Science Nexus

griluas aduelys Lo oloundd paids

e Title: Introduction to General Geology (G 101)

o Loglenll ale &Ly :V5) (The Science of Geology)

® Geology is the study of the Earth and its materials.
(L(b..\lgAg ub)a' 3«.4‘_)..\ D Los.\g,a.”)

® Itincludes studying“the physical and chemical changes of the surface and interior.
(b Wls pbrad) &lia Sl 4503001 Ol yed] dunlys Jasis).

® Geology is also the study of the history of the planet and its life forms.
(agle 8Ll ISy Sosll oyl Gy Ll o Lz slseand

o FLogloal) ooy I3k : L5 (?Why we study Geology)
® We study geology to understand both modern and ancient environments.
(dagadlly Lpaadl wledl o IS @ga) L glgaadl yuya0).
¢ It helps in discovering natural resources.
(deedall syl gall OLEST 8 aclud).
e Geology provides a long view of the Earth's history.
(23 3ol dyglo dsyyl5 8305 L slgunnll 533).
e Itis essential for identifying and mitigating natural hazards.
()BT o aasidly Ll sblsall asd dyygso 9).

o Loglpall oo g9,% : UG (The Branches of Geology)
e Stratigraphy is the study of layered rocks and their interrelationships.
(L dolaall BBMellg 48 dnll yosall dwlys g wlddall @le).
® Paleontology is the systematic study of past life forms.
(a8 lud! 8Ll I dmgrall dunlyadl g dagadll e LYl ele).
®* Mineralogy focuses on the physical and chemical composition and structure of
minerals.
(o3lsal 2liys Slals L3l oSyl Lle 35 elaall ple).
® Crystallography is the study of crystal forms and systems.
(eslyoldl datnilg JK&T duwlys g0 wlysldl @le).
® Petrology is the study of the origin and classification of rocks.
(oseall dgaiy Lol duwlys ga ygsuall @le).
e Geomorphology studies the origin of landforms and their modification processes.
(lghasd ©ldacg ()31 pupplad Jool Juyay (2331 I ple).
e Sedimentology is the science of erosion and sedimentation.
(ol )yl ele 90 Slguyll le)

e Geochemistry is the study of the chemical composition of Earth materials.
(w233 3l9al SlasIl oSyl dualys o Lz glguadl eluaSN).



e Geophysics studies the behavior of rock materials in response to physics.

(elyisall Lloeial ygsaall slgs Solus yuyas elyiudgandl).

o W3lsag oé,1) : =), (The Earth and its Materials)
¢ The Earth’s radius is approximately 6370 kilometers.

(Lo a3 Ty0 LS 6370 QJ|9> 231 yhd Lo o).
® Most of the Earth is composed of rocks, and more than 3500 different minerals exist.

(&lisa 320 3500 QA).S' A2 519 (95D 4o do_)m koo 4 oS).
®* The Atmosphere is a mixture of gases, mostly nitrogen and oxygen.

u.o«..uSlg 93 gatama (l3lall o ladx g0 69”'” OMsI).
®* The Biosphere is a thin zone near the Earth’s surface inhabited by life.

(3Ll lgslus uo‘)ﬁ' o 0 03dlly 44,8 ddlia g0 ég.l_xn OMsl).
e Solid Earth, atmosphere, hydrosphere, and biosphere are all interconnected.

(gl yza LglS coundl BMallg «lall BMall ( cgadl BMall dLall oY),

o oé,8) lis :Lus s (The Earth’s Layers)

e The Earth consists of three main layers: the Crust, the Mantle, and the Core.
(Uly czlisghl 8yl 1dpucdy Olads O o 2331 4o5).

¢ The Crust has two types: Oceanic (5-10 km thick) and Continental (20-70 km thick).
(1S 70-20 ladey 43389 (oS 10-5 clade ddnga toppegd oo 8yl oy o5).

e Oceanic crust is composed of dark basalt, while continental crust is mostly granite.
(eesilyzdl o Wle Gyl 82all o o8 Larsy cSTAT U (p0 Ldngonall Byl o o55).

®* The Mantle is 2900 km thick and makes up 80% of the Earth’s volume.

(L2l a2 0 %80 iy @S 2900 7Lisgll clads gloy).
®* The Lithosphere includes the crust and the uppermost portion of the mantle.

(zLasgll ;4o 6913” cyadlg 8 yaall 6Ml Ol @ay).

e The Asthenosphere is a weak and plastic layer that flows slowly.
(edoy 30a5 Bulg damd dddo 90 EEVESRPSOI (i Sysall eI,

e The Core is the innermost part, composed largely of Iron and Nickel.

(JSlly pandl o 38 ISy ¢y5ig diac y5Y1 32l 9o ).
®* The outer core is molten (liquid), while the inner core is solid.
(o =13l Cdll g & Blw" yogan oy LI,

Geological Structures

3] 51539 & Luf g0 Lis :Vy] (Basic Concepts & Primary
Structures)

® Geological structure is any feature produced by rock deformation.

soall 09 e 23l aloo ol 90 2 glguadl oSyl

e Primary structures are formed during sediment deposition.
el g gy 2 U3T 0805 aST53 o Ao STyl



e Stratification or bedding is the most common and characteristic feature of
sedimentary rocks.

Gsgual yosal Tiaais logeds yiSU plaall 90 Slab (B copuaydl of Bl

e Cross bedding consists of sets of beds that are inclined relative to each other.
exdl lpand 4wl Bl wladall (o Olegasa oo oKl &bhmll Sl

* Graded bedding displays progressive fining of grain size from the base to the top.

dagll JI 8acldll o Oladl @ ;79 Lou).u Lasz.u)g.b.: Zozall gdaddl
® Ripple marks are small sand rldges formed by moving water or wind.

zlyll of dyyladl oLl Joas oS5 8 ys00 dlay Blg> o2 el alede.
® Mud cracks are polygonal cracks that form when mud shrinks as it dries.

@b};blMlemug@ dolon §odds o pdall §oddn.

>lez Vs s9iall 833 : Lo 5 (Rock Deformation & Stress)

® Secondary structures are produced by rock deformation through tectonic processes.
4555 lasl] M cp0 yo5eall 0545 e s Dol oSt

® Tectonic processes create three types of stress: compressive, extensional, and shear.

Lailly idly dasall 1algsYl o ¢ 1ol B 49l eililasll Bl

Compressive stress is common in convergent plate boundaries.

a,laall 71981 sgus V,@e Bl baall slg>].

e Extensional stress pulls rock apart and is found at divergent plate boundaries.

saclizall 2ol spu s s2039 gy e Tamy yoall Gy 42l slga .

Ductile deformation results in folds, while brittle deformation results in faults and

fractures.

Bohirg Bllsd o3 | " tgl” chakdl adall gab lazg «lbs o5 ] g35y oAl ogdadl.

Goiills 3Jedl) 1 UG (Faults & Fractures)

e A faultis a fracture where rock on one side has moved relative to the other side.
=3 ol Al wL}.\}TJLc)MI 48 eSyxd yuS 9o 3l

In a normal fault, the hanging wall moves down relative to the footwall due to
tension.

Ll slgs] Aot Q_LmJI Bl &l Jaw Bloall Wil oy ‘éJlsﬂl Sl 09
Reverse faults are caused by compressive stress where the hanglng wall moves up.
SeM gloall bilsdl oty cos basall slg] e dugSaall 3l gall .

Thrust fault is a type of reverse fault that is nearly horizontal.

88T 4y 98 & gSaall 3lloall g0 £ 93 90 "yl of a3l BB,

Strike-slip faults involve blocks moving horizontally relative to each other.
ol lgond ey ol JSin Lo Ul dyod Jaid G yaall 3llsall.

Grabens are downthrown blocks bounded on either side by normal faults.
eI MUS o Esle 3llgay dblowe daslay 1S Lo " eplyadl" of Bl

Fractures are planes of separation without any displacement.

a13] &T Ggas 93 Jladdl abigiwa o §oddll.



Ly o L) =), (Folds & Domes)

®* Folds are wave-like structures produced by the deformation of planar surfaces.

U gruall a_b‘uﬂl 098 e i Wl gall aid SIS o2 oLl
¢ An anticlineis a convex-up fold where the oldest rocks lie in the center.

_)S)AJIL,QJMI ﬁ.x.elzz_m G M Mgmwummwl Al
e Asyncline is a fold where the youngest beds are found in the center.

3Ssall s wlahll Eanl lged a>g7 Lb s 8y=dall &l
* In a symmetrical fold, the axial plane is vertical.

Lu.ub 6)93&” Soiuall oSy Al lazall dall Q_Q
e Adome s a circular anticlinal structure where layers dip away from the center.

Olo il gian QBJS)AH o Tams ladall aub Jsal &y[.& Daa Sy o2 a3l
* Abasin is a circular synclinal structure where Iayers dip towards the center.

Slabddl g 5 3534l go0 wlidall 40 Laad ¢Sl yoia o SyT g0 (ool

Earthquakes (JjVHl)

1. Basic Concepts (duw LY =2 Lis)))

®* An earthquake is the shaking of the earth when the stored energy in the rocks is
suddenly released.

(es>laa iy yosall & G ysall B!y 3o lasse Sasy uo‘)})U_)l_).&l s I3,
* Seismic waves are vibrations that travel through the rocks when elastic energy is
released, creating an earthquake.

(I3 &ga> JI 352 las & yall BUAl y 35 e yosuall ye Jaud wljlizal o2 A sl gall).
* Seismology is the study of how seismic waves behave in the Earth.

(o8l Jols B30 Lo gall glos S Fulys 5 533 o).
2. Origin and Location of Earthquakes (395! adgsg che))

e Earthquakes can originate from volcanic eruptions or slipping along a fault zone.
(3IB/§ so dahio Job Lle 33331 of LSyl olyloaidl o I35 Laas o San).

* The earthquake focus (hypocenter) is the source of the earthquake and the exact
location within the Earth where seismic waves are generated.

(@3 Ol sall ara o g3l o331 Il 3Bl gbsalls JI3I3I sama o JI303)1 5y5).

¢ The epicenter is the point on the Earth's surface directly above the focus.

(8,541 399 8yislo a5 do‘)ﬂ o e dags g0 ,xb...uJ“)S)A”)
3. Types of Seismic Waves (&d13/31) < L>gal) g Js3))

* Body waves emanate from the focus and travel in all directions through the body of
the Earth.

(233 pu e Slaladdl guan 3 Jauig 83541 o dawall Ol sall cn).



Primary waves (P-waves) move by compressing and expanding rock materials, similar
to sound waves.

(9.0l &l gal ayliin iy cdyyseall slall grugis s Easb e adedl Sl pall 2yoc).
P-waves have the highest velocity and reach the seismograph first.

(ol J3331 Jomss Slaz I Jio Lol deydl g a0 0ol gal).

Secondary waves (S-waves) are shear waves that travel slower than P-waves.
(Ado¥l Ol gall o Uyl ISy Jaud 0B lago Lo g3l ol sall).

S-waves travel by shearing material or chaﬁging its shape perpendicular to the
direction of travel.

(Jasdl ool Je S9as ol ue Ll yid¥ of 3Ll 028 dusb e LIl wilsgall Jauws).
S-waves cannot travel through liquids because liquids have no rigidity.

(Mo ellewi ¥ Blowdl o3 Blowdl e Yol 4gilidl ils gall Koy V),

Surface waves travel along paths nearly parallel to the Earth's surface and do not
travel through the Earth's body.

(uo_)ﬂ' WESEWIE A uo_)ﬂl o Lu_).a.s 4jlge Olylua k; dooudl Gl gall Ja:223).
Surface waves travel slower than S-waves and cause up-and-down and side-to-side
movement.

(pelels Jawdly LSl 883> s ] Olnsall o Ul ISy G| Ol sall Jaz),
Recording and Locating Earthquakes (/33! sdss 323233 cfomrus)

A seismometer is an instrument used to record wave vibrations.

(Ol gall wlilizal Lo pasiiug jlg> 90 i gaucdl).

A seismograph is the resulting record or graph of an earthquake.

(I3 Ly:L“ll oyl of W Il g0 By gaucdl).

To determine the location of an earthquake, records from at least three
seismographic stations are needed.

(83l ul_qubJ) Loy Slase SM po OMend ] gliod (131 @dga agasd).
The S-P interval is the difference in arrival time between the first P-wave and the first
S-wave.

(8528 S-P 4393l d>90 Jolo &dol 490 Jol cpr Joooll o) 5 332l 0).

The S-P interval increases as the distance from the epicenter increases.

(5528 31355 S-P 13130 bl 553 e 2Ll 015 LalS)
Magnitude and Damage (&a3 LJJ ,1,:8319 oJJ3I3)) §o3)

The Richter scale measures the amplitude (height) of the largest recorded wave at a
specific distance.

(&m0 Blus i Won A g0 3 ST "G LaTH1" dos yisy Julido ).

Each level on the Richter scale is ten times stronger than the previous level.

(s sV goruall po Ol yiimy o981 yussy yulido Lo gome J9).

Earthquake damage includes ground shaking, ground rupture, and fires.

(331ydlg o3 d gaaiy « oy3l 3l5al J3331 slyeal Jads).

Liquefaction occurs when water-saturated unconsolidated sediment loses strength
due to shaking.

(O3l doves olially dndually duslazall sue el I 8 Sisoy &yl i),



e Tsunamis are giant ocean waves that can travel rapidly across oceans following an
earthquake.

6. Distribution of Earthquakes (¢/393/) a2353)

®* Most earthquakes occur along narrow belts that coincide with plate boundaries.
ERICCI RN RYRES 2o Gl 8o doys| Job Lle Sl alane &1asd).

Weathering and Soil Formation
Gyl oSS dyganl

First: General Concepts
dale esalan Yol

Weathering is the decomposition and disintegration of rocks and minerals at the Earth’s
surface which convert the rock into soil.

Ly Jyesall Ligss I éafg.: Lo ‘d'o_);ﬂl @h.u Lo gleallg yosuall cuaty Yo o2 Lol

The weathering process occurs when rocks are exposed to the hydrosphere (water),
atmosphere (air), and human processes.

O ldas) |9 ‘";‘_]9.@”" 69'?"” &M&J'g Melall” le.dl Ol )9:>goJ' | =3k XS dquu.\l ddac &asd
sl 2 =

Weathering itself involves little or no movement of the decomposed rocks and minerals.
WKo po dllsciall aloally ygsiall dogasa of ALIB 4Sy> lgwds dygaud] i,

Erosion is the removal of weathered rocks and minerals by moving water, wind, glaciers,
and gravity.

gagladl LSy liyllg ol oleall daslgy Blgmall yoleally sgseall Jaig 3] dulac o &yl
aailadlg, i

Second: Mechanical Weathering

4SSl dygoudl (LS

Mechanical weathering is the breaking of a mineral or rock into smaller pieces without
changing its chemical makeup.

SlasIl A4S 5T 388 99 20l ghad ] sseall of asall 3 Lo 485K all dygal.

Pressure release (Unloading) causes rocks to expand and fracture as overlying rocks are
removed by erosion.



Joiy gl w518l ygsall A3 daets lgeaais yosall saad I " Jlas 31 @15)" baall yyms cobs

Mechanical exfoliation of igneous rocks, like granite, results in the peeling of rock layers
like an onion.

Jadl y9id il dyysuo Olids b8l ] cecslyadl e gyl yesuall  SolGall yiddl ¢sda.

Frost wedging is the disintegration of rocks caused by the repeated freezing and thawing
of water in cracks.

Gosddl =1y elall 4bodg aand 41T e CJL’JUM' VLYY &&o.” Ao,

Abrasion occurs when sediments suspended in wind, water, or ice physically weather rock
masses by collision.

dyseall sl gty adadl of eladl of 2Lyl 3 dallall Canlgyll pga5 Lonie bl of gyl erammy
aluihodl danes Lol ' '

Organic activity involves the disintegration of rocks by plants (root wedging) and animals
(burrows).

gl Ol gadlg "ygdadl Wi g" Ll Zda,.;ﬂ_g.g yo5eall eoual ng,osﬂ’ I blidl o

Thermal expansion and contraction, common in deserts, is the rock's response to daily
heating and cooling.

den 94l el il Ollas) yosall Gt 50 «yleall b @ladl (gylysdl jalidllg saall

Crystal growth (Salt cracking) applies pressure to rocks when minerals like salt crystallize
from groundwater.

dgadl olall iy pelall Jia ales yolesi Loie yoseall e Tasds ol " adall gascdl” olysldl gas.

Third: Chemical Weathering

Chemical weathering breaks down rocks and minerals by changing their chemical
composition to increase stability.

Loyl saial 8aL3) Slasdl lgeS 53 508l Gasb e (alaally yosuall sl 4l sdl duganil p ol

Water is an important agent in chemical weathering as it dissolves and transports ions
and molecules.

oliiadly ©lel Jase I3k poiy o &l Lol b laga Sale clall yiny.

Dissolution occurs when soluble compounds, such as limestone, are dissolved by carbonic
acid.

eosnysl ypan Alnalsy (gl s2odl [z ey bsill LAl SLSsall Qo35 Lasie Lol Easey.

Hydration is the chemical union of a compound with water, such as anhydrite
incorporating water to form gypsum.



Hydrolysis occurs when water's ions (H+ or OH-) react with a mineral to form a new
mineral, like feldspar turning into clay.

Sleres I sleadal] Joo3 o cagsnr yama 065 ¢yana o cladl @ibgyl Jelas laace Sl Yol Eamg

Quartz is the only rock-forming silicate mineral that does not weather to form clay
because it is pure silica.

gl poldl 4 s 4 o I Joouty ¥ ol sosall oy s8all wumgll SISl yasall 9o 33515801,

Oxidation is a chemical reaction where minerals combine with oxygen to form oxides,
such as iron forming rust.
Tl REL CLIRUREN | IR EN) iy U7 a8 RS &gu.uscil 20 galeadl s o> SlaS Jelai Lo BawSII

Oxidation is responsible for the red and yellow coloring of many soils and surface rock
bodies.

dodandl dyysiall 1y dyal) elyaally elyasdl 18l o 1Sl e Wghuall Lo 82uSYI yoss.

Fourth: Combined Operating

ee 9l cya 8831 laal
Chemical and mechanical weathering often operate together to weather rock masses.

dyyseall JosIl g Toe 45 Kall dliasdl dygncdl Joss Lo Lle.

Mechanical weathering creates cracks which allow chemical weathering to reach the
inside of the rocks.

so5all e =l a3 Y1 ] oo ol ddlasIl dygaull § B 1858 all Dyamatl 3L,

Mechanical weathering effectively increases the surface area exposed to chemical agents.
&5l Jalgall 22 ymall prbad ] do-luss pa Jlad IS LSS0l gl 435,

Chapter: Groundwater (olroll
dragall)

1. General Concepts and Water Resources (;sLasy asle g0 Lds
s L))

e Groundwater refers to all water located beneath the land surface, also known as
subsurface water.
(Lodaudl cd oLl La.:l Dyeig wbﬁll o e Bagagall olall guax ] b gl oLl yid).
®* Meteoric water is water derived from precipitation that falls on the land surface.
(u'oﬁll s Sle by é_&Jl Jolagl o 81aziwall oleall o 4S5l oLall).



When precipitation falls, it can evaporate back to the atmosphere, run over the land
surface, or infiltrate the ground.

(] Pty gl(UOJil s 390 I 9|‘§9>J| SVl ‘.&JL&‘-M ul oSay < Jolagll iy lasie

231 L bL).
Water that infiltrates the surface percolates downward to become part of the
groundwater system.

(4sd gl olsall pUs y0 Tedor prpad) Jawll oo Yt pebadl o yasti 31 oLsall).
- n s
Groundwater Zones (a-842) 5 L) L)

Groundwater occurs in two primary zones: the unsaturated (vadose) zone and the
saturated (phreatic) zone.

(dauivall ddlriallg "jgalall" doiiall yib ddbriall @ity piblria & 489l olall - lgd
43kall™). )

The unsaturated zone is divided into the soil zone, the intermediate zone, and the
capillary fringe.

(dayoill 481y cdlaw guall ddlniallg cdyyidll ddlnia ] doinll yie ddbriall @udss),

The soil zone extends a meter or two below the surface and is the region that
supports plant growth.

(ULl gad @end J,JI dalaall SR9 rhaudl cod o yia of yza) &yl dalaia aad).

The intermediate zone lies beneath the soil zone and varies in thickness depending
on the depth to the capillary fringe.

(y=adl Bl I Yoo4 Sasll e 2Ly gSads Qg alusd g dyill ddlaie ol dawgiall ddlaiall @dd).
In the capillary fringe, water is drawn up from the saturated zone by capillary action
against the pull of gravity.

(dadldl 393w dyeidl Lol Joay e doinll dakiall 1o oLl s Ay gl 4Bl 0).
The saturated zone is the region where all interconnected openings in the soil or rock
are completely full of water.

(lolay dlsian ygmeall of 4yl k,e daylyall Olocall e lgd (oS5 k,‘JI dalazall o2 deiall dalazall
clalb).

Water in the saturated zone is the only subsurface water available to supply wells.
OLIN w3t Ao Liall 3us gl Al e olall o2 de il dalaiall & oLuall).

The top of the saturated zone is called the Water Table.

(Ad 92l oliall Lguiay docinall ddlniall o golell e il awd).

At the water table, the hydraulic pres"sure is higher than the atmospheric pressure.

(g9l baall o el Sgyasgl baall (65 cddgadl oluall Uguia sic).

Rock Properties and Aquifers (a.dga) s )3y yadual) oyai Las)

Porosity is the ratio of voids or empty spaces to the total volume of a soil or rock.
(y5eal! of 4 yal) L>J,<J| el ] de )l ol Ll of wilelyall des o2 Lealiwall).

Primary porosity is the initial void space formed between grains when the rock was
first created.

(350 Jo¥ ysall 3L e &bl v 895l Ll § 1580l dolue Lo oY dialull),
Secondary porosity results from later processes like fracturing, faulting, or
dissolution.



(Lol ol (3 gall of ¢ auadl J2a dany Oldac o L3l dealvall ).

Permeability is the capability of a rock or soil to allow fluids to pass through its cracks
and pores.

(lgalucog LB oas yue 3g3aly Jilgudl Zlasdl e @yl of ssall 3308 Lo dydladl).
Permeability depends on the size of pore spaces, their degrée of connection, grain
shape, and cementation.

(Liaud!" @Ml dlac g anloadl K0 dghaylyi 4oy clolucll g e d3ladl sanes™).

An aquifer is a porous and permeable rock unit that contains and stores water at a
usable rate.

(plasciwM B Jasay oliall 3509 goumd 8idiag duoluw dyyso Ba>g g0 Boall 4l 3=dl).
Aquifers typically consist of materials like sand, gravel, or fractured rock.

(deaaall ygsall of ¢ pandl ¢ Josll Jin slga oo Bale Ldgadl LIyl o).

Aquitards or aquicludes are non-porous layers, like clay or shale, that restrict or
prevent water movement.

(oluall 483> paai of wati ¢ Jalall of pudall Yo dpalunn sut Olad Lo Wlall of Ailawll W),

Types of Aquifers (a.dga) s )33/ tJ,;i)

An unconfined aquifer is bounded below by an aquiclude and above by the free water
table.

(sl &dgadl oluall Dgucia Sl pag djle dado Jaudl po oasny ygammall s SBoadl o l3sl).

A confined (artesian) aquifer is trapped between non-porous layers and contains
water under pressure. )

(o olso e ssios dualus 5t Dl (s Tyolns ysSy " g3lsidI" soamall Lol 13
b all).

A perched aquifer forms when water accumulates on top of a lens of impermeable
material above the main water table.

(olsall Dguuin 390 283 8iaio yuo B3lo yo dusae 98 oluall o loaie dloall Sdgadl o3l oSy
el dsal) "

Movement, Recharge, and Discharge (s LaJ) & 5439 433439 &5,>)

Groundwater recharge is any process where water is added to the aquifer, such as
precipitation or injection wells.

(ol 5UT of Jolagll Ja e B9l oyl 3l oluall Lgud BLad dlae o o 48 gadl oleall dyiss).
Groundwater dischargé is any process that removes water from the aquifer system,
such as springs or wells.

(LI of paldl Jaa (Bl oI35l plas o sluall L35 ddac o o &dgandl oleall f349).
Groundwater movement depends on rock properties like porosity and permeability.
(Qiladly dealuall Jia yosuall ilas e 489l oliall 45 y> sausd).

Groundwater flows from higher water table zones toward lower areas.

(Laasuall gbolall 9o aiyall olall Wguwin gblia o 48921 oliall §oa).

The water table generally follows the topography, rising beneath hills and sinking
beneath valleys.

(gl cod pasiy Ml cod gad s oo gdaud] uyylad 3ale b gadl oluall Ciguts pey).



A gaining (effluent) stream is recharged by groundwater seeping into the stream
channel.

(Joaadl g32n J| wyuct Al 4092l olaall o gl ol g0 owciSall Jgandl).

A losing (influent) stream is where water seeps downward from the stream bed to
recharge the groundwater reservoir.

(Ld gl ol oyl3= Bied Joandl 18 o JawM oluall ad Oyt gl g aBlall Jgasdl).

6. Groundwater Related Features (.8szu) 5 LaJ Lo a3 ,al) ,0)9k1))

A spring occurs where the water table intersects the land surface, causing water to
flow out naturally.

(Lads oluall LR 352 lao 233 o go &b gl oLl Wguie eblay Lease ¢ gl Sas).
Caverns (caves) form where slightly acidic water dissolves limestone bedrock below
the water table.

(b gl oLl Wguio oo dyyadl acldll yosun B dLoimasdl oluall Lol o BogsIl 1 o5).
A sinkhole forms on the Earth's surface if the roof of an underground cavern
coIIapses

(u_oﬂ i agS wadu @l 13] o3 t_h..u e "yl g de LI o).

Karst topography develops in regions underlain by limestone and is characterized by
numerous caverns and sinkholes.

w2glgall gojll :jisliu (Geologic
Time)

1. eroload) a3 &ve 4nads (Introduction to Geologic Time)

Geologists think in terms of events that happened millions or billions of years ago.
(VI P PIDPS RV P - JOES- PR I RS TSV STVIREVES FVEN )

The Earth is approximately 4.6 billion years old.

(Lu).n) L yLda 4.6 L;H_c;_'>- do_)ﬂl‘).n.c‘ &L‘J)

Geologists measure geologic time in two ways: Relative Age and Absolute Age.
(8Uaall sasllg d.:.u—J‘)A&J‘ iy ylay u>9J9oJI ol ouglodl judy).

Absolute age is a measure of how old an Earth material actually is in years.

(dd=all Olgendls do)ﬂ‘ oo o0 83l 238 ual yulido 9o 3lhadll sacll).

Relative age dating establishes a timeline by comparing materials to place events in
order without exact years.

(sl gradl 3305 93 SlanY1 oyl sl gall &ylaa Gaybo e Lia) Younr gy ] yanlly 5yl
dl=all). )

2. yal) daad S ly)asiiw]y a»2) (Importance and Uses of Age
Determination)



e Age determination is used to read the geologic history of the Earth and orogenic
movements.
(Jlad) 4l olS sl 34l g 2o L,>9J9‘>Jl Faoldl 8elyd) sanll pasd pasiud).

e It helps determine the exact boundaries between Eons, Eras, and Periods.
(yoazllg «ulasYlg ygaall o BB gl apasd 8 aeluy).

® Age determination is essential in the exploration of petroleum and economic
minerals.
(slaByl sleally Joyud! Blisinl wllac J9 $I932 el agasd).

e It allows for correlation and calibration between different areas of the Earth.

(23l Lle dalisall 3bliall g 53slaalls Slaliaall elyzly maw)
3. e i) 4o, ) o Lods (Radiometric Techniques)

®* Radiometric dating is based on the constant rate of decay of radioactive isotopes into
daughter isotopes.
(3adg sl JI dedall yilad) coldl ol Jasa e Q_C_Lv.‘.uil C.:)LJl aauny).

® Isotopes are elements with the same atomic number but different mass due to the
number of neutrons.
(lg 3 gl sae O oy 4TI V,g waliss ey 6J-\” saell yuai g yolie L,myUaJl)

* The radioactive isotope is known as the "parent," and the isotope created by decay is
the "daughter.”
(Adoll" ol Mol e 2Ll ydadl Sandg ¢ " Lol by gl ydadl 853"

¢ Half-life ($t_{1/2}$) is the time required for half of the parent atoms in a sample to
decompose.
(! 8 Llo¥l alyill s Jloed wglhaall cBgll 9o anil yac).

¢ The haif-life of a radioactive isotope is constant and unaffected by geologic processes.
(& ol guandl Ollaslly 53y Yo ol piall ydal) aadl yac).

® Potassium-40 has a half-life of 1.3 billion years and decomposes into Argon-40 and
Calcium-40.
(80-p 50dlS g 40- 9251 | Jxig i Ll 1.3 2oy i yac 40-pgaulisdl elliay).

¢ To determine a rock's age, geologists measure the ratio of parent to daughter
isotopes.

(32da)l 3l )| Aol y3Uanll e oo olgund] usdis oysall sae Agaseil).

4. LGy o) § &2,J) e55 L (Principles of Relative Dating and
Stratigraphy)

® Relative dating follows the principle that a rock must exist first before an event can
affect it.
(Ssa> éT e 355 o L8 Yol amr g o o sl T e el 5Ll pety).

®* The Principle of Uniformitarianism states that "the present is the key to the past."”
(w2l zliao 9o yo bl 4T e 8aslgll 5359l fa Lo,

¢ The Law of Superposition states that sedimentary rocks become younger from
bottom to top.

(Lol JI Jawdl o Sual el dggayll yosall i Ll adall (Bladl (g3 jan).



¢ The Principle of Original Horizontality states that sedimentary layers are originally
deposited flat.
(e i Jo L,e e 355 dggu gl sladall - I Sl LLo¥l dasll faco =)

e The Principle of Cross-Cutting Relatlonshlps states that a fault or intrusion is younger
than the rocks it cuts.
(lg=lagy JJIJMI oo Esan Lg_)b BESRCA] of Sl o Sl ¢ oladallg &bLaJI SBMe Tasa =)

® The Pr|nC|pIe of Inclusions states that fragments (clasts) found in a rock must be older
than the rock itself.
(all 4o ﬁ.\’éT o9 OT ot b ysuo 51 8392 gall dyyseall gladll oi e elgusl faco =
dudl).

® The Principle of Fossil Succession uses the definite and regular order of fossils to
identify relative age.

(et sasll 3y000) 38153 @liuzzally sammall oyl 1 31>-Y1 (Bl fasa pasiian).
5. 5lasY) suax3g 38)93) ¢>= (Unconformities and Up-Direction)

® An unconformity represents an interruption in deposition where no geologic record
exists.
(oKl s Je ygjg.o JEFRCTTR SOOI Je e Uasis! 381l pae Jiay).

° Dlsconformlty occurs when sedimentary Iayers above and below the erosion surface
are parallel.
(d2)lote dyyedl pdaws iy 399 dngull wiladall 688 Laaie 6)[9"*” 38l sae Sasy).

¢ Angular unconformity occurs when tectonic activity tiits older layers before younger
ones accumulate.
(sasY1 osladall eSlyi 18 P.\;é;ﬂl CIEAN FRICCRAN J,w boaie ol 3l 381l pac Basy).

e Nonconformity occurs when sedimentary rocks lie on top of igneous or metamorphic
rocks.
(Do of 4yl ygso 390 dugwy yoso il losie u..uLuJI 3819l sae Basy).

¢ Geologists use features like ripple marks, mud cracks, and graded bedding to
determine the "up direction” of strata.
(ol 3I" ayaoud zyazall Fdadllg cpaball Boding el wlade Jia @lloa ooz olgund! pastiiuy
asladall " LeM).

7o 9ad) a3 oo s (The Geologic Time Scale)

o

®* The geologic time scale relates stratigraphy to time to describe the history of the
Earth.

(uo_)ﬂ' Fl oyl eilly aladall ple o yglg.cx” ol yulda doyyy).

* Eons are divided into Eras, which are further divided into Periods, Epochs, and Ages.
()La.c‘g «Wilyidg ygae ] oyoss euwdis g‘.”g m}‘&}l Sl osaall @uwdss).

e Rock layers corresponding to these time units are called eonothem, erathem, system,
series, and stage.

(A yog ¢ o ol g 83508 3 Agn i)l alus gl 0g) dyliaall dyyseall A aws).

Chapter: Plate Tectonics (7)Y 339355 1 s L)



1. Continental Drift Theory (<), &) 4> 525 & J8s)

e Alfred Wegener proposed the theory that the crustal plates are moving over the
mantle.
(Lol B yocss &yl Il ol b yimnsd 50l 2338).

®* He argued that today’s continents once formed a single landmass called Pangaea.
(Lol aud Baslg duoyl 4S Lo lagy K wilS agdl eilyB b Jals").

e Pangaea broke into pieces that drifted centimeter by centimeter over millions of
years.
(eperad | pdo yee 3531 ol5 Tytactinn dyasl ghad ] Lol caandil).

® This theory was supported by fossil and rock type evidence, as well as the matching of
coastline shapes.
(Ao Ll bglasdl Y1l @las J] Lol qygsall §1g3Tg 381 o Wsls &yyladl sia cach).

® Paleoclimatic evidence indicates that some continents now in tropical regions had
polar climates in the past.
(dedad iz lia il eS8 Lilgrwl dbla 8 3l 39 gall WIylEl sy oi ] paadll Zlall Aol ya
okl 9).

2. Plate Tectonics Basics (z /o) 359253 & Lo Lu))

®* The lithosphere is less dense than the asthenosphere; consequently, it floats on it like
ice on water.
(e ol gabs Jia aBsd gabay 568 celll Lo Elug £ gsall DY 0 2LS 5T gyl oM
clall).

¢ The lithosphere is broken into seven large tectonic plates and several smaller ones.
(ol Zlgll Bacg 83uS &8935 o)l pan JI grsuall DS quiisy).

e Tectonic plates move slowly at rates ranging from less than 1 to about 16 centimeters
per year.
(ddl & Tyzactn 16 L;”9>- ST e Jsl oo ol odasay edag 459l 19l A yss).

¢ Tectonic activity, such as mountain building, volcanic eruptions, and earthquakes,
occurs at plate boundaries.
(1o sgus e ¢ J3¥ills 451831 wilylaaidly Jladl el Jio o 59l bl Ssasy).

e Asingle plate can carry both oceanic and continental crust.

(o, 3 yidll g ddnsall 5 yiadll OA’)&S Jases Of»lgﬂ ol Kay).
3. Types of Plate Boundaries (Clgﬁil S95> 5-_19513

® Divergent boundaries (Constructive) occur where two plates slide apart from each
other.
(eodl lagasy oo cpanicn ol>g) 3l cos "8l Bacluall sgasdl &iasd).

® Convergent boundaries (Destructive) occur where two plates slide towards each
other.
(ondl lgasy olnd l> g 3l oo "daslgl" dyylasall sgasdl Sas).

®* Transform boundaries (Conservative) occur where plates slide or grind past each
other.

(el lgany cling of 1ol 8135 s "Abloall” gl 3gas E3am3).

4. Detailed Boundary Movements (383 35> foo Li3)



e At a divergent boundary, also called a spreading center, the asthenosphere rises to fill
the gap between separating plates.
(1631 o Bomall ¢ ol 6J9A” OVl a2ay gl 3S 3o [P s Ly/JI Bacleall sgaadl wie
dadull).

* The sea floor at a spreading center floats to a high elevation, forming an undersea
mountain chain called the mid-oceanic ridge.
(g aem o dyyo o Sl dlis Bgo ¢ Jle ¢ la53] ] gusdl 330 duie soudl ¢ 16 gala,
suall). ]

e Continental rifting is a process that can rip a continent in half, creating a rift valley.
(leanio Laly dlsa oo cepeind ) 55801 3307 o Koy dlac g 3@l ¢ adll).

* Subduction is the process where a denser plate dives beneath a lighter one and sinks
into the mantle.
(zLasgll L,9 Jiwg sl zolll o 48LS y:SYI =il lgd o gi Ly‘Jl Llasll g ulwasidl).

e Oceanic-oceanic convergence creates island arcs and trenches, such as Japan.
(LW Jia (3ol g 3> u.u'g_%' Bl aasall- assall Gyladdl).

* Oceanic-continental convergence forms volcanic mountain ranges and trenches, like
the Andes Mountains.
(0¥l o (3ol g L8y Ll Judlw 1650 é)LOJ[ Jla.omll oy ladl).

¢ Continental-continental convergence causes collision and forms huge mountain
chains like the Himalayas.
(Lalasgll Sl Jio G5 Gl Judhn 5509 Lalabao | oy g3lall- g3lall oy ladl).

5. Consequences and Forces (zJy/¥) a5,> (5985 55 L3)

® Oceanic trenches are the deepest parts of the ocean basins, such as the Mariana
trench.
(Llyle das Yoo csllaall uo|9:>-‘ elind eAC—' o2 ddaall galixdl).

® Isostasy is the concept that the I|thosphere floats on the asthenosphere in
gravitational balance.
(L,”.o.s oiles L>_9 6J9A” OMl e galay 6):"‘0*” SMall I P 9420 50 6JL“""9}’ﬂ‘)

* Mantle convection is a major mechanism belleved to be responsible for plate
tectonics.
(1M Logs85 ye W gheuall il wued dndy 4T 90 zlasgll Je é‘)b_ﬁg” Jaxdl).

e A combination of mantle convection, ridge push, and slab pull contributes to plate
movement.

(2ol 8Sy> b zalll g cagol gdog g lisgll b gylydl Jasdl ya geaio k).

e ) 500 g pKn) all) i &) ad LS LBy Loy & Lated y3 g il ,5)



