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The Earth and the Universe
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Earth Materials
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Igneous Rocks

Ja¥I Juadll

il yugya' @ o e B gl el A sl 5
I ntti S0 s L 0,88 WS 2 N1 62 0 95% I
Ll el O 0 B PR GUPIRUE it %NBB‘-AQ»%{&)‘Y‘V»J‘SZ%Q»

@UJ\Q..).mé il Lehas &)U ))’hﬂj‘ywdﬁ@hﬁbéﬁaﬂ LA

Al sl LS e Vg g N el e 823 B

LSS S et S sl e O s of e S
4S5y oY




Formation of Igneous Rock | os !

pupall dlaal |

,a_J.)L«“ )M/\w SJL':"""“ &J}!._J.Q
P CIE PRWIE SN PS HESSW I NS WP

OB L adadl OF 5 o8 ST |2

79 ple S vesuvius ),.95,4
gwyl.g-uw3c>y,o.‘\.x~
S (D)« Sl 0 3) |
Jsuw¢a84¢¢p)b$c,>é§
(BUS o) s g [
‘o};of.@ts,)uu;bg
OEﬁJ?SJg-Xz'OJ.AcJ)#Jg
silly (1595 plall dar . jab g1 |
ALY e Aol i |
(039 e ke LR b |
Wy o oled) BT o i

. axdy 12550 L 5 o8 o A ) AL A 5L (BOU1) 23501 gt
: sy S "Kilauea” LS O p Ol s

Ayl jgssalf 555 A S 1

Formation of Igneous Rocks
8 pgearal) 550l 5 5 Leie Tgneous Rocks & ) ) geaall & 555
0555 5 Magma 8 lgeall 2,0 ) peaall oW Balal) oy asy
Jg23¥) & . Rocks Partial Melting | sl S Y e

<

L (g kol Lo gl s W18 2 il Adlises O g i S 5o
L 555 5 oy . (Ohn 150 1 so) 1520 5LS 250 ) s 25 Bl
Aaall ) gieall o BUS 51 Ui o8 pcdand) yomi 5 L) A" el
Shade G Gyl B 5T J) om0 8 gnmial) 31 gl i Ly
e sl Lava " (o (o W o ] Jotb 15 s

Cons Gl OIS I 20 5 0 8 jlgaall omdze (305 oty 2IIS )
S 7 e G 0,8 S e (SIS g S 1S, 061 5
(63 JSK8) Bl y aa3lall 1S wamed) o G135 e



e 5 paiall B3l s Lukie 055 3 3 )W) | el ol
. Extrusive or Volcanic Rocks &b of 3515, ; g5eaS 'CE“J"
Sk 1338 s o 5l was 5Ll O LS
i3 gor ol Alsdne 1] gpes Sy ¢ SlesVT 3 )bt peda
< - PIAY NS I RN &} 33) Intrusive or Plutonic Rocks
L Al faed! U1 el 5 K Y L (ASWIST) DL
.a._:}a.‘.'.” ULJ}.;: 2 Y CJ:.J‘.
dzcdall b doylidl jesaldl JLSST 2

Shapes of Igneous Rocks in Nature
G JSCl iy il VIS8T 2l 2,1yl o5 s
&S W Sill 1 5 Dikes bl y (64 2) Batholtits
BLEYL « (64 J53) Lopoliths &yl a3 A 809 Laccoliths
TP LR HEDRNLE R B RCEI PO UAF N
andall 32 ) el JKal Cip L o Y

61 K




1 VNJ.L-” "MI_}"“

0Ll 2L
05 el o2 (19501 el U1 (il (iS22




dayLadl dall (S 45

Igneous Compositions 2 Lyl

ujall dlaal

AU peald il S B ey

S Al A28 LY (g s slong 0 ]

o oW Ao IV 55l 0SS S ez e

asyLid) joSsadl S 09 dudelall) "Hols" dlantaw .1
Bowen's Reaction Series And the Composition of
Igneous Rocks

" " VJL,J*. A3 1928 ple 4 ol G jlatdl e Al o o] dmy
SoLel) diond lor 1o ooy bl ] el Oolaedl OF 0 50 35
doly s o Bl el s e J sl 23S0 5 et
.(-i}"l (PN

LA o 0355 A 0L el (65) S m

- " n o % bﬂ:)‘“
33 ot Ot 43 ¢l s b1 W I (557 Ui‘ﬁ)
a"“‘:'.I"’h 5)'.)""“ i"-}: ' \ ’_-”é;f!?
o Ll g
(~1200°C) L ¥ = : 7 :
e (b 8 [ s )
2 5
= & L
= s (I3 / s plr)
3 5. 55 -
€ ey
‘ * (Cupailfc 23)
Laiseall 34 ) dr y - o
(~750°C) b‘té}g“"@ (kln_j}ﬁ)/w‘ﬁ)
P

65 J$u

el Jumall oSl JSCaI e € 8 8 jlenall s Dolealt g d sl V70T Jolis
s By ol o )3 (S s 35kt I Cotaalt e & Srid S ST sy | el



(dloolgal) dlutundl) Juolgaill eolazll giis) 2.1
Continuous Series
b gl Odme Jro lS 5D Oalae 03T 88y o il 1n glad
e Al 4l b (ﬁ.-JLQL; doad) Dalaedy ol _’}g.»w £33 . Bytonite
B B laisie ) o Sl fld O Sl 3adi 0 5 o ol
Odnn Lo g ¢ p 915 gnalls 2l ST s MU Oste 035 9 Aludd
. Albite ol
(Alsolgill pi dlautanll) aladill dolasll galislf 2.1
Discontinuous Series
T.L,__J_ fMU .1._:_.}07_” (S pimy L..a;"‘ L,‘D\Ju:..” c:l.‘:.,.!‘ fda u:a..é_,.i
S 9l Oalae 038 o5 ¢ Olivine -t 3Y) Odne oty Jlicll
Albodi ods  ad | (e sl ) O Ly o J pasia V1 O3baa g
SLeS geS 5 r Dol OV oy sl 20 6 AL
AU e e s WS e 3L 2 Lol 5 g (501
045G s5 3 e ¢ ALl 31 5 guanall S5LN e a8 0 S0
FH STy et SKall o5 ol jLddlf Onlas
EIPSNITE SEL[E SO | RPCNU | S veveecs DU IR TR E Y SIS 1
ASLa) SIS L sullg diSTal LS Lo wal).2
Dark Silicates and Light Silicates
el Lpzay poliall ods s e diat g 8 jlealt 5 T Lee
A3 pymnztloll gl/ 5l Ll SISCLS! a9 Dark Silicates
AS1 A5 Ll Ol o Al pn G Jutia (g grmelt
LS PRSP, PR g Se ) (I SR PSSR R
ALl 29 Light Silicates 2l L | (o sodf) s gl
U,.ASJ:S o‘"m:’ &(,_5):"5} (GJMU A,:J:J‘ O 3..;1.:»;.!‘
3 poetlelly dodl o Lo g SISy s sall g sl
(S Snall) el Gad ¢ 551 ST e 2oatal) Lt fots
o ASTOSS Aol adill ng 0355 SV 2idnal 20 panolly

. EQ_JUH JJM. il I:._ax,o" o 40%




eS| 7N Jullo (Al adf) Al )3 n ST 700 .3
(udLL1) dsty Lot

Granitic (Felsic) Versus Basaltic (Mafic) Compositions
el a Ole 5 (30) S8 Sl Aol e oy 4] LY
F1S e 0 1 il 3Tt O3lredl 85 JalSIL 0 555
5 Ul Ol Wb 5 gy AN &)U iealt L JLdil
yyiealt LWl O g J sl Caas . Granitic Composition o
S5 el )5S0 L BLAYL . Felsic anls Wil 2l )
&S5 A5Gkt O3laedl 10 10% s~ o 2zl ool ) 5uall (lana
1) o) ) pvally L JpmiaVly s 05T Lisle a0l
oyl 52l 2 )1 U S g (0% 1) Skl 228
O 1 255 AL Oslnal 0 8,3y e (g g2 AV ) pall 0
Sl S eI () (6l e S Ll
. (66 u&"‘) Basaltic Composition
Lol 0 Alle 2o o g5 (A1 peall O sl gl iz
272l Mafic (basaltic) (7)) a3lt ) s5eall o sevirall s
o ST 13 ol e Lt gl oy 0 5l 2571 25000

66 S :JJJS,wlzuu)ubw\o;ﬁs.@tﬂﬂﬂumw
WL el B ostael) I 030 WS ol e Y1 1 aadl JH ST 01 sl e dpitall
Ao A3 lgealls el e Zal g (BY) RIS Bnsom ¥ pour

(B ) i () Ty I O T
Syl e Capsl] g Sl [ sty

100 ,
ﬁ)‘ﬁ/
80 1

N
v

PM‘;J&}J\ |

75% (SI0,) Koo 415 40%

passallyp el Ll 3

ey
M eslasladies e




S5 ¥1 dens S Silegoanll 4

Other Composition Groups

Leaomy 21 ol 2 5U1 ) gl g 281 ) gl oS 5
B pealt S s oV Mg e U5y (il of alay

N (CRY))

Intermediate (Andesitic) (3-_—”-5')'-1-'\3‘\'1) daw ol el ol (6 gl
ey 8y 3oty ¢ BV o 2SI AL Dolaadl 0 25% o
Sl o Bl Dolae e sl g oS )y D sV

LAl DU

gy gl G0 Bleddy 4L e all e e gemall ol 38 5
Lo e e

G Ragal) U1 ) il 0 (67) (K2 gy ) 38 parn

o e N 055 L S ey AV e (s 5 L G

a0 s (7 J34=) Ultramafic gl 853l JaS)
: Mcf)ylcb&@wﬂdf)ﬁd\ijdrj)‘&
75 L T v AZ N WV PLON [N PR
Bt peald o 31 e pamall s o
ey el S Rl
¢ @030 sl ¢ 70T | 85 5N slold ¢ J gl | slonnld S s REAS)
G bl | el B | (S e oS3 LW Ostaalt
2ol 2l
J gl oS 8 J o & P e Sl
O Y ol g ok 5l p IS 2 ek O3laalt
S gt
ol Sy w spl Sk Sl i
oy oy potil il (L) el S Slord! 233
By Dy sy 5 e T3y S Al elans Y s 6 o ) ] gl sL Sy
Ol 31 &) (T:
Bl (P
(2mm )i.ai OB)@BJ’L& g‘ﬂ
(med,ﬁ).f‘h'du)lgi\fjl,‘q)g
100% J;SS% 85% J145% 45% N 25% 25% ) 0% Aalog
RSB R e Sl (51401 B3nadd (%) )




€ L
CL’,-J-MQMJ»U\J\J;Yg
2000 dn G & Lgnis 33 a1 |:
Sl dosll aiad ple |
el 4y s B f e |
gl OF 8 de ey LI
S 5 psSd Syl 3
3 ) o_u\..la.....&);la
W a ey A e
B3 e 0 58y ¢Sl y W1 |
oNaadl ay (@S, pendl) |
N (2 gz 3l e n s
Geph ity gl e
ROTHES o3las |

Igneous Rocks Texture Ayl jessall s .5
Sitzed! ey s )L Seall Texture gered! pllaias pdsen,
AL @yl o 5y (S8l sl ] olza WL sl el
S 8 28 foldl Sy 4Y Lega 8 jpan Lols el
Loy ey Al L O3

£

S gl @ S 0,08dl Jolgndf 1.5

Factors Affecting Crystal Size
el s Juae
83 4o sall B! 48”2
8 gl b aslldl ol s 3
5y ol b gl A i LadS | LY Lalad) g oy Jis O
L2 85 ) e Lol gl 5,06 0 (L Jay L )
IV 5,5 B gw S Ges Lis ddorl gzall Aaselall 5 gl ST O
A B ) 0 OV Ole S ) e ) el U8 85 38
s o) by ey 2L Y e L s aie 0,8y
S as-l gl S S g 28 O xS ol o
5l sy g s ot ) 55 ¢ Wy i gzl & L
ST s
af\sjiirogﬂés.\:.\.&c.:ﬂl .L“j.,.::"\d‘)..bg\.&fJ Rg—\.u.o
el g STl 3e 53 4230 (WD)
As 0,5 Y U8 o 3,05 38 o 5 gaatedl 3 godl Aot Lokie
L) Ly c e 4,4 38 o ¢t (S ol s S &3y
(68 JK2) Ol sY) L2+ Glassy Rocks g e

68 15a
gl P sree 15t aot Ol 31




iy L) jgdnaatf dovanil § 19 2.5
Types of Igneous Textures

(St 383) y st 385 mendl (1)

Aphanitic (Fine — Grained) Texture
3l s 3 s S o alendl e 0,85 ) ) sl
CSNIP RS NPER P oW i SRR PR e X CRUIES W
’ . Aphanitic texture  shall 335 peendd) by
Gt Mo B s 5kl 3235 ) ol 055 B ) S6 el
e pgoad) lanl gy Seall (353 o pell Oalaed) el Sas
((3) —69 J5%)

i
A DL gl S N0y el (4) OBl g 90 Ao Dbty N (B) e 0 iy gl (3)
I I} Kl &) 33181 and sk 8K o S g 1 83 9 ! B (A ot 355 2 Y s 0 B
& SR i 3 88 s 3 3 5 )l B3 e 3 OST L UL
(LU s o B LS gl WSl

iy goal) B ylgnalt JUES! 08 5 b 4! g 22.(2)

FEp

A6 313 jy a0 J18 8 Sy iy e i ) "‘-‘-‘-"’%‘f“»’*—“" -‘ifj(l)
o 3 oo g el Sy g0 Jine Rl ik Bl
B e D s oop (B g oo 3,5 ) R0 o ey
69 IS
&Jb)}’b&iﬁ-—a‘t\yi



;..‘aJU L:.»}JFJ\ (QM\;&))#\;&M‘(%J)

VRl s oyl Phaneritic (Coarse — Grained) Texture
.a)M\(MG{')#% P g el e e s ol i R
& Ol W 0 38 pra ) | e gl gl bl 25 e DB AU Fuall 050
35l Al el of oof shay 8 lgall 08 S 1S CLad Leie « Phaneritic texture k)
o S Gy S Y 8 sl e ol Bs el 0de 0SS L el e N
M‘wb}@‘b)w\ ﬂ.\i&w‘d}.\gd)@‘&@,&ﬂh@c@ﬁ@‘géz\g_}qu
: ol S ¢l R el Las (1) —69 JSK8) gomalt
o Lie glad Wy (s W1 623 ol Uses (70 JK8) 4 plaly
Jeala ) eseal) & ) Lehge L5 e Y] oY

Porphyritic Texture S5 pdl ()
N ol N ol e o Bisanll 5,50 5 Leal) kS Cllas 3
ans e gmadl 8 lgaall el 3], Chas ST )61

sradl LB 5 5o O ¢ pelandl e 015 980 3,500 o 300
b b . Q‘))J“J;L_S};’HNQJ/NLUL;W“&"WJM
Porphyritic texture (§ b sJ! CM.J\ a2 108 g (8 e O ol L
Ll e seall u,n,&;s,_,_ﬂ okl ey L ((2) —69 [K8)

70 S5 Lo J;‘ws\j\ <y o) e \éJ «Phenocrysts 8 j )l <!y ok
o Ole g Gabrro 3 pbdl : £ _id ¢ S
iR PN N C‘MJI 33 Fall iy Groundmass dlinl akS!

. Porphyry ($ 5, 5

Glassy Texture & P ) (2)
G (5ol MR ] el I (2515 U1y g8 g S
. Glassy Texture a_:-"’-'""-'i C""“ 13 1) s d;ﬂ} (RS g D
Aakai] glaoll 3 alie ¢ el 2l e i g g Ol sV
iz Ao B3le Ol g Y1 zed A3y L alaell ST o 1 e
(71 J53) Alalt 2ablall S3lou) Bl (63 jlaandt (g jlovadl 0 S

71 &=
S ¢y Obsidian Obdey 33 :
(o201 3 5g1) O sobo W1 & S5 a1 dadsiat |
Jdab 3 at,aill, H-va‘ﬁ‘ u")j)t'*‘d :




Oltonns 9N 0 5,5 (UOUN) B3S  pam ST Jamy o) 45
3 e el e OB ¢ S Y e ol o PLON? e
(&5) (o ) geendd) 05 30

2555 ) e Sl pr Sl (5 sl 13 5 lguall ple 1SSy
gkt s of 3 al b o815 Al

: Byl Ao g e sy S W1 BN S D el gl S
72 5 . . ) )

S At s SKoko 55 6 ) bzt g o dor 3 AlSST Ll aad) azsl o)) 5 L)l peilas 13

_Pele's Hair 3 25U 8 jlgaall O ¢ Joliall | Ol oW1 0 S 2L &

E asle oy R Al 3l 0050 Wl e Jaisied) (6 gt

p*’J‘C‘L’-WJﬂ'@‘:—USC‘-QLm’J‘mJ l;w.x.l,:.‘b.x}):\.ﬂ

19‘5}.-3‘ r—‘-"—“ RV C:’L:‘ \-”L;"i Hawaiian (s! sl» .\'J.:S\ja Jjj

o Jler Bladl e Joe WU 8 ol gl B Sl ol ) 225U

i Jl A (72 J,<,~) Pele's Hair _}J P o ;_536;5\ GL’-‘J"“

LShyle ST

Vesicular Texture Sy bV gl (2)
l.ﬁs.a.l};)\}m Sy ))J...:.“ daids )}M"]‘u"‘\'—"""'“jc':‘a"‘:'—’
szl ods Caad B Clal ae o 8 ) 510 ooleladl)

& o3l oda 0 & 3 Vesicular Texture FR o) i) T
(73 JSs) U dbazed) 25087 ) paseld 3 glal) bzt

<
i

73 J5
.9:.-':1-»3\@-—'J'Lq.,i,g-!‘aa_wz,ilsﬁ‘;r_:pysjt.-sPumichu;,JUScoriab_ui.-ll
Sl Cleladll @ b e Sk § e OB B e 4le Ol adll



Pyroclastic (fragmental) texture W gl st (5)
SH (§ el ludll g_',.l.éjj = o LS eall e 0SS
5 Le B pdiall Olaguad! 050 W8, il SIS0 01 ol ey

Ae jia W) g5 13 5 S &y e 1S 416 geaie Bllai (335 5L 0
e e & ,Saadl & W1 gieall, O, 80 ot OIS dn 4 O i 0
Pyroclastic or Fragmental Texture (g5 s 13 S Pl ol

5 (74 [Ks)

74 [Ss Romtlol) 23" 23001 & ) | poeall awilad) 6 1 Y1 s  Giels
Jna_}uss:u]lc...!luu”n.d‘d}{aé . <t '

dﬁé“‘éﬂ‘uw\y:ww! o f- ‘LJ = J\ Lv Lr*'-‘* LBM ).Lu UU—a Welded Tuff

Ll IS 301 gt st AU )Jma_t\

i Pegmatitic Texture s pedl ()

el o Sload) il S s Blinad 0 55 W5
Sestiw 8 Ay s ol iLane o) 5y e < Pegmatities

Ja-u A>-| o5, Pegmatitic Texture [2dleo Tt e g e
s o)j*adlx—oﬁ,ij\x_\s}a._\ ))M\JS Bl e liilase !
Jabeadl seal)l ) dzad 35, 3 5 ol 05 ks

O3 Lis okl o0 3 slaadl -l jadl b AzSlaoel ) sieall 0 85
s e Sy ghilly oIS e s 2N B landl o gl g oot
agalae¥) 8 5 .S o 6 I, gl s dple 2 adle @
: ok 558 Al and dns s olflenl 3% Sal
..75\,&:—:’“‘“- - (,gj:}‘:’.‘\‘j‘j-*-":.‘\j’-‘“\-."::f AJ_LM 42..::&2‘._..{\ )J:z.éj\?b.ag__,.:.,))
B oSl Lkl 7S e 58 sk e a0
P 30U g el Oolaedl 0 8 S a8 e Lpany (5 g2y 25 LS

s I s S AL i30S L]l 5955n0 .6

Silica Content as an Indicator of Composition
JLA...‘\.“ (I“U AA-G-&-M Ean) o.l:-\ o2 S]O w‘ S gien d‘

JM\MM\'U u).,\._.L_wJ‘ o\ ;.,\J,AUL_‘\ )}m..a.. gS’
A il iy

JJ\BIJLAZ,;I&.EJ\ )JM‘\;;W‘LS}:’"‘CJ‘ﬂ‘E:’TS}Q
Zasl ol j el 370% o ST AL B g il B 45%
SlaS Jo G Bl Rziseis | sseall (5 9595 3y ¢ (6 J 34r)
,M\E;PJ‘VL;L;AJL,_rﬁgm\}rmﬂjgw\waﬁs
u@Q.Lﬁwlwa}sﬁgwymsuu



76 S i
o 1as1s Basalt JyU1 s pre il
-0l iut Rhyolite o J13 pes o5

AT AN Lpdang g 2 J 42l ol 6 lgaall Jamy laow I L 2

gl Lgjem duyidl josnaaldl olgdf ddde .7

Relation Between the Colors of Igneous Rocks and
Their Specific Gravity
5 oy Jlounldl] 2o sames Lan (58 pams Sy U il o
g geaall OF T O3l B Ole gemmad) OB 55 2 WV

B Oolral) 8,0 g WLV 3 3 fad L) de saoma | svaad

\_6_;‘}_!)\&"&; Ess«};_‘ll.@.})'}:u.qucrw _e !‘)&M\Jﬁgﬁ'}&

Odlradl o Bnd o Gy azd 25 oV A8 pasma [ e G BL

o Ol A1 Ledaoy Lo 0t 5501 g gty ool 22300

(76U&J)gﬁﬂ\@))¢:;—du¢2j} ,@.hm RS

gpeall b AU S Ay ) el S A e B AL
4, L

el B o5y "0 st a5 N prgdal 31 3

Okt ales 3 Jums S50 iS4

Jdee J@Slo) oLl ddee " O 530l OV =Y OVl L 5
Ty )

Coskdl i el y )l 385 o) o 8141 53 6

Ol 5 g iU poeall ooy Ul L 7

€ Vo 88 Sliilamd) 3 ol k) 0,55 1500 8




3 Ladll darl o Ao

A O ylald bl a1 ot 1Y

3 Sy ol oy 52 )W peall e
57 (2) B () SN S A (@) SPUEY)
)5k

52 &S el 3 ks Ome It 2

Sl (2) F A ) FSN(Q) Sy ()

P iy Lol (&) 0 sl 215 Osleadt ()

O J0) a3l Oslaal (2) o oYy ki sl ()
lagh oo 3w 00

4
]

SPIEIRSPRCS/ P EENCONIE EN IRV N

3
3

6 583531 o g '
b4
g&\'ﬁh @.A\
=
et el
o) !

S &gt s pd el pedan 898 gdly ()0 Seo sl 2

pszal (54U e ! S5l gslS ) gseall (5 )zl & D QL,,,-§I\ phsel 3
Llalsr] ey 8lslS

o el (B ey g g cedl ol e d U pall plise) o s 4
PRV g N




&

| yo dical

3

|

£

O ylgall ordes 186
0" Lol dad 3 Liul ) 5l 4ol LlS (oS ) dms e G e oy L

I
(I3 /50)

(g1l 2)

Lzascgl! 5)‘,’!.,‘ inJ ST ;
(~750°C) = B
P

Sl g L ol o day 12

Sy low

25 S Sy il gl Joa 0 01 2515
Fa bl Ghaedl S A b el o) Calos

;,,JJ’-.U «-\“" g_.._Sj‘.“

o g ) S
27% 33 SA L Aden op%i‘.:‘g JEIRU Y Gt (R
Ustes P89 AV Odaodl Lasiald Sl 5 1
(-UL.J)P:K:‘)
ORI

35% 53 591 Bnd ! 3 13) sl 2
Pl ol B Hladdl 4 gead) acdh s (L1s O U1 &8s Oslaadl 4S8 wody
ik 5 ol (s ) S o Jsi Sl e (g g O 13 il 2l 0 ) it (S iad 1 3

A
s M o () ey [Eaadl pall sl 33 ¢ AL A SN 0
:} C Ol 31 91 23330 5 3 pladl I w},,!\}abb,@g\
%
o

A /

O‘J}U"-’.‘V



S-Hj.u-l)." J}.;LA." “q & .
' : g.il_\." Jaall
Sedimentary Rocks

Joall uugj:é
Js&\v,a).ﬁ\g
B D vl Lie o

el LN ST 3 0

A o )

I o
Ly ) el Sl o

Lot o

L5 Loy g J) ) gl Ui o ) ) ial) 3 g2nd O
o g mhge ) Lo s & gondl) o) 5 8 padl Lol g0 2050
i) W e T Bale el 2l S5 5 L o S

S S nlad iy g I ot ) Bl 0in g ¢ e )




Lay guu ! jg3uall Livia

Origin of Sedimentary Rocks | oyl

pupall Lélaal
“ \j?haj\ u u—§ TS
.i,».,w)' )JM\Q,w_m g1l sdos o

Ay guanll g GBS S g (AL Ay g ) el o ey .

77
.w‘,;é!d}’dgfwidﬂdl 14 dikeseodl (5 ) oo LR} C25

u‘,a_y-}‘o La}qg(erN)J}Al}JfJ1oMbwujﬁb
Ja\.:_g.b- ’;obb—d‘;&-?))&glqupu_ﬁ.;@p%\
AJ)BJ,:&.AJ\L_'.\MJ‘ D}ZJ‘WLS-J"?-}U‘J":Y‘VM‘\”‘-JJZ‘“
,C‘JM‘Y\ v'uw ‘SﬁM J\Jo—

sbodl Ay ooy L 2l G L) ol e LS S o5

& W g 5 OF ozl \5},_‘@;”_ Uliely Bl b (¢ bladly
3 gall o am ods &Mwyfﬁﬁ\,yﬂm
(77 W) M}.«u “ \).";.AS\ (,)).« "‘\ L}_ﬂ\r; addxie



dsganr 1 joinaadt Lidiis .1

Origins of Sedimentary Rocks

“;L,.._Sil me,éukﬁ\wd\aa@@,mﬁduwn@ .
34_):,651 -U);.Jégﬁsbﬁ)dilﬁy)b &U‘,’-“‘-—J‘J o, )N.U
Sa.h.:.a_) cM\OM\J&(O\N‘JZ\P)&ou}W
g g ) JM f\"““ J\J»J\g&olh.’ié‘i" C)LN\, Jest
i) e s Viom Bbal) olerand) g 3300 0,501 JiS @

LN s e aised Lk Alall Clopeod) o j Oy @
el gy g B 1L

A8 leeS) O adl s Lakize J ghoeadl 0 25101 S gl L 5y @
o) SIS azed Ldie of (Lt 5y ) gadl oS a ) 20 o
RPN E KU PN

(Aol GBI o Rl nl g H 5 B I jatin Lei @
izendl y o) A oy (Frond) (g5 oo ) G 6 J g

ks bk o ) Sy
LYl e Sleadt

Sl gl b Slhasll s A1

.Cementation




bl

73k mis L4 J s
By e g

T o B Sl
L;La.:jg_,&j.kij ¢ o3l
igj_s'-]“airri.b‘.:wi

3 gadly Blaall zamnslly 1)
CBLe.;.H C...aJ 83 Aot
O (hS &y Fual
Sla-dled o Colidall

@3l Al bgrall Sl
padlly wloodi st i
LR ST R R )
1:}.-'-—-,4«5 RG-S [

¢ -l e

LS y & punall

s \ﬂb’uj

dutgoo I el 3 sai aie

L}M\auﬂl}:\}mé
cele ¢ cj_ab-;cuv
caQ;JJ(Jbug&%céaé

&ywip,-)aubﬂyﬁua::g
uio.l.iv.o.“ bjjcb}ﬂ
Jultet gl |
e s Llias el 1

LN ol s 5 ) pdos 2|

Wqﬂloijla;dﬁ‘ﬁm.sg

» -~ b‘
duigini ] joSaall &'94’ % |
Types of Sedimentary Rocks
3 K5 ¥ g abaNg . N B sl
LG.;J& G oy £ 191 A0 ) Ay oo Ny sall Lzl
(O.C'R&J'U LL.‘:C,ML&_LEJ ?_‘:g) Lied \5'.'.!] .11}-_,@.“ :J:, N C}J‘
A" il g M odid e B AL S g RS By ol s
a._séxg,uuﬁy;\ sl La 03805 ) By g W ) il oy
.Mechanical sedimentary rocks (Derital) (433)
LS & gt 0 6,08 1S a,_,sut KRR PO .gwx & ol
ol g " s 3 pdl 0 da o cl-“i MJW PR
B 1 s el e 085 (1 g M pieall oy LSS
.Chemical sedimentary rocks 45 Lar ST
« Organic Sedimentary Rocks & gaall L350 J) § el -dJL‘J‘ g
JJLEJ' ] w‘Y ” 1.1.6_9 o_,"-;?—.“ ,‘}_ﬂ.“ b Lﬁ..\.ﬁ sswl.wy L.oj] 3
C,..:Ln “}J‘ C)U “ L:La.: ',.v mbu .HAF ,uj_. 75 3 'ng—' uLa:.&')L
Mﬁﬁb LJ“ ”x.lz!}d):- Qwﬁﬂbmj
*w‘«»;% ey @,wf” J.)"’“"‘H O;—Q

(Aoa)) A ol Ll dgunydl josaall 2
Mechanical Sedimentary Rocks (Detrital)
'S; .Jj}}'aﬂ éﬁ;«:‘y\ CJL"JJLA O.‘;L&alj lel.é.p f_}.’.':jll o ?_PJ,H ;};

o g J ) seall flaned Olus B 0L SJG (a5l ) o al
C_MJ (& A2 danalt Oslaodl ;‘J‘}-<~' ¢ el Oalaodl Lor dsall ol

‘-w-lﬂj‘ Lols ¢ uwl Oslaed 35LS <J‘ Lymeidl 31539 S S
paliey e Y 8550 e g2 41 Sl ,.ac,mfxyu.\mgb

Al boeS) 2y ol 1t

Sty el n 2IY el 3 s SV LD Dol
DT LR PR EE R U RPWIL ISP oy iy
Of J3 LoV iall oo 1) W1 Oalall oy Baiod 2318 Bor o,

G A1 s pslie 3} Moot

ot AT 2 g Wyl oy el \;_W Laodi ga bl oo
a5l ) ppeall B Sl Slaad et Rkl el (7) J g



O Lol ¢ ool s el 5 231 5 of 3L 1 L0
P e e el STy ) olead! e OIS (s B L
Qtﬁ,ﬁﬂiw_dﬂwé Vs s N BV Y1 s 38,0 Y1 ke ol 2 ¢ JUsad
o Tty My | Sl oo s g g a1, BT @30 i ez ¢ o M LT B!

: g N By N LS o0 Al B 0Ll Bl
bl 3 e

¢l e 15 o (AL L) 2 s I 5l
Ayl g e e sl S0 g e ) ey il kel
L(8) J sl

Sl g iy L ) prnal) i

QW‘ )"5"1 W\J.U cﬂ.f..“ ‘...)Y‘ Sl rﬂ‘ (F'L‘) P’,aﬂ." RV
& & ol > S Pz 3 golom
\.5}"‘"9-54 P e — 256&15{
Boulder ’ Gravel Boulder
Conglomerate and Breccia > Cobble i P
Gravel
Pebble  slax 64 4
Granule 24> 4 Lgll 2 o
Sandstone Sand S
Jou
2 . 1116
Sand 6‘ i
cf:—ﬁ—ﬁmlﬂ <u,|_!;31j>,o- Silt uiJ"
o
Siltstone, Shale or
Mudstone 1/16 J 1/256 ;:p
o
¥ Clay ‘;@b )
% 1/256 . |5

8

OL,:J\WMZJMUMlM .-



Awilagun S dusguinsy ] joaalf 3

Chemical Sedimentary Rocks
& Al Ooleadl L2 5 o 450 S g ) el 0388
o Ay ) Bdae 10 BLaS Slles dlaul 5 AL S Lol
T a3 o) Oumed) 0S5 g cAnt Al o) e

AdleSl il o SH5y Lyl

i A Carbonate Rocks AsiLigu S/ joiuadl 1.3
’ ' . 2 e T + ol
JCH&‘Q\J){;WJJW'_" @bﬁjﬁ\),a_aj\o}.\g

e (635, 23N o s S Sl S e & smmead) ST e
Sy S 2 (CO,) O S ,x:“sigssu e el )l d
&l a3 (Aragonite g ) Ka Lo p o JIS)

) soeall oda ﬁ‘;ﬁ (.,J s BL S (Calcite) cpnd )

: :Limestone (& > e
» P O ' 5 - 3 w il

Sl bt T A < dilsses Bl il

dua)! olied! 57 0 T S e e Travertine o
(79 J5)
oo el s 0585 10ollitic Limestone &3 A2 8 el el
b odo adlaS el e donil Mo § s By S Sl
g S o ) oMelid sl 55 Sllaoally Joull ol
B 055 8) 483, 8l 9 J g 43, olib K e p o JK)
s P bk o) S IS e o I s gy (015 Bl Oy Ly
e SR b (S 0,0 L WU e Baley am me Lgiam Slaley
: (80 (S (¢ yladl) Slendl 2
ardy o smpinall y 0 s S S5 S 0 0555 :DolOmte o 5
Z\&f.,.q J.G\.a.:: Yj 5)>’L~a J;S‘) "‘Liji 4:§." ‘g_gﬂ;,_‘l J,>_q_>J\ ;‘,.:.4}.;).\.}\
(81 JK8) 5l ol 20 Cisnal) ISy ) e

- - el Z N . |‘ P -
byl 4l 4535 :Stalactites and Stalagmites A sl 5 k2! 5t
e goall i 5 Lad ¢ B S Cidin o JU5 by sen Bkesl S

82,&& L Moea: saiCHCT ) =l $ st P
16yl y dof s 2 CaCO, p e SN Ol 5 5 00 5 ot gzon ) (e

(82 J58) 09 S s



Evaporites Syl 2.3
Cy...,‘\j\ o S leS e dsdladl ol sl el ols (6 gl
e Jodt ga S Cw xSl don s W 1S 5 0l 5 G 251N

p gl 0ds ey g S (B sl ¢ b o

- U:...Jti_’\ <y 5 :(CaSO,. 2H,0) Gypsum w2\ o
Lol O5lan 0 0555 I JAV pall e (83 JS)

vﬁp_.}b e ;.J,)A:éf\“ Jb :(CaSOd)Anhydrile RPN (PN
S A B el aty sy el ol o Ay SN
(84 IK8) o hegY) o ) 35Ms s e Sl

&y sk g Mo 8o Dl Ko e dor 5 :(NaCl) Salt phall @
(85 J58) Hskadl By hgVly el L gpy Al

Silicaceous Rocks sl joualdf 3.3

csladl 3 OL gl oot ol pal) o 2l SN O 0 o2 31 o o
Flint el 2 (el - L) 5 FHRN]|
Bt 3 By OU S Chert o o201 9 (86 1K) (O saall)
ol b Jfide K8 e Olio s g ¢ skl dagite K

86 1S
Skt
dyguar el dusgunyll jossall 4
Organic Sedimentary Rocks
Sl gl Wty 0515 0 Bl gl o s sammall eda il
blas gy 0555 :0rganic Limestone ¢§ sasll  pod! ool o
(87 J53) @313l g pllanllS Ll 151 5 ddl B

‘ 87 S
& gl (6 el el




LStr o515 8 5l iCoral Limestone gl yoll s zonll 2o @
(88 [Ka) Ol Lol

055 say 80kl LB Sl asls ) Ses iChalk il o o

s} Bl g &y oo Uil g (SU 0 B 2RSS ol e
(89 Kx)

88 S |
Sl el el

89 s
P
o) 5 CoronsS 6.51 Bl el S o 0555 :Coquina &S 531 o
(90 [Ks) daxY dsbs

("LE“) J— La ,’5‘} OF &5 :Phosphatic Rock <léw st JLV R
(91 JK8) 3 ladl ! sl

I}

Sy Lle (S5 e ool Jlie B oo 29 :Guano sled! e
R

1 Gujyult daaiye (

A e ko sw ) eall S el Ll sde ]
lad €Al 4y g N gsall 3 15Las) SV Oolaadl Le 2
03 08 Ol Oslacl ol 3 45




R.Hyu‘).ll J5all @ﬂi ..._._JSIJ.\"Jl

Primary Structures of the Sedimentary Rocks 2 syl

peil Sdle — cldlal) ddlsealt By g ) el I CSY A o
ol Glad g ablizall Bladll o B4 e

pdaddl o ey dld) el oldle o S e
bl oliiad) O S5 (S i @

bl claaad) —

Sedimentary Structures Ast gt o) ST A1
A gdly ¢ daedl S Ay c Sl e 35 ) B
Slashes B o IS S5y ST St ) el
I adlsl G il Ky ¢ o W ] R 2L
(92 J52) (aib S Led o s

el N o Lpiam G50 Db S e dse ) i) 055
oda Lalisg | um Y N adBY) e Ao gite B 5 bty B AeS) 2l
G oo ol Gdaally JLeSU S A 5 Uam Lpiamy e i)
§ Aol Sondly Wiall C7aB LSulad g Lsths 2 3 o Lgmnns
S 315 G il gty 0o mlay o SN ilonned
W el y A Ol zeds o L clib))

92 S
SR o & Saalt Aodand! |y geadl 0 46 pamall ada e 7
Ay Pl 15 garall oda a5 jailes B g JI




Bedding Planes ol Slsgaianes .1
& o Kty 18y (S o loldl) Ol el 25 )e 2
By G s w2l a8 5 Sl o

saledt O3S o il OY et ) el e B iy Wl (508
e F (6 p [ ook L les 0550 dintor n L s

L8 A A Bl e A R

Cross—Bedding (pdolizall) L3ISI 3 Lasll M
bl 36, S Jo olibll ju5 QIS gladl oV am
Gladl ol 5 e olilal f dg N Gl Sl 2l

(93 JS8) &k B 0L e

Graded Beds ol Gkl (<)
Gy gos ) Al L5ls Ol o i o jzet pdadl Al

& e A ikl il e ossl e o 8 Sas I

sladl r ol e B o e ST o o el il y L el

B2l sladl )5 Wik Leie L e gize plonaf D15 iy e (5 s
ASVG oV ol Ly Y g LS Ol s 5 (e uy

(94 [Ks) S Jo s




Ripple Marks p._i" wlode .2
o) e o s ) o) 33k o 3 5 B e 8
) Slde 3 8 13) L ohpd) of oledl BT s B g M i e
LS 0, ¢ Jad o) g olonily Ll S el oLl gF el gl el o
(95 J§~’f~) "Current Ripple Marks" a; L) r.gJ\ ol | Plae 8
By 50 8 ydomie g ¢ L b g olondly JldouiVI 3000 (30 g 13 00
Pt gh i e b et DU dorl 58 Lo L L) jms bl
Aoyl AL ) LD T U A o ol s

o=l e oy ¢ Ploze S8 L 6 5 o ladle Sla

i - oF (95 X&) "Oscillation Ripple Marks" s dd)
bl ey B Al Ay B ULy Uled Ada ) Cm,ﬁ)s

Pl

T

-— S —

95 45
.1,4.'\4.1.-.55, Z.U‘,;J\ \"3‘ e
Mud Cracks duidall olaasizd 3

& H
Ay gz 8y gazy Lilor o Dlas OIS b 5 S5 s ol 3 OF e 5
@‘M}uup\wﬂmu\,@wﬁ&ﬂ}
M\o\ﬂ\&@@@\ow\ow olaais
(96J§.~) 4,,1,>Lajtu,a)>‘y\,

.#-05-!3 shadly Hhadl ladt oy Ladis dolal) OolERES) ngﬁ




sl (3143, 21) jlassni¥lg ol ladl 2

Marine Transgression and Regression
Eomey el olos (6 giune CLES )b s» Transgression ! ul.;ab‘ )
S ) o A 2ol oo BB ddlatd) el g DL Lo
Pzl b Regression ed! jlus) Ul alays 2.5 1 357 > Goes
g0 oo s g ESY Gy Bndl ) 25 8 o s ol ol (5 g
2S el A ALl as Lt ) Ol (ol (g5l O30
ol g 23 6 g0 sty 2 o IS 2l Y ey
[V e IS N PR PRy VS PRI JNER LS R S ]
cias i

3 3 8ol 4 el ol g 5 ¢ el olin (6 g 2 Lakie
sda G5 L 3,6 bl il ) adlandd) ) allasia s ol
J_t el ol (S gtns Pl e A Overlap s;ia:a.:}b 5 ]l
Bmlas 3155 g Tl dnlins G, Gl Sl Sy Lol
B dl el g I B3 et 55 B L 5 glonadl &3 LS
LG 256 ol g 5 9 Aag il

Loge it o prall o8 5 ¢ty i LD




Geodes Sifagudl 4
j&—iﬁ-ﬁu‘h’-ﬂy 4 e OL&;—QQ—G 5 )Le Geodes <!> sl
5 L)L (98 JSK8) RS i) oy g )
) ) Al iy ol S5 I3 By s iyl gl
e I el o L 8 s pp Ll

Le c)\;}l‘JLg Jalﬁh idzes 5 21 O g Slin | diuna Q\)J,.L
& Feal) Sluaa s sl e g e end | EIS As Lghaony
. Nodules

98 S 5
420 e iy glod o8 8)be SN g

e
28 axal ya

ol oldle g1 0 0 0,6 2




Leslalaainlg do gau ol gieadl oling
Environments and Uses of Sedimentary Rocks

G 9 hanigeiary Dl ety G g |
Sedimentary Rocks: Sedimentary Environments
IV cpad zj&'\@uﬁizgaguuwaﬁ,},;t 5yl A
clale bty i N g vall b o S5 A1 O ) rﬁ-’
Jool e Slslas Al Sl b pes w6 Lzl Lo o) guoe!
Sz (gl O Ay ol Lu 43y oy 4 S % '\ Qwrﬂ
J~“ iy sl cad
4y s M) 2201 of Environment of Deposition w2 sy
ihal S A | ‘.5 | S O ® Sedimentary Environment
sl 2t of 4 o o 436 0S5 ol av& S e 22y
Lo Fezall 43 g (L)
A gl Oladies Ay e JU5 (8 ol pondll) Aamndll ol 5 1 @
Balae oy g 30008 3 )) > 3 Wl e J5 dokedl ol g 1 @

$ } SR IS U Vo E
a0 0 G OIS 2 g g AN -“-—’JN*TJ-} 2l 55 Al 9
Al Oy g IS e e By A e J5 2304 S0 it 1 @
ey U5 OY L Aome ALy cAdlaS o Ml
‘ww,au.,.u wauhs;,m : e B Ay Je Ju Lkt g S e
1:”@:&‘”})\\.\»&.@}’ «.}’)&‘: o :
<Aagell & pedly cAIUESYNy Ayl Ot R EPRIESC R WRCHLS e CR ER R &1 JOU R P | P8




100 S
U N O S Y

101 S5

.3l A la) Ay oo ) 5 gt pdiand

gl joaall Silolasaiawl 2

Uses of Sedimentary Rocks
LS el el o S 3 g I il A
ey yamd) delio 3y (100 JK8) sl 31585 ptsend
) oty dn Ay sl Al bl ) ieall e
el ) peaall B sl dly (101 JSK8) 3B g\t 2slis
ST CIP ea Sl b e s (g gl sl g o g5 g Cyuk
sponall (B S e &b gl oloadly  andall 1 g Badd) o) S
g g )

iy o 3 el ¢ 1531 o o 1
o2 )b Bl 5 b a g ) ) sl Banl Lo 2




S e ! ja et
Al Oty slaalt el 1931
A k)l 5uels e sl e Gon y0 Bt gl A g I A dal) sls olnd Vo i Loie |
e b e ells Ly Lgmed e 31 )
G s (@) g5 gk ()
pblize G5 (3) ok (=)

.*L.,@J' oA JE::J Wl

Ay g ) QWEgéuJ&QBBKJ‘JﬁJWW 1

e ) sl o g9 BT Ly s el el ol O35 o8 A ke L 2
L 5 all cLJ\ o

i

LU o ylgalt ks 26

Ao o 7 ) 8y gall 25 155y
o el Tl s 2y g
ol \55\4&.-34,3\*4 15657 Lgd Sauall 0 S
smmeal) alall salladdl 535 | 2isMel
.Sjj_ajteix&;u\):gju___!y)h

o 415

oms—
*

.3
~m—

PO PR X 9C [P
\.5.93“\._:4.9;_,.:_5\; .Lza—chL.._s}Q‘ 35)),\_,’_'9)})'.“ JL’- %JL@\@ w}) JJ.«L};L.ﬁ
agie el ) 45 B g M 5l

y.

g V18 lgs L 1l

Sl el Sy (5 ol el 0 DB (e

(102 S ) s

owwjﬂﬂaiﬁgabdﬁaﬁ.l
Cadlai i

onj@%wﬁj 2
Loola bl

102 JSs A yS el Lo D) Ay 20 3




Ljaiall jeiall
Metamorphic Rocks SHE Juaall

demall uu!Pé s5ee Sl S Al s I3 n ) eall Jam Lis 5

34 oyl S T R IO P AR R R s ENPEPRIR T

Jil @i asle) Jl o35 dladd B3laS ows ol Ao 5 ) o olon o9 dlila

s,sw._,,,.u!% @}%Q‘) Lidrall il 3 AU fn Blpdr ) 530 2 e Wil
Wil ol dil @f M 500 O STy Bzl gl 52V ede 2l S A
5 s V128 s




Metamorphism 1 syl

pupall cilaal

&= =i
103 S
Skl wuyub\y,,_.!;\,a,uwhalcﬁ.m‘_w Jims

Sy Wi e ey U el o O (S
el 58 8 S B S 5 Wy Bl ) el g
(103) JKHl LS 05 S5 ) Aozl

Metamorephic Rocks adoill joaall .1
yozadl j gl o2, 516 8 ) el g i 30 m Jpodl
\57.9- )i ;.‘J-)LJ Ci’a.:.lj.nﬂ) g:,-)ks‘l;‘}.ﬂ C‘JL:-BUASJ_’}JA h:,.Jl.S ./‘}Mj
M}MJJJM‘N;S&%MJ&J’IH}"J‘UJM

(104 [K8) JoY sl

D)




) gl a3 B sl oY) Seall o e lse J gl Gy
el g b % N o8 Bhes g clially ol S W
el SlaSdly Saxd) S A s

Jmd) o il ol i) plane S0 Bl 3y of 2l e
okl ZLagl oy el

S ool ] 535 5l Lo 2

What Drives Metamorphism?
e datd) ) gudl s Jaiiall g 5 o) Jul ) sSeall 5o
e e IV ek 23 B BN Ll gl o) el o an
S o il fale S g @y Jdl i s 50 X
s A
BUall Jae LY (105 JS8) Jsml Jal g ol 0 8 ) ans
Aiy .33 o gadl Oalrall o doash (23LS Melisl) i I
o L a1 o V15 e Sl oswgﬂ).i;du\:@f‘};,;
B 3a ) o) By olasy) o) o Gl Rinizal) 23U
2N S Jo

Uoeal! & 2B § s I o0 po -
Q{\y Bylgall s pmalinms N Aonti 3 W ol 5 J S ow
1,4,.»)!.;&,!:3\;33,.,% e 4 ; 2, ! ,o)\id\zg);,w|tw)g

Gl BT gl

105 5o g & . P o
Ras B0, 333 b gl ) s 0 Lzl 3> 5 L {;.é.,a L n J.A.r— ols coJ\J?v.“ J.nl& \;1 uLp\iL!
) o pasy S B Jpd) & B ) eall A el Sl ) 5 e el
FIORR T (P i Byl ot 3
"“’" ‘T‘j;’fmh&ﬁ:;’; geoor 2 (6 sl < Confiining Pressure Jaeoll ol J) Goal)

,y,)..)n,:.in;,t*..msﬁcmg,tﬁ‘é .(T=106 J.i.:) olaluV)



& 580 0,55 Directed Pressure 45 4+ kil sl s 25 43
Sl o g (oY) Calises B gl 8 Sl 02l D)
235 & (& — 106 JS3) Differential Stress LUl
g Yl oloily eSS ol 150ad LSl sl o 25 A p5eal

106 S :
&Jlﬁu@-ﬂlﬂ‘ ;k’x‘,w‘w‘ LAz .l.a\.a...o.“ obu\'\ CQ.LA_»j J a.b.“ \53 J.:JJ 8 (él..du..;\) g4 d'ﬁr\
JJ’J LM&'\)g?W\}¢M)M\ ,ajx..JLAULG J.ﬂw
T g DAl b Jaonalt Taialt 310331 ()
Lt el pualls pin ) OF el GilaS ala2s ) g 0 5 )Le ggh U Jalal G
é‘)M‘tJW\;hWJW(*’) Jb JA....J J ajw\ \_)\_,)gaj\ 23 9 L)) e LwL.»t %) n)\.:; “
M\o@!&ﬂ&aﬁu@jyﬁg “ ' » | \ |
ehw‘ﬂm\‘.}"w;w ‘ J.\ Lﬁ J)’LJ \).: JM&;’L«.@A }.)6.))—;;;&.)}\5 .,\....-\5\
el 1 ol : ’ )).L,J\ aslel wlleal u‘;ﬂ.’-:a— J.«.u Lidaodl ol AL oS
L /' ,
E :
m) ‘ > y
A B > A
P 4
wttw\ (<) (Sl slgry! 0)
107 I
et Sl s;,a\s,m Oty gt
St Blow | dlazucad! 5l Lovilicall
o 513 Jprall Ut 5 o Rl
3308 ¢ peall ey ol gy
el ol izl Bknad] e
S 3l (<) Lol Liaalt (1)
1 Guyult daalya (
R PE EPR PR

‘DJ‘J*UF;” 2
¢ .aﬁu\},‘s“)\,,‘.n;.;va.f 3
¢ M\@fﬁ*f(w\w\ﬁb 4




&J,.«.:.AJI Jg';m.ﬂ a;u.ﬂ

Metamorphic Textures 2 oyl

ESTRFICESION 1 PO - RO
b o8l Al S1 Ay |
Loy S el e el L
i) oY) B S
UL Aadlaally Gazsy [
Lo il o W5y 2Ll |

uujall dlaal

Bogell by G el Wl all e Bgsd
LB J;piyj\i\yiaﬁgﬂ@

A3 ol e ks p 1T B e

Gt o 3Bl e
— bl et el
21 (S &lsy — ol b
& 855 Rewliay 1987 5
) b ey S e |
oy

S g gl Ay S ) il
U jlase Gadlf G- 0 0G|
BN o 50 08 Gl |
6100 & )\ sl ALy )bb‘
o OS domny cppo o |
EMJJJV@:;)\JJ LU
o o 2600 dmLoey Jaa
A3 e gan V) o ey f
pitd 3y Sllaie Dlef s |
i gatad) ol DU pls M1
3650 G-Lwss Tad) oLl |

G Ve |

108 s
é.l\ eﬂ!@ﬁ*]\ pl i

B y3 g Gulzal ey AU 6 uhy Sl o o) 3 21 e )1 en
Mg 5 Joj ot Dl 1005 5 455 p o) JI b Baaadl 61 >~
Ol b L iy s s e B 320 0 Canes U1 (v 5)
(OBl 3V 2 b 0 s sl (S Y L35 g ) 0303 alans Lo
L2 AN ) 32801 6 a8 55 Sl




w,'ms,w\s)s,aw;tsjé
Sl Jells g5y gaddl o |
porbiedl (B ol b Jo 805
@ oY o 35y |
Wil 8 ool A ol
o 2.5 4kes fs () g gl |
By el 3y A W
Aoy o 3 el s e ¢
Wkl eds e B OLYE
Jos Jon|

e F.’.-L:«J\

S B opadly e ol Jleall |

110 K8
- peall QUL oy £ 55 045

§jleed) B ) o e |
Lsdeod OF ) 5 UL oY gl |}

33V gn e Sl
W g by )95, W OV
53 gond 05 ) B ilins
¢3 Lk} Q\J}Lbcb‘c'..p‘;i
Jie s A o Bl |

TN (FRCIW g RS

gl sl i g 201

dlgsill jesuall Z_u_uu; &|9.»i ol

Types of Metamorphic Textures
sy bl o Lo o pbsitnd e Fellanas OF 556
2y Uizl )il il isy | sl s e
7 s2edl & GeiV1 s Foliated Textures @5 stell &aeni¥) Los
.Nonfoliated Textures
Foliated Textures ddygall dowani¥l 1.1
;3.:..;) ldas 38y o 5 & ) Foliation 5 5! e o
glelio s, sl aus 1 el Jf Lidaadl oLl (G 5
sl G st o WL dazad (109 [K2) 35 oo il
ol @ el BEEY e S oY srall gunad) 0 S
5 gl el g (Brilinall) By gty s 313,V

109 K

B gadl ¥ g 16 o 9
Rock or Slaty Cleavage &3 g3 ;i & peall Bl ()
G (g 0o & il & preed) mlau) ) (6 sl SRSV 2y
S Aol BLEY) Gt g 88 ey 30b e L b e 5Ll
Pao W 80 el a0y W pete s Bie B (110 [K5)
(111 JK8) (55193 Y BLE2Y and BLLS) Rl jrans (51
Lol el J o Bles B 5190 Y1 0550 3

111 K
S 3 33 N1 pldsn) B el e g7 ilier JI W g (30 6 B Dbl 31525
J jald




Schistosity (Aodiliall) 43 gl (&)
Seadl ol sadl (s o) 5 )) ol oy 9 Jarall dalaif 15 3
PN R PRCS S KOHN. PSR I PRSI R AR P
Uikate Seall gy g 8 ool oalls b et e ooy ¢ LY

Al G35 sl S Al eds b ib (S 5 e 655G
e g ety ) el y (8555t e ) B sty
cAdlaall Oslaall JJ 2L} . (112 [K5) Schist Comad  somm
5 (I lnldlly S B Sl el (g gy 8
A ol oL;uu'..(..J\ Lwds o Aol OlLomS

Schist Camstll pos
Gneissic Texture 8 g g ()
BRI st e ot e s
LalsT oy e alali  ASSCL Oslaedl g 25101 e 4 eyl of LY L (113) S
S 2N gl i MBI 1o s sy dginns o a5 (el 159 B0
; 29\ 3 : ; R e X » 5 £ .
EEDHIE e et s
AstasY) el udl 3 |
sl il o o oy
S a8 al

.Gneiss - (Sh

113 [
S Gslaad) il 5 A1) o gl 1 0 O JarY L (515 gt ) el i gl
Aidase jT 2 g3 1 2gtan el Jasl Loa ¢ Lm0 Almiin Boutldl



114 4
B gadl b el £ 9 a3 SO

(Aueuedf) dBygalf pi dovuni¥l 2.1

Nonfoliated Textures
e S B glza Lgislon oy sk ol o sinaall odn alls
o AR ) il s 03555 el S
ol SIS A5 g ol By gla 3 L Ol S e sl
(114 JK8) e ) S
Metamorphic Environment Joidl Siliay .2

oS of 5yl Jgnidl 1.2
Contact or Thermal Metamorphism
s 5eal) 055 ki oD gf (5 ol Jpoml)
& ol Bl AN peal ol (85 pata {5 )6 e Giodle
'3 ¢ (115 [5K) Metamorphic Aureole & ge Als oy GUas
,S.Lg.ipbb\}.c 6[9 Lgommo L2550
VL oo 5 pral) ASUE (&5 o y ( J) nll 1S o
J2e S0 o OF o 6 ) el STl S
Cadude ol 2 okS Wgmtal) LY dzaS Batholith o 55Ul
By Sl o) e Gzl peall gdaddl S ) e
5eSdl oda 0455 L W5 10km e (3l Bl 35 Lews o
.Zone of Metamorphism zleze J32e5 Bl




5 A Lol Ll |

7 e iy g Sl
o g;\: @l otbedl b |
G palt s ¢ St}
SIS e Sl |
ke ool Bl oda |
Sl 5 G b e 2
@Kﬁirmﬂyw1lb\ﬁ
Ay 2aall 225U (B f

) pudl o 0 5 faal Dlaad) 0555 5 (6 el ol 0 o AL
5 ol @ ) 5 ead) Oalradl 0,55 e B eyl e &)

,A;;i:tca_g\;.g)}l.Q\‘_"LtacLa.W"""

J g} e 53 33 ) i

116 s
‘(.E,auw,w)ng_.wuﬂ‘y(gw\mas._;;,),,-..,)_,.xa)ﬂ{x.d,.—,_
2y @ S o J eonll Sl J el 8 1 o plor 1y o 31 S0 g Lo
LS

3Lt Sl tly Jasnalf 2.2

Hydrothermal Metamorphism
ol ¢ sl Gy e b VL L) 3o Llned) a5 Leie
e Ja s L (117 K8 5 o) Jlomally J gomtl) connd 2 haS
) ) 35 S alasiL Gy B 1 J el e ¢
Sy Lo WL Mg L b VL 4l el 0din 5 00 2y 5 ol
A blal) 3 s J gl o) 1L 8 el ey g
S A e e 8l Lal oy 8 S B0 S Ll ) 25
ciaedl el e S

117 K
el i Laall 3311 ol jLia




oteally ) el Alas |
Ghisy B yatd e a il f
e P alts
350°C = als 3,0~ [
Sl e e
o1 ol cpall o5 223 [

<% 5 . Black Smokers |:

U g Sy Bz ) Salaol)
0 olall s & gmall |
) olas LebMos ! e a2 [
50 ol 5 JKss 3 |
3 hod Lgand 0,55 [
P o i O el o
S o ‘;—J\ v,..L-,»..":.Sl s

sﬁﬁﬁu@f}cj\tﬁ-&w
Sl

Burial Metamorphism odadls Jenidl 3.2

sl il o (a8 2515 (118 JS2) ol J331 il
J}).a}h...u‘dbgl\o.uage byl o j ,ao-“";s\._j.w N
b M‘W-M‘ clalkl Caazl J gl (6 s
Gl ol S fS;L:—L ERU ISR WOR [ S O - P
0385 &gl 093 o praal] gumed) S I o g el o s

/ /\\/

I 45

(g ee) Mk O5lae O35S el

Sl S gy uﬁ,b/&.»,;.‘ Rl § S Ayl y 130

J&)Q;ﬂw)ﬁ,ﬁ Aoy 31 3 b)y\ JS)JOJ,‘&J‘ G._..—-‘J‘Jjgij
D el kel Gy Gt a6 el

118 s
AL et



Regional Metamorphism LY Jouill 4.2
g ads ol Janal j;twmu@;uggfdn JAa ooy
52 IS g g Bl > 16
53 Oslaedl L 5 J o b ol y Sl 25U s,
olond) o Blalaza g &g 20 ) 5 of 356, o Jo 2l pseiall
L Jariall

5 g s i
Za_)li.h \JU;J‘

Pl Bl

119 &2
o $ o s el laral latie o B et oy
Jled! sy st cmdlas (e 1) oo s

zouaﬂ &.a_j;b,a (

i O

€33 sell pemmnil] LU 't\}j\jt L
€ dmted) ol 25 035 S
RVPEEE T EHEEORI BE

€ eoBY) Sl i o

W N =

thh =




&

| yo dical

g.
b4
eEmpma

3

I nadll dar! jo A
AN Ot yald Aoliadl Byl e 1Y
Slaloni¥l b dgglazs 8 ) pmall 0385 N (55801 0,5 o -1
Lol ol ()
el el (@)
Gles dbidl Ul ()
s eiedl olabll (3)

AV TR W E PR PN B
&5 93,3 Bz ()
& gmadl SLEVI ()
gt ol i)
Glazell ladli(2)

2 Ll )l el B 43
55l Jeadly J gl ()
o2l J = (&)
“ 2s3b J el ()

wﬁ‘)‘\;}‘ J}h‘.‘.” (é)

2 el ) sen 4
Gl b i ()

(SO prsed (od)
393 i ()

Shagh o (3lod 150
COUsy oy (A gmzed) ) enall 0555 AW o) O3S L e sl 230 206 2
SN o o @, pall 8y pially ) 2l ) p5eal



i ylge 35 16

Bl 5 JlaSieny eadll hin At 53 = LgemnsST 1 O Ll pudiatal

il el e 8 ooy pelall es ST JU LI s N s s sl 20
Oy g I gl ol 5o 35 Bl o (60 1

Cay 1 | pieal) ot s )0 el o g3 g Gendl e sl L

o N8 ol o 13 Gasll (e oL L) v B 353 )0 ozl il elod S5
¢ )yl ada 035

05 ol A 3 g Golly 1 5Saall el 1T BV L 4

W N

(°C) 3yl et s
100 200 300 400 500 600 700 800
0! i
& T~ Ul g
E FE8)
16 -
3) 24 il
& 32
3 e A\
..r--'-'\\
48 [P STREES DY) JORT E
56

-3

| yo dlical

1

3

-




0, ¥ G yldd S S alalasdl

Changes in Landforms

RS ;J;&\M\é

80 593 20391 ool o . .
‘;L-in

Ja\):.!\ :&L‘J\ b.d).\]\ 0

8 edly 1Szl S saly . .
PV

wlles Canal (EIW oyl @

Sl |
TR

Mass Wasting S S el
2! s dpesll U8 ol OF oS B gl ods a3 g
oda 5 b, (5 2V dmdald) oalglally Jlonlt 50Yy b delis
ey S Bindl £ 1 T a1
:&M\ S\J.J\) CJUAN\
: > ; ;
ESUPL IR W PP SO, PRSPPI | PPN (W WP =
12 )N (S S el Ltes
J»:.LEJL‘L‘)@ CWU 653‘&" Jlala)! :‘.xjaédn 5}?‘-‘5 ;1);_-1 Cia.;‘ *
.@w‘ngﬂh‘wg&‘jw1cu¢&‘;jc@jﬂy
NS ) el e Sl 23 c e )
Aol ) aakadl C«’-J ey

coel o 36 5 oS Lgsts e AL 5 s dalad IS ab) o

Aty OLYI olsls f asl @

Q.".‘:.a\) Ji’

e SY Y CBY YOIl Sy 2ald) N e T o
(_'O})_’.Ln

il ) S did o o




P RO

Mass Wasting

.j.:uiJqugjag § s S LS 9ol s W1 o pmiall (i OF a0 J e

Ol OS5 B g e o) pall S5 3Ll 58 OF V) el 2l
glﬁj\.ﬂf..ﬂ\)}:o; dﬁﬁc&f‘ipdjcwwéqyw@)ﬂgﬂ\
@L‘-“w-ﬁ‘é G N B SV K85 L) el Slgl o S0 jola OB ool e

LSl iy Jol gl @ deaall blnlsda @38 Lie | Wl 6 el e Gl 15k
BN 8l g )8 i Ll colSnall y st i )

uw\w).\.“

s;L&J\ 5J,;Js¢gudtm:¢§




LS Al e

Role of Mass Wasting

1 Gujutt

€ olas 2

\

i oL it N YW
Lokl el et ) oot sbolg)) =
JFLosl S0 lls e |
&) SN & oy Y
PN g ity

2005 ple pgSTS 3

R PO 51 P9 SO
Hurricane Stan Olww jLacY
Bkl el y 61l

o bl Jass VLA g
12m Gesy Tkm J sla ool

« Panabaj » Lk dhn g :'*g}
Lo 1400 86y ol b
gl oda o (g ond O S
e 50km/h 3¢ ey nlall |
Aladl oy

@ 2 2005 ol peST8 S
Wlais x5 7.6 550 J1
i) Jo it )l e
oI sall 231 DSy i |
e S it a5 JIS5N
Agals )WY ol 5t Of 3 coallt
e I o 2t |
A )W) SBY S e otzadly
BY )y yasvall 3L (oot iy f
o 3 gl g Bl ) oS 2
PP SRERR
(G2 By Bl gl

wuyall dlaal
S S o) B a0
2 Y sl i B S S o) aaly )yl e

120 S
L2 Ny OSaadl 128 e Blr B J ) O 1ab < 2009 pl

Az, ¥1 gy Laall JS g AT Syl ]

Mass Wasting and Landform Development
SN el o AL A ) s Aes Lo NV EBY Y1 LS
Sy yall 8 5 ) S S 2l .k, Mass Wasting
121 [K8) B Y 23l 30 cod el Liul g & 2
N s oS el Gl Jay ) dorlony e B

121 JKs
Lty als gy s peadt 8o



(20) Sbo s |

luls e alls 25 uay

s Sl i (et
S b Jsher an oo
b B (8 A Sz
il a8 B
ol lal) 208
LU =L dalai ) olds
S Sl Gem ekt
iy gmo 0 o8 Jug 0 10
1800 of Y] ¢ sl sl
o g e J;mgsl-“&"@
.ng}iu\

The Role of Mass Wasting S S 4e0 1.1
s i 4 5y JASTl B g i 3 e 5
b W gam g ¢ gyl y iyl Lians  cJs n Lgiam 1

cr (o UL lara g 8y U 8 Sime ol posedl 0S5 By L 5
LlS o o) uiad (5 Senall oS JU Jas Slhain g & jle 5 51 0 0SS
VPSP e IR DS IR PP P

im0 55 Bl B A gl B35 plasd) JSU 8 ) e
R Wg st gz Y Landform &2 B IR W RN -0
it o) 5 8 S ke latig Las oo L L oy &y gl
Sl N SIS
Aﬂté_“\@)i,\,.uaﬁ..: il g, M\.u.\m\(mwjm\du\
5SS it obadly JSN S el 8 zaad) ST 5. 2 )

Lo )Y\ el \Jbu r"‘u” paial ;_s"‘ Stream Valleys J glisdl Obs s
S O 1 5SS 10 W g fama i ¢ J sl ST ol )
Ok 3 0450 Loiss i) A Bz )] I 15 5 )Le 0L ol ol
SIS ) 5,5 e Ss sl 38y ghae o LA ST LY
" sledl g et sl e

i 'u_._g‘),z‘m\‘-"g' 4_,_9_,,,), L;,U\Q&AH

122 J$s

8 315 Wl el ‘..xnn 33541 Oyl zad
BT PI0C ti (Grand Canyon

Lol s gy U o) 208y B g3y 85

A s ol g d 4y i o8 L g‘-

°MU)}




gl go il jasil) ;8521

Slopes Change through Time
ek &) i Sl jdoein dorl 35 Of oy S 8 o B0y S
2 S A Wil Jlad e phid (s pall 28 N5 5 ppealt
P EN A PR T PR LS - S P SRR C PRERN PRV
RUSIPTE
520 ot b e liallp dny LSS S8 ol 3 lame oo
Ay LN laad gy Byt 2y eil] o a8 A S
Slhes a8y 5 Rnn 185 S UdE O jdonte gla (Gl
Dy e Bl gL o NV 5 T Jadsy SO & oy 3,
GHU L leuty) AL Lads yz&j PR ERPE N FCE S PN
(ALl gt LSO 8 o) 335 a5 il B jes Blap Likis
s plouadl e 5 das 88 he OIS oS e i

1 Gujsll daalya (

Q%}_Q\ & izl FLRTIN |
o iedl B35S LAE 2
13Lad €5 okl ST d VI EBY Y1 S il 3

i Yl




LS A AaSaiall wijiaally falga

Factors and Triggers of Mass Wasting

I el ) s g 2 o

)N Ayl e

$ e - Bl &5 (1) :

N3S LS8 el o slodl 04K 8
Elosted p gy clidain 51 1530 shadl 055 Lo |
o g oS RSl 1 ol
gt 123 s

S8 el
Ly ,\;l:ijs 8 el (._:/\x:.; & 858 s Gravity L N1 aydled)
Jiod i 8 ) Sllas s b Uga Vg 5 5T e e
Ll Bl Btk O )

AL & pnalf Sillon 3o sl falgall .1

Factors Triggering Mass Wasting

Water el 1.1

T omss sladly omad) of pal et Lotis Gl S0 4 ol T
Ao JSN S o B0 S (124 () alyghadl ddondl Ol 93 5 5 s o 550 e J;JM
iuuL..:J!tA.»uth,Ile...bu: o - g e g
oot Lo (4Sales 23 o g o S A0 el 8y Lakie (2009 ple o B 1s 120 S
ol Jal g GY5VE R A Aaall J gedUs L300 3 A ;W1 SN 5WI s & ond Vs
e i3 Slas g lSlzaad! 3 AL ) ol o Ayl bl
Mased 122 48 3 g W 3




125 (S :
jutgé;uﬁssm;_ﬁ‘#,dw
B s ol g it B e 86 |

i ) Sty G ) OB g3

.gl-.ﬁ\,si._.n

Oversteepened Slopes dadl Aty oufylasai¥f 2.1
C-G TP PP Y RN O R NURE, YU PN O
Sl o bl gl & a8 Buuds ol Mol 055 degall dlsaY) e
LWy Gaels & aig bLall O35l o) sall plilasly o3 )
o) A B R 8 ) il 035 ) OlaiY) 2kt oo 8
AR A y)5 3L Sl Lakie 0555 1 Al ) o

Blzwl 40° 5 25° bl &Y &9l 5 - o 5 . Angle of Repose
Aoy Sl K )

oSN a8 oS Ollin il 5 ) 33l Bl oV (5552 U3
u’l} 5;9 A g Jﬁhﬂ ;)LE..!:J.;\FT:),_);; T qu 3.&.»\.«2.«.!\341;.[\
Mo B i A S el Sldes 0 ST dlee & gd
0l Al daazand

Removal of Vegetation Slaldl aldfyf 3.1
Oiy ;)w\ )\J.E.':,u-‘\ grb\...g_} Z\gﬁ;‘i L)Uﬁx é.a;,LJ\ Sl
o) Lpamy S doebent i)l g & 3 LS Ly 5 5 ol
Gl 4 ) e 3y 2 5o @,\f Sl Jony U5 Jl Bl
13 desls g ST 8 o) 0 bl JESY) 5, Uaa) J glan o0
o YD A ooy 85 me oladl g il g sl e i) O
,dﬂf;.” O }T b_JL:,.é-\'\ dclia! QL’L&“ C]::E

.ﬂjxﬂ\ o &J\Jod\ t:.m: ga.ljﬂ‘ (] \,1.,@,"\ <L tf ;5"1 Lleyl
) e Wall el G Lk (125 S8) 5 51 G ey JSUN
e BY Y I e Ll « ol el y 91 o) s £S5
anb 3 0 0355 Of S el e 5 e, Bl ol jdoial
aday o slodt 355 dinad) 8 porlodi s miey slel) Bdiis 8 85

J:u’u"g,w-ljr:’ )U:.;\'\ Jslan (g a4y Lol °\'=‘°J\a—:°5¢f.\g)§’i_ﬁ
.g_ijﬁu-tsjﬂ)z{._m

iﬁ IKIlfh'\lfl’aa;s:.x‘.s L=




Earthquakes Ji¥ 4.1
AT m Lenty Lo o LW gl 0n ol 0 S5V N el

5 o) gally el e R a8 Ay el § L
el ¢ aSulexd)

Roslanndl 3 gudl Jamd OF O30 elT ddsall 20 81 o 51 5a™ S0y
e 10 g 6 ) el o e olonssh ¢ SIS LT ALl Bactol
.Liquefaction el S

Sl g (399 (30 ?L‘ESJi il 2

Mass wasting without Triggers
Glasled Ciniay . s s 93 B pd) LS S ol i 5 oty
SRR VR FHEPES N OSJE PLF U1 Spitgie s R
O35 o J eloledl jadseyladiey (s 5 hands ol oo Baey sladl o dud
BN S el Sty ol e § i LAY 2 (6 et

2 uysll daatye (

e S Sl N Sl B3 (B a1

Cii, ¥ BV YL S5V Bl L 2

£ S ol chlee S5l S aS 3

T A G0 sien ) ol ASY 8 ol 23} g -l (a4




," I d il olilas Saval

Classification of Mass Wasting Processes

uupall laal |
;SL‘Q‘J HJLLAPM N;MQ
.61“1JJ>LJ\JMI;‘yy\JJJ}jJ’§

126 (s
, e
ﬁgﬂSQJbJ}UlﬁigFE‘lﬁMSﬁf)Uaaiést
Q.‘Lo.),budjjj: J:\'g‘bw.b)d..ak.r\l&am )Sﬂ
JaL_..I:Lu-L:(126)J- ..-:cu‘LoJ‘ w‘}v ..l:

Jjedl jadoy Jod) pedon (o ol 0 165 6 8050 )Uﬂ‘w
G0 5 ¢ ollamd Sy, 250 By ) 63 LS et il
el fiud b Al el o g sacdl & Al e dlie ST )
,,\3;\5\ 8 ol 0 500 5l g Loy uw‘d‘t‘f FRENEY
3y by 3 el o) gl Bade oLl e Bale il 5 ) Y (il
A28 g S el

127 — e
éfw‘;wﬁ'w‘}ﬁw7gh@(i) Nature of Materials slgdl Azt .1
ot AL 140 @ ) 3l alady Ay Le ol sadl dnl \51.9 JL".,Q\ 8 ol olles Lagal dazny
LTS P A o Nl ) ) A v b Ho . 2
e et | ) S 18]y s e f e o e 415 8
.California AL g SIS S el i)
gl Bumiall LY I (5 e Sl ()
L2012 :




Rate of Movement ysill Jies .2
5 35e) 2345 Ledkie Rock Avalanches & puall Oy bgil S

& G 125) 220km (o & oy domsedl i ) oS30,

A Bligh , llzandl oy Sl e & Sy oy 15 L 8L
Adanl) Ao s O oo s guameal by Akl AU SIS ol e
Type of Motion as,digei.3
boi pond ¢ JSI S ol dhond daialsd) 5hgall ¢ 5 ) BLSYL

ol fall JaSlocy Dle 387 ol ¢ 35 Lo b Lasl Uogeo 31 ol 8 s
flow b ;‘ slide &Y 7!

Fall Jadlauill 1.3
8 a0 Loga il 3 plai) 1 (o g3 38 ol aai Lunkie

) #

(128 52) i) O powall 6wl sl | Uaslg

128 S

Spdtdl Ol ydoeadl e L




Slide G¥¥12.3
Blai 55 3 e o] (sl S 8 ) ) ol Vs o2
HUp L5 e 3 ga o Lgmod Loy 48220 S o L Loty Cons
BY 5V p O] Ole

Rotational Slide $hs Y Y 1.2.3
kol oty el ) j3ie e S8 e Lol mladl 4 056
S AL § izt ma il ) o) gad) 3o Bt 000 Eom g

(129 J53) o

129 J£&

g;\),.m SY 4



Translation Slide SUEY 3Y Y1 2.2.3
Vs ik mlas of ¢ A of JoliS gl o o 3 o)l 43 0SS
(130 JSKa) Ol 9o Lgas)

130 Js

SUEY YN

Flow lamriai ¥1 3.3
ki Sl gay JSU S pucll aailad) ¢ 1 W1 a g 9 S0 L2
055 L (gem] Jads ) S PLLS jaouiel e S0 4 oo

c2b ol 0L s e 8y el Batie SLLY) dlan

Debris Flow & PV 1.3.3

G JSN 8 ) gn G By i SN SN pmy

o 35S BaS e UG (g el slladll g & D) Ll ey
Mudflow bl L) Lia)] S g 8 LYY L)
s e ey () ol gbled) Gy S 4
(131 J52) @31 o5 e JSadl 23 ol y 5wy (ST



555 @1 A5 ) UL.,.,V\
waglsﬂ;‘yyuutg
JBY e ST H,;s,,,g
bl wuags  Lahars |

o Jou Lo g B 2551 |
Boo U L5 fadedl sl ol |
)wx"wJuw‘ﬂi’ég

B el 1S
S 08 0
058 O 3 s ge g o[
i s Lokis a3 |
I CO T PR N
ety Sl R 5 e |
s M C)\Jwtdl.cg

J gl L;)Lzuc_.:'.:isab._‘\g
SN iy 33 4o ol |
ULV L Ve 530 |
Ol Uaf gy 6 1
o e S i |
T R WP
O o |

13]J§~.’5
4,-‘24}&).cw!)b)MU3.;);:“}gnwidﬁh#;moﬂﬂﬁpcu;&%\,ﬁgﬂSﬂ P P |
Ns,h.!l\,-.““ﬂk_.b;!\

Earthflow 2N SLwi¥1233
“‘J’}“ bt & I LSt o e Earthflow g.'aﬂ” Pl ol

§ eall sllasdl y & 2l ot Loie ol Ol g3 o alt ool

Wy el e G405 Rilsun alii g 3 pdt 2805 15 celadly LS
132 Jﬁ_-—,) RSN JL»Y@VLJ g 2 @i i of E.MJKJ&:- ‘_51.93‘“5

132 J<s
3y Bl 04t 03 oo 31 sl s o s DL JSCE 20 391 i s sy
iV adia ds el ) ) oY L o d el a8 b ey el Al 31 gl e O S
.\,‘aﬁ!



Slow Movements ddada ! SlS )il 4.3

3L S o ol e 2 5 el LT A VI Y Y O
38 Slhes Ll e G31S Lllail Lol g 0 &)1 S (305 A

o)) lS el OF el g L dlade) PESTN PRI} PO

Ak ) AS o fady L ) WS e 15151 ga JES e @ Samn
";U\J‘L(I33"L§.&)\}L<J\ .’_Ijzﬂ\ythCreep_j}}‘u,&)ﬂf
A gl g sy poiall e USG5 Sl sllasl y & ) s

: o eSOV sl o b5 dles 2 CZed N sl
¢ et D (134 (S8) Ol y 2y4ba 3 of 0 gl g el iy Bomla ) 51 sl
: ,55:5\ ;.b\).w‘) PRI PRVERA leix:.“ e vhp-/‘.ﬂ ab>a a2y

desY A g ) g1 o gl s cadde Ju5

Ao} Ay o) S

RIPRUE IR
134 4S5
St Ay Pt Sl 5 1y 6 05 g pedandl 31 pal] SOV 3 ) S
)

3 upsdt dxalya (

o bW g BY Vg Jaslt oy B

€8 S 88 pamy (B Feaal)) L2 Y1 )y gV 555 13L0]
LUV BY Yy Sl a0 GY W LS Bl ST
bl ey Gontns 5y Clogry OV gl L

g2 Sy S N LY o 0,6 4
i o ) el il e ol 8 ol 41 G 5

e ko B«




&

| yo dical

g.
b4
e

|

IV Lad daxrl e e

AW oyl Aol By et 1Y 5

4 s Sl ARIU ) UYL

!l LY () Bl () & el BY5Y () G ()
il Lo G AS Aol 2

€ pee GY 51 (3) 500 ()l LW (@) Gl Gl ()
lhagh - 3w U

e 6o s A Sl VI b B il Jjoo sl b5 &bl G0 51 1
OJSJ* \ﬂ},ﬁ;b

Colkeiy (S g O el BY Yy el QL) o atdl g Loi0jB 2

2005 ptu 108 21 GY5) O lgalt By 1S

\ \ ¢ W A e AW el I PO PR ESY

-y | Ll L) oS Lakie 2005 ple ol 10 b g slale St iy

} 4 IO La Cinchita 25 SN Lyda (b BV 51) o S

:ig | T Jloi BOKM dny Jo ad ony (L) 5aJlS 35 nall

AT cosdl sl o 8

3 ‘ ° . o e » - 4 & & &gt s

2 Cﬂ‘ ‘d.sj,o.‘\ LS’L-?‘}‘ (v-—"fhj all ol 7LMJ‘ (VR EE

T RORPSPXUEN AN NN e

33333328 ol bl Lo el oy 1
SESRSRZLS o

SEEELE B e

S Sy S el Ja gz s sle

Sadesdl o 3,

Many adany ety Lo )1 o iS5 oldl 0 BeaS Sl o I P18 1

e Sl el o ey a2
S S Gl e 3
ezl o ) U Jaos 23l 4

colele m faad asle [ 455030 5 5

Cotomodl la ilo g ) 2 o gl ol L
e gl ) e B (W1 B30l g5 S
o2V peland (31 )% 41 5hall)

JCaY Lt 48 sl

& SN S ol g i Sl ¢ h o) IS e any
g I
) b Ll O Sl e s

a3l oo 1 My oW1 el ) a3




Compression Stress blaas¥ slgor)
Differential Stress kﬂsl_,aLL sles-!
Removal of Vegetation <Gl 3 5)
Talus Slopes ol jdmeto! J"“T
Landslides Lz NI Y 5y
Uniformitarianism [,.;.A;VMJ\ plizs !
Oversteepened Slopes LRSI RCHPN PR
Marine Regression S )L.@.s!
Translation Slide SH] 3Y 5
Rotational Slide Sl SV 5l
Earth Flow Q_;pj NI
Debris Flow %—“6- 3 bl
Rock Cleavage (S peall Blassy!
Double Refraction E_}a}o.ﬁ\ LSSy
Rock Avalanche & e gl
Petrol Ja A
Fault Breccia Lode iy
Metallic Luster S HS 3
Non Metalic Luster S Y 3
Polymerization 3 podt
Sedimentary Environment 4y gy Ay
Crystallization sk
Mass Wasting gbi:fdi & >l
Basaltic Composition Sl S S
Granitic Composition g:‘:;l'f’-' bl 8
Sedimentary Structure S S
Sheet Structure (e oS 5
Amorphous Structure Sa bS5
Ultramafic Composition et Bgb S 5
Ductile Deformation Sl & gusl)
Brittle Deformation il o i)
Landforms Lo Y| gzl
Gradded Beds T Gl




Cross Bedding

gl Gl
=

Foliation 3 5 s
Foot Wall @Lﬁx Sl
Hanging Wall N EOU S |
Historical Geology Loy | Lo of g
Physical Geology 54 | Lom o gl
Limestone S gl e
Lava a8 ! E..w.ﬁ\
Basin P
Marble el
Tonically Bonded gl Jaylyy
Mettallics Bonds Gy 518 Jayl g
Obsidian N
Creep -
Earthquake d55
Cleavage Plane Slassy! Cd:.m
Bowen's Reactions Series 0L jelas - PN I
Single Chain L alls
.Mohs Scale 33Mall s ge i’l"“
Dark Silicates Sl &l
Ligh Silicates P S L
Schistosity & gomedl
Organic Sedimentary Rock S 528 ggn) o
Derital Sedimentary Rock R e P
Metamorphic Rock Jomze o
Volcanic Rocks LS 5 ) ameo

Intrusive Rocks

Ignecous Rocks Gob ) st
Magma 8 jlgall
Directec; Pressure 4 g _i:.Ma
Marine Transgression $ e Olib
Fold ib
Anticline L) a2l
Syncline 3 ot dla

Oscillation Ripple Marks

doddh ol e

Current Ripple Marks

Natural Gas




Fault

sl

Strike—Slip Fault

Y GV 6

Transform Fault

Jymdl 5l

Normal Fault

(ke e

Reverse Fault

u"}ﬁ"" "}IL‘,

Coal (S | \,.>..(u'5
Joint _hels
Columnar Joint &2 gor ol
Dome i3
Specific Gravity ie ol L)
Lahar Y
Streak Plate | C/‘J
Water L
Hydrothermal Solutions RPN NI PN
Chemically Active Fluids Biles ot jilea

Black Smokers

Economic Minerals

Aol Oolasd!

Silicates Minerals kS| Oalas
Non silicates Minerals LI LY Oslas
Gneissic Texture {M.Ji ‘,:MJS
Pegmatitic Texture \S.ALQ.M e

Porphyritic Texture

-

Dl il

Phaneritic Texture

Aphanitic Texture

Glassy Texture

Non Foliated Texture

Pyroclastic Texture

Foliated Texture

Zone of Metamorphism J goesl) Bl
Metamorphic Aureole i gmza dla
Hornfels e e




