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Shear Sense (Kinematic Indicators)

Ductile
Deformation —_——

White et al. 1986




Shear Sense (Kinematic Indicators)

Preexisting Markers







Shear Sense (Kinematic Indicators)

SC - Structures




Shear Sense (Kinematic Indicators)

SC — Structures
(Igneous Rocks at
Low-Medium Strains)



SC = SC’ — Structures

(Igneous Rocks at
High Strains)
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Shear Bands
(Micaceous Rocks)




. _ Crenulation axes
Lineation
on C-surfaces

Shear Band Geometry




Shear Sense (Kinematic Indicators)
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C'-type shear band cleavage
o€ Julovitn dgixvel OCI00TPOPN Yopd
d1aTuNONG. Toun KABETN 01N GUAAWON Kal

I Ve e
[TAPOUAATNAT OTI) DO Ofr} KTQOT]













Shear Sense (Kinematic Indicators)

chl + epid + akti + Ab (+ qtz)

D1: == T=580-700°C, p=16-19 kbar
D2: == T=320-350°C, p=5 kbar




L KESES
4 g \\XYJ?. =3

O
@)
L

. Shear Bands,

SC structures




ECC versus CCC

ZUupuTTIECTIKOG MTUXOOXIOUOG
Compressional Crenulation Cleavage (CCC)

E@eAkuoTiKOG MTUXOOXIOHOG
Extensional Crenulation Cleavage (ECC)

MOP®OAOTIIKEZ AIAGOPEX

H ywvia petagl tng TTaAaidtepng @UAAwONG kai Tou CCC
a1 459 éwg 90°.

H ywvia petagl tng maAaidtepng @UAAwonNG kai Tou ECC
AlyoTepo atrd 459,

O1 mrruxéc TG TTaAaIdTEPNG QUAAWONG TTapoucialouv
MEYAAO €0pOG, o€ oxéon Ye TNV amoéoTaon Twv CCC.

O1 mruxég tng TaAadTEPNG QUAAWONG TTapoucialouv
MIKPO €UpOG, o€ oxéon We Tnv améoTaon Twv ECC.

Ta CCC eTmitreda akavovioTa aAAd SIapTTePH.

Ta ECC eTritreda opaAd, Bpaxéa Kal avacTOUOUUEVA.

To éTpwpa cuvABWG TITUXWHEVOG QUAANITNG.

To méTpwpua cuvABwG PUAoviTNG 1} QUAAOVITNG.

KINHMATIKEZ AIA®OPEX

O1 CCC em@adveleg oxnuaTilouv HEYAGAN ywvia e TN
dielbuvon TG  PBpdxuvong (yUpw ot 909 kai
QVTITTIPOOWTTEUOUV [Ia QUAAWON TTou TTpoOoEyyilel TN
d1euBbuvaon Tou fabric attractor (BATT. kKe@. 2).

O1 ECC em@dveieg avatmrtuooovtal AoEd w¢ TTpoG TN
d1evbuvon NG Bpdxuvong Kal avTITIPOCWTTEUOUV [ia {wvn
TTOU XOpaKTNPiZeTal atTd £VTOVN UN-OUOAEOVIKI PON.

2uvnBwg n pia cuvioTwoa TnG Bpdaxuvong KABETN OTIG
emeavelieg CCC.

2UuvNBwg n pia ouviIoTWOoA TOU EQPEAKUCHOU KABETN OTIG
emeaveleg ECC.
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Dynamic recrystallization of quartz,
reflecting last part of deformation
history.

Oblique Quartz Fabric







Lattice Preferred Orientation
(LPO or CPO)

C — axis Fabrics

Lineation/

Low temperature Medium temperature: High temperature (>650 °C:
(300-450 °C): more prism <a> slip prism <c> slip
Basal <a> slip (slip along c-axis)




Recrystallized clast material

Mantled Porphyroclasts




._'.’a'}.\.a-,'_ o .
ST e —
—..'_‘”<t:_-i ¥ -.‘ .
I 4'1-'-"".“ o, -
.~

. 0
e -’\‘C’ y
-

o ,.'w‘;'

Manteled
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Shear Sense (Kinematic Indicators)
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Shear Sense (Kinematic Indicators)
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Shear Sense (Kinematic Indicators)

Strain

Shadows ﬁ.—

Asymmetric guartz strain shadows around feldspar porphyrociast, showing
g-type geometry. Click to see strain pattern (simple shear, y=4)

numerically modeled by Samanta et al. (2002).




Shear Sense (Kinematic Indicators)

Porfyroblast
Inclusion
Trails

Inclusion trails formed by syntectonic {synkinematic) porphyrobiast growth.




Shear Sense (Kinematic Indicators)

Quarter Structures




Asymmetric Boudinage

"

Possible development of asymmetric boudins in a
shear zone.




Shear Sense (Kinematic Indicators)

.

Extended granitic layer in dextrally sheared biglitezamphibole ‘
layer. The angular boudins are displaced b

Quartz vein in metarhyolite. The vein has bee
= (partly boudinaged) and the individual segments aredack-
Quartz pod, back-rotated with(asymmetric tails, rotated relative to the general foliation in the rock.

Asymmetric
Boudinage




Shear Sense (Kinematic Indicators)

Strain Transfer
(Overlap Systems)




Shear Sense (Kinematic Indicators)

Asymmetric
Folds




Asymmetric Folds

Thrusting (high strain) forms foliations located within the extension feld
(black), When sense of shear is reversed, this becomes the shortening
field, and folding is on. An incremental strain ellipse and 154 are shown.




low strain lens Sheath Folds

mylonit¢
zone

oblique folds

lincation

thin section cut thin section cut
normal to the paraliclto the
streching lincation streching lincation
(not suitable to | (suitableto
deter mmine shear datermmine

sensce) shear sense)




Shear Sense (Kinematic Indicators)

Sheath Folds
Eye Folds

Tectonic Fish




Sheath Folds




Sheath Folds




Shear Sense (Kinematic Indicators)

R,R,P, T

Faults and slip surfaces may show subsidiary
shear fractures that develop before, but also
during, the main slip event(s). Again asymmetry
is the key, and the animation shows how the
different types are oriented with respect to the
main slip surface {M).

Brittle
Deformation

Riedel Shears i vl T ol O e
Early stage fauiting in sandstone. Click! Advanced stage fauiting fn sandstone. Click!

A—_

n- Arnimation showing how R {Riedel), R’ and P shears can
form at incipient stages of slip. Their orientation relative
fo M can be used fo determine sense of slip.




Shear Sense (Kinematic Indicators)

R,R, P T

Faults and slip surfaces may show subsidiary
shear fractures that develop before, but also
during, the main slip event(s). Again asymmetry
is the key, and the animation shows how the
different types are oriented with respect to the
main slip surface (M).

Riedel Shears

Animation showing how R {Riedel), R'and P shears can
form at incipient stages of slip. Their arfentation relative
fo M can be used ta detenmine sense of siip.




Shear Sense (Kinematic Indicators)

R R,PT

Faults and slip surfaces may show subsidiary
shear fractures that develop before, but also
during, the main slip event(s). Again asymmetry
is the key, and the animation shows how the
different types are oriented with respect to the
main slip surface (M).

Animation showing how R (Riedel), R' and P shears can
form at incipient stages of slip. Their orfentation relative
to M can be used ta determine sense of siip.




Shear Sense (Kinematic Indicators)

R,R,PT

Faults and slip surfaces may show subsidiary
shear fractures that develop before, but also
during, the main slip event(s). Again asymmetry
is the key, and the animation shows how the
different types are oriented with respect to the
main slip surface {M).

Riedel
Shears

Animation showing how R (Riedel), R and P shears can
form at incipfent stages of slip. Thefr orfentation refative
to M can be used to determine sernse of slip.




Shear Sense (Kinematic Indicators)

Veins
(Feather Joints
Fractures)




Test avayvwpiong KIVHHATIKWY OEIKTWYV

Click image to get interpretation.

AITA6 KAIk
aTnVv EIKOva
yia va &¢ite Tn Auon




JV OEIKTWV

Test avayvwpioneg
KIVNHOTIKWYV

Click image to get interpretation.

% @ AimmA6 KAIK
! aTnVv EIKOva

yia va &¢ite Tn Auon




JV OEIKTWV

Test avayvwpioneg
KIVIHATIKWYV

Click image to get interpretation.

% @ A6 KAIK
! aTnVv EIKOva

yia va &¢ite Tn Auon




Test avayvwpiong KIVHHATIKWY OEIKTWYV

Click image to get interpretation.

AITA6 KAIk
aTnVv EIKOva
yia va &¢ite Tn Auon



Test avayvwpiong KIVNHATIKWY OEIKTWV

Click image to get interpretation.

AITA6 KAIk
oTnVv EIKOvVa
yia va &¢ite Tn Auon
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Test avayvw
KIVIHATIKWYV

Click image to get interpretation.

AITA6 KAIk
-1 ornv gIkéva
yia va &¢ite Tn Auon



JV OEIKTWV

Test avayvwpioneg
KIVIHATIKWYV

Click image to get interpretation.

% @ A6 KAIK
! aTnVv EIKOva

yia va &¢ite Tn Auon




JV OEIKTWYV

Test avayvwpiong
KIVIHOTIKWY

Click image to get interpretation.

AITA6 KAIk
oTnVv EIKOvVa
yia va &¢ite Tn Auon
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Click image to get interpretation.

AITTAG KAIK
aTnVv EIKOva
yia va &¢ite Tn Auon




AITTAG KAIK
aTnVv EIKOva
yia va O¢€ite 1n Auon




JV OEIKTWYV

Test avayvwpiong
KIVIHATIKWY

Click image to get interpretation.

AITA6 KAIk
aTnVv EIKOva
yia va &¢ite Tn Auon



Test avayvwpiong KIVNHOATIKWY OEIKTWV

Click image to get interpretation.

AITA6 KAIk
oTnVv EIKOvVa
yia va &¢ite Tn Auon
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Click image to get interpretation.

AITTAG KAIK
aTnVv EIKOva
yia va &¢ite Tn Auon
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XpNUaToo0TNON

To TapoVv eKTTAIOEUTIKO UAIKO £XEI avaTTTuXBEi 0TO TTAQICIO TOU
EKTTAIOEUTIKOU £pYOU TOU OIOACKOVTA.

To €pyo «AvolkTa Akadnuaikad MaBiuarta oto MNavemioThpio
ABnvwv» £xel xpnuUaTodoTroEl JOVO TNV avadiauopPwaor Tou
EKTTAIOEUTIKOU UAIKOU.

To €pyo uAoTtrolgital oTo TTAQiolo Tou ETTixeipnoiakou MNpoypduuaTog
«EkTTaideuon kai Aia Biou Mdbnon» kail cuyxpnuatodoTeital atro
TNV EupwTraikn ‘Evwaon (Evpwtraikd Koivwviko Tapegio) kal atro
£0VIKOUG TTOpOUC.

EMIXEIPHZIAKO MPOIrPAMMA
EKI'IAlAEYZH KAI AIA BIOY MAGHZH

YNOYPTEIO NMAIAEIAL KAl BPHIKEYMATON  EvPONAIKO KOINONIKO TAMEIO
EvpwnaikiiEvwon EI!AIKH YMHPEZIA AIAXEIPIZHE

Ei (KO K 6 Tapeis
et b Me tn cuyxpnpatodotnon g EAAGSag kat tng Evpwmaikig Evwong
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2 NUEIwpa loTopikou EKOOTEWY
‘Epyou

To Tapov £pyo arroTteAei TNV €kdoon 1.0.
‘Exouv TTponynBei o1 KaTwOI eKOOTEIC:
» ‘Exkdoon diaBeoiun €dw http://eclass.uoa.gr/courses/GEOL143/



http://eclass.uoa.gr/courses/GEOL143/

2 NUEIWPA AVO@POPAG

Copyright EGvikov kai KatrodioTpiakov lNavetmoTtriuiov AGnvwy,

2 TUAIaVOG AGCIog 2015, 2Tuliavog AGCIoG. « MIKpOTEKTOVIKN - TEKTOVIKN
AvaAuon. Evotnta 1: Kpitipia diatunong». ‘'Ekdoon: 1.0. ABrRva 2015.
Al0B€o1yo atrd Tn dIKTUaKn dlEuBuvon:
http://opencourses.uoa.gr/courses/GEOL102/



http://opencourses.uoa.gr/courses/GEOL102/

2 NUEIWPA AOEIOOOTNONG
To Tapov UAIKO diaTiBeTal pe Toug 6pouc TG adelag xprions Creative Commons
Avagopd, Mn Eutropikr) Xprion MNapoéuoia Aiavoun 4.0 [1] ) ueTayeveoTepn,
AigBvnc 'Ekdoon. ECaipouvTtal Ta AuTOTEAN £€pya TRITWV TT.X. PWTOYPAPIEC,

OlaypAupaTa K.ATT., TO OTTOIO EUTTEPIEXOVTAI OE€ AUTO KAl T OTTOIA avapEPOVTAl
Madi JE TOUG OPOUG XPNONG TOUG O0TO «Znueiwua Xpnong Epywv Tpitwv».
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X OLOUADN ALO oyjye \/ DOPO OU PDYOU C OLOOLKTUOKO LOJLO

O Swaovyo¢ pmopel va rapexeLl otov adelodoyo Eexwplotn adeLa va XpnOoLLLOTIOLEL TO £pYO yLa
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suno?ﬁ xefion, ew QTo nTnOEL. -
0/ < E



[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

AlaTAPNON 2NUEIWPATWY

OTroladnTroTe avatrapaywyn n dlackeun Tou UAIkou Ba
TTPETTEI VA OUMTTEPIAAUPBAVEL:

" TO 2NMEiwpa Avagopdg

" TO 2nueiwpa AdeiodoTNONG

" TN ONAwaon Alatnpnong ZNUEIWPATWY

* 10 2nueiwpa Xprions Epywv Tpitwv (edoov uttdpxEr)
uadi JE TOUC OUVOOEUOHEVOUC UTTEPOUVOETOUG.




2 NUEiwpa Xpnong Epywv Tpitwy (1/4)

To Epyo auto KAVEL Xpon TwV akoOAouBwv Epywv:
Ewkovec/Zxnpota/Awaypappata/Pwtoypadleg
Ewkova 1: Copyrighted.

Ewikova 2: Copyrighted.

Ewikova 3: NMpoocavatoAlopnoc Topwyv yla mapatripnon Kivnuatikwyv AsKTwy.
Copyrighted.

Ewkova 4: Ductile Deformation, White et al. 1986. Copyrighted.
Ewkova 5: Foliation. Copyrighted.

Ewkova 6: Foliation. Copyrighted.

http://geode.colorado.edu/~structure/teaching GEOL3120/coursenotes/Shear%?
Ocriteria.pdf

Elkoveg 7-8: SC — Structures. Copyrighted.



http://geode.colorado.edu/~structure/teaching_GEOL3120/coursenotes/Shear criteria.pdf

2 NUeEiwpa Xpnong Epywv Tpitwy (2/4)

Ewkovec 12-13-14: Shear Band Geometry. Copyrighted.
Ewkova 15: S/C fabrics. Copyrighted.

Ewkova 16: C'—type shear band cleavage. Copyrighted.
http://www.brynmawr.edu/geology/204/SZ.pdf

Ewkova 17: Copyrighted.

Ewkova 18: S-C Fabric in Mylonite. Copyrighted.
http://www.rci.rutgers.edu/~schlisch/structureslides/SCfabric.jpg

Ewkova 19: Copyrighted.
Ewtkovecg 20-21-22: Mica Fish. Copyrighted.
Ewtkova 23: S-C Fabric. Copyrighted.
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http://www.brynmawr.edu/geology/204/SZ.pdf
http://www.rci.rutgers.edu/~schlisch/structureslides/SCfabric.jpg
http://geode.colorado.edu/~structure/teaching_GEOL3120/coursenotes/Shear criteria.pdf

2NueEiwpa Xpnons Epywyv Tpitwy (3/4)

Ewkova 24: Mantled Porphyroclasts. Copyrighted.
http://www.brynmawr.edu/geology/204/SZ.pdf

Elkoveg 25-26-27-28-29-30: Manteled Porphyroclasts. Copyrighted.

Ewkova 31: Manteled Porphyroclasts. Copyrighted.
http://www.brynmawr.edu/geology/204/SZ.pdf

Ewkova 32: Fractured Porphyroclast. Public domain.
https://commons.wikimedia.org/wiki/File:Pic3-1.1.jpg

Ewkova 33: Fractured Porphyroclast. Copyrighted.
http://www.rci.rutgers.edu/~schlisch/structureslides/fracturedclast2.jpg

Ewkova 34: Stacked Porphyroclasts. Copyrighted.
http://folk.uib.no/nglhe/PhotoAlbum/Shear%20zones,%20Chapter%2015/index.h



http://www.brynmawr.edu/geology/204/SZ.pdf
http://www.brynmawr.edu/geology/204/SZ.pdf
https://commons.wikimedia.org/wiki/File:Pic3-1.1.jpg
http://www.rci.rutgers.edu/~schlisch/structureslides/fracturedclast2.jpg
http://folk.uib.no/nglhe/PhotoAlbum/Shear zones, Chapter 15/index.html

2 NUeEiwpa Xpnong Epywv Tpitwy (4/4)

Ewikova 36: Sheath Folds. Copyrighted.

Ewtkova 37: Sheath Folds. Copyrighted. http://www.eri.u-
tokyo.ac.jp/people/ichihara/vp2007plan/15ShearZones.files/Figl2 29.ipg

Ewkova 38: Cross-sectional view of sheath folds, Naxos, Greece. Copyrighted.
http://www.rci.rutgers.edu/~schlisch/structureslides/sheath.gif

Ewtkova 39: A sheath fold. Copyrighted.

http://www.see.leeds.ac.uk/structure/assyntgeology/geology/deformation/moin
e deformation/moine08.jpg

Ewkova 40: Riedel Shears. Copyrighted.

Ewkovec 41 €wc 54: Copyrighted.
http://folk.uib.no/nglhe/PhotoAlbum/Shear%20zones, %20Chapter%2015/index.h



http://www.eri.u-tokyo.ac.jp/people/ichihara/vp2007plan/15ShearZones.files/Fig12_29.jpg
http://www.rci.rutgers.edu/~schlisch/structureslides/sheath.gif
http://www.see.leeds.ac.uk/structure/assyntgeology/geology/deformation/moine_deformation/moine08.jpg
http://folk.uib.no/nglhe/PhotoAlbum/Shear zones, Chapter 15/index.html

