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* 2\ 3\6-1)E\6"\23**\6-, Y3\),-6\'$\3&"8\I"\' 3H

Media Attributions
K %41\ \N*"80F\g\3"5"\ 1 *'D\ \ D
K  '%471\ \N1'9%&30F\ M\ -*"+ ,D\ 4 *'\I-+ ' D\ -41 "F 1 3&41\D\ -*"+ \ - 3-, 3\'31'\,/5 "1IR
2'38B\' 118D
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Why Study Earth?

&"2'+*" 26 "13-3&204"23-,'23& 3 138&'2-41&+'T-41-* B8&+"$ -13&"$1"2"" * $4341"T !
-1 1"13-"241 "3& 3'3 -, 3,4"23-" %1 " 3/% "3-*5"EE"," "13-41"123,1&  6'36-1)2D ,-3&"1
26 "1V'2\3& 3\2-+"\- $\42\ , Y3\&"™N43\23418Y3\"  42°\'3N$ 2", 3,%D\43\3&"I\2\+-1 "\3-\' 3\3& ,\3& 3F

K "1™8\-\ 1 3&\$1\5*4 *\1 "2-41 "2\24 & 2\2-*E\6 3"1E\+"3 *2E\',14231"' *\+',"1 *2E\ ,\""1 O9BE\|!
6"\," "N3-)),- 6\& 6\3-\$' N\3&"2"\1 "2-41 "2\ \" 7/ 3\3&"+\2423', * 8D

K " )\234! 8\1-)2\ N\3&"\$ -22"*2\3&8\ -, 3'\3-\4,I"123 ,\3&"\" 5-*43-\- $\-41\", 5'1-+", 3\ !
3&"\*'$\6' 3&'\' 3D

K" W 10\3-\+,'+'9 "\-41\1'2)2\$1-+\" 13&04) "2E\5* ,-"2E\2*-/"\$ *41 "2E\ /Nl +% '%\23-1+2D

K" W 1)\& 6\,\6& 8\ 1 3&\*+ 3"&2\&,% "I\, 341**8\'\3&"V 23E\,\42"\3& 3\),- 6*" %"
3-\4,1"123 |\ -3&)\, 341\ N\&4+ R 42"\*+ 3\ &, % "D

K" \M" -%,9 "\& 6\-41\ 3'53"2\& 5"\ *3"1"N\3&"\", 51-+", 3V\+, 8\6 82\ N\3&\*+ 3"
1" 2% *8\2"1'-42\6 82E\ ,\&- 6\3-\ 5'N\+-1  "\2"5"1"\ & ,% "2\'\3&"\$4341"'D

K " \M2"\-41)),-  6* 19"\ $\ 1 3&\3-\4,!"123 N-3&"1V* " 32\'\-41\2-* 1\2823"+E\ 2\6 "**\ 2\3&-2"
1-4\'23, 3\2312D

T - $3&"4HAL 3, M- $ %% *2341"2$-1 +','+'9',% 1'2)2 3- 3&" /4 * '2 **4231 3", %4l

<D &'2'23&" - 6, 3-6, 23 "0 "% &-41 &-!', *% 1  8E *"13 ', 3&" $ 3"1+ 3&-$3&" 4, <=
$--123& 3+ 32" 5'1* -++4, 32, 2-43&"1, * "1 3E 42"1-5"1]? "1+ % "2E I1*"$ 3
$5" /-1t 1D 1123 1% 3&" "& 5-41 - $ 231 +2E 3&" *-,% 3"1+ " 5*43'-,- $$--1/*'2E ! &- 6

-3& '+/ 3'$12314 341 1/A* 2% "B'2-" - 31'43-,% "-*%'232 ,+) "3-+ 3%3"3&2B/M"- $
1"2314 3’5"\, 341%*\"5" 3D

-3&"L " 742 3&" 25" $*41 "3& 33--) M
41 8<:?',3&"'5 "21"15 "1" -$% -13& ,R

451D &"23™ ) " 3& &42"% 5'6 6E !
2¢41B-$+41 121$  *6"1l- 6E!"231-8% ,-3&"1
&-42" ™. B 1)* 06" ["12-D &2" 5", 33-) /% "
$*-6'% &' 581 $E6& &2  -++-,- 411",

', 2-43& 6"23"1, D D', 3&"6', 3"ID &"'l-, 8-$3&" <i:?
2" $'*41 "'2 3& 33&" '231' 3-$ -13& , -45'1&!

"te 11N, % "o *1"-1 361", ;CB:3& 3
382 1" 6 2/1-"3-2%["$™*41 " 138& 323"/228-4%
"3) ", 3-+,+9  "3&"12)3-1"21", 32D"18 *B*"6 2
1", 38", 3'157,,9% <?8 " 12E !3&" -2" 04", "2 g1 ROCR " $)'R$)R0¥R *3)0*3)R IOR $" "

- $\3&3\6"1"\I" I* 8D )$"#*1. #*RYR ™. 5BR .0R 1$)"R0#R978:
11k A\

Media Attributions

K %41\ <F 23\ "0\ *% 1 8\*-N\<;;= g\ 8 \D\D\4 ,D\*\1'% &32\12"15"ID\ 2"\6' 3&\"1+'22'-,D

&8\ 3418\ 1 38 k>



What Do Gelogists D7

"*06'232 1", 5*5'1' 1 % "- $6'1"™ 8518, %- 4/ 3-26' 3&-,"3&.,%' -++,F3&"/1'5"'% " |
12/-,2" ™ 3B-$2348'%3&2%$2', 3% /" 3D, ,!E+, 8 %-*%'232 6-1) ', 3&" 1 "2-41 "'l42R
31"2E ', *4I'% +'\"1  * " 71 3- 1+ % 1 w"7*1 3-, 1" 731 3-D 3&1+(-11 "2
6&"1" 9%6'-*-%'232 6-1) ', *41" & 91 | 22"22+", 3 I+ 3'%3-, N'D%DE 22"22+3 -$ 1'2)2 $+ 2*-/" $ *R
41"'2E "13&04)"2E !5 -* ' "14/3-2 OG &"1 24//* 8 I*,\%E " 5"-/+", 3E ,!+,% "+' 3G &3"

+,% "+', 3G ! 22"22+", 3-$%-*%' *'224"2' 3&"$-1"23'14231 8E ! -, -2314 3-,/1 (" 3224 &
2 &%&6 82E 34,"*2E || 1'% "2D -23 %-*-%'232 1" "+/*- 8"1' 3&"/1'5 3"2" 3-1E 43+, 86-1) $-1
%5"1,+", 3R$4,!"1%"-*%" *-1%,9 3-2E24& 23&"" -*%' * 415'8-% ,!-1-"- $3&"/1-5'R
"*0p"-*-0p' *2415"'82D ,!- $ -412"E+, 8 %-*%'232 1*', 5*5"1 " 14 3 33&"2"-!1 8 ,3&"
[-23R2" - 11 8\*'5™*2D

&" $4341-$%-2™, "E' ,! [ 1 -413&"6 -1*E'2 1'%&3D "-2™, 32326"*/*8 )"81*",

+""3% 2-" BL 4341, 12 8 -, 31'43',% 3-" 5'183&',% $1+1 "2-41 "" 731 3-,3-/- 6"1™" 31' 1
B"LM2EN3AT, 3 W%\ -3&" 1+ "L 9B\2-41 "2E\3-\4,!"123 ,1',%\3&"\% " -*-%8\- $\-3&"1V* " 32H

St 3B 3M3-%"-*0%8 1% "2, "' 42"3&"8*)"3- "-431-12E '  3'2314"3&3
+, 88-*0' *-/-1 34,3"2' 5*5'$"H 6-1)', /¢ "23&3 1"2 +9%3-2" "23&"8 1", 3'1"23'%
3-23418D 43 *3-$%-*%' *6-1)'2 *2-1-"'" - @ "2-1*-1 3-1"2D "-*%' *6-1)3"123- "5 1R
"1 &* 0 OBE 1 $-13872"1" 2-2 1+,  8-3&"12E %*-9%'232 1" +,% 3&2" 6& 1 " 3&" +23

2 328 \6' 3&\3&™M1\"+/*- 8+", 3D

$'1. R:CR4,'/R*R/, 0 1'.R"**'$ 'Rl $'R/$0 /AR IR 01 )O/R *" OR/ (,' /R*!

* . L $)'R. *&RL*R)R 4% O0$MR,.* 05R$)R/10#3/0.)R 1&)ARIR R"2 .)()0

" *gI0R/01 $ /RIA<R $"$*)R5 .R* R2* )$ R.* &/R$)RO# R.0#3 /OR ..$0*.$ /ARIR 01 )0/
4($)R)$)O0R /.0R/)R 1) /R$)RO# R '$!I/R *)"RO# R 5RYR1)5ROR  $2R')/

.*2$)$'R . &BR2R *0$ ARIR **'$/0/R 4 ($)$)'R/4L'5 R *$O/ROR  $ 1 R * )*B
3 $$A

, ,JE+236 -1)',% %" -*-%'232 1'1"04'1"13- "1 "%23"1"!16"' 3& , 22-' 3-,- $/1-$22-,*% "-2'R
", 3232D &2&" **8', 5*5'2+" "3',% 2/* '$' [-23R2" -!1 8"14 3-,*23,!11 12 1%V %2" 51*

?k &3\-\" -*0p'232\- |



8" 12-$1*5, 3/1-$22- *" 7/M1™, "4,"13&"24/"1 52'-,- $ 1'"%23"1"!%"-2"™, 323D -1""$-1+R

3=\ \"\$ 4N 8\52'3,%\3&" 22-' 3-\- $\1-$22'-,*\ % " "12\ N\" 2" 3232\%$\*"1 3D
Media Attributions
K '%41\ =\NE\ E\ OF\g\'- & \ -*11)D\ D
K %41\ =\NOF\g\ 3"5"\ 1 *'D\ \ D
K "™ -2" "\$-1\3&"\ 4341'V-23"1 g\" -*%' *\-"  B\-$\--D\*™1'% &32\12"15"ID\ 2"\6' 3&V/"1R
+'22'-,D

& 3\-\" *0'232\- | k@



Minerals and Bcks

&"1"23-$3&2 &/3'12!" 53"13- 1"$- 5'15"6-$ $6- $3&"'+/-1 3,3 2/" 32-$/&82' * %' -*-%8E
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S$\V* 33" 3 2B\ N\ 74, 3\ $\%-*%' M\3+'D
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-78%W,E +%,"24+E2* -E'1-E !2--D ,+23%"-*%' *+ 3"1'*2E3&"2" -+ 5  1-426 823-
+) "ML 2D M R26%F M LBt 241" 3% 2< 1=E 43&"1 "6 "6 1"$ 83-4&-,
6& 3\+,"1 *2\1"E\,\& 6\3&"8\1"\1"* 3"\3-\1-)2D

+"1 *'2 34178 - 411'% -+',  3-, - $2/"'$ "+ 323&3 1" 11 %!, /1 34*1
/" 3.%\3&I'RI'+"2-, 2314  34I\-1 &.# D&"\+,"1 *"&# '2\2&6\2\\"  T+*\V\ %41\ >D

,3&2 2"E 3-+2 - $ 2-'4+ N F /41 O *3'1, 3" ®
6'3& 3-+2- $ &*1'"N *F%1", O', **3&1"I'+",2"-2E

138" % *2 " FH"", 38" -121 " *™ChD 5, @ e
3,8 1823*E *)3&"-,"2",8 -412*32&)"1E 3&"*3' "2 =)
"73M0 381 "MLt 3-2 $-13&42,12- $ 1" 3R \
3-2D *3"*6 82&23&2 -+-2' 3-, 13&22314R o =) L
341D .

&1" 1"38&42,2- $+."1 *2E *3&-4% -*8 $"6 & et 9
9" 1 "+", 3-" 1,382 -)D ,, B34TE+,"1 *2 1" @
$40'1 -)2E 13&"5 23+(-1' B-$1)21 " -+R & 9
[2" 1-$ 3*23 $"6!'$ $1", 3+,"1 *2D *2"R4/5" 6
-$1, #. E  -++, 1 -)E '2 2& 6, |, ‘%41 ?D =) &) Sodium (Na)
*38-4%8& & ,)R2'9 "!/" "-$ %] 3"+ 8& 5" 3&4R .
2,02- $'1'514*+"1  * 1823*2"','3E3&" 1" 38/R Halite (salt) Nacl
**8\-,* 8\\$"6\I'$ $1", 3\+',"1 *2E\2\2&6,\&"1 "D $"1. R;CR#R'00$ R/0.101R) R *(,*/$0%$*)R*IRO#

-2 ,$-1+', 5 1" 3B-$6 82D%,"-421-)2% -1+ ($). 'RESORH(RO 'R/'0 1A
$1+ I N-*3",1 -)03& 3&2"™3&"1L --*" |2* 6*8
4,"1 %34,'N "D%DE 3-14 "%1,' 3"'0-1 --*" 104')* 8 33&"241$ " $3"1 5-* ' "14/3-,N "D%DE& .OD
"I+ 3181 )2E24& 2 -(-)( EQ+6&",38"6 " 3&"1'!/1 -14 32-$-3&"1%)2  4+4* 3" 33&"
241$ " 11 "3&", 41" ! 8-3&"12"I'+", 32D "3+1/& 1 -)2$-1+6&"," 3&"'1'%,"-42-12" I'+"R
3181-)2 1 "&" 3" ,1204" "9"13-3&"/-, 36&"1"2-+"- $3&"1+)"1 *2 1"4,23 * I " 6 +,"1R
2$1H3\1 " 3M'$ $1, 3\B/\- $\E)D\\" 7 HAN2 -"#-. D

Chlorine (Cl)

).C *+",  3\28+ -*2\N'D%DE\,\*O\1 "\42" I\" 73",2'5 "*8\'\3&2\--)D\ , //",I'7\; E\84\6"\$ " N \*23\-  $\3&"
28+ -*2\ )\, +"2\- A&\ '+ 32\ -++- VL VN - 8\-$\3&MVL-I'\3 DV ¥ 2"\42M\3&-2"\1 "2-41 "2
'$\&4\ 1 "\,-3\$ +* 1\6'  3&\3&"\"™"+", 3\28+ -*2D

Ak 'l 2\ N -)2



$'1. R <CR R "/ L1,R2$ 3R*IRO#RR". )$0 R ) R/*(R®RO# R($) . '/
0# OR$OR05,$5R *)0 $)/RH RVR#*.) ') RH (#$*  IBR RVR-1.06R)R RV
'/,. 1AR#RS5/0'/R. )"Rl *R *10R7 ASRO*R:R($"$( ORK( IR$)

$(0. ARYOR.R$."l' R$)R*10'$) BR10R/*(R. R. 0)"1'. A

13 %/, 33-T++"1238M1$ $1M " U, 41 * L1 -)D #"1 *'2 jAl "2423, "
6'3& 2/ '$' -+-2° 3-, 12314 34TE6&™ 1-)'23 8 ™8 +7341"-$251*I$FL", 3+,"1 *2
N'3&-4%% $'638/2- $1)+ 8 *4"-* 8-"3 8- $+"1 0D 7+*2- $+"1 2 1"$™2/1 E
04130E+ E&*3'E *' 3'E ! +/& *'D 7+*2- $1)2 1 "%l’' 3'E 2*3E2,23-"E*+"23-'E !

2 &23D

5R & 35CR )*3R0#R$!!. ) R 03 )R($). R)R. *&/E

$\84\1 "\ 411", 38\3),%\\% " -*-%8\ -412"E\G4 Y *F8\ "\ 2) “N+-1 "3&,\, "3\, +\\+"1 A-1\\1 - )\3& 3
&2\21" '$'\&1 3123 2\-1\ -+/-2° 3-E\-1\6 2$1+" N\\2/"  $'\", 514", 3DV 2"\+) "\241"\3& 3\'$\84 Y
2) "N$-1\ ,)%R('  3&3\84\-, Y3\RI-N6' 38\ #(, &R(' E\,! 2$ R2./ D\-$42'9%\+ 1 *2\ N1 -)2\2
SN $\3&N\H-23\ -++-\+'23)  "2\3& 3\%-*-%8\2341", 32\+) "D

Media Attributions

K '%41\>E\?F\g\ 3"5"\' 1 *D\\ D
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Fundamentals of Platecfonics

&. . )#- '2 3&" +-I"-13&" -183&3&2 " " 42" 1$-13&"/23
@: 8 123-4,1"123,1 " 7+, & 63&" 1 3&6-1)2T+-1 "2/" '$'R
**83&"-1'%2-$ -, 3, 32 - "2E-$$I" 11-)2 | +4, 3,
1%"2E $"13&04)"2 !5 -* -"2E - & -, 3., 3*!1'$3D " 6™**
"7x-1"3&" -, "3- $/* 33" 3-'2$41 3&"1 ", E 4372, 314 "I
&'t 42"'3',*41"2 -, "/323& 3 1"'+/-1 3,33-+, 8-$3&"3-R
"2\6 "\6™*\ - 5"1\'\3&"\* \3&'2\2"+"23"1 D
"8 3- 4,1"123 1'% /* 3" 3" 3,22 ,4,1"123,"% - $ 13&2
', 3"1,* 2314 34TE 6& & '2 **42313"', %4l @ 1 3&2 ), -,2'232

+-23*8-$'t,D &"-43"1 -1"'2&3"-4% & $13&"'l-,3- "*04'D &"

W1 -1MT *3&-4% & "5, &3 3"1T'2 4,I"1 2- +4 & /1 "2241" 3& 3 '3 '2
2-*1D & '( & 2+!1"4]-  $'LE | +%,"24+ H&H . +"1 *2D
&" 4*) - $3&" +, 3* 24114,I'% 3&" -43"1 -1"'22-*1'1 -)E 432
23" "-4% &3-" *3-$ *62*6*8D &"-43"1+-23/1 3-$3&"+,R

3% 218D &" J-. T -+-2" 1+-23* 8-$%7] 3"-,3&" -, 3" 32
+-23*8-$ 2*3 ""  3&3&"-" 2T2 *2-1% 'ID &" 1423 || -43"1R
+23 101 +, 3" 3-083&"1 +) "4/3&" &#)-* ", D &" *3&-2/&"1"'2
'S 1Y 3- 43<: . )#*  &.- 3&3+-5'"I'$ $1" 311" 3-2-,
1 382\241$ "D

J4-1 3,3/1-"1 B-$ 13&N-3&"1 /%" 3D '23833&" 3"+"1R
34T 1 " 2"2 6' 3& I"/3&E $+ *2" 3- :h 3 3&" 241% " 3- -43

Azh  33&" " 31-$3&" -1'D, 3&" 1423E 3&" 13" -$ 3"+l 34T
1M2"'2 -43=h "  5'18)*+" 31D &2'2)- 6, 23&" )" '&
I, #( .D

$"1. R =CR # R *(,*) JO/R*RO#
$)0 .$*.R*IRO# R .0#RH &R*)R0O#
$(" RO*R/ R RI1" L/$6 R2 /$*) 1A

4,1 +", 3*F2\-$\* 3"\ " 32 ki



$'1. R>CR ,$ 0$*)R*IRO# R *)2 0$*)R$)R0# R()0'R)
$0R." 0$%)/#$,RO*R, 0 R(*0$*)AR # R(*2 ()OR*!
1.. )O/R$)RO# R .0#R()0'R,10/R,. //1. R¥)RO#
$0#*/#. R. R 1//R, 0/RO*R(*2 A

'32 -, 34-42*8%-6'% 436 1!$1-+ 1 3& ' 3"1-1E ,!3&"31,2$"1 -$ &" 3 $1+ 3&" -1" 3- 3&"
+, 3 42"2 -, 5" 3'-, ', 3&" +, 3*" N'%41 AOD &2 -, 5" 3-,'23&" /1'+1 8115,% $-1 " $-1 3&"

+- 5"+, 3-$3"3-,' * 32D3/ "26&"1" - 5" 3- 411", 32'3&"+, 3* 1"+ 5%4/6 1IE," 6
*3&-2/&"1" $-1+2 N 3- ", 1'% "20E ,!3&"/* 3"'2+- 5" /1 3 RN5"1%OD &"1"36-/* 32 1" -, 5"1%%
N!3&" -, 5" 35'$-6'2!- 6, 6 LIOE-"/* 3"6"* " -//. N/42&™" - 6, O'3-3&"+, 3* "" 3&

3&"\-3&"1D\ , 8\-$\ 1 3&2\+ (-1\" 13&04) "2\ /\5 -* -"211 "\22-' 3"\6' 3&\-, 5'19%, 3\-4,!1"2D

Media Attributions

K %41\ @F\g\3'5"\'1 *D\\ D
K "%4I\AF "'\ /1'% 8\ 41 & 3D\4*\l-+'D

k40 3*2\-$\* 3"\ " 32



Geologial Time

,;ABBE 8"1+, 88" 12-$%-*%"' *234!8E +"2 43B-E-"- $3&" %13/-" "12-3$ %*-%8E 613" 3&"
$**-6'% -433&" % "-$ 13&F# . /1'0OBO#.!* B**1.,. /)0 )-1$. 5$/B0O#03 1$) )*2/0%" *
"$))$)" N)* . *, 0*)) D$ -412"&"6 2, Y37 38 -11" 3E3&"6 2 "% ', % ,13&"1 "6
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D 2,%3&"2"™, 3% -3 3-,$-1%'-*%' *3'+'E3& 32>E?A: 1 (" ))I( 12 - $8 12WO0
-1>D?A M1 "$" )H1i( -1 *-2- $8120D-1"1" 4, 31 32 "t 7/1U22"!Y, % NS ))1( OGS
"7+FE3&"*23 8*-$% ' 3,1 I 3 /1 -7+ 3"8;A)-1;;EA:8" 12 %-D &2,-3 3-, 6% "
42"N\$-1\98 -*-%" *\I 3"2\3&34%8&-43\3&'2\ --)D

0% R4 . $/CR/$)"R"**"$ 'RO$( R)*0 0%*)
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3&"\$**- 6',%\-43\'\,4+ "12\N  $1\" 7 +/*"E\=D<=\ \a\=E< =: E:\8 " 120D

;D <B?)
<D :DC=\
=D ;>D<\

"\42"\3&'2\,-3 3-\3-\"21"  "\9%"-*%" *\"5" 32\'\3&"2+"\6 8\3& 3\6"\+'% &3\2 8\V3&8\ 11'5" I\ 3\<V+DW -1
"7THAEG "\ N2 8\V3&2MW)\$ -1+" N 3\>?\ DW\A3\3&'2\,-3 3'-,\'2\,-3\42" N\3-\" 7/1"22\"* /2" N3'+"D\ "\l Y3\BF
V234" N$-1\>V+H\$ -1\3& 3\3"23\ ,\6 "\I-, Y3\BF\&"\I',-2 412\*51\$-1\;@:\ D W ,23" IE\6 "\ -4*\2 8F\&"

I'-2  412\*5 \$1-+\<<?\ \3-\@?\ E\6&' &\'2\;@:\+"**'-\8 " 12V

"NMIT\$ <11 3'M\7 "1'2"\,26 "12D

$ -134, 3"BE),- 6% & 6 3-" 7/1"22 % -*-%"' * 3'+"1-"2, Y3"1**8 &/ 42 4,"123 1 -1 //1 "o3"'32
"73",3D 512'-, - $3&"%*%' *3I+"2 2 %" 12 '%41 BD ,*) "3I+"2 *28-4 Y2 -3&"1
* "2E-1"5",* 3"1',3&2 --)E3&23+"2 *2*" 1 3&}F4%&-43'32 *",%3&E +"',% 3& 3 ?: 41R
9% 3&" ()4)# 211 6, 23&"2+"3&"),"22 -, 3&" "%l + 27 141'% 3&" ( ™" & 2"
-433&"&"% &3-$3&"VW' D & *23- "% * '*"-& "%, 3 -43<D@ E6& &'2" 045*, 3

3-&*$3&"3&'),"22 - $3&"3&, w18 *," 33&"3-/-$3&"8*6 1+1 )"IV"-9 -'DW -23-3&"13'+"
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GOOGLE EARH TUTORIAL

This is a pg-lab tutorial activity to beompletel independently befer_ab 1.
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Getting Startd in Google Earthr®
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Grid Systems and Calmates

What is a grid system?
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LAB 1: PLAE TECIONICS

Lab Structue
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The 1920s to 1950s
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1 341\9-,"2\V/"1/",I' 4* 1\3-\3&"\1'1%
"IR- "\ 2\
" 3'5*8\F 3\ ,N\2& **-
" "A31", &"2\N 4/\3-\;;E :\H\I"
"4, 32\ N&'2\- $\2"+-4,

6\ - 3|,u,

AXRXXXRAR

32\N\2" 3\IO

"/ OE+-23\," 1\3&"\ -, 3",

$"1. RBABABCR ,$ 0$*)R*IR R/4$,L *) R *1/0$ R ,0#R/*1) A
#R$)/0.1()OR ($O/RR/1)RH ' &R. /IR0#OR *1) /R*IRO#

/1 "™ R)R. 01.)/RO*RO# R/1.! RH3#$0R ./ IAR#RQ®"
0$( R$/R,**.0$*) 'RO*RO# R3 0 .R ,0#A
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1.2 Plates, Plate Motions, and Plate Boundarie
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Lab 1 Exerses

Activity |. Plate Boundary Chaateristics

,3&2 3533846+ 1,3-'1", IWR/M2- $/ 3" 4112 2¢ I-,3&" &1 3"1'23'2 3&"8"7&'' 3D
&2 35382 2" I-,3&"V2 -51% *3"-411"2W 358 8 * D 68"1 3" " /5 "1228B !
+I'$ N2 N3 &% 7ML, "2\ 3\3&M Y1 3+", 3\:-$\3&",'5 "12'3B\-$\ ' 3-1'E\ ,!D
A%1-4/2E\6 "\6™H\" 7 +',"\$  '5"\38/"2\- $V* 3"\ -4,! 1"2\3-! 8F
"R, @, (L& 411 8\ B3 6V 3U2\6&" 1M\ T\ 142302\ 7 004
/1 0
"SR ", ) 0, (. &"IMN36-VF 3"2\-$\- " V142311 "\+- 59%\3-6 11\-"\,-3&"1
1 0A\3-\3&"M24 14 3-)\- $\-,"V* 3"O
",R- 30 3\- 5'196, 3\R&"1LM\- M\ N - 3 3" 1423\ 1"\+- 5,9%\3-6 1N\-"

~3&" IV 1106\3-\3&"24 14 3-\- $\3&"\- " ['\1423 O
-, 3, 3R- 3 3\- 5"1%, 3\W&"1"\36-V* 3"2\-$\-, 3", 3*1423\1"\+ 5'%\3-6 11\-"
-3&"1 O

"SR, () M&"IM\- " N 1423V 5%\&-1'9-, 3*8\\-//-28  3"\I'L" 32
1-22\\31 ,2$ -1+\$ 4*D

-2313E!-6,*-!1-15" 63&"/* 3" -4,11"2+/D "EL 3T -401"2 1 " &%&MR3 L4+ "l
-8 -41+/D 46" *2- " 22'%," | +/12/* 8.%-"- $$1! 3 2"32B-* ,-"2 E' 13&04) "2BE3-/-%R
1/& 8M 38&+" 3BE\,! 2" $*-1\%"D

-4 6%+ &E'I'514* BE 2348841! 3 2"3 ! 3B"+33-11 6 - *42-2 -436& 3 %-*-%" *
$ 3412\ W1 - "22"2\ &1 3"1'9\ &\- $\3&"MN\4+"1 "IV 3"\ -4,11"2D
3"1,* 31 BE&6™ ()% *5 "5 - -$"1", ", 2+** 0l -4/23-2&1 "8-41-2"1 5 3-,2
6' 3& 841 %t4/+ 3"2D-46™* " 2) "13-24++1'9 "8-41-2"1 5 3-22-61' 3"!- 6,8 -41 -, *42'-2
AL 1 "N3A3Y &\8 41Vt "12H

Step 1

7+"8 41 229" 1+/D 313 8* 30 **3&" 4+"1 "I/ 3" 411"2-8  -41 22%," 1+/D 1
38"8" 28-11 $4*33-$11 =), % *2* 8 3841! 3 38/'E2313+),% ,-3'2 -433&"  spatial distri-
bution -$3&"! 3 /-, 32D 7 386& 384*-)$ -16%*51863&! 3 38/'D -13&"/-, 3! 3 No-* "2

J" 13&04)"20 8 1" *-),% $ -1 distribution patterns D -1241$% "! 3 NB-/-%1 /& 8 ,!2" $*-1 %"O
84 1"*-)%$ -16&"1"3&"241$% "2 &%& ,!6&"1 "'3'2*6E6&"'1"'3'2-* 16&"1 "'3'284,%D ,
3&2 353884 1"%$-42'"% -, obserations, not interpr etations, +" % 3& 384!-,-3," "!3-6 -118

-436& 83&"1''2-1'2,-3 / B'1E84(423," "13--2"1 5" 11 " -116& 3842""D 41" ,* 89.%
3&"\!I' 3 E\,-3V, 3"1/1"3",%\3&"+H

W7 "112"2 k><



Step 2

-6 $-428 -41 R 3, - 3&" 4+"1 L3 -411M2 - 3&" [+ 3" -411"2 +/ D!", 3B 3&"
, 34T'-$841! 3, 1" &- $3&",4+"1 "I[* 3" -411"2D 2'3&9%-1*6E28++"31' -1 28++" 31'E
+22'% -1 -3 +22'%E 5 18.% *-,% 3&" -4,!1 8-1 -23, 3 *%3&" -4!1 8E3D -+ 3" *
;D; "*-63- *22'¢ 8 3&" /* 3" -4,11"2 2" 1-,8 -41-2"1 53-2- $841 22'%," !'! 3E 42'% 3&" 3'/2
"*- 6$-1%4", "D '%&3,-6E86"*-* 8%, 3&" -*4+ $ -18-41 22'%," !l 3 2"3D"+"+"1F!-,-3
3B\3-\"7/*'\3&"\! 3 G\(423\- 2"15"H
"o 6 1" 2-+"24%%"23-,2$-13&"),12- $-2"15 3-23& 3 1"42"$4*$1" &! 3 2"3D -+/1 "8-41

411 83-3&"3/2- $ 411"2-,3&"+/ 28 -41-3&2D "+'+"1 E3&"%'23-$'14,'04" & 1R
3"1'23' 2\$1\" &\-4,!1 8\3/"D
)& )-C 2"1 5" I+) ",-3"2-,3&"1'231'  43-,/ 3B"1,2D 1'3&"5-* -2, 1 %'5", 411 8

1,0+ 8\I'231" 43" IE\3'9%&38\ *423"1" IE\-1\I-\3&" 8\I"$ ',"\\*' " 1\31" I

SH %  -C 2'1 5" 1 +) ",-3"2 -, 3&"1'231' 43,/ RB"12 !"3&- $3&""13&04)"2D -3"
-3&3&"1 %" - $!1"/3&2 N'731+"'2 O ,13&"+1 "38/' *-1 51%D -1"7+*'E % '5", -4,!1 8 +'%&3
& 5" **2&*- 6" 13&04)"2 NR == )+ O 63& 11" !" "/'1 " 13&04)"2 " HB"", == RA: )+ I"/3&D 1 3&R
04) "2\+'9% &3\ "\1 ,I-+*  8\I'231' 43" IE\3'9&38\ *423"1" IE\-1\+ 8\I"$ ', "\\*"  1\31",ID

I, *"3 "3. 3C-)$ -1, 83/%L/& $ " 341T23&32"+3- "1 "™ 3"13-3&" -4!1 8
24& 2," 1 8+-4, 3 &'\ 2E!" "/2" 31" &2E 1 -1%1 4*&% &2-1*62E-$2'3N1) ", ,12&¢% 3'O
$ 3412E'3D 1"$8!1"21'" " & 6" 731+" 3&" 8 1" ND%DE"1B &'%& -1 6" +-4, 3, &', OD )"241"
3& 3 84 4,1"123 ! &- 63&" -*412 *-3&"+/1 "/1"2", 32™'5 3-2 - 5'2" *B5*D -1"7+*E
8-41 2&-4*1 1" -%,9" 3& 3 1'9&3 $4 &2' -*-412 -11"2/-!3-*1 % ,"% 35 5*4"2 11 "/1"2" 3 3&"

U231 32\-6\- M \6&ML M\3&M2" $r--1V2A$ 1\t 3&\2"\*" 5D

&), ! C&2! 32"3 ,"31')8G " 1"$4* ,-33-2" "/ R"1,26&"1 "3&"1" 1",-"H -1"7+*E
8-4+% &3-2"15"3& 3, 2-+" /* "2E 3&" 2"$*--1 %" &, % "2$E+/* "3+ " 0% 3&" 4,1 8D,
3&2 2"3&"1"'2,-* 1/ 3B"1, ,13&2"" 3"2,-1"™ 3-2&1 " FHB"",2" $*--1 %" 13&" 4R
18E 433&2'223* 94-2"1 5 3-H *3"1, 3™BE 3&"2'$*-1 %"+ 8 "3&"2+"" 5'186&"1" *-,% 3&"
411 8E-13+ 8 &,% ", -,2'23", 3/ 3"1,D -8 -41 "233-1"21" "6& 3842""E ,!6&" 3&"1-1

-3\8 -41\-2"1 5 3-,2\$ '3\ * 1E\-,2'23", 3V 33"1,D

>=k \\7 "1'2"2
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Step 3

5"18-"&2 " "1 [+* 8 22%,"!3- %1-4/,!/1 -51"16 3& *)3- 51" -+" "3.%3-1'24228 -41
-2"1 53-21 "*3+", %1 -4/2- $$41D &%l4/&2 3*23-"1 "/1v2", 335-%"&! 32"3D -R
2'1"1 8 -412"5"2 %1-4/ - $"7/"1 32 %3&"1'\% 3- -+/1 "-2"1 5 3-2D ,8-41 %I4/E', 314 " 8-412"%

J6& 33B/M- $!1384& 5" " 89.%D ),%341,2E" & %1-4/ +"+"16"* 2& 1 "3&"1-2"1 5R

3-,2 -433&"M1 22'%," !l 3 2"3 %1+ 3Y/<D 3'2&"™*/$4*3-2&1'8-4121"", 6&*" 8 -43" &E 2-3& 3

8-41 %4/ +"+"12 ,2" "8-41! 3D$84 1",-3241 "& 63-2&1"8-4121""E 2)8 -41'2314 3-1D
-41',2314 3-1 6™** ["1-I' 8 (-, " & %14/ 51T -+" "3.% %H¥/3- & ), 6&*"8 -4 -+ 3"3&2

/1 3\-$\3&"\ 3'5'3BD
-1) 3-%"3&"1 ', 8-41 %14/ 3- -+/*" 3" *;D; 824++19,%8 -41-2"1 53-2-3&" &1 3"1R
'23'2-$" &38/"- $/+3" 411 8D 83&""!- $3&2 3ISEBE"&+"+"1- $ 841 %14/ 2&-4*1& 5"
-+ 3" *D;D & %1 -4/ +"+ "1 2&-4* " *3-1"2 1 "3&" &1 3"1'23'2-%$" &38/"- $/* 3"
411 8\42',9%\ *"\$41\! 3\38/"2D

Activity Il: Hot Spot \blcanoes and Plate Motion

382 35'B/BA642"1 3 $1+ &'2- $&32/-35% 2', -% 1 3& 1-3-+) " 1-4%&"23R
+ 3"-$38"13"-$+3- - $3& '$' *3E J13-I" 3I+"3&"I1 " 3, - $/5 3 +3-$ -12"5"1*
'$$1", 33" 3-' /4 32D &2 35'B/ 13&" % * 1 3&!3/1-51"11" 2" 1-3&"V" 31+ %
*3" 32 1+ -3 /3 1)2 2% % * 1 3&W 35B/BI"5*/ | 8 42, & 6139 11, -l
3\3&",5 "12'B\-$\ *$-1,'R , 31149D

Step 1

- 6,*! 3&" 6 "R+/"1 -1D)+9 $*" /1-51"1 8 841 °'2314 3-1 3-"7+" &3 2/-35 -* "2,
-% * 1 3& 1-D-!3&"$ ™' 3--% * 1 3& 1- 8!-4*R*)%- 3&"$ *E-1' -% * 1 3& 1-
8\ *),%\-, File, Open )\, 5% 3',%\3-\6&"1"\8-4\2 5"N\3&"\D)+9\$™*"'D

Step 2

, "3&" 6 "R+l -1D)+972*1I" IE *) 11 % 3-+- 5""'3%+V "+-1 18 * "2W3-V8 * "2V
&2 5'V 8 * "2W8 *) % File, Save, Save My PlacesA&'2 D)+9 $*" 6"** - 6 " 5™ * " 5'18 3'+"
84 -I" -% * 1 3& 1- -, 3&2 -+/43"1 DGG C &", 8 -4 *2"3&" /1 -%l+E --% ** 1 3& 1-
2&-4*12 5'"5"'183&'\%"'\V 8 * "2\ 433- "2$"8-42&4*+ 4% 825"V 8 * "2W3-341 -+/43"1
6&"" 5"1\8-4\+) "\2'%,'$" , 3\ & ,% "2\3-\'3D

>? k. \\\7 "1'2"2



Step 3

7+, 3&"! 3, 3&" 6 "R+/"1 -1D)+9 $*"3- 26 "13&"04"23-2 "™ 6D &/* "+1)"1'I'R
32 * 3-,6&"1 " 5-* 1 -)6 22+ 11 3"ID &238/"- $! 3',%42"21!- 35 32

,3&"1-)3-% '5" %' -*-%'232 /1" 2" %" -$6&"3&"* 5 --* 1 12*$ "I3-$-1+ 5 -* "1 -)D

&" ,4+"1 " 733-" &MF "+1 )"1'23&" %'- $3&" 1), +**-2 - $8 12N OD &" 411, 3* 3,

- $\3&M&-3\2/-3\ 3\ * 4"\ -+ \v\2-43&" 23\ 6 'Y\V2\2&-6,\ 8\3&"\+ 1 )"1\* ™" N\ D

%) &%)%"$% ($ ") %) %$ ,' ( * () %%(

D 2% 6& 384 * 1" 1" 3&" --% * 1 3& 43-1'*E *23 3&" &8™M*% --1! 32-$* 4" * E

A" +-4, 3N* 3" 3\3&M\"IN\3&"\ 6 "R+l -1\&', OE\,\'l 6 8\2*,D

<D 2',%6& 384* 1" 1'3&" % *' 1 3& 43-1'*E *23 3&" 10, 3"2-$ 4, "N~ 31" 1
38" ", 31-$3&"2*!- $ 6'YOE3& A?DB< -5 - 1" 313" +4, 3N* 3"" 13&"-1 3&"1,
"1- $3&" 6"R+"l -1&', OE ,[3& ?BA 5 -* -- 4 YD"+'+"13-',*41"38&"9  -" 33&"

"%, %\- $\3&"\--1!, 3"H

=D 2'% 3&" 14*'13-*', -% * 1 3& 1-E$4,1',3&"3-/3-* 1 E+"241"3&"123, " " 3H"" 3&"/1 "R
2" 3% 3-- $38"&32/-3 3™ 4" o - 1 6 8 2+ 1" )*+"  3"12N)+OD" 241" 3&" 1’23,
2\ NS -H3&V-,  B\-$\" &\ N -413-3&8","  1"23\6&-*"\)+D

>D ) " 1-4%&"23'+ 3"-$3&" 5"1%"'1 3"-$+-3-,$ -13&" $'  *3,)*+" 312/1+%-8 " 12D
- - 3&2E I'5'" 3&" I'23 , "B, 36-5-% "2 %0 3&" & 83&"1I'$$1", "', % "2 N2&-6, ',
+HR2\- 0 $\8 12E\ OD\ &"\13"\2\ *4* 3"N2\3&"\I'23, "\- 5"1\3'+"D\ -4,A\3-\3&"\,"  1"23\3", 3&D

?D -23/ 3"13"21/1 3"',2™ 3% *3"1341 1"+ 241"!', + M8D -, 5'13841"23'+ 3"l1 3" 3-
+ M8D\ % '\E\E4,\8 -41\1"24*3\3-\3&"\," 1"23\3", 3&D\'+"+ "1\3&'2\ *4* 3-\2\\1 -4%&\"23'+ 3"H

\\7 "1'2"2 k>@



@D 7+,"3&"", 31'*.%3&-%$3&" 6 "R+l -1 &'D & 31-8-43&,)+% &3 &5" 42"13&2 &',
3\$1+H\24 &\\I'23', 35WV™* - 6 R*)"W\2& /"I

- 6%13&"  -32/-3 -* '2+4D)+9 $*'/1-51"1 8841'2314 31 [I*1' 3'3 % * 1 3& 1-D
"$413-2 530V 8 * "2W- "'32% 1" 1Y 3- -9% * 1 3& 1-H -3' "3& 33&2%" ", *4I"2
38"* 3-2-$-411"2 " 3B" 3" 3 4 32262 "+1)"2 1 % "2$15% "2 %%

2"5"1 M\&-3\2/-3\ & ';,2\N -1\31 )2 O\ 14,\3&"\6 -1*ID

A 2"!1- 3&" &32/-331 )22& 6, 3&" -32/-3 -+ [2+D)+9$ *" [13&" % "2-$3&"5* ,-"2E
M3+ 38T " 3. - $/43"+-3-, % -13&" $1' E 4231 * E 9 E -13& +1' E | '$
f* 3"2D\ 3 &\3&"V* 3"\, +"\3-\3&"\ 11 - 6\3& 3\+-23\ *-2"* 8\**42313"2\3&"\5' 3-1\M1" 3'-, O\$\+-3'-,D

BD I!' 36&"3&"13&"/*3" -4!1 8 "3H"",3&"$**6%/'12- $/*3"2'2 *)2.")0 -1 $2.")0
2" N-A3&"'V* 3M\+-3- " 3"1+)" N$1-H\3&"M\&-3\2/-3\31  )2F

Oo\'$'\W\ 9 \ *372

O\-43&\ +"1" W\ $1' A * 32

M IT\= $1\,26 "12\3-\* \" 7"1'2"2D

Media Attributions

K /2\-  $V* 3"\ -4 1"2E\3-/-%1 /& 8M 3&+" 3BE\2"2+-*-%8E\S* ,-*-% 8E\2"$*--1\%"\ 8\ *\D
68"1E'2 -5"19%\ * 3"\-4,11"2 3'5'38D\ *\1'%32\12"1 5" ID\ 2"\6' 3&\V"1+'22'-,D
-% *\ 1 3&\)+90\$™*" 8\ 42\ & 6 139\ ,\1'\ -NE R R R \=D:
K "™ 3"1+,9%\ *3%\ 32\ -+ -3\ /-3\ 1)2\ 2,%\--% *\ 1 3& 353\' 3*E\8\ - &,
-+11M)E R R R \>D:D\"1'5 35\ ¢ 34!", 3\ 1-43\$ -1\ * 3"\ 3"\22'%,+", 3 8\ 42,
& 6 139\ ,\1'\ WIE 3U1+%\ 3 3U2\ -+ -3\ -3\ 1)20 209%\--% *\ 1 3& 35R
'BE R R R \=D:
K 11-6\$'%4TE\!/3" N 8\ '-&\ -+11")E R R R \>D:D\"1'5 3'5'\- $\®641\ 8\ 42,
& 6 139\ ,\1'\ SIE 3U14+%\ 3 3U2\ -+ -3\ -3\ 1)20 209%\--% *\ 1 3& 35R
'BE R R R \=D:

A

>Ak \\7 "1'2"2



Summary

&"\3-/"2\  -5"1"I\'\3&2\ & /3"1\ A"24++1'9  "N2\$ -+ 62F

H)( ", 3
D: , o 3\23112\6 "1\ "V )\4,1M123 1%\ 1 3&\141",96\3&"\+"11*"\I" I"2\- $\3&"\<:3&\ ", 3418E
’.2' S5 o ', *41',%\I'2 -5"1,9%\+ %," 3'\"51",  "\- $\ -, 3", 3ANL'S3E+/,%\3&"3-/-%1 /& 8\- $\3&"\- ",
* 0 $1EN"2 10 ,%\3&MIM38\L " 3'-,28&2\- $\"13&04) "2\ *-,%\- " \31", &"2E\+" 241, %\&" 3\$-6

S, USELY 205 1AV1 BAH3&N- "\ -LE\ N9\ %" 3\1°5'1272\\38"2" \$*-1D\813a"
: FIR (C@2E\3&"\$4, +, 3 *2\-$\3&"\3& 18\ $V* 313" 3-' 26 "1'V\V* D

1 3&2\*3&-2/&"1 "\2\+ I"4N-  $\-5"1\<:\V* 3"2\3& 3\ 1"\+- 5.9\ \I'$ $17, 31" 3-2\ 3\13"2\-$
;D<\* 3"2E " 3B\ 4+ M8\, \i\+ M\ &MN3&1M38/"2\- $V* 3\ -4,11"2\1  "\I'b "196, 3\N/*3"2\+- 5.%\/1 3
* 3" AU 6\ 1423\$-1+,%0E\ -, 5"19%, 3\N/*3"2\+- 5',%\3-9%' 3&"1\ ,\-,"\ "",%\24 14 3"IOE\ ,\31 ,2$ -1+
-3-,2E N/* 3"2\+- 5',90\2'1"\  8\2'1" OD\'51%, 3\-4,!1"2\$ -1+\6&"1 "\" 7'23",%V* 3"2\1"\1'$3"\/1 3E\,I\' 3\'2
A * 3 &8/-3&"2'9 "N\3& 3\3&2\2\ 42"\ 8\\2"1"2\- $\+, 3*\V*4+"2D\ 414  3-\9 -"2\1 "\ 224+" N3-\$-1+
-4,11"2 6&"1"™\  4+4* 3-)\- $\27T+", 3\ 3\V225 "\+1 9%\ 1213271 3-\- $\- " VN - 3", 3*
*3&-2/&"1"D\4/"1 -, 3", 32\¢+\,\1 " )\AN3&1 -4%&\3&"2"V/1- "22"2D

&1 3'1'23'\§' 3412\ $\'5"1%, 3E\, 5'19%6, 3E\,\31 2§ -1+V* 3"\ -411"2\  \"\" 7/~1"N 8
"TH9\% *- ML 32"32\-$\5% %06 8E\2"2+*-%8\N 13&04 ) "20E\3-/-%1& 8M 38&+" 3BE\ !

\; 2" $*--1\%"\I'2/*  8'N\-\\6  -1*N\+/D\ Y, M\3" 3.V 3"2\+- 5\ 5'1\\+,  3*V*4+"\3& 3\6"\ 224+"
7"1'2"2 3-\"\23 3-,1 8E\6\ 2"\ &'2\-1\31  )2\- $\&-3\2/-3\5-* -"2\3-\, 3"1/1"3\3&"\I'1" 3-\- $V* 3"
+-3-,D\  8\42',%\3&"\ %'\- $\3&"2"\&-3\2/-3\5-* -"2E\ ,\3&"\I'23, " 3HBNE "2V \3&M2 +

&'E6 "\ \"23'+ 3"\3&"1 3"\- $/* 3"\+-3-.D

4++1 8 k>B



LAB 2: MINERAL PEPERIES AND
NON-SILICATE MINERALS

Lab Structue

"2AS\1"5"M 6\ -, "/32\$L-+\  2\\ N\<\'\V1 13-,

N T ) $1\ "23\:

"04'1" N+ 3"1'*2 Lo\ 3BV R\ 320\ N\<EVT,

)R % 0$2/

$3"I\T I'96\3&2\ & /31 E\-+/*" 3,06\3&"\"7"1 '22\6' 3&'\' 3E\,\,26 "1'%\3&"04"23-2\ 3\3&"\" IE\8-4\2&-4*!
"\ *\3-F

K "21" "W\"1  ** 33 "2\ \" 7/ \& 6\3&"8\'\$*4", "\+,"1 */1-/"1 3"2D

K 3"%1'9"\+,"1  *2V', 3-\%14/2\ 2" N\-\3&™1\ -+/-2' 3'-2D

K "21" "2-+"\- $\3&"\'+/-1 3, 3\3"&,'04"2\$ -1\'", 3P|, %\+,"1 *2D

K M3\ 21 "3&"W& 82 *V1 -1 3M2\- $\\1,% "\- $\,-,R2™*  3"\+,"1 *2\'\& ,N\2 +/*'D
K '2422\3&"\" --+'\42"2\- $\-R2™ 3"+"1 *2D

Key ferms
E 3 K &2/& 3"
K = g K -*41
K -R2* 3 K3,
K 35w, 3 K 4231
K avgr K 1122
K 7 K 1823%& '3
K 81-71" K= 5%
K 2%& 3" K 1 341
K 1- 3 K - &'1%$1 341
K wp K /" '$'\%1 538

1 %2 1t 1 41 42F 3&" %1 /&' 3", 8 41/, *E 3&"2*3-,8 -413 *E3&"/*23"1-,8 -416 **2E |!
3&"31 " +4, 32-$%!''8 -41 -+/43'1 D '"1 *2 ,"$ -4)!' 61"5 1" 3B-$ -24+"1/1 -4 32
LAY 1ML E+"I""E/1 - "22"1$--I2E -2+" 3'2E™" 3%’ I" 5 "2E !+, 8+1"D - $ -412"E
"5"183&',%\+ I"\-  $\+" 32\ *2-\I"1'5 "N$1-+\+'"1  *2D

>Ck \<R'\"1  *1-1 3"2\,h -R ™ 31\"1 *2



21"$ " 1',38", 34 3-18 &/3"1 E +"1 *'2 , 341%8- 411'% -+, 3-- $2/"'$ v, 32
11 % "N\N\V1  34*1\1"/" 3,%\3&1"R!'+",2'-, *\2314 341'\N '%41\ > OD
Watur ally occurring W '+/*"23& 3+'\"1 *2 1",-31 3$'*8+!"D , 8+,"1 *2ND%DE!+-!0 ,"
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LAB 4: IGNEOG ROCKS

Lab Structue
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4.1 Magma and Magnoainration
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4.2 Crystallization of Magma
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5.1 \Wathering

Mechanial Weathering
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Chemial Weathering
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Yikes! Chemical formulas
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-$3&3'23&" 3D 2&,%3-, " -, , 451 21" D DN'%4l ?D;D?0OE 433&1"+, 82+*12' 3"2
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Media Attributions
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5.2 The ®ducts of \Bathering and Bision

&"/1 -4 32-$6" 3&"1'% ,!"1 -2, 1 "3&"4, -2-*1 3"+ 3"1'*23&36"$,! 1 -4,142- 2*/"2E
"t 3&E 201" 1 - 34 - $% "12E ', 231" +5 **"82E -, " &"2E !, I"2"1 32D &", 34T - $ 3&"2"
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3Bl H*B\$1+2\,\2& **- 6\31-/ *\", 5'1-,+", 32E\6&"'N\'-*-% ' *\ 3I5'B\2\\5"18\'+/-1 3, 3\$ 3-1D
+"2\- $\*¥'+"23-"2\  \"\+-I'$ " NG 3&\37341%\3"1+2\*) "\ 1 823 **' "E\--* 3' E\-1\$22*'$'1-42D

&"1 3V2\\I" "/R- " \2" '+, 318\1-)2D\ 5/-1' 3"2\-)\2*3\ ,\1 - )\% 8/24+ OW+\6&"1 "\3&"

6 3"1\-$\*)"2\ I\ x N\2" 21" -+"2\24/"12 341 3"N4"\3-\" 5/-1 3-D\-*$ -1+2\'\26 +/2

$L+HI" 8.,%\V*, 3\1+'2D

&"1 "V2\\6'1"\1 % "\- $\I"/-2' 3, K\", 5'1-+",  32E\-3&\-,\* \N% * "12E\*) "2E\1'512E\3 DO\ !\,
3&"\- " \NI"3 2E\1"'"$2E\2&B"2E\ ,\3&"\!" "/R- " \$ *--1 OD\1 I"1\3-\"V1 "2"15"IE\2"I'+", 32\+423
4+4* 3"\ %R* 23',90\2" I'+", 318\ 2'2E\+-23\- $\6&' &\$-1+\3&1-4%&\/* 3"\3" 3-'V1 - "22"2D

&"\"23\6  8\3-\*" 1)\l -)\VI", 3% 3-\2\3-V1 3"\ 8\"7 +,,9%0\3&"\2 +/*"2\'\8 41\ -\ 3\
A<D\ &M$ '123\23"\6&"\" 7 4,9\ \2" '+ 318\1- )\'2\3-\'1",  IP\3&"N\3"734TD\ * 23

2"'+", 318\1-)2\& 57 *23'\3" 73412E\,N1 "\*22'¢ "N\ 2" N-\%1 '\2'9 "E\,\$ -1\2,123-"2E

*2-\ 8\ -+/-2° 3-D\&"+  M2"I'+", 318\1-)2\1 "\- 8" \+-,-+"1 VN M\ x22'¢ N 20 )

-\ 20 3-DV&MH M2U I+ 318\)2\ \& 5\ % "\- $\3'73412\N1823 **"E\ * 23' E
-*23'E\$ -22%$'1-42E\--*' 3' E\ |\ +-1/&-42  OD\,-6',%\3&"\I' %,-23' V1 = -/"1 3"2\- $\3&"\+ ',

+."1 *2\3& 3\$L+\ &"+' M2" I+, 318\ )2\6"N&™N8 -4\ -11" 3B\, 3'B\3&"\1 )D\423\2\6' 3&
+"1 A2 ++"2EU'S $1Y, 3\2 +/4"2\- $\3&"\2 +"\1-)\+  8\,-3\* 6 82\*--)\" 7 3B\3&"\2 +"\N"D%DE\3,
5'1242\ *4"R%1 8\ 1823 **' "\*+'23-" OE\43\38\ \* 6 82\"\I", 3¢ N 8\ *2" 8\"7 +'',%\3&"

+"1 A -+/-20 3-\ \3"  7341D

2k 4++1 8



LAB 6: MEAMORPHIC ROCKS AND THE
ROCK CYCLE

Lab Structue

"2\S\1' 5™ 6\1- )\ [\+'"1 HVvvLoo1 3-\$ -1\ "23

e | WL DOV R -

"04'1" N+ 3"1'*2 Lo\ 3BEV- O\ 324\ N\<E\& V2BV,

)R % 0$2/

$3"1\ 1"$4*B\1"' I'%\3&'2\ & /3"1 E\-+/*" 3',%\3&"\"7"1 '2"2\6' 3&'\'3E\ ,\ 26 "1',%\3&"\04"23-,2\ 3\3&"\",E
8-4\2&-4*\ "\ *\3-F

K 4++1'9 "\3&"\$ 3-12\3&3\',$*4", "\3&"\, 34I\- $\+"3 +-1/&'\1 -)2\ ,\" 7/*'\6& 8\" &\-,"\'2\'+/-1R
3, 3D

K " -%,'9 "\$* 3\ N\ 7AN\3&N\ &,242\$ -1V 32\$L+ 3-\\+' 3+-1/&'\1 -)2D

K *22'$8\+" 3+-1/&'\1 -)2\-\3&"\ 2'2\-  $\3&"1\37341\ ,\+'"1 * -, 3", 3E\ I\ 7/ \3&"\-1'% ',2\- $
3&"2"\I's $1", "2D

K "21" "3&"5 1-42\2" 33',%2\'\6&' &\+" 3 +-1/&'\1 -)2\1 "\$-1+" N\ N3&"\*)2\" H""VF 33" 3,2
A+ 3 +-1/&'2+D

K "21" "3&"\1-)\ 8*\ N3&"\3 8/"2\- $VV1- "22"2\3& 3\*"N\3-\3&"\$ -1+ 3-\- $\'%,"-42E\2'T'+", 3 18E\ !
+" 3+-1/&'\1 -)2D

Key ferms
K "3+1/&2+ K 3
K "3+-1/&\%1 !" K 3
K " -3&"1+%%1!", 3 K &23.0"
K " 7w, %2 K o
K 1-3-*3& K 225 »
K " 1823*9 3",

\@F\ "3+-1/&'\  -)2\\3&\  -\8 * k;?<



6.1 Metamorphism and Plagetdnics

)* "#' '23&" &,% "3& 33)"2/+ "6'3&, -! 8-%$1)2 1 "24*3-$3 "%24("" 313 -R
'3-23& 3 1"I'$ $1", 3 $1+ 3&2"', 6&' &' 3 $1+" ID ,+23 2"2T43 ,-3 »*T3&2' 5*5"23&" 1)
"% " "8 411ty 3& -3&"1 1 )2E 6&"1 "'3'224 (" 3" 3- &%&"1 3"+/"1 3412 /1 "2241'2 3&,

38-2"4"168& &' 3$1+" ID "3+1/& 1 -)23 8 *8&5'I$FI", 3+"1 *22"+*% "2 IS $1" 3
3'734T2\$1H3&"1V 1 ", 3\1)2E\1 ¥, )) &#- E\43\3&8\+ 8\& 5"\3&"\2 +"\- 5'L M\ &"+  H -+/-2' 3-D
23 4" 34+-1/&'2+ 1 "24*32 $3 3&" 41'* - $'%,"-42E 27+", 318E-1/1'R"7'23'% +" 3+-1/& 1 -)2
3-3&"/-, 36&'1"3&"8"7/1", "I$ $1", 3/1"2241"2 13"+/'l  34123&,3&2" 36& &3&"8$1+" ID
"34-1/&72+ , *2-3) "/ "'$ o+ 1-) )" 13&"241$ "2, 3141"1 1&" 3" 8 &3'%," -42
-l 8D *3&-49& +-23 +" 3+-1/&2+', 5*5'23"+/'l 3412 - 5';2hE2-+"+" 3+1/&2+3) "2/
3\3"+/"1 3412\ 6"1\3& \3&-2"\ 3\6& &\3&"V1 ", 3\ )\$ -1+" ID
&\+'\$  3-12\3&3\ -, 3PN+ 3+1/& VL - "22"2\1'F

K 3&"\+"1 *\ -+/-2' 3-\- $3&"V1-3-* 3&E

K 3&"3"+/"1 341\ 3\6&' &\+" 3 +-1/&2+\3) "2\* '"E

K 3&"\+-4, 3\ ,\3 8/"\- $V1"2241"\141",%\+" 3 +-1/&'2+E

K 3&"\3B/"2\- $\$4'12\N+-23*8\6 3"10\38&3\ 1"V1 "2", 3\41',%\+" 3 +-1/&2+E\ !
K 3&"\ +-4, 3\-$\3'+"\ 5* *\$ -1\+" 3 +-1/&'2+D

Protolith
&"/1 -3-*3&E-1M ", 3T)WE'23&"4)3& 3"7'232 "$-1"+" 3+-1/&2+231 32D "+", 318-1'%," -42
1-)2 , " -S2'"1 "13&"/1 ", 3E)2%8-1+" 3+-1/& 1 -)2D *3&-4%& ," 723, % +"3+1/& 1 -)

, "$41 3&"1+"3+-1/&2" !-11"R+" 3+-1/&2" E+"3+-1/& 1 -)!-"2, Y3 ,-1+**804 *$8 2 V/1R
" 3:F)WD -1"7+*E'$ +4123-"'2 +" 3+-1/&-2" 13-2* 3" 13&", 41" rmo"rM1e&"1l "'32+"3R
+-1/&-2" 13-%,"22E3&"/1 ", 3%)- $3&" %,"22'2+4123-"E ,-32* 3'D &" 1'3" *$" 341'- $3&"/1", 3
1-)2" 32+,"1 * -+/-20 3" 42"'3'23&"23 *B-$+',"1 *23&3 -4, 326&", +" 3 +-1/&2+3) "2

/¥ "D ,-3&"16 -112E6&", 1 -)'224(" 3"3-'1 "2"13+"L 34I2E "13', +"1 *2+ 8" -+
4,23 *\ \231  3\3\T 1823 %9V, 3" 6\+ "L *2E\6&™*"\I'+ "', %\,\ \2-*1\23 3"D

;7= k @D;\" 3 +-1/&"2+\ |\ *3\ " 3,2



Tempeature

&"3"+/"1  341'3& 33&"1)'224 (" 3"13-2
)"8 51" * -, 3% 3&" 38/" - $ +"3+-1R
/&2+3& 33)"2/+ "D26"* 1" I'3&" -, 3'73
-$'%,"-42 1-)2E +'\"1 *23 ™ B2 $4, 3-,- $
3"+l  34TE /1"2241'E ! 3&" /1 "2", " - $ $4'12
N2/t '** 86 3"10D **+'\"1*2 1"23 *'- 5'1 2/"R
'$' 1 ,%"-$3"+"1l 3412D -1"7+*"E 041 39 2
23 * $1-+", 51-+", 3*3"H"1l 3412 & 3'5'1
3&"6" 3&"1 ,3&1-6 3'3 **3&"684/3- -43
;B:hD $ 3&" /1'2241" '2 &'%&"1E 3&3 4//"1 *'+' 3
g™+ "" 5" &% &"1ID$3&"1'26 3"1/1"2", 3E3 6"*
"* 6"1D ,3&"-3&"1&,JE+-23 * 8+\"1 *2 1"

-* 823 * 4/ 3- -43 ;2:h -1 <:hG - 5" 3& 3E
3&"831,2%$-1+', 3-'# - D -23$*12/12 1 "23 *
4/ 3- " B"", :xh ) :<:hD 23 -3&"1  $'l. R=ABASCR#RO (01. R)R,. //1. RI/O $'$05m' /R*!

A o o, 0#RO#.R* 5(* #/RYR '<$ »H./1. R$/R-1$2")OR0*
- - * * 2
e, 28 5741 T+ 32 ", 7N 0% IARS)$0 R$/R/0 ' R OR*3RO*R(* . ORO(,. O1. /R)
Nith D *3RO*R#$"#R /1. /BR) 'L/SOROR(* . ORO(,. O01./
44y *2 6% 1823*'9 " 3-1'$$1", 3*) &L )R™3R,. /1. /BR)R/$"$()$0 ROR#$"# .RO(,. 01L. /A

0ot R+ -+/-2" 3-E 43 I'$ $1", 3 182R

3* " 2314 3410 ""I'% -, 3&" 3"+/"1 341 ' /1 "2241'D &" +,\"1 *2 )8, 3"E ,!*42' 3"E !
2yt 3" 1) 8+-1/&26' 3&3&" -+/-2° 3, * < ' oD &"8 1"23 * 3I'$$1", 3/1"2241"2 || 3"+/"1R
3412E \E 26 "6%**2""* 3"IE3&3 1"'+-1 3,3'!' 3-12-$3&"/1'2241"2 ! 3"+/"1 3412 3& 3"7'23"!

141',%\3&"\$-1+ 3-\- $\+"3+-1/&'\1 -)2\N '%41\@D;D;0D

Presure

1"2241"'2'+-1 3,3, +" 3+1/& /1 - "222$136-+'1 "2-2D '123E3&2'+/* 3-2$-1+"1 *
23 "% BN'%AT @D;D;OD-'E' 3&2'+/* 3-2$-13&"3"734T- $+"3+1/& 1 -)2D -)23& 3 1"24R
(" 313 5"18 &%& -$''% /1 "2241"2 1" 38/ *81"2"1 3&, -3&"12 " 42" 38" +"1 * %12 1"
204""9"1 3-%"38&"1 N%41 @D;DOE ! *2- "  42"3&'8+ 8 -, 3", +"1 *23&3 &5" %I 3'11"2' B
" 42M3&" 34201 "\+-1 "\ %2 8V ) "ID

@D;\" 3 +-1/&"2+\ I\ *3\ " 3,2 k;?>



42" - $ /* 3" 3" 3-2E /1 "2241"2 6' 3&', 3&" 1423

1"38/ **8 -3 [/*" 1" 04*8' **I1 " 3-2D , 1" 2
-$ [+ 3" - 5", "E $1"7+*E 3&" /1 "2241"", -"
rLto3- NN 4*13-38"1 " 3., $ -, 5'19%, 'O

2 3B 8 %1 3'1 3&, ", 3&" -3&"1 'l " 3-2 N %4l
@D;D8D 2' 34 3-,2 6&"1 "I'$ $1", 3 *-)2 - $ 3&" 1423
17 "% /42&" 1, '$ $1% 311" 3-2E 3&" 1)2 6™ g R=ABA9ER"1/0.0$")R*R $Il. )ORO5, /R*IR,. //1.
#)mg\"24 (* 3'N\3\2&" 1\23122\N'%41\@D;DOD "R.* &IARIR*)! $)$)'R,. //1. BR3#.RO#R, /1. RS/

" $ 3&" 124*32 -$ I'l" 31 /1 "2241" 1 2&" 1 /1)0$" B5R-1'R$)R"R $.0$*)/BRHRS$.0 R,. //1. B
’ ’ 3#. RO#R,.//1. RFK.(RO#R/$ /R$/R". 0 .RO#)RO#0

23122°23&3%)2 " +" )&# T+ % 3& 33&BY™ oy Ro*R) R *00(BR ) RHIR/M .R/0. /R 1/ R5

"e=/ $ -+ 3-,-1r' " 3-,*$1'D ¢ 3-,'2 5 "18 $I. OR™* &R R*&R $)'R,1# R$R$! . )0

‘Wl 3,32 3-$+"3+1/& 1 -)2E 12121 1 $ O$YARHRR)RRO#. R$/R/R./1. RIR)R 10
“RO#R, " Al

-1 MY 3 3"IV\3&2\ & /3"1 D

Fluids

3"1'23&"+'$ *41/1"2", 36'3&,1-)2- $3&" 1423E ,!3&"-* 8-"3& 36"Y*-21"1&"1 "D &"
/at2', "-$631'2'+-1 3,3%136-+",1 "2-2D '123E63"1$ *33"'23&"31,2%$"1-%"-2" HB"",
+" *2 16" 3&,+.\"1 *2E !3&"1"$1"',1 "2"23&"1 3"2 36&&+" 3+1/& 1 " 3-,23) "/ "D
-E6&*"3&"6 3"1!-"2, Y3, "221*8 &,% "3&"-43 -+"- $ +" 3+-1/& /1 - "22E32/""123&"/1- "22
4/2-+" 3 +-1/&2++% &33)"/* "-5'1 2&13"13+"/1-IE-1+" 3+-1/& /1 - "22"23& 3 +'%&3 ,-3
-3&"16'2"\& 5M& N3'+"\3-\ "\ -+ 3"N1 "\ -+ 3"ID

-* BE63"IE"2/ '**8&-36 3'IE ,& 5'™" 53" - " 313-2- $1'22-*5"1"™"+" 32 N2 OE |!

3&"1"$-1"'3'2 ,'+/-1 3,3+"I'4+$ -1+ 5% "13',"™"+", 32 1-4,!6" 3&',3&" 1423D -,-3-* 812
6 3"1$ *33"+" 3+1/&'1 " 3-2- %l 'R3-R%1, 22E' 3 *2- *- 62$13&"31,2/-1 33-,- $™R
+", 32%H -/ "3- ,-3&"1 D &2'2518'+/-1 3, 3',&81-3&"1+*/1 - "22"2E [!',3&"$ -1+ 3-, - $
+."1 A\IM-20 32D

Time

23+ 3+1/& 1 " 3-23) "/ " 35182%61 3'2D-1"7+*E3&" %1-63&-$,"6+,"1 *26 3&,
1-)141,% +"  3+-1/&2+&2 " ","28+ 313" -43;+*+" 3T['1+%-8 " 12D-13&27T 2-E
'BV2\B18\I'$ S 44332341 8\+" 3 +-1/&' V1 - "22"2\\\* D

&*"38"13"-$+"3+-1/&2+22* 6E3&"3"3- /1 - "2223& 3*"13-+" 3+1/&2+ 1 " *2-5"18

2*6E2-',+23 22E3&" &, "$1+" 3+1& 1 " 3-23 " -+ 312 &%N&D -1 " T +FE -,"
Wl 3,3+ 3+-1& 2" 3% 2+, 8)%+" 312" "6 3&,3&"1-32-$+4, 3,1 ,%"2D +4, 3,
19%"3) "23"'2- $+*-2- $8 123-$1+E !13"2- $+*-2- $8 12+1 "3 ""1 -I" 13-3&"" 73", 3
3& 316" 12" "\3&"\1-)2\3& 3\6"1"+" 3+-1/&2" N" A" 383D

0% R4 . $/R=A8

;?? k@D;\" 3 +-1/&2+\ |\ *3M\ " 3,2



&'2\/&-3-\2&- 62\\2 +/*"\-  $\% 1,"3R+' \2 &23\$L+\3&"\1 ""\2* \- $
812D\ &"\* 196\1"11"2&\ 1 823 *2\ 1"'\% 1," 3E\ ,\3&"\2411-4,!"\%\*% &3
-*-41 "N\1- )\2\I-+, 3"\ 8\+42 -5'3"\+' D\&"\ 41\ -'\2\< =\+"*+"R
312\ \I'+"  3"ID\ 224+"\3& 3\3&"\I'+" 3"12\-$\3&"\% 1,"32\', 1" 2" \ 3\\1 3"
- S\ BTV - \8 12D
2" N-\3&"\ /1 -7+ 3"\ 5"19%\'+" 3"1\-$\3&"\% 1,"32\5'2*"E\"23'+ 3"
&-6\*-,%\3&2\+" 3 +-1/&'V1 - "22\+'%&3\& 5"3) ",.D

"NMIT\<$ -1 1 3"\ 7 "1 2"\@D;\,26 "12D

$'1. R=ABA:CR .) 0/R$)R R/ #$/0AR
*$)RHO:R(( IR$/RR/ ' A

Plate Ectonics and Metamorphism

*-$38 '+l 3, 3/1- "22"2-$+"3+1/&2+ , "4)1"123-1", 38" -, 3738 %% */L- "22"2
I'* 303 /4 373" 3,2D &1 ™ 3-28/2 " B, 33 3,2 1+ 34182+ 1 "24++19 "I
'\ ‘%4l @D;D>D-@" 3%2E-, 3", 3R-, 3", 3 2.2, - 37 3*¥5* 1 21" *2-2& 6,

+-1"\I" 3™\ '%41\@D;D?D

$"1. R=ABIR)2$. *)()O/R*R( 0 (*. #$/(R$)RO# R *)0 40R*R,' 0 RO 0%)$ /CRRL "$*) 'R( O (*.,#$/(
. "0 RO*R(*1)0 $)R 1$' $)"R OR R *)0$) )OL *)0$) JOR *)2 ." JOR *1) . 5BRIR."$*) 'R( 0 (*. #$/(R*!
* )$R.1/OR$)RO#R . R*R $0#.R/$ RIRR/,. $)'R.$"BRH IR."$*) 'R(0 (*. #$/(R*IR* )$R.1/0 R. * &/
3$0#$)R R/1 1 0$*)R6*) BRHR *)0 OR( 0 (*.#$/(R % )ORO*R R("(R *5R OR R#$'#R' 2 'R$)R0# R .1/0BR )
HIR."$*) 'R( O (*.,#$/(R. '0 RO*R(*1)0 $)R 1$' $)"R OR R *)2 " )OR *1) . 5A

23, #H)(&". ) "#' 3)"2/ "6 3&,3&" -, 3, 3* 1423D &*"1-)2 ,"+" 3+-1/&2" !
31"3&" +23 1 "2E3&"/-3", 3*$1+" 3+-1/&2+2%1 " 3"23',3&"1--32-$+4, 3,1 %"26&"1"
3&"1" "2 231-,% *) "*'&--1$ -1 41'*- $1* 35*884,% 2" I't", 3181 )3-%1" 3I"3&2E 2!"" 3",
'%41 @D;D?D ,7'+/*"6 -4*1 " 3&" +* 8, % "D 33&2- 3, 3R- 3\, 3 - 51%, 3 -4!1 8E

2"'+", 3181-)2& 5" " ", -3&3&14234/3-%1" 3&"MR32N 18 CE:+" 312 - 5"2" * 5%*0 | *2-
41" 13- %1" 3!"/3&2D -,2"1"1'% 3& 3 3&",-1+* 1 )" /'&], #( . MN&"13"-$,1"2",3"+"1 R
34T 6' 3&!"/3& O '2 14,/ =:h /"1 )*-+" 3TE 1) 41" 13-C)*+" 312 ™- 62" * 5%' 3&22'34 3,
-4t *2" 34 5B )+ 312 ™- 63&"241$ "- $3&"WHUIE ' 321 2, *3-" 7" 33"+"1l 3412
4/ 3- ?:h D "3+-1/& 1 -)2$-1+" 13&"L" 1" *)™83- "g - 3" 42" - $3&"231% 'L " 3-,*

/1"2241"\N -+/1 "22'-, O\$\ -, 5'1%%V* 3"2D

@D;\"3 +-1/&'2+\ |\ *3 " 3,2 k;?@



$"1. R=ASA<CHR") 'R(0 (*..#$/(R ) O#R R(*1)0 $)R. )"R. '0 RO*R *)0$) )OL *)0$) JOR *'$/$*)RH 05,$ '
"x0# ('R".  $)0 IAR4,'CR $('5)R )"ARH .$"#OIR "$*) 'R(O (*.#$/(R*'R* )$ R .1/0R OR R/1 1 0$*)R6*)

I*($)'RR *)0$))0'R2* )$R.  ARH4'CR / $R/1 10$%)R6*) AR * @R¥IRO#$/RO5, R$/A R$)RO#R )R. ) $/*
. Al

"3 +-1/&2+ *2- - 412 32414 3-,9-"2E6&"1"- ", 14232% -1 "Il- 6,', 3-3&" &3+, 3*D
" 42" 3&"- "' 1423'23 8/ **81* 35*8 --* 83&"3+"'31 &"23&"2414 3-,9-"E"2/" '**8

*%"' 32 2"R$--14//"1241$ “"E3!-"2,-3&" 34/04') 8E ,!13&"2414 3 %k)1 "+'22" 5'1*&4R
1112 - $1"%1'"2 --*"13&, 3&" 2411 -4,"'"% +, 3*" N'%41 @D;D? %D 2/*'*38/"- $ +"3+-1/&2+

3)"2/ "4,"13&"2"5 "18 &'Y&R/1"2241" 431" 3'5*8*6 R3"+/"1 341 -!I' 3-2E/1-14'% , +/&R
el *)- 6,2 &) "( N <N %*0O'B «<N OOE6& &2 *4"', -*41E |1'2 ,'+/-1 3,3
-+/-", A\-$\\1-)),- 6\2 &/-"#-. D

4Y5/1- * 8, 512", -1" 5,&" 1!- $ *4"2 &'23G 3&3% ,-3 241/1'2',%D & 3'2 *3B3*' 241/1'2"% 2
3&3_,.8-" &22"", " 3H -23 *4"2 &23 $-1+2 ', 2414 3-,9-"2E -, 3,4"23-"2414 3"IE 341,2 ", 3-

&)! # 3 -43=?)*+" 3121"/3&E ,!3&"," 5" 34*82)2!" "' 3-3&" +, 3T, 513 "2" ",
%', " 42"3& 31)6™*" 5" 34*8+"*3D,-* 8 $"6/* "2',3&"6 -1*E6&"1"3&"2414 3-,/1 - "22
&2 " "', 3"114/3"! 8 2-+"-3&"13" 3-' /1 - "22E&2/13'*82414 3" *4"'28&231 -)1 "341"!3-
3&"241% "D ,"24 & [* "'23&" 1" 1-4) 1,2 -G3&"1)2)- 6,23&" 1,2 , -+ 7D

-38&"16 83-41"1231+"  3+1/&2+'2 842% !'%l +3& 328623+l 341 - -" 72 |
/38T 6& &'2" 04'5 *", 33-/1"2241'T-, 3&"-3&"1N '%41 @D@DD &" 3&T &" 581-3 3" *"2-, 3&2I'R
%k 112" 3 13&2!)" &, #( - 41"1$ $1° 3 - 3-2D ,+-23 1 "2E38"13"-$' 1" 2"
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86 8-$"7+*E'$6 "*- 31%-,*+" 3+1/&2+',1 "26 3&3B/ *%-3&"1+*%1l!", 32E6
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0% R4 . $/R=A9RO (*.#$R. *&R$)R./R3$O#RH#$"# .R"*0#.('R". $)0/
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Media Attributions

K '%412\@D;D;E\@D;D<E\@D;D>@%@3eB\@D; D\ \ D
K '%41\@D;D=E" 3\' \ &23\ 812\1 "" "g 1 "+\&41 &1!D\\ D
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6.2 Clasfication of Metamorphic étks

&1" 1"36-+"'"3 8/M- $+"3+1/& 1 -)2F 3&-2"3& 3 1" )&# " 42" 3&"8 & 5" $1+" 1,
", 5'1-+", 36'3&™3&"11I"l" 3"1/1 "2241"-12&" 123122E ,!3&-2"3& 3 1"'--# 0 N3$-* 30" 42"
3&"8 & 5" $-1+" I, ", 51-+", 36'3&431!'l" 3"1/1 "2241"-11™ 3'5*8," 13&"241$ "6' 3& 518 *B*"
/1"2241" 3 **D -+"38/'2- $+"3+1/& 1 -)2E24& 2041 393" !|+1*E6& & , $ -1+ 6&" 3&"1
3&"1'211 "t 3"IR/L"2241" -1 ,-3E 3",! 3- "+ 22'5 "t 42"3&M1+"1 *2N4139 0 ¢ 3U12/ 3'5%*80
1-\,-3\3",\3-\2&- 6\ *%,+", 3\R""\ '%41\@D<D;0OD
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$"1. R=A9ASCR #BD 'R !! O/R*R/-1 6$)'R 1.$)"R( 0 (*..#$/(A )RO# R*.$"$) 'R* &RH' IIRO# .R$/R)*R '$")( JOR*!
($). YA )RO#R/-1 6 R. *&RI$"#OIRO#R($) . /R#2R )R™)"0 R$RO#R$.  0$YR, .,) $1' .RO*RO# R/-1 6$)"A

&', 1-)'2-3&&" 3" ,1204" "9"1141'% +" 3+-1/&2+E ! 3&" 3"+/"1 34T &, % "'2"-4% &
$1," 6+,"1 *23-$1+$1-+" 7'23,%-,"2E 3&"1"'2 231-,% 3",I", 8%1," 6+,"1 *23-%166 3&3&"1
*% 7 "2 /"1 4*1 3- 3&" I'1 "3, - $204™9,%D &2 '2 **42313"",  '%41 @D<D<E 6&3&"/1 ", 3

1-)'22&*E6" 3& "II"'% 22& 6D $3"1 -3&&" 3% ,! 204" "9'%E "6 +,"1 *2& 5"$-1+" 16 3&,
3&"\LE)E%" "L #*8V 1 **™\3-\" &\-3&"1 E\ ,\3&"\-1'% ', \\" II"'%\&2\" "\*1 %*8\-* 3"1 3"ID

@D<\*22'¢ 3-)\- $\ "3+1&\ -)2 k;@:
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141'% +" 3 +-1/&2+D &"1 -)&22/ 3% " 11-) *%3&2$ - 3-,/*'E I8 -4 2" "3& 3-3&"1
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$"1. R=A9A<AR*.#$R".  /BR*(()R(0 (*.#$ R$) 4R($). /BR)R*. /¥ $)'R. *&R)(/R! *R
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;D \1-)\6' 3&\52*\1 823 *2\-$\+' \ ,N\6' 3&\2+**\ 1823 *2\-$\ ! *42' 3"'D\&"\+' \1 823*2\1"\ -2'23", 38
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>D  \1-)\3& 3\2\-+, 3"\ 8\*%," N1 823 *2\-$\ +/&' -*'D

"I\ -1 1 37 "1 '2"\@D=\,26"12D

Image Descriptions
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Media Attributions
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6.3 The Bck Cycle

-63& 384& 5" /1 3" 3IPW% *3&T"+ (-1 3"%1"2 - $T)E* 3¥"7T+" & 63&"2"1-)2
1"2*6*8 43 -23, 38 "% &% "!$1+-"$ -1+3- -3&"1 D &"/1- "22"2°', 5*5"1' 3&" -23, 83
& ,% "% - $3&"2" -+/-,", 32-$3&" 138 1423 1"24++1'9 "!''3&" ,)% 3 & N'%4l @D=D;0OD &)1
8* 2115 ", 83F-%$1 "2FN;O 3& ' 3"1,*&" 3" %',)"E6& &+- 52+ 3'1'* 1-4!" 3&" -1t

3&"+, 3 I* 123-2*% 6 432%,'$" , 3 &, %"26" 3&, 3&" 1423E ,! N<O 3&" &1-*%"' * 8*E 6& &
2\3&"\+- 5"+, 3\-$\6 3"1EV"E\ N1\ 3\3&"\241$ "E\,\N2V- 6"1"N 8\3&"\24,D

&'1-) 8*'223* 35 - 1 3& " 42"-41 -1"'2&3"-4% &3-)""/3&" +, 3* +- 5 %E -41
3+-2/&"1 "'2 1™ 35*83&')E !6 "& 5'*04"16 3"ID ,2-+"-3&"1 /* " 32-13&"1 23"3"2E 24 & 2

3&" --,E3&"1-) 8*'25134*8I" 1" 42" 3&" -1"'2 -*% "1&-3"-4% &3-11'5"+, 3* - 5" R
3-\VN3&"L "V2\A\ 3+-2/&"1 "\-1\*04'N6  3"1D

$"1. R=A:A8CR R/ # (0$ R2$ 3R*IRO#R 5" A

121 '9%3&"1-) 8*E6"
28-4* 1" 1" SE+%+ 21 -)3& 3'2&33-3&"/", 3-$ " %", 3T*++*3"E6 3& 3"+l 34T
S\ 3B\ -43\B:h\ \=h BV 96\ \38 42" 3-\,\3&"1 "2241'D

Yot M 38" % 2% 68 6'3&, 3&" 1423 N5'1 ", 341"2 3- +*¥.2 - $ 8 120T61+,% #(./# 0
#MO)-, )% E-1"14/3 -, 3- 3&" 241$ " || -+ 04')* 81 3&, 2" -123-8 " 1201+ % 2./# O
#O-, )% B+ 1 -)2 OD3142'5'%," -421-)23 8/ *8 1823*9 313&2- $&4,11"12- $+" 312
3-3"2- $)*+" 312 " 638"241$ "D - &% "'32/-2'3-,',38&"1 -) 8*E' 31425 '%" -421-)&2
3\ A4S 3N\ N3&M\ 720 I\ 8\3&M\"1-2- )\ $\3&"\-5"1*8" %\1- )2D

33-23136'3& +%+D

@D=\&"\-)\8 * k;@B



&1-4%& 3&"51'-42 [ 3"3" 3-'2R1"™* 3"1/1 - "22"2-$+-4, 3', 4% N%E *3 8/"2- $1)2 1 "4/%$ 3"
Jro72t !l 33&" 241D, "t 7/-2" IE3&8B 1"6 " 3&'T'IE -3& /& 82" **8 N8 +" &, * 1" )%
-$3&"1)0 ! &+ **8 N8 6" 3&"1'% -$ 3&" +,"1 *20E ,! 3&" 6" 3&"1'% /1-14 32T+-23*8 2+ **
1) +."1 *$1%+", 32T 1""1-I" IE312/-1 3"IE ,!3&"!"/-2' 32 - #( -D1,2-1 33- !
"-2" 3'-,- 41 3&1:4%& 3&" 3'-,- $9% "12E 231 +2E6 5"2E6'E ,!-3&"1 % ", 32E ,!2"!'+", 32 1"
"2 3"N\L'5 "12E\* )'2E\I"2"132E\ ,N\3&"\- " D

0$ R4 . $/R=-R *&R .*1) RO#R.*&L5'R™* &

"$11',96\3-\3&"\1- )\ 8*\N '%41\@D=D;0E\*23\3&"\23"/2\38)\,"  "22 18\3-\ 8*\2-+"\0% "-*-0%' M+ 3"1'*\23 13R
'90\6' 38\ \2"I+",  318\1- )E\6& &\3&"\% "32\-, 5'13"I\, 3\\+" 3+-1/&\1 -)E\,\" 5" 34%8\\" 6\2"I'+", 318
1-)D

.20$2  "23'+ 3"\W2\3&3\" &\- $\3&"2"\23"/2\6-4*\3) "\//1 -7+ 3™B\<\+*-\8 " 12\R-+"\+ 8\ "\*"22E
-3&"12\6 -4* N\ "\+-1  "E\ ,\2-+"\  -4*N\"\+4 &\+-1 "ODk\ 6\*-,9%\+'% &3\3\3)"\$-1\3&"2\", 3'1'V1 - "22\3-\"\ -+R
[+ 3

"I\ -1 7 "1 '2"\@D>\ ,26 "12D

22 3&" 8 1" 1"R"1-1" I I+ 5"l *0pE 2" I'+", 32 6™* "5", 34*8 " 41" | 8 +1"2"!'t", 32D 3
1"/3&2 - $&4,!11"12- $+"312 -1 +1 "E 3&8 " -+" -+/1 "22"! | 3", 3- - #( ., 3,)%-D
%', 3&1 -4%& 5142 +"  2E*1%*8 1'24*3' % $1+ /* 3"R3" 3-' $ -1 "2EI'S$1", 3),12- $1)21 "™ 3&"1
4/¥$3"IE 3- " 1 "R"1-I" IE -1 41" !'I" "/"1 &' 3&', 3&" 1423 6&"1" 3&"8 1" &" 3"l 4/E 204" "9"IE !
&,% "IN, 3-'.7)* "#R,) %D

Media Attributions

K '%41\@D=D;F\@'5"\ 1 *D\\ D

:@Ck @D=\&"\-)\8 *"



Lab 6 Ex&ises

Part |: Metamorphic &cks

&"" 7"1'2"2 "~ 6 6™ %4'1" 8 -4 3&1-4%& 3&" +" 3+-1/&' 1 -)2+/*2", -)y" 32; ,!<D "5"63&"
Y%l 4% -1+ 3-,/1 "2, 3" &/3"12 @D; ! @D< "$ -1"8-4 "% ', 3&"2"" 7"'1'2"2D -4+ 86'2&
3-\ -,24*3\3&" - )\*22'¢ ' 3-\ 20 33&" )\ $\3&2\+ 4R 2\8 -4\ -+ 3N3&N'T'L2"2\"™- 6D

&% "((-$ )# W& %

K -41\$123\23"\6&"\" 7+, ,9%\\+" 3 +-1/&'\1 - )\2\3-\I" 3"1+,"V$\' 32\37341\2 )&#. -1'-L
-#0 D
K $\3&"\1)\'2\$ -* 3"IE\," 73\" 3"1+',"\3&"\3 8/"\- $\&"' 3-F

&.3 $* 3-2\1 "\$* 3E\2+--38\241$ "2\ *-,%\6& &\\2* 3"\ 1" )2D\ &" 8\+'%&3\& 5"\ \2*'%&38
2&'"1\*4231"3& \ \2& *'D
1961\ 1823 *2\-$\+' 2\3& 3\I"$'"\ - "#-)-  $* 3-\%'5"V3\\2&, 8E\658\/" 1, "\,\, 8
28" BRFP\-1\"-0% 3"\+,"1  *26*N "\ *% " IV\V1 "$"11"N-1", 3 3-D
(#--#  $* 3-E\-1\%,"22'\ I %EV2\"$ " N\ 8\2"%1% 3"\ 12\-  $\*083R-*-41"1\04 1 39
NS "12/12\ N1 )R %411 ) I(-#( +"1 *2D
K $\3&"\37341\2\+ 22'5 "E\3"23\3&"\2 +/*"\6' 3&\\I1-\- $\I*43"\ *D | & 1" 32\6'3&\ *(423\*)"\' 32
/1-3-* 38\S\*'+"23-,"H
K $\3&"\2 ++\2\+ 22’5 "\ \I-"2\-3\1 " 3\6'3&\ *E\3B\3"23',%\3&"\& 1,"22D /,.4# . '2\ -+-2" |
[1"1+,,  38\-$\04 139E\%,%\' 3\\& 1!,"22\dA D
K 238EV$\3&"\+3 +-1/&'\1 -)\2\$ - 3"N\43\&2\\I'23',  3B\%1"R -*-41\3-' 3E\,\ -, 3'2\ 4R
L, 3\$11-+%,"2' \+,"1 Q&1 3" %L ""\+/&  EV 32\ **'I\ I (-"#-. D
K '%4I1\\ N *\\V\3&" -N*22'$ ' 3-\ *2 /T B\"\&"™/ $4M12-41 "2\2\8-4\ -+R
/<" 3M3&"2"\* \" 7"1'2"2D

;D & "236 83-1"*8 /1 "' 3"3&"+" 3+1/& &% "23- 1-)23-+" "332/1", 3HT7+," &- $
3&" 2+ ['12*23" ! ™ 6D &/'1 - 3'2 +" 3+1/& 1 -) " 32%)) & N/1", 31)0OD!"R
3IW6&' & - $3&"B-2+2'238&"+" 3+1& 1 -)E !3&", 1"$4*8 -+/1 "3&"36-D,6& 36 82
1"3&"+" 3+1/& 1 -) " 32/1-3-*3&2+*1l ,6& 36 82!-3&"8!I'$$1l " -118-41-2"1 5 3'-,2
'A3&"M3 *\"™*- 6D

"I\ F\ <<\ N\ =@;
"I\NF\ =\ ,\;B;
"T\F\\ N\ ==
NRA=2\\;@;

XX XX

\@\7 "1'2"2 k;A:



. \ 'R) S, 0 #) NEB-"23&\+ 3+1/&\1 -I$ S1$L+' 32
R RMW) & g wwRyw |13+ 380
#,
#,
#,
#,
<D 7+,"2+/2 BE =iE =<jE ==E ,| ==<D &"2" 2 +/*"2 2&- 638" /1 %122, - $ & ,%"2 $L1+

/1 -3-*3& R&*'O 3- &% %1"+" 3+-1/& 1 -)N%"220D -+/*" 3"3&" 3 * ™ 6 81 -1I"% 3&"
& % "28-4-2"1 5", +"1 *%8 13" 73416 3&',1" 2% +" 3+1/&2+D -13&" & ,% "2', +"1R
*%8E 1 -1!6& 3,"6+\"1 *28-42"" 1,3, 8+,"1 *23&3&5"I'2/I" 1"ID -13&" &,% "2,
3"7T3ATEV--)\$-1\ & ,% "2\'\%1'\2'9 "\-1\3&"\I" 5™*-/+"  3\-$\\$* 3-D

Ak \@\7 "12"2



-m/”VH N

O>==\ ‘==

-#)i
(Y-,

O”VH \-€
> =N =N

-
(4%

o> =N =
-E\'EiN

.w-
(¥4w®.

e i)

ci(® ‘)#d)HY- 0.




=D &2 /1-%122-,- $$ 3"+" 3+1/& 1 -)2%1-+2* 3"3-%,"22'238/" *-$+411-)23& 3 1"+" 3R

+-1/&-2" 1141'% |1 #)(&'.)* "6 3& 3/ *1)" &), #( .D 2% '%A1 @D@ ,! '%R
41" ' 38" -) *22'8 ' 3. *2 2 OAN'E -+ 3" 3&"3 * " 63-24++1'9 "3&" 1.%"-$
31 3412\ \NY3&2\N/L  "2241"OVR/-,2'  *\$-1\3&"\+" 3 +1/&2+\-  $\2 +/*"2\ =:E\ =<;E\ ,\ ==<D
*& *% "% *% *x " ' . I),* ”# R y N*6E

H , J2AR."*, ./, RIYK , )2AR *"RI%0' K © 3 I 3'E\&RO

967

987

998

>D &' &36-2++2'8 -41 -)' 32; . !<1"1"2" 3,-R$-* 3"IN1'--# 0 O+"3+1/& 1 -)2I

2D\ A\3&"2"\36 \2 +/+"2\"  7&' ' 3\ 1823 ** "\-1\ * 23'\3" 73412

@D 7+,"2+* =2D  183-21 3&3&22+*' 6 3&3&"3-*2$1+8 41+"1L * ) 3D-6&1!2
3&'2\2 +/*" |

M 2'1-8 41 26 "1 - 5'E !, 8-3&'1/8&82 */1-"l 3"28-4-2"1 5'E,+"3&" +', +,"1 *NO
/172", 3\'\3&2\1- )F

BD 7+,"2+/* =@;D 183-21 3&3&22+*" 6 3&3&"3-*2$1+8 41+"1 * ) 3D-6&1!2
38'2\2 +/*" |

CD* " 2+4*11 /- $ *- $1 "2&241$ "- $3&"2+*D & 3&//"2l

;o DVA3&™ 22\ $\3&"2"\F -\3"232\, +"\3&"\+ ' \+'"1 *\/1 2", 3V\3&2\1-)F

D "3 +-1/&2+ + 8 $¢ 33&"37341-13&" +,"1 * -+/-2" 3- -1 -3&- $3&2"/1-/"1 3"2-$ 3&"
/1-3-*3&D -2+*2 =?; || =@; & 5" 3&" 2 +" +',"1 * o-+/-2° 3-, 23&"11 "2 352"+, 318
/1-3-* 3&2I\ -\3&" 8\& 5"\3&"2 +"\3" 734TN7/*'\8 -41\,26 "12D

Part II: The Rck Cycle

&' 7122 ™~ 61" 1"5"6- $3&"%) 8* /1 - "22'2 86&&-"3 8- $1)'231 28-1+" I, 3-
38" - 5'196-*-%' *34+'D -46%F1"5"6 *3&"1-)2+/+2", )" 32; 1<3& 384& 5'"7+R
13- 3" /1 13- $-1 "23<D"5"63&" )%l -41'% -1+ 3-,/1 "2", 3"’ &/3'1 @D="$ -1"
84 "0 ', 3&"2"" 7'1'2"2D - "'$ '3 3&" +-23 $1+3&"2" 1 "5"6 " 7'1 '2"2E I'+- 5" **8-411-) 2 +/*"2
$EAZEN -\ 32\ 12" 3\3&\'+/3 8)) 32\ 21"E\2\3& 3\84\ ,-3\2" "\3&"\, +"2-  $\3&"\1)2D

#1.)2 1 " - 3" 3&14%& 3&" ) 8*D ,81)3& 3842'"3-1 86% 324"/ 3 3&"
$4341 "31 2$-1+" 1", 3- I'$ $1", 31)3&1 -4%&3&" 1) 8* N2"" ‘%41 @D=D;OD &P21''2"$- 42"2 -,
3&" processes3& 3 1"1'2/-2' *'$-13&"31,2$-1+ 3- - $-"1-)3 8", 3- -3&1 D 2 2313%/-, 3E
24++1'9 "3&"\+'V1 - "22"2V, 5-*5'IV\3&"\$ -1+ 3-\- $\3&"3&I\+'\  3'%1"2\- $\1)F

A=k \@\7 "1'2"2



K %,"-42F

K "I+, 318F

K "3+1&F

& " T+ /A 20, 3 - 6 **42313"2 &-6 8-4 2&-4*1 -+ 3" 04"23-, <E 8 "7/, % 3&"
/1- "22"23& 3$1+" 13&"1-)2',3&"2" - -*4+D &2" 7T+ "% '26' 3& %1 3"E ,!3&"/1 - "22"2
12/-2" *$-13&"$1+ 3-,- $3&"%1 3" 1"" 7/ 1$'123D &"E3&"/}: "22"23& 3"7/*', & 6 %1, 3"
'2\31,2% -1+" IV', 3-\04 1 39\2,123-"\1 "\-43*" IE\ \2-\-D

*&

C ] %R H

Y%R3 &R,) --R  H(# &

13" M+"3,%\- $VI'R"7'23,%\E \3-\% ","1 3"+ %+ D\ "™2'\+ %+\ --*2\!

7 (- ! 1823 %92\ 3\I"38\3\$-1+\%1, 3"E\\§*2'\', 3142'B\%." -42\1-)D

1) 3WV2W/M$3N\3\2418 E\&'+ 8\ \+" &, *8\6" 3&'T'IE\,\"l -I" ID
JR2'9 "No61'2\- $\04 139EX$2/ 1\ ,\2-+"\$  "11-+%,"2' \+' "1 2\ 1"
31,2/-1 3"D\ "2/ 12\ \\$  "11-+%,"2' \+'"1 2\ &' M8\6" 3&"1\3\$1H\ * 8
8 /.4 @ | A N-2v\2+43-D\41 3919612\ "  +"\+-1 \1-40" NN 33°1\2-13"
(- @ 1638\312/-1  3D\5, 34 %8\04 139\%12\ 1 “\I"-2'  3UW\\+-I"L 3"\3\&UR\",'1 98
"B+ 3NMT%\-\%1 \2'9 "OD\12\- $\04 139\ 1% 3&'$ IV, 3-\2 ,123-"
3814%&\ 41' ®\  8\-3&"1\2"I'+", 32E\+/  3-E\,\ "+" 33-\ 8«1 *NO
1" 3 3"N\$1-H\\$ *4'D

41 39\2,123-"\V2\+" 3 +-1/&-2" N3&1-4%&\1'%-, \-1\ -, 3 3\+" 3 +-1/&2+D

9 [.4% . =7 | 172\ $04 130\ 1823 9\, 3\ - 12'1\%1" 2\3\$ -1+\\ 1 823 * "\3" 7341D

<D -1" &- $3&"1)22/" '$"! ™ G6EH3I&" -11"2/-I'%1 -)2+4"$1 -+8 -41 ¥ 3- - $1)2D

"+'+"1 EH93&23-","$ $ 35'1"5"6 3I5PBE!-3&26'3&43*-),% 33&"1),+2'3&") 3H
-+ 3"3&"3 *M6' 3&3&" /1 /11 3"2 4/ 4+ M1 E " 7/+,3&"/1 - "22"2$E+3&"1-) 8*3& 3
& 5"'31,2% -1+" 13&"/1 "5-422 +/*"',  3-3&"/1"2", 32+/*'D "% ', 8"7M*' % & 6/" *"R2'9 "l *232
-$\ 23\$-1+" IE\ N3&"\&  6\2& ¥\  -4*N\$ -1+H\$1-+\3&-2"\ 2 *3\/" *"2E\ ,\2-\-,D

\@\7 "12"2 k;A>



Part 1ll; Rock Review

) %

*&RH| )%R3 &R,) ---R

)(H

&

(.
I(#--

#) 4.

;=D 2" 3&"$-6 &1 3 "™- 63-1"5"6 '%," -42E 2''+",

1'5"6 6" &™/8 -4/1 "1 "$-1

%1, 29 "D &"+'

V1 )W\I$"I\3-\3&" -*-41\N,\3&"1 "$-1"\ -+/-2'

A? k

\@\7 "1'2"2

*$1+4%" 1

"*231$-1, 8)()H(,

318E ! +"

3+1/& 1

-)2 $1 -+

2 >R@D &2
"23<D &"6-112V$" WY I'4+ W |V -12" W-, 3&" $-6 &1 3 1$"1 3-

3-, O\$\ /&,

&# 1-)2D &"6 -112 V¥O&3WV'3"1+" I
3'\'%," -42\1-)2D

3"W !




\@\7 "12"2 k,A@



Summary

&"\3-/"2\  -5"1"I\'\3&2\ & /3"1\ A"24++1'9  "N2\$ -+ 62F

#)( ", 3

"3 +-1/&2+\2\ -, 3N 8\$5"\+'\$ 3-12F\3&"\-+/-2"  3-)\- $\3&"V 1", 3\1)E\3&"
3"+l 341\3-\6&' &\3&"\1 - )\'2\&" 3"IE\3&"\ +-4, 3\ ,N\3 8/"\- $V1"2241"E\3&"\5*4+"2\ !

@D; 420 3-2\- $\ 04" -42\$*4'12\3& 3\ 1"V1 "2", 3E\ N\3&"\ +-4, 3\-$\3+"\ 5% *\$ -1
"3 +-1/&'2+ 3 4-1/&\1 " 3-,2\3\3) "WE O UD\F#-23\ R 34-1/&24\ A"\ 74 I 8V 3"\3" 3-)
N * 3 [1- "22"2D\ -23\I'%-, *\+" 3 +-1/&2+\3) "2V%  "V\1 " 2\6&"1 "\+-4, 3'\1 ,%"2\& 5\" ",
"3 2 1" 3"IE\6& &\ 1 "\+-23\ -++-\ 3\ - 5'108, 3\-4,11"2D\-, 3 3+"3+1/&2A3) "2V
1-4,\+ %+ \ -1"2\'\3&"\4//"1V 1 3\-$\3&"\ 1423E\6&' &\ I\ *2-\+-23\  —++-\ - 5"
-, 5'198, 3\-4,1 1"2D
"S1/&\L )21 "\ *F22'$ " N-\3&M 22\-  $\3TIAT\ N+ R -4/-2 3-D\ -+ 3-\2\
@D< )"8\$ 34T\- $\+" 3 +-1/&'\1 -)2\$ -1+" N4 I"I'L " 3V "2241°D ¢ 3"+ 3+-1/&'\1 -)2
¥22'$" 3-\- $ ' *4I"2*  3'EVES3"E\2 &23E\,N\%,"22D\ "3 +-1/&'\1 -)2\3& 3\-\-3\3"1\3\"\$ -+ 3"IE\'5",
"3 +-1/8" S\SL+" N4\ " 3UIVL "2241°E\, *41"\+ 1*\ \04 1 3973"D\ " -*-9%'232\ *2-\ * 22'$8
-)2 H34-1/&\1 -)2\ 2" N \2-+") "B\ ML *2T24 &\ 2\ &*-1' 3"E\% 1,"3E\,! *42' 3'E\ !

2%+ 1 3'T3& 3\$1+\ 3\2/* '$'\3"+/"1 3412\ V1 "2241"'2D

&"\3&1""\38/"2\- $\1)2\1 " '%," -42F$1+" N$1-+\+ %+ G 2"I'+", 3 18FBI1+" N$1-+\$1 %+", 32
@D=\&"\-) -$\-3&"1\E )2\-1V1 " 3 3-\$1-+\2-%43'-,G\ ! +' 3+1U&F  $1+" N6&"\" 7'23,%\E)2\1 "
g = *3"1"I\ 8\&" 3EVI2241'E\,! M-1\&"+ *\ 3-D\&"\1-)\ 8*\24++1'9 "2\3&"V1- "22"2\3& 3
-, 31'43"\3-\  8*,90\- $\E)\+  3"1'*M +-,9%0\3&"2"\3&1 ""\38/"2D\ &"\1-)\ 8*\2\I1'5 "\ 8\ 1 3&2
|, 3", M&" 3E\,\ 8V1- "22"2\& /I")',%\ 3\3&"241% "E\6&' &\ 1 "\I1'5 "\ 8\2-* 1\""1 9BD

"3+-1/&\1 -)2\1 "\ *22'¢ ™M N\ -119%0\3-\3&™ 1\+,"1 M\ +/-20 3 E\,\3" 734T\NB* 3"I\-1

+22'5 "OD\ ,-6",%\3&"\I' %,-23'\/1  -/"1 3"2\- $\3&"\ -++-\+" 3+-1/& \+,"1 2\ "\ &*-1" 3'E

+42 -5'3"E\'-3'3"E\,\% 1," 3\6"*\&™N\8-4\"23'+ 3"\3&"\+" 3 +-1/&\%1 I"\- $\3&"\1)\N*- 6E
\@\7 "1 22 L3I+ I 3"EN-1\&'%\%1" OD\ 423\ 2\@&\+',"1 M\2 +/*"2E\N'$ $1", 3\2 +/*"2\- $\3&"\2+"\1-)\+ 8

-3\F 6 82\x--)\" 7 3B\3&"M2 +"E\43\3&" 8\ \* 6 82\"VI", 3§ N 8\ *-2" 8\"7 +'",%\3&"

+"1 M -+/-2° 3-\ N3" 734ID\-1\" 7 +AEN2 &23\ )\ -, 3'\\6IM5 1M B-$\" 6

+' 3 +-1/& \+' "1 26" 3&\I'$$1", 3\ -*-412\ \2& ["2E\ 43\ *1\2 &232\1 "\ &1 3"1'9"I\ 8

2 &23-2"\$-* 3-D

AAKk 4++1 8



Review of Minetls and Bcks

$). R)R *&R 2$3

-6\3& 3\6"YS -5"1"N\+'"1
8-4 YB%-3\3&"+\231 '%&3\',\8 -41\+',!D

+ ) ||\_,\ 22!%'+||,

32E\3"232E\ ,\7 +2\'2\3-\

2\ N\ \3&1 ""\38/"2\- $\1)2\' 32\'+/-1 3, 3\$1\8-4\3-\ -, 5
21*1 " 1 8\-3" IE\-,"\- $\3&"\+-23\ -++-\+'23)
_'$42Il\+l'lll

"\8-412"*$\3& 3
"2\3& 3\%-*-%8\234!", 32

*2\6' 3&\1)2\ ,\3&"\% '5"\\61 -,%\,26 "1\6&"\2) !

3-\, +"\-,"\-1\3&"\-3&"1\ 2" N-\\$ -1+ 3-V1 -51" ID
A3&2\" 71 '2"\8 -4\ 1 "\%5"\\*'23\- $\, +"2\- $\+',"1 *2\ ,\1 -)2\ \2) "I3-\I" O 3"1+,"\6& &\-,"2\ 1 "\+,"1R
2\ N6& &\1  "1-)2D -1\3&-2"\3& 3\84\3&',)\1 "\+,"1 *2\8-4\2&-4*\3&"\,!" 3"6&" &\+',"1  *\%14/N\' 3

"*-%2\3-\N "D%D&E BR/1'# 0 BR/$'$ 0BR .*) 0 BR#'$

12 il
*$0 R(O (*.#$
26 "12\ \"\$

-4\, I"17\=

D

"6& 3\B/\- $\1)' 3\2\ND%BP.1/$2 $) *1/BR 40.1/$2 R$") *1/BR ' /0$ R/ $()0.
! ML ¥$0 RH//$2

IR(O (*.#$

"3 DOBM\3&-2"\3& 3\84\3&' )\ 1 "\1- )2E\8-4\2&-4*!
5BR#($ 'R/ $()0. 5B

ID $\3&"\1)\2\+" 3 +-1/& E\*23\' 32\/1-3-* 3&D\ &"

#(, &R),
) BR(

) %R),

#, &E

RHER R#( ,

&BRE'R!, )*R)-R# R &)(R) E R#RR)%BR1 .R.3* R#-RE

"2/ 1

*1 g

* gn

ny gige

& 8+ 3"

J123-"

*E!

31'3"

41 393"

e

-% *+"1 3"

&"1 3

1 gn

22

81 7" "

&*1' 3"

3

o g

"5"6\- $\\"1 *2\,\ -)2 k;AB



LAB 7: RELAIVE DATING AND
GEOLOGICAL TIME

Lab Structue
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7.1 The Gaogial Time Sale
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7.2 Relative Dating Methods
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2"I'+", 318\ 8'12D
& #H0 #( E-, 3&"-3&"1 & ,E'2 3&" 2'+/*"23 || +-23 ", 3435'6 8-%! 3% %-*%' *$' 3412 8

"7T+,)% 3&" 2/ 3*1™ 3-2&72 " FHB"",3&"+D &1 " 1" $"6 24" 14*2 $ -1 1% 3&2E ! 3&"
*#(#* &-R)R-., #, * "3D

&1-4%& 1"$4*-2"153-, - 5'13&"/23$"6 ", 341"2E %*-%'232 &5"1'2 -5"1"13& 3 3&" 4+4R
*3-,- $27T+", 32 12" I'+") 3181 )2E 26 "* 2 3&""14/3-, - $2-+"" 73142'5'%," -42 1-)2E 3) "2
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LAB 8: MAPPING FLUVIAL LANDSCAPES

Lab Structue
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-11"2/- "% 1 " *123, - 3&" 34*241% "- $3&" 13&D-4 *2-* 1" 13& 3* 3-2-,+/21 "
2" '$"M142'% 1 # -3-. - 3&3 +%&3 ", *41"3&" 1), *"# -1 2823"+2D &2 * 6"** 4™ 4/-,
3&2" -, "323-%'5"8-4 I" "["14,"123 1'% - $6& 3™"+", 32+) " +/ ,16& 3'.%$1+ 3-,8 4
Ao, 5"8V\\+/D

Map sele

/2 *1"$"12 3-3&" $7"11 3- " FPHB"", 3&"1'23, "8-4+" 241"-, +/N -1'2 3"3"'+0% "18 -1
'1/&-3-2 O ,!3&" 34*1'23, "-,3&"%1-4'E',3&"1 "*6-1*D -46 "1"', 3t4 "13-3&" -, "3-%
2 * 33&" "%, %- $3&" 3'1+E6&", 8-4 -+ 3"13&" --% * 1 3& 43-1'* || ;7 "1'2"2D,

3&3343-1'*E & 42" - & 3-4,1"123 1 I'23 , "2 =% * 1 3&D *' 12E *2-  **"1061/&'

2 *E1"-"6 83-1V/1"2",32*- +/D1 /& 2 *2 1"42"13-04")* 8I" 3"1+," 3&" I'23, "
"3¥%"",36-/", 32-,3&"+/E 8 -+/1,%3&"* %3& 8 -4+" 241" - 3&"+/6 3& 841 14*"1 3- 3&"
2 * 1 D, '%41BD=D; *6E"&- $3&" *% 12-,3&"2 *2< +*% 11 "/1"2" 32 123, "

-$;)+-,3&" %1 -4/D "3¥2884+" 241"13&"1'23, " " ¥6"",36-/', 32- +/3-"? +D 8
-+/1%3& 3*%3&3-3&"2* 1 E&4 ,2" "3& 37?7 +-,3&"+/1 "/1"2", 32<D?)+-, 3&" %14,D
-3"3& 33&"2* 1+ 8 "I23-1 3" 884121"",'$8-41"1"I'%3&2- ,"R1 " I"1 E2+13/&-,"

-1\ /431N, %\-\8 -4N'2/x 8\2"33',%2D

-3&"16 83-11"2", 3+/2 *'242'% ,* -( . HO
, #)( NDDOD &™m "2", 335'%$1 3-,2 1 3-61 3"/,
A4+"12 -, +/D 6 -- $3&" -++-, 2 *2 $-1 3-/-%1 /&'
+/2' 11 "R E L F?: E: D DD $ F?E:
+ 2 3& 3 ;4,3 -$ +" 241"+, 3 -, 3&" +/ 1 "1"2", 32
<?2:E:- $3&"2+"4) 3-$+" 241"+", 3-,3&" %1-4'D -4 42", 84,)3-$+" 241"+", 3N, 3+"R
312E',&"20 2*% 284 1" -223" 3H +/6' 3& 2 *- $ F<?E: +" 23& 3;' -, 3&"+/"2
"04 M\3-\<?: E: ' \3&"\%1-4,1E\ ,\3& VAT -\3&N\+ A2\ 04M3-\<?: B #("- -\3&"\%1-4,'D

$"1. R?A:A80R4 (' R*RR/ 'R .BR*.
"OHSRIA

<:C kBD=\ & 3\) "2\ / |



0% R4 . $/R?A9

& 3\DD\2\2&6,\ 8\3&"\2 *"\ 1\l1  6,\ - 5"'"I\224+"\3& 3\" &\- $\3&"\*-,%\ 12\-\3&"\2 *\ 1\2\<\ +\,
*%3&D\', 3F\8N\6*M\& 5"\3-\I-\2-+"\4,’ 3\ -, 5"12'-,2H

"MIT\<\$ -1 1 3 "\7 "1'2"\BD<,26 "12D

Determining the sde of an air photo or satellite ineag

, 2-+" 2"2E84+ 86, 33- 1" 3" +/42% 2" image 1 3&"13&, 2" mapD 2"'+% "2 -4*
L *4lM '] [&-3-2E /341! 8 *6R$.% '11%$3 *9% 2" 3 $'3/ 3&E -1 23™*3" '+ % "18 *)" 3&"
+9% "2 5% % * 1 3% 1D &*"'+%"2 ,/1 -51"5 *4 * 1" 3%*2 -3 /[341"!- 3-/-R
%Y&' +/E3&" 8B *™8*)2 *D -4 , *4* 3"3&"2 *-$841 2"'+% " 8 -+/1'% 3&"
* 063&\-$\\I'23",  3'5\$" 34TV)A3&"™ 2'\V+ % "\ ,\\3-/-%1 /& \+ N\42'.90\\2'+/*"\$ -1+4* F

National Topogaphic System (NTS)

3,11 13-/-%1 /& +/2E /4 *2&" I 83&"/1-5'* 1$ "I"l *0%65"1+", 32E 1424*8 -4,1" | |
sl 8%, && &) & H#/ A 2 (D) &' # A, ,!E 3-/-%1 1& +/2 1 "24 151" 1
', 3- ,4+"1 -42 2" 3-2 1 242" 3-2%$-13&"/41/-2" - $'I" 7\% ** -$ 3&" 3-/-%1/& +/2 - $ 3&"
, 3'-,', 3&" A& ), *"# 3-.' N OD *3-/-%1 /& +/2 & 5" 3% %1 /& g7
4+"13& 34" 3"23&"2 *- $3&"+/ ! &™*/2 3*%-0%4" ** 3&" +/2- $ ,!D 1" 7 +/*"E
3&" FE E: +/2&" "3B< -5"12 +-23- $2-43&"1, * "1 3E (251" ' 31" 7"1242" 3-2
2\2&-6\',\ '%41\BD=D<D\ &™1 3'-,2&'N" FHB""\+ N2 A 7\, 4+ "1\'2\-43*' " VA3 *\ % 6D

*R#t( 2R( I , *R- &

B< \RLE E:

B<\ AF\?:: E:

B\ \F\<2:E:

B<\ M; AR\?2.E:

-4 2&-4*1 * 6 82 "%', 3&" 234! 8-% +/ 8-2"1 5,% 3&" 33 6& & %'5"2 *4"2 3-3&"* 3-, - $3&"
+/'" 326'1"12" 3B'%D-18-411"$"1", "E3&";F?E:2  *"3-/-%1 /& +/3& 3 -5"123&" 'B-% *R
% 18\2\*-  3"I\-\ \+ N\2&" "3\B<\ M;D

BD=\& 3\) "2\\/ | k<



Three-dimensionalalief on a
two-dimensional map

&# -, 3--%1 & +/'2%4231  3"142'% )( .,
&H(-A&'2" 1 "'+% ' 1 8*"211 6, - +/3-(-,

4, 32-$"04*"" 5 3-D 518/, 3- - 3-41%"2
33&"2+"™" 53-D * 532+ 241"1$1+ /1 'R
"3 1 S &H( F4", 2" *E*E6& &'2 22'%," |
)5 3 - $:D - 3-41%"22"1  3'/-, 32-$&9%"1
5 3l NA/&*O $4 /-, 32 -$ *6"1 ™" 5 3- NI- 6,R

&**OE 3&#1" /-, 32 "FH"",36- -, 341*"2 1", - $"1. R?A:A9CR,4R*IRO# R 0$*) 'R **'. #$
*6"13&,3&8" -, 3-41*" "~ 6 ,-&% &"'13&,3&" ) 4R1(. /RYR(,RM# O/R3$O#$)RO#R,.$(. 5

" Cun w Eeq  omq e -1 . )"R)I( .R?9AR  R/# OR?9R$/R/1 $2% R$)0*
- 341wt - 5D -, 341 %2 " 51 312" 3 -1 1 pq 0 /RH BR BR BR IAR#/R-1.0. /R.
1-22E '7 "/3 "', 5 "18 11" 2"2 - $ -5"1&,% "% *$$2D11.0# .R/1 $2$ R$)0*R!*1.R,.0/R #R /$") 0 R3$0#
., 3-41*%"2 * 6 82 *2'G 3&2 *241'+ 83)"/* " R'00.BR "$)$)'R3$0#R R$)RO# R/*10# /OR*) .R)
432138 +/ 1 " 228 6,$-13&" 7+ - 3-41%" ) $)"R3$0#R R$)RO# R)*.0# /OR*.). AR)" 5BR #R*!

0#/R, .0/R$/R $2$% R$)0*R8=R, .0/R)1( . R8RO#1"#
' '%41 BD=D=D &J( ), #( ., 0&NDO$ +/23&" g-a

rggLt, ", ™ 53- " B 36- I( " 3 3R

%U& -, 3-41%"2D &2/ " FHB"U U ", 3 -, 341%"2- /1 "$* 32&623""/-1%", 3 3&"
2%["'2F 3&" *-2"13&" -, 3-41* "2E 3&"23"/"13&"2*/'D 5'*82/ "I - 3-41%"21"1"2" 3 4'$ -1+
2%"D

0% R4 . $//R?A:

7+,\3&"" 7 H+M\3-%1 /& \+ NN '%41\BD=D=D\ &"\+ \2&-62\36 -\&**2\2"/ 1 3"I\ 8\\2+**\5 **"8\3& 3
& 2\36 -\231" +2D

D &' &\&*H'2\38"\3 *'231\ 1 EV,\-3&"1\6 -112E\6&' &\&'**\& 2\3&"\&'%&"23\"*"5 3'-, |

<D & 3\2\3&M\ /1 -7+ 3\*'5 3-\- $\3&"\11\23 1|

=D -6 1\6& &Il " 3-\2\" &\231" +\$ *-6'% |

>D \8 -4\2""\, 86&"1"-\3&"\+N6&"1  "\3-/-%1 /& 8\6-4*\"\1 "* 3'5*8\23"/ |

2D \8 -A\2""\, 86&"1"\-\3&"\+N6&"1l  "\3-/-%1 /& 8\6-4*\"\1 "+ 3'5*8\08, 3*\-1\$* 3l

@D -6\ \8 -A\3"M3&\I'$EL", "\" B""\1 " 2\6' 3&\23"N\5 "1242\08, 3*"\3-/-%1 /& 8\42'%6\3&"\ -, 3-41\* "2

A -3 "3& 3\3&N\2\H N -, 3-41\* "2\$-1+2\\V WA2& /"\ 2\3&" 8\ 1-22\3&"\231 +D )®)I, * "#R)(L
), R&#(-R&1 3-R);RRO PR-"*R-R." 3R,)-RR-, BR(R."RY# .R)R."ROPRE 3-RY#(.-
M-, A +9%'"\3&"1 "W2\\3&'11\231" H\3& 3\-1'96, 3"2\ 3\3&"\1N23 1\ ,\$ *-62\3-6 11\3&"\ D\1 6\,
3&'2\3&'1231" +\ 4206\ 2&"  I* "2E\+-I'S 8\3&"\ -, 3-41\*"2\6&"1 "\3&"8\ 1-22\3&'2\231 +D

<;; kBD=\& 3\ ) "2\\/ |



Media Attributions

K '%412\BD=D;E\BD=D<E\BD=[3=f\g\  -*!I1')D\ \ D

BD=\& 3\ ) "2\\/ | k<<



Lab 8 Ex@lses

L3872 35'B/ 46 1 31" IBWG 3412-$ 231 +42.% 2 33" '+0%"18°, -% *' 1 3& 1-D
46% 1" 3" &JRIL 6,+/- $3&"$45'*$" 34128-41", 3IB *% 2'%+", 3-$3&" *- 6 '5 "1,
*% 1 8E *"1 3 -, 3&"&+",12-  $3&" " 323/ N3&" )2)E ");E ! OE 3&81&" ) -l |
2443Y',  3-2D - 3" (4232-43&-$ -4, 3 -8* '5 "12'3BY +/42E 3&'22"%+", 3-$3&" *- 6 '5 "1
62-"- $3&" 1"2 $$ 3"l 83&"<;=$*-I'%D * - 6 '5 "1 *2-/~ 82 14'*1 -*' 24/ 8% *R
% 18\11'),%\6  3"ID

A& 5\" V1 -5 NG 3&\3&"\$*- 6',96\23 13 %6\+ 3"1'*2\3\ -+ 3"\3&2\+//,%\  3'5'BF

K \2V+% "$I-+\--% *\ 1 3&\23"*3"V'+% "18N- - 6\'5 "1\ N1 " O\3&3\84\+423V1', 3\-43
K \I'% '3* -/ 8\-$\3&":B< R@\ \1''2 +N2&" "3\-\6& &\8 -41\+ N1 " \1"21"2\NI-\-3V1, 3\3&'D

&"/41/-2"- $841+/'23-2& 68-411"1"13&"*  3-2- $"L-2'-* 11-2' 3-,*$ " 3412 - $3&"
*-6'5"1D- - 5'83&3'%$-1+ 3-,' 6 83&3'242"$4*E81 +/ " "123-',*4"2-+" 23,11 !
NN *HR&' (.-, A\ %F

K "3

K *

K -13&\1%6

K "%"!

K -41 "2\ND%DBE2*3"\'+ % "18E\ 2"\+ /[E\1 "$"'1", "+/ O

K\ -1, 328NN\ gL, V-, 3\-,\8 41\

K "$1', "\3-\3&"\ 3-,*\ -/-%1 /&\ 823"+\N O+ N2&" "3\-\6&'&\8 -41\+A\1 "2'1"2

Title
41 + [ 2&-4*1 & 5" 24 ' 3 431!"21/35 "3'3*3&3' *4"22-+"1 "$1", "3-3&"%W'-%1/& 1 "D
&'2 -4*' *41" 3&" |, +" - $ 3&" 1'51E 3&" +/2&" "3-,6&&8 -41+/1 "2'""2E -1 3&",+"- $

-+, 3* **1+1 )3& 3'2$ 341'!-,8 -41+/D -41 3'3*" +423 *2-', *4l" 6& 3B/"- $+/8 4
& 5"11 6,E "D%DE 3-/-%&' +/E% "-*%' *+/E+/- $%'**I$ -1+2E+/- $/-/4* 3'-,I'231' 4R
3-,2E\"3D

Sale

41 + [ +423 "0 3"2 *42% -3& 2 * 1, 1 "1"2" 335$l 3-D "+"+"1 E& , R
4% 3"38"2 *'- 8 -41+/ 8 -+/1%3&"* %3&- $ 123, 35'$" 34T- 8 -41+/ ! 3-/-%1 /&
+/- $38"2+"1"D 43$123E " 42"8-4 1""7+,% ,"™ 31’5 "12- - $3&"3-/-%1/& +/-,
443121 "' 1 38&'13&, /1, 3"15"12-,8 4" "13-"241 "3& 384 1"5" 6% 3&" 3-/-%1 /&
+A 3\3&" -11" 3\2 *\N28-41\" 5' "\+ 8\I'23-1 3\3&"\2'9\- $\3&"\'+ %"\-\3&"\2 1 "", OD
- &" )'$8-413-/-%1 /& +/ 2 "mop 2/ 8"l -11" 3BE+"241"3&"2 *' 1-,3&"+/D -1

<=k \B\7 "1'2"2



F?2 B +/28&" "3 3&"-"8 -4 1"42°%E; +-,3&"2 * 12&4*1 "/1"2", 37:+-,3&" %1 -4,D
8 &*!'% 4/ 14*"1 3-+"  241"E 9-+', ,! -43 4, 3* 3&2'2 314" -, 8-41 -+/43"121 "', "$ -1"8-4
$**- 6\3&"\23"/2\"*- 6D
;D" 241"M\$" 341\3& 3V2\5'2'*"\ N\I'23, 3'5'\-\-3&\8 -41\+ N\ ,N\3&"\3-/-%1 /&' \+ /D\ "o-1
8-41\+" 241"+", 32V'\3&"\2 +"\4," 32\&l\-3&D\ &"\I'23,  "\" 3B\, 3"12" 3,2\ % %\\1 - IE\-1V,
\231'%&3\*',"\" 3H6""\3 6-\I'23", 3I'5\$" 3412\ 1"\%-I\V* "2\3-\+" 241"D
<D 2"\3&"\$1+4*\"*- 6F

S\ 7 HAENS SIS 34T\ 1 060\-\8 41\ N\ \<D?\ +R*-,%\- \3&"\;F?: EN3-/-%1 /& \+/F

&2 *-$3&" 2"+% "', 3&2" 7+/+"'23&"L "$-1" F<?E: D &2124*3'2,-3/1 3'4*1*81" *23" 2
"1V&-3-\-1\2  3"*3"\'+ % "18\2 *"2\1 1"*8\6-1)\-43\3-\24 &\\,’ "E\'5"\4+"1 D

North arow

7 3B\2\'3\2-4,12F\\,-1 3&\ 1% 6\-\ \+ \2&- 62\3&"\1" I"1\3&"\I'L " 3-)\- $\-13&\'\3&"\ 1" D

Legend

&"/41/-2"- $ *1'23-1"¢ )28+ -*2E 1 "5 3-2-1 -*41242"1-, +/3-3&"1 " 1"l D5"18
$ 341\3& 3\84\I1 6\-1\F "™\-\8  -41\+ N\2&-4*N\"\" 7 NN T INA3&MW9 MDY -1\ 7 +AF

0# #)(R)R-3) &R)(R."R'* (#(

/ LIVl
2 "2 1

TTR 1~

"te$rt3- 1" 3'841-6, 1 "5 3-2-128+-*2% -19$" 3412-,8 -41+/E 43+) "241"8-4 &--2"
404" 1 "5 3-2\-1\28+ -*2\$ -1\" &\$" 34ID

\B\7 "1'2"2 k<;>



Refeen@ lo@tion

-&"/8 -411"1"1/433&""'$ -1+ 3-,$1-+8 -41+/', 3- 1" *R6-1* -, 3"73E & 2&-4* /1 -5'1" 3&"
-1, 32%1 1"$1", "* 3-,-,8 -41+/D -4+ 86, 33-1'%12&8-41+"+1 8-, %1l --1R

' 32 81'5"6.%3&" --% * 1 3& 43-1'*D &2 * 3-, 2&4* "2-+"  3&.% 52'* 1123, 35
-, -3&8 -41+/ !13&"3-/-%1 /& +//1  -51" 1D 413&"1+1"E3&2* 3- 2&4* " $ " 341 3& 372
4,) "8 3-+- 5'- 5'1 3+"E "D%DE /-3 16 -4 " /-1 &' "238"2& /" 12 3-- $3&" /-, 3
1+%1 3"2-5'134+'D -4 6% *2- " "13-3"8-411" "l 6&"1 "8-41+/" | 1" $32'.3 ,1 P

3" /%1 /&'\  823"+\N OD

Instructions

DV7 +."3&"MN 1 " \8-4\6"\ "\+ /[',%\N *-6\5 "I\N1 " OD

<D /M -% * 1 3& 1--,8 -41 -+/43"1 !, 5%3" 3-3&2 1" D /Ml 2-+" 3'+" " 7+.",% 3&"
$ 3412\- $\3&2\ I \42',90\3&"\=\ /™ 3"2\-$\--% *\ 1 3&\1-D
=D & /™ "-$31'%//"13-8 -41/1', 3"12 3"**3"'+9% "186'3& //'1 */-1/" "-$*13/"D

"\%", 3*"G\31%\V /"1\3" 12\" 2*8H\"\5"18\ 1"$4*\6&"\"1 2',%H

>D "34/8-41+/1 "D ) "241"3& 384& 5"'"-4% &2/ "-,8 -41
31'%//M 2" 3 21"$-18-41*%"! || -3&"1 13-%V&" "*"+", 32
et &" )¥23 "™ 60D &" 7 +*" 2& 6, &1 " **42313"2 -" [-22" **
* 8-43E\ 43\$ "M\$1 "\3-\ &--2"\\*  8-43\3& 3\6-1)2\6' 3&\841\+\1 " D

?D '3& /","*E*% &38 ,!," 3811 6',3&"+(-1*,!$ -1+23& 384
2", 3&" 2 3™*3"'+% "18D -42 -, $'1L 8 *1%R2 *" 2314 3412G !-, Y3
*433"1 4/ 8-41+/6" 3& *3-$!"3"D &',) -43 6& 3% 3412 1"
15, 33-3&" $45'* $" 3412 +/8 -4 1"11 6.%E ! 3&" +)
(41%"'+", 3 **$18-412™$ -436& 3$ 34123-',*4I"D -1"7+*E
'2'3'+/-1 3,33-841+/3-11 6'" 5'18 4"I'"% | 1 3- &% &*%83
1" 26 3&!'$$1", 3B/"2- $5%'33-,11- * 8,-3D 43'2'3'+-1 3,3

3-&5" $"6)"81%:12-,8 -41+/3-&™/ 1 "1"12 343"841+/ |

"2E\3\'2D
@D &') -43," 3,"22D 7+,"3&"3--%1 /& +//1 -5""ID &3

&1 3'1232+) "'3," 31" 283-1"1 32116, 1"$4*8 |1 3&" $ " 3412 1" ,-32&!" I'D
"+"+"1F8 -4 1"/1-4'% +/E6&&'2!1 6, /*, 5" 6D32&4* ,-3& 5", 8= 2" 33-'3E

AN %\2& 1'\%D\  -41\$,'2&" W1 -4 3\2&-4*N\ "\ \*F ML 6',%\-,* 8D

AD\ 2"\3&"\3-/-%1 /& \+ V1 =51 N3A\&™N8 -4\l 3B\, +" N%"-%1/&'\$ " 3412D
BD 1 "-433&"!'$ $1", 3 $45'* $" 3412 3& 384 & 5'', 3"1/1"3"IE ! 22%," & $" 341 4/04"
1 "5 3-,-128+-*D ""/31 )- $3&" 1 "5 3-2-128+-*23& 38442"-, 2/1 "2&""3-%$//"13-

&"*N\$-1+ 3\841\*"%"\-, "\8-4\& 51%,2&" N\8-41\+/D

CD$3&"$ 341'8-4 1 "31'% "2 [* 8%, N," *2" 11" 3& 3!"$'"23&" -1 !"12- $3&"2/"'$" $" R
341'OE +)' 241" 8-41 /-* 8%, '2 $4**8 *-.2" | |1 * ™ 16" 3& , 1 "5 3'-E28+-*- -*41D ) "241"
"5"18V-* 8%,\8 -4\I1 6\2\* " 1D

;o DV"5"B\3&"M &" )*¥23\"- 6\ ,\",241 "\3& 3\841\$,'2&" N+ N -, 3',21*\3&"\1"04'1"N\'\$ -1+ 3-D

<? ko \BV7 "12"2



glo#er J, - | /& j & DL rHR& (-
35\ &, 12 " g
43\ ) 11962 138\1% 6
. 4% %2\-1 .
Sl 241522 "1
&",','.:'* ! A\ D\1 "1 "2" 3 35§13,
7- 6\) " "o |
"3 "1 M3\ 28" "3\\6& &\3&2F AL 21"
*“!V*', ”$”1", IIV_l, 3\|,\ \ -1 !|’ 3:-2
e 1 W5 U\ S\ISILY, V-, 3V 3T2\N23+  3M\42',%6\3&"\3--%1 /&
! ., 3-4120
3N 1233+ 0 "18\ N2-41 "\ $12 33+ 06 "18
43&-1Y2\, +\N8 -41\, +" O

Summary Questions

DV & 3V2\3&"™  3-, "\ /%1 /&'\ 1" T\4+"1\$ -1\3&"\3-/-%1 /&' \+ V1 -51" 1

<D & 323&" 3-,* /%1 /& JNT7 4+"1 S -1 3&" 3--%1 /&' +/ 'L " 38 3- 3&" -1 3& -$ 3&2
+/ 1
=D\ & 3\ -*-41\ 1 "\%L1'N*"2\$ -1\ \-"\;;\-\3&"\3-/-%1 /& \+ \2&"  "3V1-51" 1l

>D\ & 3\ -*-41\ 1 "\3&"\3-/-%1 /&' \ -, 3-41\*"2\-\3&"\3-/-%1 /& \+N\2&" "3V1-51" 1|

?D\ & 3\2\3&"\ -, 3-41\, 3"15*\ND DO\-\3&'2\3-/-%V& \+/ |

@D 7+,"3&" 2/ % " B"", N ", 3 - 341*"2-,3&"3-/-%1L /& +//1 -51" 1D ,6& 3%"1 *
/13-$3&"+/1-8 -42""1"™ 35*823"/3-/-%1 /& 8] ,6& 3%"l */1 3-$3&"+/!-8 -42""1™ 3'5*8
9%, 3*'\3-/-%1 /& 8\ -6\ \8 -A\3"MI&\'EFL", "\42',%\3&"\ -, 3-41\*,"2|

M16 2) "3&-% $6 -, 3-41*"2E6'3&™"5 3-2* " IE 23&"8 1-22 231" +D ,8 -412)"3&E''R
3M3&"MI'L " 3-\- $\231+\$ *-6\6' 3&\\11-6D
BD &"1"6 -4*18 -4" 7/" 33-$!3&"$23"'236 3"1%-6-, 231 '%&32313&-$ 2371 + |
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LAB 9: STRCTURAL GEOLOGY RRT |

Lab Structue
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9.1 Intoduction to Structwal Gelogy
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9.2 Gelogial Maps
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$3", 2'1"2- $ "I2-14""126  3&2-+" 2" 3", -, 6% 4" 12 2% *$1+ 3-E |
B--1+1 "$1+ 3-26 38&2-+" 2" 3, 4+, +% &3 "+/" 12 2% * %14/D "I"V'%-, 38"
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Media Attributions
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9.3 Estimating Dip [action from a Gelogial
Map

4& 5, 6-2"1 5"1& 63-/-%1 /& 8 % "-*%8' 3"1 33-/1-14 "3&"/ B"12-, % "-*%" *+/D
&"1" 1" $"614*2- $3&4+ 3-&™/8 -4', 3"1/1"33&" B34!"- $3&"2313 -, % "-*%"' *+/ 2" |-
3&"\+ N 3B"1,2\8-4\-2"1 5D
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$. 0$*)R*IRO# RO3*R,') .R1)$0/RH )" R ) R3#$0 |
#*3)R*)RO# R(,A

4 (1
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;D -6\-"2\ & % 9%0\3&"NI'N& % "\3&"\+ /N "1, ]

<<AkCD=\23+ 39%\'\'L " 3-\$L-+\\" 0% A/



Media Attributions
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Lab 9 Exe&ises

-l 8E8 6™ " 1%3&" 2' /1,2 - $%-*%" *+/'%D ,3&2 35B846"* 1,3-'1"R
3| *8'12 -$ 1)E %14/ 3&"+ ", 3-+/ ** 812 !, 3WI/I1L " 3-,42°% 2 33"+ % "18
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5™ ¥\ 43\3&" 8\I-\-3\& 5\ *M\3&"\$' 34T2\8-4\6"**\ "\1 "04'1"N\3-\42"\'\3&2\  3'5'3BD
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- 6*-138" C D)+9$*/1-51"1 8841'2314 3-1D, -% * 1 3& 1-E*) $B,) ,, B5R
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& 5"\ -43\3&'2\1 " D
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=D &8 1"6""7+,%3&2 1 " 3-23418 "11-)%"-*%8l &8,3*-)1 -4! *%1 8 &38,3*-
1-41\ , -45"1E\ |

41,-,3&"vV "7, 3 %1 /& |/ w®g1l 8 &" )%3&" - 7, 733-'3,3&" * "221"1 D )"
241\3&"\+ N'2\;::e\-/ 04"\N-3\31 ,2/1 ", 3\3\**OD

K -\1(423\3&"\31 ,2/1 ", 8E\1'&3\* )\-\3&"\, +"\- F\3&"*B"IV\3&" * 221" 1 E\,\2™" 3\ 1-/R
"13"2D

K \'*064" - 7\2&-4*\ /" 1D\* )\ \\I11  %\3&"\ 1\3-\!(423\3&"31 ,2/1 ", 8\-$3&"\3-/-%1/&'
+/\- 5"1* 8D

<<Ck \C\7 "1'2"2



-63& 384 1"" 7+, % 3-/[%1 /& +/!1 /f1- 5"13&" = * 12 ", -% * 1 3&EBYI'5M6
2-+"\ -, "32\ -43\3-/-%1 /&'\+/2\$1 -+\ \BD
>D\ & 3\4," 32\ 142" \3-\2&- 6\"*" 5 3-\-\3&2\3-/-%1 /&' \+/ |
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I(4233&"31,2/1 ", 8-$3&"3-/-%1/& +/24&3& 332 *+2331,2/1 ", 3 433&"3-/-%1/& -R
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BD -3 3"3&"5"63-"7+,"3&" 1 " 'Y= D '1*3&" -11" 3 ,26 "1F |- 3&"2" * 8"12 ', 3&" '++" I' 3"
1"\1 -4\ "\, 3 1\3-\"\&-1'9 -, 3*E\513" *EV-1\'/',% |
CD$846 "1"3-6 *)?u:+$1 -+ [ ") FF'E&" I'®!4"6 "23E64*18 -4 "6 *),%- 5'1/1-%I2R
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%'E -+/1 "38&'23133&384 ,1" %/9" 83& 51 3-2', -*413-3&" - 3-41*'2D -3&"2"
2313\//"  1\3\"\&19 -, 3426 "\ &B\-1\6&8\,-3I

wD -3 3'3&"5"64, 3*84 1"*-)%I'l1 " 38"233-61! /M ", 3*"D -) *2* 8 33&" (%UR
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"3¥/1 3 "42'% 3&" /&) Q3-!" 3"1+," 3&" #* #, #)( -$3&2"2313D -+) "3&2"2"1E
341\ $H\3&"\3-/-%1/&' \+ N\ 8\4, &" ),%\3&"\ - 7D

Ko )" ,3&" 1\ 31"\ $13&M\231+42\8 -4\" 7+, I\ 1*"1E\(423\3\3&" \- $\ /* "\, 3 *'D
K —+\\EVL  "22\1\3-\T'341)\3-V* \5" 6 E\,IV' \\I'23, 3’5231 34+\N\2',% *"\* 8"1\- $\1)O\3-\31 "D
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K 1 "8-41\&-2"\231 34+\ 1 -22\3&2\231+D\ -3' "\&- 6\' 3\+) "2\\V W\2& /"\ ,\3&"V/-, 3\-$\3&"

VWV-, 320 \3&"\I " 3=\ $\I/D

<D & 3'23&"!'M"M' " 3-,- $3&"2"I'""'%231 31 "++"1 E3&,)-$!/r'1 " 3-,23&"1'l " 3,6 31

6 -4*I\$ *-6\'$V-41 "N\-, 3-\3&"\* 8"1\- $\1 )D

-$1E&4& 5'2"",3& 318 1 *+ 3"2+) ""7 "™ 3 1"2$15134*$"™*16 -1) "  42"3&"1"'2* 33"

5'%'3 3'-,3--241 "8-415"6- $ 3&" %-*%8H -4 & 5"-2"1 5'13& 3!'$$1", 31)4,' 32+ 8 "I2R

3,%4'2&" " 5", ',2 33" '+9% 18 2" -, -*x411$ $1", "2D -4& 5'2"", & 6&19- 3*2313 & 5"
-, 3 323&3 1"/1 *"* 3-3-/-%1 /& -, 341*%"2E 1 & 6!'M%231 3 &5 - 3 323&3!"$*" 3
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)'23,D
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"&4 8'&E\1,D
# 1 383 0B -*0%' *

mTH 1" 3-1" 3"3&"%-*%884 2" "' %
8, 1 "W 1" 7+"382 1 " $1+ , *3 34"- $dC)+D -3 " & 68-4
42" 3872 1" &25"18 ¥ -5'1411", |5 "%'33-, 3- &!I" 3&"

LR BE*BYT/H-1 - +-1
+/D 5%3"3-V&""

, 2" "3&"I'$ $1", 3*8"12 * 148 "
"11-)% "-*-%8D 41, -, 3&" V& ", 8," -*% * /[ W®8'1D -%%"3&"*8"1- /- $BE-1 1423
3&M31,2/1 ", 8D

?D -6 1"3&"1-)2- $I'$$1", 3 -*-4123& 384 -4*12" "' 3&"2 3I"**3"'+% "18!"" 3"-,3&" % "-R

06 M+ / |

. B8-41" 3" $*5*241$ *%"*-0%8+/S +/-  $27T+" 31"-2 31 8 15"1D & 3'2-"3 8"
S$+/42" 1'% "*0%BE 3- 286 1-2'  32-$*--2"2" I'+" 3. 38" 1 382241$ "D ,-38&'138/"- $ %-*%R
*4/28 623&" " 11-)E+" [ %3&"* 8'12-$&UE$4ABR*B&'E' 11-)23& 3 1""7/-2" | 33&" 138
241$ "D\*\3&"\*8"12\- $\E \8 -4\& 5"\" "\234! 8'96\3-1 8\1"\" 7+*"2- $\"I1-)D
)21 "38 g+ 1, [)% "23&3 1"- W', $-1+*8,+" | ) #H)(- -11,)* D -3 "& 6
" &$-1+ 34,38 & N, 8,%" % *+/&2 +/ am22-0 36 3&33-*)" &$-1+R
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;@b ,8-42"" | 86&"1"-,3&2+/-1", 3&" --% 1 3&23"™*3" '+ % "18 6&"1" 8-4 -4*1 42" 3&"
4% - ¢ 23-1" 3"1+," 111 3,1 -16& &4, 3 -4*18 -41-3&2] 33"3&" -+ 3"$1+ 3, ,+E

3&M\+ A -I"EV N3&MIAI'L " 3-D
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-% * 1 3& 1-E ! -/", 3&" "% '3 -/ 8& ", 8," % * [ 3,26 "13&" $**-6"%
04"23'-,2D
JAD\ & 3V2\3&"\$4*\3*"\- $\3&'2\+ / |

;BD\ &-\'2\3&"\ 43&-1\-$\3&2\+/ |

;CD\ & 3V2\3&"\2 *\- $\3&2\+/ |

<D & 3'23&"1'23, "' )*+" 3"12+4" 241"! *>-% 'OR6 8 ;>R@R: $1-+3&"', 3"12" 3'-,6' 3& 'Y&R
6 8\=:\3-\3&"\', 3"12" 3-\6' 3&\3&"V'/™*," |

<D\ & 3V,$-1+ 3-\2V1 - 51" N$-1\" &\+ /" N, 3VA3& 9N SN\ 9" M+ |

<<DW\6& 3\-1"1\1 "\3&"\$1+ 3'-,2\*'23" \'\3&"\*"% "I

<=D\ & 3\V2\3&"\+ N\ -I"E\,+"E\% "E\ ,\*' 3&-*-%8\- $\3&"\-*I"23\4," 3\-\3&2\+/ |

<DWZ\6& 3\9%"1 M 1"\ $\3&"\+ N6 -4*N\8 -4\$' N\3&2\4," 3\"7/-2" N 3\3&"\241$ "I

<?D\ & 3\V2\3&"\+ N\ -I"E\, +'"E\% "E\,\* 3&*-98\- $\3&"\84,% "23\$1+ 3-\-\3&2\+/ |

<@DV6& 3\%"1L MN1"\- $\3&"\+N6 -4*N\8 -4\$' N\3&2\$ -1+ 3-\" 7/-2" N\ 3\3&"241$ "I
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-+1"23|
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<BD$846 "1"%'%3-2313 1186 **+,4%  341'% 42'"22E6& &$ -1+ 3'-N2064*8 -4 "+-23'  3"IR
"23"IW\" O T7/*-1% |

Media Attributions
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K "7\ 3\ /%1 /&\/ g\ D\4*\l-+'D

K & "N, 8\" -*9%' */ 8 -"1 3\D\ I\g\  8+0\ 33"\" -*0' * 415"8D\*\1'%32
1'2"15"ID\ 2"1\6' 3&\/"1+22"-D

<==k \C\7 "1'2"2



Summary

&"\3-/"2\  -5"1"I\'\3&2\ & /3"1\ A"24++1'9  "N2\$ -+ 62F

H#)( I, 3

D: 24 %9 %\* 8'12\- $\1)2\ 2\=\$ -1+2\'2\\$4,! +", 3#2)*\$1\, 8\95-*-0'23D\ 8"12\- $\1 )2\- 3",
314 3. SL¥\2v* "2E| 3@ B34IM- S\, 8V M A2 1 I 8\2/ '$8 06\ 32\ AL " 3-D

3 TOAN23&M % " 36" \h\N&-1'9 -, 3*0\,\C:h\N5"13' *O\+" 241" \$1-+\&-1'9 -, 3*3\3&", *," |
314 341* A UDVAL 3R\ "$MI2\3\3&M I " 3\ $\+ THAHIVEN-1N3&"\I'L " 3-\3- 6 112\6&'&\6 31

W xopg 6 -4*N\$ *-BVS\' 3\6 2V-41 "I\-, 3A3&\I'//9%V* "D\ \3&2\ -412"E\6"\6"*\42"\ 1!' \\N "D%DE\\$

6"230\ ,\-1 I'*\I't " 3'- 2\N'D%DE\ -B2-43&" 230\3-\I"2 1' "\'\I'"1 " 3'-D

t0pT M+ /2\2& 1 "\+, 8\ -++-)\ 13-%1/& \"*"+", 32\6'3&\3-/-%1 /&' \+ [2D\ &"\*"% " \-)\

CD< % -*-%" *\+ N\I'2/* 82\'$-1+ 3-\ -43\" &\4," 3E\, *4l'%\+ N\ -I"E\$4*1\4,' 3\, +"\N "D%DE
'R0t $1+ 3-\, +"  OE\Y%E\ ,N\1"$\I"2 1'/3"-\- $\*3&-*-9BD\ "9,12\ 1 "\$-1+ 3B"\24 &\3& 3\3&"\-*1"23
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o3 A&"N"23'+ 3"\3&MI'N WAL " 3-)\- $\2313 F\&-1'9, 3*2313\& 5"\ -, 3 32\3&3\1"V/ 1 ***
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28, *"E 6&"1 " 2 3&" -*1"231-)52" * [x 5" 6 '2
“7-2" N\3&M U, 3TN\ $\3&M, 3T FMNF M N 2AX>YOD

0% R4 .

$/ R87A8R $)"R/05'

'%41\;: D@\2&62\$-*!%\," 1\" 1\ -*"E\D D\'\3&"
-)8\ -4, 32D "21" "3&"38/"2\- $\$12\42",9%\3&"
N1 -/1" 3"\3"1+2\$E+\ - 5"\N28++" 31' *E\28++" 31' *E
'2-*, *E\- 5"1341," IE\I' 4+", 3\"3 DOD4\+'% &3\$!\' 3\42"R
$41\3-\§123\2)' 3 &\3&"\-43 1-A 8\31',%\-,"\-1\3 6-\" 12\3-
93\ " BV \- $\3&"\2& /'2\- $\3&"\FI2E\3&",\2) "3 &\'\3&"
7 *\/*,"2D

$"1. R8ASA

"NMIT\S -1 1 3 \7 "1'2"\;: D;\,26 "12D

<= ki DL\ %

$"1. RSA9A<CR ')R2$ BRIR ) R . *//L/ 0$*)RH *00*( |
*IR R,*.0$*)R*R$"1. REAQAR 1( . /RS8RO*RERRO*RO#
.'0$2 R"/R*IRO# R'5 . /[BR3# . R8R$/RO# R* /OR ) R=R$/
0# R5*1)" JOAR # R/1.! RO. /R*RO#R4$'R,)/R.
I#*3)R! *.R *0#R0# R )0$ '$) R ) RO# R/5) '$) RH R'$) /
3$0#R ..*3/ 1A



Media Attributions

K '%412\;: D<D;ERD<D<HY<D=H)<D>HYs®F\g\3"5"\ 1 *D\\ D
K '%41\;; D<D?F\g\ & ,\ -*11')D\"1'5 3'5'- $\ '%41\;: D<D>8\ 3"5"\'1 *D\\ D

;i DM k<>



10.3 &ulting

-1 8-$1)3& 32 1'JB¥TM3&"L " 42"'3'2 -1 42" - $'32 -+/-2' 3-E-1 -3&T '2*) "*8 3-
1" )0\ 3&"1\3& \$-*1\6&"\24 (" 3"N\3-\231"22E\ ,\3&"\1 "24*3\'2\$1 341',%\-1\$ 4*3',%D

Fracturing

1 341'%'2 -++-,',1 -)2," 13&"241% "E™3&"1',5-* 1 -)23& 3&5"'2&14)) -, -*% N '%41
» D,.DOE-1",-3&"11)23& 3&5"" "," 7/2" ! 8"1-2-, & 5" 7/,1" IN '%41 ;. D=D;dD 3412E 8
"$ ' 3 EV-\,-3\'2/* "\1- )D\ &"1 "\2\,-\+- 5"+" 3\-\\$1 34IV*,"D

$'1. RBA:ABCR$0 R$)RO# R *-1$#"R. &R. BRAARH IR)R/)/0Y) ROR  )*/BRA ARH'#OIBR *0#
#+3$)"R!. 01.$)"R0# OR#/R./1'0 Rl. *(R 4,)/$*)R 1 RO*R. (*2'R¥IR*2. '5$)'R*&A

Faulting

$ 432 411 8" 3FH"",36--1"2- $1)*%6&&3&"1 "&2" "1™ 35+3-, N '%4l;. D;D=!0OD
4+ 81 **$i+* 341'3& 3 ," 13&04)"', 5*5'23&"2*1'%- $-" -1 8-$1)/23 -3&"1 D 13&R
04) "2!-, Y3, "221*8&/", -," 7'23'% $4*32E 43-, " " 13&04)"3) "2/ " $ 4*36"*"7'23"', 3&"
1) 33&3* 3-D -+"*1 %$ 4*32E *)3&" , 11 "2 4*3' *$ -1 -13&" ", 3, 4*3E 6&' &
"73"1281-+,-1 3&"1, DD 3&¥M%& ", 31* 4)-, !, 3- *2)E2&- 6" 51", "-$&4,11"12- $)*+" 312
-$ +-3-E 6&*" -3&"12 2&- 6 *'22 3&, +"*+" 31D,-11"13-"23'+ 3"3&" +4, 3-$+3-,- $ 4*3E
6"\, "N3\F' N2-+"\% "-*-0%"' *N$' 34I'\3& 3\2&-62\4N-\ -3&\2'1"2\ N& 2\ " "\- $2'3\N'%41\;; D=D<OD

<>? k;: D=\ 4*3'%



$"1. RBA:AIQR! 1'0RB#$0 R /# R'$) IR$)R$)0.1/$2 R&/RMHR1 . R/ )BRA A #R,$)&R5& R#/R )R*I/ 0
5R0# R1'OR ) RO# R 40 JOR*IR0# R*!l/ OR$/R/#*3)R 5R0# R3#$0RRH,. *4$(0' 5R87R )0$(0./ 1A 1/ RO#
| \R/$ R*IRO# RLI'OR# /R(*2 RO*RO# R.$"#0BRO#$/R$/R R.$"#OIROLOA IRO# R #*0*R3 .RO &)R!. *(RO# R*0# .

/$ B 0# RII'OR3*1' R/0$"R,, .RO*R#2 RR.$"#0L'0. 'R*!l/ OA

&1 " 1"2"5'1*)12- $$4*32E 2+*4233"1 -, ‘%41 D=D=E 1383 !" 5*/41"1I$ $1" 32322 -R
'3-2D &"3"1+42 "(I #(!1 &&,! )).1 && 3&"!"%1l +2 /¥ 83-2'343-268&"1 "3&"$ 4*3'2 -35"1R
3 *D & -1 8-$1) - 5'3&"$4*3'2 *138"& % %6 *E 13&" - 8-$1) " 6'3'2 38"
$-36 *D$3&" $A*3 152" 2 343-- $ -+/1 "22-E3&", 36% " ,0,- [&. " 42"3&" 4R

[1"22-,  42'23&"& %' %6 **3- "[42&" 14/1 "* 35 3-3&"$--3 6 #D$3&"$4*31"5"/2", 2 34 3-,
S$"73"2-E3&", ' 36" " ()&  /&.E " 42"3&""73"2- *~ 623&"&,%'% 6 **3-2¢I"I- 6,
I 35'3-38"$-36 **', 1"2/-2"3- %1 53D & +/28+-*2$ -13&"2"38/"2 - $$4*32 I' *42313" ",

'%41\;; D=D>D

&"3&112'343-,'26&"1 "3&" -1"2- $1)1 "2¢¥'% 21" 6 826'3&12/" 33-" &-3&"l1 E 2'2 3&"

2" *9% 31 2%$-1+$ 4*3 R ;OD &2'2),- 6, 2 - HWL-&H# [&. " 42" 3&" 2 "+ 32
*- % 3&" V231)'W -1 3&" *",%3& $ 3&" $4*3D , 231)"R2*/ $ 4*32 3&" +-3'-,'23 8/' **8-* 8 &1'9-, 3*E -1
6'3& 5"18 2+**5"13" * -+/-", 3E ! 212422 | - 5'3&"2"2"- $+-3'- , "1% &3 *3"1* NB&"

$12"1"+ 5'23-3&"1'URDE 2, '%41;: D=D<E 3 "', "*'$ 3*3"1*NB&"$1 2"+ 5'23-3&"*$30OD /
28+ -*2\$ -1\3&"2"\231")"R2*N\$ 4*32\ I'\**4231 3"\  '%41\;: D=D?D\2$ -1+\$ 4*32\ 1'231")"R2*N\$ 4*32D

o D=\ 443% k<@



$"1. RBA:A.CR ,$0$")R*IR . /BR)*.('BR) R/0.$& L/'$,RI 1'0/A 2. /RITO/R#,, )R 1.$)'R *(.. /1$*)R3#$' R)*.(*
110/R#,,)R1.$)'R 40)/$A *OR/0.$&/$,R! 1'0/R. R.'0 RO*RO.)! *(R*1) .$/A

<AKk;: D=\ 4*3'%



$'1. RBALCR *&R(* 'R)R*. /% $)'R/)R2$3R ,$0$*/R*R. 2. /RHR)R*('RH IR1'0$)"AR" &
. *3/R*)RO# R/*10#L! $)"R/$ R*IR #R ™ &R$)$ 0 RO# R/)/ R¥R $/, ()OR *)"RO# R! 1'0AR 5( */R$)R,")
2$ 3R$) $ 0 RO# R05, RMRIOR)R. R'35/R. 3)R*)RO#R#)"$)'R3"R/$ A

;o D=\ 4*3',% k<>B



$"1. RBA'A<CR * &R(* 'R) R, )R2$ 3R ,$ 0$*)/R*R'I0L'0. 'RHR)R.$"#0L'0. 'RHIR/0.$&/$ R! 1'0$)"
. 11'0$)"R$)R0# R*!I/ OR*IR R BR$)R,' )R2$ 3AR 5( */R$)R,' )R2$ 3R$) $ 0 RO# R/ )/ R*IR $/,' ()OR "*)"RO#
I 1'0A

,1"23&3 1" &1 3"1'9"! 8"73"2-,*3" 3-'2E'3'2,34, -++,$ -1 /1 3-$3&" 4/l 1423
3-2421"6 3&12/" 33- "%&-41'%/1 32082'238' * *% 1 "2-$ -, 3" 3*1'8® %E 24& 2 38&"
1" 3'$3 *"8-$ 23 $1' -1'/1 32-§ " IE 43" 3'2 *2-2"" ™2" 6&"1"D,24&2 343-2 |- 6R
11" 1 *)2)- 6,2 I, ( N1+,$ -1I' 3&E6&*" , I( " 3 *)3& 31-"2, Y32421"'2 *
M, - N1+,$ -1&' / ONo4L;: D=@D &1 1"+, 8&1232 1%1 "2',3&" 2, , % 1t - g
3&"6"23"1\, 3"\ 3 3"2E\"2/"'**8\'\ "5ID

$"1. REAAC ,$0$)R*R". )R)R#*. /OR/0.101./R0O# ORI(R$)R 40 )/$*) 'R/$01 0$*)/A "R*IRO# RIO/R. R)*.("
I 1'0/A

<>Ck;: D=\ 4*3'%



'*38/"- $15"12" $ 4*3E 63& 5"18 *-6R
M- 1&.D &1423

$4*32 1' 1" 3'5*8 -++-, ', 1 "2 6&"1" $*IR
3 +-4, 3'2& 5 """ 1" 31141'% - 3R
S, 3R-, 3, 3 2D -+"1 "/1"2", 33'"2-%
)*-+" 312 - $ 3&1423',%E 6&"1B&') 2&" "32 -$ 2"'R
+' 3181)& 5" " /42&" 14/ |- 513/- $
-3&"1\1- )\N  '%471\;: D-ADD

&1 " 1" ,4+"1 -42 381423 $4*32 ', 3&" -)8  $'1. RSAACR ,$ 0$*)R RO#.1/0RI0AR* CR,.$*.RO*RI0S$)"A

4, 3'2E | 6 "™*R)-6, " 7+ '2 3&"  *00*CR!0.R/$")$!$ JOR! 1'OR*!/ 0A

5% 81423 *-%6&' & 2" 04", "- $2TR

+", 318 1-)2 -43 B:: +" 3123&')&2 " " /42&" 1 $-1 -43 > )*-+" 312 $1+ 6 "23 3-" 23 N'%41
; D=0BD &"3&14281-)21 ,%"', % "$1+ +1',3- 1 "3 "42E2-,38" 1" 1-4! 3D +42)
+1'R% "!1-)N 1-4,2: O&2 "" 381423 -5"1E ! - 6*'2-3-/- $ 1"3 "-42R%'!1-)

NL -4,NA?\ O\NPO41\;: D=[D

2"
,% *1 $ 4*3 [* ,"E '2 ),_ 6' 2

$"1. R8A:A?CR ,$ 0$*)R*IR0# R*)) "R #.1/0R$)R0O# R /0 )R, .OR*RO# R * &$ /AR # R¥* &R330#$)R0# R!

R#/R )R. *

0AR)1/&R) .R4/#3BR ' .0AR .*)OR. *&RH'$(/0%) IR

$"1. RSA:A@CR # RY)) "R #.1/0R OR
0 *L/R(1/0%) A

(.$)R"R#2R )RO#1/0R*2 .RO*R*IR .

0% R4 . $/R87A9R 5, /R*IR1'0/

o D=\ 4%3',% k <?:



<?; k;: D=\ 4*3'%




Media Attributions

'%41\;: D=D;ED=D<HE=@E\D#B\;:D=DBEY=DCF\@'5"\ 1 *D\\ D

'%41\;: D=D=FW*3\8/'2 WA8\3&"\ 3'-,*\ 1)\"1 5 "D\I/3" N 8\ 35"\ 1 *D\4*\-+'D
'%41\;: D=D>HD=D?F\¢\ & ,\ -*11")D\ D

'%41\;: D=D;\W\"7 "/3\-3 3-+\*"$ DFg\3"5"\ 1 *'D\\ D

'%41\;: D=D;:\\N -3-+\*"$ 0F\\+ \$ 4*3\6'3&\5&" *"2\$-1\2 *" WAg\,!1 "6\ *2- D\ \ R D

AXRXAXXRA

;o D=\ 4%3',% k <?<



Lab 10 Exeises

&" ™ 383-524*9"2313 ", 3&1""RI'+",2'-,2'2 2/ 3'*2)**3&32%4,1+", 3*3-41"123 "% % "-*R
-%8 ', 3&"1" *6 -1*ID -1 2-+"E 3&2 2)** -+"2" 2%8D 41 $1-3&"12E 2/ 3'* 3&")',% ,! 524 *9 3-

"I$ $4*3 -, "BE "2/ '**8 3$123D"% 11*'22 - $6&' & 3'%18-$ 234", 384 $* ', 3-E 6&*" 38"2"
22+ 8 -+"+-1 ", 341%83-2-+'E3&"8 , "3 4Y%R3 6™ '+1 -5'6'3&/1 3'"H -/1 3 "524R
¥9' 06 ', 3&1 ""RI'+",2- 2E 3&') -433&"!'$  $1", " " B"" & 6 ,-(" 3*)2$1+ - 5N, /*,

5" 6 OE\ ,\&-6\\2*" "3&1-4%&\3&3\- (" 3\6-4*\*--)\N '\1 -22R2" 3'-, OD

, 03 'RO#$)&$)"R ) R . */IL/ 0$*)/

+9%","\ \ //*"D\ - 6\6 -4*N3&"\ A"\ )\ \/* \6™ 6l

-6\'+ % ',"\2* ', 90\3&"\ //*"\' \& *$E\ *-,%)\ \231 '%&3
* "D\ $\84V/4**\3&"\36 -\& * 5'2\/1 3\3-\"7 +',"\3&"\", 3"1,*
2314 341\- $\3&"\ /*"E\8 -4\ 1 "\*--)', 96\ 3\\1-22R2" 3-,D
&"V&-3-%1 [&2\"*- 6\2&- 6\&- B\3&"\ //*"\*--)2\',\/* |
5" 6\N*"8OE\ ,I\'\ 1 -22R2" 3'-\N1'9&30D\ &"\! 2&"\6&' 3"
*M2\3&"MF "= $\ 1-22R2" 3'- E\$E+\\3-\ D

-I+-1 "Wl 3 UEV+H %'\, N2) "3 &\6& 3\3&M 1-22R
2" 3-\- B\3&"\$*-6'%\- (" 32\6-4*\"F

K M1 %"
K W V43V )\& ST -+, \3-\"!
K \1-4\%$\-  $\2-41-4% &\ 1" IE\ 43\, 3-\2*' "2 $"1. R
KV 81+N6' 38\\204 1"\ 2"E\43\*- 9%\\I'% -, *
#*N$1-H 1"\ -1,
-l 8846"42" /1", 3" -["2- $3&" *-)+-1"2, "y e 3-"T1" 98 -+-9%' 2314 3412D " **

3&3 3&" 3-/241% "-$ *)+-I™1  t/1"2" 323&"/*,5" 6-$3&" 13& 241$% "E ! 3&" $ -41 2'1"2
171 "2", 3$41 1-22R2" 3'-,*5" 62!- 6,', 3-3&"24241% "D ," &- $3&"2'7 *)+-I"2 " 6 E 3&"
% -*-%8 11 6, -, 3&" 2-43&R ! 6 "23R$ % 2'"2 2&- 62 3&" %' -*-%8 - $ 3&" 24 241$ "D &2 6"** %5" 8-4
2-+" *4"2 -43 3&" 3B341" NI/ "3, 08$3&"$l+ 3-2E 26 ™ 2, 823143412 /1"2", 3D
7+ &- $3&" *-) +I"2E -+/*" 3" 3&"+'22',% 2'1"2E ,142"8 -41 -+/*" 3" +-1"*3- |26 "1 3&"
04"23'-,2\"*- 6D\ ,*22\-3&"1 6'2"\23 3"IE\ 224+"\ **\3&"\$ -1+ 3'-2\"- 6\1"/1 "2", 3\2"'+", 318\1-)2D

-1 2-+" - $3&" +-I"28 46" " 2) "I3-61 3" /[, 3RHA+ %"-*%' &23-18 2" !- 6& 384
-2"1 5", 3&"+I"D &2'2 ," 7 "™ 36 83-1'5"63&"1"™ 35! 3.9% 1% "-*%' 3'+" -, "/32$1-+

AD-1"7+*E31861'3,% /', 3RHe+ %"-*%' &23-18 %1 *) S 3& 32862 2" 04", "-$
+1',N1 -6, OE % 5" N*% &3 %180E*41',N 1" + OE '5-,', N*4" %1 "8OE ,! '2222'// ,N -1 ,%"O
$1+ 3-,23& 3N 1V/%\3-\3&"\" 23E\2\6™\2\\1 "3 "-42% 1 -\! 8)"\N1 )\1 -6, OD

V-, BREH%"-*-%'\&'23-1 8\$1\ *- )\ -I"\\6  -4*N\F--)\2-+" 3&,%\*)"\3&'2F

<?=k \:\7 "1'2"2



¢ -RJ3-R,  ( .K

K 1-2'-\"MRW4/*$ 3\3-V1"2", 3

K ,3142-\- $11"3 "-42\% 1 -\l 8)" H *//L 100%)"R. ' 0$*)/#3$,/ |

K "3",%\- $\3&"\ +1' \3-\'22'22'/' \$ -1+ 3-,2\3- 6 11\3&"\" 23 H.$"$) 'R#*.$6*)0 '$05 |
K "2 3-\,\* 3&$ 3-\ $3&"\'22227' \$ -1+ 3'-, H, . */$0$*) |

K "/-20 3-\ 0\ 3&% 3-\- $\3&\"5,'\$ -1+ 3-, ML, . */$0$*) |

K "-2" 3\ W 3&$ 3-\- $\3&"\ *41' \$ -1+ 3'-, HL, . }/$0$*) |

K "/-2" 3-\,\  3&$ 3-\- $\3&\1!- 5" \$ -1+ 3'-, KL, . */$0$*) |
K "-2" 3-\,\w 3&$ 3-\- $\3&"\ +1'\$ -1+ 3'-, KL, . 4/$0$Y) |
& -

-3' "&- 63&"&23-18'2 $1+ R"24&3& 33&"-*"23"5", 3'2 33&" -33-+E ,!3&"8 -4,%"23 -1 +-23
I v, 3"5", 3'2%231 33&"3-/D & '3* $-, 3',/1 " 3&"2"2'0 3"23&" /1, ' - $ 2313'%¥& 8 42"!
3- (4238 3&"/-2' 3-,- $" &" 5", 3", 3&" 3+"™*"D *2- ,-3"3& 33&"3"1+2 42" 3-1"21" "3&"I'$ $1", 3
%-*%" " 5" 32+ 3&3&"B/"- $1)2F *)-# #)( $12"I'+", 3181 )2E #(./-#)(  $13&"'%,"-42! 8)"D

** S+ SE3& 3% 1-2 +% ' 31425 '%" -421-)E3& 3 -+ I " 3& 3&" 13&2 241% "D

O"3&"% 1 -18)"'2,-6"7/-2"!1 33&"241%$"- $3&" 13&E 3&"+-231 ", 3"5", 3+423 "3& 3 3&"

1"\&2\" "M/*$ 3"\ N, 8\-5"1%8",%\1- )2\-1\2" I'+", 3\&5\" "\"'1 -I" N 6 8D

Block model 1

43 -43 *-) +-I'"* ;E 3&", -,2314 3 3&" +-I'"* 8 $*'% *-%3&"1 "!*"2D ' 3&" -1,"12- $ 3&"
+-I"*3-1 "3 =1" 3,%4*12&/"D -,-323/*-13/" 3&" -1,"12 8 "3E 2 3&" +-I"*'2 " 2™1 3-
-+ 3" 6&", *'N$ *3-, &1 1241$ "D 3'IE&+ 86, 33-23/*-13/"3&"2" -1,"12 2- 3& 3841
+-1"M\+ 3',2\' 32\2& /"D
&2 +I"* 2&- 62 2" 04", "-% +1',N1 -6, OE & 5", N¥%&3 %I8OE™*41', N 1" + OE '5-,
N *4" %180E ! '22'22'/' , N -1 %"O4+ 3-23& 3 1"!''% 3-3&"" 23D 1"3 "-42N1)1-6,0
I 8) "\'2\ *2-\2&- 6,D

;D -+ 3M3&M,-1 3&R\ I\ 23R$ ',9%6\2'1"2\- $\3&"\ *- )\ 81 6%\ \3&"\% "-*-%8D\-4\I-\,-3\,"  "N\3-
-2 41V\3&M *- )\+-1"*E\ 43\8 AN$1+ 3= 2\+423\ "\ " 1D
<D 1 6\\* )11 -6\\V*\5" 6\3-\! 3N3&MAMT " 3\ $\3&M1- 5 \$ -1+ 3-\N O\3V-, 3\'D

=D 2.%\8-41V1 -31 3-1E\+" 241"\3&"\I'N- $\3&"\1!- 5" \$ -1+ 3-\-\3&"\2-43&R$ '%0\2'"\-  $\3&"
* D\ "+'+ "1 EWA2W+" 241" NW\"%1 ""2\$E+H&-1'9 -, 3 *\KhO\l- 6,\3-\3&"\, *\* V¥ "D\ "5"6
'%412\CD;D<\ ,\CD;D=\'$48 1 "\4,241 "\6&"1 "\3&"\ ,% *"\- $\'N2&-4*\ "\+" 241" N\-\8 -41\*-)
+-I"*D\'/F

>D 1 6\\* \11 -6\\V*\5"  6\3-\! 3MN3&"A'T "3\ $\3&"M 13 "-42\1 8)"\N O\3V-', 3\"D

?D  2.%\8-41V1 -31 3-1EM" 241"\3&"\I'N\- $\3&"M1"3 "-42\ 8) "\-\3&"\2-43&R$ ',96\2'1"\-  $\3&"\ *-)D
'IF

vi\7 "172"2 k<?>



Block model 2

&2 +-I"2& 62 2" 04", "-% +1',N1 -6, OE : 5" N 1" + OE*41', N*%8&3 %180E ,! " 5-',
N *4" %1804+ 3-2D &2+-I"*2 * P +-1" -+ 73&, -I"*;E 23&"231 3 &1"& 5" " ", $-*" 1D
;D -+ 3M3&M,-1 3&R\ N\ 23R$ L%\2'1"2\- $\3&"\ *- )\ 81 6',%\\3&"\% "-*-9%68D\-4\I-\,-3\,"  "N\3-
-4V \3&" *- )\+-1"*E\ 43\8 A10\$-1+ 3, 2\+423\ "\ 1D
<D 1 6\\* V11 -6V\,V*\5" 6\3-\\" 3"3&MIAI'L " 3 N20\$\3&" *41" \$ -1+ 3'-\N O\ 3V-, 32\E
"E\,\"'D

=D 1 6\-\3&"\ 7' *\/* "\$ -1V &\ VAL IV \-\3&M2-43&R\ -1 3&R$ ',90\2'1"2\- $\3&"\+-I"*D

>D V¥ \5™ 6\ ,\429%\\14*"1  EVI1 6\3&"\241$ "\31 "2\- $\3&"\ 7' *V/* "2\$  -1\3&"\$F12\V\1 "IV D\ I
3&"\ /11 -/ 3"\28+ -*2\3-\',I' 3"3&"\B/M- $\SNN2""\ '%41\;: D<D?0D

?D & 3\B/M\- $\23R2V2\1"04'1"N\3-V1 -4 "\3&"\W' -*-%'\2314 341'2\- 2"1 5" IN\3&'2\ *- )\+-1"*]

Block model 3

&2 +I"™2& 62 $ 4*3"12" 04", "-$ +1',N%1 "', OE & 5' N*4" OE*41', N%18OE ,! " 5,
NL" + OE ! 2222/, N1 -6, Od+ 3-2D 7+, 3&" - $2'3-$3&" $l+ 3-22&- 6, ', 3&" 2-43&R
$ L%\2'1"\-  $\3&"\*-)D

;D -+ 3M3&",-1 3&R\ N\ 23R$ L%\2'1"2\- $\3&"\ *- )\ B\I1 6,9\ \3&"\% "-*-968D\-4\I-\,-3\,"  "N\3-
41V \3&" *- )\+-1"*E\ 43\8 41\$-1+ 3-,2\+423\ "\ " ID

<D 1 6\\* \11 -6\\V*\5" 6\3-\'! 3MN3&MAL "3\ $\3&MN 227221 \$ -1+ 3-\WN O\ 3
/-, 3\D

=D 1 6\\* \11 -6\'\V*\5" 6\3-\! 3"N3&NAI " 3\ $\3&"M$4*3\ 3V-', 3\"D

>D 1 6\\* \11 -6\\V*\5"  6\3-\! 3N3&"AL "3\ $\3&MN *41 \$ -1+ 3-\N O\ 3V-', 3\"D

?D "™3&"\&,% ',%\6 *\ \$ --36 *\-\3&"2-43&R\ ,\-1  3&R$ '9%0\2'1"2\- $\3&"\+-I"*\N 3&"\ *- )2
- 5\ ™ B\3&"\$ 4*30D

@D1 6\1"N11-62\-\" 3&"1\2"1"\- $\3&"\$4*3\3-\',I'  3"\3&"2",2"\- $\I'2/x "+ 3\ *- %\3&"\$ 4*3D

AD 2\3&"\$4*3V\3&2\+-1"\ \ -1+ *\-1\1 "5"12" $ 4*3I\ &8I

BD 1 6\3&"\//1 -/1' 3"+ N28+-$ -1\3&"\$ 4*3\'\/* \5™ 6D\-,24*3\ '%41\;: D=D>I$+-1 "\'$ -1+ 3'-,
-\ A28+ 22\ -1\$ 4*32D
D & 3(\B/M\- $\23P2\'2\1'04'1"N\3-V1 -14  "3&"\$ 4*3\- 2"1 5" I\ \3&'2\ *- )\+-I"*]

<??k \:\7 "1'2%2



Block model 4

&2 +I"2& 62 $ 4*3"12" 04", "-$ +1',N%1l "', OE & 5' N*4" OE*41', N%18OE (! " 5,
NL" + OE ! 2222/, N1 -6, Od+ 3-2D 7+."3&" - $2'3-$3&" $l+ 3-22&- 6, ', 3&" 2-43&R
$ L%\2'1"\-  $\3&"\*-)D

;D -+ 3M3&",-1 3&R\ N\ 23R$ L%\2'1"2\- $\3&"\ *- )\ B\I1 6',%\',\3&"\% "-*-968D\-4\I-\,-3\,"  "N\3-
-*-41V\3&" *- )\+-1"*E\ 43\8 ANN$1+ 3-,2\+423\ "\ 1D

<D 1 6\\* \11 -6\\V*\5" 6\3-\! 3MN3&"\A'L "3\ $\3&M 2272211 \$ -1+ 3-\WN O\ 3
/-, 3\'D

=D 1 6\\* \11 -6V,V*\5" 6\3-\\" 3"N3&NAL " 3\ $\3&M$4*3\ 3V-', 3\"D

>D 1 6\\* \11 -6\\V*\5"  6\3-\! 3N3&"\AT " 3\ $\3&M 1 5N\ -1+ 3-\N O\3V-, 3
"D

2D "™M3&"\&,% ',%\6 **\ \$ --36 **\-\3&"\2-43&R\ ,\-1  3&R$ '9%0\2'1"2\- F\3&"\+-I"*\N 3&"\ *- )2
- 5\ ™ B\3&"$ 4*30D

@D1 6\1"N11-62\-\" 3&"1\21"\- $\3&"\$4*3\3-\',I'  3"\3&"2",2"\- $\I'2/x "+ 3\ *-,%\3&"\$ 4*3D

AD 2\3&"\$4*3V\3&2\+-1"\ \ -1+ *\-1\1 "5"12" $ 4*3\ &8l

BD 1 6\3&"\//1 -/1' 3"\+N28+-$ -1\3&"\$ 4*3\'\/* \5™ 6D\-,24*3\ '%41\;; D=D>I$+-1 "\'$ -1+ 3",
-\ A28+ 22\ -1\$ 4*32D
D & (\B/M- $\23P2V2\1'04'1"N\3-V1 -14  "3&"\$ 4*3\- 2"1 5" I\ \3&'2\ *- )\+-I"*]

Block model 5

&2+ 28 62 $ 4*312" 04", "-$ +1',N -1,%"OE '5', N%1 "8OE ,| '2222//, N 1"+ O4R
+ 3-2E 26" 2 8-4%"1 1"3 "-4218"N1) 1-6 OD 7+,"3&" - $2'3-$3&"!8)" 2&-6, ', 3&"
2-43&R$ %\2'1"\- $\3&"\ *-)D

;D -+ 3M3&M,-1 3&R\ N\ 23R$ L%\2'1"2\- $\3&"\ *- )\ B\I1 6,9\ \3&"\% "-*-968D\-4\I-\,-3\,"  "N\3-
-4V \3&" *- )\+-1"*E\ 43\8 A10N$-1+ 3-,2\+423\ "\ 1D
<D & 3\2\3&"\I'A\- $\3&"\ 2222/ \$ -1+ 3-\WNO\ 3V-, 3\VIN'/F

=D & 3V2\3&"\I'N AL "3\ $\3&M 13 "-42\1 8)"\N O\3V-, 3V
>D 1 6\1"N11-62\-\" 3&"1\2'1"\- $\3&"\$4*3\ 3V-, 3\"\3-\,!' 3"\3&"2",2"- $\I'2/* "+ 3\ *- 0%6\3&"
$ 4*3D

?D & 3\B/M\- $\231YR2*N$ 4*3V'2\3&2I\ &8I

i\7 "1'2"2 k<?@



@D 1'3'\V-, 3RAH%"-*-%'\&'23-1 8\$1\3&'2\ *- \+-I"*D\"\241  "\3-\2/" '$8\, 84, -$ -1+ 3"2\NBV1"R
2", 0E\ N6& &\V/1', '*"2\- $\2313'%1& 8\8-4\42"\ 2\" 51", "\$-1\8-41\3'+"* "D
A & 3(ABM- $\23R2V2\1'04'1"\3-V1 -14  "3&"\$ 4*3\- 2"1 5" IV \3&'2\ *- )\+-I"*]

Block model 6

&'?2'2 2314 341%*8R -+/*" 7 *-)+-I"D &2 +-I"* 2&- 62 I"'$ -1+ 12"04", "-$ +1',N1 -6, OE
115" N 1"+ OE*41',N/*" %1 "80E ,! " 5,',N*4"%1 "804+ 3-2E 26 ™* 2 41 22'! 8)"N1)
1-6, O&" * )4, 3-,3&"2-43&R$ "o 2'1"* " IXY'2 2222 ,2*E 3 8/"- $'%,"-42', 3142-D

;D -+ 3M3&",-1 3&R\ N\ 23R$ L%\2'1"2\- $\3&"\ *- )\ B\I1 6%\ \3&"\% "-*-968D\-4\-\,-3\,"  "N\3-
-4V \3&" *- )\+-1"E\ 43\8 A10\$-1+ 3=, 2\+423\ "\ 1D

<D & 3V2\3&"\I'N\- $\3&" *41' \$ -1+ 3-\N O\ 3V-,, 32\\ \"\ 1" 33&"WA'T 3NV N\ 6\ 3
/-, 32v\ )\ 8\l 6'9%\* \11 -62D

=D 1 6\-\3&"\ 7' *\/* "\$ -IN3&MNEHNNL IV - \3&M2-43&R\ LN\ -1 3&R$ ',%0\2'1"2\- $\3&"\+-I"*D

>D V*\5"  6\,\d2,9%\\14*"1 EV16\3&"\241$ "\31 "\- $\3&"\ 7' ** "\$  -1\3&"\$*IN'\1 "IV D\ IN3&”
/11 -11" 3"28+ -A3-\'I" 3"\3&"\B/"\- $\$!D

?D & 3V2\3&"\I'A N\AML "3\ $\3&M 4122'\1 8) "\N OW3V-, 3\

@D & 3V2\3&"\I'N \PA'L "3\ $\3&"$4*3\ 3V-, 3V5I

A "™3&"\&,% ',%\6 *\ N\$ --36 *\-\3&"\" 23R\,\6 "23R$ '%\2'1"2\- $\3&"\+-I"*D
BD 1 6\1"N11-62\-\" 3&"1\2'"\- $\3&"\$4*3\3-\',I'  3"\3&"\2",2"\- $\I'2/*  "+", 3\ *-,%\3&"\$ 4*3D
CD 2\3&"\$4*3\' \3&'2\+-1"\\,-1+ *\-1\1 "5"12" $ 4*31\ &8I

D13V, 3REHY"-*-%"\&'23-1 8\$1\3&2\ *- \+-I"*D\"\241  "\3-\2/" '$8\, 8\4, -$ -1+ 3"2\NBV1'R
2", 0E\ N\6& &\V/1', '*"2\- $\2313'%¥& 8\8-4\42"\ 2\" 51", "\$-1\8-41\3'+"* "D

Media Attributions

K '%41\F\g\ &\ -*11")D\ \ D
K *)\ -I"2\E\E\=E\>E\?E\@F\§\,\ -*11")D\ \ D

<?Ak \x\7 "1'2"2



Summary

&"\3-/"2\  -5"1"I\'\3&2\ & /3"1\ A"24++1'9  "N2\$ -+ 62F

#)( r, 3

3122\6' 3&'\1- )2T 6&' &\, *41"2\ -+/1 "22'-E\" 73",2'-\ ,\2&" 1,%T3 8/ **8\-1'%, 3"2\$1+
» D\3122 /¢ 3'R-4,11 8V1- "22"2D -)\3& 3\2\23122"N\1"2/-,12\6"  3&\"3&"1\"* 23'\-1V/* 23'\231 'E\ \+ 8
31, "5, 34%8\1" )D &6 8\\1-)\1 "2/-,12\3-\231  "22\I"/",12\-)\ 32\-+/-2"  3-\,N\2314  34T'E\3&"\13"
3\6&' &\231'\2\ /" 1E\ I\ *2-\3-\3&"\3"+/"1 341\- $\3&"\L)\ - 8\ ,\3&"V1 "2", "\- $\6 3"1D

SPOHV206" " B\ 23'\L "2/, 23\ -+/1 "22'5"\231'22F\ *3&-4%8\2-+"\ 1' B*\"& 5-41\
- D< &IMNAL9%\$ %D M/ 6 11 $\2\\, 3$14D \I- 6, 6 1N$-*N'2\\28,$ -1+D &\ 72\ $\\$*
1 % A5 13 BV, IEV-IV 5 \&-1'9 -, 3*DH\6")- 6\3& 3\3&M\$I" N 12\& 5\ -3\" "\- 5'1341"IE
3&"\6 "\ \M2"\3&"\+-1 "2/ '$'\3"1+2F\, 3'*"\,\28, ¥ "D

. 1 3412\N-, 3208/ **8\$1+\141'%\" 73"2'-E\43\ \*2-\$ -1+\141'%\ -+/1 "22'-D 4*3,%E\6& &
T |, 55" 2\3&M 2 "+, 3\-$\E)EN  \3) "V M\41%\  -+/1 "22-\-1\" 73"2-E\2\6 "™\ 2 141'%

413.% 2&" 1'%\ 3\312% -1+\-4,!1 12D &1423\$ 4*3',%\2\\2/" ' M\$ -1+\- $\15"12"\$ 4*3",%D

\: NI 424N 3-2\G 1\ 7+, ,90\ N " -9,'9,9%0\%" -*-% " \2314 3412\'\= D\ 1'3',%\
7 ’1 oo 9% -*-%' \&'23-1 8\$1\3&"\4," 32\2&6,\-,\ | *- )\+-1"\'2\ \" 7 "3\6 8\3-V1 3T "\42',%\3&"V/1', '*2
- $\2313'%3& 8\3-\I" 3"1+',"\1 "™ 3'5'\%"2D

4++1 8 k<?B



Mineral Identifiation Tables

P+ AT 3% 3-\3 2R\ g\ - &\ -*11")D\ \ D

<?Ck ' *I" 3¢ 3-\ =2



LRI 3% 3\ 2 k<@:



Rock Clasification Tables

Igneous Rcks

$"1. R CR$/1'R"1$ RO*R /0$( 0$)'R0# R,**.0$*)/R*IR . &R($). /RE)R'$H#OL **1. R.* &A

$'1. RCRR/$('SB R'//$! $ 0$)R$". (R! *.R$") *1/R. *&R / RYRO# $.R($). 'R*(*/$0$*)/AR *0 RO# 0
" //5R$") *1/R. * & pumice ) obsidian . R)*0R$)'l1 R*)RO#$/RS$". (A

<@;k -)\*22'¢ ' 3-\ 2



Salimentary Rcks

&RCR"R ( L (.1)."R!, #(L-#4R- &R),R&-#3#(R-#( .-R(R"R!, #-R" .R'% RI’R&-#
-#( ., 3R)%-

3* - #H#)( #AR,(! RH&&#H ., -BR" K #4R,( R¥, )(-BR5 K
*1% o<\ Y

W& +" 1'4+ 2,3\ <
2+ ** <?@\3-\?;<
*1% ;<B\3-\<?@

) &
2+ ** @>\3-\;<B
5"'18\ - 12" =\3-\@>
-12" ;@\3-\=<

&RJ, (/& K + 144+ B\3-\;@

$" >\3-\B
5'18\$," <A3-\>
5"18\ - 12" A\3-\< ao\3-\<i
-12" : D?2\3-\; 2034\

( + 14+ : D<A3\D?ANG 3- ‘M ++ O <?:\3-\?7::
$," : D;<?\3-\:D<?INB 3- 'Ms ++ O <A3-\<?:
5'18\$," : D@=\3-\: D;<?\Nt @3- ‘Mg ++ O @=\3-\;<?
5"'18\ - 12" =<\3-\@=
-412" @\3-\=<

#& +" I'4+ B\3-\;@
$" >\3-\B
5"'18\$," <\3-\>

& 3 * 8 \3-\<

SN\*22'% 3\ 2 k<@<



&RCR"R'#R.3*-R)

R&-#R- #( ., 3R)%-R(R"#R", .##-AR )R, R2*.R)RR &R)

# ( #3R"R)& R,)%R('-R#R."#R), -A

O 2" *&- "L HH-
&) 3"\ 8\E41" N*232E\%14*\2'9 "\ ,\*1  9%1\Nb<\++OEV--18\3-\5"18
' : /-1 *8\2-13"!
" 3"\ 8\,%4* 1\ * 232E\%14*"\2'9 "\ \*1  9%81\Nb<\++ OEV--1'8\3-\5"18
/-1 *8\2-13"!
+,.4 3"\ 8\2 \N; M;@\3-\<\++OE\%B"1\3& \C:e\04 1 39E\P6 "\- $\14,1,"22
- (-)( N2-1 3',96V-22" *"
19a O/P : 3"\ 8\2 \N; M;@\3\<\++OE\%B"1\3& \;:e\$ "12/1 E\1%"\- $\14,1,"22
123, 1§12/ 3& ol 3 Of\opgr
2,123-" O ; '
3816 ) " 3"\ 8\2 \N; M;@\3-\<\++OE\%B"1\3& \;:e\l - )\$1 %+", 32E\%13"1\3& ,
2e\2%3\ I\ % BE\1%"\- $\14,1"22\ \2-1  30%\-22' *"
4123 1" 3'1\3& \A?e\2*3\NM<?@\3-W:@\++O\ ,\ *  8\NcM<?@\++OE\,-3\"II" IE
oS 6 "R2-13"IE\%1,2\3-\$ "\3\(41% "\1-4,1,"22\42' %6\& ,\*" 2
4 -)
g 1" 3"1\3& \A?e\2*3\NM<?@\3-W;@\++O0\ \ *  8\NcM<?@\++OE\3&8% " II" IE

6 "*R2-13"IE\%1,2\3--\$ ',"\3-\(4!% "\1-4,!,"22\42',%\& ,\*",2

$'1. RCRR2$/1'R.. ) R! *R /.$,0$*)/R*IR/*.0$)"RHO*, IR ) R.*1)) //RH *00*( IR*R/ $()O/R)R". $)/R$)
'"JO$R/ $()0.  5R*&/A

<@=k -)\*22'$

3=\ *2



$"1. R CR R *(,*/$0$*) 'RO.$)" R! *R. )$0 R/) /0%) /BR3$0#R0# ROH.

(*IOR *((*)R *(,*) JO/R*IR/ ) L/$6 R".

. "()O/AR

0#)R8<WR/$OR)R'5R R "

$)/CR-1.06BRY, BR)R. *&
. )$0 /R# 2 R' //[RO# )R8<WR/$'OR*.R ‘AR ) /0*¥) /R3SO#R(*.
wackes HA"ABR-1 .06R3 8R'$0#$ R3 &A

&RCR&-# #)(R",.R )R"'# &R- # ( ., 3R) %-
) %)-# ) 2.1, H-H(HOR, )* #- )%R
1823 %" 1823 * "G\$"\3-\ -12"%1'" ! , 3-. &&H(R&H -.)(
e 1-42\$ -22"M\$1%+", 32\6"** .
-22'%$'1-42 . NE% 381 )--#&# | )-R&H' -.)(
&#.RJI oK
412" N\- $\--12\N2/&"L -1 *
G *0 RO# OR "R'$(L 3 /1 3 *2\38/  *8\c<\++\, ) &# R&H -)(
/0%) IR3$"R.  OR3$0# '+ 3"10
$10R 'A PP o)
T o DG G100+, 32\6" ) 8
-"23 "t 3"N3-%" 3&"1 )
%23 SBUENMI S L2 282 &%
"1 -1823* "G\& 1,"22\- $\dAW, 5 i 3..'.\;\3:\35‘\ ..\3\! }*.).\, 'zﬁ " :\1 .
/4RI # gK "1 -1823*" 21 38&8\0% 220G\+8\"7&' " 3 AT il S e
o . #4105 1" 32+ 8\ "\ !
L &TN$1 341 .
$-*, O
1823 "G\$"\3-\ -12"%1'" IG
&#RJ &K 1823 * " 4% 8\$1+214'\1  823*2G ) %R- &
323"2\2*3B
1823 * "G\$"\3-\ -12"%1'" IG
3*/'RJ Fg K 1823 " &11"22\d<\N \21 38&\6' 3& ) %R13*-/'
$’%||1, I*O
Ll #R L #& +1/8.42 * W1 B\ENG' 38\ +-1/&-42 )&

F&(R,'(  -K

3"7341G\*6\I"2' B

-)\*22'¢ 0 3-\ *2 k<@>



Metamorphic Bcks

$'1. RCRO(*.#$R".  /BR*()R(O (*.#$ R9) 4R($). /BR)R*. /¥ $)'R. *&R) (/R *R
(1. *&R,.*0¥$0#R1) .R$). /$)"R(0 (*.#$/(RHS). /$)'RO(,. 01 R)R, /1. IA

&RCRR! "RU# R)R"R.3*-R) R'.)* "#R)%-R" .R),R, YR# , ( .R%)) &-R R# , ( .R, -R)

CU#(&R.)* "HAR )R, R2* . R)R%() LR."R,)%R('-R#(# . R#( )& ) A
L)) & Jf-eSLSgelsK’ ‘%3616|IQ_J6YK J'6ﬁ/j§YK’ R )0
a1 -) & /8 83" e I( #e-
1,3 A& % " A& % 423\ A& % " %1 3"\%,"22
243 (- (- HE w3 +g w3
123" A& % " 3 &, 0 " + ,4H e

4193 w3 g 0 " L & &

Media Attributions

K '%412\E\E\F\g\ 35"\ 1 *D\\ D

<@?k -)\*22'¢ ' 3-\ *2



K '%4I2\E\F\g\ - &\ -*11")D\ \ D

-\N*22% ' 3\ *2 k<@@



Glosary

#R, ) %R, #(!
38" /1-14 3. - $ T$L-+- 71 3. - $244&I +"1 %2 N2/t '+ 8/813'0 ', "3&"1
, 3&L-% "' **8\"7/-2" N1-)
) &#(
[1- "22"2\1"* 3"\3-\31,2/-1 33-\,\I"-2°  3-\- $\214+", 3218\6',!
& #.
PA+R1&VF % -*2"$ "M2/1 D
)E -
38" 37341, 1 -) -H-2" 1-$5188$" -R1 823* "+ 3"1I'* 1" 3" 8-1%, -1 &+
35'8
x) &
L4 *R &'\ "11-+9%,"2' \2 3"+ "1 *ND%DE\&-1, *",I"OD
XY &l
\$-* 3" 3+-1/&\L - )V\6& &\3&M\H,"L M H& N2 NH-1 3,3\ -+-" 3
(-#
\" 73142'B\N6-* ' OM)\- $V,3"1+" I' 3"\ -+/-2' 3,
(#)(
\"% 3'5*8\ &1 % I\'-D
0,."#
*4+R1 &\ %  -*2"\$ "*12/1 D
(. #
1'24*3' %\$1H3&\,$ *4", "\- $\&4+ 2
( #&H(
M/ 6 1N$-*\6&"L "3&"\" 1211 ™), 6)-3\3\"\-  5'1341"!
R
\%," -42\3" 7341\ &1  3"1'9"I\ 8\ 1823 *2\3&3\ 1"\3-\2+ *\3-12" "' 3&\3&",) "I\" 8"

<@k *221 8

3418 -1



. #.

\2,123-"6'  3&\*"22\3& \;?e\ * 8M2*3\+ 31'7
L %-

\2,123-6"  3&\+1"3& \:e\$ M2/ 1\ N\+-1  "\$™12/ 1\3& \* 3&\$1%+", 32
 WHR, (.-

2,123-" 6 3&*'22 3&,;?e * 8M2*3 + 31'7E ,! 6" 3& b;:e $™12/1 *232 ! +-1 "$12/1 *232
3& ,\* 3&' \ * 232

) S

3&"/13-$3&"+, 3*E$T -43;:3-<i)*-+" 312 "™~ 6241% "E6'3&,6&' &3&"+, 3*+ 3R
120 *-2"3-\" 32\+"3,%V-', 3E\,N3&"1"$-1"\1"* 3'5*8\6" )

3L H &

L 3&" -, 3"73-$$I2E6&"1"3&"36-2'1"2- $3&"$l+) "2'%,'$ , 3BI'$$L", 3 ,%*26'3& 12" 3
3-\3&MN 7

Y
3&M\-1", 33\ B\\2%/ 06\%" *-06' M$' B4TE\24 &\ 2\\" 106\ "-1\$1 34T
2# &RE. (
VFM3& 3\ \"31  "N3&I-4%&\ M- $\3&"&' M\ "2\ $\\$*I
a4
&'l " 3-EW" 241"IN\I"061 ""2\N::h\3-\=@:hO\ 6 8\$1+\+ %" 3'\-1 3&NK:hOD
%R,
38"\ $\2& *6\6 3"1\-\3&"\2&-1 "R2'I"- $\\1""$
% I )(RI )"'#-., 3K
3&M\B/ MFE- S\ AT 3V 5" 06\1-)2\-1\2" '+ 32
(% L /&&R-.!
3&"\6 3"1\*'5™\- $\231 H6&"\ V2V \$*-N\ \(423\ -43\3\$  *-6\- 5"1\'32\ ,)2
-& .

\+$ '\ 73142'5\N-* [ OM)

*221 8 k<@B



-R&0 &

L 3&" -, 3"73-$ 231 +3&" 2"* 5™'23&"*-6"23*5*3& 33 ,"1 -I"I- 6,3-E2!I"$ ‘"I 83&"

- "LEVVY) M1V -3&M1\231 M +\3&  3\3\$-62V, 3-
-R'*
* 8'16' 3& %-%1/& '$ -1+ 3-,3& 32"'1522 )Yl -4'E/1 -51""2 - 3"73& ' 3 ** 8'12
-1 3VA-3 3"\ \3&M+/
M) &
N11 "%4* 1\ -1 8\- V', 3142'5\'%," -42\1- \3& 3\&2\ \" 7/-2" N241$ "\- $\ 3\*"23\;:\)+<

&"\2+ **23\$ -1+ *\* 3&-2313'%I&'\4," 3\-$\27+", 3 18\1)2D

R&)
38"$1 3-,- $ 231 + P2+, 3*13& 3B *B1'232-,3&" -3 3-+ 12+ 51 82*33- |
31 3+,

#(1
I/ 3UE 806V \\2" I+, 318\1)

#) & -#

3&" 37341, 1 -)$ -1+ | $1-+ 3&" 4+4* 3'-, - $ $Po+", 3"11"+'2 - $*¥5.% -1% ,2+2E +-23

HEoE B2RMNGDE+, 32

#)#.
28" "32% 3"+#"1 *N 038, *4"2'1 -, 1-1+%"24+E ! '2 3&"1 "$-1" $"11+%,"2",
2% 3D
&) %R') &-
VA'VINL "3 064 1\+-"MA2"  N\$-1\2341 8V41/-2"2\3\I'"2/*  8\9%-*-068\' \3&1" "RI'+", 2" 2

& - "-.

+ 3+-1& $ "2 &1 3"1'9"! 8 1% 3B*8*-63"+M"1 3412 &% &/1"2241"2E24 & 2 ," 7'23

6'3&'\\2414  3-\9 -"

V&

\2" 1+ 3V % 23\6" 3&\\I'+" 3"1\-$\ 3\ 23\<? @\+**'+" 312

) 1 (R, #(R-#-
3&"2 &"+"\3& 3\I"$'"2\3&"\3 8/ H-11"I\- $\ 18239 3-\- $\+',"1 *2\$L+\+ %o+

<@Ck *-221 8



231" +/ B"1,6&& "2 &1 3"1'9"! 8 4., 327+, 3 ,1,4+"1 -42°' 3"1F%,)% &,"2
14N\ 12

, #

\2" I'+",  318R\-1\5* ['R1 -)\3" 7341\ &1 3"1'9"I\ 8\ ,%4* 1\ *232

¢
W OA\6& &\3&M - \%1 -AN2\ = <
, #(&R#, #H)(
3&M\$41\+ ' V-, 32\-$\\ -+/22F\-1 3&E\2-43&ER3E\ ,N\6 "23

DL *"HR&'( -

23,11 I™"+" 32-, +/3& 3&™/3&"1"1"14,1"123,!6& 32 "%/1 "2", 3" & 6'31* 3"2
3-\vx "2\ \\I'23, "2V \3&"\1 " *\6 -1*!

H)(

V-2' 35*8\& 1% N\-D

(
1823*2E-++-* 8 *'3'EO04139E -1 &"+ 33'EH+" ! " FB"", %1'2' *23 2" '+, 3181)
141'% * 3&'$ 3-D '3&43 "+, 33-E 2"I'+' 3181=)2+"1 ™8 12" 3-$*-2"E4, -2-*R
I3"n\2" '+", 3D

"( - #)(

3&"/1- "22141'% *' 3&'$ 3-, 86&&+\"1 *2 1"/1"' 331" PB"",%L'2',2" '+, 3224&
3& 3\3&"%12\1 "\9%*4"N\3-%" 3&"1

04)#

&"\+-23\1 " ", 3\-$\3&"\"12E\1/1 "2", 3'96\3&"V 23\@?D?\ \- $\%-*-%' *3+'D
" &%

\38/"\- $\298\6&'3"\F+"23-"\$ -1+" N$1-+\3&"\2) " 3AI+ 2 $\2"\1" 3412
" &R- # ( ., 3R)%

\2" '+ 318\L )\ -+/12" M- $\+ 3"1'*\3& 3\6 2\31,2/-1 3"\ 2\-,2\')\2-*43'-,

\+ 1 -1 823* " &"+ 2" '+ 318\ )\$ -1+" N *+-23\")  3'I*8\- 2

*221 8 k<A:



"&)H# .

$"11-+ %,"2', 2&" "3 2% 3"+l *EB **8/1"2", 3 2%" 1 823*2 ,!$ -1+.% $1-+ 3&" * 6R
3"+l 341\+" 3 +-1/&2+\- $\+$'\1-)D

\2" 14, 318\$106+", 3\-$\+,"1 A-1\1-)
&-#

\L-)\3" 7341\ -2'23%\- $\%12\- $VI'R"723,9\%-*9% \+ 3"1'"\ "+, 3"N\3-%"3&"1
&-#R-#( ., 3R)%

\2" 14 318\ )\ 412" I\- $\+ 3'1'M\3& 3\6 2\31,2/-1 3"\ 2\* 232\-1\$1 %+, 32
&3

2"1+", 3V 13 %\3& 3V2\*"22\3& \M<?@\+*++"312V\I'+" 3"1
& 3R#(, &

\&811-42128" "3\ 3"\+,"1 N3& A\B/ *8\"7'232\ 2\ * 8BR2'IN%1',2
& 3-)(

\2" 147 318\ )\ 412" \+-23* 8\-$\ * BR2'YN0%L',2
& 0!

&3, 8%l +,1 *3-1")*9%2+-3&/%,"23& 3 1"/L"I" 31+, | 8'32*33 "2314 341D
) &

2"+, 3V 13 *M\3& 3V2\" B "\@>\ \<?2@\+ T BTN\ 3
) r (8

23122\3& 3\3",12\3-\204" "9"\2-+" 3&',96\3-983&"1
(. RIMH(K

V1 -4 3\-$\-IV1- "22,96\3& 3V, *4I2\\2/"  $'\1 W1 *E\27 1 3"N$1-A3&M\1 "23\-$\38"\1)
)W &R,

\38/"\ $\$1 34I\'23',9%428" \ 8\2+--3&E\ 415" I+,"L  H241$ "2\1"2+*96\1 -) "\%* 22
" &),

\2" I'+", 318\1- \3& 3\2\ -+/12" W1 "I+, 3B\-$\14,1"  N%1'2\3& 3\ 1"\* 1 9%61\3& \<\++

<A; k *221 8



)X -

3&"241% "\3& 3\1/1 "2", 32\3&"\-4,!1 8\" FH""\3 6-\I'$ $1", 3\-I"2\- $\1)D

). R "t
£ 34-1/&2A3&  3\3)"2VF (7 313112441 "\ $\&" 3E\24 &\ 2\\ -1 8\ $\+ %o+

) #(( &R,
&', - $5% 2% -1+" |- 3&" 41/ 3" 3 - "R - 3" 3 - 51% 3-4!1 8D * -2

1" 4%3\-\ -, 3", 3* 1423D
) #(( .&R /-

&" 1™ 35%*83&') ,! 4- 8, 3-43"1+-23* 8"'1-$ 13§2°'3"1,*2314 34T -+/-2" - $/1"I-+R
o 3BV, 3L+ T 3N3AEH2'\V%," -42\1- )2E\2\6 "\ 2\2"I'+", 318\ ,\+" 3 +-1/&'\1 -)2D

) #(( .&R #.
38" -, "/3\3& 3\3" 3- 'V 3"2\ \+- 5\ 1 -22\3&"241$ "\- $\3&"\ 13&
) #(( . &R-&)*

3&"23"/"1/1 3-$ -, 3, 3*+1 BE3&3I2*/"2!- 6,$1-+ -, 3, 3*2&™$36 11238&" 822*
I

) MRH#( ., 0&

3&\SELY, VA 5 3\" BN 6N U A\3/%L/&\ -, 3-41\*"2
) )L R&H( -

06,1 8\ "2\-\ 1 382\241$ "\3& 3\ -, 3V-, 32\-$\"04 N\"*" 5 3,
) 0,1 (.

VF 34,11 8\ 3\6&' &\3&"36 -\V/*  3"2\ 1"\+- 5%\3-6 1!12\" &\-3&"1
) #( .-

\2" 3\-$\, 4+ "12\1 "$"11',9%\3-\\%61'"N\2823"+\42" N\3-\2/" '$8\\" 7 3\*- 3I-\-\1 3&D
)+H#(

\6 " )EV--1 *8R"+", 3"N\38/"\- $\*+"23-"\ -2'23,%\ *+-23\",  3'I*8\- $\2&"*2\ ,N2&"*\$1%+", 32

&"\+" 3* N\ 3"1-1V 1 3\-$\3&" 1 3&EW73",!90\$1 -H\\I"/3&\-  $\<Ci)*-+" 3T2\3-\3&" ", 31D
) 0&( .R)(
-0 H""\36-\ 3-+2V'\6&" &\"*" 3:2\1 "2&1"D

*.221 8 k<A<



)L #(

2+ **R2 *\ R NI 0e\6' 3&'\F1%1\&-1'9-, 3*M\ " 12

J-.
&"4/"+-23*  8'1-$3&" 13&E P6' %', 3&'),"22$1 -+ -43?2)*+" 312N, 3&"- " 203 51
2:1)*+"  312N\3&" -, 3", 3DD
| 3-. &&HH(
-\ 42" - $V,3"1%- )%\ 1 823 %2
I R (%-
\23" "A\231" +\ )\ \3&"\-432'1"\- S\ NS -1+ I\ 8\"1-2-D
R&H(
\224+" N\241$ "A2" N2\\1 "$"1", "\$-1\3&"\+" 241"+, 3\-$\"*'5 3-2\ \I"/3&2
&#(

DO R V225" N34, 42" N3\ "22%-6 "1V 1 32\-$\\+,\6'  3&\6&""™" ' 04+, 3
) ok -#HR & #(

+*3'0 N1/1 3'*+3,%0 -$1)1 "24*3'% $1+ 1 "4 3-, ' /1 "2241"6' 3&43 2'%,'$' , 3T4R
3-\V N3+ 34T

) A

, %" -*-%8E I"$1+ 3-, 1 "$"123-$*' % N4 3* "I'wO-1$ 4*3'% ,!$1  341% N1B* 1" ), %0 - $
1-)2V\1 "2/-,2"\3-\231 "22D

A3&M\ -, 3'73\-$\3&"\U-%1/8& \%1N\2823"+E\\I'23,  "\" 04 M\3-\@:\+,43"2D
(# .3
"06&3V"1\5-*4+"\-  $\\24 23, "\ND%DE\%MOH2M6'" 8\'\3&" -, 3"73\-$\+'"1 *2\-1\1-)2D
# )
/8&-3-28, 3&"3'\*% "\3& 3\+) "\3&"1\3"232\RED\$H\ 2"
#)# .

N, 33U+t I 3 3142'8V%," -42\1-)

<A=k *221 8



#*

3&" % * "™ 6&19- 3* 36&& [*,1* 8'1-$1)N"D®DE'2", 318 "IOE-1-3&1/,1$"R

34TE\2*-/"2
BR#, #)(
ML 3-\- S\ THARIVE\ZE'L " 3-\6 3"1V-41 "I\, 3\\I//,%\V* N6 -4*NG *-6
B
3&"\5*4+"\- $\6 3"1\E-6V,\\231 " +\" 7/1"22" N \3"1+2\-  $\5*4+"\"1\4,  3\3'+"\N'D%DEWD
#0&( .
A\ 3&\\ &1 98\-1\" <\-1\ <D
#0, 1 ( .
WV 3"-4,11 8\ 3\6& &\3&"36-\* 3"2\1"\+- 5.9%\3-6 112\ 6 8\$1H\" &\-3&"1
) " X
A (" 3\6'38&\B "*5"\241$ "2E\24 &\ 2\\% 1," 3\ 1823 *D
) &)'# .
\ *44R+9%,"244\  1-, 3"+"l ANE %O =
) &)'# #4 #)(
3&" ' 3. - $+96,"2'4+ 3- ¥4"23-" 141 % 6&' & 2-+" -1 ** - $3&" *4+ 1- 3"N*'3'072
-, B'13"N\3\l*+ 3"
) &)-)(
\oLe 3N )W AN 1 8\- $\3&"\+ "1 Hlxt' 3
-4
&' " 236 1IR+" 241"1123, "E-17R--1', 3'E42!',3&" /5 "12* 1,25"12" "1 31N O
%1'\2823"+D\"/-1 3"\'\+" 312D
&) #
%1" 3RBL-7""R%*4 -/& " " 1% 1-)3& 3'23&"/1-14 3 -$ &WR/1'2241" +" 3 +-1/&2+ - $
- " '\1423%1 -)\N"D%DE\ 2€HEBB **8\6' 3&'\\2414  3-\9 -"
&-#R-., #

3&"\I"$ -1+" N1-)\1 "341,2\3-\'32\-1'% *\2& /"\ ,\2'9 "6&"\3&"I"$  -1+',96\231"22\'2\1"+- 5"

*221 8 k<A



+H ),
1 - g\ 3341MI"¢ " N\3-\"\:hD
» )-#)(

3&"  3-,- $241$% "/1 - "22"2N*)'14,'%6 3"'1-16'03& 31+ 5'2-*EL)E-1122-* 5'1+ 3"1'*
$LH\-"\*- 3\ -1\ 1\3&" 1 382\241% "E\,\3&"\31 ,2/-1 32\3\3-\,-3&"1\*-  3'-D

0 "# .-
51-42\'$ $1", 3\B/"2\- $\+,"1 *2\ N1 -)2\3& 3\$L+6&"\-1"2\-  $\6 3"1\"5/-1 3"
2 *#)(&R#, I-.(

2'343- * 18 "8,18 -41 - 31*24& 2 , I"+' -$ * 3E I-44", 3" %**"22 -1 $+* 8
"+"1 9%, 8D
2" -3"3& 36-1)RI* 3" -++ 3+ 32!-,-304*% 82 ," 7 "3-,*'1l 4+23, "$16&'&
- 3-\+  8\"\2-4% &3D

2-) &IH)(R&'&&

6 58E '11%4*1 X5, 8Y *,"23&3+ 8 /[" 1 2 2*%&3B!I'$$1", 3 -*413&,3&"1 "23-$3&" $12/1
1823 \ND%DEV *"1V/',)E\ *-4! 8\+-1 "\-/ 04"\6&' 3"O

2.,-# 0

'%," -42\1- \3& 3\ --*" I\ 3\241$ "
1& .

\-411  8VAL-)M\-1\2" I'+", 3\ *- %\6& &\I'2/* "+ 3\& 2\3) "V
&-*,

\5 "18\ -++-\$ +*  B\-$\$H" 6-1)\2* 3"+l *2D
&-#

2 \1' &\Nb@7?e\ ' <OV'\3&"\ -, 3"73\-$\+ %+ \-1\'%," -42\1-)
i~

&"\- 719 "N$-1+\- $\ \N-\- SV'EWN "="OD
w ) I (

"$'11',%\3-\\2*  3"\+\"1 M3& 3\ -, 3'2\'1 -\ N\-1\+ %,"2'4+D
-

3&"\1'!14 "NN,-,R- 779 "IO\$1+\- $\ V- $V'EIN "<”O

<A?k *221 8



&)) R* & #(
- BRELU\LT V(" 3AZAISIEWE+" N+ * 8\-$\I'B1\2" I+, 32\ 124 (" 3\3\$--I'%D
&)1

3&" 2+ **'23 $1+ * * 3&-2313'%1&' 4, 3-$5* 1 -)2D !'21 "3"5* "1 -) -1 8I!23,%42&R
*\ 8\3"734TE\ -+/-2' 3-E\-11"1\- $\24/'1/-2" I-EV* -+%," 32+E\-1\-3&"1\- (" 3'5\1' 3"1'D

&/2R' & .#(!

+%3%- $1)3& 3'2% *'33" 83&"!II' 3-,- $ $4718/" **86 3"'106& &*6"123&" 1 )2 +*3R
"%V, 3

) &
38"\3"7341\- $\\+" 3+-1/&\1 -)\6' 38\ \$* 3-,
N1l &&
38"\*%-6 "1\241$ "\- $\\,-,R5 "13' $ 4*3
), ‘HH#
\2',% *'R " 1V1 -3'23\6' 38\ \2&"M3&3\ 2B/ *B\+ I $\ =
) R,
389"\ \3&"\- " 21\ SIS
) )

8- 1), 3¢ 8*3&' &1 3"1'23'2 1231 3'%I&' /-2 3-,G'3'2/1"5™ % *8 43 ,-3
JU"22 1%8\3 4% 1\ IN2\+ /] 3\3&" 13&2\241% "\-1\31 " *"\'\3&"\24 241$% "D

)--#8&# | )I-

1-)3& 3 -, 3,23&"1"+'2- $*5'%-1%,'2+2 N$22*20-1'5"1", "- $/23*$' Nb-3/1', 32E 411620

VI "NE 3& A\ B-$\E)\6& &\3&NT - )\-\" 3&"I\2'TNV2\-3\'2%  "ID
./, R¥(, &K

V1-) "\2418  "\- $\\+ "1 M3& 3\+H%E3\ "2 11 " I\ 2V'11 "%4* 1E\2/*', 3"18E\-1\ -, &-'I *
)-RL 1 #(

3&"2'34 3-\6&"1 "\3&"\" 7/,2'-\-  $\$1"9',%\6 3"1V1T2\1-)\/1 3

N%\, 4+  O\"™*-2\- $\8 12\"$ -1"\3&"V1 "2", 3D

*221 8 k<A@



L)

\+$ 'V, 3142'5V%," -42\1-)

\%1'\2823"+\42" N3-\2/* '$8\*- 3-2\-\ 1 3&\42.96\ -1 1", 3"2\-$\*334!I"\ /\*- % '34!"D

1) &)!#R"%-), 3
61" B", "2 173, - $3&"IH" - $%0' */1- "22"21"2/-2' *"$-13&"2"04", "-$1)2°,,
1"

1)." ' &R, #(

&1 3"-$71"2"- $3"#"1 341 6' 3& !"/3& ', 3&" 1 3& BB/ **8 1-4,! = M)+ 6' 3&', 3&"

14230D
1& #) &IO#&R- # ( .-

1'$"11',06\32" I+, 32\"-2' 3"N$1-+\\231 " H\3& 3\2"1'5 " N$1-H\\% * "1
1& /) " (

*4"R  -*-41"! 2-I'44R+ %,"2'4+ " 1'% +& -*"+"1 *3& 3 $1+2 141'% +" 3 +-1/&'2+
&'UR\V1"2241"2\ ,\1 " 3'5*8\*-6V1 "2241"2E\8/" **8\6' 3&'\\2414  3-\9 -"

1( #--
QYRR+  3+1/&\1 -)V,\6& &\3&"\+,"1 Aol 3201271 3UI, 34\ 12
I( H--#

8/"- $\& 3-\"$ "N 8\2"%1% 3\ I12\- VO3V N1 N\ 41 "N+"L *2V\\%,"22D

\I- 6,RI1 /" N$ 4*3\*)E\-4,1" N\ 3&"1\2'1"\ 8\-1+*\$ 4*32

L3&" -, 3'73-% +"1 *1"-2" 3E3&" +-4, 3-$ 2/* '$'+" 3*-1+,"1 *t7/Av22"t 2 /1 -1 3,

- $\3&"\6&-*"\1- )
Lo#(

3&M2%-/"\- $\\231 K" N\- BN\ '$T\I23,  "E\B/ RR8\"7/1"22" IV \+V"1\)+
LG

\$"2'\', 3142'5\'%," -42\1-)D

<AAk *-221 8



Lo( &
\2" 14" 318V 1 3 F\L L% 06\ ,\2'9 $LH\SAS\H T 3TN\ 3"
Lo (- -

$-* 3"+" 3+-1/&2" 1-)NB/ **8I1"1'5"I$1+ 2*3 O', 6& &3&" »1"'", -*41 3-,'2!"1's5 "I
$I+H" 3&"1\ &*-1'3"E\"/1-3"\-1\%1 ""\ +/&'  -*"

I, 31 %

2,123-"6' 3&+-1"3&,;?7€2%*3 | * 8 ,!6'" 3& 2'%,'$ , 3/1-/-1 3-,- $2,/R29"11-)$1 %R
+", 32

R, , (
\2&-1 3"" N5"12-\- $\$4*\ \ -1 32812/ '$'\x- 3\ 1 382\241$% "D
L #R-3-."

2823"+ 42" 13- I'51" 3&" 1 382 241% "', 3-2041"2 42'% 36-2"32 -$ /"1/"I'4*1* "2 $ -1 3&"
141/-2"\- $\2/" '$8',%\*- 3,2\ 1\, 5% 3'-,.D

LIC -

$"1 %1 IE B **8 /&, 3'E 1823*2 24114,!'% !'23, 38 *1%1 1823*2 N/&",-1 823D ', ,
'%," -42\1- \3& 3\$1+" N$1-+\3 6 -R23 W N --*%

1, )+

&" * 3&-2313'%1& 4, 3,73&%"1'1)) 3% -1+ 3-G 231 3%I& *BR-, 3,442 2"1"2 - $
™ 3"N\$-1+ 3-,2D

V&1 3"1'23'\ 1423 N\$1+\-1\ -+, 34\ S\$L+2\- $\\+"1 *D

&"\$ '123\1 \- $\ 1 3&\&'23-BE\73",!',%\$1 -+\>D?A\3-\=DB:\ D

" &t
W A \6&! &\B&M - \2\ "\ $\3&M\& FIFH 32\ND%DE\G™S\  M\-1\$ *4-1'3"S\  <OD
" &,
FEVN& I "L M 2o 6\ 2\3 *\2+3D
"&) (

A BVA3&M2 - IR* 23\ K4+ )\ S\3&MV'L-IN\3 *\3&  3\$1+2\ -, 2\6' 3&\\,"% 35R\&1 %D

*221 8 k<AB



"I #(R1 &&
3&"\4//"1\241%  "\- $\\,-,R5 "13' *\$ 4*3
(0 &

\$',"R%1'" N+ 3+-1/&'\1 - )\3& 3\2\,-3\$-* 3"l

" -
MF$ 3'N\$ 4*3\*%-)E\-4,1" N\ 3&"1\21 8\ -1+ M$ 432
").R-*).
3&"241% "\ 1" \- $\5* 24\ N&%  &\&" 3\$-6\ - 5\\+, 344"
"3, ) &-#-
1" 3., " B, O+ ¢ 16 3", 6&& M2 1 "M 13-3&" 4" F 1 &' *+g
"04'5 *", 3\ 4-4, 3\-$\ 3-2\1 "1™ 2" IV, 3-\2-%43",
"3, )2#
&" -\ VIV T M3& 3V, *42\3& 3\ ,-,D
#()I-
\L-\$ -1+" N$L1-H3&" -+ 0%\ S\+ %+
H&&H
VF OB\ MG 38\\ +-2' 3-\24+* 1\33& 3\-$\+42 -5'3"\+ D
#( 2RH#(, &

2" '$" +" 3+-1/&' +'\"1 2 35'-$% /134*1+" 3+1& %1 "-11 %"-$/1"2241" |
3"+/"1 341\ -I" 3-2

#(I-. #E&RH#(, &

LR\ A+ 3" 2\ 731 3UN$1-H\3&M 1 3&\'7 "/3\$-1\$4"2E\+"3 ** \-1 "2E\6 3"IE\ ,\%"+23-,"2D
#(.J# 0

\%," -42\1-)\3& 3\& 2\ -*" 2% 6+*8\""  38\3&"\241$ "
#)(

, 3-+3& 3&2™3&"1%'"!1-1*23™" 312 1&23&42 " +" &1 WINL %1-4/- $ 3-+23& 3
2\&2\\ &1 Y%\S\"D%DE¥ROD

#)(#R)(
V-V \BE! &\ 332\1 "\31,2$ "11"N\$1-+\-"\  3-+\3-\ -3&"1 E\3&42\$+,%\-,2D

<ACk *-221 8



#& (R,

&'- $5* -"2% -1+" - 3&"4/ML* 33 -"R ", - 51% 3 -41 8 -* 21
4%*3\-\- " ['\1423D

#-) &#( &R) &
\303\BHV,\6& &\3&\VF+ 2\ 1 V1 FR3A" &\-3&"1
#-).)*

,$-1+- $ MY, 33&3!I'$$12 $1+-3&"1 $ -1+2 42"'3&2 I'$ $1", 3 ,4+"1- $,"431-,2 N'D%DE
;@ \& 2\BV1 -3-,2\ ,\B\,"431 - 2\6&"*"\;B\& 2\BV1 -3-,2\ \;:\,"431 -2 0

#)) R #(

38" 2-+43"1 3% N 3,%',8" 120 % % -*-% + 3'1'*42%3&"!" 8-$1-R2-3/26  3&,3&"
+ 3

S)H(.

\$1 34IV\1 -)

%
N\, 4+ O\3&42,12\- $\8 12\"$ -1"\3&"V1 "2", 3D
%) &t
\* 8"l M3& 3\-"2\-3\& 5\ 3-2\-3&"1\3& \*\,\ D
& 41
+ 241"+, 3-$3&" %4*1123, " -1 3&-12-43& $1+3&"" 04 3-1-$ /-, 3-, 1 382241$ "D
~1 1, 3"201M1%-1 3'W\"%1 "U2E\+,43"2E\,\2"  -,12D
&.#
&"\1 "%d4* 1\ \1 "/"  3'%\3&I"RI'+"2-, %2314  341\- $\\+,"1 *D
&0
*,06\\231 " +E\3&"\119%"\3& 3\, 341%*8\$1+2\ *- 06\3&"\" 196"\ $\3&"\ & ,,"\I41'%\$ *-I\" 5", 32
&0&
'\ %EV&-1'9 -, 3 M\ %
&' -

3&"\* 8"12\- $\E \-\"  3&"1\2'1"\- $\\$*!

*221 8 k<B:



&# -)(
\2" I 318\1 )\3&  3\2\ -+/12"  N+-23* 8\-$\ *' 3"
SHHR, (#.

, 10" 3", 6&&3&" "2+1 "3&,;:e* 3& *232 1, 6& &3&"1 " 1"+-1 "*3& *2323&,
$*12/ 1\ * 232

&t # #)(
3&" -, 5'12-\- $\4, -2-¥1  3'N2" '+ 320,371\ 8\ -+ 3-\ N\ "+ 33
&#)-* ",

&"1'%"-43"1/1 3-$3&" 13&E’, *4!'% 3&" 1423 ,!3&" +, 3*1-6,3- 1"3&- $ -43;:)*R

+" 312D
&) #
+' 0 241"+", 3 -$ 3&" ,%4*1123, "- 1 3§2241$"" 23 -16 "23 $1+ 3&" 1'+" "
1" 6'&E\,% * ,ID\--1 I, 3"21"\1"-1 3"W\I"%1 ""2E\+,43"2E\,\2" -,12D

N "%\, 4+ OW**-2\- $\8 12\"$ -1"\3&"V1 "2", 3D
#

2 \--1\Nc>?e\ ' <OVA3&"\ -, 3"73\-$\+ %+ \-1\%," -42\1-)

#3"\1-)\3 8/ *8\-+, 3"\ 812* D
),

V231447, 3\A2'N3\+" 241M3&"\, 3",2' BL-S\\+ %" 3 \$"H
(&

&" I * 8"'1-$3&" 13&E !+, 3" 81, [ +%,"24+ 1 & 2™ 3"+"1 2 0t 73 %
$1\ -43\<C::\)*-+" SI2\$EH3&" 2"\ $\3&" 1423\3-\3&"\3-)\- $\3&"\ -1"D

"( &R&/

*4+" - $&3 )N ,-3+%+ 0O38312"23&MU%& 3&"+, 3*" N3&"1$+3&" 2"-1%1 -+/1 36 8
4/ O\ \\1" &"2\3&"241$% "6&"1 "\' 3\2/1" 12\-43\ |\ *¥2-\*" 12\3-\&-3R2/-3\5 -* "2+

SRY (-
,3&" -, 3'73-$ %-*%' *+/E38&21"$'123-&6 1-)4' 3211 6,-3&"+/E-138&"6 8 1-)
4, 32\ \+ 5" 6D

<B; k *-221 8



, &

+" 3+-1/&-2" I *+"23-"N -11-*23-" O'6& &3&" *'3"-1l*+ 3"&2" " 1" 1823**9!" 3-
* 1941\ 1823 *2

~R1 -#(!
3&"\+ 22\$ *41 "E\ 8\%15'BE\VS\E -1\,  -,2-1  3"N\+ 31 M-\ 2%/
~# 0
3837341\ $\\+" 3+-1/&'\1 - )\3& 3\'2\-3\$-*+ 3"
(.R-,
V4IRS "'\ 41 5'N2  1\-\3&"\$ *-IV*'\3&  3\+ 1)2\3&"\$1+"1\*-  3-\- $\\- 7- 6\*) "D
(!
3&"\2'4-42V  3&\3)"\ 8\\231' #\6' 3&'\\6!"\$ * 3F--IV*,
"(# &R1 A

3&V&B2 M1") - 6\ $\B)N, 32+ UL %+, 32

$-1+** 38&2313%1& 4, 3,"73,1,)"™ 6 $-1+ 3-, 12 * 6 82 /1 3-$2-+"$-1+ 3-D
32,4 12 ++"16  3&, $-1+ 3- " 42"'3/-22'22"2 &1  3"1'23'21'23'%4'2&' % ' 3 $1+
I( ", 3V132\-$\3&"\§l+ 3-D

##(R)  R&)(#

+% ' 1 8\*"2\3& 3\14,\,-1 3&R2-43&\ ,\ 1 "\42" \3-\+"  241"\*- % '34!"\V'\3&"\% "-%1/& \%1'\2823"+D

. &&# R&J-.,
&"\*4231"\- $\\+' "1 *'| 3-\6&" &\*'% &3\I-"2\,-3V"," 313" 43\-* 8\1'$*" 32\-$\-$\3&"\241$ "D
)x "# R,
"2 1/3'5 " 3"1+ $-1 3&" 1™ 3'5' 3"+/"1 341 /1 "2241" -1 3-2 41"1 6&' & +" 3 +1/&'

1- )2\$ -1+\"D%DEBWALI"EY, 3"1+" I' 3"\%1"\-1\&'% &\%1"
) "#R,) %

1-)$ -1+" | 8+" 3+1/& /1 - "22'23&3 & % "3&" -+-2° 3-E3'7341-1 -3&- $ /1""723%
/1" 3\E)\N/L -3-* 38

) Cx
38" 3128-1+ 3-,- $ /1" 3%)", 3 " 61-)2 1 "24*3-$&" 3 /1 "2241" 3& 3 *"12 3- 3&"
$1+ 3-\- $\"6\+ "1 *2E\-I\I 1823 %9 3-\- $\'7'23'%6\+,"1 *2E\6'3&-43\+"*3" %

*.221 8 k<B<



\2&" "3\2* 3"\+,"1 *\ND%DE\'3'0D

wWo %
1-)3& 3'2 +7341"- $+"3+1/& 1'%  -421-)E$-1+" | 3518&UR%I2- $+"3+1/&2+
6&"\V 1 3\-$\3&"\+"3+-1/&\1 -)\231 32\3-\+"*3

.-
A3&M\ -, 3'73\-$\3&"\%-%1/& \%1N\2823"+E\\I'23 ,  "\" 04 M3-\@:\2" -,12D

N0#(, &t

L=\ 42" N SN2, %\ K
L)%
\, *42'5 "M\3"1H$-1\+4123-"E\2& *\ I\ * 823-,"
' ]-) O#
V-3224+R"  1'.9%\-R$ "11-+%,"2' \+' D
#)(&R )M, * "#R 3-."

&"2823"+42" | 8 341* "2-41 "2 ,'$ -1/1-57T%%""1 */41/-2" 3-I-%1 /&' +/2 -
-4, 318D

( #HOR&'(

N2-\, 3B\ 3\ "1 *O\\+"L M3& 3\ -2'232\- $\-*8\-,"\""+"  3\ND%DE3'5"\%*I0D
0C L, )IC-#R#(, &

2% 3+ M3& 3U-"2\3\ -, 3°\1 -\-1\+ %,"24+\N  "D%DEER/1 OD
O( L'.&&# R&/-.,

&"\*4231"\- $\\+,"1 *' 3-\6&' &\*% &3\I-"2\"" 313D

0, &R /&.

$ 3&"

~-R5 "13" *$ 4*3 *- % 6& & 3&" &, % %6 ** M//"1241$ "O&2+-5'!1- 6,1 ™ 35" 3-3&"$-3R

6**

0,."#(

&",-1 38 1IR+" 241"11'23, "E-18R--1! 3'E42"',3&" ,5 "12* 1,25"12" "1 3-1N O

%1'N2823"+D\"/-1 3"N'\+" 312D

<B=k *221 8



) ##(

;0% *2281+" I 804", &" !* 5 6&' &% "6N$, 80 B23*2¢1+D 2- 542 -, &'"1*$1 R
341D

) #R -
&"'1" 35*83&, 12" -43"1+-23 * 8'1-$ 1382',3"1,%2314 341 /1 "1-+,, 38 -+/-2" 1-$
+$' %" -421-)2° A% % 1 -, 3142-2E 2&"3"1 1) "2E [ /*- 6 2*32D -1+" | 8/1 3'*

+"*3,00\- $\3&"\+, 3\ 3&\\2/1" I'%\ ) 3I\WW " R- " \I'5 "19, 3\-4!1 80D
) &B#(

2 3"+ *+ 1" 4 - $2-* 312 3'31&"11 16 3&M3&"1'YE, -1 +%,"24+ N -1 -3& O 2
3&"\ 3-,2D

iis
J&'1 M*[1 3 *2c< 4+, '+t 31 -+-2" 1- $3&, - " 31' *812-$ *' 3'-104139/1" /R
'3 3"N\$1-H\\2-*43-\1  -4,\\ 4 *'42D\ 8/' #g\$1+" IV\6  1+E\2& **-6\6 3"1\6' 3&\231%\ 411", 32D
) &t
1-) - 3% 12N 2/&'1-1*/1 3 *2c<++' '+ 31 -4/-2" 1-$3&, - " 31' *812-$
£ 3M.1\04 1 39V1" '/ 3 3'N$1-+\\2-443-\1 -4N\\4*42 O
Y (LR

\+,"\3&  3V'2\-/"\3-\3&"\241$
), #(&R#, #)(-

3&" " 3-,$-4! 33&"/, 3"04**8 " FHB""," & 1I'*I'1 " 3-F,-1 3&"23 N OE 2-43&"23 NOE
2-43&6 "23\N  OE\ ,\,-1 38 "23\N O

),
, 341*- 411", "-$E)-12" '+, 33&3 -, 3'2"-4% &+'/)1 *26' 3&" -+ *8'+/-1 3,3
gt 323&3\ A\ 731 3"\ 3\WV1-$3
o)
A\%"-*-090"23E\ \-43 1-N2\ \"  7/-241 "\- $\ " 11-)E\3&"\2-*N\1 - )\- $\3&"\ 1423D
)0,./,(
\%"'-*-%" *\$' 34I\3& 3\& 2\ " "\3*3" N3-\3&"V-', 3\6&"1"\' 3\'2\4/2'I"\I- 6,
)2) 1

/1 3-$ 231 ++" 1"13& 3&2" -+"2* 3"1$1-+3&"1"23-$3&"231+ 23&"1 "24*3-$ +" R
"1\ 43- $

*221 8 k<B>



)2#  #)(
38\ 3-\" BN NN\ 78%,
) 2#
WM M\BE &\3&M - \2\-  78%,\N"D%DE\&"33" "<= OD
* &) I #
[23\5 1' 3-2V\3&", 3"2' 3B\, V-*1'"  B\-$\3&"\ 1382\+ %," 3'\$"*!
* | && &RR&#/
+06, 1 8\*,"2\3& 3\14,\" 23R6"23\,\ 1 "\42" N\3\+" 241"\* 3'341"V\3&"\% " -%1/&' \%1'\2823"+D
* HER' & H(!

3&" [1- "22141'% 6& & -* 82/" '$' +"1 * 4" 32-$ 1-)+™3' 1 "2/-2"3 &% %
S 3n2

(I
11 -6\% A" B\ IBI4R2" I+t 318\ 8"12
* &

\2" '+ 318V 1 3'*\1,% ',%\'\2'9 "\$1L-+H\<\3-\@>\+"**'+" 3T2\N, *4!"2\%1 ,4*" O

XN(HH

\1-)\3" 734IV\ \0,"  -42\1- \'\6& &\3&"\,I'5'4 *\ 1 823 *2\-1\%12\ 1 "\572' *\3-\3&",) "I" 8"
(o)A

&"\+-23\1 "2% 3\ \- $\%-*%' MNIHEV,  -+22.96\3&"\  *"-9-E\ "2-9-'\ \"-Q “D
0, B

1™ 3'5*8*19% 1823*6'3&, ,'%," -421-)3& 3'2!23", 38 -12"1%1'" !3&,3&" 1 823*2 $1+R
" %0\3&"\%14,!+ 22

WLV \G8! &ABRM V2 >=
" 38&H

S 3T 34L&\ -\ N28"  \-\3&M241$ VL4 "N 896" I+ 2IN/&8H3\$+ 3-, OD
*" 3R8)-H&H

\2% 3" AN \B& &\3&M2 \3" 31&" 11\ 1 "\+ I"\AN- $\2&" 32D

<B? k *221 8



* & ( ,
\3&N\S-1H- S\VF BV 00\\$ * 3\-1\5M241% "
*& - #R-., #

&"1"$ -1+" 11-) »-31 "341,3- 4,RI"$  -1+" 123 3*-, "3&"I"$ -1+'% 231"22'2 1"+- 5"ID 11IR
5"12' *\231'D

*&.

1"%-, - $3&"*3&-2/&"1"3& 3'2 -2'""1 "!3- "+ 5% 1-223&"241% "-$3&" 13& 2 2'\%*
4" 3

*&. R. )(#-
& -, "/33& 33&" 138 1423 4/'1+, 3 NB&2/&'L"O2I51" ', 3- 4+"1- $/* 3'23&3
T AN 38\-\3&"\241$ "\,I\, 3"1 3\6'3&\" &\-3&"1\ 3\3&"1\-4,11"2D

* &)

\-l o 8\-$\', 3142'8\'%," -42\1-)
(R,

4 A&, 21 S\ ML E\B&M ISR 6\5 - BV2\*-6 "1E\8\3&"\I"/-2'  3-\- $\2T+", 3D
%) &' #4

3&" $1+ 3, - $+-* 4¥1 &'26" 3&, $*4'! NDWDE + %40 383 *'!13- ,',1 "2" 3&"$ *4Y2
52 -2238

" &@)*
BA1-1 M1 26 38\3&N2 +\ &'+ M$1+4%\ 43\ $17, 3\ 1823 123143412
K xS A
\%," -42\3" 7341V \6&' &\2-+"\-  $\3&"\ 1823 *2AN*"IV&" -1 823D\ 1\I'23, 3B\* 1961\3& \3&"\1"23
%) * "3 3R *)# .

FM1 K120 3N$ L1+ 814+l 't 80" 6&'&/1 3-$3&"&231)'2 /-1/& 813
23-)

Y. -#'R  &-*,
12/ 1\6' 3&\3&"\§l+4*\ *  '=BD
*H R #H#(

&"\* "= B\~ 06'341MI"$ " N3-\ "\:hD\ - 3"\\1 "t 6'&E\,% *,ID

*-221 8 k<B@



*#(# &R)R,)-L/ .#(R, & #)(-"#*

3&" /1, 3& 3 -1 8-$1)3& 3432 1-22-13&14%& ,-3&"1 ! 8-$1)28 -4%"13&,3& 3
-3&"1\-! 8

*#H(#* & R)R/(&R-/ --#)(

3&"/1,'*"3& 3*$-, 1 3&&2"5*5"!I' -1 1"1*86 8 ,!3& 36" ," 7M™ 33-* 82%!$ -2R
22-$\\2/" '$'\38/"V\1 -)2\- $\\2/" '$'\%"

* #(#* & R)RH( &I-#)(-

3&'V1', A\3& 3V, *42-2\6'  3&\\-1 8\- $\E )\ +423\ "\-H"1\3& \3&"\1  -)
* #(#* & R)R)##( &R")#4)( . &#3

3&'V1', A\3& 32+, 318\" 1211 "\-1'%", ** 8\I"-2' 3"I'\&-1'9 -, 3*\* 8"12
*#(# &R)R-* N)-#  #)

3&" /1, '+ 3&  3', 2" 04", "-$*8"1"11-)23& 3'2,-3-5"1341,"!-1"', 3"114/3"! 8 $ 4*3' %E 3&"
U236 M 3\3&M -3 3-+\ \\3&"8  -4,% "23\ 3\3&"\3-/

*H#H(H# &-R)R-, #, *"3

2"1™2 - $ /1,2 42" 13-, 3"1/1"3 2313 N*8'12-$1)2 O ,!I" 3"1+,"3&" % "-*%"' &23-18-%
%56"\2" 04", "\- $\1)2

*)) &

38"\-1'06, *E\4,R+" 3+-1/&2" N1 " 3\EN$L -+\6& &\\% 'B"\+" 3+-1/&\1 - )\2\$ -1+" |
* )

\24R 3-+V1 3'*\6 3&\\+22\- $\\,\\ &1 9%\ $\.D
*/4

\&'%6&B\5"2 4* 1\$ ™2'\5 -+ \1 -)\N 3B/ **8\ —+-2" N+-23* 8\- $\$1388\9%6 22\$1%+", 3D
*3,)2(

\2',9 *\ &' \2%  3"\+'"1 *D
+,.4

\2% 3"+ "1 M6 38\3&"\EL+4*\ ' <D
+ A

\-R$ -* 3"N+" 3+-1/&'\1 -)\$ -1+" N$1-H3&"\ -, 3 3\-1\1'9%6-, *\+" 3 +-1/&2+\-  $\2,123-"

<BAk *221 8



L, 3. &&HA H)(

/41 "*8/&82" */1- "22N &, % "', -+/-2° 3-, 03&- 412' 2-*IR23 3"41'%+" 3 +-1/&'2+D
3-+2V\\+',"1 A1"1"R-1%,9"N\,N\3 8/ **8\%1\2'9 "\,1 " 2"2D

L I'( R&

\$-*N\3& 3\'2\-5"1341," \24 &\3& 3\32\*'+ 2\ 1 "\ *-2"\3-\&-1'9 -, 3*

+41-  $ 1- 3'"$1+" 12&** 631/ *+1'"", 51+, 328 -1*2E *%" ! 61"1 %"
- $\-3&"1\-1% ,'2+2

L #)(&R'.)* g

+ 34-1/8&2+ 42" 8 41'*- $3&" /1" 31)3-173&2%1 " 3'13&,?)*+" 3I2NB/ *83)"2

[eoomtt o 3&\-4, 3'\1 9% "2E\,\" 73"12\- 5'1\1" 2\- $\&4,!1 " 12\ $\)+<O
& HOR #(
3&"',3"1/1"33-, - $ 1% 35 -11"L- $"5", 32 /*" 13- 2" 04", "-$1)242%3&"/1,'*2- $

2313'%1& 8
, &

38"\ +-4, 3\-$\51' 3-\V\"*" 5 3\ N2%/V\ N1
C(C RICH

+%," 32+-$% - 8-$1)3& 3$1+" ! 33&"3I+"3&"1-)$ -1+" 1 12 -,2'23", 36'3& 3&" + %R
JU3NASMN-1M, 3 3-)\3& 3V'T7'23"N\ 3\3&3\3'+N IV

- . HOR, #)(

$7"11 3-ND%DE ;E?: O """, *" 1+" 241"+", 32-,3&"+/ ,3&" -11"2/-,1'% 1'23, "2
-\3&"%1-4,/D\ \D  D\$\;F?E:N+/+"2\3& WV H-N3&\+F AL 1 2, 32\2iEN +\-\3&"%1 -4,!D

,0,-R /&.

\- RS "13' M$ 4*3\*- %\6& &\3&"\& % '%\6 *\NM//'1\241$ "O\& 2\+-5' AL "* 3'5\3-\3&"\$--3 6 **
" 3) &dt

\$"2'\" 73142'B\N6-* ' OM)
#1 RY-"

3&" -, "/33& 3 3*23/13-$3&"+" &,2+- $/* 3"+-3-,'23&"/42&- $- " * 3&2/&"1"!- 6,
$EH\L1% "1

) %R 3 &

3&"2"1"2\- $V1- "22"2\3&14%&\6&' &\1-)2\1 "\31,2% -1+" N$1-+\-"\3 8/"\3-\,-3&"1

*.221 8 k<BB



(-

&"1"%1 ""- $2+-3&',%- $ *23-1%1'14"3- 1 2-,- $-3&"12"'+", 32D "21'" ! 83&"3"1+2F
5"18\,%4* 1 E\ ,%4* 1E\24 R ,%4* 1E\24 R34,!" IE\}4,I" 1E\-1\6 "*R14,!" ID\-"2\-3\'+/*  8\2/&"1'"' 3D

/I&R) R @

%""1 *14*" &1 1" 3"1+ % /1 " 3. - $1% 1 -, 3 321I"g* 3"1-1" 3 23&"8 1-22
5* 8\-1\231 +

" AN-1- NS %+, 3\1L,% ',%\',\2'9 "\$1-+\; M;@3&\3-\<\+"**'+"312
- (=)

\*23"\2" I'+", 318\1- )\3& 3\2V1'+ 1™ 8\ -+/12" N\ $\2,IR2'9"IV1 3'*2D
- &R,

%VY& \-1\524 *\1 "/1 "2", 3 3-\- $\3&"\2 *\- $\\+/
- "H#-.

\$-+ 3"N+" 3+-1/&'\1 - )\6' 3&\52'*"\*%," N+ \1823*2D

- H-)-
8- $$ 3-,I"¢ "1 82 *8*8'12-$52* +  +"1 *2-1-38"1/ B/B-1"% 3"+"1 *2D
-)26' 3&3&23734T /" 128&,8-12/1 )*8E 23&"*®3 %, 32-% *" 50" /* "2- $3&" *%,"I+ R
"1 *2D
-, )&&R 5
41 5"11'1% "2 -, 3&" $ *--I /*', 241$ " 22-' 3"16' 3&3&"%I63&-$ + "L "ID -1+ | 82"IR

320 3NV 3\ 12D

L &)R-* #(
3&"\$1+ 3-\- $\"6\- " '\1423\  8\5* 24\ 3\\I'5 "196, 3V* 3"\-4!1 8
- )(_

,3&" -, 3"73-$3&" %-%1/&' %1 2823"+E +" 241"+", 3-$!'23, "D '7382" -12 -11"2/-,12 3-
-,"\+,43"D

-#( ., 3R)%
1- )\3& 3\& 2\$1+" N 8\3&"\*3&'$ 3-\- $\2T+", 32
- #( -

4, -2-*1  3"W1 3*2\- $\+"1 -1\1-)

<BC k *-221 8



SH)L F R #)(-

33., - 3% 2"2+%1 /&2E 68&' & 1 "'2314+", 324213-+" 241"38"5 1 3-2/1 -14 "I 8
"13804)"2D 3 1" -11"1 8 2"2+%1 /& 1 "42"13-//,  33& "7 3% 3- 11"3&- $
" 13804)"D

\5"13" A-/00\ 3N+

\2*3R\,\*  8R1'&\E )\3& 3\&2\"5'"",  "\- $\*8"1'%
R-, -
3&"23122\/%  "N-\\ - 8\- $\1 \-1\2" '+ 3\ M, 3\3-\\$ 4*3
- R-#&#
2% 3N+ ML AV )\6& &\3&M2™% \3"31&" 11 V1M -+ N6 3&',\2&""32D
-H&H
\$-1+\- $\3&"\+,"1 *\04 1 39\N' <OD
#&# R, ", )
\ o+ 3R B2 - 30 S\ 789\ 3-+2\3& 3\$1+H\\3" 31&" '1-,D
-H&H .
"1 M3& 3V, *4M2\2% \3"31&" 11 D
-#&H )(
&"\;>3&\"*"+", 3D
-#&H )(

\$*7' *\28, 3&"3'\+ 3"L'HN+I"UN- 'S\ &L2\6' 3&\B &' N1 %, \+ 42

2"I'+", 318V 1 3'*2\1,% ',%\'2\2'9"\$1-+\; M<?@3&\3M; @3&$\ \+**'+" 312

\$UR%1Y NS+ 3N 34-1/&'\1 - )\3&  3\2/+32\"2* 8\, 3-\2&"" 32
-& 3

8/"- $& 3-,I"$ "1 8 *2™*82/ "IEF3241$ "2 *-%6& & 2* 3"2/*32D-1+" ! 83&"%163&
-+ 1-2 -\ \+,"1  *2D

*.221 8 k<C:



$'"R%1L'" 12&""32%* 3"+"1 *3& 3 , "36 3'1+-* 4*2° 3-' 3"1* 8'12/ "2E 124*3',% ‘2
26"*" %D

“& .,
\1"$',"1 8\ 3\6& &\+',"1  *2\1"V1- "22"N3-V1 -14 "V41 "\+" 3*2
-y &# R-B.#)(

&'2423 343-,- $-"""+" 381 -38"1', +,"L  *ND%DE'l , "2423' 34318$-1+%,"24+",
3&"\+,"L *\-*5." OD

3, (!

21 "238"1231' 43-,-11 ,%"- $%12'9 "2E"3&"1', 4, -2-¥1 32" I+ 32-1' *23 2" IR
+" 318\1-)2

< # #R!, 0#3

A+"11 0 12, 3% 3&"13--$8 +,"1 *26"%&33-3&"6"%&3-$ ," 04*5-*4+"- $6 3"ID +" R
241\3& 3\%-*-%'23[2\42"\3-\I"2 1" "\3&"\I",2'  B\-$\\+',"1 *D

&)
\2-%43"- **  8R$L+" N\$" 34I\6' 3&\\*+'23-"  5'\ND%DE\\23 8'3"0
4!
3&"\$-6\- $\%4,! 6 3"1\-, 3-\3&"241$ "
& H# .
\ 5R2& M N2/ -38MH\3&  3V21242/ 1" N$1-H\3&N\L - $\-$\\ 5"
& IH
\ S UR2& M N2 -38MA\3&  3\$1+2\-\3&"\$ *--1\- $\\ 5
1Y) &

&1 3'123 -$231+$*6',6&&6 3"1 $-62 $1-+ - /--* 3- -3&"1 E8' *8- 231"+
6' 3&\\23"N\%1 "™, 3

- #

3&"\I"$-1+ 3-\- $\1)\3& 312124 (" 3"N\3-\231"22

* 8"12\- $\2"1'+", 3 18E\73142'5
'%," -42E\+" 32" I'+", 3 18E\-1\+"3 5* ['\1 -)2

<C; k *221 8



-,

\2',9% *\* 8"1\- $\21+", 3 18E\T73142'5\'%," -42E\+" 32" I'+", 3 18E\-1\+"3 5% '\l -)
- %
&'+1 )*$3-, /1 " r 3UE&Y, 1 24201 -413- /- 61"l 8 ™%14 " | 1 -22
38" /¢ 3'NB/ *8 -21"1 "I13-/1 -51" 41 "1 Rrr 3. - $3&" *-413&,3&"6&*" 2+ OD
-, R"((&

&"\/& 82" *\-4,11M2\-

21" "2\3&"\$-1 "V'1\4;

B

$\\231 +\N-1\\1'5 "10E\2'23',%\- $\\ " I\ \231

3\ 1" \3& 3\ 32\-\\1 -)\4)

" +\N-1\1'5"10\ ,)2D

3\3-\ & ,% "\' 32\2& /"\-1\5 -*4+"

%72- 63&/ 33"1,3& 3*-)2*) " 2" 3-$&'1*"%1-- 5'2-1$', 3/1 W**"2QEL2' * - 1 823*$ "2-%

24"\, %2
- #%
38" -+/2211

- #% L-&#*R /& .

$ 4*33&3'2 &1 3"1'9"!
3&"\$ 4*3

"3-,- $ &19- 3FF"-

ViM% I*, 1 241% "ND%DE!"% /* "E $1

8+-3-,3& 3'2 *2"3-&19 -, 3* /1

-
&'W1 3-$\V* 3V2$1 "N 38\ ,-3&"IVF 3\ *0%\\2414  3-\9 -"D
I&*"
W A \6& &\B&N - \2\ >< D
18
WM A\6&! &\B&M -2\ < \+ #'\6&' &\3&" - \2\<  RD
3" H# &

\$-*IV\6&' &\3&"\*F'+ 2\ 1

-3( &#(

\I- 6, 6 LN$-*N6&"L "\3&"\" 12\1"),-

H&H(! -

3&"\$,"R%1 "

N6 23"\1- \$1 -+\V*,

\ 3\3&"M2 +"\ % *"\3-\3&"\&', %"

6,\,-3\3-\"\-  5"1341,"!

3\42"N\3-\ -, M) 313011 *2

341" 3DO

wx 338" 231)" I " 3-, - $

*221 8 k<C<



. &/-R-&)*
\2%-/" 20 3\ %4% 1\1- \$1 %+", 32\3\3&" 2"\- $\\1-)8\"2  1/+", 3\-1\ *$$
C)#HRY &,

1"%-, - $3&"*3&-2/&"1"3& 3'2 -2'""1 "!13- "+ 5% 1-223&"241$% "-$3&" 13& 2 2'\%*
4, 3D

()&

23122\3& 3\3",12\3-V/4*\2-+"  3&',%\/1 3

3&" 2&"*R*Yy &1! /1 32 N3&"1 2* -1 1-, 30 $ 2+* -1%,242 24& 2 1 I'*1", |
$1+,$ "1

SHR- #)(

$1%+", 3-$1)-1+"1 * 43 1 %1 -4,!3- 3&'),"22 - $d:D= ++E ! +-4, 3"-, % *222*%I"
3\ 2 g\t T+ N4 MY 31%1/&\+'1 -2 -/

SR &
\*- 6\,% *\1"5"12"\$ 4*3
HE&&

4,2-1 3"N\2" I'+", 3\312/-1 3"\ \IY/-2' 3"\ 8\% A\

. (_ )1‘
411 8" 3F"",36-/* 3"23&3 1"+ 5% &1'9-, 3*8',-//-2',%!'1 " 3-26" 3&12/" 33-" &
-3&"1
L )R &,

411 8" 3" 36-/* 32383 1"+ 5% &1'9-, 3%86'3& 12/ 33" &-3&"1", -/-2\%
R )

L0,

-2 3-$\ * 4+ 1., 3M3& 3\$1+2\ 3\2/1',%2E\&-3\2/1',%2\-1\6'3&'",\*'+"23-,"\ 5'2

\$-1+\- $\315"13',"\3& 3\2\"2/" '** 8V-1 -42\2\' 3\$1+2\1 -4\"  7'23'%\5'%'3 3'5\+ 3"1'*
0 )# 3

%' -*%' *-411 81/1"2" 3% [1-1- $"12- ! M-1-RI"-2 3-E6&1" /-1 3- - $3&"
0\ " -1IN2\+22'%

<C=k *221 8



#0,-&R, (-0 ,-R , ),

%1'1 2823"+ 42" 13-2/* '$8* 3-2- 1 3&2241$% "42'%" 23% ,!,-1 3&% --1!, 3"2+" R
241"\ \+" 312D

0-#8&
\2+ FR\/" \ 53BV\\5 -+ '\1 -)EVL -4 "N 8\% 2\ 4 *2
0-#1&,
\%," -42\3" 7341\ &1  3"1'9"N\ 8\&-*"2\*'$3\ 8\% 2\ 4 *'2
0)& (#R!&--
%+\3& 3\&2\ -*" N1 /¥ 8\-1\04", &" IE\-3\**- 6 96\3'+"\$ -1\3&"\$1+ 3-\- $\ 1823 *2D
1 %
\2,123-"6'  3&\+1"3& \?e\* 8\ ,\2*3
1" #0

1.%"-%$/1- "22"23)% /* "' 3&" 241$ "' 51-,+", 3E 3&4%& 6&' & 2-*1'1 -)'2/& 82" **8
1-) "V, 3-\2+*"1\$1 %+", 32\ ,\31 ,2$-1+" IV, 3-\2"I'+", 3\ I\- 2\ )\2-%43'-,

2() &#

$1%+", 3-$Z4"%,1-)ZE8/" **8 $1%+", 3-$3&"241U,"'%1 -)', 3-6& &+ %+ 2, 3141 %E
o= 3tV 3\ V%, -42\1-)

3) "I&R-.,

\231" +\3& 3V2\ 3'5%*8\l- 6,R 43 3',9%\'32\5**" 8\'\ \1 " \3& 3\&2\1" ", 3B\ " "\4/*$ 3"l

*.221 8 k<C>



Appendix 1: List of Gmgially Important
Elements and theeRFodic Table

&'$ 603 ¥ A2 =@- $3&"%*%' *8'+-1 3, 3"+ 32EF2B& " 3 M8 83&"1 "™+ 3
HEV4-00\6' 3&\3&"1\3-+\ 4+ "1\ \3&" 3+ \+22\-  $\3&"1\+-23\23 *\'2-3-/'D

&" %" %' 8 +-23'+-1 3, 3™+ 32 1' 41" 11" 3E 16 3& 31" NAOE ! 3&" "%8&3 +', "R
+32$\12% 3N+ R LN, 386’ 38\ \ 23"1'2)\NLOD

<C? k /I",I'7\;F\ '23\- S\ -*-0%' M8\ +/-1 3, 3\ "+, 32\,\3&"
RN



R('BR&)(IR1# "R"#,R J#R( /' ,R(

9<R#%),.( .R!) &)!# &R &'( .-BR&#-. R®' # && 3R3R."#R&'(
MR O)#R --R) R."#R")-.R-. & R#-).)*
3) & YHR ', J#R -
*L 4+ A+ = <A
2 12" == A?
1'4+ 2@ =A
y N > C
1 ? ;
! 1+'4+ >B <
*'4+ < >:
v X < 78
&V "&),#( 7= 9;
1 &1 -+'4+ < ?<
- - *3 <A ?C
N )<, 8? <
v &l)#( ? 7?
N ) & =? 72=
" "4 < >
v 3, ( 7 7
" 1-, <@ 7@
\% >8 86=
% %,"2'4+ < <>
v ¢ (- 8; 5
- *8 1" 4+ >< cC@
" ", ; <:
#v # %& 8> 2
' 31%", A >
78%, @
v ")) 7; 97
* 34+ AB ,C?
L -322'4+ :C =C
'L R > <B
% *5"1 >A ;B
L -4+ ; <=
1 31, 34+ =B BB
\% 1&1, 7< 98
#V # #I 88 >
1,4+ c< <=B
"7\ F\ '23\- B\ *0p' B\ +/-1 3, 3\ M+, 32\ \3&"M 11"\ x
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3) & ' YHER I, J#R -
\Y #( 96 <

&" M-I 3 2 *23 - $ **-$3&" "™+, 32 11,%"!", %1 -4/2 -1I"% 3- 3&"1 3+ -,$ '%41R
3-D -1\ \ "22' *\5 "12'-\- \3&"V'L-I'\ 2"\2" " 8,%", 3\ "IN *\- $\*'+" 3D

<CA k /I")I'7\;F\ '23\- S\ F0 B\ +/-1 3, 3\ *+", 32\ ,\3&" "1-I'\ *



Appendix 2: Answers todetice Exerises

&"$-**-6'% 1 "24%%23"! 26 "123-3&"/1 3 ""7"'12"2"+" " 1'13&"5 1-42 &/3"12- $ 1 R

3 % 41"3- 34 3-18 " -*%8D ,26 "123-3&"04"23-2","  &* " 7'1'2" 1 "/1-51" 1" "7
=D

Google Earth Gtorial

18 B/'\% 3&2" -1V, 32'1'3-3&"2"1& 1, -% * 1 3&D & 3 %-%1/& $ " 341 '2 * 3"
?;h: <Y=CW\\;i=Y>AW\| )/3.CR ™. 5R*3. A

D &3\1M3&"\ \ -1, 3"2WN23%\ -1 3&,%0$\3&"V-, 3\'\ '%41\;<\ | )/3.CRH. )'R$L
(*) IR88R R>7?;77R(R R<=<@977R(R

<D 18V*3396\3&" -1 I, 3";:\\A: A2\ \2@72B<:\H\ \- )\ '%41\;<\D )/3.CR/ RIO.RHR$". (
*3 A

=D \3&"\ \%1'N\2&  6\\ '%4I\;<\E\6& 3V2\3&"\*" %63&\'\+" 312\- $\" &\2'1"\-  $\" &204 1 "\-\3&"
%1l )/3.CR8777R(R*.R8R&(R".$ A

>D -\2" "\3&M%1N\F"2\$-1\" &\2823"+H'\--%  *\ 1 3&E\*)\-, #1BR# D\18\9-+ %\'\ \-43\3-
2""\&- 6\" &\%1'\38/"\*--)2D\  18\3&'2\42',%\3&"\%%-%1/& \% 1 \N* 3M*- %0\ N\3&"\ \%1'D

2D 8"V -4, 3\ -8* 5 "12'3BW\'3-\3&"\2" 1 &\ 1\ ,\*) , " D\-5"1\8-41\ 412-1\1'%&3\- \3&"
/£ "™+1)"ID\ & 3\ 1M3&MN -1, 3"2%1\  \\¢ AV%-%I\ "+'+"1 E\sA\+423\2/" '$8\3&3\  \'2
-1 3&\-$\3&"\'04 3-1\,\6 "23\-$\3&"V1+"\+"1"" H  )/3.CR,. *4$(0' 5R<8YR77Q;8Z R8B>Q<I:X

@D & 3\1"3&" 110 321\ \\ \ ~1 320 "kl E\8A+423\2/0 '$8\3&°9," 4+R
"IH )/3.CR,. *4$(0' 5R88R R>7899?R(R R<=<<798R(R
A &A1& 11, 3281 V) \21\%1N1 "N L E\SAR423\2"  '$8\3&M\9"

4+"1H  )/3.CR88R R789<#V

3

1" '7\<F\ ,26 "12\3-\1 3'"\7 "1'2"2 k<CB



Intr oduction

Practie Execise: Qing gologial time notation

;D <B?\) \'2\<EA?:\8" 12D
<D:DC=\ \2\C=E: E:\8 " 12\-1\C=:\+**-\8 " 12D
=D ;>D<\ \'2\;>E<:: E:\8 " 12\-1\;>D<\+**-\8 " 12D

Practie Execise: ke a trip though gologial time

;D &"\- 78%, 3-\- $\3&"\3+-2/&"1 "23 13"\ 3\ 1-4,\<D?\ \N<?::\ O\6 2\\ 3 23L/&"$ -1\+, 8
-1% ,'2+2\" 42"\3&"8\ -4*1\,-3\241 5'5"\3&"\23%,%\- 7'1'9',%\"$ $ 32\-$\$1"\- 78%,D

<D "I, Y31**8)),- 6\3&"\,26 "1\3-\3&2E\ 43\3%\,-3\5 "18\*-,%\'$\8-4\', *4!"\' 2" 32E\ ,\3&"1"\2\" 5'R
M- 82t 3+ % "M\3-\2-+"\- $\3&M\"1*23V*, 32D

=D *, 32\-\* \ ¥ 6" N$-1\ '+ *2\- \* IE\2-\6' 3&-43\* IV*,  32E\8\6 -4*, Y3\"\&"1I'D

Lab 1: Plateettonics

Practice Execise 1.1ditanoes and thate of plate motion

$! $R'OR. 0/R*IR(*0$*)RI("R5R02)
'K

<CCKk /I",I'T\<F\ ,26 "12\3-\1 3" "\7 "1'2"2



Lab 2: Minaal Roperties and Non-Silte Mineals

Practie Execise 2.1

+" 3823 N <OE &3"N *OE ,! N241/1'2',%*80 "N < O I ** +'"1 *2D *3&-49% 24%1'2 , 341*8

- A11% 2IE'3°2 -1 %, -+-40 13&"1 "$1"'2 -3 +#" *D4'91 -'N 1.0%2,.3
+HM* " 427132 28,3&"3 M8 /1-14 "13- "42" 12 % "+23-"E 2' 3 *2"%8 I'2'+*"2 I' +- 12D
21,2, 34148 - 411'%5-* ' % *22D )" ** 0% 22"2E - 2'1' "2 -3 & 5 -1 1'138 1823 %"

2314341\ ,N2\3&"1 "$-1",-3\\+,"1  *D

Practice Exetise 2.2

) & O
2/&*'1' 3" , 1 #$
+9%," 33" "o s *4%
/81-7"" %' = $% 0
% *2'3" > 1'% 0
285'3" * #'$
25"1 % ) 0$2
$4-1'3" < #'$
w3 n *4%
21" 3" "L %0
$:12/ 1 * ' p $% 0
24%/841 ) 0$2
7",-3+" > #1H#0

Practie Execise 2.3

"2/-,2"2\6"*\5 18D

1" '\<F\ ,26 "12\3-\1 3'"\7 "1'2"2 k=



Practie Exetise 2.4

&'( . H&#)  &# ) #I ). --#"
o 106 e #'$0 /5'2%0
41 "NO S(L0Y 7y o

I(H#I

*$0RHHB" | =IBR(")/$ORH"  =IBR/'OR'&R)
0#R* )

Lab 3: Siliate Minenls

Practiee Execise 3.1dfromagnesian sites

#, & ), /&
R N %E'Q ' >
/813" "<
I* % * 2" * << B
/817" %' =
&'+ 33" "o =
-138-*2" * - g
04139 ' o<

S ) I(#R #&# . E
8"2

~-\N3RN\24%/&1EN, -3\ \ 2 3"0

8"2

AWINC3R N\ 71EN-3V\2* 3"0

Lab 4: Igneus Rcks

Practiee Execise 4.1 6tk types badeon magmaamposition

)%

Jhg P8 &8 o9 ! 8 8
) %R7 ??e  Ae ?e @e =e >e =e
) %R8 Ae >e e =e :D%e ?e >e
) %R9 >Ae >e Be ;e Be e <e
) %R: @?e ;>e >e e >e =e =e

' \R3*R) R'"I'R#-R# .E
3"+ I 3MINN3&-4%&\3&M T <\F! 52\ -1 1"1 * "E\3&"1"\'2
3\ B\ " E\ %\ N\ \3\"\+$ 'O
$+2
+3$ '

L3"1+ I 3MINF3&-4%&\3&"M T <\F 52\ -1 1M1+ "EN3&"1\'2
3--\+4 &\ %\ N\ \3-\"\$ ™2' O

=5 k II"I'7\<F\,26 "12\3-\1 3" "\7 "1'2"2



Practice Execise 4.2dphyritic mineals

;D _,* 8\_*I5I’IIV&II,_ 1 8232
<D /8% 7""\ N +/& -FV&",- 1 8232E\ *-,%\6'3&\V* %- * 2"\6' 3&\\ -+/-2' 3-)\3& 3\'2\ -43\&*$ R
6 8\" HB""\3&"\ R1' &\ ,N3&" R1' &\",!R+"+"12D

Practiee Execise 4.3 Minat proportions in igneus ocks

D -4%&%8\<?e\ R$12/1 E\=:e\04 1 39E\=7e\*' 3'V/* 0 - * 2"\ I\;:\ -3 3"M +/&' -*"E
<D -4%&B\@7eV* %'- * 2"\ ,\=7e\"-3' 3"M +/& -*"\N +-23\*) ™8\ +/&" -*" OE

=D -4%&8\>?e\,-1 3&3'V* % '- * 2"E\<?e\ +/&' -\ N\=2eV 817"

>D -4%&8\?:e\V 81 7","\ ,\?:e\-*5"D

Practice Execise 4.4 f®portions of Erromagnesian Siltes

& /11 -7+ 3"/1-/-1 3-2 1 "F;eE ?:eE = ! <eE ! 3&" -11"2/-1'% 1 -) ,+"2 1 "%1, 3"E
% 1 -\N*3&-49%&\'3N1'%3\-\3&"-4,!1 8" 3FH""\% 1 -\ \-T 3"OE\I-13"\ ,\%1 ' 3"D

Lab 5: S#iments and $kmentary Rcks

Practice Execise 5.1 Chenaiowethering

" &R (! ) -
D\ 813"\3-\&"+ 33" -7 3,
<D\ *' 3"\3-\ *'4+\ N\ 1-,  3"\-2 22543,

"' 7\<F\ ,26 "12\3-\1 3'"\7 "1'2"2 k=<



Practice Execise 5.2 &cribing the wathering origins of sands

(R - #)( )--# &R*) ---

1%+", 32\-$\-1 *\" 3 D\$#\
2&**-6\6 3"1\1" \" 1\3-\\1 ""$\,
naigy

"2\ 1M -23, 3B\"M%\"1 -I" N 8\- " \6 5"2E\ ,\3&"\$1 %+", 32\1"
6 2&"I\',2&1 "\ 8\411", 32\ \3&"\$41 3&"1\"1-I" N\ 86 5" 3-D

,%4*1\04 1 39\ ,\1 - )\$1 %+", 32 41 3R" 1'%\1-)2\& 51" "\"1 -I" N N\31 ,2/-1 3"\ 8\\%* "1 D\&"
$ERN\% * "M231" H\I'-20 3\ 1 $1%+", 32\+ 8\& 5\" "\+- 5"N\2&-1 3\I'23, "\ 8\\231" +E\43\-3\"-4% &
2- 8--2 3-V1i-14 "\1-4,I'%D

40" N%1\2\- $\-*5'M )
5% ["\% *22\$i+\\" &\,
6"

&"\-*'5""\ ,N\% *22%L,2\1 "\"1-I" N\ 8\6 5"2\$E+\5 ¢ '\1 - )\ ,N\3&",
3&-1-4%&8\1-4,!" N\ 8\6 5'2\-\3&"\" &

Practie Execise 5.3 Clsifying sandstones

- ) ) %R(

%4* 1\%1',2E\B?e\04 1 39E\;?e\$12/ 1 E\*'22\3& \?e\2*3\ ,\* 8 .&I$R . )$0
-4,1"  1\%1',2E\CCe\04 1 39E*"22\3& ,\<e\2'*3\ \* 8 1.06R. )3$0
%4* 1\%1',2E\A:e\04 1 39E\<:e\*3&'\,\;;e\$ ™12/ 1 E\U%&B\<:e\2*3\ \* 8 $0#$ R3 &

Lab 6: Metamorphicdtks and the ¢tk Cycle

Practie Execise 6.1 How long did it &k

3+%&3&5"3) ", ,3&"-1 "l - $<3-<?24+*- 8 " 12$13&"2"%1," 32 3- $1+E 43" 5", +-1 "3+ 12

S 13&,3& 33-/1-14 "3&"1-) " 42" 6" & 5" 3- -4, 381 3&"2"I'+", 318/1- "22 I 3&",
41'* I+ 3&$ 3-, ,13&"!" "M 41'*3-1 " &+" 3+-1/& ", 51+", 3S251*3"2- $+*+-2
+-1 "\8" 12D

== k /I"I'T\<F\ ,26 "12\3-\1 3" "\7 "1'2"2



Practice Execise 6.2 Metamorphioaks in agas with higherapthermal

gradients

C)x "#R ) %R 3*

%' K

;D\ * 3" <\3-\?

<D\&8**3" 2\3-\B

=D\ &'23 B\3-\;<

>D\ ,"22 <\3-A

?D\'%+ 33" ;A\3-\<?
Practie Execise 6.3 Naming metamorphocks

) %R - ##)(

;D\ \6'  3&\52'*"\+'\"1  *2\- $\+' \ N6' 3&\2+**\ 1823 *2\-$\ | *42' 3"D\ &"\+' #$/0R*.RH,.! . ' 5l
1823 *2\ 1"\ -,2'23", 3BV 1 **\3-\-"\ -3&"1 D

<D\\5'18\& 1\1- )\6' 3&\\%014* 1\//" 1, "\,\\% *228\*4231D\ &"1"\'2\,-\"
-$\¢ 3-D

=D\\$"R%1'" N1-)\3& 3\2/*'32\,3-\6 58\2&™ 32D\ &"\241$ "2\- $\3&"\2&" 32\& 5"\
2&"™ \3-\3&"+D

>DV\E N3& 3V2\-+, 3"\ 8\*0%," N1 823 *2\-$\ +/& -*'D

5"

$ L) '1/$0 R/ #$/0
. * ' BR-1.06$0
#5"$0

(#$*'$0

Practice Execise 6.4 Bck apund the ockcycle clock

et 3181-)'2 41" 1" M13-+) "4 3+-1/& 1 -)E3&"+" 3+-1/&' 1

3&2/1- "22 3&"+ 3"1'*-5"1&"1'2"1 -I" 12-3& 373

-)'24/%$% 3" 1141%

, T2t 32418 "D &' 4" 3+-1/& 1 -)

'23&","1L-1" 13-+) "+-1"2"I'+", 32E6&' & 1'31,2/-1 3! 86,[E6 3"'IE-1'"E!/-2" 3" ,13&"

41" N\3-\+) "2"I'+", 318\ )D\&2\6 -4*N\*) "™8\3)"\ 3\W*'23\@:\+**'-\8 "

1" V'T\<F\ ,26

"12\3-\1 3'"\7 "1'2"2 k=>



Lab 7: Rlative Dating and Gégial Time

Practie Execise 71 Coss-cutting elationships

'0$2 R " /CRICR* /OCR:CR($ 'BR8CR5*1)'0@RJ
'K

Lab 8: Mapping Fual Landsapes

Practie Execise 8.1 tlerstanding the Hjulsim-Sundbog Diagam

J("R5R02)R . 'K

D \$' M2 N%1  'AN: D\+™**+" 3120\2\123',%)\-,\3&" -3 3-+\- $\\231 +\" ID

=2 k /I"I'I\<F\ ,26 "12\3-\1  3'"\7 "1'2"2



D & 3\231+\5 "' B\G"™\'3\3)"\3-\%" 3\3&3\2 ,N\%1 '\, 3-\242/"2'-, | *1"# 5R97R )0$(0. /R,.

/%) A
<D, "3&'1 3'*\2\'\242/"2-E\3&"\5 "' 3B\23 132\3-\I11-/D\ 3\6& 3\5*- ' FB/\E*H'3\G ** 8\ -+
N3AL "23\-\3&"231" A\ " I *1"# 5R8R )0$(0./R, .R/ *) A

<D \231" +\'2\$ *-6',9%\ 3\;:\ ", 3'+" 312V"1\2" - \N 6& &\+" ,2\' 3\3)"2\;:\2" -I2\3-\% -\\+" 3TE\,!
3& 32V1" 338\2*-6 OD

D & 329\- $UL13*2\ A""1 " N34\ " 34 312012 - *R,.0$'/BR*R )5R/$6 BR3$'R
. * RORS7R )0$(0. /R,.R/ *)BR'0#*1"#R, .03 /R/(" .RO# )RSR($"$( 0. RO#OR.R'. 5R$)
11/, )I$*)R3$"R/0 5R$)R/1/, )/$*)A

<D & 3\2\3&"\* B623V/ 1 3' *\3& 3E\-, "\*1" | 8V,\242/" 2'- E\6*H1 "+ '\ \242/" 2"- )\ 3\ "R
3+ 312\/"1\2" -l R8BR($"$(0. R$(0.R,.08'RA*1I'R.  ($)R$)R/1/, )/$*)R OR87R )0$(0. /
Rl %A

Practice Exetise 8.2 Sde bar

&3 DD'22&, 83&"2 * 111 6, - 5"l 224+"3& 3" &- $3&"*% 12-,3&"2 * 12< +
"\ 063&D\ !, 3F\8N6"**\& 5"\3-\I-\2-+"\4,’ 3\ -, 5'12'-,2H
-*43'- F
N AI'23, "OMN-4,\I'23 , "O\a\N;\ ©MND?\)+Oa\N;\ OMNE:\N+ Oawm?:E:a F?E:
" 241'% 6' 3& 841 14*"1E ; +-,3&"2 * 11 "/1"2", 32:D?)+E-1?:+E-1?: E: +D &"1 "$1"E
3&M2 *\ 1\1 "/1"2", 32\\D D\$\;F?E: D

Practiee Execise 8.3dpogaphic Contour Lines

7+,"3&"" TH*31-%L /& +] '%41 BD=D=D &" +/2&-6236-&**22"/1 3" 8 2+*5 **"§
3& 3\& 2\F -\231" +2D

D & &&*\'2\38"\3 231\ 1 EV,\-3&"1\6 -112E\6& &\&™**\& 2\3&"\&'%&"23\"*"5 3-, | # R#$"RO*RO# R)*.0#L
3 /OR$/RO# RO " /OA

<D & 3\2\3&"\//1 -7+ 3"\"*'5 3-\- $\3&"\IN23 1l #R'20$*R OR0# R,*$)0R$)$ 0 R 5RO# R.R/0 .
3*1I'R R,. *4$(0' 5R8><R(BR/R$OR$/R™ *1"R.5R# 13 5R 03 )RO# R8<7R(R ) RO# RO7T7R(R *)0*1.
'$) /A

=D -6 1N6& &'l " 3-\2\" &\231" +\$ *-6'% | #R/0. (R* 0 R)*0#3/OR*RO#R. R/0.R$/R*3$)"
0*3. RO#R AR#R/0.(R* 0 R/*10#3 /OR*RO#R. R/0.R$/R¥3$)"R0*3. RO#R ARO.(R '35/
I*3R *3)#$"BR 5R 4 ($)$)"R0# RO*,*".  #$ R *)0*1.R'$) /R5*1R )R 0.($) R3#$#RS. 0% $/
1,,0. (R*R*3)/0. (A

>D \8 -4\2""\, 86&"1"\-\3&"\+N6&'1l  "3-/-%1 /& 8\6-4*\"\1 "+ 35*8\23"/ | /BRO#R .R) .RO#
0977R(PR' 'R$/R0$2' 5R/0 A

2D \8 -4\2""\, 86&"1"\-\3&"\+N6&'L  "3-/-%1 /& 8\6-4*\"\1 "+ 3'5*8\8, 3*\-1\$* 3| /BRO#R ./
) .RO# RO3*R/0. (/R#2R. '0$2' 5R")0'R/™*, /A

@D -6\ \8 -A3"N3L\I'$FL", "\" B""\1 " 2\6' 3&\23"\5 "1242\%, 3*\3--%1 /& 8\42' %\3&"\ -, 3-41
# "2l %)0*1.R'$) /RO#OR. R"™/' 5R/, R¥RO#R(,R$)$ OR/O ,.R/*, /BR3#. IR *)0*1.R'$) /RO# 0
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. R/, Rl .R,.0R$)$ OR")0'RO**.  #5 A

A -3 "3& 3\3&N\7\H N\ -, 3-41\ "2\$-1+2\\V WA2& [\ 2\3&" 8\ 1-22\3&"\231 +D )¥)l, * "#
)( ), R&#(-R&1 3-R),RRO PR-"*R-R." 3R )-RR-, BR(R"RY#( .R)R."ROPRZR 3-R¥#( .-
F, A +9%"\3&" "2\\3&'1N231" +\3& 3\-1'%, 3"2\ 3\3&"\IN23 1\ \$ *-62\3-6 11\3&"\ D
1 6V,\3&2\3&'1N231" +\ ,\42'06\I 2&"  I\*"2E\+-I'$ 8\3&"\ -, 3-41\* "2\6&"1 "\3&"8\ 1-22\3&'2

231 +D  *$!'$ R*0*LR'S) /RIH#*1 R'R! *(R RO PR/# , RO# OR,*$)0/R1,/0. (RH1,R#$"IR /RO# 5R*/
0#$/R) 3R/0. (A

Lab 9: Structual Gelogy Fart |

Practie Exetises 9.1

‘D \ '%412\CD;D;\ \CD;D<E\6&' &V/1', '/*"\6 242" \3-\I" 3"1+ "\3&"\-*1"23\ \8  -4,% "23\2"I'+", 318
1-)2V\3&"\I'%1  + | )/3.CR,.$)$, R*IR/L, .*/$0$*)AR 2 )RO#*1"#RO# R/00 R$)R$"1l. RASAIRH 2R )
0$'0 BR$("$) R*0 0$)"'RO# (R &RO*R#*.$6*)0 'BR ) R5*1R )R/0$'R 0.($) RO# R. ' 0$2 R " /R*IRO# R¥1.
'5. /AR CR$)R/(R //RI0. OR )R R*,0' 5R*2.01.) BRO#. !* RO#S$/R //1(,08*)R * /R)*0
'3 5/R#* RO.1 AR *.RO# R,1.,*/ /RMRO#$/R *1./ BR //L( RO# R/0. OR#2R R )R*2.01) A

<D \ '%41\CD;D<E\6&' &V1', '/\3"*2\8-4\3& 3\3&"2"\2313\6 "1"\3*3"\ $ 3"1\I"-2' 3-\ \* 3&'$ 3-, |
)/3 .CR,.$) $,' R*IR* $"$) 'R#* $6*)0 '$05

=D -6 11\6& &'l " 3-\1 "3&"\2313\I//'%\'\  '%41\CD;D=l)/3 .CR/*10#

>D - 6\23""/* 8\1"\3&"\2313\I//\%\'\  '%4I\CD;D=1)/3 .CR;<Y

Lab 10: Structaf Gevlogy Fart Il

Practice Execise 10.1okling style

,-11"1 3-&™/6" 3&3&"',3"1/1"33-E-"- $3&" "12&2 " ",31 "IN,8"™-60-3&"!"%1 + "™ 6E

13 6-- $3&"$1 7 "2& 5" " " 2& 6,N',/)OD &'2"$ -*12 1 "28++" 31' *E | *3&-4% & 3&'8 1" 3%83
3&"8\1"\,-3\2- * *D\&" 8\ 1"\- 5'1341," ID
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* R. *&RH$)R5 *3IR)RI* R4 /RH,$)&RJ"R5
02)R. 'K

Practice Execise 10.2ypes of faults

-N'$ 3R\\,-1+ *\$  4*3E\'+/*8',%\" 73",2"-,
-3 3-+\*"$ 3R\\2"1"2\-$\,-1+ \$  4*32EV3",2"-,
-N1'% &F\\1'5"12"\$ 4*3EV+/1 "22'-,

-3 3-H\1'%&3F\\1'%&3\* 3"11\$ 4*3\N/*"2\3& 3\3&"1\'2\2&" 1',.%E\ 43\'3\2\,-3V/-22" *\3-\2 8\'$\3&"1\'2\" 73",2"- \-1
-+/1 "22'-, O
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Appendix 3: Answers to Lab Exars

&"$-**- 6% 1 "24%%23"! 26 "123-3&"* " 7'1'2"2%-1 2;3-;:, 1 3" * 41" 3- ,3k4 3-18
' -*-008D\,26 "12\3-\3&"V1 3" "\" 7"1'2"2\1 "V1-51" N\ /[T D

Lab 1: Plateedtonics

*N3-\5" 6 *\,D)\,26 "12D
;DAL -7+ 3"V 3V*-,%)\ --1 1", 3"2\-$\5* -"2\ *- %%\ 6 "R+"1 -1\&'F

K " 4"\ -* -F\:Ch\<>i\:j\;??h\;Bi\::j\

K ")ac\" +-4, 3F\=<h\Bi\>zj\;A<h\<<i\=Cj N-3"\3& 3\3&2\2"+-4, 3\*"2\-\3&"\-//-2" 3"\2'1"\- $\3&"
;Bi3&H"LT AL -H\3&"N ™ 4"\ -+ A\ N 6 8\2* IE\,\' 32\*-,0%34!"V2\3&"1"$-1"\I"21" " |
2 -.0

K "1 6 8\2* IF\<Bh\;=i\;;j\ , AAh\<<i\<?)\
<D\//1 -7+ 3"\ \ -1 3"2\-$\5* -2\ *- 06\ 6 "R+"1L -1\&'F

K 4,\ " RF\A\< =B:;;<\\\<;B?A >C\+\
K A?DB<\ \5-* -\" 1\3&"\" 31 3\" +4, 3F\?B\\@C2@\+\\?@>AB>:\+\
K ?BA\\5 -*  -\-\ 4 Y'F\>\\>>B=B\+\ \< >=<C;\+\

=D\-4%&"8\<E>?:\)+

>D\ 3"\- $V* 3"\+-3'-,F\BBD>\)+ M

?D\ 3"\- $v* 3"\+-3'-,F\BDB\ + M81

@D &"¥% - 6R*)'W),) ", 3&" 6 "R+ -1 &'"26"™ 821 "!3 &% "Il " 3-- $3&"

'$' *3"+- 5'%-5"13&"233-,1 8+, 3*/[*4+"E 43 +-1 "/ 42'*"" 7/, 3'-,'23& 33&" 6",
+, 3 [*4+" &2 -3 34*8 " " 23 3-,1 83&14%&-43'32 &23-BE ,!',$ 3+ 5"l 3*23<E: )+
2-43&\-5"1\3&"V"1-\" 3B ""\B)\ ,\>?\ D
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A
BD\O\,\ O\ 1\-3&\I'5 "196, 3\-4,!1"2D

Lab 2: Mineal Roperties and Non-Siéite Mineals

Part |. Clevage and Factue

D
*& 88< 88; 7 8,7 777 889 797
& 0! R), -, &' * - &' _ . _ . . , \
o $134T $1341 =\ 3\C:h =\,-3\ 3\C:h L<\,-3\ 3\C:h 1 347 1 3471

L -3"V 3\ \"&*™* 0 "%\3-\2" "\3&"\36 -\ *'  59%"\/*,"2\'\3&'2\2 +/*"D

<D -3+4&H -3& 1 823*¢ "2 | * 5%"/*,"21 "$*" 3*&3 6™ I /" 1 2$*3241% "2D 1823 *
$ "2+ 8&5"231'3-2D "+'+"13& 3 * 5%"/*"2N43,-3 1 823*$ "2HO"I 3 3&34%&-43 3&"
+."1 *E\2-\F--)\$ -1\3&M2 +V* "EV\3&M2 +M\-1", 3 3-\3&1-4%&-43\3&"\2 +/*"D

=D ,8-$3&"$12/12+/*"2N/-322'4+$  "™12/1-1/*% '-*2" O 26™* 23&"/8L-7""2+*" *2-& 5"
B\ 5%V ,"2\  3\dC:hD

>D -1,*I"N +/& -* O&28-* 5%"'/* /"2 3/1 -7+ 38?@h ,!;<>hN21' "3&2 3<,3 3
C:h\$1\3&"V/41/-2"2\-  $\3&'2\-412" OD

?D\42 -53"\ ,\-3 3D

@D\ 48" |E\2+--3&D\ &'2\2 +/*"\I-"2\,-3\" 7&"' 3\ *" 5%'D

AD\2/"1 E$, 3E\,8\04 139\2 +/*"D

Part Il B Non-siliate Mineals
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;D\,-3\- 8" \S\3--\2- BHE* "

<D\\a\;R

=D\*6

>D\+"3 **

?D\%BR * )

@D\63"2\-,\/ /"1 E\& 1,"22\a\; RRE\%BR * )\231" )E\%1 28\$'"*

(# .R(R"  #

;D\!-

<D\,-\*" 5%"

=D
*&R ;71,8 /-, CR'.&&#I-/L'.&&#
*&R ;9 /-, CRI/&&R),R ,."3

>D\3T \'2\3&"\2+"\1 "IR1-6\ -*41

?D\+ %," 3'3"

@D\'2\+ %," 3'

AVIIR1-6,\231")

&# .

;D\82E=\,-3\ 3\C:h

<D\ \a\d=

=D\81 -42

>D\&\S\5'%%1-42*8

?2D\"$'15"2 "2\N'  320\63&\ *E\\a\=E\& 2\=\*" 5096"\/* ,"2\,-3\ 3\C:h
& "# - NBL3'BE6*,E &* -/ 813"E2/&*'1' 3"O

*&R:71:8 #(, &R('CR3# .

*& R 97 #(, &R('CR"&)* 3#.
*&R7 #(, &R('CR &
*&R7:7 #(, &R('CR *"& # .

DV LIV 1 3\-$\3&"\24%/&'1"\+'"1  M%TI4NAN **\+'"1  *\$1+4* "\" \6' 3&\\24*/&41\ '-\N OOD

<D\81'3"\+ 8\2 1 3 &\3&"\% 22V* 3"E\ **\-3&"12\ 1'3--\2- $\3-\2 1 3 &\% 22D

=D\B1'3"

>D\ *"\8 "**- 6\ -*-41 E\23196\24*/&41\2+"\N2+"*+*2\*') "\1-33" \"%% D

?D\+"3 **

@D\1"2\S\  \"\-,R+" 3* \NL'2',-42E\5' 31'-42E\ !+, 3" O\-1\+"3 **'\3-\24 R+" 3 **'

AD\% *",

BDV& *'1" 3"\N@V* ,"2HO\ ,\% *",\N =\ 3\C:hO

D 813""2&1"ME &*-/ 813"&2 %1""/'2&R* ) 231 ") ,131,2&"23- 1'% &3 /41/*'R *4"R8 "**-6
N/ -) R*)'O\-*-412D

;o DV'og\2/" '$'\%1 5'3B

;D\ *\8 "**- 6\231" N\3& 3\2+"**2\-$\24*/&41

;<D
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* & RH #(, &R #(, &R), /& , R .&

7 *, \S\ |
97 &* -/ 813" 4 " < AS\ /"1
77 /&*'1" 3" , AS\9,

;=D\ *, V2\3&"V1Y, T M-1 "\- $VFIDVT N2\ 42" A IR B'L"2EN2\6"\ 2V "1+ 2\ \\N%  *22D
>D *, 2" 731 3" *~%6 3& ,8-3&"1-1"+,"1 *2 16 23"1-)%1-+ !I"-2 3D "/"1N% -,

3&"2'9'E2& I"E [ I"/3& -  $3&"!"-2' 3E3&2+®3 "5 -/ 3+,"6&" "-1"'2 "22"1 $1-+ 3&"
241% "E-15" ,4,!"1 %341+ 6&"1 "-1"'2 "22"1 *- 9% 2&$ 32 [!* 5*2D &"1-)" 731 3" $1-+
3&"!"-2" 3'2%4,!", 3- $'"/- 6!"1E [!'3&",3&"+ 3"1'*22%1 3, 3--1" - " 313" 13" %2
M 23"0OD &"-, ", 313"'22", 33- 2+™3"1 E 3&"*1R9', 2+™3"1", 1*E DDE 3- "1"$," ', 3-/41"*" |
+" 3*D\ &2V41"\+" 3%\ \3&"\ "\2-*I\3-\+ 4% 341'12D

3%/

;DWa\<\R 1 3 &"2\6' 3&\\$,%"1, *O
<D\BT-42\-1\2 3, 8E\ \"\2%)8\N 2™"' 3"\51" 3B\- $\98/24+\$ -1+2\ 2\$ ' 1 -42E\2*)8\ 1823 *2D
=D\\a\<E\BT -42\-1\2 3', 8\*4231
>D 8/24+'242" 13-+) "6 *-1 1-111 86 *D -5 -3 '23&"+-23/1 -14 35 %824+ +','% 1
‘\3&"\6 -1*IH
&# - N&*3"E\$4-1'3"0

:D
*& R 897 & 0! CRO9R¢(-R .R?6Y
*& R 8<7 & 0! CRR&% (-
*& R 8<8 & 0! CRR&% (-

<D\ & 3\2\3&"\//1 - 7'+ 3"\&1!,"22\- $\3&"\B -\+',"1 *2\-\3&"\ -&2\2 *"\- $\& 11,"22]

&# CR RUR9 &/),#. CR RUR:

=0f4-1'3"
>[8 23"2\2 *BEE*AI"$"," I\ *"  59"V*,"2\N =\ 3\C:hO
2D\\a\>E\>\ * 5 94'\/* "2
@D\1!,"22\3"23\N$"4-1' 3"\ \a\>E\04 1 39\ \a\AOE\ *'5 %"\Ng4-1' 3"\& 2\>V/* "2E\04 1 39\& 2\\*"  5%'0

Lab 3: Silate Mineals

1), %RE&H . -

:D\04 139

<D- &"1*$1 341 | 1 823*$ "2 N<<OE '1P64*1$1 34T N<<<OE-, &'1*$1 34T N<<= |
<< >0

=D 82" 231'3-2- 1 823*$ "2E * 59%"'/* "2N43,-3 1 823*$ "2HO'I' 3 3&I4%&-43 3&" +' R
"] FE\2-\-\$ -1\3&"\2 +°VF "EV\3&M2 +\- 17, 3 3'-\381-4%&-43\3&"\2 +/*'D

>D\\a\A
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?D\'31-42
@D\ \a\B\31 -42\*423TE\ -, &' *\$1 341
AD\"2ENE, 3\ *2-\& 2\\& 1 1,"22\- $\A\ N - &-'1%$1 341D

*& R 867 #(, &R('CR¥).--#/'R  &-*RJ 1"#. K
*& R 868 #(, &R('CR¥).-—-#'R  &-* RI#(% K

e o 1 & BT
& R877 #(, &R('CR*&!#)&-RJ# "R R&#R),

&, )# .RMR *(-R)(R3 )/,R%#DK

;DV\a\@\dL\ *1\$**12/ 1\2 +/*'2

<D\<\ *' 500"Vy* "2\ 3\C:h\$1\ *\$"*12/ 1\2 +/*"2

=D 31'3-,2 -, X*% &3YR*-41"! N6&' 3"O *%*2"$ "™2/1 N<;;0D 112 ", " 1231 3-2 N*)" 3&"
2&"M\$L-+\2/**" N\ 2-* "\'\6 3"10\-\X1 )YR-*-41 "IW* 9% - * 2"\$ ™12/ 1\N <;;0D

>D *8/*%'-*2"$ "™12/1&2231" 3-2D * 82-+"/-322'4+$ ™I2/1& 5'"72-*43- *+"**"S6 58E
'11"%4* 1 X8, 8Y *"23&3+ 8 /" 1 2 2*%&3B!I'$$1", 3 -*41 3&, 3&" 1 "23 -$ 3&" 2 +/*" N"D%DE /*"1
[)E\*-4!1  8\+-1"\-/ 04"6&' 3"OD

"R #&H .-
*& R 787 #(, &R('CR#).# .
*& R 8=7 #(, &R('CR' [-) O#

;D\-"V"1$ " 3\X 2 *Y\ ¥ 5 ogryx

<D\\a\<D?
=D\'"* 23' \X&"" 32Y\3&\ \",IE\-,"\V"1$ "O3\X 2 FY\ 505N\ T
>D 42 -5'3""2*U&3"', -*-41 N*+-23 -*41*220E '-33"'211)1-6,3- *)", -*-4114"3-1 -,N "O

N+ 9%,"2'4+\N %0D

*& R 8>7 #(, &R('CR.&

?D\a\;
@DV"18\-1\14**
A\ \aENG ™ \* 5"\ *\+ 1 )\-\ *-3&E\%1" 28\-1\2-/ 8\$"*

*& R 8?27 #(, &R('CR%) &#(#

BD\"L 388\-1\14**
CD\"1 388\*4231E\2+"+2\*)"\ * 8\6&"\6 "3
#( & R"#(R #&#.-RJ*3,)2(R '#& 3K

*& R 767 #(, &R('CR*3,)2(RI /! # K

:D\<\3\C:h
<D\2& !"2\- $\9%61" \3-\ *+-23\ * )
=D\-*-41\N2& 1"2\-  $\%61'\3-\ *+-23\ * )OE\<\ *" 59%"V/* "2\  3\C:hE\\a\d?R@
) &R"#(R #&#.-RJ' *"#) & R'#& 3K
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*& R 777 #(, &R('CR"),(  &(

'D<\-3\  3\C:h\Nd?@h\ ,\;<hO
<D\%1,2&R * N\3-\* )
=D\ )\ *-41 E\<\* 5%"V* "2\-3\  3\C:hE\\a\d?R@
)& R H&H .-

*& R 797 #(, &R('CR! (.

;D\82

<D\\a\@D?\DA

=D\B1 -42E\2-+" 3'+"2\1"2',-42

>D B1'-42 *4231E ,- *' 5%'E & 1,"22 a @D?RD?E ,! -*41 N -*41 ,5 18 4338/ **82&!"2- $1!
3\1"IR1-6, O

*& R 967 #(, &R('CR) &B#(

?D\\a\@D?\SWI$ 4*3\3-\3"23V',\2-+"\2 +/*"2\14"\3-\2+ **\2'9 "\- $\-*5"\ 1 823*D
@D\249BHE\%M4* 1\N 2+ **\ 1 823 *2\3&3\*--)\*") "\9%61',2\- $\24% D
AD -*-41\SV *\%1 ""\3-\%1"",R8 "**- 6

Lab 4: Ignaus Rcks

D
*&R8 2./, CR 3-. &&#(R&()-R, Y%K
*&R7;7 2/, CR&-#RJ#( ., 3R) %K
*& R 8>7 2/, CR3-.&&#(RI#( ., 3R)%K
<D &" -*-41- % ,'%," -421-)2 " 3-,- $32 -+/-2" 3-,N+$'E', 3"1+"I' 3"E®2' OD &" -+/-R

23-,- $3&"+%+ - 3E26& &+,"1  *26% 1823*9 138"  -*412- $3&"+"1 *2 1"1"$*" 3" 8
3&"\ *-41\- $\3&"\1)D
=D\ &1 "\%14/2\1 "/1 "2", 3V& ,"1' 3'E\/&,' 3'E\ % *228\%,"-42\1-)2D

>D 1,29 "2, 3,- % -*%1 3'D 1%1 1823*2" 1" 3" 2*~6"1 --*%1 3"N-++,$ -1
', 3142'5'%," -421-)2 OD 823*23&3 1"3--$'"3-2" "Nb1+'% , /& 3 3'7341r0°' " 31/ -*R
"% 3-1," 13&"241$ "N73142'5'%," -421-)2 OD-)26' 3&%2283"73412 ,!,- 1 823*2'l' 3"5"18

1M --*%\-1\04", &',%D

*&R7 )%R('CR!, (#.R1"#. K
*&R 8 )%R('CR!, (# . RI*#(UK

?D\*--)\ 3\ \$128&\241% "
@D\823 *2
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A\R$12/ 1\N/')OE\ R$12/ 1\N 6&' 3"OE\6&"\/* % - * 2"

BDV& ,"1' 3'

CD\2'+* 1\2'9'Ed; Rx\++

;. D\W'&3

:D\B?RC:e\,-,R$ "11-+ %,"2' .E\;;R ;?2e\$"11-+ %,"2",

<D /') -16& 3" R%12/1 E 04 139E /*% *2" N 6&' 3"OE'Hl-+ %,"2', +',"1 ¥ x4 -3 31 M-1
&1,*I"\N 51"2\ 8\2+/*" O

;=DV')\  R$12/1

*&R77 ) %R(' CR, " 3) &#

>D812&
2D\/& ' 3'
;@D\*8R\',) RYGISE\ 4%\ -*-41 "IE\2-+"\2 +/'2\&  5"\$*-6\ I'%
;AD\37341\N%1\2'9 "O
;BD\73142B\NL/\  --*,%0

*&R 87 ) %R(" CR ( -#

;CDB12&

<: DV-1/& 81'3'

<;DV&",-1 8232

<<D\&\-V*% '-*2"\ \+/& -FV&",- 1 8232

<=D -+"2+M*2& 5 -* 8;RR++* 3&2 $6&3"[F%H'-*2"N*I" ™0 3"2&/ ! 1 823 *DE -3&"12
& 5"\-* 8\=RA+H\ +/&" -*\NI1 \%I"\3-\* )OE\2-+"\+ 8\& 5"\ -3&D

<D\3"2\6' 3&\2 +/*"

<?DV'3"1+" I' 3"\ 18',%\2& "2\- $\%180

*& R 97 ) %R('CR #)# .
<@D\®R

<m& ’”1‘ 3|

<BD- S *3&-4% & 2'9'5 1"21"/"'% -, 6&' & 2 +/*" 8 -4& 5"'E6'3&," &24+/ 1 823*2 1" **- %
2'+*1\2'9 "

<(D\2%6*8\N 3142'5*80

= DV*% *2"E\ +/&  -*"E\"MR\04 139E\'-3'3"

=;D\d?:e\,-,R$ "11-+ %,"2' ,[E\d?:e\$  "11-+ %,"2',

=<D\@E6&' 3"V* % '- * 2"\ \\ +/&' -

==D\'3"1+" I' 3"V\ -*41E\* )\ \6&  3"\1-)E\-V')\+,"1 *2

sgR 7 )%R('CR! , )

=>D\$2&
=?D0&,"1' 3

=72 k II"V7\=F\ ,26 "12\3-\ \7 "1'2"2



=@B'2E/F %'-*2"\N + 8\"\I'1 N\%I8V,\ 41\ ,\I'$ $4*3\3\3"*\/1 3\$+V 81 7","HOEBL- 7","

=AD:R<e\-R$ "11-+%,"2' E\BIRC:e\$ "11-+%,"2",

=BD +,"1 *-%8E I'§§'1", 3 +,"1 *2965"" &2+ IS $1", 3 /" 1, "N-*410D ;2*88' -*41
I$*2' OE\=\2\'3"1+" I' 3"E\,\2\21 )V,\ -*41\\+$' OD

*&R:7 ) %R('CR - &
=D/&, 3
>: D\,-

>:D\l 1)\%1 8\3-\ * )
><D\T3142'BE\ /&' 3'\3"734IV+*"2\1 /1N -*0%\ 3\-1\" 1\3&"\241$ "
>=D\37341\N%1\2'9 "OE\ N\3&"I'$-1"\ --* 06\&'23-1 8D\ 2,\'2V& ,"1' 3'\6&*"\>\'2\/&,  3'D

*&R:8 ) %R('CRO -#/& R -&

>>D\/& ' 3'\,! 5'2'4*1

>?D®'*2D -1+" 1$1-++$ ' * 5 $*6'%-,3&"241$ "3& 3 --*21/1* 8 2%2"2"2 ['E* 5% %2
4 *"2y1  "2"15"I\N\3&" 2*3D

>@B'7341\S\-,"\V2\5 "2' 4* 1\ \3&"\-3&"1\'2\,-3

*& R <7 ) %R(' CR) -# # (

>AE 228E\k--)2\F) AV M- B\ 1-) "\% * 22

>BD\,-

>MD\-, &-'11\$1 341

?2:D -3& 1"%*228E &6"5"1/4+ " //' 12$13&8 2'3 -,2'232- $2+**2&112- $9%22 6" 1" 13-%"3&"1
6'3&+, 852'*26&"1L " 2-21,*-)2*) "2-¥IE+225 "/ "-3$9%22D &"1"''2 *2- *-411'$ $'1R
"O"F-21211 )1-6,3-*), -*-41 6&"1 " 2[4+ "2/ *-41 N+ 8 "6& 3"E WBE 4%E
-1\3, OD

Lab 5: SBments and S&mentary Rcks

1" '"1\=F\ ,26 "12\3-\ \7 "1'2"2 k=@



6€ T VO\I-'+\®E€ .9
Zx Tu' 8 £\8 \iuE i

Wy inET-C\wxu 9 - 2 ux /<L
£ \3. .26\, S\ 2 BBE 9\Z i BPE O\ 2\ \E
Bl +2\-E\ T\Z'T% e +2\-E\ T\Z'T%
Aum__mm-_?ﬂ//m.m-_ﬁ mm.% _.L\Nmm/.w/m&_____ﬂw LET-2\80E  Tui- d v2\-E\T q_g__m_,ﬂﬂ PoS\ELE  Tui- 8>/
CRRE T 2E Lk TR [Zin, SIO=USD " & T * 0BVELE  T. O w/+2\8 \ZuI®
: JZT%\6E T YO\ GHVP +HS\EV D!
- Zunl+ 2
“E S . i TVEN WTTH Y ) 3 AV NHAS\EVY
mmmmﬁ_ qN T S\TZT%\6E T YO\O:O\d LET-Clas, POBELE T J+H<N \-E+HHDI 11
62 il
£ Tutx % «2\36€ YO\4LTE \J6E T ¥O T-A8T. Qre\p- | | VTRV v Td Y . +HE\-E L
i\S T.9 \4Z oI T +HZP\Bre T JO\EY
Tonl+ OVFE O\ZuT
. € ‘vt W€ . x\T2E HNTS S . L . . L
£ L T\E I BN LET-2\8WE T i TP £ T O ZNW+Ma 1 | B .2
X)), N _ - _ H
. % ( D ( ) ®0dET ‘) M cHv# Q)

Y icd)# # G (




<D *@12++2 1 "I" 313*N23 O',-1'%D , ** 43 ;B;3&" *232-1%1 '2 1 "*1%"-4% &3-2""
3&33&"1) * 1*8&2 *23 3" 7341 -223,%- $$Po+", 32-$/1"R"7'23'% E)2-1+,"1  *2 "+, 3"
3-96 3&"1I\3-\$1+\\ *23'\2" '+  318\1-)D

$"1. RR)/3.R& 5ARXR$*#)R * .$&AR R A

=D -3"3& 33&2'2 %"1 *9"II'%l + ,!-3&"1 -11" 3 ,26 "12 1"/-22" *'D &") "8'23- *" 1*8 2&-6
3& 3F

K 3&" -,% *+"1 3"$1+" N\\&'% &\","1 9B\", 5'1-+", 3\ND%DE\\$ 288$%\231" +\," 1\3&"\+-4,R
3'2 OE

K 3&11)-2\,\041 39\2,123-"\$ -1+" N\\&% &\3-\+-I"1  3"\""1 o8\", 5'1-,+", 3\ND%DE\\231
& ,,"*OE

K 3&" 1)-2"\2\*"22\6 "**\2-13"\ ,\ -, 3" 2\+-1 "\ ,%4* 1\%1 ' 2\3& \3&"\04 1 39\2,123-,"E\24%%"23",%
3& 3\3\$1+" N *-2"1\3-\3&"2-41  "\- $\3&"\2T'+", 3\D"DE\Y@A& 5",-3\31 5™*"N\2\$ 1\ 2\$ -1\3&"
04 139\2,123-" OD

K 3&"\2& *\&1+" WAV 6\""1 oB\", 5'1-+", 3\ND%DE®'\1 -4 N\\+" JU1,%\231 " +E\$*--1/x
1-41\231 " +\ &,,"*2\' \\I"*3 EV')\3&"\*) "OD

>DO &"2-41 "+ 3"1'*N%1 3'0'23&"2+"$1 -3&2+/*"2E  -,2'23'%- $04 139E'$12/ 12E ,!2-+"$ "IR
1+ %,"2", +'"1 *2N'-3'3"-1 +& -*" OD 4139+" &,) *86" 3&"123-$1+$'"1%1'2- $04139D
201+ %2 &'+ 86" 3&"13-/1-14 " * 8+\"1 *2 " e i " '-,2',2-*43-D -3' 3"
g +HE +UN$ /12", 0 *2- &'+ 86" 3&"13-/1-14 " &*1' 3" N5, 34*8 * 8+'"1 *20E ,!'1-,
N+ 9%,"2'4+\'- 2\' \2-*43'- D
O "&, *6" 3&1,%E ,!* 3"1"1-2-, 131 2/-1 3E 1) 3&" %1, 3"' 3- 2+*"1 $1 %+", 32D

&+  *6" 3&"1% 32 /1'+1* 8 -, 3&" $"11-+%,"2", ' $ "2/1 +"1 *2 2 3&"2" 1" 1™ 3'5™*8
423 * 3 3&" 138 241$ "D ,1"2"131,2/-1 3 B/ **8 1'24*32 ', " R\"1 2-13'% -$ w12 !,
12" 11-40%D &"$ ™12/ 3&' 2,123-"N;@<0 23** - 3'2$"12/1$1 %+", 323&3 1"24R ,%4*1 E

24%%3',% 3&3'3 &2 "7/M1™,  "1*2231,2/-1 3 ,1*22 &"+ *6" 3&"1% 3&,3&" 041 39 2,123-"
N;@;OE "' 6& & 4,23 *" +'"1 *2 & 5" " " 6 " 3&"1'l -43* 5% /1"!]-+,, 38 6"* 2-13"1 1-4,1" |
04 1 39\%12D

?D

11" '71\=F\ ,26 "12\3-\ \7 "1'2"2 k=B



#, &| )?
y H## | TO Toxg | YR #10-#R, )*,#-R))(R)IR).'R Y%R (R #(, &
H
1823 %"
:C; a3
- o Z\RER
9 s | S |23 11,"22\d\=E\1" 3-\6' 3&\I*43"\ *
<< -04,
b -22'%'$'1-42
= | w3
&%)
# g 41 39 | <@; &1 3 11,"22\d\A E\-, &1 9\$1 34T
e va | B 23 _1122d=E\ " 5%V 2N =\ 3IChOE\ 4\ 1823 2E\ST -42
4231
Fg 824+ | <A: -)\% 8/24+ 11"22\d\<EV *\  -*-41\NB&' 3"E\9SBE\ 48OE\I4*\3-\B", 8\*4231
RJ)-& 3K M <2 % - BEV DI B3\ )\ *-41 EVF6\2/" '$'\%1 5'B
@D\B*R14,!" IE\-5*\3-\ *+-23\2/&"1" *
AD\--*'3'
BD -, " 31'*812-%$ *" 3"/1" ' 33"1%$1-+6 1+E3X' *- ",6 3"1 1-4! 4*42N "D%DE 2&"**

$1%+", 3E\%A- $\04 139\2 IE\" 3 DO\ \1-4,I" N 8\ -23, 3\+3-\\2&* 6\6 5'R%33"N6 3"ID
CD\ -+ 3' \*+"23- "
o DR&M2\ \2&" A1 %6+", 32
;D\ %' 3"IR&"MD

<D -3& -, 3" 51", "-$*5.%-1% ,2+2 N2&"*DE -3& 1 -+/-2" !/I'+1* 8-$% *' 3" [13&"1 "$1"
-3& 1" 36'3& *D -04', '2123',%42&" ! 8/-1 *8 "+" 3"12&"™*$1%+", 323&3 1" 3" 6 " )E2-+"R
6& 3 14+* 8 1-)D -22"'$'1-42 *+"23-" 2 +4 & +-1 " -4/" 3",3 ND'DE 23%"10 1)D -22*'$'1-42
*+"23-" , - 3' 615 1" 3B -$ $22*2E ', *4I'% 2&™*2 -1 , 8 4+"1 - $ -3&"1 -1% ,'2+2 6&-2"

2)"™"3-2\1 "+ I"-  $\ *' 3D

=D 1) ", 4/2&"*2- $+'1-2 ' -1 %,2+2 "+' 3"13-%"3&"1 1"'&"1 ", 38,3 2V&1!W-1 2122R
3,3\3-\21 3&,%\2\\*1 %WE\2-*\1 823 *\-$\ *' 3"D

;>D\ - *

;?D 1+ 4+4* 3" [x, 3+ B"1',26 +H2 ! -%2E6&"1 """ 8% -1%, + 3IB"1'2 41m! |
&" 3"N\3\$-1+V" 3\ ,\" 5" 34*8\ -*D

;@D-)2*3F5'31-42E 4' 1 823*2N *' 5%"/*,"2 3 C:hOE/*' 6&3"-1/)) 3- -*-41*'22312*4 ", 3
-131,2/1 ", 3 1823*2E 323"22%8D -) % 8/24+F 4% R%w18 -1 6&' 3"', -*41E %'l **8-/ 04" 3-2"+R
31,2/1 ", 3E\+8\& 5'\V&') ", 6'1"W\231841D

;AD

=,C k II"I'1\=F\ ,26 "12\3-\ \7 "1'2"2



x& | (0#)((  RIR ## #) 0# (
- *4 5 ANL'S1O\-1\%6 -R $45' *E 4 NL-)NSL %+, 32E\UE™M2'9"\1" 041"2\1" 35*8\&YR\" "1 IB\3-
24R+1 NS 31,2/-1 3EV--1'8\2-13"
*4 5 \NL'S"LOE\ " &E\* 4231'"E A N041 39\2 N1 U041+ 33U\ 9B\3\31.2/-1 3E
-@: " B3 EW 0 -, *E\3 E 6 "N2-13"\2406%623 06\1" 358\~ 060\31,2/-1 3\RB&'1\ —+/-", 32
28 *-6\6 3"1\+ 1" #y gD/ 12\& 5" "\6 " 3&"T"N-43 O
*4 5 ANF--IVF', OEV* 4231'E . . . ot g o )
5 o e By .v-/_;\z'glv-?.’ N* BR2ZGIVI 3 *2\1"04'1- 61" 1 OB\ -I' 3-2\3
6 3'1\+ 1" ! !
- T 12§\ FEGE RISIAASLH 51 3\ $1241$ 6 31V,
1N\ "%6- 2
<< +"1",$j,2E\* % *E\2& ™~ 66 3"1 3IV2\28 *-6\" -4% &SI\ 1-  3'R2&™N\-1 % '242\3-\3&1'5 "

Lab 6: Metamorphicdgks and thedtk Cycle

D
. 'R) -, 0 .#)(- N&B\I-"2\3&"\+" 3 +-1/&'\1 -)\I'$ $F1\$E+\' 32
R} R%)) &F 0 s "#R,)% |/1-3-* 380
# 202G 42 1*\2\1 823 * "\ I\ -12"1\%1'," NN *' 3"\ 1823 *2\ 1"
’ w4193 N <<O 1*\N=@;0 *196\"-4% &\3-\2""\%6", 32\-$\*'0R3\-B\-$\ ** 5%"V/*,"2 OE\+ 1*"
' ' 1-"2\-3\ -, 3'\, 8\$22*2D
# * 3"\2\2%083B\& 1!"1\ \& 2\\2*% &3B\2&',"'1\*4231"\3& ,\3&"
" | &*\N;B:O * 3"\N=:;0 2& *"E\G&' &\'2\I4**D\ "/ I' %\- \3&"\2* 3"\2 ++"\3&"1L "+ 8\"
\I's $1", "'\ -*41D\ 8\2"\2* B\$* 3-\N 2", 3\'\2&*' OD
#, R . J22\& 2\ \%,""22'\$  -F 3 \N4"T 2\ 1M\ Mo, N )
1. 3W0 22N == 2"%1% 3"I\', 3-\*9&3R\,\!'1 )R-*41"N\ 12 OD
41 393"\2\-8B"\& 1 1"1\3& ,\2,123-,"E\ 2\3&"\04 1 39\ 1823 *2
# 41 39\2 123" 1"Ve "™ 1" IWA3-9%3&"1\141',9%\1" 1823 **'9 3'-,D\4 1 39\ 1823 *2
’ N:@:0 e 41 393"\N=?;0 + 8\"\ -12"1\%1"'" NN*1%10\3& \'\2,123-,"V1 -3-* 3&
= N/ I2\-\3&"\2 +/*"HOD\ 4 1 393"\& 2\\24% 18\N%H#*1 O
//n 1 , uD
<D

1" V'7\=F\ ,26 "12\3-\ \7 "1'2"2 k=<




"I -RERH(, &) 3 "I -R#(R. 2,

12 AW WS 22313306611 H F 8 | Looe STNZEBT SHTOWS /AL -+

" ca *%,+", 3\:-$\+ 1-2 -\ \'1 823 *2\N
_&& R) |+ "2 +,"1 *2\ -, 31A\&- 6\3&"\2* 3"\ 1" )2\, 3-\3&,
' 2&" 320

*12\+  8\IN2*  \ND4 139EV <O\3-\2"3"E\+ )R

NB)\3- |0\ 3\2+0838\& 11"1\ ,\231 -,% "1\3& ,\28& *" ; ; Vo .
gy AT BVE % AL IO 2 3 +--38E\$* 3\241$ "2\- \3&"\2*B/\$* 3-\+  B8\& 5"\

: L agnt o : . 2¢083\2&™" \N+ 8\ "\2+'06&38\2&',"1\3& \3&"\2& * O
<O | -$V1-3-% 3&\M NS\ 719 "IV'1 - E\%T 8\S\-1% P32 V13F 38\~ 3" N, BE22%IE\IED"

1-18 -1+.%\%1 /& 3'0 1M96,"1 +8\-3V1 "2"15"IV\38"\2* 3"

"ML RBEN MMM *2V1 20, 3\ 1M\ - 12"1\%1°)" !
\+,"1  *2\N'-3'3"\ ,\+42  -5'3"0\-, 3',4"\3- 3& \\2x 3"
%16\, 3-\* 1961\ 1823 *2\3&3\ 1"\" 2*8\'l", 3'¢'!

&R) e samen,) v e COWTL LM 1290610 NV 2%8127)\S
: 38"8\E"3&"\1- )\ \% *3B"I8E\V2&'B\/" 1, "D\ %R
Neoy | TEWT BRLEWL w2 8s1A4nl #3eB WL RS 201231 0012 &123-278 R
VS lere, Cacisen | w2 8-\ $1B&VIsF3e | 8-D
T S8 | NNevE 2241siE il 34TV -1 3-21 § | Bl f23& A8 5V-% 311283
=< " 3+-1/&724\N "DY%DE% 3B\ | *42' 3'EY8, 3'E | 1823 *2& "2N'D%DEN% I0V-\-3\ *6\6' 3&\3&"
23 41 3'E\+ %," 33°0 2823-26+ 3-E\ N+ 8123 143\ 2\V 4+2W
3o B\MSSI N1 58INL"4F 310
42 -5FRA2 1MEVE 34 giAg 5 | S SEMEBINIT 1, T 812 £23121-23Nans-
w2 1 :
o v . . %1"% 3-\ $ISL1-+%,"2' \ I\~ R 11-+%,"R
(- Jl'/.‘.g‘) ConVg o B A$ -147 N$1-+3& 2 e B A O 96062\ R
N=<3- | Tew 3wl 2w BSIAABL t | B o e ey
[ nmon _ [ 1] L w1 _Q_% 1 . y 0\
TS Mo, L BRE 2 3 BSEVIST 3& o620 We 1M 21 27, 3V\2 &23\43% 81& 5
=<0 | N\BEVI 22418\l sam - ¢ 3-2. ¢ | %029 N6 ULZVL T2 A2 L2343k BE S
4" 3+-1/&'24\N_ "D%DE\2**'+3"0 %1" N\ 20 '
=D
g . oo ) "HR ., N'6E
) % )2AR."*, [, RIYK| * )2AR *"RPA' K e eBewo
967 ?2:R=:h <\3-\? 5"18\*-6
987 | >?R?%:h B\3-\i< e 3
998 | - 5V27h <Q3AVA &%

>D\ =?:\S\04 1393"\ N =@;\S\+ 1 *"

?D\ 1823 ** "

@D\1!,"22\d\A\N& 1!"1\3& ,\231 " )V* 3"E\& 1"1\3& \23" "\),'$ "O

M\4139

BD\ 11,"22\d=\N& 1 "1\3& \\$ ',%"1, *E\2- 8"1\3& \V",, 80

CD\-)\1 " 32\5'%L-42*8\6' 3&\ *

;o DV ox 3t

2D "2S 1-1* 82/" ),%3&" 8&5"3&"2+"+"1 * -+/-2' 3-D &1"+ 8 "2+*I'$ $1", "2'$SE4L
"7+E3&"/1 -3-*3&62,-3 /41 " *'3"F+"23-"-1 /41 "041392,23- "D "73412& 5" &, % "!
g -3& 2"2 %1',2'9 "&2'1 "2"1 2 1 "24*3 -$ +"3+-1/&2+D &" *+"23-" /1 -3-* 3& -4*]
&5""7& "3 4+M"1 - $ 373412 N1823 **"E --*' 3'E $2'%'$'1-42E '-*23' OE 43 3&""24*3,% + 1R
2 *6 82 1823*"D 41 39 2,123-" &2 *23 3" 7341 3& 3 1 1823*'92 3- $-1+ 3&" 1 823 ** "
04 1393"D

=<; k /II"V'7\=F\ ,26 "12\3-\ \7 "1'2"2




;<D

*& RH

)%R3 &R,) --R  *)(# &

13" M+"3,%0\- $\3&"\+, 3*\95"1 3"2\+ $ ' \+ %+ D\ %+\1'2"2\ ,\"14/32\
73142'8\+ $ '\'%," -42\1- )OD\ 2 *3\'2
A

S 1\3&M241$ "E\L+,%\ 2*3\N \"
+" &,
31,2/-1

*8\6" 3&"1'N3-\$-1+V" *"R2'9
3"ID

"IN *232\3& 3\+ 8\"\"1 -I

3\-1

2*3V" 201 "\$413&"1\+" &, M8\ N &'+
+,"1 2\ W 0% - *2"$ ™12/ 1V \3&M 2 *3\ &+
+."1 *2\ I\ 2\')\2-*43'- D\ * 8\+."1 *211"\31,2/-1 3"IE\,\"
"-20 3"WA\\5 "18\x-6\""1 98\", 5'1-+", 3D\*8\+'"1
* 8R2'GN*232\1 "\*3&'$' IV, 3-\2& *'\3&1-4%&\ 41' ¥\ 8\-3&"1\2"!I'+",

-+/ 3-EVN "+ 33-\ 8\ *NeOVT Y/ 3 3"N\$1-+\\$ *4'ID

=8\6" 3&"1"ID\ "L1-+%,"2",
~8\6" 3&"1\3\$1+H * 8

5", 348

*2\ \-38"1\2*3R)\ !

32E

(.
I(#--

==<

&*\4,1"1 %"2\1"%-, *\+"
2\/1 "2241"\ \3"+/"1 341V, 1 " 2"E\* 8\+'\"1 *2\"
31,2$ -1+\, 3+ M1 22\ N3&MN, 3\ /&
$*2/ 1\+"1 *2D\1')\2'9 "\, 1 " 2"2\6' 3&\, 1" 2',%\+" 3 +-1/& \%l1
'Lt 3"IV1 "2241M \N2&"
3\ 12\

3 +-1/&2+\3\$ -1+\\&'% &\%1"\+"
-+"\4,23 *\ ||

$\$11-+ %,"2" \ \-R $11-+ %,"2" \+',"1

3+1/&'\1
N\-1V 81-7""E\% 1,

1\23T22E\+, "1 *2\ ¥96\3\$-1+\\$ -+ 3\ N2"%1
*2\No6,"22' \$*' 3", Of

-)D

" 3E\,!
"D\ ,I"1
nop 3n

#) 4.

S22\ -, 34203\ "M24 (" 3"N\3-\, 1
'3\ "%',2\3-V 1 3" ¥B\+"*3E\EL+',%\+'%+
"-4% &\+"3V2\96,"1  3"I\3-\$-1+\\,
1423D\ %+\ --*2\ \1
', 3142'5\'%," -42\1-)D

" 2,%\3"+/"1 34T\ !
3"+

823 **g2\ 3\I"/3&\3-\$ -1+\I'-1" 3"E\,\, 3"1+"

M-1V1"2241"\4, 3*
33"D\ 2\+"*3",%\ -, 3'4"2E\"5", 34 **8

3"\+ %+\3&  3\1'2"2\3&H%&\3&"

r3"

11" '71\=F\ ,26 "12\3-\ \7

"1'2"2 k=<<



Mineral and Rck Review

R#RR'#(, &BRE'R!, )*R)-R# .

#(, &R),R)%R("' ) %R),R#(, &E #gé)(!R.) ERR#R R) %BR1 .R.3* R#-

"2/ 1 o 1+ B-1)\2* 3"

ko3 o 1-, 3"

- ) /1"3 L& \N*- 6V61I"EWAIL -)
-3-* 380

"+ 33" I 7"

& 8-+ 3" -) %,"-42\N 73142'3E\$+2' O

J123-" -) "4t 318\WN23' O

w13 -) %,"-42\N, 3142'5E\, 3"1+" I' 3"O

x5 o 2% 3U\2% 3"

813" o 4%/81"

41 393" ) /1':;:-%% \N +22'5 "E\2 ,123-"

1, 3 -) %,"-42\N, 3142'5E\$2' O

e o 4% &' \2 3"

-% *+"1 3" -) "4t 318\WN23' O

&'13 -) "4t 318N+ *O

* 3 o wpe

oo ) 2H'|'I3"+-1/&' &% &\%1'E
'+ 318\-1\0%," -42V1 -3-* 380

o &8 -2 3"IR&™ 3\2* 30

81 7"" o L\ &\2F 3"

&*1' 3" o &8**-2%  3"\N&™3\2'* 3"0

423" 5) "4t 318N+ *O

23 -) %,"-42\N' 73142'3E\, 3"1+" I' 3"O

Lab 7: Rlative Dating and Glgial Time

D

=<= k /I"!'"1\=F\ ,26 "12\3-\ \7 "1'2"2



% . M
A (. (- #-)( &
&"+' *\N1
S
L 3142BV%," -42\1-) | *23\2" 1+ 318\L) | 2'r+", 318\ )\S 232" 14" 318\L)
S\$1+" N$1-+\ --*'% S\$1+" N$1-+\3&" $1+" N\ 3&"1\$a+ S\$1+" N$1-+\3&"
HAU#( |+ %N AT 3& "-2' 3-\- $\2,IR2'9"! &"+' A1t 33-\- $f 120 3-\- $\* 8R2'9!
38"\2418$ "\- $\38" WL AN 33 0 3N\1\SLH BLANE 61 9B
1 3&D &'g\","1 9B\", 5'1-,+", 3D 4+4* 3"N\-1 % ,'2+2 ", 5'1-+", 3D
6 3R\28™ 2\ -
*''3"D
<D
)/%( - ) R/ .RR& .K ) R/ .RR3#".K
K /~$ 3\,\"1 -2-\3-V1 "2", 3
K "2 3\ 3&'$ 3-\ $128* K /$ 3\,\"1 -2-\3V1 "2", 3
K "2 3\ 3&'$ 3.\ $\23- " K, 3142-\- $\%] 3"
K "2 3-\,\* 3&% 3-\- $\2,23-" K "2 3-\1\* 3&% 3-\- $2&*
K - - -1+ B\SWHS3\ I\l 2\ $\%] 3" K iz o 388 308
& -. . o K "2 3=\ 38 3-\- $
o( K, 3142-\- $\%] 3 2 1230

=D -E3&8!-,-32&1 "3&"2+"% "-*%"' &23-18D &"3'+,% - $3&" %l 3"’ 3142-,'2!'s $1", 3F', -!

43 3&" %1, 3"'23&"-*1"231-)E6&"1 "2' -!143 3&" %l [ 3"'2 3*2384,%"13&,3&"* 3&$ R
3-,- $3&"2,123-"D &"" 7 3/ "+", 3-$3&" %I 3", 3&"%N"-*%' &23-18%1 -! 43 '22-+" 6& 3
g 2t 138" B, /A2, 3UF'3 -4%& 5", 314", 83+ $ 3"'13&"*3&$ 3-,- $3&"2,R
23-"\ N\"$ -1M3&"4/4$ 3\ N1 -2-\3-V1  "2") 3\ 8D

>D &"/1', ' - $',*42'-2D , -1 43 E3&" %1 [ 3"'23&"-*"231-)" 42" 3&"-5"1*8",% 2 ,123-"

-, 3'2',*42'-2- $%] 3D 2"!-, 3&" /1, '+ - $24/'1/-2" 3-E6"),- 63& 33&"2,123-,"'2 3&"
"232" I'+") 3181-) ,13&"1  "$-1"3&"%1,' 3"+423 "" 5" -*"13&,3&"2,123-,"D , -143 E3&"
%1 3" -, 3'2',%*42-2- $3&"2,123-"E+" [ %3& 33&"2,23-"" 723" "$ -1"3&" %l' 3", 314R

2-D &2'+*"23& 33&" %1 3"' 314!"14/', 3-3&"2,123-"E [!$1 %+", 32-$2,23-"1 -)$ "' 3-
3&"\+ %+\ & +"1 D
?D

1" '"\=F\ ,26 "12\3-\ \7 "1'2"2 k=<



)/((!)( ) &)I#R #), 3RRH, R I-# # #)( 6& &\gzi\fz"'\'_|o $\2313'%1& 8\I'
K, 3142-\ $\+%+\&+"1\ K 1-22R 433,%
K 14/3-\-  $*5\$* 6\ K 42" 3-
K 14/3-\-  $\*5\$*6\ K 4r/-2" 3-
K, 3142-\- $\I) "\ K 1-22R433,%
K ,3142-)\ $\* -+ 38\ K 1-22R 433,%
K "2 3-\ 0\ 3&'$ 3-)\- $\ K 42" 3-
K "2 3-\ 0\ 3&% 3-\ $\ K 4//-2" 3-
K, 3142\ $12%%\ K 1-22R433,%
K "2 3-\ 0\ 3&% 3-\ $\ K 42" 3-
g‘(" K "2 3-\ 0\ 3&% 3-\ $\ K 42" 3-
@D

=<? k /I"'"1\=F\ ,26

"12\3-\ \7 "1'2"2




)/((!)( B ) &)I#R #-), 3R)RH/, R # # H)
K /9§ 3\, -2-\3V1 "2, 3 K 25\ $\WBL- 6V, 3\
K "2 3\ 3&'$ 3-\- $\ K 4r-2 3-
K "2 3=\, 3&'$ 3-\ 8\ K 4r-2 3-
K '$$1% "V\1™, 33-\ $*8'12N,\
K 9%4%1\4, -$-1+ BINOSV'L-\- $\4/*$\ ! 1",-3\3%3" 10\S\3&'2\+423\11 "2", 3\ \* 19%
" FLAN $1347\1" 04'1" N3AZ*IEVABEVL"E
242U\ NG % B2 3\ 62" I+t 32
K 3.9\ $\4,32\E\E\\ )\ K 1% “&-19 -, 3*3
K "2 3\ 3&'$ 3-\- $\ K 4r-2 3-
K "2 3=\, 3&'$ 3-\ 8\ K 4r-2 3-
K "2 39\, 3% 3-\- 8\ K 4ry2 3
K 41U-2 3-\N"5"\38-4% &\d,' 32\ 1\3*3"E
& - o e e mer 6" \23*AM 31468 &6 2\-1%',* 8
0 Kok 3=\ 38 3\ 8\ J\38N -3 3-H\S\ 224+ %6\3&"2A"  32\6"1"
3\ -+ 3™8\-5'1341," 10
D '%4AT *42313"2 2" 04", " - $$4*31 2" I'+", 3182313 1, %" -421 8)"D &" *1"23" 5", 3 **42R
313", '%4T '23&" 12 3. ¥ 3&$ 3- - $ -%*+'1 3"141'% 3&" ",28 5D &  -R
906-+"1 3" 2 -5'1*', 8 2&*E -2 3" | * 3&¢!’ 38" "1+ D 12 -$-1+ B 271 32 38"
" 28 %5 "1+',231 3 $1+38"- 5'1%8'% 4122 2&*'D &2 12 -$ -1+ 3B *)™8 I'/1 "2", 32

M- $4/463 11 -2 - 6, 82"+, 31M-2° 3"1141'% 3&" 1'22'D -**-6'% 3&"I"-2' 3, !
*3&'$ 3'-, - $3&" 4122' 2&*"E 2,123-" 6 2120 3"1141'% 3&" 1 "3 "-42D 3 2-+"3+"$ -**-6'%
3&"1"-2" 3'-,- $3&"2,123-"E ,'%," -42! 8)"' 314"! 11 -22R433&"-*"12" I'+", 3182313D 3"IE
\$ 4*3\ 1:22R 43\ *1\4,' 32D\ -, 3',4" N4/*$ 3\ \"1 -2-\" 7/-2" N3&"2"\4," 32\3\3&"\241$ "D

BD

" '7\=F\ ,26 "12\3-\ \7 "1'2"2 k=<@



! - ) &)#R #-), 3R)R#, R -# ##)(

K /~$ 3\,\"1 -2-\3-V1 "2", 3 K ,'2-\-  $\I'51\- 6\, 3-\
K "2 3-\ " 3&% 3-)\ $\ K 4/"1/-2" 3,
K, 3142-\- $\/*43-\ N2 K 1-22R 433,%

K "2 3-\ W 383 3-\- 8\ K 4r-2 3-

K 43.%\-$\E\ E\\,\\  81$4+3\ K 1-22R 433,%

K "2 8-\ 3&$ 3-\- 8\ K 42 3-

K "2 3-\ 0 383 3-\- 8\ K 42 3-

K "2 3-\W 383 3-\- 8\ K 4r-2 3-

g‘(' K "2 3-\\"  3&$ 3-\- 8\ K 4ry-2 3
o))

=<Ak II"V"T\=F\ ,26 "12\3-\ \7 "1'2"2



N - ) &)I#R #), 3R)R#/, R -# # #)(

K /~$ 3\,\"1 -2-\3-V1 "2", 3 K ,'2-\-  $\I'51\- 6\, 3-\
K, 3142-)\- $\8)"\$""I'%\"14/3-\- $\B8-*3"\NO| K 1-22R 433, %
K "2 3\ 3&$ 3-)\ 9§\ K 4/"1/-2" 3,

K "2 3=\, 3&$ 3-)\ $\ K 4/"1/-2" 3-,
K 4*3,9%\-$\ *\"7'23',96\2313\ 8\$ 4*3\ K 1-22R 433,%
K "2 3-\0\ 0 3&% 3-)\- S\ K 4/"1/-2" 3-,
K "2 3-\0\ 0 3&% 3-)\ $\ K 4/"1/-2" 3-,

K "1 *8,%\4," 32\E\E\ ,\\1  "\$*" N43
-5"1%8,%\4," 32\\3&%14%&\\ 1 "\,-3D\ '22",%

K %ar 1M, - -$ -1+ BINOWSWME N -2\ $ /-1 3=\ $\3&M\INL " -1N1"$*" 32\3&"

$ N231 3 Fo2\ $\8 121170417 N34S 3EVI'E
2421\ \L " 6I"-2  3-D
K 19\ $27+",  318\1 )2\ E\E\ N K 1%, 819 -, 3*38
g‘(" K "2 3-\ ¢ 3&% 3-\- $\E\E\N3&"\ K 4ry2 3.

Lab 8: Mapping Rhal Landsapes

2" -,24*3\8-41\',2314 3-1\$1\$'"! )\-)\8 -41\+ /D

D \+N\2&" " 3\B<\M;@D

<D \+N2&" "3\B<\ M;D

=D \9 - ";)\\%1'N\*"2\1  "\*4"D
>D -, 3-41\*"2\1 "\1-6,D

1" V'7\=F\ ,26 "12\3-\ \7 "1'2"2 k=<B



?D &\ -, 3-41\, 3"15*\'2\<:\+D

@D &"\3-/-%1 /& 8\'\3&"\6 "23"1,V1 3\-$3&"\+N\2\1 " 3'5*8\23"N6&"1L " 2\3&"\3-/-%1 /& 8\'\+4 &\- $
3&",-1 3&"23"1 V1 32\-$\3&"\+ N'2\$'1 *8\%, 3*'D\3""N\3-/-%1 /& 8\2\\I' 3"\ 8\ *-2"™ 82/ "N -R
3-41\*"2D\", 3*\3-/-%1 /& 8\2\,!" 3"\ 8\e'!"* 8\2/ "N\ -, 3-41\*"2D

A ) "3 &\2&-4*\2&- 6\231" +\$ *-6',%0\$1-+\&'% &"1\"*" 5 3'-\ -, 3-41\*'"\3- 6 10\* 6"1\"*" 5 3'-D\**\ - R
3-41\¢,"2\3& 3\ 1-22\3&"\231 +\$ -1+\\V W\2& /"\3& 3V-', 32\4/231 +D

BD &"\$23"23\6 3"1\$-6\-\1231 '9%&3\2313 &\- $\\231 +\6"*\ "\'\3&"\+'II*"\- $\3&"N231+\,"  1\3&"
241%$ "D
CD \+**+" 312 N\%1 ' 2\6"*\ "\"1  -I" WH\I&"5"™-' BVI$\-5"1\<:\ ", 3'+" 3T2V"1\2" -\ N6+ ™) "I3

'\242/",2'- \ 2\*- 9%\ 2\3&"\5 U BV2\-5"1\\ 3+ 312V'1\2"  -,ID

DAL T ON231 4 N BAG&M M3&MIV2\+-1 M\2t '+ 3\ 5 *M3& \ A 11" W\3&"
+4, 3:-$\6 3"1V1"2", 3\ 3\3&"\13"\ 3\6& &\3& 3\6 3"1\'2\$-6',%D\ &2\+ 8\& //"\6&"1 "3&"\%1'R
", 3ML-/2\2410M  BEV-1\6&"1IMN3& LW\ + 3TV, 1 M 2"V \3&"M +-4, -2+, 3\ 5% *\N "D%DHER
*69%\ \" 7/*-2'6"5-* '\"14/3-, oD

D &NS 1" 6 3"I\ -+-41V2\\1 "24*3\-$\3&"\21'+",  3\')\242/"2'-\ I\ 32\"$ 3\-,\&- 6\*'9%&3\, 3"1 32
6' 3&\3&"\6 3"ID\ &"1"\3&"6 3"1\2\ 118',%\$,"\%1 " N2" I'+", 32\'\242/",2'-\3&"\6 3"t 12
[ IVN 41 D\ &"1M3& L2\ 3B+, 3V \242/",2'-\N 'D"DE\6&"#-23\2" I'+", 3\&N*1 "1 8
2"B*N-43\- $\3&"6 3"1\ -*4+\ N& 2\ " "\IM-20 0 3UION3&™6 3"IV/M 12\1 )"Iv\ -*-41 D\ &"
+-4,  3\-$\27+", 3\ )\242/",2'- \I 1" 2"2\2\8 -4\+- 5"\ 6 8\$1+\3&"\+-43&\- H\3&"\*- 6\'5 "1\l
$4B&"1V, 3\3&"\ ¥, +-1 "\ "2"15-'1E\ ,\\3&"1 "$-1"\3&"1"V2\\%1 141 & ,% "\V'\3&"\6 3"1\ -*-41D

;<D 3-12\-1\$1 "2\3& 3\, $*4", "3&"\"& 5-41\- $\3&"\*- 6\'5 "1V, *4I"\43\1 "\ -3\*+' 3"N\3-F
&,% "2\')\ 2"\*" 5"™\N\3&'2\ 2"E\3&"\6 3"IV'EMVA3&M *+-1 M\ "2"15-'1\3& 3V2\ -, 3N\ 8\3&"
I+ OE\&,%2V\I'2 &1 9%\22-' 3"\6' 3&\2"2-,®5 1' 3-2\-1\6 " 3&"1\"5", 32E\ & ,%'2\3-\3&"\5"%R
"3 3-\3& 3\23 *'9"2\3&"\1'5"1\ ,)2E\ ,\"% " "1"N& % "2\3-\3&"\$*--IV*'\N  "D%DE\3-\ 4*N\3&"\,6
9%\ -10D

Lab 9: Structal Gelogy Fart |

;D\,26 "12\+ 8\518D
<D '$1", 3 -*-412+/1 "/1"2", 3I'$$1", 31)3 8/"2NI'$$1", 3*3&*-%"20E-12'+/8!'$$1", 3 -+/-2'R

3-,2 N'D%DE 6804139 2 ,123-" "+ 3"16' 3&#&# 5211041 392,123-" "+ 3"6 3&"' # OD
'$ $1", 3 *412+ 8 *2-'1 3" I'§$1", "L & 61 " 31)21 "6" 3&"1%", 1"2/-2"3- &'+R

*6 " 3&"1'% ND%DE 3&" 81231 23" % - $1)2 - 3%, M123'"1 8'1 - 71"-1& 811-7""
+"1 *20D

=D &2 1" &25"18 *3B*" -5"141!", N "D%DE 2-*E'%3**O ,!5 "18 2/12"5 "%'3 3, E+" % 3& 3 3&"
"7/-241"- % "11-) 33&"241$ "'2" 7 "' 3D413&"1+-1"E3&"! 1"23%,% -*41 -, 31232 " 3FH"", 3&"

I'$$1", 34,,323&3 1"" 2*852'*"' 2 3"™*3"'+9,"18D &" 1" 2 1-4,! *%1 8! , -45'1& 5'5"18
¥ 7241 - % "11-) 33&"241$"E 01 "*19%*8 -5'1"16" 3&-5"1411"E5"%'33-E /%1 R
2314341D -23 1" 2', ,'E®' 3&3&""7 "/3-,- $2-+"23""/+-4, 3'2 -23*1 " 2E 1',-36 "**
24'3"\3-\3&'2\38/"\- $\ 3'5'3B\42',%\2 3"**3"\'+ % "18D

>D\""3D

?D\ D D\a\>:%

@D-/-%1 /&' -, 341*"2 1 "I"$ M 3"13-$-1+ V W2&/ 23&" 8 1-22 231" +D &"/-, 3-$3&" W
2& /"\* 6 82V-', 32\4/231 +D

A - 341*"2 1" /1 -7+ 3"8/1 ***3-3&" -, 3 32 "H"", 3&"* 812-3$1)" 3&" "++" "3

1|| \ 1 _4,!\3&"\/* ||\+ 1 )||1\$1\ /*u n\ , 3| *I,IID

=<C k /I",l'7\=F\ ,26 "12\3-\ \7 "1'2"2



BD &' *8"12-$1)", 3&" "++" "3t 1t 1-413&"/* "+1)"1$1 oo, 3FEML1 "1 -7+ 38

&-1'9-, 3*D
CD -46 -4* "6  *)',% 3&1-4%& /1-%122'5"*8 -*1"1 1 -)2D -4 1 "2313,% $1+ 3&"V3-/ W$3&"/*" 3
&'+ "+1)"1%1 ", 3FE 128 -46 *)I- 6,3&"2*/"E- 5"13&" &19-, 3**8"'12-$1)E

8-4\1 "6 *),%\V \'\3'+" WA - 6',90\3&"V/1', '*"\-  $\24/"1/-2" 3'-.D

;D -E3&"2"2313 1",-3&19 -, 3*D &" -, 3 32 "FH"", 3&"* 812 &"1" $-1+ (%%"'! VW 2&/"23& 3
1-22 3&" 3-/-%1 /&' - 341*"2 3 &Y& Y%*E'!" 3,%3&33&"2"*8"12 1"I''\%D $ 3&"2"*8"12
6"1"&19-, 3*3&"1 -, 3 326-4* "/1 ¥"*3-3&" -, 341*"2E+4&*) "3&"86"1" 1-4,13&"/*
+1)"1%1 A ", 3D $3&"2"*8"126"1"5"13" *E3&"1 -, 3 326-4* -3 "I"$ * 3" 3 ** 83&"
-, 3-41\* "2\S\3&" 8\6 -4*I\ 43\231 '%&3\ 1-22\3&"\3-/-%1 /& 8D

2D 20%3&"= /™ 3"2-% % * 1 3& 1-N,!, /*, 5" 6E 42',% 3&" 4*"-$ YO 6
3& 3\3&"2"\* 8"12\ 1"\I'[',%D

;<DV'AI'L " 3'-\N42',9%\3&"\ 4*"\- $\ YOF\\N§ "230

;=DV'ArL " 3R\ -1V AN M 3&MINVIN Y3 &ML M\ 2\6 M\ 1 "\(423\"23'+ 3',%0

>DV'AL " 3R\

7D -)2 - $1I'$$1”, 3 -*-412°,3&"2 3I™*3"'+% "18 -11"2/-,!13-I'$  $1", 3+/" 14 32- 3&" %'-R
*9% *+/D" 11-)+/4) 32 1"2&-6, 8 -*41"!/* 8%,26" 3&+/ -1"2D -3 "3& 32-+"+/" !
4" 32 \D%DE 38,'+ O ', *4l"* 8'12-$1)26' 3&51'*  -*412D " **3& 3 +-23 %'-*-%"' *+/2!- -3
+/"  &'I'5M4*1 -)3 8/"E 43'23" 11"21" "1-)23-%"3&"1 2$1+ 3-2-1%1-4/2D -3"3& 3 3&"
2 3™*3"'+0% "18 ,13&"4, 32-,3&" +/+ 8,-3*"4//'1$ " 3B 23&"W-*%' *+/2,-3V [, W
't 38\3-\3&"\%324,\'\ --% *\ 1 3&D

;@D\ ,26"12\+ 8\518D\-+"\" 7 +*2\1 "\*23"\"™- 6D

1 ',$ '1+

K, 3\AN &2/&1'\ -1+ 3'-, OEV\3&"\ \ -1,"1\- $\3&"\+/EV'A'L " 3-F\ \3-\
K " 3\3\WN"2* "\ 23-" OEV\3&" \ -1,"1\- $\3&"\+/EVAI'L " 3'-F\ \3-\
K " 321$\N1-, 3"1\ -1+ 3-, O\, \N-I 8\&*" OE\"1\>>h\=?i\:=)\ \;:Bh\:Ci\==)\ E'AI'L " 3'-F\

DV 96\ A $\&"A,  8\411 % *E\ 8-+.%

;BD\-"1 3\D\ !l

;CD\\FYE:

<: D\@\)+

<D/ -I"E -*41-$4/3-3&"+/E%4*4' 3,+"E % "E!"21/3-, - $*3&*-%8BN'20OE 3&'),"22D -3"
3& 3\,-3\ *¥\0g" -*-00" *\+ /2\', *41"\4,' 3\3&'),"22\' \3&"\*"% ",!D

<<D\ *1"23\ 3\3&"\ -3 3-+E\8-4,% "23\ 3\3&"\3-/D

<=D\,' 3\ +E\ I'"2-\'+"23-,"E\'22'22'/[' [E\*'+"23-,"\ ,\*'+"23-"\ 1 " 'D

<D\ 7/-2" NN \3&™M \ -1,"1\- $\3&"\+ /D

<?D ,/3 6*E "%6-! -1+ 3-E - "'"E 2"323-" ,12,123-"D -3" 3& 3 6&™*" 3&"1" 1" 8-4,%"1
+ 3"1'*2 -, 3&2 +/E 1"$4*8 1" I'% 3&" *"% "1 "5" *2 3& 3 3&"2" 1" ,-3%$ -1+ 3-2 " 42" 3&"8 1"
-3\8 "3\1)2H\ &8 -4,% "1\4 3"1, 1 8\4," 32\ 1'\I"/-2" 32\-$\4, -2-*1  3I"N\2" I'+", 32D

<@D\ 7/-2"N\ 4N \3&"\ \ -1,"1\- $\3&"\+ /D

<A 3 3N"2* " |123-" o), 3 N +2I' -1+ 3-,G I"-2" 3"1141'% 3&" '22'22'I',
SN ",28 %5, OD\ 2" V2\3&"M-*1"23\-  $\3&"\8 -D

<BD &-2/&-1' || 8/24+ /1'% $-1+ 3-2E 2 3&"8 -, 3', 3&)* 8R"!I" | 1 +22'5 " 08/24+E

12/ 3'5%*8D -22' *8 *2-3&" ', 6--! 8 -1+ 3'-E *3&-4%& +'',% 3&, 231'% "15"2'24*) ™83-"5"1
"WV1 -$3 *\$ -1\ ,\',14231" *\+' "1 *\*) "\%8/24+D

1" '"\=F\ ,26 "12\3-\ \7 "1'2"2 k==



Lab 10: Structal Gelogy Fart I
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Appendix 4: EEmomic Mineals
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Appendix 5: Block Models
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Media Attributions
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