI	�

��AJG?�OC<O�C<N�1�<NTHH@OMT�RC@I�QD@R@?�AMJH�JI@�@I?�C<N�8�<NTHH@OMT�AMJH�OC@�JOC@M
�2C@M@AJM@�DO�DN�DHKJMO<IO�OC<O�

R@�N<T�RCD>C�R<T�R@�<M@�GJJFDIB�RC@I�R@�>C<M<>O@MDU@�<�AJG?�<N�1�JM�8
�'A�OC@�?DM@>ODJI�JA�QD@RDIB�DN�PINK@>DAD@?��OC@I�

OC@�>JI Q@IODJI�DN�OJ�GJJF�DI�OC@�9DLC�EAJC<:�?DM@>ODJI
�

-I@�> JHHJI�J> >PMM@I>@�JA�1�<I?�8�AJG?N�DN�RC@I�AJG?N�J>>PM�<O�?DAA@M@IO�N><G@N�DI�OC@�N<H@�G<T@M
�1H<GG�AJG?N�?@Q@GJK@?�

JI�OC@�GDH=N�JA�G<MB@M�AJG?N��RDOC�OC@�N<H@�JMD@IO<ODJI��<M@�><GG@?�par asitic f olds �$DB
��	
�2TKD><GGT��K<M<NDOD>�AJG?N�JI�JI@�

GDH=�C<Q@�1�<NTHH@OMT�RC@M@<N�OCJN@�JI�OC@�JOC@M�GDH=�C<Q@�8�<NTHH@OMT
�2C@M@�DN�JAO@I�<�M@BDJI�JI�OC@�CDIB@�RC@M@�

K<M<NDOD>�AJG?N�C<Q@�IJ�>G@<M�<NTHH@OMT��OC@T�<M@�?@N>MD=@?�<N�M (or W ) folds 
�1JH@ODH@N�H<KKDIB�OC@�<NTHH@OMT�JA�

JPO>MJK�N><G@�K<M<NDOD>�AJG?N�DN�<�BJJ?�R<T�OJ�GJ><O@�OC@�CDIB@N�JA�G@NN�J=QDJPN�H<K�N><G@�H<EJM�AJG?N
�

Features of successive surfaces 
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In profile 

��GDI@�?M<RI�OCMJPBC�<GG�OC@�CDIB@�KJDION�JA�<�AJG?�DN�><GG@?�OC@�axial tr ace�JA�OC@�AJG?
��'O]N�<GNJ�><GG@?�OC@�hing e tr ace��

RCD>C�DN�<MBP<=GT�<�=@OO@M�O@MH�=@><PN@�OC@�OM<>@�C<N�GDOOG@�M@G<ODJI�OJ�OC@�AJG?�<SDN��=PO�HJNO�NOMP>OPM<G�B@JGJBDNON�PN@�

<SD<G�OM<>@.) 

2C@� JOC@M� Q<MD<IO� <I?� DIQ<MD<IO� KJDION� <GNJ� >JMM@NKJI?� OJ� OM<>@N� JI� OC@� KMJADG@� KG<I@��inf lection tr ace, crest tr ace, 

tr ough tr ace
� � @><PN@� <GG� OC@N@� GDI@N� <M@� OC@� OM<>@N�� JI� OC@� KMJADG@� KG<I@�� JA� NPMA<>@N� DI� ��" �� OC@� RJM?� \NPMA<>@]� DN�

NJH@ODH@N�<??@?��DIAG@>ODJI�NPMA<>@�OM<>@��>M@NO�NPMA<>@�OM<>@��OMJPBC�NPMA<>@�OM<>@
	�
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In 3-D 

 T�IJ R�TJP�><I�<I OD>DK<O@�OC<O�DI���"�@<>C�JA�OC@�GDI@N�OC<O�R@�D?@IODAD@?�JI�< �NDIBG@�NPMA<>@�><I�=@�@SOM<KJG<O@?�DIOJ�<�

NPMA<>@�DI��" 
�

2C@� HJNO� DHKJMO<IO� NPMA<>@� DN� OC@�axial surface � �JM�hing e surface 	. 2CDN� NPMA<>@� DN� JA� BM@<O� FDI@H<OD>� NDBIDAD><I> @�

=@><PN@�I=:�EDA:�ID�I=:�6M>6A�HJG;68:�>H�D;I:C�I=:�9>G:8I>DC�D;�B6M>BJB�H=DGI:C>C<
�

2C@� JOC@M� NPMA<>@N��inf lection surface , crest surface, and tr ough surface � <M@� <GG� K<M<GG@G� OJ� OC@� <SD<G� NPMA<>@� DI� <�

>TGDI?MD><G�AJG?
�

2C@�facing dir ection �DN�OC@�9>G:8I>DC�D;�NDJC<>C<�>C�I=:�;DA9�6M>6A�HJG;68: 
�'O�DN�K@MK@I?D>PG<M�OJ�AJG?�CDIB@N�=PO�GD@N�DI�OC@�

<SD<G�NPMA<>@
�,JOD>@�OC<O�AJG?N�H<T�C<Q@�JQ@MOPMI@?�GDH=N�=PO�NODGG�A<>@�PKR<M?
�

,=:�G :A6I>DCH=>E�D;�;68>C<�9>G:8I>DC�ID�6CI>8A>C:H��HNC8A>C:H��6CI>;DGBH��6C9�HNC;DGBH��

�&,!�' *%� +1&�' *%�

�&,! �$!&�� Antif ormal an ticline Synf ormal an ticline 

�- EL6G9�;68>C<�� ��DLCL6G 9�;68>C<��

+1& �$!&�� Antif ormal syncline Synf ormal syncline 

��DLCL6G 9�;68>C<�� �- EL6G9�;68>C<��

, JOD>@�OC<O�DI�PKR<M?�A<>DIB�AJG?N�OC@�\�AJMH]�<I?�OC@�\�>GDI@]�<M@�OC@�N<H@
� 'I�?J RI R<M?�A<>DIB�AJG?N�OC@�\�AJMH]�<I?�

\�>GDI@]�<M@�?DAA@M@IO
�

Fold attitude 

 @><PN@�JA�DON�FDI@H<OD>�NDBIDAD><I> @��OC@�strik e and dip o f the axial surface �<M@�DHKJMO<IO�A@<OPM@N�OJ�H@<NPM@�DI�<I�

JPO>MJK�JA�<�AJG?
�$JG?N�><I�=@�>G<NNDAD@?�=T�<SD<G�NPMA<>@�JMD@IO<ODJI��

�>E� �A6HH>;>86I>DC�7N�6M>6A�HJG;68:�9>E�

�� ��X� Recumben t 

��� ��X� Gentl y inclined 

�����X� Moder atel y inclined 

�����X� Steep ly inclined 

�����X� Uprig ht 

 @><PN@�JA�OC@�R<T�OC@�<SD<G�NPMA<>@�DN�?@ADI@?��I=:�=>C<:�D;�6�;DA9�BJHI�7:�6�A>C:�I=6I�A>:H�>C�I=:�6M>6A�HJG;68: 
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OC<O�OC@�KGPIB@�JA�OC@�CDIB@�><IIJO�=@�NO@@K@M�OC<I�OC@�?DK�JA�OC@�<SD<G�NPMA<>@
�'O�<GNJ�H@<IN�OC<O�OC@�CDIB@�GDI@�C<N�<�

M<F@�JM�KDO>C�DI�OC@�<SD<G�NPMA<>@
�2C@M@�DN�<�NK@>D<G�O@MH�AJM�AJG?N�DI�RCD>C�OC@�M<F@�JA�OC@�CDIB@�DI�OC@�<SD<G�NPMA<>@�DN�

>GJN@�OJ���X��OC@N@�<M@�r eclined f olds. 
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�><JG:��	�,=>H�>H�6�GDJC9:9��JEG><=I��HJ7=DG>ODCI6A��DE:C��
JEL6G9�;68>C<��HNC;DGB6A�HNC8A>C:	��G6B7:G��&DK6�+8DI>6	�

�><JG:��	�% D9:G6I:AN�>C8A>C:9��I><=I��6CI>;DGB6A�6CI>8A>C:	�
�6K>9�,=DBEHDC� ><=L6N��� A7:GI6	�

�><JG:��	�+I::EAN�>C8A>C:9�;DA9H�L>I=�6M>6A�EA6C6G�8A:6K6<:	�
�6GB6CK>AA:��&:L; DJC9A6C9	�

�><JG:�� 	�* :8JB7:CI�; DA9	�(>869>AAN��&:L; DJC9A6C9	�

�><JG:��	�. 6G>67AN�>C8A>C:9�HNC;DGB	�(DGI�6J�(DGI�(:C>CHJA6��
&:L; DJC9A6C9	�

Harmonic and disharmonic folds 
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�2C@N@�<M@�

><GG@?�harmonic �AJG?N
�1JH@ODH@N�R@�ADI?�G<T@M@?�MJ>FN�DI�RCD>C�OC@�AJG?N�<M@�IJO�NJ�<GDBI@?
�2C@N@�<M@�disharmonic

AJG?N
�'O]N�IJO�PNP<GGT�KJNND=G@�OJ�?@ADI@�<SD<G��DIAG@>ODJI��OMJPBC��JM�>M@NO�NPMA<>@N�DI�?DNC<MHJID>�AJG?N��RCD>C�OC@M@AJM@�

KMJQD?@�G@NN�DIAJMH<ODJI�<=JPO�M@BDJI<G�?@AJMH<ODJI�OC<I�C<MHJID>�AJG?N
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Some common fold styles 
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��5 C@M@�G<T@MN�

JA�NOMJIB�MJ>F�<M@�DIO@MG<T@M@?�RDOC�Q@MT�R@<F�MJ>F��OC@�NOMJIB�G<T@MN�H<T�C<Q@�I@<MGT�>JINO<IO�OCD>FI@NN�<MJPI?�AJG?�

CDIB@N��NJ�OC<O�OC@�DII@M�<I?�JPO@M�<M>N�<M@�K<M<GG@G
��1P>C�AJG?N�<M@�><GG@?�par allel �JM�concen tric �AJG?N
��"DNODI>ODQ@�NOTG@N�

JA� K<M<GG@G� AJG?N� J>>PM� RC@I� OC@� NOMJIB� G<T@MN� <M@� >GJN@� OJB@OC@M� <I?� ><I� NGD?@� JQ@M� @<>C� JOC@M� @<NDGT
� 3I?@M� OC@N@�

>JI?DODJIN��Q@MT�<IBPG<M�AJG?N�H<T�?@Q@GJK
�5C@I�OC@N@�C<Q@�DIO@M�GDH=�<IBG@N�<MJPI?���X�OC@T�<M@�><GG@?�chevr on�AJG?N
�

�' I O@M�GDH=�<IBG@N�<MJPI?� ���X�?@A DI@�kink �AJG?N
�!JI Q@MN@GT��RC@I�<GG�OC@�G<T@MN�<M@�R@<F��AJM�@S<HKG@�DI�MJ>FN�I@<M�
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Folds in map view 

$JG?@?� MJ>FN� <M@� HJM@� >JHKGD><O@?� DI� H<K� QD@R� OC<I� NDHKG@� KG<I<M� NOM<O<�� =@><PN@� H<K� K<OO@MIN� M@NPGO� AMJH� <�

>JH=DI<ODJI�JA�CDGGN�<I?�Q<GG@TN�DI�OC@�G<I?N><K@��<I?�<IODAJMHN�<I?�NTIAJMHN�DI�OC@�NOM<O<
�

2C@�NC<K@�JA�AJG?@?�NOM<O<�><I�J AO@I�=@�ADBPM@?�JPO�RDOC�NOMP>OPM@�>JI OJPMN��=PO�PIGDF@�OCJN@�AJM�NDHKG@�KG<I<M�NOM<O<��

NOMP>OPM@�>JI OJPMN�AJM�AJG?@?�NOM<O<�<M@� IJO�NOM<DBCO
�2C@T�NCJR�<IB G@N�JM�>PMQ@N
�1JH@�@S<HKG@N�<M@�NCJRI�DI�OC@�

AJGGJRDIB�?D<BM<HN
�

'A�OC@�AJG?�CDIB@N�<M@�K@MA@>OGT�CJMDUJI O<G��OC@�NOMP>OPM@�>JI OJPMN�RDGG�M@H<DI�NOM<DBCO�<I?�K<M<GG@G��=PO�OC@�IPH=@MN�RDGG�

NCJR�>C<IB@N�JA�?DK��
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Fold overprinting 

�M@<N� <AA@>O@?� =T� HPGODKG@� @KDNJ?@N� JA� AJG?DIB� H<T� ?DNKG<T� r efolded f olds � DI� <� =@RDG?@MDIB� Q<MD@OT� JA� JMD@IO<ODJIN��

KMJ?P>DIB�<�Q<MD@OT�JA�fold in terf erence patterns 
�

Classification of fold interference patterns 

2J� H<F@� N@IN@� JA� OC@N@� R@� PN@� <� >G<NNDAD><ODJI� �?@QDN@?�� GDF@� H<IT� JOC@M� API?<H@IO<G� >G<NNDAD><ODJIN� JA� AJG?N�� =T� (
�

0<HN<T����� �	
�2CDN�>G<NNDAD><ODJI�M@G<O@N�OJ�ORJ�B@I@M<ODJIN�JA�AJG?N�JIGT�[�DA�R@�C<Q@���JM�HJM@�B@I@M<ODJIN�OCDIBN�B@O�

HJM@�>JHKGD><O@?
�

' I�@<>C�><N@�R@�>C<M<>O@MDU@�<�ADMNO�B@I@M<ODJI�JA�AJG?N�=T�
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`� <�AJG?�CDIB@�OC<O�GD@N�DI�OC<O�<SD<G�NPMA<>@�
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?@AJMH<ODJI
�2C@�AJG?�K<OO@MI�DN�?@N>MD=@?�<N�\OTK@��]��<I?�B@I@M<GGT�DO�RDGG�IJO�=@�

<KK<M@IO�AMJH�B@JH@OMT�OC<O�OC@M@�C<Q@�=@@I�ORJ�KC<N@N�JA�?@AJMH<ODJI
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' A� G<O@M� NCJMO@IDIB� DN� MJPBCGT� K<M<GG@G� OJ� OC@� CDIB@N� JA� OC@� @<MGT� AJG?N�� <I?� OC@�

@SO@INDJI� ?DM@>ODJI� <GNJ� GD@N� DI� OC@� @<MGT� AJG?� <SD<G� NPMA<>@N�� OC@I� G<O@M� AJG?DIB�

=@I?N� OC@� CDIB@N� JA� OC@� @<MGT� AJG?N� =PO� ?J@N� IJO� NDBIDAD><I OGT� =@I?� OC@� <SD<G�

NPMA<>@N
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How to analyse an overprinted fold 
pattern 
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¥ Lab 4. Introduction to Folds 

Map techniques for folds 
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¥ Lab 5. More about Folds 

Multiple planes on the stereographic projection 
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F. Boudinage 
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G. Kinematic Analysis and Strain 
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GJJF� <O� A<PGON� R@� RDGG� H@<NPM@� OC@� ?DNKG<>@H@IO� JA� JI@�

R<GG�JA�<�A<PGO�M@G<ODQ@�OJ�<IJOC@M
�"DNKG<>@H@IO�DN�<�vector

LP<I ODOT
�

Rotation 

0JO<ODJI��JM�>C<IB@�DI�JMD@IO<ODJI��DN�OTKD><GGT�H@<NPM@?�DI�?@BM@@N��<=JPO�<�K<MOD>PG<M�<SDN�JA�MJO<ODJI
� ���MJO<ODJI�DN�

OC@M@AJM@�<GNJ�<�vector �LP<I ODOT��=@><PN@�DO�C<N�<�H<BIDOP?@�<I?�<�?DM@>ODJI
	�

��> JHHJI�FDI@H< OD>�KMJ=G@H�DIQJGQDIB�MJO<ODJI�DN�OJ�M@HJQ@�OC@�@AA@>ON�JA�AJG?DIB�AMJH�NJH@�NOMP>OPM@
�$JM�@S<HKG@��

<�N@?DH@IOJGJBDNO�H<T�H@<NPM@�OC@�JMD@IO<ODJI� JA�<�K<G@J>PMM@IO�NOMP>OPM@�DI�AJG?@?�NOM<O<��<I?�R<I ON�OJ�FIJR�OC@�

JMDBDI<G�?DM@>ODJI�JA�>PMM@IO�AGJR
�

2CDN�OTK@�JA�KMJ=G@H�DN�HJNO�@<NDGT�NJGQ@?�JI�OC@�NO@M@JBM<KCD>�KMJE@>ODJI
� �N�=@?N�<M@� \PIAJG?@?]��OC@�K<G@J>PMM@IO�

?DM@>ODJIN�OC@T�>JI O<DI�MJO<O@�<GJIB�NH<GG�>DM>G@N�JI�OC@�NO@M@JI@O
�2C@�NH<GG�>DM>G@N�<M@�>@IOM@?�JI�OC@�AJG?�<SDN
�

%
�)DI@H<OD>��I<GTNDN�<I?�1OM<DI��V��� �



Dilation 

4JGPH@�>C<IB@�DN�Q@MT�?DAAD>PGO�OJ�H@<NPM@�DI�M@<G�MJ>FN
�&JR@Q@M��PI?@M�NJH@�>DM>PHNO<I>@N�DO�><I�=@�LP<IODAD@?
�+ JNO�

N@?DH@IO<MT�MJ>FN�PI?@MBJ�NJH@�compaction �<N�OC@T�<M@�=PMD@?��=@><PN@�KJM@�R<O@M�DN�@SK@GG@?
�!JHK<>ODJI�M@NPGON�

DI�<� I@B<ODQ@�?DG<ODJI
� �IJOC@M�>JHHJI�KC@IJH@IJI�DI QJGQDIB� I@B<ODQ@�?DG<ODJI�DN�pr essur e solu tion �DI�RCD>C�NJH@�

HDI@M<GN�DI�<�MJ>F�<M@�?DNNJGQ@?�DI�M@NKJIN@�OJ�NOM@NN
�

"DG<ODJI�DN�<�scalar �LP<I ODOT�[�DO�EPNO�C<N�<�H<BIDOP?@
�

Distortion 

"DNOJMODJI�DN�=T�A<M�OC@�HJNO�>JHKGD><O@?�OTK@�JA�?@AJMH<ODJI�OJ�H@<NPM@
�5C@I�MJ>FN�<M@�?DNOJMO@?�OC@T�OTKD><GGT�B@O�

GJIB@M�DI�NJH@�?DM@>ODJIN�<I?�NCJMO@M�DI� JOC@MN
� �GNJ��<IBG@N�>C<IB@�DI�?DNOJMODJI
�  @><PN@�JA�OCDN��NOM<DI�><IIJO�=@�

M@KM@N@IO@?�=T�<�N><G<M�JM�<�Q@>OJM
�'O�DN�<�HJM@�>JHKGD><O@?�LP<I ODOT�OC<O�DN�><GG@?�<�tensor . 

Strain 

' I�KJKPG<M�NK@@>C�OC@�RJM?�^NOM<DI_�>JI EJPMN�PK�<I�DHKM@NNDJI� JA�<KKGTDIB�AJM>@��N̂OM<DIDIB_�<O�NJH@OCDIB�DHKGD@N�<�

?TI<HD>�KMJ>@NN
�2C@�RJM?�^NOM<DI_�C<N�<�?DAA@M@IO�H@<IDIB�DI�N>D@I>@�<I?�@IBDI@@MDIB�[�DO�?@N>MD=@N�NJH@OCDIB�KPM@GT�

FDI@H<OD>�[�<�>C<IB@�DI�NC<K@�JM�QJGPH@��CJR@Q@M�><PN@?
�2C@M@�<M@�@S<HKG@N�JA�NOM<DI�DI�RCD>C�IJ�AJM>@�DN�DIQJGQ@?����

M@AG@>ODJI�DI�<�?DNOJMODIB�HDMMJM��<I?�OC@�?DNOJMO@?�DH<B@�JA�<�=<NF@O=<GG�JI�<�RD?@N>M@@I�24�<M@�=JOC�DH<B@N�OC<O�C<Q@�

PI?@MBJI@�NOM<DI��=PO�OC@T�<M@�H<?@�JA�GDBCO�M<TN��IJ�AJM>@�DN�><PNDIB�OC@�?DNOJMODJI
�

�2C@�>JMM@NKJI?DIB�?TI<HD>�O@MH�DN�^NOM@NN_��RCD>C�R@�RDGG�NOP?T�DI�<�G<O@M�N@>ODJI
�2<F@�><M@�I@Q@M�OJ�>JIAPN@�NOM@NN�

RDOC�NOM<DI�	�

�GG� OC@� NOMP>OPM@N� R@� N@@� DI� OC@� #<MOC]N� >MPNO� <M@� H<IDA@NO<ODJIN� JA� NOM<DI
� 1OM<DI� DN� NP>C� <� API?<H@IO<G� >JI> @KO� DI�

NOMP>OPM<G�B@JGJBT�OC<O�DI�HJM@�<?Q<I> @?�>JPMN@N��OC@�H<OC@H<OD>N�JA�NOM<DI�DN�JAO@I�OM@<O@?�ADMNO
�'I�OCDN�>JPMN@�R@�O<F@�

<�HJM@�KM<>OD><G�<KKMJ<>C�<I?�AJ>PN�JI�?@N>MD=DIB�NOMP>OPM@N�ADMNO
�&JR@Q@M��=T�IJ R��DO�NCJPG?�=@�>G@<M�OC<O�>C<IB@N�DI�

OC@�NC<K@�JA�MJ>FN�><I�=@�M@>JBIDU@?�DI�<GG�OC@�NOMP>OPM@N�TJP�C<Q@�NOP?D@?�NJ�A<M
�

Heterogeneous strain and homogeneous strain 

1OM<DI�><I�Q<MT�AMJH�KG<>@�OJ�KG<>@�DI�MJ>FN
�5@�?DNODIBPDNC�<�NK@>D<G�><N@��

Homogenous str ain: NOM<DI�OC<O�DN�OC@�N<H@�@Q@MTRC@M@�RDOCDI�<�=J?T�JA�MJ>F
� ' I�CJHJB@I@JPN�NOM<DI��NOM<DBCO�GDI@N�

M@H<DI�NOM<DBCO��K<M<GG@G�GDI@N�M@H<DI�K<M<GG@G��>DM>G@N�<M@�?@AJMH@?�DIOJ�:AA>EH:H
�

1OM<DI�OC<O�DN�IJO�CJHJB@I@JPN�DN�heter ogenous.�' I�C@O@MJB@IJPN�NOM<DI��NOM<DBCO�GDI@N�><I�=@�=@IO��<I?�GDI@N�OC<O�R@M@�

DIDOD<GGT�K<M<GG@G�<M@�MJO<O@?�=T�?DAA@M@IO�<HJPION��=@>JHDIB�IJI�K<M <GG@G
�

�� ��V��%
�)DI@H<OD>��I<GTNDN�<I?�1OM<DI



Heter ogeneous str ain � DN� ?DAAD>PGO� OJ� ?@<G� RDOC� H<OC@H<OD><GGT
� &JR@Q@M�� DA� R@� GJJF� <O� <� Q@MT� NH<GG� M@BDJI� JA� <�

C@O@MJB@I@JPNGT�NOM<DI@?�MJ>F��DO�><I�J AO@I�=@�OM@<O@?�DI�OC@�N<H@�R<T�<N�<�CJHJB@I@JPN�NOM<DI
�2C@�str ain at a poin t 

DI�<�C@O@MJB@I@JPNGT�NOM<DI@?�MJ>F�AJGGJRN�OC@�N<H@�H<OC@H<OD><G�MPG@N�<N�CJHJB@IJPN�NOM<DI
�

�><JG:�
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%
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�><JG:��	�+IG 6>C�6;;:8I>C<�K6G>67AN�DG>:CI:9�IG>AD7>I:H	�&DI:�I=6I�:68=�; DHH>A�>H�6;;:8I:9�9>;; :G:CIAN��9:E:C9>C<�DC�>IH�>C>I>6A�
DG>:CI6I>DC��7JI�I=:�HIG6>C�>H�CDC:I=:A:HH�=DBD<:C:DJH��6H�H=DLC�7N�I=:�:AA>EH:H	�,G>AD7>I:�>B6<:�6;I:G��DC��+	��
LLL 	IG>AD7>I:H	>C;D���DLCAD69:9�
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Strain along lines 

#Q@I�DI�<�CJHJB@I@JPN�NOM<DI��?DAA@M@IOGT�JMD@IO@?�GDI@N�@SK@MD@I>@�?DAA@M@IO�<HJPION�JA�NOM<DI
� 'I�OC@�?D<BM<H��@<>C�

OMDGJ=DO@�DN�<AA@>O@?�?DAA@M@IOGT�=T�?@AJMH<ODJI��@Q@I�OCJPBC�OC@�JQ@M<GG�NOM<DI�DN�CJHJB@I@JPN
�

�� ��V��%
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�><JG:��	�$DC<>IJ9>C6A�HIG6>C�6H�>I�6;;:8IH�I=:�B>9�A>C:�D;�DC:�IG>AD7>I:�
>C��><JG:��	�

�><JG:��	�+=:6G�HIG6>C�6H�>I�6;;:8IH�I=:�B>9�A>C:�D;�DC:�IG>AD7>I:�>C��><	�
�	�

Changes in length (longitudinal strain) 

2C@M@� <M@� ORJ� R <TN� OJ� H@<NPM@� >C<IB@� DI� G@IBOC
� 'A�

JMDBDI<G�G@IBOC�DN�A� �<I?�I@ R�G@IBOC�DN�A��

Extension ��NJH@ODH@N�@GJIB<ODJI	�: �� ��A�A� �
A ��

#SO@INDJI�DN�OC@�fr actional change in length. 

Str etch �H�� �A
A� �� �� �:�

2C@�DHKJMO<IO�OCDIB�OJ�M@H@H=@M�DN�OC<O�DI�NOM<DI@?�MJ>FN�

OC@�@GJIB<ODJI�Q<MD@N�RDOC�?DM@>ODJI��OTKD><GGT�NJH@�GDI@N�

RDGG�C<Q@�BJO�GJIB@M�<I?�JOC@MN�RDGG�C<Q@�BJO�NCJMO@M
�

Changes in angles (shear strain) 

2J� H@<NPM@� >C<IB@� DI� <IBG@N� R@� GJJF� <O� ORJ� GDI@N� OC<O�

R@M@�JMDBDI<GGT�K@MK@I?D>PG<M
�

'A�OC@�>C<IB@�DI�<IBG@�DN�� ��KND	�OC@I�

Shear str ain ��B<HH<	�� ��I6C� � �

2C@M@�<M@�JOC@M�H@OCJ?N�PN@?�OJ�H@<NPM@�NC@<M�NOM<DI�DI�

<?Q<I> @?� NOP?D@N�� NJ� OC@� <=JQ@� ?@ADIDODJI� DN� NJH@ODH@N�

LP<GDAD@?� <N�engineering shear str ain � =@><PN@� DO� DN� OC@�

H@<NPM@�<GG@B@?GT�HJNO�PN@?�=T�@IBDI@@MN
�

1C@<M� NOM<DI� <GNJ� Q<MD@N� RDOC� ?DM@>ODJI� [� NJH@� GDI@N�

PI?@MBJ�KJNDODQ@�NC@<M�NOM<DI�<I?�NJH@�PI?@MBJ�I@B<ODQ@�

NC@<M�NOM<DI
�

' I� OC@� ?D<BM<H�� OC@�ADC<� 6M>H� JA� OC@� OMDGJ=DO@� C<N�

PI?@MBJI@�EDH>I>K:�H=:6G�HIG6>C�=@><PN@�OC@�GDI@�JMDBDI<GGT�K@MK@I?D>PG<M�OJ�DO�C<N�MJO<O@?�G:A6I>K:AN�8AD8@L>H:
�

%
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�><JG:��	�� 6��+IG6>C�:AA>EH:���7��HIG6>C�:AA>EHD>9	�

Strain ellipse 

2C@�str ain ellipse �DN�<�>JI Q@ID@IO�R<T�OJ�M@KM@N@IO�<�NO<O@�

JA�CJHJB@IJPN�NOM<DI��JM�OC@�NOM<DI�<O�<�KJDIO��DC�6�ILD�

9>B:CH>DC6A�HJG;68:	 � �2C@�NOM<DI�@GGDKN@�DN�OC@�NC<K@�JA�<�

?@AJMH@?�>DM>G@�OC<O�JMDBDI<GGT�C<?�PIDO�M<?DPN
�

2C@�M<?DPN�JA�OC@�NOM<DI�@GGDKN@�DI�<IT�?DM@>ODJI�DN�@LP<G�OJ�

OC@�HIG:I8= �H�DI�OC<O�?DM@>ODJI
�2C@�NOM<DI�@GGDKN@�DN�OCPN�<�

BJJ?�R <T�OJ�M@KM@N@IO�OC@�Q<MD<ODJI�JA�GJIBDOP?DI<G�NOM<DI�

RDOC�?DM@>ODJI
�

Strain axes 

�� NOM<DI� @GGDKN@� C<N� ORJ� GDI@N� OC<O� <M@� NK@>D<G
� 2C@T�

M@KM@N@IO� OC@� H<SDHPH� <I?� HDIDHPH� NOM@O>C@N
� 2C@N@�

GDI@N�<M@�str ain ax es
��2C@�NOM<DI�<S@N�<M@�NJH@ODH@N�><GG@?�6�<I?�8
��, JO@��>JJM?DI<O@�<S@N�JI�<�H<K�JM�>MJNN�N@>ODJI�

<M@�NJH@ODH@N�S�<I?�U
�1OM<DI�<S@N�?JI]O�I@>@NN<MDGT�>JDI>D?@�RDOC�<IT�NK@>D<G�?DM@>ODJI�JI�<�H<K
	�

1OM<DI�<S@N�C<Q@�NJH@�JOC@M�NK@>D<G�KMJK@MOD@N
�2C@T�<M@�<GR<TN�<O�MDBCO�<IBG@N�OJ�@<>C�JOC@M��<I?�OC@T�<GNJ�M@KM@N@IO�

GDI@N�JA�O:GD�H=:6G�HIG6>C	�2CDN�H@<IN�OC<O�OC@T�R@M@�K@MK@I?D>PG<M�=@AJM@�?@AJMH<ODJI�NO<MO@?�OJJ
� �&JR@Q@M��?PMDIB�

?@AJMH<ODJI�OC@T�H<T�C<Q@�?DQ@MB@?�AMJH�OCDN�K@MK@I?D>PG<M�M@G<ODJINCDK�<I?�OC@I�>JH@�=<>F�OJ�DO�	
�2C@�NOM<DI�<S@N�<M@�

OC@�JIGT�GDI@N�OC<O�C<Q@�OCDN�KMJK@MOT
�

2C@�str ain r atio �DN�<�>JI Q@ID@IO�H@<NPM@�JA�OC@�<HJPIO�JA�?DNOJMODJI�DI��� " 
�2C@�NOM<DI�M<ODJ�DN�OC@�M<ODJ�=@OR@@I�OC@�

GJIB�<SDN�<I?�OC@�NCJMO�<SDN�JA�OC@�NOM<DI�@GGDKN@��

Str ain r atio �* 1���H6
 H8�

Strain ellipsoid 

2C@�str ain ellipsoid �DN�<�>JI Q@ID@IO�R<T�OJ�M@KM@N@IO�<�NO<O@�JA�CJHJB@IJPN�NOM<DI��JM�OC@�NOM<DI�<O�<�KJDIO��>C�I=G::�

9>B:CH>DCH	��2C@�NOM<DI�@GGDKNJD?�DN�OC@�NC<K@�JA�<�?@AJMH@?�NKC@M@�OC<O�JMDBDI<GGT�C<?�PIDO�M<?DPN
�

2C@�M<?DPN�JA�OC@�NOM<DI�@GGDKNJD?�DI�<IT�?DM@>ODJI�DN�@LP<G�OJ�OC@�HIG:I8= �H�DI�OC<O�?DM@>ODJI
�'I��� " ��OC@�NOM<DI�@GGDKNJD?�DN�

OCPN�<�BJJ?�R<T�OJ�M@KM@N@IO�OC@�Q<MD<ODJI�JA�GJIBDOP?DI<G�NOM<DI�RDOC�?DM@>ODJI
�

��NOM<DI�@GGDKNJD?�C<N�I=G:: �GDI@N�6�7�<I?�8�OC<O�<M@�NK@>D<G
�2C@T�M@KM@N@IO�OC@�H<SDHPH�<I?�HDIDHPH�NOM@O>C@N��><GG@?�

sX�<I?� sZ�M@NK@>ODQ@GT��<I?�<�OCDM?��DIO@MH@?D<O@�<SDN�JA�DIO@MH@?D<O@�NOM@O>C�sY��OC<O�DN�HPOP<GGT�K@MK@I?D>PG<M�OJ�OC@�

JOC@M�ORJ
�2C@N@�GDI@N�<M@�str ain ax es
�

2C@T� C<Q@� NJH@� JOC@M� NK@>D<G� KMJK@MOD@N
� 2C@T� <M@� <O� MDBCO� <IBG@N� OJ� @<>C� JOC@M�� <I?� OC@T� <GNJ� M@KM@N@IO� KJG@N� OJ�

KG<I@N�JA�O:GD�H=:6G�HIG6>C	�2CDN�H@<IN�OC<O�OC@T�R@M@�K@MK@I?D>PG<M�=@AJM@�?@AJMH<ODJI�NO<MO@?�OJJ
��&JR@Q@M��?PMDIB�

?@AJMH<ODJI�OC@T�H<T�C<Q@�?DQ@MB@?�AMJH�OCDN�K@MK@I?D>PG<M�M@G<ODJINCDK�<I?�OC@I�>JH@�=<>F�OJ�DO�	
�2C@�NOM<DI�<S@N�<M@�

OC@�JIGT�GDI@N�OC<O�C<Q@�OCDN�KMJK@MOT
�

�� ��V��%
�)DI@H<OD>��I<GTNDN�<I?�1OM<DI



' I��"�OC@�NOM<DI�<S@N�<M@�KJG@N�OJ�OCM@@�principal p lanes of str ain. 

' I��"�OC@�NC<K@�JA�OC@�NOM<DI�@GGDKNJD?�><I ]O�=@�?@ADI@?�=T�<�NDIBG@�NOM<DI�M<ODJ
�'INO@<?�R@�M@>JBIDU@�ORJ�NOM<DI�M<ODJN�6��

H6
 H7�<I?� 7��H7
 H8	�' A�6�DN�G<MB@�<I?�7�DN�NH<GG�OC@I�OC@�NOM<DI�@GGDKNJD?�GJJFN�GDF@�<�AJJO=<GG�JM�<�>DB<M��<I?�DN�?@N>MD=@?�<N�

pr olate.�0J>FN�RDOC�KMJG<O@�NOM<DIN�JAO@I�?DNKG<T�NOMJIB�GDI@<M�A<=MD>N��GDI@<ODJIN	
�' I�> JI OM<NO�DA�6�DN�NH<GG�<I?�7�DN�G<MB@�

OC@I�OC@�NOM<DI�@GGDKNJD?�GJJFN�GDF@�<�>PNCDJI�JM�<�K<I><F@��<I?�DN�?@N>MD=@?�<N�oblate. 0J>FN�RDOC�J=G<O@�NOM<DIN�JAO@I�

?DNKG<T�NOMJIB�KG<I<M�A<=MD>N��AJGD<ODJIN	
�

�><JG:������G 6C<:�D;�HIG6>C�:AA>EHD>9�H=6E:H�6I�8DCHI6CI�KDAJB:	�

2C@�M<IB@�JA�KJNND=G@�NOM<DI�@GGDKNJD?�NC<K@N�><I�=@�DGGPNOM<O@?�JI�<�BM<KC�JA�6�<B<DINO�7�FIJ RI�<N�<�$GDII�KGJO
�

�><JG:�����A>CC�EADI�;DG�8DCHI6CI�KDAJB:�HIG6>C�:AA>EHD>9H�

%
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Deformation histories 

Rotational and non-rotational deformation 

�GG�OC@�<=JQ@�H@<NPM@N�C<Q@�>JI> @MI@?�EPNO�NOM<DI
�&JR@Q@M��DA�R@�GJJF�<O�OC@�RCJG@�?@AJMH<ODJI�KD>OPM@��R@�H<T�N@@�

NDOP<ODJIN�RC@M@�MJO<ODJI�C<N�BJI@�JI�<O�OC@�N<H@�ODH@�<N�NOM<DI
�3I?@M�OC@N@�>DM>PHNO<I>@N�DO]N�C@GKAPG�OJ�GJJF�<O�OC@�

=@C<QDJPM�JA�OC@�NOM<DI�<S@N
�

'A� OC@� NOM<DI� <S@N� C<Q@� OC@� N<H@� JMD@IO<ODJI� <N� OC@T� ?D?� =@AJM@� ?@AJMH<ODJI� NO<MO@?�� OC@I� OC@� ?@AJMH<ODJI� DN�non -

r otational �NJH@ODH@N�irr otational 	
� �, JO@�OC<O�@Q@I�DI�<�IJI�M JO<ODJI<G�NOM<DI�JOC@M�GDI@N�RDGG�C<Q@�=@@I�MJO<O@?��<I?�

RDGG�NCJR�NC@<M�NOM<DI��=PO�DO�DN�OC@�NOM<DI�<S@N�OC<O�<M@�DHKJMO<IO�AJM�OC@�O@MHDIJGJBT�C@M@
	�

'A�OC@�NOM<DI�<S@N�C<Q@�MJO<O@?�?PMDIB�?@AJMH<ODJI��OC@I�OC@�?@AJMH<ODJI�DN�?@N>MD=@?�<N�r otational. 

Finite deformation and deformation rate 

-I> @�R@�NO<MO�GJJFDIB�<O�MJO<ODJI��DO]N�?DAAD>PGO�OJ�<QJD?�?DN>PNNDIB�str ain histor y�OJJ
�5 C@I�R@�GJJF�<O�<�?@AJMH@?�MJ>F�

RC<O�R@�N@@�DN�OC@�KMJ?P>O�JA�<�RCJG@�CDNOJMT�JA�?@AJMH<ODJI
�2C<O�@I?�KMJ?P>O�DN�><GG@?�OC@�fini te def orma tion �<I?�OC@�

NOM<DI�K<MO�JA�OC@�?@AJMH<ODJI�DN�OC@�fini te str ain 
�

' I�HJM @�?@O<DG@?�<I<GTN@N�JA�NOM<DI��R@�H<T�=@�DIO@M@NO@?�DI�<GG�OC@�ODIT�incr ements �JA�NOM<DI�OC<O�C<Q@�>JI OMD=PO@?�OJ�

OC@�ADI<G�KD>OPM@
�#<>C�JI@�DN�><GG@?�<I� incr emental str ain. 

2C@�infini tesimal �str ain �DN�OC@�@I?�KMJ?P>O�JA�OCDN�OTK@�JA�OCDIFDIB
�2C@�NOM<DI�CDNOJMT�DN�OCJPBCO�JA�<N�=@DIB�H<?@�PK�

JA�<I�DIADIDO@�IPH=@M�JA�DIADIDO@NDH<G�NOM<DI�DI>M@H@ION
��2C@�B@I@M<G�D?@<�NCJPG?�=@�A<HDGD<M�DA�TJP�C<Q@�O<F@I�<�>G<NN�

DI� ><G>PGPN
	� 2CDN� D?@<�JA� DIADIDO@NDH<G� NOM<DI� =@>JH@N� DHKJMO<IO�DA� R@� GJJF� <O�str ain r ates. 1OM<DI� M<O@N� <M@� OTKD><GGT�

H@<NPM@?�DI�PIDON�JA�per second, �JM�H� � �NJH@ODH@N�@SKM@NN@?�<N�str ains per second 
�' I�B@JGJBD><GGT�M@<NJI<=G@�NDOP<ODJIN��

OC@�<HJPIO�JA�NOM<DI�OC<O�J>>PMN�DI�<�N@>JI?�DN�<GHJNO�DIADIDO@NDH<G
�2TKD><G�?P>ODG@�NOM<DI�M<O@N�DI�OC@�#<MOC]N�>MPNO�<M@�

OCJPBCO�OJ�=@�=@OR@@I��� � �� �<I?��� � �� �N� � 
�

Coaxial and noncoaxial deformation histories 

' A�OC@�NOM<DI�DI>M@H@ION�<M@�<GG�IJI�MJO<ODJI<G��OC@I�OC@�NOM<DI�<S@N�H<DIO<DI�OC@DM�N<H@�?DM@>ODJI�M@G<ODQ@�OJ�OC@�H<O@MD<G�

JA�OC@�MJ>F
�2C@�?@AJMH<ODJI�DN�><GG@?�coaxial 
�2CDN�OTK@�JA�?@AJMH<ODJI�DN�<GNJ�><GG@?�pur e str ain 
�

�� ��V��%
�)DI@H<OD>��I<GTNDN�<I?�1OM<DI



�><JG:�� 	�, DE���D6M>6A�DG�EJG:�HIG6>C	�&DI:�I=6I�I=:�HIG6>C�6M:H�@::E�I=:>G�9>G:8I>DCH�8DCHI6CI�
G:A6I>K:�ID�I=:�B6I:G>6A�7:>C<�9:;DGB:9	��DIIDB��+>BEA:�H=:6G��DC:�INE:�D;�CDC8D6M>6A�HIG6>C�=>HIDGN	�
&DI:�I=6I�I=:�HIG6>C�6M:H�GDI6I:�DK:G�I>B:�G:A6I>K:�ID�I=:�B6I:G>6A�7:>C<�9:;DGB:9	�

�I T�JOC@M�OTK@�JA�NOM<DI�CDNOJMT�DN�<�noncoaxial. 2C@M@�<M@�H<IT�OTK@N�JA�IJI> J<SD<G�NOM<DI�CDNOJMT��=PO�JI@�K<MOD>PG<M�

OTK@�DN�DHKJMO<IO�DI�OC@�NOP?T�JA�NC@<M�UJI@N
�'O�DN�sim ple shear 
�' I�NDHKG@�NC@<M��<GG�OC@�K<MOD>G@N�JA�OC@�MJ>F�HJ Q@�DI�

OC@�N<H@�?DM@>ODJI��=PO�OC@�NOM<DI�<S@N�<M@�KMJBM@NNDQ@GT�MJO<O@?
�1JH@ODH@N��=T�GJJFDIB�DI�?@O<DG�<O�OC@�A<=MD>�JA�NC@<M�

UJI@N��R@�><I�?DNODIBPDNC�OC@�N@IN@�JA�MJO<ODJI�<I?�ADBPM@�JPO�RCD>C�R<T�OC@�MJ>FN�R@M@�HJQDIB
�

%
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H. Fabrics 

Introduction: foliations and lineations 

�I T� MJ>F� OC<O� C<N� KMJK@MOD@N� OC<O�� Q<MT� RDOC� ?DM@>ODJI� DN� N<D?� OJ� C<Q@�fabric 
� *DF@� HJNO� NOMP>OPM@N�� A<=MD>N� ><I�

=@�primar y JM�secondar y
�#S<HKG@N�JA�KMDH<MT�A<=MD>�<M@�bedding �DI�N@?DH@IO<MT�MJ>FN�<I?�f low banding �DI�DBI@JPN�

MJ>FN
�1@>JI?<MT�A<=MD>N�OTKD><GGT�DI?D><O@�OC<O�str ain �C<N�J>>PMM@?
�$<=MD>N�<M@�>JHHJI�DI�A JG?@?�MJ>FN��<I?�DA�A<=MD>N�

?@Q@GJK�<O�OC@�N<H@�ODH@�<N�AJG?DIB�OC@T�JAO@I�C<Q@�<�Q@MT�NK@>DAD>�M@G<ODJINCDK�OJ�AJG?N
�

$<=MD>N�H<T�=@�KG<I<M�JM�GDI@<M
� . G<I<M�A<=MD>N�<M@�<GNJ�><GG@?� folia tions 
� �, JO@�OC<O�NJH@�O@SO=JJFN�M@NOMD>O�OC@�O@MH�

AJGD<ODJI� OJ� K<MOD>PG<M� OTK@N� JA� KG<I<M� A<=MD>�� RDOC� >J<MN@� HDI@M<G� BM<DIN� <N� DI� <� N>CDNO�� R@� RDGG� PN@� DO� DI� <� HJM@�

B@I@M<G� N@IN@� OJ� ?@NDBI<O@� <IT� KG<I<M� A<=MD>
	� 0J>FN� RDOC� <� NOMJIB� N@>JI?<MT� KG<I<M� A<=MD>� <M@� NJH@ODH@N� ><GG@?�S-

tectoni tes �OC@� 1� DN� AJM� N>CDNOJNDOT	
� *DI@<M� A<=MD>N� <M@� ><GG@?�linea tions 
� 0J>FN� RDOC� <� NOMJIB� N@>JI?<MT� GDI@<ODJI� <M@�

NJH@ODH@N�><GG@?��L-tectoni tes
�

'O�DN�>JHHJI�OJ�A DI?�<�GDI@<ODJI�OC<O�GD@N�K<M<GG@G�OJ� �JM�DI�OC@�KG<I@�JA	�<�KG<I<M�A<=MD>
�0J>FN�RDOC�<�NOMJIB�O@>OJID>�

GDI@<ODJI�OC<O�GD@N�DI�OC@�KG<I@�JA�<�O@>OJID>�AJGD<ODJI�<M@�NJH@ODH@N�><GG@?�LS-tectoni tes
�

Fabric Elements 

$PI?<H@I O<G�OJ�OC@�?@N>MDKODJI�JA�A<=MD>N�DN�OC@�>JI> @KO�JA�<�fabric elemen t 
�$<=MD>�@G@H@ION��$DB
�����	�<M@�the things that 

are aligned to give a r ock a fabric 	�$<=MD>�@G@H@ION�DI>GP?@�OCDIBN�GDF@�G<T@MN�<I?�G@IN@N�JA�?DAA@M@IO�>JHKJNDODJI��BM<DIN�

JA�HDI@M<GN�OC<O�<M@�O<=PG<M��GDF@�HD><	�JM�<>D>PG<M��GDF@�CJMI=G@I?@�JM�NDGGDH<IDO@	
�$JG?N�><I�<GNJ�=@�A<=MD>�@G@H@ION��DA�

OC@M@�<M@�@IJPBC�JA�OC@H
�

2CDN� G@<?N� OJ� <� N@>JI?� DHKJMO<IO� >JI> @KO�� OC@� D?@<� JA� <�penetr ati ve� A<=MD>
� �� A<=MD>� DN� K@I@OM<ODQ@�>;� >I� >H� EG:H:CI�

:K:GNL=:G:�>C�I=:�GD8@	�$JM�@S<HKG@��NJH@�NG<O@N�><I�=@�NKGDO�<GHJNO�<ITRC@M@��OC@M@]N�@AA@>ODQ@GT�<I�DIADIDO@�IPH=@M�JA�

>G@<Q<B@�KG<I@N
�'I�JOC@MN��OC@�>G@<Q<B@�KG<I@N�<M@�QDND=GT�NK<>@?�<I?�<M@�O@MH@?�non -penetr ati ve
�

Penetrative fabrics 

��A<=MD>�DN�penetr ati ve DA��

`� 'O�DN�KM@N@IO�OCMJPBCJPO�OC@�MJ>F��

`� 'O�DN�IJO�KJNND=G@�OJ�>JPI O�OC@�IPH=@M�JA�A<=MD>�KG<I@N�JM�GDI@N��

`� 'O�DN�IJO�KJNND=G@�OJ�N@@�NK<>@N�=@OR@@I�OC@�A<=MD>�KG<I@N�JM�GDI@N
�

&
�$<=MD>N��V����
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�DBEDH>I>DC6A�A6N:G>C<���7��<G6>C�H>O:�K6G>6I>DC���8��8ADH:AN�HE68:9�
;G68IJG:H���9��EG:; :GG:9�DG>:CI6I>DC�D;�<G6>C�7DJC96G>:H���: ��EG:; :GG:9�
DG>:CI6I>DC�D;�9DB6>CH�D;�9>;;:G:CI�8DBEDH>I>DC��I=:H:�9DB6>CH�8DJA9�
7:�B>C:G6A�<G6>CH��<GDJEH�D;�B>C:G6A�<G6>CH��9:;DGB:9�E:77A:H��:I8	�
,=:H:�K6G>DJH�INE:H�D;�;67G>8�:A:B:CI�86C�7:�8DB7>C:9	��; ����
8DB7>C6I>DC��6���: ��I=6I�>H�8DBBDC�>C�H:9>B:CI6GN�6C9�
B:I6BDGE=>8�GD8@H	��6H:9�DC� D77H���	�	��% :6CH��/ 	� 	��6C9�
/ >AA>6BH��(	� 	�����	�� C�'JIA>C:�D;�+IGJ8IJG6A��:DAD<N	�/ >A:N	�

Non-penetrative fabrics 

��A<=MD>�DN�non -penetr ati ve�DA��

`� 2C@�A<=MD>�KG<I@N�JM�GDI@N�<M@�NK<>@?�<K<MO�RDOCDI�OC@�MJ>F��JM�

`� 'O�DN�KJNND=G@�OJ�N@@�NK<>@N�=@OR@@I�OC@�A<=MD>�KG<I@N�JM�GDI@N�RC@M@�IJ�A<=MD>�DN�KM@N@IO��JM�

`� 2C@�A<=MD>�KG<I@N�JM�GDI@N�><I�=@�>JPI O@?
�

, JO@�OC<O�K@I@OM<ODQ@�>C<M<>O@M�DN�<�N><G@�?@K@I?@IO�>JI> @KO��<�A<=MD>�OC<O�DN�K@I@OM<ODQ@�<O�H<K�<I?�JPO>MJK�N><G@�H<T�

KMJQ@�OJ�=@�IJI�K@I@OM<ODQ@�DI�OCDI�N@>ODJI
�

Fabric elements 

2C@�AJGGJRDIB�OTK@N�JA�A<=MD>�@G@H@ION�><I�B DQ@�<�MJ>F�<�

A<=MD>
� ,JOD>@� OC<O� DO]N� >JHHJI� A JM� <� BDQ@I� A<=MD>� OJ� =@�

?@ADI@?�=T�<�>JH=DI<ODJI�JA�A<=MD>�@G@H@ION��<N�NCJRI�DI�

$DBPM@N���<I?��
�

Tabular miner al gr ains: 

. G<OT�JM�AG<F@�NC<K@?�HDI@M<G�BM<DIN�GDF@�HD><�<M@�

JAO@I�<GDBI@?�OJ�KMJ?P>@�<�AJGD<ODJI
�

*@NN� J=QDJPNGT�� O<=PG<M� HDI@M<G� BM<DIN� H<T�

>JI OMD=PO@� OJ� GDI@<ODJI� DA� OC@DM� JMD@IO<ODJIN� <M@�

N><OO@M@?� NJ� OC<O� OC@DM� KG<I@N� <GG� DI>GP?@� <�

K<MOD>PG<M�GDI@
�

Acicular miner al gr ains: 

, @@?G@�NC<K@?�� JM� <>D>PG<M�� HDI@M<G� BM<DIN� GDF@�

<HKCD=JG@� <I?� NDGGDH<IDO@� <M@� JAO@I� <GDBI@?� OJ�

KMJ?P>@�<�GDI@<ODJI
�

*@NN�J=QDJPNGT��I@@?G@�NC<K@?�HDI@M<G�BM<DIN�H<T�

>JI OMD=PO@� OJ� AJGD<ODJI� DA� OC@T� <M@� ?DNOMD=PO@?�

K<M<GG@G�OJ�<�KG<I@
�

Crystallogr aphic pr eferr ed orien tation ( CPO): 

1JH@ODH@N�DO�DN� I@>@NN<MT�OJ�GJJF�<O�OCDI�N@>ODJI�

PI?@M� OC@� HD>MJN>JK@� OJ� N@@� <� A<=MD>
� 'A� OC@�

>MTNO<GGJBM<KCD>�<S@N�JA�<�K<MOD>PG<M�HDI@M<G�<M@�<GG�

K<M<GG@G�OJ�<�K<MOD>PG<M�KG<I@�JM�GDI@��OC@I�OC@�MJ>F�

C<N� <� A<=MD>
� 2TKD><GGT� OCDN� RDGG� JIGT� =@>JH@�

J=QDJPN� RC@I� OC@� HD>MJN>JK@� NO<B@� DN� MJO<O@?�

=@OR@@I� >MJNN@?� KJG<MN�� @NK@>D<GGT� RC@I� <�

� �G<H=?<�KG<O@�DN�DIN@MO@?��<GG�OC@�BM<DIN�>C<IB@�>JGJPMN�\DI�NTI>]�<N�OC@�NO<B@�DN�MJO<O@?
�
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Domains: 

��?JH<DI�DN�<�M@BDJI�RDOCDI�<�MJ>F�OC<O�C<N�<�?DNODI>ODQ@�>JHKJNDODJI�JM�O@SOPM@
�$G<OO@I@?�>G<NON�DI�<�N@?DH@IO<MT�

MJ>F�><I�KMJ?P>@�<�AJGD<ODJI�DA�OC@T�<M@�<GG�<GDBI@?�OJ�<�KG<I@
�1OM@O>C@?�>G<NON�DI�<�N@?DH@IO<MT�MJ>F�><I�KMJ?P>@�

<�GDI@<ODJI�DA�OC@T�<M@�<GG�<GDBI@?�K<M<GG@G�OJ�<�GDI@
�

Layers: 

* <T@MN�<M@�M@<GGT�EPNO�?JH<DIN�OC<O�<M@�Q@MT�@SO@INDQ@�<I?�K<M<GG@G�ND?@?
�

Rods: 

0J?N�<M@�M@<GGT�EPNO�?JH<DIN�OC<O�<M@�Q@MT�@GJIB<O@?�<I?�> JI ODIPJPN
�

Cracks and discon tin ui ties: 

!GJN@GT�NK<>@?�AM<>OPM@N�><I�KMJ?P>@�<�OTK@�JA�>G@<Q<B@�><GG@?�fr actur e cleavage
�

Fold hing es: 

,PH@MJPN�>GJN@GT�NK<>@?�AJG?�CDIB@N�H<T�KMJ?P>@�<�GDI@<ODJI�DI�CDBCGT�?@AJMH@?�MJ>FN
�2CDN�NOMP>OPM@�DN�><GG@?�

<�cr enula tion linea tion 
�

Fold axial surfaces: 

,PH@MJPN�>GJN@GT�NK<>@?�AJG?�<SD<G�NPMA<>@N�?@ADI@�<�A<=MD>�><GG@?�><GG@?�cr enula tion clea vage��=@><PN@�OC@�<SD<G�

NPMA<>@N�H<T�=@�KG<I@N�JA�R@<FI@NN�<GJIB�RCD>C�<�MJ>F�O@I?N�OJ�NKGDO
�

Inter secting f olia tions: 

5 C@I@Q@M� ORJ� DIO@MN@>ODIB� AJGD<ODJIN� <M@� KM@N@IO�� OC@M@� DN� <GR<TN� <I�in ter section linea tion � ?@ADI@?� =T� OC@DM�

DIO@MN@>ODJI
� 'I� OC@� AD@G?�� <GOCJPBC� DO]N� KJNND=G@� OJ� ><G>PG<O@� OC@� DIO@MN@>ODJI� GDI@<ODJI� AMJH� NOMDF@�<I?�?DK�

H@<NPM@H@ION�JA�OC@�ORJ�AJGD<ODJIN��DO]N�PNP<GGT�HP>C�HJM@�<>>PM<O@�OJ�H@<NPM@�OC@�GDI@<ODJI�?DM@>OGT
�

Common types of foliation, and their origins 

Primar y fabrics:  

1@?DH@IO<MT� MJ>FN� <M@� OTKD><GGT� M@>JBIDU@?� =T� OC@DM� KMDH<MT�

A<=MD>N
��>OP<GGT��ORJ�OTK@N�JA�A<=MD>�<M@�>JHHJI��

�
� Bedding �<I?� lamina tion �<M@�?@ADI@?�=T�G<T@MN�JA�?DAA@M@IO�

>JHKJNDODJI�JM�O@SOPM@��OTKD><GGT�M@AG@>ODIB�@IQDMJIH@I O<G�

>C<IB@�?PMDIB�?@KJNDODJI��

�
� Fissili ty �DN�<�A<=MD>�>C<M<>O@MDNOD>�JA�HP?MJ>FN��DI�RCD>C�

OC@�NC@@O�NDGD><O@N�C<Q@�=@@I�<GDBI@?�=T�compaction �OJ�

KMJ?P>@�<�K@I@OM<ODQ@�KMDH<MT�AJGD<ODJI
�

&
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Slaty clea vage: 

1G<OT�>G@<Q<B@�DN�<�K@I@OM<ODQ@�A<=MD>�DI�RCD>C�HD><N�JM�JOC@M�

NC@@O�NDGD><O@N��=@GJR�OC@�GDHDO�JA�QDND=DGDOT�RDOC�OC@�I<F@?�@T@��

<M@�<GDBI@?�K<M<GG@G�OJ�<�KG<I@��RCD>C�=@>JH@N�<I�@<NT�KG<I@�JA�

NKGDOODIB
�1OM<DI�NOP?D@N�C<Q@�NCJRI�OC<O�NG<OT�>G@<Q<B@�OTKD><GGT�

AJMHN�K@MK@I?D>PG<M�OJ�OC@�?DM@>ODJI�JA�H<SDHPH�NCJMO@IDIB��

OC@�8�<SDN�JA�OC@�NOM<DI�@GGDKNJD?
�'I�JOC@M�RJM?N��>G@<Q<B@�AJMHN�

K<M<GG@G�OJ�OC@�6�7�KG<I@
�1JH@�NG<OT�>G@<Q<B@N�<M@�K@I@OM<ODQ@�

?JRI� OJ� OC@� N><G@� JA� DI?DQD?P<G� HDI@M<G� BM<DIN�� JOC@MN� NCJR�

?JH<DIN�PI?@M�OC@�HD>MJN>JK@
�

!G@<Q<B@�DN�OCJPBCO�OJ�?@Q@GJK�=T�<�>JH=DI<ODJI�JA�KMJ>@NN@N�

DI>GP?DIB��

�
� . CTND><G�MJO<ODJI��OM<INKJNDODJI	�J A�HDI@M<G�BM<DIN�<N�<�MJ>F�

DN�?@AJMH@?��

�
� 1JGPODJI�JA�BM<DIN�NP=E@>O@?�OJ�CDBC�NOM@NN��KM@NNPM@�

NJGPODJI	��

�
� %MJROC�JA�I@R�HDI@M<G�BM<DIN�?PMDIB�?@AJMH<ODJI
�

1G<OT� >G@<Q<B@� DN� OC@� ?@ADIDIB� >C<M<>O@MDNOD>� JA� OC@� MJ>F�

OTK@�slate 
�

�

Schistosi ty: 

1>CDNOJNDOT�DN�<�>J<MN@M�BM<DI@?�Q@MNDJI�JA�NG<OT�>G@<Q<B@��<I?�DN�

OC@� O@MH� PN@?� AJM� <� HJM@� JM� G@NN� K@I@OM<ODQ@� AJGD<ODJI� ?@ADI@?� =T� HDI@M<G� BM<DIN� >J<MN@M� OC<I� <=JPO� �� HH
� +<IT�

B@JGJBDNON� <>OP<GGT� M@>JBIDU@� <I� DIO@MH@?D<O@� A@<OPM@�phylli tic f olia tion �� RC@I� OC@� A<=MD>�?@ADIDIB� HDI@M<GN� <M@� EPNO�

QDND=G@
�&JR@Q@M��OC@�=JPI?<MD@N�=@OR@@I�OC@N@�><O@BJMD@N�C<Q@�I@Q@M�=@@I�AJMH<GGT�?@ADI@?
�

1>CDNOJNDOT�DIQJGQ@N�OC@�N<H@�OTK@N�JA�KMJ>@NN�<N�NG<OT�>G@<Q<B@��=PO�DN�OTKD><G�JA�CDBC@M�H@O<HJMKCD>�BM<?@N�<I?�<GR<TN�
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Relationships of foliations to folds 
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Relationship of lineation to folds 
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¥ Lab 6. Fabrics and Folds 

Introduction 

��A<=MD>�DN�@NN@IOD<GGT�<I T�NOMP>OPM@�OC<O�BDQ@N�<�MJ>F�?DAA@M@IO�KMJK@MOD@N�DI�JI@�?DM@>ODJI�AMJH�<IJOC@M
�' I�JOC@M�RJM?N��

NJH@�OCDIBN�DI�OC@�MJ>F�C<Q@�<�pr eferr ed orientation 
�2C@�\NJH@OCDIBN]�DI�OCDN�><N@�<M@�OC@�fabric elemen ts 
��GOCJPBC�<�

A<=MD>�H<T�=@�J=QDJPN��<�>GJN@�GJJF�H<T�=@�I@>@NN<MT�OJ�?@O@MHDI@�RC<O�<M@�OC@�A<=MD>�@G@H@ION
�

 @><PN@�A<=MD>N�<I?�AJG?N�<M@�=JOC�KMJ?P>@?�=T�str ain ��OC@T�>JHHJIG T�JK@M<O@�OJB@OC@M
�' I�OC@�K<MO�JA�OCDN�G<=�OC<O�DN�

H<K�=<N@?�TJP�<M@�<NF@?�OJ�PIM<Q@G�OC@�NOMP>OPM@�JA�<I�<M@<�RDOC�=JOC�AJG?N�<I?�A<=MD>N
�

 @AJM@�TJP�=@BDI��H<F@�NPM@�TJP�<M@�A<HDGD<M�RDOC�OC@�@<MGD@M�N@>ODJIN�?@<GDIB�RDOC�fold overprinting �<I?�RDOC�fabrics 
�

, JO@�OC<O�OC@�N<HKG@N�H<T�JIGT�=@�<Q<DG<=G@�DI�OC@�G<=�ODH@
�

�><JG:��	�* :A6I>DCH=>E�D;�;DA9�=>C<:�ID�6M>6A�HJG;68:	�$:;I��7AD8@�9>6<G6B	�*><=I��HI:G:D<G6E=>8�EGD?:8I>DC	�

Assignment. 

�
�
 2J�DGGPNOM<O@�OC@�>JI> @KO�JA�A<=MD>�@G@H@ION��TJP�<M@�KMJQD?@?�RDOC�NJH@�@Q@MT?<T�J=E@>ON�RDOC�NDHKG@�A<=MD>
�$JM�@<>C�

A<=MD>��?@O@MHDI@��

`� 'N�OC@�A<=MD>�<�AJGD<ODJI�JM�<�GDI@<ODJI��

`� 5 C<O�<M@�OC@�A<=MD>�@G@H@ION�OC<O�?@ADI@�OC@�A<=MD>��

`� 5 C<O�NC<K@�<M@�OC@�A<=MD>�@G@H@ION��O<=PG<M��<>D>PG<M��NJH@�>JH=DI<ODJI	��

* <=��
�$<=MD>�<I?�$JG?N��V�����



�
�
 *JJF�< O�JI@�MJ>F�N<HKG@�AMJH�@<>C�BMJPK
�, JO@�OC<O�NJH@�JA�OC@�N<HKG@N�C<Q@�HJM@�OC<I�JI@�A<=MD>
�$JM�@<>C�N<HKG@��

M@>JM?�OC@�AJGGJRDIB��

`� ' ?@IODAD><ODJI�JA�OC@�N<HKG@��

`� &JR�H<I T�?DAA@M@IOGT�JMD@IO@?�KG<I<M�A<=MD>N��AJGD<ODJIN	��

`� &JR�H<I T�?DAA@M@IOGT�JMD@IO@?�GDI@<M�A<=MD>N��GDI@<ODJIN	��

$JM�@<>C�A<=MD>��

`� "@N>MD=@�OC@�@G@H@ION�OC<O�?@ADI@�OC@�A<=MD>��

`� "J@N�OC@�A<=MD>�C<Q@�<�>JHHJI�I<H@�� NG<OT�>G@<Q<B@��>M@IPG<ODJI�GDI@<ODJI��@O>
	��

`� 5 C<O�DN�OC@�M@G<ODJINCDK�JA�OC@�A<=MD>�OJ�JOC@M�A<=MD>N�DI�OC@�MJ>F��5 C@M@�KJNND=G@��IPH=@M�OC@�A<=MD>N�1���1���

*���*���@ O>a
�

�
� 7 JP� <M@� KMJQD?@?� <� H<K� JA� <� BMJPK� JA� BG<>D<GGT� NHJJOC@?�� GJR�GTDIB� DNG<I?N� NCJRDIB� H@O<HJMKCD>� MJ>F� JPO>MJKN�

�+<K��	
�2C@�NOMP>OPM@N�<M@�OTKD><GGT�JA�OC@�?@@KGT�@MJ?@?�>JM@N�JA�H<IT�JMJB@IN
�2C@M@�<M@�ORJ�B@I@M<ODJIN�JA�AJG?N��

RDOC� <NNJ>D<O@?� A<=MD>N� <I?� <NTHH@OMD>� K<M<NDOD>� AJG?N
� �� K@I@OM<ODQ@� N>CDNOJNDOT� DN� KM@N@IO� @Q@MTRC@M@�� OJB@OC@M�

RDOC� <� GJ><GGT� ?@Q@GJK@?� >M@IPG<ODJI� >G@<Q<B@� <I?� >M@IPG<ODJI� GDI@<ODJI
� 'I� <� A@R� KG<>@N�� DO� DN� KJNND=G@� OJ� N@@� <I�

DIO@MN@>ODJI� GDI@<ODJI� =@OR@@I� =@??DIB� <I?� N>CDNOJNDOT�� OCJPBC� OC@N@� ORJ� AJGD<ODJIN� <M@� <GHJNO� K<M<GG@G� DI� H<IT�

JPO>MJKN��DI?D><ODIB�OC<O�?@AJMH<ODJI�C<N�=@@I�DIO@IN@
�

<
�3NDIB�<I�@LP<G�<M@<�KMJE@>ODJI��KGJO�OC@�JMD@IO<ODJIN�JA�OC@�N>CDNOJNDOT�<N�KJG@N
�

=
� *JJF� < O� OC@� AJG?N� JI� @<>C� DNG<I?� DI� OPMI
� ,JOD>@� OC<O� NJH@� JA� OC@� AJG?N� ?@AJMH� OC@� =@??DIB� =PO� IJO� OC@�

N>CDNOJNDOT��OC@N@�AJG?N�C<Q@�<SD<G�KG<I<M�N>CDNOJNDOT��<I?�OC@M@AJM@�KMJ=<=GT�AJMH@?�6I�6GDJC9�I=:�H6B:�I>B: �<N�

OC@� N>CDNOJNDOT
� 2C@N@� AJG?N� <M@� OC@� ADMNO� B@I@M<ODJI� OC<O� ><I� =@� D?@IODAD@?� DI� OC@� <M@<
� * <=@G� OC@H� $��� DI� <�

?DNODI>ODQ@� >JGJPM� �@
B
�G:9 	
� -OC@M� AJG?N� >G@<MGT� AJMH@?�6;I:G� OC@� N>CDNOJNDOT� =@><PN@� OC@T� AJG?� OC@� N>CDNOJNDOT
�

* <=@G�OC@N@�AJG?N�$��DI�<�>JI OM<NODIB�>JGJPM��@
B
�7AJ:	
�

>
�* <=@G�@<>C�$��AJG?�<N�1�JM�8�=<N@?�JI�DON�<NTHH@OMT
�3 N@�OC@�N<H@�>JGJPM�OC<O�TJP�PN@?�OJ�D?@IODAT�$��AJG?N
�

?
�3 NDIB�TJPM�M@NPGON�AMJH�=�<I?�>��?M <R�<I?�G<=@G�OC@�KMDI>DK<G�;DA9�6M>6A�IG68: �AJM�<I�$��H<K�N> <G@�AJG?
�0@H@H=@M��

<�AJG?�<SD<G�OM<>@�RDGG�N@K<M<O@�1�<I?�8�N@IN@N�JA�<NTHH@OMT
�* <=@G�DO�PNDIB�OC@�$��>JGJPM
�

@
�$MJH�T JPM�@LP<G�<M@<�KMJE@>ODJI��@NODH<O@�OC@�JMD@IO<ODJI�JA�OC@�$��AJG?�<SDN
�  JOC�OC@�AJG?�<SDN�<I?�OC@�<SD<G�

OM<>@�<M@�GDI@N�OC<O�GD@�DI�OC@�<SD<G�NPMA<>@
�3N@�OC@N@�ORJ�GDI@N�OJ�?M<R�OC@�<SD<G�NPMA<>@�<N�<�BM@<O�>DM>G@�JI�

TJPM�KMJE@>ODJI�<I?�?@O@MHDI@�DON�JMD@IO<ODJI
� �??�OC@�>M@IPG<ODJI�>G@<Q<B@�<I?�>M@IPG<ODJI�GDI@<ODJI�OJ�TJPM�

KMJE@>ODJI
�5C<O�DN�OC@DM�M@G<ODJINCDK�OJ�OC@�AJG?N��

A
�$JM�@<>C�$��AJG?��G<=@G�DO�<N�1�JM�8�=<N@?�JI�DON�<NTHH@OMT��PNDIB�OC@�$��>JGJPM
�"M<R�OC@�$��<SD<G�OM<>@N�JI�OC@�

H<K
��0 @H@H=@M��OC@�$��AJG?N�RDGG�KMJ=<=GT�C<Q@�=@@I�M@AJG?@?�=T�$���NJ�TJP�NCJPG?�IJO�@SK@>O�OC@DM�OM<>@N�OJ�=@�

NOM<DBCO�	��NNPHDIB�OC@�>CGJMDO@�N>CDNO�DN�OC@�TJPIB@NO�PIDO��>C<M<>O@MDU@�OC@�H<DI�$��AJG?N�<N�@DOC@M�<IOD>GDI@N�JM�

NTI>GDI@N
�

B
��??�G<=@GN�1���1���1���*���@ O>
�OJ�OC@�G@B@I?�RC@M@�DI?D><O@?�=T�\a

 ]�

C
�!JHKG@O@�OC@�H<K�<N�A<M�<N�KJNND=G@�DI�OC@�PI@SKJN@?�<M@<N�=@OR@@I�OC@�DNG<I?N�OJ�NCJR�OC@�JQ@M<GG�NOMP>OPM@�

�OJ�C@GK�TJP�QDNP<GDU@�OC@�NOMP>OPM@��TJP�H<T�RDNC�OJ�NF@O>C�<�>MJNN�N@>ODJI�� ��=PO�OCDN�DN�IJO�M@LPDM@?	
�

* <=���+<K���

��� ��V��* <=��
�$<=MD>�<I?�$JG?N

https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/07/Lab-6-Map-1.pdf


I. Dynamic Analysis: Stress 

Introduction 

"TI<HD>N�DN�OC@�K<MO�JA�NOMP>OPM<G�B@JGJBT�OC<O�DIQJGQ@N�@I@MBT��AJM>@��NOM@NN��<I?�NOM@IBOC
�

'O]N�Q@MT�DHKJMO<IO�OJ�?DNODIBPDNC�?TI<HD>�>JI> @KON�AMJH�FDI@H<OD>�JI@N
�+<IT�HDNO<F@N�C<Q@�=@@I�H<?@�DI�NOMP>OPM<G�

B@JGJBT� =T� K@JKG@� RCJ� C<Q@� OMD@?� OJ� ?J� ?TI<HD>� <I<GTNDN� RDOCJPO� ADMNO� PI?@MNO<I?DIB� CJR� OCDIBN� C<Q@� HJQ@?�

�FDI@H<OD>N	
��GOCJPBC�RJM?N�GDF@�str ess�<I? �str ain �C<Q@�Q@MT�NDHDG<M�H@<IDIBN�DI�@Q@MT?<T�GDA@��OC@DM�N>D@IODAD>�H@<IDIBN�

<M@�Q@MT�?DAA@M@IO
�+IG:HH�DN�<�?TI<HD>�O@MH�RC@M@<N�HIG6>C�DN�KPM@GT�FDI@H<OD>
�

#Q@I�DI�@Q@MT?<T�GDA@��DO]N�?DAAD>PGO�OJ�H@<NPM@�<�AJM>@�JM�NOM@NN�?DM@>OGT
�$JM�@S<HKG@��RC@I�TJP�NO<I?�JI�<�=<OCMJJH�N><G@��

TJP�<M@�?@AJMHDIB�<�NKMDIB��OC<O]N�NOM<DI�	
� 'O�DN�JIGT�=@><PN@�OC@�NKMDIB�C<N�Q@MT�KM@>DN@GT�FIJ RI�? TI<HD>�KMJK@MOD@N�

�NOM@NN�<I?�NOM<DI�<M@�KMJKJMODJI<G�AJM�OC@�NKMDIB	�OC<O�R@�><I�PN@�OC<O�NOM<DI�OJ�DIA@M�NJH@OCDIB�<=JPO�TJPM�R@DBCO
�

' I� B@JGJBT�� JPM� FIJRG@?B@� JA� OC@� NOM@NN�NOM<DI� M@G<ODJINCDK� AJM� MJ>FN� �@NK@>D<GGT� RC@I� =PMD@?� ?@@K� DI� OC@� >MPNO� <I?�

?@AJMH@?�JQ@M�HDGGDJIN�JA�T@<MN	�DN�LPDO@�K<O>CT
� @�><M@APG��RC@I�PNDIB�?TI<HD>�O@MHN��OC<O�TJP�M@<GGT�FIJ R�RC<O�<M@�

TJP�<M@�O<GFDIB�<=JPO��

Force and stress 

Units of force 

$JM>@�DN�H@<NPM@�DI�,@ROJIN�RC@M@���,�DN�OC@�AJM>@�I@>@NN<MT�OJ�<>>@G@M<O@�<�H<NN�JA���FB�=T���H �N � 
�

Units of stress 

' I�NOMP>OPM<G�B@JGJBT�R@�<M@�<GHJNO�<GR<TN�DIO@M@NO@?�DI�RC<O�<�AJM>@�?J@N�OJ�NJH@�K<MO�JA�OC@�#<MOC]N�>MPNO��NJ�R@�I@@?�

<�H@<NPM@�JA�;DG8:�8DC8:CIG6I>DC�JM�;DG8:�E:G�JC>I�6G:6 
�2CDN�DN�str ess
�

, JO@��NJH@�O@SO=JJFN�?@ADI@�ORJ�?DAA@M@IO�LP<IODOD@N��tr action �DN�OC@�AJM>@�K@M�PIDO�<M@<�JI�<�NDIBG@�KG<I@��<�vector 

LP<I ODOT��str ess DN�OC@�OJO<G�JA�AJM>@N�<>ODIB�JI�<GG�KJNND=G@�KG<I@N�OC<O�K<NN�OCMJPBC�<�KJDIO�DI�OC@�#<MOC]N�>MPNO��<�tensor 

LP<I ODOT
�� O�OCDN�G@Q@G�R@�M@A@M�OJ�=JOC�>JI> @KON�<N�\NOM@NN]��OC@�N@IN@�DN�<GHJNO�<GR<TN�>G@<M�AMJH�OC@�>JI O@SO
�

2C@�PIDO�JA�NOM@NN�DN���,�H � �JM���. <��Pascal	
�

��. <N><G�DNI]O�@IJPBC�OJ�?J�?@O@>O<=G@�?<H<B@�OJ�<IT�FDI?�JA�MJ>F
�+ JM@�PN@APG�PIDON�<M@��

�����. <�����F. <�

�� � �. <�����+. <�

'
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�� � �����%. <�

��%. <�DN�MJPBCGT�OC@�KM@NNPM@�<O�OC@�=<N@�JA�OC@�>MPNO��<=JPO����FH�?JRI
�

�I�JG?@M�PIDO�JA�NOM@NN�DN�OC@�bar 
�

��=<M����� � �. <�JM��HJM@�PN@APGGT����F=<M�����%. <�

2C@M@�<M@�JOC@M�PIDON�JPO�OC@M@
�7JP�H<T�@I>JPI O@M�OC@�atmosphere �atm ���<I?�OC@�pound per squar e inch �psi��

��<OH����
 ���=<M���������. <�

��KND�������. <�

�GG� OC@N@� PIDON� ><I� =@� PN@?� OJ� ?@N>MD=@�pr essur e
�Pressur e DN� OC@� NO<O@� JA� NOM@NN� DI� <� NO<ODJI<MT� AGPD?�� GDF@� R<O@M
� ' I�

A<>O��KM@NNPM@�DN�<GNJ�FIJRI�<N�hydr ostatic str ess
�&T?MJNO<OD>�NOM@NN�DN�OC@�OTK@�JA�NOM@NN�@SK@MD@I>@?�=T�<�NP=H@MB@?�

NP=H<MDI@
�#<>C���H� �JA�OC@�NFDI�JA�OC@�NP=H<MDI@�@SK@MD@I>@N�OC@�N<H@�AJM>@��<>ODIB�K@MK@I?D>PG<M�OJ�OC<O�NPMA<>@
�

Stress on a plane (a.k.a. traction) 

' I�NJGD?N��OC@�NDOP<ODJI�DN�HJM@�>JHKG@S
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>JI> @IOM<ODJI�?@K@I?DIB�JI�DON�JMD@IO<ODJI
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Normal str ess��<GNJ�FIJRI�<N�IJMH<G�OM<>ODJI�� I �DN�OC@�K<MO�JA�OC<O�NOM@NN�OC<O�<>ON�E:GE:C9>8JA6G�OJ�OC@�NPMA<>@
�Shear 
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�
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State of stress at a point 
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2C@�?DM@>ODJIN�JA�OC@�KMDI>DK<G�NOM@NN@N�<M@�><GG@?�OC@�str ess axes
�

You may have noticed that ther e are close analogies between stress and strain. Be careful not to confuse them! S tr ess is 

dynamic; str ain is kinematic! 
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Hydrostatic and lithostatic stress 
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Non-hydrostatic and differential stress 
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�

� �� �� � H ������ �� �� � H ������ �� �� � H �
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B@JGJBDNON
�
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NOM@NN���� ?��� � � �[� � � 
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Effective stress 
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ADGG@?�RDOC�AGPD?��JAO@I�R<O@M��=PO�NJH@ODH@N�JDG�JM�I<OPM<G�B<N
�'A�OC<O�AGPD?�DN�DON@GA�PI?@M�KM@NNPM@��DO�K<MOD<GGT�NPKKJMON�

OC@�HDI@M<G�BM<DIN��<I?�M@?P>@N�OC@�NOM@NN@N�=@OR@@I�OC@�NJGD?�K<MON�JA�OC@�MJ>F��H<FDIB�OC@H�=@C<Q@�<N�DA�OC@T�R@M@�

GJ><O@?�<O�<�NC<GGJR@M�?@KOC
�2C@�eff ecti ve str ess�DN�OC@�OMP@�NOM@NN�HDIPN�OC@�AGPD?�KM@NNPM@
�'O�DN�OC@�K<MO�JA�OC@�NOM@NN�

OC<O�<>ON�RDOCDI�OC@�NJGD?�>JHKJI@I ON�JA�<�KJMJPN�MJ>F
�

Stress regimes 
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�

$JM�OCDN�M@<NJI�� near the Ear thÕs surface, one of the principal str esses is approximately ver tical ��<I?�OC@�JOC@M�ORJ�<M@�

<KKMJSDH<O@GT�CJMDUJI O<G	�
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2CDN�D?@<�R<N�ADMNO�KMJHJO@?�=T�1>JOODNC�B@JGJBDNO�5DGGD<H�+<NNJI� �I?@MNJI�DI� ������<I?�C<N�=@>JH@�FIJRI�<N�OC@�

�I?@MNJID<I�OC@JMT�JA�NOM@NN
��I?@MNJI�?DNODIBPDNC@?�OCM@@�I@<M�NPMA<>@�O@>OJID>�M@BDH@N�?@K@I?DIB�JI�RCD>C�NOM@NN�

<SDN�R<N�Q@MOD><G
�

� � �Q@MOD><G��Gr avi ty r egime 

� � �Q@MOD><G��Wr ench r egime 

� � �Q@MOD><G��Thrust r egime 

' I�<�B@I@M<G�R<T��OC@N@�OCM@@�M@BDH@N�>JMM@NKJI?�M@NK@>ODQ@GT�OJ�OTKD><G�NO<O@N�JA�NOM@NN�I@<M�OC@�OCM@@�OTK@N�JA�KG<O@�
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Geometry of joints and veins 
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Features of joint surfaces 
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Features of vein fills 
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Dynamic interpretation of fractures 
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Conjugate shear fractures 
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Common types of joint and vein systems 

Primary joints in igneous rocks 
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Joints in the host rock of intrusions 
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Joints related to erosion and exhumation 
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Joints related to faults and shear zones 
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Joints related to folds 
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¥ Lab 7. Fractures 
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Orientation of veins from multiple boreholes 
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Density plots of poles 
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K. Faults 

Introduction 
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Fault geometry 

Strike and dip 
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R<GF�PK�OJ�<I�JPO>MJK�<I?�H@<NPM@�OC@�JMD@IO<ODJI�RDOC�<�

>GDIJH@O@M
� * <MB@� A<PGON� O@I?� OJ� =@� KJJMGT� @SKJN@?��

=@><PN@�MJ>FN�>GJN@�OJ�OC@�A<PGO�KG<I@�<M@�AM<>OPM@?�<I?�

=MJF@I�� <I?� OC@M@AJM@� <M@� @<NDGT� R@<OC@M@?
� $JM� G<MB@�

A<PGON��OC@�JMD@IO<ODJI�H<T�=@�HJM@�@<NDGT�?@O@MHDI@?�=T�

?M<RDIB� NOMP>OPM@� >JI OJPMN
� 'A� OC@� A<PGO� DN� KG<I<M�� OC@�

NOMDF@�<I?�?DK�RDGG�=@�>JINO<IO��<I?�OC@�NOMP>OPM@�>JI OJPMN�

RDGG�=@�K<M<GG@G��NOM<DBCO��<I?�@LP<GGT�NK<>@?
�' A�OC@�A<PGO�DN�

>PMQ@?�� OC@I� NOMP>OPM@� >JI OJPMN� H<T� NCJR� >C<IB@N� DI�

JMD@IO<ODJI�<I?�NK<>DIB
�

2C@�=GJ>FN�JA�MJ>F�JI�@DOC@M�ND?@�JA�<�A<PGO�KG<I@�<M@�OC@�
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Fault kinematics: measuring slip 

Slip 
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Piercing points 
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Components of slip 
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Fault-plane sections 
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Lab 8. Measuring Fault Slip 
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L. Tectonic Environments of Faulting 

Dynamics of faulting 
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Rifts and extensional zones: normal faults 

Occurrence 
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Arrays of normal faults 
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Thrust belts 

Occurrence 
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Features of single thrust faults 
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Folds associated with thrust faults 
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Thrust arrays with similar vergence 
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Strike-slip zones 

Occurrence 
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Characteristics of strike-slip faults and fault zones 
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¥ Lab 10. Fold and Thrust Belts 

Introduction 

2C@� $JJOCDGGN�� $MJI O� 0<IB@N� <I?� +<DI� 0<IB@N� JA� OC@� !<I<?D<I� !JM?DGG@M<� <M@� JI@� JA� OC@� RJMG?]N� =@NO� ?@N>MD=@?� AJG?�

<I?�OCMPNO�=@GON��DI�RCD>C�N@?DH@IO<MT�NOM<O<�C<Q@�=@@I�NCJMO@I@?�=T�CPI?M@?N�JA�FDGJH@OM@N�RCDG@�M@H<DIDIB�<O�GJR�

O@HK@M<OPM@� <I?� NCJRDIB�� <O� HJNO�� GJR� BM<?@� H@O<HJMKCDNH
� -OC@M� @S<HKG@N� JA� AJG?� <I?� OCMPNO� =@GON� DI>GP?@� OC@�

�KK<G<>CD<I�4<GG@T�<I?�0D?B@�KMJQDI>@�OC@�@<NO@MI�3
1
��OC@�(PM<�+ JPI O<DIN�DI�OC@�1RDNN� �GKN��<I?�OC@�+JDI@�2CMPNO�

UJI@�DI�,5�1> JOG<I?
�+<IT�JA�OC@N@�=@GON�>JI O<DI�NP=NO<IOD<G�M@N@MQJDMN�JA�JDG�<I?�I<OPM<G�B<N�DI�NOMP>OPM<G�OM<KN��<I?�

OC@M@AJM@�>JIND?@M<=G@�@AAJMO�C<N�BJI@�DIOJ�PI?@MNO<I?DIB�OC@DM�B@JH@OMT�<I?�FDI@H<OD>N
�

 @><PN@� JA� OC@� M@G<ODQ@GT� GJR� O@HK@M<OPM@N� <O� RCD>C� OC@� MJ>FN� R@M@� ?@AJMH@?�� OC@M@� <M@� NOMJIB� > JI OM<NON� =@OR@@I�

>JHK@O@IO� GDOCJGJBD@N� �OTKD><GGT� GDH@NOJI@N� <I?� N<I?NOJI@N	� <I?� DI> JHK@O@IO� GDOCJGJBD@N� �OTKD><GGT� NC<G@N� <I?�

@Q<KJMDO@N	
��N�<�M@NPGO��A<PGON�O@I?�OJ�AJGGJR�r ampÐf lat  OM<E@>OJMD@N�OCMJPBC�OC@�NOM<ODBM<KCT��<I?�HJNO�AJG?N�<M@�M@G<O@?�

OJ�Q<MD<ODJIN�DI�OC@�NGDK�JM�?DK�JA�A<PGON��JM�=JOC	
��GNJ��>JHK@O@IO�GDOCJGJBD@N�O@I?�OJ�=@�OM<ING<O@?�G<MB@�?DNO<I>@N�RDOCJPO�

G<MB@�<HJPION�JA�DIO@MI<G�?DNOJMODJI��@S>@KO�<O�OC@�CDIB@N�JA�AJG?N
�2C@M@AJM@��AJG?�<I?�OCMPNO�=@GON�JAO@I�NCJR�G<T@MN�

OC<O�H<DIO<DI�OC@DM�JMDBDI<G�OCD>FI@NN@N��AJG?N�JA�OCDN�NOTG@�<M@�><GG@?�par allel �AJG?N��$DB
��	
�2C@N@�KMJK@MOD@N�<M@�C@GKAPG�

DI�OC@�>JINOMP>ODJI�JA�>MJNN�N@>ODJIN��@NK@>D<GGT�DI�<M@<N�RC@M@�OC@�NC@@M�IPH=@M�JA�A<PGON�<I?�AJG?N�H<F@�>JI Q@IODJI<G�

NOMP>OPM@�>JI OJPMDIB�?DAAD>PGO
�

�><JG:��	��>6<G6BH�>AAJHIG6I>C<�>9:6A>O:9�8=6G68I:G>HI>8H�D;�HDB:�8DBBDC�;DA9�HINA:H	�

* <=��� 
�$JG?�<I?�OCMPNO�=@GON��V�����



Techniques for folds in profile 
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M. Shear Zones 

Definition and geometry 

Shear zones and faults 
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Shear zone kinematics 
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Simple sigmoidal foliation patterns 
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Mineral structure of shear zones 
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RDGG�<KK@<M�>JPI O@M�>GJ>FRDN@�AMJH�OC@�0&0�NOMDF@�?DM@>ODJI
�

Undulose (undulatory) extinction 

-I�<KKM J<>CDIB�<�NC@<M�UJI@��OC@�ADMNO�OCDIB�OC<O�DN�IJO@?�

DN� <I� DI>M@<N@� DI� OC@� DIO@INDOT� JA� PI?PGJN@� �PI?PG<OJMT	�

@SODI>ODJI� RC@I� OC@� OCDI� N@>ODJI� DN� QD@R@?� =@OR@@I�

>MJNN@?� KJG<MN
� 2CDN� DN� ><PN@?� =T� <I� <>>PHPG<ODJI� JA�

?@A@>ON��disloca tions 	�DI�OC@�>MTNO<G�G<OOD>@
�

�

Mortar structure 

5DOC� DI>M@<NDIB� ?@AJMH<ODJI�� I@R� ODIT� >MTNO<GN� <KK@<M�

<GJIB� OC@� BM<DI� =JPI?<MD@N
� 2C@N@� <M@� =@GD@Q@?� OJ� AJMH�

=@><PN@� OC@� <>>PHPG<ODJI� JA� ?DNGJ><ODJIN� H<F@N� OC@�

JMDBDI<G� >MTNO<G� PINO<=G@�� NJ� NJGD?�NO<O@� M@>MTNO<GGDU<ODJI�

J>>PMN�KMJ?P>DIB� I@R�PI?@AJMH@?�>MTNO<G�G<OOD>@N
�2CDN�

KMJ>@NN�DN�><GG@?�dynamic r ecr ystalliza tion. 

#Q@IOP<GGT�OC@�M@>MTNO<GGDU@?�H< O@MD<G�NPMMJPI?N�OC@�JMDBDI<G�>MTNO<GN��KMJ?P>DIB�RC<O�DN�FIJRI�<N� mortar structur e

�=@><PN@�DO�GJJFN�GDF@�=MD>FN�<I?�HJMO<M	�JM�cor e and man tle structur e. 

Mylonitic rocks 

0J>FN�RCD>C�>JI O<DI�NDBIDAD><I O�<HJPION�JA�?TI<HD><GGT�

>MTNO<GGDU@?� ADI@�BM<DI@?� H< O@MD<G� <M@� myloni tic 
�

+ TGJIDOD>�MJ>FN�<M@�>G<NNDAD@?�=<N@?�JI�OC@�KMJKJMODJI�JA�

OCDN�ADI@�BM<DI@?�H< O@MD<G�M@G<ODQ@�OJ�M@H<DIDIB�AM<BH@ION�

JA� OC@� JMDBDI<G� MJ>F�� FIJ RI� <N� porp hyr oclasts 
� �"JI ]O�

>JIAPN@� KJMKCTMJ>G<NON� <I?� KJMKCTMJ=G<NON
�

( DGE=NGD8A6HIH� <M@� G<MB@� BM<DIN� DI� <� H@O<HJMKCD>� MJ>F�

OC<O� <M@� G@AO� JQ@M� RC@I� OC@� M@NO� JA� OC@� MJ>F� C<N� C<?� DON�

BM<DI� NDU@� M@?P>@?� =T� ?TI<HD>� M@>MTNO<GGDU<ODJI
�

( DGE=NGD7A6HIH� <M@� G<MB@� BM<DIN� DI� <� H@O<HJMKCD>� MJ>F�

OC<O� C<Q@� BMJRI� DI� <� ADI@�BM<DI@?� H< OMDS�� OTKD><GGT� <N� <�

M@NPGO�JA�CDBC�O@HK@M<OPM@
	�

`� Protom yloni te 
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' A�OC@�KJMKCTMJ=G<NON�NODGG�H<F@�PK�HJM@�OC<I�����J A�OC@�MJ>F��OC@I�OC@�MJ>F�DN�><GG@?�<�pr otom yloni te 
�

`� Myloni te 

2MP@�myloni te �C<N�AMJH�����OJ�����KJMKC TMJ>G<NON
�

`� Ul tr amyloni te 

�� MJ>F� RCD>C� DN� <GHJNO� @IODM@GT� ?TI<HD><GGT�

M@>MTNO<GGDU@?�� NP>C� OC<O� OC@M@� <M@� G@NN� OC<I� ����

KJMKCTMJ>G<NON�M@H<DIDIB��DN�<I�ul tr amyloni te 
�

Matrix Ð porphyroclast relations 

 @><PN@�OC@T�<M@�G@NN�?@AJMH@?�OC<I�OC@�NPMMJPI?DIB�H< O@MD<G��KJMKCTMJ>G<NON�M@KM@N@IO�NDO@N�JA�NOM<DI�K<MODODJIDIB��<I?�

NJH@ODH@N�BDQ@�<R<T�OC@�N@IN@�JA�NC@<M�DI�<�HTGJIDO@
�2C@M@�<M@�ORJ�?DNODI>ODQ@�NOTG@N
�

`� 1DBH<�NOMP>OPM@�

2C@�AJGD<ODJI�NR@@KN�<MJPI?�<� sigma porp hyr oclast �DI�<�NJH@RC<O�MCJH=D>�NC<K@��M<OC@M�GDF@�<�N̂H<GG�DNG<I?�JA�

1�KG<I@_�DI�<�N@<�JA�!�KG<I@
�(PNO�GDF@�!�1�A<=MD>�DO�><I�OC@M@AJM@�DI?D><O@�N@IN@�JA�NC@<M
� 'O�DN�I<H@?�<AO@M�OC@�

NC<K@�JA�OC@�%M@@F�GJR@M><N@�G@OO@M�NDBH<���� 
�

`� "@GO<�NOMP>OPM@�
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Folds in shear zones 

Asymmetric folds 

$JG?N�DI�NC@<M�UJI@N�O@I?�OJ�AJMH�<N�NH<GG�DMM@BPG<MDOD@N�DI�OC@�

AJGD<ODJI� <M@� <HKGDAD@?� =T� @SOM@H@� NOM<DIN
� �O� ADMNO�� I@RGT�

?@Q@GJK@?� AJG?N� NCJR� >G@<M� 1� JM� 8� <NTHH@OMT�� ?@K@I?DIB� JI�

RC@OC@M� OC@� N@IN@� JA� MJO<ODJI� DI� OC@� NC@<M� UJI@� DN� >JPI O@M�

>GJ>FRDN@�JM�>GJ>FRDN@�AMJH�OC@�KJDIO�JA�QD@R�J A�OC@�J=N@MQ@M�JA�

OC@�AJG?N
�&JR@Q@M��OC@�CDBC�NOM<DI�OTKD><G�JA�<�R@GG�?@Q@GJK@?�

NC@<M�UJI@�H@<IN�OC<O�AJG?N�H<T�@<NDGT�=@>JH@�DNJ>GDI<G��<I?�

OC@� GDH=N� <M@� OM<INKJN@?� K<M<GG@G� OJ� OC@� JQ@M<GG� AJGD<ODJI�� <O�

RCD>C�KJDIO�OC@�JMDBDI<G�<NTHH@OMT�H<T�=@�?DAAD>PGO�OJ�AJGGJR
�

Refolded folds 

$JG?N�DI�NC@<M�UJI@N�O@I?�OJ�AJMH�<N�NH<GG�DMM@BPG<MDOD@N�DI�OC@�

AJGD<ODJI� <M@� <HKGDAD@?� =T� @SOM@H@� NOM<DIN
� �O� ADMNO�� I@RGT�

?@Q@GJK@?� AJG?N� NCJR� >G@<M� 1� JM� 8� <NTHH@OMT�� ?@K@I?DIB� JI�

RC@OC@M� OC@� N@IN@� JA� MJO<ODJI� DI� OC@� NC@<M� UJI@� DN� >JPI O@M�

>GJ>FRDN@�JM�>GJ>FRDN@�AMJH�OC@�KJDIO�JA�QD@R�J A�OC@�J=N@MQ@M�JA�

OC@�AJG?N
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NC@<M�UJI@�H@<IN�OC<O�AJG?N�H<T�@<NDGT�=@>JH@�DNJ>GDI<G��<I?�

OC@� GDH=N� <M@� OM<INKJN@?� K<M<GG@G� OJ� OC@� JQ@M<GG� AJGD<ODJI�� <O�

RCD>C�KJDIO�OC@�JMDBDI<G�<NTHH@OMT�H<T�=@�?DAAD>PGO�OJ�AJGGJR
�

Sheath folds 

�N� AJG?N� DI� NC@<M� UJI@N� ODBCO@I�� NH<GG� DMM@BPG<MDOD@N� JI� OC@DM�

CDIB@N�<M@�<GNJ�<HKGDAD@?��RDOC�OC@�M@NPGO�OC<O�AJG?�CDIB@N�H<T�
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ADIB@M�JA�<�BGJQ@
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N. Extraterrestrial Impact Structures 

Occurrence of impacts 

#SOM<�O@MM@NOMD<G� J=E@>ON� DHK<>O� OC@� #<MOC� NKJM<?D><GGT
� 2C@M@� DN� <I� DIQ@MN@� M@G<ODJINCDK� =@OR@@I� NDU@� JA� J=E@>O� <I?�

M@>PMM@I>@� DIO@MQ<G�� <GOCJPBC� OC@� @S<>O� IPH=@MN� Q<MT� ?@K@I?DIB� JI� RC@OC@M� JI@� >JIND?@MN� J=E@>ON� @IO@MDIB� OC@�

<OHJNKC@M@�JM�JIGT�OCJN@�OC<O�H<F@�DO�OJ�OC@�NPMA<>@
�
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`� ���H�?D<H@O@M��<KKMJS
���TM�

`� ���H�?D<H@O@M��<KKMJS
������TM�

`� ��FH�?D<H@O@M��<KKMJS
���� �����TM�

`� ��FH�?D<H@O@M��<KKMJS
�@Q@MT����+�TM�
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�

-=E@>ON�<KKMJ<>CDIB�OC@�#<MOC�H<T�Q<MT�DI�NK@@?�=@OR@@I�<=JPO� ���FH�N� � � <I?� ���FH �N� � ��OCJPBC�NH<GG@M�J=E@>ON�<M@�

NGJR@?�=T�?M<B�AMJH�OC@�<OHJNKC@M@
�

+ @O@JMDO@� DHK<>ON� KMJ?P>@� NJH@� JA� OC@� CDBC@NO� NOM<DI� M<O@N� JI� #<MOC
� 2TKD><G� Q<GP@N� JA� NOM<DI� M<O@� DI� OC@� ADMNO� A@R�

HD>MJN@>JI?N�J A�<I�DHK<>O�H<T�=@�JA�OC@�JM?@M�JA� �� � � N� � 
� �!JI OM<NO�OC@�NOM<DI�M<O@N�?PMDIB�<I�@<MOCLP<F@��OTKD><GGT�

� 
� �OJ����N� � 
� T�>JHK<MDNJI��ODH@�<Q@M<B@?�NOM<DI�M<O@N�DI�JMJB@IN�?P@�OJ�KG<O@�HJQ@H@IO�<M@�OTKD><GGT��� � �� �OJ��� � �� �K@M�

N@>JI?
	�
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�+<EJM�>M<O@MN�C<Q@�=@@I�

?@N>MD=@?�AMJH�H<I T�K<MON�JA�OC@�#<MOC
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�
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�
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Impact craters 

* <MB@M�DHK<>ON�AJMH�>M<O@MN��RCD>C�C<Q@�ORJ�OTK@N�JA�B@JH@OMT��$DB
��	
�

�
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Simple craters 

1DHKG@�>M<O@MN�<M@�PK�OJ�<=JPO� �
��FH�DI�?D<H@O@M
�2C@T�O@I?�OJ�C<Q@�NDHKG@�=JRG�NC<K@N�RDOC�<�M<DN@?�MDH
� �-I�OC@�

HJJI��RC@M@�BM<QDOT�DN�G@NN��NDHKG@�>M<O@MN�<M@�PK�OJ����FH�?D<H@O@M
	�

 Complex craters 

* <MB@M�>M<O@MN�NCJR�>JHKG@S�B@JH@OMT
�2C@�HJNO�?DNODI>ODQ@�A@<OPM@�JA�>JHKG@S�>M<O@MN�DN�<�>@IOM<G�PKGDAO
�2C@�DIND?@�

JA� OC@� MDH� JA� <� >JHKG@S� >M<O@M� OTKD><GGT� NCJRN� <� N@MD@N� JA� DIO@MI<G� O@MM<>@N�� <I?� OC@� JPOND?@� JA� OC@� MDH� H<T� <GNJ�

C<Q@�>JI> @IOMD>�MD?B@N�<I?�Q<GG@TN
� @OR@@I�OC@�>@IOM<G�PKGDAO�<I?�OC@�O@MM<>@N��OC@�AGJJM�JA�<�>JHKG@S�>M<O@M�DN�JAO@I�

NJH@RC<O�AG<O
�2C@N@�?DAA@M@I>@N�H<T�=@�@SKG<DI@?�=T�>JIND?@MDIB�OC@�KMJ>@NN@N�JA�>M<O@M�AJMH<ODJI��<I?�K<MOD>PG<MGT�

OC@�ĤJ?DAD><ODJI�NO<B@_��N@@�=@GJR	
�
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Impact processes 

Contact and compression 

2C@�ADMNO�NO<B@�DI�OC@�?@Q@GJKH@IO�JA�<I�DHK<>O�>M<O@M�DN�

OC@�contact and com pr ession �NO<B@��=@BDIIDIB�RC@I�OC@�

J=E@>O� ADMNO� OJP>C@N� OC@� NPMA<>@
� 'I� OCDN� NO<B@�� OC@�

DHK<>ODIB�J=E@>O�<I?�OC@�PI?@MGTDIB�MJ>F�<M@�NP=E@>O�OJ�

@SOM@H@GT�CDBC�NOM<DI�M<O@N�JA� �� � � K@M�N@>JI?�JM�CDBC@M
�

2C@N@�NOM<DI�M<O@N�H<T�KMJ?P>@�@IJMHJPN�NOM@NN@N�<=JQ@�

��2. <� ��� �� �. <	��<I?�Q@MT�CDBC�O@HK@M<OPM@N��NPAAD>D@IO�OJ�

H@GO�JM�@Q@I�Q<KJMDU@�G<MB@�K<MON�JA�OC@�DHK<>ODIB�=J?T�

<I?� OC@� MJ>FN� DI� AMJI O� JA� DO
� 0J>F� OC<O� M@H<DIN� NJGD?� DN�

>JHKM@NN@?�DI�<�NCJ>F�R<Q@�OC<O�DIDOD<GGT�KMJK<B<O@N�<O�<�

NK@@?�>JHK<M<=G@�OJ�OC<O�JA�OC@�DI>JHDIB�=J? T��OTKD><GGT�

HP>C�A<NO@M�OC<I�IJMH<G�N@DNHD>�R<Q@N
�

�N� OC@� NCJ>F� R<Q@� K<NN@N�� MJ>F� DN� CDBCGT� >JHKM@NN@?��

RCD>C�?@KM@NN@N�OC@�#<MOC]N�NPMA<>@��NO<MODIB�OC@�KMJ>@NN�

JA� >M<O@M� AJMH<ODJI
�  @CDI?� OC@� >JHKM@NNDJI<G� NCJ>F�

R<Q@��OC@M@�DN�<�R<Q@�JA�@SK<INDJI��RC@M@�OC@�M@G@<N@�JA�

@G<NOD>� @I@MBT� KMJ?P>@N� Q@MT� CDBC� O@HK@M<OPM@N�� OC<O�

H@GO�JM�Q<KJMDU@�OC@�@SK<I?DIB�MJ>F�H<O@MD<G
�

!JI O<>O� <I?� >JHKM@NNDJI� G<NON� JIGT� <� A@R� O@IOCN� JA� <�

N@>JI?�@Q@I�AJM�<�Q@MT�G<MB@�DHK<>O
�

#Q@IOP<GGT� OC@� NK@@?� JA� OC@� <?Q<I>DIB� NCJ>FR<Q@� NGJRN�

?JRI�OJ�N@DNHD>�Q@GJ>DOD@N� ��� ��FH�N � � 	� <I?�> JI ODIP@N�OJ�

KMJK<B<O@�OCMJPBC�OC@�#<MOC�<N�<�N@DNHD>�R<Q@��?PMDIB�OC@�

I@SO�NO<B@
�

Excavation stage 

' IDOD<GGT� OC@� >JHKM@NNDJI<G� R<Q@� HJQ@N� MJ>F� ?JRI R<M?� <I?� JPOR<M?� =PO� <N� OC@� R<Q@� @SK<I?N� H<O@MD<G� DN� KPNC@?�

PKR<M?N�<O�OC@�@?B@N�JA�OC@�@SK<I?DIB�>M<O@M��>M@<ODIB�<�M<DN@?�MDH
� 'I�<??DODJI��<N�OC@�?@>JHKM@NNDJI�R<Q@�K<NN@N��

H<O@MD<G�OC<O�R<N�AJMH@MGT�>JHKM@NN@?�?J RI R<M?N�@SK<I?N�PKR<M?��<I?�DON�HJH@IOPH�><PN@N�DO�OJ�=@�OCMJRI�PK�DI OJ�

OC@�<OHJNKC@M@
�2C@N@�KMJ>@NN@N�M@NPGO�DI�OC@�@S><Q<ODJI�JA�H<O@MD<G� �@E@>O<	��DIOJ�OC@�<DM�<I?�JIOJ�OC@�NPMMJPI?DIB�

NPMA<>@
�2C@�M@NPGODIB�?@KM@NNDJI�DN�FIJRI�<N�OC@�tr ansien t cr ater 
�

2C@�H<SDHPH�NDU@�JA�OC@�OM<IND@IO�>M<O@M�H<MFN�OC@�@I?�JA�OC@�@S><Q<ODJI�KC<N@
�2C@�@S><Q<ODJI�NO<B@�G<NON�N@Q@M<G�
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�
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Modification stage 
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Rock products of impact 
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Shatter cones 
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Impact breccia and suevite 
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Impact melt: pseudotachylite 

1P=NO<IOD<G� H@GODIB� H<T� J>>PM� =@CDI?� OC@� DIDOD<G� NCJ>FR<Q@��

KMJ?P>DIB� pseudotach yli te �� NDHDG<M� OJ� OC@� KN@P?JO<>CTGDO@N�

KMJ?P>@?� =T� AMD>ODJI<G� H@GODIB� <GJIB� >@MO<DI� A<PGON
� &JR@Q@M��

HP>C�G<MB@M�QJGPH@N�JA�KN@P?JO<>CTGDO@�H<T�=@�AJPI?�DI�DHK<>O�

NOMP>OPM@N�OC<I�<M@�>JHHJI�<GJIB�A< PGON
�

. N@P?JO<>CTGDO@N� C<Q@� <� HP>C� RD?@M� M<IB@� JA� >JHKJNDODJIN�

OC<I�OCJN@�JA�IJMH<G�DBI@JPN�MJ>FN��=@><PN@�OC@T�<M@�KMJ?P>@?�

=T�HJM@�JM�G@NN�>JHKG@O@�H@GODIB�JA�OC@DM�K<M@IO�MJ>FN��M<OC@M�

OC<I� OC@� KMJBM@NNDQ@� <I?� K<MOD<G� H@GODIB� DI� HJNO� DBI@JPN�

KMJ>@NN@N
�

' I�OC@�1P?=PMT�NOMP>OPM@�<�OCD>F�G<T@M�JA�DHK<>O�H@GO�PI?@MR@IO�

AM<>ODJI<G� >MTNO<GGDU<ODJI� OJ� TD@G?� <� OCD>F� JM@� =J?T� JA� H<NNDQ@�

NPGKCD?@
�

New minerals 
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Diaplectic glass 
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Glossary of terms 

Acicular 
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Alloch thon 
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Alloch thonous 
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Angular unconf ormi ty 

�I�PI> JIAJMHDOT�>C<M<>O@MDN@?�=T�<I�<IBPG<M�?DN>JM?<I> @��<�?DAA@M@I>@�JA�NOMDF@�JM�?DK�JM�=JOC	�=@OR@@I�JG?@M�NOM<O<�

=@GJR�<I?�T JPIB@M�NOM<O<�<=JQ@
�

Anticline 
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Anti thetic Riedel shear s (R' shears) 

1P=ND?D<MT�AM<>OPM@N�OC<O�AJMH�<O�<=JPO���X�OJ�<�A<PGO��RDOC�N@IN@�JA�?DNKG<>@H@IO�JKKJNDO@�OJ�OC<O�JA�OC@�A<PGO
�

Appar ent dip 
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Autoch thon ( autoch thonous ) 
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Axial surface ( hing e surface ) 
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Boudinag e (pinch -and -sw ell structur e) 
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Busk construction 
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C-p lane 
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C-prime ( C') folia tion 
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Chill zone 
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clinometer 
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Coaxial def orma tion 
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Columnar join ts 
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Compaction 
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Complex cr ater 
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Conjugate shear fr actur es 
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Core zone 
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Crater 
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Crest poin t 
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Crest surface 
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Cross bedding 
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Dynamic anal ysis 
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Extr apolation 
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Fibr ous vein fill 
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Hing e 
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Impact br eccia 
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Inclina tion 
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Incr emental str ain 
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Infini tesimal str ain 
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Inf lection line 
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Inf lection surface 
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Inlier 
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Interpo lation 
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Invarian t f eatur e 
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Inverse grading 
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Isobar 
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Join t 
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Join t system 
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Kinema tics 
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Klippe 
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Lamina ( laminae ) 
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Layers 
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Liquidize, liquidise 
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Load structur e (load cast ) 
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Macroscopic (map-scale ) structur es 
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Magnetic con tour 
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Magnetic declina tion 
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Map-scale (macr oscopic ) structur es 
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Mapping 
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Member 
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Mesoscopic (outcr op-scale ) structur e 
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Metamorp hic aur eole 
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M icr oscopic structur e 
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M iner al linea tion 

*DI@<M� A<=MD>� ?@ADI@?� =T� K<M<GG@G� <GDBIH@IO� JA� <>D>PG<M� HDI@M<G� BM<DIN�� GDI@<M� @LPDQ<G@IO� JA� NG<OT� >G@<Q<B@� <I?�

N>CDNOJNDOT
�

Mortar structur e 
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Mudcr acks 
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Myloni te 
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Myloni tic linea tion 
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Natur al scale 
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Necking 
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Negati ve f lower structur e 
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Neotectonics 
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Newtonian ( viscous ) deforma tion 
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Non-cy lindrical f old 

��AJG?�DI�RCD>C�OC@M@�DN�IJ�GDI@�OC<O�GD@N�K<M<GG@G�OJ�<GG�K<MON�JA�OC@�NPMA<>@��NJ�OC@M@�DN�IJ�AJG?�<SDN
�!MJNN�N@>ODJIN�

DIO@MN@>ODIB�OC@�AJG?�<O�?DAA@M@IO�KJDION�NCJR�>JI OM<NODIB�B@JH@OMD@N
�

Non-penetr ati ve fabric 
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Orien tation 
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Orogenic bel t 
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Orthogr aphic pr ojection 
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Outcr op 
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Outcr op-scale (M esoscopic ) structur e 
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Outlier 
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Overstep 
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Paleogeologic map 
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Paraconf ormi ty 
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Parallel f old 

��AJG?�DI�RCD>C�OC@�OCD>FI@NN�JA�<�G<T@M��H@<NPM@?�K@MK@I?D>PG<M�OJ�OC@�G<T@M�=JPI?<MD@N	�DN�>JINO<IO
�

Pascal 
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Penetr ati ve fabric 
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Phylli tic f olia tion 
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Pier cing poin t 
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Pitch ( r ake) 

-MD@IO<ODJI�JA�<�GDI@�OC<O�GD@N�DI�<�KG<I@��H@<NPM@?�AMJH�OC@�NOMDF@�?DM@>ODJI��RDOCDI�OC@�KG<I@
�

Planar surface 
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�

Plate tectonics 
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Plume (P lumose ) structur e 
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Plung e 
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�

Pole to p lane 
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�

Porp hyr oblast 
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�
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Positi ve f lower structur e 
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Pressur e 
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�

Pressur e solu tion 
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Pressur e solu tion clea vage 
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Primar y fabric 
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Primar y structur e 
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Primi ti ve 
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�

Principal p lanes of str ess 
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Principal str esses 
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Princip le of Original H orizon tali ty 
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Princip le of Superposi tion 
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Profile p lane 
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�

Progr essive sim ple shear 
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pr olate 
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Proto li th 
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Pseudotach yli te 
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Pull apart basin 
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Pur e shear 
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Quadr ants 

�� H@OCJ?� JA� H@<NPMDIB� =@<MDIBN�� KJKPG<M� DI� OC@� 3IDO@?� 1O<O@N�� RC@M@� <IBG@N� <M@� NK@>DAD@?� >GJ>FRDN@� JM�
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R'-shear s 

�I ODOC@OD>�0D@?@G�NC@<MN
�

R-shear s 
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Radial join t 
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Rake (pitch ) 
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Ramp 
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Refolded f olds 
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Regression 
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Relay r amp 
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Releasing bend 
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Repr esentati ve fr action 
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Restr aining bend 
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Reverse drag fold 
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Ribs 
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Riedel fr actur e (Riedel shear ) 
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Right -hand rule 
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Rods 
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Rollo ver an ticline 
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Roof thrust 
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Rotation 
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Rotational def orma tion 
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S-plane 
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S-tectoni tes 
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Scalar 
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Schistosi ty 
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Secondar y structur e 
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Section balancing 
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Separation 
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Sequence 
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Shear fr actur e 
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Shear zone 
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Sigma porp hyr oclast 
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Sill 
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Sim ple shear 
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stisho vi te 
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Str atigr aphy 

2C@�NOP?T�JA�OC@�JMB<IDU<ODJI�<I?�CDNOJMT�JA�NOM<ODAD@?�MJ>FN
�

Str ess 

$JM>@�>JI> @IOM<ODJI�JM�AJM>@�K@M�PIDO�<M@<��<GNJ��OC@�>JI> @IOM<ODJI�JA�<GG�OC@�AJM>@N�<>ODIB�<O�<�KJDIO�RDOCDI�OC@�#<MOC
�

Str ess axes 

2C@�?DM@>ODJIN�JA�OC@�KMDI>DK<G�NOM@NN@N��<GNJ��OC@�?DM@>ODJIN�JA�OC@�KJG@N�OJ�OC@�KMDI>DK<G�KG<I@N�JA�NOM@NN
�

Str ess ellipse 

2C@�@IQ@GJK@�DI�<�KG<I@�JA�<GG�OC@�NOM@NN@N��OM<>ODJIN	�<>ODIB�<O�<�KJDIO
��GNJ��OC@�@GGDKN@�C<QDIB�OC@�KMDI>DK<G�NOM@NN@N�

<N�DON�<S@N
�

%GJNN<MT��V�����



Str ess ellipse (2 -D) or Str ess ellipsoid ( 3-D) 

2C@�@IQ@GJK@�DI��"�JA�<GG�NOM@NN@N��OM<>ODJIN	�<>ODIB�<O�<�KJDIO
��GNJ��OC@�@GGDKNJD?�C<QDIB�OC@�KMDI>DK<G�NOM@NN@N�<N�DON�

<S@N
�

Str etch 

��H@<NPM@�JA�GJIBDOP?DI<G�NOM<DI�@LP<G�OJ�OC@�?@AJMH@?�G@IBOC�?DQD?@?�=T�OC@�JMDBDI<G�G@IBOC
�

Str etching linea tion 

*DI@<M�A<=MD>�?@ADI@?�=T�@GJIB<O@?�?JH<DIN��KMJ?P>@?�=T�@SO@INDJI
�

Strik e 

� UDHPOC�JA�<�CJMDUJI O<G�GDI@�OC<O�GD@N�DI�<�KG<I@
�

Strik e separation 

2C@�?DNO<I>@�<GJIB�<�A<PGO��H@<NPM@?�DI�OC@�?DM@>ODJI�JA�A<PGO�NOMDF@��=@OR@@I�ORJ�>POJAA�GDI@N�JA�OC@�N<H@�N@Q@M@?�

NPMA<>@
�

Strik e-slip faul t 

��A<PGO�DI�RCD>C�OC@�>JHKJI@I O�JA�NGDK�K<M<GG@G�OJ�OC@�A<PGO�NOMDF@�@S>@@?N�OC<O�K<M<GG@G�OJ�OC@�A<PGO�?DK
�

Structur al geology 

2C@� NOP?T� JA� NOMP>OPM@N� RDOCDI� OC@� #<MOC� <I?� OC@DM� JMDBDI�� DI� KM<>OD>@�� NOMP>OPM<G� B@JGJBT� H<DIGT� AJ>PNN@N� JI�

N@>JI?<MT�NOMP>OPM@N�<I?�OC@�?@AJMH<ODJI�KMJ>@NN@N�OC<O�AJMH@?�OC@H
�

Structur e contour 

��> JI OJPM�=<N@?�JI�OC@�@G@Q<ODJI�JA�<�B@JGJBD><G�NPMA<>@��N@K<M<ODIB�CDBC@M�<I?�GJR@M�K<MON�JA�OC@�NPMA<>@��<�GDI@�

EJDIDIB�KJDION�JA�@LP<G�@G@Q<ODJI�JI�<�B@JGJBD><G�NPMA<>@
�

Subcr op 

��A@<OPM@�JI� <I�PI> JIAJMHDOT�NPMA<>@�AJMH@?�RC@M@�OC@�PI>JIAJMHDOT�>PON�JAA� �DIO@MN@>ON	�<� JG?@M� MJ>F�PIDO�JM�

NPMA<>@
�

Subcr op limi t 

��GDI@�JI�<I� <IBPG<M�PI>JIAJMHDOT�NPMA<>@�H<FDIB�OC@�=JPI?<MT�JA�<I� JG?@M�PIDO�OC<O�R<N�K<MOD<GGT�M@HJQ@?�=T�

@MJNDJI�<O�OC@�PI>JIAJMHDOT�NPMA<>@
�

Subsurface 

2C@�M@BDJI�=@GJR�OC@�#<MOC�N�OJKJBM<KCD>�NPMA<>@
�

Suevi te 

��ADI@�BM<DI@?�MJ>F�RDOC�<�=M@>>D<�O@SOPM@��>JINDNODIB�JA�<�HDSOPM@�JA�MJ>F�AM<BH@ION��BG<NN��<I?�H@GO��KMJ?P>@?�

?PMDIB�DHK<>ON�JA�@SOM<�O@MM@NOMD<G�J=E@>ON
�

��� ��V��%GJNN<MT



Surface tr ace 

2C@�GDI@�<GJIB�RCD>C�<�B@JGJBD><G�NPMA<>@�DIO@MN@>ON�OC@�OJKJBM<KCD>�NPMA<>@
�

Surface tr ace (outcr op tr ace) 

2C@�DIO@MN@>ODJI�JA�<�B@JGJBD><G�NPMA<>@�RDOC�OC@�OJKJBM<KCD>�NPMA<>@
�

Syncline 

��AJG?�RC@M@�OC@�TJPIB DIB�?DM@>ODJI�DN�OJR<M?N�OC@�>@IOM@�JA�OC@�AJG?
�

Synf orm 

��AJG?�RC@M@�OC@�GDH=N�?DK�OJR<M?N�OC@�CDIB@�<I?�OC@�AJG?�>GJN@N�?JRI R<M?
�

Syn taxial v ein 

�� Q@DI� RC@M@� M@K@<O@?� >M<>FDIB� C<N� J>>PMM@?� DI� OC@� >@IOM@� JA� OC@� Q@DI� <I?� HDI@M<G� AD=M@N� <M@� OTKD><GGT� DI�

>MTNO<GGJBM<KCD>�>JI ODIPDOT�RDOC�OC@�BM<DIN�DI�OC@�R<GG�MJ>F
�

Syn thetic Riedel shear s (R-shear s) 

$M<>OPM@N�OC<O�AJMH�<O���X�OJ�<�A<PGO��RDOC�OC@�N<H@�N@IN@�JA�?DNKG<>@H@IO�<N�OC@�A<PGO
�

Tabular miner al gr ains 

. G<OT�JM�AG<F@�NC<K@?�HDI@M<G�BM<DIN��@
B
�HD><	�OC<O�<M@�JAO@I�<GDBI@?�OJ�KMJ?P>@�<�A<=MD>
�

Tectonic w edge 

��K<DM�JA�JKKJNDO@GT�Q@MB@IO�OCMPNON�OC<O�H@@O�DI�OC@�NP=NPMA<>@
�

Tectonic windo w (Fenster ) 

-I�<�B@ JGJBD>�H<K��<I�<M@<�JA�AJJOR<GG�OC<O�DN�@IODM@GT�NPMMJPI?@?�=T�C<IBDIB�R<GG
�

Tectonics 

2C@� H<OC@H<OD><G� NOP?T� JA� NOMP>OPM@N�� >JHHJIG T� <KKGD@?� OJ� G<MB@�N><G@� HJQ@H@ION� JA� OC@� GDOCJNKC@M@� <I?� OC@�

NOMP>OPM@N�OC<O�OC@N@�C<Q@�KMJ?P>@?��KG<O@�O@>OJID>N	
�

Tensor 

��KC TND><G�LP<IODOT�OC<O�Q<MD@N�DI�H<BIDOP?@�RDOC�JMD@IO<ODJI��<I?�><I�=@�M@KM@N@IO@?�=T�<I�@GGDKN@�JM�@GGDKNJD?��JM�

=T�<�NLP<M@�H<OMDS�JA�IPH=@MN
��1OMD>OGT�NK@<FDIB�OCDN�?@ADIDODJI�?@N>MD=@N�<��I?�JM?@M�O@INJM���NO�JM?@M�O@INJMN�<M@�

C@M@�M@A@MM@?�OJ�<N�Q@>OJMN
	�

Thr eading con tour s 

2C@�KMJ>@NN�JA�?M<RDIB�>JI OJPMN�N@K<M<ODIB�CDBC@M�<I?�GJR@M�Q<GP@N
�

Thr ow 

2C@�Q@MOD><G�>JHKJI@I O�JA�?DK�N@K<M<ODJI
�

%GJNN<MT��V�����



Thrust r egime 

��NOM@NN�M@BDH@�DI�RCD>C�OC@�HDIDHPH�KMDI>DK<G�NOM@NN�DN�Q@MOD><G
�0@Q@MN@�A<PGON�<M@�>JHHJI
�

Tip line 

2C@�GDI@<M�=JPI?<MT�<O�OC@�@?B@�JA�<�AM<>OPM@�NPMA<>@��N@K<M<ODIB�AM<>OPM@?�AMJH�PIAM<>OPM@?�MJ>F
�

Topogr aphic con tour s 

!JI OJPMN�OC<O�NCJR�OC@�@G@Q<ODJI�<I?�NC<K@�JA�OC@�G<I?�NPMA<>@
�!JI OJPMN�OC<O�N@K<M<O@�KJDION�JA�CDBC@M�<I?�GJR@M�

@G@Q<ODJI
�

Topogr aphic surface 

2C@�G<I?�NPMA<>@�JA�OC@�#<MOC
�

Tr ace 

2C@�GDI@�AJMH@?�=T�OC@�DIO@MN@>ODJI�JA�<�B@JGJBD>�NPMA<>@�RDOC�OC@�OJKJBM<KCD>�NPMA<>@�JM�<�>MJNN�N@>ODJI
�

Tr action 

$JM>@�K@M�PIDO�<M@<��<GNJ�FIJRI�<N�NOM@NN
�

Tr ansform faul t 

��NOMDF@�NGDK�A<PGO�OC<O�DN�<GNJ�<�KG<O@�=JPI?<MT
�

Tr ansgr ession 

2C@�<?Q<I> @�JA�OC@�N@<�JQ@M�OC@�G<I?�NPMA<>@
�

Tr anslation 

!C<IB@�DI�KJNDODJI�

Tr anspr ession 

��> JH=DI<ODJI�JA�NOMDF@�NGDK�<I?�NCJMO@IDIB
�

Tr anstension 

��> JH=DI<ODJI�JA�NOMDF@�NGDK�<I?�@SO@INDJI
�

Tr end 

2C@�<UDHPOC�JA�<�GDI@��H@<NPM@?�DI�OC@�?DM@>ODJI�JA�?JRI R<M?�KGPIB@
�

Tr ough poin t 

2C@�GJR@NO�KJDIO�JI�OC@�OM<>@�JA�<�NTIAJMH
�

Tr ough surface 

��NPMA<>@�>JI O<DIDIB�HPGODKG@�AJG?�OMJPBC�GDI@N
�

��� ��V��%GJNN<MT



Unconf ormi ty 

�I�<I>D@I O�NPMA<>@�JA�@MJNDJI�<I?�JM�IJI�?@KJNDODJI�OC<O�DI?D><O@N�<�B<K�DI�OC@�NOM<ODBM<KCD>�M@>JM?
�

Varian t f eatur e 

��A@<OPM@�DI�<�AJG?�OC<O�>C<IB@N�RDOC�JMD@IO<ODJI
�

vector 

��KC TND><G�LP<IODOT�OC<O�C<N�H<BIDOP?@�<I?�?DM@>ODJI��<I?�><I�=@�M@KM@N@IO@?�=T�<I�<MMJR
�

Vein 

�I�EJDI O�OC<O�DN�ADGG@?�RDOC�HDI@M<GN��OTKD><GGT�?@KJNDO@?�AMJH�BMJPI? R<O@M
�

Vergence 

2C@�?DM@>ODJI�DI�RCD>C�MJ>FN�I@<M�OC@�NPMA<>@�C<Q@�HJQ@?�M@G<ODQ@�OJ�MJ>FN�?@@K@M�?JRI
�

Vertical exag geration 

"@N>MD=@N�OC@�?DNOJMODJI�JA�<�>MJNN�N@>ODJI�DI�RCD>C�OC@�Q@MOD><G�<I?�CJMDUJI O<G�N><G@N�<M@�IJO�@LP<G
�2C@�Q@MOD><G�

@S<BB@M<ODJI�DN�OC@�M<ODJ�=@OR@@I�OC@�G@IBOC�JA�OC@�M@KM@N@IO<ODJI�JA�<�Q@MOD><G�PIDO�GDI@�<I?�OC@�M@KM@N@IO<ODJI�JA�<�

CJMDUJI O<G�PIDO�GDI@
�

Viscous (Newtonian ) 

��?@AJMH<ODJI�HJ?@�DI�RCD>C�OC@�NOM<DI�M<O@�DN�KMJKJMODJI<G�OJ�OC@�NOM@NN
�

Wr ench r egime 

��NO<O@�JA�NOM@NN�DI�RCD>C�OC@�DIO@MH@?D<O@�KMDI>DK<G�NOM@NN�DN�Q@MOD><G
�1OMDF@�NGDK�A<PGON�<M@�>JHHJI
�

Xenoli th 

��KD@>@�JA�CJNO�MJ>F�OC<O�DN�NPMMJPI?@?�=T�<I�DIOMPNDJI
�

Zeni th 

2C@�CDBC@NO�KJDIO�JI�<�NKC@MD><G�JM�>PMQ@?�NPMA<>@
�

%GJNN<MT��V�����


	Geological Structures: a Practical Introduction
	
	New: resources for working on-line.
	
	© John W.F. Waldron and Morgan Snyder

	2020
	University of Alberta

	Contents
	Acknowledgements
	About this document
	Main Body
	A. Geological Structures
	B. Orientation of Structures
	• Lab 1. Orientation of Lines and Planes
	C. Primary Structures
	• Lab 2. Cross-sections and Three-point Problems
	D. Stereographic Projection
	• Lab 3. Working with Stereographic Projections
	E. Folds
	• Lab 4. Introduction to Folds
	• Lab 5. More about Folds
	F. Boudinage
	G. Kinematic Analysis and Strain
	H. Fabrics
	• Lab 6. Fabrics and Folds
	I. Dynamic Analysis: Stress
	J. Fractures
	• Lab 7. Fractures
	K. Faults
	Lab 8. Measuring Fault Slip
	L. Tectonic Environments of Faulting
	• Lab 9. Field Mapping
	• Lab 10. Fold and Thrust Belts
	M. Shear Zones
	N. Extraterrestrial Impact Structures

	Glossary of terms

