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Geology (55847M81) ¥1INAIWINIA 2 A1 LALA

GEOS (lan) waz LOGUS (n1sAne)
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1.  3@n (material)
2.  N33UUN1S (process)
3. 9
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MuU1IN1S (evolution)
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1. Physical Geology
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2. Historical Geology
ANBINYINUULRAINILA
LaZIIARINITVaILaN

Oldest rocks
dated on Earth
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1. 1NYIYBINUAIIIAIEAS (Astronomy)
aA 6
® Planetary geology — 89tWINYIYDIANILATIER
" Geochronology - tianuazilszinvaslan
2. 1Ng2WaINUZIIN (Biology)
® Paleontology - FANANAIUTTN (fossil)
® Economic geology — NINAINITUILATNAIING
" Environmental geology - §AMNWUIARDN

3. 1N8VaINUIBILAN (Chemistry)

® Geochemistry - iadvaslan
" Hydrology - NTWaINIW
" Mineralogy - w3

" petrology - #ib
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55UINYINUEIVIIVIDUY 4 (51D)

4. \ny2vINuIvINEGng (Physics) nstaanaIansmeiinlMnaRIan

Fault plane

" Geophysics —sheatunigluvadlan

" Structural geology -ﬂ’]‘JLUgEJu;JU’i’N (las9&519) VaHu
" Seismology — wHuAulnn

" Volcanology —QL‘U'ﬂ,‘V\I

" Geomorphology - Snuauziud (Landforms)

" Oceanography -nsta W}

® Stratigraphy/sedimentology - N15L384AVBITURL/AZNDU

5. 3915U 9

® Paleogeography —6‘1"1Lmuau,azgﬂs'mmagﬁﬂ'lamﬂuaﬁﬁ
* Petroleum Geology - Ulasiagy

®* Gemology - 5iy,uzﬁ

* Geodesy - JUs1uazvuIavedlan (unuiilan)

* Glaciology 550U (glacier)

* Agricultural geology -tN8AVBINUNITINWAT
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" 9103 IN1IAIUULTENIT UNSIUINYT (Geologist)

B QadUANINSTARINYILAIINNITHUNN NI NTISIASIZHAU LS AULLAZYN
ANATUISN

24
%4

" prsAnedisuuivaukazlaungayns

" gquvadlanilladinnsfnwiunnigane aauniuiddanlan (Crust) Faludu
71 159071 550UN1A (Lithosphere)

http://thecarboncycleandclimatechange-bb.weebly.com

Atmosrhere (air)

Hydrosphere (water)

Lithosphere (earth)
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Sandstone Tight sand—
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Gas-rich shale
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Source: U.S. Energy Information Administration and U.S. Geclogical Survey

https://www.eia.gov
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1. walulianuwiladslaniegluaiunig 9
1.1 99aUszNau

1.2 NSEUIUNT
2. elyvanugivugrunganulanvludselo gy

3. waunuanslunislaninenslantvdudselogu Tunisiignnas
LaziUsEansnIn

4. iWBYUYIEVBUVIYANIINGIANEATIUN1TAN YV UgInalY
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» Herodotus 485-425 B.C. Father of History

“SauniUuvesTyarnuuilua”
> Aristotle 384-322 B.C.

- 13'1Num&rrumnu

- wuAulna-grulu Aegvpeiy

- AUEyNIUagiuaIvaUeY lansiavInay

> Strabo 54 B.C. - 25 A.D.
- NNSYNAVRINAUY
- guninuazsuaunulng

- wuUazns1uUInLULn
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Us2IRLLasA UL UUNNURISSUINYT (71)

ﬁﬁﬂﬂ%’%iyﬂaﬂmﬂﬁaﬂ% YU Seneca, Avicenna, Leonado da vinci

I1NUY 55UINYSUANITANIog1LTUsZ LT uUNINYURIA
tinIneaansiilutngsaiinengausn o L

> Nicolas Steno A.6. 1638 - 1687 V1LAUNISH

lasengnisiiunsnaulvaigaeny

1. DUNIYES

1.1 vanlunsiuniunaluanInInaauasnals

1.2 2181 MAUNTUBYATLLELD
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UseI8LLazAMuUUNIU955UINYT (61)

2. NVBINUATNDU

. . . +Youngest
2.1 Law of Original Horizontality
N15ANAZNBUVIEITIA q Anan aqludl (5] o
a od -
895UNIU zANATNBUTULUITIVLEND L st

2.2 Law of Superposition

JuAupznaunnAsnaunauzL Uil
anguIniign Yuiiuiiey dnuaziienguasiuly
AUFINU Juiuuugnziiaguaeiign

3. UnAdiungnauazineileg luwuisu
aluogludnwnsiuann
3.1 QNIUNIUVULANALNDY
3.2 QNFUNIUNAINITANAZNDY

3.3 innvnnisilasundasvaalasnlan
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Us2IRLLasA UL UUNNURISSUINYT (71)

4. 717115 1ULN15UAgULUAIVDITURUNSD
Wasnlan A9 N159NA29819NUNNULA
199910

4.1 NISULNSNAUVIINAUNUA

4.2 wnaniglulan

Plugs with
silt and clay

5. 1150581 (erosion)  MNAIINGITUN
lva vinlviasnlanlidnwazuiuse
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UseI8LLazAMuUUNIU955UINYT (61)

> Buffon a.a. 1707-1788 (¥175aia)
1. wisaglanaandu 6 129

35,0000  #unida (magma)

FURLALTIAD TNI1SANNANVDILS
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20,000 U furudsunagulan
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UseI8LLazAMuUUNIU955UINYT (61)

» James Hutton a.f. 1726-1797 (Father
of Geology and a Plutonist)

noeteniuiley
(Doctrine of Uniformitarianism) #laR21171

“UJaguunangualuligenn
(Present is the key to the past.)”

> Werner a.f. 1749-1817 (A Neptunist)

> Playfair a.¢. 1748-1819

> Sir Charles Lyell a.a. 1795-1875

> William Morris Davis a.¢. 1850-1934
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Earth Evolution and Earth Sturcture
ndalanwazlasedsialan
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N ¥ uwazaNNRgIULAgINULAN

Jungeluazaunfgiuneinuainudunivedlanwas
5TUUE8Y (SOLAR SYSTEM) FUNWUFIUNIAINNITAILNANI
anseansiludaulvel
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1. THE NEBULA HYPOTHESIS
ldualae PIERRE LAPLACE Tud 1796

1. Tugaaambleszuug3esUsenauaeine iy U1asiyusau
A2L04 138131 NEBULA

2. NG} NEBULA JUAINULUUTU SoUMASHYUSININTY

3. ingaAugNas wasiduinyusaulung
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1. THE NEBULA HYPOTHESIS (18)
ldualae PIERRE LAPLACE Tud 1796

4. \ANIILNIUVBIAY LENAY
aantudu 9

5. WABZINYUTBUIAAUINAIY ’
=

Self-gravity contracts a gas cloud

Guaaml,mnau NEBULA ﬁ]‘Uﬁ'Jﬂ‘L!
LL‘L!‘L!‘U‘L! iBULLa""WﬁJuL‘J?ﬁJ'Iﬂ‘UU

Conservation of angular momentum
pulls cloud into a disk

disk begins to rotate

6. tNAYAAUENANY waztdud
wRUTIULTUIN

Central mass forms (Proto-5un)

Centrifugal force balance gravitational
l forces and a ring forms

Nebular Hypothesis

http://physics.tutorvista.com
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2. TIDAL THEORY #%#358 TWO-STAR HYPOTHESIS
AAunaIgeilinae 9 Aunalgau

Tuszazamis danadwidsasadiunlndnlsendiing
Ansafenafusendnemanaiuiuaa9e1indasneguuse uss
AN ALAAANWUZARIYIULINIUTOUNIDIING ADUIIILNIU
WENADBN JUAINUBIUUAIIATIZH
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+
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3. THE SUPERNOVA THEORY

naeulaaInNN1saunAnIINImleda NOVA @asau wadas
#9197 UKaTEI9NN 138N SUPERNOVA

Tugraannils mamﬁméﬁm'sLﬁauagﬂné’ﬁ’uﬁ]umqqnﬁum
anuelnvasnlsafingiilasasunazuaniduiudluannung insauda
fudungu wazgnusensgavasndsarindaslilinyusaukaznaiedy
AIATIZHAG 9
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1. NOEYNYINUIUIARAZANUNUILUUYDIAIBATIENR

UF1FIINAINY WAZUYUTOUANDINNEG e15maIlADY o SLaUA?
HaLdARININTUIUTUAIATIEH

PLANETS

DWARF
PLANETS
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2. THE INTERSTELLAR CLOUD THEORY

a v v . = - Y
asafinddausauflevinanwaziy wazazhsansmaniluiuay
15181192521 A N AUAILATIZRIY
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lan (Earth)

=Y

1. agunsanansanding Wuadun 3 Tussuugies

2. yunalnailiuil 6 Hvuradurinaudnane
" 12760 km ﬁ@ue’iqm
= 12714 km figa1an

. WNULBYY 23 1/2°

. NYUTDUABY 24 LU

. MYUTIUAIDTINAE 365.25 I

o A~ W

ussa29vadlan WudadsnaniUasdulu

NISLAANTZUAUNITANG ¢ LABDNSNANINSSIAl
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lan (Earth): asausenavvaglan

P-wave; -wave:
7 km/ S 8 km/s

CO'

Crust
Mantle

Outer Core
Inner Core Crust

lVIantIe

ohorovucuc
discontinuity

dn1sAnersrgadulnlasinoulgundl (P-wave %38 Primary  Wave)
wazNUIIAUSINIAIUAIeN1siauEIldiAY waaedn Taanrelulan

' v a 9 . < < & A < & .
LANFINNY ABD YULUANlantUuVDILUILassuLLs lantdundanavan 1nasassa

521319 2 Tull 13enq7 AU ldfaiasvadlulalsian
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Ay ldisaiiiasvaslulalsign

lan (Earth) ..

(granitic

and 4 _} Lithosphere
basaltic ;

o /2 Asthenosphere

Futialaniusznauluaie Mantle

(silicate
. /an a erials
Si (38n1) wae Mg (wuniligey) M

Earth's Layers
Classified by
Chemical Composition

Funiulannusenaulunie
Fe (1ian) waz Ni (fntAa)

6,371 km (3,960 mi)
Copyright © 2005 Pearson Prentice Hall, Inc.
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lan (Earth): wasanlan (Crust)

= quiiuiialan 3enznaufin agnauuugn

" SIMA LAYER (Si + Mg) agiuu
MOHOROVICIC DISCONTINUITY

" SIAL LAYER (Si + Al #3219 Unagudau
ngiluusinauiduniu

aulidaiioswaddulalsian
(MOHOROVICIC DISCONTINUITY)

GEO3102 sseiangniiady




lan (Earth):

-1 = v =\
29AUSENaUVRILUADN lanLLaZaN TNLINAdUVDIN AN

" 530Un1A (LITHOSPHERE) #ulu UPPER MANTLE wag CRUST
" 2nnA1A (HYDROSPHERE) Wa9u1614 9
" Fan1a (BIOSPHERE) AeildRauazianssusng o

Hydtosphers (water) Lithosphere (earth)
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lan (Earth):

YUUTSIINTA

1. TROPOSPHERE tulndRauntinlanfigafinnaudsusiugs (0-10 Alaiuns)
esnduuindiloun wa sy wigsng 9 fuau fh¥euazine

2. STRATOSPHERE a%1runu1landusuiluliniuiunazggnia (10-50
nlawns) Anuwdsusutesasil OZONE (0,)

ey T TTTeTTsrresssssssssssrrssssssrenserrree

g (Alawas)

ganlasiles

Tm'[vi Aoy

Sy

-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50

.............
----------------

anwmu (°Cc)
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lan (Earth):

YUUTSIINTA

3. IONOSPHERE fnadinasuandadulszynaunansiuaginanuiniinlan
unnimaunatsAy (50-80 Alaluns) finadanisdenauing
4. THERMOSPHERE agigearnfiufiuuszunns 80-500 Alawuns a1aanuaz
annunazisugnlvdluusseniatull gumgiszgeliuegrssanialuda
80-100 km nLugMgiiazAasY anag
5. EXOSPHERE 81n1Atu1U1e An1suk3ed (>500 flawns) 4 COSMIC RAYS

unuazluanalay
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[ %4

= A P k1
n1silasunlasvasiaanlan ANsEUIUNIT AU

1. Epigene %39 Exogenous Process

Gradation
® Degradation: weathering (cgﬁ’aagjﬁ’uﬁ),

erosion (Bgﬂ‘s'au),mass wasting (L59lidy

§24) and transportation (WANW)
" Aggradation: deposition (G2&uf7)
2. Hypogene %38 Endogenous Process

" Diastrophism (n15luafavaslasnlan)

" Volcanism (wan1saitiganuaiunlu)
3. Extraterrestrial Process (NS2UUNISNNIAIN

wanlan wWu ann1uInvulan)
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- aswavusUasvasiiuiialan (The Changes on Earth’s Surface)

Weathering processes (N5$UUN1THNA)
1. Physical weathering (MSHWeN1eN1EATIN) B

" Uploading .
" Thermal exfoliation uaniunuadewdonnay  "Hnnmueduiifean
" Crystal growth

" Others

2. Chemical weathering (N153WIN194A3)

AsvaulyvaIsTINNG

3. Biological weathering (NSHWIN19YININ)
Physical weathering Agent (ﬁ'at'a’ﬂmmﬁamamama):

Water, Ice, Wind, Organism, Temperature
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| mswasuuUasvasiuiialan (The Changes on Earth’s Surface)

1. Physical weathering (NSHWINIINIEAIN)

Colorado River —>

Material eroded
/ by running water

| X '

%4
o

N1SHNINIINENNVRSHUNLANR NI
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1. Physical weathering (NSHWIN19IN1BAIN)

Time 1: An intrusion solidifies in equilibrivm Time 2: Erosion unroofs the imtrusion.

with country rock. Qutward pressure balances  Qutward pressure is no longer balanced.

inward pressure Exfoliation occurs.

—pe
i e,

&
o e

Unloading #3an15venenivasiiuaniiiiiannunuanas inliinanisuanidudnwaiznu

19
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| mswasuuUasvesiiuialan (The Changes on Earth’s Surface)

.~ 2. Chemical weathering (N13KWIN19LAX)

Chemical weathering (Decomposition)

1. Hydrolysis

4KAISi 0, + 22H,0 — 4K +40H + A1 8,0, (OH), + 8H, SiO,

477410
(Kaolinite) (silicic acid)
2. Hvdration

-H.0
CaSO L 2H20 +—  (CaSO 4.2H20
(anhydrite) e (gypsum)
-H,0
F e203 + nHzO ‘T'—O‘ F e203.nH20
(hematite) ; (limonite)
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nswWasuulasvesiuialan (The Changes on Earth’s Surface)

2. Chemical weathering (N13HWIN19LAN)

3. Carbonation
?.ILAJS%O8 + (‘.O2 + H?_O W ZHAISi30S + Kz('O3

4. Oxidation. Reduction

4Fe0 + 0, — 2Fe O,

_

a a adac = < < ¢
duy, aunuawas Uwaniduasadssnay) %

F6203
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AssAsunUasvasiuiialan (The Changes on Earth’s Surface)

3. Biological weathering (N5HWINI9FINN)

Biological process animal, plant

Combination of processes

o o a 174 '

H nouriuuazlyussinuu
| iulunisiaseyiiule %
| F92idn51n1INAFIVUY
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| aswasusUasvesivuiialan (The Changes on Earth’s Surface)

U98AIUANNITHANEAIVDIAULATLS
1. duUANISNIBATNYDIAULLAZILS
2. HUUANILALVBIAULAZIS
3. ada1n1d (climate)

Feldspar Hydrolysis

Feldspar Kaolinite (clay)

GEO3102 550U NaLUa9AU https://www.slideshare.net




| mswagundasuasiuialan (The Changes on Earth’s Surface)

NAYBINISEAYR
1. MINYAIN
a = < a <@
- KKULLASLLIUYUTINLANAINAITLA U 13JL’6'1ﬂﬂ’3’1 0.01 u.u.

- IN1ZANUDYIINAIY € Frost wedging
2. MaLAd

- USanmsiiindiy

~ A2UEIUNIZAAS

- RSAYUINLANAINILAL

- WSNUNMUABNITERIYAIUINTU

*ngauALlinfY (Soil parent material)
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nsUasuLUasvasuRalan (The Changes on Earth’s Surface)

AMUAINUVBNLLS (Mineral stability)

quartz > muscovite, K-feldspar > plagioclase > biotite,

hornblende, augite > dolomite > calcite > gypsum

v ¥}

VDEAILNA:

WsNaa18918 1Woean complex (lAssasisduadou), anwannay, Si Uoe,
AMUWYIA, Ha15 oxidized 918, Fsoauan
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_ nmswasunUasuasiuiialan (The Changes on Earth’s Surface)

Mass wasting (gravity transfer)
YHAVDINITATOULNY KUY
- SnsINISARBUETY (¥ W3D 137)
- yfinuasn1siadausne (falling, sliding 38 flowing)
- llavasTaniitdauany (rock, soil #3o
debris (LABHUITIUIUNIN))
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| mswagunUasvasivuinlan (The Changes on Earth’s Surface)

o < v aa 1Y 1 A o Wg 1 aa a
Mass Wasting 1Uun1siweninnanussliugs Minligudiuniiutauinanainnainiigs
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nssAsunUasvasinuialan (The Changes on Earth’s Surface)

yinuasnisaaudie (Mass wasting types)

1. Fall
- rock fall (extremely rapid) (#u)

2. Slide
- slump (extremely slow to moderate) (Aw)
- rock slide (rapid to very rapid) (#u)

3. Flow
- mudflow (very rapid) alluvial fan (agnauvuIALaN)
- debris flow (rapid to very rapid) (LA®HUITUIUNIN)
- earthflow (slow to moderate) (mzﬂawmﬂLﬁnﬁuﬁ'\ﬁﬁlué’ﬂuﬁ’a@)
- solifluction (slow)
- creep (extremely slow)

4. Complex movement (slow to extremely rapid)
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| nswAsuwUasvasiiuiialan (The Changes on Earth’s Surface)

Uasefidisnsnananisindeuans
1. Auduvasinud
2. MameRavasianuuiuiianndy
3. USunaunin
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- aswavusUasvasiiuiialan (The Changes on Earth’s Surface)

1. Fall

mountain

':; é; massive
AR :';.. rock fall
} : | ‘I‘

Rock fall (antsau1n)
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- aswavusUasvasiiuiialan (The Changes on Earth’s Surface)

2. Slide e
features of a slump

Slump (LARIUNYI-UTUNENE) UNNEIUVDINAAUTNISUENAIBINAINTY LLBIRINUINLN
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ay
N
e

ALLUVIAL FAN

MUDFLOW

Mudflow (sn&aauiita) Wudiugainavansnauuiniguie (Alluvial fan) HanUaviudings

GEO3102 s5aNaUafu 33




on Earth’s Surface)

Solifluction (vaAauNY") NaluiuiuIMTlantazgugedy Tuilladagiinnsduddveasin
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- mswasuwlasvasiiuialan (The Changes on Earth’s Surface)

Surface of

Earthflow Sibtire

B. Rockside

C. Debris flow D. Earthflow

GEO3102 550 M8U09AU




AssAsunUasvasiuiialan (The Changes on Earth’s Surface)

- = < 1
LUIYUMNYUAINNLI/ AUV U
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otectontcs« | loglcal Processes
LLUsaiu%"fﬁ" a¥NSZUIUN ULUaIn19sSel

4 Weiw1  GEO'8102 o3 3652
' #1913 AANAATLAZANATEUNA AMSNYBEAEATLATHIANATHAT

UMINYIAYTIVANHIUFHUUN
A5 1egas



a 4 = = o/ 1 1
339 9 ualnndiguiisulaniunasu aTWUI
Y Aa 14 v vA 1 R IS 1 1 o
wiaseuddlanliladinuidsnuniiounasju uAlianwoe
willauaning NAENU3Use InMsidsundasnasntian ANum
AR FRTEEAT

LAAVINNSTSUIUNIS
dl Y] 1 = |
LAADUAVDILKNULUADNLAN
(nszuaUnNIstyaguULYaINg
5560)
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T o

PERMIAN
225 million years ago

~ i — oL - S I
A AMERICA— [ Il':“_w]n.
[-:-1/ i Enmr:-ﬁ&.

-, o N\
i — Iy . o
SOUTH | Y J
AMERICA CJ ;
ALISTRALIA
| A y
2 e
T L =
PRESENT DAY

gl,aznszuqumaﬂ%’auuﬂaemassa‘i

unssaiInefAanguinIviaeu
(Continental Drift)

Tul A.A.1915 datnsa LaLnLuas (Alfred
Wegener) ladnauainganunge)niviaaudn wile

Uszanad 200 - 300 A1udfikiuun wHudunaiunaly
Tansquluiiutfennu Sendn “uwade” (Pangaea)
Fausznaudienivawsnumile awsn1ld wansnn
298LASLAY BULAY WaENYiN1zNIAINEN1T wna13ld
Tnana191 Tugalasuaadn niudAumduiluueu
Wenfuazisudee 9 finnswendieanainiy Tneniy
aLusnILUlanazatusnilavzAae § weanannaId
waW3n1 waznIu glsy i ivuInYIUNIEYNS
weALAURNNA9B9TY 15138nnsiadeulnafananain
“pAULdou” (Continental Drift)

https://www.baanjomyut.com




syUIHIgIU
LazNsZUIUNISIUABULUAININE T

©1908 Addaon Wesley Longman, Inc.

GEO3102 550l neUaeiu q




s s9aluUsdugu
— waznsuauNIsilasuLUaInIes sl

n1sAneNUneEBadlstuayungenIULaaU (Continental Drift)

Lithosphere

\
Asthenosphere ‘\
N \

Fossil evidence
of the Tiassic
land reptile
lystrosaurus.

AUSTRALIA

Fossil remains of Fossils of the fern
Cynognathus, a Fossil remains of the Glossopteris, found in
Tiassic land reptile freshwater reptile all of the southem
approximately Mesosaurus. continents, show that
3m long. they were once joined.

GEO3102 53&331/1&1%5@\1@’{14 http://publish.illinois.edu/alfredwegener/evidence/
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UNSIAINYHAANUHN15VEI8A7

%aaﬁuumagm (Seafloor Spreading)
mqwﬁmimmﬂéfqmmﬁuumaqmﬁLauaiﬂﬂ Harry Hess 1Ju

wqwﬁsiaﬂaﬂmnmwﬁﬁmﬁau (Continental drift) wasdainsa

alwes Tnengeiildesuisfeauavasnisvenedivasiiy

mfi’]aqwi’i’]Lﬁﬂ"ﬁumﬂﬂimﬁ’m (convection current) 1146??‘141,58

lanAauUURIIYU asthenosphere

Mid-Atlantic
Ridge

GEO3102 550 M8U09AU 7
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LazNsZUIUNISIUABULUAININE T

n1silasuulasraulaanlantinaINN15a5 uN8VBIUNSSAIINEINAY & VU

' Yy v X & a = o .
na1M1Y199Y Fadusngruveenisasunessalulsdugiu (Geotectonics)

o

{

9"5.

Eurasian

Filipino
plate
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syUIHIgIU
~ LagnsTUINNIsUaguLUa eIl

anwazn1silasunlasvaalasnlan 3 3 LUU AU

Plate

4

1. Transform

Plate

2. Divergence

“asenosprere 3. Convergence

© 2006 Brooks/Cole - Thomson

GEO3102 550 M8U09AU 9



\ sInluwUsdngu

LaZNTLUIUNIUAYULUAININE AU

North American : North American

plate

Pacific plate

L east Pacific g

B. Convergent boundary 3¢  C. Transform fault boundary &

A. Divergent boundary

Copyright © 2005 Pearson Prentice Hall, Inc.

GEO3102 sseiangniiady
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sstiuUsdugu m3fnfiTiugs
LaZNSZUIUNTSIUABULUAINI95 T

1. Orogeny (N3EUIUNITHITNNYVIINNITVU)

EURASIAN PLATE

Himalaya

Orogeny: Himalayan Plateau

INDIAN
OCEAN

‘ 71 milons
SRI LANKA years ago
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sULUTEMFIU

aznszulun1stlasuRuaInIessal

2. Epeirogeny (N58UAUNNTHS19QLU19INATTUEN)

- A. f‘.‘-f ‘Rﬁ&ﬁ

Epeirogeny: Mid-Ocean Ridge SIAVIVRE Un iﬁ qn1s

LENAVDWHULUABNLAN
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LazNsZUIUNISIUABULUAININE T

Normal

2

Strike-Slip
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syUIHIgIU
LazNsZUIUNISIUABULUAININE T

Deformation of a limber stick

A. Original position

B. Buildup of strain

¢

C. Slippage (earthquake)

¢ 9

D. Strain released

13BLANI28LAY UanIINAALNUAL LA
g o Vs 1 % ¢=i
UNNASIM IR AU UasuLlas

D. Strain released
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3. Earthquakes

ssaluUsaisu n1sluanvasasnlan (Diastrophism)

aznszulun1stlasuRuaInIessal

Fault scarp
Fault trace

Seismology
Seismometer
Seismic wave
Focus

Epicenter

Isoseismicline | . ¢ § © NS

Elastic Rebound Theory Fault plane
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& ssalundsdausau n15luaRavealaanlan (Diastrophism)

LazNseuIUNIslaguLUaInIessol

Seismic waves
1. Primary, Push-pull wave, P-wave (6-11 km/sec)
2. Secondary, Shake, S-wave (3.5-7.3 km/sec)
- Lﬂﬁauﬁﬁgﬂmnﬁ’uﬁﬂmamsmmuﬂgu
- Lﬂa‘auv;?lu']UﬁlUﬁﬂﬂ'NﬂqﬁﬁﬂN']‘L!ﬂaiu
- 13Jﬂ']&|'ﬁﬂN']U‘llaﬂt‘ﬂa?l,l,agﬂ']‘li‘lﬂ

3. Surface wave, L-wave, Long wave (3.5 km/sec)

Compressions — Undisturbed medium
|

v D i s e —g:r— Cad F o
=s 2 s
g = £ 7

P wave &

4

iy

S wave N A NN
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== E | ssaluUsausiu n15luaRavealaanlan (Diastrophism)
‘Agémiccrgsl = c A9

Lithosphere )\ N

e N naznszuaunsidaguLdaaniesso

1000 2000 3000 mi

Primary or P wave undisturbed rock

—h
o

»

()

-

=)

£

E

£

= First P wave

Secondary or S wave undisturbed rock [ (2
J >
_xk=eict S
= \x@\"

o =< N W & 00 O N © ©

1000 2000 3000 4000 km
Distance to epicenter
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NaVDILHUAULW?

. Fire

Damage to structures
Landslide

Cracks in the ground
Land movement

. Sound

N oo AN e

. Seismic sea wave (Tsunami)

GEO3102 sseiangniiady




ssaluUsaisu n1sluanvasasnlan (Diastrophism)

LazNseUIUNIsUaguLUaInIes sl

A o
T 4 3
Q

FIGURE 8.3 San Francisco in flames after the 1906 earthquake. (Reproduced from the collection
of the Library of Congress) Inset photo shows fire triggered when a gas line ruptured during the
Northridge earthquake in southern California in 1994, (AFP/Getty Images)

GEO3102 s5aNaUafu 19



ssaluUsaisu n15luaRvasUaanlan (Diastrophism)

S
o= §t
[ibosten s
2

~ uaznIzuIUNTUaguLUaINIeS Al

Upward wave

Still water level G

———————————————————
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Ja i | ssaluUsaus1u n15luaRavealaanlan (Diastrophism)

L waznseuaRnNIstlagunlaInIes sl

ANNTULININUUIUIA AAviLSEN Richter scale
AMUULSIgeEnTilaedala Aa 9.5 Richter

Y

25-3  Wasdn
3-6 LISULEYNNY
6-7 lasuaauLdgnng

7.0 -7.7 ‘@gur18un

Charles Richter 7.7-9.5 \d@gw18u1niign
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i | ssaluUsaus1u n1sluanvasasnlan (Diastrophism)

LazNseuIUNIslaguLUaInIessol

ASLLNSNSZANYVIINUNAALLNUAWLA

1. USLusauNMEYnsWUEnn, Uy, azandni, Hensdunnuas
NIULUSNI UITaun 42nd Waulue 80%
2. Mediteranian, Asia minor 15%

3. UWaIdU 9 5%

P
9 .

FIGURE 8.12 Distribution of the 14,229 earthquakes with magnitudes equal to or greater than 5 for

a 10-year period. Inset photo shows earthquake damage near Ismit, Turkey, in 1999. (Photo courtesy
of CORBIS/SYGMA)
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ssaludsdusau n15luaRavealaanlan (Diastrophism)
| baznsEUUNIslasuRUaInNIe9s el

N153UD581219N 1SN ALKNUAU LYY
1. DeRURTZAUN (panic)
2. aegneluenis awneanluvieuen wins1EnUe
3. a1eguana1ns e 9 91as wazaelvl uazagluiilas 1
g IsvpIAsvisaLunlnaenang
4. aeglusafifdundeunl TvuniivenlaeiEaiign

wazvagluse
) @

AN

DROP! COVER! HOLD ON!
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JEh | ssaluUsaousu n1sluanvasasnlan (Diastrophism)

— waznseuIURNIslaguLyaInIes sl

n155udanaInIsnauauaulng
1. ¥a (Lilyda) wiasldsng 9
Uadng (Gudulule) Hedinn
ag U nsANY (UaNAINUIIVIIPNLAL)
ag’ﬁwmmsﬁﬁammzmmﬁﬂ aftershock vinl#annala

A

28199nlULANE1522 NAUIT M lALN=aIALIFInTRENS @
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du1ll (Tsunami)
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aduAuiiaduannisnsenunseiiaudivinle
dUSunasnnifianisiaaauda 1wy uruAulng
WHUAUNEN %399NNTUINNIVY

dlouruduldnziaiinnsiuasususnsedie
sty azvirldimziaiaedaudiausu
seaulidnganaunauazazioliiinaaudund
mnﬂﬁaugﬂﬁ'ﬁwaaﬁwmaﬂnLﬁﬂ%w,ﬁmﬁﬂ
wiuRulnalosainniseduiavealdanlan
FaaziauSafiveuvsaudanlanraiawiy
Wousatufiondn seudau (fault)  1du
ULV UVRINMIEYNIWUZHN wanan
windulnauda dunauldinfisniinsaufv
wivAulwaaunsavliiaaaudundldduiv

Sumatra

(a)

HHUA TN 180U AAIDNNAEAITADAIVDITLITDINNAIVBING

§ o a o o
wnas w2 luawazniaaa luuuaszuivvessesaou lu
ysnaIMsyadvasveulasnlan
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syUIHIgIU
LaZNITUIUNITIUALY

Lithosphere

Asthenosphere

n1sluanvasasnlan (Diastrophism)

wUaan19ssol

- - - .. = - - A
HUUT IR AN B NI SN ALAZATINANYEITUREMEI AL T HARIA B Y8 Y
' - > o - -
meiausuiulwandilng Wefuft 26 Furan wa 2547 uasmifacsuRulnrfinun
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Minerals

WSSOI




UYIUUD IS

“w3 (Minerals) A ¥a3TsNIUsTNBUAINSINNIDENTUTENDUN
LAAVULDIATNSTSUBIN UTSUUNAN LazduUANILANNLUUDU
“3997133zHULUS AU luYaULUaANRING

A29819 NaCl (Na,K)Cl tunsnsala?

TaTosus
LNS1ZLNAaunILUUaTFULATIZN

lailannauLInINSITUYIRA
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ADE19UVDILLS

B WY5 (Diamond) C

bNYS

"1949 (Gold) Au

"Aaa% (Quartz) SiO,

= aalen (Calcite) CaCo,
"uaalud (Albite) NaAlSi, O

N8
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ANWUZVDILLS

Junnsrununiluduwstiiilondn (crystalline) Kanviadnwaue
< = a < Y < LY a Ady = 1 LY I . R
lWuNanuasinAtduIULIIUNUINGIUAU L38NTT daug1UL3 (mineraloid)
#3BUN9ATINIENT adaig1u (amorphous) Wunanusiaaingulaseasig
1w Tauaa (opal) wag wnaguulnvasiiuasu@ineu (obsidian)

TaUoa 2aUTLAYU

GEO3102 s550uaneUaefy q



ATSTILLUNLLS: N19NEATN

Color (&)

Streak (8#9)

Hardness (A213L39)

Fracture (N15uANBE1YUTZUL)

Crystalline Structure (IAS985190@N)
Magnetism (FuUfniausivian)

Luster (ﬂl'g']gJ'g']')) AW9UD9US Pyrite UFWAN
Odor (naw) uAILsTaNe9Tn
Taste (5d)

10.Specific Gravity (A?IU9LNL)

e R A A S A

GEO3102 s5aNaUafu 5



ANSILLUALS: N19N18AIN: Hardness (A213LLY49)

UINTIANLTIUTVD9LUE (Mohs scale of mineral hardness) WULIATIAIULTIVDILIATNTAUNINGILI VD
wasly ¥ Winsy lua (Friedrich Mohs) Muuaduliie A.A. 1812 UseNauaigusuInggiu 10 ¥ia [SE9a1AUAILALS

a ' a v = = o o &
VIVITWI"IUW@ﬂ']'i‘Qﬂ‘llﬂuaﬁl‘l’lf!ﬂf\]uﬂ\'i&l']ﬂ‘VIE‘:!ﬂ AU

GEO3102 550 M8U09AU 6



ANSALLUNLLS: NI9LA

(%4

nsAnungasiafivasusudazeiin Tasudadunguussng q fail
Native elements e.g. Gold, Silver, Mercury

Oxides e.g. corundum (incl. sapphire), hematite, spinel
Hydroxides e.g. Goethite, brucite

Sulfides e.g. Pyrite, galena, sphalerite

Sulfates e.g. Baryte, gypsum

Carbonates e.g. Calcite, magnesite, dolomite
Phosphates e.g. Apatite, monazite

Halides e.g. Fluorite, halite (rock salt)

o o N o s D =R

Silicates (Wusngauuaanlan)

Chromite {Wuusussnn Oxide waztdu
Funsntilasiien (Cr) Fadulanglugnainnssy
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A298749 1 A1ALUNLS: Graphite

Physical Properties of Graphite

Chemical classification Native element (Carbon) @&
Color Steel gray to black
Streak Black

Luster Metallic, sometimes earthy
Diaphaneity Opaque

Cleavage Perfect in one direction
Mohs Hardness 1to2

Specific Gravity 2.1to 2.3

Diagnostic Properties Color, streak, slippery feel, specific gravity
Chemical Composition C

Crystal System Hexagonal

U Used to manufacture heat and chemical resistant containers and other
ses

objects. Battery anodes. A dry lubricant. The "lead" in pencils.

GEO3102 s5aNaUafu 8



A29E19 2 N1FIILUALLS: Pyrite

Physical Properties of Pyrite

Chemical Classification Sulfide

Color Brass yellow - often tarnished to dull brass
Streak Greenish black to brownish black
Luster Metallic

Diaphaneity Opaque

Cleavage Breaks with a conchoidal fracture
Mohs Hardness 6 to 6.5

Specific Gravity 4.9 to 5.2

Diagnostic Properties Color, hardness, brittle, greenish black streak
Chemical Composition Iron sulfide, FeS,

Crystal System Isometric

Uses Ore of gold

GEO3102 sseiangniiady



USLLANYDINISLNALLS

1. usUgugdl (Primary minerals)
Wunsilaannisidunivas
Aunin (magma) laanse

2. UsvRel

(Secondary minerals)

o/

< = |
LuwsNla anNI TN S
da18A2vausUgunll laenssuas
Maadl Wang wasdanIw
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[

UseLAnuaensinaws (ma): 1. n15inawLsUguna

o Y
siawuNInuudaanlan (crust) fall

% lagd19iin % lagusuIns % lpeaznal
O 46.6 94.0 62.6
Si 27.7 0.9 21.2
Al 8.1 0.5 6.5
Fe 5.0 0.5 1.9
Ca 3.6 1.2 1.9
Na 2.8 1.1 2.6
K 2.6 1.4 1.4
Mg 2.1 0.3 1.8
others 1.5 0.1 0.1
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UseLAnuaensinaws (ma): 1. n15inawLsUguna

yinvasiuniladl 2 viialugy 9
. Sialic magma

Usznaunie Si + Al (Felsic magma
Usznaunae Feldspar + Si) (M38138n37

Granitic magma, acidic magma)

Si0, 65-77%

aaunil waunqn 850 °C wilandn

dlonnuanuda9:lé Quartz, K-feldspar,
Na-feldspar

[

Y

2. Mafic magma

(W39158n71 Basaltic

Usznaunae Fe + Mg + Ca

magma, basic

magma)

SiO2 Ua8NI1 65%
gaun AL 900-1,200 °C WaIn2

Wannuanwalazka Olivine,
Pyroxenes, Amphiboles,

Ca-plagioclase

Felsic vs. Mafic

GEO3102 sseiangniiady



[

UseLAnuaensinaws (ma): 1. n15inawLsUguna

Y

mmwn/&mwﬁﬂ AINAURUA

(Magmatic differentiation %38 Fractional crystallization)

LSAANNANNDY AD

) )}

LI
" {iganaaunaIge
" 23AUsENAUYUYDY

® 301 (silica) uag
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[

UseLAnuaensinaws (ma): 1. n15inawLsUguna

U
A1AUNITANNANIINRUNUA

us Olivine uag Pyroxene tUuasausenay

® Olivine

® Basic plagioclases

® Sulfides, Oxides

® Chromium, Titanium

Platinum, Diamond

® Orthoclase gt 12

- :
Muscovite http://www.macgeo.org

¥ Quartz

GEO3102 sseiangniiady




Usznnuaan1sinans (Aa): 1. n1sinaLsugugl

Compositon
Bowen’s Reaction Series intrusive/extrusive

rock types

Intermediate
diorite/andesite

cooling magma

potassium feldspar

last to crystallize

GEO3102 558d3n8Uainu https://www.geologyin.com 15



Usznnuaan1sinans (Aa): 1. n1sinaLsugugl

WU9%U (dike)

2) Pegmatite stage

® Magmatic water (U137109UUA)
®Dike (WUI#L)

WINLAA LY Tourmaline, Beryl,
Mica, Topaz, Monazite,

Uranium, Wolfram

- &3

arning.com/geo

S

https://couses.luenle

GEO3102 5504




=\

UseLAnuaensinaws (ma): 1. n15inawLsUguna

Y

3) Hydrothermal Stage

L Pyrite

3.1 Hypothermal fa HA1MAUES
gauundl 300 - 500 °C lawsayn, aunsy,
TuauAlunLaznaem

3.2 Mesothermal fa  A2IUAUAT
gl 200-300 °C laus Pyrite  (FeS,),
Chalcopyrite (CuFeS), Galena (PbS),
Sphalerite (ZnS)

3.3 Epithermal @@ ialnaialan
aaunndl 50 - 200 °C laws Cinnabar  (HgS),
Fluorite (CaF,), Barite (BaSO,)

GEO3102 sseiangniiady




[

UseLAnuaensinaws (ma): 1. n15inawLsUguna

(Y
4) n1552%m (Sublimation)

N15LAALIAINNISUUSENIN (Metamorphism) Yahu laus Garnet wae
Graphite

YUINNVDINANLLS

b5 Garnet UU#U Schist

® Crystalline (Jumwan)

® Non-crystalline (Amorphous)

U3uAIVANNITIAANAN
1. @1 (Time)

2. Y9994 (Space)

https://www.flickr.com
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=\

UszNnuIn1sinans (Aa): 2. N1SNALINAB

1. ASHWINLAT (Chemical weathering)
CasO, (uaulglasm) + 2H,0 (1) CaSO,.2H,0 (BULY) fusenuasiiutios

2. m'il,ﬁﬂwﬁnmﬂm'iazmﬂ STALACTITE
" Huwsy (stalactite), usan (stalagmite)

" 1 @1%U (column), Travertine

3. 1NANUBUINTDU (Hot spring)
’ STALAGMITE

4. n1sazduvasdsnazalelaen

Kaolinite, Fe-oxides, Bauxite, Laterite

5. \inandedTan
" vigy Uzn139 (CaCo,)
" Diatom, Radiolaria (SiO,)
® Flint, Chert, Opal, Chalcedony
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YUALTNAITI
1. Quartz (LSLUYINYNIY)

Allochromatic mineral Idiochromatic mineral
PR . Ty Ha o« d e v o

(WINUNaNULUULLIVUADUY) (wsndluaiulusinduvsalaseauuagunlag)

1Y Rutile Quartz (AINW) 1 Smoky Quartz (Asnw)

GEO3102 sseiangniiady
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115 Quartz ﬁl,‘ﬁu LNAMN1U Bowen Reaction Series

https://www.geologyin.com

Compositon

Bowen’s Reaction Series intrusive/extrusive
rock types

Intermediate
diorite/andesite

cooling magma




YUALTNAITI
2. Mica (Wsnau#iu)

Muscovite Biotite

GEO3102 s5aNaUafu 22




1,5 Mica ‘ﬁtﬁu LNANIU Bowen Reaction Series

https://www.geologyin.com

Compositon

Bowen’s Reaction Series intrusive/extrusive
rock types

Intermediate
diorite/andesite

cooling magma

last td crystallize



YUALTNAITI

3. Feldspar

R100169

Na-feldspar (Albite) Ca-feldspar (Anorthite)

GEO3102 s5aNaUafu




IL3 Feldspar i 1NAn1Y Bowen Reaction Series

https://www.geologyin.com

Compositon

Bowen’s Reaction Series intrusive/extrusive
rock types

Intermediate
diorite/andesite

cooling magma

potassium feldspar

last td crystallize



YUALTNAITI O Iron (Fe)
. , Sulfur (S)
4. Pyrite (fool’s gold) -

GEO3102 sseiangniiady



YUALINAITI
5. Calcite

GEO3102 s5aNaUafu




LILATEgNALATUNE I IVDIUTEINALNE

Uszwmalnelinnasusvlingne o nszaneagnaly Adadunguusidifgy
NGLATEEN lawn

=

" Glun wunnnnenald Tudandnssued W Qia g51eg55118 uATASEITUIIY

D3

[

" WA wuanfwaviuaae analandilss JaInanysuazgman guaes 8108
1BE9AIU InIaLal

w3 Magnetite Aadiuuwswan

WS Cassiterite ADAULIAUN
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LILATEgNALaZEE W IVRIUsEMAlNY (FiD)

Blue Sapphire ¥89913IAAUNYS
[~3 = d! 1
IUJUENRUIVaaLLs Corundum

= ya9A1 wunnndidhutanes Samdausiduys thuthsou sunaursazwiy
FWMINUITIIVATIUS wndamaalfzlils 3nagasu JmInusisa Jagldu
wuunaLInasmiddnenmdawrdvdlussiudoudiegefivinusease
FENINAIUALANGN BINBTTUAGD JINTANTINT Aruaniiene 39Udn
IWBTYIA! LAZUTIEINBLYEIATUN 3NaUNBH JnInLaY

wananUUssnAlnegednsau q an wadsuraldurnwulurds
WAV LAZLATYFND
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(%4

YAFIUNALNYANULLS

B JY9ANEILS 13831 W3INe1 (Mineralogy)

" adqustsaensiiaws Wrluldlunisdisraninenssssuuni
10 15U WINaeAn U NauAs AYN
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lgneous Rock and Volcanoes

#uaniluazguunli

A5 1aegas




. )INTVDINU

Weathering

Transportation

Deposition I l |

Lithification Uplift & Exposure

~ Sedimentary

l.‘a.:u‘u‘
g™ oy P g |
Ny M ™
iy o 4y P |
M P™y

e

o g g
" =

AP B g My By
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U Ao allunIua1sNeINATIINANURYYRILTAILA 1 Yiln
=1 1< o =
U wazUsznevagiluarudragyvasilaanlan

AU LuInunIsiale 3 ¥ie Ao

1. %udAil (Igneous rock)
2. Funznou NsaRUTY
(Sedimentary rock)

3. #uds (Metamorphic rock)

lencous (Obsidian)

Scdimentary (Shale)

GEO3102 sseiangniiady




#uaAl (Igneous Rock)

Fudanlan (CRUST)
- KudAl 95%
- AUAZNDU 5%
NuRvaslan (SURFACE) SURFACE
- AUALNBU 75% CRUST

- iuanY 25%

GEO3102 sseiangniiady




#uaAl (Igneous Rock)

Fuall LANINNITLEUAIVDIRUNRLALAYNT

wsiluasausznauddalufiusail Thun

® Feldspar, Quartz

" Olivine, Pyroxenes (augite)

" Amphiboles (hornblende)

" Mica (biotite and muscovite)
Awutiosd

" Magnetite (Fe,O,)

" Ilmenite (FeTiO,)

® Apatite

GEO3102 s5aNaUafu 5



#uUaaid (Isneous Rock)

YUAVDIRUNUA (magma Aefiuniialélan ardumuulanSen lava)

1. Felsic magma U Sial A2MUHNINIS: 2.7

2. Mafic magma 9u Sima A711829LW1E: 3.0

MORE FELSIC
MAGMA

100s of m to several km

MORE MAFIC
MAGMA

Crystals Crystals re-
settle to the melt in the

bottom hotter lower
through the magma, making
non-viscous it more mafic
magma

100s of m to a fewkm

GEO3102 550U NaLUa9AU https://opentextbc.ca/



#uUaaid (Isneous Rock)

v = Aa A o a o0 « LY v v ’ . .
n1stnlaneansiiaiudail Indunessuasivnla Bowen’s Reaction Series

Compositon
intrusive/extrusive

Bowen’s Reaction Series
rock types

Intermediate
diorite/andesite

cooling magma

Norman Levi Bowen

potassium feldspar Felsic

granite/rhyolite

last to crystallize

GEO3102 550U NaLUa9AU https://opentextbc.ca/



=\ v
NuaAU (Igneous Rock)
YUAVIINRUAIUDIAUTENDU

o A . e
Ultramafic Mafic Intermediate Felsic

Color Dark [ P = P = [ = i Light

Si02 40% 50% 60% 70%

MgO 48% 15% 2.5% 0.95%

Major mineral Pyroxene Pyroxene and Biotite Quartz

content and/or olivine Plagiocalse feldsapr Alkali Feldspar Alkali Feldspar
Quartz

https://www.eeoloeyin.com

GEO3102 sseiangniiady




=\ v
“uaAU (Igneous Rock)
YUAVIINRUAIUDIAUTENDU

Fine grained Coarse grained
Rhyolite . Granite
Felsic 2
et
=
)
Far)
=
o
Q
©
Ig

Copyright © 2016 W. W. Norton & Company, Inc.

GEO3102 sseiangniiady 9



9iudAll (Ieneous Rock)

a ' a = < 1 =
N15LARaUENEVRIRUNUA (Movement of magma) tWudaunilalunis

o a v ad & Y a a v ad & Y ya
uunRudalNEUAIVURLlan (lava) uwazhudadilgudqlanalan (magma)

124
v

ANU
1. Extrusive (lava @uf7) - Waazden (fine grained) nanuwshidniau
2. Intrusive (magma L8UMA2) — tHaneu (coarse grained) WANLITALIY

Rhyolite Granite

GEO3102 sseiangniiady



#uUaaid (Isneous Rock)

1. Extrusive (lava 18uf2) - Weaziden (fine grained)

2. Intrusive (magma L8u#2) — 1aneu (coarse grained)

A. Fine-grained

‘s‘"

’ . .'P,’A g .

3
I .‘r'i. .
.“ “1 '. : d
0
o N S - .)‘ s
L el " o

: : - - = s~ o~
B. Coarse-grained D. Porphyritic

GEO3102 sseiangniiady




#uaAl (Igneous Rock)

1. Extrusive (lava Lauf2) lassadauazaialsen
1. 5198171 (Lava flow)

Columnar structure

- Pillow structure

- Lava Flow structure
- Columnar structure
- Joint structure

2. gl (Volcano)

Lava flow structure

Pillow structure

GEO3102 sseiangniiady




#uUaaid (Isneous Rock)

1. Extrusive (lava 18uf2) laseadsuazasisen
1. 81581171 (Lava flow)

2. guulwl (Volcano)

1AS9E519UD9AUD AN
- Pumiceous >50%

- Vesicular <50%

- Amygdaloidal

- Scoriaceous >50%

GEO3102 sseiangniiady



=\ v
NuaAU (Igneous Rock)
2. Intrusive (magma L8uUA2) Taseadranazaasen

Volcano

Volcanic neck

3.\.

W

Rapid cooling
rates; Fine
crystal sizes

e

7\

-

s

Lava flows

Kenneth A. Bevis © 2013

& Pyroclastic deposits

S

Dike

Sill

crystal sizes

( — )

Moderate cooling
rates; Medium

Sill

Slow cooling rates;
Large crystal sizes

GEO3102 sseiangniiady

Laccolith

Batholith

Intrusive (Plutonic)
Igneous Rocks

Extrusive
(Volcanic)
Igneous Rocks



#uaAl (Igneous Rock)

n153uUniUadAll (Classification of igneous rock)

1. JUUNAIUNILAA (texture)
- Intrusive, Plutonic, Phaneritic igneous rock
- Extrusive, Volcanic, Aphanitic igneous rock
- Hypabyssal, Porphyritic igheous rock

(phenocryst, sroundmass)

Phaneritic (iunanwsA8a1Ua") Aphanitic (ldWwiunanusaienndan) Porphyritic (Wanan)

pfgtla:lssium y i porphyritic texture
eldspar 5

GEO3102 sseiangniiady



#uUaaid (Isneous Rock)

n153uUniUadAll (Classification of igneous rock)

2. TUNAINBIAUTENBUNILS (%SiO,)
- Felsic/Acid igneous rock (SiO, >65%)
- Intermediate igneous rock (SiO, 53-65%)
- Mafic/Basic igneous rock (SiO, 45-52%)
- Ultramafic/Ultrabasic igneous rock (SiO, <45%)

Fine grained Coarse grained
Rhyolite

Andesite

Copyright © 2016 W. W. Norton & Company, Inc.
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QL"U’]M (Volcanoes)

1l Ao IVTaYRUANIUNARNWMAIVIFENIY ¥3011980998199888NHN
Halanuazaziiauiiuuaziuidusey o Yaudatiu Ingn1sasauvaddsn

G
Y
N

U

- Volcanic eruption (extrusion)

- Magmatic gas (magmatic eruption)
- Hydro-eruption 1@13’13@14

- Phreatic eruption inlndy

GEO3102 sseiangniiady




E

QL?J’]M (Volcanoes)

N15LARAUNYRY magma agialand 2 wuu
1. Fissure eruption taaauiinusagwan LaNsues (plateau)
2. Volcanic eruption waaauin1udass (vent) Lﬁﬂgw'ﬂ,‘l’\l

Fissure eruption Volcanic eruption

GEO3102 sseiangniiady




QLGU’]M (Volcanoes)

grnlnilvyiigalulan A Mauna Loa (#tn1281718)

- LHUNNAUENA9NFIUED 600 N
- 84 10 Alans sz INLLa
- luayd >1 anud

GEO3102 sseiangniiady



QL"U’]M (Volcanoes)

g lnilvyiigalulan A Mauna Loa (#:n1281318) (si9)

GEO3102 s5aNaUafu 20



QL"U’]M (Volcanoes)

g lnisuusangalulseinfans Ao Krakatau Gulafide dey a.a. 1883)

- AU ULVEe 800 LUAT

- 1inuadn 300 LAT

- \RnAAUEY 30 LA

- AUMIEUTTU 36,000 AU

GEO3102 s5aNaUafu 21



QL"U’]M (Volcanoes)
anwauzQ U WlunImAav19 (cross section of a volcano)
Volcano Cross Section T Ay - - SIS,

-
crater -

= -

* . gas and velcanic ash

.....

>
-

ava flow
lava and
pyroclastic
‘ layers

main vent

- -
s e — - - ®
- = e . . o - - .
s . - - -
- . - -
: -

Z

=
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QL"U’]M (Volcanoes)

5ﬂ‘l&lm3QL°U’111/\|1‘un’1W§fﬂ°U’3’N (cross section of a volcano)

Volcanic bombs

Magma chamber

GEO3102 sseiangniiady



QL"U’]M (Volcanoes)

Pyroclastic debris (ifwhuiitinaInn1sssiinvaenivil)

Volcanic dust vunauszuied 10 cm
- Volcanic ash

- Cinders 0.5-2.5 cm
- Lapilli 2.5-5 cm

- Block

- Bomb

~ Pumice (fusailiiloud)

Pumice

Volcanic bombs

Volcanic blocks Volcanic ash

GEO3102 sseiangniiady



QL‘UﬂW (Volcanoes)

yilan1susnvaIul

1. Hawaiian type

2. Strombolian type

lcelandic eruption

4. Pelean type

Pelean eruption
© 2006 Encyclopadia Britannica, Inc.
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auln (Volcanoes)
wuaiu lmuUsen aenwu 3 Uszan laun

1. Active volcano

2. Dormant volcano

3. Extinct volcano
Active volcano Dormant volcano Extinct volcano

http://www.aquaticsportsadventures.com
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Qw’flw (Volcanoes)

gauniinaszd luvasaivilnley

1,150 C #3841nN2
1,090 °C

1

2

3. Orange 900 °C

4. Bright cherry red 700 °C
5. Dull red 550-625 °C

6. upaiudLAuNBanuaY 475 °C

GEO3102 sseiangniiady



QL?J’]M (Volcanoes)

N1SWUBLAYBI LU

1. Composite volcano (Strato-volcano)

AMuBesfizanUsEINM 30-40° ﬁgmﬂszmm 10°
2. Cinder cone

anuBesiisanUszunal 30 ° ignudszunm 5 ° galuiiu 500 wns
3. Shield volcano (Lava cone)

AULRLINEDA <10°, NFIU <2°

(omposite Volcano (inder Cone Volcano Shield Volcano

Lava Flows

Lava Flows

GEO3102 sseiangniiady




(omposite Volcano

Lava Flows

Cinders

Fuji volcano, Japan

GEO3102 sseiangniiady

QL?J’]M (Volcanoes)

1. Composite volcano (Strato-volcano)

& Ash cloud D :
Crater Composite

Side ven . oy ol . VD|CEHG
: - Lava
Tlow

Parasitic
cong

Layers of
lava and ash
emitted by
the volcano




QL?J’]M (Volcanoes)

2. Cinder cone

(inder Cone Volcano

Cinders

Volcanic Cinder cone crater
rock fragments

Tephra layers

¢

\ \\\\

/F : \

N

//

Paricutin volcano, Mexico

GEO3102 sseiangniiady



QL"U’]M (Volcanoes)

1. Composite volcano (Strato-volcano)

Shield Volcano

Lava Flows

| SHEELDVOLCANO COMPON

caldera

vents

53 avil

magma chamber

Mauna Loa, Hawaii

@ Study.com'

GEO3102 sseiangniiady




v

sWadwn  GEO 3102 wied 3652 My

.

N, 4
a a a " .'_‘\ - o fu ’
anvdviglicnansuazgiiansaume AaENLBEATERUASH

UNNINYIAYIIVAFIUFUUN

A5 1aegas

Sedimentary Rock

RUASNDU



U Ao allunIua1sNeINATIINANURYYRILTAILA 1 Yiln
=1 1< o =
U wazUsznevagiluarudragyvasilaanlan

AU LUINIUNISIAALA 3 ¥la A

1. %udAll (Igneous rock) ROCK TY PES
2. AUAZNDU WIDAUTU (Sedimentary rock)

3. #uds (Metamorphic rock)

lencous (Obsidian)

Scdimentary (Shale)
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. )INTVDINU

Weathering
Transportation
Deposition I I I
Lithification Uplift & Exposure

i o 4 by P |
Chal Ll
Tt

¥y

~
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RUNSNDU

Aunznau WuRuNtinaINN1591vod 9ARIY898UNIANIY 9 VUK
1anAIUNTZUIUAITNINETAINGT LASHIUNTZUIUATATIAUATNOY  UN9¥
158071 AUy (stratified rock)

on, USA
GEO3102 550 M8U09AU



RUNSNDU

uudu 3 Usztnn laun 1. Clastic sed. rock

A. Grain size B. Rounding
Pebbles ’ ’ * .. o © ‘ &
£
2\5, 4—-64 mm
A
;)
g Granules Angular Sub-rounded Well-rounded
<-4imm C. Sorting

Coarse sand

0.5-2 mm

Medium sand

0.25-0.5 mm

Fine sand

0.06-0.25 mm

Silt

0.004-0.06 mm

Grain
Clay

|_— Matrix
< 0.004 mm

GEO3102 s5aNaUafu 5




Framework Grains N
(allogenic)

" Matrix-supported

GEO3102 sseiangniiady




S funznau

(#@) 1. Clastic sed. rock

ASZUIUNTATI9RURZNaUYUA Clastic (Lithification)
1. n199MAA2 (Compaction)

2. NSLYDUA (Clementation) Lithification
?jﬁﬂ?l@ﬂﬁ']ila%au Compaction Cementation
- Argillaceous Sediment T EEeE
- SILICGOUS 50-60% water
- Ferrugineous l
- Calcareous Rock ——
- Carbonaceous 10-20% water

3. nsanuaning (Recrystallization) \

Lithification

GEO3102 sseiangniiady




RUNSNDU

(s@) 1. Clastic sed. rock

sediments

GEO3102 550 M8U09AU



S AUunznay

(s@) 1. Clastic sed. rock

Clastic Sedimentary Rock

Formed when rock fragments are
deposited, compacted and cemented.

Conglomerate & Breccia Sandstone Shale
Particles >2mm. Sand-sized particles. Clay-sized particles.

© geoclogy.com

Conglomerate Breccia
(rounded particles) (angular particles)

GEO3102 sseiangniiady




ARUNZNDU
(913@) 2. Chemical sed. rock

Alluvial Fan Saline Mudflat

Sand Flat/Carbonate _GYPsum
Limestone

Deposition  Salt Pan

Dry Nlludﬂat

B Map View
I'd
\

1 X <
Inflow v Springs Saline Mudflat Salt Pan

-~ Inflow ([

e FOPEL L P s

Outflow

é Limestone
Deposition
Open (through-flowing) Lake Closed (terminal) Lake
C Cross Section
Evaporation ) Salt Pan
Inflow Outflow Inflow Evaporation i
— é é — - $$ Saline Mudflat
SPll NGOt
", . H T point L
e e COUNAWALBE s Sirmamessemssiisip s Groundwater
Flow Gypsum Limestone Flow
Deposition
Fresh to Brackish Saline
Stable Lake Level Unstable Lake Level

GEO3102 s36ianeniosd 10




RUNSNDU

(#3) 2. Chemical sed. rock

Chemical Sedimentary Rock

Dissolved minerals left behind
when water evaporates.

Gypsum Halite Limestone

GEO3102 s5aNaUafu 11




L AUNZNIU

(M®) 3. Organic sed. rock

Organic Sedimentary Rock

Formed from the remains
of living things.

© geology.com

Anthracite Coal

Coquina

GEO3102 s5aNaUafu 12




4 Kunznau ]
DTUNY WUIAINANIN Al

1. Lignite %38 Brown coal (t1dladusitung a1u19)
2. Subbituminous coal
3. Bituminous coal

4. Anthracite (Qmmng‘l‘ﬁqm

Anthracite Bituminous Subbituminous Lignite

GEO3102 sseiangniiady




L AUNZNIU

210 3 siaRunznauiina 1 ludnedu drunsaudseanidu 2 vlauan ¢ Tawn

1. Clastic Sedimentary Rock

2. Non-clastic Sedimentary Rock
2.1 Chemical Sedimentary Rock
2.2 Organic Sedimentary Rock

GEO3102 sseiangniiady



¥
Al
ATSLNSNTZY

- Wudiunwuannngaluaiuilalan (surface)

- UStauiiduniy ifunsnauaguseuial 3/4 YaUIR LanNavun

- InuNNAB AuAuAIU (shale), Huns1g (sandstone) waznauituyu (limestone)

GEO3102 sseiangniiady



mineral
Th (= dissolution T
A iDL vein quartz
ROC k T B chert
i) airr O o Qe . travertine
C I CSH 2000155 mineral Faoalte
yc e i “ O 04 ecipitation  hematite

pyrite

weathering and erosio deposition

compaction and cementati®

igneous.roc.ks (lithification and burial)
. crystallization
vulcanism. ooy \

~

rhyolite sedimentary rocks m

andesite ‘ ' . silthtone
basalt P / — ) ] K
A ) grdywacke

gypsum
salt
coal

(heat and pré

melting «—— metamorphic rocks

granite, diorite, gabbro

slate, argillite, schist, gneiss, marble, metasandstone,
quartzite, greenstone, serpentinite, metachert

GEO3102 s5aNaUafu 16




RUNSNDU

anwazinluvasiunznay
1. Usznaunediuaiuvasiunsiuvioansinnaznauniaadl
2. finavBuedafuuty o
3. Tnaluazaauninfiudaiuaziunds

4. dnfignananusswagluiu

GEO3102 sseiangniiady



[ =\
NUATNDU
V)INTVBWIUNLNBY (The sedimentary cycle)

1. Destruction (n13591a18) Weathering (physical, chemical), erosion
2. Transportation (AMSWANT)
3. Deposition (N15RUaYN)

4. Reconstruction/Lithification (ﬂ'liﬁi’]\‘lﬁudl%u)

Plant and animal
material dies

Layers of sediment form

Over time the bottom layers
turn into rock

GEO3102 sseiangiiady



graphy
Permian
Pennsylvanian
Mississippian
Cambrian
Precambrian

Strati

Y
Grand Canyon Stratigraphic Column

A19819994a

Temple Butte Limestone Devonian

[
=
a
[’r]
=
3
=]
=
m
]

Kaibab Limestone
Toroweap Formation
Fermit Shale

Supai Group
Redwall Limestone
Nuav Limestone
Bright Angel Shale
Tapeats Sandstone

U

1

B 1
N O D D

R AR R P R
e e e R
T e R e

sNau)
$NIU)
Disconfomrity
Disconfomrity

AU

Angular Lnconform ity g

AU

=

o

" Stratification Stratigraphy (an

(Bedding)
® Bed Stratum, Strata (LS8nYuUliua

=

=
&
QV
@
2
c
@
=
qd
I

RUNSNDU

N1SANLTHIYU

Strata (plural of stratum)

GEO3102 53




£ funznau

AnwazUaItuiy
" regular bedding (parallel)

® current bedding

" false bedding, cross-bedding
® graded bedding

cross-bedding

® slump bedding
" massive bedding B |

GEO3102 sseiangniiady
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» _‘ \ &
NURNSNIU
Graded bedding

GEO3102 s550uaneUaefy 24



N Aunznau
T W1essed (Geologic agent)

1. ¥1l¥a (running water) sorting, roundness

2. a3 YUIALAN <2 UaALUAT
3. 57151109 assorted, angularity
4. VIZia WASUYNEYNS - variable

GEO3102 s5aNaUafu 25




YiUdeIsNU
ASNAYINANATUSIN (Fossilization)
- Trace fossil

- Derived fossil
ANNEIAYVDIYINANATUTTW

- 918
- HANUINADY

-

: e L -
- N P
- | T, »"
‘ R R P
i TS 4 .
N ‘. - v ., L
T~ < &
.',' e D
R X :

o S, S
. ’

- ..:':‘ "y
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b Aunznau

N13LLNINISINY
. Vigﬁ (upland) - uay

.« fig (lowland) - WURNNTY 1Y Ay

. lanU (continental shelf) - Wuuﬂnﬁﬁm

. flanatun3U (continental slope) - NUUBYAY

- nztaan (abyssal sea) - TUWU consta e

submarine shoreline plain
canyon

e

© 2012 Encyclopaedia Britannica, Inc.
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YU NU
ANWUZLATIES19DY ¢ Tuiunznay

mud cracks

foot imprint

raindrop imprint

ripple mark

concretion & nodule

ripple mark
GEO3102 s5aNaUafu



N Yiunznau
NSTUIUNTLYNASNDUTITUYH
(Sedimentary differentiation)

‘ = = 1 A A
219 1NALIANNYIND NTSUIUNISUILLYNALNDUNY
29AUSZNAULLBUNY ANNUANTULWEILALINUNUA

29AUIZNIUVDINRUASNDU Conglomerate

- quartz - calcite

- clay minerals - rock fragments
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nONIsANAZNBY 18 Nicolas Steno

2.1 Law of Original Horizontality

NM5ANAZNBUYVBLEITIA 9 Ny alufiazlssuniu asanluuulsiuidue

2.2 Law of Superposition
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1. %udAll (Igneous rock) ROCK TY PES
2. AUATNDU WIDAUTU (Sedimentary rock)

3. ulds (Metamorphic rock)

lencous (Obsidian)

Scdimentary (Shale)
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Uplift & Exposure
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#uLUs (Metamorphic rock)
A29819%RULUT

o .. n
-~ poe * 7 =/
v
3 - . "
» .

© geology.com

Quartzite

Loy

o

Phyllite
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#uLUs (Metamorphic rock)

U8NN1 LtAnn1suUsanIn

WEATHERING ¢ ) ‘
1. A27U99U (Heat) 200-700 °C |  #~ i Eroson THEROCK CYCLE

2. A7UAU (Pressure) TRANSPORTATION

- YBIINIENINAAUTUDYA NG ot
eposition
LTS

LITHOSPHERE

- 9ZADUIUANULUULINTU

M hi
- AnNANTNVIILTIAL B Rocks  Ea
MAGMA CHAMBER H d lor P
(mmmm eat and /or Pressure & CPGS 2002
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#uLUs (Metamorphic rock)

v Y]
UVDAILNA
AsuUsanIn aziazunteluidanlan Gluiuﬂuanmmswmw%uumiwwa

WAL WUIAD (zone of weathering and cementation) LLavlaJaaTumwmmums
RAOUNA IUVDIAU (zone of remelting)

A1SUTENIN azv‘i'ﬂmLﬁﬂnflsmﬁauuﬂmmamﬁLLazmaImaaiwﬁumﬁu
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#uLUs (Metamorphic rock)

FYUAVDINISLUTENIN

1. Contact metamorphism AINNTT
unsnauvasiunda lulusuviafes

- 9AUVDRIVANY Y2

- AUAU 100-3,000 ussena (lnakialan)

wstAnuusaanlawy 2 wan Ael
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- WanfitAnINa1sazate hydrothermal 9

o

inuisennuituenafes

Magma Chamber
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Ma) 1. Contact metamorph

U5 (Metamorphic rock)
UFEAAIN (s

YUAUVBINTTILL

WAULL
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Quartzite
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NuwUs (Metamorphic rock)
FUAVDINTISUUTENIN (i) 1. Contact metamorphism

Recristalization
{caused by heat)

Marble

sandstone becomes quartzite
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. #uds (Metamorphic rock)
YUAVDINITUIENIN
2. Dynamothermal metamorphism

- QUNQY

- NIAN19YDIANUAY

LU9aNUU 2 YUA AD

naluusanddantan An15luanagunss iy fault

=

AU UUSIINN?19 Tutuaniinisinanivawdasnlan Unazd
JUNNALATAIIUAUG

9 U
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. NULUs (Metamorphic rock)
YUAVDINTFLULUITENIN (5ia) 2. Dynamothermal metamorphism

Dynamic

Metamorphism B’ Metamorphism
AR Contact
Metamorphism &4
Pressure Faulting

Pressure

Heat
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NnuwUs (Metamorphic rock)
YUAVDINITHUITENIN (sia) 2. Dynamothermal metamorphism

Sedimentary Metamorphic

CITIREN S AR * T
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. NnuwUs (Metamorphic rock)
YUAVDINITHUITENIN (sia) 2. Dynamothermal metamorphism

Increasing temperature I

Increasing pressure

Page 250¢ Earth: Portrait of a Planet 3/e
Original artwork by Gary Hincks
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#uLUs (Metamorphic rock)
AUNAAUSLIUANG & VINTUSENTN

This simplified diagram illustrates the relationships of metamorphic rocks with their parent materials.
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#uLUs (Metamorphic rock)
1ASIE519UDIRUUS

1. TASIES19UBUURUAZN DY

2. Taseds19lutidanu

2.1) Non-foliated metamorphic rock
" {aaziBuavdavienuile
= GausluiinisiSaenaluiiu
" Juazluuans rock cleavage

(Fuuanaanainnulaae)
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#uLUs (Metamorphic rock)
1ASIAS19VDIRUUS

2.2) Foliated metamorphic rock

WAASLUILAN LULUIUANWaTHeanlay

. Slaty (S aaalusia “esclat” = fragment = splinter)
waniULAWAN 9 aeABnaBIaANTIALI Az

2. Phyllitic (n1w1n3n phyllon = leaf)

HAANUAULSLAN 9 WauawiualenE wuakanwuuillugna slaty

Slate W3aHUTUIU Phyllite
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#uLUs (Metamorphic rock)
1ASIAS19VDIRUUS

(@)  2.2) Foliated metamorphic rock (#8)

GEO3102 sseiangniiady

A. Schistose (AM®IN3N schistos= divided = wusaania)

ilwiauay waaviuladaaualesadan dvuialnynan
slaty wag phyllitic
3. Gneissic (AM¥ININ Gneis = spark = Usn18)

ANSHANAWLA LUNNARLUATIUDINUILVURLUAS

Gneiss



Nuds (Metamorphic rock)
LANNISLTYIAIVDILLS LUAULUBALLSINTZNT
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#uLUs (Metamorphic rock)
N3N HAULUS

- UNAULATIES19 UL DAL

- STINULIN TR

FUNVDIVULLUS
- Guagfudiuifa

- YUAVDINTHUTEANTN

- AANUITULITIVBINTTUUTANIN

Garnet gneiss Chlorite schist

P SO
AR R RN S
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#uLUs (Metamorphic rock)
(@) N1FALUNAULUS

compaction P late P and low T. phyllite —

clay + shale —— s

high P and T

. .. very high P very high P :
L— mica schist ———=—, |garnet| ———=—, Kyanite

high T very high T

Talc Garnet

Chlorite, Tale, Mica msttsamivihisunss

Garnet, Amphiboles MUUIANINITULG
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#uLUs (Metamorphic rock)

mineral

Th e gravel, sand, silt, mud, clay, lime, soil

dissolution
3 N %,
Rock QCDQDQDQO‘?,UV S ( )

w7 nere 1 ORE
AR o-"o.-.bo mineral

s
Cyc I e Q /sed iments 9'9003 precipitation
weathering and erosion deposition

/

igneous rocks
crystalhzatlon
vulcamsm : _

rhyolite
andesite

basalt

(lithification and burial)

sedimentary rocks

’ metamorphism
(heat and pressure)

metamorphic rocks

granite, diorite, gabbro
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slate, argillite, schist, gneiss, marble, metasandstone,
quartzite, greenstone, serpentinite, metachert

vein calcite
vein quartz
chert
travertine
limonite
hematite

pyrite

compaction and cementation

conglomeraste
sandstone
mudstone
siltstone
shale
greywacke
limestone
marl

chert
gypsum
salt

coal



