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(Cleavage, Foliation, and Lineation)

4 ° 9 = 2 Y & v .
Gll!‘]_l‘ﬂl!!iﬁ‘l1ﬁuﬂclﬁ!!u3!!ﬁﬂliﬂll VU !!ﬁ%!!u?!ﬁu!ﬂuiﬂiﬂﬁiNii’N(mlnor
A 9 a T A o 1 a a ¥ Aa A
structutres) ‘VIﬁﬂH11ﬂﬂ1ﬂﬁuiﬂﬁﬁ5@ﬁ3@ﬂﬁﬁu !m%!ﬂuiﬂiﬂﬁi1ﬂﬂﬂjuﬂ15!!ﬁﬂﬂﬂ15!ﬂﬁﬂu

9 o K

dnvmsvesdiv  iszSansnldeudnunsiidgnsuiin Bulaseadnin Tassaduses
misdenily 2 dszan  Uszaeudis (1) wuandudeiadiulnseaiieinaasdiodudincar
structure) 1atA 1313 8983v09 1805 (mineral fiber) tundu'l#nsen(boudins) tuNFuUasy
J¢UNA(rods and mullions) HazuuAFUITUIUAANY 1AL 2) gﬁlﬂllﬂl!(foliation) Cﬁdl‘ﬂu
Tassa1aiuaaIdIo52uNI(planar structures) 1{UABITTIANTINAIUIUITYFU(strike) 1A
yum(dip) 18 Fauanarennuuduiisiaafinn1snairend) HAZYUNANTONA U (plunge)
VoI UAFU g@mumﬁﬁﬁmﬂﬁ’uﬁ aeu(veins) HHINUlURUGstylolites)  HUMANITHY
(cleavage) HAZHUINTIFBIFIUL S-C fabrics t1azsoauen 1Hudu

ay I [ y 4 a 1 1 a . % o
suaduuagSrvnuiudnsuzidsing luileiwionit e lofiurock fabric) asi
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A 9

[ . @ 9 o S o v a 34 21‘ a L2 o A [ o Y
M “fabric” 13N 1FAUNIGen “ilod” dmsuriuniinenu Fuinlgdunuas il
. ] o {3 1 % v H a
o0 fabric wReInUiNTuduleaeg  Fwmedsyaududwiledh  naziifianiauas
v 9 =2 o 2( a & d'dy 9Yq Y o 1V . A
anvazgluuuadieadesiulwiedu  Feluddis1dldanuminouesdin fabric @M
[ 3 a [ I o 1 [
Sander (1970) I&aue 3mmeds ifediusuilussnilsyneuTassouszniuua  g1sa
< 1 a 1 o 1 A 21‘ a o a 9 @
sazgduupveudansluiu - daud1i1 “exture” WiorloriuTasna luliauwmneadieny
“fabric” UAFMTUTTAUING TAT9a319 15101 ANNNNIEVET “texture” H1ANAI9DIN “fabric”
A 9 A 9 < . =2 v A @
@397 texture HUN 1ATIAFNVINAIAN(microstructure)  11A191ZIDIFUIVUNITIAGEIAIVDY
9 =< A I a ] 24' a a A
Tﬂ‘N?fiNWﬁﬂ(crystallographic orientation pattern) nilszneuduny sy e uINTHA 150
2{ a 1< EY
Weviunsie 1Hudu

v E2
TuadeNsuTeusIaIngINIenIn 151@1501619])1%’31 AMIWUMANTIY TIVUIU U

v v Y
Tassadauunduaratdrtieun luaeiu sanvznanludwuds i ANINTIT N
g < 9 KR o [ 3 9 a 2{ a
Tas9a a3 guIazIIVUIUND19AR18A DD aaiun Tassadrunaluiieleyiu

< . KX v A S ] 19 2{ a A
YUALanN(fine fabric) (T1IUNTIN “UUIUANITIVU” 1HU slaty cleavage umuua%wuumum

, o 2 2 ¢ 2
Gl‘VI’tTUU (coarse fabric) WAGeN “SIvuy” 195U i?lélll!1l!lll!ﬁ(gneissic foliatior), FVUUFA
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. .. .. 1 dyd 9 o o o 1 = A iy Y] Y
(schistositic foliation) WA uay  AUAIUIANTIUNTBTIVUIY i]\illﬂ‘ﬂi1ﬂ§]ﬂﬂl!

YA 1 S I 1 £ ay
uaﬂ‘n‘amum:lgmmiﬂmﬂumuwuwmnﬂmm

8.1 ﬁiﬁlmﬁlmumﬂﬁﬂ‘u(Nature of cleavages)
Y v
Tagndguriuaz neunaziunlsiaalduindsnguuananiFougy 8.1 nag 8.2) Taois
o < 1A I d'dy a o 1 = [ =
danumunumsuamiuszuiuuieg Tunds a1 tuIuaniseuNNNIge “5o8UaAn
3 A& A Yy &2 A ' ' ~ H 9 g ~
@ne Miuszanuesanie 1de FaNszezvialundazszuumesdus)” Mamailuuinanizoy
K ' v & a P} Aa A & o P} .
W ANUTINAVFUNU TAS TAgUNANIUIUANVUIUHT D NIVUIUN VAU TAY(axial plane
o 9 1 = 1A 3 d' . 1
cleavage) taziilfismanuanFeuninuuinganzali(penetrative)  t1az hingg
9 2; a o 1 d'dy =2 9 1 [
neas W Wl lwdlediu  Arimeangarsludfivnedazdeanulunninasidiunisduna
[ 3 a A 9 =2 A & nmy a o
agtiu - manasesunniivinaning  Sehidedumnunzanzars mselildinana ldlu
2{ a 19 1] a % 1] d' 2 24' a
ety uad g lunkuiuasuin lhinumsa@sudnsazlwiediu mawnlunninas
1 @ = (R £ v 9 @ 9 ]
AIUVBINITAUNG suindednilunuunzanzardeasenudmiuTassadanoyhingg
¥ Y
N2a24(non-penetrative structure) (31 8.3) Feanumz Inseadunzanzarstiinnudadi iy
Y v Y Y ¥
Funiulunanieaeg Tagnnsnedivessuiiv lildinademsmanuinaniiug uaziiiefiy
NHUAANTIUITIMUTUIZ NUNTUUANAWLUIANITY
Tagunasadd  uuuanBeuaInsaonani lilassmnuansesuiinna Tas i
~ = A ' A a X Y, Aa ~ =
MIGYIABITIBAUNUYITENINUBH U(cohesive  force)  AIBHAUAITLUUNUIIANITIVD
¥ ¥ Y
HANANDINAITLUNUTBIUANFUADY 1¥U IDIUYN TODDU UAZTOYUANIADY DNNINIUI
d a A o = 1 dy 1 d l .
nanissulufiu(rock cleavage) NanvmennanluuniuanaiannuuInanissuluns(mineral
A o d' [ d' [ v Jo a d‘d S o I a
cleavage) M3zlanyurmalasudnyuzn sy dunluuuanseuinsiluiu
A 9 & A sYNIe & ¥ A ~ v &y ] a Aa
Anaaamsiae  uavuiulas lusududeelivuinanGon  auiudus MU uRUNTIUIAN
= Y1 a 3 = Y 1 ] o = v
Gou 131919000 ldnuiuiims Iaseaaiuey  uazTasnd lduwnanGsusuilumain
Y o g A A A o Y} . A . £
11nM3aa TasdnunuNnvuIurTaneuvIUAUUN U IAY(fold axis 130 axial plane) 9
v Y
Tagia lsninGensesuandnumeiian uuauaniseuaimunuTAs(axial plane cleavage) (31
8.1)
a @ [~} @ a
Tagindisuin lidiunuananiSouvuiu ldfoszuwns Taeee Tuauw 1 8.4 n)
1 = A a A o Y a 1 A o ° I ¥ < =
uapwnuuaniz sunasunamadedadn I luiuawyiasy il IdsununanG o
I @ y ' @ @ 3 '3
nszaweanilugiianiEenit uuinanizeugliiafan cleavage) (31 8.39) Avtiulunsaingu
Y Y Y Y
a YY) [ v a 1 v v a < . 1
RUMAAIMTAOUNUTEHINFUNUITDBDU(soft bed) NUFUNRUITD1V(hard N3D stiff bed) 195U

a {2 1 v v o a A {4 @ 1 { a a % 3 @
‘Vm‘vmﬂﬁmmmmaumwuaumuﬁ@@uﬁmm !!‘L!ZI!mﬂﬁﬂ‘].lﬁ!ﬂﬂcll!ﬂlﬁ/ﬁWﬂiJﬂﬁﬂﬂ1ﬂﬂ‘]_|

Y Y ¥
sTUFUAY  uagdinesn Tasvinuuvaniusuiuauaiu (31 84 v) FusuinGenns
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v Y
AAsuyUIIANFIUAUFUTUANTIATT HUMANGELN NV (cleavage refraction) 1WdaINA
= ' < v A g o < <
nwnanFeulugy 8.5 Tlsngdlununlae elaazneunaainsnavama IS UYY
YaIAnSsUanaIlaIlaaz NeUVINAIRNAY
AA & 3 a 9 a @ Y 1 3 a Y 1
lunsandlusuiuTAananna(overturned folds) HUTINUIYUINVBITURUTDIN T
"y 1 = o 9 U 3 a
YUINVBI (normal beds) (FU 8.6) HADUTINUIMUIANTIVN NI BINIYUINVDIFUTTU
' 3 a 3 I a [ [ [ Y4
paaanFuiuiuinvuiunvunannat(overturn beds) (31 8.6) MNANBUZANNTUNUS
U = 3 a 9) 3 a 1 9 9) 3 a 9 9
FENINUUIANG sUMNIAUVRIFUTY Taauazsuius s ad e n muessuiuaa 1aa 14
aanaaslugil 8.7
3 A < a A [ ] ' 3 a 9 Y a3 [ I
naeasIN mITiuiugnideu @ hinuFuiunaasms Iaaldiiu - uasnay
= = 1 3 ] d' é o'./ = =
wuisanuananiSeumniy wunnaaslugl 8.8 nay 8.9 Falasm 'l uunanSeunaasis
A o A ] G S o 9 1 =KX a
M3gaaIAeNINeg IUTZUUVRY S,S, V89T ANNIATIAYTHITIAINTDUIVBNDINAN
4 4 4 4 4wy
mspdeunvessesdeuluvasesdouazvasasannauld
a Jd a ] 1 ] ]
namsaangitunanizeuluiuedwazides smuImuanGeudulvauaag
= v @ [ [ < [ v A v o 21‘ A Ad 1 =
famsdamveans viauazglditadans aasasunisiadesdnulwileduiilulledsdl
2 =~ 2 1] =) dy o 9 1 =~ a ] v
SPUU  INAANAUEMIBIAIRdNTszuutieai s mnuanGeuluiy  Tile
9 a 1 A @ o A 9 a aa g 9
Tassailgugil vadlunaninmanlasuanyue nienasn Inssasumasginayund)
(% d' 2{ a v A o @ a o 9 =
nnanyazNnlngueatienutazmsdasesdnuluirui liisuenuuinans oy
a 1< [ 1 .
Tusiulddly 2 e1ndnsuse 2 uav 1dua (1) teunuInanSeu(cleavage domain) 1Az (2)
a . . . o < ay
uouAR19aNA(microlithon domain) (93l 8.10) uauuuAnGeLINUTINg UG8
YUU(foliation)  393n linaasdrensissadrveans Tagmmizus lua Tl ummvinudunse
9) [ [ A [ | . A A il Y o 9 (% A
Founaunu lluuniloun1sanleanastomosing)  w3eliusu1sdIgnIi lFaaed livumndie
= 1 Y 1 1 = =KX A @ £
MgavadIu 1dunune usneglutouveauanFauIuTeId MU launisIu
uanaNMINiuaeAY  daunguusieglunoudaianaasanmvesiwan 13uediunie

Y ¥ Y Y
Navua (51 8.10) Fusrewwuuouuuduanig 2 nunIdnsluiuTnanas lunduiug

8.1.1 ‘Ifﬁﬂ!!u?ttﬁ)m?ﬂﬂ
Yo ) I a 1 1 [ <
Powell(1979) llﬂﬂT!!uﬂ!!uﬂ!!ﬁﬂ!iﬂﬂ@@ﬂ!ﬂu 2 BUADYNNNY Tﬂﬂ@Tﬁﬂﬂﬁ'N@\i!‘Vl’u
1 P I [ 9 [ [ A (K] A ~ 9
ﬂ’Nll@]@!l!@\iéll@\i!!l!’}!mﬂ!‘]J‘L!‘VI’ﬁﬂ llﬂ!!ﬂ UUIUADNADIUBD !!ﬁ%!!l!’!l!mﬂllllﬁ@!llﬂﬂ Tﬂﬂ‘ﬂﬂ1
. = . . N <
!!t‘l‘].l!!l!?l!!@]ﬂ!tﬁi'illl(cleavage domain) HAZUDUANIYANIA(microlithon domain) NENNTONBUTU

9 ' S ' S [ 4‘1 & =< '
Argantansusenn !!‘L!ZI!mﬂ!iﬂ‘]_llluﬁﬂmﬂﬂ(spaced cleavage) GINNIYDUTTINUIMUILAD
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19 ] =~ a Yy [
el vadus iaunsauenuaunuinanssueenainuaudaigania lddisanlar 51
I 3 1 1 4 .
AFENUUIANIUIT HUIANITBUABILIBI(continuous cleavage)
1 < . Yy = g P 1
2813157 @1 Twiss & Moores(1992) ldutianuiuanGsunazsivinunuanaisliomn
Y] d' < 1 @ ] ° 4'4 = 4'
Y94 Powell (1979) aqudadlugil 8.12 TasN winwuiuinmsdauisIastinerFeGeninaag
=3 a .. 9 o o 9 a 9 a 9 Y] ] ] 4'1
89M3199 (origin) Tassarandwunervilinanisdhleialdde dredruyy Meussens

1T a A = a ° Y 1 v 9 1 a
NUUVUHIAUTIVUVUNUFUIU  (slaty cleavage) i]Z‘VIﬂ‘VI’f"I‘L!ﬁ?l!clﬁﬂluléllﬂﬂ’ﬂl‘ﬂl!ﬁl!‘lﬁlﬂu
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o a

A a 3 A A S I~ ] = [N 4‘!
‘Vl!ﬂﬂﬂ1ﬂﬂ15!!ﬂ5ﬁﬂﬁ/‘l!!‘llllll1/‘|ﬁ1ﬁ N9 ‘VI‘VI’I!I!I!!ﬂﬂ!!‘L!’ZI!!ﬁﬂ!iﬂ‘].l!ﬂl!!!ﬂl!!!ﬁﬂi%ﬂzllllﬁ@!llﬂﬂ
.. . & a A vy & v o o . 2 o
(disjunctive) Faunaonmaneu'ld dludu daiiy Twiss & Moores (1992) I MWUNUUILADN
VoA I~ ' A A = a . o Aa K
mmmaamﬂu 2 W’Jﬂclﬂfllu"‘] A9 NINNUHNANALIBIA(fine-grained) NUNINNUNANYIYTIU
. [ [ ] I~ a
(coarse-grained) 1agWInAANazIdeadansdeseaniluan 3 vila (@31 8.12)
tm?ttﬁﬂﬁﬂﬂﬁ'@tﬁ@d(Continuous cleavage) N Powell(1979) Jautalszneudienud
a a A o
!!@]ﬂﬁ'ﬂ‘].l‘l’l‘l!‘]ﬂ!?ll!(slaty cleavage), !!‘L!ZI!mﬂ!tﬁi'il‘]_l‘l/l‘llﬂﬁlhﬂ(phylitic structure) HAZHUILUAN
= A A . .
1T8UY UV (schistosity)
= A v A A Aa <4 ] [
UHIUANMIEUH BT U IN(Slaty  cleavage) llﬂ!ﬂﬂcll!‘l’ilﬁ/lllélllﬂﬂlllﬂllimﬂﬂ’ﬂ 0.5
a a o 9 ' ' P s o 9 A = v g
uaaluag !m%llﬂ‘ﬂi%ﬂ@ﬂﬂ?ﬂﬂ@ﬂ%@ﬂ!!iﬂ?@ﬁ‘ﬁ !T‘Iﬁﬂﬁ‘ﬂ1i Lmzllum Vlﬁ1l!!ﬂfl’!lﬂl!!‘ﬂl!
a A G A . A a A Ao o Y a ~
!ﬂﬁﬂ?ﬂi@!ﬂu!ﬂﬂ(anatomosmg) maﬁugﬂuﬂiﬁmwmqmﬁgum ‘VIﬂ‘l’i!ﬂﬂ!!l!’J!!@]ﬂ!iﬂ‘ll
a Y] A A a 1< A & g v o Y I 9) A Y
‘H’l!‘h’l!’!ll!hlﬂ Tﬂﬂﬁflli\l@!!ﬂgﬂﬂﬂﬂuﬂgllﬁﬂ!ﬂu!mu!iﬂ‘ﬂ ‘1NZ{f"ll!llﬂlﬂllﬂ‘h’!ﬂl!ﬂhlﬂl!!i@l!hlﬂ
= ™ VA A o s w A A A ' a
a3y !mgliﬂﬂ‘ﬂﬁlllﬂ’ﬂﬂllﬂﬁ_l NIDMNILANUTINITVVIUNITINIT NISATUFUIU (U
a d' [~ o a o ] @ Y] =S d' 3
ﬂl!‘lfl!’!llﬁ/lﬁ’!lﬂ\ﬂllﬂglﬂuinl!’leliﬂﬂcll!‘llil’m,!@1!ﬂ@ﬂ1ﬂ‘lﬁ’)ﬂ WHIAUATIIVANT) Tﬂﬂ‘ﬂ‘lﬂ!
A Y ' A ] = o 3 .
VN ‘VI‘]Ji%ﬂ?J‘]_Iﬂ’Jﬂ!!illllﬂ1ﬂ5@!!5!ml!3ﬂﬂ"‘] 1590 91U1NTIBU(M-domain) Gll!!!ﬂ‘].l!!l!?!!@]ﬂ
= Ao & o I ] 1 [ 4 4 Jd A @ a
!58‘”!!ﬂ$!!ﬂﬂﬂﬂﬂ!ﬂu!ﬁu‘ﬁqﬂﬂ!ﬂu‘ﬁﬁlﬂﬂ GU?NﬂE]ll!!iﬂ’J?Ji‘lf!mglcll‘lﬁﬂﬁﬂ1i 138D DIUIVNTAI-
®W(QF domain) lunoudaigama aIu Twiss & Moores SUUNIUIMANGTIUUVLADITD
[ 1 1< = (3K A . .. . [l = A
§°Nﬂﬁ13!1]1!‘]]‘58!31‘1/]!!1!3!!@]ﬂ!iil‘].lizElz‘limﬂ!‘L!?N(mlcrodls]unctlve cleavage) Tﬂﬂ%izuﬂﬂ‘]j@
nu
= A A . . o A Aa <4 [ 1 = aa
UM IEUH BT A(Schistosity) llﬂW‘]JGll!‘l’Tl!Vlmll!1@!“@!!5551’?’31\1 19910 yauag
1 I ] % ] ] 1 a ]
Tagwuusaszna lununnedsngdunruuies gadruIngmuiiimsnaanaanlmi
. . A o a i a o 1 1
(recrystallization) ‘Vl!ﬂllﬂﬁlﬂﬂ1ﬂﬁugﬂ!!ﬂiﬁﬂﬁl‘lﬂqmﬁgll!!ﬂgﬂ’ﬂllﬂllﬂ1l!ﬂﬁﬁ (HaUINNIN
] a = a =< o 9 1A LY 1 4‘1 [ ]
FINITOAUUILANTIUN UFUIU) ﬂ\iﬁflﬂ‘l’i’!!i!iﬂﬂﬁ?ﬁ@!u@ﬂ Tﬂﬂ!ﬂw1$!!5ﬁiggﬁ‘13\lﬂ1 U
FJ
o 4 4 J an 4
wWaTa'lad(muscovite) 1178 nA(biotite) Aadl13d(chlorite) 1AZF3 1A (sericite) UBNDINT 11
a A = 9 a A a g 9 = A a a A a
‘].Ii!’!lfl,!W@]i@ﬂ!mﬂ!ﬂ?J‘L!?J1%N1ﬂ5ﬂﬁi1ﬂﬁu‘ﬁﬁ!ﬂﬂq}u1ﬂ Tﬂflllﬂ15!ﬂ@u1uﬁu!ﬂﬂ(ﬂ@!!ﬂiuﬁ)
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= A A J . o A AA < ' ' =
wanSeutiuialad®hytliticiny sinnulufiuntvinadiangseuIauuanis oy
RUFUIY  HASUUIANGIURUT ADIZHIN 0.5-1.0 Uaamas  uSnuiuInasznuiu
a J H @ ] 1 ] 1 @ 1 @
Wa'ladg(phylite)  Hpnunudensznudiunaaauaa  ua linudns lupmendieg1agany
oA v a A X a A S w 9 ' 9 VA g
wuRgtuRura  gaiuilaladinuen Idifunrug desninfiusuiu  uadansouen
I 1
sanmduusiuld
= rr A’ =S T 4'{ ]
wnanSeunuy lunetided(Spaced cleavage) t11uanizeuny liideiles 1seen
Yy A S g [ =~ v @
1890 2 dszinn fAn HuANGeUNITZeL AUIUINANGIUFANY
= Qy dy 9
(1) UNMANSTEUINTZo2 (Disjunctive cleavage) 1UWANIVUUUTZNBUAIBUDLIUD
~ A £ ~ v d 2 = A
uanisoy uazuaudagana Fewaanisowindumvuiwang  Tdvudanflszau
YY) A v A . A 9 A < T oA A
aendudu l)umieudnile(anastomosing)  M3eNUAAIBTBIUANNTVINAGIAUTINIAUNT D
J ] ] U 3 a d' 9 1 ]
uaaledunsneglusesinvesnanlusuiuiIdaa higoudlsanmy .14, 8.15 uaz
8.16) ¥IA1I “disjunctive” MIANHIAAUIN “disjunctus” 18D Lii¥eudu(disjoined)
A 7 é C% = g .. .
115001908 1NNU(detached) 3 Tagu NS INANVIUITOIUANITIUNITL o (disjunctive
a o a =~ 9}3 1 =2
cleavage) lufiuyuanilsn wsa vazfiunste szezneveauanounyladawa 1949 10
a I 3 a ] 3 a y
wuamas  aedulusaudaanalanuunn  dawwaumuvesiiadunumsa@szano
A a a4 o W ~ 2 A a Y} A
0.02-1.0 iaamas) Taoiideu luddyueuinanSeunsszey fe lnsuanidlonsiaeu
(offset) taz hinnsesnzalaq ludiszuruvesnuinanisou
Y ¥
(2) UHMANSEUAARCrenulation cleavage) NUMANMVUTUDVUUIANIZIUFIAA
Y v
[ a a L. a (L [R] [< a 1
AULUILANIT BUIALN BTV U(foliation) NDABgAoU taziisdeseamilu 2 yiades laun
Ao o v . . Ao o 1o
M  WInnaanUuUUsAIU(discrete  crenulation) HAZ(V) ninhdanu lusaau (zonal
. o ~ A ¥ o oA A I
crenulation) (931 8.17 tag 8.18) WINUINUNUAANUIANGTIUNAAWAVTIUIADUIAN
% a ] v @ I Y] < Y] 3
vazdanulufivsuiy  dvmnudsinuaasdnyazmiiounuiiuuIduang  dnnunaly
a a oy J 3 dy 9 = A g g 1 =3
rururutaziuialad NIMI1EdoInTHUIANE SUNTOTIVIUVUNINGY  DIVLAINNTD
a S g 9 % 9
NaUUANE suTUNFo UL 18
~ 2 . Lo o & o Aa ~
HUAANIFIVNVVTIVUIUNEN(compositional foliation) UANUITUFUUINNINITITU
Y
dveausanstianuilszneveyluiionu i lrugaud Idunauunszul(weak
Vg P P ~ A ~ o 1A A '
plane) vy 2 i 1duA  unanis suNuaRwUINI T EIRIve I NITTeTaNe
< A 1 2 1 . . L. [l [
wouriu lddreamlamicenit Trvuumanyia(diffusion foliation) 19U 110U(band)t3 1WFBN
~ A o P . ' P A W 1A A oy A
Fu(pyroxene) TURUAY TUA(dunite) aIUDAWINUAAWUINTFeAFIVDINITNITLezHiaTReN
ay y ] ] a 4
3833V UATND(banded foliation) 194 1a VN3 11Ty Tud(gneiss)

AN IUADILBIN Twiss 1Az Moores lataus 13 Taslildszoz19szninanny
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a

H I a I o . . . o 1
nuvutieemiu 2 viia Tasldiilediuilunmai(fabric criterion) Tagndesganssaul nanfei
2{ a [ 9 I 24' = = [ [ @ a
!l!?)clflﬁl!ﬂ@lléllN!‘]Jl!!l!?)!ﬂfl’!lﬂl!ﬂ@ !!ﬂﬂﬂ’JHJLWHW]Ni%‘VI"ZIN!!ﬂ‘lli?)fl!!@]ﬂﬂ‘ll!!ﬂ‘i.lﬁﬂTﬂﬁfnﬂ

1 F4 v F4
18 liFaau Cﬁd!iﬂ!‘ﬁi'Elf‘lii?léll‘L!TL!W’J!ﬁi’N‘VI‘im_l(coarse continuous foliation) 1%U v luiuy
U a 4 1 1 Y U 1Y a
RI) ‘VI’?@‘VI’I!%ZW] !mtgh‘ﬁ’1ﬂ!!flﬂf"l’!ﬂll!mﬂ@]Nll@sf‘]fﬂ!ﬂl!i%ﬁ’ﬂﬂl!ﬂﬂi@ﬂ!!@]ﬂﬁﬂﬂﬂﬂ!!ﬂﬂﬁﬂ1
v 1 g 1 A 2 . ..
i]qﬁfnﬂi]ﬂ’ZIHﬂlli’!lélll!1uﬁﬂluﬂﬂﬁ$!@ﬂﬂ(ﬁne continuous foliation)

1 o

1 [ { a @
ZT’ZI‘L!?"ITZI1!!1!’3!!9]ﬂ!§ﬂ‘]_|!!ﬂﬂ(fracture cleavage) ﬂﬂ’ﬂ!ﬂuii’JﬂLMﬂﬁ!ﬂﬂﬁﬁﬂﬂWﬂ!!‘L!’ZI!!@]ﬂ
E2

a [<

9 ]
G’ﬂ‘].l‘l’l’??)i’!lélll!TL!!!@]llllcl‘]f!‘ﬂl!!!l!’!l!!@]ﬂ!%ﬂﬂﬂ?@i?lélllﬂllﬁ!ﬂﬂﬂ1ﬂ5@ﬂ!!ﬁﬂ AIUANUUILAN
= A A . . C A o ~ o
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9 9 9
vinFuitune lldivduan IidananuaanGeuiudmniusuiunsie uazudaq
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refraction)

& 2 a 4 o 2 .
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o 4 <4 [ . 4 <4
I¥dunauuuinanissuvzguiloaznoulifiavuia lvj(coarse grain)  tazyuanawioia

=) < .
gz NBUNVUIAUANAI(fine grain)

v FA
31 86 (M) ﬂmﬁﬂmmmmuu:umﬂﬁﬂ‘uﬁﬂimgclu‘i?uvmTﬁ’dwaﬂﬂﬁu(overmrned fold)
{ a @ 1 y v o J 1
!lélll!ﬁWﬁﬂﬂﬁ‘].lﬁi!m‘ﬂll1ﬂﬂ’$|1341l!‘1/lﬂ]?)\1!!1!’3!!9]ﬂ!§ﬂ‘]_| v) 1muﬁgmmmmﬁuwuﬁizmmmq
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HANISTUNUNITINAIFUNTY
~ A 2 a 2 a Y Y o
31 8.7 (0 nwwanFesundangludunu @) msmlaauminesuiiuldinasandesny
S = 9 3 A A [ I 9 a @
muanBey  uaasdamsadenmssrurunuamell  sudluwannms Iaamannay

(overturned folding)

o = A £ v = A Aa
ZI"‘]J 8.8 ﬁﬂHﬂ!5!!uquﬁﬂliﬂﬂclum]ﬁi@ﬂ!ﬂ@u FUTNTTMITDATINNIANUIATIANY S1 ll‘ﬂ@]m

A28V UIANIT Y
A A a = A a A LA 9 <
71 8.9 HuNAAINANFIUINMIMeY  luuTnavasesmsuduiienuliuanazifiuns
~ A s & a ' a A

uan llamnunanisoufilsingnaileiu(penetrative) Ao luusnuaTo IR DY
usnamenaziuan tugyu duneiies daniame
g‘ﬂ 8.10 !!t‘l‘].l!!l!?l!!@]ﬂ!tﬁi'illl(cleavage domains) !mm!ﬂ‘]_lamﬂﬁmﬂ(microlithon domains) N3
S [ I [ = 4 4 4 I
Feadvad lunuilueiandnsveanunanGey  ugnesnvnmeaduazasms  Hunm

] a a 4
INUAUTULIUBINUFAA(Davis and Reynolds, 1996)
31 8.11 madwunsianunanizonTag Powell (1979)
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g‘ﬂ 8.13 muanFeuluusnauwaseameuvesivlnay  Janvauziundy  uInunesih
Y
1 o 1Y J o (% (% @ a
i Tug ﬂﬁl!‘l/ﬂﬂﬂllﬁi sunethnyy  d9Miame (q@ﬁl‘li INFIAN l!ﬂﬁﬂ‘kﬂ‘ﬁiﬂj’ﬁflfﬂ
v a VA v Al [} @ A A [< " W A o
TUUYIUNYRUBDY “NIAANNT™ ‘L!WIZZJWI1ﬂﬁﬂ‘l&lﬂ!%éll@\iﬁlﬁ/l!mﬂ!ﬂl!!!ﬂl!ﬂ\igﬂ Uanymue
9 ] v A VoA o o R A
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3l 814 ANANAUAAIGNYUZIUINANGIUTNNUVBIUIANITIUAATL8(disjunctive
cleavage) d913znouAIonaUIUINANGEY (C) tAzuDUAAIganIA (M) (USD599M0 Twiss

and Moores, 1992)

F4
g‘ﬂ 8.15 !!‘L!?I!mﬂﬁﬂmﬂdizilz(disjunctive cleavage) !!‘1_I‘1_I‘1Ji$?H‘L!?Hil(anastomosing) wulu
a J o a a [ [ a
ﬁl!ﬂTi‘ll?J!l!@]@1@@@51ﬂ3!%ﬂuﬁ@uﬂﬁﬁ U319 Valley and Ridge 73 Verginia anIgvINTN

(!!‘Vm‘d‘ﬁm: A TAg Samuel Root, The college of Wooster)

51 8.16 mwoINURURUNIERIINANG RN AAINTEoIRves luamlunaunuauan
S 1 o a L o & =~ ay a A
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51 8.17 uwauanGeudanu i 2 tialdun (n) tuuAARUFAIIU(discrete crenulation cleavage)
[ E4
FINUNTIVUIU(foliation) AAVIA(truncation) AIoLLIANTIUFAIU 1az@) uu Tidau

. : < < . .
(zonal crenulation cleavage) Fauuuanupanms 1faa A(microfolding)

Y
51 8.18 (1) HvuAnGIURANUNITL oL FAI9U(discrete crenulation cleavage) Tuiiuid gl
Ngnuals Wulun3ns Granite Wash Mountains, Western Arizona d%3§8103n1 (1U37U1IAD
[ 4 d' a U d' = d' 1Y =S 3 = L% ay (K%
aausunalyd NinansunzimInlasudnyazdnase () tunanSsudaniuniszes lida
(zonal crenulation cleavage) lufiundsnmaniniiuaznou wuluuTnaRenuiunindgeile

(Davis and Reynolds, 1996)
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Arthur Goldstein, Colgate University)

gU 820  massd lmivewsnnnszuIuMIazarsanuausuih inansnlasudnyue
2 9 A =2 4 4 A o VoA o o q Y Aa

nuunady MemalipandmasuNnIzealeg agnuiinszieuiliinanisazaisniu

[ I 3 ] A [ 9 =< o 9 A ! < [ v =

au  autudiufeguenidulzdsazarweenlyl  shlimdediuveadiausundiu (@)

moluwduily JeiidamilouiinisdaGesdlmivesns @auiasnin Beumer, 1978)

9 [
71 821 WSnmumsvadu WerMsuiuddumsianuInanzsuAanU(crenulation cleavage)

(Gray, 1979)
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Mark Jessell and Paul Bons, Monash University)
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Figure 8.5 Use of the orientations of
bedding and cleavage to construct the form
of the fold with which the bedding and
cleavage are associated. (A) The outcrop
relationships. (B) Misfit between the cleavage
orientation and the interpreted fold form.
(O A good fit!

Figure 8.7 Geologic map expression of the
100 Meters relationship(s) between cleavage and folded
e :

bedding.
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Figure 8.8 (A) Sketch based on outcrop
relations in the San Manuel Formation
(Miocene) near Tucson, Arizona. Sandstone
and siltstone of the San Manuel Formation is
cut by normal faults. The faults contain clayey
gouge, and some of the gouge zones display
a delicate penetrative cleavage. (B) The
orientation of the cleavage in the gouge
discloses the sense of movement, aligning
itself with the direction of maximum finite
stretch (5;) and perpendicular to the
direction of minimum finite stretch (S$;).

Figure 8.9 Excellent example of domainal
structure in a quartz-mica schist exposed
near Loch Leven, Inverness-shire Scotland.
The cleavage domains are the dark, fine-
grained micaceous zones. The microlithon
domains are the light-colored, coarser
grained zones of crenulated laminae of quartz
and mica. (From The Minor Structures of
Deformed Rocks: A Photographic Atlas by
L. E. Weiss. Published with permission of
Springer-Verlag, New York, copyright ©
1972.)

aa v = an
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Figure 8.10 Photomicrograph showing
domainal structure in mica schist. Oriented
micas comprise cleavage domains. The
cleavage domains separate microlithon
domains of quartz, feldspar, and mica.
(Photograph by D. M. Sheridan. Courtesy of
United States Geological Survey.)
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Figure 8.12 “Diagramau yn dangos y
whthien o'r lechen a'r dull o'i chloddio.”
(“Diagrams showing the vein of slate and
how it is extracted."”) This illustration, based
on a display | photographed in the Visitor's
Center in Machynlleth, Wales, shows
beautifully the difference between bedding
and cleavage. The slate occurs in what the
miners call “veins.” Veins are the beds
themselves. Cleavage is discordant to the
bedding. Thus when the miners split out the
slate, they do so along a direction that is
oblique to bedding.

ssannlaseaauni 8
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Figure 8.19 Photomicrograph of
overgrowths of chlorite and quartz on pyrite
(black). The “beards” are oriented subparallel
to slaty cleavage. They grew under the
protection of the strong pyrite grain that
refused to flatten parallel to cleavage. Trace
of slaty cleavage is from lower left to upper
right. Martinsburg Slate, Delaware Water
Gap, New Jersey. (Photograph by E. C.
Beutner.)

0.1 mm

Figure 8.20 Domainal microfabric in schist
from Ducktown, Tennessee. Micas form films
that envelope aggregates composed
principally of quartz. (Photograph by W. C.
Laurijssen. From An Outline of Structural
Geology by B. E. Hobbs, W. D. Means, and
P. F. Williams. Published with permission of
John Wiley & Sons, Inc., New York,
copyright © 1976.)

aa v =
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550N 151 uNN 8

Figure 8.21 (A) Example of discrete
crenulation cleavage. Folded schistosity is
abruptly truncated along crenulation cleavage.
Vishnu Schist in the Grand Canyon.
(Photograph by S. J. Reynolds). (B)
Photomicrograph of zonal crenulation
cleavage (vertical) coincident with the steep
limbs of asymmetric folds in schistosity. The
zonal cleavage domains are carbonaceous and
micaceous. They have a distinctively lower
proportion of quartz than that of the initial
fabric. [From Gray (1979), American Journal
of Science, v. 279.]

Figure 8.22 (A) Photomicrograph of
anastomosing, dark, undulating spaced
cleavage seams. (B) Scanning electron
micrograph of the spaced cleavage seams.
Composed of densely packed clays, these
seams are markedly straight in their trace
expression (vertical). Clays in intervening
microlithons are more loosely packed, not
preferentially oriented. [From Gray (1981),
Tectonophysics, v. 78. Published with
permission of Elsevier Scientific Publishing
Company, Amsterdam.]

Teya 11375 uaznmz
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Figure 8.25 (A) Photomicrograph of pressure shadows containing fibrous quartz and
chlorite. The pressure shadows are “attached” to a spherical pyrite aggregate.
Diameter of pyrite is 36 um. From fold in Martinsburg Slate, Delaware Water Gap,
New Jersey. (Photograph by E. C. Beutner.) (B) Photomicrograph of feathery pressure
shadows (crystal fiber beards) of quartz at the ends of pyrite crystals and calcareous
slate. Note the faint horizontal trace of bedding in the matrix of this rock. The pyrite
occurs mostly along the bedding, but the pressure shadows have formed parallel to
cleavage. (Photograph by L. Pavlides. Courtesy of United States Geological Survey.)

Figure 8.29 Accommodation of shortening
through the development of crenulation
cleavage. [From Gray (1979), American
Journal of Science, v. 279.] 10% 30% 50%
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Figure 8.30 (A) Detailed sketch of bedding stylolite (horizontal) and transverse
stylolite (vertical) in the Permian Pinery Limestone, McKittrick Canyon, in the
Guadalupe Mountains, Texas. [Redrawn from Rigby (1953), Figure 6, p. 269.] (B)
Stylolites in a large slab of Tennessee marble. The digitations are variously known as
“teeth,” "cones,” or "columns.” The black linings of the stylolites are composed of
carbonaceous and/or clayey residue. (Photograph by T. N. Dale. Courtesy of United

States Geological Survey.)

Figure 8.33 (A) Spaced cleavage in a
strongly cleaved impure limestone. Arrows
point out thrust-fault imbrication of insoluble
black chert layer that was incapable of
shortening by pressure solution. [From
Alvarez, Engelder, and Lowrie (1976).
Published with permission of Geological
Society of America and the authors.] (B)
Degree of fault imbrication of insoluble chert
layers (black) corresponds to the intensity of
development of cleavage. [From Alvarez,
Engelder, and Geiser (1978). Published with
permission of Geological Society of America
and the authors.]

aa P =
ﬁim?ﬂﬂ‘ljﬂiqﬁi‘l\tﬂ“ﬂ‘n 8
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Figure 8.36 Geometry and spacing of
moderate and strongly developed spaced
cleavage. (A) Cross-sectional view of
“moderate” cleavage; (B) expression of
cleavage on the bedding surface. (C)
Cross-sectional view of “strong” cleavage;
(D) expression of cleavage on the bedding
surface. [From Alvarez, Engelder, and Geiser
(1978). Published with permission of
Geological Society of America and the
authors.]

Figure 8.38 (A) Passive fold in
metasedimentary rocks in the Salt River
Canyon region, Arizona. Height of fold is
approximately 1.5 m. (Photograph by F. W.
Cropp.) [From Davis and others (1981), fig.
32, p. 83. Published with permission of
Arizona Geological Society.] (B) Passive fold
in polished slab of pyritic ore from the
Caribou strata-bound sulfide deposit in the
Bathurst mining district of New Brunswick,
Canada. Cleaved black layers represent
original bedding. Cleavage is axial planar to
the folded layering. (Photograph by G. Kew.)
(C) Recumbent passive folds in marble
derived from Pennsylvanian-Permian
limestone in Happy Valley, southeastern
Arizona. (Photograph by G. H. Davis.)

aa v = an
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Figure 8.39 (continued) (C) Outcrop-
scale passive-flow folds in hornblende-
plagioclase gneiss, Medicine Bow Mountains.
[From Donath and Parker (1964). Published
with permission of Geological Society of
America and the authors.]

B
/,’—H\\
A R
S

Figure 8.40 Schematic rendering of the
transformation of (A) a class IB fold to (B) a
class |1C fold by pressure solution. Such a
transformation can be simulated easily with a
deck of cards, not by displacing the cards in
simple shear fashion, but by removing
domains of material at spaced intervals within
the deck.

aa v = an
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Figure 8.41 The steepening of the
inclination of overall bedding attitude by
pressure-solution loss of material. [From
Alvarez, Engelder, and Lowrie (1976).
Published with permission of Geological
Society of America and the authors.]

L
N\

15

aa v =
5N Iasaaeuni 8

25

fleyaun 91373 vaza



26

Figure 8.42 (A) Pseudostratigraphy in metasedimentary rocks in the Happy Valley

region of the Rincon Mountains, near Tucson, Arizona. (Photograph by S. H. Lingrey.)
(B) Pseudostratigraphy within folded rock. (From Structural Analysis of Metamorphic
Tectonites by F. ). Turner and L. E. Weiss. Published with permission of McGraw-Hill
Book Company, New York, copyright © 1963.)

aa v = an
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Figure 8.44 Transposition of bedding. (A)
Flexural folding of bedded sequence of stiff
(black) and soft (white) layers. (B) Tight
folding and onset of cleavage development.
(C) Attenuation and rupture of fold limbs.
(D) Flattening of sequence and creation of
pseudostratigraphy. (Modified from Structural
Analysis of Metamorphic Tectonites by F. .
Turner and L. E. Weiss. Published with
permission of McGraw-Hill Book Company,
New York, copyright © 1963.)

550N 151 uNN 8
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Figure 8.45 The classic work in analyzing
refolded folds was carried out by John
Ramsay (1958) in the Loch Monar region in
the Northern Highlands of Scotland. Here
are two examples of outcrop displays at
Loch Monar: (A) Dome and basin pattern
produced by interference of two sets of
horizontal, upright, tight to isoclinal folds
trending at right angles to one another. The
folds interfere constructively and
destructively, just like wavetrains in physics.
(B) Upright folding of recumbent isoclinal
folds. (Photographs by G. H. Davis.)

fleyaun 91373 vaza



Figure 8.52 (A) Mylonitic granitic gneiss,
with gneissic foliation defined by feldspar
porphyroclasts (white) and “ribbons™ of
quartz with mica. (Photograph by Carol
Simpson.) (B) Banded granitic gneiss. (C)
Banded gneiss and migmatite. The original
rock was Precambrian, but it acquired a
strongly foliated fabric during Cretaceous
regional metamorphism and intrusion.
Harquavar Mountains, western Arizona.
(Photographs by S. J. Reynolds.)

Figure 8.53 Flattened pebbles define a
foliation in highly deformed Barnes
Conglomerate (Precambrian), Tortolita

Mountains, Arizona. (Photograph by G. H.

Davis.)
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Figure 8.55 (A) The microscopic texture of mylonite. The white represents
fragmented grains (porphyroclasts) and breccia streaks. The black represents plastically
deformed quartz. (B) The microscopic texture of ultramylonite. [From Higgins (1971).

Courtesy of United States Geological Survey.]

Figure 8.60 These feldspar drawings by
Evans B. Mayo illustrate the fabrics | saw in a
granite outcrop in Norway. Both rocks
appear to be foliated, yet one is and one is
not. (A) This drawing shows a granite that
contains foliation defined by feldspars, but no
lineation. (B) This drawing shows a granite
that contains lineation defined by feldspars,
but no foliation.

550N 151 uNN 8
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Figure 8.67 Architectural mullions (A)
adorning a Gothic church and (B) lined up on
the ground in a way resembles geologic
mullions.

aa v = an
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Figure 8.68 (A) Outcrop expression of
mullion structure, formed by cuspate—lobate
folds along the interface between sandstone
and slate. The locality is North Eifel,
Germany. [Reprinted from The techniques of
modern structural geology, V. 2: folds and
fractures. |. G. Ramsay and M. |. Huber
(1987), © by Harcourt Brace and Company
Limited, with permission.] (B) Mullions form
preferentially at the interface between
mechanically soft vs. mechanically stiff rocks.
Buckling instability due to layer parallel
compression produces the cuspate—lobate
pattern.
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Figure 8.70 Boudins on the flank of a fold.
[From Introduction to Small-Scale Geological
Structures by G. Wilson. Published with
permission of George Allen & Unwin
(Publishers) Ltd., London, copyright © 1982.]

\MNé
Figure 8.72 Some shapes of boudins.
|After Ghosh (1993), Figure 17.6, p. 387.]
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A S-Tectonite .“

Figure 8.78 Schematic portrayal of S-, L-,
and LS-tectonites. (A) S-tectonites are
marked by a single, penetrative foliation. (B)
L-tectonites are marked by pervasive
lineation, but no foliation. (C) LS-tectonites
are marked both by foliation and lineation.
The lineation in LS-tectonite lies in the plane
of foliation.

aa P =
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(a) (b)

FIGURE 17-1

(a) Folded slate in Wilhite Formation (Ocoee Supergroup, Upper Proterozoic?) near Walland, Tennessee, showing bedding and
penetrative axial-plane slaty cleavage. Note relationships of dip of cleavage and bedding on the upright and overturned limbs of
the fold—cleavage dips more steeply than bedding on the upright limb, less steeply than bedding on the overturned limb. (Arthur
Keith, U.S. Geological Survey.) (b) Negative print of a thin section of rhythmically graded bedded slate and metasiltstone from the
Wilhite slate near Tellico Plains, Tennessee. Note the differences in spacing of cleavage (white lines nearly perpendicular to
bedding) in finer-grained layers, and the near absence of cleavage in coarser-grained layers. Also note the cuspate-lobate struc-
ture (cleavage mullions, see Chapter 18) on the bases of several of the dark (actually almost clear sandy) layers. Long axis of the
thin section is 7 cm.
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(@)

(b) Kilometer

FIGURE 17-2

Penetrative and nonpenetrative structures. (a) Mesoscopic
fold with small parasitic folds and an axial-plane foliation.
Small folds and foliation are penetrative structures, for they
occur throughout the larger fold. (b) Unique fold hinges and
widely spaced joints which occur on only one scale and are
not repeated on other smaller or larger scales are nonpene-
trative.
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FIGURE 17-3

(a) Planar discontinuities in the same body of rocks at several
different scales. Microscopic scale (1) showing preferred
orientation of grain boundaries and minerals defining a

weakly penetrative planar structure S;. Grains (2) define a
penetrative planar structure Sy in the upper layer on the
mesoscopic scale. The compositional boundary S, is

nonpenetrative on this scale. Alternating layers (3) parallel to
S, make S, a penetrative structure at this scale (larger meso-
scopic). Smaller map scale (4) in which S5 becomes a series
of closely spaced kink surfaces and is penetrative. Map
(macroscopic)-scale structures (5) in which a kink S, divides
the body into two sectors or domains having different strikes.
Another nonpenetrative compositional boundary, an intrusive
contact (S,), appears at this scale. (From F. J. Turner and

L. E. Weiss, Structural Analysis of Metamorphic Tectonites,

© 1963, McGraw-Hill Book Company. Reproduced with
permission.) (b) Interlayered metasandstone and muscovite-
biotite schist at Sill Vinson’s Rock near Otto, North Carolina.
Original bedding (now transposed) makes up the earliest
foliation, Sy. A later foliation, S;, dips toward the left (west)
parallel to the axial surfaces of the folds. A later foliation—a
crenulation cleavege, S3—dips steeply to the right (east,
visible above the small ledge) and parallels the axial surfaces
of folds at the bottom of the photo. Crenulations occur here
only in the schist because the sandstone layers are too quartz-
rich. White layers are quartz-feldspar veins. Note that thin
quartz-feldspar veins in schist form open to isoclinal ptyg-
matic folds. Sandstone layers are light gray; schist layers are
dark gray. (RDH photo.)

- . k X

aa P = an
ﬁim?ﬂﬂ]jﬂiqﬁiNt'ﬂ‘Wn 8 %]f!])f!]}‘l 1379 Uasnly




38

Limit of resolution of
optical microscope

Anastomosing [
-
cleavage |

. Mostslaty | Continuous
Stylolitic cleavage : cleavage

o I
cleavage ot crenulation |
~ cleavage !

- 1 | ] | 1 P

- 1 ] I 1 I S

100 10 1 0.1 0.01
Millimeters

FIGURE 17-5

Type and spacing of cleavages. (From Tectonophysics, v. 58,
C. McA. Powell, p. 21-34, © 1979, with kind permission
from Elsevier Science Ltd., Kidlington, United Kingdom.)

Rock cleavage

/,\

Continuous Spaced
Fine  Coarse Disjunctive Crenulation

Stylolitic Anastomosing Rough Smooth Discrete Zonal

FIGURE 17-6

Powell’s classification of cleavages based on morphology.
(From Tectonophysics, v. 58, C. McA. Powell, p. 21-34,
© 1979, with kind permission from Elsevier Science Ltd.,
Kidlington, United Kingdom.)
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FIGURE 17-9

Scanning electron micrograph of domainal slaty cleavage
from Upper Ordovician Martinsburg Slate near the Delaware
River, Pennsylvania. Spacing between cleavage planes
(strongly oriented narrow zones) is about 20 um. (From
Tectonophysics, v. 82, B. G. Woodland, p. 89-124, ©® 1982,
with kind permission from Elsevier Science Ltd., Kidlington,
United Kingdom.)
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FIGURE 17-10

Negative print of a thin section of garnet-muscovite schist
from Einunnfjellet, southern Norway, containing crenulations
superposed onto an older foliation that is parallel to bedding.
Thin section is 3.8 cm long. (Specimen courtesy of Elizabeth
A. McClellan, Western Kentucky University.)

FIGURE 17-11

Microlithons of earlier deformed material between crenulations at both meso- (a) and micro- (b) scales: (a) Crenulated siltstone in
the Upper Proterozoic Hamill Group near Golden, southern British Columbia. (RDH photo.) (b) Chlorite schist from the

Wissahickon Group near Westminster, Maryland. Plane light. Width of field is approximately 7 mm. (Charles M. Onasch

Bowling Green State University.)
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FIGURE 17-15

Cleavage-bedding relationship and its use in determining relative position in a fold. (a) Relationships between orientation of
cleavage surfaces and the position on an upright or overturned limb. (b) Cleavage-bedding relationships indicating that the rocks

are upright in a sequence that is really overturned, thus showing that the cleavage was emplaced after overturning. J—Jurassic;
k—Triassic; Pe—Permian,

FIGURE 17-17
Formation of a fanned cleavage (b) by the cleavage forming

by layer-parallel shortening before or during the early stages
of folding (a).
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FIGURE 17-18

Formation of a "refracted" cleavage in Cambrian Goldenville Formation sandstone and shale in Nova Scotia. Diagrams on the left
represent the original rock mass and structures that developed within it; to the right is a strain ellipse for each stage of defor-
mation. (a) Extension normal to layering, producing a vein (black layer) in the shale. (b) Layer-parallel shortening of 40 percent
occurred, buckling the vein and producing an axial-planar slaty cleavage. (c) Displacement of cleavage by differential

simple shear parallel to bedding. X—final X axis of the strain ellipse following simple shear; X';—orientation and elonga-

tion of the cleavage relative to the strain ellipse; yw—simple shear strain. (Modified from ]. R. Henderson, T. O. Wright, and M. N.
Henderson, 1986, Geological Society of America Bulletin, v. 97; and S. H. Treagus, 1988, Geological Society of America
Bulletin, v. 100.)
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FIGURE 17-19
Scanning electron micrographs of reoriented and recrystallized micas in mica beards in Ordovician slate from the south shore of
New World Island, Newfoundland. (From B. A. Van der Pluijm, 1984, Geologische Rundschau, v. 73.)
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FIGURE 17-20

Corrosion of grains in different orientations to produce new
shapes (stippled) proportional to grain orientation. Dashed
lines indicate the initial locations of rock cleavage surfaces,
and all material outside those lines is removed. New axial
ratios are shown as /,//, from an initial ratio for all grains of
2.64. This mechanism would thus not produce any crystallo-
graphic orientation. (From E. C. Beutner, Slaty cleavage and
related strain in Martinsburg Slate, Delaware Water Gap,
New Jersey, January 1978, American Journal of Science, v.
278, p. 1-23. Reprinted by permission of American Journal
of Science.)
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FIGURE 17—22
Stages of gleavage development: (a) Pencil structure. (b) Embryonic cleavage stage. (c) Cleavage stage with accompanying
lineation formed by intersection of cleavage and bedding. (d) Well-developed cleavage with mineral lineation.

(cz;\!'ter J. G. Ramsay and Martin Huber, 1983, The Techniques of Modern Structural Geology: Volume 1: Strain Analysis, Aca-
emic Press.)
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FIGURE 17-23

Large pencils in siltstone in the
Upper Proterozoic(?) Sandsuck
Formation near Reliance,
Tennessee. (Locality courtesy of
J. O. Costello, Georgia Marble
Company. RDH photo.)

FIGURE 17-24

Relationships between two-
dimensional strains and the
organization of planar fabrics
in rocks; (a) represents the
compaction stage; (b) involves
the first deformation and minor
reorganization of grains;

(c) involves development of
pencils; {d) is the embryonic
cleavage development stage;
(e) is the stage of development
of a well-developed cleavage;
() is the stage of further
cleavage development where a
prominent mineral lineation
forms. The Flinn diagram (g)
indicates the deformation path
from one stage to another. R,
is x/y, Ryz is wz. (From . G.
Ramsay and Martin Huber,
1983, The Techniques of
Modern Structural Geology:
Volume 1: Strain Analysis,
Academic Press.)

Tectonic strains

e,

In Ryz

(9)
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FIGURE 17-25

Flinn diagram of strain paths derived from study of strain
indicators in hinges (curve A) and limbs (curve B) of near-
isoclinal folds in the Hamburg sequence near Shartlesville,
Pennsylvania. Note that the strain in fold hinges (A) was
traced from the field of increasing dominant flattening strain
to the dominant extension strain field, back into dominant
flattening, but with a strong component of triaxial strain.
Strain in the limbs of the fold remains in the dominant
flattening field and traces toward a greater component of
triaxial strain. (From E. C. Beutner and E. G. Charles, 1985,
Geology, v. 13.)
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FIGURE 17-26

Relationship of graptolites on a bedding plane to shortening
across cleavage. Graptolites parallel to the trace of cleavage
on bedding are narrower than usual; those perpendicular to
the cleavage trace are shorter. The original spacing of
indentations (thecae) on each graptolite is constant for both
adults and juveniles of the same species, and so the amount
of shortening in any direction can be attributed to tectonic
strain. Large arrows on ends of diagram indicate shortening
direction; small arow on obliquely oriented graptolite
indicates that it would undergo clockwise (dextral) rotation
with the shortening indicated, while the other two graptolites,
because of their orinetation parallel and normal to the
shortening directions, undergo no rotation. (From T. O.
Wright and Lucian Platt, 1982, Pressure dissolution and
cleavage in the Martinsburg shale, American Journal of
Science, v. 282, p. 122-135. Reprinted by permission of
American Journal of Science.)

FIGURE 17-28 x

(@) Discrete crenulations in Lower Silurian Vakdal Formation phyllite near Ulven, southeastern Norway. Plane light. Width of
field is approximately 16 mm. (b) Zonal crenulations in (Ordovician?) Mineral Bluff Formation phyllite near Murphy, North
Carolina. Plane light. Width of field is approximately 16 mm. (RDH photos.)
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FIGURE 17-29

Vertical S, cleavage surfaces, arbitrarily oriented ENE, containing a subhorizontal mineral lineation (L,). Sections cut normal to
X, Y, and Z show relationships of microshears, crenulations, and kinks to principal planes of the strain ellipsoid. (Reprinted from

Journal of Structural Geology, v. 1, S. K. Hanmer, p. 81-91, © 1979, with kind permission from Elsevier Science, Ltd., Kidlington,
United Kingdom.)
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FIGURE 17-30

Transected fold in Devonian slate from near Zell, Mosel
Valley, Germany. The transecting cleavage (S,) forms an
intersection lineation that obliquely crosses the F, fold
shown here. (From G. ). Borradaile, M. B. Bayly, and C,
McA. Powell, eds., Atlas of Metamorphic and Deformational
Rock Fabrics, © 1982, Springer-Verlag. Reproduced with
permission.)

Transecting cleavage

FIGURE 17-31
Transected fold showing relationships between the hinge and
parallel cleavage.
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FIGURE 17-32

Progressive deformation and transposition of earlier bedding and cleavage (left side), producing a rock mass containing layers that
are all parallel (right side). Roman numerals are stages of progressive deformation. Heavy dashed lines, some labeled S, or S,,
represent axial surfaces of folds with parallel development of a foliation. The first development of parallelism between between
Sy and S; —transposiiton of bedding into the first foliation—occurs during the first isoclinal folding event . S, is then reorineted
by porogressive deofrmation into parallelism with S,. (From F. J. Turner and L. E. Weiss, Structural Analysis of Metamorphic
Tectonites, © 1963, McGraw-Hill Book Company. Reproduced with permission.)
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FIGURE17-33

(a) Relationship between transposition of layering and hinges on the overturned (short) limbs of small folds that have been
progressively removed by ductile flow or pressure solution. (b) Incipient transposition in a cleavage-dominated rock mass with
closeup of bedding showing reorientation by deformation. (a and b from F. ). Turner and L. E. Weiss, Structural Analysis of
Metamorphic Tectonites, @ 1963, McGraw-Hill Book Company. Reproduced with permission.) (c) Incipient transposition of
bedding in interlayered slate (dark) and fine-grained metasiltstone (light-colored) in Upper Proterozoic(?) Wilhite Formation slate,
Ocoee Gorge, southeastern Tennessee. (RDH photo.)
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