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A. Gelogial Structues
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JKODB=G <NNDN@&I>

M acroscopic, or map-scale  NOMBPP@N <@ 0JJ =DB OJd@ JI@ QR@QC@ HPNO =@ H<KR@J H<F@ OC@H QDND=G@
JM DH<BZ@ANH <I <DM-MA IM < \B@GGDO@

Geologial maps

-1@ KJ R@OMAP@HEIN@IODJI A OC@ B@OM JA N-F NOMPP®N DN <JB@®=G JM B@IB> H<K %BJB=G H<KN
<\@ >@O@OCHPBC OC@ BEM@NNAMapping DI RCD>C JPOMN <i@ QEN®HDI OC@IPMN@AIR@RBRIMF ?@N>MD=@?
M2INP@ JI < OJKIBMKCD> =<N@ H<K 2C@NRGO DNuwttr op map DI RCD>C OC@ J=0@M>F OK@N <I? NOMP@N
<@ BINP@ '| HINO <Mg&N OC@MRDGG =@ B<RRIGED OC@ J=NEMPO>8KN RC@® OC@?2M>F DN J=N>EM=T NJDG
QB@ODJI IM JOC@M@NAbverbur den

2J H<F@ <geological map NJH@ DD@M&ODJI DN K@NNEMI IM@M ODGG DI OC@&NME@R @@ OC@ JPOKM 'l
HINO <N@N NJH@ PI?@MNO<I?PB@E>IBD=G KM@NN@N@RD& DI IM@M OJH@ PK RDC <I DO@M&EMODJI $DBEM
< NCJRN <I JPO>NK H<K <I? $DB = NCRN <I| <@@HKOO<< BEBI®=G H<K H<?@ RICJPO HP>C PI?@MNO<I?DAB J
B@GJIB®x=G KM@NN@N GOCIEENQDN&N OC@ JSNIN DI < NDHKGDNOI® RN PIGEOJ =@IMI»O $DBRM > DN <
HIM@ GOBEDO@MEDODJII H<?@ RIC NJH@ PI?@MNO<I?DABIGID=G KM@NN@NQ@ OC<OCDN>NEQ @MNDJIIGE
OJNJH@ FDI@B8Bd> DIoMEMODJIN 5@ x| DIA@M OCK@MKN KGG@GIND ! <1?"M @K@N@ NBH@O<MGE@MN <I?
PIDO DN K@#KN < JPIB@M MMPNDJI =@®@N@D>>INN >PON OC@H

%@IGID> OMROP@NV



Unit D

Unit C

Unit B

Unit A

QO

(€)

><JG 6 CDJIS®EBGE L>I= 7 6C JCA>@N >Cl:GHGI>DC 6C98 6 BDG A>@N >CI:GHBI>DC EG9J8>C< 6. 6HDC67A: <:DAD<>86A
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B. Orientation of Structes

Lines and Planes

Linear and planar fgures in gology

GHJINO <GGNF JI BQIGJI®> NOMFR@N DNI> @MI@DI JI@ R<T JM <IJOC@M®lnes <I? planes

2C@JGRDIB <N @<HKG @M LD &OP@N OO<JJI@ HDEO J=N@® DIJ}FN OJBGC @ MERDNJIJH@ FDI@BE> Z@>0DJIN
AWH OC@H

glacial striae  RCD>C@EI&G OC@ @dJl A D@ HQ@H@D

OC@bric JMlineation KNM?P>@ =T <GDBIH@ A <HKCD=JG @ ®N® H@<HIJMKCD3>¥N RCD>C@EI&G OC@
?DI@ODJI A N@>CDIB <-PD& ?PMDIB ?@AJMBEJI

<I? OC@lignmen t JAelong ate clasts JMfossil shells DI N@DH@O<WIN>FN RCD>C @& GN >P&Id ?C@0DJI

#S<HKG@MXKG<I<NHOP@N DI>GP?@

O<=PG<M DBI®DOMPN®R@J?D@N NP>@ykeés <I? sills

bedding p lanes DI N@DH@O<WIN>FN

OC@bric JMfoliation KM?P>@ =T <GDBIH@ A NC@ ND&D@ HDI@BN NP>C <N D+ H@A<HIMKCD3¥N RCD>C
MERGGN OC@@DRJI A £8D@IDIB ?PMDIB 3@A<0ODJI

joints <I? faults KN?P>@ =T OC@ A<@SRNMHFN DI @NKJIIN@ OJ @OMI? RCD>C OC@IM@ @G OC@ JMIB@EJI
JA N@NNXNIJH@ ODH@ DI OC@ K<NO

, JOD@ O@<GOCJIPBI@a¥G A OC@ Q@ ?@N>MDROBRY@MDDJIINGE OJkinema tic DIAA®I>@N JIGOC@ G<NO JIGRNGGJ
PN OJ H<Edynamic >JI>GPNDJIN

Bearings

2J 2@N>MD=@ <GHIJNOIMPP@ R® |@ OJ N¥ NJH@CDIB <=JPOMrien tation <GNJ FIRI <N DN @OP?@"J@N
MPI IJMOC NJPOC JM KigikKN @NO RONO JM NIJRIGD@ DI =@ @@ ?DM@O0DJI @®@O® OJ 1IJRMC DNGGB@ bearing 'l
HINO B@:JB> RMF =@MDIBN @/NK®B@<Nazim uths

Cazimuth >H 6 7:6G>C< B:6HBEBAD8@L>H:D8 CDGI=

| <UDHPOC A XM@KE@&N@N IJMC X DNEPNO <NC<?@UIM @O X MK@EN@N NJPE@NO <I? X @K&N@N
5

-MD@0ODJI A DMRBP@BN



><JG DBE6HH JH:9 ID B:6HJG: 6C 60>BJI=S >C |=>H 86H: I=: HIGB@
7:99>C< EA6C:

, JOD@ OCxD DN =@NO OJ PN@z eimIPH=@MIN <UDHPOQEDN C@GKN@D%IJIAPNDJI RDC DI>GBJIN =@r5J
2C@ ?@B® NTH=JG DIO®@| JHOID@RC @I N@IVPDIB G8® IPH=@MMXUDHPOCN

1IJIAPNDIBG OC@/<@ JOC@MM®@?N A NK&EFDIB <I <UDHPOQ OC@ 3ID@1090@N =@DIBN @M0@| NK@B@PNDIB
quadr ants

' OC@ LP<XMON H@CJ? A H@NPMDIB <@DIBN <IB@N @VHE@NPI@® NO<®GDIB € @T@M ?P@ @MIM ?P@ NJPOC

RCD>C@M DN >GINGNQ@ <NPI@ =T >JP| ODIB ?@&EN ®xM OC@<®O JIM@&NO

& @B <@ OC@M <UDHPOCN &) 31 QQUI@0J OC@ LP<IMdN @K@N@©ODJI

X , #
X #
X 15
X ,5

@><PN@CDODN HI 3IAPNDIB @NK@®GRC@I| ?JDIB <G>PGBJIN K RDGG 1JO PN@ OC@IBPNMN@CJI? HP>C DI
OCDN H<IP<GIR@@MJIP |@@ OJ =@ K®K<®@ OJ PI?@MNO<I? HBP@H@DON @IM@ <N LP<?KI ON @NHBGRC@!I
M ?DIB =JJFN <I? B@GJIBD> @KIUN KP=GDNDI@C@ 3

UDHPOCN@NIKD=GICH @NPI@ RBDC <ompass RCD>C PN@N OCQ@@NKBI@ DA G? <N@@®@ >@ ?0@ODJI | HINO
K<NDN 4 OC@ #3® OC@ H<BI@=DX@G? DN 1JO <G@BK@DTGIIMOC NJPOC

,=: magnetic declination >H I=: 60>BJI=D; |I=: 6GI=H B6<C:|>8 ;>:A9

+<BI@OD> %@DIRDJI QUD@NHMG<®@ OJ KGa><I? EMD@N RN&IJQ@M ODH@ !@NNG OC@ 2®DRDJI DI
#?HJI OJI DN <=JPO X

+ JNO B@JIBx=G IHK<NN@N Q& < HEC<IDNH M JIHK@IN<ODIB M ?@GDIRDJI -A IPMN@ OCEIK<NN HPNO =@
<?EPNQ@AEM OC@ IGIVM-PG<Ii@&<M RCD>CJP <MN® RM-DIB

V -MD@IOODJI A DMRGP@N
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Inclinations

IJOC@MTK@ A H&NPI@H@O DNO@| PNe@| NOMBPYG Bi&JH

Cinclination >H 6C 6C<A: D; HADE: B:619J@DLCL6G9 GA6I>K: ID =DG>0ODCI6A
~

><JG DBE6HH 8A>CDB:I:G JH:9 ID B:6HJG6C >C8A>C6I>DC S >C I=>H
86H: I1=: 9>E D; 6 7:99>C< EA6C.:

CJIMDUI O<G GDI@ C<N <I DIeBDIA X <I? < Q @UDBG JI@ DN DI>GDDM@ G R<TN PN@R® ?DEDNIM DI>GBDDJII OJ
?DNODIBPDNC DISGDINK ANI<UDHPOCKRCER ?0OBN

'I>GDI©ODJIN < HENPI® PNDIB < ?7@D@ =GG@ clinometer JMinclinometer %@GJIB=G IHK<NN@N KD=GIGCQ@ <
=PDGO DI >GDIIH@MJ JI@ DINOMPH@ kI =@ PN®AIM H@NPMDIB =JOTK@NA <IBG@&JR@@MIJP HPNO CJG? OC@
>JHK<NN ?B@ @ IOGDI @>C <N@

, D B:6HJG 6C azimuth EG8>H:ANJH>C< I=: 6GI=Hmagnetic field NDJ BJHI =DA9 |=: 8DBE6Hidrizontal

, DB:6HJG 6C inclination NDJ 6GJH>C< I=: 6GI=Hgravity field 6C9 I=: 8DBE6HH BJHI 7: =:A9 >C ®ertical plane

Orientation of a line

2J NK@DROC@ JMD@DJI A < GDI@MD®NRY HA<NPI@H@ON ><@G@ng e <I? trend

=: plunge D; 6 A>C: >H >IH >C8A>C6I>DC B&BIGL6G9 GA6I>K: ID =DG>0ODCI6A

=: trendD; 6 A>C: >H >IH 60>BJI= B:6133&C |=: 9>G8I>DC D; EAJC<:
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Trend angle

Plunge angle

><JG ,G :C96C9 EAIJC<:D; 6 A>C:6G <:DAD<>H0G;

1J <GDI@ R KGPIB@<I? OMDI? NGJK@N RJ R<NM? Q@WMB@OTGDI < ?DE@ODJI EPNEON® A IIMDC NK@>DB@N <
GDI@ GTCKGPIB@B®MNO@KICOR<MN OC@ 15

2CO@ <@ N@HMs ?EA®I0 31 Q@IODJINIM RMIDIB KGPIB@ <I?@M HGNP@H@ON NJH@ B&BNON RMDOC@ KGPIB@

/DMNO <I? NJH@ QRIENGI? 2C@ =@NO<R 0J K OCDIBN <1 @N OR<EGN PN@ GEM?OBNIM OC@@M<I? ORJ AIM
OC@ KGPIB@??DODJI O NJH@DH@N CARGKOJ NHIBOC@HK<NN ?0@0DJI EPNO <N <3 @ B

H

Orientation of a plane

2J NK@DROC@ JMD@DJI A < KG<I@ @ <GNJ @RI H@<NP®H@ON <I <UDHPOC <I? <I DI>GDBJI 2C@ip JA < KG<I@
DNGN DI>GDIRJI 'Qy DHKJI®KIO RC@| HENPMDIB ?DK OJH@@® OC@ BB@NO KINND=G@ NGIK@ DI O8 @PKOQ@|
?JP=0 DH<BI@ RO@M MPIIDIBRIOC@ NPM&D RDGG@<F@ BB@NCI DI OC@ @M JI A ?DK

,=: dip D; 6 EA6C: >H |=: >C8A>C6I>DC D; I=: HI::E:HI A>C: >C I=: EA6C:

2C@ <UDHPOE 4 KG<I@ DN @ DM@ IHKGxO@ 2CO® <@ N@HG ?DA®I0 ?0MODJIN OO<R® HDEO HENPI® 'A R@
H@NPI@ OC@ @DDJI DI RCD>C OC@ KG<I@ NGCBK@EIG@& OC@DR® H@NPMDIdp dir ection

,=: dip dir ection D; I=: EA6C: >H I=: 60>BJI= D; I=: HI::E:HI A>C: >C |=: EA6C:

&JR@@MDK ?0@ODJI DN 1JO<@T OJ HONPI® <>PMO@®RIC H<IT >JHK<NN@N =PN@ OC@ NGIKOCL KG<k®HD@N
MOC@MBM<AGI @D C@M NDR@J@ ?DK@DRJI $IJM OCDEMJI H<l T B@GIJBENONE&M OJ HE@PI@ OC@ N@VIRED>C
M2A@MN OJ OC@CDNI A < CIMIDIUD<G GDI@R?NI OC@ NPMA@>

,=. strik e D; 6 EA6C: >H |=: 60>BJI= D; 6 =DG>0ODCI6A A>C: |=61 A>:H >C |=: EA6C:

V -MD@IOODJI A DMRGP@N
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Strike angle

Strike direction

Dip angle

><JG +IG>@ 9>E 6C9 9>E 9=8I>DC D; 6 EA6C:

2CO@ <@ RJ ?DI@ODJIN DI RCD>@RIPG? HENPI® OC@ N@VIDK <K<ND 2C@ ?DK 2@%0DJI DN >GJ>FRDJRIKM <I?
>JPI O@@J>FRDN@-HAOIC@ JOC@MHJINO !<I<?D<I B@IGIBxGBR@GIM OC@g ht-hand rule \RHR\ DN PR@J QD?
OCDN <H=DEPD

Right-hand r ule / =:C NDJ 6G; 68>C< >C |I=: HIG¥@G8I>DC |=: EA6C: 9>EH 9DLCLOGD NDJG G><=|
| @ LPDQG @ NO@@H@ DN GCNOMDBNRAGN X >JPI O@M:J>FRDN@KAKC@ ?DK mEIDJI

'"aY < BJJ? D?@0J <?? < WPBC >JHK<NN ?0@40DJI OJ OC@ ?DKNE@H@D EPNO <N <>£@C® MDB C<I? MPG@
H@NP@H@O C<N @ ?JI@ IMMOG $IM B<HKG@

H

NK@DB@N < KG<I@OOBKNI< X RIDC NOMDHPBCG ,,5 2C@ ?DK 2@/aDJI DN >GJ>FRDBKROM® NO®DRJ OC@ ?DK
?DI@ODJI DN #,# [ =PO \#] DI?D=O@N QTR Ca@ OC@ @DhJI MDB

Other onventions for defining the orientation of a plane

3IA IMDPI<O@®C @@ N@*G JOC@M Q@I0DJIN OJANIE NOMDEH=DBED

1JH@ B@GIJ®NONE®M OBNMW RCD>C@M NCEIDPERODJII DN G@NN OC<kl? PN@ Ga@M® B \# OJ @NI@® OC@
<H=DBRDD '| OCDNJ}: Q@IODJI NOMBF?DK <GKCe&8@ ?DK @0DJl OC@ <€B HENPI@H@O RIPG? =@ REIMDI

H

-OC@M B@IBNON @&®M OJauwe ?DK ?08ODJI <I? ?DK 'I| OC@?DK ?D@®ODJI ?0K"" " >JI Q@IODJI OC@ @@
H@GNP@H@O RPG? =@ REIDI
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'1OC@ 3) OC@ N@MDEN NJHIDH@N@ENKE&DB@NJ OCe OC@ ?DK@DMJI DNIFI O@i3J>FRDN@HAGIC@ NO®DBCJIKB
>JIAPNDIEF OCDNI>Q@I0DJI DN <GNEGS@1DBO C<I? MPG@A TP R<I O OJ FIR OC@ AIBAV OCDN @I0DJI <NF <MDDNC
B@GJIB®NOO C<N IJOCDIB 0J 2J&0 ?MDQDIB JI OCQ K@ OC@<A '| OCDN} Q@0DJI JPM KG<I@FG? =@

'I HINO RIMF AM OCDNPMN@ KG<I@N RDGGER@IK@IB OC®I<?D<l MDBO C<I? MPG@JR@Q@MIP NCIPG? =@
KMNOK<@® <N BAGJBNON OINR RIDC ?9< IGG@@PNDIB < JA OC@ JOC@N@IODJIN

Relationship of lines to planes

-AO@I @Y KINND=G@ CNFRE@ N@#G ?BA®IO GDi@ <I? KG<I<M NONP®N & < NDIB@ JPQKM 1JH@ODH@N CO@®
NKE@D<GAMBDJINCDKNR@D| OC@N@ NOR@N 2C@GERDIB N&DJIN ?@N>MD=@ NAHIE @ N&@&DJINCDKN

Interseting planes

><JG ,LD: MBEA:H D; >Cl#8I>C< <:DAD<>8 EA6CH |6 9>EE>C< EAGGI>EEA:9 >CIE8IH L>I= 6 K:GI>86A EA6B=69:9 ID EG9J8:
6 EAJC<>C< A>C: D; >BI8B>DCC 7 C:>I=:G EA6C: >H K:GI>86A

'A BJ KG<I<M NOMP#@N C3@ ?BA®IO0 IMD@ODJIN OT@DGCIO@MNIED! NK® 2C@ O@MI®@JI A BJ 1JI K<M <GG@G
KG<I@N ?@&N <GDI@ $DB 2C@ 0MDE@ W OC@®MM@JI GDI@ ?@K@I?NJIGC@ JMD@DDJI A OCRIDKG<I@N'A
R@ >C<IB@ OC@ RINDA JI@ JM =JOC KG<I@N ZKFOC@DM @@l 3INO<IO OC@ €IBJI A OC@ GDA@D@ MMN@JI
RDGG >C<IB@ =POQNOIMDEDIDII 2C@M<@ H<IT NOPODJIN OOIP RDGG KIwDI OCDN H<IP<G R@@®E<I@ NO@E M@
2C@JGRDIB <N KOD>P&MHKJIR<IO

2C@ DD@MN®JII A < BEEIB=G NPMARDOC OC@ OJKIBED> NPMEGC@ BM? DN <GB@C@urface tr ace JM

outcr op tr ace JM EPNiCace JA OCGXNPMAE®0@GIB =G H<KN @TKD=CG?DQD?@I0J <N A ?D@®@I0 3IGIPMN
AM ?D@®@ IO W-F PIDONOCO <@ =JPI?@ =T GDI@N OC@N@ GDI@N JI OG@EROESHN A OC@ EOB®=xG NPMM&N

V -MD@IO©ODJI A DMROP@N
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0OCO N@k=M@ OC@@END

2C@ D@MNM®J!I A < ARGO KG<I@RE KG<I<NHA PIDO O OC@P&O ?DNK@NKVP>@N < GDKBES8@C@ult cu t-
off or cu toff

2C@ RIND?@N JM GDHixN A5? HT DIO@MNIAI < GDIGKSCG@C@E?ing e

2C@ OMA®DJI © <I PI>JIAJMHON JA <1 JG?@M KG<Id&MNPIDO IM NPME&<F < TIPIB@M JI@ ROC < ?DAR IO
JMD@ODJI DI NK@ KIPP>@N < GDI@ RCD>C+@ ><GGIE @ubcr op JMsubcr op limi t

Line that lies in a plane

-l <l T BD@I KG<I@O) KINND=G@ QR WDIADID@ IPH=@M\JGDI@N OGH#d KAKGG@G OJigih\ OC@ KG<I@H@
@BG<HKG@N@MPNMO GD@DJIN OO<GD@ DB KG<I@N <I1? NOMIKN JI ARGO KG<I@NIDER@ DI ORGAKG<IGNIGA

2C@ JMD@DDJI A < GDI@ OGD@N DI < KG<Ta@NK@B@=T rake JMpitch 3IGD <I <UDHPORCD>C DN HIgP@ ANH
IJIMOC DI < CIMD@<G KG<I® <I DI>GDRDJIRCD>C DN HIGPI@& ANH CIMDU O<G DI <{d®B6 KG<I@MF@ DN HE®PI@
ANH CIMDI) O<G DI <I DI>GRKg<I@ <N NRUDI $DB N RDOC NODPC@M& N@&G 3 Q@IODJINIM NK#EFDIB MF@

5 @ BIHH@1? H@<NPMDIB OGEMA < GDI@KADC@MVDBD C<I? MPGEOM®FRIODJII >GJ>FRDN@ RC@I| GJIJFIRB ?J
JI OC@ NPMAa<N <I<IBG@ Al X<I? X

Strike angle

Strike direction

><JG *6@ :D; 6 A>C:6G6lJG: >C 6 EA6C6G51IG:

$IM B<HKG@ < B@BONO H-M@BIWP < APGO NPMAG@FOCDN
$<PGO KG<I@ 1# 1GD&HIGDI@NA® X
-1<Q @UIBG KG<I@ OCEaMA < GDI@ DN OC@ N<BIKAPIB@ <GG JOC@M KG<I@h® M KGPIB@

0@H@H=@nly mak es sense to measue a rake when a line lies in a plane
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Pole to a plane

2C@EN <GNJ <I DMD @ IPH=@MJOC@M GDI@TCDIKKMGG@G ABEI@| KG<I@CBH<T pier ce OC@ KG<I@@ NK@D<G
GDI@ DN K@MK@I1?D>PGKBD@I {G<I@0P NJH@DH@NKRGC@C@ole OJ OC@ KG<EA@ RDGG@@EIG@N OJ KG<I@N DI <
GO@M*¥a@JI A OC@PMN@

><JG 'G>:Cl6I>DC D; 6 EA6C: 6C9 >IH EDA:

Contours

What ae ontours?

1JI OJPMN @>PODIB GDI@N JI < H<K OG{® RD?®RN@DI OC@ #€I@ N>D@HN OJ NRDC@<WBDJII A NJH@ LP<0O
JQ@M OC@ @VINPMA>7JP <N@ KM<=G HINO A<HDGD<®LCRPogr aphic con tour s OC® NCR OC@ NC<K@QAC@ G<I?
NPMA@> & JR @@ M<NOC N>D@>PN@N HkDOC@NVMK@NA 31 OJPMN NP>C <N

Magnetic con tour s 4<MOBDJIN DI OC@@IBMICA OC@ # 3P H<BI@DDQG?

Isobars 4<MOBDJIN DI <DMIWNEM

Isopachs 4<MOBDJIN DI OC@ OCD>FUBNNGIDDBKICD> PID

Structur e contour s 4<MOBDJIN DI OC@EIRG <=0@ NGC@G IM ?@KOCRE@ QO GAI< BEBEJIB*=G NPMAX>

'l @<>C JA OC@N@@N < IPH@MB:P<DO NP>C <N OC@E@IE@ A < NPMAR>QMD @NHAKG <@ 0J KG@><I1? OC@HOJPM
GDI@N DGGRE OB NKID<GNIBDJI

contour >H 6 8JGK>C< A>C: DC 6 B6E |1=61 HBEBG><=:G K6AJ:H D; HDB: FI6CI>IBBFADL:G K6AJ:H
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> JI OJPM< <GNJ =@ OCJEB A <N < GDI@ @& >ODIB KJMN @ RCD>C OC@<N@@ LP<I OO C<N 3INO<IO QGP@ #<>C
>J| OJPM GDI@ DN GXR@ECSEZDNNO<IO QGP@ < H<KIg@®@® RBOC 3 OJPM GDI@N DN < PIS@NERPMNIIAIOC@ NIB<G
GMOIBDJI A OC@ KEPI# LP<I OOF

, JO@ 2CDNIK@™ DN NJH@DH@N PN@ <9:;>C>I>DGA < 31 OJPM$IM B<HKG@ < OJK3BIZD>3 OJPM DN NJIBIEH@N
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¥ Lab 1. Orientation of Lines and Planes

"J OC@ LP@NODJIN D1 sW@M OI3D? GMD> IIB@NODJI dFI? OC@ MF N<HKG@N>F N<HKG@N HKIO =@ &DG<=G@
JPOND?@ OC@ G<= CJPMN

C 6HI:G>H@ >C9>861:H 6 FJ:HIBBM;B6G @>C< ,=:H: BJHI 7: E6HH:9 >OG I=: A67 ID 7: K:G>;>:9 6H 8DBEA:I: 7JI L>AA
CDI 7: >C9>K>9J6AABBE CHL:GH L>AA 7: K:G>;>:9 7N 6 1:68=>C< 6HH>HI6CI 6C9 DG HIH88:8@>C< >G/ACL::@H A67

2 JH<F@ NRMMIP <M@ 3l QX MN& RDC =JOC OC@ LR«ZM3I Q@IODJI RD?@@N@DI OC@ 31 <I? OC@ <UDHPOC
>JI Q@IODJI PN@ DI <I<?< <I? HINO J A OC@MOAIOC@ING? MM @JIWDIB =@MDIBN INGO@ OC@ <UDHPOC
>J| Q@IODJI DDJ OC@ LP<?1® 31 Q@IODJI <I? QD@ @MNJIMOC@GRDIB =@MDIBN

<, #

>,5

?15

0 J>F N<HKG@BI :0<DIDIB KG<I<M NOM@N @ N@PK DI OC@ G<S&IM (a) 3 NDIB < 3HK<NN >GDIJH@@M@<NP@
OC@® NA®IB KG<I<M NOME@ 2 2J OCDN CJG? OQ@K=NN DI < CIMDID<G KG<I@ NJIDOL @ @G @ NRDIB\GAK
DI OC@ #QKN H<BI@DD@G? 2C@| KBOC@HK<NN NJ OCDON CIMDD<G?@@ DN <B<DINO OC @@ FERKDIB OC@
>JHK<NN GI@G JO@ OC@MDIB JA OC@HK<NN I@@G@ JPM DINOMIBMN RDG@RNTP CJR OJ M&? OC@ KQE>PG<M
HJ?@G A IHK<NN (b) , JR H@<NP® OC@ ?DK 23 OCDN OPMI OG@K=NN NJ OC<D DN DI @@ID:6 KG<I@C@
K@I?PGPH JM NKDMP==G@ [ ?@K@1?DIB JI OT@A JHK<NN [ NCJPG? NRDIBE@SEDI OC@ #ORN BMOO D@G?
. G<@® OC@HK<NN NJ OC<ON @@ DN DII>0<® RDC OC@ NPE@A<SJIB OC@ @BR@NO NGJIG® OC@ ?DKIPM
DINOMP3IMN RDGGRNGP CJR 0J M&? OC@ IPH=@NMAOC@ IGIV-PG<M HI?@GHK<NN (c) 0@IVWP OC@ NG®IDF
MDED C<I? MPG@I? OC@ ?DKd) GNJ @IV OC@ ?DK @0DJI , 1 # 5 <N < >C&F () 0@K@ M OC@ JOC@M
N<HKG@N <N@DI@ , JO@ 00<0C@ <INRVNJF B@ RDGGEHMG 1JO =@ OMP@ JOB@JIIN =@PN@ OC@ @4V
H<BI@OD>D@G? RDGG =@CR@NDM@ED<G J=E@\ DI OC@ =PDG?DIB DI JOREMOR@ $@DRDJI A OC@ Pl
H<BI@OD>D¥@G? DNCGDBMD<=G@ DI?JIMN

5 C@I TP <M@ ?JI@ CQ@ < GECDIB <NNDND%=LC&F <I? DIBDD<GPM <INR@MN

2 MINGO@ OCIB@DIB IMD@©DJI HENPI@H@ON AMOC@ ?DK 2810DJI <I? ?2DK@ B X X > JI Q@IODJI DDJ
OC@JMDC H@MBHVIDBO C<I? MPG@ §@I0DJI <??DIB <I <GKC<6@> ?DK @ODJI <N <>CE® @B X X#

2 MINGO@ OC&@DIB IMD@®©ODJI HENPE@H@ON AM OC@ NO®DPDK <I? <GKCG@ ?DK ®@WDJI@ B X
X, DI 0OJ OC@MDC H@MBEMDBO C<I? MPG@ @I0DJI

< X X

*<= -MD@O©DJI A *DI@N <I? G<I@NV



= X X5

> X X1#

0 J>F N<HKG@MI 0<DIDIB GRNONOMFP@N @ N@PK DI OC@ G<&IM (2) 3 NDIB < 3HK<NN >GDIJH@@ME@<NP@
OC@ @W JA < GD{E NONGR®@ 2 2J OCDN CJG? OQ@K=NN DI < CIMDD<G KG<I@ NJGDOC @ EES @ NRDIBIGAT

DI OC@ #QNN H<BI@D-D@G? 2C@| KBOC@HK<NN NJ OCON CIMDO<G?@8@ DNI@M OC@ KGBBSDI@@RKDIB
OC@IHK<NN GG JO@ OC@MNDIB JA OC@HK<NN 1@@G@NDIB OC@ N<H@B@ <N =@M@ (b) , JR HA<NPI@
OC@ KGPIB@?2 OCDN OPMI O@@=NN NJ OCXD DN DI @WID:G KG<I@C@ K@I?PGPH JM KKBMBG@ [ ?@K@I?DIB
JI OC@ TK@ A JHK<NN [ NCIPG? NRDIB@WEDI OC@ #fN BMOOX D@G? G<® OC@HK<NN NJ OCXON @@

DN DIJ O<® RDC OC@ GD@? OC@ KGPIE@DIB OC@ N<H@B@E <NIM ?DK (c) 0@IVW OC@ KGPIB@ <I? OC@
O@I? (d) ?? OC@ @M? ?D@ODJI , # #a <N < >C@>F (e) 0@K@ M OC@ JOC@M NMKGEBO@ , JO@ 00<
0OC@ <INRMNIF B@ RDGGHMG 1JO =@ OMP@ JOB@IIN =@PN@ OC@ @VIH<BI@D>DG? RDGG =@@NOJIM
=T H@-<G J=E@\ DI OC@ =PDG?DIB DI JORREMR @ $@DIRDJI A OC@ #3M H<BI@D>DG? DNCGDBMD<=G@
DI?JIMN

& <Q@ < GECDIB <NNDND=LC&F <I? DIBDD<GPM <INR@MN

2 JKIBMKCD> <I1? BEBIB=G NPM&N @1JO <<TN KG<I<® C@I| < NPMAS>DN >@f OC@ NG®IRP ?DK €M ABH
KG<@ 0OJ KG&>5C@I| OCDN C<KK@tNtouring DN < BJJ? RT OJ BN&G OC@ NC<K@GC@ NPMA<<K NCRN <I
<M@& JA H<K DI RCD>C OC@x@G@® C<N @ H&NPE? <O < GB@ IPH=@MAIKIDDN(A68: I&8>C< E6E:G DK:G NDJG
B6E 3NDIB < 3 OJPM D@¥G A H OCM@&? >JI OJPMN QBBC OC@ H®PI@ KJIDION I'H<FDIB TJPM 31 OJPM
H<K M@H@H=@M OIZIFOIB KIDON

+<KN <I? H<K N><G@NIF NCJIPG? =@ <=G@DQ@M < H<K N=GQSEM®NNR@N < @ KEN@O0® AMODJII @ B
0J < H<K N=G@s@®@NR@| H@MD> JM DHK@MD<G G@MBOEHIDFH  <I? ?M<R < scale bar =<N@

Jl @C@RIP NCIPG? PI?@MNOtdfogr aphic con tour s <I? NCIPG? =@ <=G@ OJ GIIH<K RDC OJKIBKICD>

>JI OJPMN <I? D?@DACDGGRGR® <I? KM@D® RCD>CH NO®HN <\® GRDIB

7JPM 31 OJPM H<K DN ¥KJOC@NIONNDJIPG? =@ OC@ NDHKG@NO BNKNITRO@IRDC OC@C< NJIPM

>JI OJPMN NCJIPG? =@ <N NHJJOC <N KINBIDZE@<MK =@I?N <I? >C<IB@N DI OC@ NKA=DIBIJPMN PIG@NN

MALPD® =T OC@ &<

#<>C =J| OJPM C<N < CND?@ <I? <BND?@ 2C@ H 3l OIPMAM @<HKG@@K<@@N BN OC<O DN <g®

H JIJI@ ND?@ANH BMIPI? = @GR H JIOC@ JOC@M
I OJPMNG @ Q@M <3C
OD@MMER <O OCA@RENO KIDIA < QGG @I? HPNO <B<TN &R ?J RICDGG DI OC@ N<H@OIMM

?? <MMRN OJNQR OC@ ?B/@DJI A SR

+<K NCJRN OC@IADBRMDDJII A OC@ OJKIREUD> NPM@&xx|? OC@<C® A OCtap surface JA <PID A =<I?@ DM

AMH<ODJI "@@MHDI@ OC@ OKD@IA OC@ NPMA<I? NC<?@ OC@<M OC@ H<K RG&MC@IDMMH<ODJI
>MKN JPO

+<K NCJ RN OC@ N<H@BxKN +<K .G<@ OC@I*0JPM H<KJP H<?@ DI OC@&MD@M LP@NQBMI}<K OJ
>JHK<M@ OC@I>0JPMNA'OC@M@ ?BA@I>@N 0dJ @GPO@ RCE@M ORGIIO@MEMODJIIN <@ @P<AEXGD?
1CJR RBOC ?<NCG@DI@NKKG<®@N RC@MP OCDIF >C<IB@N QPW H<K <i@®d @PD& =T OC@ B«

OCDI 3<G N@ R<N J=N@® <O KJDD 6 JI +<K 3IGDF@ OC@ OJKIBOD> NPM@&<®D DN K@d®& KG<I<M OC@
JMD@KODJI DNJ@WVRC@® X X "@D@MHDI@ OC@ NK<>DIB <I0B®MIBDA OC@ NAF@ 3| OJIPMN <I? AR
OCDNN@ N@O A 31 OIJPMN JI +<K

V*<= -MD@ODODJI A*DI@N <I? G<I@N



IJHKG@@ OC@@MA OC@<G N@® 7JP H<T <NNPH@ QOC@ NJD{EM DN IGEB-G@

*<= +<K "M <R2JKJIJI OJPMN >  JKT

<= +<K "@ O@MHDI@ OC@ORD@IA < ?2DKKDIB NPMA<>

*<= +<K "M <R <IJPO>MK ONM>@

*<= -MD@O©DJI A*DI@N <I? G<I@NV


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/05/Lab-01-DrawTopoContours-20200116-copy.pdf
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2020/01/233Map2MSRedo2020-copy.pdf
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/05/Lab1Map3OutcropTrace.pdf




C. Rimary Structues
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Strata and Satigraphy

Basics

+<I T N@DH@O<M <I? NJH@ DBI@PN N>FN <kgdstr atified AIMH@ DI GE@MNtr ata) G<D? BRI K<M<GG@ORDC@ BM
NPMA@>princip le of original horizon tality <I? RDOC OC@ JG?@NO JI OQ@H=JTPIB@NO JI OC@ OgKincip le of
superposi tion 1ONMDMX@PIDON ?JHDI®@ H<T B@GJIB®=G H<KN 2CIaxN® 3 QRIODJI<GGECRI DI ?DA@@I0 3GIPMN
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><JG G DHH H:8I1>DC 6C9 B6E K>:L H=DL>C< =DL I:A@>DCH=>E 7:IL::C DA9:G 6C9 NDJC<:G JC>IH 9:K:AREHCAM.G
6C9 DJIA>HG ' A9:HI JC>I >H NDJC<:HI >KCAP:G D; >MEDH:9 I90J<= DK:AN>C< JC>| 6C9 I=JH HIB3G9:9 7N >| >C B6E
K>:L

1JH@ODH@N OQ@-BI<ODJI A OJKIBMCT <I? B@GJH >=I KMI?P>@ H<K K@ @MIN @C<@ LRD@ IHKGD=O@ RDBDC
K<O>C@MII@ PID NPNRI?@? =T JOC@MN ihlier DN <l @KINP@® A JG?@MIIBMNPYRIP@? =T TIPIB@MRC@&N

<l outlier DN <I @KINP@® JM @WDJI<G @HI<I O A TPIB@M N&D4& O <@ IHKG@A@ANPMHI?@? =T JG?@RCA@N@

M2 GDJINCDKN&DI?BO@DI $DBRE@  RCD>CAOK@N@IN <I @@ NP>@NNDJIAINGU< PID DN OC@ JG?@NO <I? DN
TIPIB@NO

Stratigraphic units

Formations

2C@ KMDHKRIDO A H<KKDIB DI NGND@M>FN DN Of@nation. -I@ J A OC@MNO EJ=N DI H<KKDIB<i@ DN OJ ?[B&
AMH<ODJIN

AIJMH<ODJI HPNO =@

+<KK<=G@XRCOQ@aM NS @AIH<KKDIB DNHHJIIG T KM>0DR@I! < N@BJI
"@MI@ =T >C<kO@MDNODERLIGIBOCO <GRID OJ =@aMBIDUR

'O HPNO Q@ <TX@ N@DJI O @@HKAED@N OCIN@ <=O@®MDNOD>N
'O HPNO =@ I<P@AO @M < K@<V BBMKCD=GC &OP@
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-OC@M MPGEIN?@ADIB AMH<ODJIN <@ 31 O<DI@DI OC@.DGI= B:G>86C +I6I><6E=>8 D9: <|? OC@CIl.GC6I>DC6A
HIGI><BGE=>8 8D9:

Other lithostatigraphic units

$IMH<ODJIN H¥ =@ JBKID@& DIOJgroups.
1H<GG@M H<KK<=GONHE NJH@DH@N =@JRIDU® RBOCDIIMH<ODJIN 2C@N@<MURI <N member s.

$IMH<ODJIN BIWKN <I? H@H=@MN @M<diGhostr atigr aphic uni ts. 2CDN H@N OC® OU@xM® =<NiaJl GIDCIGIB=G
>C<M>0@MDNOD>N <GJI@ <B@ DNAJOCG KEEBDJI

Thicknes @lculations

+ @NPI@ N@ODJIN N®RDIB OC@ OCD>FI@NN@I®@< DI < JGPHI AAIMH<O <@ PN@JAO@! DI NGDDBKCT <I?
N@DH@DJGIB5 C@! NGU< <@ ROGGKIN@ OOj KINND=G@ OINfR@ OC@ OCD>FI@M0 =@ RODC < O<K@ +\P@
&JIR@@MIY JO@! |G@NNENDI H@NPI@ ?D<BJI<KG&>NINN ?DKKDIB KO NJ <KK@MO OCD>FI@NN@N HPNOIKED @
AM OC@ ADBI>@ =@ @@ OC@ HEPI@ ?DPODJI <I? OC@ @NMDJI OCH K@MK@I?D>PG<MQXNOBB@C@ KIG@ OJ
=@7DIB

2CO® <@ IPH@JMPN OMDBJIIJH®DIMHPG<N OJI>Q@® OMP@ OCD>FI@NN G@ KKBEM>FI @M 70@ @ 0 IH=DI<ODJIN
JA ?DKKDIB KG<I@N <I? KBBBSDI@N NEDDJI &R @@MGG @VRMIBDJIIN JI < NDIB@ =<NDMHAPG<

2MP@ OCD>FI@NN KBIMDCD>FI@NNN >

RC@& DN OC@ €® @ OC@ GDAGNEDDJI <I? OC@ \BZED?EHODJ|I @K@N@@=T OC@ KIG@ OINIBDDJI 2CDN
<IBG@<+@<NDG@ ?@@MHN@VH < NO@BMKCD> KHM@EODJI RCD>C@ RDGI&RE@M DI OCGTN@DJI

Unconformities

Unconf ormi ties <N@ <I>D@ NPMARNA @MDJI <I? JM 1JI ?@KJINDODJI OCxDI?B®O@ gap JMhiatus DI OC@ NOMBKICD>
MBIV | PI> JIAJMHON H<T =@ @K@&N@@JI < H<K = T < ?DA®@IO DK@ A GDI@KANMCO PNEBAIM JOC@MIBE®=G
>JI O<®N DI < 3MN N&DDJI <I PI>JIAJMHOI DNAD@I NI = T < R<QT IJM >@IPCGI@GDI@

1P=0G@ RII\IMHDD@N@&N@WM DHKJK<IO DI OC@ <HMBDNAIN@H@O<M NP>@NNDJIN sequence DN < K<>F<B@ J
NOMD< =JPI?@ 7DI= 67DK: 6C9 7:ADL=T PI>JIAJMHDD@M® HI =@ OCx<I| PI>JIAJMHIOI DN < N@E@I>@ =JPI?<M
=PO O@G?@@MHIMBJII ?@K@I?N JIDA?DIB <|IJOC@M RIIAJMHIOr DI OC@ NF@NNDJI GI@M CEisv PK IMRGM R
NOM DBKMICD=GG
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><JG -C8DC; DGB>I>:H AD8@ 988<D; 6C 6C<JA6G
JC8DCDGB>IN --T 6 9>H8DOGB>IN T 6C9 6
CDC8DOGB>IN &&T

Angular unonformities

I angular unconf ormity DN >C<MO@MBRGT <I <IBPG<Miliscor dance, < ?DAQ®@I1>@ A NOMIDBM ?DK JM =JOQIR@®|
JG?O@M NOM=@RXI? T JPIB@M N&4 <=0@ $DB <'|l OC@ ?D<&¥ OC@ JPIB@M N&M4 <@ CIMDWD<G ER@E@AOM
NP=NI@P @10 ODGORBC@ G NP@NNDJUPG? <GO@M OC@MID®I =PO O@QARDGG NODGG =IEP<I2EN=aR @DI|

NOID< <=00@ <I? = @®IOC@ PIHAJMHOIr @?7?DIB DI OC@IHIB@M N®@I>@ O@I?N OJ =@<®B@G OJ OC@ KG<I@ J
PI>JIAJMHOI JM I@&NE NJ

1OMRSP®@ 31 OJPMN JI OC@PIB@M N4 <=j@ OC@ RIAIJMHIOI RDGG 1JO@& OC@ N<H@ JOW@II <I? NK<>DIB <N
OCIN@ JI OC@ JG?@UNIBR J@OC@M OC@EAOMI@ ?DK JM =JOC RDES®@ ?DA
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><JG  C<JAG6G JC8DDGB>INH6CIHIDC: 6C9 8DC<ADE:G ><JG ADH: JE D; I=: H6B: 6C<JA6G JC8DCDGB>IN 61 7:68=
IDE D; 8A>D; I=: ,G>6HH>8 JCIN BJE GHI>C< DC C:6G AK:A /=6A: DK: &DKB6 +8DI>6

K:GI>86A BJOHIDC: 6C9 HBCOHIDC: D; I=: 6G7D&JH DGIDC

GDJE *6>CN DK: &DK6 +8DI>6

Disonformities

disconf ormity DN < 3 O<® =@R@@! K<MGG@GDOM
RCIN@ <B@N&xMNDBIDA OGN@K<U@ $DB = &JR ><I
D =@@IBIDU®@ -I@ H< T ?DN@MI OC@EI NPMA@F
J=N@MODJIN 8 NP>C@OP®@N <N NBM >C<II@GN =PMD@
NJDG KWG@N <I? K@=>GIENGIH@GHO@NA' OC@ JG
@D?@@ M < B<K DNJIAM?@O<D&G@ <G OJGIB=G
DIQ@NODEX])I OC@ NPMAEBN paraconformi ty. 'l @DC@M
><N@ NOKP® 31 OJPMNM NAUI< =JOC <£@ <I? =@®J
OC@ PBIAJMHII RDGG =@<4GB@G <I? RDQB CE@ N<H@
NK<>DIB

><JG >H8DC;DGB>IN%>99A: '@DK>8>6C A>B:HIDC: D; I67A:
:69 G DJE 96GaG <@\ GHI>C< DC :B9:9 HJG38: D; $DL:G

'G 9DK>8>6C 9DADHIDC: D; I=: +| DG DJE E6A:G <I$6C9

7TALC <J6I=JC6 )I6GGN ( DGI 6J (DGI (C>CHJIAG &; DICIA6CY
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https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/WhaleCoveAngularUnconformity.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/WaleCoveUnconformityCloser.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/WaleCoveUnconformityCloser.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/DisconformityPortauPort.jpg
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Nononformities

2C@ O@Mbhconf ormi ty DN PR@J ?@N>MD=@ Q@S
=@R @@ younger N@DH@O<W NGId< ?@KJB@ PKJI <I
@iP@ NPMA@ A older >MNO<GGDI@ JPBI@JIM
H@O<HIJMKCDM>FN $DB > DI RCD>C ?DNCDIS@MN
><[lJO @<NDG=@ @&JBIDWE&@ 'Il JOC@M RPN D DN
DHKJINND=G@ DRE@C@M OC@RIFIHIDI DN <IBPG<M JM
1JO

@ ><MPAPG 0OJ ?DNODIBPDNC XAIMHDOI ABH <I

intrusi ve contact O < nonconformity NDJC<:G

H:9>B:CI6(N G8@R@® ?@KJIN@JI <I DA9:G >CIGJH>DC

2TKD=GGOC@VHYT =@ K@==G@NR#OC @M DIOMPNDQ

M>F DI OC@ N@I@D<WMM>FN O <lintrusi ve contact [ ;5 ¢ pcgp@GE>INGDI:@OD>MGG>9DCHZE GHI>C< DC
DN OC@OMPNDJI RCD>C DRIB@M 1PMIPI?DIB DA9:G ( 6A:DEBI:GDOD>8 <C:>HH &/ +8DIA6CY -#

H:9>B:CI6(N ®8@H H<T NCR =<FDIB OC@MH<G

H@DO<HIMKCDNKI? OC@NDJC<:G >CIGIHADCT >JI O<DI KPB@NS@IJGDCNJA OC@ JG? @H@D<MM>FN GOCJIRB<I
DIOMPN®QI O<®© HJ =@ N@BI G ?DN#w<I O O DN IJO 91FDI? JA PI>JIAJMHII

Unoonformities in gologic maps

' H<I T><N@N <IBPGMRAMRIMHDD@N =@ N&JBIDU@ ANH B@IGIB> H<KN 2C@ N@NNDJI <€ OC@ RBIAIJMHDT
OKD=GIGNCRN NGH< OCXx <@ <KKMBDHO@XKX<MGG@G OJ OCEAMHIDI RC@®&N OC@>¥N OCx PI?@GD@ OC@
PI> JIAJMHIOI <@ NC<MK&O 3A O OC@ =JPI?IM
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https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/NonconformityScotland-1.jpg

><JG :DAD<>86A B6E |=61 >C8AJ9:H 6C JCADGB>IN

Onlap and overstep

'l < N@DH@O<WMNP>@NNDJUFO<DIDIB <I PIJIAJMHOI OC@ 2@ H<T NCR @OC@M JIG<K JN@MNO@K JM =JOC $DB
' OC<O K<l A OC@ NE&NNDSI’DK:<I PI> JIJAJMHEOI TIPIB@M =@onlap OC@ NR@NNDJI =@@&A NP@NNOGTIPIB@M
=@N @O@I? AQC@M BEKCD=GIGJI OJ OC@ RIFAIJMHIOI NPMA@> 2C@ JIG<KAMBDJINCDK DN BEBGHM?P>@ =T
KMBM@NNBGPMD <GS AIKIBMCT =T < KN>@NN<SCG@MNBMONNDIP@BI@ <N G<IR<M HJ Q@H@D A OC@ N@GDI@
Overstep DN <@I@DJINCDK@®DIB NE®K7:ADLOC@ PIHAIMHDI <I? ?2@N>MD=@ ORI @FIB@M NEP@NNDJ@MWON
JI < Q<MOIJA PIDN DI OC@ @M NP@NNDJI $DBP 7 <I? 8 DCA6BC@ PBHAIMHOI <I? 7 DK:GILEHANHO0JI 0OJ1

<I?2
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><JG G DHH H:8I>DC D; 6C 6C<JA6G JTBBGB>IN --5 H=DL>C< DCAG6E 6C9 BKIE -C>| 0 >H >BE:GB:67A: 7J1JC>l) >H
EDGJH 6C9 8DCI6>CH 6 HD&JIB GH:GKD>G >C 6 HDBGGE

Paleogeologic maps and subps

'A BKINP@N A NbF <O OC@ @M@ ?<T @INDJI NPMA@><@ @@NM®! OJ <Noutcr ops OC@IMFN OCX RO® @KIN@<O
<I>D@0 @MDJI NPMA@N OO<@ IR =PMDX&NMND @@ MW OJ <Nsubcrops PMD@PMAG@NA @MDJI <i® PIXIIAJIMHDD@N
NJ NP=>JKN D KE&N@ OCIN@>NMN9>GBIAN 7:ADL 6C JC8DBGB>IN A R®@ NOMBKE<GG OQ&FM <=13@ <! PI>JIAJMHDOr
R@ =l KMI?P>@ < H<K A OC@ NP3%KDIB PIlIDN RCD>CIRG? =@ paleogeologic map 'l @A@0O O DN < H<KAJOC@ B:@8
<N < K@CDNOIJMDSHPNO IRG? Cg@ @IMNP@ D EPNO H@A D@ I@ @ ?@KINDDJI =@B<| OJ =PNDC@ <I>D@@MDJI
NPMA@ [ OC@ =N N@&DDJI A $DBM < K<GIB@GJIB®> H<K NCRDIB OC@ ?DNOMD=ROEIFN KMDJIM OJ ? @BDBIDA
PIDON 8 R JPG? N(R OC@ @d> GBKINP@ A OC@GY@NP>@NNDJI2 '| $SDBPI® OC@ NP3ZKHKDIB PIDN <@ NRI
B @ JPO_ =@RBOC@ PIHAIMH<=G JQ@®DIB NP>@NNDJI

2C@ @MM®Jl A < KG<I@GaME@N@DIB OC@IKIMI NPMA@><I? < B@GI®=G NPM&=@BIDC@ PIHAIJMHOI DN OC@
subcrop limi t JA OGX JG?@M NP&AS>xlI @<NDG-@ ?@@MHIM@T MI?DIB OC@U@MN®JIIN -®R@2! IM@NKJI?DIB
NOMBP®@ 3 OJPMN JI OC@ BIAJMHIDN <I? OC@ JG?@M NRMARC@ NPIHVGDKHDDN OC@ =JPP<MIR @RI < MDBJI
RC@® OC@ JG?@M NPRAEN @M — @GR OC@ PIHAIMHON <I? < M@BJI RC@Q®@ O RN @vi@ 'l OC@ BMN@BIJI
OC@ PBHAJIJMHOr NOMRP®@ 3 OJPMN @/CEDM OC<| OC@ JG?@NMANEMBSC@>NE@ OC@ NOMM®@ 3 OJPMN Jl OC@
PI>JIAJMHEOr NCR BD DNRE@M

'I| KM<>0B<6 O@MHN @C@MH<IT CT?M><M=J| OWKN © NP=3 GDHIN 4 @ N@MDMIAFN = @B8XIBPG<M PIIAJIMHDD@N
DI OC@ @NO@MI I<I<?< 2@H@O<M <NDI *DBO@M JDG <I? B<N €D@ND| OC@ PK ?D&INI OGRBC =PMD@@N @NDPMN
Pl ODG O@=IPI O@M DHK @Mie@IPIB@MMFN <=10@ <| PI>JIAJMHOI 2C@ N@*C AM NP>C <| JI>PM@I>@ DNEG@&
NP=>8K KG% DI OC@ R&:@PH DI?PNOM
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><JG  +6B: <:DAD<>86A B6E 6H >C ><7JI L>|= JC>IH 67DK: |=: JC8DMGB>ING9 H=DLC E6GI>6AARTEEGEI GK:6A>C< |=:
HJ78BGEH D; DA9:G JC>IH 7:ADL
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Primary structues in séimentary ocks

Stratification

Outcrop-sale: bdding, lamination

10KD< <@ JO@| N@ <O JPOIM N<G@ 0JJ <I? @@ A OC@ H<DI >C=0b@MDNODONGE®N OJ @JBIDUD NTDH@O<W
M>FN

*<T@MN OCGDNFOC<I >H IFIJRI <N beds G<T@M OCDII@M OC<I| OCRhniDA KGP&Baminae

1@oME NM@H@O<WMKM>@NN@NDOJIJMHN OPMADZBMEIIONNPNK@I1? GB@® <HJPION A N@DH@O DI < NP??@I@I10 <I?
<G®IDD OJ NBG@ JPOREKM?P>DIB <graded bed REDC < NC<MK =<N@Q@-RCD>C OC@DBMD@ KIBMDNNDGCDI@N
PKR<M. %M?@ =@N <M PN@APG BCIMNAYounging dir ecton D @ DI CDB?@MH@ M>FN OC@DI?Dx0@ RTIZ @M
JM 1JO OC@ NOW<@ I@UPMI® & JR@AMBM?@ =@N HPNO =@ PNRBOC =PODJI =@&PN@ OC@N& N®H@O<WM
KN>@NN@NO@EKKMI?P>@n verse grading $IM @<HKG@ ?@INE@BQDIB H<NN@A IGGD?DIB:BN € G<I>CDIB 7RI
<NO@K NGJK@ O@I? O@MO NJ OCOC@ B@\BNDIN MDN@ OJ OC@ OJRIRDBMP @ =@?DIB NCIPG? JIG=@ PNa@&N

< R<T PK DI?D=0OJM D& DN @@HPGODKG@ ODH@ N-D X NPHAINGUI<

Structures gneated by curents, vay-up indiators

5 @ CQ@ <@PT H@IODJI@BM?@ =@?DIB <N <I DI?D=O0JM A R<T PK JM TPIB DIB ?D&ODJI +<IT JOC@MVMNB@0O<M
NOMBPP@BN< =@ PN@<N R<T PK DI?D=OJMN

Balforms and ass-statification

HJIBNO OC@ HINO PN@ARGEMstr atifica tion 'MINN NGRDxODJI @NPGOMAM @ HDBODJI Abedforms ?PMDIB
N@DH@DODJI @AMHN <@ RQ@N JI OC@ 2I1B NPMA@-KIPP>@ =T OC@ ©bJI A @T@M >BNMDN JIM KN

@?AIMHN <@ B@|@GIG>G<NB@DIOJ GB®MMHN =<GG@unes, <I? NH<GGA@MK@N<GG@pp les. T >JI Q@IODJI

>NMINN NGRM*ODJI KIPP>@ =T ?PI@N DNSG@r oss-bedding
>MNN NGRMD3ODJI KIPP>@ =T MDKKG@NGE@r oss-lamina tion.

IMINN NGRIM*ODJI DI?BO@NKR PK HINO @& O00@G-@<PN@IKIPP>@Nrunca tions JA G<HDI<@ OW@N@H=G@ NH<GG
N>x<G@ <IBPG<MRARIMHDD@N 2C@ G<HDI<EB<@BRMPAO@<MD FK<TN7:ADLOC@ OMRDDJII NPMA®>

#Q@| DA OMRODJIN #11J0 =@ N@! Oy NJH@DH@N KINND=G@ OJINN@<HDGDJI T 1JODIB O HINO =@MHN CQ@
MD?B@N OR® NC<MK@M [ @KIDD@[ OC<l OC@ IRBCN &R@@MI ?@MH@ M>FN DJ NJH@DH@N OG®@ 00<
OC@ >PNMDP@ A NPMA@N DN HIPIE 2 MPI><ODJIN OC@M@ B@ < HI® ®@®IDI DI?RODJI A R<T PK OC<I G<HDRDJI
NC<K@
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><JG *>EEA:H 6B7G>6C D< ®DJE $6@$DJ>H: A7:Gl6 ><JG JC:H * :8:CIH:9>B:CIH D; #:CC:1I8DD@ *>K:G
HIJ6GN &DK6 +8DI>6

><JG G DHHA6B>C6I>DC 6G7DE@>»JjH DGIDC ®JE ><JG G DHH7:99>C< ,G>6HH>8 JCO9NDJE JGCI8D6I
, :CCNB86E: &DK6 +8DI>6 169 & DK6 +8DI>6

><JG G DHH 7:99>C< IGJC86I>DC >C9>86I:H I=6I |=:H:
HI®GI6 6G JEH>9: 9DLC 6C;; A7:Gl6
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https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/DunesKennetcookRiver.jpg
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https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/CrossLamTennycape.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/CrossLamTennycape.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/CrossBeddingBurntcoatHead.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/CrossBeddingBurntcoatHead.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/CrossBeddingBanff.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/CrossBeddingBanff.jpg

Sole markings

Sole mar king s <M@ < N@? OTK@ A N@DH@O<MNOMBPP® OC:<DN PN@AMGNAMPBNG BIGJBNON 1IGC@HRBN <@
AMH@ RC@! A<MN@ NIRI@0 PNP<G®I<I? DN ?@KIN® MKD7?IG PNP<BGGT < >PMBIIO JI < HP?? T NP=Ne®I@ 1JG@
H<MFDIBN DI>GP?@

Groove casts BMJQ@N @ H<?@ E>PMEION MBEDIB J=E@&DN <xIMN OC@ HP? OC@RaO@DSEHA N<I? <I?
KNON@B <N HIG?N JI OC@ =<N@xN<I?NOJI@ 2@

Flute casts >PM®&ION KIMP>@ NXK GD@& ?@KBNNDJIN DI OC@ HPD©@E2@ JPO DI RPFPMM@IO ?08I0ODJI OC@N@
<\N® OC@DETE N<I? <I? KM@N@® <N HIG?N JI OC@ =<NegxN<I?NOJI@ 2@

Biotur bation structur es (tr ace fossils) CIMIIUO<G =PNRW <I? OMDGN@WMGE@ N<I? <I? KM@ON@® <N HIG?N JI
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Structures gneatead by soft-séiment deformation
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¥ Lab 2. O©ss-setions and Thee-point Poblems

Topographic pofiles and ass-setions
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D. Steeographic FPojection

Intr oduction
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Principle of steeographic pojection

$IM NO@BIMKCD> KIM@0ODJ!I < GDI@ JM < KG<I@ DDI@H<B
0J =@ NPMWP@? =T <projection sp here $DB < KG<I@
DIO@MM® OC@ NK@& @M @M OC<DNgr eat cir cle OCO
=DN@®N OC@ NK@EBSDN®GGDI@ DI@MM@l OC@ NK&@M
DI < KIDD 2J DH<B@@OP®@N JI < NG@ A K<K@UC@N@
OKNP@N <I? KIDDN <@ KME@O@ ANH < KJDIO © OC@
NPHHID JMenith JA OC@ NK@@IDJ OCARROIMD<G KG<I@
2CDN DN =i DI < ?D<BM$DB = RCD>C N®RN OC@
H@DCJ? AM NO@BMKCD> KB@0ODJI A < ?DKKDIB KG<I@
A<HOGA KG<I@N ?DKKEDERNDJIPN D@KM@ON DN NRTDI

$DB < . G<I@N B&E0 <N >R@N OO<@ <®OP<G&@ @OG
>DMPG<M >Nl xGB@yclogr aphic tr aces JM EPNG@reat

cir cles. *DI@N KME@O <Noin ts <GNJ FIRI <N poles.

N < B@I@M KMDI>DKG@ KG<I@RDBG:GR <IB G@N @M
NOK@N@@=T BNMEO >DId@N QRIB NDBIDA O >PFOP@
<I? GTDIB >GJN@M 0J OC GDREDRIDGN NCEXG?DKKDIB
KG<I@N @M >CMO@MBPU=T NGNDBO@M @@ >DIG@N
K<NNDIB >GIN@ 0OJ @A OC@ KGJO @D KG<I@N
RDGGJIE@EO <N NEDBO GDI@N K<NNDIPBCTRIC@a@0@ A
OC@ N@BMH

1JH@ODH@NGRBKEIN@I < KG<I@fNpole 2C@ KIG@ OJ

<KG<I@ DN OC@ KEIGHI@ K@MK@I1?D>PG<M OJ Ol KG<I@

< CIJMDUO<G KG<I@ OC@ KIG@ DN@GOECH CC@ @

%@0OG?DKKDIB KG<I@N@KIG@NMDOC@OD NERIG

?DKKDIB KG<I@NQ@<KIG@N<N® OC@B@ ,=: EDA: >H

6AL6NH >C |=: DEEDH>I: FJ6E@GID I=: <G6l 8>@A: . JG@N

<M@ PN@RC@! KGJODIB IPH@WN BO >DI@@NJIRG?

H<F@ OC@ KGJOO@MRI? > JIAPNDIB ><JG (G>CB8>EA: D; I=: H:(®<GE=>8 EB?:8I>DC

V" 10@@BMKCD> .BE@ODJI



Features of the net
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Two appliations of the steographic pojection

True and appant dip
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True and appant thicknes
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¥ Lab 3. Wking with Stegographic PPojections

Basic plotting opations

Setting up the mjection
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Plotting the orientation of a line
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Example problem: 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 @ strik e, dip and numerical dip dir ection.

Plotting a line in a plane bgke or pitch
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Measuring the orientation of a linefn its pole
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H<?@ DI NO@K < 2CDN DN@e@ OM

Example problem: 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 stri& and dip of a planeoin its geat circle

+ @NPMDIB OC@ DMDEDK @KEN@@=T < BMO >Did@ DN EPNCA@IANG OC@ KGDMB KM@PMD MM < KG<I@

< 0JO0@ OC@I@ODG OC@ KG<I@ DN@BO<HENG @ J| OC@MIDE<I? C<GAIC@ 0@ 2CDN @INPNI<| <INRIMINDNO@!I
RODC MOB C<I? MPG@

+<MF OC@ @I'AIOC@@N >Did@ AQTBNOC@ OKOC@ G@

\%

IJPI O ?@EBEEN A ?DK BN ANH OC@ MIBC<I? ND?@ <GJIB OCEGBOM?DPN RDDGA>JH@ OJ OCQ@BV >DId@

-~

0 @PMI OJ@B®®1>@ KINGDJI <I? JO@ OC@ <UDHROCU@ HRM<?@ DI NO@K = 2CDN DN O@@ NOMDF

Measuring the stri&k and dip of a planeofn its pole

KIG@ DN K@MK@I1?D>PG<M OJ OCaH@ENEN NJ NO@KN < <I? @<MI@ DI < RT OC® N@HN JKKINDO@ OJ OC@
KN>@PM@ RC@1 BRBMFDIB RDC < B®IO >DId@ JIM<C®

N

0JO0@ OC@I@ODG OC@ KIG@ DN JKDEQ@ KrDWN JI OCA&);| H>9.JA OC@ 0@

+<MF OC@ @I'AJIOC@@W >Did@ ATBN<OC@ OKOC@ G@

\

IJPI O ?@EN A ?DIDJIL6GY ANH OC@ @0 <GJIB OC@<h@N M?DPN BXN? OC@:;| C<I? ND?@AIOC@ GaPIODGH
>JH@ OJ OC@ KIG@

? 0 @PMI OJ@B®@I>@ KINIDJI <I? IJO0@ OC@ <UDHROOUJ@ HxM<?@ DI = 2CDN DN OC@NOMDF

Example problem: 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!

*<= 5 JMDIB RDC OD@@®BMKCD> .BE@ODJINV



Constructions on the s&rgraphic pojection

Finding the planecanmon to two lines

'A TP C<Q@ RJ GDI@N KG@xN KJDON JI OC@ N@BWMKCD>
KME@ODJI OC@ KG<IgHJl 0J OC@ RJ GDI@N KGJON <[ig@OBM
>DMMG@ ATK<NN@NIB8®!I=JOC KIODN

<. GJO =JOC GDI@N <®KJDI
= 0JOO@ OC@IE OC=JOC KIG@N GD@ JIGRIFRD >DIG@

> 2M>@ OCQ@0 >Dié GAK@N@DIB OC@ KG<I@

Finding the line perpendicular to two other
lines

$IM <IT ®J ?DAGBOCIMD@@GDIGN O CG=@ < ><JG 6A8JA6I>DCH >CKDAK>C< A>C:H
OC® DN K@MK@I1?D>PG<M QN eIii@H
<> 0 @K&D NO@KN < > a)

? $DI? OC@ KIG@ OJ OC@ KEAKRN@IN OC@ K@MK@I?D>PG<M GDI@

Angle betwen two lines

'Y KINND=G@ GINF&@ OC@ i <@ | OC@ROGDI@N =JPI ODIB ?@BMD NLPGN <GJIB OC@BWDI3@ CTK<NN@N
OCMPBC =JOC

<= 0@K@ NO@KN < = Q@
> 1JPI O ?@E@N <GJIB OC@BMDIB@ FRER! OCE@ROGDI@N
Note OC® PIG@NN OC@ GE@N XNDC@VRDGR<TBI =@LD <INR@MN JI@ BId@M OC<I X <I? JI@ G@NN OC<I X

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.

V*<= 5 JWDIB RDC D@®BMKCD> .BE@ODJIN


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/linecalcs-e1560442394350.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/linecalcs-e1560442394350.jpg

Line of intersetion of two planes

2C@ GDI@ Do@MM@JI A BJ KG<I@N DRK@N@@=T
OC@ KJIDIRC@MOC @ DE®GMDIE @ NINWI

<. GJO OCRYDIO@MMN®IB KG<I@N <i@BWwDIB@N Jl OC@
JQOEK

= 2C@ BE&O >DB@N@m® MO < KIOD JI OC@ Q@BF
RCD>C @K@N@N < GDI@ DO@MMN@JI A OC@ROD
KG<I@N "@@MHDI@ OC@ OMD@ A OC@ GDI@

Plane perpendicular to two planes

2J ADI? OC@ KG<I@ K@MK@I1?D>FxMaad KG<l@® R
/ODMNDI20OC@DM GBI @M®JI <I? OC@| PN@ €N Oc@<JG 6A8JA61>DCH >CKDAK>C< EA6C:H
KIG@ OJ < B4 I@

< 0 @K@ NO@K < €

= 0 @K@ NO@K = €& =PO DINC@A ?@@MHDIDIB OG@IONP? KGPIB@ H{@ OC@ KIDA DO@MM@JI OJ OC@<bEBr
M?DPN JI OC@GEB*@ OC@ 0@

> 1JPI O OC@ IPH=@MZ2 BN JH3:NM ANH OC@ @I0I@ A OC@ Ga<GJIB OC@EEMIBO M?DPN OJ OCDN®JDI

? JPI OOC@ N<H@ IPH=@NMQ@ DN BRI<N? AVH OC@ KMIMIED <GJIB OC@IDMNERIMBO M?DPN <I? GM@ OC Q@I >DI3 @
OC® K<NN@NJBB®IOCDN KDl

Angle betwen two planes

2COR <@ N@HM H@CJI?N ODA? OC@ <B@ fR@D| < K<DVAKG<I@MN DN KINND=G@ <NPZOC@ G €RaR| OC@
RJ BMO >Did @N ®D < KNDM>0JM=PO OCDN DN [@we>PMO@ 2RH@OCJ?N ® @JHH@I?@? 2C@ BMNO @@? DN
@ND@M OJ QDEP<BDIDC@INAH@ OCJ? DN LPI@M N@ RCD>Q@MIP KN@@M

First method

<? $DI? OC@ ERD >Did@ K@MK@1?D>PG<MRI K@ <N @@
@*J> <0@ OC@ KIRC@&-C IMIB<G KG<I@@ MM OC@R@Mx0 >DId @

AlJPI O OC@ IPH=@MZQERDN <GJIB OC@ IgM=O >Di3 @ GRd| OC@N@ KIDI

*<= 5 JMFDIB RDC O@@®BMKCD> .BE@ODJINV


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/planecalcs-e1560443199796.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/planecalcs-e1560443199796.jpg

Seond method

N

. GJO =JOC KG<I@N <N KIJIG@N

0JOO@ OC@IEI OC=JOC KIG@N GD@ JIGH BHED >DiGd@
> IJPI O ?@EN -@®@»1 OCAROKIG@N

Importan t note: OC@/<® KR<TN BJ KINND=G@ <@®RN OJ OC@=dBRa®| ®RJ KG<I@N 2CRJIXIB G@N RDGG <?? PK OJ
X 2C@ JIGT R<T OJ BBP® JPO RCD>C JI@ DN OC@<WIdM OJ DOBY| BAGIB=G KMG@H DN 0OJ QDNP GRIIIKM@H
DI "

Example problem: Plot the line of intersection of the planes 132 /22 and 07 4/68. A Iso 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.

V*<= 5 JWDIB RDC D@®BMKCD> .BE@ODJIN



Answers to the examplegitems

2C@ <=Q@ KGJORK@N@ OC@ <IMRVIN OJ OI&EHIDIB KNEG@HN
(ADI I=: ED>CI $ EGH:CI>C< |=: A>C: 'C NDJG E®?:81>DC A67:A |=: 6C<A:H 8BECI>C< ID I=: 1G9 6C9 EAJC<:

DCHIGJS8I I=: <G:6l 8>BA: EGH:CI>C< |=: EA6C: 6C9 >IH EDA: 'C I=: EG?:8I1>DC A67:A I=: 6C<A:H 8BKIBC9>C<
ID I=: EA6CH HIG>@>E 6C9 CJB:G>86A 9>E BISDC

*<= 5 JMDIB RDC O@@®BMKCD> .BE@ODJINV


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

(ADI I1=: A>C: D; >CI#&8I>DC D; I=: EA6C:H 6C9 AHD EADI 6 IS HAG6C: E:GE:C9>8JA6G ID 7DI= 6C9 ;>C9 I=:
6C<A: 7:IL::C I=: ILD EA6C:H :I:GB>C: I=: DG>:CI6I>DC D; I=: A>C: D; >Cli&8I>DC D; I=: ;348 ILD EA6C:H :I:.GB>C: I=:
DG>:CI61>DC D; I=: E:GE:C9>8JA6G EA6C:

DCHIGJS8I I=: EA6C: 8DBBDC ID I=: A>C:H 6C9 9:1:GB>C: |=: 6C<A: 7:IL::C |I=:B 6AHD 9:I:GB>C: |I=: HIG>@ :
6C9 9>E D; |I=: 8SDBBDC EAG6C:

Assignment

. GJO<I? G<=@G OC@IXINDOC@GFRDIB GDK®DJIN JI < NO@BMKCD> KIR@ODJI
< = > ? @
-l < N@K<M<O@ N@BA GMDIB K<K@M KGJO <I? G<=@G Q0@ RIND@GRDIB DI>GDPAG<I@N <I? OC@DM KIG@N
< = > ? @
NG<= A ¥-F DN No@PK DI OC@ GRNCRN < GDH@DJI <I? < AGOBEDJI
< + @NP® OC@ N@MIF?DK A OC@GIBDJI <I? OC@ KGPIB@ <I@OMA OC@ Gyl ROC < 3HK<NN>GDIJH@ @M

= 2@NQPM <>PM>T =T KGJODIB =JOC JI < NG@BWKCD> KH@ODJI $DMNO KGJQGEm®@ A <N < B >DIB@ JI <
NO@BMKCD> KMEODJI ,@0 KGJO OC@ KGPIB@@I? OMOC@ GI@I <N < KJDI A TPM GD@DJI GD@N JI OC@
BN&O >DI3 @S@0G TIPM HENP@H@O DNSER GGD#+IM@ GO RDGG A<GBHEGBDW@AEEDDIB OC@ADREOA
H@<NPMDIB R OJO<@HMNDJI

> + @NPI@ OC@HA® A OC@ GDIEYI ROC < KMKM>0JM JR KGJO OCHF® HENPEH@D <N < KJDI O@GD@N@G
JI OC@ B®O >Did@ @&NP@ OC@ ) €RAD| OCAGROH@<NPI@H@ON A OC@ GDI@! 2CDN DN <I| DKODJI A
OC@ KDNDJIIA TPM H@NP@H@ON

? 3N@ OC@MWPGO O@JUPM JHK<NN PN@ @ CJII@NO [ OCDN DN <=JPO <NNREINRI{BI@ DNDJIIM-OG 1JO
OC@ MID<G KEP@H@O

#MEIM 0<0ODIB
X +<NO@M\IDC@ >GDIIH@M
X %JJ?
X X 1<ODNAG3W
X X IJPG? PN@ HJ@ K&+0D@
X .MJ=<=G =@NO OJQ@BKDI

GJIB < Q @UIBG #DGHP >P@DIB < =ANCXRN <I <KK<MRIO ?DKA X DI < ?D@0ODJI X -l G@ Q@G BM? JPOND?@
OC@ >P0OIB < BIBIBNO<PH@<NPI@® OC@ NGMBPC@ 2@<N =PO x/1IJO0 O@GG RCD>C RC<M@ ?DKKDIB Nz@
NO@BMKCD> KE@&ODJI OJ 2@@MHDI@ OC@ OMP@MDBPGC@ N@/KIFZ ?DK A OC@ Z@

V*<= 5 JWDIB RDC D@®BMKCD> .BE@ODJIN



-I NCH<I 0D?B@ DI
$IMH<ODJI <N
$IMH<ODJI RN

MODNC JGPH=DRJB@GJB®NON KIEPI@ OC@ ?DNG@IAM OC@ =JWH OJ OC@ OIKAC@ /PI>F
H 2C@ H@NPMDIB O<K@ C<?@IDBA X <I? < KGPIB@ A X 'A OC@ N@MOE ?DK A OC@ /PJ>F
. ><G>PG@ OC@ OMP@ OCDAR@EMI<ODJI

2C@ H<K TP RIMF@ JI G<NO RIDF 3| O<DIN < BIG@QI >POT=I PI> JJAJMHOI "@O@MHDI@ OC@ ORD®IA OC@
NP=>8K JA OC@®@! ¥ NO@B8MKCD> KIBE&ODJI

<. GJOOCE@ JoR@Il A OC@ BIEM) <N < B0 >DI3@GJO OC@ AKIMHON <N < N@I? BM@&O >DId@ 2C@NGR@N
ANH G<NO B2 G<RDGG =@@! 0J IP =T TIPM DINOMIIMN

+<MF OC@ KJIDIRC@® OC@ JOBNO >Di3 @NT®MMNQ2CDNAM@N@IN OC@ MBI A OC@ NP3H#NEDI@
"@O@MHDI@ O@a?GM KGPIB@ A OCDN GDI@

> "J@N DD <BER ROC OC@ <IRJIP J=O<DI@G<NO@F ¥ >JI OJPMDIB

? "@O@MHDI@ OC@@ERGAR| OC@dpI <I? OC@ PIFAJMHIOTr

Data fom previous lab

DK TIA*= +<K

_MD@)ODJI \A @Dl .....................

-MD@DODJI A NP=xM GDI@ :::iiiiiiiiiii

yyyyyyyyyyyyyyyy

53*$$ #2 >H

*<= 5 JMWDIB RDC D@®BMKCD> .BE@ODJINV
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E. lolds

Intr oduction

$JG?N <@ NJH@AIOC@ HINO NOMDFDIB #DMHR@<@EOP@NA OC@ #3® >MPNOHINO ><N@NJG?NIMH RCQ® Q@
M>FN CQ@ =@| NCIN@I@$IG?N <® @W>JHHJII OC@N@M@ Dobr ogenic bel ts [ M@BJIN RC@®OC@ BM GICINKC@M
C<N PI?@BJ1@ NCIM@IDIB <N @WPGAKG3@ HJ@H@ON -NB@I|D> =@GBNaIJMH HIPI O<DIMB@N

$JG?N <@ DHKIDAKIO @IJHD><GG+<I T K@WG@PH KN <@ GXO@DI <| OD>GDI@MHDGIMBIG? =@MDIB LP<OU @DIN
DI N@@#¥5 H<EIM BJO@G? O @HKGE>DI NK<@Nsaddle r eefs OCO JK@I@=@R @@ GR@MN ?PMDIB72DIB

N RDOC <GG NOM@N B RDGG @HK@&BERIEOMADMNO <I? OC@IQP®@ 0DJ FDI@HID>N <I?TA<HD>N JI>@ R® CQ@ <
/OMH ?@N>M X BBAER IMF

$IG?’N B @™ XMD<=G@ DOGKD 2CPN O@@H H<IT AZOP@N OJ ?@N>MD=@ <¥NA@ DI TXDx=G J&?@ M>FN 1
OC@ HN@DJIN OOC<2GAR R@ RDGG ?DNODIBRBMD P@riant <I? invariant AZXOP@N A AG?N I'GMD< @&OP@N <@l
DI?@K@I?@ A AG? IMD@ODJI RC@N QMDD &OP@N ?@K@1? J| OC@ JuB®JI A < 25? | MDD &OP@N <@
PI?@NDIGRC@|1 OCE@x<N® BMNCDRIPP>@ DI OC@®BGIDIB N&DJIN

GG OC@ O@MHN DGERIAIRNEDDJIIN < @P<AKKGEB=G@ QIGRN © HDxINIKD> JPO3K <I? H<K N> <G@

# $IG?@1PMAGN


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

Geometric description of single foltlsurfaes

2C@ NDHKG@NRDIBIJA < 3G?@NPMA@ DN priofile QDR<I\ @17 JI ] QIR A OC@G®? 28 CIDx<GGOC@ BNDG@ RD® <
QDRKMEE@O@J! 0J < KG<I@ K@MK@I?D>PG<MIG? COB@

><JG :61JG:H D; H>C<AA9:9 HIB8:H >C 6C9 9>B:CH>DCH

Single foldd surfaes in pofile

Invariant points

. JDION A ODB@NO gROP® <@hing es GJx=xO@DI OC@ing e region . . JDION 4 HDIDHPH >PGOP® <@®inf lection poin ts
RCD>C W G¥O@J1 AJGAimbs .'"A < O<IB@ DN 2Rl < O OC@ GEDDJI KJDD Jl @>C GDH=AI< 3G? OC@ O<IBEfI @ MM

<O OCi@ter-limb ang le.

V# $JG?@1PMAGN


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

Inter-limb angle

$IG?N =l =@ >G<NN@AT DO@GDH= <IB5@ <N

61:<DGN ICI:GA>B7 6C<A:
Gentle [ X

Open [ X

Tight [ X

Isoclinal [ X

Pty gmatic JMFan X

&DI: 1=61 I=:G: 6G. H:K:G5A 9>;(G.Cl H8=:B:H ;DG 9:;>C>C< I=:H: 86l:<DG>:H ,=: 67DK: H8=:B: >H I=61 <>K:C >C IMIl:7N
6K>H :I 6A

Fold shape

<N@ JI OC@DM NC<K@? £DIB@NI=@ >G<NB@XxNangular JMrounded 2CQ® <@ HIN® NIJKCDNO@>G<NNB®DJIN
=PO OC@N@ RDEHG IBMKPMKJIN@N

Closing diection: synforms and antiforms

'A OC@ GDH=NRBKAIH OC@ CDIB@ OC@I| @&xhes upward; R@ NKOC@®? DN <dntif orm 'A OC@ GDH=N TRXNN
OC@ CDIB@ OC@lJoCdbses downward <I? OC@ AJG? Diyrf orm.

, JOD@ OCXDA 3G? >GIN@INMETN] NJ OOJI@ GDH= ?DKR<2 OC@ CDIB@ <I? OC@ JOC@MRZDKM<4JO KINND=G@
0J ?@N@ <N @O@M <I| €IDMH JM < NTMH 5 @ RDGG@@C@ O@EHPH=@I0] RCD>C DN @8GRI ?@N>MD=DIB NP>C
AIG?N DI < G@M NP=Q@JI

GNJ DI KBOG@@Rx=l D?@DDAOC@ CIBNO KIDIlI OC@ S A <| <IODKMH =<GGB@ crest point 2C@ GRI@NO KIDUI

OC@ @ A < NTIAMH DN<GGB@ tr ough point , JO@ OO<OC@@MO <I? IMBC KIDION ?J 1J0 IG@NN<MEIBI>D?@ R
OC@ CDIB@ KINI@KO DI K@Ms<IBPG<NM K@Q@OGPKMOB 2G?N

Younging diection: synclines and anticlines

AJG?@NPMA@ DI NN@H@O<MM>FN C<N < NONDBKICD> OJK ND?@ <I? <QIDBKICD> =J0JH ND?@ 2COQN®@IZDAC@
younging dir ection 'A OC@HIB DIB ?D&@ODJI DIRL6AH |=: >CH>9]A OC@G® OC@I| OQ@?DNsyncline. 'A OC@FIB DIB
?DI@ODJI DBL6N ;DB |=: >CH>9.JA OC@G? OC@I| OU@?ADN <dnticline

' <M@N JA HDG? 2@Wi<ODJI GBFOC@FT + JPlI O<DINOCDGGN RZ@ME@MN <i@ @ BJI<GBOC@ MDBXT PK <IOD>GDI@N
<@ <ODKMHN OC@ O@MHN@ PNEHIM@ JM G@NINGB<IB@=G 1DHDGINDI NP>C <@N NTI>GDI@M<®GNI NJTMHN

# $IG?@1PMAGN



&JIR@ANDI <Ng&EN GRFOC@I@MDMIC@ 'MIGG@M OC@ GKAH#HPNK@ OCOM& @BJIN RCa® OC@MN <i@ PKND?@
2JRIJ Q@M B® <@N 2C@® Ol KINND=G®@ AODKMHN OJ =@ NTI>GDI@N <I?INTHA OJ =@ @D>GDI@N @RG®IO DN
DHKJ@<IO O@=>; NDJ 9DU @CDL I=: NDJC<>C<:8+PbC DG HJIGIH: DCAN I=: I:GBH 6CIBGB 6C9 HNDGB ID 9:H8G>7: |=:
;DA9 <:DB:I®I

(DHH>7A: 8DB7>C6I>DCH D; BADH>C< 6C9 NDJ8I=BCx 9>G

CI>pGB +NCPGB
CI>8A>C: Antif ormal an ticline Synf ormal an ticline
+NC8A>C: Antif ormal syncline Synf ormal syncline

Single foldd surfaes in 3-D

' "<GG OC@MDD <I? DIMD< KIJDDN %l =@ @O @I1?@DI0J GDI@N

Hingeline : < GDI@EIM@N@DIB OC@ GJI>RNJSDHPH >RMOP® D @ EJDIDIB <GG OC@ CDIB@RIDKG<I@ K@MK@I?D>PG<M
0J OC@G¥ CDIB@ BIES@C@r ofile p lane. 'OY OC@ KG<I@ JI RCDE AR < KMADG@ RD@®< 2G?

5 @ <GN@MBIDWaINf lection lines  crest lines <I? tr ough lines.

' QOMNDBPG<MEAN <GG OC@N@ EDN@RBW<I? K<MGC@GBCQ@ OC@ N<H@IOMI? KGPIB@'1?7@@ <GG KG<I@N
H@NPI® JI NP>C AIG?N <@l KMGEG@G OJ OCDN BHDEP#iIng line 5 @ ?@N>MD=@ N ANylindrical , <I? OC@
?DI@ODJI A OC@ PIDLP@ GDI@fDN &G0

, JO <GEAN ®I ¥GDI?MEE CBR@i@M non-cy lindrical f olds OC@ CDIB@ GDI@EIMA GDI@NFRBR GDI@N <I?@WMWO GDI@N
H<T =@ >R? <I? DM@ BPGAC@ CMEDNO KIDIJI < >MODNO GDI@ DN ?@NMRul@ina tion poin t G¥@MN ?DR<T ABH
<>PGHDI®DJI KIJDD DI <GG@WJIN >PGHDBDJI KJDD DNO @I <I <DKO0H OB®D 2V K@M @PH ?MDGGDIB RI@NGJ
KJDIO JI < OMPBC GDI@ Ddegr ession poin t * <T@MN ?DKRAEN OC@ ?@XNNDJI KIDIDI <GG @INDJIN A < >PGHDBDJI
KJDIO DN KQBI>PE&MTHH@MBS NP>C GZOC@ ?DK BIMN@NX<<=JPO OC@ N<H@EMDI| <GEDDIIN OC@| OQG» AN <
structur al dome 2C@ JKKINDOXRPIJH@ <X¥G? RDC < NTHH@MVBS ORBC KJDID DNstructur al basin. 10MROPHMG ?2JH@N
<I? =<NDIN <@ NJH@DH@N ?@N>=Mép@riclines.

Fold attitude

GG OC@ GDI@NIGP<CR@ < @M? <I? KGPIB@ DIFGDI?MBEJG?N OC@N@ <GG OC@ N<H@ JGT&GBN JIMD@DJI |
JI> TGDI?MEEIS?N OCE@ND@NO <I? HINGBRGIM @GNPI® AOP® DN OC@ CDIB@ GDKD>5<NNDAG?N ¥ CDIB@
GDI@ KGPIB@JSGAN

(AJC<: A6HH>;>861>DC 7N =>C<: A>C: EAJC<:
X Subhorizon tal
X Gently plunging
X Moder atel y plunging
X Steeply plunging
X Subvertical

V# $JG?@1PMAGN



Trains of folds in pfile and 3-D

2C@ <=Q@ O@MHN JKBEGNDIB@@AE?N 1JHHIIGT HPGODKGEP KW <@ J=N@® DI OC@ N<HE@A@NPMA@ DI RCD>GN@
>@WU<DI KeD@MIN@VEHHJI

><JG ( 6GBH>I>8DAH

'A RD ?MR < NPMA@ OG<DN O<IB@DJ <GG QG@NADDNSGB®@I enveloping surface  1DHDGIMDC@ NPMAOGCXK<NN@N
OCMPBC <GG OC@@EDdJI GDI@N bidian surface

+<I TAG?@NPMAG@N NRI<GO@MIRIB GJIB GDH=N <I? NCBDH=N H<FDIB QlG@&\symmetric 2CDN <NTHH@M<GEN
AG?N OJ =@ G<2@NE@@C @M 1@G?N JM BIG?N 2 ?@O@MHDI@ RT@M3IGR Gl C<N 1 JM 8 <NTHHIEW GJIF © O@®
GDH=N RDC < GJIB NCIMGJIB NIP@I>@ AOC@ GDH=R@ZOC@ <NTHH@WA OC@iB@M 8 OC@| OCIINfbN <DA OC@ GDH=N
CQ@ OC@ <NTHBI®WIA OC@IB@M 1 OC@| QG@DN <$-fold &DI: I=61 I=>H =6H CDI=>C< ID 9D L>I= |-68I I=6] |=: + >H
@JC9:9 6C9 |=: 2 >H 6C<JAGG >| >H |BI&>DC6A HNBB:NGI=6] >H >BEDGI6CI

AJG? O@XC<N 1 <NTHHO@MRC@I| QIR@ AVH JI@ @I? C<N 8 <NTHH@WABIH OC@ JOC@¢@&@FMD © DN DHKHIO OCx
R@ NERCD>C RT R@ <@ GJJFDIB RC@IR>C<MO@MDYK5? <N 1 JM 8A' OC@ @0ODJI A QIX@IB DN PINK@B@ OC@I
OC@Ji+>Q@I0DJI DN OJ GJJF DI ant@ EAJC<:?D@ODJI

-l@ > JHHJI J> >PM@1>@ A 1<1? 8 AIG?N DN RC@GAN J>PM © ?DE®@ IO NsG@N DI OC@ N<HEMBGGEA?N 2@ GIRG®
JIOC@ GDH=N GE®M®@?N RDC OC@ N<H@ JMODIl <@ =GG@ar asitic f olds $DB  2TKD=GIGK<MNODXI&?N JI JI@
GDH= 3@ 1 <NTHH@WRC@®&N OCJIJN@ Jl OC@ JOC@M GRH-<CKHH@V 2C@& DNO@! <@BJI JI OC@ CDIB@ R@®DM
K<MNOD>=G?N G3@ 1J >G@ <NTHH@VI OCB<MD ?@N>MD<IEM (or W) folds 1JH@ODH@N H<KKDIB OC@ <NORH®&
JPO>IK N><G@ K<INDD=J&?N DN < BJJXR OJ GXO@ OC@ CDIB@NAUNNAIPN H<K N&@ H<EINGAN

Features of sumesive surfaes

'O DNNM@ OJ NGREPNO < NEEBB? @NPMA@ DI JPO3KI + INO G@®@ M>FN C€@ HPGODKE@\B AL <@ JG?@0JB@C@A@M
RCD>C @I<=G@N PN MI@@WH@ <20DJI<GQIDD <I? DIKMD< @OP@N

# $IG?@1PMAGN
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In profile

GDI@ 4RI OCMPBC <GG OC@ CDIB@NMK 2G? DNeSG@C@xial tr ace JA OC@GY OY <GNX&G@C@ing e tr ace
RCD>C DNBf¥=G < =@ @M O@MHPIED OC@@MC<NWDB@IBDJII OJ OCEA<SDN =PO HINO NIBMEBIBJIJBHNON PN@

<SD<GO@E)

2C@ JOC@MDVD <I? DIXMD<) KIDDN <GNJIMI@NKJII? OJ @M@N JI OC@ ¥MIG@ KG<dh®lection tr ace, crest tr ace,
trough trace @><PN@ <GG OC@N@ @DU@M<EHN Jl OC@ ¥MG@ KG<I® NPMA@N DI " OC@ AP \NPMA&>DN
NIJH@DH@N <7?@|AG&eDDJI NPMARGMD >@NO NPNRALGMD QMBC NPMA@GM@

><JG :61JG:H D; BJAI>EADA9:9 HIG8:H

V# $JG?@1PMAGN
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In 3-D

TIJ RTIP ><I<| OD>DB& OCDI " @<>C JAOC@ GDI@® RZED?@M@J < NDIBE@ NPMA<= =@ @OXKIGO@DIOJ <
NPMA&@-DI "

2C@ HJINO DHKOMIO NPMA@>DN O&xml surface JMhing e surface . 2CDN NPM@&@<BDNAIBI&EZO FDI@HZD> NDRIBEK @
=@<PN@-=: EDA: ID I=: 6M>6A H&8; >H D;I:C I=: 9>@I>DC D; B6M>BJB H=DGI:C>C<

2C@ JOC@M NR®Niflection surface , crest surface, and tr ough surface <M@ <GG K&B@G OJ OC@ <SD<@ DIPMA<>
STGDI?MEGIG?

2C@facing dir ection DN OG@&®BI>DC D; NDJC<>C< >C IBA9 6M>6A H3G;'O DN K@MK@I1?D>PQ@&A CDIB@N =PO GD@N DI OC@
<SD<G NPMA<30OD® OCx2G?N H¥ CQ@ {I@UPMIBGDH=N =PO NOD@ BR<N?

,=: G :A6I>DCH=>E b8>C< 9=8>DC ID 6CI>8A>C:H HNC8A>C:iDGBH>,6C9 HNIGBH

& *% +1&"' *%
&! $& Antif ormal an ticline Synformal an ticline
- EL6@9 ;68>C< DLCL6G 9 ;68>C<
+1& $'& Antif ormal syncline Synf ormal syncline
DLCL6G 9 ;68>C< - EL6® ;68>C<

, JOD® OTXxDI PR<M A<>DIBJS?N OC@MA <I? OC@ \ >GDKA® OC@ N<H@J' Rl R<M A<>DIBIS?N OC@IMM]| <I?
\ >GDIEN® ?BABO

Fold attitude

@><PN@ A ON FDI@BD> NDEREIBKk: @ OCgwik e and dip of the axial surface <M@ DHKIDKIO @&OP@N OJ H@PI@ DI <I
JPO>0K JA < 2G? $IG?N<F=@ >G<NNRAT <SD<G NPNMAIMD@DDJI

>E A6HH>;>861>DC 7N 6M36GAS8: 9>E
X Recumben t
X Gently inclined

Moder ately inclined
X Steeply inclined
Uprig ht

@><PN@A OC@<R OC@ <SD<G NeMANA@@ |=: =>C<: D; 6 ;DA9 BJHI 7: 6 A>C: I1=61 A>:H >C |=: 6M>6481JCCDN H@N

OC® OC@ KGPIB@C @ CDIB@I® =@ NO@K@M OC<| OCQADIC® <SD<G NBMA<SNJI H@ OC©® OC@ CDIB@ GDI@ C<N <
MF@ JM KBC DI OC@ <SD<G E@PHB@DN < NHI®@G O@ W #G?N DI RCD>C OCEMA OC@ CDIB@ DI OC@ <SD@ DNRMA<>
>GIN@ OJ X OC@MNameslhied f olds.

# $IG?@1PMAGN



Harmonic and disharmonic folds

GG OC@ €& BOP®@N @ >C<MO@MDNABSIN RC@Ve>C GKaM DIMA@DI NO@K BD OC@ <3®I0 G@MN 2C@N@ <M
><GB@armonic  AG?N 1JH@DH@NGRRI? GE@& M>FN DI RCD>C OU@?AN <® 1JO NJ <GDBI@C@N@ @lsharmonic
AIG?N O 1JO PNP<GKINND=G@ ODR@ASD<GEHEBDJI AMBC IJM >@NO NPMAN>DI ?2DNC<MHJIDEGN RCD>C OQ@&@

KM QD?@ G@NNBEHADJI <=JPO@BJI<G ?@¥WH<ODJI OC<| C<MHJID3@?N

><JG % D9:GBIl:AN >C8A>C:9 I><=| 60ISB6A 6CI>8A>C:

><JG ,=>H>H 6 ®JC9:9 JEG><=] HJ7=DG>ODCI6A DE:C
6K>9 =DBEHDC ><=L6N A7:GI6

JEL6G9 ;68>C< HNDOGB6A HNC8A>CEBEG &DK6 +8DI>6

><JG *:8JB7:Cl; DA9 (>869>A&N; DIJC9A6CY

><JG . 6G>67AN >C8A>C:9DE (DG 6] (DGI (C>CHJIAG

><JG +I::EAN >C8A>C:9DA9H L>I= 6M>6A EA6C6G 8A:6K6<:
&:L; DJC9A6CY

6GB6CK>AA: &; DJCOA6CY

V# $IG?@1PMAGN
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><JG  J8@A: PA9H >C H6CIHIDC: *6>CN DKK& +8DI>6 ><JG #>C@ 76C9 >C HA6BC3DD@A6C9 RK6 +8DI>6

><JG * :; DA9:9 >HDSA>O@WH RCIY (D>CI 6N D; HA6C9H
&:L; DJC9A6CY
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Some ommon fold styles

1JH@ OK@NA 3G? NI @ #PM DI H<IT >DMPHNO<IX®N <I? x| BD@ >GP@N <N JI OUEHD>N A 3G?DIB 5 C@® G@MN
JA NOB MI>F <\@ DD@@@® RODC @WR@G@F N>F OC@ NEBVGI@MN H<CQ@ |@ME >JINO<IO OCD>FI@NNPKVAIG?
CDIB@N NJ @33C@ DIl@M <I? IPOBNKMK<MGGC@B>C AG?N Bl =GGB@ar allel IMconcentric AIG?N"DNODBI® NG@N
JA K<MGG@G?N J>PM RC@!1 OC@INOEB<T@MN @V-GIN@ QIB@M <I<k NGD?@@M<@C JOC@MN@G3I?@M OC@N@
>J1?DODJIN @W<IBPG<M@?N HT 7@@GJK E@| OC@N@@ 8D @EDH= <IBS@NINP? X OC@T <MD 2GB@hevr on AG?N

'| O@GDH= <IES@NJNP X ?@ADI@kink AG?NJI QMN@RC@| <GG OCTEGK @VREF AM @<HKG@ DIMNN I@&M
OC@DM H@GODB BGDN HY ?@@GJIK DI RCD>C-@AG?@NPMAE DN BEROMBEGH>B>AGE OC@ 8@ OC@N@siMlar
AIG?N

><JG +INAHD; DA96 ( 6BAA:AAIH BBJI8:9 7N 7IJ8@A>CEK +>B>A6MAIHS =:KG DC PA9HI #>C@DA9H

V# $JG?@1PMAGN



Folds in map view

$JG?@ M>FN <@ HIMD 3IHKGD:O@ DI H<K QDR OC<|I NDHKG@ KG<I<MONOMBPN@ H<K KD @MINGWPGQHAM
>JH=DI<ODJI A CDGGN «&Q@®DI OC@ G<RK& <I? <IODMHN <I? NTIAMHN DI OC@ +0B3M

2C@ NC<K@ 3G?@NOWD< x1 J O@| =@BP&® JPO RDC NOMIE® 3 OJPMN =PO PI@DFCIN@MADHKG@ KG<I<dNOM
NOMBP@ 3 OIPMNM AG?@NOMD< <@ 1JO NODBO 2C@®NCR <IB G@N JM gl 1JH@S8HKG@N@WN@I DI OC@
AGGIDIB ?D<BMIN

'A OC@GY CDIBONEM@®AGCIMDUO<G OC@ NOR@®3l OJPMN RD@E4DI NODBO <I? K<MGG@G =PO OC@ IPH=@MN RDGG
NCR >C<IB@N A ?DK

><JG +IGJ8IJG : 8DCIDJG E6II1:GCDHG 6 =DG>0ODCI6A BGIB;

&JR@NDA OCWAKGPIB@N OT@3PMN OC@ I8 BRDGEECAK®@ DI OC@<N@A <I <IBPG<M®&?

# $IG?@1PMAGN
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><JG +IGJ8IIG : 8DCIDJG E6I:GCDG 6 EAJC<>C< 6C<JA6G HNC;DGB

'AOC@GY DNM?@? OC@ NOMP® 31 OJPMN RDGG =@2>RNRDIB 3 NC<K@N

><JG +IGJ8IIG: 8DCIDJG E6I:GCDG 6 EAJC<>(B3JE9:9 6CI>DGB

'A OC@GY DNQRUIPMI® OC@J+ OJPMN RDGG <B<DI =@ #H0MK3® =PO 31 OJPMNM =JOC GDH=N RDSBAH OC@ N<H@
ND?@AJOC@G® CDIB@

V# $JG?@1PMAGN
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><JG +IGJ8IIG : 8DCIDJG E6I1:GCDHG 6C DK:GIIGC:9 EAJC<>C< 6C<JAGBGBIC;

Fold overprinting

M@&N <A20@ =T HPGODKG@ @KDMIZ@RDIB H¥ ?DNKG<efolded folds DI < =@DG?@MD&/1QH JA IMD@ODJIN
KM?P>DIB < @MOEJAfold in terf erence patterns

Clasification of fold interfeene patterns

2J H<F@ N@IN@ OC@N@ RN@ < >GIHODNI ?@DR@GOE H<IT JOC@M API?<H@IG >G<NHOBJIN 4 AG?N F (
O<HN<T 2CDN >G<Np:s2DJ| @ @G@N CRIB@I@MDJIN A 3G?N JIG[ DA R Ce@ JM HIND B@I1@BDJIIN OCDIBNOB@
HIM@ 3HKGD=O0@

' @<>C <N@ B >C<MO@MDYBMNO B@@MI A AG?N F

<l <SD<G NPM@<>
< AG? CDIB@ @DRD@N DOGSD<G NP@A<>

5 @ @&HDI@ OC@@2A OC@N@B@I@MODJI A AG?N JI OCIN@ DNOMBP@N

# $IG?@1PMA@G@N



'A GZ@NIGYDIB ?J@N 1JO =@170@00M OC@ <SD<ENPIMOE@ CDIBG@NG AG?N
OC@! OC@M® AG?N Bl @&OD@GEPNO OO@I@?PMDIB OC@>N@KC<N@ A
?@MH<ODJI 2C@A? KE&h@MI DN ?@N2MBRAEK@ ]<I? B@I@WGEGED RDGG 1JO =@
<KK<®IO AM B@QH@OWMOC® OC@VLD =@ ®J KC<N@NI?@MH<ODJI

><JG ,NE: ; DA9>CIl.G3C8:
E6I.GC

'A GZ@M NO@®IDIB DNPHCG K<MGG@G OJ OC@ CBRIB@EME AG?N <I? OC@
@O@INDJI 7@0DJI <GNJ GD@N DI<GE@E@ <SD<G NP@A<OC@I0@MNMGYDIB
=@I?N OC@ CDIB@NOL@<M# AG?N =PO ?J@N 1JO NDBIDAG =@1? OC@ <SD<G
NPMA@N 2CDNKD=CIGKM?P>@N >PGHIIBJIN <I? ?@KWNNDJIN J| OCOMEAG?
CDIB@N <I? €@ 0OJ (<G JPOIKI K< @MINAIGF@AM SKBN JI JPOXM NPMAG@N
2CDN DNGG@ OK@ JG? DD@@@I>@ K@Ml >C<ND@MPUT ?JH@N <I?
=<NDIN

><JG ,NE: ; DA9>CIl:G3CS8:
E6II:.GC
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'A Jl OC@ JOC@M C<I? CRu@m@DJI 2@DJI DI OC@>BI@?@AIMH<ODJI DNO<<
CDB <IBG@ 0J OGEB@SD<G NPNIN>OC@| OCIN@ <SD<@NPHAA® JG?@0JJ

31?@M OC@N@>PBNO<IX@N JPOMU K<GD@MIN @VI>C<MO@MBU=T >JHKG®
NC<K@N @I@N@H=G@ HRBIENI<I? =<I<I<N 2CDN DN<GB@OK@ DD@@®I>@
K< @MI

><JG ,NE: ; DA9 >CI.@&.C8:
E6I:GC

2C@® DN < OCChiN@ RCD>C=PMN RC@| OC@ N@WIB ?@DDJI DNOx<< CiB

<IBG@ OJ OGEB@G? CDIB@N <I? OG@@INDJI 28i@DJI DND< CB<IBG@ OJ OC@

@NB <SD<G NPNEN>B1?@M OC@NTODJIN OC@@®CDIB@N HMDH<DI HIND JM

G@NNNIBD =PO OC@IE<SD<G NPNIAN@IIG?@ 2C@ GM@ A GROMDIFKD=GIG

AIGEN < HPGODKG@ UDBU<B NC<K @ & NDHE> @O @@ 1>@ KEb@MI
><JG ,NE: ; DA9>CIl:@&:C8:

E6II:GC
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How to analyse an overpridtéold
pattern

5 C@! OWDIB OJ PI?@MNO<I? <Q@MKMID AIG? KEb@MI
OC@ HJINO DHRIMND BMNO NO@K DNROJISIAG <G@N I'
B@I@Nt OC@O@NON@ <SD<G<&giN DN @bPJ =@
<KKNISDHO@Q\GWBO #<MD@M <SB=@MME JM HI
JO =@ #G7?@ '| B@QI@QMG TX@ DDE@MI>@ KEe@MIN
RCO@&@ @B <SD<G NPMAN>@ 1JO 2G7@ <M@ OC@ HJINO
?DA>PGO OJ i@ O HT 1JO =@ KINND=G@ O@N#DI@
OC@ I@MA AG?DIB

$<>DIB ?OWIODJIIN H¥ <GNJ =@ PN@APG DI OTHDNKIG
JQAQMKMI® AIG?N $IMSEHKG@ Wl R<M? A<>DIB 2G?N

NTIAMH<G <OD>GDI@N <I70BRIH<G NTI>GDI@R<TN

DI?D=0O@ OCOC@ME © GROR) B@I@MDJIN A 3G?N

><JG ! CI:GEG6I>DC D; DA9 >CI.@3:C8: E6II:GCH

Refeene@s

"<QDN & 0@JG?N 1(<I?)GPOC !'$ 1 OMPROPMG %i&@JE JA >FN <I? 0@BJIN M #?D0DJI 5DA@ @R 7JIM
K

O<HN<T (% $JG?DIB <I? $M>0PMDIBAJQI>FN 1<| $MI>DN3 + >%MR & DGG K

4<] ?@M GPDEH <I? +<MNC<F 1 #<MDC OMROP® | ' | OWPP>0DJI OJ OMROPHNG %i@JH <I? 2 @OJID>N
,IMDJL, @R7TIMF K

V# $JG?@1PMAGN
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¥ Lab 4. Intduction to Blds

Map techniques for folds

JOC >JI OJPMDIB <I? NG@BWKCD> KR@ODJI <@ KR@MAPGQRLP@NM OC@ <KRENAAG?N 5C@! 31 OIPMDIBB?@
NPMA@N JP H<T C<Q@ OJ ODNPO HIM® OC<IJI@ KINND=G@ NJGPODJIGBEMK DGY@M>FN H<T NCR 4 NC<K@N Q&<
MOK@N@ OMPIBACDIB@N <I? JOCANC4K@N AT K@N@ OC@A@BA A QGG® <I? MD?B@MNO@AMNI®IB RDC KG<I<M
NPMA@N ET OJ D?@DAI T 4 NC<K@N A xI11JO =@ <MD=PO@ OJKIBIKCT OC@N@R<GBEOJ =@ JPQHW JA 4G?

hing es $JG? CDIB@ JPOKM GD@ JGvaxial tr aces 2C@N@ @MEDI@N JI OC@ H<IOCDQD?@ OC@ HXKD@®IO 2G?

limb s 2M OJ RM JI JI@ GDH= © < ODH@ RC@Il ®JPMDIB @H@H=@OC@HI =@ HIM® OC<I JI@ KINND=G@ NJGPODJI
=PO OC@ NDHKG@NO NJGFRIEM¥KGEEPN PNPE@E@ =@NO

'A < JG? DNTSDI?MEE OC@I| <GG OC@ KG<I@NIGP@TCBMA® 3l O<DlI OC@ N<H@ GDX@DI>DKG@ BABR? OC@
DIO@MN@JI A <IT RJI KG<I@N @ x| ?@PDI@ OCEBA <SDN 2C@ KG<I@ K@QMK@I|?D>PG3GPEIDES@MOCAHB®@ KG<I@
5 @ xl <GNJ PN@ OCO@BMHCD> KIM@ODJI OJN? OC@ O@GDH= <IE5@ DA HENP@H@ON 4 OC@ JMD@DJI
JA OCA@GY@NPMA@ JI| OC@ GDHENSC@ G#DDJI KIDDN

Assignment

"J OC@ LP@NODJIN DI sM@MJ <N OJ PN@ O€MDQPN HB@MD<GN RCA@I<0@@<DG<=CIRHKG@NMLP@NODJI MH<
1JO =@ €&DG<=G@ JPOND?@ OC@ G<= CIJPMN

*JJF < O OC@ N<HKGRAGP@ M>FN ?DNKI@ DI OC@ G<= ICJIN@ JI@ N<HKG@OIBRBPK <I? H<F @ < G<=@GG@
?2D<B&H J A OC@G® DI KMDG@ RD&F @ JPM ?D<BM G<BI@/DGG < RCIG@ KZE@M ?D<BM NCIPG? =@ < N>Om@%
DGGRIGIMI 1JO < RMF JA <@ N@ NDHKG@MGBI@N OJRNEIPI?<MD@NAIGK@MN RDDI OC@ N<HKS @C@M& 0JJ
H<I T GE@MN OJ RHMBDNBBN@ < ?<NE@I<H@I0 0J NGIOC@MH AM OC@T@M SM®N «=@G <N HEIDIEMDO
ABOP@N <NIP ><I

5 CT RIPG? JP IJO G<=@&MD<O &OP@NA OC@NG@?A

IJINOMP>0 < OJKIBMCD> KIWODG@ <I? 3N N&DJI OOWBC +<K .MJ>@® <N AGGIN +<Mr REIDC 3GIJPMN OG@IQUIPN
NPMA@GN OON@k<«@ OC@®ND*JJF AM KG@N RC@VINC<K@N DI OC@@MI1JO =@ @BKG<DP&ET XGE® <I?
MD?B@N DI OC@ GKIBMI? GDBOG>DM@ KINND=G@EINIM 4G? CDIB@ KIDM "MR NOMBP@ 3 OIPMNIM
@>C NPMAg> JI @>C AG? GDH= PNDIBG@®I>DG Ni@ JGIPI®@ IPH=@MN JI OC@PFOJPMN OJ NCRCD>C 3 OJPM
>JM@NKJII?N OJ RCD>C NP@ASH@ OC@N@IQDMPS OC@E:@H JI OC@ =MN N&DDJI

"@N>MD=@ OQ@PM <NIJHKG@@GN TP ><| PNDIB OC@ O@MHN DI @GRAIRN N@DJIIN A OCDN H<IP<GJQ@ OC0OC@
PIDON <@ N@RI DI OC@DNMi@O NeODBKCD> JM@M DI OC@ G@B@!I?

*<= +<K $IG?@? MI>EN

#S<HDI@ OC@ H<KAJOC@ @M |<Q@aM| @JG@PH KIMK@O

< "M<R NOMBP@ 3| OIPMN JI OC@BO NPMA<>

*<= ' | OWPP>0DJI OJ $IG™M


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/Lab-4-Map-1-.pdf

= JI OJPM OC@ OJK NEMA<CC@ @&N '<QaMI *DH@NOJI@OC@ NIJPOLND A OC@ H<K PN@ OO@NNI@JIN A
OC@ JPUKMOM@ ROC OC@IOIPMN #RO@@ PN@ OC@@OGEN HME <B<DINO<@C JA OC@ 7MIDG ®GGN
+<F@ TJPM 31 OJPMN <N NHJJOC <N KINNDHEBIC@IRDC OC@O< KMD?® +<F @ OC@I>*JPMN <N NHJJOC
<N KINND=G@ DI ?DH@INDJIN OJJ GODRERHOC@ NK<>DABJIl OJPMN NCIPG? =@QN @\ KINND=G@<H}@
AG? GDH= +&fDC@ KIDJI A <IT AG? CDIB@N <I? MCDIB@ GDI@®@H@H=@M OGJIK GDH@NOJI@ OrRm P>
>JI OJPMN RDGG =@FDARGO NOUIP® 3| OJPMNAJOC@ N<H@XDBG®

> I<G>PGO@ OC@ KGPIB@ G?0M OC@GNMD@MIHINIGADI OC@@&M @K < IJO@AITPM <INR@M <NH RDGG @®
[ DI G<=

? 1JINOMP>0 >0NN N&DDJI

@!JINOMP=O >8NN N&DJI ! "

A-10C@ H<K <I1? JI>MJINN N@DJI!" NCR OC@ KJO@D<G H<SDHPH@ D &I IDGAN@WDM OOHDEO CE@ =@!
HDNNz@&T OC@SBNODIRGGGNIQ@ OODI KIWPN PIIDN GRROC@ @6 '<Q@MI *DH@NOJI@ JDG PNXIS@N 0J OC@
CDB@NO KJIDDI OC@N@WDMMF OC@ =<N@<J JDGAN @M DRKD=GIG< CIMBUO<G JDERA@MIS0<® "MR
OC@ H<SDHPH@@D A OC@ KIQ@k@M@NPM Jl OC@ H<K <I? OC@NNWINGDJI PBB@NO < NKI® RRGG  JI
OC@ H<K <I? xMIN N@DJI RCD>CRG? H<SDHBUOC@ >C @M <I JDG ?DIN@M

B +<F@ <l @NOBH®A OC@ H<SDHPH KJO@¥GGPH@ A OC@MN@NMMDA OC@@M <Q@MI *DH@NOJI@ C<N
KIMNDr 2J ?J OCDN @NQ@<OC@ H<SDHPH KINND@G@ €¢@@N@NWM DI NLREeVH@@N GNI<S>PGQOD
H<SDHPH @WMIB<G OCD>FI@NN 2C@¥KKNISDHODIB OC@ NC<K@U@M@WM <N JK@ PN@ OC@P®@DJI MM
OC@IQPH@ A <31@ JI@ OCDM<N@ @& ODH@N O@IR ABP® JPO OC@ <ISOHO@IGPH@ A OC@@M @M
<|? AMH OCDN <RBC @NODBI@A OC@ H<SDHPBEPH@ A K@WG@PHIHDBO 31 O<DI

$IM < HIMN® @ GDNOD> @Q@RHIC@ KIQODk@MIPMD O RIPG? =@ I@NNENDJI O<® BDJ <>JPI O OC@ KIO@«G
KNON@@® A JOC@GPD?N DI OGH@NMMOC@ A&¥ON 4 KIDNNEBM<I? OC@ ¥IMODJI A OC@RD?N @C3PG? =@
@JIJHD> <GGBOMO@

C 0@N@C AI? JPO OC@I>Q@MNDJI &M @R @»1 >P=D> HA@N <I? =<MBMEN <I?SENDNNIPM <INR@M DI =<@RN

*<= +<K %M @O <Q@DMI +<K

V*<= '| OWPP>0DJI OJ $IJG?N


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/Lab-4-Map-2-Great-Cavern-Map.pdf

¥ Lab 5. Merabout &lds

Multiple planes on the stagraphic pojection

2C@ C@IDLP@NIF PN@DI OC@ G<NO GK=ER@ GG ?N

OC® <@ K@@AG>TGDI?MEG <I? RC@® OC@ JMD@DJIIN
JA OC@GY@ NPMA@N <@ FIJRI RDOC B®O K@DNDJI

&JIR@ANDI H<I T <N@NJB?@NPMA@N @ 1JO KQA@AOG

>TGDI?MEG <I? NH<GGNIBDJIN DI ?DK <I? H@IPEH@O

@MMN H@ OC<O OC@ B@OW DN 1JO K@@ 31?7@M
OC@N@>FBEMO<I@N 0OJ BZ@MHDI@ OC@ OKMD@IA <

H@x<l AJG? <SDND DN ?@R0@ OJ HIgP@ < GB@ IPH=@M
JAIJMD@ODJIN <I? OJ PN@ < QIDNOG><KKM>C

3IAJMOPI<O@GKGJODIB GB@ IPH=@MNAJB@&O >DI@@N
MKD7G KM?P>@N < @M >GRoa® KME@ODJI $JM OCDN
M&NJI 0D DN HP>C €@@M OJ Kmleés OJ OCQGY@
NPMA@N M0C@M OC<IBM>DIB@N OC@ D@ =sN@ OC@
KIG@N NCIPG? <GG GD@BGREEBHM@ <I? @Z@MOod@
RDGG KGJO <NOWNDI < NDIB@ B >Di6@1 M@&G GDA
OCDIBN @MlJO NJ NDHKG@ OC@ KIGE@NNKBR@® DI <

=<1? JM BDRG@ Jl @D@M NDA@C@IWMG@ KG<I@ RCD>C

C<N OJ =@ @NO@HN < \=@NAB®O >Dit@ OEBC OC@
?@IN@NO =<I'AXJIDON

2C@@ DN <I <?@DJI<G BMGC@H (RE@@MA TP GJIF O OC@
5 PGAI@ TP RDGGA@GOC@ X <I? X NLP@W KEE&O
HP>C GB@M KM OC@ KNIDEPOC<| OT@ <O OC@HOI@
JA OC@ G@2CDN H@® OC® KGJON H<?@RIDCE@P&EAI @

><JG (G>C8>EA:D;I|=:E>9>68B ID ;>C9 I=:;DA9 6M>H D; 6
NCJIPG? 1@@M =@ PNGM N@DONOGD@@I>@N =<R@!  gNA>CIG>GBAY BB B:6HIG:B:CIH D; ; DAY:9 HIGS:H

?@INO JA KIDON =@PN@ (D <NWD#*CG DI>NEN@N OC@
?@INO DI OC@ao@ <I1? ?@MNEN@MDI OC@ KMDE®

+JIM@ =JPO $JG?N


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/pi-construction.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/pi-construction.jpg

$IJM OCDMEMII < HI?DA@ NO@BMKCD> KHE@ODJI xGG@
OC@qual ar ea projection DN PR@<N@JI OC@Schmidtnet GG
OC@ JKENDJIN JP C<Q@ H@ NJ A<M@MC@ N<H@ JI OR® O
I@ON OC@ JIeDAD® I1>@ DN @COC@ARRG <t KME@ODJI ?2J@N
1JO KMON@® >DRIG<M >N [ OC@ BWD <I? NH<GG >B@N @M
>JHKG® >PIg@N <I1? xI1JO =@ ?MRI RDOC < 3HK<NN $JM OCDN
>JPMN@ake sure your net is printed so that its diameter

is exactly 15 cm.

Pi diagam

2C@ ®NPGODIB KBXJIG@N OJ KG<I@N 0P<@<® KME@ODJI
DN «GG@C@ KD ?D<BMRCD>C DN OC@ HINMHH H@ OCJ?
PN@OJ BI? OC@ H@AIG? <SDN DI <I@UA 3G?@M>FN RC @i
<N JO@| C<KK@IN DI?DQDIXCECAOIB@N@NIO GKIN@ 2C@
KMDI>DKG®& OC@ KD ?B¥BMdN DGGRO@WI| $DBR® | <
>TGDI?MEGJG? OC@ KIG@N OJOTBCA@MN @VGDI@N K@MK@I1?7D>PG<NG2I<SOR AT@C@amM@ GD@ DI @ofie
plane OC@ KG<I@@DN K@MK@1?D>PG<MIG? @EEMAOC@GYN <@l IJO K@@AG>TGDI?MEE JM DA (2 @@ INH<GGININM
DI OC@ HBIPWH@DON OC@ GDI@N RDGG @DSDE KIZ@ KIG@ KG<I@ =PO RDGG =@GGIN@ OJ D

+8=B>9I C:| ;DG EADII>C< :FJ6A6BD?:8|>DCH

Contours on the axial suréac

+<KN JA <i&N RDC JG?@M>FN x| =@ >C<GG@IB =@<PN@ A OC@ IPH=@N NPMA@N QI®Q®P <I? =@><PN@ A MKD?
>C<IB@N A NOMIDEI? ?DK -®@| @1 OCIPB8 GRK@MN H<NCR >JHKG® AG?DIB <SD<G NR¥NR+E =@ <KKNDHO@G
KG<I<M3I?@M OC@N@PBNO<I@NDH<KN N@IN@ OJ NOB<MC@ GDA-DICIAG? I ?MRDIB <SD<GE@IN <I? @@l
0J ?MR >JI OJPMN Jl OC@BA <SD<G NP@A<E@| ?JDIB OCDRYIMHKJIMKIO OJ ®IH@H=@M OGKNDB@®A? RDGR@<
HPGODKG@ CDIE@ANM @>C AG?@NPMA@ =PO OCxXOC@N@ CDIB@N GD@RIENRED<G NP@A<>

Assignment

2C@ <Ng& TIP >JI OJPI® G<NO@F %O <Q@MI K@M @PH KMK@O NCRN NOMDKI? ?DK NTH=JGI®K@N@IDIB
H@G<NP@H@ON A =@?DIB IMD@©ODJI

. GJO KIG@N @?B@ AM <GG OC@ ®GMIDK HENPH@ON JI <I @.P<G <@ KME@ODJI OJ H<@® < KD ?D<&M
$DI? <I? ?M<R OC@ =@ND BR&O >DB@ QEBC OC@ KIG@N CZRKHNGIN OCQIMG@ KG<I@ FAC@ =@NO
@NODB@A OC@G® <SDN KJIG@ 0J UA@EsKVKG<i@ ? @0 @MHDI@NBEM? <1? KGPIB@ N D NDHDG<M OJ<GBR@ Q
TIP J=0<DI@=T >JI OJPMDIB G<NEBIR <I|? OJ OC@GP@N J=O<Di®@TIPM JOC@MIDE@H=@MN

*<= +<K %M @O <Q@dMI +<K

V+JIM@ =JPO $JG?N


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/Lab-4-Map-2-Great-Cavern-Map.pdf

*JJF< O OC@ H<KRIAIJH@MP@P! O DI OC@ KK<G<>CDAN@IINTEXID< 2C@ @ C<N < GJIB CDNDJM3<G HDIDIB
<I? < IPH=@M JA 3<G N@IN <\® D?@ @)1 OC@ N&®DBKICD>JIGPHI OC® ?JP=G@N <N < G@B@I?

< 2C@ H<K C<N NORP® 3| OJPMN NRUDI M@ ?MRI JI JI@ NPMA<3@ 5CD>C JI@ NPMA<> JO@ @C AMH<ODJI
JI OC@ H<K C<N < OJK <I? < =00H NPMA@> NJ EPNOIMK<ODJI I<H@ DN 1JO JHKG@@ <IN@M JPM <INR@M
NCJIPG? =@ DI OMHAOC@ =JPI?dIM-@R @1 $IMHODJI S <I? $IMHODJI T]

= 3N@ OC@ NK<>BIBC@ NCNH# 3| OJPMN OJG@MHDI@ OC@ANQNDPBK © ON N@R@NO KIDJI @>C GDH=AJ
OC@ HINOINKD>PJPNJ&? , JO@ OOOC@I>0JPMN @DI@D <I? OC@ NS@AIOC@ H<K DN <=JPO DI>C
0J HDG@<F @ NRMOGxDI IPM ?DK<G>PGBJII TP PN@ OC@ N<H@RIQUIBGII? CIMDU O<GGN@ OC@ KINI
RC@& OC@I>OJPMN 3NN OC@CR CDIB@ OJC@MHDI@ OQ@B@ @\Ir? <I? KGPIB@ A OC@G? CDIB@

> . GJO =JOC GDHANOL @G® AM K<MD \}JI < NO@®BMKCD> KR@ODJI NDIB OC@O@DMMN@JI <I? OC@ <B@
~@R@@| OC@ KG<I@N @N@DBR@ KGPIB@ @10 OC@G¥Y <SDN <I|? OC@@»NDH= <IB@AIOC@GY

? <N@ JI OC@N@ J=NEDMDJIN ?@N>MD=@ OC@IMD@GPIB@ ODENNQRMG IMD@DJIJA OC@G® DI RIWN
@ B \OOB N@HICKGPIBIB NTIBMH<G <OD>GPI@

@'A OC@GY DNISDI?MEE OC@GA <SDN JMD@DJI ?@@MHIM@O@BMKCD=GGNCIPG?IDI>D?@ R OC@ CDIB@
JMD@ODJI ?@@MHIM@T >JI OJPMN X >GIN@ @VDd@! ?@BEDN

2J ADI? JPO HIN® O® < GJIFZ $GDI %@ JGJIH <I? HDI@MG @NJPNON A NJPOC@MI 1JHG@MNID O . @IINTEXID<

+<K > JI O<DIN <I <IBPG<NIGR DI < HI® B@I|@®& JIMD@DDJI OC<| OC@ K@&DIACIMDUO<GIAE?N JP ?@GO R
G<NO@F I'<??DODJI OC@M@& NJH@ PIS?@M>FN <I? <| DIOMPNDJI | PIXIIAJMHOIr N@K<R@N OC@ @JIVINEE
?@MVMH@ AG?@M>FN AM OC@ B@I?DKKDIBIJPIB@M MFN 2 C@GKIP NJ@@ OC@ H<K 1JO0@@DKkOC@arCAl
OC@ H<K OC@2@B O+@N MNIHBC<O K<MEG@G OJ OC@<XKBDBM OJPMN 2C@MNEBUN IM@NKJII? OJ < B@G@
AG? GDH= #R¥@@ OC@IEA®x=G =JPI?<MD@N >PONKMC@I-OJPMNG< N@BK@M ¢ OCDN DNKNG@GDH=
$JG? CDIB@HNI><GNJ =@ D@@J)1 OC@ H<K AM NC<MK NRDIBN DI OG@@d¥ =@?DIB OC <@ 1J0 JOQDIPNGR &G@

0J RGG®<I? MD?B@N JE@ JP = @B OMOJ PN@ OC@N@ CDIB@DFCIRG@MOC@MDEO =@IG? <SD<GXIN OCAN@

+JIM@ =JPO $JG?N


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/pageol_52067_extralarge.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/pageol_52067_extralarge.jpg
http://maps.dcnr.pa.gov/publications/Default.aspx?id=60

NCJIPG? N@K@BJIN JA NGEK@M <I? H@IB@G?DKKDIB =28 "J OCDN@WGIBG| DO DN @IFJIP RDGG >C<IB@N
HDI? <N TP KN>@®

< '?@I00A0C@<WDJIPN NPN@NI OC@ H<K $DMNGF €@ PHAIMHIOI NPMA@>-DI BER| IM @GR RC@| H<NF OC@
=JPI?<MT =@R @| H<M=G@ <I? <HKCDEIBD| =GP@ JM QD3GROC@ =JPI?<IV-@R @@ | <HKCD=JOG@ <I? N>CDNO
DIN® IMIMIB@ ,JO@ OCE@;3IPM N>C@H@ DRXINGAIM 3| QRID@I@ A TP >CJIN@ ?BA®@ IO 3GIPMNJIFP HPNO
PN@ OC@HNDNO@TGOCINWBCJIPO OCDB@®DN@

= "M<R NOMBP®@ 31 OJPMN JI OC@@EBNVNPMA@>

> "M<R NOMBP®@ 3| OJPMN Jl OC@MPMA@ IP RDGBIA OCO® OC@M@ RJ K<MDN OJ OCDN NEMAN@®R GDH=
<|? < B@IOG@ GDH= 2CANENEKE® KW@ 4 I OIJPMN 2CRIN@N 4 @ >JI OJPMN O@MNED| <JG? CDIB@
+<MF OCDN JI OC@ H<K <Ix8@@MIROC @

? 0 @K@ M OC@ =GP@ NEMAXH<NF OC@ =GP@ CDIB@

@2C@ @ CDIB@ <I? OC@ =GP@ CDB@J&N GDI@N@D@ DI OC@ <SD<@ WMM2@s% (DI KIDION 4 @PDG@
@G¥DDJI JI OC@@CDIB@ <I1? =GP@ CDIB@RGDI@N OC@NEONER® 3 OIPMN JI OC@ <SD<G KPMA=@M
OC@H DI KPMKG@ JMQDJIG@

A3 N@ OC@ <SBx=@GMOJPMN OJ@U© OC@ JPIRNMINMF@ A OC@ <SD<G N@MAZZMR OCDNO® JI OC@ H<K 2C@
<SD<GG@ NCJIPG? NeR@®OC@@IOEDHIAMC@ B@G@ GDAOL@GY

B +<F @ < >N N@®DJI <GJIB OC@ GDI@ 6

C . GJO =JOQG¥ GDH=N OC@ <SD<GaNRMABE@ PHAJMHIOI <N BE&O >DIB@N JI <I [@P<G <@ KME@ODJI +<M
OC@ KJIDIIMI@NKJI?DIB OJ OC@ JR@Il A OC@G® <SDN

D "@N>MD=@ OC@3dMIaA OC@G¥ DI RVWPN <N 3IHKG@@GN TP ><I|

E *DNO OG@I@N DI OC@B@Dx=G CDNDIM OC@@MIM RCD>CIP C<Q@ @D?@1@ NORHIB RDC OC@ JG?@N0@
><N@A OC@ @GANG?@PIDON RC@NOC@MDN 1J 2@ @D?@® A <B@JP NCIPG? <NNPH@@OE @GR DN R&N?
A<>DIB D @ NIMAIN <@ <GNJ NTI>GDI@DDMHN <@ <GNJ ©@D>GDI@N

*<= +<KJ A $IG?7EM @&

1>CHD® .@ >H

V+JIM@ =JPO $JG?N


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/EAS233MapLab5-2020.pdf
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/SCHMIDT-15cm-scale.pdf

F. Boudinag

P>FG@@?N < MH@ RC@I| NGMB JM tompeten t\
GI@MNAINEF <N NCD@IB5 C<O C<KK@IN RC@I BIBM
GE@MN @80 @I1?@ 2TKD><GGOC@ T@&MN NO<®M OCDOD<
KJIDION A R&FI@NN< KN>@NN FRI DI @IBDI@MDIB <N
necking) KM?P>DIB < NOMPP® =GG@inch -and -swell.

N KDI>C <I? NR@GG @@JKN OC@ O@BIM x|
N@K<@ &®IB < NOMP® OG:< GJIFN @DE NOMDIR J
NPN<B@N DIINW N&DDJI 2C@@HI<I ON A OC@ JMBB
G¥@M @M x=xGG@oudins < $NRI>C RIM AIM < TK@ A
NPN<B@xI? OC@ KM@NN DN RII<N boudinag e.

GOCJPB =JP?DIN <@ DI H<IT R<TN OC@S@@INDJI<G

>JPI O@MIEXNA AG?N OC@ O@MHDIINB-JP?DI<B@ DN

HP>C G@NMNIRE GQ@E IR@C<I 003 A AG?N I'K<MO OCDN DN

=@<PN@ G&MN PI?@MIB =JP?DI<B@ ?J 1JO #&0

<?E>@I0 G@MN DI OC@ N<H@NR OC =JP?DIN <@ G@NN

GIPBGOJ =@ C<MHJID> OCSGAN 2CPN <GOGJIRBP?DIN

?J C<Q@axes [ DNMIGKINND=G@ ODR&@&Al @PDC@

JA <I <SD<G NPNA#M =JP?DIN ><JG DJ9>C6<: , DE 7DJ9>CH 7DIIDB 8=D8DAG6I: I67A:l HIGI8IIG

1JH@ODH@NI@¥N PI?BMBO@INDJI DI <G@EXDDIIN NDHPGORMEE KM?P>DIB < HIN® O@® ?DH@INDJI<G =JP?DI<B@
NOMBP@ ?@N>MD<i@hoco late tablet structur e.'O DN <GNJ KINND=OI@@3AKG@ M G@MN QCeQa PI?@Bdl@ =JOC
AIG?DIB <I? =JP?DI<B@ ?PMDIBEMYNNDQ@WH<ODJI

><JG DJ9>CH ;DGB:9 ;®B FJ6GIO K:>C 6GB6CK>AAL&DJICIA6CY9

$ JP?DI<B@V


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/boudinage-e1560719512464.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/boudinage-e1560719512464.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/BoudinsNF.jpg
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/06/BoudinsNF.jpg




G. Kinematic Analysis and &ir
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> JHHJI FDI@H< OD> KNMG@H QI&DIB 30-ODJI DN O@MIJ@ OC@A@@N 4 AG?DIB AM NJH@ NOMPP@ $IMBHKG@
< N@H@O0OJGIBNO H<H@&NPI@ OC@ JMD@EDJI A < K<GE&PM@BIO NOMPE@ DI J&?@NOMD< <I? R<ION OJ FIR OC@
JMDBI<G ?[@0DJI A >PMMO BR

2CDNTB@ A KMG@H DN HINEN@INJIQR® JI OC@ NO@BMKCD> KM@ODJI N =@N <@ RIAJG?@ OC@ KISEBM®IO
?DI@ODJIN OT@&@I O<DIMO@ <GJIB NH<GEG@M JI OC@ @M 2C@ NH<GGGaWM@NR IO J| OC@ JG? <SDN

% )DI@H<OD> I<GNDN <I?QNDI V



Dilation

4JGPH@ >C<IB@ @MPDA>PGO OJHR@ DI &G MFN &R@@DMI?@M NJH@ >PHMNO<IXNDx| =@ LP<IOMA@ + JNO
N@DH@O<MNM>FN PI?@BD NJH@compaction <N OCIaxM® =PMP@@<PN@ K@ RO@M BK@GG@? JHIGDJII @NPGON
DI < |@BOO® ?DGRJI IJOC@MIHHJII KC@IJH@IJI DI Q&DIB |@B30@® ?DGRJI DpfF essure solution DI RCD>C NJH@
HDI@WNGN DI I <N@ ?DNIQEE DI MNKJIN@ OJ @OIM

"DGODJI DNscalar LP<1 OO [ DO EPNO C<N < H<BRR@

Distortion

"DNOJ®DJI DNT-A<M OC@ HINBKSDO@O K@ A ?@AMH<ODJI OJ HENPI@ 5C@1 NPFN <i@ ?DNQIBIOC®A KD=CICB@
GJIB@M DI NJH@ @ODM¥pJIIN <I? NCIV@M DI JOC@MN GNa@NB>C<IB@ DI ?ONINM@<PN@ A OCDN NIDM&IIJO =@
MOKE@N@@=T < N<G<M JM @QJIMO DN < HIMIHKGD=O@LP<I OO OCO DNSG@tensor .

Strain

'I KIKPG<M NKGEC OC@JIRP "NCMD| )| EJPMN PK <| DHEMNDJIAI<KK®IB AM-@ NOMDIDIB_ © NJH@CDIB DHKGD@N <
?TI<HD> KN>@NN 2C@MWR "NCAD| C<N < ?EA®IO H@IDIB DI N>D@@ <I? @IBI@MDIB [1D?@N>MD=@NOIB@ KRG
FDI@HOD> [ < >C<IB@ DI NC<K@JBPR@ RA@OM<PN@ 2CAQ®D <@ E<HKG@MNGMI DI RCD>C 1JA+@ DN@ER
M2GEDDJI DI < ?DNQIMB HDIM/KI? OC@ ?DNOBDH<B@A < =<NED=<GG JI < RD?@i@iN24 <M@ =JOC DH<B@ NXOTRQ
PI?7@BJI@ NGBl =PO OC@W® H<?@A GDB MIN 1J AIM@ DNENDIB OC@ ?DRDJIM

2C@ 3IM@NKJI?DIB TI<HD> O@MH INO@INNRCD>C @ RDGG NORX GR@M30@JI XFQ <MD |@a@M OJMPN@ NONN
RODC NeM

GG OC@ NOM@N B N@ DI OC@ SM >MPNO@NH<IDANODJIIN A NGMI 10Dl DN NP>C < API?<H@IGJ> @KO DI
NOMBPHMS B@JH OCO DI HI® <&I> @ >JPMN@N OC@€E@HID>NINGMI DNAD@| @D @ADMNOOCDNIPMN@@ O<®
< HIM@ K#ODBG <KKIM>C <I? AJI>PN JI ?@N>MD=DIB NONMBNDMNQIR@AMT IJ R D NCIPG? =@<NMb@Tx>C<IB@N DI
OC@ NC<K@&WF-FN x| =@ M2JBIDU® DI <GG OC@ NIPNGRHJP C<Q@ NOP7DN A<M

Heterogeneus stain and homagneus stain

10KDI x| Q<M AIH KG<x@ OJ KG&>DIMFN 5@ ?DNODIBPDNC>DNIKN@

Homogenous str ain: NOMDI OOR DN OC@ N<B@VERC@® ROCDI < =JT JA W-F 'l CJHIB@I@IPN NGRI NGIBBO GDI@N
M@ H<DI NODBO K<tGG@G GRIE@NMK<AGGC@GCaM@M@WH@ DIOJ:AA>EH:H

10KDI OC2 DN 1JO CIJHIB@IEN DNeter ogenous. '| C@O@B@IJPN NeM NGIDBO GDI@N =@ =@0 <I? GDI@N OR®
DIDDIAGEMGCC@@ M-O@=T ?DAD®IO <HIJPION =@HDIB 1JI K<M <GG@G

V% )DI@H<OD> I<GNDN <I? QNDI



Heter ogeneous str ain DN ?E»PGO OJ<@GA@RDC HOC@HIBGG & JR@IAMDA B GJIF X < @M NH<GGa®JI JA <
COA@B@I@PNGNCGWI@ M>F D x| J 0@ =@ @R@DI OC@ N<H@TR<N < CJHIB@I@PN NGl 2C@tr ain at a poin t
DI< COAOB@I@PNGNGWI@ M>F AGAIN OC@ N<H@®BE@H3BG MPG@N <N CJHJB@IJRNINOM

><JG DBD<:C:DJH 6C9 =:1:@<:C:DJH HI&>C

% )DI@H<OD> I<GNDN <I? @¥DI V



><JG +IG 6>C 6;;8|>C< K6G>67AN DG>:Cl:9 IG>ADDI: & :68= ; DHH>A >EBB9 9>;; :G.CIAN9:E:C9>C< DC >IH >C>I>6A
DG>:Cl6I1>DC 7JI |I=: HB6SC >H CDC:l=:A:HH =DBD<:C:DJH 6H H=DLC 7N I=: :AA>EH:H ,G>AD7>I: >B6<: 6;I:G DC +
LLL IG>AD7>k@D DLCADG69:9 :8

Strain along lines

#Q@! DI < CJHIB@I@PN NGl ?D@@I0OGIMD@@GDI@NIEDMD@I2BR®I0 <HIPION A NGB 'l OC@ ?D<8M @>C
OMDGQI@DN@® @?DARIOG=T ?@MH<ODJI @@ OCJIP8 OC@QR¥>G NOMON CIJHIB@JI@N

V% )DI@H<OD> I<GNDN <I? QNDI



Changs in length (longitudinal atn)

2CO® <® RJ R<TN OJ H&NP@ >C<IB@ DI G@IB@C
JMDBI<G G@IBOS BR I@ R G@IBOCAN

Extension NJH@DH@N @GOIB3: AA A
#SO@INDJI DN @@@&jional change in length.
Stretch H AA

2C@ DHK4IO OCDIB O@M@H=@M DNOOTKOM @ M>FN
OC@ @GJEX @UD@NIRD?@ODJI TKD=GCNJH@ GDI@N
RDGG@= BJO GJIB@M <I? JOC@MN @D BEIINAIIBAM

><JG $DC<>|J9>C6A HBSC 6H > 68IH I=: B>9 A>C: D; DC: IG>AD7>I:
>C ><JG

Changs in angles (shestiain)

2J H@<NPI®@ >C<IB@ DI <B@N@ GJIF&X RJ GDI@N @C<
R@® JMDB:GK@MK@I?D>PG<M

'AOC@ >C<IB@ DIG® DNKND OC@I
Shear str ain B<HH< 16C

2COR <@ JOC@MM@?N PR@J HENPI@® NG@® Nem DI
<?XI>@ NOP?D@N NJ OC@ax2@oDJI DN NJ@@H@N
LP<GD® <N engineering shear str ain =@<PN@CDDN OC@
H@NPI® <GG@BEINO PNi&T @IDI@MN

1C@M NeM <GNJ<QID@NCRD ?[@0ODJI [ NJH@ GDI@N

PI?@N8J KINDO® NG@ NOM <I? NJH@ PI?@BU |@BO0®)
NC@V Nebi ><JG +=:6G HIG>C 6H >| G8IH I=: B>9 A>C: D; DC: IG>AD7>I: >C ><

'I OC@ 7?D<8W OC@DC< 6M>BA OC@ OMO@J=D<N
PI?@N8JI@ EDH>I>K: H=:6G 6HG-@<PN@ OC@ GDI@I3dO8@MK@1?D>PG<® OINK-O@GA6I>K:AN 8ADS@L>H:

% )DI@H<OD> I<GNDN <I?QNDI V



Strain ellipse

2C@str ain ellipse DN <3t Q@ID@ KT OJ @ K@N @I < NO@

JA CJHIB@IJPN N&M JM OC@ NMD < KJDD DC 6 ILD
9>B:CH>DC6A H3&; 2C@ NOM @GGDKN@ DN OC@\ NC<K@ J
?2@MH@ >DMG@ AT3MDB<JGC<? PIOD M?DPN

2C@ ¥PDPNA OC@ NOIND GGDKN@ DB@ODJ| DNLE&G OJ
OC@Ia8= HDI OCe ?0#0ODJI 2C@ NOV@GGDKN@ DN OCPN <
BJJ? R<T OJ @K@&N@ OC@MmDJII A GJIBDP?DI<G NOM

RODC ?@0ODJI

Strain axes

NOMDI @GGDKN@ RX\GI@N @C<@ NK@<G 2C@ ><JG 6 +1G&6>C :AA>SEH HIG>C :AA>EHD>9
MOKE@N@ OC@ H<SDHPH <I? HDIDHPH EDM.@N 2C@N@
GDI@N@dtr ain axes 2C@ NOM <N WM NJHOGDH@NGGC®@<I? 8 , JO@ IM?DI<O@ @N Jl < H<K JM =MIN N&DDJI

<M® NJH@DH@N S <I? WORDI <S@N ?J]0 IG@NN<MBIBI>D?@ R <T NKE&D<G @MDJI JI < H<K

10KDI <N C@ NJH@ JOC@M-NK@K@UD@N 2TA@R KR<TN ©O MDB <IBG@N O3>@ JOC@M? OC@ <GNJA@K@N@
GDI@MO:® H=:6G H6SC 2CDN H@N OCO® O0GR@® K@MK@1?D>PGIMa-@@MWMH<ODJI NOS@®OJJ &JIR@@MPMDIB
?@AMH<ODJI OA@I<T CQ@ ?0@BI@ ANH OCDN K@MK@ I?D>@BERNMIMNCDK <I? OCA@H@ =<>F OJD 2C@ NOM<IDN <@
OC@ JIGDI@N 0@ OCDNK®

2C@str ain r atio DN <3t Q@ID@ H@NP@® A OC@ <HJB® A ?DNAIBUI DI " 2C@ NeM MODJ DN O€@®V-® @ OC@
GJIB <SDN <I? OC@ NIZ4EDMIDC@ NOMDGGDKN@

Strainratio *1 Heg H

Strain ellipsoid

2C@str ain ellipsoid DN <3t Q@ID@ RT OJ WK@N@ < NO@A CIHIB@IIPN N€M JM OC@ NDIMO < KJIDD >C =G
9>B:CH>DCR2C@ NeM @GGDKNJID? DN OC@ NCGRH® NKCA@MOGIMDB<GTC<? PIOD MP?DPN

2C@ ¥PDPNA OC@ NOIN®GGDKNJID?7TDIBE@ODJI DNLBG OJ OEG@8= HDI OC® ?0@ODJI | " OC@ NOM@GGDKNJD? DN
OCPN <BJJ? RT OJ @K@N@ OC@NMIDJI A GJIBDP?DI<G NOMRDC ?MBODJI

NOMDI @GGDKNJIDRG&NGDI@N76&<1? 8 OC<O <@ NK@®<G 2CERKEN@ OC@ H<SDHPH <I? HDIDHPH BN @N<GG@
sx <I? sz MONK@D@G<I? < OCOMDIO@MRADO@ <SDAN DD@MREO@ N@MGy OCO DN HPOPKE@MK@I?D>PG<M 0OJ OC@
JOCOMRD2C@ON@ GDI@stckin axes

2C@ CQ@ NJH@ JOC@M-DK@IK@UD@N ZCA® © MDB <IBG@N 03>@ JOC@M? OC@ <GNIJ@K@N@ KIG@N 0J
KG<I@NAD:® H=:6G H6SC 2CDN H@N OCO O0@R@®@ K@MK@1?D>PG3IMar @@MH<ODJI NOS@O0JJ &JIR@@MPMDIB
?@MMH<ODJI OO@I<T CQ@ ?L@BIE@ ANH OCDN K@MK@I?D>@EMINCDK <I? OCA@H®@ =<>F OJD 2C@ NON<FDN @I
OC@ JIGDI@N 0@ OCDNK®

V% )DI@H<OD> I<GNDN <I? @QKDI



'I "OC@ NOADI <N M KIG@N OJdDpihcipal p lanes of str ain.

'I "OC@ NC<K@AIOC@ MDD GGDKNIOR=@ ?[A& =T < NDIB@ NOMMODJINO@? R@ @JBIDU@ RJ NOKDI MODJBI
H H<I? 7 H7 B 'A6 DN GB@® <I?7 DN NH<GG OC@| O @GEDKNJID? GIAFNISOE<GG JM < >DEZNMN ?@N>MD=@
prolate. 0J>FN RDC KMsO@ NOWN JO@| ?DNRGYQNB GDI@MV A<=MD>N <GII@EN'| > JI OMNO BAN NH<GG I'DN CB@&
OC@| OC@<4IDI@GGDKNJID? GJ@FN SENFCDJI JM < K<iB@ <I? DN ?@N>NBN@blate. 0J>FN RDC J=@G@ NONWN JO@I
?DNKGHQANB KG<I<M A<=MDAK3DJIIN

><JG G 6C<:D; HI6>C :AA>EHD>9 H=6E:H 61 SDCHI6CI KDAJB:

2C@ ¥MB@ A KINND=G@MN@GGDKNJID? NC<IK@NDS GRI@MI < BM<KC JA6 <B<DINDFIJ RI <N < $GDIl KGJO

><JG A>CC EADIDG 8DCHI6CI KDAJB: @& :AA>EHD>9H

% )DI@H<OD> I<GNDN <I? @¥DI V



Deformation histories

Rotational and noneatational deformation

GG OC@ €& HENP®@N @ 3> @MI@EPNO NOM&JIR@I@MA R GJIFXOC@ RCIGAMEBODII KIDP® R HI N@
NDPODJIN RC@WD-ODJI C<N BJI@ JI ©® OC@ N<H@ ODH@<EN BIo@M OC@N@PHMO<@Nd) C@BRG 0J GJIB €C@
=@CQDJPNVAIOC@ NDIMSAN

'A OC@ XDIMION @ OC@ N<H@ Joo@ll <N OT@D? =@M ?@MWH<ODJI NOQ@ OC@! OC@ A@4ODJI DNon -
rotational NJH@DHG@N otational , JO@ OOC<@@! DI < IJI M JOODJI<G NDMIOC@M GDI@N REGEAIMOO@ <I?
RDGG NRKNC@VI NeM =POMDN OC@DIGIFDON OO<@ DHKJIBKIO M OC@ O@MHDIIGER

'AOC@ NDIM$N C3@ JO-O@?PMDIB ?@AIMBIRJI OC@| OC@IMEAODJI DN ?@N>FIBDN@tational.

Finite deformation and deformatioate

-I> @ R® NOSNBJJIFDIBS<NDODJI Of ?DBR>PGO @IB? ?DN>PNNBItBain histor y 0JJ 5C@I| R@ GJIFX< ?@NMH@ M>F
RC<O R@ N@ DN OC@R*D A < RCIG@ CDNOAM@NMH<ODJI 2CO @I1? KIPP>0 DNSG@C@ni te def ormation <I? OC@
NOADI K<d A OC@ 2®A<ODJI DN Oft@te str ain

' HIM @ ?@<DGA<GTN@NAINGMI R@ HI =@ D@NO®@I| <GG OC@ @b ements JA NQBI OO CQ@ 31 OMD=PO@®
OC@IG KDP®@ #<>C JI@ DMNG@@I incr emental str ain.

2C@infini tesimal strain DN OC@ @I3K¥MO A OCDRK@ 4 OCDIFDIB 2C@<RO®DNCOIEIN OCJeB A <N =@DIB H<?@ PK
JA<I DIOID@ IPH=@MDIBID@NDH<GRNAM>@H@DON 2C@ B@+@WMZ@ICIPG? =@ A<HDGDIHM@mBAA OW@®| < >G<NN
DI ><G>PGPN 2CDN DA@IBID@NDH<GBNIOMBIH@N DHKIDAIO DA@ GJJIFGstr ain r ates. 10Dl MO@N @VIKDx=GIG
H@x<NPI@ DI PIDON Aper second, JMH NJH@DH@ SKa®NNR@NSstr ains per second '| B@QIGIB=xGAVENJII<=GC@OIPODJIN
OC@ <HJRD A NGMI OC J=>PMN DI < M@ DN <GHINO DI®@NDH<G 2¥&PPODG@<ROMO@N DI OC@HMMPNO@M
OCJPBO 0OJ =@ &an| <|? N

Coaxial and nomaxial deformation histories

'AOC@ NODINDI>MH@ON @ <GG 1JI1MD-ODJI<KG OC@I| OCKDNGRIN H<M<DI OC@DM N<HEDPLIM® GO OJ OC@BGE®MD<G
JAOC@¥ 2C@ ?@MH<ODJI DNSB@oaxial 2CDNTH@ A ?@MH<ODJI DN <GRGS@ur e str ain

V% )DI@H<OD> I<GNDN <I? @KDI



><JG , DE D6M>6A DG EBB®>C &I: I=61 I=: HIG6>C 6MH @E |=:>G 9>@I>DCH 8DCHI6CI
GAG6I>K: ID I=: B61:G>6A 7:>C< 9HGB:9 DIIDB +>BEA: H=:6GDC: INE: D; CDC8D6M>6/AHIG->HIDIG
&DI: 1=61 I=: HIG6>C 6MH ®I161: DK:G I>B: GAGI>K: ID I=: B6I:G>6A 7:>C< 9DGB:9

I TJOC@NK® A NGMI CDNOJIMN soncoaxial. 2CQ® <@ H<IT OK@NA 131> J<SD<G NDMCDNOIMPO JI@ K<®D>PG<M
K@ DN DHR3ND DI OC@ NDBPAR NG@ W@N O Daimple shear '| NDHKG@ NMEGG OC@AGANE@NOLC@>¥ HJ Q@ DI
OC@ N<H@@WJI =PO OC@<ND&EDN <@ KMBMNNBGMO-O@ 1JH@ODH@NI £JJFDIB DI 1@ D@ OC@ A<=MOMGM
WI@N R@ =l ?DNODIBPDNC OC@ N&WI@DJI <I? ABPE JPO RCD>GROC@HMN RQ® HXQDIB

% )DI@H<OD> I<GNDN <I?QNDI V






H. Rabrics

Intr oduction: foliations and liaéions

I T M>F OC® C<N KKM@WUD@N OCXM RIDC ?@MODJI DN N<D? OQ@abric *DRK® HINO NOKIP®N A<=MD>N >
=@primar y JMsecondary #S<HKG@MIXXMDHEM<=MD>@hédding DI N@DH@O<WMM>FN <I? flow banding DI DBI@N
M>FN 1@&J1?<MT A<=MD>TKO=GIGDI?D=0@ OGstr ain C<N J>PM@& $<=MD>N@VBHHJI DI A JG?@M>FN <I? DA A<=MD>N
?2@@GIKEOC@ N<H@ ODHIBNROC@O @I CI@ < @WMINKEDB> @ &GDJINCDK QGAN

$<=MD>N H<=@ KG<I<M JM emI@<I<M A<=MD>® <@BNXEG@pliations , JO@ OONIH@ S@-JJFN @NOKI>C@ O@MH
AGIBDJIlI 0O KOD>PG<MK@N A KG<I<M A<=MDBORE<MN@ HDIKEEMBMIN <N DI < N>CDN@ RDGG PA@ID< HI®
B@IGN N@IN@ OJ ?@NBBK KG<I<M A<=MD3>FN RDC < N@OBI N@JI?<MT KG<I<M A<=MD@ {MH@DH@N.GG®-
tectoni tes OC@ 1 DNVAN>CDN@INEDI@XM A<=MD>i® <¥GG@Eneations 0J>FN RDC < NOBI N@JI?<MT GDK®DJI <@
NIJH@DH@NGG@ -tectoni tes

'O DNIJBHJI OJ A DI? < GDK®DJI O GD@N<KEE@GIMIDI OC@ KG<haxIKG<I<M A<=MDi>FN RDC < N@OBI O@0JID>
GDIK®DJI OCxGD@N DI OC@ KG={@EDUID>2G0BEDJI <@ NJH@DH@NGGB@®@S-tectoni tes

Fabric Elements

$PI?<H@I| O<G OJ OC@ ?@N>MBKGBMD>N DNIDC@KOA <fabric elemen t $<=MD> @G @»N2$DB <®ihe things that

are aligned to give a rock a fabric $<=MD> @G@MEDI>GP?@ OCDIBNGDMN <I? G@IN@RB®@ IO IHKINIDDJI B&DIN
JA HDIGNEN O0<@ O<=PG<MaGIP: JM <>D>PG<MaCDMI=G@I|?@ JM NDGBRFIIDN =l <GNJ =@ A<=MD> @ G®HII
oca@k@ @1JPB JA OC@H

2CDN €@l 0J < N@? DHKJIMO<IO 31> @KO OC@<DX&<penetr ative A<=MD> A<=MD> DNOKOI@)-; > >H BECI
:K:GNL=:G: >C I=: GD8@IM @<HKG@ NIJH@O@MP=@ NKGBEGHINORKRC@E&E OCAWa&OD@G<I DIADID@ IPH=@MJ
>GAXB@ KG<I@NNOC@MN OC@QB@ KG<I@MNxQPIDNDRE<ER <I? <M@ O@MH®@nN -penetr ati ve

Penetmative fabrics

A<=MD> péhetr ati ve DA
'O DN @M@l OQFBCJPO OC@ M

'O DN 13O KINND=G@ D0 ©C@ IPH=@MA<=MD> KG<I@N JM GDI@N
'O DN 13O KINND=G @ONK@®N -®R @0 OC@ A<=MD> KG<I@N JM GDI@N

& $<=MD>N



Non-penetative fabrics

A<=MD> Dbh -penetr ati ve DA

2C@ A<=MD> KG<I@N JM GDNBNEMK<ND RDCDI OC@ M IJM
'O DN KINND=G@NK@N -®R@»| OC@ A<=MD> KG<I@N JM GIHANAREAD> DK JM
2C@ A<=MD> KG<I@N IMGBI@NP|I O@

, JO@ OOK@I@DOH >C<MO@M DN<G@ ?@K@IT@I1> @KO < A<=MDOOBKK @& O © H<K <I? JPO>IK N<G@ H<
KN Q@ OJ =@ JI K@I@WOD@ DI OCDI»u@JI

Fabric elements

2C@ JGARDIB OK@NA A<=MD> @G@WH@BD@ < MF <
A<=MD>JOD@ OCxO§ IHHJII A IM < B@I| A<=MD> OJ =@
?2@BI@ =T < xJH=DI<ODJI A A<=MD> @G@W@&@N NRUIDI
$DBPEIN <I?

Tabular miner al grains:

. G IM <@ NC<KEHDI@MG BNDIN G@FHD= <\@
JAO@! <GDBI@J KNPP>@ <JGDOBDJI

*@NN JBDJPNG O<=PG<M HD@MBNDIN HI

>J| OMD=PO@ OX@DIl@DA OC@DMQDMIEN <
N>x<@@® NJ OC® OC@DM KG<I@N <GG DI>GP?@ <
K<NDD>PG<M GDI@

Acicular miner al grains:

, @PG@ NC<R@M <>D>PGHDI@NG BMIN GOF
<HKCD=JG@ <I? NDGQDB<KM JO@| <GDBI@J
KM?P>@ < GBI@DJI

*@NN JODIPNG@@G@ NC<RE@DI@NG BADIN HI
>J| OMD=PO@ {mIm3®JI DA AC@w ?DNOMD=PO@
K<MGG@G 0J < KG<l@

Crystallogr aphic pr eferr ed orien tation ( CPO): ><JG > :GCIINE:H D; DA>6I>DC 6C9 =:83G>8 :A'B:CIH C

:68=86H: |=: ; DA>6I>DC >H@GGA ID I=: IDE H88; D; I=: 7TAD8@6
1JH@ODH@® DN K@NN¥NDJ GJIJF@ OCDI N@DJI DBEDH>I>DC6A A6N:GSC<G>C H>0: K6G>6I>BBADH:AN HE68:9

Plr)@M oc@ HJDd’:NK@ 0J l‘@ < A<=MDA OC i@8IJGH 9 EG; :G® DG>:Clel>DC D; &3C 7DJC96G>:H EG; ele]
G>:Cl61>DC D; 9DB6>CH D;@X;| 8DBEDH>I>DC I|=:H: 9DB6>CH 8DJA9
>MNO<GGIBED> @N A < K<®D>PG<M HE(EHA <GG: B>C:G6A <6>CH HEH D; B>C&\ <6>CH 9DGB:9 E:77AH :I8

K<MGG@G 0J OR=RG<M KG<|@ IM GDl@ Ol}@l a >DJH INE:H [B7,(3>8 :A:B:Cl1 86C 7: 8DB7>C:9 )

8DB7>C6I>D® : |=61>H 8DBBDC >C H:9>B:CI®GEC9
C<N < A<=MD> 2Hd>-OCDN RDGA 3@JH@ B:6BDGE=>8 ®8@H 6H:9DCD77H  %:6CH /  6C9Y
J=QDJPN RC@I| OC@ BIDIM@ NO<B@ DDN® / >AA>6BH ( C JIA>C: D; +IGJ8IUBA :DAD<N >A:N
—@rR@@l >NINN@ KIJG<MN @MNBGGEGRC@I <

G<H=?< KG3@ DN DD@NMGG OC@MBNI>C<IB@ISIPMN \DI NTkN OC@ NO<B@DENM

V& $<=MD>N



Domains:

?JH<DI DN < M@BJI REDCDI <MF OC® C<N < ?DNQID@ 3HKINDDJI JIM GOPE $E@®@I|@>G<NON DI 2N@DIO<M
M>F ><| KMI?P>@ <JGO3DJI DA AGH <GG <GPBlax KG<I@AId@>C&>G<NON DI 2NEDO<VMN>F ><| KMI?P>@
< GDK®DJI DA AG@R <GG <GPRK#GGC@G 0J < GDI@

Layers:

* <T@MN @& GIGEPNO ?JH<DIN OC{® @V @O0 @INEEXI? K<MGG@G RD?@
Rods:

0J?N <N® @& GEPNO ?JH<DIN QG @V @GJIB3@<I? > JI ODIPJPN
Cracks and discon tin uities:

IGIN@OANK<E® AM>OP@N < KMI?P>@ <TK@ A >G@B@ #GB® actur e cleavage
Fold hing es:

,PH@MPN >GINTEGNK<& AIG? CDIB@N AKM?P>@ < GBI@DJI DI CE ?@AH@ M>FN 2CDN NOOIP® DNGG@
<crenulation linea tion

Fold axial surfaces:

,PH@MIPN >GINGNK<# AIG? <SD<G NPAZ@KD < A<=MBSB@<GG@renulation clea vage =@<PN@ OC@ <SD<G
NPMA@M<T =@ KG<I@N B&FI@NN <GJIB RCD>C=MO@I1?N OJ NBIGD

Inter secting f oliations:

5 CQI@2@MRI DIO@WI®IB JSOBDJIN <@ KEN@ OC@MNRLAN <linter section linea tion ?@BI@ =T OC@DM
DiO@MM@Jl | OC@ P@G? <GOCJBB KINND=G@ <3>PGQ@ OC@O®MMN®@JI GDi@DJI AM NOM@DIF<I? ?DK
H@NP@H@ON A OC@ DAIGOIEDJIIN @) PNP<GBP>C HIM@ <>PMO@ OJ H@PI@® OC@ GDI@I| 700G

Common types of foliation, and their origins

Primar y fabrics:

1@DH@O<M N>FN <@ TKD=CGGN@JBIDU® =T OC@DM KMDH<M
A<=MD>N OP<GGRJ OTK@NA A<=MDa&x¥HHJI

Bedding <I? lamina tion <M® ?@A@ =T GE@MNI?D@®@ @0
>JHKINIDDJI IM G@PE TKD=GA\BAEDDIB @DNMH@! 0O<G
>C<IB@ ?PMDIB ?@KJND

Fissili ty DN < A<=MD> =8R@MDNADBP2M>FN DI RCD>C
OC@ N@END&D@N Q& =@! <GDBM@T compaction OJ
KN?P>@ < K@ @80 0§ KMDHERIGEBEDJI

><JG +:9>B:CI6G N DA>6I>DC 7:99>C< 6C9 ;>HH>B>H6><
&$

& $<=MD>N



Slaty clea vage:

1GE >G@<B@ DN < KQMOO® A<=MD> DI RCD>GMDM JOC@M
NC@ NDSDAN =@&C@ GDHE QDNLDEFIRIDC OC@ IgF @@
<\® <GDBIE<MGG@G 0J < KG<I@ RCDH@N@I @NT KG<I@A\J
NK@DDIB ONDI NOP?D@R@ X @RI OC<O NGK>GD<B@ TKDx=GIG
AMHN K@MK@1?D>PG<M 0J @C@JPDVH<SDHPH NCOW@IDIB
OC@ 8 <SDNQC@ KDIN®GGDKNIIDC@M RPN >G@<B@IMHN
K<MGG@G 0J Q@4 @ 1JH@ NG<G@&<B@N K@ @D
?JRI OJ OC@ NS@AIDI?DQD?P<G HEE@BIDIN JOC@MN RNCJ
?JH<DIN PI?7@M OC@ HINs8K@

IG@QB@ DN OCIPBOJ 2@ GJKT=< xJH=DI<ODJI A KM>@NN@N
DI>GP?DIB

. CTNDB=G MOODJI OMNKJINDDJIJ A HDI@N6 BADIN <N <JMF
DN ?@WH@

1JGPODJIABNDIN NP=E@@0J CDBNGHNN IKMNNEM
NJGPODJI

%MROC A |@ HDI@MKG BADIN ?PMDIB 2@k <ODJI

1GE >G@xB@ DN OC@DIGRA >C<dO@MDNOD>0C @I~
OK@slate

Schistosi ty: ><JG M>6A EA6C6G HABIN 8A:6K6<SBAGA ID =6BB:G

=6C9A: 6GB6CK>AA: &$
1>CDNOUNDN <>xMN@MBM2 Q@MNDIAINGK >G<B@ <I? DN

OC@ O@MH?PN®@ < HIM® JM G@NN REDED XGOBDJI ?@A@ =T HDI@NG BADIN 3<MN@M OC<| <=JPO HH +KI
B@GJBHNON GP<GG@JIBIDW@ <I DD@MRBO@@OP@phylli tic f oliaton RC@| OC@ A<=MDDHER HDIGMEN @ EPNO
QDND=GE&R @@MC@ =JPI?<MD@BR@®| OC@N@®BIMD @IEI@AM @ AMH<AZ@BI@

1>CDNOINDRQJGI@AN OC@ N<AKIGINA KM @NN <N NC-GE@<B@ =PO OKD=G A COBA@M HBHIMKCD>E®N <|? <&<TN
DIQ@Q@N NDHEI)ZAO 1@ HDI@MG BNROC

Gneissic banding:

%I@DNND> =<I?DIB DRAGX@KR@&N < @NPGA H>MNO<GE@DJK ?PMDIB H@®PH OJ CDBBM?@ H@<HIJMKCDNHD 'DN
>C<M>0@MBPET OC@ @NB IMD@ODJI A KEX O<=PG<Nl KMDNEB> HDI@BN <I? ¥ NP=K<¥GG@COBEHG<M HR{E@ M
BMDIN <I? BMDI <BB@BO@N INO BI@DNN@N <GNJI2ENKEDDJII<GI<AD>A @GNB=I?DIB

Flattening fabric:

5 C@I <AGD3DJI DN @& =T ?JH<DIN OC3 @K@N@ D? @IXx=G@ EA@ J=E@ON DI <IMF NP>C <NGED@IBK@==G@N
Dl < 2@MH@ >JIB GIH@G@ OC@ A<=MD@>><GG@ AGE@IDIB A<=MD>INO JGOBDJIN <@ KM<=G KN?P>@ =T
AGD@IDIB =PO OCDN O@MHA RE@NGEC @ JMDBN JODJPN

V& $<=MD>N



Pressure-solution clea vage:

1JH@ODH@N 3@A@ M>FN 3l O<DI ?JH<DIN JM T&MNAJ
?DA@IO IHKINEDDJI O =l =@ NCRI 0OJ C<Q@
JMDBI<O@ <N < M@NPGA NJGPODJA K<MD>PG<M HBREM
$IM @<HKG@ LPRAM HT =@ KEI@@IODIGDNNIE ANH
>@WDI =<I?N RDCDI <MF KM?P>DIB HDx MD>Geams
OCO N@ kD@ LPEMMD>G thons

Crenulation clea vage:

IM@IPGRDJI >G@B@ DN T@® =T >GINBEK<@ AIG? ><JG (G :HHJGHDAJI>DC 8A:6K6<: 6N DHA6C9H &$

<SD<G NPN@N>CJ <GHJINO RGN < N@I? JM GO@M

B@I@@DJI A A<=MD> <|OIxG I@MA<ODJII KIPP>@N <ISOBDJI <I? GOE@M I@A<ODJII 2G?N OO<2GOBDJII OJ KMP>@ <

>MRIPGRDJI >G@B@

1JH@ODH@N@NWGIDJI >G@B@ DNE=DI@ RBOC KENNEBVNIGPODJI OJ¥M@diff erentia ted cr enulation clea vage

Myloni tic f oliation:

#SOB@H@ ?RODG@ NI@EB DI NEI@ W@N O@I?N OgiA>@ OC@<BVINC® A HDI@Ns BNDIN RCDG@A@NeGDIB OC@ INHIB
BMDIN JPO DU ?JH<DIN A GO@H@ ?DH@INDJIN <I? <GNIPR&DIB NOM >MTNO<GGIBED> KA MBI IMD@IODJI 2CDN

K@ A AGEEDJI DNSG@yloni tic AGBEDJII OY <GHINORGI N <>JHK<ID@ =T < GDK@DJI K3PP>DIB <| *1 A<=MD>

& $<=MD>N



Relationships of foliations to folds

$IGOBEDIIN ®WIO@| ?@DGCIRE<MGG@G IMBCAE K<MGG@G
0J OC@ <SD<G N@MA<3G?N $DB 2CDN @®&®G@DJINCDK DN
>JHHJI =@ ><PN@ =JOC NCO/H#EN JMDBO@ HMM OC@
N<H@ NE&DI $<=MD> KG<I@N <IGA<SD<G NP@A<=®I
K@MK@I1?D>PG<M 0OJ OQ@ NIBNM@MDDJI OC@ NOMEDN
JA OC@ NOIMO@GGDKNJD? 8 GDGEDAR OCDRK@ DNGG@
axial planar foliaton JM <SD<G KG<I<Mk@B@ @
?@K@I1?DIB JI OC@K® A AGOBDJI

'I 27@0<DG <SD<G KGGERDAIN O@! ?@KONAM @S<>0
K<MGG@GDRICRIZT@ <SD<G PRASS? =G<PN@A GXKG
NOADI GMIBDJI -I@ @W>JHHJII NO TG@ DB @eavage
refraction $DB DI RCD>C >GEB@ =@I?N NJ GIC® DN
HIM@ K@MK@I?D>PG<MIHKIGB@D G@MN <I? HI&
K<MGG@G QIHK&DO @0 G@MN

><JG DBBDC G :A6I>DCH=>EH 7:IL::(DA9H 6C®%7G>8H

V& $<=MD>N



2C@ <SD<G KG<I®W®MIINCDK DKW PN@APG RC@I
?DN@I<IBGDIB NPK@MDHRING?N O 3l QRIODJI<G 0J
IPH=@M 2G? B@I@DODJIN NG3MB RDC OC@NED@NO <N $

$ $ @0> 2C@QIMMPNKII?DIB <SD<G KG<IGMRDJIIN <@l
><GG@ 1 @O> RC@1 DN <SD<G KG<I<M OJ $ =PO DN
AG?@=T$ 1JH@ODH@N OC@ IPH=@MDIB N>C@y@® DN @
@O@I1?7@a@0J =@?DIB RCD>C DN G<2@QGG@

><JG ,>B>C< G:A6I>DCH=>E 7:IL::CDA9H 6C87G>8H

Common types of liméion, and their origins

Primar y lineations: .MDH<W GDK®DJIN <® G@NMEJI OC<l KMDH<M AGOBDJIN 2TKBEIG KMDHIMGDK@®DJIN DI
N@DH@O<M<I? DBI@PN N>FN =JOC@BED SR ?DI@ODJI

Miner al linea tions: +DI@MG GBIGDJIIN < OC@ GM@PDGC@ A NGK>G@:B@ <I? N>CDNQINDNMDI NOP?D@N NPBB@NO
OC® HDI@® GBIGDJIN TKDEGGAMH K<MGG@G OJ O@@DDIIMA H<SDHPH @D@INDJI OC@ 1 JM 6 <3DNCI@ KDIM
@GGDKNJD® 'DE@DM KGIRND@MIGIN OC@M=<=G AMH =T < >JH=DI<ODJI A B¥DI MOODJI NJGPODJI <|? <&M
BMROC ?PMDIB 2@W<ODJI

Str etching linea tion: 5 C@l < GD@DJI DN @& =T

?JH<DIN OCQ @K@N@ D?@Mx=G@ I@A®@ J=E@ON DI <
M>F NP>C <N N@MC® K@==G@N DI < JRGBR

>JIB GJHGHMO@ OC@ A<=MD=@ ><GG@< NO@ED>CDIB
GDK®DJIN

><JG +IGI8=>C< A>C:6I>DC 6CAGII:C>C<DA>61>DC BGB:9
8DC<ADB#®: 6CHJ =>C6

& $<=MD>N



Crenulation linea tion: M@IPG3DJI >G@B@ DN TEAR =T
>GIN®BK<& AIG? CDIB@KY <GHINORGN < N@I? JM
GO@M B@@ndl A A<=MD> <I|OIBxG I@A<ODJII KBPP>@N
< AGODJI <I? GO@M J@A<ODJII 2G?N O0<2G0EDJI OJ
KN?P>@ < >@IPGDJI GDi@DJl IM@IPGRDJI GD+@DJl DN
<GHIJNO R€&IN QDND=G@ RC@IPERIDJI >G@B@ DN
KNON@

Myloni tic linea tion: #SO@H@ ?FODG@ MI@B DI NEI@

WI@N O@I?N O@A>@ OC@<BVINOD® A HDI@N BANDIN

RCDG@ &DI¢DIB OC@ NGB BNAIN JPO DU ?JH<DIN A

@OMH@ 7?DH@INDJIN <I? <GNJJ?RKEDIB NOM

>MNO<GGIROD> KM@MB JMD@ODJI 2CDN<ROE JA ><JG G :CJA6I>DC A>C:61>DC
NQ&#D>CDIB GRGDJI DN<SG@mylonitic GDK®DJI Oyl

<GHJNO R&IN <>JHK<ID@ =T < AGE3DJI KIPP>DIB <I

*1 A<=MD>

Inter section linea tion: 5 C@I@@M RJI DIO@MN®IB
AGOBDIIN <M KEN@ OC@MDN RGN <linter section
lineation ?@BI@ =T OC@DMO@MM®DJI | OC@ R@G?
<GOCJFEB @Y KINND=G@ QG>PG@ OC@O@MM®JI
GDIK®DJI AM NOM@F<I? ?DK H@&NPI@®H@ODON 4 OC@RD
AGIBDJIIN@ PNP<GEP>C HIM@ <>PMO@ OJ H@PI@® OC@
GDK®DJI 200G

><JG % NADC>I>8 A>C:6I>D09I8ED; :MIGB: H=:6G>C< 6CHJ
=>C6

V& $<=MD>N



><JG >: :G.CI INE:H D; A>C:61>DC 6C9 I=:838G>8 :A:B:CIH ,=: >9:6A>0:9 :AA>EHD>96A H=6E:H >C 6

S 8 8DJA9 7: >C9>K>9J6A B¥B:&€6>CH 8AJBEH D; B:I6BDGE=>8 B>6A8 9DGB:9 E:77AH :18 6

+>BEA: A>C:61>DC 9:;>C:9 7N :ADC<6I: B:8&&6>CH DG 7DJC96G>HDB7>C:9 A>C:6/>DC 6C9

:DA>6I>DC 9:;>C:9 7N 7D9>:H |=6[7/&%= :ADC<61:9 6C9 167JA6GEB D9>:H |=61 6G 7DI= A>C:6G 6C9

167JA6G 6(BGGC<:9 HD I=61 DCAN 6 A>C:61>DC >H 9:;3C:& :CJA61>DC A>C:61>DC 608>61>DC

9:;>C:9 7N I=: =>C<:H 6C9 6M>6A H831 D; HB6ARA9H DGBEA6I>DCH !CI:GH:8I1>DC A>C:61>DC

9:;>C:9 7N ILD 9>;;G.CIAN DG>:CIl:9DA>6I>DCH 6H:9 DO77H % :6CH / 6C9/ >AA>6BH (
C'JIA>C: D; +IGJ8IJGA :DAD<N >A:N

Relationship of lination to folds

' AJG?N RDC <SD<G KG<I€®DJIN <l DD@MNI®J! GDi@DJI DNMH@ RC@® OC@ =*GB@ KG<I@N >PORBCNOC@B?@
NPMA@N A OC@GPYN <@ @& NJI<=G >TGDI?ME&I1=>H >Cl:&8I>DC A>C:6/>DC >H5&8@ ID I=:DA9 6M>H @NPMDIB OC@
DIO@MN@JI GDi@DJI DN O@a@N® < @GP<=G@&ITRIA BI?DIB 4G? <SDN JMDQDJIN DI &N RC@®¥#G? CDIB@N&MO ROAGG
@KIN@

1JH@ODH@N <NI@GDI@ODJI x| =@ N@I DI AG?@M>FN RDC <SD<G KG<I<tll NG&<B@ 2CDN GDI@I O<®N OCIMA
JA A< N@FN JI OC@ ><ExB@ NPME&NQ < COB<IBG@ 0OJ 0¢@?ALDIB@MY NJH@DH@NGGB®@ down -dip linea tion

& $<=MD>N



ANH DON JMD@ODJI DI <@N JA B@ADGKGPIBIB AG?N O Ki<=G JIMOB<O@N <N <@EDZDIB GREDJI <I1? N\@K@N@IN OC@
GJIB <SDNAJOC@ MODIN®GGDKNJID? 6

'| COEC@M BR@ 0IAFN NJH@DH@N @M DIB GREDJIINIM HDI@NE GBIGDJIIN OCIEB OJ =@MH@ =T NOQ@>CDIB <@l
AIP1? K<kM<GG@GJG2? £DIB@N 2CDN DN PNPREG><0ODJI OCx @O@H@ NE@DIB C<N 3I»M& RDODC OC@ B@@Ml A
sheath f olds 2C@N@ RDGGH@2@® DI HIM@ ?@<DG RC@BR?@G RDAnyloni tes GO@M DI OCBMN@

' <M@&N RDC HPGODKG @ B@IENA A<=MD>N <JGAN GBI@DJIN <@ TKD=CGPH=@MP * * @ O> OJIM@NKJII? RDC
AG? <I? AGEBDJI B@I&BDJIN

V& $<=MD>N



¥ Lab 6.dbrics and ¢lds

Intr oduction

A<=MD> DN @NR@FGT NOMPP@ OGB@N <MF ?DARI0 KIK@UD@N DI Ji@@DaJl AM <IJOC@MI JOC@M RPN
NJH@ OCDIBN DI OC® ®xQ@ <preferred orientation 2C@NJH@CDIBN] DI OCEN@ @ OCf@abric elemen ts GOCJP8 <
A<=MD> Hi<@ JODJPN <>GIN@ GJIF& I@@NNEWMJ ?@@MHDI@ RC<?d OC@ A<=MD> G@NOH@I

@><PN@ A<=MD>N d3=?N <® =JOC KRP>@ =T str ain OC®>JHHJIG T JK@¥D@ 0JB@@VMOC@ KA OCDN G<-O00uN
H<K =<N@ TJIP <M <N& OJ PIMQ@G OC@ NURIPA <| <N RIDC =JOUB?N <I? A<=MD>N

@AM@ JP =@B| H<F@ NR® TP <MD A<HDGD-<DCRIC@NED @M@ IN ?€5DIB REFold overprinting <I? RDOCabrics

, JO@ O0OC@ N<HKGANKF =@ &DG<=G@ DI OC@ G<= ODH@

><JG * :A6I>DCH=>E DA9 =>C<: ID 6M>6A 68C$:;;| 7TAD8@ 9>668B *><=| HI:GD<GE=>8 EG?:8|>DC

Assignment.

2J DGGPMNI OCE>>@KOAIA<=MD> @G@M @ <M KMID?@RBDC NJH@Q@WP<T J=EGDN RDC NDHKG@ A<=MD=>$IM @
A<=MD> C@MHDI@

'N OC@ A<=MDGEEDJI IM < GBR@JI

5 CO <@ OC@ A<=MD> @BAHE?A@A@ OC@ A<=MD>
5 C<O NC<K@@MC@ A<=MD> GINOKHPICD>PGCMNIH@ JH=DI<ODJI

*<= $<=MD> <I? $IG?N



*JJF < O JI@ 3+F N<HKG@AN<>C BNPK , JO@ OONIJH@A OC@ N<HKG@B EdM® OC<I JI@ A<=MD> $IMCHE<HKG@
M-IV OC@BGIDIB

'"?2@I0M*0ODJI A OC@ N<HKG@
&JR H<I T ?DABIOGIMD @@KG<I<M A<=MD$GOIZDJIIN
&JR H<I T ?DAR®IOGIMD@@GDI@M A<=MD>N <GIDEN

$IM @C A<=MD>

"@N>MD=@ OC@ @B@EHE?@N@ OC@ A<=MD>

"J@N OC@ A<=MOEGIHHJI I<H@ NG >G@B@ >@IPGIDJI GD{@DJI @>

5 C<O DN OG@@DJINCDHR.DC@ A<=MD> 0J JOC@M A<=MD>M DI C@@ KINND=G@ IPH=@M OC@ A<=MD>N 1 1
*  *x @ O>a

7 JP <M@ KMQD?@< H<K JA < BIPK JA B5<>DIGGIIIOC® GR GIDIB DNG<I?N RDIB H@<HIMKCD3>¥ JPO>JKN
+<K 2C@ NOMPP@N @TKD=GEA OC@ @AM @ >IMONA H<IT IMB@IN 2C@M<@ RJ B@I@¥DDJIN 4 AG?N
RODC <NNJD@ A<=MD>N <I? <NTHB@D> KNDD>JE&?N K@I@OD® N>CDNCININ KIN@ @@VRC@E® OJEE @M
RODC < G3SG?@aGCIRGMDIPGIDIl >G@&B@ <I1? >@IPGIDJI GD{@DJI | < AGR KG<@N DN KINND=G@@XIN@
DIO@MN@JI GD{@DJI =@ @@ =@7DIB <I? N>CDNOUNEDCJIPE OC@N@JQIGEEDJIIN <® <GHINO K&a&@&@G DI H<I
JPO>BKN DI?D=ODIB OC<?@MH<ODJI C<N %@ DD@IN@

< 3NDIB <I @P<G & KME@ODJI KGJO OC@ DA@IN A OC@ N>CDNCINRIG@N

= *JJF <O OC@GEN JI @>C DNG<I? DI OPMIQD® O@GNJH@ A OC@GYN ?@¥4H OC@ 2@&IB =PO 1JO OC@
N>CDNOINDC@NIB N GI@ <SD<G KG<I<M N>CDNIND@@EMa KM<=G AMH@ 61 6@DJCY I=: HEB: I>B: <N
OC@ N>CDNDDJRDON@GPN <@ OC@MNO B@@NI OCx x| =@ D?@D@ DI OC@ @ *<=@G OC@H $ DI <
?DNODDE® 3IGIPM@ BGY -OC@MIG?N >GiF AMH@ 6;1:G OC@ N>CDNIDINB<PN@ OT@G? OC@ N>CDEOJND
*<=@G OC@I@\S$ DI < 3 OMNODIBISIPM@ B7AJ:

> *<=@GEC $ AIG? <N 1JM 8 =<R@ DON <NTHH@W 3 N@ OC@ N<H@IPM OCIP PN@OJ D?@ 04 AIG?N

? 3NDIB JPM @NPGOMANMI? > ?M <R <I? G<=@G OC@ KMDIBEBREM>6A3GAM <I $ H<K N><G@®@? @H@H=@M
< AG? <SD<EEMRDGG N@K@EM <I? 8 N@IN@N<NTHHOW * <=@®IPNDIB OC@ $G3PM

@ $8H TJIPM @P<G <@ KME@ODJI @NODHE OC@ JB@II A OC@ $JB? <SDN JOC OC@? ASDN <I? OC@ <SD<G
ONP@ <@ GDI@N@GH@ DI OC@ <SD<@ NRIFAQE @R EDI@N OXRMOC@ <SD<G NEMAN>< BND >DIG@ JI
TIPM KBE@ODJI <I? ?2@@MHDI@NDIMD@EDDJI ?? OC@ #¥MPGIDJI >G@&B@ <I? >@IPG3IDJI GD¥@DJI OJ JPM
KME@ODJI 5C<O DN OC@I®IMINCDK OJ QIG@M

A $IM@C $ AG? G<=@<N 1 JM 8 =<R@ DON <NTHH@W PNDIB OC@ ¥GIPMM<R OC@ $ <SD<&@M JI OC@
H<K 0 @H@H=@OC@ $J6?N RDGGKNMI CQ@ =@ MIG?@=T $ NJ TIP NCIPG? |IJOSRK @O OC@BM@NIOJ =@
NGMDBO NNPHDIB OC@ >CG@MVD>CDNO DNRIB@NO P >CH0@MDPOC@ H<DI $G?N <N GI@MGED>GDI@N JM
NTI>GDI@N

B ?7?7G<=@CGN1 1 * @ O> OJOC@ G@B@ITGRO@BMO@=T 8 ]

C UHKG@@ OC@ H<K <N A<M <N KINND=G@ SHID@RNB@& =@r @ OC@ DNG<I?N OR RCRJa¥G NOOHR
0J C@GHBPTODNP<@DDC@ NQWR@> TP H<T RDNC OJ @>C < >MIN N&@DDJI =PO OCDN DN |@rD&@

*<= +<K

V<= $<=MD> <I? $JG?N


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

|. Dynamic Analysis: 8%

Intr oduction

"TI<HD>N DN OC@ ®<NMNOMPBPHMG B&@JH OCO DRIGI@N @I@MAM-@ N@MIN <I? N@MBOC

'O @WMDHKJR<IO OJ ?DNODIBPONEIR> >JI> @KONJAMFDI@H<OD> JI@N + HDNOGN @ =@| H<?@ DI NOMIPPWMG
B@GJH =T K@KG@ RCJ Q@ OMD@ ?J ?TI<HD> <I<@NDN RDBJPODMNO PI?@MNO<I?DB @GDIBN Q@ HIQ®

FDI@HOD>NGOCJIPB RIMPN G@Bstr ess <I? str ain C<Q@ @WNDHDG<MH@BN DI @@WP<T GOA OC@DM KDHXaH @ DIBN
<\® @W?DAD® IO +IGHHDN <PI<HD> O@MH RG&NHIG>CDN KRWGFDI@HOD>

#Q@| DI @@WP<T GOAOY ?DR>PGO OJHM@ID <A+@ JM N@MN 1@RG$IM @<HKG@ RC@IANO<I? JI < =<OCMH N><G@
TIP <M® ?@WHDIB < NKMDIBC&Y NGl 'O DN JIG-@<PN@ OC@ NKMDIB @¥NK>DN®EJ RI ? TI<KHD> KNK@UD@N
NQEINN <I1? N < KIKIMODJI<@M OC@ NKMDIBOO®E: x| PN@ OC<N@BI OJ D@M NJHIZDIB <=JPQIFM Ra DB

'I| B@GJIH JPM FURGEB@ A OC@ EHOIM NOM M GDJIINCDEMANPFN @NK@<GRC@I =PMR@@@K DI OC@ >MPNO <I?
?@MH@ JQ@M HDGGDAINGMNDN LRI@ IG>C @ <MRAPG RC@I| PNDIBRID> O@MHN O M&xGCFIJ R RC<O <@
TIP <M@ O<GFDIB <=JPO

Force and s&s

Units of force

$IM-@ DN K®PI@® DI @ROJIN RC@® , DN OC@H@ |IG@NNEDJI <>@GEOMD < HKNMJIFBF H N

Units of stes

' NOMROP¥G BI&JH R@ <@ <GHINMR<EN DO@NC®@| RC<O <A@ ?J@N OJ NJH@BEMWOC@ #® >MPNO NER @@
<H@&NP®@ A;D@: 8DC8:CIGI>DCIM;D@B: E:G JC>I 6G5 2CDN BN ess

, JO@ NJH@SI®JIFN ?@K2 RJ ?DAQ® IO LP<IOOD@Naction DN OC@#2 K@M PRI JI < NDIBG@ KG<I|@vector
LP<IOO stress DN OC@ OJAAGRN <GDIB JI <GG KINND=G@ KGO@NNDNISCBC < KIDD DI OC@ B >MPNOtensor
LP<iOO O OCDN@E@R @@&@M 0J =JO&> @KON NOENN] OC@ N@IN@ DN FGHNSEE AM OC@ H O8O0

2C@PIDO AN@NNDNH JM .< Pascal

. <N><G DN @1JPB 0J ?J ?@@D<=G@ ?<H<B@ AIRDI? JA NbF + IM@ PN@AP®RIBHI

' "TI<KHD> I<G TNDN



%. <
%. < DNJABCG OC@ EMINEVO OC@ =<N@DL @ >MPNO <=JPO FRI?J
1JG?@M PID A N@NN DN 6&@
=<M . <JMHIM@ PN@APGG<M %. <
2COR <@ JOC@MENIPO O@DRP H<T @IXPI O@M COifabsphere atm <I? OC@ound per squar e inch psi
<OH =<M . <
KND . <

GG OC@N@DRIBl =@ PN®OJ ?@N>Mpr@sure Pressure DN OC@ Q@A N@NN DI < KIDJI<M AGPD? GDRO@M
A<® KBNNEBWVDN <GNJRIXN hydrostatic str ess & T?MINO©D> N@NN DN OK@@ N@NNSR@MD@ =T < NP=H@B®
NP=H<MDI@ #<>C HA OC@ NFRBRIOC@ NP=H<MBRa@D@IN OC@ N<B®@ <9DIB K@MK@I|?D>PG<MINRM}&>

Stres on a plane (a.k.aadtion)

' NJGD?N OC@R<dDJI DN HEM3HKG® #<>C NPMA&>A < HDI@% B\DI RDCDI OC@ &MEK@MD@IN < ?ABN® 10 2AV@
>JI> @IOKDDJI ?@K@1?DIB JIAN JMD@DDJI GNJ NJH@ NPN@ANEK@MD@IIM-@N OO<@ 1J0 K@MK@I?D>PG<M 0OJ OC@
NPMA@

' A<>0 R@ =l MONJ® OCE@VA@ K@M RIBE < @@0JIMII < NPMA<@ DDJ BJ >JHKJI@! ON

><JG +IG:HH DG 68I>DC DC 6 H>C<A: EA6C:

Normal str ess <GNJ FIRI <N IIMH<G G#ODJI | DN OC@ R<MOGX N@WN QC<®ONE:GE:C9>8JA6GJ OC@ NPN#Shear
str ess <GNJ FIRI <N NC@V GiMODJI nNDN OC@ R<MX<DONE6BGAA:AJ OC@ NPMA<>

@><PN@ HJINO IJIMH<G@NN@NORDI OC@ &IkO DR<M B@GJIBNOKRMEN@ IHKMANNBDQIMH<G N@NN <N KOG

<I? PN@ 1@B30®@ IPH=@MNM O@INDG @ NXO@NCE | R@ NOQND<GFDIB <=JP@NDIM:I? NaM OCDNI> <PN@ HAPNDJI
=@<PN@DH>I>K: HH{Bl >CL6@H I:C9H ID 86JH: C:<6I>K: MI:CH>DC >: H=DGI:C>0% QD@ @MN< #BI@MNO@I|PN@ OC@
JKKINDO@ ¥@0DJI RCD>C DNG3@HIBGICHIM@ GIB<G =PCAPD@N KINNEBMOJ =@ < |@HEE@ LP<DO" RCD>C DN G@NN
DIOPOO® MM HINO KIRG @

V' "TI<HD> I<G TNDN



State of s&es at a point

$IM <IT BD@! IMD@ODJINOMB®KI? ?DKI A < NPMA@K<NNDIB ORBL < ED@I| KIDD DI OC@ >MPNOGUEHNADM IO QGP@
JA IIMH<G <I? NG@ N@NIN O BMNO GIDBCDN DNRDERZ@MDIB HGNMNE@N <G@®B4B DI ?BA@I0 ?DMODJIN@ OC@ N<H@
KJIDIO =PO OC@#E NJH@@BDIINCDKNIR@D| OC@NIDIPNVR@N OONDHKGDADIBN

$DMNO [ RKEN@ <GG OC@NRQENDB JI <GG OC@ NEMANEOJIMN 2RI <N <MWRN OC@ O<DGOCUN@ IRWI
H<F@ <l @GGDKN@"' DIM <I @GGDKNJD? "DI 2C@ @GGDKNJIBRGB®E@!r ess ellipsoid

1@J1? DAY KINND=G@ Q&M OC@ME@ RXTN O@® HPOPJIGK@MK@I?D>PG<M KG<I@@K@ND@IED H=:6G
HIGHH 2C@N@ @ptincipal p lanes of str ess 2C@ IIMH<G NONN@N D@R@MD@I>=<@ OC@ H<SDHPH HDIDHPH <I? <I
DIO@MREO@<GP@AIIMH<G N@MN & GG OC@lcipal str esses<I? G<=@G OC@H DR@M

2C@ ?MODJIN A OC@ KMDI>DK@BIN@WE<HCC@C@tr ess axes

You may have noticed that ther e are close analogies between stress and strain. Be careful not to confuse them! Stress is
dynamic; str ain is kinematic!

><JG ,=:HI6l: D; HIG :HH 61 6 ED>CI L>I=>C I=: 6GI=86C 7:BEGH:CI:9 >C B6CN 9>;;G.CI L6NH
6 +IGHH 6MH 6C9 EG>C8>E6A HIG:HH(B>C8>E6A EA6C:H DHHG=:H: EA6C:HME:G>:C8: Ol
H=:6G HIGH 8 +IGHH :AA>EHDS9%IGHH 6MH 6C9 EG>C8>E6A EAGC:H BIHHDE 6 HI:B<GE=>8
E®?:81>DC

' "TI<HD> I<G TNDN



Hydrostatic and lithostatic €

&T?MINO©D> N@NN DN OC@INKEaN@ RC@M <|? DN @PDG@ OXNONNEMDI < &SPD? E@E OCQ@@NNEVDN
?P@ OJQ@MIDIB NbF 1J0 AGPD? OC@ Q@Hdsta tic str ess DN NJHGDH@N PN@

Non-hydostatic and diffential stes

' HP>C J A OC@ #3(® >MPNO OC@@®@NG@NN Ddh -h ydrostatic &IJR@@MMINNEVMDN NODGG < RNMAARG &0
R@ H@& =T KN@NNEBWVPI?@M OCIN@PHNO<IX@N Dhean str ess 2C@ H@ NO@NN DN OG@B@ A OC@ @@MKMDI>DK<G
NO®NN@N

H

2C@ H@ NOINN DN OC@ KXMC@ EOM OTs8IH ID 8=6C<: KDAJB:'OYl OC@ HJIJNO DHBSK) DK@ A N@NNIM
H@O<HIMKCD> G JBNON =@N@ COB@&| NOINN CDBNMONNEMO@I?N OJ BRP>@ ?@IN@ HDK@M GDB<MI@<I?
BGR>JKC<Il@

5 C<0 <=JPO OC@NAIOC@ DM A R@ NP=&ND OC@ HIIONNIAMA<>C JA OC@ KMDI>DK@BN@WBeB@< "G@iROM_
NO®INN NTNO @BEG@C@eviatoric str ess ?@BI@ =T KMDI>DK<@GR@N

H H H

2C@ ?@DRJMD> W DN OC@ R®OC@ EDIN AB8IH ID 8=6C<: H=6E<|? DN OC@ KXW BI&ZO@NCD@EINO OJ NOWRE
B@GJB®NON

M@®&@>JI> @KO DN @if@rential str ess 2CDN DN EPNO O@@ 2 =@ @@ OC@ B@MNO <I? OC@ NH<GG@NO KMDI>DK<G
NO®INN - [

Effective stes

ADI<G 3> @KO OJ =@<®@ A DI TI<HD> <I<@NDN DNO®eff ecti ve stress '| KIMIPN N>>F OC@ K@NK<®@N <MTKD=GG
AGERBDC GPD? D@1 RO@WMPO NJH@DH@N JDG PHG B<NA'OTX GPD? ODN@ GA P1? GONNENMO K<@IDITEPKKJIWIN
OC@ HDIGB/BADIN <I? MPP>@N OCO@@NNONRE@D! OC@ NIJGDKRMOC@>¥ H<FDIB OC@H =@ <N DA DE@ @
GJ=O@<0 < NC<B@&M ?@KOC 2ff@rti ve stress DN OC@ OMRENNGNDIPN OGRDY KWNEMO DN OC@XKAOC@ EDM
OC®© <®N RDCDI OC@ NJGBRM#@!| ON A < KINPN N>F

Stres regimes

2C@ #<GIN NPMA&>DN <KISDHO @& KG<I@A @MNC@MV N@WIN B JM O@F< @ J> @l >PMM®ION <I? RDI? NOJMHN
$IM OCD®&&MJI near the Earth® surface, one of the principal str esses is approximately ver tical <I? OC@ JOC@ M
<KKNISDHO@®&JIMDBDUO<G

V' "TI<HD> I<G TNDN



2CDN D2@<N BMNOJKND@ =T 1>JGDDNC EEBNO 5DGGD<H +<NNJI I?@MNJI DI <I? C<N=18@ FIJRI <N OC@
I2@MNJID<I OCE®T JA N@NN 1?@MNJI ?DNODIBPIDU@ED |@VNPMAG@ C@JID> @BH@N ?@K@1?DIB JI RCD>G@NWDM
<SDN &N @WID:G

QRQUIBGGravity r egime
Q@UIB=GWrench r egime
Q@UIBGThrust r egime

' <B@I@W5 RT OCON@ @C@BH@NIM@NKJII? @NK@DE@GO0J DKD=G NO@NAING@NN KM OC@ GOMK@NA KE@
=JPI?<MT NK@&?DIB @O @N OMAIMH ARGON <I? NP=?BBJI UI@N

Stres-stain relationships

Experimental vseglogial stain rates

#SK@MDH@IG MDB®R fMaDJ NOR?0C@ K@NA N@MNN QT<@ |@@NNENDJI KIPP>@ ?BR@IO FDI?NA NGMI DI NB-FN
BM@O ?@G C<N @@ G@I@ AVH NP>C GK@MDHGEN &R@@MDy DHKJI®KIO OJ @GE JI@ H<EJM GDEDJI ODH@
%@GJIBO=G NEM MO@N @A OC@ AWM A [ NOMDIN K@MN@ ' | OC@ G<= D®& RJI|O RI O OJ MPI JPM
@GK@MDHENIM CPI?NEN JA TxMN A 1JO A&ND=G@ OJ <Q@IN&M MO@N HP>C =®GJ NOMDIN K@MN@ 2 J B@
B@GI®x=GICH@IDIBAPGA@NPGO® RY® OIMIGEDAGI@K@MDHEN OJ HP>C NRG@M NOVIMO @N

Elastic

5 C@I! NPFN <i@ NP=E@@ OJ NH<GG &[N © R >JIADIDIB K@NNEBMIM H@l NO@NNR@ BI? OC® OC@ ®&DIN DN
KMKJIMODJI<G OJ OC@MNGHP OC@ NOMDN@ QadtEG@ D @BD@NR<T RC@| OC@ DN D& NIQA

2CDNTB@ A N@MNN NONMN® @DJINCDK RBig@@lastic 2C@ @G<NOD>GI@EN JNHMN <GBN OC@H OJ N@INEM @|@BW
<|? OJ OMNHDO N@DNHBR&N

Brittle

N NO@NN <I? NEM <\® DI>@N@ @@IOP<GEGIINO J+AFN PI?@BU < ><O<NOKCD> GINKN N@IBOC RIC OC@E®@ A
NOJE NOADI @1@BV 'l <I @ SK@MDH@OCDN BEG@ri ttle fr actur e JIMbri ttle failur e 'l <I| @ SK@MDH@IG MDB @@ &8O
DN < GJP? =<IB <I? OC@ N<HKG@ODRIBEN OC@ #<MN >MPNO O@RRGO Dbbaxthquak e.

' "TI<KHD> I<G TNDN



Plastic

'A OC@IADIDIB KWNNEMDN @M NODGG JM OC@OP@HBI@M< ?DAAIO TK@ A =@@QDJIPM IPMN A@M <I
DIDD<G KC<M@@IG<NODIVHRADII OC@ N<HKG@NM@M? @A DI <ductile H<ll@M O SRN ROCIPO @FDIB 2CDN
?@MH<ODJI DN <GNJ D@ Qa¥-G@ =PO D>PMN RECIPOIHKG@@ GJINN N@IBOC 2C@ N<HKG@W@IWIDI OC@
?DI@ODJI <I? OCD@&HAN K<MGG@G OJ

'l ideal p lastic =@CQDJPMN<HKG@ NN 1J ?@AMH<ODJI © <GGEDG @®I<DI N@MNield str ess DN@>C®@ 2CQ@&LO@M
D ?@NHN AAWGNJ OC3 CR@@M HP>C NGI®@IDIB DN DHKIN@® OC@ MOE DHKINND=G@ OJE@ ®&BIM OJ BJ I
cDB@M

0@&G MFN <@ < D HIM® 3IHKGDO@OC<| OC@ BZE@2CAKDx=GIGNCR NJH@ @G<NODMHz@BDJI =@RJIOC@ TD@G?
NG@EINN <I? RIXC 31 ODIPDIB KG<NODMWHEADJI OC@ @OIN HKMDN@GDGI® JM A<GB>AGD

Vis@us

O O@HK®RP@N >GIN@ OJ OC@DM H@GORIBI&@IBFN NCR < HP>C NDHKG@M® 4 &R =@CQDJPM RDBJIPO < TD@G?
NO®NNI 'QDNIPN =@C3IDIPMI T NH<GG <HJ@ A N@NN RDGEN®@ NIM OJ NOAM2C@tr ain r ate DN KIMIMDODJI<G
0OJ OC@ KDNViscous =@CQDJPM DN NOIH@E@N <GNGE@lewtonian. 5 <O@MDMI<BH<N <I? MJ>F N<GO H<NCR
<KKNISDHO@G @ROJID<| =@CDJPM

Competene

5 C<O 31 OGN (R < BD@I| M>F RDG@MKJII? OJ NOMN 1@&G €MD<=G@NOC#G OC@ NRE> ®NKJIIN@ DI DRpI
NDPODJI JIADIDIB N@NNM H@l NO@NNJIRBCGE @PDG@ OJ OC@>@KOAKMRNNEMDN JI@ A OC@N@RR<=G@N
H@xI NO@NN DIBZN@N RE ?@KOCHRID| OC@ SMBHKGRP® GQUN < @H@I?JPN DEP@I@ JI M>F NO®IBOC <I?
<GNJTBD=CDI>MEN@N RO ?@KOC4&DIB OJ OC@IB@@MH<EHEMAD 2C@ NOVIMO@ RCD>C DN €0@IRCD>C OC@
M>FN <i@ =@DIB ®IN@ DN < OCOMMD<=G@ $DISCE@EIN >JHKINDDJI @@UN IND?GMC@ MRAI@ <N RGG

$JM @C JA OC@ <G@ D@ TK@NA=@@DIPIPC@DN < KE @M QIH@NPBN <IMFN N@BOC JMANDNO@0J
NO®NN $JM @G<NODHEDN| O DNSG@JPIB]N HI?PGPNJIM =MDG@ =@D3PNIDN OC@@BIOD<G @BIMXA<DEPIM
KG<NOD>JA@#ODJI O} OC@ TD@GPNNOM?IM QDIRN =@GIDJIPNMNDOC@ QINNDF

0@G MFN NCBR >JHKGDxO@ HDSOR®N A OC@QN@ IRMTIK@N H<FDIB OC@N@ OOBE@ MW C< OJ H@NPI@®

, JJIQOC@G@NN DI@@ @R =l J 0@ @IBIDWW@ IHF OK@N OCCQD PlI?@Bil@ HIM@ NeM <I? OCIN@ ATLQD
PI?7@BJI@ G@NN ND?ED2@ DI OC@ N<H@I¥PENO® OT@ Q@ K@NPH<ICGC<? (@WNDHDG<MaNNDMEDNOJINIX@W

OC@N@>FPBINO<IXNI PN@APG QJaC< B@1@™MO@MMWA@NDNOG@IM N@NN 2C<0@MHcbiM petence. $IM @<HKG@
DA R J-N@& OCxG@MNANG@ @G@ PI?@BII@ < GJO HI NeM OC<| DD@M@» LP<NOUD@ Ga@MN @ HDEO ?@P>@
OC® OC@ LI3im@ &N HIMBcom peten t.

V' "TI<HD> I<G TNDN



J. Factues

Intr oduction

+JNO A OC@ NODF@N R CQa ?@GO RIT NJ A<M DI OCRMN@
<M@ KI?P>ON A ?PODG@JMBIAODJI RCD>C DRURKM® =T CDB
O@HK@P®@ CHOB>JIADIDIB N@MNN BNOADI MO@N <I? &J
M>F NQ®IIBOCI| > JI OMNOr actur es MMK@N@ =MIDG@ A<@GPM
M>FN DI @NKIIN@ OJ <I <KKGEI@®@IOD<G @0CIMI B@I@ MG
O@MHN<ADPMDIB DRIREE? =T GR Q<GP@ M KI®NNEBMIM HD
NO®INN BID@HKE@DMP@N<O RCD>CIMN <@ NOB@NOCDB
NGADI MO@N <I? NIBAJM >JHK@O@D W-FN NP>C <N ®RGG
>@H@DO@N<I?NOJI@N GDH@NOJI@N <IZENBE®MPNDQFFN

Fractur es <M@ KG<I<M JM B®I>PM@ NPMA@N A A<D@EM
KN?P>@ =T =MIDG@ A<@GPNHFN 5 C@® OC@M H<NN@N JI
@DC@M NDA@ AMOP® CQa HIQA® <K<ND NGIIH5 OC@ S0P
DN<GG@ extension fr actur e.'A OC@DMI>F H<NN@N @& NGD?
K<NO<@C JOCQOC@ ADP@N @hear fr actur es. 'l OC@ =N@
JA I<OP¥G ANMOP@®N DI OC@@G?S@@INDII SOP@N <@l
>JHHIIG T ><GG@@pints 1C@M AMOP@N <@ FIJRI <N faults
RC@I| OC@I¥N Jl JI@ ND?@ Q@ =@| NCD¥@ NDBIM%I OG
<GJIB OC@<A0P®@ NPMA&>I OCDN N@DJI R @<HDI@ EJON
GO@MM@JIN 2«5 RDC ARGON

(JDION <I? @DIN DI OC@ G¢M >MPNO @MA @IIMHJIPN

DHKJI@<I>@ OJ CPH<INJDION <@ KG<I@N Ra&xFI@NN DI I©P¥G

<|? <MOM*D<G JPIXM A<D@PMGJIIB EJDINPMA@N C<N7G@J

><O<NOKCD> G<I?NGD?@N 3 M<GGNOC@ NP=NPM&<EJDIN

<M@ KOR<TN M OC@ HEBEJI A SPD?N DI>GP?DHDRNDG . 5  p>ClH >C A>B:HIDC: BEC E6I=L6NH :DG

<I? I< OPH&G B<N | PI?7@MNO<I?DIB SR OCHIPBC ANPOP@N DN®JICIL6L.G ;ADL G I=: <GDJCIL6I:G =6H 9>HHDAK:9 I=:
(@@ 0C@ PIGEARIT R<0@H? AN OCE@ODI A 1531125 0% D E020 5C-0eE: 06D (0616
JDG <I1? 1<OPNG B<N 2C@ Ng<=@R @R OCA@N H<NN@N <GJIB <

EJDO NPMA@HT =@JH@ AGGRIDC HDI@GKN ?@KINDANH BMIPI? R<O@MI RCD>C<N@ OC@ JDN FRI <N < vein.
+<| T @JIJHD> <GEDHKJIA<IO HDI@GIEN @MHDI@ANH Q@DIN

Geometry of joints and veins

2C@ JMD@DDJI A < AMOP® GOKIT KG<I<M NPM@<x| =@ ?@A@ =T DNtrik e <I? dip O H<KN=G@ OC@GD3I <I?
JMD@ODJI x| =@ \OK&N@@=T NOMPP® 3| OIJPMN 2C@ M DHH@DO@GE=JQ@ < AMOP® JINODPO@ Ga@ying
wall <I? OCIN@ DHR@O@G@® OC@ootw all $DBP@ 1P>C =@DIB OC@N®@ FE ?@BIDDJI OC@ KG<I@ ?DKN DI OC@

( $M>OP@NV



?DI@ODJI CR<MN OC@ C<IBB R<GAG@NF OC@N@ O@ME®! IBH@xIDIB DA OC@>AR® DNa@IB-G DI RCD>GN@ OC@
R<GGN@M@ @M Do@rg<N MMOC RGG] INIPOG@O RG@D> ?@K@I1?DIB JI OC@ N®MDF

><JG AD8@ 9>6<6B D; 6 9>EE>C< @81JG >AAJHIGC< |=: =6C<>C<
L6AA 6C9 I=: DDIL6AA

'A OC@NWDN NK@=@ @»| OC@RDR <GGM X AMOP® ON RIIXC DN FRI <N OC@ AMDP®@apertur e. 1IJH@ AMOP@N N®RJ

>JINO<IO <K@R®@ @M B@ ?DNOQ@N =PO DI HINO @ E@WNJIJH@MBB3DJI $KFOP@N ?J 1J0 8D @ I?Ma@M QIEBC OC@
#<MOQN >MPNO 2C@ KJBI RCD>C OC@ONA < AMOP® @I?N DN RI<N < AM>OP®&tip. 'l OCNED ?DH@INDJIN OC@DBK J
AKCOP®@ DN < GIM@OP® FIJRI <N < tip line.

><JG :DB:IG ND;6?D>Cl $;l >C EA6C K¥#<=| >C

(JDION <@ @™ >JHHJI DI H<I T JPO>30KN =PO OC@DM OMID@IN <@ TKD=GIGIJO MI?JH ' O DNJHHJI OJ J=N@M@
H<I T EJDDN DI <KKBDHO@®C@ N<H@ JNIBI®DUI 2C@N@3<MJRI <N < join t set

> JH=DI<ODJI A EJ@ N@N =MIN >PODIB & C JOC@M DI@BPG<MIRDN FIRI <N < join t system

V( $M>OP@N



Features of joint surfas

(JDIO NPMA@N HE =@ K@®MBGKG<I<M:-PO DI H<IT <N@N
OC®BNCR AxOC@®D® H<WMDIBN FIRI <N plumose JM
plume structur e.

2TKDx=G KGPH@ NOW@&>3INDNONAJRJ K<NDN  K<D@MI

JA &OC@BD® NOKIDSIN *GG@ackles M?DO@N JAIVK

>@IONMG KJIOD JM GDI@ RCDG@ < =JG?@M NG MDIGMWD3>

=<I?N FIJ RI <N ribs DN <KKEDHO@X@MK@I?D>PG<M 0OJ

OC@ C<>FG@RI<E?N OC@ OBKEJD DI RCO DN FRI <N

OC@ing e area [ DNHHJI OJN@@ OGXOC@ NPI@NKDID ;5 pRiG N D; EAJB: HIGJBIIE DC 6 2D>Cl Heg:
DIOJ < IPH=@MA NH<GG@M NBMNA#B@ GO® OC@ =G<?@N

JA<A<| #<>C A OC@ =G<?@NCEK@ ON BRI KGPH@ NONIPB®

><JG (AJBDH:
B6G@>C<H =68@A:H 6C9
G>7H A6>GBD&DJE

DL *>K:G . 6AAN

A7:GI6

><JG (AJBDH: B6G @>C<H >C8AJ9>C< =68@@&HB6G
A6>GBDGG DJE DL *>K:G.6AA:N A7:GI6

. GPH@ NONMIP® x| =@ NDHPO@DI| G<=J0JM @K@MDHGN O @JWN OC@ KN®NNAI AMOP®@pr opagation <I? OC@
?TI<HD>N A OC@<AOP® ODK

$M>OP@ KIK<B<ODJI DN OC@ NN RC@# < AMFOP® BMRN RIDCDI <MF <I? DI QG@N OC@ BREF HDBMODJI A OC@
AMSOP@ ODK $00P® KIK<B<ODJI HT =@ @MA<NO N&® PK OJ OCINTXD=G A N@DNHBQ&N< AGR FDGJHGAN K@M
N@JI? <M@ KINND=G@

@><PN@ OC@AW® ODR<IT HIH@! O DN OC@ =JPP<i@R @R| PIAM>0P® M>F <I? MJ>F OC® C<N %@ R@&F@1@ =T
AM>OPMDIB OC@ JOIO@IIN A OC@ EHOM €N <@ HJI?02@DI OC@ QDEDIB OC@ ODK 2CDN DI<PRNEN OG@DJIN DI
AKCOP® JMD@DODJI <N OC@-A@ KIK<B<O@N

2C@ FDI@IBD>NAIAMOP® KIK<B<ODJI HT =@ I@MVE@AVH KGPH@ NONP® &>FG@N @RBED DI OC@@DJl A
KMK<B<ODJI RCDGE>>@IOMD> MD=N-HNRE@NNDERN@N DI OC@ BDNDA OC@<AOP® ODK

( $M>OP@NY



Features of vein fills

2RJ >JI ONNODIBIR@NA @ DIBGGMN<BHHJI

5 C@I < EJ <K@R@ C<N @ C@G? JK@TF#GPD? KNNEM?PMDIBTEMOC@MH<GOBIDHDI@MG SMNO<GN H<@
?@KIND@JI OC@ RGGN RM>DIB < @DI IMNO<GN OGJR DIOJ OC@RD?DGEK<XDN HE =@euhedr al NCRDIB >G@M
>M'NO<G NPMIAN<PO HIMD TKD=GIGOC@ PNIO<GN MRODUI@ <IJOC@MJIRRE>DIBcompr omise boundaries OCO <@ <GNJ
<KKNISDHO@®G<I<NC@& DNO@I| < O@I1?@n-AM >NMNO<GN OOE@@®@M REMN OC@aHO@d A < @DI

><JG >7G:;>AA9
K:>CH >AABHG<
::61JG:H D; HNCI6M>6A
A:;l 6C9 6CI>I6M>6A
G><=[;>7G;>AAH

><JG .:>CL>I=CDC ;>7BJH ;>AA 6C86>C>C< JC;>AA:9
KD>9 HEGS:

GO@MIMI@GRC@I! < EJOD C<N %@ AGHEA HDI@¥GN ?@KO@

<N OC@xAOP® JK@I|®@fibr ous fills H<T =@ KMP>@ 2TKDx=GG

< @M I<KMNIR >M>F DNDGGEN < AMNO@MA >VMNO<GN 2CDN DN
AGCR@ =T @@ @ JK@IDIB <I? 2@KJINDDJI A HIN® HDI@43
H<O@MD<G <I? NJ JI 2COI¥@&MN DN RW<N crack-seal. 2C@
M2NPGO DR @CKD MDAM=IDN IMN@N OG@EDQ 2C AN M-
OC@ FDI@bB3> KKM@NNAI@DI JK@IDIB

2C@0 <@ <OP<CGRJ ?DAOBIO NIG@NB=0 BGGN 06 =@

AIPI? DI Q@DINA OC@HE@@>M>FDIB J>PMN DI OB@IG JA

OC@@D! OC@=@N @ TKD=GGDI >NINO<GGIRED> 3 ODIRD

RIDC OC@ <BWN DI OC@<GG P:C @DIN @1 ?@N>MD=@

syntaial. 1JH@ODH@N DIJNM N@DDJIN A NTO<SD<@RINGE |5 a 160 Do Lo ksts DeCots O e
KINND=G@ OJ KD>F JPO OC@ NG@KEDDJI MPIIDIB <GJIB OC@DK:B:CI D; I=: ILD LGAAH + | GAGCO

>@O0® I'>Jl OMNO DA OGRE@>M>FDIB J>PMNG OCEX:

OC@! OC@R Dt taxial. *1<I OD<SD<@QIN OGWDNKD=GAI NDIBG@@O® GDI@ =PO @3@M-@ HPGODKGE@NON
R<GGIVF DI>GPNDJIN K@B@G OJ GGERDCE@D! H<FDIB NP>@NNBQHHFN

V( $M>OP@N



Dynamic interpetation of factures

2COR <@ NJH@ >C<ND@MDN@EBMIINCDKNGR@D| OC@
JMD@KODJI A AMOP@N <I? OC@ @OM BN OO<B®@ PN
PN@APGIMIA<ODJI

Extension factures

5 CO® I#FN CQ@ =@ AMPOP@® <O R H@<| NOI@NNM
>JIADIDIB KI@NNEM [ DN @I3-0J =@ JM@! <GJIB
ANMSOP@N K@MK@1?D>PGsMARD @<HDI@ OC@*AW@N
R@ BI? OC® OOwxMdextension fr actur es OC@RI ND?@N
JA OC@<A0OP® CQD =@| KPGGB@K<ND

Conjucate shar fractures

O COBoM KNNEM A<D@PRKD=GIG J>>PMN <GJIBRO
A<HDGD@NKG<I@N @WDIB W-FN DDOJ R@B@ NC<K@
ANMBH@ION 2C@ <B@ R@®| OC@RO® A<HDGD@N DN <=JPO
X 2C@ KG<I@NO® M age>-C JOC@M DI < GDIGBEIG@IG OJ
2C@ H<SDHPH KMDI>DK<@N®MDN®N OC@ <>PO@ @B
=@R@ OC@ KG<I@N <I? OC@ HDIDHRPNNOMDN@N
OC@ J=OPN@G@
ARG §<HDI@ OCC-ORBN [ BI? OCO OQE:NBshear ><JG  ,NE>86AB6I>DCH=>EH 7:IL::C HKH 6C9 ;681JGH >C 7ADS@
fractur es OC@ROND?@MDCEADP® CQD NGD? K< @y>6<68 6C9 HI:GD<GE=>8 EG?:81>DC ,=:H: MBBEA:H H=DL
JOC@RC@ N@IN@ NC@® DN NP>C O0OC@ <>po@3@m)<;®8IJGH 'DGB:9 >C |=: <BK>IN G>B: K:GI>86A 7JII=: H6B:

- 6C<JABG:S61>DCH=>EH 7:IL::C I=: HIGJ8I3G6CY HIGIH:H 6EEAN >C
OC@?8@N A OC@<BM@ON G3@ =@| KPNCBDIR<M  p|=.G HIGIH G>B:H , DE MI:CH>DCB8IJGH %>99A: 8DC?J<6l:

+ JQ@H@D DNREMN <GJIB OC@?DM®ODJI <I? JPGR<M H=:6G ;681JGH DIIDB 9>HIG>7JI>DC D; EDA:HMBCH>DC 6C9 H=:6G
<GJIB ;GB8IJGH DC 6 HI:®<GE=>8 EB?:81>DC

( SM>OP@NY



Common types of joint and vein systems

Primary joints in igneus ncks

.MDH<W EJDON DI DBJ@N NM>FN <i@ TKD=GG OC@@NPG@A J
>JI OMODJI ?PMDIBI3GDIB AM H<BH< OD> O@HKG@MN®N HSNO
NP>C EJDNIMH K@MK@I1?D>PG<M 0J OC@ NBNBBAGRN JM
0J OC@I>0<®N A DOMPNDJINO<=PG<M DBR# =J?D@N NP>C <N
G& AGRN NDGGN <MF@N OC@ BIDHY¥ CQ@ < 3GPHI<M
<KK@MI>@ <I? H<T NCR < NOMDFOIBV@BPG<M GR@MI A
KJGBJIN H<DI@ C@<BJIN DI >NNN N@&@DDJI O C<N %@ NCRI
OCO® MM < B@I <HJIPI O A 3l OKPODJI < C&BJI<G KED@MI
HDIDHD@N OC@MR DI AMHDIB I@ NPMA@N

Joints in the hostack of intrusions

(JDION <@ <GNJKHJI DJIH>9:DBI@PN DOMPNDJIN 2ROTK@N
<M® 3HHJI radial EJDDN <I?concentric EJDON 2C@N@ @&BDI
<N® TKD=GIGOC@AMNPGA BO@INDJI GIdM ?PMDIB ORM@APG
DIOMPNDJIAJ H<BH< JM ?PMDIB OC@ NEE@@ ?DP&®@IOD<G
>JJGDIB A OC@@MPNDJI

><JG

DAJBC6G ?D>CIH >C H>AA +6N>8838 9>C7J&=

+8DIAGC9

><JG *69>6A 6C9 8DC8:CIG>8 ?D>CIBB® 6C >CIGJH>DC

V( $M>OP@N



Joints relatal to ension and exhumation

'"Qy IHHII A IM EJ NON OJWH K<MGG@G OJ OC@ <KIBDBMPM&<BI <@N OCxX CQ@ PI?@Bil@ MKD? @NDJI 2C@QN@
<M® FIJRI <N sheeting JMsheet join ts, <I? OC@ KM@NN DN RIU<N exfoliation. 2C@N@ EODNI <@ HINOINKD>PJIPN DI
DIOMPN® @BI@N NE>FN GRFBMDO@ RCD>C@&NIOCEDN @ KD=GIGDNIJOKD> [ @SO@H@<N@N 8HO@ RIT H<IT NC@
EJDON H¥ =@ 3IIAPN@ RDBDC < =@ @ N@DH@O<MN>F RC@| QIR@? ANH < ?DNO<I@&

2CO0 <@ N@&G KINND=cRN@NAI@AGOBDJI

'M@BJIN RC@®OC@ >MPNO DN DI QMDHKM@NNDJI DN@WBG N RQ@M=PI@| DNOHIQ@ =T @NMDJI <I?

OC@ H@NO@NN DE@RF@ =@JH@N |@BIDQO@INDG@@ HF O@I?N OBEXI? PKR<M <I? 2J@N NJ T

AMHDIB WPBCG CIMDUO<G EIIN

1@J1?GT MOND?P<CAIMN@NTH=@ GJ¥F DIOJ NBFN O OC@ ODH@MH<ODJI K<®@D>P&<RPMDIB OC@GDIB A
DIOMPNDJIM O@INDG @ NO@IN<KI@MK@I1?D>PG<MOISN OC@N@ 6&? OJ OC@MH<ODJI A EJIN K<iG@G 0J OC@
>JI O<®N RC@| GNDJI MPP>@N OCQaWGG KNINEM

$DI<@CR GOC@MDIB DBIFPN N>FN G@N OJ NDBIBA O QGPH@ >C<IB@N <KOR®M DN <=NIM+@>G<T HDI@M5N

AMH 2C@N@GEPH@ >C<IB@NHN®@ PK NGWMN@NOGIIPMB@ SAGEEDJI =@ GDIPM

Joints relatal to faults and she zones

$<PGON <I? NE@U@N <i@ TKD=GIG<NNJ>D@RODC COB?@INDD@N EJ@IN <I?
JOC@M<ADP®@N -l@ 3HHJII B@ JH@OW N@B&DN OC@ ?DNOMD=ROI@MNN DI <
?@@GIKDIBRGOI® 0@K@@EJIJDON JM@DIN MIMD@®<0 <I <IBG@AI<=JPO

X 0J < ?2@@GJKDIB SO DI <JIADBRMDDJI xGB@C :8=:ADC ?@MERANH <
?D<BJI<G HBEWAMH<ODJI 2C@ EJOIN JM@DIN @MVH@ =T @O@INDJI <I? <@
JMD@@K@MK@1?D>PG<M OJ

><JG C :8=:ADC
FJ6GIO K:>CH >C H8=>HI
B6A>6EDA>H:.&

><JG C :8=:ADC ?D>CIH 6C9 K:>CH
GAG6I:9 ID H>C>HIGH=:6GDE 6C9
9: MIGA H=:6G/DIIDB

( SM>OP@NY



Joints relatal to folds

"I AJG?@ GTOQ® M>FN K<NID>PE&NM@DH@O<M M>FN OGx
RO@® >GIN@ OJ OC@GEIDEOC@INMDII RC@|I OCAR@®
AG?@ >JHKG® EJOD K& @MIN H<=@ KEIN@ +INO 3HHJI
<M@radial join ts OC® <@ KMGEG@G JGP ADIB@N <IIRBCG
K@MK@I1?D>PG<MI@MBk 2T@\® HINOIHHJI JI OC@ DJIH>9:
K<NDN 4 =P>FG@JHK@@Dd G@MN <I? K¥c=G AMH DI
M2NKJIN@ OJ @&DMDIB A OC@ JPO@MIAMOC@T@M ?PMDIB
AIG?DIB

N@JI? N@O A EJOIN DN NJEBH@IPKR K<M<GG@G OJIB2@ A
G¥@MN 3IPMMDIB KEB-PERMO OC@CC:GNPMA@N A =P>FG@
>JHK@O@Dd G@MN 2CON@I=«dF MINPGO R@@NMOC@
DIXJHK@O @D G@MN @DINPB>D@G?P>0DG@ D3®@ OC@ @ K>
OC@ CDIB@QNR®| ~JHK@O@d G@MN @DIN DI OCDN ®GDND
CQ@ =@! K<@D>PE&MNHDI@IO NJPA@N A BJG? DI Q@G
BIGTB@G?N IJOREE PNONGD< <I? DI JQx 1>J0D< RC@\OAQ@ __ . 5anc gpc:is<IGEISDCH D; 2D>CIH 6C9 K:ABES
<M® FIJRI <N saddle r eef veins. ID ;DA9H

OCDMOK@ A AG? N &@QA@DIN JPMN K<KBG@G OJpodi@ p lane JA 3G?N *JB=xGGOC@N@<NGG@r ofile v eins
=PO O0@N® <GNJJI@I| #GB@c-veins ANH <I JIG?@M O@MHDIJTABI 4G?N QI®DIB O@® 4S@AN_ < =<|? > 5C<O R@
IJ R ><GG OD@9 6MR+N <SDNDI OCDN NTNO@HDG@ EINKI? @DIN DI?80@ O0< JHKII@! O A BO@INDJI 3PME
<GJIB OC@ G@IB®0OUJ@G? CDIB@N

V( $M>OP@N



¥ Lab ./Factues

' OCDN G<3PIRDGG @R J @R O@CIDLP@N JI OC@ NIERKCD> KH@ODJI OCx <@ KOD>PENMN@ARGI AC@ <KEDN
JAEJ@N <I? @DIN JOC QIG@ NH<GG>WN

Orientation of veins &m multiple boeholes

><JG -C DG>:Cl:9 8DG H=DL>C< DG>:CI61>DCH D; K:>CH6B9IAD8JH D; EDHH>7A: K:>C EDAH

+<I T @KGRODJI KMBMHN <@ =MM®@PO OJ ?@@MHDI@ OC@0BJH<I? IMD@IODJI A =PMR@DI@NGI Q@DIN
2TKD=GIG?D<HJI? 2MDGG CJG@N RDGG =@ BNIEB® <B@N@ OC@BWP <I? > IM@N RDGG@A@I@@ NCRDIB OC@
JMD@©DJI A OC@DIN 3IAVDPI<O@E®C@ ?MDGGDIBOR@PI@N 1J0 <BGIM@ 0J =@ENQ@® REDCJIPQIRODIBMDI
OC@ ?MDGG CJG@ NIGINBIBJ@N 1JO BRID?@ < PIDLP@ B{GDII A OC@ NGMDE?DK A < @Dl GG@ x| ?@0@MHDI@
ANH < NDIBG @M@ DN @DRC@ KIG@ @RI @PNO GD@sihall cir cle JI OC@ NO@BMKCD> KE@0ODJI $DB O OPMIN JPO
0Ce DD@MI®IB NH<GG-EINIEM> JM@N @ I@@NNENDJ PIDLP@G@@MHDI@ OC@ OMRIB |

IJINOMP:=ODIB NH<GGEINP=@ JHKGD:O@ 'A OC@M@N @ CIMDWDW<COMNET=@<PN@ OC@GA<I? 1>CHDD I@N
CQ@ NH<GGCEIO®P J| OC@ KMDBIER) & R@@NDA OC@E@N @MKGPIBIB OC@ HI®W PNP<&N@>JINOMPODIB NH<GG
>DMG@N DN @IBD@Q®P 2CO® <@ RJ H@OCJI?NMethod 1 ?@K@I1?N JI < KIK@W JA OC@PBEAI@ JI RCD>C <GG NH<GG
>DMG@N KGJO <N OMB@NDMCRI DI $DB NJ D DN KINND=G@NIIMPS OC@H 8D < KGODIB 3HK<NN CR@@MC@

>@ 0@ A OC@IEO @>DMc@ ?J@N 1IJOBC OC@ <SBONC@ NH<GES®DMI" NJOC@o@ A OC@ KIDC<N OJ =R
AMNO 2C@@NN DN NDHKG@ DA OCER@NGEISDHIN OC@ KMINED =PO <GB0 @ HIMP & DA OT@ <N NCRI DI
$DBP@ Method 2 2@K@I?N Jrotating OC@ JMD@DJIN A OC@ D>IJM@N OJ OC@ KOMIRIDIHNOMPS OC@ NH<GEEW
oc@ -1> @ OC@IDMMN@IIN W IP1? OC@ M-ODJI DNA@MN@J A1? OC@ OMP@ OBl A OC@@HMMN@JIIN 2C@
N@JI? KMI>@PM2 RMFN JI @OC@M OCRIEAIM 1>CHIPI@ <I? DNSKG<DR@®I| ?@-<DG DI $0@BPM

*<=  $MSOP@NV



><JG % :I=D9 ;DG DG>:CI>C< 6 EA6C6G8IEI:GH:81:9 7N I=G: 9>;; :G:.CIAN DG>:CI:9 9G>AA =DA:H

V<= $M>OP@N



><JG % :I=D9 ; DG DG>:CI>C< 6 EA6C6GHIBI>C< I=G9>;; :G.CIAN DG>:CI:9 9G>AA =DA:H

*<= $MSOP@BNV



Density plots of poles

1JH@ODH@N BE@NPH=@MM EJDN <@ H@NPI® DI < K<D>PG<I@<M@GIJBNON AR<I O OJ FIR OC@ H@IMD@oDJI

JA OC@ EONI JM 0OJ HEFNO@H@N <=JPO OG@IBDJI DI OC@DM DAI@I ,JMH<G <GIOH@D> HACJ?NIWM <G>PGDIB
<Q@%B@N ?JO RMF AM JMD@ODJI 20< =&PN@ JMI@DJIN <® @OJM LP<OOD@NJ RI?@MNO<I? OC@+G@H OM
/DI?DIB OC@@¥B@ A AJ OI@I?N >GIN@ OJOM X<I? X 2C@ <MDDCH@D>G@%B@ X JM ?P@ NJPOC DRIBPNG
IJIN@IN@

'AY PNP<GAIM@ C@ARG OJ NORDC < 3 OJPI@ KGJO NBDIB OC@ ?@INDA KIG@N Jl < N@BMKCD> KH@ODJI
@><PN@ B <@ <I<GNDIB ?@I0D@MN KIG@INis impor tant to use an equal-ar ea projection (Schmidt net) AM OCDN
KN>@NN

><JG M 6BEA: D; 6 8DCIDJS :FJ6A 6G6 ECD?:8I>DC
8DCIDJH H=DL 9:CH>IN D; 9616 E:G 66 D; E®?:8/>DC

2C@ BMNO NO@KTDkKXIOJPMDIB BM@NN DN OJ NPK@MDHKIN@<QC@BMD? $IM OCDN KPMBBNG@ ®DC@M O<K@ OC@
KME@ODJI ?RI JI OJ < KD@ A BNKC K<K@M JWPT><I ?M<R < BMD? ?@GJI OC@ KE@0ODJI $IJM OC@<@KG@ DI OC@
<NNDBIH@ < BMD? C<NEH@MRI JI < KGJO JA KIG@N

, @O R® I@ OJ MI? CJR H<I T ?<0< KJDDN GD@Pi@ J A OC@ @@2 ?J OCDN < T@® =GG@ counting cir cle DN
C@@RGO x| =@ < KD@ A K<K@M@D< >BRG<M CIG@ IJM>@EB@MDIB K<K@MWD< >DEI@ 2R JI D O

' @DC@MN@ OC@ ?DIE@EAJOC@ >O@ HPNO =®>@GJI@ O@C A OC@ ?DH@AIOCA G <@ @0 ON < RDGG
OC@I=@ XAOCQ@ Cex@&

V*<= $M>OP@N



><JG (G D8:9JG; DG 8DJCI>C< EDA: 9:CH>IN JH>C< 6 8DJCI8L<Bx®CI 6 E:G>E=:6A 8DJCI.GG><=|

. G<@& OC@Pt ODIB >BSI@ @MGJQ@M < BMDO@MN@JI J| OC@LE<G <@ KGJO JPIO OC@ IPH=@NMKIG@N O@<xGG
RODCDI OC@=® BO@ OCDN IPH=@M JI OC@ Bd&DV#IDJI @K@ RDC <GG OC@mMI@JIN DI OC@ KGJO

$IM DO@MM@JIIN OOA<GEMIOC@B@ A OC@ KGJOOKAMDC@PR ODIB >BBI@ RDGG A<GG JPOND? @ [E @@ RN
OCONCJIPG?] =@ DI OCDN R®C@P{ ODIB >BBI@ RDGG <MKI@DC@ JKKINDO@ NIP@WCE5@ OC@M@ PN@ <N@
?2@D® =GG@ peripher al counter RCD>C C<NRQ >JP| ODIB >BGI@N OC@DMBN NKE&R <K<ND § OC@ N<H@ ?DN@<IN
OC@ ?D<B@MIC@ @@ NGJO DI OG@ic® A OC@ K@MBKGRIND @ DA @M OC@ OCPH= O<>F DI OC@ AIre@aaJO
NJ <N OJEDK OC@P+ O@MMIP»OG<GDBRAb C@! JI@ CIG@ MRICIER JQ@M < BMDR@MM®@JI |@M OC@ KMIZED OC@
>DG@ JI OC@ JKKIEDND 2@ O<DIN OCBDEKIDION OONCIPG? =@P+O0@

$DI<@CH<F@ < NHJJOCJ} OJPM H<K A OC@MPGON N DI GGIPMDIB H<@ NRM OC<COBAM IPH=@MN <GG<HKB@
JI@ ND?@AX 31 OJPMWI? GIR@M IPH=@MN JI OC@ JOQO@OUPMN NCIPGREM <#C '| > JI OJPMDIB@H@H=@M OC<
>JI OJPM GDI@NOOXDBN<KKI@® @M OC@ KUDEDICIPGBMK@M JI OC@ JKKINDO@ MDRA@ G@,PH=@M OC@ ©JPM
GDI@N DI k@K H@IDIB "K@™M2I0 A OC@0O< J>PMMDIBD&@ J AOC@ KGJ@&<M

Assignment

HDI@MG 8KGHDDJI IHK<I T ?MDG@@W@D ?D<HJI? ?MDGG CJIG QD@D @Dl NEDI OC@ NP=NRN¥ACQ@
<IBG@N &R OC@ @NA OC@MaN <I? OC@NIN @NQRI DI OC@ISGDIB O<=G@

"MDGG CIG@ 2M@1? KGPIB@ A CIG@ IIM@QaDI <IB@ IIM@ KIG@ <B
5

#
15

*<=  SMSOP@NY



I<G>PE3@ OC@ NDMDPRDK 4 OC@D| N@

7JP <M@ KMRD?®RDODC <l @P<G <& KME@ODJI A KJIG@N OJF EPBO@hear fr actur es DI OC@ !<?JHDI
$IMH<ODJI A OC@ S@MI< NOCDGGNAI? OC@ H<SDHPH ? @@ N KIDON DN C@BB OJINOMPS <
>JI OJPI® KGJO BMD? C<N2@INOMPO@<>NINN OC@JE@ODJI OJ <NNDNOCR®D OJPMDIB

< $DMNO >PO JPO @I@@>3PI O@M <I? K@MDKEEWODIB >BESI@N@DNBBAC@ 3P| ODIB >BG@N Q& < ?D<HERDM
@<0G J AOC@ KGJO RCD>INHGLO OC@D@#&<NMQ@MN A OC@ KGJINE@B OC@rPHODIB >BGI@N 0J H<M
?@INOD@PN ©OC@ @ BMD? 0@ MMa@JI 'JI OJPM OC@NPGODIB ?@INDN JI OC@ BMDR@H=@M OC@ KMDI>DKG@N
JA 31 OJPMDIB GTIP PN@ DI OC@MNO G<>@@| OJPM NCIPG? NE@B@vco@M AVGR@M<GP@N HaGroC@
>JI OJPMN <N NHJJOC <N KINND=G@ RCDG@ CJIJIPODIBI @O@VIN NCIPGEM <MC '| <??DODJI @WH@H=@M
TIP <M@ @& GG>JI OJPMDIB JI OC@ NP@AR>=< NKC@M<I? OC@ RI@MI| DN NTHHBRGS Jl OC@ RE@M <I? PKK@M
C@HDNK@NV2C@¥Ma@ DA d1>0JPM ?DN<KH@& Q@M OC@ KNDE D NCIPGEBKK@M JI OC@ JKKINDO@ MNEr@&R)
KME@ODJI 5C@| TP <M@ ?2JI@ H<k < >G@ JKT RIDC N@GG@>JI OJPMN JI < N@KE® SNDIB NC@

= +<MF @NODB@>@IO@N Jkhodes, JA OC@RD?@INO >GPNO@MN 2C@HE@AIDI OC@KD=G 3 EPBO@ NE@
KG<I@N $MOC@N@ KIG@NaNHDI@ OCAACINRBK A OC@ DKG<I@N <I? 4R OC@ KG<I@N <®@BMBB@N JI
TIPM KGJO

2C@ H<SDHPH KMDI>DK<@NRNMNEMO @ OJ =DN@ OC@ <>PO@GABLRER| OC@RD KG<I@N 2C@ HDIDHPH
KMDI>DK<GRRIN=-DO® OC@ J=OPN@@B<I? OC@mMRIO@ N@NN DN £88@G OJ O @I JI

> +<MF OC@ KMDI>DK<@@NWE@N JAM 31 OJPI@ KME@ODJI <I? ?@@MHDI@ OC@ KGPIB@mP?JaNg>C

? 1JDG >JHK<| T DN DI@Noe®@! AGR OCIPBC @O@INDJI EIIN DI OC@UaP AMH<ODJI .N@D® OC@ JMD@DJI
JAOC@ON@®NBKN@I T JPM @NODHENAIOC@ @ODJIN A OC@ KMDI>DK@NNGW

*<= /P@NODJI .GJOAKIG@N OJ NOWMAMOPIN DI I<RDPH 1<I?NOJI@ @M< $JJOCDGGN

*<= /P@NODJI !1JPI ODIB 2JG

*JJF <O OC@E@B=G H<K A I<IHIM @ @NO C<®RED>C N&RN IPH@NPN ARGONJOD@ OC@ =<IA?<M=GP@
. <GGDN@M $IMHDI OC@BIJI IIMOC A #SNR

< 5DOCJPO PNDIB OCI®RNM@&DDJI RCO DN OC@E@ER @ OGOC@GGDN@M $OMBHLDKN 0J OC@ 15 DI O@®N <M

=, JRGJIIF © OC@&GGDN@M $IMBJII >MNN NéDDJI RCD>CS®@I?N DU OC@ N@IHIM @R@NO C<GB<@®
RJ NC@DN A GMDIB K<K@M NJ <N 0J@M OC@NWINEDDJI <I? OM@ JIG OC@ =<N& QC@GGDN@M $OMH<
" . < <I?0C@ RGON @CHN@D $IM@C JA OC@6B:9 OCMPNE®EBON <INBM OCI8@DIB LP@NODJIN

> "J@N OC@RPGO K@IG?@YaIMIPIB@M JMIPIB@M @@M JG?@MDOM

? #NODH3I@ OC@ OC@ ?DKOIBWKHAOC@ =<NEQC@GGDN@M®DJII ,JO@ [ DA OCBGA<DN GEMTIP ><I|
<KKNISDHO@ OC@ N@H3MROC < N@MDENERIBO GDI@ KEP@H@ON RDC < MPG@M

@#NODHI@ OC@IBGHP OC@ C@©@ 2C@NE@ENONMBO GDI@ HEWP@H@ON @I DA OC®ER DN GgM

1 OMDBNK@FDIB TP C<Q@ |J @D?@@ M OC@ @ODJI A HIQ@H@D JI OC@ R&ON PDIPG? =@S@OTK<MGG@G
0J OC@3¥l N@DJI IM OC@BPG? =@ <IHKJI@! O A NOMDRGDK B@H@D DI <I? JPO A OC@ K<B@RGUA@ND DN
>G@1 0COC@N<N @ NP=NOGID<GQ@¥GG NCI@IDIBA OC@-¥N DI OC@ COB R<GGAJOC@R@NO HJII@GG
2CMPNO #NOD@<OCDN B@IDIB DI OC@ GRIGCEINN NEDJI <NISGIN

V*<= $M>OP@N


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/08/Fracture-data-set.pdf
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/08/Lab-7.-Question-2-Counting-Tool.pdf

< + @NPI@ OC@ OJO<®BNDB@IBOCA OC@ N@BHI®A OC@ =<N@OLC@GGDN@M $OMHDI OC@NKM N&DDJI

= + @NP@ OC@@N@ ?<T ?DNO<@A=@R@@| OC@<E@O@MIHINO JRIB>MA OC@ =<N@®QAC@<GGDNG@MOC@
R@NO@NMB@ A OC@-0@JI

> I<G>PGEI@ OGl@rtening DI FDGIJHEANA S A
? IKG>PGR@ OC@ BGDMDI<G NDMN < @GP@A3tretch: s A A

@!<G>PER3@ OC@ BUMXDI<G NODMN < AMODJI<G >C<IB@ DI G@IB@gieidion : ASA A

+<K %@GJIH JA I<KIHIM @ #<NO<LGA

IMINN N@DDJIN %I@JH JA I<IHIM @ #<NO<KGA

*<=  $MSOP@NY


http://ftp.maps.canada.ca/pub/nrcan_rncan/publications/ess_sst/108/108953/gscmap-a_1265a_e_1970_mn01.pdf
http://ftp.maps.canada.ca/pub/nrcan_rncan/publications/ess_sst/108/108953/gscmap-a_1265a_e_1970_xs01.pdf




K. Faults

Intr oduction

SMSOP@N <@ FIJRI <N faults DA OG@NI<N @ NDBIDAI O ?DNK@E @0
JAJI@ ND?@ @B OJ OC@ JORMGG@G 0J QSETPBINKG<I@ B&ON Q@
C<? @IIMHIPN 3IJHD> DHK<>0 DI OC@KBIDDJIl MM |<OPKG @NJIPNDN
$<PGONAGO OC@R JA SPD?N DI OC@HIMMPNO <I? O@E@MII O OC@
?DNOMD=POBRRD@BIDG <I? IKOP¥MG B<KNSM>OPI® H< O@MD<G <GJIBG@A<
KG<I@ HE AMH < KJMPNbreccia KMIJPI> @ "=MD>C<_ $GPD? K<NNDIB
OCMPBC =N@>D< HT ?@KJINDQGP<=G@ HBIEW FRGON@WGNJ DHKND
OJ CPH<IN =@<PN@ OT@8@ | @<®DCLP<@N

| @ SO@IN@QLQ@MHDIJGIBN ?@GIR@GMPI? A<PGON OC@ DVaB®

<I? Hl QH@DO FDI@H3D>N'O DN DHKIMO OJ ?DNODIBPDN®R GED
descripti ve (geometric ) O@MHN RCD>C O@GG PN <=JPO QOBJIIMB@I
APGO <I? OC@EN@A GR@MN JI @O@M ND?@ ki#i@ma tic O@MHN RCD>C
?@N>MD=@ OC@ ®NCxPBEODJI A ARGO HJ@H@OD

Faults, fault zones, and aheones

><JG 6JAI 6JAI ODC: H=:6G ODC:

10MD® NK@FDIB <fault DN < NDHDR #0P® NPMAZ>&R@@AM<I T HKKK@ APGON OPMI JPO QICKHPGODKE@A<
NOMPN <GGIRBCG K<MGG@G =RO-EHMIB <I? EJDIDIB 4I<NOJHJINDIB_ <GJIB OC@DMaNQEDRK K@ A ARGO <¥INDN

) $< PGOM



><GGB@ fault zone 2C@ OJO<AN@ A OC@PSOIL@ DN ?DNOMD=OMN OC@I@ #<>C ARGO DI OCEGUIAANGN OC@
M>FN Jl @OC@M NDP@NH<GG <HJR 2C@N@ <?? PKIHNMOC@P&QAIL@ OJ < HP>C GBI MAN@

M@®@@NOMBPP® DNshear zone. NC@&M U@ DN OC@ @BGEPORGEA A < ARGOID [ < =@GQAINBF <>NINN RCD>C
HJ QR H@D C<N<PN@< NDBID#l O <HJPIO A AN@=@R @21 OCAGROND?@NIR @x@M NC@M W@ DN ductile NOMPP®@
O KD=GGAMH@ <O ?@KOC R@OC@ @AODII A OC@ HDK@NBADIN DN KG<NOD> [IGEDRC@@IH@O DI < NG@®
Wwi@ DN ?DNOMD=PQIRIN OC@@ MOC@M OC<I| =@ @R OEOJ ?DNEI@ =GlG@PA&AOND DN @HOCO HINO RGON @C<
?@MH OC@ PKK@M >MPNOKZBKQCIINCGM W@N DI OC@GR&M >MPNO

OJb_glossar y id=0779 Jmap scale[/ pb_glossary] APGON <I? Ne@W@N GJIF OC@ N<H@ [ < GDIRNRED>C JG?@M
NOMBP@N @ MN@ Ooutcr op (mesoscopic) IMmicr oscopic scale OCBGJIIF SODC@M AD@® IO

2C@ JMD@DDJI A I<OPKME RAGONO@] EMD@N <1? 0@ IOP<GEDN<KKE® <GJIB NO®@DER @@MC®?J O@I1? 0OJ CI@
NPMA@N OO<@ HIMD KG<I<M OC<I JOCI&@ WA B@5JB =G NPMAN @ GRO Q@M ?DNC@N A < @R FDGIHGI®N RGON
><| =@ N@JIBIDU@ <O < QMIIIBIA N=2GC@NHAM @IODH@® Nx=xG@MN@N DI <I DI?DQD?P<G JFKCBWARGON @Cx<| =@ OM@
JIOC@ BNMI? AJM O@IN OJ CPi@W JA FDGJI@@N NP>C <N OC@ 1<I @M $£GO

V) $< PGON



Fault ggometry

Strike and dip

A<PGO DN < KG<I<MGHDP> NOMIBP® *DB® < KG<I<M
NOMBP@ O C<N <| IMD@DDJI OCXHJT =@ >C<MO@NMBU
=T strik e <I? dip. $IJM NH<GGEPSOND BIT =@ KINND=G@ OJ
R<GF PK OJ <l JPOMKI? HQ<NPI® OC@ JMD@NJI ROC <
>GDIJH@@M <NB@ ARGON O0@I1? 0J =@ GIWBKIN@
=@<PN@JIMFN >GIN@ OJ OC@AKG<I@o<MAOP®@® <I?
=MF@I| <I? OCQOMM@ <@ @NDGR@OC@ $IM Ga®
APGON OC@ JMD@I HT =@ HIM @NDE@@@MHD@T
?MRDIB NOMEP®@ 31 OJPMNA' OC@ PSSO DN KG<RUI@
NOMB®KI? ?DK RDGG HEC<IO <I? OC@ NOOIP® 31 OJPMN
RDGG =@<4GHQ GDBIM <I? @P<G@WNK<#&? 'A OC@P&O DN
>PN@ OC@| NOMPPE 31 OJPMN H<NCR >C<IB@N DI
JMD@©DJI <I? NK<>DIB

2C@ =GJ>FMIHF J| @@C@M NDA@ ARGO KG<I@a<MC@
walls JA OC@PSBOA' < ARGO C<N < ?DBC@M OC<I X OC@!I
JI@ R<GGQREKIBN OC@ JOCHEIM @<HKG@ DARG® ?DKN
@NO OC@I| OGEOARGG HPNQA@EKIB OC@ BNOKREG 2C@
R<GG GO@JI OC@ ?RI ?DK ND?@AIOC@PSO DAGS@C@
hanging w all. 2C@ RGG GO:@0J OC@ PK ?DK NDR@GC@
APGO DAGE@C@otw all

'A OC@N@ 48D >G@ OCDIF A < BE@JB®NO NO<I?DIB DI <
NH<GG@@ @>0GJl < A<PGO KG<I@ @CBKN HI?@@G
2C@ BIBJI®ND]::I RDGE@MO BPMEGJI OC@;DDIL6AA
RCDG@ GB@<>C< L6ARDAIK:G6C<OC@ BEIBNOL@?

><JG AD8@ 9>6<@B D; 6 H>BEA:6JAI D;;H:1I>C< 6 H>C<A: 188G;

, B 96G® <G ADL I=: H6B: : 6JAI >H H=DLC 6H >| B><=I 6EE:6G DC 6
A < ARGO D@6 @ DN NO KINND=G@ OIFO@NMDY g 6c9 >C 6 8BHH H:81>DC BHGVA ID |=: 95E 986-DC 6 9>E

AIJOR<GG <I? < C<IBIB R<GG 31?7@M OCINEPHNKI< I3 ND H:81>DC,=: <G :N 9>6<6B H=DLH 6 B6E D; I=: ;6JAlI EA6C: @CDLC 6H
DN =@@M OJ PNEK=NN 20®IODJIN 0J DIXEIAOC@ <GGN° 10IA FAGC: HiBI>DC
@ B @&NO RGG_

Offset and sepation

'A < AMOP®@® DN <RG0 O@ERDGG <GNifséds JA =@N JM JOC@M JG?@M @RMIE:<I@® >PO -I < H<K JM >3NN N&DDJI
OC@ KION RC@MOC @ EMA < ARGO >PON O€&mNKI IG?@M NPMIA<@® =GGB@uto ff poin ts JM >PO 3A KIDON' | OCNER
?DH@INDJIN OC@ GDI@MNIRCEHO OMMN®A <I JIG?@M NP@A® =GB@utoff lines $DB 2C@ ?DNO@>=@ @l
OC@RAJ >POJA GDI@BMA B@I| NPMA@> DNGG@C@eparation JA OC@ NPMA<P KG<I QDR <N N@! JI < H<K J A <
CIJMDU O<G NPMA<OC@ ?DN@<FIAN@HE@NPI®P K<MGG@G 0OJ OC@ BRAIIPSO DAGB@C@Irik e separation . 2C@
NOM®M @ KDJI x| =@sinistr al <GNJ FIRI <N left -later al JM D x| =@dextr al <GNJ FIRI <N rig ht-later al). ' >MINN
N@ODJI QR@K<MGG@G 0J OC@ Q@PSO OC@ NDRIMDNSGB@ip separ ation 'A OC@ 2¢@DI OC@ CDB R<GG @M

) $< PGOM



JAN@=@RBDCIN@ DI OCER<GG OC@ N@RIMDMbrmal. 'A OC@ @Dl OC@ CB R<GG @VBAN@<=4@ OCIN@ DI OC@
AIJOR<GG OC@! OC@ MIKKDM¢verse. 2C@ @MUIBG <I? CIMDIUO<GIHKJII@! ON A ?DK N@KOMJI RO® @WMDHKJIK<IO
DI JG? HDIDIB JK@®DJIN <I? <@ FIJRI <N thr ow <I? heave M@ NKQ @G

'O}l DHKJ®KIO OJ @GR OCOC@NGNBRH@ON A N@K<ODJI <@ B@I@OMD> 2TO@@GB BWG@ <=JPO FDI@DHNI
OC@ ?D<BM=@@R OC@ <NRW JI OC@ RGO KG<I@ RQLCO <I DIMID@ IPH=@MNGDK@IdJIN DNHK<OD=G@RDG
BD@| ARGO N@+GDUI

-l@ A@GOP® OCXHI =@ @JBIDU® DI OC@DAG? <I? DN 3HHJI M @NPGA B &I@GC M@0 ARGO ©DQDDN OC@
?2@RCIKH@I A <fault scarp RCD>C DN QOK<®I A OC@ A<QGMRMAZSEKIN@ =T HI Q@H@D A OC@>¥ H<NN@N
NOP?D@NI@@I0 ARGONeotectonics ) OC@ R&O MK HI BD@ <I DI?D=ODJI A N@K<®DJI

&JR@@M Q@M ODH@ OC@NCBEDIB =GJ>F O@I?N OJ (@ GIEar @MDJI 2C@ NPME@EKM®NNDJIIA] OC@ MK DN
NP=?P@JM @GDHO®@<I? H< T =@ A GDG@ C@GK ROBE <I>D@I ARGON G@®& ARGO KMKN ?J J>PM <GJIB <I>D@!
APGON OC@ZIMI A NGIK@ O@I?N OJ E@WE@IM@T RCD>C ND?@ C<N OC@ @NDJI M@NDNO<W-FN 1JO =T OC@
N@IN@AIN@K<DODJI Jl OC@ RGO | A<>0 GXODIB RGON DI@kH=MD<| O@EM HJ =@ LRD@ DAPGO>=<@N@IMFN
<A@O@=T ARGODIB 0@I? OJ =HGRM@ 1P>C ARGONO@! J>PM DI ®IGTDIB @BJIN J>PKD@=T NRRHKN NGBHN
IM C@QT @B@ODJI

Fault kinematics: nasuring slip

Slip

2C@slip DM line that lies in the f ault plane NGIM@K@N@IN OC@ ?DN@<i¥? ?D@0DJI A HHQ@H@D =@ @@ OCA@RD
=GJ>FNA NFF J| @C@M NDA@UC@PSO2C@ NGDK éttor [ DO C<N distance <I? dir ection 2C@ ?@EMODJI A NGDKH<
=@ NK@B@=T tr end and p lung e JM T rake RIDCDI OC@ @O KG<I®C@| OC@M® A OC@ NGDK DN >GIN@GHENOGL @
APGO OCEBRFEDAGB@strik e-slipfaul t 5 C@I OC@RF® DN & X >GIN@ OJ GCEIA OC@PB0O OCE®FE DNig slip
faul t

V) $< PGON



><JG 6JAI EAGC: >CIH&8I>C< 6 7:99>C< HXB; E@9J8>C< 8JID;; A>C:H >C I=: =6C<>C< L6AA 6C9
;DDIL6AA JAI>EA: EDHH>7A: HASEHK@BHBBBEGI>7A: L>I= |=: H6B: <:DB:IG N

'O DN DHKJ#O OJ PI?@MNO<I? Oglig cannot be determined fr om the separation

of a single offset surf ace R@ |1@® <??0DDJI<G DMH<ODJI NP>C <dlick enlines
N>MO>C@N JM=8N JI OC@PGO NPMACJ D@ PN OC@@DmJI A OC@ NGDK
$DBRE DGGRRO@N OC@=K@H HPGODKG@@CGDKNIPG? =@INDNO®@IRDC
OC@ N@¥GIMIN N®Rl = TOC@RPEO

Piercing points

'A R® CQ@ < GDI@ OON >PO <I? ?DNKEBE=<F OC@ RS0 ® =l NJ&@ PIDLP@SM
OC@ NG@OQV2C@ DD@MMN@JI A < GDI@MD< RGO KG<I@M¥M@N < KJIDI
><GG@ KD@MIB KIDD A R@ x| GJ><O0@ OC@ KDIB®MJIDONIM OC@ =GJ>FN JI
@DC@M NDR@U@PSB0O OC@BRRDGG =@ <=C@@IMDI@ OC@ ?DNK@B@>0OIM

<N NCRI DI $DBP@® ><JG +A>8@A>C:H DC 6JAI HIGS:
G>H6><D86 +8DI>6

) $< PGOM



><JG (>:G 8>C<ED>CIH DC 6 A>C&85;: JC>FJ:AN 9:;>C: HA>E

2C@slip DM A>C: 1=61 A>:H >C I-8JAl EA6C:0CO @K@N@IN OC@ ?DN@<¥? ?D@O0DJI A HHQ@H@D =@ @@ OC@RD
=GJ>FNA NCF J| @DC@M NDR@U@PSO2C@ NGDK é¢ttor [ DO C<N distance <I? dir ection 2C@ ?@MODJI A NGDKH<
=@ NK@B@=T tr end and p lung e JM T rake RIDCDI OC@ GO KG<I®C@| OC@F® A OC@ NGDK DN >GIN@G:@DCQL @
APGO OCEGE DRGB@strik e-slip faul t 5 C@l OC@F® DN @ X >GIN@ OJ QCEA OC@PSO OCE®GR DMip-slip
faul t

2C@ LP@NODJI DN(RREG@RPN@W < GDI@ >POOC@ RSO @<GG ATRJ IJI K<M <GG@G KG<I@RNIIZ:GJIB < GDI@
<I? TJP CQ@ TJPM >GP@ BJ KG<I<M@OP@®NNP>C <N@DIN PIHAIMHDD@BMA<ODJI =JPI?<MD@N JM DBNAZTF@N
DIO@Mige>C JOC@OC@| OC@DM AM@EMN®JI HT DI OPMI KD@MOC@PS&O KG<I@ $EBPNCRN <| @B<HKG@ RC@M
<| DBI@PN DOMPNDJI DN OM®®=T <I PI> JIAJMHII <O < NP=3K GDI@ "DNK@+KaD <GJIB OC@BOANGN OC@ NRE>M
GDI@ KN¢>DIB KD@MB KIDONIM C<IBDIB R<GG <I?JBCR<GG PIDLP@QJM EJDIN OC@RIRAMDON >C<MO@MDUDIB
OC@ R8O ?DNKGH&0

V) $< PGON



><JG +J78GDE A>C: 9:;>C>C< HA>E®&JAD ;

$JG? CDIB@N <GNJ@<®@GGEHD&NB KIDON $DBBMNCRN <| @G<HKG@

><JG DA9 9:;>C>C< HA>E BJAl;

) $< PGOM



$DBRP@ NCRN < N&I? >DMPHNO<IXx® DI RCD>C OC@ NiEDK =@ ><G>PG® '| OCDNSRHKG@ N@NIDK JI OC@P30

NPMA@ FIJRI <N NGD@&AGDI@c® OC@ ?@DJI A NGDK OJ =@@@HIM@O DN OC@| KINND=G@RIQMPS <N*D<G
KD@MIB KIDON JI >POSA GDI@® 3KKINDO@ @IAN NDIB@ NGDMDI@ 2C@ <HIPIA NGDK =@ H@&NPI® =@R @@| OC@

>JINOMPS @KD@MIB KIDON

><JG +A>8@CA>C:H 9:;>C>C< HASE®IA ;

Components of slip

-I> @ OC@O@AGDEQIM DN AR DO x| =@ =NF@I ?JRI DI OJ IHKJII@! ON2C@ IHKII@! O A NGDK Ke@G OJ OC@ NOMDF
JA OC@PSO DN G@ide slip. 2C@ NOMDRGDKTH=@ >C<MO@MBPWNSsinistr al JMleft -later al JMdextr al (rig ht-la ter al).

2C@ IHKII@! O KMGG@G OJ OC@ WKAPSO DNGS@C@ip slip. 2C@ ?DK NGDKR H@ >C<MO@MBNnormal JM
reverse, ?@K@I17?DIB JIRC@C@M OC@ BBER<GG HI@ PK JM ?RI M@ ®&0® OJ OCI@OR<GGA OC@ ?DK NGDK DN HR@®IG<M
OC<I OC@ N@GMIEDK OC@| ®G@ BHip-slip faul t OC@<M® A OC@ NGDK DI PG@KG<I@ DN >GIN@ @JOR@ N@MIEDK

DN HP>C ERO@NIC@| OC@@BO DHitrk e-slip faul t; OC@M@ A OC@ NGDK DN >G@N@MJIX) 'A OC@ ?DK NGDK <I7aNOMDF
NGDK@M\ IHK<M=G@ H<BOP?@N OC@I| O@*BNatllique-slip faul t

Fault-plane s&ions

+ JNO #G>PGBJIN QIEDIB ARGO NGO&E <@NeMMDEPO Jl < >MNN N&DDJI OCGxGD@N DI OED AG<IGDBPEIN

<I? <M@ @C DGGRN@NRBDOC < ?D<BMNCIRDIB < ARGO KG<I@INM N&DJI + JNO A OC@ NDB#DA H@NPE@H@ON
JA N@K<ODJI <I? NGDKI>=@ H<?@ ?@0OGJI OC@ RGO KG<I@IJXM N&DDJI -A >JPMN@ DI B@@MIP>C < JWN
N@ODJI RDGG 1JO @iixG 1IK@D<G 8@ LP@N @M@@NNEMM OC@INOMPODJI A 1Jl Q @UIB=G >MIN N&DJIN KG<I
QDRI A < ?DKKDIB B@IBD=G NPM&:DN NJB@H@NGG@I orthogr aphic pr ojection =@<PN@@OP@N @ KIEGO@

V) $< PGON



K@MK@I1?D>PG<M OJ OC@ NRMAKG<I@ NE@AA K<K@#1? NJH@ODH@NGG®@folding line construction —@<PN@ @
OI@&O OC@ NGIKIMBAKG<I@ <N@L|D JG?@0D <8PI1? JI@ J A DN NOMP® 31 OJPMN RIDG DN DI OC@ QINMBG KG<I@
JA < 0O<=G@ ORKD=GGR @ =@B =T KG<>DIB < N@oiA K<K@MM®RDDN @ <GJIB JI@A OC@ NCH# 31 OJPMN JI OC@
APGO KG<I@DN GDI@3#@DN OCi@lding line , @O R PN@ < N@EBMKCD> KR@ODJI IM3# OJPMN OJG@MHDI@ OC@
rake JA QVDJPN GDI@N JI OB@DAPMA<4? ?MR OC@H DI

1JH@ODH@® BGNJ C@GKN<®RICQU@ KMEO@NOMPP® 3 OJPMN <N CIMDILG GDI@N JIRGAKG<I@N@Jl OJ N®
@GEDDJIN <=Q@ NAGE@DAN@ ARGO KG<I@N@JIN DI $DE®M <I? 2C@ GDI@®<IMO NK<&® <N OCI@aRJIPG? =@
JI < Q@UIBG =MIN N@DJI 'A OC@I>0JPM DI@}G DN D <I? OGBBAKG<I@ C<NRPDIC@ NK<>DIR OC@I>0JPMN JI OC@
APGO KG<l@O@| RDGG =@

>T >NDI 9

Features of faults in the field

' OC@ ?@N>MDKODIIIDQD?P<EESND DN B@K@BKINND=G@ OJ ?DNODIRBDANZore ANH < NPMOPI?DIB damage
zone.

'lOC@ore OC@¥F C<N =@I| =MF@I PK <I? HJ Q& <MPI? = T ARGO HJ@H@O NJ OCOC@ JVBRB KB@N ® N@ k@
ANH OC@DM I@BPMN'l OC@ M@ W@ [ DN IJ GJIB@M KINND=G@ ORN@@ JMDBG KB@NJM ARGCO@I>F R@@
ATD@0JB@C@M

'I OC@damage zone OC@INFN <k AMOP®® <I? H< T NCR JOC@M TBWA<ODJI @&OP@N NP>C <JGAN &R@QMOC@
HJ Q@H@O DN 1JO NJ@I@ <N OJ JB@<®ED @M NOR@N <I? O DNX<GHO KINND=GO@@ILR@C@ KB@N A ?<H<B@
M>F ><| =@ AD@=<>F OJB@C@M

) $< PGOM



Fault rocks: fault are

1@@#s I<H@N @B @1 OJ ABH@ IO @<1? JOC@MINFN JA OC@PSQIMD

Breccia DN <MF >JHKIN@ J A OKD=GIG<IBPG<MBH@ION 4 OC@<BGMDC@PB0
0C® Cq@ =@I| NOO@<I? H) Q& JPO A OC@DMBDIMBEKJIODJIN 2C@<BU@ION
DI < ARGO @*»D< HY =@ CPB@ JM H#IB@ ?XRI OJ <=JPO HH 2C@ O@MH
micr obreccia H<T =@ PN@GAIM < BI@ B&DI@ =M@>D< GOCJRBOC@ 8M ND@
GDHINIM =I@>D< <I? HD>}MMa@>>D< <@ 1JO K@ DNBKO<I?<RD\@ [D DNBNJII<=G@
0J PN@ H=M@>>D<JM AABH@ION OO<@® HH DI ?D<H@O@MT=I<GJH RIDC
OC@ BM NO® A HD>MJIB GIH@®@ DI REH@O<VIK@M5JF

Cataclasi te DN ABH@IO@H< O@MD<®@DBCKN<I? N®UM NH<GG@M2@ O0<@DC@M
=M@>D< |IIM =0<>GN@ TBD2GAGC<N < A<=MD> [ OGBHMON <® ¥M?JHGT
IJIMD @@

Gouge DN OC@ I<H@@I
oJ >@G<MD>C R&O
H<O@MD<G  TKD&GG
KM?P>@ ANH A<PGODIB

><JG  6JAI7G8>6 JNH7DBJ<=
JA BI@ BMDI@ DJCIN &DK6 +8DI>6
N@DH@ON @<PN@ >B<
><| =@CQ@ DI < ?PODG@ H<I@Q@@®PI?@M |I@NPMAG
>JI?DODJIN BIPB@I>?@Q@GJIK NJH@ A<=MD=<PN@ OC@T>G<
K<NDD>G@MNJEH@ NH@ME@ DIOJ <l IMD@ODJI K<dGG@G 0OJ OC@
APGO KG<I@ %JPB@TRD:EEGQ@M NJO DI JPO3M 'I| OC@
NP=NPMA@>BJPB@ D®MDHKJIK<IO <N < OCD>F BJPH@ G +E
H<F@ < RGO KG<I@ DHK@MB@ OGRD?N RA@NI=I®>D< <I?

><JG %>8GHS8DE: |I=>C H:8I>DC D; 86168A6H>I: >:A9 D; K>g<O<>G<D@ @AD(DgﬁGG(@MI*@G@
P 8B

9,JO@ Jimylonite: + TGJID@ DN < I<H@®@! OJ BI@ B¥DI@
M>F OC® C<NJMH@ OCHPBC ?P>0ODG@ NI@B <I? MNO<GE@MJKDI <shear zone. + TGJID@ DN ?DNODIBPABE @
=M@2>D< <I? x<O<>GD® =@PN@MDC<N < NIBMH@O<HIMKCD> A<=MD> @I NRN NK&D<>PG<MTNO<GCEIROD>
KNO@NB IMD@IODJI [ .- [ RC@I QD@R@ PI?7@M OC@ HINMNK@ DI OCDI »@Jl [JIAPNDJI <MDN@NR<PE@ RC@I
HTGJID@ |\ AMNO ?@NANDE@@ OG@HOPM M RN OCJIRED OCXOC@I® BMDI NO@ @NPGOWH bri ttle AMSOPMDIB
[OC@ BV \H TGJIDEDN ?@ @DWH < %oMa@ F RW AIM HDGGDEBRMI OC@ OC @IOPMOC@ NORIA H@<GN DI DI?PNOMD<G
KN>@NN@N R@ OC&ductile ?@AMH<ODJI IPG? G@0J OC@<ENND@ @P>0DJI N@I| DI HTGJID@N

Pseudotach ylite DN HO@MD<®®EN H@GOE C@ODIB ?PMDIBRGSO HH@H@D .N@P?JO<¥CGD@ DRKO=CIG?<NF <|?
QW MADI@ BEDI@ IM B5<NNTO HJ J>>PM DI NH<GT-@@&®R OC<K@I@D@ OC@GEHM JA OC@PSO. N@P?JO<¥CD@
O<BNAN I<H@ ANI<I JG? O@MHK < @MASPD? DBIRN Gx O<>TCD@(H:J9D O<>TAD@ GJIFOC@ N<H@ =PO C<@¥Q
?DA®@ IO IMDB

Deformation adjaant to faults

Riedel shear s <M® NH<GG NZI® O0<?@@GJK DIANKIIN@ OJ @AM@N DI OC@OAREGN ?PMDIBGXX BKkB<ODJI <I?
HJ Q@H@OD Synthetic Riedel shear s, JMR-shear s, C<Q@ <I IMD@®ODJI © <=JPO X 0J OC@ H<PIGX KG<I@ <I? ?DNKG<

V) $< PGON



OC@ N<H@ N@IN®GE™ <N OC@ H<I?®@® <N N&.DI $DB *@NNIHHJIIG T anti thetic Riedel shear s, JMR'-shear s,
<M® <GNJ Q@GJIR@0 <=JPO X 0J OC®@ER KG<I@ 2CaN@ €XN@IN@ NC@ JKKINDO@ ODOJCOC@ H<DIPGO 2C@
NTIOC@D> <I? <DDC@D> NEG@NIVH < x| EPBO@ K@<I? OC@MMD =l =@ PN@OJ DI?Dx0@ OC@ JOR@II A OC@ DN
<SoN RC@I| OCAMH®@®

><JG *>:9:A H=:6 6HHD8>61:9 L>I= 6 MIGA 6JAI

Fault-bend f olds. 'A < ARGO DN @BMHJ Q@H@D A OC@PSO DI@<=G><PN@N =@I|?DIR JAT@M OC@ DHBER<GG JM
OC@IIR<GG JM =JO@ OCDN ?D? 1J0 C<KK@@MIN BPG? JK@! PK ROCDI OC@ &M<N R&ON HEP GDCINQ@D>
KM@NNEMKER@ION OCDBHAGKKK@IDIB $PGO =@1?2J8?N <@ K<OD>PE&MHHJI DI OCMPNO =@GQf GD®@ !<I<?D<I
0J>FT + JPI O<DIN

><JG 6JAI 7:C9 ;DA9H 67DK: I=GJBDAI >C H>9:G>I: 7:9 +|:AA6GIDC
&DK6 +8DI>6

Detachmen t folds 1IJH@ODH@N OC@ <HIBA NGDK JI <RRGO®ID@N H¥N OC@P&O NPMA<:JH@ N@DJIN C3@ HIQ@
HIM@ OC<| JOC@MNOC@ =JPI?¥IM@R @D OC@ NIEDJIN ?@WH<ODJI DI OC@EGMN =@H@N DD@IN@ NJBBGH@N
G&rDIB OJ OC@MWI<ODJI Adetachmen t f olds.

) $< PGOM



><JG :168=B:Cl; DA9 %JCI *JC9A:

Drag folds. 1JH@GODH@N £&0 RDGG \GJ>F] ?PNDIEEGIKH@! <I? DA OCDN C<KK@IMP@IDJ HT =@ NK&? OCMPBC

OC@ €GGIMEN A J1?DODJIN <@ MDB OCDN R@#ODJI HT =@ ?PODG@ <@@AP@N DI OC@GTGIMN H<T =@ =@ NJ
0Ce OO@@JH@ AG?@ 1P>C AG?N <@ xGG@r ag folds "M<B AG?N =l >GIN@GIDHD> RGO BKKB<ODJI 3G?N =@R5J
0CO <@ MH@ <O OC@ OBK MRGO <8 PQAGIKN +J1 AG?NWH@® <0@BIMBKN ?MB AG?N <@ 1JR DIO@ME@<N
A®GO KIK<B<ODJI 3G?N

><JG G 6<;DA9

Fault-pr opagation f olds AAIMH <N ARGON Q@GJK <I? 3H=DI@ NJH@ A OC@OP@N A ARGO =@1? <I? ?@<>CH@ 2G?N
N < APGO T@GIKN O@A@ADGG f@k tip <O OC@ KIDN@k=®DIB NGDRKIBF AWVH MI>F OC® C<N IJO@ NGDRK&PGO
KMK<B<ODJI 2G?NIIH <O OCDN@&O ODK <I? NOC@M JI@ RGGAIOC@PGOAMEBI OJ OC@ JOEMW <N <GNJEHJI DI
OCMPNO =@GDRG@EFD@N

V) $< PGON



><JG 6JAI EGE6<6I>DMA976H:9 DC 6 8DBEJI:G
H>BJAGI>DC 7N  =6&:HLDGI=

><JG 6JAI EGE6<6I>DMA9 G>H6><D§6 +8DI>6

) $< PGOM






Lab 8. Masuring &ult Slip

'I* <= TIP?@&GO R ARGQAIINOMPODJIN OO-DRIEEP OC@ N@EDUI A NPMAHN =PO IJO B0 ARGO NGDK 2CDRI{PN @@
>P0O JJANIM < NDIB@ KG<I@ NRBIA&DI<?P<0@ OJ 0Q@MHDI@ die@acement vector JMslip JA < ARGOl OCDN G<3PT
RDGG <KGa &N RC@pier cing poin ts ><I =@ GJO@DI =JOC OC@BR<GG <I? C<IBIB R<GGAK ARGO <BOBIB OC@ OMP@
NGDK OJ =@@®»H @

Assignment

+<K NCJ RN < NDHKG@ H<Kd G@®@GC G<IP@ H <=J Q@ NGG@G DI RCD>C RGRANGN < HM> TF@ ROC <
NOMPMN@KDDJI A H 1GD>R2IGDI@N JI OCE@M OR<M OC@ NJPOC <I?@ @ A X "@ O@MHDI@ OC@ NGDK
JA OC@Ps0O

< . GJOOC@BR <I? OC@F® <N HERD >DIB@N JI < N@BMKCD> KBE@0ODJI GNJ KGJO OCQMIGDx@ Gl <I?
OC@ O@MNI®JI GDI@ REEDLCEPSO <I? PF@ DD@MMIEN@ < NH<GGIVM]AC@ GIM@O<

= , JR?MR < APGO KG<I@HKN N&DDJI QBR@ ANH OC@ NJPR@NO 2CDNO@I RDGG RERL<O TP RIPG? N@
DAJP RO® <=G@ @HIQ@ OC@ CEB R<GG =GIHKG@@GI? GJIF ?DBOG<0 OC@P&SO Aa>Jl OC@IOR<GG
2C@ G<I? NPMENCIPG? =@ < CIMDXG GD@CC@ OKOC@@JI 2C@ >PAGDI@A OCA@R@ DI OC@ER<GG
NCIPG? =@ NOCRDOCON MO MF@ "MR < AR JA OC@ N@DSBI@N <GNIROC@ D@ O NMFQ@

> , JRH<MF PNDIB < ?<NC@DI@ OC@ ARGNOC@R@ DI OC@ CBIB R<GG H <>M JNN NOMDAK DON KJRDJI
DI OC@XR<GG 4R < GDI@ S&agR| OCE@RO >POMMN KMG@G 0J OC@ISGI@RIMO@DJI 2CDN DN OC® 1@
NGDK @&NP@ OC@ ?DN@<B I@ NGDK <I? G@MHDIGND@M? <I? KGPIB@ AN OC@ NG@BWKCD> KM@ODJI
1<T RC@C@M OC@ ?DKIMHIK O DN IIMH<G JEIWIMN@ TIRC@C@M OC@ @MIGDBHKJII@! O DN NDIBNAM
?2@ONG

+<K NCJ RN <| <M& DI RCD>C < OCD>ER@~@ A 3I1B GIJH@®@DMC@RI> JIAIMH<=6 JQ@E®@D@N HP?NORGD @
<I?>J<G =G<>F 2C@xMN >PA =< H<EJM R&O MPIIDIB # 15 <KKMISDHO@&J OC@<®0O A OC@P&SO OC®G DN 1JO
@KIN@ =PO O@® =J@CJIGQ@DI < <I?" @I> JPI 0@ OC@I<G © ?@KOC @CJIG@ ! ?D? 1J0 @P O@M<G IPM
J=E@OL0& DN OJC@MHDI@ OC@ NP=@RVMNCRE NJ <N OJ NCOC@S@ @ A I<G DI OC@ NP=NRMA<3?DODJI TP
<\@ OJ ?@H2 OC@ NBIXCIaPSO PNDIB OC@ NRIAVDC@<G —@BDC@ PIHAIMHDI

IM@CJIG@ #G@ODJI A %IP12 "@KOC 0J 3I3IAIJMHDr "@KOC 0J 1J<G
| <=N@OD
< Fault plane

D "MR NOMBRP®@ 3| OJPMN JI OC@EO NPMBDON@GA #8060@3 OJPMN R OJ N@ G@GH
DD "@@MHDI@ OC@a\€MDRBK 4 OC@PS0

= West of the fault OC@Jx=G DNSKQIN@

*<= + @NPMDIBRSO NGDK



D ?@I0DA0C@ PBAIMHIN =T G<=@GGDWB DC@ H<K
DD %<0 DN JMD@DDJI

DDD R NOMBP®@ 31 OJPMN JI OC@S N@ <NNPH@ OTOC@<6 Nl DN OCDENMBI® OJ OC@T&AIOC@ H<K
<|? OCQEMD QRO O <N < NDEED NPM@2@MHDE@ OCH® ©JPMN RC@ MA@ 0@ MNIE C@rP&s0

Db C<ODN OC@ Joo@ll A OC@<G

Q +<MF OC@ubcr op GDI@ JI OC@ H<K R@aMC@ RIAIJMHIOr NPMA@>->PON OQ@=Na@l
> East of the fault OC@J=G DN 1JO QDND=G@

D ?@I0DA0C@ PBAIMHION =T G<=@GGDIB DC@ H<K

DD <O DN OC@ Jow@ll A OC@ RIFAIJMHDOr

DDD 2C@ @MIGC@O< <GEOCE@ @RIl A OC@<G N@ 0J =@ =G>PG@<0 O@® KJODN " 3N@ OCDN
DIAMH<ODJI OJHANOMPS NOMPR®@ 31 OJPMN JI OC@XS N«@l

DQMH T JPM 31 OJPMN @@MHDI@ OC@@QNPRBK A OC@<G @NO A OC@PSBO
Q +<MF OC@ubcr op GDI@ RC@KC@ RIAIJMHOI NPMA@>>PON OQ@EN@®I
? Separation: , @O @NODER OC@ NCHXNMA OC@ NPNIN®OO<@® >POTFOC@ RSO

D NDIB DD@MM®IB 3 OIPMN H&EWI? G<=@GC Oa@ff lines RC@&@ OC@PAO O@MM@ OC@<S N@l DI OC@
AJOR<GG <I? DI OC@ MWIB R<GG @@ OC@N& GDI@N DN&BMI RC@& < ?MDGGCJIBE@ I3 O@M 133<G

DD $DI? OC@@>@ DI @@@DJI =@ @ OC@ PHAIJMHIOI DI OC@@NO <I? OC@ N<H@IRIFMHIDI DI OC @D
2CDN DN Q@ical separ ation JA OC@ PIFAJMHEOI <O OC@P&O [ OC@RB-G ?DNOG>=@R @01 < NPMA@><I?
DN KM@ @>JPI O@MIXMM OC@ JOC@M NBGC@PGSO BPN@ OC@ NR§IAN CIMODKGOMN <GNJ GEG@V

Q@QUIBG ?DNOG=@R @ OC@ C<IBB R<GG <I2JBCOR<GG >PBJ HE@NPI@ ?J RI OC@ ?DKAJOC@PS0 KG<I@

DDD $DI? OC@E®x@ DI @@@DJI &M OC@<G N@® J| @OIDC@M NDA@C@PSBCC@ertical separ ation) , JO@
@><PN@ OCE&G N DN B@G?DKKDIBAN N@K&dJI HENPE@H@ON [ @UIBG N@KaWJl OCR <I? CRQD <@
<GG NGIB’DA®@ IO AM OC@ IMENKJII?DIB HENPI@H@ON H<?@ JI OC@ RIAJMHEI RCD>C DN CIMDs3

D@DI? OC@ ?DNGRIHE@NPI# <GJIB OC@ N@BPOC@PSO A @PDLGE@ NOMPR®@ 31 OJPMN Jl OC@<s
N@H JI @IDC@M NDA@C@PSO $IMHKG@IFP HDECO BI? OC@ KIDIRC@MOC@ND ND?@ 3 OJPM
OC@ P8O KG<I@ <I? OCOXRZ@MOC@ 3l OJPM Jl OC@@NO ND?@NADC@BO KG<I@ 2CDN Ditribe@
separation JA OC@PS00 IM@NKJII?N OJ OC@ ?DNIDQIERIPG? <KK@ =@ @R OCGRIC<QGANA OC@<G N@
DAOC@ G<@® @®Ma@? ?JRI OJ < CIMO O<G NPMA<>

Q + @NPI@ OCi®@ave JA OC@PBOOC@<E N@ OC@ RDT A OC@I@ H@NP® K@MK@I1?D>PG<M OJ O@® NOMDF
JAOC@RSG@R @@ OCA@RO>POIM GDI@N

QD PK@MDHKIN@ <@CX@CMDIB K<K@M JI OC@ H<K QI NC<?@ OC@ RE@E OC@<6 N@ DN KEN@ =@BJ
BMPI? G@@G >Cl 2J 2J OCDN OC@ =@BRBI@ID DN <BF&RN -MDBI<@BC@=G RN K@N@ PI?@M OC@ RCIG@
<M& 1DI>@ ?@KJODJI 3<G C<N @ W@HXQ@] DI OCER RTN $DMNO NJH@GRN MHXQ@ =T @MDJI KMDJIM
0J ?@KJSDJI A OC@IB GIH@I0@ G OC@ RIMIMHIOT NPMA@ N@I? > J<G DN HDNNDIB AL @ RGO QD
=@R @@ OC@RO>POJI GDI@N REDM@ 3<G C<N @ MOHIQ@ =T @MNDJI OJ OC@EN@ ?<T OJKIBMKCT -I> @

TIP C<Q@ BHIQ@ <GG OC@NEN<RCO@@M DNIENOC @R @IE<DI E >J<G

V*<= + @NPMDIBRSO NGDK



@Fault slip: 1J A<MKGG OC@NEB@H@ON JP C<Q@ H<?@X}> @MI OC@ N@BBRW A MDJIPN NPN@N>GOCIeBC
RJIPG? =@@WPN@APG OJSK@XDDJI KMEE@DO N@FDIB OC@<GDJI A OC@<G N@ OC@?J 1J0 O@GG PN OORx&>
HJ QQH@O JI OC@ R&O OC@IGEDK Z2aD@MHDI@ OCENEDEB DN K@NNTDJ BI? < PIDLP@ GDI@ RCD>C G&N =@
JAAN@ 2C@® DN <I| D7@DX=G@ GDI@ O€N %@ N@® =T OC@ A0 2CDN DN OC@ GIA@DRQ@GFIA IJMHDI
DIO@MMN@R OC @S N@ OC@ubcr op JAOC@<G N@ 2CDN GDI@ C<@EEKGMDJI J K<NON FOC@RSO @&0ODIB
pier cing poin ts JI =JOC R<GGND x| =@ PN@OJ KDI ?RlI OC@ OMP@ NGDK

D 1@ PK < RGO KG<I@KXM N&DJI

3N@ < KB@ A BWKC K<K@M 0J HRK RGO KG<I@NNNEDDJI PNDIB OC@ 8@@GJ+ OJPM <N 2@?DIB GDI@
2C@ GM@ A OC@PBO JI OC@ H<K DN NREK® GJIB@M OC<I < IIMHG® GED'@ NQ@ A GMDIB K<K@KPO TP
RDGG =@ <=G@ RXSGIOC@ DIKIVMDD@M@JIN JI < >SNNN@DJI >H FH GJIB NOGDIB® OC@
NJPOC@MI =JP1?3IMA OC@ H<K $DMNDOE@ KIDIRC@MOC@NE@AGH >JI OJPM JI OC@PBO KG<I@
DIO@MI® OC@ NJPOC@MWHN OC@ H<K !<GG OCDE BJIPE&NP® >H # <GJIB OC@ 31 OJPM <I? H<MKJDIO
7 , JR O<K® < NG@ 2 BNKC K<K@M <I? 2RI< CIMDW O<G GDI@ >H GJIB <=JPO >H PEHABIC@ =<N@ OC@
K<K@MI? H<MF OC@ @I?N 6 <I? 7
, @0 =G>PG@ OC@ NK<>RIBIJOJPMN Jl OC@BO KG<I®OC@PHBO C<N ?DK ? QT@JIPM NK<>DIB J| OC@
N@ODJI RDGG =@> NDI 9

DD ?? OC@IBR<GG <I? C<IBIB R<GG D@ MI@JIN

. G<@® TJPM B#KC K<K@MBEDON OJK?@@ <GJIB OC@ GDRIRBC@ H<K <I? H<MF OC@ K@N RC@VWOCABR<GG
<|? C<IB DIB R<GG >P®BIGDI@N<FIIRI @G@ODJI .NEEO OC@N@ RIDDOJ OC@IDNEO @G@DJIN JI OC@
APGO KG<I@nh@aJl

IJHKG@@ OC@NWIN@DDJI § ?MRDIB OC@ C<IBB R<GG <IUAOR<GGCG@NA OC@ RIFAIMHIN <I? OC@ <G
3N@ NJGD? GDI@DKEINEI OCA@IBR<GG >PBXI? ?<NC@GDI@N (@ K@N@ OC@ COB R<GG >P@dI

DDD G@@MHDI@ OCP@ANGDK

'"?@I00/0C@ KBAIBKIDON RC@MOC@ NRHCNDI@ O@ MM OC@ES DI =JOC OC@ DHIBR<GG <I2VBAOR<GG
(JDI OC@RAJ KJIDION RDC <dash-dot GDI@K@N@IDIB OCG@! slip

+ @GNPI@ <I? N@&JVW OC@ ?DNQA&IA 1@ NGDK

2C@ 3HKII@! O A 1@ NGDK ¥8M@G 0J ®GO Na®IDN OLI@ e slip "M<R <I? G<=@GC OC@ EONEIFK JI OC@
APGO KG<l@h@ail <I? @IV OC@ ?DNG&IA NOMIDRGDK

2C@ 3IHKII@I O ?RI OC@ ?DKAIOC@P&SO DN @ip@ip "M<R OC@ ?DK NGDK <I? Gx@@®WR OC@ <HJFD A
?DK NGDK

IC<M<>0@NMDOC@PSEO DIRPN JQ@MEG <N H<DNBOM®NGDKO@MRO @=GDLP@ NGIMK?DK NGDKT 1<
RC@C@M OC@ @MNGDBHKJII@| O DN NDIBNOM EZDHG 1¥ RCA@C@M OC@ ?DKMEDK O DN IIMH<G JM
MI@MN@

A IC@>F OC@NPGON JI < NOEMKCD> KB@&ODJI
D $DI? OC@R@ A OC@ GANGDK DI OB@AKG<I@ H@&NPMDIBIRDC < KMDM>0IM JI OC@P0 KG<I@NaVl

DD GJO OC@BR KG<I@ OC@URD@IA OC@<G OC@ >POGDI@N <I? OC@ N&DK Jl < N@@WKCD> KM@ODJI
<I? ?@0@MHDI@ OC@ KGPIB@EXP?IANDC @ CANGDK

Answer table f or fault measur ements, Question 2

*<= + @NPMDIBRSO NGDK



10M@F<I? ?DK A OC@PSO

-MD@DODJI A OC@ RIFAIJMHIOI R@NOQAJOC@PSO

-MD@DODJI A OC@<G N@ R @NCAIOC@PBO

-MD@DODJI A OC@ RIFAIJMHIOI @NO A OC@PSO

-MD@DODJI A OC@<G N@ @NO A OC@PSB0

4@UIBG N@KaDJI A OC@ RIFAJMHII <O OC@P&0

4@UIBG N@QKEDJI A OC@<G N@ <O OC@P&0

1OMEFN@KDDJI A OC@<G N@ <O OC@P&O

&@Q@ A OC@PBOCOC@<6 N@

, @ NGDK

IC<M<>0@NDOC@PAO NGDK

*<= +<K

*<= +<K

V*<= + @NPMDIBRSO NGDK


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/08/Lab-8.-Map-1.pdf
https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/08/Lab-8.-Map-2..pdf

L. Tectonic Envionments of &ulting

Dynamics of faulting

3IGD@ ?PODG@ NOR@N OCGMH<ODJII A AMOP@N < =@
NDHPG®@ @K@MDH@EIEE®NDIB @G MF N<HKG@N NPEEEDJ
NO@NN@N DEHM@N $EBPMCRN OC@IHHJII M @@&DJIINCDK
—@R @@ NCeM AMOP@N <I? N@NN PEC AABOP@N <@ FIJRI
<Nconjugate NC@ AMOP®@N !JIEPBO@ NEDMANMOP@N KIPD?@
Ji@ JA OC@n\>DNPHNO<IX@N RC@WOMMPKS BB IJBNONI>
H<F@ 3IAD?@D 7I<HD> DD@MEMODJIN =<R@| NDHKG@®G?
@h?e@@

1?7@MNJIN OC@JNMI JA ARGODIB NONMMNJIH@ =<ND> AN
<=JPO N@WN <I? @& 0J < >G<NMODJII A O@JID>
@RDONMH@| ON mJ fault regimes. [?7@MNJI IJO@ OCO OC@
#<MOQN NPMA@>DN A@OD@G< KG<I@A @INC@V N@NKIN [ @
G@NO <N A<M <N NIP¥B>BIGJBNON@MII> @MI® 5 @ =I
|@BGED OC@MMBI@GODI NCeM NGWMIN@N ?P@ OJ OC@ RDI? <I?
OC@GR JA RO@MCDN H@N OC® OC@ #M NPMAe>>GIN@G
<KKMSDHO@N pgrincipal p lane of stress <I? OC@ KJG@ JIM
IIMH<G 0OJ OC@ &¢NI NPMA&>HPNO =@ JI@ DC@rincipal
stresses @><PN@ OC@ @&V NPMA&>DNaB®JI<GG>GIN@ OJ
CIMDUO<G OCDNIN@OC® JaM B@ <®@N A OC@ #H=M
NPMA@DC: D; I=: EG>C8>E6A:HHEH >H K:GI>86A 6C9 I=: DI=:G ILD
6G =DG>ODCI6A

, JO@ OO<OCDNBRM@IO NOMIB<KKGD@NTIKD OC@ #3M
NPMA@ -I> @ R® ?@@1? OJ R@M Q@GN DI OC@IBIBBC@MOC@
KMDI>DK<G@IN@N x<I1? 2J R <I?@M R<T ABH OC@D@RIGG
<|? CIMDUl O<G JMD@DJIN

<N@ JI RCD>C KMDI>DK<GANOWDNMD@BIDG R x| >G<NNDA
@IQDNMH@! ON DI OC@ @GMPKK@M >MPRO OC@GGRDIB OCED
><0@BJMD@N

Gravity r Zgime QUG NOMP® ?JHDIO@ =T IIMH<G
APGON

Thrust r Zgime QUG NOMIPR® ?JHDIO@ =T OCMPNO
APGON ><JG ,NE>86A @\6I>DCH=>EH 7:IL::C HKBH 6CI6JAIH 76H:9
DC CO9:GHDG 6C6ANH>H D; CH8IEG68: HI6I:H D; HIGIH

Wrench r Zgime QAUBG NOMIP® ?JHDIO@=T NOM®MNGDK
APGON

* 2 @0JID> @G@DMH@!| ON A ARGODIB



Rifts and extensional zones: normal faults

Occurrene@

1@@#M5 KON 4 OC@ #@ >MPNO@WI1?@BJIDIB CIMDUO<GS® @INDJI <I? >MPNO<G OCDID@BC@@M@ ?T 2C@ =@NO
NOP?D@<HKG@N@MM<=G OC@ <NDI <I? 0<IB@ KQDIX@ A OC@QANO@MI 31 <I? OC@ #<NO <AMD®D QGG@CD>C
@O@I?N @ OCIPN<I? FDGOHEN OTRRBC AMDB>

5@ =l ADI? <I>D@D0 B<HKG@N 0J] ZC@® K<OD>PE&NMR@GG NOPRI@DMI@OCpassive continen tal mar gins
>J| ODI@D)<G HEDIN RCD>C @+-PNIMOGIJO GI=0O@<0 < K&@ =JPI1?<M. <NNERH<BDIN HINOGQ @& ANH MDA QGG ®
NDHDG<M OJ OC@ #<NDDBMAD=NH ODI@N N@HC@a<I? N@QK<kO@DI OC@ K<NO $JM GERN R @ BI? MDANOMPR@N
=PMD@@|1@OC K<NN®GI ODI@»<G HERIN DI H<IT K<MN 4 OC@ING? +<IT JA OC@N& O<DI NDBIBA O K@V @PH
MON@WMN 2Q@Ebernia structur e Jl I<I<?< N @NOJI<NO MH@ DI < MDAO@X?@2GJIR@N OC@GOD> JK@r@<l T
JA OC@ ID@A7?N DI OC@KM North Sea J>>PKT NOMBPB@N @I@@ OJ OC®iking-Cen tr al Graben =PMD@@1@O0C
TIPIB@M N@H@O<MM>FN DI OC@MOC 1@

Features of normal faults in rifts

2C@NG@WBJIN <i@ ?JHDIO@=T IIMH<G ARGON <I? DI HI MDA OC@<Q@ < MPBCG >JI EPBO@ B@@OW ARGON ?DKKDIB
OR<MN <I? <R<T ABH @<>C JOC@MIRD?DKNIW? X < O G@®O I@ OC@ NPI@AKB<I T ><N@NRRONP=@ NCRI OJ
GED@| © ?2@KOMBDIB OC@ttic B@H@OM OCJIPE DI NJH@ sN@N OCDNIDDM@MND<G 1JHBINMEDDJIN 4 MON
NCR APGON ?DKKDIB<3IINO<IO <IBG@ Rl 0J < NP=CIMDIUO<G N&@II@ DI OC@ M@ >MRDIO@KOC

V* 2 @0JID> @DNMH@! ON A ARGODIB



*DNOMD> NC<K@ JINELP@IX@NJIJM OC@ B@OW JA OC@

R<GGMARGON JI@ IM =JOCHEN HPNO ?BINOIM<<DI

HIG&>C 8DBEG6I>7>A>INKD=GIGOC@ C<MB R<GG ?DNINM

HIM@ =&PN@OC<N < @3 NPMAR>© OC@ O0JKI?

?DNKEN < >C<i¢0O@MDNDR@ @ ARGO =@I1?16? <GG@
rollover anticline 0JGGI@M <DD>GDI@MHADHKJIR<IO
K@MG@PH &N DI H<IT K<NN@Q3! ODI@<G HEDIN

-OC@M AR3MN HKG&? OJ AG?DIB A OC@<RGIMFN O DN

>JHHJI DI N@?DH@O<M=<NDINJM NGDK @WIG>NMNN OC@

NPMA@ A < ARGO NJ ACNGDK-B@I@MN OC@E@N A <
H<KK@ APGO 0J < KIDRC@OC@MN IJ NCDKEEGR@
OC@p JA OC@PSO ER DN OCDNJHHI?< O@DI OC@ 66

M>FN 2TKDx=GGNGDK DX NA@MI OJ <IJOC@MPBO =PO DA

OC@RJ APGON @MJO 3@ >0@ ?DNOMDII A OC@<BG
M>FN H<T KM?P>@ < elay ramp GDIFDIB OG& O

><JG
;6JAIH

><JG 6 $>HIG>8 CDGB6MI 7 >HEAG8:B:Cl D; =6C<>C< L6AA
L>I=DJI ;DA9>C< LDJA9 A:69 ID 6-A@E:C HE68: 8 6C<>C<L6AA
9:; DGBH 7N6JAI 7:9 ; DA9>C< ID BE&J8: 6 @DAADK:G 6CI>8A>C:

* !A6N GBE 7:IL::C |=: I>EH D; ILD CDGB6A

* 2 @0JID> @QDMH@! ON A ARGODIB



Arrays of normal faults

, JMH<G RGON DI®GNDAJ 1JO J>PM DI DN@BYI -A0@I1 < =MIN N&DDJI OGRBC < MDARDGG RCIJU@IN JM CPI?&N JA
IIMH<G ARGONKBD<G O@MHKBDI BI®| OJ &OP@N A IIMH<G RGO <M

><JG C 6G6N D; CDGB6AJAIH >C 6 G>;l

hor st DN < =GJ>F&@D| ®RJ IIMH<G ARGON @CDKR<T AIH @<>C JOC@M JKKINDO@@TUNDJIN 2C@=NN DI < CJIMNO
NO<I? COB@M OC<| OC&-NJI @OC@M ND?@

graben DN < =GJ>F&@D| ®RJ IIMH<G ARGON @C2DK B&MN @>C JOC@M @ J+FN DI < Bi##@1 NO<I? GRI@M OC<| OC@
M>FN JI @OC@M ND?@

half -gr aben DN < ODXGG@>F DI < MDBI@ OC® DN <GNJKK@ ?J RI M@ &O@ OJ OCERN J| @OC@M ND?@ G-PIG <N
<APGOJIJI@ ND?@ OC@ JOC@MIKDXGIBROGAG?@

‘I H<I T MDA OC@M& <@ ?JHDI<I O IJIMH<G RGON BO @MG<B@ JANGN $RGON @CDK DI OC@ N<H@QDW <@
?2@N>MD=@Isynthetic 0J OC@ H<DPSON RFGON @C2DK DI OC@ JKR@D@MDJI <@anti thetic

Thrust belts

Occurrene@

M@N A >MPNO<G B@mIB ?JHDI®@=T NI@MN@EON @O0®) © OC@@N@ ?J <O 3| QOB@D K&@ =JPI?<MD@N
HJ79J8I>DC ODC:HI? DI <M@N JA8DCI>C:CI6A 8DAA>HHDC <N OC@HK<G<N <I? 2<R<I

I>D@I0 @<HKG@N 3BPM DI OC@>FT +JPI O<DINJMH@ DI OC@ @@ @NJMD> <I? @\F !@IJUJD> @M <I? OC@
KK<G<>CD<I 4Pl O<DINA @NO@MIMOC H@MB>AMH@ DI OC@<GE&JID> @M

V* 2 @0JID> @DMH@! ON A ARGODIB



' HINO JA OC@ON®EHEK G @NEPN <@ DODHR@GNNJI>D@RBOC OCMPNON

"I H<I T ><N@N OGN < N®l@O<M=<NDI =GGB®@ foreland basin <?E>@I0 OJ OC@ OCMPNO =@GONCOTIFBOTCx
OC@ RIE A OC@ OCMPNO =@GO @NWNEKIBIINKC@MNDMMH®@ =T >HDHI6GHNR @NO@MI <I<?< HIN@A DC@
IM@<&PN NIB>FN AMH@ DI NP>C < =<NDI DI>GP?DIB OCINERQW®@ DI OC@@MBE @I #?HJI OJI

Features of single thrust faults

%@H@OM OCMPNO DN &R <IB G@@@MN@BEO RCA@NR<IB G@ DION@M GIIN@BI@ '| A<>O NJH@ OCMPIRGBN
<\N@ NPB>D@G>PNI@ NJ OCe KIJKDJIN BPG? O@ID><GG-@ 1IIMH<G R&ON

@><PN@A OC@DRIB G@ >C<Md @UCMPNONIHEZJIF GBRNSODBKICD>3H O<®©N JI H<KN 2C@VHI =@ >GIR@OGDI@N
JA OCMPNONCHDGGN «&GQ@®

><JG :61JG:H D; I=GJHIGJAIH >C I=GJHI 7:AlH

I <M @ JA C<IBDIB R<GG QENGNPMMI?@? =T AJOR<GG BDMEB@ klippe.
| <M @ JA AJIOR<GG @IGNPMKI?@? =T C<IBDIB R<GG D8 @ fenster JMtectonic windo w.

2CMPNON@NDIBP@IE =T NGMDBMCT 'l H<I T DINO<I@&N OC@ ?DK DRK@NMDEDBE:I:CI M>FN G@F GDH@NOJI@ <I?
N<I?NOJI@ <I? NC<®R@M DIC8DBE:I:CI M>FN GFNC<G@ <[X&@MD@MNI>F N<GOTERNPH <ICT?MD@

><JG +>C<A:I=GJHIGJAlI H=DL>C<%JAI 7:C9 ;DA9H 9:K:ADE:9 DK:6BGH 6C9 A6IH
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2C@ N@R@M KIMIN @®ramps. 2C@ >=I =@ N@JIBIDUR JI H<KN <I? >MJINN N@&@DJIN =@PN@ OC@rP®@L >PON
NOMDDBKICD> =JPI?<MD @N<<@ GI@GCDB <IBG@ -| MHKN R@ 3¢I ADI? >PO2A KIDON 31?7@MNO<I?DIB OC@ FED@HWI

< OCMPNO =@C@| DPE@N HO>CDIBIAOR<GG <I? C<IBIB R<GG >P8B8l JI OC@ N<H@®Q 2CDNX®NN DN <| DHR3WD
K<ND A >C@&-DIB >ONN N&DJIN OTMBC OCMPNO =@G@ dNJsection balancing

2C@ B@G@M®DNIN @ lats. 2C@ ><I=@ N&IBIDU@ JI H<KN <I? >M INN N&DDJIN =@PN@ OC @@ NPM@* @ <GHJINO
K<MGG@G 0J OCEBRED> =JPI?<MD@N

, JOD@ OCXJI>@ < RGO C<N Q@ OC@®RDGGH:-EBGI>DC-@R @ OC@anging w all ramps <I? OC@ootw all r amps,

<I? =@@R @I OC@anging w all f lats <I? OC@ootw all f lats. 'A ARGO =@12&?DIB J>PMN OC@I| OC@ CHBR<GGAN HI
<>LPD@® N@B@M ?DK <I? OC@ QIBIR<GGNKN H<T AG&@| NJ OCDN O@MHDBHeIBN@H NGB@ 2C@® >=<I NODGG =@
M2JBIDU®@ =T OC@ >C<id@MDAD: 6C<A:HA OC@ KNDM

Q@™ @BO@INEQ@O RC@MOC@M<N @ < GB® <HIPIO A HIQRH@D DN<SG@ dZcollement NPMA@ AM <
$MDI>C RIMP H@XIDIB \PINOD>FA OC@ CDIB R<GG C<N @ < GJIB R<T N\ @@ OJ OCBOR<G®@INA FDGJIK@N JM
HIM@ A<M @IJRBOC® OC@ CHB R<GAMN RO® MH@ DI < IHKG@A@EGDAA®RIO @ODMH@I O AM OC@JAOR<GG
OC@I| OC@ CBIB R<GG DN ?@N2MR=@®alloch thon ANH ORJ %MaRF RMPN H@IDIB "JOC@M K@<x<I? DN N<D? OJ =@
alloch thonous 2C@ AOR<GGAINP>C < OCMPNe@B@®@C@utoch thon <I? DN N<D? OJ a@hoch tonous.

$JM @<HKG@ DI@AIPI?G<I? OC@® DN <JBKG® JA OCMPNO @B@FIRI <N OC@iumber A rm Alloch thon OC® DN
SIHKIN@ JA '<H=MD<I <I? -M?2JQD>D<I 7@K RRO@M N@@D<W M>FN <I? JKCDIG@®NIMVOC@ @JIM A OC@K@PN
- >@I ' O RN OCMPNO JI OXN@EPH@O<MN>FN JA HIM® M G@NN OC@ N<H@B@B QM RO® MH@ JI < > JI ODI@<G
NC@GA <I? OOBM® @KEN@ < @W?DAD@I0 GODONH@! O

Folds asociatd with thrust faults

$JG?N H¥ AMH DI <NNJ>DBJI ROC OCMPNEZEGSN RD?@VBRJIA 34G? NI@N@V@JBIDU® =PO R@ RDG@JBIDU@ EPNO
OCER TK@N

Fault-bend f olds AMH@ RC@@® OC@ ?DXAC@P&O >C<IB@N
Detachmen t folds AIMH@ RC@@® OC@ NGDK >C<IB@N <I?DNON&IHHI?< O@DI OC@ C<MB R<GG

Fault-pr opagation f olds AIMH@ RC@® OC@ ?DK <I? OC@ NGDK >TKIBGERC @@ < AAGO ODK >GDH=Nf#K<?MMDIB
APGO KK<B<ODJI

' M@&GID OC@Vk@ H<IT XMOZDJIIN JI OC@N@ OC@HK@MOD>PG3@DN J=G < =JI ODIPIPN-MIBDJI =@ @@ OC@
D?@GE ?@<>CH@D <I? ARGO BK&B<ODJI 2G?N

Arrays of thrust faults

Vergence DN < PN@ARS @KO DI 2@DIB RIC <MWN JA OCMPNON 2@8@)>@ A < NOMPRP®@ DN OC@dd| DI RCD>C
M>FN |@&M OC@ NP@ACED HIX@ MO GO OJIMFN ?@K@MRU ' | NJH@ OCMPNO<IMMKGG OC@ OCMBRECDO® N<H@
QaB@ @ OCxDN OJINRC@ C<MB R<GGN @@ <GG@@DNKGZ>OC@ N<HGRMD @@ OJ OCBOAR<GGC<NB@ KON A
OC@XFT +JPI O<DI OCMPNO =@R@NB<M QBRI M @<HKG@ 23@ eland DN OC@&KR<MN RCD>C HING\]
OC@ OCMPMIBEQ DI OC@6D@N @CEBN OC@ KGADBI@WU< 2C@ JKKINDO@ MDO@@ OCMPNO =@GO QEEGRED2@ AM
HINO A OC@ OCMPN@NGE® OJIH@ DN<SG@C@in ter land.

V* 2 @0JID> @DNMH@I| ON A ARGODIB



><JG C 6G6N D; I=GJHIBJAIH >C 6 I=GJHI 7:Al

Thrust areys with similar vgene

-I> @ R® NOANGJIFDIBXHPGODKG@ OCMPNONIBEDI BRD@IHKGDO@ ' O DNJHHJI A JM HPGODKG@ GDNOMPGIIMPNO A<
0OJ =MI>C PKR<M ANH < NDIBG@G® 2CDNIIADBPMDDJI DN<SG@I imbrica te fan 2C@ KJODD RC@MJI@ OCMPNBGAX
=MI>C@N AMI <IJOC@M DNGG@ branch poin t. 'l <I DH=MD=O@ A<| OC@ = KIDION H<MKG<®@N RC@VII@ ARGO
=MI>C@N J BJ <N TP AIGGI D OR<MN OC@MDG<I? 2CDRK® A =MI>C KJDIO DNtkailing br anch poin t.

1JH@ODH@N DH=R@>OCMPRG@AN HEEDJ SON =JOC R&M? <I? ?J Rl R<M 1P>C < JIADBPMDDJI DNSG@ dup lex.
2C@ PKK@GRADNroof thrust RCDG@ OGRADGO DN Of@r thrust JA OC@ ?PRGOR <I DH=MB@ A<l OC@ OCMPNON DI
< ?PKG®EJDI ?RI R<MN <O GdGDIB<IMC KIDION &R @M C®<GNJ EJDI RKMN <Oleading br anch poin ts.

Thrusts with opposing \gene: welges and triangle zones

1JH@ODH@NP&ON DI OCMPNO =@ OHKANDIB@BI@ 1@ K<DMAJIJIKKIN@OCMPNON®EBE@D DI OC@ NP=NRWA:SC@
<tectonicw edge 'A < OCBOICMPNO >P@NOMD<IBPG<RIDIRA ¥-F OC@®@B@ DNGG@triang le zone 2C@ @ED@NO JDG
?DNFQ@MD@N DI QIO@RBGENIC@ !<I<?D<ID>FD@NGE@® M°1? DI < OMD<IB@IL® DI OC@PMI@M4GG@Nx JA NJPOC@MI
G=@U

Strike-slip zones

Occurrene@

1JH@ JA OC@ #3®l =@NO FRI A<PGON@WOMDRGDHREON OC@ 1<I (@N DI I<GDMID< DN JIGAJOC@ =@NCRHFISI?
=@NO NOP?BGC @M NO@ DEDKHPEON @CeQ@ CDNOIJMB@NHKBDIB @MDCLP<@N DI>GP?@ OMDC I<0JGD<I $GO DI
2PNF@ <I? OC@ GKDI@R30 DIE@R 8@<G<I? IOMEBFNGDRE&ON @@ <GNJ K@@ =JPI?<MD@® @G @ ansform faul ts
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Chamacteristics of strigeslip faults and fault zones

I7@MNJIN OCI®IT JA ARGODIB ENDON OO<NOMDRGDKPEON NCIPG? =@<>OMDNG@DSCI@r ench r egime <I? OCO
OCIN@ PGON NCJIPG? =@M@WBG *INO H<EJM NG@RGDKPEON @VP1? OJ ?DK N@IXG >JIADMHDIB 1?7@MNN
KN@D®DJI N < @NPGO OC@NAV®I? OJ =@MNGNWDBO GDI@N JI BB =G H<KN

2C@ ?<H<B@ JI@®N <BPI? NOM@NGDKPSON O@I? OJ
>JI O<Dl < HDSG®@MA NOMPR@®N OO<R@ IIMH<GG
<NNJ>DB@ @D@M®&RD CIMDW<G NQ®@IDIB<N DI OCMPNO
=@GOM RDC CIMDW<GS@@INDJKN DI MDKX IMJINN
N@ODJIN OmBC NOM®FNGDKP@BON O@I? OJ =@O@PD
>JIAPNDIB MM OCDIEMII 2C@ =@NGROJ NCR RC<OYl
BJDIB JI DI < NOMPMNGDHK® DN DI H<K (D@

'l H<K QD® < NOM@MGDKREGAIUD H<T =@ D@D <N <
WI@ JA NDHKG@ MCIBM OC@ MN&FA <BPH@IO R@ RDGG
?MR < ?@0ONG NOINGDEI@ $IM < NDIDKGMOBINGDK
WI@ @@WOCDIB BPG? =@ DI HDMMDH<B@| < ?@SONG
NOM@MGDKX@ [} KINND=G@ ORKCH OC@ HINGDP
NCJM@IDIB OGN KG&<GJIB < GDI@ X >GJ>FRON@GE
NC@WJI@ =JPI?<MT <I? OC@ HINGKD? @0@INDJI C&r
KG<® <GJIB < GDI@ 3P+ O@NGJ>FRDN@HAMC@ NC@
WI@ =JPI?<MT $JM < NDIDNGMNORINGDKI@ OC@
JKKINDO@ N@IN@IDDDJI <KKG

2CDN DR@@ K<@MI A NGBl MO@N G® OJ NJH@

KMZD®DJIN A CR NOMPP@N RDGBHA 5 @ KEPD® O

@O@INDJI<G NOW@N GDEJDIN @DIN <I? [IIMH<G R&ON

RDGGMH K@MK@I?D>PG<M OJSO@ENDII 2@dDJI <I? ><JG +IGJI8IIG:H 6HHD8>61:9 L>I= HIGH&>-EGIAIH
NCJ@@IDIB NORP®N GDFIG?N OCMPNE®GAN <I?

>GA@XB@ KG<I@N RDGBER K@MK@1?D>PG<M OJ OQE>NBCIBNDDJI

'O DN <GNJQ@BHHJI 0J N@@ NP=ND?DNOM@MGDKEON RCD>CTHI>GP?@ CEES NEEN "®OXGsynthetic Riedel
shears RIPG? =@ @DO@<0 <=JPO X >GJ>FRDNI@ M JQANGG S@NG NOBINGDRI® RCDG@ NDHBiGMhetic
Riedel shear s RIPG? =@ <=JPO X >GJ>FRDBOM Q@¥GG @MDJI A ?@O08G NODRGDKA®MN@EWOCDIBIM <
NDIDNGVI@

GG OC@N@ ODAI@IN BMF AM ARGAIN RC@M OC@A¥GG <HIRD A NGMI DN NH<GOMIAFNGDK IdHAODJI DI>GP?@N
<NQNB > JHKJI@! O A NMOODJI NJ <N ?@A1<ODJI 31 ODIP@N <GG OC@RN@NRDOCGHED@ - 1@ J A OC@ >C<GG@IB@N DI
DIO@M&DDIB NOBMNGDK HJODJI DIO QIOMPR@N HE C<Q@ 30-O@JPO A OC@ JMD@DJIN DI RCD>C OARIH@

Transtension

2C@ <=Q@ K@D®DJIN <KK®J D*@ NOMINGDK HIODJ R@@NH<I T JA OC@ HIN@GI®NODIB NANHSN DI NOEIDISDK
WI@N <id MH@ RC@@ OCO@ME ?@KOR@N AND?@G NOKINGDK
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$IM B<HKG@ <IH=DI<ODJI A NOMIDNGDK HJODJICRD&D@INDJI DNGSE@r anstension '| OMINO@INDJI OG@MN <
>JHKJII@! O A >MPNO<G OCDIIDIB <GDE RDKDRGDK NJINBM@INDIIIUDN O@1? OJ NP=ND?@ 3WPHAN@DH@O<W
=<NDIN

-l@ > JHHJI @1 QDMH@! O A GWMNO@INDJI DN <releasing bend <GNJ FIRI <N < M:leasing stepo ver) JI < NOM@FNGDK
APGOA < ?@ONG AAGO NO@KN OJ GXD@IMBBNDIBNDRGO NO@KN OJ GC@CHEEMPGODIB =@I1? DN N<D? éeasiay
<I? OC@MFN <?&@10 0J OC@ABO /A0 @=T OMNO@INDJI

M@G@EDIB =@1? TKD=GG?@@GJIKN < 8GR K<MGG@GIBNC<K@ NP=ND?DIB @><GG@ pull -apart basin. '| OC@
*JN IB@G@N @IKPGG <K@M<NDIN <NNI3@RDDC OC@ 1<! 1?@N NTNO@H CINO DBKIOM<OPHG @NJIPNEN A JDG <I?
I<OPHNG B<N | JGX 1>JOD< OC@@GGHMWNDI <GNJ < KPGG B<NMNDI JI < 7@0#G NOMINGDRE&O NTNO@HN R KIG M+
KN?P>@MAI<G DIOC@ O@iIOPM

'I >SMINN N@&DDJI KPGG <IGNkNDIN O@1? OJ =@ =JRIZ®A<HDGD@MNRGON @CN@IX@! 7Bl R<MN <I? HOMB@ [J <
NDIB@ R&€O JM NGAN @ <O ?@KOC?DQD?P<@E&ON H<CQ@ IIMH<G NO®IDISDK JM J=GDLP@ NGDKEREBRED <¥TM
DN <GG@ negati ve flower structur e

><JG ,G6CHI:CH>DC 6C9GHEGIH>DC 6t&6H>C< 6C9:BIGB>C>C< 7:C9H DC 6MIGA HIGHEA>EGIAI

Transpesion

> JH=DI<ODJI A NOMDRNGDK HJODJCORDNCIM®IDIB DNGG@r anspr ession '| OMINKMONNDJII O@RDBN JHKJII@1 O
JA >MPNO<G @IDH#F <GJIB RDC NOMDNGDK NSINKA@NNDJIUJI@N O@1? OJMH I<MNIR PKGDN #B@N A CDGGN JM
HJPI O<DIN

-l@ > JHHJI @1 QDNH@I O A GWNKMNNDJI DN < estr aining bend <GNJ FIRI <N < MON@DNDIB NO@IIMI < NOMBF
NGDKPGOA' < ?2@0#G RGO NO@KN 0OJ G @ME@NDIBNEDRGO NO@KN 0OJ OG MMI@EEMNPGODIB =@1? DN N<D? OJ =@
restraining <I? OC@MFN <?E>@I0 OJ OC@ B Q/ADO@=T tr anspr ession

M@NEMDIB =@1? TKD=GIG? @@ GJIKN < GGHI PKGDA <NDN 4 OC@<DM@MN@B®@N A !<GDWID< <I? OC@ 1JPOC@MI
GKN A, @ 8@xG<I? <@ <NNI>D@RBDC GMKMDINNDIK@NOMDIB =@1?N <GJIB H<EJMIONMH ARGON

'I >SMINN N@DDJI GINKNE®NNDJI<adB®N O@I1? OJ =@ =JPP?&l A<HDGD@MRGON QCN@HK@I| ?Rl R<MN <I1? HOB@
DIOJ < NDIB@ AR&O JM NN @ <O ?@KOC?DQD?P<@E&ON HCQ@ @IdMN@ NOMDIbK JM J=GDLP@ NGIH@2&BRGD
<MKT DN<GG®@ positi ve flower structur e

I7@MNJI # 5 2C@ ? TI<HD>N A ARGODIE56CH68I>DCH D; I=: 9>C7d6 :DAD<>86A +D8>8N
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¥ Lab 9. Field Mapping

Intr oduction

%@GJBNON DI OD@GEEZI@! |@? OJ =@ <=G@ @IM OCQ@@MBDJIINCDKNR@DI| < N@ A JPOMN NJ <N OIUSG@ OC@
HINO PN@APGNIHAODJI M B@EIB®=G H<K IINOMPODJI DI OC@ NCGE@NO ODH@ +<KKDIBJRMIONR<GN ><xMMNIH@
FDI? JA =<N@ H<K JI RCD>C @@ OC@DM J-@MIN $IJM H<KKDIB B@M@N OCDN HDB=-@ < OJKIBACD> H<K@ <IT
N><G@ ERam| <I? $IM < NH<GG&NMD HT =@ < N@@ A BMD?? E®<K@M JI RCD>C OC@EB®NUEGIMWN
=JOC BEBJIB®> <I? OJKIBKCD> DIMH<ODJIRecording inf ormation dir ectly on the map while in the field is essential OC®
R<T >MINN >PODIB @@&DJINCDKN NP>C f6aK @MPNDJIN <I1? PBAIMHDD @ =@ NRDG<I? ?DNBOGKINONMT@ JI
OC@ H<K GNybu will find out whether you need to collect mor e evidence for a critical r elationship bef ore you leave the
field + J?@MI H@CJ?N 4 NPF@IDIB K<NID>P@E&KRIC@ PN@OC@ %GJ=¥EDJIDIB INO@H6.1 C<Q@ BEOG<NNDNO@
H<K H<FDIB <O GB@® NGC@ JR@MIM<=G@ %.1 AN O@| B@ @M A H IJM HIM@ DI G3®DJI "@<DE@@G?
M2 GDJINCDKN HNODG@I@J =@ NBRI@ PNDIB O<K@ <I? 3HK<NN JM K@ <I? > JHK<NN H@CJ?N

2CDN $@@HDN@ RDG@ B&> © < GXODJI RC@IP ><| KM<>ODN@ H<KKDIBO@@-P@N RD < EMORIA NbF OK@N <I?
NOMBP@N JPM DINOMRMIMN IM<G@DIB <NNDNONIRDGGRNTIP OC@ @¥0J =@3Q@@® $IJM OCDS@DON@H RDGG @®

< 1JO@=JJF < >GDK=3<? < NC@D A BN¥KC K<K@MIGIPI® <I? G@? K@I>DGN 3HK<NN >GDIJH@@MI? T JPM G@BN
7JP RDGG <GN@ @J =@ <KKNMIZ@EMNNR@I|? @LPDKK@AIM RIM-DIB JPO?JJMN $IM <GI& Bip<G B@BIM- [ DN
DHKJ®<IO OJ<MW™>GJOCDIB <I1@DKH@D <KKMMDB3@ OJ OG@BE& A KINND=G@DODJINJIP H<T @I3JPI O@M

| 1=:-C>K:GH>IN D;A7:Gl6 |=>H A67 L>AAER@8: >C |=: :DH8>:C8: 6G9:C 6 ;68>A>IN |=61>H H:I JE ID :C67A: NDJ E3EG:
B6EE>C< 1:8=C>FJ:H L>I= 6 K6G>:IN D& INE:H 6C9 HIGJ8HE&>I=DJI A:6K>C< 86BEJH :HE>I: >IH C:6G7N AD86/>DC NDJ
L>AA HI>AA C::9 ID 7:B8&9 ; DG LD@ DJI9DI{5,=: L:6l=:G >C 9BDCIDC 86C 7: JCEG:9>8I67A: DJ L>AA BGB67AN C::9
<ADK:H 6C9 NDJ B6N 6AHD C::9 6 L61:6GBG8D6I 6C9DDIL:6G  Al:GC6I>K:AN; > >H HICCN NDJ B6N C::9 HICEBS3EZ9 6
=6l

+<F @ NR®IO@<TPM JHK<NN >GDIJH@@M DN@>OGN@ 2M H<BI@D> 2@DRDJI © TPM GXODJI
2C@ %IDIB=G PMYAT JA !<I<?< C<N < PN@APGG@RDJI xG>PGIM@

+<BI@OD> 2@ DIRDJI xG>PGIM MKN B@H<B IM><IB>><> <GH?> <G @| KCK

$IM @<HKG@ DI#?HIDJI I<I<?< < O OC@ =@BIB JA OC@ 2@DRDJIRN X #<NO

Assignment

2C@ H<KKDIB @ DN &B® <I? 3l O<DIN < RD?@IRJA N>FN TPM O@CDIB <NNDNONIRDGG ?@NDB& <@ AM OC@
H<KKDIB G@¥DN@

*<= $D@G? H<KKDIB DI OC@Sh@® %<M@! V


https://geomag.nrcan.gc.ca/calc/mdcal-en.php

Measue your pae

5 C@I H<KKDIB ®DN CA@REKOJ =@ <=G@ OJ Q@MNIMHADNO@N FK<>DIB O<K@ HEBPI® RDGO@R&JI OJ
@Oo@1? HJIMHIM@ OGRBC OC@ H<KKDIB@M. <>@ <GJIB OC@ OB @®O O@H¥ ODH@N OJ @NO<=GDNC OC@
<KKNISDHO@ G@IBAIPM K<@ 2C@ HINOIH Q@ID@ H@CJ? DN OJRi O JI@ MM @>C ?IP=G@ K@JI@ <I?
RJ<I? OCM@@a 'l JOC@MRPN 3P| O < K<@ @C ODH@PM G@AJIO CON OC@Pr¥ . <>@ I<OPMSIG<N TP
RJIPG? RCDG@GERDIB'JI ]O N@*C JM DRJ K<@ @O¥GJIIB NO@KN

"DQD?@ ¥ OC@Q@NB@ IPH=@MAIK<@N OJ B@C@ G@IBOTRM K<@ 0JPI? DO 0J <3 QRID@ IPH=@M
c@ls, 13,12 @> NI 0O<TP ><I <KKM'SDHO@GJI QW K<@N OJ HEBN DIJPM CE H@NP@H@ON

<KKNISDHO@0J OC@ +G#RNO H MLRD@ BJJ? @IJRB

GNJ H@NP® OC@aRMIA OC@ O<K@ <IZPM F<N@H<K C<N OJKIBID>@EOP@N GI0@ OC@ OdK@=DIB AM
JI@ @I1? JA D OJ < OJKIBKCD>@OP®

3 NDIB OC@<&@AITPM H<K ?NMR < GDI@ J| OC@RMK<K@M K@N@ OC@ O<K@

Detailed description of first outop

ICJIN@ JI@ JPO=-M JA NEDH@O<WINI>F <I? H<F @ < ?7@<DGE@N>MDKODNLDC @>¥ AK@N <N <| @lOMDI TPM
JO@=JJF %@OC@@< IPH=@M7JPM ?@N>MDKODJI NCIJPG? DI>GRNIEBNBAD| NC<K@ DA QDMNIH&@IDJI
DAJP ><| O@GG KMDHNOMPP@N =@DIB G<HDIODJI >3NN G<HDRDJI @> <I? N&I?<MT NOMBPP@NIG?N
AMSOP@®N A<=MD>NDION OJdH@H=@M DI H<FDIB BJI?@G? IJO@N

Print your notes so that anyone canr ead them

I JPO>MIK H<T >JI O<DI HI@ OC<I JIQTE@ A NbF +<F @ NRMOCXTPM IJO@NKOP® OC@riation ANH
Ji@ GDCJIGJIBOJ <IJOC@M

2C@ ?@KB® A ?@<DG RDGG ?@K@1? ICHKE® $IMSEHKG@ DI JI1B GIH@HD @R KINND=G@ OJBI<F@™
APGG ?@N>MDKODAI@ >G<NON @B ®M: HP?NOJI@IP KM=<=G RJI |0 =@ <=G@ OC@UBJI=N@® OC@<B\
NC<K@ NIOMIB <I? JHKJINEDDJI "JI O >G<DH 0OJ J-Q@®OP@NJP ><| ]O N@

+ @NPI@ OC@ JMD@EDJI A <IT GEQMDIBIF N@ <I? D?@DAOCA@R@ 4 GK@MDIB G<HDBJI =@’DIB BI@DNND>
=<|?DIB @>

+<F @ < ?D<BMIJ A < <IT @D?@@ OCGXO@GIPNRC@C@M OC@N=@i@ PKMOB JM q@UPMI®& . JDION OJ@dH@H=-@M
DI H<FDIB < BJJ? P@G? ?D<BM

"M<R RC<O TP <>0OP<GEG=-N@® O} =@ @M OXRW NH<GG KINA OC@-¥ R@G8&I @M OC<| B KM
NCRDIB RC<O TP OCDIFJP NCJIPG? N

7JPM ?D<BM ?J@N 1JO Cg@ OJ =@GDPNODOC@RP@GIP><| O<K® < KCJOJ OJ NPKKG@H®@M ?D<BM =PO
7JPM ?D<BM HPNO CQ@ G<=@GN OJMIEIDRCXDNMB@N@I@ 7JIP ><I]O DI>GP?@ OC@N@ JI < KCIJQB®NIAD
TIP CQ@ < #H@M H<FDIB < G<=@GB@B&H DN NODGG DHKIM

+<F @ NR® TP DI>GP?@ <I <KESDHO@ N&@ =<M

'I>GP?@ <I DI?B®DJI A OC@ JMD@DJI A OC@ RDECO NCRN RC@C@MPT<M@ GJJIFDIBX<< KG<I JM <JNN
N@ODJI

*J><0@ OC@ JRRIMOC@ H<K DA H@NNEMMR DN JPOGDIBKKMDHO@®C@ MDBNEYU<I? NC<K@ *0B

V*<=  $D@G? H<KKDIB DI OCHIR@ @ %<N@|



NC<?@ OC@ JRRRADC < IGIPM<MF < NOM®KI? ?DK NTH=JG Ddpproximately OC@ MDRIMD@®ODJI =@ND?@ OC@
JPO>BK 2M OJ KG®@ OC@ NTHalihg strik e AVH OC@ JPOHVID ?@N>MD=@N

Map obserations

*J><0@ <I? 7@N>MD=@ OC@ JOCIEN DPOCI® ?@NOB<Mx JA OC@ BGM ,PH=@M TPM IJO@=JJF @MD@N <I?
H<MF OC@ GIDDJIIN JI OC@ H<Is C@I OC@W OK@N @NDHDG3RM ?@N>MDKOBJIN@ =MD@J° T@@ JIGT
?@N>MD=@ H<EFA@@*@ON&IJR@@MJIP NCIPG? DIdJ H&NPI@ © GRO JI@ NO@BH? ?DKO @C JPO=M 'l OC@
>JPMN@AIH<KKDIB JP H<T @IXPI O@NIGYN JIM R&ON HEPI@ OC@ JMDBENJIIN A OC@N@ NI

7JP RDGG @® O@M <NIIA W-F OK@N +<@ NR®IIP H<F@ < APGG ?@N>MDK@B0d lidR M>F K@ DIJPM
IJO@=JJF M OJ BMWK OC@HFN TP J=N@@® BDJ;DGB6I>DCPhD@ @C I@R AIMH<ODJI < ?DNODIIGIPMI? =PDG?
<G@B@I? OJ OT@PMN JI < NK@VK<®IA OC@ H<K JM DPWM IJO@N

Interpreting boundaries

N TJP @I>JPI O@M AD®I>@N =®@®| M>F OK@N DEJ H<M RC@®& =JP1?<MD@N BOB@ PNDIB ?<RG®I@N
0@H@H=@MPI?<MD@N &GER| N@H@O<VIN>F PIDON O@I? 0J =@4GH@G 0J OC@ MAMDEH C<Q@ ?@D?@
RC@Q& =JPI?<MD@N<I@VGRBGNC<?@ OC@<RC@®& IP OCDIF @C AMH<ODJI DN @@ =@R @I OC@
J=N@W=G@ JPOKM

Do not leave the field ar ea until your map shows an interpr etation JA OC@ E@H OCWBCJPO OC@&MROC >E®@
Dio@vap@=JP1?<MD@N &&i| PIBDN You can judge the effect of topography much better in the field than in the
lab, so complete the map in the field

7JPM H<K HPNO =@ <KIQ® =T <| DINOMBIM JM &@DIB <NNDNDpeffore you leave the field

After leaving the field

-IT JPM @DPMI OJ OC@ G<=@<BJJ? IKT JI OM>DIB K<K@MMF NTH=JGNII OC@ N@MDE?DK A =@?DIB <I?
<I TJOC@M NOWPEPN OCDN OOH@NPMDIB OC@HRMO@G A TP ><IIJO KG<X@ OC@ NTH=33@GJI OC@
JPO>8K REDCJPO H<FDIB OC@ HEKAPNDIB HAN@D NGIH50J OC@ ND?@OMNEIRDI OC@ @MDJI A ON BRI NOMIEH
JM Q@il?

'ATP @I>JPI O@® < APGO JMPGON PNIBM J=N@XODJIINO < ARGO OJ @@MHDI@ OC@IskkMD@lip PNDIB OC@
N<H@ H@CJ? TP PN@DI *<= 'A TP OCDIF OC@&MI O<DIN J&? ?@@MHDI@ OC@ OMD@ LA OCfald axis

<|? axial surface  PNDIB OC@ N<H@B@ TP PN@DI *<=

*<= <N@ H<K

*<= $D@G? H<KKDIB DI OC@h@ @ %<@®! V


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/08/Lab-9.-University-of-Alberta-Geoscience-Garden-Map.pdf




¥ Lab 100k and Thrust Belts

Intr oduction

2C@ $JIOCDGGN GM<IB@N <I? +<DI 0<IB@NA OC@ !<I<?D<| IVDGCG@GMD JI@ A OC@INGHN =@NO ?@N>MRE@

<I? OCMPNO =@GON DI RGDHQOEV NCId< CQ@ =@| NCIN@I@=T CPI?M@N JA FDGJIO@N RCDG@HNDIDIB@ R
O@HK@DdP® <I? NCRDIB <O HINO 8IBM?@ H@<HIMKCDNH -OC@YMHRG@MBG? <I? OCMPNO =@GON DI>GP?@ OC@
KK<G<>CD<I 4GG@I? 0D?B@ KM)DI@ OC@ND@MIB OC@ (RM JPI O<DIN DI OCBDNN GKN <I? OC@DbH@ 2CMPNO

wi@ DI ,5 1> JOG<I? +<IT JA OC@N@ =@GOKDF NP=NBD<@MQ@QDMNAIIDG <I? IOPH¥:E B<N DI NOOHAG GMIN <I?

oC@mama 3IND?@MG@ AMD C<N BJI@ OJ PI?7@MNO<I?DIB OC@Bi@B®@<|? FDI@H<OD>N

@><PN@ A OC@BI@CGR O@HK@MP®@WN @ RCD>C OCIBFM RO® ?@QMH@ OC@M <@ NOHE > JI OMNON €R@D|
>JHK@ @ GrJGIBANIKD=GIG GDH@NOJI@N <I? N<I?NOJK@NDI>JHK@ @ GUJGIB@NIKD=GG NC<G@N <I?
@XKIMD@NN < MONPGOP@BON O@I? I rampbflat ONMEEDIMD@NIPBMOC@ NODMBKICT <I? HINO AG?N <@ @ &@
0J @QMIBDJIN DI OC@ NGDK JK ARBABM =JOC GNJ IHK@O @0 GTJGIB@N O@I1? OJ <iOCRI@G<B@ ?DNOGN RICIPO
GB@ <HIPION A DO@MI<G ?DRNDIMB@KOXOC@ CDIB@MAE?N 2C@Ma JG? <I? OCMPNO =@&aN N GI@MN
OC® H<DO<DI OC@DMIMBPBCD>FI@NN@N A OCDNGE@ @=GG@arallel AGN $DB  2C@N@HK®EIVID @ NaxK @&RG
DI OC@IINOMPSDJI A >ONN NEDDJIN @NHIRGO! <N RC@MOC@ MINBIPH=@MMARGON <IJG?N H<@ 3| Q@IODJI<G
NOMBP®@ 3| OJPMDIB DAPGO

><JG >6<G6BH >AAJBISC< >9:6A>0:9 8BEG>HI>8H D; HDB: 8DBBWAY HINA:H

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



Techniques for folds in pfile

' OC@EMNO K< OCDN GdP RDGGKBEIW BRI O@CIDLP@NM JINOMPODIB XMIN N&DDJIN OTRBC NP=CIMIND<GAB?N
0OC®O <@ PN@APG @GMHDIKRIM- J| OCMPNGaM&B@AIG?N

. <MGG@G?N ® <GNJ NJBDEH@NGG@JI> @IOMD3IGYN =&@PN@ OC@ Q&8VKMN <i®@ KXMGCGC@GCG <ITa<@@IO® Ji
>JHHJI > @IO@N @l < NO<>FAJGR@MNS@D£IN OCDN NKG@ B@EOW D DN KINND=G@ 0@ H&D®DJIN 4 OC@
>J| ODIPODJI A NOMPB@NG ?@KOC OGNNDNORBMIN N@DJI IINOMPODJI 5@ RDGG PN@WK @VAr c>JINOMPSDJI

0J @JINOMPS OC@GAN 2CDNINOMPODJI <NNPH@JGAN <@ FGDI?MEE <I? CIMDUO<GIB?N <I? OC@T@MN Q&
concentric B@H@OW 2C@ BMN@AO@KN DI OCBEBIDI®@ @ @DGGRO@MI $DBREIN <I? 2C@M DN <GNJ < BEE&RPOJIMD<G
JIOC@ RMGRD?@ @@= 0 OCQANIDA D@! "PO>C 3ID@MADIA 5DNINDI

M>H@DCJ? @KN NO@RPO>C |@1 OMRSB@* M>+ @CJ? OH

><JG JH@ 8DCHIGJ8I>DC HIE

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


https://stevedutch.net/Structge/SL161ArcMethod.htm

><JG JH@ 8DCHIGJ8I>DC HIE

' NJH@ AG? <I? OCMPNO =@C@<NDZ@ NCRI OC<O DIN@@JA ?DNKIBIB NHJJOC <M GOFOCIN@ KINO@®Bt OC@

PNF 3INOMPODJI 2G?N ?DNRAMGMDBO GDH=N <I? <IBPG<M CDIB@NFBPBE&?N 2CDN J=I@DDJI G@N OJ OCkk
construction DI RCD>CJ&?N <® <NNPH@J CQ@ NODPBO GDH=N <I? <IBPG<M CDIB@NPN@ =2 CL@ OC@ N<H@
OCD>FI@NN JI JKKINDO@ GD@E=0N 8G? OCaial surf aces actly bisect the inter-limb angles 'I OC@ FDIFINOMPSDJI
MPI1?@? AIG? CDIB@N@MKKMDHO@=T HPGODKG@ <IBRBG2M AGOCJEB-DIF 2G?N ?@KMM K<MGG @ GH@ W <O
OC@ CDIB@N OC@N@@BB®<M @WI<MNIR <N < @NPGO NOI@@N OC@ FDIF ®RF 3INOMPSDJIN B@ ®0OC@M
NDHDG@NRGON $DMNO NO@KNNOMFE® M <@ DGGROI@MI $DBREIN <I? 2C@M DN <GNJ < BBE&RPOIMD<G Jl OC@
RIMGRD?@ B@=© OC@QaxNIA D@2 "PO>C 3ID@MADA 5DNIANDI , JO@ R@@MNCO OC@ OPOJIJMD CNRER®D IO
<NNPHKODJIN <=JPO OC@DBJIN A8 34G? CDIB@NHK<M&@ RODC OC@@DON@ DI OC@ <NNDBIHR@E@®IG? CDIB@N&M
@BKGIBCI=O@

)DIF + @CJ? NO@?PO>C |@aP> OB@* )DIF+ @CJ? OH

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


https://stevedutch.net/Structge/SL162KinkMethod.htm
https://stevedutch.net/Structge/SL162KinkMethod.htm

><JG # >C@ 8DCHIGJ8I>DC HI:E

Assignment

PNF 3INOMPSDJI MM K<MGG@G?N DI KIWDG@INN N&DDJI

7JP <MN® KMID?®RDDC < >NMIN N&DJI OQRBC <I <M& JA CIMDIUO<G TSDI?MEE JG?N RDC NP=NPM@&<>
DIAMH<ODJI AM < NDIBG@ =@CJG@C@ N«G@ DN REDCIPO@UIB:G 8BB@WDJI "DK H@&NP@H@ON <@
NCRI < O DD@NMGNGBIWPI? G@DGH<F @ < >NIN N&DJI PNDIB OCENF JM <M-JINOMPODJI

2J) @@PO@ OCEBNF 3INOMPODJI ?KR < GDI@ K@MK@1?D>PG<M OJ OGE»CRBBO RC@MOC@ ?DR\R
H@GNPI® 3 N@ < KRM>0IM <I? OC@ IPH@MBDEEP@AJ?DK AMOC@ N@DJI 2C@N@ GDI@N=GB@DK
[IMH<GN %D@ OC@HB@MN I @>
$DI? < KG<®@ RC@IOC@NWN KODPBKMCD> DINH<ODJI GXO@=ER @1 ®J <?E>@I0 ?DK IJIMH<GN @ BR@@|

<I? 3 N@ <I3HK<NN RDCON KJm KG& J| OC@ BD@MM@JI A OC@ 2®IB IIMH<GN OB@@I? OC@
NOMDDBKICD> =JPI?<MD@N <N A<M <N OCIN@ IIMH<GN
IJI ODIP@ R OC@3@K<DM IDK IIMH<GN PNDIBKK<NN OJED@I? OC@ =JPI?<MD@NDBIOCEDN@ DN
>JHKG@@ JP H<T <NNPH@ QT OC@ NBM-@I? OC@ MOB C<I? @1? JA OC@30@JI ?DKE< JINO<IO X
2C@ =J@WCIG@ Bh@I?&xI? @1>IPI O@MN OC@ =AN@@ 1<GOHDI@N %TKNPH RCD>C DN H OCD>F ?? OC@
=<N@AOC@ %TKNPH OJ OB N DJI , JOD@ CR OC@ <NNPHKODIKKKMEG@G?PIB =@&FN ?RI < O 7?@KOC
7JIP H<T MI1? ® @D@NO OJNO<NOC @I?NIOC@30@JI H&NPMDIBOC@ HABKNPH K@MK@I?D>PG<M OJ
=@?DIB DI @C <N@ <I? RMFDIB OR<M OC@DA>PGO] RAM OC@I@ 5 CT RIPG? TP @K@O OC@BNPH
0J=@CW@ ?BAWIOG

*<= /P@NODJI PNE !JINOMPSDJI

)DIF >JINOMPSDJI M <IBPG<NIG?N DI KIMDG@INM N&DDJI

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


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/08/Lab-10.-Busk-Construction.pdf

7JP <\N@ KMQD?@< N@JI? >MINN N@®DJl O@xNCRN NJH@ <?7IDJI<G DMH<ODJI DI OC@@&MA OC@ @DJIPN
@G@MN@ M@JII<DNN<I>@ GR@MN@ C<NRICIC<O ?DK ?JH<DIN @IN@KO@=T <IBPG<MIG?N 2C@ CDIB@N
JA OC@N@?N <@ H<F@ \&] RODC < NH<GG S NTH=UCG@ |@ OMQ@MN@ <GNOE@ED OC@ AN@@ A MJIFN
"JGJHDO@GE=JOCSD@H@ @I?NAJOC@30@JI

O @C AG? CDIB@JIINOMPO <| <SD<Gef OCx=DN@N OC@?2@B ?DKN J| @T@M ND?@ NI@@ETRDJ ?J
OCDN DN 0J <?? QC@&N <I? ?DQD?® =OCDNE@N OC@ €@DB K:GI>864A OC@ =BOl@ @ <MRAPG DA OC@
?DKN <@ DI JKKINID ?@DJIN JP RDGG@OJ =PI O JI@ <N |@BI@ <I? OC@ JOC@M <KDREND
2C@I ?MR OC@ NOWMBKICD> =JPI?<MD@N JD@@M NDRA@U@ <SD<&@DNP NCIPGA? OC® OC@ OCD>FI@NN J
@>C PID DN PI>C<IB@&N D >INN@N OC@PAIJHKG @@ OC@NWINEDDJI <N =@M +<KD NRMM TP <?? OC@
=<N@A OC@ %TKNPH <NM@A

*<= /P@NODJI )DIF IJINOMP®SDJI

2CMPNO =@GRNM&DDJI

+<K M@K@&N@N < RGO@I? AJG?@ <M DI < OCMPNO =@08DIB OC@®BDJIINCDKNGR@DR! JPO>IK NC<K@
<I? OJKIBMKCT NOMPP@ 3 OIPMN <I? RGO =2@DIB DOD@MN@JI GDI@WO WA GDI@QNIPM J=E@O&® DN OJ
?@@MHDI@ OC@ORBMP>0OC@@\I? > JINOMPO <| <>PMO@ IMN N&DDJI <GJIB OC@ HRGDI@

< .M@GDHDK&<HDI<ODJI A OC@ H<K

*JJF <O OC@ JPIKK<®@MIJOC OC@ NOMBKICD> PIDN <I? OC@P&ON B@GBC<Q@ NDIPJPN JPOKM<M@MIN
OC® WPBCG AGW® >JI OJPMN DI K&N A OC@ H<K NPBB@NODIB IDE@C@N@&KNM-JOC OC@ 38N <I? OC@
NCMDBKICD> PIDN HINDEQ@ B@G@ ?DRE@ @K@DDJI A NGUDBKCD> PIDN NPBB@NO < ?DKKBHEHD AZ<N
><PN@ MOK@DDJI A NQUIDBKICT 2C@ KE@@MINAJARGON <I1? JPGKN JI @DC@M NDA@C@ H<DiQG® <@
MPBC HDMM DH<B@M &>C JOC@NPBB@NODIBADOL@®GE® CQQ =@ @M@ OCIPBC NOMPPB@N OO<@

IJ R @GKIN@DI =JOC @GG@D?@N Tl OCMPNO =@GO H<K C<NA NRBRARN '?@I00A0C@ H<EIM<ODRBKCD>
=JPI?<MD@N <I? R&ON BO 3GIPMN <NF C<Q@ ?JI@ DI KEDJPN H<KN Ns@ @ AIM ARGON =GP@E2BM<I?
=MRIN AIM NGUDBKICD> NPM@&xXs

= IPO J A GDI@N

PN@APGMNO NO@K DNODAP@IF KIDON RC@VRRGOND® MMIANQUDBKICD> PIDN <I? 311@ >0 OC@H RG@M
KINND=G@ GR?W0 JA GDI@bB@H=@M 0¥ @C NPMA&>POT< ARGO O@ERDGG =@ < DBER<GG >P@A
GDI@ <I? <JAOR<GG >P@ANGDI@FH<T IJOD® OGIMI@NKJII?DIB >POAA KIDDON G3@ NDHDG<Q@! J| @>C
ND?@AIOC@ H<BIQE® 2CDN NPBB@NON OC@ >PAALGDI@N<MEHINO CIMDYG "dR KINND=G@ >POGDI@N JI
OC@ H<K

> 10MROP® 31 OJPMN

, JR OM OJ ?MR NOMPP®@ 3l OJPMN JI OC@ ?DKKDIB NBINAZ®@ OO<=@PN@ B <@ DI < OCMPNO =@G0O OC<
NPMA@N HE =@ @K@ @ NJ TIP H<T CQ@ HIN® OC<I JI@ No@A 31 OJPMN JI OC@ N<H@ NEMA<>

2M OJ PN@ OC@ HDIDHPH IPH=@GDI@N OJ =PDG? INNAN@&UDJI CR@@M DFPM H<K =@H@N >Goomd <I?
?DA>PGO OJ PI?@MNQ3PHET RDNC OJ PN@OM K<K@WANIJH@ A OC@I>0JPM NI +<F @ NR@ TP M&>JIWP
OC@ KIDIDJI A OCA@MI@MNAIOC@ =<N@ H<K JPM GMDIB K<K@M NJ O@xx| @<NOG-@ G3®@ =PO9D CDI
61I:BEI ID IG 68: 6AA I=: 9:16>A [0B I=: B6E DCID NDJG I68>C< EGE:G

? IMJINN N&DDJI

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


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/08/Lab-10.-Kink-Construction.pdf

* <=

.MJE@D <GG OC@N@ G @C@ENA NDDJI <I? >JHKG@@ OC@ HIBDW<=CA@TEKIJOC@NDR 3¥<I| AIM OC@i@¥=G
NOMBP®@ Jl OC@ 3NN N&®DJI #S>@KO RC@MP C<Q@ 7?00 @D?@@ OJ OC@ OMM <NNPH@ < BE&QOM DI
RCD>C G@MN H<DkDI JINO<IO OCD>FI@®BC@M $PNF] IM < \FDIF] B@OWVI RDGG ?J IJM @AlKI|? IHKMIHDN@
=@R@| OC@0® 7JPM G@MN NCJIPG? 1J0 QDNDBB@ OCD>FI@NNNNDC@R@JI

+<K  $JG? <I? OCMPNO = Y MNDJI

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


https://openeducationalberta.ca/introductorystructuralgeology/wp-content/uploads/sites/30/2019/08/ThrustmapStraightenedX-copy.pdf

M. Shar Zones

Definition and gometry

Shear zones and faults

><JG 6JAI 6JAI ODC: H=:6G ODC:

1C@M U@N <@ W@N A DD@IN@ ?eBGC@IMPRODJI OCx<@ OCDMBI® OC@OMEEAE BO@D 1CeM M@N GRFARGON
O KD=GGNCR JAANG@N A JG?@M NOM@N =PO PIGDARGON QUT@E>F OINC BJDIB =MBYGGADP@N

'I| KM<>00@ ARGON <I? Ne@U@N <@ >CIN@@®®@ +<I T H<EIM NOMP@IN OO<<@ ARGOND<OC@ B3 NPMA&>
KN=<=G >JII@ >0 RDC ?PODG@ NC@@N © ?@KOC <I|? DI OCA@NINDJI O DNIFHJII OJ A DI? >JHKINID@JU@N OCX
?DNKGE%JH=DI<ODJIN A =MDG@ADP® <I? ?P>ODGEIRA

O H<K N=G@ NOEU@N x| GJIF EPNO @DRGON <I? OC@NKG<GG OC@ NIH@ A B @H@OMD@EI@&DIINCDKIMAN@
N@K<uDJI OOR C@Q@ @ 5@ RDGG @D OCIN@ REYDJIN DI OCDNMNIA

0O JPO3M <I? HD>MINXIKD> NsG@ OCIPBP>0ODG@MNWC@@N <@ >C<MO@NMBPUYT KG<I<M <I? GBil@abrics %MDI ND@
MEZPP>0DJI DN <GNBBJI 5 C@I D RN IMDB<@E?@N>MD=@C@ H@&HIMKCD33¥ OTK@ KXIP>@ =T OCDN<ENND@
M@ZP>0DJI RN OCJRBD OJ =@ <KR>0 A =MDG@ BMDI?BAB<>G<NBEIR OC@ MF R<N I<H@ myloni te ANH < %MaR@F
RJW AIM HDGGD®IRMS @ IJR FIJ R =@D@M [ OC@@\ BADI ND@ DN OC@?RKD Adynamic r ecrystalliza tion [ OC@
=MEF?JRIJ AOC@ JHMB® HDI@EIBADIN <I? BMIROC A 1@R MONPGODIBIAM @ <sPHPGODJI A ?@&ON OC@NPGOHAM
GO@H@ KG<NODMWHRADJI

+ 1C@<M UI@N Vv



Shear zone kinematics

5 CoO® OC@ FDI@B=NANGA@ W@N x| =@ ?@@MHMDA@INO NCR < G<B@ 3HKJII@!| O Arotational def ormation <I?
H<I T OPMI JPO OJ Q@& PI?@BJI@ pr ogressive simple shear. &JR@AMC@ NOMDNAD@| CAB@I@PN <I? ?DAD@ IO
K<NDN A OC@ NAI@ NCR ?DAQ®IO K<®IN 4 OC@ NOINDNOIM KC@IJH@IJI FIJ RI <N str ain parti tioning

><JG | C8GB:CI6A 6C9 8JBJAGI>K: HIG>C >C 6 =DBD<:C:DJH H>BEA:
H=:6G ODC:

2C@ TKD=G B@®W@OM JA < NG@ W@ DN OG@MD < =<I? JAheter ogeneous sim ple shear <>NINN RCD>C @&DJPN
NOMBP@N <@ IAN@

2C@ N@¥GG NOMIND?@ H@ JA DX@ NDHKG@<NIGID@N 28@®B:CI6A HIG>CO KD=GGNCRN NGB <®@N@ <=JPO

X 0JOC@ Na@®@N@ =JPI?<MT =PO OC@&C>I: HIE>CNCRN OC@A@ON 4 NMOODJI ROC DI>@NDIB ?@MH<ODJI OC@ NC<K@
JA OC@ NOIN®GGDKN@H@E® HIND <I? HIM@ @OH@ <I? OC@@D®INDJI 28@aDJl 6 IM 1 MOO@N >GIN@M <I? >GIN@M 0OJ
OC@ Na®UI@ =JPI?<MT GOCJPB OC@s@@INDJI 7@/aDJI @M LR@ =@H@N KHEC@G 0J OG® B@a-JPI?<MT DI
><N@NAJBO@RH@ ?@H<ODJI OC@ AD@1>@ DI ?[@ODJI HT =@ <GHINO DHK@DD=G@

V+ 1C@M W@N



><JG +>BJA6I>DC D; =:1:®<:C:DJH H>BEA: H=:6G 6EEA>:9 ID 6 <G>9 [@E6GC57G>8 HIBJ8:9 6H HIG>C 7:8DB:H BDG
>Cl:CH: 6H > 8JGK:H IDL8G-: 8:CIG: D; I=: H=:6G ODC:

Fabrics

Simple sigmoidal foliation patterns

2C@ HINO =<ND>CB@MIA 3GOBDJI DI < NG& W@ DN FIRI <N sigmoidal oblique f oliation 2CDNDN OC@ A<=MDBNDC<
KNI?P>@ =T OC@AD@IDIBA K<UD>G@N JM ?JH<IBKNON HDI@®BWDIN @> DI OQ@otolith OC@ JMDBCMF RC@I
C@@B@|@PN NDHKG@ MW O@®N KGa>

' OC@ GED ?@H@ H<MBDI<G KON 4 OC@ NMAl@ OC@@OBDJI DN@&F <I? IMD@@<O0<8PI? X OJ OC@ NG®@
W@ 2JR<MN OC@@O@ A OC@ NtvAl@ OC@@O3DJI DD@INDE&N @D DIx®@NDIB NeM <I|? DD >PGEN NJ OGO DN
I@<MK<MGG@G 0J QREEE NO@U@ 2C@ N@IN@ NOODJI A OC@GEBEDJI ROC DI>@NDIB N€M RC@C@M >GJ>FRDN@
JM P O@MBJ>FRDNECRN OC@N@INT@ J| OC@ILE®

Lineations

NNJ>DO@ RBDC NDBHJID?JIGEEDII OC@ @M K<MDD>G@N QC@ JMGEIC TKDGG<MD @0@178<I? ?@DI@ <
str etching linea tion RCD>C B@N < N@&HMT <KK@MI> @ OJ OCEEDJII NPMAZ>2C@ JMD@DJI A OCDN GDI@I RC@I
QDND=G@ ©R4F@ DI OCE@:A3DJI NPMAR><@ DHKJIDAXIO LP<IOOD@N OXNE@ DI OCO@G? ?@N>MDKODNIGM U@

+ 1C@<M U@NV



C-S fabrics

"I NJH@ NCav @N NQRMI DN B3DJPNE6GI>I>DC:8IP>C OCx
WI@N A DD@IN@ NG@I? BVDI NO® @P>0DJI <GO @dx RIC
WI@N A GOND@IN@ KDIVRC@® OC@EA3DJII DN HE@MJI=GDLP@
<|? OC@ BidI NO® DNI*MN@RLCDN HADBRMDDJIlI DNcSG@-S
foliation NJH@DH@N 1! 2C@-planes RC@®& !} NO<I?N AM
>DN<DGG@H®I $®I>C H@IDIB NC@VIDIB <@ OC@ NPI@AL>
0OC®O <@ >GIN@M 0OJ OGEW M@E=JPI?<MT <I? MOK@&N@ OC@
HINO ?@MH@ =<I?N 2C@ S-planes AM MN>CDNOJKD
MOK@N@ OC@ G@NNMWMBAWI@N <I? H<T =@ JMD@@PK OJ

X AMH OC@ IKG<I@N <I? OC@ NE@ @ =JPI?<MT 2C@ N@IN@
JA NOODJI AM 1 OJ ! NCIJRN OC@ N@INGNT JI OC@@mMMEG

><JG +,67G>8

NCeM @

Sher bands

><JG >6<G 6B D; H=:6G76C9 ; DA>6I>DC

Shear band AIGEBEDJIN <® BB @OMBSIGQAWMNDHDG<M QJAIGEEDJIN 2CT@AMH GR@M DI OC@ CDIOINNGE! U@

O KD=GIGO@M < NBMIGIDJI C<N %@ ?@@GIR@CIUPBCIPO 1CaM =<I?N O<® OC@W JA< IR N@ A NH<GG@MMC@
WI@N OCX FAN@OC@ JMBBISOBEDJI | < ?2@SONG NGEI 1@ OCTEXN® >GJ>FRDN@ AC@ JMDIBG !KG<I@N DI < NDIREOM
NC@v @ OC@ JMD@DJI DNIP| O@AGJI>FRDN@ X0@=<I?N <@ <GNJ FRI = T OC@ I<H@®ixtensional cr enulation
cleavageO<I? OGprime ( C") foliation O

Mineral structue of shar zones

'}l KINND=G @ <NIR@<0 BJ@N JI DI FGJID@MH<ODJI T GJIJFDIBQ HDXMW=IKD> OCDI NGDJIN AMINC@M W@N 1 OCDN

OK@ A RIMF @} DHKJIEKIO 0J 3GG@ IMD@@M>F N<HKG@N 2TKGBBOCDN DN ?J/@H<MFDIB < NOMIDRI? ?DK NTH=JG
JI < NPMA<® A OC@>¥ 7:;DGl=: H6BEA: >H BDK:9 RIDC < C<HH@M T NPMA@ x| =@ H<NF@ < AIGOBDJI NPMAZIM

<I <M=DKNT R@OC@MDIB NP@AR DHKJI®KIO 0J 1J0@ RO@@M OC@F@NPMA®@ DN < OJK NP@AR <| N@EKIBDIB

V+ 1C@M Wl@N



NPMA@ N <I <??DJI<G >CRy PN@APGE&BOC@IADE<I? MPG@ NGVEEEODJI ROC <I <MW -l < OJK NPMA<® OC@
?DK ?0@ODJI RDGG =@ >GJ>FRBEINGZ @W&0 NOMDF@ODJI JI <l J Q@®KIBDIB NPMA@> GJJFDIB PK OC@ ?0@QODMM
RDGG <ki@3Pl O@MNGJI>FRDN@HAKC@ 0&0 NOMDFIRODJI

Undulose (undulatory) extinction

-1 <KKKM J<>CDIB < NG@® Ul@ OC@MNO OCDIBR@BkIIC@
DN <I DI>@&N@ DI OC@@®IND JA PI?PGIN@I1?PGOJIM
@O0DISDJI RC@!I OC@ OCDHONG DN @QER =@Ri @@l
>MNN@ KIJG<MN 2CDN ERN®@ =T <I| <>>PHPGODJI A
?@&ONdislocations DI OC@ TMO<GIBR®

Mortar structue

?
5DOC DIX®NDIB ?@WH<ODJI 1@ ODT >MNO<GN <KK@__; 93apH: : MI>C8I>DC 6C9 BDGISG HIGISHE6GY FI6GIO
<GJIB OC@ &M =JPI?<MD@N 2C@N®@ <@GQIPADJ] BMH K:>C 6E: =><C:8ID &DK6 +8DI>6d I=>H K>:LEDA6G>0>C< EA6L:H 6G
_ 7DK: 6C9 7:ADL I=; B>8GHSDE: HI6<8@®HH EDABED =61 I=;
=@< > ?DNGIDD <
@<PN@ OC@>RHPGODJI A ?DN JIN H<@®N OC G>:CI61>DC D; FI6GIDIBGBAH 86C 7: 9>HI>C<J>H=:9 >G&%;;
JMDBI<G >MIO<G PINO<=G@ NJ NJCOQMMONO<GEMIK H=69:H D; <@ !C I=>H MSBEA: 9NC6B>8 BGNHISAA>O6I>DC =6H HI6GI:9

J>>PMN KFP>DIB I@R PI?@AMH@ >MNO<GABRE&N 2CDNP D88JG 61 63C 7DICI6G>:H 7J1 I=: 66C 8DE H=DL HIBC<AN
. . . JC9JADH:MI>C8I>DC L=:C K>:L:9 7:IL::C 8GDHH:9 EDA8G>:A9 D,
KN>@NN DS @ynamic r ecrystalliza tion. K>:L >H 6EEM>B6I:AN 8B

#Q@QIOP<G@C@@MNM NO<GBMHL O@MD<GIRPMMOC@ JMIIBG SNMIO<GNJRRHDIB RC<O DN FRI <N mortar structur e
=@<PN@DGJIJFN @DHVID>FN <I? HOMMIMcor e and mantle structur e.

Mylonitic rocks

0J>FN RCD>CJ# O<DI NDBIBA O <HJPION A 7I<HD>=<GIG
>MNO<G@DUADI@ B¥DI@ H<O@MD<G@ <Myloni tic

+ TGJIDD>INMFN < >G<NNBA<N@ JI OC@ KMJIMODJI A
OCDPR B¥DI@ H< O@MDaGEa® OJ&H<DIDIB ABH@ION
JA OC@ JMB® MF FIJRI <N porphyroclasts "JI ]O
>JIAPN@ KIMR&>G<NON <I? KIMHKEG-G<NON
( DGE=NIBAGHIKMN® GBI@ BMDIN DI < H@<HIMKCD3>¥
OC® <@ C@AX@M RC@| OC@NDAIOC@>H C<N C<?@N
BMDI NO® @®P>@ =T ?TI<HD> N@&MNO<GGDJK
(DGE=NIGAGHIKN® GBI@ BMWIN DI < H@<HIMKCDZ>¥
OC® Cg@ BMI DI < ADI@ B¥DI@ H< OMDSKD=CGIG<N <

MONPGA GDBO@HK@P @
><JG %NADC>I: 6E: =><C:8ID &DK6 +8DI>60 I=: 8:CIG6A E6GI
D; I=: HA>9: |=: DG><>C6A FJ6@OGIE=6K: 7::C ®J8:9 ID
Protom yloni te ;>C: <@>C:9 BNADC>I: >:A9 D; K>:L >H 6BFEB6I:AN 8B

+ 1C@<M UI@N Vv



'A OC@ KIMKEZG<NON NODGBRMKHI OC<l J AOC@¥ OC@I| OCEIMDN<GG®@ pr otom yloni te
Myloni te
2MP@ylonite C<NAM OJ KJIMKC TNM>G<NON
Ultr amyloni te
MJ>F RCD>C DN <GHJIJNOOm@EG ~?TI<HD>=<GG

MM NO<G@BDWP>C OCx OC@M<@ G@NN OC<I
KIMKCTNM>G<NO®M<DIDIB DN gltr amyloni te

Matrix B porphyoclast elations

><JG % NADC>I: L>|= EDGEBSG6HIH G>I>H= DAJB7>6

><JG  +><B6 6C9 9:Al6 HIGJ8I1E8

@><PN@ OT@® G@NNR&EE OC<| OC@ NPRIRDIB H< O@MD<G KIMKG<NO® K& N @ ND@NAINGMI K<ODJIDIB <I?
NJH@DH@ D@ R<T OC@ N@INGNC@® DI < HGJID@ 2C@ME& RJ ?DNODDE® NG@N

1DBH< NOMPR@

2C@ JGO3DJI NRBKN dMI? < sigma porp hyroclast DI < NJH@&C<O MJIH=D> NC<K@OC@M@BMH<GG DNGA? J
1 KG<I@ DI < N@JA ! KG<I@ (PNO @OR A<=MDD<|I OC@®M@ DI?BO@ N@INENCG@ 'O DN I<HB<AO@M OC@
NC<K@AIOC@ @ RIQMN@ GE@M NDBH<

"@GO< NOOIP®

'A OC@ KIMKE>G<NO DA@@HIM@ F OC@®KODJI IHKII@! O A ?@MH<ODJI O OJBEE@MERDOCE@EARDJI DI
OC@ <?EJDIDIBGMDS H<@ MR®@JIB@C@MIII<delta porp hyroclast I<H@? AIM OC@ @RF GEidM ?@GO<

V+ 1C@M W@N



Folds in shar zones

Asymmetric folds

$JG?N DI NE@ W@N O@I1? OIMH <N NH<GG@BRGED@N DI OC@
AGIBDIl <@ <HKD@ =T GO@H@ NANN O BMNO R@
?2@RCIKAIG?N N® >G@M 1 JM 8 <NTHH@EWM ?@K@I1?DIB JI
RC@C@M OC@ N@IN@-ODJI DI OC@ NN@I@ DN 3Pl O@M
>GJ>FRDN@ JM >GJ>FRINGCAVKJID A QIR@ A OC@ J=NKI@MA
OC@@?N &R@@MC@ CDBIGIDI FKDx=G A < ROGCT@sIR@
NC@MV W@ H@IN OC®O 2G?N H¥ @NDG@JH@ DNJ>GDI<G <I?
OC@ GDH=[@<GIMKIN®@ K<MGG@G OJ QE@@®GCEIABDII ©
RCD>C KJM OC@ JMBB <NTHH@ H<T =@ ?BE3>PGO 0GB

Refoldal folds

$JG?N DI NC€@ W@N O@I1? OJMH <N NH<GG@BMGED@N DI OC@
AGOBDIl <@ <HKADA =T GO@H@ NINN O BMNO R@
?2@@GIRGIG?N N®I >G@M 1 IJM 8 <NTHH@M ?@K@I1?DIB JI
RC@C@M OC@ N@AN®-ODJI DI OC@ KN@I@ DN JPl O@M
>GJ>FRDN@ JM >GJ>FRINGCAVKJID A QIR@ A OC@ J=-Ki@MA
OC@@?N &R@E@MOC@ CDBIGNDI OKD%G A < ROGCT@EIR@
NC@M W@ H@<IN OC® 2G?N H¥ @NDG-@JH@ DNJI>GDI<G <I?
OC@ GDH=M<®GIMNKIN@ K<MGG@G 0J Qu@GHI@BDII ©
RCD>C KJ OC@ JMBB <NTHH@MH<T =@ ?BE3>PGO 0G&)

Shath folds

><JG

:K:ADEB:CI D; ; DA9H >C H=:6G ODCH !6C

6HNBB:IG>8DA9 >H 9:K:ADE:9 L=>8= [><=:CH~>CC 8 6
N AJG?N DI Né@ UW@N ODB@! NH<GGABRGEI@N JI OCGABCY 6HNBB:IG>®DA9G DAIH I=: 8 AlL:GCBI>K:ANC 9

CDIB@N @KGNJ <HKE®AKRODC OC@NPGO @332 CDIB@N H< I=: 6HNBB:IG>8 DA9 9:K:ADEH 6 BIxAN 8JGK:9 =>C<:

7:8DB>C< 6 H=:61= DA9
=@JH@ NOW» G >PNM@ DIOJ BEH@OMD@NCO@BN@H=-G@ OC@

MIBOMAK BR@ 2C@N@B<MIRI <N sheath f olds <I? <M@ >C<MO@MDNABBE 1JI> J<SD<G AWIN<ODJI

+ 1C@<M U@NV



><JG +=:61=; DA9>C BNADC>I>8 A>B:HID'®:%6CH (DC9
&:L; DIC9A6CY

V+ 1C@M Wl@N



N. Extaterrestrial Impact Structes

%:1:DG G6I1.G G>0ODC6
N +=6C:ID&:GHDC S
'LCLDG @ 1
=llEH 8DBBDCH >@>B:
9>6DG L
>COME=E8JG>9
,=>H K:GH>DC =6H 7::.C
HA><=IANDEE:9

Occurrene of impacts

#SONMO @M OMD<GONE@HKO>OC@ B NKIID=GIG2C@& DN <I QRMN@&@DJIINCDK GR@D| NO® A J=-E&D <I?
MZPM@>@ DD@MG <GOCIPBC@S@O IPH=@MN< ?@K@I1?DIB JI RC@C@M JI@IND?@MN J=BD@ @@MDIB OC@
<OHINKC@VIM JIGOCIN@ @< @ 0J OC@ NP®A<>

0@PM@I>@ DDANMGCNIN @ONO@MNIOMD<G [K&QMDJIPN KN

H ?D<H@O@M <KIM TM

H?D<H@O@M <KV TM

FH ?D<H@@M <KIav ™

FH ?D<H@@M <KIV@@™ + TM

FH ?D<H@O@M +< @@I0 RN K¥E<=G HINO @@10

2C@ J=E@ OCxBKGJ?@D| OC@CHINKC@@M O0PNND< DI $@IMPEM @NODID@0J CQ@ =@! W H DI ?D<H@@M

-=E@ON <KKK>CDIB OC@ #B®IHI XM DI NK@ =@R@®! <=JPO FH N <I? FH N OCJPB NH<GG@M JoE@M
NGR@ =T ?MB AlH OC@ Q@HINKC@M

+ @@D@ DHKON KIMP>@ NJH@A OC@ CIEENO NDIMEO@N Jl #OC 2TKBS €GP@MNGOMI MO@ DI OCEBVNGRA
HD>NN@JI?N J A <I DHK<® HJ =@ A OC@ @M A N I ONNO OC@<BOMO@N ?PMDIB «{MOCLP<@® TKDxGG

0J N  T>JHK<MDNJI ODH@@&¥*B@ NOXDI MO@N DIIB@IN ?P@ OJ K& HI@H@O <@ TKD=GG oJ K@M
N&il?

-l@ J A OC@ HINOCQBIPNANPGON<] DHK<® DN JRBCGE >DMPG<M ?@BINNDIKSG@ crater +<EJM >XO@MNJ =@|
?@N>MDARH H<I T K<MN A OC@ #3® 2C@ GEVGBI@NUIA DMHEGE<HKG@N@M

AN@@AD 'NO@M DI 1JPOC AMID<H@@MW FH MH@ <O +< <I?1] R ?@@KGCQM@
1P?=PM <NDI FH ?D<H@ O@NIMH@ <O +<<I? NP=N@ LP@OG?@MH®@

#SOKND @ @MOMBKGE>0O DMROP@NV



ICDSPGP= =@M FH ?D<H@ O@M+<

Impact caters

*<\NB@M DHKENIMH >MO@MN RCD>QarRJ OTK@NA B@@OW $DB

><JG +>BEA: 6C9 8DBEAV 861:GH

Simple caters

1DHKG@<aM@MN&MK OJ <=JPO FH DI ?D<@NIC@ O@I1? 0J Q@ NDHKG@ EINC<K@NORD< §DNZGMDH -1 OC@
HJJI RC@M@ BAQOr DN G@NN NDH{B@MNE MK OJ FH ?D<H@@M

Complex caters

*<NB@M =0l@MN RCIHKG® B@H@OW 2C@ HINO ?DNOD@ @&OP® A IHKG® >MO@MN DNHONG PKGDAC@ DIND?@
JA OC@ MDA J 3HKG® >MO@M KD=GIGNCRN < N@MD@NDOD@MI<G & <I? OC@ JPONDXY@C@ MDHTHGNJ
CQ@ 3> @IOMD> MD?B@N<GT@ @R@RI OC@EHONG PKGDA? OC@ OGN OC@JAM A < IHKGE@ >MO@M DO@I
NJH@RC<O 60 2C@N@AARI>@N HE =@ @KG<D&T >JIND?@MDIB OC@ EMN@A IMO@NIMH<ODJI <I? K<MD>P&M
OC@H3I?DA=ODJI NO<BE@ =@RJ

V, #SOND@@MOMBKGE>0O DMROP@N



Impact poceses

Contact and ampresion

2C@ BMNO NO<B@ DI Q@@IKB®@I| A <l DHK<® >§D@M DN
OC@ontact and com pression NO<B@ =H@IBIB RC@| OC@
J=E@0 BMNO OJP>C@N OC@@NRPMBEPN NO<B@ OC@
DHK<®DIB J=BE@ <I? OC@ PI?@MIB N-F <N@® NP=E@OJ
@GO@H@GCDB NGl MO@NA] K@M N@g» JM CDE@M
2C@ON@ NDINMO@N H<KM?P>@ @IJMHJIPN NDINN@N &)

2. < .< <I?7 Q@MCDB8 O@HK&P®@N NEX»>D@I0J
H@GO JNV@ GKIMO® GB@ KON A OC@ DHRDIB =JT
<I? OC@ MFN DI AMO A O @>F OC® @H<DIN NJGD? DN
>SJHKM@NR@| < NCI>F RQ@ OCDIDDIEAIK<BO@ND<<
NK@ >JHK<M=G@ OJ QCA OC@ DHDIB =J? T OKD=GIG
HP>C A<NO@M OC<I IJMH<G N@B§&N> R

N OC@ NCJI>F<R@ K<NN@B>AVMDN CDB >JHKM@NRKR@
RCD>C ?@&MIN@N OC@ENPMAE>NORMIB OCQIK@NN
JA >SMO@MIMH<ODJI @CDI? OC@HKM@NNDJI<G NCJI>F
R<Q@ OC@NDN <<R@ A ®K<INDJI RC@® OC@RBE@ A
@G<NOD> BI@M?P>@N @™ CDB8 O@HK@MP@N OO0<
H@GO JMQMI® OC@KaI?DIB M>F H<KO@MD<G

13l 0<® <I? >JHKM@NNDJI G<NON HGER O@DCN A <
N@&UI? @Q@| AM < @MGBE DHKO

#Q@IOP<G®C@ NE@A OC@ @>DIB NCI>FRQ@ NEMN
2JRI 0J N@DNHD@GJ>DOD@RH N <I? > JI ODIP@N 0OJ
KNIK<B<O@ QIEBC OC@ #)@ <N < N@DNHQ@ER?PMDIB OC@
|@SO NO<B@

] ><JG ,=G : HI6<:H D; 86I:G 9:K:ADEB:CI
Exavation stag

'IDODIGCGC@IHMKM@NNDJI<GE HIQ@N MF ?JRI R<M <I? JPOR<M =PO <N OC@@® @&K<I?N H<O@MD<G DN KPNC@
PKR<MN <O OC@E@N A OC@BI&1?DIB >MO@MMEODIB <<dADNMDH I'<??DODJI <N OC@3d@KM@NNDJII K@ K<NN@N
H<O@MD<® G AMH@® >JHKM@NKR@J RI R<MN @K<I?N PKR<M <I? DON HIH@OPH ><PN@MXDIDJ =@ Q8MPK DI OJ
OC@GCHINKC@M 2C@N@KEBINN@®MNPGO DI O8@3@DJl A HO@MD&eE&@< DIOJ OC@ <DM <IDJ OC@ NERMRDIB
NPMA@ 2C@@NPGODIB 7@MNDJI DN RI<N OC@ ansient cr ater

2C@ H<SDHPH NBUA OC@<ND @D >D@M HRNIOC@ @IA DCE@@FO0DII KC<N@ 2C@&®<G<ODJI NO<B@ G<NIENMGE@
HDIPO@N DI < B@-0@M
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Modification stag

2C@ @I1? 4 OC@EXODJI DNGR@ =T >MO@M HIMODJI $IM NH<GRO®EMN OC@ H3sDBJI Kix @NN DR GO@G
NDHKG@ 2@G@IMA OC@ @& GNND@D >ND@NMIPI?N <N OC@ M? @IHKM@NN@N QIPRM@ < NC<B@M-IRG NC<K@
?@K@NNDJI

'| G<B@M DHKIN OC@IK@&NN DN KIMHKG® 0@=JPI? JA HO@MD<® BN =@ >JHKM@NR@@UIB-CIG?JRI R<N?

DN HI® 3HKG@@ <I? KMP>@N <@IONMG PKGD2MIPI?DIB DO DN GN®JI RC@Q® @=JPI? O<@N HO@MD<RB RN <I?

JPAR<MN =JI OMD=PODIB 0OJ OC@ WEMDODJI OC@ MDANDL @N@B@M=BI@MN O@I1? OJ =@ PINO<=G@ <I? ?PMDIB OC@
HJ?DA=0DJI NO<B@B@&MMH<G R&ONMH <GEBDIB KD&@NA OC@ MDH OJ NP=ND?@=®@MM

#E@DO< O@I1? OJ A<GG =OFOT@<@MI? H< O@MD<G MRH<DI HIGO@IM\GJIB @IJPB8 OJ KJI? JI OC@ = @NsAM
*<NB@ SHKG® >MO@MN O@1? QE0ES SJIMN €RER | OCE@@HONG PKGDA? OC@ O&@@MDH

Rock pioducts of impact

2CO® <@ < IPH=@M JAXMN>ON A DHK<GN OC<x| =@ N&JBIDU@ DI OC@ <I>D@@JIV

Shatter ones

1C<@NI@N <i@ 3ID><G EIDINPMABN OO<@ TKD=GG? @IMO@RBDC KGPHIN@ HENBN JG@N OJ OC@ NBNAGC@
>JI@N DKD=GCA<GG JI NH<GEGBM RC@I| KE@Jl < NO@@BMKCD> KH@ODJI 2C@ BN A OC@I@N KIDO CR<N OC@
KJIDIO A DHK<G <I? ><| C@GK 0J Gx@ OCDN RIDA OC@DMIPIDEN <@ <N APCES NP

><JG +=6I1:G 8DC:H
+J97JCGN 'CI6G>D

><JG +=6l:G 8DC:H =6GA:KD>M )J:7:8
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Impact beccia and suevite

I <M@&N A BHEHO@MJIHKM@NNDJI <I? OC@M@ B&EO@M
NP=NIP @0 @K<INDJI impact br eccia DN KIP>@ 'HK<>0
=M@>D< HT CQ@ JK@I| NK&N @R @@ OC@<aH@IONRCD>C
H<T =@ BGEE GO@MIDI| HDI@WN DA?RIOC@MH<GPE?IER
OCWPBC JM OC@ NK@&N HE =@ BGBEI H@GO JNW = HKOMD®\J
NH<GG<BHA@ON PAI@ B¥DI@ M>F ROIDC < =@>D< GBGOPE
>JINDNODIBAJ< HDSOBMVA N-F AMBH@ION 8<NN <I? H@GO DN
FIJ RI <N suevite

ImpaCt melt pseUdOtaChyllte ><JG +>AAD;>BE68| 788>6 =6GA:KD>M )J:7:8

1P=NO<DD<G H@GODIB ¥=<PM =@CDI? OC@D{G NCI=ER
KM?P>DIB pseudotach ylite NDHDG<M OJ OC@ KN@F3D@¥-C
KN?P>@ =T AMDBJI<G H@GODIB <G@iei<bl RAGON JR @M
HP>C GB@MQPH@NAKN@P?JOIED@ Hk=@JPI? DI DHK<>O
NOMBP@N OC<| @8HHJI <GJIB A< PGON

. N@P?JO<FQD@N Q@ < HP>C RD?@MB® A JHKINODDJIIN
0OC<I OCIN@ JIMH<G DBI@N N>FN =@<PN@ OT @@ KMP>@

=T HIM@ JM G@BHKS @@ H@GOMEL@DMaAXNI-FN MOC@M
OC<l OC@ JBWBNN®Q<I? K<@D<G H@GODIB DI HINGPBBI@
KN>@NN@N

'OC@ B?=PM NOMPP@ < OCD>F@MADHK<G H@GO PIEMO ><JG ! BE6SIB:Al 67DK: >CIGJ9>C< 6G>ID>90B@7:ADL
AMSODJI<G FMO<GEMIK OJ TD@G? < OCE-EIM JA H<NNERQ 97ICN 'CI6G>D
NPGKCD?@

New mineals

2C@ @WCDB KNENNEWN @IP O@®! DI OC@Jb O<® <I? >JHKM@NNDJI NO<B@ bPN@ 1@ CDB KM@NNBVHDI@KBN OJ
AMH 2C@ HJINO 1J0<=G@ & CDE KM@NNEVKJBIIMKCN A ND&DB  Coesite DN < HJIJ>GDID3MH JA ND&D»RCD>C
OC@ NBGIBNC @M <N@ GD@ DI < H<II@M NDHDG<MaIZNK<MNNI@PD@N KBNNEMN <=Q@ %.< OJ AMH Stisho vite DN
< @M?@IN@ KC<N@ DI RCD>C OQ@NIDEDO<C@AG 3IMPDI<ODJI NPNRI?@? =T NDSSB@!| <OJHN DI < G@BJI<G
NOMPP® DDNQD@@PD@N KENNBM <-Q@ %.<

Diaplectic glas

+DI@MG BMDIN O@Xx<@ NP=BE@OJ ED@H@ <I? ¥KD? IHKM@NNDJI HKGIN@ OC@DM+®DNDMIPE <N =JI?N =@ @I
OC@GJHN <@ =8F@! -1 7@ >JHKM@NNDJI ?@K@I1?DIB JI OC@ OE@PHR@MC@IHN HI =@ PI<=G@ OJARMN@ =<>F

#SOKD @ @MOMBKHGE>0O DMGP@NV



DIOJ < >NO<GQIBE® ROC OC@NPGO @OC@KK@&@M DNIBIA> DI OCDI¥M@JI GOFIGx=ID> B5<NN MR @@ MPIGD® OMP@
KN@P?JO<¥GD@ OCONBNT HD@MD<G NODGG ?DRKEX JPOGDI@NIHKINIDDIIN A OC@ JHBE SNMIO<GN ROIB OCR
D RN I@@M OMPIGGO@! 2CDNBI@MD<G ORI EN diap lectic g lass.
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Glosary of terms

Acicular
, @PG@ NC<X@A HDI@6 BADIN
Acive continen tal mar gin

OMINIDDJI IM =JPI?<WM=@R @»| >JI ODI@<G <I? J&ID> GICINKC@NDCxIDI>D?@N B0 < KG@ =JPI?<M MD?B@
Oo@I>C JM GMAIMH ARGO

Alloch thon
=J? T JA NBF OC® C<N =@l HJ Q@ ANH DON JMDE.G KJRDJI PNPIEHE OC@ C<IBB R<GGAI<K OCMPNRGX
Alloch thonous
+ JQ@ ANH DON JMDBG KJODJI PNPIEH OC@ C<IBB R<GCGAI<K OCMPNRGAX
Angular unconf ormi ty

IPI> JIAJMHON >C<M-O@MBPHNEXI <IBPG<M ?DNP<I> @< ?DA® I>@ A NOMDIM ?DK IJM =JE@R @R | JIG?@M NMBM
=@®&<I? T JIPIB@M N4 <=0@

Anticline

AJG? DI RCD>C OCI®IB DIB ?D&ODJI DNR<T AIH OC@ DIND?&QC@GY
Antif orm

AJG? RC@MOC@ GDH=NRBKAIH OC@ CDIB@ NJOOC@G® >GIN@NRRK?
Anti taxial v ein

Q @DIBGHERIDC HDI@K B=@WN DI RCD>C ODEAN C@ BMRI JPOR<MN OR<M OC@ ®RGGN
Anti thetic Riedel shear s (R' shears)

1P=ND?DKMM-OP@N OOMMH <O <=JPO X OJ<R&0 RIT N@IN@ IDNKEGEH@O JKKIND@ OJ @A OC@PA0

Appar ent dip

2C@ <KK@MO ?DKA < NPMARDIOB ?DK H@PI® JI < >MINN N@DJI OCxDN 1JO0 K@MK@I1?D>PG<M 0J @CROCIMDF
NPMA@ KK<@IO ?DK DRR<GN G@NN OC<I OMP@ ?DK

Arc construction
PNF 3INOMPSDJI
Atti tude

-MD@0DODJI
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Autoch thon (‘autoch thonous )
=J? TJANBF OC® C<N 130 =@ HIJQ@ ANH DON JMDBG KJR®DJI PNPIEH OC@JER<GCAI<K OCMPNRGKX
Axial p lanar f oliation
. G<I<M A<=MD>000N <KKBDHO @B <MGG@G OJ OC@ <SDELMNRP MAX>
Axial surface ( hing e surface)
"H<BDI<M NPMA@ O@GK<NN@NJPB®I<GG OC@ CDIB@ GRI&E? J
Azim uth
=@<MDIB HENPI@ >GJ>FRDN@HANIM OC AM X
Bar
AIN@ 31> @IOMDDJI A JI@ HDGGDJII@N K@M NL@<@® IODH@I® JM . <
Bath ymetric con tour
131 OJPMN GZNCR OC@ ?@KOCAC@NBIIM =GRN@ G@G
Bearing
?DM2ODJ| &I 0J 1JAC
Beds
1@DH@O<WMGE@MN OGBNOC<I >H
Biotur bation structur es (tr ace fossils)
1OMPROP@N KIVP>@ =T JMB<IDNHN OO<CQ@ ?DNOPRN@DH@O
Boudin
NOMPROSP® MH@ =T < GR@M OC<C<N N@KR@DIOJ KD¥@N TBD=G<N < @NPGO @O@INDJI
Boudinag e (pinch -and -sw ell structur e)
2C@ KM @NNAJAMH<ODJI A =JP?DIN
Branch poin t
KJDI O RC@JI@ AGO H@N <I? EJDIN <IJOC@M
Breccia

MI>F >JHKIN@ JA DKDx=GIC<IBPG<M #BH@ION TKD=GIGABH < APGO 2C@ O@MBHEM DN <GNJ NOB@@N PN
N@DH@D<MB@GJH AM <I <IBPG<M}B GIJH@HID @

Bri ttle fr actur e (bri ttle failur e)

, JIM @ QQ#EG@ 28 <ODJI >CO@MBRE T GINNAIN@IBOC <3IMN < NPMA&>
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Busk construction

> JINOMPSDJI 2M AG?N DI KWDG@ RDERCD>C OC@@NA NPMAGZN @ <NNPH@J =@ 3> @OMD>>NVA >DId @N
GNJ FIJRI <N OC@ #MJINOMPSDJI

C-plane

NPMA<® ROCDI < NG@ Wl@ OC® DN >CH0@MDNEB<MGG@G OJ @@a-IPI?<MD@N <I? RCD>C REIOC@ HINO
DIO@IN@ J@A<ODJI AM OC@ $®I>C RIM >DN<DGG@H@E&IDIB NC@vDIB

C-prime ( C') foliation

1C@M =<I?N O@Xx2MH GO@M DI < CDNOAM: NG@ W@ <O@M < JIBMIGOBRDJII C<N %@ ?@@GIR@CIPBCIPO
2C@ <M TKD=GEGIMD@I@J=GDLP@ OJ OC@WU@ =JPI?<MD@N ®D OC@ N<H@ N@W¥-ODJI >GJ>FRDN@ IJM
>JP1 O@3J>FRDN@® OC@@®@¥EG NNEUI@

C-S foliation

$JGOBDJI DI < NG@& U@ >C<M>O@NMBET DO@INBKCNDI@ WI@N NPBCG K<MGG@G OJ OGHE BIG KG<I@N<I?
G@NNND@ WI@N RC@MOCE@EABDII DN J=GDLPKB<I@N

Cataclasi te
$MBH@IO@H< O@MD<G DPe@i@ OCO DN N<I? NeJUM NH<GG@M
Chill zone
2TKD=GCGDI@BMDI@ H< O@MDORE?A@ <M OC@B@ A <I DBI@PN DOMPNDJTKD=GGAMH@ =T MKD? 3JGGDIB
Chocolate tablet structur e
JP?DIN OCO <@ IPBCG @P<I O DI KG<I GP@M?P>@ =T @O@INDJIAI< G@M DI <G@DDMIIN
Cleavage refr action

>C<IB@ DI OC@ JMO@DJI A >G@B@ s°N@ =T ?DAQ®@I>@N DI OC@@@DxG KM@UD@N BR@MN |€@B@
OKDx=GG=@I?N NJ OO DN H®K@MK@I1?D>PG<MIK@>@d G@MN <I? HI@ KKGCGC@G QIHNED @D G@MN

clinometer
Clinometer ( inclinometer )
?2@QD® OCXH@NPN DI>GDBJIN
Coaxial def ormation
"@AMH<ODJI DI RCD>C OC@MINGERN®H<DI BE? OJ OC@W H<O@MD<GRBCNPO ?@MWH<ODJI
Coesite

HJIJ>GDID> AMH JA ND&Dt RCD>C OC@ NI@¥MC @MW <N GD@F DI < H<lI@M NDHDG<M@3 ANK<MN I PD@N
KMNEONNBWN <=Q@ %.< OJ AMVIH
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Columnar join ts

(JDION OON@ k=M@ @ GJIB@=J?D@NAIN>F OCO <@ TKD=GIXKJIGBJI<G MPBCG C@<BJI<G DI >MN N&DJI 2C@N@
O KD=GIGAMH K@MK@1?D>PG<M OJ OC@ =<N@A<? DBKGPN &R JM NDGG

Compaction
4JGPH@ GJNN ?P@ OJSXRGMDIAIRRO@M <M-FN <@ =PMD@

Compass

0JJG RCD>C PN@N OC@EM+BI@DDA@G? OJHNP@ ?MMODJIIN KiGG@G OJ OC@\HNNMAS>
Competence

B@I@NG O@NMWADNDNO&@©J NOMN
Complex cr ater

>M<O@M @INCR < >@IONG PKGBA? < O@H@® JPO@MIEG
Compr omise boundaries

KKMISDHO @B G<I<M =JPI?<MD@}RMEP RC@| HDI@%G BANDIN BMR <B<DINO JI@ <IJOC@MKM JHDN@ =JPI?<MD@N
<\@ 1JO 31 OMGE@T OC@ FNIO<G NONHH A @I @M HDKGNBADI

Concentric join ts
(JDION K<«i3G@G OJ OC@@IRBIAKBIOMPNDJI
Conjug ate shear fr actur es

SMSOP@NIMH@ RC@! RC@! NBFN A<DG NDHPGRNE&GJIB BJ A<HDGD@NKEG<I@N <KISMHO@G X <K<MO DI
JMD@ODJI

Contour
>PMQDIB GDI@ JI < H<K QCN@ K<Q@N CIBMVGP@M NIJH@ LP<0O ABH GR@M<GP@N
Contour in ter val .
2C@ IPHQMEG ?P@AR 1>@ DI €GP@ S&am| >JI OJPMN JI < H<K
Contour spacing
2C@ CIMDWD<G ?DNGRI=@ @@! >JI OJIPMNa&XINP@ Jl < H<K
Convolute lamina tion
NJ A0 N@DH@O ?@MH<ODJI NOMPR®@ DI RCD>C G<HDI<@ R@MH@ DIOJ IHKG® >C<JODIGCN
Core zone

2C@ @IONG KMA < ARGO DI RCD>CEG@® I@A<ODJII C<N ?@NTEH OC@J+ ODIRD JA JG?@M NOWE@&N
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Crater
MJIPBCG >DMPG<M ?@BINNDIMH®@ =T < HA @O @ DHK@3IM IBx=ID> <ODQ@D
Crenulation clea vage
. G<I<M A<=M@KEN@I@=T >GINBK <& AIG? <SD<G NP@A>GHINOR<GN < N@I? IM GO@M B@i@mdl A A<=MD>
Crenulation linea tion
*DI@M A<=MIBKEN@@=T >GINBIEK <€ AIG? CDIB@N
Crest poin t
2C@ COEONO KIDJI OC@ 3NN N&DDJI A <I <I ODNH
Crest surface
NPMA<@ 31 O<DIDIB HPGODBG®E>#®NO GDI@N
Cross bedding
IMINN N@OIM3ODJI xPN@=T ?PI@N
Cross lamina tion
IMINN N@OM3ODJI KIPP>@ =T MDKKG@N
Cross str atifica tion

> JIADBRMDDJI A G<HDI<@XRKM>@ =T HDB¥ODJI A =@AMHN ?PMDIB RIEH @0©DJI DI RCD>C G<HDI<@ 3MD@®
<O <I<IBG@ OJ OC@ ?@RJINI CINIDO<G

Culmina tion poin t
2C@ COEONO KIDJI OC@ &@NO GDA&x 2G?
Cutoff line
2C@ GDI@ RCGMRGO D@ MM <I JIG?@M NP@A<>
Cutoff poin t
2C@ KJOD JI < >MINN N@DDJI RC@MOCE@g@ A < ARGO >PON O€&IVKI JIG?@M NPMA<>
Cylindrical f old

AJG? RDC < GG BEEA <SDN OC<DNQ@VRCAE KHMEGC@G 0J BE@® NPMAQ@ <MGG@GNAWEDDJIN >PO DI
HPGODKG@GWBIN OMMBC OC@®@? <KK&M D?@B:6 OJ<@C JOC@M

Damage zone
2C@ JPO@MBIM< ARGO DI RCD>@Hi<l ON A Ki@ @DNODIB N@REMN < NODGG =G@M
DZcollemen t

QO@WM@SO@IN®@O DI JI < OCMPNEGGBGO® RC@MC@M<N @ < GB® <HJIPIO A HHQQH@D
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Deformation
2C@ HI@H@ON A K<N 4 OC@ #=@\ >MPN@ ®BI® OJ®C JOC@M
Delta pyr oclast

KMIKCTM>G<NOJNP RCD>C AGO3DJI >PGEN DI < ANES>PMIEZ NC<K@JIJMH@ <N OC@ KIMKEL-G<NO <I? <2E@I0
AGIB@M>F <\@ MDO@DI < NCeM U@

Depr ession poin t
2C@ (R@NO KIDUI OC@ IMBC GDI@AKX NTIAVH
Descripti ve (geometric ) analysis

<G TNDNJHKMDNDIEGMMN JA OC@ KANIDIN JMD@IDJIN N@U <I? NC<K@N NOMPB@N OO<@DNO DI OC@#M
>MPN@OC@@M@ ?T

Detachmen t f old
AJG? KIPP>@ RC@1 R<GG@MFN <>JHHJ?< O@<MOBDJIN DI NGDRRAE@D | ?DAD @10 K<®IN A < ARGO

Deviatoric str ess

2C@ NO@A N@NN J=0<RIRC@| OC@ HENOINN DN NR=O@ANH @<>C JA OC@ KMDI>DK&@BN@W 2CQ@LEIMD>
NCENN DN OC@ R@C@ EDMW NTNO@KGE&N OJ >C<IB@ NC<K@

Dextr al

ODEO GR@IG H@H@D BT OJ <I I=N@EM GJIFDIEREI? < APGO JM NG@l@ OC@ A<M ND? GMKK@® Q@
HJ Q@ MDBO

diap lectic g lass

%G<NN B@{@@&-=T OC@ €bJl A < NCI>FRQ@ JI >JHHJI HDI@M<GN
Diff erential str ess

2C@ ?@RI>@ =@ @@ OC@ BAMNO <I? NH<GG@NO KMDIZINNG NOM
Diff erentiated cr enulation clea vage

IM@IPG3DJI >G@B@ 3H=DI@ RODC K@NNEBVNIGPODJI<¢®BBID KIMP>DIB < AGO3DJI OCxDN >C=k0@MPREIOC T
AIG?N <I? F K<MGG@G ?JH<DARD@ @0 IHKINIDDJI

dike
"TF@ 31 NK@GGDIB
Dilation
IC<IB@ DI ND@ <M JM QGPH@
Dip
2C@ GP@A\IOC@ DI>@DIAH A < KG<I@@K@N@IN OC@ DI>GDIA NT@X@NO GDI@XG@ ?MRI JI OC@ KG<I@
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Dip dir ection
2C@ <UDHPOL 0C@ MIX@NO DI>BoMe A=l =@ ?MRI JI OC@ KG<I@
Dip separ ation

2C@ ?DNO@><GJIB < R&O H@PI@ DI OC@ @MDJI A ARGO ?DK GR@D| ®RJ >POJ GDI@N OC@ N<H@®@
NPMA@

Dip-slip faul t
A<PGO DI RCD>C OQH&H@I| O A NGDK KE@G 0J GO ARR@IPN OO K<MGG@G OJ GO Na®DF
Disconf ormi ty
I PI> JIAJMHOI =@R @21 NGId< A ?DE@®@ IO <B@N =PO @s JMD@DJI
Discor dance
DA I>@ A IMD@ODJI =@R @D KG<I@N 208 >@ A NOMDIM ?DK IJM =JOC
Disharmonic f old
AJG? RC@MOC@ CDIB@N <I? GDH=N ?J I0GERDC OCIN@ DO G@MN
Dislocations
GDI@M ?@»O DI OC@ NOWR®RP A < >VNO<G RG@AOC@3IHN A OCOQTNO<G NONFR <@ JPOA <GDBIH@I
Distortion
IC<IB@ DI NC<K@
Domain
M@BJI RODCDI <MF OC© C<N < ?DNQID@ 3HKINDDDJI IM G@P®
Drag fold

AJG? <?2@10 0J < RGO DI RCD>T@MN @@ DI OC@ @dDJI A HIQRH@O A OC@ JKKINDOGBRINO?MB AG?N
KNM=<=G AMH ?PMDIB R&O BKkB<ODJI <I? IJO =T ?MB <@@M OCRBAC<NH@

Ductile
$GR JA HHO@MD<G DI OC@ NIG@OBNESCRIDCIPO AP @
Duplex
NOMPRSP®@ DI RCD>C DH=MI® DI>GPGGZMPN®AON HBIM DI £ ARGON =JOCRRHZ <I1? 2J Rl R<N?
Dyke

HDIJM DIOMPNDJI RC@M<BH< C<NDGB@>M>F OC2 DN ?DNMe<| O OJ G&@MN DI OC@ JWPNINB MI>FN 1K@GG@
"DF@DI OC@ B
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Dynamic anal ysis
1OMPOPHMG H@CJ?N OODQIE@ OC@C@MHIDDJII A AM-@ N@WN NDIBOC JM @EDMIQJEE DI ?@MH<ODJI
Dynamic r ecrystallisa tion
MEF?JRIJ A IMDB<G HDI@®G! BADIN <I? BMROC A 1@R HDI@MG BADIN <N <@NPGO @O@H@ ?FODG@IMBIRODJI
Earthquak e
0<KD? @ &0@ HIODJI 4 K<BIN A OC@ NIGDOEZ<NP@ OJ SMB@ A<@GPMARGO
Eff ecti ve str ess
-Q @M5G NN HDIPN OGRD¥ IKKWNNEM
Elastic
NOMDINN NONMND GDJIINCDK DI RCD>@WDIVI? NEM <\ KBKIMDDJI<G <I? OC@<ITODN® Q-G @
En echelon

| <MM<IB@H@OD A GD{® IJM KG<I<M NOW@N RC@we>C NOMBP@ JAN@AM <?E<>@I0 NOMPR@N DI <INDNO@!|
N@IN@ QBN J=GDLP@ OJ OC@PHIDMPE @ HNG 'DGIBIG<N < NLP<W A x<GGM

Endocon tact
2C@ @BJI RODCDI <I DOMPNDJI RC@®IDNABO@=T >JI O<® RDC OC@ CJBKFM
Enveloping surface
NPMA<@ O<IB@ OJ HPGODKRG@ DI < G&M
Equal ang le pr ojection

NKC@MEE KN@ODJI DI RCD>C <(BON@WKE@N@® GNJ FIJRI <N < NO@BMKCD> KB@ODJI %O <I? NH<GG
>DMMG@NHIMEO <N >BIRG<M =M IJINOMPO@PNDIB < 5PGAI@

Equal ar ea projection

NKC@MEE KM@ODJI DI RCD>C @IDN KAIN@& %MBO <I? NH<GG >B@N &0 <N JHKG® 1JI >DM>PG<M >N
IJINOMP=O@PNDIB < 1>CHEO? @

Exocontact
2C@ @BJI DI OC@ CINOM=>JPI OMN>F <A@O0@=T >JI O<® RDC <| DOMPNDJI
Extension
H@<NP@ A GJIBDP?DI<G NOM®P<G 0J OC@BMJI<G >C<IB@ DI G@IBOC
Extension fr actur e

AMSOP® RC@MAF H<NN@N JI @D@M NDA@ AMOP® CQ@ HIQ@ <K<ND NGIES RIDCJPO NDEIBLO HIQRH@OD
K<MGG@G 0J QSEPEM
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Extr apolation

2C@ KM @NNAJ@NOMHXB €GP@N JPOND? @ B@EAVK ?0O< N@
Fabric

I TK@I@KOO® NOMIBR OCXB@N <IMF ?DAR IO KEK@UD@N DI JI@@DnJ| @& OJ <IJOC@M
Fabric elemen t

$@GOP@N RICDI <MF OCO <@ <GDEBI@J @ OC@HM< A<=MD>
Facing dir ection

"DNODJI A TPIB DIB JA NG DI <J5? <SD<G NP®@A<>
Fault

AMSOPE NCRDIB NDBIDAI O ?DNK@H@0 A JI@ RGGAMBTE 0J OC@ JORAGC @G OJ QSEPEANKG<I@
Fault bend f old

AJG? KIPP>@ =T H) Q@H@O A < >PE® APGO DI RCD>CERIH@D A OC@PSOPN@=@I1?DIB JA OC@ CMB R<GG
AIJOR<GG JM =JOC

Fault cutoff
' O@MNI®J! GDI@R@D| < ARGO KG<I@ <I1? <I IG?@M KGXENP IO
Fault pr opagation f old

AJG? O AMMHN © OC@IKMB<ODIB ODK & ARGO H€DIB < @BJI RCO& OC@M&@ #KD? >C<IB@N DI =JOC OC@ ?DK
<I? OC@ NGIKAC@PSO

Fault r egime

O@0JID> @GDNH@! O DI OC@ M PKK@M >MPNOOGAMBET OC@ JMD@DJI A OC@ KMDI>DKE@BIN@GMI
Fault scarp

NO@K OJKIBKICD> NGJK@ FBEIE < ARGO RC@NI@ RGGAIOC@PSAUMHN COBOM BRM? OC<I OC@ JOC@M
Fault tip

2C@ GBi@=JPI1?<M <O OC@E@® A < ARGO NPMA<N@K<DIB RGO@NH PIA<PGO@I>F

fault zone

N@D A NP= K<#GG@RBZN @O4<T =MI>C <I? EJDIO <GJIB NO@DM 7RI ?DK
Fenster ( tectonic windo w)

I <M @& JA AIOR<GG JI < BI@JIB®> H<K O@DN @IRGNPMRI?@? =T C<IBDIB R<GG
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Fibr ous vein fill

+DI@MG BMDIN ROCDI <@DI OO<@ NJH G @GJIB3@ O KD=GRO#-FDIB OC@ @dhJl A HIQRH@O <N OC@-ANR @
JK@I@

Fini te def orma tion

2C@ OJO<GIMBKRODJI OCx< KA OC@ #3®IC<N PI?@M@ =@ @@ DN JMDBG JADBPMDDJI <I? OC@ KNI@I
?<T NOB@

Fini te str ain
2C@ OJO<GNOBIR < K<®IA OC@ #3BIC<N PI?@M@ =@R @@ DN JIMDBGHADBRMDDJI <I? OC@ @@ ?<T NOB@
Fissili ty
2C@ KM@ JA NKGIDIB @IDE<MGG@G 0OJ < KG<I@ TROIPE@@M™ P GA NAH@O<M>JHK<>0DJI
Flame structur e
I<MMIR KJDIO@NJXO N@DH@O ?@MH<ODJI NOMPR@ JINDNODIBAHP? AM-@ PK DIOJ JQ@®IDIB N<I?
Flat
' A<PGO O@MHDIIGIER BJI RCO® < AAGO DN KSM@G T@ MK DI OCEMFN
Flattening f oliation
AJGOBDJII ?7@A@ =T O<=PG<M ?JH<DINJMM@ =T NCJR@IDIB
Floor thrust
2C@ R@M3® A < OCMPNO ?BRNEHCP@
Fluidise (F luidize )

KMJ>@NN RC@#¥ KNIRDJIPNGIO<=G@MDERO DN =@IBN <N GRD? RC@| RKNM AGRDIB R<O@M K<NN@N°BT KD
ANH =@GR

Flute

N>JJK GD@ ?@KBNNDJI DI HP? QB<@H@N G@NN ?DEOD+?RI >PMM@ IO ?0EIODJI
Flute cast (Flute mold)

N@DH@O<VMINOMBPP@ MH@ RC@I < SPO@ DEBA N<I? <I? KM@N@F DI MGD@A JI OC@ A<NIE<I?NOJI@ 2@
Fold axis

2C@ JMD@DDJI A < GDI@ OGNQ@VRCOE! KMGC@G ABGZ@NPMA@ 2C@GB? <SDN DN OC@&OImMA OC@ CDIB@
>M@NO JPBC <I? DIAGEDDJI GDI@N

Fold hing e

GDI@ A H<SDHPHODBD @ NPNKOP® Jl < AG?@NPMAG
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Fold in terf erence pattern
K< D@MIMH@ =T GE@MN @Ceq@ =@1 AG?@0RDX@ ?PMDIB OC@ DM RE@®JI CDNOIM
Folding line construction

> JINOMPSDJI DI RCD>C 228 0G?DKKDIB NPMEHH<@®ID-O@<=JPO OC@DM G@@va@J! DI JM@M OEM@N @
OC@H JI < KG<I@ NdD@n K<K@M

Foliation

. G<I<M A<=MD>
Footw all

2C@ =JT JA W-F ?DB0G=0®RI< AMOP®
For eland basin

N@DH@O<M=<NDI OG3MHN <?£@I0 0J <I INB@! <I? RCD>C ?@K@IN RIN? OC@ JB@| OKD=GGAMH@® =T
=@1?DIB A OC@GINKC@NWD| @NKJIIN@ OJ OCanEd A OC@BWDIB IMB@I

Forma tion

2C@ KMDHKMIDD A H<KKDIB DI NDID@M>F HPNO =@ H<KK<=G@DP@AT GDCIGIB<G >C<MO@MDNODE® €<
K@ NM@DJI <I1? =@ I<H@ AIM < KG& JM BBMKCD<GC @OP®

Fractur e
NPMA<@ KWP>@ =T =MDG@ A<@GENMIH@ KJIDIDI OC@ CDNOIM §+-F
Fractur e tip
2C@ GBI@=JPI?<M <O OC@E@® A < AMOP®@ NPMAZ>N@KDDIB AMOP® ANH PIAMK>OP@® M>F
Geologic map
H<K NCJRDIB OC@s@@d A <I? =JPI1?<MD@N 6@@| ?DAR®@ IO PIDN A N-F
Geological boundar y
NPMA<@® DI "NK<>@ JM < GDI@ JI < "H<K RC@W@ TK@ A BbF >JI O<®N <IJOC@M
Glacial striae
*DI@ODJI JI OC@ #&€NMN NPMARIMH@ =T <=MNDJI| ?PMDIEZR JA D@ RCD>@N&GN OC@@DmJI A D& HIQ@H@OD
Gneissic banding

$IGOEBDJI >C<MO@MPND GEQ® ?JH<DIN JA ?D@@I0 IHKINIDJII <I? OC@ K<GIG@@EN®H IMD@ODJI A
HDI@NGN TBID=GGAICOBBM?@ H@<HIMKCDIMN

Gouge

IG<T MD>C R&0 HI@MDIEDEGKNM?P>@ =T ARGODIRNRI@ B¥DI@ N@DH@O<WN>FN
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Graben

=GJI>F =@R @@ ®J IIMH<G ARGON @C?DK BXMN @>C JOC@C @ MAFN DI < Bi#+@I <i@ MAN@?RI R<M M@ GO@)
0J OC@=¥N J| @OC@M ND?@

Graded bed
=@? PNP<G®RIDC < NC<MK =<N@ DI RCBECBM? =@H@N BI@M RN OC@ OJK
Gravity r egime
NOO@A N@MNN DI RCD>C OC@ H<SDHPH KMDIX@KN®OE@XG JMH<G RGONE@MHHJI
Great cir cle
>DMPG<M GDI@Q0OQD?@N < NAC@M J KM@DNB@P<G K<ON
Groove
N@DH@O<MNOMPP@ MH@ RC@! <l JI=E@O DN 2BB@=T < >PMEIO <>INN < N®®H@O NPMA@>
Groove cast (Groove mold)
N@DH@O<VINOMPP@ MH@ RC@I < BNU Q@ DIDEBEA N<I? <I? KM@N@ <N < HIG? JIOC@ =<N@ 2=@
Group
GDCIN@ODRKCD> PID 3INDNODIBAIN@#G IMH<ODJIN
Hackles
$@OC@BD® NOMD<®®DIB AM < > @IOMG KJOD JM GDI@ JI <AOP@ <ND A KGPH@ NG
Half-gr aben
ODGO&BI>F =JPI1?@ =T < IIMH<G RGO JI JI@ ND?@ <GJIB RCD>C OC@ =@INBDIRI R<N?
Hanging w all
2C@ =JT JA W>F DHH@DO@G=JQ@ < AMOP@
Harmonic f olds

$JG?N DI RCD>Gx@ GK@M DIGA@DI NO@KBD OC@ <3®I0 G@MN NJ @O3DIB@ KJIDN %l =@ H<O>C@-@R @I
GI@MN

Heave
2C@ CIMDW<GEHKII@! O A ?DK N@QKRJI
Heter ogeneous str ain

10KDI OG22 DN IJO OC@ N<QG@WRC @@ ROCDI <MF 10MDBO GDI@NH=@JH@ =@0 <I? K<MGG@G GDIeN@3H @B
1JI K<M <GG@G
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Hinge
GDI@ JM KJOIA H<SDHPHODBD @NPNOP®@ JI < AG?@NPMAG
Hinter land
2C@ @BJI <?E>@I0 0OJ < OCMPNO R&GAK! RCD>C OC@ OCMPN@NRE® 0J @B HIQ@
Homogeneous str ain
10KDI OCR DN OC@ N<G@WRC @@ ROCDI <MF 10NMDBO GDI@RHADIN NMBO K<WGG@G GIEIDMKAGGC@G
Hor st

=GJ>F =@R @1 ®J IIMH<G ARGON @C2DKR<T ABH @<>C JOC@AC@ J+FN DI < B#@| <@ JAN@PR <N MO @B0Q
0J OC@=¥N J| @OC@M ND?@

Ideal plastic def ormation

?P> ODG@ =@IPM DI RCD>C <HEMD<GRNGJ ?@AMH<ODJI < @U<DI NGWN TD@G@NDM @&>C@ <I? OC@I
?@MMHN MKD7GNJ <N OJ k@10 OC@ @DMAMMDNDIB APOC@M

Imbrica te fan
> JIADBRDDJI A HPGODKG@ GIREIN@EZ=>C PKR<N ANH < NDIBG @0
Impact br eccia
M@>D< @NPGODBIAMH@OEMD@ NOMDFDIB O0@ #<M
Inclina tion
I<IB G@AINGIK@ &\PI® ?J Rl R<M? Mo @G0& OJ CIMDO<G
Incr emental str ain
2C@ NeM OOR J>PM& ?PMDIB < NH<GOG@HG DI OC@ CDNIAIRMAIMH<ODJI
Infini tesimal str ain

2C@ NeM 002 RN J>»PMMDIB < NBI® DINO<PPMDIB OC@ CDNAJNM@MH<ODJI 2C@ GDHP DI>@H@D<G
?@MMH<ODJI <N OC@ ODP@®E O@I?N G

Inflection line

GDI@ JI < AG?@NPMAG RC@IOC@ tROP®W DNaM OrKD=GIGH<MFDIB < >C<IB@ M\> J| Q@& PK OJ XJI Q& ?J Rl
JM AMi <I ODKNH OJ NTIAMH

Inf lection surface
NPMA<@ 3| O<DIDIB HPGODK&@@&IDAl GDI@N
Inlier

M@BJI JI < B@GJIBP> H<K RC@WUG?@MOME NPVRP?@? =T TIPIB@M N&D&
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Interpo lation
2C@ KM @NNAJ@NOMHXB M@MREO @<CGP@NGR@D | OC@ KIDN DI < NK<MN@ N @O<
Inter section linea tion
GDI@ODJI ?7@\@ =T OC@ O@M@JI A BJ ?DARIOGIMD @@AIGOEDJIN
Invarian t f eatur e
A@GOP® OCxXDN DI?@K@I@\ AG? IMD@ODJI
Inverse grading
%MDI ND@ @MIBDJI ROCDI < =@b| RCD>C 3<MN@MBIN <@ 31> @IOMD@<0 OC@ OJK
Isobar
> Jl OJPM GDI@ N<&D{3iBICOEIM NNEN AMGIR @M < GDI@ EJDIDIERIBIEP<G KEINNEM
Isopach

> JI OJPM GDI@ =<N@C@ OCD>FI@NNNQOD@M>F PIDO N@K<DDIB < OC[E@M M/i< OCDI@M KN < G@M <
GDI@ EJDIDIB KJRIA @P<G OCD>FI@NN

Joint
AMSOP®@ RC@/IOC@ RAH@D K<WGG@G 0OJ OC @ANPIGARPDN HDIDH<G
Joint set
+<| T EJDDN DI <KKBDHO@®C@ N<H@ JINIBZDUI
Joint system
> JH=DI<ODJI A EJ N@GN =MN >PODIB & C JOC@M DI@BPG<MTR
Kinema tics

2C@ NOPIA CR K<NON 4 OC@ #R30HI@ JQ@M B@IB®> ODH@GP?@ >C<IB@N DI KONDI IMD@DODJI NV <I?
NC<K@ QT &>PM& =@R @@ OC@MH<ODJII A OC@>¥N <I? OC@DNaHNDI ?T >JIADBRPMDDJI

Kink construction

> JINOMPSDJI 2M 4G?N DI KWDG@ RIM@®RCD>CI&? GDH=N@MNNPH®@J =@ K@MAGKG<I<MK<MGG@G NEMA<}?
CDIB@N @\ K@®AG<IBPG<M

Klippe
M@BJI JI < B@GIB> H<K RC@0C@ CEB R<GGAJ ARGO DMHKG@@GIPMKI?@? =T AJOR<GG
Lamina (laminae )

G<T@M OCDII@M OC<| >H KGRBAHDI<@
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Layers

"JH<DIN OCQ <@ @VM@BO0@INOEI? K<MGG@G RD?@
Lineation

*DI@&M A<=MD> A<=MD}@@P@G@HEN OO<@ KHKGCC@G OJ < GDI@ @ NK<>
Liquidize, liquidise

KMJ>@NN RC@# KNRDJPNG@KINIBEN@DH@O =@G@N <N < GDLPD? RC@I| OC@ #3IN BEH@ N@K<M@=T
AGPD?

Listric
"@N>MD=@NRGEXRIT ?DK QT2EMEN@N RO ?@KOC
Lithosp here

2C@ MDB JPO@M R<M OC@ #3® OC<DN ?DODR@J KEG@N 'JHKMDN@N OC@ >MPNO <I? OC@ PKK@RHIN@ K<M
H<l OG@

Lithosta tic str ess
NOO@A N@NN DI RCD>C <GG KMDI>@KNENDMNP<G ?P@ OJ OG@IED A Q@WDIB NM>F
Lithostr atigr aphic uni t
I<H@ ? M>F GE@M@IBIDU® JI OC@ =<N@\DN GOIGIB=G >C<MO@MDNOD>N
Load structur e (load cast)
NJ A0 N@DH@O ?@MH<ODJI NOMPR® =M>0@MBRBT MPI1?@? =PGB@N KD=GIGJI OC@ =<N@ & N<I?NOJI@ 2@
LS tectoni tes
0J>FN RDOC < NIBM @0JID> GD{@DJI OCXGD@N DI OC@ HG<NDIB O@0JID>2GOBEDJI
M acroscopic (map-scale ) structur es
1OMROP@N OO<@ 0OJJ =DB OJA\@ JI@ QR@PNO =@ H<KKX@M DH<BBANH <| <DM-MA IM NB@GGDO@
M agnetic con tour

> JI OJPM GDI@ =x<N@C<M<>0@MDNODEC@® #3@N H<BI@D>DAG? < GDI@ N@K<O@N NB@®M H<BI@D>DX@G?N
ANH R @F@M

M agnetic declina tion
2C@ <UDHPOL 0C@ #3@N H<BI@D>1¥@G?
M ap-scale (macr oscopic) structur es

1OMRP@N OO<@ 0JJ =DB 0Ja@ JI@ QR@PNO =@ H<KK@IM DH<B®@ANH <I <DM-MAD IM \B@GGDO@
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Mapping

2C@ KM @NNAIM-JWPDIB <I? DIO@MEDDIB ?0< JI < RJ ?DH@INDJI<G KG<I @IN®>C <N < OJKIBKLCD> =<N@ H<K
Mean str ess

2C@ Qa¥B@ 4 OC@ GBVKMDI>DK<@NSIDN
Member

NH<GG@M H<KK<=G@NBBDJBIDU® RBDCDI <IMH<ODJI

Mesoscopic (outcr op-scale ) structur e

10MPRP@N QDND=G@ DI R@®O@Q 61 NPMA>ROCIPO JKGI><NNDN@I>
Metamorp hic aur eole

<F @ WI@ <MPI? <I DI OMPNDJI GCRNO@| & JBIDU<=GC@IKMC<IB@N DI G@P® JM HDI@GUB
Micr obr eccia

$DI@ B¥DI@ =M@>D< =@>D< RDC K<@D>G@MNH DI ?D<H@O0@M
Micr oscopic structur e

1OMPOP@ ORI PD@N JKGIB-<NNDN@IBJ =@ QDND=G@
Miner al linea tion

*DI@M A<=MD> DI@A=T K<MGG@G <GDBIH®k>D>PG<M HBRGDBADIN GDi@ @DG@ A NGk >G@QLB@ <I?
N>CDNCJIND

Mortar structur e

+D>NMN=JKD> NOMFRP®@ >C<MO@MRUT MDHNA] BI@ B¥DI@ M@&MNO<GGDNKED @MD<G JRPNIMB M@HI<| ON A
JMDBI<G >WO<GN

Mudcr acks

2CDI ARPOP@N JI OC@ NPNAZ>=@N OG3 OCDI Rl R<NM? AIMH =T NCMDIF<B@HP? <NO ?MD@N
Myloni te

$DI@ B&DI@ M>F AMH@ OCBPBC ?P>ODG@ $MIEB <I? TI<HD> &M NO<GGDNKDI < NG® U@
Myloni tic linea tion

10@>CDIB GR®DJI AMH@ ?PMDIB 8D@H@ ?RFODG @ NIEB
Natur al scale

2C@ B@M@OMJIA < >BNN N&DDJI RC@| OC@RIBG <I? CIMDUO<G KB @N@NBP<G
Necking

.MJ>@NN RC@# GE@MN NO<DJ OCDDKJIDDON A R&FI@NN ?PMDIB@DINDJI
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Negati ve flower structur e

UJI@ JA ARGON @CN@HX®@?JRI R<MN <I? HOB@ MJ < NDIB@ R€O JM NGA@ <O ?@KOC DI RCD&EIONG
=GJ>FN @IMN@?RI R<MN OKDxG A GNNO@INDJI<G <I? N@NEDHRS&ON

Neotectonics
2C@ NOFIA @@I0 ARGO HH@H@ON
Newtonian ( viscous) deforma tion
"@AMH<ODJI DI RCD>C OC@DIM®@ DNJKIMODJI<G OJ OC@NAM
Non-coaxial def ormation
"@AMH<ODJI DI RCD>C OC@DGERN<QT DI IMD@©ODJ! @ &0® OJ OCEBRIMH<O@MDQGN ODH@
Non-cy lindrical f old

AJG? DI RCD>C O@a |J GDI@ @GR @NKOBEG OJ <OB KDC@ NPNANI OC@MN 13J6? <SDN JMN N&DJIN
DIO@MM®@IB OCEBA © ?DE® IO KIDDN N&®>JI OWNODIB BE@OMD@N

Non-penetr ati ve fabric

A<=MD> OCHDN 1JO M@ @2VRC@®E DI OC@ M RC@| J=N@} P <O < B@I| NxG@?DQD?P<G A<=MD> KG<I@N JM GDI@N
><| =@ =PI O@<I? OC@ NK@N ®R@»| OC@H<t=@ ?DN@MI@

Non-rigid def ormation
"DGDJI <I? ?DNOQ@JI
Nonconf ormi ty

I PI> JIAJMHOr AMH@ =T OC@IPO<® =@ @»| TUPIB@M NN®@H@O<MNGI®< ?@KIQ@PKJI <I| @MI?@ NPMAG A
JG?@MTNDO<GGDKE M

Normal str ess

2C@ KMA OC@ EHDNMM GMODJIJI < KG<I@ OCX<®ON K@MK@1?D>PG<M OJ OC@ KG<I@
Oblate

2C@ NC<K@ ¢l @GGDKNJIDZRI® <SDN HP>C NOC@M OC<| OC@ JBO@MIMH<AG K<I><F@
Oblique-slip faul t

A<PGO OTHNCRN =JOC NDBI3#A O ?DK NGDK <I? NDBIANOMDRGDK

Offset

"DA@®@I>@ DI OC@ >RO3XODJI A < NPMARX)| @DC@M NDR@ ARGO <I DIMH<G O@NM A@K<®DJI
Onlap

2C@ @@DIINCDKANP>@NNOG TIPIB@M =@ O3 @0@I1? AAC@M BE&KCD=GIGJI OJ <I PI> JIAJMHOI NPMA@>
B@I@GMICKNM?P>@ =T KMNBM@NNBGPMD<CAUKIBMCT ?PMDIB @MBN@NNDJI
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Orien tation
2C@ <IBG@N 6@ | < NOMBP® <I1? < AAMH@ A @B I>@ OKD=GIG?@BI@ =T OC@ 10T <I? @EUBG ?@ODJIN
Orogenic bel t

0@BJIN RC@® OC@ BM GTINKC@MC<N PI?@M@ NCIVM@IDIB <N <@WPG@ K@@ HQ@H@ON PNPIGG
HJPI O<DIJPN JM HJRD<DIJPN DI OC@ K<NO

Orthogr aphic pr ojection

KMJIE@ODJI H@CJ? DI RCD>C NOOH@N @ KMEE@O@K@MK@I1?D>RE58MDJ < NC@ A K<K@IO @1 <>JHK<ID@
=T AG?DIB GDI@NOMPSDJIN

Outcr op

M@BJI JA BKIN@M>F <O OC@QE&EM@ ?<T @INDJI NPMAg>
Outcr op map

H<K JI RCD>C J=N@I¥ODJIN A BKIN@M>F OK@N <I? NONIPP@N @ @INe @
Outcr op-scale (M esoscopic) structur e

10MPOP®@ QDND=G@ DI JRxQD@@ #3@ NPMA@>ROCIPO JKGI><NNDN @ |>

Outlier

M@BJI JI < BQIGJB> H<K RC@IPIB@M N&A <@ IHKG@@GIPMRI?@? =T JG?@M KM
Overstep

M@@DIINCDK@EDIB Ne®k =@B XI PI> JIAJMHEOI OC® ?@N>MD=@N SC@CRIPIB@M NP@NNDJI@NON JI <
GMOmJA PIDN DI OC@ @M NP@NNDJI

Paleogeologic map

H<K J A NP=XM PIDON =@R&1? PI> JIAJMHOI OC@ B@B> H<K OCXRIPG? =@ KRP>@ DA <GB <=J@ <I
PI>JIAJMHOI R@& NOMDKKRT

Paraconformi ty

?DNJIAJMHOr RC@E® OC@ JI@D?@ 1@ M < ODH@ B<K DN ABO<DGXGI OJGIB=G MI@NOLEXI
Parallel f old

AJG? DI RCD>C OC@ OCD>RA@MRAM@<NPI# K@MK@I?D>PG<M OJTEND=CGRI?<MD@NHNO<IO
Pascal

AIM@ 31> @IOMDDII A |, GROJI K@M NLPEMH @@
Passive continen tal mar gin

OMINEDDJI IM =JPI?<WM=@R @@| >JI ODI@D<G <I? J&ID> GCINKC@WCX?J@N IJAIBI>D?@ RIT < K@ =JPI?<M
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Penetr ati ve fabric

A<=MD> OGN VM@ @RVRC@®& DI OC@M <N A<M <NI=@ J=N@W P <O < B@| NxG@7?DQD?P<G A<=MD> KG<I@N JM
GDI@NIXO =@ P O@

Phylli tic f oliation

. @I@NOOQ IGOBDJII DD@MRABO@ (W@ NGF >GE<B@ <I? N>CONQ@NIT@® DN 1J PIDRMN<G @M@O0 JI OC@
?@BIDDJI =POTRD=GG?@BI@ =T HDI@#5 BADIN =@ @@! <I? HH?D<H@ O@M

Pier cing poin t

2C@ KJID RC@<1 JIG?@M GMEOP® DD@MM®R < RGO
Pillo ws

<GGJJI GO NOMFP@NIMH@ =T MKD? >CDGGBIBE @MPKD@?@M RO@M
Pitch (rake)

-MD@DODJI A < GDI@ OGD@N DI < KG<IENM@ ANH OC@ NO@IMERODJI ROCDI OC@ KG<I@
Planar surface

NPMA<@® ROC 3INO<IO JMD@ODJINOM@KI? ?DK>JI OJPMN @M@P<GANK<&E? K<MGG@ GDRMGDI@N

Plate tectonics

OC@M ?@N>MD=DIB OB@G&IZ@ HI@H@ON A OC@ OCE BIKC@NPNDIB NDHKG@G@RHIBG <I? BAH@OMBS
H@DOCJ?N OJ ?@N>MD=@ Q@@ &0 A MDB K&G@N

Plume (Plumose) structur e
$@OC@BD® <I? x> @IOMD> HRIMBN JI EJDD NPMARN KIVP>@ ?PMDIB AMOP® KMK<B<ODJI
Plung e
4<GP@AIDI>GDDDJII A< GDI@ EPI® ?J Rl R<M Mo @&O@ OJ CIMDO<G
Pole to p lane
GDI@ OO<DN K@MK@1?D>PG<D@UKEI@
Porp hyr oblast

G<@ HDI@M BADI DI < H&<HIMKCD3:4¥ OC® C<N BRI ?PMDIB H@<HIJMKCDNH OJ =@ @%MDC<| OC @JWPNINB
H<O@MD<G

Porp hyr oclast

G<B@ HDI@M™ BNDI DI < H@<HIMKCD3>¥ OC® DN NBRIV@? =T AI@BMDI@ H<O@MD<ZRKMEP =T BMDI ND@
M@ZP>0DJI ?PMDIB 2@W#i<ODJI
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Positi ve flower structur e

I <MMKT JA 2RI R<M NO@K@IDIB R&ON @0 NDHDG<M@AMRED>BONG =GI>FN@NAN@PR<MN M @O 0J
OC@ NBRIVDIB <M@& OKD=G A GNNKMBNNDJI<G <I? NGMIGDRSON

Pressure
2C@ NO@AN@NN DI < IDJI<MAGPD? JM OC@IHN@ @ NN
Pressure solution
KC@IJH@I1JI RC@M@F HDI@#GN DI I <MD N@G@RG?DNNQE DI MONKJIIN@ OJ @OIM
Pressure solution clea vage
A<=MD> ?0@I& =T KG<I<M ?JH<DIN QZSMDBO@<N < d@NPGO KI@NNEBVNIGPODJI
Primar y fabric
A<=MD> OCIMDBO@<N OC@>¥ DNIMH@
Primar y structur e
B@IGJIB®> NOMPR MH@ <O OC@ N<H@ ODH@ <MPDIERED>CODNRA?
Primi tive
2C@ JPO@M-E@MJII < NG@B#AKCD> KH@ODJI @K@N@N < CIMDO<G KG<I@
Principal p lanes of str ess
2CMED HPOPIGGOMK@1?D>PG<M KG<(@mBKEIMD @Ik NC@V NONIN
Principal str esses
2CNER |IIMH<G NONN@NDBHB <GJIB OC@ KIG@N OJ OC@ KMDI>DKRIBG@BUENI@N J
Princip le of Original H orizon tali ty
2C@ KMDI>DKG@ aINO NON@M>FN RO®@ ?@KIB@DI GE@MN <KISDHO @B <MGG@G 0J OC@\HNNMMA>
Princip le of Superposi tion
2C@ KMDI>DKG@ Resm@M>FN AMH RIDC OC@ JG? @@MBBOC@ €H <I? TIPIB@NOXOC@ OJK
Profile p lane
2C@ KG<I@ K@MK@I1?D>PGIMGISDA
Progressive simple shear

OTK@ A 1JI> J<SD<GsR DI RCD>C < NDEE® KG<I@C@ NOBKG<I@I?@NJ@N 1J ¥OODJI ?DGRJI JM ?DNOIMI
AKD=G A NC@Gn W@N

prolate

2C@ NC<K@ 3l @GGDKNJDZRI® <SDN HP>C GJIB@M OC<| OC@GRIOTCAMII<AE >DB<M
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Protolith
2C@ JMDB:GMF AWH RCD>C < HO<HIMKCD3¥ R<N AMH@ =T OC@ €bJI A C@ K@NNEM<I? ?@MH<ODJI
Pseudotach ylite
+< O@MD<G H@EC@ODIB ?PMDIBRGO HI@H@D N OKD=GG?<M <I? Q@VMMDI@ BWDI@ IJM B5<NNT
Pull apart basin
GJ><GDR@EP=ND?DIB@RAMH®@ <O < @GEDIB =@I? J| < NOMDNGDWR&O
Pur e shear

NK@D<TR@ A I<SD<G AWA<ODJI DI RCD>C O@@ 1J ?00xJ| <I? DI RCD>C OC@@MA@O@ NOVI<SDN NBOK
OC@ N<H@ G@IBOC

pur e str ain
1J<SD<G ?@AH<0ODJI ?@MH<0ODJI DI RCD>C OQ@&F-M<O@MD<G DNQO @M BT OJ OCQ<ROREDN
Quadr ants

H@OCJ? A H@NPMDIB =@DIBN KJKPG<M DI OC@@BIDDO@N RC@MIBZ@N @VNK®@B@ >GJ>FRDN@ JIM
>JPI O@@J>FRDN@-AMM 1 OJR<MN @EC@M # IM#BB 1 #

R'-shear s

| ODC@D> 0R@G NEGN
R-shear s

1TI OC@D> 0R@G NEEN
Radial join t

(JDIO AMH@ DI JPOND?@ <| DBR® DOMPNDJI -MOI@&IDJI DN <KISDHO @EK@MK@1?D>PG<M 0J OC@ FIRARN@
DIOMPNDJI

Rake (pitch)

-MD@DODJI A < GDI@ OGD@N DI < KG<INMH@® ANH OC@ NO@DEBODJI ROCDI OC@ KG<I@
Ramp

' A<PGO O@MHDIGIER BJI RCO®@ < ARGO >PONING@MN DI OCGEEFMN
Refolded f olds

$IG?N OO<CQ@ =@| NP=E@ OJ < N@? AJG?DIB @20 KBPP>DIB < AG? DD@@M|>@ K @MI
Regression

2C@ B0 A OC@NEIH OC@ G<I? NPM@<>
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Relay ramp

M@BJI JA ?DNAIDUI =GR @1 OC@ ODKMRJI APGON RC&NGDK BNIGINE ANH JI@ A<PGO ODK 0J <IJOC@M
Releasing bend

=@I? DI < NOM@MNGDKRE&O QT KIPP>@N <3HKJII@! O A @O@INDJI
Repr esentati ve fr action

2C@ N=G@AI< H<K N@@<N < MODJA OC@ G@IBOE @OP® JI OC@ H<K OJ OC@ G@ABOC@ N<H@Or®@ DI OC@
MG RM5?

Restr aining bend
=@1? DI < NOM@MNGDKREO ATKIPP>@N <3HKJII@I O A NCIM@IDIB
Reverse drag fold
1 JI=NJG@@ O@NM A NMGGIOMEGE? IM RGO =@133@? AMH@ DI OC@ C<MB R<GCGAIk GDNOMD> IJIMPEG A<
Ribs
JI> @IOMD> MD?B@N SEKR@EB@MK@I?D>PG<M 0J C<>FG@NINPHAE><ND A KGPHIN@ NQN@b-
Riedel fr actur e (Riedel shear)

1H<GG ADP@N OO0<?@@GJIK D@NKIIN@ OJ @AM@N MGER KGN ?PMDIBGE BKKB<ODJI <I? HHQ@H@DO 0D@G?@G
NC@VN @ TKD=GRIMD@@<O W <I? W X OJ OC@ H<DP&O

Right-hand rule

| IMD@IOODJI H&NPMDIBIF> Q@I0DJI M KG<I@N G@! A<>DIB OC@ NDRIBODJII OC@ KG<I@ ?DRM MDB -M
?DK ?@ODJI DN X >GJ>FRDNB& AN@ MIBC<I? MPG@ NG@VEIEMODJI

Rods

*DI@&M A<=MD> @ GONGO<@ @GJIB®@ >JI ODIPJPN ?JH<DIN
Rollo ver anticline

A<PGO =@13@? AMH@ DI OC@ C<MB R<GGAI< GDNOMD> IJIMP&G A<

Roof thrust

2C@ PKK@GEAA < OCMPNO ?BREHCP@
Rotation

IC<IB@ DI IMD@I©ODJI TKD=GCH@NPI@ DI ?@BERN <=JPO < KGDHPG<M <3DMDODJI
Rotational def ormation

"@AMH<ODJI ?PMDIB RCD>C OCA@NGEIN G@ J0O@
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S-plane

$JGOIBDJI DI < NGE® W@ IMD@@J=GDLP@ OJ OC@NNT@ =JPI?<MT MOKE&N@DIB G@NNME&® MOBJIN AM
OC@ #M>C RINP N>CDNOQ@NYD

S-tectoni tes

NONIB N@JI?<MT KG<I<M A<=MD=@B3DJI 2C@ 1 DNMAN>CDN@IND
Scalar

KC TNDB=G LP<OO OC® x| =@ \WK@N@@=T < NDIB@ IPH=@M
Schistosi ty

. @@NMODQIGOIBDII ?2@A@ =T HDI@#G BADIN 3I<MN@M OC<I W HH JI<MB&DI@ Q@ MNDJIJAINGK >GE@xB@

Secondary structur e

NOMPOP@® MH@ R @ GCGO@M OQgF il RCD>CIDN 3PMN
Section balancing

M@K<®DJI A BJ >JINDNO@I>INN N&DDJIN NRDIB OC@ B@EIOM =@MD <I? <®@M I®H<ODJI | DHKIMD<IO
K<ND A >C@&FDIB >WNN N&DJIN OTMBC OCMPNO =@GON

Separation
2C@ ?DNO@=@ @@ ®@J APGO >PAIGDI@N HNPI® DI < NK@bb@?DpODJI JI < ARPGO NPMA<>
Sequence
K<>F<B@ A NGk =JPI?@ <=JQ@ <I? =@®J=T PI>JIAJMHDD@N
Shatter cone
> JID><G EJDINPMA@=D<BIJINOD*»DHK<G NOMPEB@N A@| ?@MO@RODC KGPHIN@ HENBN
Shear fr actur e

AMSOP® RC@IOCR IR <GGN@& NGD? K<ReC@OC@M IM@ JM G@NN NTIJIJHIPNORB RGO =PDKD=CGGPN@
AM NH<GGI@HOP@®N A OC@ #3WI<I? JA BK@MDHEBIGECG@MH@ M>FN

Shear str ess
2C@ K<MA OC@ @M GMODJIJI < KG<I@ OGX<ON K«\G@G 0J OC@ KG<I@
Shear zone

2C@ ?PODGIPERGE@ A < ARGAI® =@GOAI?PODGC@IMBIKODJII <>MN RCD>C HI@H@D C<N<PN@NDBID¥I O
JAMN@=@rR@»| OC@ROND?@N 1NEUI@N <i@® TKDGIGAMH®@ <O ?@KOCNEBMM OC<|GMEEP&ON

Sheath f old

AJG? CQDIB <N@OB! G >PN)@ CDIB@ NJ OCOC@QB@OVINON@H=-G@DNB@MXK B@ 1JH@ODH@NGGE@JI?JIH
AG?N
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Sigma porp hyr oclast

NOMPOP@ MH®@ =T AGOIBDJII OCXNKRDKN IMI? < KIMKCTM>G<NOMHDIB >P@&@ MCIJH=D> NC<K@ DI2DBIB OC@
N@IN@AINCE

Sill
0O<=PG<M DBR® DOMPNDJI RC@&M<BH< C<N DIMPZAK<MGG@G GIONOMOC@ CIBKFM
Sim ple cr ater
>M<O@MBO ROC NDHKG@ EINC<K@ <IRIN@VDHN RP<G&@NN OC<I| FH DI ?D<H@EM
Sim ple shear
OTK@ A 131 > J<SD<G 2WIN<ODJI DI RCD>C K3b-GC@NEI<GJIB GDI@NKGWE@ G OJ O IBG<I@
Sinistr al

@O GR@IG H@HA@D PEI® OJ <I I=N@EM GJIFDIBRAI? < APGO JM NG@I@ OC@ A<M ND?@<MKK@ G@
HJ Q@ G@A

Slick enlines

1>MO>C@NOMDS@D=@N J| OC@PA0 NPMA<L2D><0@ ?@DJI A |@ NGDK
Slip

2C@ ?DNK@&@@0 @0OIM A < ARGO
Slum p structur e

NJ 2O NePH@O NOMPBR@ MH@ DI N@DH@ON ?@KIN@JI < NGIJK@ OO<PI?@BI ><O<NIRCD> NGIK@ AG@GPM
HJ Q@ PI?7@M OC@hbR@I@ A BMQOX @?N H<T =@ OOBGAG?@ =JP?DI<B@ JM =JOC

Small cir cle
GDI@N JI < N@GE®O OCXig>C AN @<NO OJ&NO @DEDI@N@EOP?@
Sole mar king s

1@DH@D<VMNOMBP@N NP>C <GRO@ <I? BM@ <NON @WN@® RC@! x)<MN@ NIBI@0 DN ?@KOE@MAKD G <
HP?? T NP=NQ®I@

Ster eogram

NO@@BMKCD> KE@ODJ| A < BESJBD> NOMFR® JM NODPBN KR@MAPG OJVGNAGDIB B @OMD>JXIG@HN DI
NOMBPH¥G B@JE

Ster eonet

BMD? A >PN@N OC@ @LPDQG@ A < KMOM>OIMBN@ OJ H@ENPI® <IBS@N JI < N@BMKCD> KB@&0ODJI
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stisho vite

CDBC KMONNEMGIE@BJI<G KITHIMKC A LP<MU DI RCD>C NDGB>DI J:O<C@4G 3JIM?DI<ODJI NPNRI?@? =T NDS
JSTB@I| OJHN

Str ain
IC<IB@ DI ND@ <I? NC<K@D@3DJI <I? 2DNOIDJI
Str ain axes

2CMeER HPOPJIGIKK@MK@1?D>PG<M GDI@N<DI @RBGRKNGXENM @DIB OC@ H<SDHPH HDIDHPH <ID@MREO@
NCE@>C@N <GNJ OC@ KJIG @D BLREN ImVNCEV NeM

Str ain ellipse

2C@ NC<K@ & ?@NMH@ >DM5 @ QT3IMDB<FGC<? PIOD M?DPN
Str ain ellipsoid

2C@ NC<K@ & ?@NMH@ NKC@OG:IMDB<JGC<? PIID MP?DPN
Str ain parti tioning

"@AMH<ODJI DI RCD>C NDMDN @@B@I@PN <I? ?DAQ®IO K<®IN 4 OC@>¥ NCR ?DAD®@IO K<®N 4 OC@ KDIM
CDNOIM

Str ain r ate
10KDI K@M RIDODH@
Str ain r atio

2C@ %0ODJ ®@| OC@ GJIB <I? NCIMSDMIDC@ NONDGGDKNI® G@D@ H@NPI@ A OC@ <HJIRI A ?DNGIDUII DI
GRJ ?DH@INDJIN

Str atified
-MB<IDN@DI GF@MOCMD<OCO Ra@ JIMDBGCBCIMBDUO<G
Str atigr aphy
2C@ NOPJIA OC@B#IDUSDJI <I? CDNOCINA NQUDM@M>FN
Str ess
$IMN@ 31> @IOKDDJII IMIN-@ K@M BIR@& <GNJ OC@E>>@IONDDJI A <GG OIME@N <ODIB © < KIJDD RDCDI OC@ 84
Str ess axes
2C@ ?@ODJIN A OC@ KMDI>DK@N@W <GNJ O@@DDNIA OC@ KIG@N OJ OC@ KMDI>DKAGIKBEKNDON J
Str ess ellipse

2C@ @@GIK@ DI < KGA@GG OC@NRENHODJIING>ODIBO < KJOD GNJ OC@ @GGDKNEOCG@ KMDI>DKaGN@M
<N ON <@N
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Str ess ellipse (2-D) or Str ess ellipsoid ( 3-D)

2C@ @@GJIK@ DI "A<GG @OMA@MWHODJIN<>0ODIB® < KJDD GNJ OC@ @GGDKpRIB 3@ KMDI>DKaGIN@MQN D
<S@N

Str etch
H@<NP@ A GJIBDP?DI<G NOM&P<G OJ OC@IMEELR G@IBOC ?DQBAAC@ JNIDES G@IBOC
Str etching linea tion
*DI@M A<=MD>DI@AT @GJIBR@?JH<DIN KM?P>@ =T @O@INDJI
Strik e
UDHPOCAJ< CIMIIUD<G GDI@3&EB3@N DI < KG<I@
Strik e separation

2C@ ?DNO@><GJIB < RGO H@PI® DI OC@ @MDJl A ARGO NARIBHR @1 ®RJ >POM GDI@AN OC@ N<H@RI®
NPMA@>

Strik e-slip faul t
A<PGO DI RCD>C QH@&X}#@! O A NGDK KE@G 0J PGQ NERBFA@PN OC3 K<kGG@G 0J ®GO ARBK
Structur al geology

2C@ NOP?JA NOMPP@N RICDI OC@ ®&M<I? OC@DM DMMIB KM>002 NOMMPNG B&JH H<DIG A>PNN@N JI
N@JI?<MT NOMPP®@N <I? OC@ I@A<ODJII Kit @NN@NOBIH@ OC@H

Structur e contour

> JI OJPM =<R@ OC@ @G@DJ| A < B@IJB®=G NPMA&>N@KDIB COBM <I? RI@M KEW A OC@ NPMA<>GDI@
EJDIDIB KJ@N A @P<G @@@DJI JI < B@GIBx=G NPMAR>

Subcr op

A@OP® JI <I PI> JIAJMHOI NPMA@MH@ RC@® OC@ FIAJMHOT >PONA DO@MT@I< JG?@M¥ PIDO JM
NPMA@

Subcr op limi t

GDI@ JI <I <IBPG<M PIHAIJMHOI NPMA@> H<FDIB OC@ =JPI7KNA <| JG?@M RIDDEX RN K<MDIC@HIQ® =T
@JINDJI <O OC@ RIK\IMHIOIr NPMA@>

Subsurface
2C@ @BJI = @®WOC@ #€MN OJKIBMCD> NPM@x>
Suevite

ADI@ B¥DI@ M>F RIDC < =@>D< CGOP® 3INDNODIBAJ< HDSOBVA N-F AMBH@ION 8<NN <I? HQGQA7RM@
?PMDIB DHKEON 4 BONMO@MNNOMD<GONE @
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Surface tr ace
2C@ GDI@ <GJIB RCD>Ue Hgs<G NPMA&AED @ MM® OC@ OJKIEDD> NPM&x<>
Surface tr ace (outcr op tr ace)
2C@ D@MN®J! A < BEEIB=G NPMARDC OC@ OJKIBED> NPM@&X>
Syncline
AJG? RC@OC@PIB DIB ?D@ODJI DN RIMN OC@oi@ A OC@GY
Synform
AJG? RC@OC@ GDH=N BN OC@ CDIB@ <I? QG@+GIN@NRPR<N?
Syntaxial v ein

Q@DI RC@BK@D®@ >M>FDIB C<N IPME& DI OC@ @@ A OC@a®! <I? HDI@Ns B=@N <@ TKDx=GIGDI
>MNO<GGIBED>3t ODIRD RIDC OC@<BMN DI OC@BG M

Synthetic Riedel shear s (R-shear s)

SMSOP@N OOMMH <O X OJ < RGO R OC@ N<H@ NGAN@GNK@&H @D <N OC@B©
Tabular miner al grains

. G IM <@ NC<KHDI@NG BWWIN@ B HB=>0CO <@ JO@I| <GDBI@J KNPP>@ < A<=MD>
Tectonic w edge

K<DM A JKKIND@@@BI@0D OCMPNONDGIE@D DI OC@ NP=NR®A<>

Tectonic windo w (Fenster)

-1 <B@ JGIB®> H<K <I <& JA AICR<GG ATBN @IWGNPMKI?@7? =T C<IBDIB R<GG
Tectonics

2C@ HOCE@H3BG NOPJA NOMPR@N JHHJIIG T <KKGR@J GH® N2GC@ HJ@H@ON 4 OC@GINKC@MWI? OC@
NOMBP@N OO-OC@NQETKMP>@ KGO@ &@ID>N

Tensor

KC TND:G LP<OOF OC® @MD@N DI HBR?@ RIT JMD@DDJI <I? =<| =@ MKEN@@=T <| @GGDKN@ JM @GGDKNJID? IM
=T < NLP<@ HOMD® JPH=@MNLOMDBNK@FDIB OCDN R@DJI ?@N>MD=@N < 2@ O@INIJM NZEIM O@INIMA <M
Co® @@NMBOJ <N @OJIJMN

Thr eading con tour s
2C@ KM @NNAJI?MRDIB =JI OJPMN N@#GIMB CCBIM <I? RI@MCGP@N
Thr ow

2C@ @UIB:G IHKII@!1 O A ?DK N@KemJI
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Thrustr egime
NOMNN@BH@ DI RCD>C OC@ HDIDHPH KMDI>BKNGDEMBGC EMN@GONE@MHHJI
Tip line
2C@ GBiI@=JPI?<M <O OC@E@® A < AMOP®@ NPMAZ>N@K«DDIB AMOP® ANH PIAMK>OP@® M>F
Topogr aphic con tour s

1J1 OJPMN GZNCR OC@ @&@mJI <I? NC<K@AJIOC@ G<I? NP@AKH OJPMN CZN@K«M@ KIDN A COBAM <I? RidM
@G@EDDJI

Topogr aphic surface
2C@ G<I? NPM@A OC@ #3®!
Trace
2C@ GDI@®MMN@ =T OC@ O@MN@JI A < BEBIB®> NPMARROC OC@ OJKIBOD> NPM@<IM < IMN N&DDJI
Traction
$IMN@ K@M PIB@ <GNJ FIRI <N NO@NN
Transform faul t
NOM@EFNGDHR&O QTBON <GNJ <K@ <JIPI?<M
Transgr ession
2C@ <&I> @ A OC@N@OM OC@ G<I? NEMA<>
Translation
IC<IB@ DI KINODJI
Transpr ession
> JH=DI<ODJI A NOMIDRGDK <I? NQ®IDIB
Transtension
> JH=DI<ODJI A NOMIDRGDK <IB@@INDJI
Trend
2C@ <UDHPOER J GDI@ K¢PI@® DI OC@ @®DJI A ?RI R<M KGPIB@
Trough poin t
2C@ GRI@NO KIDUI OC@ & A < NTIAMH
Trough surface

NPMA<@ 31 O<DIDIB HPGODEBGHIMBC GDI@N
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Unconf ormi ty
| <I>D@I O NPMA@=A @MDJI <I? IM 131 ?@KINDODJI OCXDI?BO@N < B<K DI OC@REMCD>@IMNP
Varian t f eatur e
A@OP® DI <}s? O@Xx>C<IB@N @0 JIMD@DDJI
vector
KC TNDB=G LP<OOr OC® C<N H<BIDP?@ <I? ?@0ODJI <I? <| =@ \DKEN@@=T <| <MNIR
Vein
| EJDI O O@GDNDSTRIDC HDI@KN TBD=GIG? @ KINERANH BMIPI? R<O@M
Vergence
2C@ ?@ODJI DI RCD>QHN @M OC@ NPI@ACED HIQ®R M &0 OJIHFN ?@K@MRD
Vertical exag geration

"@N>MD=@N OC@ QGDBIGHM >INN N&DJI DI RCD>C OC@M:=6G <I? CIMDUO<G NB@N@MIO @P<G 2CaaMiBG
@<BB@WDJI DN OGOIM ®@2| OC@ G@I|BAOC@H@N@ODJI A < @UDBG PID GDI@ <I? O@K@N@ODJI A <
CIMDU O<G PMGDI@

Viscous (N ewtonian )
?@AMH<ODJI HI?@ DI RCD>C OC@MNGKA@ DNJKIMMODJI<G OJ OC@NAM
Wrench r egime
NOO@A N@MNN DI RCD>C OCO@MREO@ KMDI>DK<@WMODRW@BG OMBDFNGDREONE@MVHHJI
Xenolith
KD@@ A CINQX OC® DN NBMM@? =T <I DIOMPNDJI
Zenith

2C@ COEANO KIDJI < NKC@MB>IM >B#® NPMA@
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