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FIGURE 1-6

(a) Relationships between small and large
folds in the same structure. (b) Hypothetical N
geologic map (1) and cross section (2). Note ) 1 Contours in meters

that constructing an accurate cross section 0 200 400 600 800 1000
requires close attention to scale, strike and
dip of layering (Appendix 2), and position of
geologic contacts on the topographic

surface. Vertical scale on the cross section is
in meters; there is no vertical exaggeration.
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Figure 1.5 (A) Oblique aerial photo
of Meteor Crater, Arizona.
(Photograph and copyright by Peter
Kresan). (B) Diagrammatic
representation of the formation of
Meteor Crater, and the accompanying
upturning of formerly horizontal strata.
[After Shoemaker (1979), fig. 4, p.

11.] (C) Shocked quartz collected
from Meteor Crater. The rock,
derived from the Coconino Sandstone,
is 75% quartz, 20% coesite, and 5%
glass. The light-colored quartz grains
are deformed to fit into a mosaic.
Individual quartz grains are close to 0.1
mm in diameter. The black opaque
areas and the medium gray areas ar¢
the main regions of coesite and
stishovite. (Photomicrograph by Susan
Kieffer).

FIGURE 1-9

Use of the principle of multiple working hypotheses to
interpret the contact between a pluton and an host rocks
Without the critical exposure, the contact could be an
intrusive contact, an unconformity, or a fault.

31l 1.7

s5amenIaseasiauni i flyyan 91375 wazany



10

@ QA 9 = [ @ s A =1 =
Nunuanagnssuduanunassaiine Iaseade danuduiiusnneeufes
o Fl 3 A d‘ [ Y 1A A a 1 @ =Y A
fuld msiziaaeunsnileafulnseadie uadanan1linuand19910inssdiane Ao
a I [ I 4
aonlindudesnuunIassadre(litezduthy, orns, an, azwiu wiedus) Tasln
= Aa o o <3 A A [ Y
anwauladeriiadag, vua, Unsedagiu, Auudaws e, 5101 984 inednuTaseaiis
09;} a I 1 I { o
wuq vazaonldniudarvquauanisnead e liiduldawnsmua 3 lunuy a1l
1 D o Y A 1 9 < A do 9 v o J
YaunnIoanmsud lu Wemsneaiiuaiy aondinndeneldnnuaulsluanuduiug
A ! ' Y o o Ay y A y o 3w
N3DAMUUANAINTEHI1MTeanuUY Tassadnurasun ldiie Taseasviiuasoudn
[ 9 @ o A Y d' ] 9 9 =®K 9 [l
asanutuiuinssaianet Iassasne e in liledesnuunlnssadie Jedejannu
. . _ ) CoL
aulalinTnssadransssumaldeenuun 13 1udmazidulassadanlasudavas 1
a Y a os.z} Y] A 9 =R X 9 A a 42}
NNANLAINNUTINNETTNMATY N3 Inet Iassadedsd@nudoyavoswaiiina vu
091} o a 4 [ a U { ] a
nmiudeuiimsinsgndou lmdnvus Inseafauauneunlasunilas yadien aonlin
yoalasea e dninssaidneweslaseaiiauuudeunds aadiegaly
) v v v
31 1.5-1.8 Bnuiu ifesninluszrineilnssadalimsulasumlac v ism5eiin

v a2 o 1

aAa My 19 z =KX 9 z o [ a o v Aa & A
s3aianen lildedare Aniuddesasdimauanyuz ideveuinInemdaasna a1od19
2K o w a Y 3 o 1 Qaj F) 1
aadvumsina Insaasiaiu moumaniv 1dun

[ 9
(1) vlaseadanesiginees lsthanmayu
) usswnsgRnnalany
(3)  dsvuauazlsuaemla
F 9 9 1
@ i lusunalaseadiaivay uazinadudiola
Y
Id o a o
) ogladluauuailding Inssadraiulara
[ 4 o a QSJI [ I [ [
) Hilaveezlsrhanimldnalassadiaiy vazilhdsladuiledendn
Y
@7 ldnalumsinalaseadatienuimila
1 ] Aa 1 $ o I 1
®)  nwlvunginssdaguduneumsnlasudnvuziiuedials
1 { ] I [} a3 o ] Y
©)  amumadonluszninamanlasudovazthurula toglailudq e
091} o W { I (]
(10) Taseaaiuliddumsnlasunasiluedials
Y
(1) uswazarulszneuaan luimniudes lsthawavnaldedals
Y o’j a d? =\ a [ 9 d' 9 A [}
(12) Tassadaiunady Tasliguvgiitazanuaudnuneidoanse li
A 9 1
WnMsetoed1ela ua

9
(13) M3 1@ Tasaadaiug Bz Temisgralsthe

[
[

a A o A o aa A @ Aa Y Y a I ~
ﬂ’J'liJi]i\iEl\iiJﬂTﬂHJT]uﬂﬁim’Wlﬁﬂ‘ﬂi’ﬂuﬂ‘ﬁiﬂ!’J‘I/]EHIﬂixif‘fiNG]EN’JLﬂiWZﬂ’E]ﬂiﬂﬂ N

1 dyd =~ a 9 [ ] a ) o IS
nanuildluiiesgasudn. vivhaluenmul)dmsuwane . «anassdl

aa N a aa
ﬁim?ﬂﬂTIﬂiQﬁiTQ.Uﬂﬂ] ‘ﬂfgfg'l NIFAT LATAUS



11

o = HAAa QA Y
1.1.4 @7ﬂUﬂ75ﬂﬂyTﬁﬁm?ﬂﬂ?l!ﬁa‘fﬁﬁm?ﬂﬂ]?ﬂﬁ@ﬁ?]@

dy Aa < dy A v ' 1% g 1
Wommussaianenihuiiomnnuunnaseunguynuandiululan aviuli

]
= 1 =

o= ) Y o aa o A gy A <
']']i]gﬁﬂﬂ'l@glliﬂﬁ'ﬂ\ill AIUNYIVDINUTTUINYININUA Wi@!lﬂﬂ'l!51ﬂu1ﬁ]Liﬂﬁu@ﬂiaﬂﬂ

v A = Y [ =2 A ' @ [ s 2 A =2 qej
YINAIULNYIVDINUNITANHITTIUINYUFUNU Dﬁi}ﬂigﬁﬂﬂﬂu\‘lﬂli1ﬁﬂ‘ﬂ1ﬂﬂ1ullﬁ$u6ﬂ

A 4 9 1 a 1 A d‘ d' = A 1 =1
ﬂEJ!‘WE]Gl’f]\iﬂ1i‘1/li1°lJ’J'lIaﬂsUf]\uiHﬂ@'E]EJN]lil'ﬂiJEJUIﬁﬂ’E]u‘VILi1ﬁﬂ]&ﬂ‘ﬂi’ﬂulh (I AP MR RAY
A '

o ] 1 1 l
IWDUIINANATING 0UYBIA19A1I (UFO = unidentified flying object) 130 11 uanuaulvg)

%] 9 1 = ~AAa I ~ = ~ [ a a [ [ ng £ ] A
3Jﬂﬁlﬂi]’ﬂﬂﬁﬁﬂklW‘Eim’J“VIEHL‘]JULWENﬂﬁﬁﬂ‘]sHLﬂEJ’JﬂU AU VU UAZHT MUY GINVIJJ‘I% nn

U

[
= 1

A Aa I = = A da 4 ao
ﬂ@‘ﬁim'ﬁﬂﬂ’llﬂuﬂ'ﬁﬁﬂy'lﬂ\?ﬂfl'g‘]J:]‘L!ﬂ']iLlﬁgﬁ‘iiW'ﬁ\Tﬂ!ﬂﬂﬂlutﬂﬂﬂ’lﬂ‘ﬁiiﬂ%’lﬁmﬂﬂﬂﬂﬂu

&

Taﬂ ﬂ'lfllﬂiflﬂ !Lﬁgu'ﬂﬂiﬁﬂ ll‘]J@']']iJﬂ']flL'Jfl'l
Y 9
= Y

F 3 U Id o o Y A
ANOEIN (981N DN 2810 18 aa) uiladenugiuvosuyyd ATUUHIVY

£ Q

=

Pl P

A A A A a A = A =3 A = @
l“lf?)')'llll@&iﬂlliﬂﬂl@\?ﬂlé‘]&l‘(’J“I/]lﬂﬂll'l‘]J‘LlIﬁﬂ NITITUANHITIUINYINUIVLLT WV UATIFAY

Q

o A o dyd ) dyd a g} ] ] g} A yA
o i luasetidugan v s luasedidunswsasimautes szrnhanlanlvu
~ [ a a 9 [] d' A o < 9 A o 1o o 1
iy Aundr liane vaziilelidoiunszdeelidiney uadiouuazineuaien 1y
v A = v =X Y} = ' 0 Yy a YA 3 A v
adeisuusn lufimstuiin 1l 159 ldamnsodmidnddldiuielallugasuduves
= A o ] o z 1 =2 o P [ C=
MSANEITIAININULY A9TUNNod1UT19i MU IANvang uvesnistuin
A 9 Ao v KR A o = Aa 2 1 A A o a 2 .
fgﬂgimummiuumﬂmmﬂumiﬁﬂmﬁimmmmmgiwfmﬂaatﬂmma (Aristotle) (384-
1 Aa T A 1 o { o a Aa ay <
322 1 ApunTaania) uailes1ldeuiiunnnimesuisuaz Tdudaveseaalamanas
1 1 9 3 =\ a 1 A A = [ [ I a
NTIUNAUHINNUTANNAAAI WU NeTurenednuTanuinuie luduiunisina
091 o 091 =®K d a 1T A I 9 9 [ Aa Qy 9 A
Wz M linimegedudy msmauduau v Hudu wivsdvedalanalaszysoe
~ a A 1 a [ Y 1 A FY " v 1 3 m Y o
auwemesuedeaes meanulan 1l uamduaulild mszyanamaniulildn
=3 9/0‘.1 [ 091} d’ k) A 1 9 =\ ) d‘ Y [
Huin Miwes @eiudosiaunuasalvig szdeuiiow naue e Idinangu
vq ¥ ' o P ' 2 Yy ) a 2 4 A A o
Mdoysujunaslansiuinsuiudduny) duinvesedalananiiownerny
A A 1 1 Id A A 1 9 o a
9AUININYT (Meteorology) Tagmuziay 2 (310 4 1ay) WWTeINUI9IUNIN LUR1BTUIY
A QSI 1 1 9 v Y Y 9
yosoad Tadarinud lugnaeluilagiunmu uadnvuzns Tdudsazuaasny
a < I A A1 = ] a 1 a 1T A .
Anmuys T U AINUIAAYY 195U BT UIeIMTIRauHUAY THIN1IRaY (winds) Tag
o 1 AgY o 1 @ B , Yt =
WeWENA1067197 lanInmIdunaa1e madvayy Femnseldauazinulunm
9 < Y a Qy I v o Ao A a 1T A v 9
ldae feznswIdheddlamailuindunanfuing mszlomauduau lna 151503
di d‘ A o A (% Q' d' a A
NHAVBINDY (wave) auuazAAUITHANHAULMTDUNY FINWING1IUDTLIY Ao WA
(result) ua lilaumastutdanauuruau 117 (source of earthquake) H1isdo gaHouING1v09
a A~
wrennsaduaula lusumesiiia
= (= [ 1 a Qld' I a 4
U19AUD19001T Jonsaa (Theophrastus) (374-287 NOUATHNNIA) g«mﬂugﬂﬁyﬂmm

a Qy d' Y A v A d' . Q' Y = A
aaaiﬁma m"lmmﬂuwmﬁa 1393 “Concerning Stones” 114ﬂ15!51|$5]u"11’E]\iﬂﬁﬁﬂ]ﬂ‘ﬁﬁmi]‘ﬂ‘c’ﬂ

aa N a aa
ﬁim?ﬂﬂTIﬂiQﬁiTQ.Uﬂﬂ] ‘ﬂfgfg'l NIFAT LATAUS



12

{ [ {a a 1 [l < 1 o 1 4
TagmmzineInuUNINING s (mineralogy) 9619 15nammn ldgumiisdemudu diou

]
v o A o 19

udazavenazius limieusufuitdeuasamuiin 13718 Wailtuegiungiontuse

Tnsaatugla uazdernt lisuiluinedeuie nsondosannauiy
lumsfnmssdiiner Inssade daulnaisuinldinsdany dlade @ Td (Nicolaus

Steno) (A.A. 1638-1686) HOTLIBNY535UHA 3 ng 14uUR (1)ngn15919FuFoUIY (Law of

v
LA o/

v 4 1 Y [
Superposition) N1NA171NFURUNBYUUILTDIYOOUNNFURUNDIAN (2)NYNITINTY

[ 9
#1351Y (Law of Original Horizontality) N1 NFUHANI19A TUUUITIUEND (mﬂ”lmm
o Y d' [ 091/ r . .
gnnszin Innlasudnuus) uaz 3) n9n139199 UKo (Law of Concealed Stratification)
d' 1 1 d' A ay a 1 1 A A a
na1n el muveuniegadugavesiu Inanueanuiusmumsme llvierailng
3 a [] < [] 1 a [ a
Tvessuriu @1 liven liSenven) Tassidesosuneli laiutumsizes'ls veuiu
a 1 A Y A a A A £ o
PIUAANINNITHNTOU HTOINMIAATAY nmsaounInguldszida wiodug ¥
b < & A yy o ] o = Aa
Tdsunwduveunuld Jagiumildngnisneduuuasiuunlunis@nyissaiine
o ' A & & a sv v o A 9y & a
TATIA310 15U WS UAUTUAUIAY 1aad9InIzABIgNNIi maz lupous AUy
Y ' )
Apaneia lunnI tazngmsnaugeunIevIAMIBYRIFURY e s 1§59
~ A a 1 d‘ = Y a Y Y1 I
uwuissdimeiulna uazdielinisvie 1l 1519zdesesuield lainilunasinauvgla
a |qaj 3 U J o o { a
ANNITIAA TUAINGYIN 3 No 1INEF dNAY (James Hutton) A.7.1726-1779 MAsuoiulen
@ S .. . L. A 1 oA
nanANuen W (Principle of Uniformitarianism) fina1331151ngmsainminnlu

% a o o
Pagiiuawisnesuielsingmseiluedald nazngn1s@au19 (Law of cross-cutting

'
a a

. . A v 1 Aa v A A d' A o a 1 =~ 1 v o
relationship) NNA1INHUDAU maiaﬂmaummm1"lﬂ°luwuﬂammqaaummuwgﬂm

w111l

1.2 NZUIUMSNIEIAINEN
dy a Y d‘ ==Y 1 1 d' 09.:} 1 o a
wuRan a1 sz slasuulaaness s nensgeasiod A e
di} a ~ <3 ] dyl ] A YY) 1) 9 qgj dyd
voalan wumdrlannwumulusuiddou lumiouduiununazdunin Nl
Aa . 1Y ' Y
NIZUIUMITNNEIAING (geological process) HAA8ANAWAZANN ANVDUTUOI 151919

m Yy dy a =1 d' 1 Y 9}:‘49} A Y .3’ [
von Wi ld v Tanlimsnldeuegaasanal sndudnithusousgsundihvuialvg

] a o & < J A By [ o o g/ ] g}
wu Suda e Fazmiunaasvesaeside Tvalinanamiz gwe Muon nszudtiveawii

A

4 [ 1 1 1 4 I~ {

Tvadio Ivaru Taztinszualni lvasmuinegeaoiies datlumsasuulasnasaan
A o 1 = A A g Yo A [ [ ] AAA a
nTod10819malasundasveudaon Tanniu 1d¥adnA19619 19U NIANNNITINA
[ =Y lc:' o Y Y A v Aa (:Il d'q./ [ ] [BP=}
priuan lvnalug i ldermsduFouieniug e ATunuE@nnuey) uaiios

9 A A A

dy a ~ 9 A ~ [ = I v A
@ uNan nIuseu-o1 s an I uNnawasuulasonniveluvasie el

u

Y k4
Tszida Madlugigalniuinlusiinadudu

aa N a aa
ﬁim?ﬂﬂTIﬂiQﬁiTQ.Uﬂﬂ] ‘ﬂfgfg'l NIFAT LATAUS



13

AuenTanislszneudlrouduldonTan (plates) vate uru (a3l 1.1) uaagunu
Tansimsmasunanasanal laemagilszina 4-8 suawasaoll Nvovuveaunulanuaas
HHUD199ZTNITFUAY (collision) N13ALBNINAU (pull apart) H3DNITYAAI(subduction)
Y < A ) o 1 A =2 o q ¥ o A
AramaiinmanasuiyuiuvesrulasnTan i linuusuiuanilunenvigs
nazazdegene lihiioon winluliaungoudwwaldnememssuiwlasumlaslyl wu

o 1 = a v A A @ d?} = a I
Jagifunudunenivmndsimanasudigevuilas 5 uawas ms1zlunanms

A ~ 1A = = . 9 ' = .
INADUNVDINUDUIAY-DDTIATIAY (Indo-Australia Plate)l U1 LNUELTIHY (Eurasia Plate)
I
dudu

=1 =1 Yo £ [ o Y v
p1gued lanisuiewAos lAnusIguesgnIn Fasiniatazdiudmm lada

=

Uszunm 4,550+0.02 3111l (Ricard Harter, 1998) TaoldinTosioniinnuazidoageganiilu

[

= [ Qaj dy a ] d' 9 A o a = 1
1 1998 Ay HuAveTanriunsnlasunilawindininue UigInsvesntuisnIng

P

] 1 d‘ |Qy 1 q Y Y S Y =1 = aAa
pdaoItlod liduga tazdaulvg ldnaimarsg a1l dremaiinsAneissaiinelu
- = o o o A A ' ! ~ v
nunagueslandaianudidny msiznnnuaen TandiuIngazldsunlas i
o vq v vy & 2 3o o T T
dunald 1dnamares adneigau dnnsduilunuuaseilunes luazuuuguns

@ a ! [~ ] [ @ l 1 3’ { J
anvazgiUszmans uivedluilog vy 1 yum wairh 1510 1sd e
Yy 9

< a LY { o o J
N3y é}']ulﬂuNaiJ’li]’lﬂﬂigﬂ'JUﬂ'liT]'l\iﬁiﬂjTﬂEJ'ILL‘V]U‘VN'GTH ﬂigﬂ'JUﬂ'liﬁﬁ'] ﬂlll@g]}l,lﬂ

9
9

Aa I PN A =] 1A
(1) ﬂié’fﬂ?ﬂﬂﬁ!ﬂ@{]ﬂ]??ﬁ/ (Volcanic process) L“lJUﬂﬁT]WHWH@WQ“UH?ﬂQWJIﬁﬂ
a & a A v 9 A g 09./} A g
Tasmsszide Srunialnlszneualesigniluransvasyazalensnuvouriad

A 23 o
UUNUAWYUND

=)

09.:} I (2 "9y @ 09.:} A~ d? 1a A
FINTIVRIAWALUNFTINOYAIY AWIUBNNTUTENUIUIIGHIAY
a3 a < [l <
AU UHULYIDE19TIAS )
o ] A . I o Y
2) nsgvrumsulsdauguusunlaon lan (Tectonic process) 1Hlunszuaumsm
a d' ~ a a F2 . . . .
inan1sinasuivesiu lagnanis Ing (Folding) M3u@n (Fracturing) N134480 (Jointing) 48
N15130U(Faulting) ¥o91iu auDenszU UM ananduaY v nazguuliszidadtaogu
csyd! = T A Y] ~Aa [l T & A . a
n3zuaIuMsH Ansauduaulvinssdiinerdiulvadailunisdou (faulting) YoIriu
(a9 nRusansziauiunilamamsazaundsnunielu PBuaziu lueusosuns
~ o YN =R A A o 0 4 P} o A o
nnnszildondunamsiden nszUIUNMIHIAINREIVeI TAagATINUNTIAA TATIAT 19N
AAa
FIUING
(3) n52UUMTUFUIEAY (Gradation process) duldUA N1THWI(weathering) &1
' . v . % .. F2 I [ [
N30U(erosion) NITWANWI(transportation) LAZNITNUNN(deposition) audumsisuszau
yoaldonTanliegluaninzauga laslifina1a(medium 13 agendndrAg i ldinanis
Y 9
[ o 1 o o < . '
Ysuszan ldun NIzuaUI(current) NITUFAY(Wave) T13ULUI(glacier) u5a Tua04

A = . v A o = A
NI0159AI9A (gravity) ¥93lan uaziladenaruquaszuirunsdsunlasuaninae

aa N a aa
ﬁim?ﬂﬂTIﬂiQﬁiTQ.Uﬂﬂ] ‘ﬂfgfg'l NIFAT LATAUS



14

a a

guuigll anmgidszma anmgiema msUSuanmshldiuuugiednniouiie
N5an3ZA1 (degradation) dIUIABHAUNTOAZNOU (regolith) 1INMTHWIUAZFNNIOUILYN
[ Y d' 1 d' a' [ . 9}d' U d?

Wawwmuoulungu iemsiuszal (aggradation) TGN

9

@) nszvaumsnavy lnednguenlan (Extraterrestial process) nszuaumsiila

[ o

A = A Y Y a 1 Ay oy
waenlaniimsildeundadldigunu uagirldinavguussildaainnisnszunn

== [

vd a d yuyw Y 2y
Usingmssitlazinedu Iddesmnuanivguanmsnszunnvesiaguon TanTdmulalu
& 4 oA Ao a & s a .
na1ee Wunvealan 19y MUBIFAVOTVDIUAUIAT FINWATIVGNIVIAANALE lan
1 U 091} o Y = U = dy = [}
wnneusgmuiamaniudngnen ludluussomasuruadenounitaiuTan 51914
< . A v A d o s A s A
IMUNQUYNIUIA(meteorite crater) IMUBUAVTMAUIINANTUNT HIOA1UATIZHADUC

{ a { a o 4 % ]
dmsunszuaumslasuntamussdiineiinannmsnszivesuyudisdn b

4 9 [
vusawedare netmazdluldludnvaziarvauli’ld susdnnlilddnuinig

U

~Aa 9 [ (Y o A Ax a ] 9 A o I 3} ]
syanemarduIngunizi ludmidusssuna wu myaiaweunnnuihvuialvg

d' a 1 Y a = a a 3 a dgl =
nnieraanszua i dewaldinanisideaugasssumavesusnaniunaiy wind
= 1 9 1 A 9 d' a
MIANYINANTENVVDINITNBATINBUAINOAS I DTzl uaNUMINzYsdIATINT lag
a (] § o 4]
T¥nuimessdiinennsie nszurumsasulasmlasnTansinmsnsziweauyudn
1 o a 4 Q' H
vz lidlu T lumsiaessuvinmitazdunadsuaedlan nszurumslasuulainia
a { [ v [ o Y % 09.:} 09./}
FIAIMNALNTZUIUN T AoUTAYUITNUANUFURUTOU FININTLUIUNITNG 4
9 dyw a3 = [ 9 1 ~AAa 9 o A 1
ATTUIUMITIVUIIARlumMslasuanyazaly ualuniessaidner laseasiegannain

Y 9 Y o A = o o = Yy g
HURAIVWNAUN mnﬂmﬁmmmﬂaﬂuaﬂymgmmmmﬂizm uazuwaﬂimgiwmum

9 9
9 Y o Y

[ o o 1 12 A o R 9 [ >
agrugusangzit Mindaguugnusanszi ua lilinadsinguietuiin A ludagiiu

Q

=} ! a d' QU
li'li]gubuiﬂﬂ?1!ﬂﬂﬂ1ilﬂﬁﬂuﬁﬂ‘lﬂm$

1.3 gag1uﬁ‘§aﬁﬂfj1(Fundamentals of geology)
o : ¢ v o
(1) vanennIn (Doctrine of Uniformitarianism) Fuauo laoyos LT §nau (James
@ 2] [ A A I AYo o A
Hutton) YNAQHINEF1IAN0n Tug9aa13sun 18 uaisuiunianiulumaissui 19 lag
v = ' J 4 4 . £ o dy ' '
M3Na109IMUYeI W18 U 1NaduNs (John Playfair) FINANMTUNEIIT “NILUIUNIS
Aa £ v A a = o a o A ' .
mnauluilagiiuimnanlueda zdinunaduiiuaelilueuian” “Processes occurring
' ' C
today upon and within the past will continue in the future” #3992 na124199 Ao “Hagiiuiu
nayuad1nn li/gofn” “The present is the key to the past” YoagUvouunAAINNITRIAN
o < a by = @ ' Y Y A < ]
dunasiuTvariuaielanzalinisnansoualeusanamzvedsaausmiunitalvaq
Qsj = I A = [ =1 v @ 9 o a A A 42}
nniulameanauses awdviamuianie snaulddhdunaniunsenineduuas

A A a

o A o 9 1 qa: Qaj < dgl [l 9
gnitate ld Taswighward i lundazass andunifiunsionadun vl

aa N a aa
ﬁim?ﬂﬂTIﬂiQﬁiTQ.Uﬂﬂ] ‘ﬂfgfg'l NIFAT LATAUS



15

g @ a 1A < 3w
u@ﬂi]'lﬂuul"lﬂflﬂ’ﬁiqﬂaﬂ‘ﬂuﬂi18’]']Lﬂﬂi]'lﬂﬂ'li§§]ﬂ@]gﬂ@uﬂl@ﬂmﬂ‘ﬂi'lfli@‘(’Jﬁﬂ'lillﬂl\?@]?]

I a J =3 I < ' = Y a A [ 9y :I
ﬂmmﬂuwu G]EJ3J'Ii]\1Qﬂf’fa'lflﬂﬁ'lfl!ﬂumﬂﬂi'lﬂlﬂfumEJ’Jﬂ‘]JI"Uﬂ’Viu“l/]ﬂﬂﬂﬂlﬁlﬂgﬂ’)ﬁlu'l‘ﬂg!a

[ Qaj [ 1 a o @ = o 4
aqumsdunanszuaumsaeeg adsingluilvgiuveslandeausorhliszynd
a 7 a Y . Y Y =
?J‘ﬁ“lﬂtlmﬁ]mim‘ﬂﬂﬁﬂ{ﬂu’ﬂﬂﬁqﬂ “the present is the key to the past” (UTUINIY ATLWYIA
v ¢ o P ' A o vy v o 1Y A Ve
Meiny dawendigarsiumiyaneiielss Tenvosdnaudedleinne luldnieuna
Yo 4 o o Loy ; A ; ;
a1 ngiiluneeusunuTaena ldhmsuldeunamssaiimeniumsulasun)acn 1y
I 1 ] ~ 3 a @ A
natenunmdudiulvg MsmsmumuuIaiunenaeenaIniu laen1snlasu
[ a d' o Iya di 1 [ I Aa A 9 Aa 1
anvaznnmMInasesouauhliiumndeuranntulududuwas 1a 15191995018
a d' [ [l 1 I 1 £ 9 9 = 1 d' [
nannmsnaeudleteneaiuaes 1l Fernldnamaisn duilninzideusenainiu
YR 3 19 & A 3 a 1T A < a dgl [
Tanevnatiy uaduiunszurumsndumasainmsnauduau Iiineranaduedi
I o o v A
s lununwauluiun
A a ¢ o a Y A o 9 ) ¥ I 1y Y
Hos 1A IEHHaNeNNINTI9 1ad e1vdeNaNse I 19 lduaz 1444
4 § a 1 EA I o o
Tunamgmisel msmsiaain)singmsaiaie veslamiulUludnyuzimiioun i
. = Y] A o 9 1 1 A o a =] 1 =~ ~
(uniform) QUUANTIUNTALGIDGUIN 1HU 11DUINIBTUIBDIFIINMIYANTUAVIUT YU
. ' = a a .
(Precambrian) 3¢ MINYAD1TLAYU (Archean) LL@%QﬂTﬂi‘ﬂIiIGﬁ’ﬂﬂ (Proterozoic) WWI1ZNITWU
a =" a 1 ] qg;l I a aA v 9y
voeriulugaesneu iudiulva lulanaeuiiuiluwiniudved(greenstone) Aat 1 1u
9
a a 1 [ a a a 1 ] I a
WuruunsiavLIa1ne) (granitic batholith) uagalisn s ladn AudiulvaluTanduin
a 3 o o ] a aAa J 9 A
aznoutazismumiuasagiu luawnsaesuessdianer lugaesinenldae 3o 151
1 a 4 1 1 1
prnuMUInaLul Idwaumenazmasysel welsing gt egnizatoaimaen ua

Pogiiunau il YequitioudwildonTan lilidnyazAGeniuniloua fu(uniformnin 1ije
= o aAa ' <3 dydw A = S
MeufunaNesIdiane oo lsnammungiindedeniivse Temiogun
;4 o dyos.l} a [ = ] .
(2) NMIFOUNY (Law of Superposition) NYHAIIas Wel Iadea a@ 11 (Nicholas
Id & Ao w aAa £ 1 1 A = a a
Steno) UAYHINNAIAYNNFIAINGIFINA1II NN UIHUALNOUVOINUAZNDY T
% I :1} 3 a ~ 1 1 [ 3 a A 1 Y ]
p lwedniugug Fuiuiunniivzegarsvesduiuioouninaue a1lugn
v Y
nszvauMsulsdugulasulastuiuanamsnanaaundu
Y Y
(3) NYNITINAWUITIV (Law of original horizontality) NYUGI Iaseil Inad af 1
Y
mileunu Tagna1nn “szunvsuniumelusiuazneuluasuusnaz i lunuisueue”
F Y Y
“) ﬂgmmaw‘fwaﬁuwu (Law of Concealed Stratificatiion) ﬂ@]ﬁﬁﬂiﬂﬂuwuiﬂﬁﬁ

~ ~ [ 1 a = 3 a 1 o 9 o a 1T g
aa 11 1na1 “Au Inanvouveruriu Inasonul 3uuA0In1TA105 L8NNI 1L

' ' Y A A
o153 1Hu MInMsnTou 1INMIIAY INMTDEUNTIN TN

aa N a aa
ﬁim?ﬂﬂTIﬂiQﬁiTQ.Uﬂﬂ] ‘ﬂfgfg'l NIFAT LATAUS



16

'
v IA v

o o J o
) ﬂgmmﬁywmmﬁﬂu (Law of cross-cutting relationship) GNI@]EJ YT U INn

v
=

fu fingn “fiusail maimmiwﬁuwuﬂﬂqmmaaué’f’; fgaandaiuiead doud
1 T A Y d'
91400 UNTNHUNDIN”

Y
Aa 1 1 o o v A
(6) NMISAUNOATIA (Law of Faunal Succession) NA1II “HINANRIUT TN IUFUHY

L [

awv ' 3 a { v o P PRPN
winuaasdiauinisdesdousng luduiuiegarinannandiussiniiiauins

'
Aa AAdaw

9 [ d
NN 1Azl UAN NFURUNNUSINAILFTIANLIIAUINITNINADN

(7) NQWNAA (Pumpelly’s Rule) #3934 Taguesuwa Wuiwad (Raphael Pumpelly) %4

[ ]
= a 1 =)

o O y 2o o o v 4 a &
na11 “lunuinieg Tassaivandunguadiagneselassainlvynnayun

2wy o W A W A A o & Yy 3 A !
annzimenu lannusansziduRerny nienandmionin Tassadwanniolvgje1s

=1 d' Y K o dy d' =~ (%
Tanmmsasuulasndreaaanu lunui@edny

v
=

4
o a 1 a
) ﬂ?i@ﬂ??@ﬁilil@j?ﬂﬁﬁw"’l?@ (Multiple working hypothesis) fenutlunseunnuaaf

[

o & Y < o v A qgj Y a ] ] I
(38 “]N“H’JEJl“H!,5'liJEJQ!WHﬂﬂJWW!Lﬁ%WTﬂT@@U]’l@HNGIj'lGNeU@’ﬁiJiJ@ﬁWHLLWQﬂ"JWNHW%ZLﬂH

Pl

[ ana v W a ] ] I
ﬁuu’l‘ﬂfﬂﬂ"] 6i’l}@ U FUUAIUIINUTOYTUNTUDINUADITUIY ﬂ'J’lllu’lel]uﬂl@ﬂi@ﬂ

u

v @ a Qaj Aa a 4 v v o g I
fFuiauesiuniaeaniodoauuaguvesiuimdudasuiveniy
(1) 5P8FUREINNUOAL (intrusive contact)
(2) F98FUAAIINNITIADY (fault contact) LAY
3) sesduianaN lideitianIuMaan (unconformity contact)
Y Y
nnYeauuAgIune 3 Yo Mldimensomsineulasdsdeauuagiuvesnisey
9 o 1 Yy 9 a ~ Y 3 v o A
Wl luaun wu Mdeauuagiui 1 gn ezdounusesdudanimsulsanin
N30 mmaanmmu‘nzaﬂ 1TIMTAUNTUASANI DATANUUDITY l,mmeffaammmm3
an 151U 09300M1IHNToUYDIUT NUTPEFUAATABDIIWLHUNTIA-UUTIU (Basal
9
[ a ] a 4 o
conglomerate) MIAIAVUAFTIUNING V0151 UA5 12rLazl Tomammneu ldgndes
o ] ¢
(9) NOEHM s FUFIUUULNY (Plate tectonics theory) FUTUNANIINNITTINGD
a A A . . A A = a o 3 ] =
NOuRNIUaeY (continental drift) Mo Tugausng voalanis1 nidedaanuil R
' 9
HAZABNUNANITUINDDNIUAZIAADUAIDONIINAULAZNYBHNMTURNVE N UNZIA (seafloor
. ~ 9 1 dil @ [ 1 a 9 A
spreading) N lanu NN unmaynsuenaloonandulunurnomage Iildnzianen
T d’ U
AoIDINY
nuMIulsdagiu (plate tectonics) i 1¥eTuromsnlasudnyuzveslasnlan
A Y o o A ~ A 2 0 ¥ Y Aa '
Heanusuay duwilurasinmsmasunveulasnndyl il ldlassadaniSenin
, o & Yy & oa sy A &
Taseadunmsulsdaug v (tectonic structures) ¥9UsznoUAWTUTUIAY, 081U, HTO
¥ A A . A Ao o o v AR & A
Taseasnoug Tunenviauveuveaurunlaon Tannduiusiuusuay nougisudiun

[ a2 a J o AAAA A ' Y .
gaUSUAUNNNUAN N VOV NFT AN ToIFe 3 u 1aun Bryan Isacks, Jack Oliver iLag

aa N a aa
ﬁim?ﬂﬂTIﬂiQﬁiTQ.Uﬂﬂ] ‘ﬂfgfg'l NIFAT LATAUS



17

] 9
S 1 [ 1 AAaA o

I o 1 a {
Lynn Sykes 1141) 1968 uaziiunundaunain nguiuanudAyaon1se5u18v0aNu1ved

4 ' IS Y {o o { @ ]
Usingmsaivesinseadieaneg vaziludimsidrgaensulasudnyazvouniunlaon
Tan uasiisaznsivdenalonisndeunvewru Taniiie lid 40 7 wioledougia
MoFineanyuznilsingaig vedlan 1wy msnagl TA195U189191NNITENAIVO

A y 2 g e = S a v 4 g
naenTanlngauudhuguininiu msimmuduiuaalae sos@ou azunasInnIs
a A ' . 9 1 . a A a
m@ﬂmaau"laammﬂ“lwmu (mega-landslide) mﬂNaﬂjamiﬂumma(gravny) HULUDINANTT
A ] a I 9 . A a 1 a o A Y
raougnaunailuns 1a9 (folding) H399FUENYUAAINANHUEMITTAUDY TATIAF

Y . [~ 9 (] < ) a d'yd o 1
1&ns0n (boudin structure) vialng Wudu edrelsnaudesuisndidsusndiedia

a 42} Aa 9 1 9 9 A 1 1 a a ] ~
p1vvznaIuTe lduaneudadesin enwdiulugsznaluusnaveuvedulani
Imssurseyadlas mmununlaenTanilegiiunaaslugdii 1.9 uaz 1.10 dalugi 1.10

[ ] A = a = v = 9J d!
I,L’ﬁ@’lxiﬂ'liﬂiginﬁlﬁ"lsllﬂﬂllNuLﬂﬁﬂﬂIﬁﬂiu’ﬂﬂ@]ﬂl’E]Q{]}Jﬂ1ﬂL’E]LG]58¢]3’JuE)E]ﬂmEJ\11G] “]Nﬂigmﬁ

2 e o
Vo3 1990g TuHuy 1515

aAa Y
14 Yagussainelnseadng
(4

Tunilsdautayagunessaiine11ns9a319 (fundamentals of structural geology)

[

ddneonilu 3 Usuianluajq dredu’ldun

o

(1) 598NN (contacts)
2) Iﬂﬂﬁ%}NﬂgNﬂ“ﬁ (primary structures) 48

a

3) Iﬂﬂﬁ%}Nnaﬂﬂu (secondary structures)

U

1.4.1 sSoeduda

Y I v ' a a & Y
IRUFUAH (contacts) (TUVDUTDIADTEHINHUTOIBUAFI5TNOVAIY

D.

v

1 o a Id o
(1) 598A0INMTALAUAININUNA (normal depositional contacts) 1T UFo8TUREN
a 42} 1 o 1 o Iy Y a A
MAVUITHINMTATAUAIVRIAZAaUYUIAAI9 M1 1F ldviuaznaun
<3 1 [ ] <3 o a
Usznoudlemanzneua1aiy 1Y azneuvialanseiild lanunsie
< o I Y a A IS a o Y
aznouvinamans et 1 lanunsieuils vSeazneuviamiaauiinld
1@dAuauaIu
2)  sosdudauuy lideiinaniananan (unconformities)
(3) FPUFUATNUOAN (intrusive contacts)
(4)  SoudUAAINTOBIADY (fault contacts) 1A

(5) SOUFUAAMNVATBUNDU (shear zone contacts)

aa N a aa
ﬁim?ﬂﬂTIﬂiQﬁiTQ.Uﬂﬂ] ‘ﬂfgfg'l NIFAT LATAUS



18

FIGURE 1-13

Zircon sample from the High Shoals Granite, North Carolina,
illustrating various morphological types—euhedral, rounded,
zoned. The largest zircons are approximately 1 mm long.
Despite these variations in zircon morphology, the sample
yielded a concordant age of 317 Ma. (From J. W. Horton, J. F.
Sutter, T. W. Stern, and D. ). Milton, 1987, American Journal
of Science, v. 287.)
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FIGURE 1-15

Map of the western United States showing the 0.706 line
(heavy line). Plutons west of the line have initial ratios
<0.706; those east of the line have ratios >0.706. Arrows
indicate rotation sense determined using paleomagnetic data
(Chapter 21) for different blocks. (Modified from R. C. Speed,
AAPG Memoir 34, Fig. 2, © 1982. Reprinted by permission
of American Association of Petroleum Geologists.)
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Figure 1.9 The slow, steady, continuous,
inevitable movement of the plates, and the
shaping of the architecture of the
lithosphere. Here we see the convergence,
divergence, and strike-slip of lithospheric
plates. (From B. Isacks, ]. Oliver, and L. R.
Sykes. Journal of Geophysical Research, v. 73,
fig. |, p. 5857, copyright © 1968 by
American Geophysical Union.)
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Figure 1.7 Geologist confronting the
structure of nature, in this case an exfoliation
jointing in granite near Shuteye Peak in the
Sierra Nevada. (Photograph by N. K. Huber.
Courtesy of United States Geological
Survey.)

wre 9.61 Foliation fish: (A) With back-rotated foliation, within mylonitic gneiss,
emihuevi Mountains, southeastern California. Sinistral shear. (Photograph by S. J.
fnolds.) (B) Back-rotated foliation within fish. (Reprinted with permission from
rnal of Structural Geology, v. 14, Stock, P., A strain model for antithetic fabric
ation in shear band structure, 1992, Elsevier Science Ltd., Pergamon Imprint,
ford, England.)
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Figure 1.14 (A) Repeated truncation and
offset of a white quartz layer by faulting,
Tortolita Mountains, Arizona. Note coin (a
quarter) used for scale. (Photograph by G.H.
Davis.) (B) Slickensided, slickenlined fault
Tarriarv voleanic rocks in the

(Photograph by S. . Reynolds.)

Figure 1.17 Folded dolomite and
limestone near Danby, Vermont. (Photograph
by A. Keith. Courtesy of United States
Geological Survey.)
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FIGURE 17-23

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

FIGURE 1-4

0 1 Centimeters
e

Experimental structures made in a centrifuge from viscous materials of different densities and fluid properties. Compare the
shapes of these structures at this scale with those in Figures 14-19, 14-31, 14-32, 15-2, 15-11, 15-24, 15E-1, and 16-11(a).
(From Tectonophysics , v. 19, H. Ramberg and H. Sjéstrém, p. 105-132, Fig. 15, @ 1973, with kind permission from Elsevier

Science, Ltd., Kidlington, United Kingdom.)
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Continental Mountains e Continental Mountains
Plateau  interior interior Ocean

basih basin Plateau i

Fluid substratum 3.3

 Fluid substratum

(a) (b)
Lithosphere
not loaded
' i — : ] - Lithosphere
Rigid mantle substratum @ loaded
Fluid substratum 3.3
Lithosphere

unloaded and
rebounding
) (d)
FIGURE 1-17
Isostatic equilibrium between crustal blocks of different densities and thicknesses, as well as between the continents and oceans;
(@) and (b) are the early models of Pratt and Airy based separately on different density (in units of g cm™3) and different size of
blocks. We realize today that both density and size affect the isostatic equilibrium of the blocks (c), and are involved in isostatic
compensation; (d) shows the effect of loading and unloading of a mass on the lithosphere. Arrows indicate directions of compen-
sating flow in the asthenosphere during and after loading.
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Figure 1.43 Dave Lowell's kinematic
reconstruction of the beheading of the San
Manuel ore body. (A) The quartz monzonite,
and the ore body associated with it (black),
was emplaced into Precambrian basement
rocks approximately 65 Ma ago. Alteration
zones (not shown) occur within the igneous
body. (B) Extensional faulting (approximately
20 Ma ago) made room for deposition of
basin fill. The extensional faulting was
accompanied by rotation. (C) The San
Manuel fault formed about 18 Ma ago, and it
beheaded the top of the ore body and
moved it 2.5 km to the southwest. (D)
Approximately 10 Ma ago Basin and Range
faulting offset the San Manuel fault.
(Reproduced from Economic Geology, 1968,
Vol. 63, p. 647.)
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Figure 1.44 Geologic time scale. Although
not digital, it keeps great time.
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(heavy line). Plutons west of the line have initial ratios
<0.706; those east of the line have ratios >0.706. Arrows
indicate rotation sense determined using paleomagnetic data
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FIGURE 1-16 Cumulative % 3%Ar Released

Incremental argon-release spectra from a New England pluton. B—biotite sample. M—muscovite sample. Arrows on both sides
of the age in each diagram indicate the interval used for determination of the age. (From R. D. Dallmeyer and Otto Van Breeman,
Contributions to Mineralogy and Petrology, v. 78, Fig. 7, @ 1981, Springer-Verlag, Heidelberg.)
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FIGURE 1-19

The Wilson cycle of the opening and closing of an ocean basin. The cycle may be complicated by the formation and movement
of suspect terranes, partial closing of small oceans, and the lack of continent-continent collision to terminate the cycle.
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