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9 Ductile style, e Ductile style,
brittle (frictional) brittle (frictional) plastic mechanism
mechanism mechanismn

Y1rdpxouv dUo TUTTOI (OTUA) 1] XAPOAKTAPES TTapapoppwonc (deformation style):
O Bpauciyevnc (brittle) kar o 6Akiuog (ductile).

O Bpauaciyevi TUTTOC UTTOPEI va TTPOEABEI HOVOo aTTd Bpauaiyevr unxaviopo (Eik. 1).

O OAKIJOGC TUTTOC TTAPANOPPWONG MTTOPEI va TTPOEABEI TOOO atrd Bpauaiyevr hNXaviouo
TTapauopewong (brittle, Eik. 2), 6co kai a1té TTAaoTIKO (plastic, EIk. 3).

Brittle — Ductile - lNMAacTiko - ©@pauciyevig




Brittle mechanisms involve mechanical or In a brittle shear zone grains flow through:

What deformation mechanisms ittle?
s s M heitiie: frictional deformation of grains. There are
three such modes of deformation at the ® Granular flow (no grain fracture)
grainscale: ® Cataclastic flow (abundant fracture)

® Frictional grain boundary sliding
— ® Rigid rotation of grains

® Grain fracture

h Granular flow (non-cataclastic):
grains remain intact.

Cataclastic deformation mechanism

(grain fracture).
Example of granular flow (non-catclastic flow). As
you can see, this type of flow inolves some change in
thickness of the zone, in this case compaction.




What deformation mechanisms/processes are plastic?

Plastic deformation involves straining
minerals and rocks without
microscale fracture. Instead grains
deform by the movement of
imperfections known as dislocations
and vacancies. Vacancy movement is
diffusion, while dislocations move as
atomic bounds are rearranged. Some
important plastic
mechanisms/processes:

@ Diffusional creep (vacancies)
® Dislocation creep (glide and climb)
® Twinning

Example of plastic deformation of impure quartzite (Ruby Gap,

e

Australia). Large quartz grains (grayish) are remnants of the original
texture. Dark shadows are expressions of intracrystalline strain
(dislocation accumulations). New grains are much smaller. Photo: W.
James Dunlap.







Definition

A shear zone is a tabular zone of measurable thickness in which
strain is localized, be it by ductile or brittle deformation style, and

by brittle or plastic mechanisms.

Classification according to style:

Ductile shear zone: One where markers
can be followed continuously through the
zone.

Brittle-ductile shear zone: Markers are
locally displaced by sharp discontinuities (slip
surfaces, veins etc.).

Brittle shear zone (fault): Term can be
used about fault cores. Discontinuous
deformation only.

Classification according to deformation
mechanism:

Plastic shear zone: Deformation occurs by
crystal-plastic mechanisms (dislocation
movements etc.) and diffusion.

Brittle mechanism shear zone:
Deformation is dominated by brittle
mechanisms (cataclasis, frictional sliding,
rigid rotation).

Classification according to deformation
type:

Simple shear zone, subsimple shear
zone, transpression zone, etc.
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® Shear zones are tabular zones of strain localization in
the crust.

® Shear zones occur on all scales, from thin-section scale
to those cutting the entire crust and involving hundreds
of kilometers of displacement.

General characteristics

1 cm offset (thin section, sandstone)

® Like faults, shear zones tend to involve a considerable
amount of wall-parallel movement (simple shear), but
could also be influenced by other deformation types.

® High-strain plastic shear zones develop mylonitic fabrics.

® Just like faults, shear zones may be reverse, normal,
strike slip or show oblique displacements.

® Shear zones tend to exhibit lower dips than faults
(except in strike-slip settings).




Ductile shear zones
Ductile

A

® Passive markers (markers with same
viscosity as matrix) can be traced
continuously through the zone.

® Ductile shear zones can form both in the
plastic and the frictional (brittle) regime.

Passive marker

Perfectly ductile shear zone with
passive marker




Brittle-ductile shear zones: Brittle-ductile

(Semi-ductile)

® Ductile shear zones with a subsidiary
component of brittle deformation are often
called semi-ductile.

® Markers are affected by sharp discontinuities
(slip surfaces). Such discontinuities can be
related to weak layers or laminae in the rock
(e.g. mica-rich layers in gneisses).

® Brittle-ductile shear zones commonly form
near the brittle-plastic transition, but can
also form at other depths.

Pas/sive marker

Slip surfaces
(discontinuities)

Brittle-ductile shear zones shiow combinations of
continuous and discontinuous deformation.




Brittle style:

Brittle shear zones
- fault zone

® Markers are displaced by sharp
discontinuities with neglible ductile strain.

® They generally form at shallow crustal
depths, and involve brittle deformation
mechanisms.

® Faults and fault zones are the most common
type of brittle shear zones.

® A single slip surface (fault surface) is not a
brittle shear zone because it is too thin

relative to its offset.
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Brittle shear zone in porous sandstone. Brittle shear zone (fault) in sedimentary rocks.




Plastic shear zones

®Dominated by plastic (non-frictional) deformation
mechanisms.

®Ductile, meaning that passive markers can be traced
continuously through the zone.

®Form in middle- and lower crust.

®Only in evaporites can they form at shallow depths.

@ Can be many kilometers thick.




Strain classes of plastic shear zones

There is an ideal model of a shear zone (which
no shear zones completely comply with) and
more general shear zone types.

An ideal shear zone is one that formed under
simple shear with or without additional
compaction/dilation.

® Parallel, planar walls

® Constant displacement and identical
displacement profiles across different portions of
the zone

® Undeformed walls

@ Deformation is simple shear £+
dilation/compaction perpendicular to the zone

A general shear zone does not have this
restriction, and can experience various
combinations of pure and simple shear.

® General shear zones can have non-planar walls

® Deformation/strain could in principle be
"anything”, but commonly has a significant
simple shear component

Plastic

shear zones
// e

\\\

Ideal shear zones
% s Pure shear zones
(simple shearxdilation) &

Sub-simple 3-D strain
shear zones shear zones

General shear zones

Plane strain shear zones




Ideal shear zones

e Parallel walls: e Strain:
- The boundary of the shear zone, i.e. the upper and - Only simple shear with or without additional
lower limit for the deformation associated with the dilation/compaction across the zone. Compaction is
zone, must be perfectly straight and parallel. more common than dilation (a word that is
sometimes used about both compaction and dilation
eIdentical displacement profile across by some structural geologists), hence we will focus
different portions of the zone: on compaction in this module.
- The strain distribution is equal along any two profiles =.Atthe ot.her end ,c’f t.he SRECLIIL; are. pure
across the zone. Moving along the zone, strain must compaction (or dilation) zones.

be constant at a fixed distance from the margin.

All of these requirements clearly

break down towards the tip of the
shear zone as strain and thickness
decrease and eventually zero out.

2’ = ==]

Shmole shee - Simple shear +
= Compaction zones z_ones




Foliation







(Simple Shear + Pure Shear)

l Subsimple Shear

Pure I
Shear




Typel

e Type I shear zones expand into its walls and thus
becomes thicker with increasing offset.

# The central part of the zone is left behind {inactive)
as the walls are being strained.

# The result is a flat peak in the strain profile in the
central, inactive part of the zone.

# This type of development is normally attributed to
strain hardening.

Total thickness

Time or strain Time or strain




Type 11

s Type Il shear zones expand only for a limited pericd
of time.

® Then the margins are left inactive, and all further
deformation is concentrated in the central part of the
zone.

® The result is a steep peak in the central part of the
strain profile across the zone.

® This type of shear zone is normally explained by
strain softening.

0
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Total thickness

Time or strain Time or strain




Type II1

® Type III shear zones initiate with a certain thickness.

® This shear zone thickness remains constant, and the
entire zone is always active.

# The result is a flat strain profile.

# This type of shear zone involves no pronounced
softening or hardening mechanisms.

» Some kink-bands may represent shear zones of this

type.

Y7

Taotal thickgess

Time or strain

Aclivi Thickness

Time or strain




Type IV

e Type IV shear zones expand continucusly during their
lifetime.

# The entire zone is always active.

# The result is a steep peak-shaped strain profile
through the zone,

otal thicknzes
Aciive thickness

Time or strain Time or strain
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Fault Related Rocks
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Fault Related Rocks

:
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FAULT BRECCIA

(visible fragwents >30T of rock mass)

JATS3HOONI

(visible fragments <302 of rock mass)

(fragmants > 0.5 cm)

CRLSH BRECCIA

PROPORTION OF MATRIX
10 - 502 | 50 - 907 | 90 - 1002

Mylonite Series

(fragments < 0.1 cm)

(O.1cm < frags. < O.5cm)

Cataclasite Series

CRUSH MNICROBRECCIA
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Whise et al. 1984
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Fig. 2.3.1. Organogram for fault rocks

FAULT ROCKS

/\

cohesive incohesive!

T T

strong schistosily weak or absent schistosity

/\ clay-rich clay-poor

mylonite” cohesive cataclasite  pseudotachylite incohesive cataclasite incohesive cataclasite

WY Swoyawosmn oe sbq mamm

ultramylonite cohesive ultracataclasite fault gouge incohesive ultracataclasite®
mesomylonite cohesive mesocataclasite’ incohesive mesocataclasite®
protomylonite cohesive protocataclsite’ incohesive protocatelasite’®

augen mylonite

phyllonite

incohesive (incoherent, friable, uncemented): capable of being broken into component granules with fingers or with the aid of a pen knife.
cohesive and foliated cataclasite is indistinguishable in the field from a mylonite.

coarse-grained cataclasite may also be termed “fault breccia’ (with the prefix cohesive or incohesive).

incohesive very fine grained ultracataclasitc may also be termed “fault gouge’.

Note: the incohesive rock names may be subdivided into foliated and non-foliated varieties.

Brodie et al. 2007
IUGS — SCMR




Fault Related Rocks
| nonfoliated |  foliated |

75-100% large

clasts (>2 mm) crackle breccia

60-75% large mosaic breccia
clasts (>2 mm)

I

fau
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chaotic breccia
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incohesive' fault gouge

glass or
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0-50% matrix : .
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50-90% matrix : .
(<0.1 mm) (meso)cataclasite | (meso)mylonite
90-100% matrix| ,\racataclasite ultramylonite
(<0.1 mm)
grain growth

'incohesive at present outcrop *some blastomylonites have
>30% large porphyroclasts
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Fault Related Rocks

non-foliated

foliated

non-foliated

foliated

75-100% large
clasts (>2 mm)

crackle breccia

60-75% large
clasts (>2 mm)

mosaic breccia

>30% large clasts [
>2 mm

30-60% large
clasts (>2 mm)

fault breccia

chaotic breccia

75-100% large
clasts (>2 mm)

crackle breccia

60-75% large
clasts (>2 mm)

mosaic breccia

>30% large clasts
>2 mm

30-60% large
clasts (>2 mm)

fault breccia

chaotic breccia

incohesive'

fault gouge
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cohesive

glass or
devitrified glass

pseudotachylyte

0-50% matrix
(<0.1 mm)

protocataclasite

protomylonite

50-90% matrix
(<0.1 mm)

(meso)cataclasite

(meso)mylonite

90-100% matrix
(<0.1 mm)

ultracataclasite

ultramylonite

pronounced
grain growth

blastomylonite’

incohesive'

fault gouge

<30% large clasts >2 mm

cohesive

0-50% matrix
(<0.1 mm)

protocataclasite

protomylonite

50-90% matrix
(<0.1 mm)

(meso)cataclasite

(meso)mylonite

90-100% matrix
(<0.1 mm)

ultracataclasite

ultramylonite

glass or
devitrified glass

pseudotachylyte

pronounced

grain growth

blastomylonite’

'incohesive at present outcrop

*some blastomylonites have
>30% large porphyroclasts

'incohesive at present outcrop

’some blastomylonites have
>30% large porphyroclasts

Magloughlin 2010
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WeudoTaxuAiTtng
O€ AP@IBOAITN TTOU TEUVEI
TN @UAAWON TOU
TTETPWHPATOG. AlOKPIVETAI
MIa ETTIQAVEIQ YEVEONG
(generation surface) kai
MIa QAEBa wekaouou?
(injection vein).




Folliated
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MuAoviTng mou éxe
dnuioupynBei o€ TINAITIKO

= yveuolo. H Toun gival KGBeTn oTn
i oXI0TOTNTA Kal TTAPAAANAN aTn
YPAUuwWOon €KTAONG.




MuAoviTng mou éxe

dnuioupynBei oe xahalo-aoTpIoUXO

TETPWHA. H Topn gival KABETN 0TNn
b oXI0TOTNTA KAl TTAPAAANAN 0Tn
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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/
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Copyright EGvikov kai KatrodioTpiakov lNavetmoTtriuiov AGnvwy,

2 TUAIaVOG AGCIog 2015, 2Tuliavog AGCIoG. « MIKpOTEKTOVIKN - TEKTOVIKN
AvaAuon. Evotnta 1: Zwveg dIATUNONG KAl TTETPWUATA PNEIYVEVWV
Cwvwvy». Exkdoon: 1.0. Abriva 2015. AiaB<oipo atrd 1n dIKTUOKNA
O1eUBuvon: http://opencourses.uoa.gr/courses/GEOL102/
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To Tapov UAIKO diaTiBeTal pe Toug 6pouc TG adelag xprions Creative Commons
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AigBvnc 'Ekdoon. ECaipouvTtal Ta AUuTOTEAN £pya TRITWYV TT.X. PWTOYPAPIEC,
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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.




>NUElwpa Xpnong Epywv Tpitwv (1/4)

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

Ewkova 2: Brittle ductile terminology. Copyrighted. https://o.quizlet.com/NVJt9u-
KLRPxNilpS5NEPDQ.|pg

Ewikova 3: Example of plastic deformation of impure quartzite, Ruby Gap
(Australia), Photo by W. James Dunlap. Copyrighted.

Ewkova 4: Copyrighted.

Elkovec 5-6-7-8: Copyrighted.

Eltkova 9: To KAaoolko oxnpa tou Sibson (1977) ywa tn petafoAn tng Soung twv
METPWHATWYV pnélyevwv (wvwv avaloya pe to Baboc. Copyrighted.

Ewtkova 10: H taélvopnon Twv KATaKAQOTIKWY TETPWHATWY Katd Higgins (1971).
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>Nueilwpa Xpnonc Epywv Tpitwyv (2/4)

Etkova 11: H taélvopunon Twv METpWUATWY Ttou oxetifovtal pe pnélyeveic (wVeg
kotd Wise et al., 1984. Copyrighted.

Eltkova 12: H umtoBeTikn) LoTtopio eVOC TUTILKOU TIETPWUATOC TTOU OXETL(ETOL UE
pnéyeveic Lwveg, Whise et al., 1984. Copyrighted.
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