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What Do Geologists Do?
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GOOGLE EARTH TUTORIAL

This is a pre-lab tutorial activity to be completed independently before Lab 1.
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Getting Started in Google Earth Pro
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Grid Systems and Coordinates

What is a grid system?
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Universal Transverse Mercator (UTM)
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Universal Transverse Mercator (UTM) grid references
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LAB 1: PLATE TECTONICS

Lab Structure
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1.1 Discovering Plate Tectonics
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The 1920s to 1950s

�" 5"*-/+", 3 -$ � -423' !"/3& 2-4,!"12 3- +�/
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The 1960s
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"). -*). T� /*� " 6&"1 " &-3 +�, 3*" +� 3"1'�* 1'2"2 ', � 23� 3'-,�1 8 �,! 2"+'R/"1+�,", 3 /*4+"E �,! �$ $"  32
3&" - 5"1*8',%  1423D 	" ��2" ! 3&'2 &8/-3&"2'2 /�1 3*8 -, 3&" !'231' �43'-, - $ 3&" 	 � 6 �''�, �,! �+/"1 -1
�" �+-4, 3 '2*�,!  &�',2 ', 3&" � � '$ ' �  " �, N� '%41" ;D;D@OD �&" 5-* �,' 1 - ) +�)',% 4/ 3&"2" '2*�,!2 % " 32
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/1 -%1"22'5"*8 8-4,% "1 3-6 �1 ! 3&" 2-43&" �23E  4*+',� 3',% 6' 3& 3&" '2*�,! - $ 	 � 6 �'' ' 32"*$E 6&' &  -,2'232 - $
1- ) 3&� 3 '2 �*+-23 �** 8 -4,% "1 3&�, ; ��D � '*2-, 24%%"23"! 3&� 3 � 23�3'-,�1 8 /*4+" - $ &-3 4/ 6 "**',% +�,R
3*" +� 3"1'�* '2 3&" 2-41  " - $ 3&" 	 � 6 �''�, 5 -* �,'2+E �,! 3&� 3 3&" - " �,  1423 - $ 3&" �� '$ ' � *� 3" '2 +- 5',%
3-6 �1 ! 3&" ,-1 3&6 "23 - 5"1 3&'2 &-3 2/-3D � " �1 3&" �'! 6 � 8 
2*�,!2E 3&"  &�', 3�) "2 � /1 -,-4, " !  &�,% " ',
!'1 "  3'-,E $1-+ ,-1 3&6 "23R2-43&"�23 $-1 3&" 	 � 6 �''�, 
 2*�,!2 �,! 3- ," �1 *8 ,-1 3&R2-43& $-1 3&" �+/"1 -1
�" �+-4, 32D �&'2  &�,%" '2 6'!"* 8 �2 1' �" ! 3- �  &�,% " ', !'1 "  3'-, - $ 3&" �� '$ ' � *� 3" +- 5',% - 5"1 3&" 23�R
3'-,�1 8 +�, 3*" /*4+"E �43 � +-1 " /*� 42'�*" " 7/*�,� 3'-, '2 3&� 3 3&" 	 � 6 �''�, +�, 3*" /*4+" &�2 ,-3 � 34�**8
�" ", 23� 3'-,�1 8 3&1-4%&-43 ' 32 &'23-18E �,! ', $� 3 +- 5" ! � 3 *"�23 <E::: )+ 2-43& - 5"1 3&" /"1'-! �" 36 " ",
B;\�,!\>?\��D ;


, �!!' 3'-, 3- &'2  -, 31'�43'-,2 -, +�, 3*" /*4+"2 �,! /*� 3" +-3'-,E � '*2-, �*2- ', 31-!4 " ! 3&" '!" � 3&� 3
3&"  1423  �, �" !'5'!" ! ', 3- � 2"1'"2 - $ 1'%'! /*� 3"2 ', � ;C@? /�/"1 E �,! 3&42 &" '2 1 "2/-,2' �*" $ -1 3&" 3"1+
* &�.�R.��.)(#�- D

� $"1. �R8A8A=CR�#�R�"�/R*!R0#�R��3�$$�)R	 /'�)�/R�)�R0#�R� (,�. *.R���(*1)0/R$)R. �'�0$*)R0*R0#�
'*��0$*)R*!R0#�R��3�$$�)R(�)0'�R,'1(�A

�. ��0$��R�4 �. �$/�R8A8R�*'��)*�/R�)�R0#�R��0�R*!R�'�0�R
 *0$*)

�&"\	 � 6 �''�,\�,!\�+/"1 -1\5-* �,-"2\2&- 6,\',\� '%41"\;D;D@\�1"\*'23"!\',\3&"\3��*"\�"*- 6\�*-,%\6' 3&\3&"'1\�%"2\�,!

3&"'1\!'23�, "2\$1-+\3&"\ ", 31"\- $\3&"\+�, 3*"\/*4+"\4,!"1\	 � 6 �''\N3&"\� '%\
2*�,!OD

== k ;D;\�'2 - 5"1',%\� *� 3"\� "  3-,' 2



� ! �-R)  R� � 1 �##�(R�(�R� ' *�, ),R0) &��()�-R�(�R."�#,R�#-.�(��-R , )'R."�R��( ., �R) R."�R'�( .&�R*&/'�AR��&�/&� .�R."�#,R, � .�R)  
') 0�'�( .R#(R��( .#'�., �-R*�,R3 ��, A

	 -&�(� � ! � � #-.�(�� �� .�

	 � 6 �'' :\�� :\)+ S

� "  ) "1 ;: D=\�� ;E:?B\)+ ;: D<\ +M8

�'! 6 � 8 <ADA\�� <E>=<\)+


 -) - >BD;\�� =EA?B\)+

� 4') - @>DA\�� >EB@:\)+

� *-3\3&"\!� 3�\-,\� '%41"\;D;DAE\�,!\42"\3&"\,4+�"12\',\3&"\3��*"\3-\"23'+� 3"\3&"\1� 3"2\- $\/*� 3"\+-3'-,\$ -1\3&"\� � '$ ' 

� *� 3"\',\ + M8" �1D\N�&"\$'123\36 -\�1 "\/*-3 3"!\$-1\8-4DO

� $"1. �R8A8A>CR�.�,#R*!R#*0R/,*0R2*'��)*R�"�RH($''$*)/R*!R5��. /BR
�IR�"�$)/0R�$/0�)��
H&(IA

�" "\�//",!'7\<\$ -1 �1 � 3' "\�7 "1 '2"\;D;\�,26 "12D

�&"1 " '2 " 5'!", " - $ +�, 8 24 & +�, 3*" /*4+"2 �1 -4,! 3&" 6 -1*! N�'%41" ;D;DBOD �-23 �1 " 6' 3&', 3&" - " �,
��2',2T', *4!',% /*� "2 *') " 	 � 6 �''E 
  "*�,!E �,! 3&" ��*�/�% -2 
 2*�,!2T�43 2-+" �1 " 4,!"1  -, 3',", 32D
�," " 7�+/*" '2 3&" � "**- 623-," &-3 2/-3 ', 3&" 6 "23R ", 31�* �,' 3"! � 3�3"2E �,! �,-3&"1 '2 3&" -," 1 "2/-,R
2'�*" $ -1 3&" �,�&'+ � -* �,' �"*3 ',  ", 31�* � 1'3'2& �-*4+�'�D 
 3 '2 "5'!", 3 3&�3 +�, 3*" /*4+"2 �1 " 5 "18 *-,%R
*'5" ! /&",-+",�E *�23',% $ -1 � 3 *"�23 3",2 - $ +'**'-,2 - $ 8" �12E /-22' �* 8 $-1 &4,!1 " !2 - $ +'**'-,2 - $ 8" �12 ',
2-+"\ �2"2D
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� $"1. �R8A8A?CR
�)0'�R,'1(�R'*��0$*)/AR��'��0��R
 �)0'�R,'1(�/CR8CR�6*. �/BR:CR�*3$�BR<CR�*��BR?CR�$!�'BR87CR��'�,�"*/B
89CR��3�$$BR8;CR	��'�)�BR8>CR��(�. **)BR8?CR��)�.5BR8@CR��,�R��. ��BR:<CR��(*�BR:?CR��#$0$BR;9CR�.$/0�)BR;;C
� �''*3/0*)�BR;<CR� )�#$(

Image Descriptions

� #!/, � 7A7A9 #'�! � ��-�,#*.#)(C �  1 -22 2"  3'-, - $ 3&" 31", & $ -1+" ! � 3 3&" �*"43'�, 24�!4 3'-, 9 -," �2 3&"
� � '$ ' /*� 3" 24�!4 32 4,!"1 3&" � -13& �+"1' �, /*� 3" ', 3&" +'!!*" - $ 3&" �� '$ ' �  " �,D �&" $�1 3&"1 �6 � 8
�,\" �1 3&04�) "\'2\$1-+\3&'2\31", &\N -,\3&"\� -13&\�+"1' �\/*� 3"\2'!" OE\3&"\!""/"1\' 3\'2DP�" 341,\3-\� '%41"\;D;D=Q

Media Attributions

K � '%41"2\;D;D;E\;D;D=E\;D;D?E\;D;DAF\g\� 3"5",\��1 *"D\��\� � D
K � '%41"\;D;D<F\V�*" 5� 3'-, W\�8\� � � �D\�!�/3" !\� 8\� 3"5",\��1 *"D\�4�*' \!-+�',D
K � '%41"\;D;D>F\V�4�,\!"\� 4 �\�'!% " W\�8\����D\�!�/3" !\� 8\� 3"5",\��1 *"D\�4�*' \!-+�',D\��2" !\-,\��$ $E\�D

�,!\��2-,E\�DE\;C@;E\��%," 3' \2415" 8\- $$\3&"\6"23\ -�23\- $\� -13&\�+"1' �E\>:l\�\3-\?<l\�\*� 3'34!"E\�" -*D
�- D\�+"1' �\� 4**"3',E\�D\A<E\/D\<@AR<A:D

K � '%41"\;D;D@F\V	 � 6 �''\	 -32/-3 W\�8 � � 3'-,�*\�" -/& 82' �*\� � 3�\�", 3"1D\�!�/3" !\� 8\� 3"5",\��1 *"D\�4�*' 
!-+�',D

K � '%41"\;D;DBF\V	 -32/-32 W\�8 
,%-\� .* �"1,D\�4�*' \!-+�',D

Notes

;D �D\�D\��1 !4,-\" 3\�*DE\<::=E\�&"\�+/"1 -1\�" �+-4, 32F\�-43&6 �1 !\� -3'-,\- $\3&"\	 � 6 �''�,\	 -32/-3\� *4+"\',\��1 3&Y2\��,R

=? k ;D;\�'2 - 5"1',%\� *� 3"\� "  3-,' 2



3*"E\� '", "\=:;\N?@=@OF\;:@>S;:@CD

;D;\�'2 - 5"1',%\� *� 3"\� "  3-,' 2 k =@



1.2 Plates, Plate Motions, and Plate Boundaries

� 8 3&" ",! - $ ;C@A 3&" ��1 3&Y2 241$� " &�! �" ", +�//" ! ', 3- � 2"1'"2 - $ /*� 3"2D �&" +�(-1 /*� 3"2 �1" � 41�2'�E
� � '$ ' E 
,!'�E �4231 �*'�E � -13& �+"1' �E �-43& �+"1' �E �$1' �E �,! �, 3�1 3' D �&"1" �1 " �*2- ,4+"1 -42
2+�** /*� 3"2 N"D%DE �4�, !" �4 �E �- -2E � �9  �E � -3'�E � &'*'//',"E ��1' ��" �, OE �,! +�, 8 5"18 2+�** /*� 3"2 -1
24�R/*� 3"2D �-1 " 7�+/*" 3&" �4�, !" � 4 � � *� 3" '2 � 34�**8 3&1" " 2"/�1 � 3" /*� 3"2 N�-1 !�E �4�, !" � 4 �E �,!
�7/*-1 "1O\3&�3\�**\+- 5"\',\3&"\2�+"\% ","1 �*\!'1 "  3'-,\�43\� 3\2*'%&3*8\!'$ $"1", 3\1� 3"2D

�� 3"2 - $ +-3'-,2 - $ 3&" +�(-1 /*� 3"2 1�,% " $1-+ *"22 3&�, ;  + M8 3- - 5"1 ;:  + M8D �&" � � '$ ' � *� 3" '2
3&" $�23"23E $-**- 6 " ! � 8 3&" �4231�*'�, �,! � �9  � � *� 3"2D �&" � -13& �+"1' �, � *� 3" '2 -," - $ 3&" 2*-6 "23E
� 5"1�%',% �1 -4,! ;  + M8 ', 3&" 2-43& 4/ 3- �*+-23 >  + M8 ', 3&" ,-1 3&D� *� 3"2 +- 5" �2 1'%'! �-!'"2E 2-
'3 +� 8 2""+ 241/1'2',% 3&� 3 3&" � -13& �+"1' �, � *� 3"  �, �" +- 5',% � 3 !'$$"1", 3 1� 3"2 ', !'$ $"1", 3 /*� "2D
�&" " 7/*�,� 3'-, '2 3&� 3 /*� 3"2 +- 5" ', � 1 -3� 3'-,�* +�,,"1 D �&" � -13& �+"1' �, � *� 3"E $-1 " 7�+/*"E 1 -3� 3"2
 -4, 3"1R *- )6'2"G\3&"\� 41�2'�,\� *� 3"\1-3� 3"2\ *- )6'2"D

�-4,!�1'"2\�" 36 " ",\3&"\/*� 3"2\�1"\- $\3&1" "\38/"2F

K �#0�, ! �( . N'D"DE\+-5',%\�/�1 3OB
K �)( 0�, ! �( . N'D"DE\+-5',%\3-%" 3&"1OE\�,!
K ., �(- ),' N+- 5',%\2'!"\� 8\2'!" OD

�"$ -1" 6 " 3�*) ��-43 /1 - "22"2 � 3 /*� 3" �-4,!�1'"2E ' 3Y2 '+/-1 3�, 3 3- /-', 3 -43 3&�3 3&"1" �1 " ," 5"1 %�/2
�" 36 " ", /*� 3"2D �&" /*� 3"2 �1" +�!" 4/ - $ 3&"&#.")-* "�, � A�&" *' 3&-2/&"1 "  -,2'232 - $ 3&"�,/-. E 6&' &  �,
�" 3&',E 1 "*� 3'5"*8 !",2" )���(#� �,/-. -1 3&' )E 1"*� 3'5"*8 �4- 8�, 3 �)( .#(�( .�& �,/-. E �,! 3&" 1'%'! 4//"1R
+-23 /�1 3 -$ 3&"'�( .&� N�'%41" ;D<D;OD �5", 3&-4% & 3" 3-,' /*� 3"2 �1" +- 5',% �** 3&" 3'+"E �,! ', !'$ $"1", 3
!'1 "  3'-,2E 3&"1" '2 ," 5"1 � 2'%,'$ ' �, 3 �+-4, 3 -$ 2/� " �" 36 " ", 3&"+D � *� 3"2 �1" 3&-4%&3 3- +- 5" �*-,% 3&"
*'3&-2/&"1 "R�23&",-2/&"1 " �-4,!�1 8E �2 3&"�-."�()-* "�, � '2 3&" 9-," - $ /�1 3'�* +"*3',%D 
3 '2 �224+" ! 3&� 3
3&" 1"*� 3'5" *� ) - $ 231",%3& - $ 3&" /�1 3'�* +"*3',% 9 -," $� '*' 3�3"2 3&" 2*'!',% - $ 3&" *'3&-2/&"1' /*� 3"2D �&"
$� 3 3&�3 3&" /*� 3"2 ', *4!" �-3&  1423�* +� 3"1'�* �,! *' 3&-2/&"1' +�, 3*" +� 3"1'�* +�) "2 ' 3 /-22' �*" $ -1 �
2',%*" /*� 3" 3- �" +�!" 4/ - $ �-3& - " �,' �,!  -, 3',", 3�*  1423D �-1 " 7�+/*"E 3&" � -13& �+"1' �, � *� 3"
', *4!"2 +-23 - $ � -13& �+"1' � N -, 3',", 3�*  1423OE /*42 &�*$ -$ 3&" ,-1 3&"1, � 3*�, 3' �  " �, N - " �,'  1423 OD
�&" � � '$ ' � *� 3" '2 �*+-23 ", 3'1"*8 - " �,' E �43 ' 3 !-"2 ', *4!" 3&" /�1 3 -$ ��*'$ -1,'� 6 "23 - $ 3&" ��, �,!1 " �2
� � 4*3D

� $"1. �R8A9A8CR�#�R�.1/0R�)�R1,,�.R(�)0'�AR���0*)$�R,'�0�/R�*)/$/0R*!
'$0#*/,#�. �BR3#$�#R$)�'1��/R0#�R�.1/0R�)�R0#�R1,,�.(*/0RH.$"$�IR,�.0R*!R0#�
(�)0'�A
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Divergent Boundaries

�'5 "1%", 3 �-4,!�1'"2 �1 " 2/1 " �!',% �-4,!�1'"2E 6&"1 " ," 6 - " �,'  1423 '2  1 " � 3"! $1-+ +�%+� !"1'5 " !
$1-+ *�,.#�& '�& .#(! - $ 3&" +�, 3*"  � 42" ! � 8 ���)' *, �--#)( �2 &-3 +�, 3*" 1- ) $1 -+ !"/3& '2 +- 5" !
3-6 �1 ! 3&" 241$� " N�'%41" ;D<D<OD �&" 31'�,%4*�1 9-," - $ /�1 3'�* +"*3',% ," �1 3&" 1'!%"  1 "23 /1-!4 "2 - " �,' 
 1423 3&�3 '2 ��-43 @ )+ 3&' )D � -23 !'5 "1%", 3 �-4,!�1'"2 �1 " *- � 3"! � 3 3&" - " �,' 1'!% "2E �*3&-4%& 2-+"
�1 "\-,\*�,!D

� $"1. �R8A9A9CR�#�R"�)�.�'R,. *��//�/R0#�0R0�& �R,'���R�0R�R�$2�."�)0R�*1)��. 5A

Convergent Boundaries

�-, 5"1%", 3 �-4,!�1'"2E 6&"1 " 36 - /*� 3"2 �1" +- 5',% 3-6 �1 ! " � & -3&"1 E �1" - $ 3&1" " 38/"2E !"/",!',% -,
6&" 3&"1 - " �,' -1  -, 3',", 3�*  1423 '2 /1"2", 3 -, "' 3&"1 2'!" - $ 3&" �-4,!�1 8D �&" 38/"2 �1 "F - " �,R- " �,E
- " �,R -, 3',", 3E\�,!\ -, 3',", 3R -, 3',", 3D

� 3 �, - " �,R- " �,  -, 5"1%", 3 �-4,!�1 8E -," - $ 3&" /*� 3"2 N- " �,'  1423 �,! *' 3&-2/&"1' +�, 3*"O '2
/42&" !E -1 -/��/�.�� B4,!"1 3&" -3&"1 D �$3", ' 3 '2 3&" -*!"1 �,!  -*!"1 /*� 3" 3&�3 '2 !",2"1 �,! 24�!4 32
�"," � 3& 3&" 8-4,% "1 �,! &-3 3"1 /*� 3"D �&"1" '2  -++-,* 8 �, - " �, 31 ", & �*-,% 3&" �-4,!�1 8D�&" 2'%,'$ 'R
 �, 3 5-*4+" - $ 6� 3"1 6' 3&', 3&" 24�!4 3',% +� 3"1'�* '2 1"*" �2" ! �2 3&" 24�!4 3',%  1423 '2 &"� 3"!D �&" 6 � 3"1
3&�3 '2 1"*" �2" ! 1'2"2 �,! +'7 "2 6' 3& 3&" -5"1*8',% +�, 3*"D �&" �!!' 3'-, - $ 6� 3"1 3- 3&" &-3 +�, 3*" *-6 "12 3&"
1- )2Y2 +"*3',% /-', 3 �,! *" �!2 3- 3&" $ -1+� 3'-, - $ +�%+� N  &/2 '�& .#(! O N�'%41" ;D<D=OD �&" +�%+�E 6&' &
'2 *'%&3"1 3&�, 3&" 2411-4,!',% +�, 3*" +� 3"1'�*E 1'2"2 3&1-4%& 3&" +�, 3*" �,! 3&" - 5"1*8',% - " �,'  1423 3-
3&"\- " �,\$ *--1\6&"1 "\' 3\ 1" � 3"2\�\ &�',\- $\5-* �,' \'2*�,!2\),- 6,\�2\�, #-&�(�R�, � D

�2 !"2 1' �" ! ��- 5" ', 3&"  -, 3"73 -$ �",'- $$ 9-,"2 N� '%41" ;D;D=OE "�1 3&04�) "2 3�) " /*� "  *-2" 3- 3&"
�-4,!�1 8 �" 36 " ", 3&" 24�!4 3',%  1423 �,! 3&" - 5"11'!',%  1423D �&" *�1 %"23 " �1 3&04�) "2 -  41 ," �1 3&"
241$� "\6&"1 "\3&"\24�!4 3',%\/*� 3"\'2\23'**\ -*!\�,!\231 -,%D
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� $"1. �R8A9A:CR�*)!$"1. �0$*)R�)�R,. *��//�/R*!R�)R*���)L*���)R�*)2�."�)0
�*1)��. 5A

� 3 �, - " �,R -, 3',", 3  -, 5"1%", 3 �-4,!�1 8E 3&" - " �,' /*� 3" '2 /42&" ! 4,!"1 3&"  -, 3',", 3�* /*� 3" ', 3&"
2�+" +�,,"1 �2 � 3 �, - " �,R- " �, �-4,!�1 8D �"!'+", 3 3&�3 &�2 �  4+4*� 3"! -, 3&" �)( .#(�( .�& -&)*� '2
3&1423 4/ ', 3- �, �  1 " 3'-,�1 8 6 " !%"E �,!  -+/1 "22'-, *" �!2 3- �� ),'� .#)( 6' 3&', 3&"  -, 3',", 3�* /*� 3"
N3&1423 $�4*32 2&-6, ', � '%41" ;D<D>OD �&" +�$' +�%+� /1 -!4 " ! �!(� ", 3 3- 3&" 24�!4 3'-, 9 -," 1'2"2 3- 3&"
��2" - $ 3&"  -, 3',", 3�*  1423 �,! *" �!2 3- /�1 3'�* +"*3',% - $ 3&"  1423�* 1- )D �&" 1 "24*3',% +�%+� �2 ",!2
3&1-4%&\3&"\ 1423E\/1-!4 ',%\�\ &�',\- $\5-* �,-"2\3&� 3\$-1+\� �)( .#(�( .�&R�,�A

� $"1. �R8A9A;CR�*)! $"1. �0$*)R�)�R,. *��//�/R*!R�)R*���)L�*)0$)�)0
�*)2�."�)0R�*1)��. 5A

�  -, 3',", 3R -, 3',", 3  -**'2'-, -  412 6&", �  -, 3',", 3 -1 *�1%" '2*�,! 3&� 3 &�2 �" ", +- 5" ! �*-,% 6' 3&
24�!4 3',% - " �,'  1423  -**'!"2 6' 3& �,-3&"1  -, 3',", 3 N�'%41" ;D<D?OD �&"  -**'!',%  -, 3',", 3�* +� 3"1'�*
6'** ,-3 �" 24�!4 3"! �"  � 42" ' 3 '2 3-- *'%&3 �,! �4- 8�, 3E �43 3&" 1--3 - $ 3&" - " �,' /*� 3" 6'** " 5", 34�**8
�1 " �) - $$ �,! 2',) ', 3- 3&" +�, 3*"D �&"1" '2 31"+",!-42 !"$ -1+� 3'-, - $ 3&" /1"R"7'23',%  -, 3',", 3�* 1- )2E
�,!  1 " � 3'-, - $ +-4, 3�',2 $1-+ 3&� 3 1- )E $1-+ �, 8 2"!'+", 32 3&�3 &�! �  4+4*� 3"! �*-,% 3&" 2&-1 "2 - $
�-3&\ -, 3',", 3�*\+�22"2E\�,!\ -++-,* 8\�*2-\$1-+\2-+"\- " �,\ 1423\�,!\4//"1\+�, 3*"\+� 3"1'�*D

=C k ;D<\�*� 3"2E\�*� 3"\� -3'-,2E\�,!\� *� 3"\�-4,!�1'"2



� $"1. �R8A9A<CR�*)!$"1. �0$*)R�)�R,. *��//�/R*!R�R�*)0$)�)0L�*)0$)�)0
�*)2�."�)0R�*1)��. 5A

Transform Boundaries

� 1�,2$ -1+ �-4,!�1'"2 " 7'23 6&"1" -," /*� 3" 2*'!"2 /�23 �,-3&"1 6' 3&-43 /1-!4 3'-, -1 !"2314 3'-, - $
 1423�* +� 3"1'�*D�*3&-4%& - " �,' 2/1 " �!',% 1'!% "2 �//" �1 3- �"  41 5" ! $" � 341"2 -, ��1 3&Y2 241$� "E ', $� 3
3&" 1'!%"2 �1 "  -+/-2" ! - $ � 2"1'"2 - $ 231�'%&3R*'," 2"%+", 32E -$$2"3 �3 ', 3"15�*2 � 8 $�4*32 /"1/",!' 4*�1 3-
3&"\1'!%"\N�'%41"\;D<D@OD\
,\�\/�/"1\/4�*'2&" !\',\;C@?E\� 49-\� '*2-,\3"1+" !\3&"2"\$" � 341"2 ., �(- ),'R �/& .- D

� $"1. �R8A9A=CR�R,�.0R*!R0#�R($�L� 0'�)0$�R.$�"�R)��.R0#�R�-1�0*. AR�#�R�*1�'�R3#$0�R'$)�/R�.�
/,. ���$)"R.$�"�/AR�#�R/*'$�R3#$0�R'$)�/R�. �R!.��01. �R6*)�/AR�/R/#*3)R�5R0#�R5�''*3R�.. *3/BR0#�
. �'�0$2�R(*0$*)R*!R0#�R,'�0�/R*)R�$0#�.R/$��R*!R0#�R!.��01. �R6*)�/R��)R��R/$($'�.RH �.. *3/
,*$)0$)"R0#�R/�(�R�$. ��0$*) IR*.R*,,*/$0�RH�.. *3/R,*$)0$)"R*,,*/$0�R�$. ��0$*)/ IAR�.�)/! *.(
!�1'0/RH. ��R'$)�/ IR�.�R$)R��03��)R0#�R.$�"�R/�"(�)0/BR3#�. �R0#�R5�''*3R�.. *3/R,*$)0R$)
*,,*/$0�R�$. ��0$*)/A

;D<\�*� 3"2E\�*� 3"\� -3'-,2E\�,!\� *� 3"\�-4,!�1'"2 k >:



� $"1. �R8A9A>CR�#�R��)R�)�. ��/R� �1'0R�40�)�/R!. *(R0#�R)*.0#
�)�R*!R0#�R��/0R� ��$! $�R�$/�R$)R0#�R�1'!R*!R��'$!*.)$�R0*R0#�
/*10#�.)R�)�R*!R0#�R
1�)R��R�1��R�$�"�AR� ''R*!R0#�R.��R'$)�/
*)R0#$/R(�,R�. �R0.�)/! *.(R! �1'0/A

� &'*" + -23 31�,2$ -1+ $� 4*32  -,,"  3 2"%+", 32 -$
+'!R- " �, 1'!% "2 �,! �1 " 3&42 - " �,R- " �, /*� 3"
�-4,!�1'"2E 2 -+" 31 �,2$ -1+ $� 4*32  -,,"  3  -, 3',",R
3�* /�1 32 -$ /*� 3"2D �, " 7�+/*" '2 3&" ��, �,!1 " �2
� � 4*3E 6&' & "73",!2 $1 -+ 3&" 2-43&"1, ",! - $ 3&"
�4�, !" � 4 � �'!% " 3- 3&" ,-1 3&"1, ",! - $ 3&" ��23
� � '$ ' �'2" N 1'!%" O ', 3&" �4*$ - $ ��*'$ -1,'� N� '%41"
;D<DAOD �&" /�13 -$ ��*'$ -1,'� 6 "23 - $ 3&" ��, �,!1 " �2
� � 4*3 �,! �** - $ ��(� ��*'$ -1,'� �1 " -, 3&" � � '$ ' � *� 3"D
� 1�,2$ -1+ $� 4*32 !- ,-3 (423  -,,"  3 !'5 "1%", 3
�-4,!�1'"2D � -1 " 7�+/*"E 3&" �4" ", �&�1 *-33" � � 4*3
 -,,"  32 3&" ,-1 3& ",! - $ 3&" �4�, !" � 4 � �'!% "E
23�13',% � 3 3&" ,-1 3& ",! - $ � �, -4 5"1 
 2*�,!E 3- 3&"
�*"43'�,\24�!4 3'-,\9 -,"D

Media Attributions

K � '%41"2\;D<D;E\;D<D<E\;D<D=E\;D<D>E\;D<D?E\;D<D@E\;D<DAF\g
� 3"5",\��1 *"D\��\� � D

>; k ;D<\�*� 3"2E\�*� 3"\� -3'-,2E\�,!\� *� 3"\�-4,!�1'"2



Lab 1 Exercises

Activity I: Plate Boundary Characteristics


, 3&'2 � 3'5'38 8-4 6'** *" �1, 3- '!", 3'$8 38/"2 - $ /*� 3" �-4,!�1'"2 ��2" ! -, 3&"  &�1 � 3"1'23' 2 3&"8 " 7&'�' 3D
�&'2 � 3'5'38 '2 ��2" ! -, 3&" V�'2 - 5"1',% � *� 3" �-4,!�1'"2W � 3'5'38 � 8 � �*" �D �� 68 "1 � 3 �' " �,'5 "12'38 �,!
+-!'$ '" !\��2" !\-,\3" � &',% " 7/"1'", "2\� 3\3&"\����\!"/�1 3+", 3\-$\3&"�,'5 "12'38\- $\� ' 3-1'�E\��,�!�D


,\%1-4/2E\6 "\6'**\" 7�+',"\$ '5"\38/"2\- $\/*� 3"\�-4,!�1'"2\3-!� 8F

� �  " �,R�  " �, � #0�, ! �( . N3&"\�-4,!�1 8\�" 36 " ",\3 6 -\/*� 3"2\6&"1 "\- " �,' \ 1423\'2\�"',%\/4***" !
�/�1 3O

� �  " �,R�  " �, �)( 0�, ! �( . N6&"1 "\36 -\/*� 3"2\- $\- " �,' \ 1423\�1 "\+- 5',%\3-6 �1 !\-,"\�,-3&"1
*"�!',%\3-\3&"\24�!4 3'-,\- $\-,"\/*� 3"O

� �  " �,R�-, 3',", 3\�-, 5"1%", 3\N6&"1 "\- " �,' \�,!\ -, 3',", 3�*\ 1423\�1"\+- 5',%\3-6 �1 !\-,"
�,-3&"1\*" �!',%\3-\3&"\24�!4 3'-,\- $\3&"\- " �,' \ 1423 O

� �-, 3',", 3R�-, 3',", 3\�-, 5"1%", 3\N6&"1 "\36 -\/*� 3"2\- $\ -, 3',", 3�*\ 1423\�1"\+- 5',%\3-6 �1 !\-,"
�,-3&"1 O

� �  " �,R�  " �, � , �(- ),' N6&"1 "\- " �,' \ 1423\'2\+- 5',%\&-1'9-, 3�**8\',\-//-2' 3"\!'1 "  3'-,2
� 1 -22\�\31�,2$ -1+\$� 4*3O

� - 23�1 3E !-6,*-�! -1 5'" 6 3&" /*� 3" �-4,!�1'"2 +�/D �" 5", /*� 3" �-4,!�1'"2 �1 " &'%&*'%&3"! �,! ,4+�"1 " !
-, 8 -41 +�/D � -4 6'** �*2- �" �22'%," ! � +�/ !'2/*� 8',% -," - $ $-41 !� 3� 2" 32F5-* �,-"2 E" �1 3&04�) "2E3-/-%R
1�/& 8M�� 3&8+" 318E\�,! 2"�$*--1\�% " D

� -4 6'** " � &E ',!'5'!4�** 8E 234!8 8-41 !� 3� 2" 3 �,! � 33"+/3 3- !1 � 6  -, *42'-,2 ��-43 6&� 3 %" -*-%' �*
$" � 341"2\�,!\/1 - "22"2\ &�1 � 3"1'9"\" � &\- $\3&"\,4+�"1 " !\/*� 3"\�-4,!�1'"2D

� � 3"1 ', *�� 3-!� 8E 8-4 6'** �" (-',',% � *'5 " 5'!" -  -,$ "1", " ', 2+�** %1 -4/2 3- 2&�1 " 8 -41 -�2"1 5� 3'-,2
6' 3& 8-41 %1-4/ +� 3"2D �-4 6'** �" �2) " ! 3- 24++�1'9 " 8 -41 -�2"1 5� 3'-,2 2- 61' 3" !- 6, 8 -41  -, *42'-,2
�,!\�"\/1 "/�1 " !\3-\3" � &\8 -41\/" "12H

Step 1

�7�+'," 8 -41 �22'%," ! +�/D � 3�13 � 8 *- � 3',% �** 3&" ,4+�"1 " ! /*� 3" �-4,!�1'"2 -, 8 -41 �22'%," ! +�/D �1 "
3&"8 " �28 -1 !'$ $' 4*3 3- $',!I �--)',%  *-2"* 8 � 3 8-41 !� 3� 38/"E 23�13 +�)',% ,-3"2 ��-43 3&" spatial distri-
bution - $ 3&" !� 3� /-', 32D �7� 3*8 6&� 3 8-4 *--) $ -1 6'** 5 �1 8 6' 3& !� 3� 38/"D � -1 3&" /-', 3 !� 3� N5-* �,-"2
�,! " �1 3&04�) "2O 8-4 �1 " *--)',% $ -1 distribution patterns D �-1 241$� " !� 3� N3-/-%1 �/& 8 �,! 2" �$*--1 �% " O
8-4 �1 " *--)',% $ -1 6&"1 " 3&" 241$� " '2 &'%& �,! 6&"1 " ' 3 '2 *-6 E 6&"1" ' 3 '2 -*! �,! 6&"1 " ' 3 '2 8-4,%D 
,
3&'2 � 3'5'38 8-4 �1 " $- 42',% -, observations, not interpr etations, +" �,',% 3&� 3 8-4 !- ,-3 ," " ! 3- 6 -118
��-43 6& 8 3&"1" '2 -1 '2 ,-3 � /� 33"1,E 8-4 (423 ," " ! 3- -�2"1 5" �,! 1 "  -1 ! 6&� 3 8-4 2" "D �-4 �1 " �,�* 89',%
3&"\!� 3�E\,-3\', 3"1/1" 3',%\3&"+H

� ��\;\�7 "1 '2"2 k ><



Step 2

� - 6 $- 42 8 -41 � 33", 3'-, -, 3&" ,4+�"1 " ! /*� 3" �-4,!�1'"2 -, 3&" /*� 3" �-4,!�1'"2 +�/ D 
!", 3'$8 3&"
,� 341" - $ 8-41 !� 3� ," �1 " � & - $ 3&" ,4+�"1 " ! /*� 3" �-4,!�1'"2D 
 2 '3 &'%& -1 *- 6 E 28++" 31' -1 �28++" 31' E
+'22',% -1 ,-3 +'22',%E 5 �1 8',% �*-,% 3&" �-4,!�1 8 -1  -,23�, 3 �*-,% 3&" �-4,!�1 8E "3 D �-+/*" 3" � ��*"
;D; �"*- 6 3-  *�22'$ 8 3&" /*� 3" �-4,!�1'"2 ��2" ! -, 8 -41 -�2"1 5� 3'-,2 - $ 8-41 �22'%," ! !� 3�E 42',% 3&" 3'/2
�"*- 6 $-1 %4'!�, "D �'%&3 ,- 6 E 8-4 6'** -,* 8 $'** ', 3&"  -*4+, $ -1 8-41 �22'%," ! !� 3� 2" 3D �"+"+�"1F !- ,-3
318\3-\" 7/*�',\3&"\!� 3�G\(423\-�2"15"H

�"*- 6 �1 " 2-+" 24%%"23'-,2 $ -1 3&" )',!2 - $ -�2"1 5� 3'-,2 3&� 3 �1" 42"$4* $-1 " � & !� 3� 2" 3D �-+/�1 " 8 -41
�-4,!�1 8 3- 3&" 38/"2 - $ �-4,!�1'"2 -, 3&" +�/ �2 8 -4 !- 3&'2D � "+"+�"1 E 3&" %-�* '2 3- $ ',! 4,'04"  &�1R
� 3"1'23' 2\$-1\" � &\�-4,!�1 8\38/"D

� ) &��()�-C ��2"1 5" �,! +�) " ,-3"2 -, 3&" !'231' �43'-, /� 33"1,2D �1" 3&" 5-* �,-"2 ," �1 � %'5", �-4,!�1 8
1�,!-+* 8\!'231'�43" !E\3'%&3*8\ *423"1" !E\-1\!-\3&" 8\!"$ ',"\�\*'," �1\31",!I

��,."+/�% �-C ��2"1 5" �,! +�) " ,-3"2 -, 3&" !'231' �43'-, /� 33"1,2 �,! !"/3& - $ 3&" "�1 3&04�) "2D � -3"
�-3& 3&" 1 �,% " - $ !"/3&2 N" 731"+"2 O �,! 3&" +-1 " 38/' �* -1 � 5"1�%"D �-1 " 7�+/*"E � % '5", �-4,!�1 8 +'%&3
&� 5" �** 2&�**- 6 " �1 3&04�) "2 N:R == )+ O 6'3& 1�1 " !" "/"1 " �1 3&04�) "2 �" 36 " ", == R A: )+ !"/3&D ��1 3&R
04�) "2\+'% &3\�"\1 �,!-+* 8\!'231'�43" !E\3'%&3*8\ *423"1" !E\-1\+� 8\!"$ ',"\�\*'," �1\31",!D

� )*)!, �* " 3I�� ." 3'�., 3C�--) $ -1 �, 8 3-/-%1 �/&' $ " � 341"2 3&�3 2""+ 3- �" 1 "*� 3"! 3- 3&" �-4,!�1 8E
24 & �2 ," �1� 8 +-4, 3�',  &�',2E !" "/ 2" � 31", &"2E �1 -�! %1 �!4�* &'% &2 -1 *-62E -$$2"3 N�1-) ", �,! 2&'$ 3"!O
$" � 341"2E "3 D �1'"$*8 !"2 1' �" &- 6 " 731"+" 3&" 8 �1" N"D%DE � 5"18 &'%& -1 6'!" +-4, 3�',  &�', OD ��) " 241"
3&�3 8-4 4,!"123�,! &- 6 3&"  -*-41 2 �*" -, 3&" +�/ 1 "/1 "2", 32 "*"5� 3'-,2 ��- 5" 2" � *" 5"*D �-1 " 7�+/*"E
8-41 2&-4*! 1 "  -%,'9 " 3&� 3 �1'%&3 $4 &2'�  -*-412  -11"2/-,! 3- *�1 %" ,"%� 3'5" 5 �*4"2 �,! 1 "/1 "2", 3 3&"
!" "/"23\/�1 32\-$\- " �,\6&"1 "\3&"\2" �$*--1\'2\$�1\�"," � 3&\2"�\*" 5"*D

��� &)), �! �C�&'2 !� 3� 2" 3  �, �" 31' )8G �"  �1 "$4* ,-3 3- 2" " /� 33"1,2 6&"1 " 3&"1" �1 " ,-,"H � -1 " 7�+/*"E
8-4 +'% &3 -�2"1 5" 3&� 3 ', 2-+" /*� "2E 3&" 2"�$*--1 �% "  &�,% "2 $1-+ /*� " 3- /*� " �*-,% 3&" �-4,!�1 8D 
,
3&'2  �2" 3&"1 " '2 ,-  *" �1 /� 33"1, �,! 3&'2 ',!' � 3"2 ,- 1 "*� 3'-,2&'/ �" 36 " ", 2" �$*--1 �% " �,! 3&" �-4,!R
�1 8E �43 3&'2 '2 23'** � %--! -�2"1 5� 3'-,H �*3"1,� 3"*8E 3&" 2"�$*--1 �% " +� 8 �" 3&" 2�+" " 5"186&"1 " �*-,% 3&"
�-4,!�1 8E -1 '3 +� 8  &�,% " ', �  -,2'23", 3 /� 33"1,D �- 8 -41 �"23 3- !"2 1' �" 6&� 3 8-4 2" "E �,! 6&" 3&"1 -1
,-3\8 -41\-�2"1 5� 3'-,2\$ '3\�\ *" �1E\ -,2'23", 3\/� 33"1,D

>= k � ��\;\�7 "1 '2"2
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Step 3

� 5"18-," &�2 �" ", 1 �,!-+* 8 �22'%," ! 3- � %1 -4/ �,! /1 - 5'!" ! 6' 3& � *',) 3- � 5'!" - +" " 3',% 3- !'2 422 8 -41
-�2"1 5� 3'-,2 ', 1 " �* 3'+" ', %1 -4/2 - $ $-41D �� & %1-4/ &�2 � 3 *"�23 -," 1 "/1 "2", 3�3'5" - $ "� & !� 3� 2" 3D �-,R
2'!"1 8 -412"* 5"2 � %1-4/ - $ "7/"1 32 %�3&"1',% 3-  -+/�1 " -�2"1 5� 3'-,2D 
, 8 -41 %1-4/E ', 31-!4 " 8 -412"*$
�,! 6&� 3 38/" - $ !� 3� 8-4 &� 5" �" ", �,�* 89',%D ��)',% 341,2E " � & %1-4/ +"+�"1 6'** 2&�1 " 3&"'1 -�2"1 5�R
3'-,2 ��-43 3&"'1 �22'%," ! !� 3� 2" 3 $1-+ � 3"/ <D 
3 '2 &"*/ $4* 3- 2&�1" 8 -41 2 1 " ", 6&'*" 8 -4 3" � &E 2- 3&� 3
8-41 %1-4/ +"+�"12  �, 2" " 8 -41 !� 3�D 
$ 8-4 �1 " ,-3 241 " &- 6 3- 2&�1 " 8 -41 2 1 " ",E �2) 8 -41 ',2314 3-1D
� -41 ',2314 3-1 6'** /"1'-!' �**8 (-', " � & %1-4/ 5'!" - +" " 3',% %1-4/ 3-  &"  ) ', 6&'*" 8 -4  -+/*" 3" 3&'2
/�1 3\-$\3&"\� 3'5'38D

� -1 ) 3-%" 3&"1 ', 8 -41 %1-4/ 3-  -+/*" 3" � ��*" ;D; � 8 24++�1'9',% 8 -41 -�2"1 5� 3'-,2 -, 3&"  &�1 � 3"1R
'23' 2 - $ "� & 3 8/" - $ /*� 3" �-4,!�1 8D �8 3&" ",! - $ 3&'2 � 3'5'38E "� & +"+�"1 - $ 8-41 %1-4/ 2&-4*! &� 5" �
 -+/*" 3"! � ��*" ;D;D �� & %1 -4/ +"+�"1 2&-4*! �" ��*" 3- !"2 1' �" 3&"  &�1 � 3"1'23' 2 - $ "� & 3 8/" - $ /*� 3"
�-4,!�1 8\42',%\�**\$-41\!� 3�\38/"2D

Activity II: Hot Spot Volcanoes and Plate Motion


, 3&'2 � 3'5'38 8-4 6'** 42" !� 3� $1-+  &�',2 - $ &-3 2/-3 5-* �,-"2 ', �--% *" ��1 3& �1- 3- +�) " � 1 -4%& "23'R
+� 3" - $ 3&" 1� 3" - $ +-3'-, - $ 3&" �� '$ ' � *� 3"E �,! 3- !" 3"1+'," 3&" !'1 "  3'-, - $ /*� 3" +-3'-, $ -1 2" 5"1�*
!'$ $"1", 3 3" 3-,' /*� 3"2D �&'2 � 3'5'38 �,! 3&" �--% *" ��1 3& !� 3� /1 - 5'!" ! �1 " ��2" ! -, 3&" V�" 3"1+',',%
� *� 3" �� 3"2 � 1-+ 	 -3 � /-3 � 1� )2 � 2',% �--% *" ��1 3&W � 3'5'38 !" 5"*-/" ! � 8 � 42�, � & 6 �1 39 �,! �1', � -!!
� 3\3&"\�,'5 "12'38\- $\��*'$ -1,'�R��, 3�\�149D

Step 1

�- 6,*-�! 3&" 	 � 6 �''R�+/"1 -1D)+9 $'*" /1 - 5'!" ! � 8 8-41 ',2314 3-1 3- " 7�+'," &-3 2/-3 5 -* �,-"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" !\3&"\D)+9\$'*"D

Step 2

�, " 3&" 	 � 6 �''R�+/"1 -1D)+9 '2 *-�!" !E  *' ) �,! !1 �% 3- +- 5" ' 3 $1-+ V � "+/-1 �1 8 � *� "2W 3- V�8 � *� "2DW
�&", 2� 5" V� 8 � *� "2W �8  *' )',% File, Save,Save My PlacesA�&'2 D)+9 $ '*" 6'** ,- 6 �" � 5�'*��*" " 5"18 3'+"
8-4 -/", �--% *" ��1 3& �1- -, 3&'2  -+/43"1 DGG� ���C � &", 8 -4  *-2" 3&" /1 -%1�+E �--% *" ��1 3& �1-
2&-4*! 2� 5" " 5"183&',% ', V� 8 � *� "2WE �43 3- �" 2�$ " 8 -4 2&-4*! +�,4�** 8 2�5" V� 8 � *� "2W 3- 8-41  -+/43"1
6&"," 5"1\8-4\+�) "\2'%,'$' �, 3\ &�,% "2\3-\' 3D
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Step 3

�7�+'," 3&" !� 3� ', 3&" 	 � 6 �''R�+/"1 -1D)+9 $'*" 3- �,26 "1 3&" 04"23'-,2 �"*- 6 D �� & /*� " +�1 ) "1 ',!'R
 � 3"2 � *- � 3'-, 6&"1 " � 5 -* �,' 1 - ) 6 �2 2�+/*" ! �,! !� 3"!D �&'2 38/" - $ !� 3',% 42"2 1�!'-� 3'5" "*"+", 32
', 3&" 1 - ) 3- % '5" %" -*-%'232 � /1 "  '2" �% " - $ 6&", 3&" *� 5�  --*" ! �,! 2-*'!'$ '" ! 3- $ -1+ � 5 -* �,' 1 - )D
�&" ,4+�"1 ," 73 3- "� & /*� " +�1 ) "1 '2 3&" �%" - $ 3&" 1- ) ', +'**'-,2 - $ 8" �12 N�� OD �&"  411", 3 *- � 3'-,
- $\3&"\&-3\2/-3\� 3\
'*� 4" �\� -* �,-\',\2-43&" �23\	 � 6 �'Y'\'2\2&-6,\� 8\3&"\+�1 ) "1\*��"*" !\:\��D


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

;D �2',% 6&� 3 8-4 *" �1," ! ', 3&" �--% *" ��1 3& �43-1'�* E *'23 3&" *�3M*-,%  --1 !',� 3"2 - $ 
'*� 4" � � -* �,-E
�'�)�)4('\�" �+-4, 3\N*- � 3"!\� 3\3&"\�",!\',\3&"\	 � 6 �''R�+/"1 -1\ &�', OE\�,!\�'! 6 � 8\
2*�,!D

<D �2',% 6&� 3 8-4 *" �1," ! ', 3&" �--% *" ��1 3& �43-1'�*E *'23 3&" ���  --1 !',� 3"2 - $ �� 4,� 
 " � N*- � 3"! ," �1
3&"  ", 31" - $ 3&" '2*�,! - $ 	 � 6 �'Y'OE 3&" A?DB< �� 5-* �,- ," �1 �" 31-' 3 �" �+-4, 3 N*- � 3"! ," �1 3&" ,-1 3&"1,
",! - $ 3&" 	 � 6 �''R�+/"1 -1  &�', OE �,! 3&" ?DAA �� 5 -* �,- -, 
� 4� Y'D �"+"+�"1 3- ', *4!" 3&" 9 -," � 3 3&"
�"% ',,',%\- $\3&"\ --1 !',� 3"H

=D �2',% 3&" 14*"1 3--* ', �--% *" ��1 3& �1-E $-4,! ', 3&" 3-/ 3--* ��1 E +"�241" 3&" !'23�, " �" 36 " ", 3&" /1 "R
2", 3 *- � 3'-, - $ 3&" &-3 2/-3 � 3 
'*� 4" � � -* �,- �,! �'! 6 � 8 
2*�,! ', )'*-+" 3"12 N)+OD �" �241" 3&" !'23�, "
�2\�\*',"\$1 -+\3&"\/-', 3\-$\"� &\/',\�,!\1 -4,!\3-\3&"\," �1 "23\6&-*"\)+D

>D ��) " � 1 -4%& "23'+� 3" - $ 3&" �5"1�%" 1� 3" - $ +-3'-, $ -1 3&" � � '$ ' � *� 3" ', )'*-+" 31"2 /"1 +'**'-, 8 " �12D
� - !- 3&'2E !'5'!" 3&" !'23�, " �" 36 " ", 3 6 - 5 -* �,-"2 �*-,% 3&"  &�', � 8 3&"'1 !'$$"1", " ', �% "2 N2&-6, ',
+'**'-,2\- $\8" �12E\�� OD\�&"\1� 3"\'2\ �* 4*� 3"!\�2\3&"\!'23�, "\- 5"1\3'+"D\� -4,!\3-\3&"\," �1 "23\3", 3&D

?D � -23 /*� 3" 1� 3"2 1"/-1 3"! ', 2 '", 3'$' *' 3"1� 341" �1 " +" �241" ! ',  + M81D �-, 5"13 8-41 "23'+� 3"! 1 � 3" 3-
 + M81D\�%�',E\1-4,!\8 -41\1"24*3\3-\3&"\," �1 "23\3", 3&D\�"+"+�"1\3&'2\ �* 4*� 3'-,\'2\�\1 -4%&\"23'+� 3"H
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@D �7�+'," 3&" ", 3'1" *",%3& - $ 3&" 	 � 6 �''R�+/"1 -1  &�',D � &� 3 !- 8 -4 3&',) +'% &3 &�5"  � 42" ! 3&'2  &�',
3-\$-1+\24 &\�\!'23', 3'5"\V"* �- 6 R*')" W\2&�/"I

�- 6,*-�! 3&" 	 -32/-3 � -* �,'2+D)+9 $'*" /1 - 5'!" ! � 8 8-41 ',2314 3-1 �,! *-�! ' 3 ', 3- �--% *" ��1 3& �1-D
� "+"+�"1 3- 2� 5" ' 3 ', V� 8 � *� "2W -, " ' 3 '2 *-�!" ! ', 3- �--% *" ��1 3& �1-H � -3' " 3&� 3 3&'2 $'*" ', *4!"2
3&" *- � 3'-,2 - $ �-4,!�1'"2 �" 36 " ", 3"  3-,' /*� 3"2 �2 6 "** �2 /*� " +�1 ) "12 �,! �% "2 $-1 5-* �,-"2 �*-,%
2"5"1�*\&-3\2/-3\ &�',2\N -1\31� )2 O\�1-4,!\3&"\6 -1*!D

AD ��2" ! -, 3&" &-3 2/-3 31 � )2 2&- 6, ', 3&" 	 -32/-3 � -* �,'2+D)+9 $ '*" �,! 3&" �% "2 - $ 3&" 5-* �,-"2E
!" 3"1+'," 3&" !'1 "  3'-, - $ /*� 3" +-3'-, $ -1 3&" �$1' �,E �4231 �*'�,E � �9  �E � -13& �+"1' �,E �,! � � '$ ' 
/*� 3"2D\�� 3 &\3&"\/*� 3"\,�+"\3-\3&"\�11 - 6\3&� 3\+-23\ *-2"* 8\'**4231� 3"2\3&"\5"  3-1\N!'1 "  3'-, O\-$\+-3'-,D

BD �1" !' 3 6&" 3&"1 3&" /*� 3" �-4,!�1 8 �" 36 " ", 3&" $ -**- 6',% /�'12 - $ /*� 3"2 '2 �*)2�."�)0 -1 �$2�."�)0
��2" !\-,\3&"\/*� 3"\+-3'-,\!" 3"1+'," !\$1-+\3&"\&-3\2/-3\31 � )2F

� O\�� '$ ' \f\� �9  �\� *� 3"2
� O\�-43&\�+"1' �,\f\�$1' �,\� *� 3"2
�" " �//",!'7\= $-1\�,26 "12\3-\*��\" 7"1 '2"2D

Media Attributions

K ��/2\- $\/*� 3"\�-4,!�1'"2E\3-/-%1 �/& 8M�� 3&8+" 318E\2"'2+-*-%8E\5-* �,-*-% 8E\2"�$*--1\�% "\� 8\� �*"\�D
�� 68 "1E�'2 - 5"1',%\� *� 3"\�-4,!�1'"2 � 3'5'38D\�**\1'%&32\1"2"1 5" !D\� 2"!\6' 3&\/"1+'22'-,D

K �--% *"\��1 3&\)+9\$'*" � 8\� 42�,\� & 6 �1 39\�,!\�1',\� -!!E �� R� � R� � R��\=D:
K �" 3"1+',',%\� *� 3"\�� 3"2\� 1-+\	 -3\� /-3\� 1� )2\� 2',%\�--% *"\��1 3&� 3'5'38\�' 3*"E\�8\� '-�&�,

�  �-*!1' )E �� R� � R� � R��\>D: D\�"1'5� 3'5"\- $� 34!", 3\	 �,!-43\$ -1\� *� 3"\�� 3"\�22'%,+", 3� 8\� 42�,
� & 6 �1 39\�,!\�1',\� -!!E �" 3"1+',',%\� *� 3"\�� 3"2\� 1-+\	 -3\� /-3\� 1� )2\� 2',%\�--% *"\��1 3&� 3'5R
'38E�� R� � R� � R��\=D:

K �11- 6\$'%41"E\�!�/3" !\� 8\� '-�&�,\�  �-*!1' )E �� R� � R� � R��\>D: D\�"1'5� 3'5"\- $\$'%41"\� 8\� 42�,
� & 6 �1 39\�,!\�1',\� -!!E �" 3"1+',',%\� *� 3"\�� 3"2\� 1-+\	 -3\� /-3\� 1� )2\� 2',%\�--% *"\��1 3&� 3'5R
'38E�� R� � R� � R��\=D:
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Summary

�&"\3-/' 2\ - 5"1" !\',\3&'2\ &�/3"1\ �,\�"\24++�1'9 " !\�2\$ -**- 62F

���.#)( � /''�, 3

;D;
�'2 - 5"1',%
� *� 3"
� "  3-,' 2

�'�, 3\231'!"2\6 "1"\+�!"\',\4,!"123�,!',%\��1 3&\!41',%\3&"\+'!!*"\!"  �!"2\- $\3&"\<:3&\ ", 3418E
', *4!',%\!'2 - 5"1',%\+�%," 3' \" 5'!", "\- $\ -, 3',", 3�*\!1'$3E\+�//',%\3&"\3-/-%1 �/& 8\- $\3&"\- " �,
$*--1 E\!"2 1' �',%\3&"\!"/3&\1 "*� 3'-,2&'/2\- $\"�1 3&04�) "2\�*-,%\- " �,\31 ", &"2E\+" �241',%\&" � 3\$*-6
!'$ $"1", "2\',\5 �1'-42\/�1 32\-$\3&"\- " �,\$ *--1 E\�,!\+�//',%\+�%," 3' \1" 5"12�*2\-,\3&"\2" �\$*--1 D\�8\3&"
+'!R ;C@:2E\3&"\$4,!�+", 3�*2\-$\3&"\3&"-1 8\- $\/*� 3"\3" 3-,' 2\6 "1"\',\/*� "D

;D<\�*� 3"2E
� *� 3"
� -3'-,2E
�,!\� *� 3"
�-4,!�1'"2

��1 3&Y2\*'3&-2/&"1 "\'2\+�!"\4/\- $\-5"1\<:\/*� 3"2\3&�3\�1"\+- 5',%\',\!'$ $"1", 3\!'1"  3'-,2\� 3\1� 3"2\- $
�" 36 " ",\;\ + M8\�,!\;:\ + M8D\�&"\3&1" "\38/"2\- $\/*� 3"\�-4,!�1'"2\�1 "\!'5 "1%", 3\N/*�3"2\+- 5',%\�/�1 3
�,!\," 6\ 1423\$-1+',%OE\ -, 5"1%", 3\N/*�3"2\+- 5',%\3-%" 3&"1\�,!\-,"\�"',%\24�!4 3"!OE\�,!\31�,2$ -1+
N/*�3"2\+- 5',%\2'!"\� 8\2'!" OD\�'5"1%", 3\�-4,!�1'"2\$ -1+\6&"1 "\" 7'23',%\/*� 3"2\�1"\1'$3"!\�/�1 3E\�,!\' 3\'2
&8/-3&"2'9 " !\3&� 3\3&'2\'2\ � 42" !\� 8\�\2"1'"2\- $\+�, 3*"\/*4+"2D\� 4�!4 3'-,\9 -,"2\�1 "\�224+" !\3-\$ -1+
6&"1 "\�  4+4*� 3'-,\- $\2"!'+", 3\�3\�\/�22'5 "\+�1 %',\*" �!2\3-\2"/�1 � 3'-,\- $\- " �,' \�,!\ -, 3',", 3�*
*'3&-2/&"1 "D\�4/"1  -, 3',", 32\$-1+\�,!\�1 " �)\4/\3&1 -4%&\3&"2"\/1 - "22"2D

� ��\;
�7 "1 '2"2

�&�1 � 3"1'23' \$" � 341"2\- $\!'5 "1%", 3E\ -, 5"1%", 3E\�,!\31�,2$ -1+\/*� 3"\�-4,!�1'"2\ �,\�"\" 7/*-1 " !\� 8
" 7�+',',%\% *-��*\!� 3�2" 32\-$\5-* �,-*-% 8E\2"'2+-*-%8\N" �1 3&04�) "2OE\3-/-%1�/& 8M�� 3&8+" 318E\�,!
2"�$*--1\�% "\!'2/*� 8" !\-,\�\6 -1*!\+�/D\� ', "\3"  3-,' \/*� 3"2\+- 5"\- 5"1\�\+�, 3*"\/*4+"\3&� 3\6"\�224+"
3-\�"\23� 3'-,�1 8E\6"\ �,\42"\ &�',2\-1\31 � )2\- $\&-3\2/-3\5-* �,-"2\3-\', 3"1/1" 3\3&"\!'1"  3'-,\- $\/*� 3"
+-3'-,D\� 8\42',%\3&"\�%"\- $\3&"2"\&-3\2/-3\5-* �,-"2E\�,!\3&"\!'23�, "\�" 36 " ",\5 -* �,-"2\',\3&"\2�+"
 &�',E\6 "\ �,\"23'+� 3"\3&"\1� 3"\- $\/*� 3"\+-3'-,D
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LAB 2: MINERAL PROPERTIES AND
NON-SILICATE MINERALS

Lab Structure

� "  -++",!" !\�!!' 3'-,�*\6 -1 ) � "2\S\1" 5'" 6\ -, "/32\$1-+\� ��2\;\�,!\<\',\/1 "/�1 � 3'-,
$-1\� "23\;

� " 04'1" !\+� 3"1'�*2 �',"1 �*\
�\)' 3E\�',"1 �*\
' 32\;\�,!\<E\/", '*

���.)$)"R� �%��0$2�/

�$ 3"1\1" �!',%\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 �"2 1' �"\+',"1 �*\*� 33' "2\�,!\" 7/*�',\&- 6\3&" 8\',$ *4", "\+',"1 �*\/1 -/"1 3'"2D

K �� 3"%-1'9 "\+',"1 �*2\', 3-\%1-4/2\��2" !\-,\3&"'1\ -+/-2' 3'-,2D

K �"2 1' �"\2-+"\- $\3&"\'+/-1 3�, 3\3" &,'04"2\$ -1\'!", 3'$8',%\+',"1 �*2D

K 
!", 3'$8\�,!\!"2 1' �"\3&"\/& 82' �*\/1 -/"1 3'"2\- $\�\1�,% "\- $\,-,R2'*' � 3"\+',"1 �*2\',\&�,!\2�+/*"D

K �'2 422\3&"\"  -,-+' \42"2\- $\,-,R2'*' � 3"\+',"1 �*2D

Key Terms

K �� 3'-,
K �,'-,
K � '*' � 3"
K � -,R2'*' � 3"
K � � 3'5"\"*"+", 3
K � 4*/&'!"
K � 7'!"
K 	 8!1 - 7'!"
K � 4*/&� 3"
K ��1�-,� 3"
K 	 �*'!"

K � &-2/&� 3"
K �-*-41
K � 31" �)
K �4231"
K 	 �1 !,"22
K �1 823�*\&��' 3
K �*" � 5�%"
K � 1� 341"
K �-, &-'!�*\$1 � 341"
K � /"  '$ ' \%1� 5'38

�',"1 �*2 �1 " �** �1 -4,! 42F 3&" %1�/&' 3" ', 8 -41 /", '*E 3&" 2�*3 -, 8 -41 3��*"E 3&" /*�23"1 -, 8 -41 6 �**2E �,!
3&" 31� " �+-4, 32 -$ %-*! ', 8 -41  -+/43"1 D �',"1 �*2  �, �" $ -4,! ', � 6'!" 5 �1'" 38 - $  -,24+"1 /1 -!4 32
', *4!',% /�/"1 E +"!' ',"E /1 - "22" ! $--!2E  -2+" 3' 2E "*" 31-,' !" 5' "2E �,! +�, 8 +-1 "D �,! - $  -412"E
" 5"183&',%\+�!"\- $\+" 3�*\'2\�*2-\!"1'5 " !\$1-+\+',"1 �*2D
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�2 !"$ '," ! ', 3&" ', 31-!4 3-18  &�/3"1 E � +',"1 �* '2 � ,� 341�**8 -  411',%  -+�',� 3'-, - $ 2/"  '$ ' "*"+", 32
�11�,% " !\',\�\/�1 3' 4*�1\1"/" � 3',%\3&1" "R!'+",2'-,�*\2314 341"\N�'%41"\
> OD

VNatur all y occurring W '+/*'"2 3&� 3 +',"1 �*2 �1 " ,-3 �1 3'$' '�** 8 +�!"D ��, 8 +',"1 �*2 N"D%DE !'�+-,!O  �, �"
+�!" ', *��-1 � 3-1'"2E �43 '$ 3&"8  �, �*2- -  41 ,� 341�**8E 3&"8 23'** 04�*'$8 �2 +',"1 �*2DVSpecif ic elementsW
+" �,2 3&� 3 +-23 +',"1 �*2 &� 5" � 2/"  '$ '  &"+' �* $-1+4*� -1  -+/-2' 3'-,D �&" +',"1 �* / 81'3"E $-1 " 7�+/*"E
'2 � " � < N36 - � 3-+2 - $ 24*$41 $-1 " � & � 3-+ - $ '1-, OE �,! �, 8 2'%,'$' �, 3 !"/�1 341" $1-+ 3&� 3 6-4*! +�) " ' 3
� !'$ $"1", 3 +',"1 �*D �43 +�, 8 +',"1 �*2  �, &� 5" 5 �1'��*"  -+/-2' 3'-,2 6' 3&', � 2/"  '$ ' 1 �,% "D �&" +',"1 �*
-*'5',"E $ -1 " 7�+/*"E  �, 1 �,% " �** 3&" 6 � 8 $1-+ � " <� ' � > 3- � " � %�'� > 3- � %<� ' � >D 
, 3"15",',%  -+/-2' 3'-,2
�1 " 61' 33", �2 N� "E� %O<� ' � > +" �,',% 3&� 3 � " �,! � %  �, �" /1 "2", 3 ', �, 8 /1 -/-1 3'-,E �,! 3&� 3 3&"1" �1 "
36 -\- $\3&"+\$-1\" � &\� '\/1 "2", 3D\�&'2\38/"\- $\24�23'343'-,\'2\),- 6,\�2 -) &#�R-)&/.#)( D

� -23 '+/-1 3�, 3 -$ �**E � +',"1 �* &�2 � 2/"  '$ ' Vrepeating thr ee-dimensional str uctur eW -1 V*�33' "EW 6&' &
'2 3&" 6 � 8 ', 6&' & 3&" � 3-+2 �1 " �11 �,% " !D � " Y5" �*1 " �! 8 2"", ', � '%41" 
> - $ 3&" ', 31-!4 3-18  &�/3"1 &- 6
2-!'4+ �,!  &*-1'," � 3-+2 ', &�*' 3" �*3"1,� 3" ', � 1 "%4*�1 /� 33"1,D 	 �*' 3" &�//",2 3- &� 5" 3&" 2'+/*"23 +',R
"1�* *� 33' "E +-23 -3&"1 +',"1 �*2 &� 5" +-1 "  -+/*" 7 *�33' "2D �-+" 24�23�, "2 3&�3 6" 3&',) +423 �" +',"1R
�*2 �1 " ,-3 �"  � 42" 3&"8 *� ) 3&� 3 1"/" � 3',% =R!'+",2'-,�* 2314 341" - $ �3-+2D � -* �,' % *�22 '2 �, " 7�+/*"E
�2\'2\/" �1 *\-1\-/�*D
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2.1 Bonding and Lattices


, 3&" ', 31-!4 3-18  &�/3"1 �',"1 �*2 �,! � - )2 E 8-4 *" �1," ! 3&� 3 %" -*-%'232 !"$'," � +',"1 �* �2 �"',% �
,� 341�**8 -  411',%E2-*'! +� 3"1'�* +�!" - $ �, -1 !"1 *8  1823�**'," 2314 341" 3&� 3 '21"/1 "2", 3"! � 8 � !"$ '," !
 &"+' �*\$-1+4*�E\�,!\'2\% ","1 �**8\',-1 %�,' D

�. ��0$��R�4 �. �$/�R9A8

� 2',%\3&"\ 1' 3"1'�\"23��*'2&" !\��- 5"E\6&' &\- $\3&"\$-**- 6',%\+� 3"1'�*2\�1 "\+',"1 �*2I

K �+" 3&823

K � 4%�1

K �4�' \9'1  -,'�

K 	 �*' 3"

K 
 "

K ��2'!'�,

�" "\�//",!'7\<\$ -1 �1 � 3' "\�7 "1 '2"\<D;\�,26 "12D

�2 !"2 1' �" ! ', 3&" ', 31-!4 3-18  &�/3"1 E �** +',"1 �*2 �1 "  &�1 � 3"1'9" ! � 8 � 2/"  '$ ' 3&1" "R!'+",2'-,�* /� 3R
3"1, ),- 6, �2 � &�..#�� -1  1 823�* 2314 341"D �&"2" 2314 341"2 1�,% " $1-+ 3&" 2'+/*"  4�' /� 33"1, - $ &�*'3"
N�� �*O N� '%41" 
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04�1 39E $"*!2/�1 E �+/&' �-*"E $*4-1' 3"E �,!  �* ' 3"OD 
, +-23  �2"2E 3&" 5�1'� 3'-,2 ',  -*-412 �1 " � 1 "24*3 -$
5�1 8',% /1 -/-1 3'-,2 - $ 31� " "*"+", 32 6'3&', 3&" +',"1 �*D 
, 3&"  �2" - $ 04�139E $-1 " 7�+/*"E 8 "**- 6 04�1 39
N ' 31'," O &�2 31� " �+-4, 32 -$ $"11' '1 -, N� " =^OE 1-2" 04�1 39 &�2 31� " �+-4, 32 -$ +�,%�,"2"E /41/*" 04�1 39
N�+" 3&823O &�2 31� " �+-4, 32 -$ '1-,E �,! +'*)8 04�1 39E 6&' & '2 5"18  -++-,E &�2 +'**'-,2 - $ $*4'! ', *4R
2'-,2\N3', 8\ � 5'3'"2E\"� &\$ '**"!\6' 3&\6� 3"1OD

Streak


, 3&"  -, 3"73 -$ +',"1 �*2E V -*-41W '2 6&� 3 8-4
2"" 6&", *'% &3 1"$*" 32 -$$ 3&" 241$� " - $ 3&" 2�+R
/*"D �," 1 " �2-, 3&� 3  -*-41  �, �" 2- 5 �1'��*" '2 3&� 3
3&" 38/" - $ 241$� " '2 5 �1'��*"D 
 3 +� 8 �" �  1 823�*
$� " -1 � $1 � 341" 241$� " -1 �  *" � 5�%" /*�,"E �,!
3&"  1823�*2 +� 8 �" *�1 %" -1 2+�** !"/",!',% -, 3&"
,� 341" - $ 3&" 1- )D 
 $ 6" %1',! � 2+�** �+-4, 3 -$ 3&"
2�+/*" 3- � /- 6 !"1 6 " %" 3 � +4 & �" 33"1 ',!' � 3'-,
- $ '32 � 34�*  -*-41 D �&'2  �, " �2'* 8 �" !-," � 8
2 1�/',% �  -1,"1 - $ 3&" 2�+/*" � 1 -22 � 231" �)
/*� 3" N� /'"  " - $ 4,%*�9" ! /-1  "*�', O 3- +�) " �
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� $"1. �R9A:A:CR
$)�. �'/R�)�R. �! �. �)��R(�0�.$�'/R$)R0#�R
 *#/
/��'�R*!R#�. �)�//AR�#�RO(��/1. ��R#�. �)�//PR2�'1�/R�. �R� $�&�. /
� �. �)�//R)1(��. /ARG� *0�R0#�0R(�)5R(*��.)R�*,,�.R�*$)/R�. �
��01�'' 5R�*,,�. L,'�0��R/0��'BR�)�R�. �R0#�.�! *. �R#�. ��. A

-., ��% D �&" 1"24*3 '2 3&�3 2-+" - $ 3&" +',"1 �* %" 32 %1-4,! 3- � /- 6 !"1 �,! 6 "  �, % " 3 � �" 33"1 '+/1 "22'-,
- $\'32\V314"W\ -*-41\N� '%41"\<D=D<OD

Lustre

�4231" '2 3&" 6 � 8 *'%&3 1"$*" 32 -$$ 3&" 241$� " - $ � +',"1 �*E �,! 3&" !"%1 " " 3- 6&' & ' 3 /"," 31� 3"2 ', 3- 3&"
', 3"1'-1D �&" ) " 8 !'23', 3'-, '2 �" 36 " ", '�.�&&#� �,! ()( L'�.�&&#� &/-., � D �'%&3 !-"2 ,-3 /�22 3&1 -4%& +" 3R
�*2E �,! 3&� 3 '2 3&" +�', 1 " �2-, 3&" 8 *--) V +" 3�**' W N"D%DE 2/" 4*�1 &"+� 3'3" ', � '%41" <D=D; �,! / 81'3" ', � '%R
41" <D=D>�OD �5", � 3&', 2&" " 3 -$ +" 3�*T24 & �2 �*4+',4+ $ -'*T 6'** ,-3 �**- 6 *'%&3 3- /�22 3&1-4%& '3D ��, 8
,-,R+" 3�**' +',"1 �*2 +� 8 *--) �2 '$ *'% &3 6'** ,-3 /�22 3&1 -4%& 3&"+E �43 '$ 8-4 3�) " �  *-2"1 *--) � 3 � 3&',
" !%" - $ 3&" +',"1 �* 8-4  �, 2" " 3&� 3 '3 !-"2D 
$ � ,-,R+" 3�**' +',"1 �* &�2 � 2&', 8E 1"$*" 3'5" 241$� "E 3&",
'3 '2  �**" ! V%*�228W N�'%41" <D=D>�OD 
$ '3 '2 !4** �,! ,-,R1 "$*" 3'5"E '3 '2 V" �1 3&8W N2"" " �1 3&8 &"+� 3'3" ', � '%R
41" <D=D<OD �3&"1 38/"2 - $ ,-,R+" 3�**' *4231"2 �1 " V2'*)8EW V/" �1 *8EW �,! V1"2',-42DW �4231" '2 � %--! !'�%,-23' 
/1 -/"1 38 2', " +-23 +',"1 �*2 6'** �* 6 � 82 �//" �1 "' 3&"1 +" 3�**' -1 ,-,R+" 3�**' D �&"1" �1 " � $ " 6 " 7 "/3'-,2
3-\3&'2\N"D%DE\&"+�3'3"\',\� '%41"\<D=D<OD

Hardness

�," - $ 3&" +-23 '+/-1 3�, 3 !'�%,-23' /1 -/"1 3'"2
- $ � +',"1 �* '2 ' 32 &�1!,"22D 
 , ;B;< �"1+�, +',"1R
�*-%'23 �1'" !1' & � -&2  �+" 4/ 6' 3& � *'23 -$ ;: 1" �R
2-,��* 8  -++-, +',"1 �*2 3&�3 &�! � 6'!" 1 �,% " - $
&�1!,"22"2D �&"2" +',"1 �*2 �1 " 2&- 6, ', � '%41"
<D=D=E 6'3& 3&" � -&2 2 �*" - $ &�1!,"22 �*-,% 3&"
�-3 3-+ �7'2D 
 , $� 3E 6&'*" "� & +',"1 �* -, 3&" *'23 '2
&�1!"1 3&�, 3&" -," �"$ -1" ' 3E 3&" 1"*� 3'5" +" �241" !
&�1!,"22"2 N 5"13' �* �7'2 O �1" ,-3 *'," �1D �-1 " 7�+R
/*" �/� 3'3" '2 ��-43 3&1 " " 3'+"2 &�1 !"1 3&�, $ *4-1' 3"
�,! !'�+-,! '2 3&1 " " 3'+"2 &�1 !"1 3&�,  -14,!4+D
�-+"  -++-,* 8 � 5�'*��*" 1 "$"1", " +� 3"1'�*2 �1 "
�*2- 2&- 6, -, 3&'2 !'�%1 �+E ', *4!',% � 3 8/' �* $',R
%"1,�'* N<D?OE � /'" " - $  -//"1 6'1 " N=D?OE � ),'$"
�*�!" -1 � /'"  " - $ 6',!- 6 %*�22 N?D?OE � &�1!"," !
23""* $'*" N@D?OE �,! � /-1 "*�', 231 " �) /*� 3" N@D? 3- AOD
�&"2" �1 " 3--*2 3&� 3 � %" -*-%'23  �, 42" 3- +" �241"
3&" &�1!,"22 - $ 4,),- 6, +',"1 �*2D �-1 " 7�+/*"E '$
8-4 &� 5" � +',"1 �* 3&� 3 8-4  �, Y3 2 1� 3 & 6' 3& 8-41
$',%"1,�'*E �43 8 -4  �, 2 1 � 3 & 6' 3& �  -//"1 6'1 "E
3&", ' 32 &�1!,"22 '2 �" 36 " ", <D? �,! =D?D �,! - $

 -412"\3&"\+',"1 �*2\3&"+2"* 5"2\ �,\�"\42" !\3-\3"23\-3&"1\+',"1 �*2D
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Crystal Habit

� &", +',"1 �*2 $-1+ 6' 3&', 1- )2E 3&"1" '2 � /-22' �'*' 38 3&�3 3&"8 6'** $-1+ ', !'23', 3'5"  1 823�* 2&�/"2 '$
3&"8 $-1+" ! 2*- 6*8 �,! '$ 3&" 8 �1" ,-3  1 - 6 !" ! -43 � 8 -3&"1 /1 "R"7'23',% +',"1 �*2D �5"18 +',"1 �* &�2 -,"
-1 +-1 " !'23', 3'5"  1 823�*"��# .- E �43 '3 '2 ,-3 3&� 3  -++-,E ', -1 !',�1 8 1- )2E $-1 3&" 2&�/"2 3- �" -� 5'-42D
�4�1 39E $-1 " 7�+/*"E 6'** $ -1+ 2'7 R2'!" ! /1'2+2 6' 3& /-', 3"! ",!2 N� '%41" <D=D>�OE �43 3&'2 38/' �**8 &�//",2
-,* 8 6&", ' 3  1823�**'9"2 $1-+ � &-3 6 � 3"1 2-*43'-, 6' 3&', �  � 5'38 ', �, " 7'23',% 1- )D � 81'3"  �, $ -1+  4�' 
 1 823�*2 N�'%41" <D=D>�OE �43  �, �*2- $ -1+  1 823�*2 6'3& ;< $� "2E ),- 6, �2 �)����"��, � NV!-!"  � W +"�,2 ;<OD
�&"\+',"1 �*\%�1," 3\�*2-\$-1+2\!-!"  �&" !1 �*\ 1 823�*2\N�'%41"\<D=D> OD

� $"1. �R9A:A;CR�� 4�"*)�'R,.$/(/R*!R-1�.06R3$0#R/0.$�0$*)/R2$/$�'�R*)R�. 5/0�'R!���/RH�IBR�R�1�$�R�.5/0�'R*!R,5.$0�RH� IBR�)�R�
�*����#��. �'R�. 5/0�'R*!R"�.)�0RH� IA

�"  � 42" 6 "**R$-1+" !  1 823�*2 �1" 1�1 " ', -1 !',�1 8 1- )2E &��' 3 '2,Y3 �2 42"$4* � !'�%,-23' $ " � 341" �2 -,"
+'%&3 3&',)D 	 - 6 " 5"1E 3&"1" �1 " 2" 5"1�* +',"1 �*2 $-1 6&' & ' 3 '2 '+/-1 3�, 3D �," '2 %�1," 3E 6&' & '2  -++-,
', 2-+" +" 3�+-1/&' 1 - )2 �,! 3 8/' �**8 !'2/*� 82 3&" !-!"  �&" !1 �* 2&�/"D �,-3&"1 '2 �+/&' �-*"E 6&' &
$-1+2\*-,%\3&',\ 1 823�*2E\�,!\'2\ -++-,\',\'%," -42\1- )2\*') "\%1�,' 3"\N� '%41"\
? OD

�',"1 �* &��' 3 '2 -$3", 1 "*� 3"! 3- 3&" 1 "%4*�1 �11�,% "+", 3 -$ 3&" +-*"  4*"2 3&� 3 +�) " 4/ 3&" +',"1 �*D �-+"
- $ 3&" 3"1+2 3&�3 �1" 42" ! 3- !"2 1' �" &��' 3 ', *4!" �*�!" !E �-31 8-'!�* N%1�/"R*') " OE !",!1' 3' N�1�, &" !OE
!1428 N�, ", 1423� 3'-, - $ +',"1 �*2OE "04�, 3 N2'+'*�1 ', �** !'+",2'-,2 OE $' �1 -42E /*� 38E /1'2+� 3' N*-,% �,!
3&', OE\�,!\234�� 8D

Cleavage and Fracture

�1 823�* &��' 3 '2 � 1"$*" 3'-, - $ &-6 � +',"1 �* %1- 62E 6&'*"  *" � 5�%" �,! $1 � 341" !"2 1' �" &- 6 ' 3 �1" �)2D
�*" � 5�%" �,! $1 � 341" �1 " 3&" +-23 '+/-1 3�, 3 !'�%,-23' $ " � 341"2 - $ +�, 8 +',"1 �*2E �,! - $3", 3&" +-23 !'$R
$' 4*3 3- 4,!"123�,! �,! '!", 3'$8D�&�� 0�! � '2 6&� 3 6" 2" " 6&", � +',"1 �* �1 " �)2 �*-,% � 2/"  '$ ' /*�," -1
/*�,"2E 6&'*"  , ��./, � '2 �, '11 "%4*�1 �1" �)D �," /�1 3' 4*�1 *8 !'23', 3 38/" - $ $1� 341"E  -++-, ', 04�1 39E '2
 �**" ! �)(�")#��&  , ��./, � N3-/ *"$ 3 /&-3-%1�/& ', � '%41" <D=D?OD �-+" +',"1�*2 3",! 3-  *" � 5" �*-,% /*�,"2
� 3 5�1'-42 $ '7" ! -1'", 3�3'-,2 N� '%41" <D=D?OE 2-+" !- ,-3  *" � 5" � 3 �** N3&"8 -,* 8 $1� 341" OD �',"1 �*2 3&�3 &�5"
 *" � 5�%"\ �,\�*2-\$1 � 341"\�*-,%\241$� "2\3&�3\�1"\,-3\/�1 �**"*\3-\3&"'1\ *" � 5�%"\/*�,"2\N� '%41"\<D=D@OD
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� $"1. �R9A:A=CR�'��2�"�R�)�R!. ��01. �R$)R,*0�//$1(
!�'�/,�. AR��'�/,�.R($)�. �'/BR$)�'1�$)"R,'�"$*�'�/�R�)�
,*0�//$1(R! �'�/,�.BR#�2�R03*R�'��2�"�R,'�)�/R�0
.$"#0L�)"'�/R0*R*)�R�)*0#�. AR�*(�R!�'�/,�.R/�(,'�/R(�5
�$/,'�5R*0#�.R! '�0R/1.! ���/BR�10R$!R5*1R'**&R�'*/�'5R0#�/�
�. �R!.��01. �R/1.! ���/BR)*0R�'��2�"�R,'�)�/A

�2 6 " Y5" �*1 " �! 8 !'2 422" !E 3&" 6� 8 3&�3 +',"1 �*2 �1 " �) '2 !" 3"1+'," ! � 8 3&"'1 � 3-+' �11 �,% "+", 3 �,!
2/"  '$ ' �**8 � 8 3&" -1'", 3�3'-, - $ 6" �),"22"2 6' 3&', 3&" *� 33' "D �1�/&' 3" �,! 3&" +' �2E $-1 " 7�+/*"E &� 5"
 *" � 5�%" /*�,"2 /�1 �**"* 3- 3&"'1 2&"" 32 N�'%41" <D;D;OE �,! &�*'3" &�2 3&1" "  *" � 5�%" /*�,"2 /�1 �**"* 3- 3&" *� 3R
3' " !'1 "  3'-,2 N� '%41" <D;D<OD �4�139 &�2 ,-  *" � 5�%" �"  � 42" ' 3 &�2 "04�**8 231-,% � 'S� �-,!2 ', �** !'1 "  R
3'-,2E �,! $ "*!2/�1 +',"1 �*2 &� 5" 36 -  *" � 5�%"2 � 3 C:h 3- " � & -3&"1 N� '%41" <D=D@OD �&", � +',"1 �* &�2 +-1 "
3&�, -,"  *" � 5�%" /*�," -1  *" � 5�%" !'1 "  3'-,E ' 3 '2 '+/-1 3�, 3 3- 2/"  '$8 3&" ,4+�"1 - $  *" � 5�%" /*�,"2 �,!
3&"\�//1 - 7'+� 3"\�,% *"\�" 36 " ",\3&"+D

� $,/R!*.R.��*")$6$)"R�'��2�"�R$)R($)�. �'R/�(,'�/

�&"1 "\�1 "\�\$ " 6\ -++-,\!'$ $' 4*3'"2\3&� 3\234!", 32\", -4, 3"1\6&",\*" �1,',%\3-\1 "  -%,'9 "\�,!\!"2 1' �"\ *" � 5�%"D

�,"\- $\3&"\+�',\!'$ $' 4*3'"2\'2\3&� 3\ *" � 5�%"\'2\5'2' �*"\-,* 8\',\',!'5'!4�*\ 1 823�*2D\�-23\1- )2\&� 5"\2+�**\ 1 823�*2\�,!

'3Y2\5"18\!'$ $' 4*3\3-\2" "\3&"\ *" � 5�%"\6' 3&',\3&-2"\ 1 823�*2D\�2"\8-41\&�,!\*",2\3-\+�%,'$ 8\8-41\$'"*!\- $\5'"6 E\�,!

+�) "\241"\8 -4\&� 5"\�,\�!" 04� 3"\*'%&3\2-41 "\," �1� 8D\
$\ 1823�*2\�1"\5"18\2+�**E\'3\+� 8\,-3\�"\/-22' �*"\3-\2" "\ *" � 5R

�%"\� 3\�**D

�-+"\+',"1 �*2\&� 5"\/"1$ "  3\ *" � 5�%"E\+" �,',%\3&� 3\3&"\ *"� 5�%"\/*�,"2\�1 "\/"1$ "  3*8\$*� 3E\3&"8\%*', 3\*'%&3\�� )\� 3

8-4\�2\8 -4\1 -3� 3"\3&"\+',"1 �*\�1 -4,!E\�,!\�1 "\%","1 �**8\" �28\3-\1"  -%,'9 "D\�' �\�,!\$ "*!2/�1\+',"1 �*2\ -++-,* 8

&� 5"\/"1$ "  3\ *" � 5�%"D\�-+"\+',"1 �*2E\-,\3&"\-3&"1\&�,!E\&� 5"\/--1\ *" � 5�%"E\+" �,',%\3&� 3\3&"\/*�,"2\�1 "\,-3\/"1R

$"  3*8\$*� 3\�,!\+� 8\�"\&�1 !"1\3-\1 "  -%,'9 "D\��* \'2\�,\" 7�+/*"\- $\3&"\*�33"1D\��* \&�2\-,"\ *" � 5�%"\/*�,"E\�43\6' 3&\�

� -&2\&�1 !,"22\- $\(423\;E\�,8\1"  -%,'9��*"\/*�,"\'2\- $3",\2 1 � 3 &" !\�,!\4," 5",E\+�)',%\' 3\+-1 "\!'$ $' 4*3\3-\1"  -%,'9 "

3&�3\3�* \&�2\ *" � 5�%"\� 3\�**H


3\ �,\�*2-\�"\" �28\3-\+'2'!", 3'$8\$*� 3\ 1823�*\$� "2E\-1\"5",\2+--3&\$ *� 3\$1� 341"2E\�2\ *" � 5�%"\/*�,"2D\�2\�*1 " �! 8

,-3" !E\ 1823�*\$� "2\�1 "\1"*� 3"!\3-\&- 6\�\+',"1 �*\%1- 62\6&'*"\ *" � 5�%"\/*�,"2\�1 "\1"*� 3"!\3-\&- 6\' 3\�1" �)2D\
,\+-23

+',"1 �*2\ *" � 5�%"\/*�,"2\�,!\ 1 823�*\$� "2\!-\,-3\�*'%,\6' 3&\-,"R�,-3&"1 D�,\" 7 "/3'-,\'2\&�*' 3"E\6&' &\%1- 62\',

 4�' \ 1 823�*2\�,!\&�2\ *" � 5�%"\�*-,%\3&-2"\2�+"\/*�,"2\N� '%41"\<D;D<OD� 43\3&'2\!-"2, Y3\&-*!\$-1\+-23\+',"1 �*2D\�-1
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� $"1. �R9A:A?CR�4�(,'�/R*!R�R($)�. �'R3$0#R"**�RH0*, IR�)�R,**.
H�*00*( IR�'��2�"�R,'�)�/A J	(�"�R��/�.$,0$*) K

" 7�+/*"E\$ *4-1' 3"\$-1+2\ 4�' \ 1 823�*2\*')"\3&-2"\- $\&�*'3"E\�43\'3\ *" � 5"2\�*-,%\/*�,"2\3&� 3\!'$$"1\',\-1'", 3�3'-,\$1 -+

3&"\ 1823�*\241$� "2D �&'2\'2\'**4231� 3"!\',\� '%41"\<D=DAD

� $"1. �R9A:A>CR�.5/0�'R!���/R�)�R�'��2�"�R,'�)�/R$)R0#�R($)�. �'R!'1*.$0�AR�#�R0*,L'�!0R,#*0*R/#*3/R�
)�01. �'R�. 5/0�'R*!R!'1*.$0�A 	0R#�/R�.5/0�'R/1.! ���/ �10R5*1R��)R/��R/*(�R!101. �R�'��2�"�R,'�)�/R$)/$��
0#�R�.5/0�'AR�#�R0*,L.$"#0R,#*0*R/#*3/R3#�0R5*1R��)R�.��0�R$!R5*1R0�&�R�R�.5/0�'R'$&�R0#�R*)�R*)R0#�R'�!0
�)�R��. �!1'' 5R�.��&R$0R�'*)"R$0/R�'��2�"�R,'�)�/A

� "+"+�"1\3&� 3\ *" � 5�%"\/*�,"2\�1 "\ -, 31-**" !\� 3\3&"

+-*"  4*�1\*" 5"*\� 8\3&"\ 1823�*\*�33' "E\�,!\2-\3&" 8\3",!

3-\1"/" � 3\3&"+2"*5"2\� 3\!'$$"1", 3\!"/3&2\3&1-4%&-43

3&"\+',"1 �*D\�*�,"2\3&� 3\�1"\/�1 �**"*\�1 "\ -,2'!"1 " !\3&"

2�+"\!'1 "  3'-,\- $\ *"� 5�%"\�,!\2&-4*!\-,* 8\ -4, 3\�2

-,"D\
 $\�1"\4,241 "\6&" 3&"1\3&"\$*� 3\241$� "\8 -4\�1 "

" 7�+',',%\'2\�\ *" � 5�%"\/*�,"E\31 8\1-3� 3',%\3&"\+',"1 �*

4,!"1\�1'% &3\*'%&3E\*')"\�\!"2)\*�+/D\
 $\3&"\+',"1 �*\&�2

 *" � 5�%"E\8-4\6'**\%","1 �**8\$',!\3&� 3\�**\-$\3&"\ *"� 5�%"

241$� "2\- $\�\%'5",\ *" � 5�%"\!'1 "  3'-,\6'**\% *', 3\',\3&"
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2.4 Economic Minerals

If you canÕt grow it, you have to mine it
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Mining and mineral processing
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LAB 3: SILICATE MINERALS
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Silicate Mineral Group: Framework Silicates
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Silicate Mineral Group: Sheet Silicates (phyllosilicates)
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Silicate Mineral Group: Single Chain Silicates
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Silicate Mineral Group: Double Chain Silicates
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LAB 4: IGNEOUS ROCKS
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4.1 Magma and Magma Formation
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4.2 Crystallization of Magma

�&" +',"1 �*2 3&�3 +�) " 4/ '%," -42 1- )2  1 823�**'9" � 3 � 1�,% " - $ !'$$"1", 3 3"+/"1 � 341"2D �&'2 "7/*�',2 6& 8
�  --*',% +�%+�  �, &� 5" 2-+"  1 823�*2 6'3&', ' 3 �,! 8 " 3 1"+�', /1 " !-+',�, 3*8 *'04'!D �&" 2" 04", " ',
6&' &\+',"1 �*2\ 1 823�**'9"\$1-+\�\+�%+�\'2\),- 6,\�2\3&" �) 1 �(R� ���.#)(R��,#�- N�'%41"2\>D<D;\�,!\>D<D<OD

�$ 3&"  -++-, 2'*' � 3" +',"1 �*2E -*'5'," ,-1+�** 8  1823�**'9"2 $'123E �3 �" 36 " ", ;<::h �,! ;=::h�D �2 3&"
3"+/"1 � 341" !1 -/2E �,! �224+',% 3&� 3 2-+" 2'*' � 1 "+�',2 ', 3&" +�%+�E 3&" -*'5',"  1 823�*2 6'** 1" � 3 N -+R
�'," O 6'3& 2-+" - $ 3&" 2'*' � ', 3&" +�%+� 3- $ -1+ / 81- 7","D �2 *-,% �2 3&"1 " '2 2'*' � 1 "+�',',% �,! 3&" 1 � 3"
- $  --*',% '2 2*- 6 E 3&'2 /1- "22  -, 3',4"2 !- 6, 3&" !'2 -, 3',4-42 �1 �, &F -*'5'," 3- / 81- 7","E / 81- 7"," 3-
�+/&' �-*"E\�,!\N 4,!"1\3&"\1'% &3\ -,!' 3'-,2 O\�+/&' �-*"\3-\�'-3' 3"D

� 3 ��-43 3&" /-', 3 6&"1" / 81- 7"," �"% ',2 3-  1 823�**'9"E /*�%'- *�2" $ "*!2/�1 �*2- �"% ',2 3-  1 823�**'9"D �3
3&�3 3"+/"1 � 341"E 3&" /*�%'- *�2" '2  �* '4+R1' & N �(),."# .� O N2"" � '%41" =D;D@OD �2 3&" 3"+/"1� 341" !1 -/2E
�,! /1 - 5'!',% 3&� 3 3&"1" '2 2-!'4+ *"$ 3 ', 3&" +�%+�E 3&" /*�% '- *�2" 3&� 3 $-1+2 '2 � +-1 " 2-!'4+R1' & 5 �1'R
" 38\N"D%DE�&�#.� OD

� ',�** 8E '$ 3&" +�%+� '2 04' 3" 2'*' �R1' & 3- �"% ', 6' 3&E 3&"1" 6'** 23'** �" 2-+" *"$ 3 �3 �1-4,! A?:h 3- B::h�E
�,!\$1 -+\3&'2\*�23\+�%+�E\/-3�22'4+\$ "*!2/�1 E\04�139E\�,!\+� 8�"\+42 - 5'3"\6'**\$-1+D

� $"1. �R;A9A8CR�#�R�*3�)R.���0$*)R/�.$�/R��/�.$��/R0#�R,. *��//R*!R(�"(�R�. 5/0�''$6�0$*)A

� #*R3�/R�*3�)BR�)�R3#�0R$/R�R.���0$*)R/�.$�/ F

� -1+�,\�" 5'\�- 6 ",E\�-1,\',\
',%23-,E\�, 3�1'-E\234!'" !\%" -*-%8\� 3\�4" ", Y2\�,'5 "1R

2'38\�,!\3&",\� 3\�
�\',\�-23-,D\
 ,\;C;<E\&"\(-'," !\3&"\��1,"% '"\
 ,23' 343'-,\',\� �2&',%R

3-,E\� D�DE\6&"1"\&"\ �11'" !\-43\%1-4,!�1 " �)',%\" 7/"1'+", 3�*\1"2" �1  &\', 3-\3&"

/1 - "22"2\- $\ --*',%\+�%+�2D\� -1 )',%\+-23* 8\6' 3&\��2�*3' \+�%+�2E\&"\!" 3"1+'," !

3&"\-1!"1\- $\ 1823�**'9�3'-,\- $\+',"1 �*2\�2\3&"\3"+/"1 � 341"\!1 -/2D\�&"\+" 3&-!E\',\�1'"$E

6 �2\3-\+"*3\3&"\1 - )\3-\�\+�%+�\',\�\2/"  '�** 8R+�!"\)'*,E\�**- 6\' 3\3-\ --*\2*- 6*8\3-\�

2/"  '$ ' \3"+/"1 � 341"\N�**- 6',%\2-+"\+',"1 �*2\3-\$-1+ OE\�,!\3&",\04", &\' 3\N --*\' 3

04' )* 8O\2-\3&�3\,-\," 6\+',"1 �*2\$-1+\N-,* 8\%*�22OD\�&"\1"24*32\6"1"\234!'" !\4,!"1\3&"

>D<\�1823�**'9�3'-,\- $\��%+� k C@



+' 1 -2 -/"\�,!\� 8\ &"+' �*\�,�* 82'2D\�&'2\6�2\!-,"\- 5"1\�,!\- 5"1E\"� &\3'+"\�**- 6',%\3&"\+�%+�\3-\ --*\3-\�\*- 6 "1

3"+/"1 � 341"\�"$ -1"\04", &',%D

�&"\�- 6 ",\1 " � 3'-,\2"1'"2\'2\-,"\- $\3&"\1"24*32\-$\&'2\6-1 )E\�,!\" 5",\�\ ", 3418\*�3"1E\'3\'2\�,\'+/-1 3�, 3\��2'2\$-1

-41\4,!"123�,!',%\- $\'%,"-42\1- )2D\�&"\6 -1 ! . ���0$*) '2\ 1' 3' �*D\
,\3&"\!'2 -, 3',4-42\�1 �, &E\-*'5',"\'2\3 8/' �**8

3&"\$'123\+',"1 �*\3-\$-1+\N� 3\(423\�"*-6\;=::h�OD\�2\3&"\3"+/"1 � 341"\ -, 3',4"2\3-\!1 -/E\-*'5',"\�"  -+"2\4,23��*"

6&'*"\/ 81- 7","\�"  -+"2\23��*"D\�&"\" �1 *8R$-1+',%\-*'5',"\ 1 823�*2. ���0 6' 3&\2'*' �\',\3&"\1 "+�',',%\*'04'!\+�%+�

�,!\�1 "\ -, 5"13"!\', 3-\/ 81- 7","E\2-+" 3&',%\*')"\3&'2F

� %<� ' � > N-*'5'," O\^\�' � < �"  -+"2\<� %�'� = N/81- 7"," O

�&'2\ -, 3',4"2\!- 6,\3&"\ &�',E\�2\*-,%\�2\3&"1 "\'2\23'**\2'*' �\*"$3\',\3&"\*'04'!D

�&"  -+/-2' 3'-, - $ 3&" -1'%',�* +�%+� '2  1' 3' �* 3- +�%+�  1 823�**'9�3'-, �"  � 42" ' 3 !" 3"1+',"2 &- 6 $�1
3&" 1" � 3'-, /1 - "22  �,  -, 3',4" �"$ -1" �** - $ 3&" 2'*' � '2 42" ! 4/D �&"  -+/-2' 3'-,2 - $ 38/' �* '� #�E ',3"1R
+" !'� 3"E �,!  �&-#� +�%+�2 �1 " 2&- 6, ', � '%41" >D<D=D �-3" 3&� 3E 4,*')" � '%41" >D;D;E 3&"2"  -+/-2' 3'-,2 �1 "
" 7/1 "22" ! ', 3"1+2 - $ V- 7'!"2W N"D%DE �*<� = 1� 3&"1 3&�, (423 �*OD �&"1" �1 " 36 - 1" �2-,2 $ -1 3&'2F -," '2 3&� 3 ',
3&" " �1 *8 �,�* 83' �* /1 - " !41 "2E 3&" 1"24*32 6"1" �* 6 � 82 "7/1 "22" ! 3&� 3 6� 8E �,! 3&" -3&"1 '2 3&� 3 �** -$ 3&"2"
"*"+", 32\ -+�',"\1 " �!'* 8\6' 3&\-78%",\3-\$ -1+\- 7'!"2D

� $"1. �R;A9A:CR�#�R�#�($��'R�*(,*/$0$*)/R*!R05,$��'R(�! $�BR$)0�.(��$�0�BR�)�R! �'/$�R(�"(�/
�)�R0#�R05,�/R*!R.*�&/R0#�0R!*.(R!. *(R0#�(A

��$ ' +�%+�2 &� 5" >?e 3- ??e � '� <E ��-43 <?e 3-3�* - $ �"� �,! � %� /*42 �� � E �,! ��-43 ?e � � <� ^ 
 <� D
� "*2' +�%+�2E -, 3&" -3&"1 &�,!E &� 5" +4 & +-1 " � ' � < N@?e 3- A?eO �,! � � <� ^ 
 <� N�1 -4,! ;:eO �,!
+4 &\*"22\� "�\�,!\� %�\/*42\�� �\N��-43\?eOD

�. ��0$��R�4 �. �$/�R;A8R��0�.($)$)"R. *�&R05,�/R��/��R*)R(�"(�R�*(,*/$0$*)

�&"\/1 -/-1 3'-,2\- $\3&"\+�',\ &"+' �*\ -+/-,", 32\-$\$"*2' E\', 3"1+" !'� 3"E\�,!\+�$ ' \+�%+�2\�1 "\*'23"!\',\3&"

3��*"\�"*- 6 D\N�&"\5�*4"2\�1 "\2'+'*�1\3-\3&-2"\2&- 6,\',\� '%41"\>D<D=O

CA k >D<\�1823�**'9�3'-,\- $\��%+�



� �� &�R:A7R�,)*),.#)(-R)  R."�R'�#(R�"�'#��&R�)' *)(�( .-R#(R �&-#�B
#(.�,'��#� .�BR�(�R'� #�R'�!'�

� 2#�� � �&-#�R
 �!'� 	 ( .�,'��#� .�R
 �!'� 
 � #�R
 �!'�

� ' � < @?e\3-\A?e ??e\3-\@?e >?e\3-\??e

�* <� = ;<e\3-\;@e ;>e\3-\;Be ;>e\3-\;Be

� "� <e\3-\>e >e\3-\Be Be\3-\;<e

�� � ;e\3-\>e >e\3-\Ae Ae\3-\;;e

� %� :e\3-\=e <e\3-\@e ?e\3-\Ce

� � <� <e\3-\@e =e\3-\Ae ;e\3-\=e


 <� =e\3-\?e <e\3-\>e : D?e\3-\=e

�&"+' �*\!� 3�\$-1\$-41\1- )\2�+/*"2\�1 "\2&- 6,\',\3&"\$ -**- 6',%\3��*"D\�-+/�1 "\3&"2"\6' 3&\3&-2"\',\3&"\3��*"

��- 5"\3-\!" 3"1+',"\6&" 3&"1\"� &\- $\3&"2"\2�+/*"2\'2\$ "*2' E\', 3"1+" !'� 3"E\-1\+�$' D

� �� &�R:A8R�"�'#��&R� � .�R ),R� )/,R� (#��( .# #��R� )�%R��' * &�-

� )�%R��' * &� � #� 8 �&8� 9 � �� �� � 
 ! � � � 8� � 8� � "� .R.3*�R) R'�!'�R#-R# .E

� )�%R7 ??e ;Ae ?e @e =e >e =e

� )�%R8 A>e ;>e =e =e : D?e ?e >e

� )�%R9 >Ae ;>e Be ;:e Be ;e <e

� )�%R: @?e ;>e >e ?e >e =e =e

�" "\�//",!'7\<\$ -1 �1 � 3' "\�7 "1 '2"\>D;\�,26 "12D

�2 � (�! $� +�%+� 23�1 32 3-  --*E 2-+" - $ 3&" 2'*' �  -+�',"2 6' 3& '1-, �,! +�%,"2'4+ 3- +�) " -*'5',"D �2
'3  --*2 $413&"1E +4 & - $ 3&" 1"+�',',% 2'*' � %-"2 ', 3-  �* '4+R1' & /*�% '- *�2"E �,! �, 8 2'*' � *"$3 +� 8 �"
42" ! 3-  -, 5"13 2-+" - $ 3&" -*'5'," 3- / 81- 7","D �--, �$ 3"1 3&�3E �** -$ 3&" +�%+� '2 42" ! 4/ �,! ,- $41R
3&"1  &�,% "2 3�) "2 /*� "D �&" +',"1 �*2 /1 "2", 3 6'** �" -*'5',"E / 81- 7","E �,!  �* '4+R1' & /*�% '- *�2"D 
 $ 3&"
+�%+�  --*2 2*- 6*8 4,!"1 %1-4,!E 3&" /1 -!4 3 6'** �" ! ���, ) G '$ '3  --*2 04' )* 8 � 3 3&" 241$� "E 3&" /1-!4 3
6'**\�" ��-�& . N�'%41"\>D<D>OD

� �'/$� +�%+�2 3",! 3- �"  --*"1 3&�, +�$ ' +�%+�2 6&",  1 823�**'9�3'-, �"% ',2 N�"  � 42" 3&"8 !-, Y3 &�5"
3- �" �2 &-3 3- 1 "+�', *'04'!OE �,! 2- 3&" 8 +� 8 23�13 -43  1823�**'9',% / 81- 7"," N ,-3 -*'5'," O �,! /*�% '- *�2"D
�2  --*',%  -, 3',4"2E 3&" 5�1'-42 1 " � 3'-,2 -, 3&" !'2 -, 3',4-42 �1 �, & 6'** /1 - " " ! �"  � 42" 2'*' � '2 ��4,R
!�, 3E 3&" /*�%'- *�2" 6'** �"  -+" ', 1 " �2',% *8 2-!'4+R1' &E �,! " 5", 34�**8 /-3�22'4+ $ "*!2/�1 �,! 04�1 39
6'** $-1+D �-++-,* 8 " 5", 5 "18 $"*2' 1 - )2 6'** ,-3 &� 5" �'-3' 3" -1 +42 - 5'3" �"  � 42" 3&"8 +� 8 ,-3 &� 5"
",-4% & �*4+',4+ -1 ",-4% & &8!1 -%", 3- +�) " 3&" � 	  -+/*" 7"2 3&�3 �1" ,"  "22�1 8 $-1 +' � +',"1 �*2D
�8/' �*\$"*2' \1 - )2\�1 " !, �(# .� �,! , " 3) &#.� N�'%41"\>D<D>OD

>D<\�1823�**'9�3'-,\- $\��%+� k CB



� $"1. �R;A9A;CR�4�(,'�/R*!R0#�R$")�*1/R. *�&/R0#�0R!*.(R!. *(R(�! $�BR$)0�.(��$�0�BR�)�R! �'/$�
(�"(�/A

�&"  --*',% �"&� 5'-41 - $ ', 3"1+" !'� 3" +�%+�2 *'" 2-+" 6&"1 " �" 36 " ", 3&-2" - $ +�$ ' �,! $ "*2' +�%+�2D
�8/' �* +�$ ' 1 - )2 �1 " %���1 - N', 3142'5" O �,! ��2�*3 N " 73142'5" OD �8/' �* ', 3"1+" !'� 3" 1- )2 �1 " �#),# .� �,!
�(��-# .� D\�8/' �*\$"*2' \1 - )2\�1 "\%1�,' 3"\�,!\1 &8-*' 3"\N�'%41"\>D<D>OD

� , '%," -42 1- ) 6' 3& *�1%"  1 823�*2E  �**" ! * "�()�, 3-.- E "+�" !!" ! ', � !, )/(�'�-- - $ +4 & $ ',"1  1 82R
3�*2 '2 ',!' � 3'5" - $ � 36 -R23�%"  --*',% /1 - "22E �,! 3&" 3" 7341" '2 *),* " 3,#.#� N�'%41" >D<D?OD� -1 3&" 1- )
3- �"  �**" ! V/-1/& 81'3' W 3&"1" &�2 3- �" � 2'%,'$ ' �, 3 !'$$"1", " ',  1 823�* 2'9"E 6&"1" 3&" *�1 %"1  1 823�*2 �1"
� 3\*"�23\;:\3'+"2\*�1 %"1\3&�,\3&"\� 5"1�%"\2'9"\- $\3&"\2+�**"1\ 1 823�*2D

� $"1. �R;A9A<CR�*.,#5.$0$�R0�401.�/BR'�!0CR8A:R�(R'*)"R�(,#$�*'�R�.5/0�'/R$)R�)
$)0.1/$2�R$")�*1/R. *�&R$)R3#$�#R(*/0R*!R0#�R�.5/0�'/R�. �R'�//R0#�)R8R((B
.$"#0CR8R0*R9R((R'*)"R!�'�/,�.R�. 5/0�'/R�)�R8R((R'*)"R�(,#$�*'�R�. 5/0�'/R$)
�R2*'��)$�R. *�&R3#�. �R(*/0R*!R0#�R�.5/0�'/R�. �R'�//R0#�)R7A8R((A

�. ��0$��R�4 �. �$/�R;A9R�*.,#5.$0$�R($)�. �'/

�2\�\+�%+�\ --*2\�"*- 6\;=::h�E\+',"1 �*2\23�13\3-\ 1823�**'9"\6' 3&',\' 3D\
$\3&�3\+�%+�\'2\3&",\', 5-*5" !\',\�\5 -* �,' 

"14/3'-,E\3&"\1 "23\- $\3&"\*'04'!\6'**\ --*\04' )* 8\3-\$-1+\� *),* " 3,#.#� 3"7341"D\�&"\1- )\6'**\&� 5"\2-+"\1 "*� 3'5"*8

*�1%"\ 1 823�*2\N* "�()�, 3-.- O\-$\3&"\+',"1 �*2\3&�3\ 1823�**'9" !\" �1 *8E\�,!\3&"\1 "23\6'**\�"\5 "18\$',"\%1 �'," !\-1\" 5",

CC k >D<\�1823�**'9�3'-,\- $\��%+�



%*�228D\�2',%\� '%41"\>D<D@E\/1" !' 3\6&� 3\/&",- 1 8232\+'%&3\�"\/1 "2", 3\6&"1"\3&"\+�%+�\ --*" !\�2\$�1\�2\*'," � ',

-,"\ �2"E\�,!\*'," � ',\�,-3&"1 D

� $"1. �R;A9A=CR�*3�)R.���0$*)R/�.$�/AR� $)�R�RMR�0R#$"#R0�(,�.�01. �RMR$)0�./��0/R*'$2$)�BR�$)�R�RMR�0R�R'*3�.
0�(,�. �01. �RMR$)0�./��0/R,5. *4�)�R�)�R�(,#$�*'�R*)R0#�R'�!0BR�)�R,'�"$*�'�/�R! �'�/,�.R*)R0#�R.$"#0

�" "\�//",!'7\<\$ -1 �1 � 3' "\�7 "1 '2"\>D<\�,26 "12D

Media Attributions

K � '%41"\>D<D;E\>D<D=E\>D<D>E\>D<D?E\>D<D@F\g\�3"5",\��1 *"D\��\� � D
K � '%41"\>D<D<F\V� -1+�,\�D\�- 6 ", DW\�4�*' \!-+�',D

>D<\�1823�**'9�3'-,\- $\��%+� k ;::



4.3 Classification of Igneous Rocks
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 �,, )'�!(�-#�( 2'*' � 3"2 ', 3&" 4//"1 1'% &3 N�'-3'3"E �+/&' �-*"E / 81- 7","E �,! -*'5'," OD 
,  *�22'$ 8',% #(.,/L
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, +-23 '%," -42
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%," -42 1- )2 �1 " �*2-  *�22'$ '" ! �  -1 !',% 3- 3&"'1 3" 7341"2D �*+-23 �** #(.,/-# 0� '%," -42 1- )2 �1 " * "�(�,L
#.#� N$1-+ 3&" �1 " ") 6 -1 ! ,#�)�. */ +" �,',% 5'2' �*" OE +"�,',% 3&� 3 3&"8 &� 5"  1 823�*2 3&�3 �1" *�1 %" ",-4% &
3- 2" " 6' 3& 3&" ,�) " ! " 8"D �8/' �**8 3&�3 +" �,2 3&" 8 �1" *�1 %"1 3&�, ��-43 : D? +'**'3+"1 "2 N++ O T 3&" 3&' )R
,"22 - $ � 231-,% *'," +�!" 6' 3& � ��**/-', 3 /",D �&" ', 3142'5" 1- )2 2&- 6, ', � '%41" >D<D> �1" �** /&�,"1' 3' E �2
�1 " 3&-2" 2&- 6, ', �1 � 3' " �7 "1 '2" >D>D
$ 3&"  1823�*2 �1" 3-- 2+�** 3- !'23',%4'2&E 6&' & '2 3 8/' �* - $ +-23
�2.,/-# 0� N5-* �,' O 1- )2E 6 " 42" 3&" 3"1+ �* "�(# .#� N$1-+ 3&" �1 " ") 6 -1 ! �,#�)*/ S 4,2" ", OD �*3&-4%&
3&" ',!'5'!4�*  1 823�*2 ', �, �/&�, 3' 1- )  �,,-3 �" -�2"1 5" ! 6' 3& 3&" ,�) " ! " 8"E 3&"8 23'** ',$*4", " 3&"
/& 82' �* /1 -/"1 3'"2 - $ 3&" 1- )E 2/"  '$ ' �**8 '32  -*-41 D 
, �, �/&�,' 3' 1- )E 3&"  -*-41 - $ 3&" %1-4,!+�22E
�2 2" ", -, � $1 "2& ,-,R6 " � 3&"1" ! 241$� "E  �, /1 - 5'!"  *4"2 ��-43 ' 32 +',"1 �*  -+/-2' 3'-,D ��$ ' 1 - )2
N��2�*3O 3",! 3- �" !�1 ) �*� ) 3- %1 " 8 ',  -*-41 E ',3"1+" !'� 3" 1- )2 N �,!"2' 3"O 3",! 3- �" � *'% &3"1 %1" 8E �,!
$"*2' \1 - )2\N 1&8-*' 3"O\3",!\3-\�"\/�*"\%1 " 8E\6&'3"E\ 1" �+\-1\/�*"\/',)\',\ -*-41 D
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Lab 4 Exercises

Classifying Rocks

�&&1- )2 �1 "  *�22'$ '" ! � 8 (423.1 )  &�1 � 3"1'23' 2F 3"7341" �,!
+',"1 �*-%8D �&" <: -1 2- +',"1 �*2 6&' & $ -1+ +-23 1 - )2 �1 "
�*1" �! 8 5"18 $�+'*'�1 3- 8 -4E 3&" 1"+�',',% @::: �1 " ,-3 5 "18
 -++-, �,! ,-3 2'%,'$ ' �, 3 ', 1 - )  *�22'$ ' � 3'-,E �,! 8 -4  �,
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%," -42E 2"!'+", 3�18 �,! +" 3�+-1/&' 1 - )2 +� 8 &� 5" �  1 82R
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�&�-.#� F  -,2'23',% - $ %1�',2 "1 -!" ! $1-+ /1 "R"7'23',% 1- )2D
�&"2" %1 �',2 &� 5" �" ", 31 �,2/-1 3"! � 3 *"�23 2-+" !'23�, " $1-+
3&"'1 /*� " - $ -1'%',D �,* 8 2-+" 2" !'+", 3�18 1- )2 &� 5" �  *�23' 
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3 '2 "22", 3'�* 3&�3 8-4 �1 " ��*" 3- 1 "  -%,'9 " 3&"2" 3" 7341"2 N�'%R
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�/&�,' 3' \1- )2 OE\�,!\3"7341"\N2'9"\- $\3&"\ 1823�*2OD\
,-6',%\3&"\!'�%,-23' \/1 -/"1 3'"2\- $\3&"\+',"1 �*2
6' 3&',\�,\'%," -42\1- )\&"*/\8 -4\'!", 3'$8\'32\ -+/-2' 3'-,\�2\+�$ ' E\', 3"1+" !'� 3"E\-1\$"*2' D\�423\�2
6' 3&\+',"1 �*\2�+/*"2E\!'$ $"1", 3\2�+/*"2\- $\3&"\2�+"\1 - )\+� 8\,-3\�* 6 � 82\*--)\" 7� 3*8\3&"\2�+"\N"D%DE
/',)\5 "1242\6&' 3"\%1�,' 3"OE\�43\3&"8\ �,\�* 6 � 82\�"\'!", 3'$'" !\� 8\ *-2"* 8\" 7�+',',%\3&"\+',"1 �*
 -+/-2' 3'-,\�,!\3" 7341"D

;;; k � 4++�1 8



LAB 5: SEDIMENTS AND SEDIMENTARY
ROCKS

Lab Structure

� "  -++",!" !\�!!' 3'-,�*\6 -1 ) � -,"

� " 04'1" !\+� 3"1'�*2 �',"1 �*\
�\)' 3E\�- )\
' 32\;\�,!\<E\�',"1 �*\
' 32\;\�,!\<E
/", '*

���.)$)"R� �%��0$2�/

�$ 3"1\ �1 "$4**8\1" �!',%\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 �"2 1' �"\3&"\+�',\/1 - "22"2\- $\+"  &�,' �*\6 " � 3&"1',%E\�,!\3&"\3 8/"2\- $\+� 3"1'�*2\3&�3\�1"\/1 -!4 " !\6&",

+"  &�,' �*\6 " � 3&"1',%\/1" !-+',� 3"2D

K �"2 1' �"\3&"\+�',\/1 - "22"2\- $\ &"+' �*\6 " � 3&"1',%E\�,!\3&"\/1 -!4 32\-$\ &"+' �*\6 " � 3&"1',%\- $\+',"1 �*2

24 &\�2\$"*!2/�1 E\$"11-+�%,"2'�,\2'*' � 3"2E\�,!\ �* ' 3"D

K �7/*�',\3&"\3 8/"\- $\6" � 3&"1',%\/1- "22"2\3&�3\�1"\*') "*8\3-\&� 5"\3�) ",\/*� "\3-\/1 -!4 "\�\/�1 3' 4*�1\2" !'R

+", 3\!"/-2' 3D

K �"2 1' �"\3&"\!'$ $"1", "2\�" 36 " ",\ -��*"2E\/"��*"2E\2�,!E\2'*3E\�,!\ *� 8\�,!\" 7/*�',\3&"\1 "*� 3'-,2&'/\�" 36 " ",

 *�23\2'9"\�,!\3&"\" 73", 3\3-\6&' &\ *�232\ �,\�"\31 �,2/-1 3"!\� 8\+- 5',%\6 � 3"1\-1\� 8\6',!D

K 
!", 3'$8\�,!\!"2 1' �"\3&"\ &�1 � 3"1'23' 2\- $\3&"\5�1'-42\3 8/"2\- $\ *�23' \�,!\ &"+' �*\2" !'+", 3�18\1- )

��2" !\-,\3&"'1\3" 7341"\�,!\+',"1 �*-%8D

Key Terms

K �" !'+", 3
K �" !'+", 3�18\1- )
K � "  &�,' �*\6 " � 3&"1',%
K �&"+' �*\6 " � 3&"1',%
K �1 -2'-,
K �"/-2' 3'-,
K �' 3&'$' � 3'-,

K �*�23
K �-4*!"1
K �-��*"
K � "��*"
K �1 �,4*"
K ��,!
K � '*3
K �*� 8

K �"+", 3
K �1 823�**',"
K �*�23' 
K � -*' 3' 
K �+-1/&-42
K � '- *�23' 
K � -22'*'$"1-42

� ��\?F\�" !'+", 32\�,!\�" !'+", 3�18\� - )2 k ;;<



� $"1. �R<A7A8CR�#�R�**�**/BR)��.R�.1(#�''�.BR� '��.0�BR#�2�R!*.(��R!. *(R0#�
�$!! �. �)0$�'R3��0#�.$)"R*!R/��$(�)0�. 5R.*�&R0#�0R3�/R�1.$��R��)��0#R*0#�.
. *�&R!*.R�'*/�R0*R877R
�A

� �� ."�,#(! '2 6&� 3 3�) "2 /*� " 6&", � �-! 8 - $ 1- ) '2 " 7/-2" ! 3- 3&" V6 " � 3&"1WT', -3&"1 6 -1 !2E 3- 3&"
$-1  "2 �,!  -,!' 3'-,2 3&� 3 "7'23 �3 ��1 3&Y2 241$� "D � '3& 3&" "7 "/3'-, - $ 5-* �,' 1 - )2 �,! 2-+" 2" !'+",R
3�18 1- )2E +-23 1 - )2 �1 " $-1+" ! � 3 2-+" !"/3& 6' 3&', 3&"  1423D �&"1" 3&"8 " 7/"1'", " 1"*� 3'5"*8  -,23�, 3
3"+/"1 � 341"E &'%& /1"2241"E ,-  -, 3� 3 6' 3& 3&" �3+-2/&"1 "E �,! *' 33*" -1 ,- +- 5',% 6 � 3"1D �, " � 1 - ) '2
" 7/-2" ! � 3 3&" 241$� "E 6&' & '2 6&� 3 &�//",2 6&", 3&" - 5"1*8',% 1- ) '2 "1 -!" ! � 6 � 8E  -,!' 3'-,2  &�,% "
!1 �+� 3' �**8D �"+/"1 � 341"2 5�1 8 6'!"* 8E 3&"1" '2 +4 & *"22 /1 "2241"E -78%", �,! -3&"1 %�2"2 �1 " /*", 3'$4*E
�,! ', +-23  *'+� 3"2E 6� 3"1 '2 ��4,!�, 3 N�'%41" ?D: D;OD�&" 5 �1'-42 /1 - "22"2 1"*� 3"! 3- 4/*'$ 3 �,! 6 " � 3&"1',%
�1 "\24++�1'9 " !\',\3&"\1 - )\ 8 *"\',\� '%41"\?D: D<D

� $"1. �R<A7A9CR�#�R.*�&R�5�'�BR/#*3$)"R0#�R,.*��//�/R. �'�0��R0*R/��$(�)0�. 5R.*�&/R*)R0#�
.$"#0L#�)�R/$��A J	(�"�R��/�.$,0$*) K

;;= k � ��\?F\�" !'+", 32\�,!\�" !'+", 3�18\� - )2




, 3&'2  &�/3"1 E 6" 6'**  - 5"1 3&1" "  -1 "  -, "/32F 3&" $-1+� 3'-, - $ 2"!'+", 3 3&1-4%& 3&" 6" � 3&"1',% - $
1- )2 � 3 3&" ��1 3&Y2 241$� "E 3&" $-1+� 3'-, - $ 2"!'+", 3�18 1- )2 $1 -+ �  4+4*� 3"! 2" !'+", 32E �,! 3&"  *�2R
2'$' � 3'-, - $ 5�1'-42 3 8/"2 - $ 2"!'+", 3�18 1- )2D �&" 6 " � 3&"1',% �,! "1 -2'-, - $ "7'23',% 1- )2 � 3 3&" ��1 3&Y2
241$� " �1 " 3&" $'123 36 - 23"/2 ', 3&" 31 �,2$ -1+� 3'-, - $ "7'23',% 1- )2 ', 3- 2" !'+", 3�18 1- )2D �&" 1 "+�',R
',% 23"/2 ', 3&" $ -1+� 3'-, - $ 2"!'+", 3�18 1- )2R31�,2/-1 3�3'-,E !"/-2' 3'-,E �41'�*E �,! *' 3&'$' � 3'-, N� '%41"
?D: D<O\S\6'**\�"\!'2 422"!\',\+-1 "\!" 3�'*\',\ &�/3"1\?D=D


, 3&'2  -412"E 6" !'5'!" 2" !'+", 3�18 1- )2 ', 3- 36 - +�', 3 8/"2F �&�-.#� �,! �"�'#��& D �*�23' 2" !'+", 3�18
1- )2 �1 " +�',* 8  -+/-2" ! - $ +� 3"1'�* 3&� 3 &�2 �" ", 31 �,2/-1 3"! �2 2-*'! $1 �%+", 32 N�&�-.- OD �&"+' �* 2" !'R
+", 3�18 1- )2 �1 " +�',* 8  -+/-2" ! - $ +� 3"1'�* 3&� 3 &�2 �" ", 31 �,2/-1 3"! �2 '-,2 ', 2-*43'-,D 
 3Y2 '+/-1 3�, 3
)*0 3- �224+" 3&� 3 +"  &�,' �* 6 " � 3&"1',% *"�!2 -,* 8 3-  *�23' 2" !'+", 3�18 1- )2E 6&'*"  &"+' �* 6 " � 3&"1R
',% *" �!2 -,* 8 3-  &"+' �* 2" !'+", 3�18 1- )2D 
 , +-23  �2"2E +'**'-,2 - $ 8" �12 2"/�1 � 3" 3&" 6 " � 3&"1',% �,!
!"/-2' 3'-,�* /1 - "22"2E �,! �-3& 3 8/"2 - $ 2"!'+", 3�18 1- )2 3",! 3- ', *4!" � 3 *"�23 2-+" +� 3"1'�* !"1'5 " !
$1-+\�-3&\3 8/"2\- $\6" � 3&"1',%D

Image Descriptions

� #!/, � ;A6A8 #'�! � ��-�,#*.#)(C V�&" � - ) �8  *"DW �&" 1- )  8 *" 3�) "2 /*� " �-3& ��- 5" �,! �"*- 6 3&"
��1 3&Y2 241$� "D �&" 1- ) !" "/"23 �"," � 3& 3&" ��1 3&Y2 241$� " �,! 4,!"1 " 731"+" &" � 3 �,! /1 "2241" '2 +" 3�R
+-1/&' 1 - )D �&'2 +" 3�+-1/&' 1 - )  �, +"*3 �,! �"  -+" +�%+�D � &", +�%+�  --*2E '$ �"*- 6 3&" ��1 3&Y2
241$� " ' 3 �"  -+"2 V', 3142'5" '%," -42 1- )DW 
$ +�%+�  --*2 ��- 5" 3&" " �1 3&Y2 241$� " ' 3 '2 V" 73142'5" '%," -42
1- )W �,! �"  -+"2 /�1 3 -$ 3&" -43 1-/D �&" -43 1 -/ '2 24�("  3 3- 6 " � 3&"1',% �,! "1 -2'-,E �,!  �, �" +- 5" !
�,! 1 " !"/-2' 3"! �1 -4,! 3&" " �1 3& �8 $-1  "2 24 & �2 6 � 3"1 �,! 6',!D �2 3&" -43 1 -/ '2 "1 -!" !E '3 �"  -+"2
2"!'+", 3 6&' &  �, �" �41'" !E  -+/� 3"!E �,!  "+", 3"! �"," � 3& 3&" ��1 3&Y2 241$� " 3- �"  -+" 2" !'+",R
3�18 1- )D �2 2" !'+", 3�18 1- ) % " 32 �41'" ! !" "/"1 �,!  -+"2 4,!"1 ', 1 " �2" ! &" � 3 �,! /1 "2241"E '3  &�,% "2
', 3- � +" 3�+-1/&' 1 - )D � - )2 ', 3&" 1 - )  8 *" !- ,-3 �* 6 � 82 +�) " �  -+/*" 3" *--/D 
 3 '2 /-22' �*" $ -1 2" !R
'+", 3�18 1- ) 3- �" 4/*'$ 3"! �� ) ��- 5" 3&" ��1 3&Y2 241$� " �,! $ -1 ', 3142'5" �,! " 73142'5" '%," -42 1- ) 3-
�"\1 "�41'" !\�,!\�"  �+"\+" 3�+-1/&' \1 - )D P�" 341,\3-\� '%41"\?D: D<Q

Media Attributions

K � '%41"2\?D: D;E\?D: D<F\g\�3"5",\��1 *"D\��\� � D

� ��\?F\�" !'+", 32\�,!\�" !'+", 3�18\� - )2 k ;;>



� $"1. �R<A8A8CR�#�R,.*��//R*!R!. */0
3��"$)"R*)R�R/0��,R/'*,�AR� �0�.R"�0/
$)0*R!.��01. �/R�)�R0#�)R!. ��6�/B
� 4,�)�$)"R0#�R!. ��01. �R�R'$00'�AR�#�)
0#�R3�0�.R0#�3/R$0R/��,/R�R'$00'�
!�.0#�.R$)0*R0#�R�4,�)���R�. ��&AR�#�
,. *��//R$/R.�,��0��R(�)5R0$(�/BR�)�
�2�)01�'' 5R�R,$���R*!R.*�&R3$''R��
3��"��R�3�5 A

5.1 Weathering

Mechanical Weathering


, 3142'5" '%," -42 1- )2 $ -1+ � 3 !"/3&2 - $ 2"5"1�* &4,!1 " !2 - $ +" 31"2 3- 2" 5"1�* 3",2 - $ )'*-+" 31"2D �" !'R
+", 32 �1" 341," ! ', 3- 2" !'+", 3�18 1- )2 -,* 8 6&", 3&" 8 �1" �41'" ! � 8 -3&"1 2" !'+", 32 3- !"/3&2 ', " 7 "22
- $ 2"5"1�* &4,!1 " !2 - $ +" 31"2D � -23 +" 3�+-1/&' 1 - )2 �1 " $-1+" ! � 3 !"/3&2 - $ )'*-+" 31"2 3- 3",2 - $ )'*-R
+" 31"2D � " � 3&"1',%  �,,-3 " 5", �"% ', 4, 3'* 3&"2" 1- )2 �1 " 4/*'$ 3"! 3&1-4%& 5�1'-42 /1 - "22"2 - $ +-4, 3�',
�4'*!',%T+-23 - $ 6&' & �1 " 1"*� 3"! 3- /*� 3" 3" 3-,' 2T�,! 3&" - 5"1*8',% +� 3"1'�* &�2 �" ", "1 -!" ! � 6 � 8 �,!
3&"\1- )\'2\" 7/-2" !\�2\�, )/ .�, )* D

�&"\+-23\'+/-1 3�, 3\�%", 32\-$'��"�(#��&R1 �� ."�,#(! �1 "F

K �&"\!"  1 " �2"\',\/1 "2241"\3&� 3\1"24*32\$1-+\1 "+- 5�*\- $\-5"1*8',%\1- )
K � 1" "9',%\�,!\3&� 6',%\- $\6� 3"1\',\ 1 � )2\',\3&"\1 - )
K �1 � )',%\$1 -+\/*�, 3\1--32\�,!\1 "+- 5�*\- $\+� 3"1'�*\� 8\�411- 6',%\�,'+�*2
K � -1+� 3'-,\- $\2�*3\ 1823�*2\6'3&',\3&"\1- )

� &", � +�22 - $ 1- ) '2 " 7/-2" ! � 8 6 " � 3&"1',% �,! 1 "+- 5�* - $ 3&" -5"1*8',% 1- )E 3&"1" '2 � !"  1 " �2" ', 3&"
 -,$ ',',% /1 "2241" -, 3&" 1 - )E �,! 3&" 1 - ) " 7/�,!2D �&'2 4,*-�!',% /1 -+-3"2  1 � )',% - $ 3&" 1- )E ),- 6,
�2\" 7$-*'� 3'-,D

� , )-. 1 ��! #(! '2 3&" /1 - "22 � 8 6&' & 6 � 3"1 2""/2 ', 3-  1 � )2 ', �
1- )E " 7/�,!2 -, $1 " "9',%E �,! 3&42 ",*�1 %"2 3&"  1 � )2 N� '%41" ?D;D;OD �&"
"$$"  3'5","22 - $ $1-23 6 " !%',% '2 1"*� 3"! 3- 3&" $1" 04", 8 - $ $1" "9',% �,!
3&�6',%D � 1-23 6 " !%',% '2 +-23 "$ $"  3'5" ', �  *'+� 3" *') " ��,�!� Y2D 
,
6 �1+ �1 " �2 6&"1 " $1" "9',% '2 ',$1 " 04", 3E ', 5"18  -*! �1 " �2 6&"1 " 3&� 6R
',% '2 ',$1 " 04", 3E -1 ', 5"18 !1 8 �1" �2E 6&"1" 3&"1" '2 *' 33*" 6 � 3"1 3- 2""/
', 3-  1 � )2E 3&" 1-*" - $ $1-23 6 " !%',% '2 *'+' 3"!D 
$ 8-4 �1 " " 5"1 &')',% ',
3&" +-4, 3�',2 8 -4 +'% &3 &"�1 3&" "$$"  32 -$ $1-23 6 " !%',% 6&", 3&" � 4,
6 �1+2 � 23" "/ 1 - )8 2*-/" �,! 3&" $1 �%+", 32 -$ 1- ) 3&� 3 6"1" /1'" !
� 6 � 8 $1-+ 3&" 241$� " � 8 $1" "9',% 3&" ,'% &3 �"$ -1" �1 " 1"*" �2" ! �2 3&� 3
' "\+"*32D


, +�, 8 /�1 32 -$ ��,�!�E 3&" 31 �,2' 3'-, �" 36 " ", $1 " "9',% ,'% &33'+"
3"+/"1 � 341"2 �,! 3&� 6',% !� 83'+" 3"+/"1 � 341"2 '2 $1" 04", 3 T 3",2 3-
&4,!1 " !2 - $ 3'+"2 � 8 " �1D �  -++-, $ " � 341" ', �1 " �2 - $ "$$"  3'5" $1-23
6 " !%',% '2 � .�&/- -&)*� T� $�,R2&�/" ! !"/-2' 3 -$ $1�%+", 32 1"+- 5" ! � 8
$1-23\6 " !%',%\$1-+\3&"\23" "/\1 - )8\2*-/"2\��- 5"\N�'%41"\?D;D<OD

;;? k ?D;\� " � 3&"1',%



� $"1. �R<A8A9CR�)R�. ��R3$0#R2�.5R�!!��0$2�R!.*/0L3��"$)"R�'*)"
"'��$�' L!��R�*3R��& �R$)R��)!!R� �0$*)�'R� �. &AR�#�R!.�"(�)0/
0#�0R#�2�R���)R3��"��R�3�5R!. *(R0#�R�'$!!/R��*2�R#�2�
���1(1'�0��R$)R�R0�'1/R��,*/$0R�0R0#�R��/�R*!R0#�R/'*,�A

� 1 "*� 3"! /1 - "22E $1-23 &"� 5',%E 3�)"2 /*� "
6' 3&', 4, -,2-*'!� 3"! +� 3"1'�*2 -, % ", 3*" 2*-/"2D 
,
3&'2  �2"E 6 � 3"1 ', 3&" 2-'* $1" "9 "2 �,! " 7/�,!2E
/42&',% 3&" - 5"1*8',% +� 3"1'�* 4/D � 1-23 &"� 5',% '2
1"2/-,2' �*" $ -1 6', 3"1 !�+�% " 3- 1 -�!2 �** - 5"1
� -13&\�+"1' �D

� "  &�,' �* 6 " � 3&"1',% '2 %1" � 3*8 $� '*' 3�3"! � 8
�, )-#)( E 6&' & '2 3&" 1"+- 5�* - $ 6" � 3&"1',% /1-!R
4 32E �**-6',% $-1 3&" " 7/-241 " - $ +-1 " 1- ) $ -1
6 " � 3&"1',%D � %--! " 7�+/*" - $ 3&'2 '2 2&-6, ', � '%R
41" ?D;D<D �, 3&" 23""/ 1 - ) $� "2 � 3 3&" 3-/ - $ 3&"
 *'$$E 1- ) $1 �%+", 32 &�5" �" ", �1 -) ", - $$ �8 ' "
6 " !%',%E �,! 3&", 1 "+- 5" ! � 8 %1� 5'38D �&'2 '2 �
$-1+ - $ '�-- 1 �-.#(! D �3&"1 '+/-1 3�, 3 �%", 32 -$

"1-2'-, 3&� 3 �*2- &� 5" 3&" "$$"  3 -$ 1"+- 5',% 3&" /1 -!4 32 -$ 6" � 3&"1',% ', *4!" 6 � 3"1 ', 231" �+2 N� �� B OE
%*� '�*\' "E\�,!\6 � 5"2\-,\3&"\ -�232D

Chemical Weathering

�&"+' �* 6 " � 3&"1',% 1"24*32 $1-+  &"+' �*  &�,% "2 3- +',"1 �*2 3&�3 �"  -+" 4,23��*" 6&", 3&" 8 �1"
" 7/-2" ! 3- 241$� "  -,!' 3'-,2D �&" )',!2 - $  &�,% "2 3&�3 3�) " /*� " �1 " &'%&*8 2/"  '$ ' 3- 3&" +',"1 �* �,!
3&" ", 5'1-,+", 3�*  -,!' 3'-,2D �-+" +',"1 �*2E *')" 04�1 39E �1" 5'134�**8 4,�$ $"  3"! � 8  &"+' �* 6 " � 3&"1',%E
6&'*" -3&"12E *')" $"*!2/�1 E �1" " �2'* 8 �*3"1" !D 
, %","1 �*E 3&" !"%1" " - $  &"+' �* 6 " � 3&"1',% '2 %1" � 3"23 ',
6 �1+ �,! 6 " 3  *'+� 3"2E �,! *" �23 ',  -*! �,! !1 8  *'+� 3"2D �&" '+/-1 3�, 3  &�1 � 3"1'23' 2 - $ 241$� "  -,R
!' 3'-,2 3&� 3 *"�! 3-  &"+' �* 6 " � 3&"1',% �1" 3&" /1 "2", " - $ 6� 3"1 N', 3&" �'1 �,! -, 3&" %1 -4,! 241$� " OE
3&" ��4,!�, " - $ -78%",E �,! 3&" /1 "2", " - $  �1�-, !'- 7'!"E 6&' & /1 -!4 "2 6 " �)  �1�-,' � '! N	 <�� =O
6&",  -+�'," ! 6' 3& 6� 3"1D �&�3 /1- "22E 6&' & '2 $4,!�+", 3�* 3- +-23  &"+' �* 6 " � 3&"1',%E  �, �" 2&- 6,
�2\$-**- 62F

� 8�RSR�� 8 � � 8�� 9 3&", � 8�� 9 � � S SR��� 9
T

6 � 3"1\^\ �1�-,\!'- 7'!" �  �1�-,' \� '! 3&",  �1�-,' \� '! � !'22-* 5" !\& 8!1 -%",\'-,2\^\!'22-* 5" !\�' �1�-,R
� 3"\'-,2

Yikes! Chemical formulas

�-32\- $\/" -/*"\2"'9 "\4/\6&",\3&" 8\�1"\�2) " !\3-\1 " �!\ &"+' �*\-1\+� 3&"+� 3' �*\$-1+4*�2D 
3Y2\� 
E\8-4\!-, Y3\," "2R

2�1'*8\&� 5"\3-H 
$\8-4\!-, Y3\*')"\3&"\$-1+4*�2\(423\1" �!\3&"\3" 73\4,!"1," � 3&\3&"+D
,\3'+"\8 -4\+� 8\%" 3\42"!\3-\1 " �!R

',%\3&"\$-1+4*�2D

�&"\!-4�*"R",!" !\�11 - 6\V� W\',!' � 3"2\3&�3\3&"\1" � 3'-,\ �,\% -\"' 3&"1\6� 8E\�43\$-1\-41\/41/-2"2\3&"2"\1 " � 3'-,2

�1 "\%-',%\3- 6 �1 !2\3&"\1'%&3D

	 "1" 6 " &� 5" 6 � 3"1 N"D%DE �2 1�', O /*42  �1�-, !'- 7'!" ', 3&" � 3+-2/&"1 "E  -+�',',% 3-  1 " � 3"  �1�-,' � '!D
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�&",  �1�-,' � '! !'22- '� 3"2 N -+"2 �/�1 3O 3- $-1+ & 8!1 -%", �,! �' �1�-,� 3" '-,2D �&" �+-4, 3 -$ �� < ',
3&" �'1 '2 ",-4% & 3- +�) " 6 " �)  �1�-,' � '!D �&"1 " '2 38/' �**8 +4 & +-1 " �� < ', 3&" 2-'*E 2- 6 � 3"1 3&�3
/"1  -*� 3"2 3&1-4%& 3&" 2-'*  �, �"  -+" +-1 " � '!' D 
, "' 3&"1  �2"E 3&'2 � '!' 6 � 3"1 '2 �  1' 3' �* 3-  &"+' �*
6 " � 3&"1',%D


, 2-+" 3 8/"2 - $  &"+' �* 6 " � 3&"1',% 3&" -1'%',�* +',"1 �* �"  -+"2 �*3"1 " ! 3- � !'$ $"1", 3 +',"1 �*D �-1
" 7�+/*"E $ "*!2/�1 '2 �*3"1 " !T� 8 " 3�, ) &3-#-T3- $-1+ �&� 3 '#(�, �&- /*42 2-+" '-,2 ', 2-*43'-,D 
 , -3&"1  �2"2
3&" +',"1 �*2 !'22-* 5"  -+/*" 3"*8E �,! 3&"'1  -+/-,", 32 %- ', 3- 2-*43'-,D � -1 " 7�+/*"E  �* ' 3" N�� �� =O '2 2-*R
4�*"\',\� '!' \2-*43'-,2D

�&"\& 8!1 -*82'2\-$\$"*!2/�1\ �,\�"\61' 33",\*') "\3&'2F

���& 8� #8� > SR�8�� 9 SR@�8 � R�&8� #8� ; J� �K : S �� 8S S �� 9
8T

/*�% '- *�2"\$ "*!2/�1\^\ �1�-,' \� '! � )�-*',' 3"\^\!'22-* 5" !\ �* '4+\'-,2\^\!'22-* 5" !\ �1�-,� 3"\'-,2

�&'2 1 " � 3'-, 2&- 62  �* '4+R�" �1',% /*�% '- *�2" $ "*!2/�1 E �43 2'+'*�1 1" � 3'-,2  -4*! �*2- �" 61' 33", $ -1
2-!'4+ -1 /-3�22'4+ $ "*!2/�12D 
 , 3&'2  �2"E 6 " ",! 4/ 6' 3& 3&" +',"1 �* )�-*',' 3"E �*-,% 6' 3&  �* '4+ �,!
 �1�-,� 3" '-,2 ', 2-*43'-,D �&-2" '-,2  �, " 5", 34�**8  -+�'," N/1 -���* 8 ', 3&" - " �, O 3- $-1+ 3&" +',"1 �*
 �* ' 3"D �&" &8!1 -*82'2 -$ $"*!2/�1 3-  *� 8 '2 '**4231� 3"! ', � '%41" ?D;D=E 6&' & 2&-62 36 - '+�% "2 - $ 3&" 2�+"
%1�,' 3' 1- )E � 1 "  ", 3*8 �1 -) ", $1 "2& 241$� " -, 3&" *"$ 3 �,! �  *� 8R�*3"1" ! 6 " � 3&"1" ! 241$� " -, 3&" 1'% &3D
�3&"1 2'*' � 3" +',"1 �*2  �, �*2- % - 3&1-4%& &8!1 -*82'2E �*3&-4%& 3&" ",! 1 "24*32 6'** �" � *' 33*" !'$$"1", 3D �-1
" 7�+/*"E / 81- 7","  �, �"  -, 5"13"! 3- 3&" +',"1 �*2  &*-1' 3" -1 2+"  3'3"E �,! -*'5',"  �, �"  -, 5"13"! 3-
3&"\+',"1 �*\2"1/", 3',"D

� $"1. �R<A8A:CR�)3��0#�.��RH'�!0IR�)�R3��0#�. ��RH.$"#0IR/1.!���/R*!R0#�R/�(�R,$���R*!R". �)$0$�R.*�&AR�)R0#�
1)3��0#�. ��R/1.! ���/R0#�R!�'�/,�. /R�. �R/0$''R!.�/#R�)�R"'�//5L'**&$)"AR�)R0#�R3��0#�. ��R/1.! ���R(1�#R*!R0#�
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� 2#�� .#)( '2 �,-3&"1 5 "18 '+/-1 3�, 3  &"+' �* 6 " � 3&"1',% /1- "22D �&" - 7'!� 3'-, - $ 3&" '1-, ', �  �,, )'�!L
(�-#�( 2'*' � 3" 23�132 6'3& 3&" !'22-*43'-, - $ 3&" '1-,D � -1 -*'5',"E 3&" /1 - "22 *--)2 *') " 3&'2E 6&"1" -*'5'," ',
3&"\/1 "2", "\- $\ �1�-,' \� '!\'2\ -, 5"13"!\3-\!'22-* 5" !\'1 -,E\ �1�-,� 3"E\�,!\2'*' ' \� '!F

;;A k ?D;\� " � 3&"1',%



� � 8� #� : SR:� 8�� 9 � 8� � 8S S :� �� 9
T S � : � #� :

-*'5',"\^\N  �1�-,' \� '!O � !'22-* 5" !\'1 -,\'-,2\^\!'22-* 5" !\ �1�-,� 3"\'-,2\^\!'22-* 5" !\2'*' ' \� '!

� 43 ', 3&" /1 "2", " - $ -78%", �,!  �1�-,' � '!E 3&" !'22-* 5" ! '1 -, '2 3&", 04' )* 8  -, 5"13"! 3- 3&" +',"1 �*
&"+� 3'3"F

8� � 8S SR:� �� 9
T SR@R�8 S 8� 8�R� R�� 8� 9 SR:� 8�� 9

!'22-* 5" !\'1 -,\'-,2\^\!'22-* 5" !\�' �1�-,� 3"\'-,2\^\- 78%",\^\6 � 3"1 � &"+� 3'3"\^\ �1�-,' \� '!

�&" " 04� 3'-, 2&- 6, &"1 " '2 $-1 -*'5',"E �43 ' 3  -4*! �//* 8 3- �*+-23 �, 8 -3&"1 $"11-+�%,"2'�, 2'*' � 3"E
', *4!',% / 81- 7","E �+/&' �-*"E -1 �'-3' 3"D 
1-, ', 3&" 24*/&'!" +',"1 �*2 N"D%DE /81'3"O  �, �*2- �" - 7'!'9 " ! ',
3&'2 6� 8D �,! 3&" +',"1 �* &"+� 3'3" '2 ,-3 3&" -,* 8 /-22' �*" ",! 1 "24*3E �2 3&"1" '2 � 6'!" 1 �,% " - $ '1-, - 7'!"
+',"1 �*2 3&�3  �, $ -1+ ', 3&'2 6 � 8D �&" 1"24*32 -$ 3&'2 /1- "22 �1 " '**4231� 3"! ', � '%41" ?D;D>E 6&' & 2&-62 �
%1�,' 3' 1- ) ', 6&' & 2-+" - $ 3&" �'-3' 3" �,! �+/&' �-*" &� 5" �" ", �*3"1 " ! 3- $ -1+ 3&" '1 -, - 7'!" +',"1 �*
*'+-,' 3"D

� $"1. �R<A8A;CR�R".�)$0$�R.*�&R�*)0�$)$)"R�$*0$0�R�)�R�(,#$�*'�R3#$�#R#�2�
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"2/"  '�** 8\/ 81'3"\N�" � <OD\�81'3"\1" � 32\6'3&\6� 3"1\�,!\- 78%",\3-\$ -1+\24*/&41' \� '!E\�2\$ -**- 62F
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3�',',% / 81'3" �1 " " 7/-2" ! � 3 3&" ��1 3&Y2 241$� "E 2-+" - $ 3&" 6-123 "7�+/*"2 - $ ��� �1 " � 3 +'," 2' 3"2D �&"2"
2'3"2  �, &� 5" 2'%,'$' �, 3 /1-�*"+2 6' 3& ��� E "2/"  '�** 8 6&"1 " / 81'3"R�" �1',% 1- ) �,! 6 �23" +� 3"1'�* &� 5"
�" ", +'," ! $1-+ !" "/ 4,!"1 %1-4,! �,! 3&", /'*" ! 4/ �,! *"$ 3 "7/-2" ! 3- 6 � 3"1 �,! - 78%",D �," " 7�+/*"
- $ 3&�3 '2 3&" � 3D ��2&',%3-, �'," -, � �, -4 5"1 
 2*�,! ', �D �D N�'%41" ?D;D?OE �43 3&"1" �1 " +�, 8 2'+'*�1 2' 3"2
� 1 -22\��,�!�\�,!\�1 -4,!\3&"\6 -1*!D
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6 " � 3&"1',% /1- "22"2 ', 5-*5" 3&"  -+/*" 3" !'22-*43'-, - $ � +',"1 �*D ��* ' 3"E $-1 " 7�+/*"E 6'** !'22-* 5" ',
6 " �)\� '!E\3-\/1 -!4 "\ �* '4+\�,!\�' �1�-,� 3"\'-,2D\�&"\" 04� 3'-,\'2\�2\$ -**- 62F

�� �� 9 SR�S SR��� 9
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'-,2
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23-,"  �, !'22-* 5"  -+/*" 3"*8D �'+"23-," �*2- !'22-* 5"2 � 3 1"*� 3'5"*8 2&�**-6 !"/3&2 4,!"1 %1-4,!E $ -1+',%
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,!' � 3"\6&' &\/1 - "22\'2
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;D � 81'3"\3-\&"+� 3'3"
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Media Attributions
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5.2 The Products of Weathering and Erosion

�&" /1 -!4 32 -$ 6" � 3&"1',% �,! "1 -2'-, �1 " 3&" 4, -,2-*'!� 3"! +� 3"1'�*2 3&�3 6" $',! �1 -4,! 42 -, 2*-/"2E
�"," � 3&E �"2'!" �,! -, 3-/ - $ %*� '"12E ', 231" �+ 5 �**" 82E -, �" � &"2E �,! ', !"2"1 32D �&" ,� 341" - $ 3&"2"
+� 3"1'�*2T3&"'1  -+/-2' 3'-,E 2'9"E !"%1" " - $ 2-13',%E �,! !"%1 " " - $ 1-4,!',%T'2 !" 3"1+'," ! � 8 3&" 38/" - $
1- ) 3&� 3 '2 �"',% 6 " � 3&"1" !E 3&" ,� 341" - $ 3&" 6" � 3&"1',%E 3&" "1-2'-, �,! 31 �,2/-1 3�3'-, /1 - "22"2E �,!
3&"\ *'+� 3"D


, �!!' 3'-, 3- 3&"2" 2-*'! -��#'�( .- E 3&" -3&"1 '+/-1 3�, 3 /1-!4 32 -$ 6" � 3&"1',% �1" 2" 5"1�* !'$ $"1", 3
38/"2\- $\'-,2\',\2-*43'-,D
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� ��*" ?D;D 
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3&�,\2�,!\%1 �',2T3&� 3\+�) "\4/\2" !'+", 32\6'**\�"\/'"  "2\- $\1- )\�2\-//-2" !\3-\',!'5'!4�*\+',"1 �*2D

� �� &�R;A7R�R&#-.R) R."�R.3*#��&R1�� ."�,#(!R*, )�/�.-R)  R-)'�R)  R."�R'#(�, �&-R#(R�)'')(R, )�%-

�)'')(R
 #(�, �& �3*#��&R� �� ."�,#(!R�, )�/�.-

�4�1 39 �4�1 39\�2\2�,!\%1 �',2

� "*!2/�1 �*� 8\+',"1 �*2\/*42\/-3�22'4+E\2-!'4+E\�,!\ �* '4+\',\2-*43'-,

� '-3' 3"\�,!
�+/&' �-*" �&*-1' 3"\/*42\'1-,\�,!\+�%,"2'4+\',\2-*43'-,

� 81- 7","\�,!\-*'5'," �"1/", 3',"\/*42\'1 -,\�,!\+�%,"2'4+\',\2-*43'-,

��* ' 3" ��* '4+\�,!\ �1�-,� 3"\',\2-*43'-,

� 81'3" 
1-,\- 7'!"\+',"1 �*2\/*42\'1 -,\',\2-*43'-,\�,!\24*/&41' \� '!

�-+" " 7�+/*"2 - $ 3&" /1-!4 32 -$ 6" � 3&"1',% �1" 2&- 6, ', � '%41" ?D<D;D �&"8 1�,% " 6'!"* 8 ', 2'9 " �,! 2&�/"
!"/",!',% -, 3&" /1 - "22"2 ', 5-*5" ! ', 3&"'1 31 �,2/-1 3�3'-,D 
$ �,! 6&", !"/-2' 32 *')" 3&"2" �1 " 341," ! ', 3-
2"!'+", 3�18 1- )2E 3&" 3" 7341"2 - $ 3&-2" 1- )2 6'** 5 �1 8 2'%,'$' �, 3*8D 
+/-1 3�, 3*8E 6&", 6 " !"2 1' �" 2" !R
'+", 3�18 1- )2 3&� 3 $-1+" ! +'**'-,2 - $ 8" �12 ', 3&" /�23E 6 "  �, 42" 3&-2" /1 -/"1 3'"2 3- +�) " ',$ "1", "2
��-43\3&"\ -,!' 3'-,2\3&� 3\"7'23"!\!41',%\3&"'1\$ -1+� 3'-,D
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� $"1. �R<A9A8CR�.*�1�0/R*!R3��0#�.$)"R�)�R�. */$*)R!*.(��R1)��.R�$!! �. �)0R�*)�$0$*)/A
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'2 3&�3 04�139 '2 &'%&*8 1"2'23�, 3 3- 3&" 38/"2 - $ 6" � 3&"1',% 3&�3 -  41 � 3 ��1 3&Y2 241$� "D 
3 '2 ,-3 �$ $"  3"! � 8
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1- )2D\�4�1 39\'2\�*2-\5"18\&�1!E\�,!\!-"2, Y3\&�5"\ *" � 5�%"E\2-\'3\'2\1"2'23�, 3\3-\+"  &�,' �*\6 " � 3&"1',%D

�- 6&", � 1 - ) *') " %1�,' 3" '2 24�("  3 3-  &"+' �* 6 " � 3&"1',% 3&" $"*!2/�1 �,! 3&" $ "11-+�%,"2'�, 2'*' � 3"2
%" 3  -, 5"13"! 3-  *� 82 �,! !'22-* 5" ! '-,2 24 & �2F �� <^E �� ^E 
^E �" <^E � %<^E �,! 	 >� ' � >E �43 3&" 04�139 '2
1"2'23�, 3 3- 3&-2" /1 - "22"2 �,! 1 "+�',2 ', 3� 3D�&"  *� 8 %1�!4�** 8 %" 32 "1-!" ! � 6 � 8E 3&", 3&" 1- ) �1 " �)2
�/�1 3 *"� 5',% *-32 - $ %1�',2 - $ 04�139D 
, -3&"1 6 -1 !2E 04�139E  *�8 +',"1 �*2E �,! !'22-* 5" ! '-,2 �1 " 3&" +-23
 -++-, /1 -!4 32 -$ 6" � 3&"1',%D �4�1 39 �,! 2-+" - $ 3&"  *�8 +',"1 �*2 3",! 3- $ -1+ 2" !'+", 3�18 !"/-2' 32
-, �,! � 3 3&" "!%"2 - $  -, 3',", 32E 6&'*" 3&" 1"23 - $ 3&"  *�8 +',"1 �*2 �,! 3&" !'22-* 5" ! '-,2 3",! 3- �"
6 �2&" !\-43\', 3-\3&"\- " �,2\3-\$ -1+\2" !'+", 32\-,\3&"\2" �\$*--1 D
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,\3&"\*"$3\2'!"\- $\3&"\$-**- 6',%\3��*"E\�\,4+�"1\- $\!'$$"1", 3\2�,!2\�1 "\/' 341" !\�,!\!"2 1' �" !D\�"2 1' �"\2-+"\- $

3&"\'+/-1 3�, 3\6" � 3&"1',%\/1- "22"2\3&�3\+'%&3\&�5"\*" !\3-\3&"\!" 5"*-/+", 3\-$\3&"2"\2�,!2D

�" "\�//",!'7\<\$ -1 �1 � 3' "\�7 "1 '2"\?D<\�,26 "12D

	 '�! � ��-�,#*.#)(R�(�R�)�� .#)(

� 1�%+", 32\-$\ -1 �*E\�*%�"E\�,!\41  &',\$1 -+\�\2&�**- 6\6 � 3"1\�1" �\N1-4%&*8\<\+" 31"2
!" "/ O\,"�1\�\1 " "$\',\�"*'9 "D\�&"\%1�',\!'�+" 3"12\�1"\�" 36 " ",\: D;\�,!\;\+'**'+" 31"2D

�,%4*�1\04�1 39\�,!\1 - )\$1 �%+", 32\$1-+\�\% *� '�*\231 " �+\!"/-2' 3\," �1\�2- 8--2E
�D�D\�&"\%1�',\!'�+" 3"12\�1"\�" 36 " ",\: D<?\�,!\: D?\+'*'+" 31"2D

� -4,!" !\%1�',2\- $\-*'5',"\N%1" ", O\�,!\5 -* �,' \% *�22\N�*� )O\$1-+\�\�" � &\-,\3&"\�'%
'2*�,!\- $\	 � 6 �''D\�&"\%1�',2\�1 "\�//1 - 7'+� 3"*8\;\+'**'+" 31"\� 1 -22D

Media Attributions

K � '%41"\?D<D;\�,!\�1 � 3' "\�7 "1 '2"\?D<\'+�% "2F\g\� 3"5",\��1 *"D\��\� � D

;<= k ?D<\�&"\�1 -!4 32\-$\� " � 3&"1',%\�,!\�1 -2'-,



5.3 Clastic Sedimentary Rocks
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5.4 Chemical Sedimentary Rocks

� &"1" �2  *�23' 2" !'+", 3�18 1- )2 �1 " !-+',� 3"! � 8  -+/-,", 32 3&�3 &�5" �" ", 31 �,2/-1 3"! �2 2-*'!  *�232
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3' 2" !'+", 3�18 1- )2  -, 3�',  "+", 3 $-1+" ! $1-+ !'22-* 5" ! '-,2E �,! +�, 8  &"+' �* 2" !'+", 3�18 1- )2
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5.5 Depositional Environments and
Sedimentary Basins

�" !'+", 32 �  4+4*� 3" ', � 6'!" 5 �1'" 38 - $ ", 5'1-,+", 32E �-3& -, 3&"  -, 3',", 32 �,! ', 3&" - " �,2D �-+" - $
3&"\+-1 "\'+/-1 3�, 3\-$\3&"2"\", 5'1-,+", 32\�1"\'**4231� 3"!\',\� '%41"\?D?D;D

� $"1. �R<A<A8CR�*(�R*!R0#�R$(,*.0�)0R��,*/$0$*)�'R�)2$.*)(�)0/R! *.R/��$(�)0/R�)�R/��$(�)0�. 5R.*�&/A

� ��*"2 ?D@ �,! ?DA /1- 5'!" � 24++�1 8 - $ 3&" /1- "22"2 �,! 2" !'+", 3 38/"2 3&� 3 /"1 3�', 3- 3&" 5 �1'-42 !"/-R
2'3'-,�* ", 5'1-,+", 32 '**4231� 3"! ', � '%41" ?D?D;D ��1"$4* -�2"1 5� 3'-,2 - $ � 2" !'+", 3�18 1- )E ', *4!',% '!",R
3'$8',% ' 32  -+/-2' 3'-, �,! 3" 7341"E  �, /1 - 5'!"  *4"2 ��-43 3&" �, '", 3 !"/-2' 3'-,�* ", 5'1-,+", 3 ', 6&' &
'3 $-1+" !D � " Y** *--) +-1 "  *-2"* 8 � 3 3&" 38/"2 - $ 2"!'+", 32 3&�3 �  4+4*� 3" ', 3&"2" ", 5'1-,+", 32E �,! &- 6
2"!'+", 3�18 1- )2 �,! $ -22'*2  �, �" 42" ! 3- ', 3"1/1" 3 �, '", 3 ", 5'1-,+", 32 �,!  *'+� 3"2E ', 3&" 24�2"R
04", 3 %" -*-%8  -412"F ��� � ;;:= ��1 3& �&1-4%& �'+"D �&"  &�1 � 3"1'23' 2 - $ 3&"2" 5�1'-42 ", 5'1-,+", 32E
�,!\3&"\/1 - "22"2\3&�3\3�) "\/*� "\6' 3&',\3&"+E\�1 "\�*2-\!'2 422" !\',\��� �\;;:=D

?D?\�"/-2' 3'-,�*\�, 5'1-,+", 32\�,!\�" !'+", 3�18\��2',2 k ;><



� �� &�R;A<R�"�R#'*),.�( .R.�,, �-.,#�&R��*)-# .#)(�&R�( 0#,)('�( .-R�(�R."�#,R�"�, ��.�,#-.#�-

� ( 0#,)('�( . 	 ' *),.�( .R.,�(-*),.R*, )��--�- ��*)-# .#)(�&R�( 0#,)('�( .- �3*#��&R-��#'�( .R.3*�-

�*� '�* %1� 5'38E\+-5',%\' "E\+- 5',%\6 � 3"1 5�**" 82E\/*�',2E\231" �+2E
*�) "2

%*� '�*\3'**E\%1� 5"*E\2�,!E\2'*3E\�,!
 *� 8

�**4 5'�* %1� 5'38 23""/R2'!" !\5 �**" 82  -�12"\�,%4*�1\$1 �%+", 32

�*4 5'�* +- 5',%\6 � 3"1 231" �+2 %1� 5"*E\2�,!E\2'*3E\�,!\-1 %�,' 
+� 33"1\N',\26 �+/ 8\/�1 32\-,* 8O

�" -*'�, 6',! !"2"1 32\�,!\ -�23�*\1 "%'-,2 2�,!E\2'*3

� � 4231'," +- 5',%\6 � 3"1\N$*-6',%\', 3-\�\*�) " O *�) "2 2�,!\N ," �1\3&"\" !%"2\-,* 8OE\2'*3E
 *� 8E\�,!\-1 %�,' \+� 33"1

� 5�/-1' 3" +- 5',%\6 � 3"1 N$*-6',%\', 3-\�\*�) " O *�) "2\',\�1'!\1 "%'-,2 2�*32E\ *�8

� �� &�R;A=R�"�R#' *),.�( .R.,�(-# .#)(�&R�(�R'�,#(�R��*)-# .#)(�&R�( 0#,)('�( .-R�(�R."�#,R�"�, ��.�,#-.#�-

� ( 0#,)('�( . 	 ' *),.�( .R�, �(-*),.
�, )��--�- ��*)-# .#)(�&R� ( 0#,)('�( .- �3*#��&R���#'�( .R�3*�-

�"*3�' +- 5',%\6 � 3"1 !"*3�2 2�,!E\2'*3E\ *�8E\�,!\-1 %�,' \+� 33"1
N',\26 �+/ 8\/�1 32\-,* 8O

�" � & 6 � 5"2E\*-,%2&-1"
 411", 32 �" � &"2E\2/' 32E\2�,!\��12 %1� 5"*E\2�,!

�'!�* 3'!�*\ 411 ", 32 3'!�*\$ *� 32 2'*3E\ *�8

� " "$2 6 � 5"2\�,!\3'!�*\ 411 ", 32 1" "$2\�,!\�!(� ", 3\��2',2  �1�-,� 3"2

�&�**- 6\6 � 3"1\+�1'," 6 � 5"2\�,!\3'!�*\ 411 ", 32 2&"*5"2\�,!\2*-/"2E\*�% --,2  �1�-,� 3"2\',\31-/' �*\ *'+� 3"2E
2�,! M2'*3M *� 8\"*2"6&"1 "

� �%--,�* *'33*"\31�,2/-1 3�3'-, *�%--,\�-3 3-+  �1�-,� 3"2\',\31-/' �*\ *'+� 3"2

� 4�+�1',"\$�, 4,!"1 6 � 3"1\%1� 5'38\$*-62  -, 3',", 3�*\2*-/"2\�,!
�� 822�*\/*�',2 %1� 5"*E\2�,!E\+4!

�" "/\6 � 3"1\+�1'," - " �,\ 411 ", 32 !" "/R- " �,\�� 822�*\/*�',2  *� 8E\ �1�-,� 3"\+4!E\2'*' �\+4!

� -23 - $ 3&" 2"!'+", 32 3&�3 8-4 +'% &3 2"" �1 -4,! 8 -4E ', *4!',% 3�*42 -, 23" "/ 2*-/"2E 2�,! ��12 ', 231 " �+2E
-1 %1� 5"* ', 1 -�!  432E 6'** ," 5"1 �"  -+" 2" !'+", 3�18 1- )2 �"  � 42" 3&"8 &� 5" -,* 8 �" ", !"/-2' 3"! 1 "*�R
3'5"*8 1"  ", 3*8T/"1 &�/2 � $ " 6  ", 341'"2 -1 +'**",,'� �% -T�,! �1 " *') "*8 3- �" 1 "R"1-!" ! �"$ -1" 3&"8 �1"
�41'" ! !" "/ ",-4% & �"," � 3& -3&"1 2"!'+", 32 3- �" *' 3&'$'" !D 
, -1 !"1 $ -1 2" !'+", 32 3- �" /1 "2"1 5" ! *-,%
",-4% & 3- �" 341," ! ', 3- 1- ) T� /1 - "22 3&�3 3�) "2 +'**'-,2 -1 3",2 - $ +'**'-,2 - $ 8" �12T3&" 8 ," " ! 3- &� 5"
�" ", !"/-2' 3"! ', � ��2', 3&� 3 6'** *�23 3&�3 *-,%D � -23 24 & ��2',2 �1 " $-1+" ! � 8 /*� 3" 3" 3-,' /1 - "22"2
3&�3  1" � 3" ",-4% & 2/� " $-1 2" !'+", 32 3- �  4+4*� 3" ', %1" � 3 3&' ),"22"2E �,! 2-+" - $ 3&" +-1 " '+/-1R
3�, 3\"7�+/*"2\- $\3" 3-,' \��2',2\�1 "\2&- 6,\',\� '%41"\?D?D<D

� , �(�" ��-#(- N� ', � '%41" ?D?D<O $-1+ 6&"1 " � 24�!4 3',% - " �,' /*� 3" !'/2 �"," � 3& 3&" -5"11'!',%  -,R
3',", 3�* -1 - " �,'  1423D �&" 8  �, �" 2" 5"1�* )'*-+" 31"2 !" "/E �,! ', +�, 8  �2"2E &-23 3&' ) 2" 04", "2
- $ 2"!'+", 32 $1-+ "1 -!',%  -�23�* +-4, 3�',2D �&"1 " '2 � 6 "**R!" 5"*-/" ! 31", & ��2', - $$ 3&" 6"23  -�23 - $
� �, -4 5"1 
 2*�,!E �D �D �  ), ��, � ��-#( N� ', � '%41" ?D?D<O *'"2 �"36 " ", 3&" 24�!4 3'-, 9 -," �,! 3&" 5 -* �,' 
�1  E �,! +� 8 �" $ -1+" ! ', /�1 3 � 8 $1' 3'-, �" 36 " ", 3&" 24�!4 3',% /*� 3" �,! 3&" - 5"11'!',% /*� 3"E 6&' &
/4**2 /�1 3 -$ 3&" -5"11'!',% /*� 3" !- 6,D �&" � 31�' 3 -$ �" -1%'�E 3&" /�1 3 -$ 3&" �� '$ ' �  " �, �" 36 " ", � �,R
 -4 5"1 
 2*�,! �,! +�',*�,! � -13& �+"1' �E '2 � $-1" �1  ��2',D �  ), �&�(� ��-#( N ', � '%41" ?D?D<O '2  � 42" !
� 8 3&" +�22 - $ 3&" 5-* �,' 1 �,% " !"/1 "22',% 3&"  1423 -, "' 3&"1 2'!"D � -1"*�,! ��2',2 �1 " ,-3 -,* 8 1"*� 3"!
3- 5-* �,' 1 �,% "2E �43  �, $ -1+ �!(� ", 3 3- $-*! �"*3 +-4, 3�',2 *') " 3&" ��,�!'�, � - )'"2D � ,# . ��-#( N! ',

;>= k ?D?\�"/-2' 3'-,�*\�, 5'1-,+", 32\�,!\�" !'+", 3�18\��2',2



� '%41" ?D?D<O $-1+2 6&"1 "  -, 3',", 3�*  1423 '2 �"',% /4**" ! �/�1 3E �,! 3&"  1423 -, �-3& 2'!"2 - $ 3&" 1'$3 24�R
2'!"2D �2 1'$3',%  -, 3',4"2 3&'2 " 5", 34�**8 �"  -+"2 � ,�11 - 6 2" �E �,! 3&", �, - " �, ��2',D �&" ��23 �$1' �,
1'$3\��2',\1 "/1 "2", 32\�,\" �1 *8\23�%"\',\3&'2\/1 - "22D

� $"1. �R<A<A9CR�*(�R*!R0#�R(*.�R$(,*.0�)0R05,�/R*!R0��0*)$��'' 5R,.*�1���
��/$)/CRH�IR0.�)�#R��/$)BRH� IR!*. ��. �R��/$)BRH� IR!*. �'�)�R��/$)BR�)�RH �IR.$!0
��/$)A

Media Attributions

K � '%41"\?D?D;F� &"+� 3' \!'�%1 �+\2&- 6',%\3 8/"2\- $\!"/-2' 3'-,�*\", 5'1-,+", 3g �') "\� -13-, D\�!�/3" !
� 8\� 3"5",\��1 *"D\��\� � R��D

K � '%41"\?D?D<F\g\�3"5",\��1 *"D\��\� � D

?D?\�"/-2' 3'-,�*\�, 5'1-,+", 32\�,!\�" !'+", 3�18\��2',2 k ;>>



Lab 5 Exercises

�&" " 7"1 '2"2 �"*- 6 6'** %4'!" 8 -4 3&1-4%& 3&" 2"!'+", 3�18 1- ) 2�+/*"2 ', � - ) 
' 32 ; �,! <D � " 5'" 6 3&"
�� )%1 -4,! ',$ -1+� 3'-, /1 "2", 3"! ', �&�/3"12 ?D; 3- ?D? �"$ -1" 8 -4 �"% ', 3&"2" " 7"1 '2"2D � -4 +� 8 6'2& 3-
 -,24*3\3&" � - )\�*�22'$ ' � 3'-,\� ��*"2 � 3\3&"\�� )\- $\3&'2\+�,4�*\�2\8 -4\ -+/*" 3"\3&"\"7"1 '2"2\�"*- 6 D

� &(��%'��"�(( �- $���� � # �$)�'-�� %�!(

K � -41\$'123\23"/\6&",\" 7�+',',%\�, 8\2"!'+", 3�18\1- )\'2\3-\!" 3"1+',"\'$\' 32\3"7341"\'2 �&�-.#� -1 �, 3-L
.�&&#(�D

K 
$\3&"\3"7341"\'2\ *�23' E\," 73\!" 3"1+',"\3&"\/1 " !-+',�, 3\2'9"\- $\3&"\%1�',2\� 8\*--)',%\ *-2"* 8\3&1-4%&
8-41\&�,!\*",2\�,!\42',%\3&"\%1 �',\2'9 "\ &�1 3\N2""\� ��*"\�\',\3&" � - )\�*�22'$ ' � 3'-,\� ��*"2 �//",!'7OD

K � " 73E\!"2 1'�"\3&"\2-1 3',%E\�,!\3&"\2&�/"\N 1-4,!,"22 O\-$\3&"\%1�',2\N� '%41"\�\',\3&" � - )\�*�22'$ ' � 3'-,
� ��*"2 �//",!'7O D\�"+"+�"1\3&� 3\8-4\�1 "\,-3\!"2 1' �',%\3&"\2&�/"\-1\2'9 "\- $\3&"\2�+/*"E\�43\- $\3&"
%1�',2\6' 3&',\' 3H

K 
$\3&"\3"7341"\'2\ 1 823�**',"E\3"23\3&"\2�+/*"\6' 3&\�\!1 -/\N-,* 8\�\!1 -/HO\-$\!'*43"\	 �*D 
$\3&"\1- )\1 " � 32
6' 3&\	 �*E\*--)\ �1 "$4**8\3-\!" 3"1+',"\6&� 3\"7� 3*8\'2\1" � 3',%\N"D%DE\ "+", 3\�" 36 " ",\%1�',2\- $\04�139
2�,!I\�&"\", 3'1"\2�+/*"\- $\*'+"23-," IOD

K �4�1 39\%1�',2\ -+"\',\+�, 8\ -*-412E\�43\�*6 � 82\&�5"\5' 31" -42\*4231"D
K � "*!2/�1\%1 �',2\�1 "\ -++-,* 8\6&' 3"\-1\/',)\',\ -*-41 E\�,!\',\5 "18\ -�12"R%1�'," !\ *�23' \2" !'+", 3�18

1- )2E\8 -4\+� 8\" 5",\2" "\$"*!2/�1\%1 �',2\�1 -) ",\�*-,%\ *" � 5�%"\/*�,"2D\� "*!2/�1\%1 �',2\3&� 3\&�5"\�" ",
 &"+' �**8\6 " � 3&"1" !\3",!\3-\*--)\ &�*)8\�,!\!4**\N 2""\� '%41"\?D;D>OE\6&' &\ �,\&"*/\8 -4\!'$ $"1", 3'� 3"
3&"+\$1-+\04�1 39\%1�',2D

;D �2',% 8-41 &�,! *",2E  �1 "$4**8 " 7�+'," 2�+/*"2 �;?;E �;@;E �;@<E �,! �;B; $1 -+ 8 -41 � - ) 
' 3 3-  -+/*" 3"
3&"\3��*"\�"*- 6 D\�&"\" 7�+/*"\/1 - 5'!" !\',!' � 3"2\3&"\*"5"*\- $\!" 3�'*\" 7/"  3"!\- $\8-41\-�2"1 5� 3'-,2D

;>? k � ��\?\�7 "1 '2"2



��'
*

&
�

H
�

,�
#(

R
�#

4�
R

J''
K

�
(�

,
!

3R
��0

�&
�

)/
(�

(�
--

�)
,.#

(!
�)

'
*)

-#
.#

)(
R

J!
,�

#(
-R

�(
�

��'
�(

.K
�

)�
%

R
��

'�

�2
�'

*
&

�
:

D
?R<

\+
+

\N
2�

,!O
�

-!
"1

�3
"

�4
�R

1-
4,

!"
!

�
-!

"1
�3

"*
8\

2-
13

"!
@

?e
\0

4�
1

39
E

\=
?e

\1-
 )

$1
�%

+
",

32
E

\ �*
 '

3"
\ 

"+
",

3
�'

3&
' \

�1
",

'
3"

�7
;7

�7
<

7

�7
<

8

�7
>

7



<D\�1"\�**\$-41\2�+/*"2\',\3&"\3��*"\��- 5"\ &"+' �*\-1\!" 31'3�*\N *�23' O\',\-1'%', I\	 - 6\ �,\8 -4\3"**I

=D 
,!' � 3" 6&"1 " -, 3&" !'�%1 �+ " � & - $ 3&" 2�+/*"2 $1 -+ 3&" 3��*" ��- 5" '2 +-23 *') "*8 3- &� 5" $-1+" ! � 8
 -,2'!"1',%\3&"\%1 �',\2'9 "E\1-4,!,"22E\2-1 3',%E\�,!\ -+/-2' 3'-,D

� $"1. �R�

>D 
+�% '," � *�1 %" %1�,' 3" * &/.)( &�2 �" ", 4/*'$ 3"! �,! " 7/-2" ! � 3 3&" 241$� "D 
+�% '," 3&� 3 3&'2 %1�,' 3" '2
3&"\2-41 "\+� 3"1'�*\$-1\2�+/*"2\�;@;\�,!\�;@<D

� O\�'23\3&"\+',"1 �*2\8-4\6 -4*!\" 7/"  3\3-\$',!\',\3&'2\%1 �,' 3"E\�,!\3&"'1 38/' �*\6 " � 3&"1',%\/1-!4 32D

� O 
$ 3&"2" 36 - 2�+/*"2 -1'% ',� 3"! $1-+ 3&" 2�+" 2-41  " +� 3"1'�*E "7/*�', 6&� 3 /1- "22N"2O �1" 1"2/-,2' �*"
$-1\3&"\) " 8\!'$ $"1", "N2O\�"36 " ",\3&"+ I\	 ', 3F\"7�+',"\8 -41\�,26 "12\',\3&"\3��*"\��- 5"D

;>A k � ��\?\�7 "1 '2"2



?D �7�+',"  &"+' �* 2" !'+", 3�18 1- ) 2�+/*"2 �
C;E �<:;E �<;;E �<<;E �< =;E �<?;E �<@;E �<A;E �,! �<B;D 
, 3&"
3��*" �"*- 6 E ,�+" 3&" +',"1 �* �,!  &"+' �* 2" !'+", 3�18 1- )N 2O $1-+ 8 -41 1- ) )' 32 3&�3  -11"2/-,! 3- 3&"
 -+/-2' 3'-, /1 - 5'!" !D �2 8-4 " 7�+'," " � & 1 - ) 2�+/*"E 3&',) ��-43 6&� 3 /&82' �* /1 -/"1 3'"2 3&" +',"1 �*
�,! 3&" 1 - ) &� 5" ',  -++-,D � -4 +� 8 6 �, 3 3- 1" 5'" 6 3&" /& 82' �* /1 -/"1 3'"2 - $ +',"1 �*2 24++�1'9 " ! ',
� ��2\<\�,!\=E\�,!\',\3&" +',"1 �*\'!", 3'$' � 3'-,\3��*"2 D

�)' *)-# .#)( 
 #(�, �&
� �'�

� )�%
��' * &�
H

� )�%R� �'� � #�!()-.#�R�, )*�,.#�-R�)'')(R.)R�)."R� )�%
�(�R
 #(�, �&

�� �� 9

� #� 8

� � �&

���� : F� 8�

�RJ')-.& 3K � M�

@D\�7�+',"\2�+/*"\�<:;D\� &� 3\2&�/"\�1 "\3&"\%1�',2I
AD �&" 2+�** 1 -4,!" ! %1�',2 3&� 3 8-4 2" " �1 "  �**" ! ))#�- E �,! 3&" 3" 7341�* 3"1+ $-1 � 1 - ) 6' 3& --'!2 '2

D
BD\	- 6\!-\8 -4\3&',)\3&"\--'!2\$ -1+" !I

CD\��+"\3&'2\1 - )F
;: D �7�+'," 2�+/*" �<;; N  -04',� OD �--)  *-2"* 8 � 3 3&" *�1%"1 %1�',2D � &� 3 6-4*! �" � +-1 " �//1 -/1'� 3"

3"1+\3&�,\X%1�',2YI

;;D\� &� 3\'2\3&"\+�',\ -+/-,", 3\-$\3&"\1- )I
;<D �-+/�1 " 2�+/*"2 �<;; �,! �<<;D 	 - 6 �1 " 3&"2" 36 - 2�+/*"2 2'+'*�1I 	 - 6 !- 3&" 8 !'$ $"1E �,! &- 6 6 -4*!
8-4\!'23',%4'2&\-,"\$1 -+\3&"\-3&"1I

� ��\?\�7 "1 '2"2 k ;>B



;=D �7�+'," 2�+/*" �< =;D �&'2 '2 � 38/" - $ *'+"23-," ),- 6, �2 �"�&% D 
3 '2  -+/-2" ! +�',* 8 - $ 2&"**8 1"+�',2
- $ +' 1 -2 -/' �,'+�*2D � 1 � 3 & 3&'2 2�+/*" 6' 3& 8-41 $',%"1,�'*D � &8 !-"2 ' 3 2""+ 2- +4 & 2- $3"1 3&�, �
 1 823�*\-$\ �* ' 3"I

;>D �7�+'," 2�+/*" �<?;D �&" �*� )  -*-41 '2 !4" 3- 3&" 5 "18 &'%& -1%�,'  -, 3", 3 -$ 3&" 1- )D �&'2 3 8/" - $
1- )\'2\ -+�423' �*"D\� �+"\3&'2\1 - )F

;?D\	- 6\!-"2\3&'2\3 8/"\- $\2"!'+", 3�18\1- )\$ -1+ I

;@D �7�+'," 2�+/*"2 �<A; �,! �<B;D �&"2" �1 " �-3& " 7�+/*"2 - $�0 �*),# .�- S 3&"8 &� 5" $-1+" ! � 8 /1 "  '/' 3�R
3'-,\- $\ 1823�*2\$1-+\�\2-*43'-,D\
 ,\6&� 3\6� 82\!-\3&"2"\3 6 -\!'$ $"1", 3\2�+/*"2\!'$ $"1I

;AD �34! 8',% 2" !'+", 3�18 1- )2 /1 - 5'!"2 %" -*-%'232 6'3& � 6',!- 6 ', 3- 3&" /�23D � '+/*" -�2"1 5� 3'-,2 ��-43
 -+/-2' 3'-, �,! 3" 7341" - $ � 1- ) 2�+/*"  �, % '5" � %" -*-%'23 '+/-1 3�, 3  *4"2 ��-43 3&" �, '", 3 ", 5'1-,R
+", 3 ', 6&' & � 2" !'+", 3�18 1- ) $ -1+" !D � 2" 8-41 -�2"1 5� 3'-,2 - $ 2"!'+", 3�18 1- ) 2�+/*"2 �;?;E �;@;E
�;B;E �<<; �,! �<B;E �,! 3&" ',$ -1+� 3'-, /1 - 5'!" ! ', �&�/3"1 ?D? 3-  -+/*" 3" 3&" 3��*" �"*- 6 D �-4 2&-4*!
$',! +-1 " 3&�, -," /-22' �*" !"/-2' 3'-,�* ", 5'1-,+", 3 $-1 +-23 2�+/*"2D 
 , &'%&"1 *"5"* %" -*-%8  -412"2E
8-4 6'** *" �1, �!!' 3'-,�* $ " � 341"2 3- -�2"1 5" 3- ,�11 - 6 !- 6, 3&" /-22' �*" !"/-2' 3'-,�* ", 5'1-,+", 32 $-1 �
2�+/*"D

;>C k � ��\?\�7 "1 '2"2
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Summary

�&"\3-/' 2\ - 5"1" !\',\3&'2\ &�/3"1\ �,\�"\24++�1'9 " !\�2\$ -**- 62F

���.#)( � /''�, 3

?D;
� " � 3&"1',%

� - )2\6 " � 3&"1\6&",\3&" 8\�1"\" 7/-2" !\3-\241$� "\ -,!' 3'-,2E\6&' &\',\+-23\ �2"\�1 "\04' 3"\!'$ $"1", 3
$1-+\3&-2"\� 3\6&' &\3&" 8\$-1+" !D\�&"\+�',\/1 - "22"2\- $\+"  &�,' �*\6 " � 3&"1',%\', *4!"\" 7$-*'� 3'-,E
$1" "9 "R3&�6 E\2�*3\ 1823�**'9�3'-,E\�,!\3&"\"$ $"  32\-$\/*�, 3\%1- 63&D\�&"+' �*\6 " � 3&"1',%\3�) "2\/*� "
6&",\+',"1 �*2\6' 3&',\1- )2\�1 "\,-3\23��*"\',\3&"'1\" 7'23',%\", 5'1-,+", 3D\�-+"\- $\3&"\'+/-1 3�, 3
 &"+' �*\6 " � 3&"1',%\/1- "22"2\�1 "\&8!1 -*82'2\-$\2'*' � 3"\+',"1 �*2\3-\$-1+\ *� 8\+',"1 �*2E\-7'!� 3'-,\- $
'1-,\',\2'*' � 3"\�,!\-3&"1\+',"1 �*2\3-\$-1+\'1 -,\- 7'!"\+',"1 �*2E\�,!\!'22-*43'-,\- $\ �* ' 3"D

?D<\�&"
�1 -!4 32\-$
� " � 3&"1',%
�,!\�1 -2'-,

�&"\+�',\/1 -!4 32\-$\6" � 3&"1',%\�,!\"1 -2'-,\�1 "\%1�',2\- $\04�139\N�" � 42"\04�1 39\'2\1"2'23�, 3\3-
 &"+' �*\6 " � 3&"1',%OE\ *�8\+',"1 �*2E\'1-,\- 7'!"\+',"1 �*2E\1- )\$1 �%+", 32E\�,!\�\6'!"\1 �,% "\- $\'-,2\',
2-*43'-,D\� '3&-43\6" � 3&"1',%E\3&"1"\6 -4*!\,-3\�"\2" !'+", 3\�5�'*��*"\3-\" 5", 34�**8\$-1+\2" !'+", 3�18
1- )2H

?D=\�*�23' 
�" !'+", 3�18
� - )2

�" !'+", 3�18\ *�232\�1 "\ *�22'$ '" !\��2" !\-,\3&"'1\2'9 "E\�,!\5 �1'� 3'-,2\',\ *�23\2'9 "\�,!\2&�/"\&� 5"
'+/-1 3�, 3\'+/*' � 3'-,2\$ -1\31�,2/-1 3�3'-,\�,!\!"/-2' 3'-,D\�*�23' \2" !'+", 3�18\1- )2\�1 "\ *�22'$ '" !
��2" !\-,\3&"'1\%1 �',\2'9 "\�,!\ -+/-2' 3'-,D\�*�23\2'9 "E\2-13',%E\ -+/-2' 3'-,E\�,!\2&�/"\�1 "\'+/-1 3�, 3
$" � 341"2\3&�3\�**-6\42\3-\!'$ $"1", 3'� 3"\ *�23' \1 - )2\�,!\4,!"123�,!\3&"\/1 - "22"2\3&�3\3--)\/*� "
!41',%\3&"'1\!"/-2' 3'-,D

?D>\�&"+' �*
�" !'+", 3�18
� - )2

�&"+' �*\2" !'+", 3�18\1- )2\$ -1+\$1-+\'-,2\3&� 3\6"1"\31�,2/-1 3"!\',\2-*43'-,E\�,!\3&",\ -, 5"13"!
', 3-\+',"1 �*2\� 8\�'-*-% ' �*\�,! M-1\ &"+' �*\/1 - "22"2D\�&"\+-23\ -++-,\ &"+' �*\1- )E\*'+"23-,"E
38/' �**8\$-1+2\',\2&�**- 6\31-/' �*\", 5'1-,+", 32E\6&"1"\�'-*-% ' �*\� 3'5'38\'2\�\5 "18\'+/-1 3�, 3\$� 3-1D
� �+"2\- $\*'+"23-,"2\ �,\�"\+-!'$ '" !\6' 3&\3"7341�*\3"1+2\*') "\ 1 823�**',"E\--*' 3' E\-1\$-22'*'$"1-42D
�&"1 3\'2\�\!" "/R- " �,\2" !'+", 3�18\1- )2D\� 5�/-1' 3"2\N1- )\2�*3\�,!\1 - )\% 8/24+ O\$-1+\6&"1 "\3&"
6 � 3"1\-$\*�) "2\�,!\',*�,!\2" �2\�"  -+"2\24/"12� 341� 3"!\!4"\3-\" 5�/-1 � 3'-,D\�-�*\$ -1+2\',\26 �+/2
$1-+\!"  � 8',%\/*�, 3\1"+�',2D

?D?
�"/-2' 3'-,�*
�, 5'1-,+", 32
�,!
�" !'+", 3�18
��2',2

�&"1 "\'2\�\6'!"\1 �,% "\- $\!"/-2' 3'-,�*\", 5'1-,+", 32E\�-3&\-,\*�,!\N% *� '"12E\*�) "2E\1'5"12E\"3 DO\�,!\',
3&"\- " �,\N!"*3�2E\1" "$2E\2&"*5"2E\�,!\3&"\!" "/R- " �,\$ *--1 OD\
,\-1 !"1\3-\�"\/1 "2"1 5" !E\2"!'+", 32\+423
�  4+4*� 3"\',\*-,%R*�23',%\2" !'+", 3�18\��2',2E\+-23\- $\6&' &\$-1+\3&1-4%&\/*� 3"\3" 3-,' \/1 - "22"2D

� ��\?
�7 "1 '2"2

�&"\�"23\6 � 8\3-\*" �1,\1 - )\'!", 3'$' � 3'-,\'2\3-\/1 � 3' "\� 8\" 7�+',',%\3&"\2�+/*"2\',\8 -41\� - )\
' 3\;
�,!\<D\�&"\$ '123\23"/\6&",\" 7�+',',%\�\2" !'+", 3�18\1- )\'2\3-\'!", 3'$8\3&"\3"7341"D\�*�23' 
2"!'+", 3�18\1- )2\&� 5"\ *�23' \3" 7341"2E\�,!\�1 "\ *�22'$ '" !\��2" !\-,\%1 �',\2'9 "E\�,!\$ -1\2�,!23-,"2E
�*2-\� 8\ -+/-2' 3'-,D\�&"+' �*\2" !'+", 3�18\1- )2\�1 "\- $3",\+-,-+',"1 �*' \�,!\�1 "\ *�22'$ '" !\��2" !
-,\ -+/-2' 3'-,D\�&"+' �*\2" !'+", 3�18\1- )2\ �,\&� 5"\�\1 �,% "\- $\3"7341"2\N 1 823�**',"E\ *�23' E
�'- *�23' E\$ -22'*'$"1-42E\--*' 3' E\�,!\�+-1/&-42 OD\
,-6',%\3&"\!'�%,-23' \/1 -/"1 3'"2\- $\3&"\+�',
+',"1 �*2\3&�3\$-1+\ &"+' �*\2" !'+", 3�18\1- )2\6'**\&"*/\8 -4\ -11"  3*8\'!", 3'$8\3&"\1- )D\�423\�2\6' 3&
+',"1 �*\2�+/*"2E\!'$ $"1", 3\2�+/*"2\- $\3&"\2�+"\1 - )\+� 8\,-3\�* 6 � 82\*--)\" 7� 3*8\3&"\2�+"\N"D%DE\3�,
5"1242\�*4"R%1" 8\ 1823�**',"\*'+"23-," OE\�43\3&"8\ �,\�* 6 � 82\�"\'!", 3'$'" !\� 8\ *-2"* 8\" 7�+',',%\3&"
+',"1 �*\ -+/-2' 3'-,\�,!\3" 7341"D
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LAB 6: METAMORPHIC ROCKS AND THE
ROCK CYCLE

Lab Structure

� "  -++",!" !\�!!' 3'-,�*\6 -1 ) � "2\S\1" 5'" 6\1- )\�,!\+',"1 �*\
�\',\/1 "/�1 � 3'-,\$ -1\� "23
<

� " 04'1" !\+� 3"1'�*2 �',"1 �*\
�\)' 3E\�- )\
' 32\;\�,!\<E\&�,!\*",2E\/", '*

���.)$)"R� �%��0$2�/

�$ 3"1\ �1 "$4**8\1" �!',%\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&"\,� 341"\- $\+" 3�+-1/&' \1 - )2\�,!\" 7/*�',\6& 8\" � &\-,"\'2\'+/-1R

3�, 3D

K � "  -%,'9 "\$-*'� 3'-,\�,!\" 7/*�',\3&"\+"  &�,'2+2\$ -1\' 32\$-1+� 3'-,\',\+" 3�+-1/&' \1 - )2D

K �*�22'$ 8\+" 3�+-1/&' \1 - )2\-,\3&"\��2'2\- $\3&"'1\3"7341"\�,!\+',"1 �*\ -, 3", 3E\�,!\" 7/*�',\3&"\-1'% ',2\- $

3&"2"\!'$ $"1", "2D

K �"2 1' �"\3&"\5 �1'-42\2" 33',%2\',\6&' &\+" 3�+-1/&' \1 - )2\�1 "\$-1+" !\�,!\3&"\*',)2\�" 36 " ",\/*� 3"\3" 3-,' 2

�,!\+" 3�+-1/&'2+D

K �"2 1' �"\3&"\1 - )\ 8 *"\�,!\3&"\3 8/"2\- $\/1- "22"2\3&�3\*"�!\3-\3&"\$ -1+� 3'-,\- $\'%,"-42E\2"!'+", 3�18E\�,!

+" 3�+-1/&' \1 - )2D

Key Terms

K � " 3�+-1/&'2+
K � " 3�+-1/&' \%1 �!"
K �" -3&"1+�*\%1�!'", 3
K 
,!" 7\+',"1 �*2
K �1 -3-*' 3&
K � "  1 823�**'9�3'-,

K � -*'� 3'-,
K �*� 38
K � &'23-2"
K �,"'22' 
K ��22'5 "

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



6.1 Metamorphism and Plate Tectonics


 �.�'),* "#-' '2 3&"  &�,% " 3&� 3 3�) "2 /*� " 6' 3&', � �-! 8 - $ 1- ) �2 � 1 "24*3 -$ '3 �"',% 24�("  3"! 3-  -,R
!' 3'-,2 3&� 3 �1" !'$ $"1", 3 $1-+ 3&-2" ', 6&' & ' 3 $-1+" !D 
, +-23  �2"2T�43 ,-3 �**T3&'2 ', 5-*5"2 3&" 1- )
�"',% !" "/* 8 �41'" ! �"," � 3& -3&"1 1- )2E 6&"1 " ' 3 '2 24�("  3"! 3- &'%&"1 3"+/"1 � 341"2 �,! /1 "2241"2 3&�,
3&-2" 4,!"1 6&' & ' 3 $-1+" !D � " 3�+-1/&' 1 - )2 3 8/' �**8 &� 5" !'$ $"1", 3 +',"1 �* �22"+�*�% "2 �,! !'$ $"1", 3
3"7341"2\$1-+\3&"'1\/�1 ", 3\1- )2E\-1 *, ).) &#."- E\�43\3&"8\+� 8\&� 5"\3&"\2�+"\- 5"1�**\ &"+' �*\ -+/-2' 3'-,D

� -23 +" 3�+-1/&'2+ 1 "24*32 $1-+ 3&" �41'�* - $ '%,"-42E 2"!'+", 3�18E -1 /1"R"7'23',% +" 3�+-1/&' 1 - )2
3- 3&" /-', 3 6&"1" 3&"8 " 7/"1'", " !'$ $"1", 3 /1"2241"2 �,! 3"+/"1 � 341"2 3&�, 3&-2" � 3 6&' & 3&" 8 $-1+" !D
� " 3�+-1/&'2+  �, �*2- 3�) " /*� " '$  -*! 1 - ) ," �1 3&" 241$� " '2 ', 314!" ! �,! &" � 3"! � 8 � &-3 '%," -42
�-! 8D �*3&-4%& +-23 +" 3�+-1/&'2+ ', 5-*5"2 3"+/"1 � 341"2 ��- 5" ;?:h�E 2-+" +" 3�+-1/&'2+ 3�) "2 /*� "
� 3\3"+/"1 � 341"2\*- 6 "1\3&�,\3&-2"\� 3\6&' &\3&"\/�1 ", 3\1- )\$ -1+" !D

�&"\+�',\$� 3-12\3&�3\ -, 31-*\+" 3�+-1/&' \/1 - "22"2\�1 "F

K 3&"\+',"1 �*\ -+/-2' 3'-,\- $\3&"\/1-3-*' 3&E
K 3&"\3"+/"1 � 341"\� 3\6&' &\+" 3�+-1/&'2+\3�) "2\/*� "E
K 3&"\�+-4, 3\�,!\3 8/"\- $\/1"2241"\!41',%\+" 3�+-1/&'2+E
K 3&"\38/"2\- $\$*4'!2\N+-23* 8\6 � 3"1O\3&�3\�1"\/1 "2", 3\!41',%\+" 3�+-1/&'2+E\�,!
K 3&"\�+-4, 3\-$\3'+"\� 5�'*��*"\$ -1\+" 3�+-1/&'2+D

Protolith

�&" /1 -3-*' 3&E -1 V/�1 ", 3 1- )WE '2 3&" 1- ) 3&� 3 "7'232 �"$-1" +" 3�+-1/&'2+ 23�1 32D �"!'+", 3�18 -1 '%," -42
1- )2  �, �"  -,2'!"1 " ! 3&" /�1 ", 3 1- )2 $ -1 +" 3�+-1/&' 1 - )2D �*3&-4%& �, " 7'23',% +" 3�+-1/&' 1 - )
 �, �" $41 3&"1 +" 3�+-1/&-2" ! -1 1 "R+" 3�+-1/&-2" !E +" 3�+-1/&' 1 - ) !-"2, Y3 ,-1+�**8 04�*'$8 �2 � V /�1R
", 3 1- )WD� -1 " 7�+/*"E '$ � +4!23-," '2 +" 3�+-1/&-2" ! 3- 2*� 3" �,! 3&", �41'" ! !" "/"1 6&"1 " ' 3 '2 +" 3�R
+-1/&-2" ! 3- %,"'22E 3&" /�1 ", 3 1- ) - $ 3&" %,"'22 '2 +4!23-,"E ,-3 2*� 3"D �&"  1' 3' �* $" � 341" - $ 3&" /�1 ", 3
1- ) '2 ' 32 +',"1 �*  -+/-2' 3'-, �"  � 42" ' 3 '2 3&" 23��'*' 38 - $ +',"1 �*2 3&�3  -4, 32 6&", +" 3�+-1/&'2+ 3�) "2
/*� "D 
, -3&"1 6 -1 !2E 6&", � 1 - ) '2 24�("  3"! 3- ', 1 " �2" ! 3"+/"1 � 341"2E  "13�', +',"1 �*2 +� 8 �"  -+"
4,23��*"\�,!\23�1 3\3-\1"  1 823�**'9"\', 3-\," 6\+',"1 �*2E\6&'*"\1"+�',',%\',\�\2-*'!\23� 3"D

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



� $"1. �R=A8A8CR�#�R0�(,�.�01. �R�)�R,. �//1. �R/0��$'$05R!$�'�/R*!
0#�R0#.��R,*' 5(*.,#/R*!R� '<�$� ? H�.�//1. �R$/R�-1$2�'�)0R0*
��,0# IAR�5�)$0�R$/R/0��'�R�0R'*3R0*R(*��. �0�R0�(,�. �01. �/R�)�
'*3R0*R#$"#R,.�//1. �/BR�)��'1/$0�R�0R(*��. �0�R0�(,�. �01. �/
�)�R'*3R,. �//1. �/BR�)�R/$''$(�)$0�R�0R#$"#�.R0�(,�. �01. �/AI

Temperature

�&" 3"+/"1 � 341" 3&� 3 3&" 1- ) '2 24�("  3"! 3- '2 �
) " 8 5�1'��*" ',  -, 31-**',% 3&" 38/" - $ +" 3�+-1R
/&'2+ 3&� 3 3�) "2 /*� "D �2 6 " *" �1," ! ', 3&"  -, 3"73
- $ '%,"-42 1- )2E +',"1 �* 23��'*' 38 '2 � $4, 3'-, - $
3"+/"1 � 341"E /1"2241"E �,! 3&" /1 "2", " - $ $*4'!2
N"2/"  '�** 8 6 � 3"1OD �** +',"1�*2 �1 " 23��*" - 5"1 � 2/"R
 '$ ' 1 �,% " - $ 3"+/"1 � 341"2D �-1 " 7�+/*"E 04�1 39 '2
23��*" $1-+ ", 5'1-,+", 3�* 3"+/"1 � 341"2 N6&� 3"5"1
3&" 6 " � 3&"1  �, 3&1 - 6 � 3 '3O �** 3&" 6� 8 4/ 3- ��-43
;B::h�D 
 $ 3&" /1"2241" '2 &'%&"1E 3&�3 4//"1 *'+' 3
6'** �" " 5", &'% &"1D 
$ 3&"1" '2 6 � 3"1 /1"2", 3E '3 6'**
�" *- 6 "1D �, 3&" -3&"1 &�,!E +-23  *� 8 +',"1 �*2 �1 "
-,* 8 23��*" 4/ 3- ��-43 ;?:h -1 <::h�G ��- 5" 3&� 3E
3&"8 31�,2$ -1+ ', 3- '#��- D � -23 $"*!2/�12 �1 " 23��*"
4/ 3- �" 36 " ", ;:::h� �,! ;<::h�D � -23 -3&"1
 -++-, +',"1 �*2 &� 5" 4//"1 *'+' 32 �" 36 " ", ;?:h�
�,!\;:::h�D

�-+" +',"1 �*2 6'**  1 823�**'9" ', 3- !'$ $"1", 3*) &3L
'),* "- N2�+"  -+/-2' 3'-,E �43 !'$ $"1", 3  182R
3�**'," 2314 341" O !"/",!',% -, 3&" 3"+/"1 � 341" �,! /1 "2241"D �&" +',"1 �*2 )8�,' 3"E �,!�*42' 3"E �,!
2'**'+�,' 3" �1 " /-* 8+-1/&2 6' 3& 3&"  -+/-2' 3'-, �* <� ' � ?D �&"8 �1" 23��*" � 3 !'$$"1", 3 /1"2241"2 �,! 3"+/"1R
� 341"2E �,!E �2 6 " 6'** 2" " *� 3"1E 3&"8 �1" '+/-1 3�, 3 ',!' � 3-12 -$ 3&" /1"2241"2 �,! 3"+/"1 � 341"2 3&�3 "7'23"!
!41',%\3&"\$-1+� 3'-,\- $\+" 3�+-1/&' \1 - )2\N� '%41"\@D;D;OD

Pressure

�1 "2241" '2 '+/-1 3�, 3 ', +" 3�+-1/&' /1 - "22"2 $-1 36 - +�', 1 " �2-,2D � '123E '3 &�2 '+/*' � 3'-,2 $ -1 +',"1 �*
23��'*' 38 N�'%41" @D;D;OD �" -,!E ' 3 &�2 '+/*' � 3'-,2 $ -1 3&" 3"7341" - $ +" 3�+-1/&' 1 - )2D � - )2 3&� 3 �1" 24�R
(" 3"! 3- 5 "18 &'%&  -,$ ',',% /1 "2241"2 �1 " 38/' �**8 !",2"1 3&�, -3&"12 �"  � 42" 3&" +',"1 �* %1�',2 �1 "
204" "9 " ! 3-%" 3&"1 N�'%41" @D;D<�OE �,! �*2- �"  � 42" 3&"8 +� 8  -, 3�', +',"1 �*2 3&�3 &�5" %1" � 3"1 !",2' 38
�"  � 42"\3&"\� 3-+2\�1 "\+-1 "\ *-2"* 8\/� ) " !D

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



� $"1. �R=A8A9CR�)R$''1/0.�0$*)R*!R�$!!�. �)0R05,�/R*!R,.�//1. �
*)R. *�&/ARH�IR�*)! $)$)"R,. �//1. �BR3#�.�R0#�R,.�//1. �R$/
�//�)0$�'' 5R�-1�'R$)R�''R�$.��0$*)/BRH� IR�$.��0��R,. �//1. �B
3#�. �R0#�R,.�//1. �R!*.(R0#�R/$��/R$/R".��0�.R0#�)R0#�0
!. *(R0#�R0*,R�)�R�*00*(BR�)�RH� IR/#��.R/0.�//R��1/��R�5
�$!! �. �)0R�'*�&/R*!R.*�&R��$)"R,1/#��R$)R�$!! �. �)0
�$. ��0$*)/ARH	)R�R�)�R�R0#�. �R$/R�'/*R,.�//1. �R$)R�)�R*10
*!R0#�R,�"�AI

�"  � 42" - $ /*� 3" 3" 3-,' 2E /1 "2241"2 6' 3&', 3&"  1423
�1 " 38/' �**8 ,-3 �//*'" ! " 04�**8 ', �** !'1 "  3'-,2D 
, �1 " �2
- $ /*� 3"  -, 5"1%", "E $-1 " 7�+/*"E 3&" /1 "2241" ', -,"
!'1 "  3'-, N/"1/",!' 4*�1 3- 3&" !'1 "  3'-, - $  -, 5"1%", " O
'2 38/' �**8 %1" � 3"1 3&�, ', 3&" -3&"1 !'1 "  3'-,2 N� '%41"
@D;D<�OD 
, 2' 34�3'-,2 6&"1 " !'$ $"1", 3 �*- )2 - $ 3&"  1423
�1 " �"',% /42&" ! ', !'$ $"1", 3 !'1"  3'-,2E 3&" 1- )2 6'**
*') "*8\�"\24�("  3"!\3-\2&" �1\231"22\N�'%41"\@D;D< OD

�," - $ 3&" 1"24*32 -$ !'1"  3"! /1 "2241" �,! 2&" �1
231"22 '2 3&�3 1- )2 �"  -+"  ) &#�.�� T+" �,',% 3&� 3 3&"8Y**
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Lab 6 Exercises

Part I: Metamorphic Rocks
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LAB 7: RELATIVE DATING AND
GEOLOGICAL TIME
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7.1 The Geological Time Scale
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7.2 Relative Dating Methods
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LAB 8: MAPPING FLUVIAL LANDSCAPES

Lab Structure
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8.1 Stream Erosion and Deposition
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� %1" � 3"1 5"*- ' 38 3- �" "1 -!" ! 3&�, � %1 �', - $ 2�,!
3&�3 '2 ;:: 3'+"2 *�1 %"1H �-1  *� 8R2'9" ! /�1 3' *"2E 3&"
!'2 1 "/�, 8 '2 " 5", %1" � 3"1D 
, � 231 " �+E 3&" +-23
" �2'* 8 "1-!" ! /�1 3' *"2 �1 " 2+�** 2�,! %1 �',2
�" 36 " ", : D< ++ �,! : D? ++D �, 83&',% 2+�**"1 -1
*�1%"1 1" 04'1"2 � &'%&"1 6 � 3"1 5"*- ' 38 3- �" "1 -!" !
�,! ", 31�'," ! ', 3&" $ *-6 D �&" +�', 1 " �2-, $ -1 3&'2
'2 3&�3 2+�** /�1 3' *"2E �,! "2/"  '�** 8 3&" 3', 8 %1�',2
- $  *� 8E &�5" � 231-,% 3",!", 8 3- 23' ) 3-%" 3&"1E
�,!\2-\�1 "\!'$ $' 4*3\3-\"1 -!"\$1 -+\3&"\231" �+\�" !D


3 '2 '+/-1 3�, 3 3- �" � 6 �1 " 3&� 3 � 231" �+  �, �-3&
"1-!" �,! !"/-2' 3 2"!'+", 32 �3 3&" 2�+" 3'+"D � 3
;::  + M2E $-1 " 7�+/*"E 2'*3E 2�,!E �,! +" !'4+
%1� 5"* 6'** �" "1 -!" ! $1-+ 3&" 231" �+ �" ! �,! 31 �,2/-1 3"! ', 242/",2'-,E  -�12" %1� 5"* 6'** �" &"*! ', 242R
/",2'-,E /"��*"2 6'** �" �-3& 31 �,2/-1 3"! �,! !"/-2' 3"!E �,!  -��*"2 �,! �-4*!"12 6'** 1 "+�', 23� 3'-,�1 8
-,\3&"\231" �+\�" !D

<:= k BD;\�31" �+\�1 -2'-,\�,!\�"/-2' 3'-,



� $"1. �R?A8A;CR�#�R��2�'*,(�)0R*!R)�01. �'R'�2 �/R�1.$)"
! '**�$)"R*!R�R/0. ��(AR�#�R/��$(�)0/R*!R0#�R'�2 �R���*(�
$)�. ��/$)"' 5R!$)�R�3�5R!. *(R0#�R/0.��(R�#�))�'BR�)�R�2�)
!$)�.R/��$(�)0/RNR�'�5BR/$'0BR�)�R!$)�R/�)�RNR�. �R��,*/$0��
��. *//R(*/0R*!R0#�R!'**�R,'�$)A

�. ��0$��R�4 �. �$/�R?A8CR�)��./0�)�$)"R0#�R�%1'/0. +(L�1)��*."R�$�". �(

� "$"1\3-\3&"\	 (4*231.+R� 4,!�-1 %\!'�%1�+\N� '%41"\BD;D=O\3-\�,26 "1\3&"2"\04"23'-,2D

;D �\$ ',"\2�,!\%1 �',\N : D;\+'**'+" 31"2O\'2\1"23',%\-,\3&"\�-3 3-+\- $\�\231" �+\�" !D

;D � &� 3\231" �+\5 "*- ' 38\6'**\' 3\3�) "\3-\%" 3\3&�3\2�,!\%1 �',\', 3-\242/",2'-, I

<D �, "\3&"\/�1 3' *"\'2\',\242/",2'-,E\3&"\5 "*- ' 38\23�132\3-\!1-/D\� 3\6&� 3\5"*- ' 38\6'**\' 3\$',�** 8\ -+"

�� )\3-\1 "23\-,\3&"\231" �+\�" !I

<D �\231" �+\'2\$ *-6',%\� 3\;:\ ", 3'+" 31"2\/"1\2"  -,!\N 6&' &\+" �,2\' 3\3�) "2\;:\2"  -,!2\3-\% -\;\+" 31"2E\�,!\3&� 3Y2

/1 " 338\2*-6 OD

;D � &� 3\2'9"\- $\/�1 3' *"2\ �,\�"\"1 -!" !\� 3\;:\ ", 3'+" 31"2\/"1\2"  -,!I

<D � &� 3\'2\3&"\*�1%"23\/�1 3' *"\3&� 3E\-, "\�*1 " �! 8\',\242/",2'-,E\6'**\1 "+�',\',\242/",2'-,\� 3\;:\ ", 3'+"R

31"2\/"1\2"  -,!I

�" "\�//",!'7\<\$ -1 �1 � 3' "\�7 "1 '2"\BD;\�,26 "12D

� 231" �+ 3 8/' �**8 1" � &"2 ' 32 %1" � 3"23 5"*- ' 38
6&", ' 3 '2  *-2" 3- $ *--!',% - 5"1 ' 32 ��,)2D �&'2 '2
),- 6, �2 3&" ��,) R$4** 23�%"E �2 2&-6, ', � '%41"
BD;D>D �2 2--, �2 3&" $*--!',% 231 " �+ - 5"13-/2 ' 32
��,)2 �,! -  4/'"2 3&" 6'!" �1 " � - $ '32 $*--! /*�',E
3&" 6 � 3"1 &�2 � +4 & *�1 %"1 �1 " � 3- $ *-6 3&1-4%&
�,! 3&" 5 "*- ' 38 !1 -/2 2'%,'$ ' �, 3*8D �3 3&'2 /-', 3E
2"!'+", 3 3&�3 6�2 �"',%  �11'" ! � 8 3&" &'%&R5"*- R
'38 6 � 3"1 '2 !"/-2' 3"! ," �1 3&" " !%" - $ 3&"  &�,,"*E
$-1+',%\�\,� 341�*\��,)\-1 &�0�� D

Image Descriptions

� #!/, � >A7A7 #'�! � ��-�,#*.#)(C � &", � 231 " �+
 41 5"2E 3&" $*-6 - $ 6� 3"1 '2 $�23"23 -, 3&" -432'!" - $
3&"  415" �,! 2*- 6 "23 -, 3&" ',2'!" - $ 3&"  415"D
� &", 3&" 231" �+ '2 231 �'%&3 �,! � 4,'$ -1+ !"/3&E
3&" 231" �+ $ *-62 $�23"23 ', 3&" +'!!*" ," �1 3&" 3-/
�,! 2*- 6 "23 �*-,% 3&" " !%"2D � &", 3&" !"/3& '2 ,-3
4,'$ -1+E\3&"\231" �+\$ *-62\$�23"23\',\3&"\!" "/"1\2"  3'-,D P�" 341,\3-\� '%41"\BD;D;Q

� #!/, �R>A7A9R#'�!�R��-�,#*.#)(C

K �1 -2'-,\5 "*- ' 38\ 415"F\�\: D::;\+'**'+" 31"\/�1 3' *"\6 -4*!\"1 -!"\� 3\�\$*-6\5 "*- ' 38\- $\?::\ ", 3'+" 31"2

BD;\�31" �+\�1 -2'-,\�,!\�"/-2' 3'-, k <:>



/"1\2"  -,!\-1\%1 " � 3"1D\�2\3&"\/�1 3' *"\2'9 "\%" 32\*�1%"1E\3&"\+','+4+\$ *-6\5 "*- ' 38\," " !" !\3-\"1 -!"\3&"
/�1 3' *"\!"  1 " �2"2E\6' 3&\3&"\*-6 "23\$*-6\5 "*- ' 38\�"',%\=:\ ", 3'+" 31"2\/"1\2"  -,!\3-\"1 -!"\�\: D?\+'*R
*'+" 31"\/�1 3' *"D\�-\"1 -!"\/�1 3' *"2\*�1 %"1\3&�,\: D?\+'**'+" 31"2E\3&"\+','+4+\$ *-6\5 "*- ' 38\1'2"2\�%�',D

K �" 33*',%\5"*- ' 38\ 415"F\�\: D:;\+'**'+" 31"\/�1 3' *"\6 -4*!\�"\!"/-2' 3"!\6' 3&\�\$*-6\5 "*- ' 38\- $\:D;\ ",R
3'+" 31"\/"1\2"  -,!\-1\*"22D\�2\3&"\$ *-6\5 "*- ' 38\', 1 " �2"2E\-,* 8\*�1%"1\�,!\*�1 %"1\/�1 3' *"2\6'**\�"
!"/-2' 3"!D

K � �1 3' *"2\�" 36 " ",\3&"2"\3 6 -\ 41 5"2\N"' 3&"1\+- 5',%\3--\2*- 6\-1\�"',%\3--\2+�**\3-\�"\"1 -!" !\-1
!"/-2' 3"!O\6'**\�"\31 �,2/-1 3"!\',\3&"\231 " �+D

P�" 341,\3-\� '%41"\BD;D=Q

Media Attributions

K � '%41"\BD;D;E\BD;D<E\BD;D=E\BD;D>F\g\�3"5",\��1 *"D\��\� � D

<:? k BD;\�31" �+\�1 -2'-,\�,!\�"/-2' 3'-,



� $"1. �R?A9A8CR�#�R��/����R��''/R�. ��R*!R0#�R��00'�
�$2�.BR)��.R�#.$/0$)�R��& �BR�A�AR�#$/R/0.��(
�10/R�R���,R)�.. *3R�#�))�'R0#. *1"#R0#�
���. *�&

� $"1. �R?A9A9CR���R�$2�.R$)R��& �R�'�. &R��0$*)�'R� �. &B
� '�/&�BR$/R�)R�4�(,'�R*!R�R/��$(�)0L'���)R�. �$���
/0. ��(AR�#$/R�. �$���R/0. ��(R0. �)/,*.0/R"'��$*! '12$�'
/��$(�)0/R!. *(R0#�R� ��R�'��$�.BR�)R�',$)�R"'��$�.
!*.(��R*)R	 '$�()�R� *'��)*RH#$"#�/0R,��&R0*R0#�R'�!0R*!
0#�R/0.��( IBR0*R�**&R	)'�0A

8.2 Stream Types

� 31" �+  &�,,"*2  �, �" 231 �'%&3 -1  41 5" !E !" "/ �,! 2*- 6 E -1 1�/'! �,!  &-) " ! 6' 3&  -�12" 2" !'+", 32D �&"
 8 *" - $ "1-2'-, &�2 2-+" ',$ *4", " -, 3&" ,� 341" - $ � 231" �+E �43 3&"1 " �1 " 2" 5"1�* -3&"1 $� 3-12 3&�3 �1"
'+/-1 3�, 3 ', *4!',% %1 �!'", 3E !'2 &�1%"E �,! 2" !'+", 3 *-�!D � $ " 6 ) " 8 38/"2 - $ 231" �+2 �1 " !"2 1' �" ! �"*- 6 D

� )/ ." /& -., ��'- 3&�3 �1" � 3'5"*8 !- 6,R 43 3',% 3&"'1  &�,R
,"*2 3",! 3- �" 1 "*� 3'5"*8 231�'%&3 �,! �1 " 38/' �**8 4,%1�!" !
N+" �,',% 3&� 3 1�/'!2 �,! $�**2 �1 "  -++-, OD �&"8 �*2- &� 5"
23""/ %1�!'", 32 �,! 23" "/ �,! ,�11 - 6 � R2&�/" ! 5 �**" 82T',
2-+"\ �2"2\23" "/\",-4% &\3-\�"\ �**" !\ �, 8-,2D


, +-4, 3�',-42 3"11 �',E 24 & �2 3&� 3 ', 6 "23"1, �* �"1 3� �,!
�D�DE 23""/ 8 -43&$4* 231" �+2 3 8/' �**8 $*-6 ', 3- 6'!" �,! 1 "*�R
3'5"*8 *-6 R%1�!'", 3 � R2&�/" ! %*� '� 3"! 5 �**" 82D �&" 8-43&$4*
231" �+2 &� 5" &'%& 2"!'+", 3 *-�!2E �,! 6&", 3&" 8 $*-6 ', 3- 3&"
*-6 "1R%1�!'", 3 %*� '�* 5 �**" 82 6&"1" 3&" 5"*- ' 38 '2, Y3 &'%&
",-4% & 3-  �118 �** - $ 3&" 2"!'+", 3�, �#��� /� 33"1,2 !" 5"*-/E
 &�1 � 3"1'9" ! � 8 � 2"1'"2 - $ ,�11- 6  &�,,"*2 2"/�1 � 3"! � 8
%1� 5"*\��12D

� 1�'!" !
231" �+2  �,
!" 5"*-/ �, 8R
6&"1 " 3&"1"
'2 +-1 " 2" !'R
+", 3 3&�, �
231" �+ '2
��*" 3-
31�,2/-1 3D �," 24 & ", 5'1-,+", 3 '2 ', +-4, 3�',-42
�1 " �2E 6&"1" 231" �+2  �118 ! &��#)  &/0#�& -��#'�( .- $1-+
�*/'," % *� '"12 N�'%41" BD<D<OD �,-3&"1 24 & ",5'1-,+", 3
'2 ', 5 -* �,' 1 "%'-,2E 6&"1 " " 7/*-2'5 " "14/3'-,2 /1 -!4 "
*�1%" �+-4, 32 -$ 4, -,2-*'!� 3"! +� 3"1'�* 3&� 3 %" 32
6 �2&" ! ', 3- 231" �+2D � 31" �+2 ', 3&" 5 -* �,' � 3D �" �%"1
�1 " � - $ 2-43&6 "23"1, � 1'3'2& �-*4+�'� �1 " %--! " 7�+R
/*"2\- $\3&'2D

� '��(��,#(! 231" �+ 3&� 3 -  4/'"2 � 6'!"E $ *� 3  &))�
* &�#( 6' 3& � *- 6 %1�!'", 3 38/' �**8  �11'"2 -,* 8 2�,!R

2'9" ! �,! $ ',"1 2" !'+", 32 �,! !" 5"*-/2 � 2',4-42 $ *-6 /� 33"1,D �2 8-4 2� 6 ', � '%41" BD;D;E 6&", � 231" �+
$*-62 �1 -4,! �  -1,"1 E 3&" 6� 3"1 -, 3&" -432'!" &�2 $�1 3&"1 3- %- �,! 3",!2 3- $ *-6 $�23"1D �&'2 *"�!2 3-
"1-2'-, - $ 3&"�/ . ��(%- -, 3&" -432'!" - $ 3&"  415"E !"/-2' 3'-, -, 3&" ',2'!"E �,! $ -1+� 3'-, - $ � *)#( . ��,
N�'%41" BD<D=OD�5 "1 3'+"E 3&" 2',4-2' 38 - $ 3&" 231" �+ �"  -+"2 ', 1 " �2',% *8 " 7�%%"1� 3"!E �,! 3&"  &�,,"*
+'%1� 3"2 �1-4,! 6' 3&', ' 32 $*--! /*�',E $ -1+',% � +" �,!"1',% /� 33"1,D�2 /-', 3 ��12 !" 5"*-/ - 5"1 3'+"E 3&"'1
241$� "2 $-1+ 1'!% "2  �**" ! -�, ) && ��,- A�&"1 " '2 " 5", " 5'!", " - $ 3&"2" 2 1-** ��12 �,! +" �,!"1',%  &�,,"*2
-,\��12\N� '%41"\BD<D>OH

BD<\�31" �+\�8/"2 k <:@



� $"1. �R?A9A:CR�#�R�*)!'1�)��R*!R0#�R� '�0)�R�)�R� *51&1&
�$2�. /R)��.R0#�R3�/0�.)R�*. ��.R*!R0#�R��)10$R� �0$*)�'
� $'�'$!�R� �!1"�R$)R� '�/&�AR�*0#R.$2�./R,$�01.��R�. �
� 4�(,'�/R*!R(��)��.$)"R/0. ��(/BR3$0#R/$)1*1/
�#�))�'/BR��,*/$0$*)R*!R/��$(�)0R*)R,*$)0R��. /BR�)�
�. */$*)R�'*)"R0#�R�10R��)&/AR� *0$��R0#�R)�.. *3R)��&
/�,�. �0$)"R0#�R�#�))�'R$)R0#�R!*. �". *1)�AR� #�)R0#$/
)��&R$/R�2�)01�'' 5R�.*���R�3�5BR0#�R(��)��.R$)R0#�
!*. �". *1)�R3$''R��R���)�*)��R�)�R3$''R�. ��0�R�)R* 4�*3
'�& �AJ	(�"�R��/�.$,0$*) K

� 6 "**R!" 5"*-/" ! +" �,!"1',% 1'5 "1 '2 2&- 6, ', � '%41"
BD<D=D �&" +"�,!"1 ', 3&" +'!!*" - $ 3&" /&-3- &�2
1" � &" ! 3&" /-', 3 6&"1" 3&" 3&', ,"  ) - $ *�,! �" 36 " ",
36 - /�1 32 -$ 3&"  &�,,"* '2 ��-43 3- �" "1 -!" ! 3&1-4%&D
� &", 3&'2 &�//",2E �, ) 2�) 1 *�) " 6'** $-1+D � &", �,
- 7�- 6 *�) " !1'"2 4/E ' 3 *"� 5"2 �"&',! �  41 5" ! '��(��,
-��, $'**"!\6' 3&\+4!! 8\2"!'+", 3D

� 3 3&" /-', 3 6&"1" � 231" �+ ", 3"12 � 23'** �-! 8 - $
6 � 3"1T� *�) " -1 3&" - " �,T2" !'+", 3 '2 !"/-2' 3"! �,! �
!"*3� $ -1+2D �&" � 1�2"1 �'5 "1 &�2  1 " � 3"! � *�1 %" !"*3�E
6&' & " 73",!2 -43 ', 3- 3&" � 31�' 3 -$ �" -1%'� N� '%41"
BD<D?OD �4 & -$ 3&" �1�2"1 !"*3� '2 5 "18 8-4,% ', % " -*-%'R
 �* 3"1+2D �&-1 3*8 �$3"1 3&" ",! - $ 3&" *�23 %*� '� 3'-,
N;:E::: 8 " �12 �%- OE 3&" !"*3� !'! ,-3 " 73",! /�23 � " 6
� "23+',23"1 D �', " 3&� 3 3'+"E �** -$ 3&" *�,! 3&� 3 +�) "2
4/ �' &+-,!E �"*3�E �,! /�1 32 -$ � " 6 � "23+',23"1 �,!
2-43& � 411" 8 &�2 $-1+" ! $1-+ 2" !'+", 3 $1-+ 3&" � 1�2"1
�'5 "1D

� $"1. �R?A9A;CR�R/$)1*1/R�#�))�'R$)R0#�R��*'$/R�'�)1(R. �"$*)R*!R
 �. /R0�&�)
�5R0#�R�$�	��R��(�. �R*)R0#�R
�. /R���*))�$//�)��R�.�$0�. AR�'1�R�..*3
$)�$��0�/R0#�R/$)1*1/R�#�))�' L'$&�R!*.(BR�)�R*. �)"�R�.. *3/R$)�$��0�R�. ��/
3$0#R/�.*''R��. /RH�1.2��R.$�"�/ IA

<: A k BD<\�31" �+\�8/"2



� $"1. �R?A9A<CR�#�R��'0�R*!R0#�R�.�/�.R�$2�.R�)�R0#�R,'1(�R*!R/1/,�)���R/��$(�)0R0#�0R� 40�)�/R��. *//R0#�R�0.�$0R*!
��*."$�R$)R�.$0$/#R�*'1(�$�AR�#�R'�)�R*10'$)��R$)R. ��R#�/R!*.(��R*2�.R0#�R,�/0R87B777R5��. /A

Image Descriptions

� #!/, � >A8A9 #'�! � ��-�,#*.#)(C � /�1 3 -$ 3&" �*� 3,� �'5 "1 ," �1 ' 32  -,$ *4", " 6' 3& 3&" 
 - 84)4) �'5 "1 &�2
 41 5" ! �1 -4,! 2- 2&�1/* 8 3&�3 '3 �*+-23 $-1+2 �  '1  *" �"$ -1"  41 5',% 3&" -3&"1 6 � 8 �%�',D � 5", 34�**8E �2 3&"
��11'"1 �" 36 " ", 3&"2" 3 6 - /�1 32 -$ 3&"  &�,,"* "1 -!"2E 3&" 8 6'** �" (-'," ! �,! $ -1+ �, - 7�- 6 *�) "DP�" 341,
3-\� '%41"\BD<D=Q

Media Attributions

K � '%41"\BD<D;F\g\�3"5",\��1 *"D\��\� � D
K � '%41"\BD<D<F� 1�'!" !\�'5 "12\� �) "\�*�1 )\� � 3'-,�*\� �1 ) � 8\
D\�" 6 �,!- 62)'\N���OD\� �) ",\�4,"\<:;A D\�4�*' 

!-+�',D
K � '%41"\BD<D=F�*� 3,�\�,!\
 - 84)4)\�'5 "1\ -,$ *4", "\," �1\�**�)�) " 3� 8\� 3"5"\	 '**"�1 �,!\N�����OD\� �) ",

�4%423\<::@D\�4�*' \!-+�',D
K � '%41"\BD<D>F� �1 !�,%2\�,!\�'!% "2\- $\3&"\�!%"\- $\�" -*'2\� *�,4+ � 8\����M�� � M�,'5 "12'38\- $\�1'9-,�D

� �) ",\�"  "+�"1\<:: AD\�4�*' \!-+�',D
K � '%41"\BD<D?F�"*3�\- $\3&"\�1�2"1\�'5 "1 � 8\����D\� �) ",\�"/3"+�"1\<:;;D\�!�/3" !\� 8\� 3"5",\��1 *"D\�4�*' 

!-+�',D

BD<\�31" �+\�8/"2 k <:B



� $"1. �R?A:A8CR�)R�4�(,'�R*!R�R/��'�R��.BR*.
". �,#$�R/��'�A

8.3 What Makes a Map?

�&" /41/-2" - $ � +�/ '2 ,-3 *'+' 3"! 3- ,� 5'%�3'-,D ��/2 �1 " 42" ! ', 3&" % " -2 '", "2 3- 2&- 6 !� 3� -1 ',$ -1R
+� 3'-, ', � 2/� 3'�*  -, 3"73D ��/2 �1 " 42" ! 3-  -, 5" 8 ',$ -1+� 3'-, ��-43 6&"1 " -�2"1 5� 3'-,2 6 "1" 1"  -1 !" !
', 3&" $ '"*!E -1 3- 2&- 6 � % " -*-%'23Y2 ', 3"1/1" 3�3'-,2 - $ 3&" +� 3"1'�*2 " 7/-2" ! -1 !"/-2' 3"! -, 3&" ��1 3&Y2 241R
$� "D �" -*-%'232 -$3", 42" 3-/-%1 �/&' +�/2 �2 � ��2" -, 6&' & 3- !'2/*� 8 3&" %" -*-%' �* ',$ -1+� 3'-, -1 !� 3�
3&"8 6'2& 3- 2&�1 "D� 3-/-%1 �/&' +�/ '2 � %1 �/&' 3 6 -R!'+",2'-,�* 1 "/1 "2", 3�3'-, - $ 3&" 3&1" "R!'+",R
2'-,�*\241$� "\- $\3&"\��1 3&D\�&"\$" � 341"2\2&- 6,\-,\�\3-/-%1 �/&' \+�/\+� 8\�"\!'5'!" !\', 3-\3&1" "\%1-4/2F

K � "*'"$\S\&'**2E\5�**" 82E\+-4, 3�',2E\�,!\/*�',2
K � � 3"1\$" � 341"2\S\*�) "2E\/-,!2E\1'5 "12E\ �,�*2E\26 �+/2E\�,!\231 " �+2
K �4*341�*\$" � 341"2\S\1-�!2E\1 �'* 6 � 82E\�4'*!',%2E\�,!\*�,!\�-4,!�1'"2

� -4 6 "1" ', 31-!4 " ! 3- 2-+" '+/-1 3�, 3  -, "/32 ��-43 +�/2 ', 3&" �--% *" ��1 3& �43-1'�* �,! � �� ; �7 "1R
 '2"2 D �-4 *" �1," ! 3&� 3 �** +�/2 �1 " !1 � 6, 3- 2 �*"G 3&�3 '2E � !"2'%,� 3"! !'23�, " -, 3&" +�/ '2 " 04�* 3- �
 -11"2/-,!',% 1 " �* !'23�, " -, 3&" � 34�* 241$� " - $ 3&" ��1 3&D �-4 �*2- *" �1," ! 3&� 3 *- � 3'-,2 -, +�/2 �1 "
2/"  '$ '" ! 42',% !,#� -3-.�'- 3&�3 +'%&3 ', *4!" 3&" ! �)!, �* "#� -1 ��
 2823"+2D �&'2 *�� 6'** �4'*! 4/-,
3&-2"  -, "/32 3- %'5" 8 -4 � !" "/"1 4,!"123�,!',% - $ 6&� 3 "*"+", 32 +�) " � +�/ �,! 6&� 3 ',$-1+� 3'-, 8 -4
 �,\ -, 5" 8\',\�\+�/D

Map scale

��/ 2 �*" 1 "$"12 3- 3&" $'7" ! 1 � 3'- �" 36 " ", 3&" !'23�, " 8 -4 +" �241" -, � +�/ N -1 ', 2� 3"**'3" '+�% "18 -1
�'1 /&-3-2 O �,! 3&" � 34�* !'23�, " -, 3&" %1 -4,!E ', 3&" 1 " �* 6 -1*!D �-4 6 "1" ', 31-!4 " ! 3- 3&"  -, "/3 - $
2 �*" � 3 3&" �"%',,',% - $ 3&" 3"1+E 6&", 8 -4  -+/*" 3"! 3&" �--% *" ��1 3& �43-1'�* �,! � �� ; �7 "1 '2"2 D 
,
3&�3 343-1'�*E 8-4 42" ! � -��&� ��, 3- 4,!"123�,! !'23�, "2 ', �--% *" ��1 3&D � �*" ��12E �*2-  �**" ! %1�/&' 
2 �*"E �1" -," 6 � 8 3- 1"/1 "2", 3 2 �*" -, � +�/D �1 �/&' 2 �*"2 �1 " 42" ! 3- 04' )* 8 !" 3"1+'," 3&" !'23�, "
�" 36 " ", 3 6 - /-', 32 -, 3&" +�/E � 8  -+/�1',% 3&" *",%3& 8 -4 +" �241" -, 3&" +�/ 6' 3& 8-41 14*"1 3- 3&"
2 �*" ��1 D 
, � '%41" BD=D; �"*-6 E "� & - $ 3&" *-,% ��12 -, 3&" 2 �*" '2 <  + *-,% �,! 1 "/1 "2", 32 � !'23�, "
- $ ; )+ -, 3&" %1 -4,!D �" 3Y2 2�8 8-4 +" �241" ! 3&" !'23�, " �" 36 " ", 3 6 - /-', 32 -, � +�/ 3- �" ?  +D � 8
 -+/�1',% 3&� 3 *",%3& 3- 3&" 2 �*" ��1 E 8-4  �, 2" " 3&� 3 ?  + -, 3&" +�/ 1 "/1 "2", 32 <D? )+ -, 3&" %1-4,!D
� -3" 3&� 3 3&" 2 �*" ��1 +� 8 �" !'23-1 3"! � 8 8-41 2 1 " ", '$ 8 -4 �1 " 1" �!',% 3&'2 -, �, "R1 " �!"1 E 2+�13/&-,"
-1\ -+/43"1\!"/",!',%\-,\8 -41\!'2/*� 8\2"33',%2D

�,-3&"1 6 � 8 3- 1"/1 "2", 3 +�/ 2 �*" '2 42',% � , �*, �-�( .� .#0�
 , ��.#)( N�D�DOD �&" 1"/1 "2", 3�3'5" $1� 3'-, '2 � 1 � 3'- 61' 33", ',
,4+�"12 -, � +�/D �6 - - $ 3&"  -++-, 2 �*"2 $-1 3-/-%1 �/&' 
+�/2 ', ��,�!� �1 " ;F<?: E::: �,! ;F?: E::: D � �D�D -$ ;F<?:E:::
+" �,2 3&� 3 ; 4,' 3 -$ +" �241"+", 3 -, 3&" +�/ 1 "/1 "2", 32

<?: E::: - $ 3&" 2�+" 4,' 3 -$ +" �241"+", 3 -, 3&" %1-4,!D � -4  �, 42" �, 8 4,' 3 -$ +" �241"+", 3 N ", 3'+"R
31"2E ', &"2 O �2 *-,% �2 8-4 �1 "  -,2'23", 3H � +�/ 6' 3& � 2 �*" - $ ;F<?:E::: +" �,2 3&� 3 ; �' -, 3&" +�/ '2
" 04�*\3-\<?: E::: �' -,\3&"\%1-4,!E\�,!\3&� 3\; #(�" -,\3&"\+�/\'2\" 04�*\3-\<?: E::: #(�"�- -,\3&"\%1-4,!D

<:C k BD=\� &� 3\��) "2\�\��/ I



�. ��0$��R�4 �. �$/�R?A9

� &� 3\�D�D\'2\2&-6,\� 8\3&"\2 �*"\��1\!1 � 6,\��- 5" I\�224+"\3&� 3\"� &\- $\3&"\*-,%\��12\-,\3&"\2 �*"\��1\'2\<\ +\',

*",%3&D\	', 3F\8-4\6'**\&� 5"\3-\!-\2-+"\4,' 3\ -, 5"12'-,2H

�" "\�//",!'7\<\$ -1 �1 � 3' "\�7 "1 '2"\BD<�,26 "12D

Determining the scale of an air photo or satellite image


, 2-+"  �2"2E 8-4 +� 8 6 �, 3 3-  1" � 3" � +�/ 42',% � ��2" image 1� 3&"1 3&�, � ��2" mapD ��2" '+�% "2  -4*!
', *4!" �'1 /&-3-2E  �/341 " ! � 8 � *- 6 R$*8',% �'1  1 �$3 �*-,% � 2" 3 $*'%&3 /� 3&E -1 2�3"**'3" '+�% "18 *') " 3&"
'+�% "2 � 5�'*��*" ', �--% *" ��1 3& �1-D � &'*" '+�% "2  �, /1 - 5'!" 5 �*4��*" !" 3�'*2 ,-3  �/341 " ! -, � 3-/-R
%1�/&' +�/E 3&" 8 38/' �**8 *� ) 2 �*"D � -4  �,  �* 4*� 3" 3&" 2 �*" - $ 8-41 ��2" '+�% " � 8  -+/�1',% 3&"
*",%3&\-$\�\!'23', 3'5"\$" � 341"\',\3&"\��2"\'+�% "\�,!\�\3-/-%1 �/&' \+�/\42',%\�\2'+/*"\$ -1+4*�F

National Topographic System (NTS)

� 3�,!�1 ! 3-/-%1 �/&' +�/2E /4�*'2&" ! � 8 3&" /1- 5', '�* �,! $ " !"1 �* %- 5"1,+", 32E �1" 424�** 8 �-4,!" ! �,!
!'5'!" ! � 8 *�, �&&�&- ) &�.#./�� �,! '�,#�#�(- )  &)(! #./�� A
, ��,�!�E 3-/-%1 �/&' +�/2 �1 " 24�!'5'!" !
', 3- ,4+"1 -42 2"  3'-,2 �,! 24�2"  3'-,2 $ -1 3&" /41/-2" - $ ',!" 7',% �** - $ 3&" 3-/-%1�/&' +�/2 - $ 3&"
,� 3'-, ', 3&" � � .#)(�& � )*)!, �* "#� � 3-.�' N���OD �** 3-/-%1 �/&' +�/2 &� 5" � � � 3'-,�* � -/-%1 �/&' 
 ,!" 7
�4+�"1 3&� 3 ',!' � 3"2 3&" 2 �*" - $ 3&" +�/ �,! &"*/2  � 3�*-%4" �** 3&" ��� +�/2 - $ ��,�!�D � -1 " 7�+/*"E
3&" ;F;E::: E::: ��� +�/ 2&" " 3 B<  - 5"12 +-23 - $ 2-43&"1, �* �"1 3�E �,! '2 !'5'!" ! ', 3- ',!" 7" ! 24�2"  3'-,2
�2\2&- 6,\',\� '%41"\BD=D<D\�&"\1"*� 3'-,2&'/\�" 36 " ",\+�/\2 �*"\�,!\',!" 7\,4+�"1\'2\-43*'," !\',\3��*"\�"*- 6 D


 �*R#(��2R( /'��, 
 �*R-��&�

B< ;\F\;E::: E:::

B<\�� ;\F\?:: E:::

B<\� ;\F\<?:E:::

B<\� M; ;\F\?:E:::

� -4 2&-4*! �* 6 � 82 �"%', 3&" 234! 8 - $ � +�/ � 8 -�2"1 5',% 3&" 3'3*" 6&' & %'5"2  *4"2 3- 3&" *- � 3'-, - $ 3&"
+�/ ', ' 32 6'!"1 2" 33',%D �-1 8-41 1"$"1", "E 3&" ;F?:E::: 2 �*" 3-/-%1 �/&' +�/ 3&� 3  - 5"12 3&"  ' 38 - $ ��*R
%�18\'2\*- � 3"!\-,\���\+�/\2&" " 3\B<\�M;D

BD=\� &� 3\��) "2\�\��/ I k <;:



� $"1. �R?A:A9CR�4�(,'�R*!R0#�R� �0$*)�'R� *,*". �,#$�
	)�� 4R�1(��. /R*!R(�,R/#��0/R3$0#$)R0#�R,.$(�. 5
-1��. �)"'�R)1(��.R?9AR
 �,R/#��0R?9R$/R/1��$2$���R$)0*
!*1.R-1�.0�. /RH��BR��BR��BR�� IAR�#�/�R-1�.0�. /R�. �
!1.0#�.R/1��$2$���R$)0*R! *1.R,�.0/R���#R��/$")�0��R3$0#
�R'�00�.BR��"$))$)"R3$0#R�R$)R0#�R/*10#��/0R�*.)�.R�)�
�)�$)"R3$0#R�R$)R0#�R)*.0#��/0R�*.)�. AR�$)�'' 5BR���#R*!
0#�/�R,�.0/R$/R�$2$���R$)0*R8=R,�.0/R)1(��. ��R8R0#.*1"#
8=A

Three-dimensional relief on a
two-dimensional map

� �&#� -, � 3-/-%1 �/&' +�/ '2 '**4231 � 3"! 42',% �)( .)/,
&#(�- A�&"2" �1 " '+�% ',�1 8 *',"2 !1 � 6, -, � +�/ 3- (-',
/-', 32 -$ "04�* "*" 5� 3'-,D � 5"18 /-', 3 -, �  -, 3-41 *'," '2
� 3 3&" 2�+" "*" 5� 3'-,D �*" 5� 3'-, '2 +" �241" ! $1-+ � /1 "R
!" 3"1+'," ! �� ./' &#(� F +" �, 2" � *" 5"*E 6&' & '2 �22'%," !
�, "*" 5� 3'-, - $ :D �-, 3-41 *',"2 2"/�1 � 3" /-', 32 -$ &'%&"1
"*" 5� 3'-, N4/&'**O $1-+ /-', 32 -$ *-6 "1 "*" 5� 3'-, N!- 6,R
&'**OE 3&"1"$-1" /-', 32 �" 36 " ", 3 6 -  -, 3-41 *',"2 �1 " ,-
*-6 "1 3&�, 3&"  -, 3-41 *'," �"*- 6 �,! ,- &'% &"1 3&�, 3&"
 -, 3-41 *'," ��- 5"D �-, 3-41 *',"2 ," 5"1 ', 3"12" 3 -1
 1 -22E "7 "/3 ', 5 "18 1�1 "  �2"2 - $ -5"1&�,% ',%  *'$$2D
�-, 3-41 *',"2 �* 6 � 82  *-2"G 3&'2  *-241" +� 8 3�) " /*� "
-432'!" 3&" +�/ �1 " � �2 2&- 6, $ -1 3&" ?: +  -, 3-41 *',"
', � '%41" BD=D=D �&"�)( .)/, #( .�, 0�& N�D
O -$ � +�/ '2 3&"
!'$ $"1", " ', "*" 5� 3'-, �" 36 " ", 3 6 - �!(� ", 3 3-/-R
%1�/&'  -, 3-41 *',"2D �&" 2/� " �" 36 " ", �!(� ", 3  -, 3-41 *',"2 -, � +�/ 1 "$*" 32 &-6 23" "/ -1 % ", 3*" 3&"
2*-/" '2F 3&"  *-2"1 3&"  -, 3-41 *',"2E 3&" 23""/"1 3&" 2*-/"D � 5",* 8 2/� " !  -, 3-41 *',"2 1 "/1 "2", 3 � 4,'$ -1+
2*-/"D

�. ��0$��R�4 �. �$/�/R?A:

�7�+',"\3&"\" 7�+/*"\3-/-%1 �/&' \+�/\',\� '%41"\BD=D=D\�&"\+�/\2&-62\36 -\&'**2\2"/�1 � 3"!\� 8\�\2+�**\5 �**" 8\3&�3

&�2\36 -\231" �+2D

;D � &' &\&'**\'2\3&"\3�**"23I\�1 E\',\-3&"1\6 -1 !2E\6&' &\&'**\&�2\3&"\&'%&"23\"*"5� 3'-, I

<D � &� 3\'2\3&"\�//1 - 7'+� 3"\"*" 5� 3'-,\- $\3&"\1" !\23�1I

=D � - 6 �1 !\6&' &\!'1 "  3'-,\'2\" � &\231" �+\$ *-6',% I

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

?D ��,\8 -4\2" "\�, 86&"1 "\-,\3&"\+�/\6&"1 "\3-/-%1 �/& 8\6 -4*!\�"\1 "*� 3'5"*8\%", 3*"\-1\$*� 3I

@D 	 - 6\ �,\8 -4\3"**\3&"\!'$ $"1", "\�" 36 " ",\�1 " �2\6' 3&\23""/\5 "1242\%", 3*"\3-/-%1�/& 8\42',%\3&"\ -, 3-41\*',"2I

AD � -3' "\3&� 3\3&"\?:\+\�,!\;::\+\ -, 3-41\*',"2\$ -1+2\�\V �W\2&�/"\�2\3&" 8\ 1-22\3&"\231" �+D � )*)!, �* "#�R�)(L

.)/,R&#(�-R�&1 � 3-R ),'R�RO � PR-"�*�R�-R."� 3R�,)--R�R-., ��'BR�(�R."�R*)#( .R) R."�RO� PR�&1 � 3-R*)#( .-

/*-., ��'A 
+�% ',"\3&"1 "\'2\�\3&'1 !\231" �+\3&� 3\-1'%',� 3"2\� 3\3&"\1" !\23�1\�,!\$ *-62\3- 6 �1 !\3&"\��D\�1 � 6\',

3&'2\3&'1!\231" �+\�,!\42',%\!�2&" !\*',"2E\+-!'$ 8\3&"\ -, 3-41\*',"2\6&"1 "\3&"8\ 1-22\3&'2\231" �+D

<;; k BD=\� &� 3\��) "2\�\��/ I



� $"1. �R?A:A:CR�4�(,'�R*!R�R0*,*". �,#$�R(�,R$)�'1�$)"R�*)0*1.
'$)�/R3$0#R�R�*)0*1.R$)0�.2�'R*!R<7R(A

�" "\�//",!'7\<\$ -1 �1 � 3' "\�7 "1 '2"\BD=\�,26 "12D

Media Attributions

K � '%41"2\BD=D;E\BD=D<E\BD=D=F\g\�'-�&�,\�  �-*!1' )D\��\� � D

BD=\� &� 3\��) "2\�\��/ I k <;<



Lab 8 Exercises


, 3&'2 � 3'5'38 8-4 6'** *" �1, 3- '!", 3'$8 $" � 341"2 - $ � 231" �+ 42',% 2� 3"**'3" '+�% "18 ', �--% *" ��1 3& �1-D
� -4 6'**  1 " � 3" � &�,!R!1 � 6, +�/ - $ 3&" $*45'�* $" � 341"2 8-4 '!", 3'$8 �*-,% � 2"%+", 3 -$ 3&" �*�- 6 �'5 "1 ',
��*%�1 8E �*�"1 3� -, 3&" &-+"*�,!2 - $ 3&" �'' 32'3�/' N3&" � ')2')�E �'')�,'E �,! 
�',�' OE 3&" �8�1&" � �) -!� �,!
� 2443Y',� � � 3'-,2D �- � 3"! (423 2-43& - $ � -4, 3 � - 8�* �,'5 "12'38Y2  �+/42E 3&'2 2"%+", 3 -$ 3&" �*�- 6 �'5 "1
6 �2 -," - $ 3&" �1" �2 �$ $"  3"! � 8 3&" <:;= $*--!',%D �* �- 6 �'5 "1 �*2- /*� 82 �  14 '�* 1 -*" ', 24//* 8',% ��*R
%�18Y2\!1',)',%\6 � 3"1D

� -4\&� 5"\�" ",\/1 - 5'!" !\6' 3&\3&"\$-**- 6',%\23�1 3',%\+� 3"1'�*2\3-\ -+/*" 3"\3&'2\+�//',%\� 3'5'38F

K �\��2"\'+�% "\$1-+\�--% *"\��1 3&\2�3"**'3"\'+�% "18 N�* �- 6\�'5 "1\��/\�1 " � O\3&�3\8-4\+423\/1', 3\-43
K �\!'% '3�*\ -/ 8\- $\3&":B<� R;@\���\�1'!!'2 +�/\2&" " 3\-,\6&' &\8 -41\+�/\�1 " �\1 "2'!"2\N!-\,-3\/1', 3\3&'2O

�&" /41/-2" - $ 8-41 +�/ '2 3- 2&- 6 8 -41 1" �!"1 3&" *- � 3'-,2 - $ "1-2'-,�* �,! !"/-2' 3'-,�* $ " � 341"2 - $ 3&"
�* �- 6 �'5 "1D �-  -, 5" 8 3&�3 ',$-1+� 3'-, ', � 6 � 8 3&�3 '2 42"$4*E 8-41 +�/ ," " !2 3- ', *4!" 2-+" 23�,!�1 !
��,.)!, �* "#�R�&�'�( .- ', *4!',%F

K �' 3*"
K � �*"
K � -13&\�11- 6
K �"% ",!
K �-41  "2\N"D%DE\2�3"**'3"\'+�% "18E\��2"\+�/E\1 "$"1", "\+�/ O
K ���\ --1 !',� 3"2\$-1\�\1 "$"1", "\/-', 3\-,\8 -41\+�/
K � "$1", "\3-\3&"\� � 3'-,�*\� -/-%1 �/&' \� 823"+\N���O\+�/\2&" " 3\-,\6&' &\8 -41\+�/\1 "2'!"2

Title

� -41 +�/ 2&-4*! &� 5" � 24  ', 3 �43 !"2 1'/3'5 " 3'3*" 3&�3 ', *4!"2 2-+" 1 "$"1", " 3- 3&" %" -%1�/&' �1 " �D
�&'2  -4*! ', *4!" 3&" ,�+" - $ 3&" 1'5"1E 3&" ��� +�/ 2&" " 3 -, 6&' & 8 -41 +�/ 1 "2'!"2E -1 3&" ,�+" - $ �
/1 -+',", 3 *- �* *�,!+�1 ) 3&� 3 '2 $" � 341" ! -, 8 -41 +�/D � -41 3'3*" +423 �*2- ', *4!" 6&� 3 38/" - $ +�/ 8 -4
&� 5" !1 � 6,E "D%DE 3-/-%1�/&' +�/E % " -*-%' �* +�/E +�/ - $ %*� '�* *�,!$ -1+2E +�/ - $ /-/4*� 3'-, !'231' �4R
3'-,2E\" 3 D

Scale

� -41 +�/ +423 ',!' � 3" 2 �*" 42',% �-3& � 2 �*" ��1 �,! � 1 "/1 "2", 3�3'5" $1� 3'-,D � "+"+�"1 E 8-4  �,  �*R
 4*� 3" 3&" 2 �*" -, 8 -41 +�/ � 8  -+/�1',% 3&" *",%3& - $ � !'23', 3'5" $" � 341" -, 8 -41 +�/ �,! � 3-/-%1 �/&' 
+�/ - $ 3&" 2�+" �1 " �D � 43 $'123E �" � 42" 8-4 �1 " " 7�+',',% �, "*"  31-,' 5 "12'-, - $ 3&" 3-/-%1�/&' +�/ -,
�  -+/43"1 2 1 " ", 1 � 3&"1 3&�, � /1', 3"! 5 "12'-, 8 -4 ," " ! 3- ",241 " 3&� 3 8-4 �1 " 5'" 6',% 3&" 3-/-%1 �/&' 
+�/\� 3\3&"\ -11"  3\2 �*"\N�2\8 -41\!" 5' "\+� 8\!'23-1 3\3&"\2'9"\- $\3&"\'+�%"\-,\3&"\2 1 " ", OD

� -  &"  ) '$ 8 -41 3-/-%1 �/&' +�/ � � � '2 �"',% !'2/*� 8" !  -11"  3*8E +"�241" 3&" 2 �*" ��1 -, 3&" +�/D � -1

<;= k � ��\B\�7 "1 '2"2



� ;F?: E::: +�/ 2&" " 3 *')" 3&" -," 8 -4 �1 " 42',%E ;  + -, 3&" 2 �*" ��1 2&-4*! 1 "/1 "2", 3 ?:: + -, 3&" %1 -4,!D
� 8 &-*!',% 4/ � 14*"1 3- +" �241"E 9--+ ', �,! -43 4, 3'* 3&'2 '2 314" -, 8-41  -+/43"1 2 1 " ", �"$ -1" 8 -4
$-**- 6\3&"\23"/2\�"*- 6 D

;D � " �241"\�\$ " � 341"\3&� 3\'2\5'2'�*"\�,!\!'23', 3'5"\-,\�-3&\8 -41\+�/\�,!\3&"\3-/-%1 �/&' \+�/D\� "  -1 !
8-41\+" �241"+", 32\',\3&"\2�+"\4,' 32\$-1\�-3&D\�&"\!'23�, "\�" 36 " ",\', 3"12" 3'-,2\�*-,%\�\1 -�!E\-1\',
�\231�'%&3\*',"\�" 36 " ",\3 6 -\!'23', 3'5"\$" � 341"2\�1 "\%--!\/*� "2\3-\+" �241"D

<D � 2"\3&"\$-1+4*�\�"*- 6F
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Reference location

� - &"*/ 8 -41 1" �!"1 /43 3&" ',$ -1+� 3'-, $1 -+ 8 -41 +�/ ', 3- � 1 " �*R6 -1*!  -, 3"73E 8-4 2&-4*! /1 - 5'!" 3&"
���  --1 !',� 3"2 $-1 � 1 "$"1", " *- � 3'-, -, 8 -41 +�/D � -4 +� 8 6 �, 3 3- 1"$1"2& 8-41 +"+-1 8 -, %1'!  --1R
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��1 +'%1 � 3"2 - 5"1 3'+"D � -4 6'** �*2- ," " ! 3- 3"** 8 -41 1" �!"1 6&"1 " 8 -41 +�//" ! �1 " � $'32 ', 3- ��,�!� Y2
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;D\�7�+',"\3&"\�1 " �\8 -4\6'**\�"\+�//',%\N �* �- 6\�'5 "1\��/\�1 " � OD
<D �/", �--% *" ��1 3& �1- -, 8 -41  -+/43"1 �,! ,� 5'%�3" 3- 3&'2 �1" �D � /",! 2-+" 3'+" " 7�+',',% 3&"

$" � 341"2\- $\3&'2\�1" �\42',%\3&"\=�\ �/��'*' 3'"2\- $\�--% *"\��1 3&\�1-D
=D �33� & � /'"  " - $ 31� ',% /�/"1 3- 8 -41 /1', 3"! 2� 3"**'3" '+�% "18 6' 3& � /�/"1  *'/ -1 /'"  " - $  *" �1 3�/"D

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

>D �"3 4/ 8 -41 +�/ �1 " �D ��) " 241" 3&� 3 8-4 &� 5" ",-4% & 2/� " -, 8 -41
31� ',% /�/"1 2" 3 �2'!" $ -1 8-41 *"%",! �,! -3&"1  �1 3-%1�/&' "*"+", 32
N2""  &"  )*'23 �"*- 6 OD �&" "7�+/*" 2&- 6, &"1 " '**4231� 3"2 -," /-22' �*"
*� 8-43E\�43\$" "*\$1" "\3-\ &--2"\�\*� 8-43\3&�3\6-1 )2\6' 3&\8-41\+�/\�1 " �D

?D � '3& � /", '*E *'% &3*8 �,! ," � 3*8 !1 � 6 ', 3&" +�(-1 *�,!$ -1+2 3&� 3 8-4
2"" ', 3&" 2� 3"**'3" '+�% "18D �- 42 -, $�'1 *8 *�1%"R2 �*" 2314 341"2G !-, Y3
 *433"1 4/ 8 -41 +�/ 6' 3& � *-3 - $ !" 3�'*D �&',) ��-43 6&� 3 $" � 341"2 �1 "
1"*" 5�, 3 3- 3&" $*45'�* $" � 341"2 +�/ 8 -4 �1 " !1 � 6',%E �,! 3&", +�) " �
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� "2E\'3\'2D
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 &�1 � 3"1'23' 2 +�) " ' 3 ," � 3 �,! " �28 3- 1" �!I 
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;: D\�" 5'" 6\3&"\ &"  )*'23\�"*- 6\�,!\",241 "\3&� 3\8-41\$','2&" !\+�/\ -, 3�',2\�**\3&"\1 " 04'1" !\',$ -1+� 3'-,D

<;? k � ��\B\�7 "1 '2"2



� &/0#�&R��� ./, �- �/& ./, �&
� �� ./, �- ��,.)!, �* "#�R�&�'�( .-

� 3'5"\ &�,,"* � -�!2 �' 3*"

�43\��,) � 1'!%"2 � -13&\�11- 6
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 -, 3-412O

� � 3"\- $\2�3"**'3"\'+�% "18\�,!\2-41  "\- $\2�3"**'3"\'+�% "18

�43&-1Y2\,�+"\N8 -41\,�+" O
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;D\� &� 3\'2\3&"\� � 3'-,�*\� -/-%1 �/&' \
 ,!" 7\�4+�"1\$ -1\3&"\3-/-%1 �/&' \+�/\/1 - 5'!" !I
<D � &� 3 '2 3&" � � 3'-,�* � -/-%1 �/&' 
 ,!" 7 �4+�"1 $ -1 3&" 3-/-%1 �/&' +�/ !'1 "  3*8 3- 3&" ,-1 3& -$ 3&'2
+�/ I
=D\� &� 3\ -*-41\�1 "\%1'!\*',"2\$ -1\���\�-,"\;;\-,\3&"\3-/-%1 �/&' \+�/\2&" " 3\/1- 5'!" !I
>D\� &� 3\ -*-41\�1 "\3&"\3-/-%1 �/&' \ -, 3-41\*',"2\-,\3&"\3-/-%1 �/&' \+�/\2&" " 3\/1- 5'!" !I
?D\� &� 3\'2\3&"\ -, 3-41\', 3"15�*\N�D
DO\-,\3&'2\3-/-%1�/&' \+�/ I
@D �7�+'," 3&" 2/� ',% �" 36 " ", �!(� ", 3  -, 3-41 *',"2 -, 3&" 3-/-%1 �/&' +�/ /1 - 5'!" !D 
, 6&� 3 %","1 �*
/�1 3 -$ 3&" +�/ !- 8 -4 2" " 1"*� 3'5"*8 23""/ 3-/-%1 �/& 8I 
 , 6&� 3 %","1 �* /�1 3 -$ 3&" +�/ !- 8 -4 2" " 1"*� 3'5"*8
%", 3*"\3-/-%1�/& 8I\	 - 6\ �,\8 -4\3"**\3&"\!'$ $"1", "\42',%\3&"\ -, 3-41\*',"2I

AD �1� 6 � 2) " 3 & - $ � $" 6  -, 3-41 *',"2E 6' 3& "*"5� 3'-,2 *��"*" !E �2 3&"8  1-22 � 231" �+D �, 8 -41 2) " 3 &E ',!'R
 � 3"\3&"\!'1 "  3'-,\- $\231" �+\$ *-6\6' 3&\�,\�11 - 6 D
BD � &"1" 6 -4*! 8 -4 " 7/"  3 3- $',! 3&" $�23"23 6 � 3"1 $*-6 -, � 231 �'%&3 231" 3 & - $ � 231" �+ I

CD ��,! %1 �',2  �, �" +- 5" ! � 8 31� 3'-, �,! 2�*3� 3'-,D � &� 3 +','+4+ 231 " �+ 5 "*- ' 3'"2 +'%&3 �" 1 " 04'1" !
3-\+- 5"\;\+'**'+" 31"\2�,!\%1 �',2I
;: D\�,!"1\6&� 3\ '1 4+23�, "2\+'% &3\�\�1 �'!" !\231" �+\!" 5"*-/ I
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;<D � &� 3 $� 3-12 -1 $-1  "2 ',$ *4", " 3&" �"&� 5'-41 - $ 3&" �*�- 6 �'5 "1I 	 ', 3F �7�+'," 3&" +-23 1 "  ", 3 2�3"*R
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$ 8-4 &� 5" 3&" -//-1 34,' 38 3- !- 2-E �,! /1 - 5', '�* &" �*3& � 43&-1'3'"2 !" "+ ' 3 2�$"E 8-4 �1 " ", -41 �%" ! 3-
2�$"*8 �,! 1 "2/"  3$4**8 5'2'3 3&'2 �1" �E  �**" ! � " �2"*&" �! �*� 32E 8-412"*$D � �*) �1 -4,! 3&" � " �2"*&" �! �*� 32
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K �1 "22\�//1 -/1'� 3"*8\$-1\ &�,% ',%\6 " � 3&"1\ -,!' 3'-,2D\�&',)\*� 8"12H
K � 1',%\6 � 3"1E\�\&�3\�,!\24,2 1 " ",D
K � " �1\�//1 -/1'� 3"\$--3 6 " �1\3&� 3\ - 5"12\8-41\$--3\ -+/*" 3"*8E\/1- 5'!"2\2-+"\�,)*"\24//-1 3E\�,!\&�2\�

%--!\31 " �!\',\ �2"\3&"\/� 3&\'2\2*'//"1 8D
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+� 8\ -**�/2"D
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8-4\1 " 341,D

Media Attributions
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Summary

�&"\3-/' 2\ - 5"1" !\',\3&'2\ &�/3"1\ �,\�"\24++�1'9 " !\�2\$ -**- 62F
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LAB 9: STRUCTURAL GEOLOGY PART I

Lab Structure

�22'%,+", 3 � "2\S 3�) "R&-+"\+�//',%\�22'%,+", 3
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K � '24�*'9 "\3-/-%1 �/&' \ -, 3-412\',\�--% *"\��1 3&\�,!\1 " 5'" 6\3&"\ -, "/32\- $\3-/-%1�/&' \+�/2\/1 "2", 3"!\',

� ��\BD
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K �,!"123�,!\3&"\ -, "/3\- $\!'/\�,!\!'/\!'1 "  3'-,\- $\', *'," !\231� 3�D
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9.1 Introduction to Structural Geology
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Layers of rocks are planar
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Describing the attitude of a plane: Dip and dip direction
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9.2 Geological Maps
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Geological maps: the intersection of geology and topography
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2�,! +" 31"2 3&' )E �,! 1 "/1 "2", 32 � 2"1'"2 - $ 1- )2 3&� 3 6"1" !"/-2' 3"! 6' 3&', � 2',% *" ��2', N -1 � 2"1'"2 - $
1"*� 3"!\�,!\�!(� ", 3\��2',2 O\-5"1\�\$" 6\+'**'-,\3-\�\$ " 6\3",2\- $\+'**'-,2\- $\8" �12D

�$ 3", � 2"1'"2 - $ �" !2 -1 +"+�"12 6' 3& 2-+" �2/"  3 ',  -++-, 6'** �" +�//" ! �2 � 2',% *" $-1+� 3'-,E �,!
36 - -1 +-1 " $-1+� 3'-,2 6' 3& 2-+" �2/"  3 ',  -++-, +'% &3 �" +�//" ! �2 � 2',% *" %1-4/D �"/",!',% -, 3&"
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 &�,% " N- $3", ',!' � 3"! � 8 �  &�,% " ',  -*-41 -1 ', +" 3�+-1/&' 1 - )2 � 8 3&" �//" �1 �, " - $ � ," 6 +',"1 �*OE
�\3" 7341�*\ &�,% "\N%1�',\2'9 "E\$-*'� 3'-,E\ &�,% "\- $\'%,"-42\3" 7341" OE\-1\�\ &�,%"\',\3&"\$ -22'*\�22"+�*�% "D

�&" 4,' 32 -, � % " -*-%' �* +�/ �1 " !"$ '," ! ', 3&" *"% ",!D �2 6 " *" �1," ! ', � �� BE 3&" /41/-2" - $ � *"%",!
'2 3- !"$ '," �** 28+�-*2E ���1 " 5'� 3'-,2 -1  -*-412 42" ! -, � +�/ 3- 3&" 1 " �!"1 D �-1 " 5"18 4,' 3 +�//" !E 3&"
*"%",! 2&-4*! 23� 3" 3&" +�/  -!"E  -*-41 E ,�+"E 1 - ) 3 8/"2E �,! �% " - $ 3&" 4,' 3E �2 2&-6, ', 3&" " 7�+/*" ',
� '%41"\CD<D<D

�&"  -*-41 1 "$"12 3- 3&"  -*-41 - $ 3&" /-* 8%-, !1 � 6, -, 3&" +�/D �&" +�/  -!" '2 3&"  -+�',� 3'-, - $ *"3R
3"12 3&�3 38/' �**8 ',!' � 3" 3&" �%" N"D%DE V�W $-1 �41 �22' O �,! � *',) 3- 3&" ,�+" - $ 3&" 4,' 3 N"D%DE V�W $-1 � "1,'"E
V�W $-1 � �**'2"1OD �&" �%" - $ 3&" 4,' 3 '2 ',!' � 3"! � 8 3&" +-23 2/"  '$ ' ,�+" - $ 3&" "-,E "1 �E /"1'-! -1 "/- &
', 3&" %" -*-%' �* 3'+" 2 �*" N"D%DE �41�22' E �" 5-,'�, OD � �1'"$ !"2 1'/3'-, - $ 3&" !'$$"1", 3 1- ) 3 8/"2 ', *4!" !
', " � & +�//" ! 4,' 3 '2 /1- 5'!" ! $-1 1"$"1", "D � -3' " 3&� 3 -$3", 2" 5"1�* !'$ $"1", 3 1- ) 3 8/"2 - $ 2'+'*�1 �%"
�1 " +�//" ! 3-%" 3&"1 �2 � 2',% *" 4,' 3D �"%",!2 -, � % " -*-%' �* +�/ �1 " �* 6 � 82 $-1+� 33"! 24 & 3&� 3 3&" -*!"23
4,' 3\'2\�3\3&"\�-3 3-+\�,!\3&"\8 -4,% "23\4,' 3\'2\�3\3&"\3-/D

� $"1. �R@A9A9CR�4�(,'�R*!R�R'�"�)�R*)R�R"�*'*"$��'R(�,A

<<? k CD<\�" -*-%' �*\��/2



Media Attributions

K � '%41"\CD<D;F\
+�% "2\ 1 " � 3"!\42',% � '2' �*"\�" -*-%8D\�**\1'%&32\1"2"1 5" !D
K � '%41"\CD<D<F\g\�'-�&�,\�  �-*!1' )D\��\� � D

CD<\�" -*-%' �*\��/2 k <<@



9.3 Estimating Dip Direction from a Geological
Map

� -4 &� 5" ,- 6 -�2"1 5" ! &- 6 3-/-%1 �/& 8 �,! % " -*-%8 ', 3"1� 3 3- /1-!4 " 3&" /� 33"1,2 -, � % " -*-%' �* +�/D
�&"1 " �1 " � $ " 6 14*"2 - $ 3&4+� 3- &"*/ 8 -4 ', 3"1/1" 3 3&" �33'34!" - $ 3&" 231� 3� -, � % " -*-%' �* +�/ ��2" ! -,
3&"\+�/\/� 33"1,2\8-4\-�2"1 5"D

� ),#4)( .�&R-.,� .�C  -, 3� 32\�" 36 " ",\&-1'9 -, 3�*\231� 3�\$-**- 6\3&"\3-/-%1 �/&' \ -, 3-412\N�2\',\� '%41"\CD<D;OD
� �,.#��& -., � .�C  -, 3� 32 �" 36 " ", 5 "13' �* 231� 3� �1 " ,-3 !"$ *" 3"! -1 ',$ *4", " ! � 8 3-/-%1 �/&'  -, 3-412D
�&"2"\ -, 3� 32\-$3",\�//" �1\3-\ 43\3-/-%1 �/&' \ -, 3-412\� 3\�\&'%&\�,% *"D
� #**#(! -., � .�C  -, 3� 32 �" 36 " ", !'//',% 231 � 3� �1 " !"$ *" 3"! -1 �", 3 � 8 3-/-%1 �/&'  -, 3-412 N�2 ', � '%41"
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3&"  -, 3� 3 �" 36 " ", 3 6 - !'//',% 4,' 32 �2 '3  1-22"2 � 231" �+ -1 � 5 �**" 8D �&"1" �1 " � $ " 6 2"*"  3 ',23�, "2
6&"1 " 3&" $-**- 6',% !-"2 ,-3 &-*! 314"E �43 �2 � % ","1 �* %4'!"*',"F � !'//',%  -, 3� 3 $-1+2 � V �W 2&�/" �2
'3  1-22"2 � 231" �+ -1 5 �**" 8E �,! 3&" /-', 3 -$ 3&" V�W /-', 32 ', 3&" !'1 "  3'-, - $ !'/D � -1 " 7�+/*"E 3&" +�/ ',
� '%41" CD=D; 2&-62 36 - 4,' 32E -," 6&' 3" �,! 3&" -3&"1 -1 �,% "D �&" �*� ) *'," '2 3&" +�//" !  -, 3� 3 �" 36 " ",
3&" 36 - 4,' 32D �-3' " &- 6 3&"  -, 3� 3 +�) "2 � V �W 2&�/" �2 ' 3  1-22"2 3&" 231" �+ N�*4" *'," OD �&" V�W /-', 32
3-6 �1 !2\3&"\2-43&6 "23\�"  � 42"\3&"\ -, 3� 3\'2\!'//',%\3- 6 �1 !2\3&"\2-43&6 "23D
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�$. ��0$*)R*!R0#�R03*R,'�)�.R1)$0/RH*. �)"�R�)�R3#$0� I
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�4 �(,'�/

� -\�" 33"1\4,!"123�,!\3&"\�4*"\- $\�Y2E\'3\'2\&"*/$4*\3-\5'24�*'9"\3&"\%" -*-%8\',\3&1" "R!'+",2'-,2D\�&"\�,'5 "12'38\- $
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<<A k CD=\�23'+� 3',%\�'/\�'1 "  3'-,\$1 -+\�\�" -*-%' �*\��/



<D 	 - 6\ �,\8 -4\!'23',%4'2&\&-1'9 -, 3�*\-1\2&�**- 6*8\!'//',%\231 � 3�\$1-+\5 "13' �*\-1\23" "/* 8\!'//',%\231 � 3�\',

+�/\5'" 6I

� "+"+�"1 E\4,*') "\3&"\" 7�+/*"2\',\� '%41"\CD<D;E\',\3&'2\ �2"\3&"\3-/-%1 �/& 8\1"+�',2\$ '7" !\�,!\3&"\+�/\/� 33"1,\'2

 &�,% ',%\',\1 "2/-,2"\3-\5 �1'� 3'-,2\',\3&"\� 33'34!"\- $\3&"\%" -*-%8\N5�1'� 3'-,2\',\3&"\!'/\- $\3&"\231� 3�OD

Media Attributions
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Lab 9 Exercises

� -!� 8E 8-4 6'** �" *" �1,',% 3&" ��2' /1', '/*"2 - $ %" -*-%' �* +�//',%D 
 , 3&'2 � 3'5'38 8-4 6'** *" �1, 3- '!",R
3'$8 *�8"12 - $ 1- )E %1-4/ 3&"+ ', 3- +�//��*" *� 8"12E �,! '!", 3'$8 !'/ !'1 "  3'-, 42',% 2� 3"**'3" '+�% "18 ',
�--% *" ��1 3& �1-D �&" 3�) "R&-+" �22'%,+", 3 8-4 6'**  -+/*" 3" �'+2 3- *',) 3-% " 3&"1 �** 3&" 3-/' 2  - 5"1" !
',\3&'2\*��\3-\', 31-!4 "\8 -4\3-\%" -*-%' �*\+�//',%\42',%\2� 3"**'3"\'+�% "18D

�"$ -1" 8 -4 %" 3 23�13"!E !- 6,*-�! �--% *" ��1 3& �1- N$1" " O $-1 !"2)3-/D � "� -1 � -�'*" 5 "12'-,2 �1 " �*2-
� 5�'*��*"\�43\3&" 8\!-\,-3\&� 5"\�**\3&"\$" � 341"2\8-4\6'**\�"\1 " 04'1" !\3-\42"\',\3&'2\� 3'5'38D

Instructions

�- 6,*-�! 3&" ;;:; � �� C D)+9 $'*" /1 - 5'!" ! � 8 8-41 ',2314 3-1D 
, �--% *" ��1 3& �1-E  *' ) � $'�B �,�) �,! ,� 5R
'%�3"\3-\6&"1 " 5"1\8-4\2� 5" !\3&"\!- 6,*-�!" !\D)+9\$'*"D


, 3&" *"$ 3 /�,"* 8 -4 2&-4*! 2" " � *'23 - $ /*� "2 ', 3&'2 )+9 $ '*"E !-4�*"  *' ) -, V��/*" " �, 3' *'," WD � " 6'**
�"% ', � 8 " 7�+',',% 3&" �--% *" ��1 3& 2�3"**'3" '+�% "18 -,* 8E 2- 4, &"  ) 3&" �- 7 ," 73 3- V� " 7' �, 	 � 3 � -/-R
%1�/&' \��/ WD

;D �7�+'," 3&" �1 " � �1 -4,! ��/*" " �, 3' *'," $1 -+ �, �*3' 34!" - $ d? )+D � 1'3" !- 6, �, 8 -�2"1 5� 3'-,2 8 -4
&� 5"\��-43\3&'2\�1 " �D

<D\�-3' "\3&"\!'$ $"1", 3\ -*-412D\� &� 3\+'%&3\3&"2"\!'$$"1", 3\ -*-412\1"/1 "2", 3I

=D � &8 �1" 6 " " 7�+',',% 3&'2 �1 " � 3- 234! 8 �" !1 - ) % " -*-%8I � &8 ,-3 *--) �1 -4,! ��*%�1 8I � &8 ,-3 *--)
�1 -4,!\� �, -4 5"1E\��I

� 41, -, 3&" V� " 7' �, 	 � 3 � -/-%1 �/&' ��/ W *�8"1 � 8  &"  )',% 3&" �- 7 ," 73 3- '3 ', 3&" � *� "2 2'!"��1 D ��) "
241"\3&"\+�/\'2\;::e\-/� 04"\N,-3\31�,2/�1 ", 3\�3\�**OD

K � -\�!(423\3&"\31�,2/�1 ", 8E\1'%&3\ *' )\-,\3&"\,�+"\- $\3&"\*�8"1\',\3&"\� *� "2\2'!"��1 E\�,!\2"*"  3\�1-/R
"13'"2D

K �\!'�*-%4"\�- 7\2&-4*!\�//" �1D\�*' )\�,!\!1 �%\3&"\��1\3-\�!(423\3&"\31 �,2/�1 ", 8\- $\3&"\3-/-%1�/&' 
+�/\- 5"1*� 8D
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� - 6 3&� 3 8-4 �1 " " 7�+',',% � 3-/-%1 �/&' +�/ !1 �/" ! - 5"1 3&" =� *�,!2 �/" ', �--% *" ��1 3&E *"3Y2 1" 5'" 6
2-+"\ -, "/32\��-43\3-/-%1 �/&' \+�/2\$1 -+\� ��\BD

>D\� &� 3\4,' 32\�1"\42" !\3-\2&- 6\"*" 5� 3'-,\-,\3&'2\3-/-%1 �/&' \+�/ I

?D\� &� 3\'2\3&"\ -, 3-41\', 3"15�*\-,\3&'2\3-/-%1 �/&' \+�/ I

@D �&� 3 !- 3-/-%1 �/&'  -, 3-41 *',"2 !- 6&", 3&" 8  1-22 � 231" �+ I 
 $ 8-4 Y1" ,-3 241 "E "7�+'," -," - $ 3&"
231" �+2\3-\3&"\,-1 3&6 "23\- $\3&"\��/*" "\�, 3' *',"E\�43\23'**\-,\3&"\" �23\2'!"\- $\3&"\��,\�4�,\�'5 "1D

�!(423 3&" 31�,2/�1 ", 8 - $ 3&" 3-/-%1�/&' +�/ 24 & 3&� 3 '3 '2 �*+-23 31�,2/�1 ", 3 �43 3&" 3-/-%1 �/&'  -,R
3-41\*',"2\�1 "\23'**\5'2'�*"D
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8-41 ) " 8�-�1 ! 3- 1 " 341, 3- /*�, 5'" 6 OD �&� 3 !- 8 -4 ,-3' " ��-43 3&"  -, 3-41 *',"2 1 "*� 3'5" 3- 3&"  -, 3� 32I
	 ', 3F\3&"\ -, 3� 32\�1"\3&"\/*�,"2\�" 36 " ",\*� 8"12\- $\1- )2\- $\!'$$"1", 3\ -*-412D
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;<D � &� 3 '2 3&" !'/ !'1 "  3'-, - $ 3&"2" !'//',% 231 � 3�I � "+"+�"1 E 3&',) - $ !'/ !'1 "  3'-, �2 3&" !'1 "  3'-, 6 � 3"1
6 -4*!\$ *-6\'$\/-41 " !\-, 3-\3&"\*� 8"1\- $\1- )D

�- $�1 E 8-4 &� 5" 2" ", 3&� 3 !18E �1'!  *'+� 3"2 +�) " " 7 "**", 3 �1" �2 $-1 5'134�* $'"*! 6 -1 ) �"  � 42" 3&"1" '2 *' 33*"
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�")&4 8"&E\
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�1 )&E
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�")&4 8"&E\
1�,D
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TAKE-HOME MAPPING ASSIGNMENT
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LAB 10: STRUCTURAL GEOLOGY PART II
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�7�+'," " � & - $ 3&" �*- ) +-!"*2E  -+/*" 3" 3&" +'22',% 2'!"2E �,! 42" 8 -41  -+/*" 3"! +-!"* 3- �,26 "1 3&"
04"23'-,2\�"*- 6 D\�,*"22\-3&"1 6'2"\23� 3"!E\�224+"\�**\3&"\$ -1+� 3'-,2\�"*- 6\1"/1 "2", 3\2"!'+", 3�18\1- )2D

� -1 2-+" - $ 3&" +-!"*2 8 -4 6'** �" �2) " ! 3- 61' 3" � /-', 3R$-1+ %" -*-%' &'23-1 8 ��2" ! -, 6&� 3 8-4
-�2"1 5" ', 3&" +-!"*D �&'2 '2 �, " 7 "**", 3 6� 8 3- 1" 5'" 6 3&" 1"*� 3'5" !� 3',% �,! % " -*-%' 3'+"  -, "/32 $1-+
� �� A D �-1 " 7�+/*"E 31 8 61' 3',% � /-', 3R$-1+ %" -*-%' &'23-1 8 $-1 � *- ) � -!"* ; 3&�3 2&-62 � 2" 04", " - $
��+�1'�, N�1 - 6, OE �1!- 5' '�, N*'% &3 %1" 8OE �'*41'�, N 1" �+ OE �"5-,'�, N�*4" %1 " 8OE �,! �'22'22'//'�, N -1 �,% " O
$-1+� 3'-,2\3&� 3\�1"\!'//',%\3-\3&"\" �23E\�2\6"**\�2\�\�1 " 3� " -42\%���1 -\! 8) "\N!�1 )\�1 - 6, OD

�\/-', 3R$-1+\%" -*-%' \&'23-1 8\$-1\� *- )\� -!"*\;\6 -4*!\*--)\2-+" 3&',%\*')"\3&'2F

<?= k � ��\;:\�7 "1 '2"2



� )/(! �-.RJ')-.R, ���( .K

K �1 -2'-,\^MR\4/*'$ 3\3-\/1"2", 3
K 
, 3142'-,\- $\�1" 3� " -42\%���1 -\! 8) " H�. *//L�100$)"R. �'�0$*)/#$,/ I
K �'*3',%\- $\3&"\��+�1'�,\3-\�'22'22'//'�,\$ -1+� 3'-,2\3- 6 �1 !\3&"\" �23 H*.$"$)�'R#*.$6*)0�'$05 I
K �"/-2' 3'-,\�,!\*' 3&'$' � 3'-,\- $\3&"\�'22'22'//'�,\$ -1+� 3'-, H/1,�.,*/$0$*) I
K �"/-2' 3'-,\�,!\*' 3&'$' � 3'-,\- $\3&"\�" 5-,'�,\$ -1+� 3'-, H/1,�.,*/$0$*) I
K �"/-2' 3'-,\�,!\*' 3&'$' � 3'-,\- $\3&"\�'*41'�,\$ -1+� 3'-, H/1,�.,*/$0$*) I
K �"/-2' 3'-,\�,!\*' 3&'$' � 3'-,\- $\3&"\�1 !- 5' '�,\$ -1+� 3'-, H/1,�.,*/$0$*) I
K �"/-2' 3'-,\�,!\*' 3&'$' � 3'-,\- $\3&"\��+�1'�,\$ -1+� 3'-, H/1,�.,*/$0$*) I

� &��-.

� -3' " &- 6 3&" &'23-18 '2 $-1+� 33"! 24 & 3&� 3 3&" -*!"23 " 5", 3 '2 �3 3&" �-3 3-+E �,! 3&" 8 -4,% "23 -1 +-23
1"  ", 3 "5", 3 '2 *'23"! � 3 3&" 3-/D �&" ' 3�*' $-, 3 ', /�1 ", 3&"2"2 ',!' � 3"2 3&" /1', '/*" - $ 231� 3'%1�/& 8 42"!
3- (423'$8 3&" /-2' 3'-, - $ "� & " 5", 3 ', 3&" 3'+"*',"D �*2- ,-3" 3&� 3 3&" 3"1+2 42"! 3- !"2 1' �" 3&" !'$ $"1", 3
%" -*-%' " 5", 32 +� 3 & 3&" 38/" - $ 1- )2F ��*)-# .#)( $-1 2" !'+", 3�18 1- )2E #(.,/-#)( $-1 3&" '%," -42 ! 8) "D
� "  �** $1-+ � �� =E 3&� 3 %���1 - '2 � +�$ ' ', 3142'5" '%," -42 1- )E 3&� 3  --*" ! �"," � 3& 3&" ��1 3&Y2 241$� "D
� ', " 3&" %���1 - ! 8) " '2 ,- 6 " 7/-2" ! � 3 3&" 241$� " - $ 3&" ��1 3&E 3&" +-23 1"  ", 3 "5", 3 +423 �" 3&� 3 3&"
�1 " �\&�2\�" ",\4/*'$ 3"!\�,!\�, 8\- 5"1*8',%\1- )2\-1\2" !'+", 3\&�5"\�" ",\"1 -!" !\� 6 � 8D

Block model 1

�43 -43 �*- ) +-!"* ;E 3&",  -,2314 3 3&" +-!"* � 8 $-*!',% �*-,% 3&" 1 " ! *',"2D � -*! ', 3&"  -1,"12 - $ 3&"
+-!"* 3-  1 " � 3" � =� 1 "  3�,%4*�1 2&�/"D �- ,-3 23�/*" -1 3�/" 3&"  -1,"12 8 " 3E �2 3&" +-!"* '2 " �2'"1 3-
 -+/*" 3" 6&", *�'! $ *� 3 -, � &�1 ! 241$� "D �� 3"1E 8-4 +� 8 6 �, 3 3- 23�/*" -1 3�/" 3&"2"  -1,"12 2- 3&� 3 8-41
+-!"*\+�', 3�',2\' 32\2&�/"D

�&'2 +-!"* 2&- 62 � 2" 04", " - $ ��+�1'�, N�1 - 6, OE �1!- 5' '�, N*'% &3 %1" 8OE �'*41'�, N 1" �+ OE �"5-,'�,
N�*4" %1" 8OE �,! �'22'22'//'�, N -1 �,% " O $-1+� 3'-,2 3&� 3 �1" !'//',% 3- 3&" " �23D � �1 " 3� " -42 N!�1 ) �1 - 6, O
! 8) "\'2\�*2-\2&- 6,D

;D �-+/*" 3"\3&"\,-1 3&R\�,!\" �23R$� ',%\2'!"2\- $\3&"\�*- )\� 8\!1 � 6',%\',\3&"\% " -*-%8D\�-4\!-\,-3\," " !\3-
 -*-41\',\3&"\�*- )\+-!"*E\�43\8 -41\$-1+� 3'-,2\+423\�"\*��"*" !D

<D �1 � 6\�\�*� )\�11 - 6\',\/*�,\5'" 6\3-\',!' � 3"\3&"\!'/\!'1 "  3'-,\- $\3&"\�1 !- 5' '�,\$ -1+� 3'-,\N� O\�3\/-', 3\'D
=D � 2',%\8-41\/1 -31� 3-1E\+"�241"\3&"\!'/\- $\3&"\�1 !- 5' '�,\$ -1+� 3'-,\-,\3&"\2-43&R$� ',%\2'!"\- $\3&"

�*- )D\� "+"+�"1 E\!'/\'2\+" �241" !\',\!"%1 " "2\$1-+\&-1'9 -, 3�*\N:hO\!- 6,\3-\3&"\', *'," !\/*�,"D\� " 5'" 6
� '%41"2\CD;D<\�,!\CD;D=\'$\8-4\�1 "\4,241 "\6&"1 "\3&"\�,% *"\- $\!'/\2&-4*!\�"\+" �241" !\-,\8 -41\�*- )
+-!"*D\�'/F

>D �1 � 6\�\�*� )\�11 - 6\',\/*�,\5'" 6\3-\',!' � 3"\3&"\!'/\!'1 "  3'-,\- $\3&"\�1" 3� " -42\! 8) "\N
O\�3\/-', 3\''D
?D � 2',%\8-41\/1 -31� 3-1E\+"�241"\3&"\!'/\- $\3&"\�1" 3� " -42\! 8) "\-,\3&"\2-43&R$� ',%\2'!"\- $\3&"\�*- )D

�'/F

� ��\;:\�7 "1 '2"2 k <?>



Block model 2

�&'2 +-!"* 2&- 62 � 2" 04", " - $ ��+�1'�, N�1 - 6, OE �1!- 5' '�, N  1 " �+ OE �'*41'�, N*'%&3 %1" 8OE �,! �" 5-,'�,
N�*4" %1" 8O $-1+� 3'-,2D �&'2 +-!"* '2 � *' 33*" +-1 "  -+/*" 7 3&�, � -!"* ;E �2 3&" 231� 3� &"1" &� 5" �" ", $ -*!" !D

;D �-+/*" 3"\3&"\,-1 3&R\�,!\" �23R$� ',%\2'!"2\- $\3&"\�*- )\� 8\!1 � 6',%\',\3&"\% " -*-%8D\�-4\!-\,-3\," " !\3-
 -*-41\',\3&"\�*- )\+-!"*E\�43\8 -41\$-1+� 3'-,2\+423\�"\*��"*" !D

<D �1 � 6\�\�*� )\�11 - 6\',\/*�,\5'" 6\3-\',!' � 3"\3&"\!'/\!'1 "  3'-,N2O\-$\3&"\�'*41'�,\$ -1+� 3'-,\N�O\�3\/-', 32\'E
''E\�,!\'''D

=D �1 � 6\-,\3&"\�7'�*\/*�,"\$ -1\" � &\$ -*!\',\1 " !\/",\-,\3&"\2-43&R\�,!\,-1 3&R$� ',%\2'!"2\- $\3&"\+-!"*D
>D 
,\/*�,\5'" 6\�,!\42',%\�\14*"1 E\!1� 6\3&"\241$� "\31� "2\- $\3&"\�7'�*\/*�,"2\$ -1\3&"\$-*!2\',\1 " !\/",D\�!!

3&"\�//1 -/1'� 3"\28+�-*2\3-\',!' � 3"\3&"\38/"\- $\$-*!\N2""\� '%41"\;: D<D?OD
?D � &� 3\38/"\- $\231"22\'2\1" 04'1" !\3-\/1 -!4 "\3&"\%" -*-%' \2314 341"2\-�2"1 5" !\',\3&'2\�*- )\+-!"*I

Block model 3

�&'2 +-!"* 2&- 62 � $� 4*3"! 2" 04", " - $ ��+�1'�, N%1 " ", OE �1!- 5' '�, N�*4" OE �'*41'�, N%1" 8OE �,! �" 5-,'�,
N 1 " �+ OE �,! �'22'22'//'�, N�1 - 6, O $-1+� 3'-,2D �7�+'," 3&" - $$2"3 -$ 3&" $-1+� 3'-,2 2&- 6, ', 3&" 2-43&R
$� ',%\2'!"\- $\3&"\�*- )D

;D �-+/*" 3"\3&"\,-1 3&R\�,!\" �23R$� ',%\2'!"2\- $\3&"\�*- )\� 8\!1 � 6',%\',\3&"\% " -*-%8D\�-4\!-\,-3\," " !\3-
 -*-41\',\3&"\�*- )\+-!"*E\�43\8 -41\$-1+� 3'-,2\+423\�"\*��"*" !D

<D �1 � 6\�\�*� )\�11 - 6\',\/*�,\5'" 6\3-\',!' � 3"\3&"\!'/\!'1 "  3'-,\- $\3&"\�'22'22'//'�,\$ -1+� 3'-,\N�O\� 3
/-', 3\'D

=D �1 � 6\�\�*� )\�11 - 6\',\/*�,\5'" 6\3-\',!' � 3"\3&"\!'/\!'1 "  3'-,\- $\3&"\$�4*3\�3\/-', 3\''D
>D �1 � 6\�\�*� )\�11 - 6\',\/*�,\5'" 6\3-\',!' � 3"\3&"\!'/\!'1 "  3'-,\- $\3&"\�'*41'�,\$ -1+� 3'-,\N�O\�3\/-', 3\'''D
?D � ��"*\3&"\&�,% ',%\6 �**\�,!\$ --3 6 �**\-,\3&"\2-43&R\�,!\,-1 3&R$� ',%\2'!"2\- $\3&"\+-!"*\N 3&"\�*- )2

��- 5"\�,!\�"*- 6\3&"\$� 4*3OD
@D�1 � 6\1" !\�11 - 62\-,\"' 3&"1\2'!"\- $\3&"\$�4*3\3-\',!' � 3"\3&"\2",2"\- $\!'2/*� "+", 3\�*-,%\3&"\$� 4*3D
AD 
2\3&"\$�4*3\',\3&'2\+-!"*\�\,-1+�*\-1\1 " 5"12" $�4*3I\� &8I

BD �1 � 6\3&"\�//1 -/1'� 3"\+�/\28+�-*\$ -1\3&"\$�4*3\',\/*�,\5'" 6 D\�-,24*3\� '%41"\;: D=D>\$-1\+-1 "\',$ -1+� 3'-,
-,\+�/\28+�-*2\$ -1\$� 4*32D

CD � &� 3\38/"\- $\231"22\'2\1" 04'1" !\3-\/1 -!4 "\3&"\$� 4*3\-�2"1 5" !\',\3&'2\�*- )\+-!"*I
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Block model 4

�&'2 +-!"* 2&- 62 � $� 4*3"! 2" 04", " - $ ��+�1'�, N%1 " ", OE �1!- 5' '�, N�*4" OE �'*41'�, N%1" 8OE �,! �" 5-,'�,
N 1 " �+ OE �,! �'22'22'//'�, N�1 - 6, O $-1+� 3'-,2D �7�+'," 3&" - $$2"3 -$ 3&" $-1+� 3'-,2 2&- 6, ', 3&" 2-43&R
$� ',%\2'!"\- $\3&"\�*- )D

;D �-+/*" 3"\3&"\,-1 3&R\�,!\" �23R$� ',%\2'!"2\- $\3&"\�*- )\� 8\!1 � 6',%\',\3&"\% " -*-%8D\�-4\!-\,-3\," " !\3-
 -*-41\',\3&"\�*- )\+-!"*E\�43\8 -41\$-1+� 3'-,2\+423\�"\*��"*" !D

<D �1 � 6\�\�*� )\�11 - 6\',\/*�,\5'" 6\3-\',!' � 3"\3&"\!'/\!'1 "  3'-,\- $\3&"\�'22'22'//'�,\$ -1+� 3'-,\N�O\� 3
/-', 3\'D

=D �1 � 6\�\�*� )\�11 - 6\',\/*�,\5'" 6\3-\',!' � 3"\3&"\!'/\!'1 "  3'-,\- $\3&"\$�4*3\�3\/-', 3\''D
>D �1 � 6\�\�*� )\�11 - 6\',\/*�,\5'" 6\3-\',!' � 3"\3&"\!'/\!'1 "  3'-,\- $\3&"\�1 !- 5' '�,\$ -1+� 3'-,\N� O\�3\/-', 3

'''D
?D � ��"*\3&"\&�,% ',%\6 �**\�,!\$ --3 6 �**\-,\3&"\2-43&R\�,!\,-1 3&R$� ',%\2'!"2\- $\3&"\+-!"*\N 3&"\�*- )2

��- 5"\�,!\�"*- 6\3&"\$� 4*3OD
@D�1 � 6\1" !\�11 - 62\-,\"' 3&"1\2'!"\- $\3&"\$�4*3\3-\',!' � 3"\3&"\2",2"\- $\!'2/*� "+", 3\�*-,%\3&"\$� 4*3D
AD 
2\3&"\$�4*3\',\3&'2\+-!"*\�\,-1+�*\-1\1 " 5"12" $�4*3I\� &8I

BD �1 � 6\3&"\�//1 -/1'� 3"\+�/\28+�-*\$ -1\3&"\$�4*3\',\/*�,\5'" 6 D\�-,24*3\� '%41"\;: D=D>\$-1\+-1 "\',$ -1+� 3'-,
-,\+�/\28+�-*2\$ -1\$� 4*32D

CD � &� 3\38/"\- $\231"22\'2\1" 04'1" !\3-\/1 -!4 "\3&"\$� 4*3\-�2"1 5" !\',\3&'2\�*- )\+-!"*I

Block model 5

�&'2 +-!"* 2&- 62 � $� 4*3"! 2" 04", " - $ ��+�1'�, N -1 �,% " OE �"5-,'�, N%1 " 8OE �,! �'22'22'//'�, N  1 " �+ O $-1R
+� 3'-,2E �2 6 "** �2 � 8 -4,% "1 �1 " 3� " -42 ! 8) " N!�1 ) �1 - 6, OD �7�+'," 3&" - $$2"3 -$ 3&" !8) " 2&- 6, ', 3&"
2-43&R$� ',%\2'!"\- $\3&"\�*- )D

;D �-+/*" 3"\3&"\,-1 3&R\�,!\" �23R$� ',%\2'!"2\- $\3&"\�*- )\� 8\!1 � 6',%\',\3&"\% " -*-%8D\�-4\!-\,-3\," " !\3-
 -*-41\',\3&"\�*- )\+-!"*E\�43\8 -41\$-1+� 3'-,2\+423\�"\*��"*" !D

<D � &� 3\'2\3&"\!'/\- $\3&"\�'22'22'//'�,\$ -1+� 3'-,\N�O\� 3\/-', 3\'I\�'/F
=D � &� 3\'2\3&"\!'/\�,!\!'/\!'1 "  3'-,\- $\3&"\�1" 3� " -42\! 8) "\N
O\�3\/-', 3\''I

>D �1 � 6\1" !\�11 - 62\-,\"' 3&"1\2'!"\- $\3&"\$�4*3\�3\/-', 3\'''\3-\',!' � 3"\3&"\2",2"\- $\!'2/*� "+", 3\�*-,%\3&"
$�4*3D

?D � &� 3\38/"\- $\231')"R2*'/\$� 4*3\'2\3&'2I\� &8I

� ��\;:\�7 "1 '2"2 k <?@



@D� 1'3"\�\/-', 3R$-1+\%" -*-%' \&'23-1 8\$-1\3&'2\�*- )\+-!"*D\�"\241 "\3-\2/"  '$8\�, 8\4, -,$ -1+' 3'"2\N'$\/1"R
2", 3OE\�,!\6&' &\/1', '/*"2\- $\231� 3'%1�/& 8\8-4\42"\�2\" 5'!", "\$-1\8-41\3'+"*',"D

AD � &� 3\38/"\- $\231"22\'2\1" 04'1" !\3-\/1 -!4 "\3&"\$� 4*3\-�2"1 5" !\',\3&'2\�*- )\+-!"*I

Block model 6

�&'2 '2 � 2314 341�**8R -+/*" 7 �*- ) +-!"*D �&'2 +-!"* 2&- 62 � !"$ -1+" ! 2" 04", " - $ ��+�1'�, N�1 - 6, OE
�1 !- 5' '�, N  1 " �+ OE �'*41'�, N/�*" %1 " 8OE �,! �" 5-,'�, N�*4" %1 " 8O $-1+� 3'-,2E �2 6 "** �2 � �41 �22' ! 8) " N!�1 )
�1 - 6, OD�&" �*� ) 4,' 3 -, 3&" 2-43&R$� ',% 2'!" *��"*" ! X�Y '2 � �'22'22'//'�, 2'**E � 3 8/" - $ '%,"-42 ', 3142'-,D

;D �-+/*" 3"\3&"\,-1 3&R\�,!\" �23R$� ',%\2'!"2\- $\3&"\�*- )\� 8\!1 � 6',%\',\3&"\% " -*-%8D\�-4\!-\,-3\," " !\3-
 -*-41\',\3&"\�*- )\+-!"*E\�43\8 -41\$-1+� 3'-,2\+423\�"\*��"*" !D

<D � &� 3\'2\3&"\!'/\- $\3&"\�'*41'�,\$ -1+� 3'-,\N�O\�3\/-', 32\'\�,!\''I\
 ,!' � 3"\3&"\!'/\!'1 "  3'-,\',\/*�,\5'" 6\� 3
/-', 32\'\�,!\''\� 8\!1 � 6',%\�*� )\�11 - 62D

=D �1 � 6\-,\3&"\�7'�*\/*�,"\$ -1\3&"\$-*!\',\1 " !\/",\-,\3&"\2-43&R\�,!\,-1 3&R$� ',%\2'!"2\- $\3&"\+-!"*D
>D 
,\/*�,\5'" 6\�,!\42',%\�\14*"1 E\!1� 6\3&"\241$� "\31� "\- $\3&"\�7'�*\/*�,"\$ -1\3&"\$-*!\',\1 " !\/",D\�!!\3&"

�//1 -/1'� 3"\28+�-*\3-\',!' � 3"\3&"\38/"\- $\$-*!D
?D � &� 3\'2\3&"\!'/\�,!\!'/\!'1 "  3'-,\- $\3&"\�41�22' \! 8) "\N�O\�3\/-', 3\'''I

@D� &� 3\'2\3&"\!'/\�,!\!'/\!'1 "  3'-,\- $\3&"\$�4*3\�3\/-', 3\'5I

AD � ��"*\3&"\&�,% ',%\6 �**\�,!\$ --3 6 �**\-,\3&"\" �23R\�,!\6 "23R$� ',%\2'!"2\- $\3&"\+-!"*D
BD �1 � 6\1" !\�11 - 62\-,\"' 3&"1\2'!"\- $\3&"\$�4*3\3-\',!' � 3"\3&"\2",2"\- $\!'2/*� "+", 3\�*-,%\3&"\$� 4*3D
CD 
2\3&"\$�4*3\',\3&'2\+-!"*\�\,-1+�*\-1\1 " 5"12" $�4*3I\� &8I

;: D � 1'3"\�\/-', 3R$-1+\%" -*-%' \&'23-1 8\$-1\3&'2\�*- )\+-!"*D\�"\241 "\3-\2/"  '$8\�, 8\4, -,$ -1+' 3'"2\N'$\/1"R
2", 3OE\�,!\6&' &\/1', '/*"2\- $\231� 3'%1�/& 8\8-4\42"\�2\" 5'!", "\$-1\8-41\3'+"*',"D

Media Attributions

K � '%41"\�F\g\� '-�&�,\�  �-*!1' )D\��\� � D
K � *- )\� -!"*2\;E\<E\=E\>E\?E\@F\g\�'-�&�,\�  �-*!1' )D\��\� � D

<?A k � ��\;:\�7 "1 '2"2



Summary

�&"\3-/' 2\ - 5"1" !\',\3&'2\ &�/3"1\ �,\�"\24++�1'9 " !\�2\$ -**- 62F

���.#)( � /''�, 3

;: D;\�31"22
�,!\� 31�',

� 31"22\6' 3&',\1- )2T 6&' &\', *4!"2\ -+/1 "22'-,E\" 73",2'-,\�,!\2&" �1',%T3 8/' �**8\-1'%',� 3"2\$1-+
/*� 3"R�-4,!�1 8\/1 - "22"2D� - )\3&� 3\'2\231"22" !\1 "2/-,!2\6' 3&\"'3&"1\"*�23' \-1\/*�23' \231 �',E\�,!\+� 8
" 5", 34�**8\�1 " �)D �&"\6 � 8\�\1- )\1 "2/-,!2\3-\231 "22\!"/",!2\-,\' 32\ -+/-2' 3'-,\�,!\2314 341"E\3&"\1� 3"
� 3\6&' &\231�',\'2\�//*'" !E\�,!\�*2-\3-\3&"\3"+/"1 � 341"\- $\3&"\1- )\�-! 8\�,!\3&"\/1 "2", "\- $\6� 3"1D

;: D<
� -*!',%

� -*!',%\'2\% ","1 �**8\�\/*�23' \1 "2/-,2"\3-\ -+/1 "22'5"\231"22E\�*3&-4%&\2-+"\�1' 33*"\�"&� 5'-41\ �,
&�//",\!41',%\$ -*!',%D �,\4/ 6 �1 ! $-*!\'2\�,\�, 3'$-1+D �\!- 6, 6 �1 !\$-*!\'2\�\28,$ -1+D �&"\�7'2\- $\�\$-*!
 �,\�"\5 "13' �*E\', *'," !E\-1\" 5",\&-1'9 -, 3�*D\
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Rock Classification Tables

Igneous Rocks
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Metamorphic Rocks
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Appendix 1: List of Geologically Important
Elements and the Periodic Table
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Appendix 2: Answers to Practice Exercises
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Introduction

Practice Exercise: Using geological time notation
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Practice Exercise: Take a trip through geological time
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Lab 1: Plate Tectonics

Practice Exercise 1.1 Volcanoes and the rate of plate motion
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Lab 2: Mineral Properties and Non-Silicate Minerals

Practice Exercise 2.1
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Practice Exercise 2.2
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Practice Exercise 2.3
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Practice Exercise 2.4
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Lab 3: Silicate Minerals

Practice Exercise 3.1 Ferromagnesian silicates
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Lab 4: Igneous Rocks

Practice Exercise 4.1 Rock types based on magma composition
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Practice Exercise 4.2 Porphyritic minerals
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Practice Exercise 4.3 Mineral proportions in igneous rocks

;D � -4%&*8\<?e\
 R$"*!2/�1 E\=:e\04�1 39E\=?e\�*�' 3' \/*�% '- *�2"\�,!\;:\�'-3' 3"M�+/&' �-*"E
<D � -4%&*8\@?e\/*�%'- *�2"\�,!\=?e\�'-3' 3"M�+/&' �-*"\N +-23\*') "*8\�+/&' �-*" OE
=D � -4%&*8\>?e\�,-1 3&'3' \/*�% '- *�2"E\<?e\�+/&' �-*"\�,!\=?e\/ 81- 7","
>D � -4%&*8\?:e\/ 81- 7","\�,!\?:e\-*'5',"D

Practice Exercise 4.4 Proportions of Ferromagnesian Silicates
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Lab 5: Sediments and Sedimentary Rocks

Practice Exercise 5.1 Chemical weathering
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Practice Exercise 5.2 Describing the weathering origins of sands
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Practice Exercise 5.3 Classifying sandstones
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Lab 6: Metamorphic Rocks and the Rock Cycle

Practice Exercise 6.1 How long did it take?
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Practice Exercise 6.2 Metamorphic rocks in areas with higher geothermal
gradients
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Practice Exercise 6.3 Naming metamorphic rocks
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2&"",\3-\3&"+D �#5''$0�

>D\�\1- )\3&� 3\'2\!-+',� 3"!\� 8\�*'%," !\ 1 823�*2\-$\�+/&' �-*"D � (,#$�*'$0�

Practice Exercise 6.4 Rock around the rock-cycle clock

�" !'+", 3�18 1- ) '2 �41'" ! !" "/"1 3- +�) " +" 3�+-1/&' 1 - )E 3&" +" 3�+-1/&' 1 - ) '2 4/*'$ 3"! �,! !41',%
3&'2 /1- "22 3&" +� 3"1'�* - 5"1&" �! '2 "1 -!" ! 2- 3&� 3 '3  �, �" " 7/-2" ! � 3 241$� "D �&" +" 3�+-1/&' 1 - )
'2 3&", "1 -!" ! 3- +�) " +-1 " 2" !'+", 32E 6&' & �1" 31�,2/-1 3"! � 8 6',!E 6 � 3"1E -1 ' "E !"/-2' 3"! �,! 3&",
�41'" !\3-\+�) "\2" !'+", 3�18\1- )D\�&'2\6 -4*!\*') "*8\3�) "\� 3\*"�23\@:\+'**'-,\8 " �12D
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Lab 7: Relative Dating and Geological Time

Practice Exercise 7.1 Cross-cutting relationships

� �'�0$2�R�"�/CR9CR*'��/0CR:CR($��'�BR8CR5*1)"�/0RJ�0�2�)
��. '� K

Lab 8: Mapping Fluvial Landscapes

Practice Exercise 8.1 Understanding the Hjulstršm-Sundborg Diagram

J	(�"�R�5R�0�2�)R��. '� K

;D �\$ ',"\2�,!\%1 �',\N : D;\+'**'+" 31"2O\'2\1"23',%\-,\3&"\�-3 3-+\- $\�\231" �+\�" !D
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;D � &� 3\231" �+\5 "*- ' 38\6'**\' 3\3�) "\3-\%" 3\3&�3\2�,!\%1 �',\', 3-\242/",2'-, I � *1"#' 5R97R��)0$(�0. �/R,�.
/��*)�A

<D �, "\3&"\/�1 3' *"\'2\',\242/",2'-,E\3&"\5 "*- ' 38\23�132\3-\!1-/D\� 3\6&� 3\5"*- ' 38\6'**\' 3\$',�** 8\ -+"
�� )\3-\1 "23\-,\3&"\231" �+\�" !I � *1"#' 5R8R��)0$(�0.�/R,�.R/��*)�A

<D �\231" �+\'2\$ *-6',%\� 3\;:\ ", 3'+" 31"2\/"1\2"  -,!\N 6&' &\+" �,2\' 3\3�) "2\;:\2"  -,!2\3-\% -\;\+" 31"E\�,!
3&�3Y2\/1" 338\2*-6 OD

;D � &� 3\2'9"\- $\/�1 3' *"2\ �,\�"\"1 -!" !\� 3\;:\ ", 3'+" 31"2\/"1\2"  -,!I � *R,�.0$�'�/BR*!R�)5R/$6�BR3$''R��
�. *���R�0R87R��)0$(�0. �/R,�.R/��*)�BR�'0#*1"#R,�.0$�'�/R/(�''�.R0#�)R8R($''$(�0. �R0#�0R�.�R�'. ���5R$)
/1/,�)/$*)R3$''R/0�5R$)R/1/,�)/$*)A

<D � &� 3\'2\3&"\*�1%"23\/�1 3' *"\3&� 3E\-, "\�*1 " �! 8\',\242/",2'-,E\6'**\1 "+�',\',\242/",2'-,\� 3\;:\ ",R
3'+" 31"2\/"1\2"  -,!I �R8R($''$(�0. �R�$�(�0�.R,�.0$�'�R/#*1'�R. �(�$)R$)R/1/,�)/$*)R�0R87R��)0$(�0. �/
,�.R/��*)�A

Practice Exercise 8.2 Scale bar

� &� 3 �D�D '2 2&-6, � 8 3&" 2 �*" ��1 !1 � 6, ��- 5" I �224+" 3&� 3 "� & - $ 3&" *-,% ��12 -, 3&" 2 �*" ��1 '2 <  +
',\*",%3&D\	 ', 3F\8-4\6'**\&� 5"\3-\!-\2-+"\4,' 3\ -, 5"12'-,2H

�-*43'-,F
N��/\!'23�, " OMN�1 -4,!\!'23�, " O\a\N;\ +OMN: D?\)+Oa\N;\ +OMN?:E:::\ + Oa\;M?: E:::a ;F?:E:::

� " �241',% 6' 3& 8-41 14*"1E ;  + -, 3&" 2 �*" ��1 1 "/1 "2", 32 :D? )+E -1 ?:: +E -1 ?: E:::  +D �&"1 "$-1"E
3&"\2 �*"\��1\1 "/1 "2", 32\�\�D�D\-$\;F?:E::: D

Practice Exercise 8.3 Topographic Contour Lines

�7�+'," 3&" " 7�+/*" 3-/-%1 �/&' +�/ ', � '%41" BD=D=D �&" +�/ 2&-62 36 - &'**2 2"/�1 � 3"! � 8 � 2+�** 5 �**" 8
3&�3\&�2\36 -\231" �+2D

;D � &' &\&'**\'2\3&"\3�**"23I\�1 E\',\-3&"1\6 -1 !2E\6&' &\&'**\&�2\3&"\&'%&"23\"*"5� 3'-, I �#�R#$''R0*R0#�R)*.0#L
3�/0R$/R0#�R0�''�/0A

<D � &� 3\'2\3&"\�//1 - 7'+� 3"\"*" 5� 3'-,\- $\3&"\1" !\23�1I �#�R�'�2�0$*)R�0R0#�R,*$)0R$)�$��0��R�5R0#�R.��R/0�.
3*1'�R��R�,,. *4$(�0�' 5R8><R(BR�/R$0R$/R'*��0��R.*1"#' 5R#�'!3�5R��03��)R0#�R8<7R(R�)�R0#�R977R(R�*)0*1.
'$)�/A

=D � - 6 �1 !\6&' &\!'1 "  3'-,\'2\" � &\231" �+\$ *-6',% I �#�R/0. ��(R'*��0��R)*.0#3�/0R*!R0#�R. ��R/0�.R$/R!'*3$)"
0*3�. �R0#�R��AR�#�R/0.��(R'*��0��R/*10#3�/0R*!R0#�R. ��R/0�.R$/R!'*3$)"R0*3�. �R0#�R�� AR�0.��(/R�'3�5/
! '*3R�*3)#$''BR�5R�4�($)$)"R0#�R0*,*". �,#$�R�*)0*1.R'$)�/R5*1R��)R��0�.($)�R3#$�#R�$. ��0$*) $/
1,/0. ��(R*.R�*3)/0. ��(A

>D ��,\8 -4\2" "\�, 86&"1 "\-,\3&"\+�/\6&"1 "\3-/-%1 �/& 8\6 -4*!\�"\1 "*� 3'5"*8\23""/ I � �/BR0#�R�.��R)��.R0#�
O977R(PR'���'R$/R.�'�0$2�' 5R/0��,A

?D ��,\8 -4\2" "\�, 86&"1 "\-,\3&"\+�/\6&"1 "\3-/-%1 �/& 8\6 -4*!\�"\1 "*� 3'5"*8\%", 3*"\-1\$*� 3I � �/BR0#�R�.��/
)��.R0#�R03*R/0.��(/R#�2�R. �'�0$2�' 5R"�)0'�R/'*,�/A

@D	 - 6\ �,\8 -4\3"**\3&"\!'$ $"1", "\�" 36 " ",\�1 " �2\6' 3&\23""/\5 "1242\%", 3*"\3-/-%1�/& 8\42',%\3&"\ -, 3-41
*',"2I �*)0*1.R'$)�/R0#�0R�. �R�'*/�' 5R/,����R*)R0#�R(�,R$)�$��0�R/0��,�.R/'*,�/BR3#�. ��/R�*)0*1.R'$)�/R0#�0
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�. �R/,����R! �.R�,�.0R$)�$��0�R"�)0'�R0*,*". �,#5 A
AD � -3' "\3&� 3\3&"\?:\+\�,!\;::\+\ -, 3-41\*',"2\$ -1+2\�\V �W\2&�/"\�2\3&" 8\ 1-22\3&"\231" �+D � )*)!, �* "#�

�)( .)/,R&#(�-R�&1 � 3-R ),'R�RO � PR-"�*�R�-R."� 3R�,)--R�R-., ��'BR�(�R."�R*)#( .R) R."�RO� PR�&1 � 3-R*)#( .-
/*-., ��'A 
+�% ',"\3&"1 "\'2\�\3&'1 !\231" �+\3&� 3\-1'%',� 3"2\� 3\3&"\1" !\23�1\�,!\$ *-62\3- 6 �1 !\3&"\��D
�1 � 6\',\3&'2\3&'1!\231" �+\�,!\42',%\!�2&" !\*',"2E\+-!'$ 8\3&"\ -, 3-41\*',"2\6&"1 "\3&"8\ 1-22\3&'2
231" �+D 
 *�$! $��R�*)0*1.R'$)�/R/#*1'�R�'/*R! *.(R�RO�PR/#�,�R0#�0R,*$)0/R1,/0.��(RH 1,R#$''IR�/R0#�5R�.*//
0#$/R)�3R/0.��(A

Lab 9: Structural Geology Part I

Practice Exercises 9.1

;D 
,\� '%41"2\CD;D;\�,!\CD;D<E\6&' &\/1', '/*"\6 �2\42" !\3-\!" 3"1+',"\3&"\-*!"23\�,!\8 -4,% "23\2"!'+", 3�18
1- )2\',\3&"\!'�%1 �+ I � )/3�.CR,.$)�$,'�R*!R/1,�.,*/$0$*)AR� 2�)R0#*1"#R0#�R/0.�0�R$)R�$"1. �R@A8A9R#�2�R���)
0$'0��BR$(�"$)�R.*0�0$)"R0#�(R���&R0*R#*.$6*)0�'BR�)�R5*1R��)R/0$''R��0�.($)�R0#�R.�'�0$2�R�"�/R*!R0#�R!*1.
'�5�. /AR����CR$)R/*(�R��/�/R/0. �0�R��)R��R�*(,'�0�' 5R*2�.01.)��BR0#�. �! *. �R0#$/R�//1(,0$*)R�*�/R)*0
�'3�5/R#*'�R0.1�AR� *.R0#�R,1.,*/�/R*!R0#$/R�*1./�BR�//1(�R0#�R/0. �0�R#�2�R� ��R���)R*2�.01.)��A

<D 
,\� '%41"\CD;D<E\6&' &\/1', '/*"\3"**2\8-4\3&� 3\3&"2"\231� 3�\6 "1"\3'*3"!\�$ 3"1\!"/-2' 3'-,\�,!\*' 3&'$' � 3'-, I
� )/3�.CR,.$)�$,'�R*!R*.$"$)�'R#*.$6*)0�'$05

=D � - 6 �1 !\6&' &\!'1 "  3'-,\�1 "\3&"\231� 3�\!'//',%\',\� '%41"\CD;D=I� )/3�.CR/*10#
>D 	 - 6\23" "/* 8\�1"\3&"\231� 3�\!'//',%\',\� '%41"\CD;D=I� )/3�.CR;<Y

Lab 10: Structural Geology Part II

Practice Exercise 10.1 Folding style


, -1 !"1 3- &"*/ 6' 3& 3&" ',3"1/1" 3�3'-,E -," - $ 3&" �" !2 &�2 �" ", 31 � " ! N', 8 "**- 6 O -, 3&" !'�%1 �+ �"*- 6 E
�,! 3 6 - - $ 3&" $-*! �7 "2 &� 5" �" ", 2&- 6, N ', /',)OD �&"2" $ -*!2 �1 " 28++" 31' �*E �,! �*3&-4% & 3&"8 �1" 3'%&3
3&"8\�1"\,-3\'2- *',�*D\�&" 8\�1"\- 5"1341," !D
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� *'���R. *�&/RH$)R5�''*3IR�)�R!*'�R�4 �/RH,$)&IRJ	(�"�R�5
�0�2�)R��. '� K

Practice Exercise 10.2 Types of faults

� -/\*"$ 3F\�\,-1+�*\$� 4*3E\'+/*8',%\" 73",2'-,

�-3 3-+\*"$ 3F\�\2"1'"2\-$\,-1+�*\$� 4*32E\"73",2'-,

� -/\1'% &3F\�\1" 5"12"\$� 4*3E\ -+/1 "22'-,

�-3 3-+\1'%&3F\�\1'%&3\*�3"1�*\$� 4*3\N'+/*'"2\3&� 3\3&"1"\'2\2&" �1',%E\�43\'3\'2\,-3\/-22' �*"\3-\2� 8\'$\3&"1"\'2\" 73",2'-,\-1
 -+/1 "22'-, O
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Appendix 3: Answers to Lab Exercises

�&" $ -**- 6',% �1 " 24%%"23"! �,26 "12 3- 3&" *�� " 7"1 '2"2 $-1 � ��2 ; 3- ;: ', � �1 � 3' �* �4'!" 3- 
 , 31-!4 3-18
�" -*-%8D\�,26 "12\3-\3&"\/1 � 3' "\" 7"1 '2"2\�1 "\/1 - 5'!" !\', �//",!'7\< D

Lab 1: Plate Tectonics

�*' )\3-\5'" 6 � ��*"\;D;\�,26 "12D
;D\�//1 - 7'+� 3"\*� 3M*-,%\ --1 !',� 3"2\- $\5-* �,-"2\�*-,%\	 � 6 �''R�+/"1 -1\ &�',F

K 
'*� 4" �\� -* �,-F\;Ch\< >i\::j�\;??h\;Bi\::j\�
K �'�)�)4('\�" �+-4, 3F\=<h\Bi\>=j�\;A<h\<<i\=Cj� N,-3"\3&� 3\3&'2\2"�+-4, 3\*'"2\-,\3&"\-//-2' 3"\2'!"\- $\3&"

;B:3&\+"1'!'�,\$1 -+\3&"\
'*� 4" �\� -* �,-\�,!\�'! 6 � 8\
2*�,!E\�,!\' 32\*-,%'34!"\'2\3&"1 "$-1"\!"2 1' �" !
�2 ��-. O

K �'! 6 � 8\
2*�,!F\<Bh\;=i\;:j\�\;AAh\<<i\<?j\�

<D\�//1 - 7'+� 3"\���\ --1 !',� 3"2\- $\5-* �,-"2\�*-,%\	 � 6 �''R�+/"1 -1\ &�',F

K �� 4,�\
 " �F\?\�\< =B:;<\+\�\<;B?A >C\+\�
K A?DB<\��\5-* �,-\," �1\3&"\�" 31-' 3\�" �+-4, 3F\?B\�\@C<>?@\+\�\?@>AB>:\+\�
K ?DAA\��\5 -* �,-\-,\
� 4� Y'F\>\�\>>B=BC\+\�\< >=<C;;\+\�

=D\�-4%&*8\<E>?:\)+
>D\��3"\- $\/*� 3"\+-3'-,F\BBD>\)+ M��
?D\�� 3"\- $\/*� 3"\+-3'-,F\BDB\ + M81
@D �&" V"*�- 6 R*')" W )',) ', 3&" 	 � 6 �''R�+/"1 -1  &�', '2 6'!"* 8 �2 1' �" ! 3- �  &�,% " ', !'1 "  3'-, - $ 3&"

� � '$ ' � *� 3" +- 5',% - 5"1 3&" 23�3'-,�1 8 +�, 3*" /*4+"E �43 � +-1 " /*� 42'�*" " 7/*�,� 3'-, '2 3&� 3 3&" 	 � 6 �''�,
+�, 3*" /*4+" &�2 ,-3 � 34�**8 �" ", 23� 3'-,�1 8 3&1-4%&-43 ' 32 &'23-18E �,! ', $� 3 +- 5" ! � 3 *"�23 <E::: )+
2-43&\- 5"1\3&"\/"1'-!\�" 36 " ",\B;\�,!\>?\��D
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BD\�O\�,!\� O\�1"\�-3&\!'5 "1%", 3\�-4,!�1'"2D

Lab 2: Mineral Properties and Non-Silicate Minerals

Part I: Cleavage and Fracture

;D

��' * &� 
88<� 
88;� 
7� 
8;7� 
777� 
889� 
797�

�&�� 0�! �R),
 , ��./, �

�-, &-'!�*
$1� 341"

�-, &-'!�*
$1� 341" =\� 3\C:h =\,-3\� 3\C:h L<\,-3\� 3\C:h � 1� 341" � 1� 341"

L� -3"\' 3\ �,\�"\ &�**",% ',%\3-\2" "\3&"\36 -\ *" � 5�%"\/*�,"2\',\3&'2\2�+/*"D
<D �-3 +4 &H �-3&  1 823�* $� "2 �,!  *" � 5�%" /*�,"2 1 "$*" 3 *'%&3 6"** �,! �//" �1 �2 $ *� 3 241$� "2D �1823�*

$� "2 +� 8 &� 5" 231'� 3'-,2D � "+"+�"1 3&� 3  *" � 5�%" /*�,"2 N�43 ,-3  1 823�* $� "2HO 1"/" � 3 3&1-4%&-43 3&"
+',"1 �*E\2-\*--)\$ -1\3&"\2�+"\/*�,"E\',\3&"\2�+"\-1'", 3�3'-,\3&1-4%&-43\3&"\2�+/*"D

=D �, 8 - $ 3&" $"*!2/�1 2�+/*"2 N/-3�22'4+ $ "*!2/�1 -1 /*�% '- *�2" O �2 6"** �2 3&" / 81- 7"," 2�+/*" �*2- &� 5"
36 -\ *" � 5�%"\/*�,"2\� 3\dC:hD

>D 	-1,�*",!" N �+/&' �-*" O &�2 36 -  *" � 5�%" /*�,"2 � 3 �//1 - 7'+� 3"*8 ?@h �,! ;< >h N!"2 1' �" 3&'2 � 3 < ,-3 � 3
C:h\$-1\3&"\/41/-2"2\- $\3&'2\ -412" OD

?D\�42 - 5'3"\�,!\�'-3' 3"D
@D\�415" !E\2+--3&D\�&'2\2�+/*"\!-"2\,-3\" 7&'�' 3\ *" � 5�%"D
AD\��2/"1 E\$*', 3E\�,8\04�1 39\2�+/*"D

Part II Ð Non-silicate Minerals
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;D\,-3\- $3",\S\3--\2- $3HE;\/*�,"
<D\	\a\;R<
=D\*-6
>D\+"3�**' 
?D\%1" 8R�*� )
@D\61'3"2\-,\/�/"1 E\&�1!,"22\a\; R<E\%1" 8R�*� )\231 " �)E\%1" �28\$" "*

 �!(�.# .�R�(�R"�'� .#.�
;D\,-
<D\,-\ *" � 5�%"
=D

��' * &�R
;7I
;8 � /-., �CR'�.�&&#�I-/�L'�.�&&#�

��' * &�R
;9 � /-., �CR�/&&R),R��,."3

>D\�31" �)\'2\3&"\2�+"\1 " !R�1 - 6,\ -*-41
?D\+�%," 3'3"
@D\'3\'2\+�%," 3' 
AD\1" !R�1 - 6,\231 " �)
��&�# .�
;D\8"2E=\,-3\� 3\C:h
<D\	\a\d=
=D\5'31" -42
>D\8"2\S\5'%-1-42*8
?D\"$$"15"2 "2\N1" � 32O\6'3&\	 �*E\	\a\=E\&�2\=\ *" � 5�%"\/*�,"2\,-3\� 3\C:h
� /&* "#��- N/81'3"E%�*",�E  &�* -/ 81'3"E2/&�*"1' 3"O

��' * &�R
:7I
:8 
 #(�, �&R(�'�CR�3,# .�

��' * &�R
97 
 #(�, �&R(�'�CR�"�&�)* 3,#.�

��' * &�R
7 
 #(�, �&R(�'�CR��&�(�

��' * &�R
7:7 
 #(�, �&R(�'�CR� * "�&�,# .�

;D\�**\�1"\/�1 3\-$\3&"\24*/&'!"\+',"1 �*\%1-4/\N �**\+',"1 �*\$-1+4*�"\",!\6' 3&\�\24*/&41\�,'-,\N �OOD
<D\�81'3"\+� 8\2 1� 3 &\3&"\%*�22\/*� 3"E\�**\-3&"12\�1"\3--\2- $3\3-\2 1� 3 &\%*�22D
=D\/81'3"
>D\��*"\8 "**- 6\ -*-41 E\231-,%\24*/&41\2+"**\N2+"**2\*') "\1-33",\"%%2O
?D\+"3�**' 
@D\��1'"2\S\ �,\�"\,-,R+" 3�**' \N1"2',-42E\5' 31" -42E\�!�+�, 3'," O\-1\+"3�**' \3-\24�R+" 3�**' 
AD\%�*",�
BD\�/&�*"1' 3"\N@\/*�,"2HO\�,!\%�*",�\N =\� 3\C:hO
CD �81'3" '2 &�1!"1 E  &�* -/ 81'3" &�2 � %1" ",'2&R�*� ) 231 " �) �,! 3�1,'2&"2 3- �1'% &3 /41/*"R�*4"R8 "**- 6

N/"� - ) R*')" O\ -*-412D
;: D\	'%&\2/"  '$ ' \%1� 5'38
;;D\��*"\8 "**- 6\231" �)\3&� 3\2+"**2\-$\24*/&41
;<D
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��' * &�RH 
 #(�, �&R��'� 
 #(�, �&R�),' /&� �, �R
 �.�&


7 ��*",� �� � ��\S\*" �!


97 �&�* -/ 81'3" �4 � " � < �4\S\ -//"1


7:7 � /&�*"1' 3" � ,� � ,\S\9', 

;=D\��*",�\'2\3&"\/1', '/�*\-1 "\- $\*"�!D\�" �!\'2\42" !\',\*" �!R� '!\�� 33"1'"2E\�2\6"**\�2\',\ "1�+' 2\�,!\% *�22D
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Mineral and Rock Review
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Lab 9: Structural Geology Part I
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Lab 10: Structural Geology Part II
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Block Model 6
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Appendix 4: Economic Minerals
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